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A. INTRODUCTION

This report documents an cvaluation of the statistical
methodology used in deriving EPA water quality criteria,
as stated in the May 18, 1978 Federal Register, Vol. 43,
No. 97, pp. 21506 - 21518.
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UMMARY OF RESULTS

A summary of significant conclusions reached in our

evaluation are itemized below:

Definition of Corrcction Factor - Preliminary

analysis of data shows that use of a
ratio as a description of the functional rela-

tionship between standardized LCSO and cxist-

ing LCSO values seems to be an adequate descrip-
tion for the majority of cases. However, analy-
sis of data from Table 3, indicates that the re-
lationship may not Be valid for the flow through/
static correction factor for all compounds. We
supgest that a more statistically rigorous method
such as regression analysis be used to derive

correction factors.

Definition of the mean ratio as the geometic mean
of the individual ratios is valid under the justi-=
fiable assumption that the concentrations of the

compounds are log-normally distributed.

Estimation of the ratios in Table 1 as the "aver-
aped measured concentration divided by the average
nominal concentration in each toxicity test' is not
appropriate because it is gencerally assumed that
measured concentration is log-normally distributed.




The use of one corrrction factor for all compounds
is justified only if it can be correctly assumed
that the correction factors are independently dis-

tributed random variables with a common mean and
variance, i.e. the correétion factors are not com-
pound dependent. I1f this is not the case, then
the estimates derived from these data bases could
be highly biased. Similavily the "pooling'" of
data from different tests, procedures, waters,
species, etc. without any compensating weighting
factors is only justifiable under the assumption
that the correction facters are independent of
these variables. Neither of these assumptions,
to cur knowledge, have been validated or even
tested. We suggest that the standard statistical
methods of analysis of variance and covariance be
used to investigate these aspects of data vari-
ability.

The estimation of flow through/static correction
factors in Table 3, using only 12 compounds, the
majority of which are pesticides, will probably
result in a biased estimate, i.e. not be represen-
tative of other, non-pesticide compounds. We
recommend that a larger and more recpresentative
data base be used to derive these correction

factors.
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Implicit in the use of one scensitivity factor to
represent all compounds for various species of
fish, (Table 4) is the assumption that the variance
of LCbO values over different specics of fish is
lndcpcndcnt of compound.. This hypothesis should be
lnvestlgatcd using standard statistical methods for
investigating homogeneity of variance before wmaking
this assumption.

Since it is intended that the sensitivity factor

be applied to séandardized LCSO.values .wc suggest
that the LCgq values used in computing the sensi-
t1v1ty factor be sLandardl?cd LC50 values, i.e.
values observed at 96 hrs, measurqd concgntra-

50
tions using flow through methods.

Cournents in Section C above, also apply to Table 5,
Table 8, and Table 9.

Mo attempt has been made by EPA to estimate the pre-
diction error associated with cach correction factor,
and the propogation of errors using scveral correc-

tion factors.

Data'in Tables 1, 2 and 3 werc used to cstimate the
prediction error generated by standardizing an LC5O
value measured at 24 hours, using static methods at
nonminal concentration to an LC50 value measured at

96 hours using flow-through method methods and mea-
sured concentration. The minimum average ecrror in

prediction, under these conditions, was found to be

90%.

4
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10.

Data in Tables 6 ¢1d 7 were used to estimate

the prediction error generated by standardiéing
an LC50 value mgasurcd at 24 hours using static
methods, to an LCc, value measured at 96 hours

using flow-through mcthods (for invertebrates).
The minimum average error in prediction under
these conditions was found to be 1617%.

Data in Table 5 were reported in mg/l and

ug/1l without units. Calculations were run as

if they were the same units which will result in
incorrect values of thc.average of the logarithms
of the variance.

For'cxample, MATC values for Endrin, Chlordane

and Methyl mercury are given in milligrams. While
the MATC values for other compounds are given in

W grams.

In the estimation of a {inal fish chronic value, the

use of cquation ¥V Y2 (Section 11.C.c) to compute a
calculated fish chronic value is not justified under

the following conditions:

7 = Final fish acute value from 1.G6.2., where
the LCSO value obtained from 1.G.2. is as-
sociated with a species whose MATC value

is known.

L
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C. DISCUSSION O RESULHH

This scction gives a more detailed discussion of the items
. listed in the sunmary. Items 7, 9 and 10 have not been in-
' cluded in this section, since we fecl that they arc self-

explanatory.

o p—

-———

TR T T Y MaL v " .
o h " (LI PR ALt Sa sttt ok sl A e A P P A A b P S, St i i "—.W T—r—
bevs o st o e P D A R S I P TP AR P! AN N ae

CMA 049457




1, Definition of cerrectirn factor:

Let y; be the igh standardized concentration and

let x; be the iEh existing concentration, where y{ represents
either

Yy (measured concentration) -'xi (normal concentration)

y. [concentration measured
under flow through - X (concentration measured
conditions under static conditions)

vy (LCgy measured at 96 hry _ (LCgy measured at

24, 48, 72 hrs)
If we assume [1] that the y; are random variables
with a log-normal distribution, then the ln y. are random

variables with a normal distribution.

Let 1n y; = f(ln xi)

and assume that a linear relationship exists between 1ln Yi

and 1ln x., i.e.,
1
In y{ = B In X; + a -+ c;

where e, arc independent, normally distributed random
variables. '

The standard statistical method of cstimating 8 and a
is by regression analysis, using the method of least squares
[2]. This method gives estimates of § and a defined by:

8 L(ln x; - In x) (In Yy - ny)

I(1ln nyo- 1 %)’

ny - £ Inx
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On the other hand, if the correction factor is defined as
the ratio: o - '
| ooy
. .
i
where k 1is a constant
Then, taking logs: 1n y, = ln x; + In k.

Comparing this formulation with that above for the regression
analysis, the two formulations coincide if p=1. Lence

we can conclude that the deflnltlon of the correctlon factor
as a ratio is appropriate if B =l.

To see if B=1 for toxicants of interest conQLder Tablc la
which gives a list of toxicants yith thelr corrcspondxng
regression equations. The coefficierts (a, B) were dcrlvgd
from analyses done on data taken from available references
in Table 1 of the EPA document. S

Table 1lb gives a list of toxicants with the corresponding
regression equations derived from analysis done on data
from available reference for Table 3 of the EPA document.

It will be noted the values of 8 in Table 1b are
different, indicating that the ratio relatioaship may not
be valid for sonme of the compounds in Table 3.

Table lc gives a comparison of the equations defining the
relationship between measured and nominal concentratlons
a) using the EPA definition of the corrvection factor as a
ratio, and b) using the correction factor derived from
regression znalysis. The comparisons arc made for the
toxicants listed in Table la (y is defined as the measured
concentration, and x as the nominal conccﬁtration).' |

[ , CMA 0494598




"Table 1.a. Regression Equations f{or Selected Toxicants
From Table 1 of EPA Document

Toxicant "Regression Fquation

Malathion 1.01345 1n x - 0.27785
Hexachlorobenzene 0.97739 In x - 0.65373
Cnlordane 0.88925 1In x - 0.25437
Cadmium 0.97519 1n 0.14637

Kepone | 1.07580 1n x - 0.48856

Table 1.b. Regression Equations for Selected Toxicants
From Table 3 of LPA Document

Toxicant Repression Equation

Pyrethrum = 1.25106 1In x - 0.90202

RU - 11679 : 0.67105 0.81792
SBP - 13842 0.48466 : - 0.91404
TFM 0.99301 0.18491




Table l.c. Comparison of correction factor derived by EPA
with correction factor derived using regression
equations for toxicants listed in Table 1l.a.

: Correction ‘Egrrection Factor
4_ Toxicant Factor Derived Derived Using
by EPA Repression Equation
]
Jalachion y = 0.79x y = 0.76 x 1-01
Hexachlorobenzene y = 0,61lx y = 0.52 x 0.98
Chlordane y = 0.56x . y = 0.78 x 089
Cadmium y = 0.90x y = 1.16 x 0.98
Kepone y = 0.83x y = 0.61 x 1.08
10
’ TR R ET
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2. Definition of Mcan Ratio as Geometric Mean

Let the relationship between Y; and »; be defined as

i
In yi = 1In X + 1n k i=1, ... N
where
' y; is the standardized concentration,
X; is the existing concentration
and k 1is the ratio yi/xi

If it is assumed that the individual concentration of the
toxicants are log-normally distsibuted, then the minimum
variance unbiased estimate of the mean ratio, 1ln ﬁ, over
the total number of N observations is given by (2):

N N
In k Py by

t
=
P

i=1l

N ( ) )
.1 L In vy, = 1In x,
TN \i=l * ’*)
N
D N ) In Y )
N i=1 }2—
1
1 In % Yi
= N i=1 *i

I
H
o)
<=
-
AR I
Hel I
|
|
|

. JN T
= oin Qv.ul(yi/xi)

1=
This implies that the minimum variance, unbiasecd estimate
at k is

k

T (e Ixy)

i=1

Hl

the geometric mcan of the
individual ratios
11
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"It is noted that if the individual concentrations are not
log-normally distributed, then Q = the geometric mean of the
individual ratios is not nccessarily the best estimate of k.
Thus, implicit in the use of the geomctric mean as an
estimate of k, is the aséumption that the individual con-
centration are log-normally distributed (Sce Section 3).

12
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3. Estimation of Ratios in Table 1

Estimation of an average value for the ratio in each

toxicity test in Table 1 (of the EPA document) as the
"averaged measured concentration divided by the average
nominal concentration in each toxicity test' is not
appropriate under the condition that each measured concentra-

tion is log-normally distributed.

The appropriate estimate of the mean ratio for each
toxicity test is the geometric mean of the individual ratios

as derived in section 2 above.

+

It should be noted that the "awraged measured concentration
divided by the averége nominal concentration in each
toxicity test' does not have a log-normal distribution,
under the condition that each individual measured concentra-

tion is log-normally distributed.

13
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4. Use of One Corvecticn Factor for All Toxicants

The use of one correcticn factor for all toxicants is
justified only if it can be correctly assumed that the
correction factors are independently distributed random
variables with a common mecan and variance, i.e., the

correction factors are not toxicant dependent.

Similarly, the 'pooling" of the data {rom different tests,
procedurcs, water, species, etc., without compensating
weighting factors is only justifiable under the assumption
that the correction factors are independent of these

ey
[or-—]

variables.
L ]

-y

The objective of this analysis as we sce it is not to
estimate a "grand' mean correction factor that is repre-

o

sentative of all toxicants under a wide variety of con-
ditions. This, however, appears to be what EPA has taken
as its objective. Rather, the objective should be to

estimate a correction factor, or series of factors, which,
will predict the desired concentration with a minimum

7

of ecrror.

I |

Let us assume that the correction factors corresponding to
the individual toxicants arc random variables, vy, ya2,

g

(“1’0-2)
(U?noz)
(uy,o?)

(u,0%)
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i.e., In y; are normally distiibuted, wi;h the same

variance but different means.

Tt is desired to find estimates of wi, M2,..

If wy = M2 = ... = 0 = Ho

then the best estimate of u, is

ur + w2 + L.

n

But if w;, # vw2 # ... £

then 1 + ya + ... +

0

n

will give a biased‘estimatc of ui,*uz2, ... and LN

To illustrate this point we selected 4 toxicants at random
from Table 1: '

Toxicant Ratio

‘Acrolein 0.76 M
Carbaryl 0.99 V2
Carbofuran 0.20 = .
Chlordane 0.56 ;“

Under the assumptiouns described above (i.e., the y toxicants
have different expected values) using the gecometric mean

of these 4 values to derive one correction factor for all
four toxicants will give biased results. The geometric

CMA 049466
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mean of the four ratios .as computed to be 0.538. Using-
this value as the correction factor for all four toxicants
will result in consistently under-estimating the measurcd
concentration of Acrolein and Carbaryl, and conéistcntly
over-astimating the measured concentration of Carbofuran.

Under these circumstances a far more accurate method of
predicting the measured concentration would be to use the .
4 individual ratios as estimates of the correctlon factoxs

for the 4 toxicants.

If, however, we can show that JLl 4 correction factors do

indeed come from the same population, then the estlmate

(41 + 12 + Hy + iw) is the best estimate of y (the common
b
expected valuc) and it would be appropriate to use a

common correcction factor.

In the light of these observations, we strongly recommend
that ‘the standard analysis of variance methods be usgd to
test the hyvothesis that the mean correction factors for
all toxicants are equal., If this hypothesis is rejected,
then we can usc various other statistical analyses to
identify which toxicants or group of toxicants have
significently different correction factors. A serics of
correction factors can then be derived to predict the
standardized concentrations.

The sam2 methods can also be used to investigate the

‘variation of corrcction factors with paraneters other

than texicantg, such as hard and soft water, methods of

measuring LC cte.

50
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5. Estimation of Tlow Thirough/Static Correction Factors

We feel that the data con'ained in Table 3 is an

inadequate data base {rom which to estimate flow through/
static correction factors, for the following recasons:

1) Only 12 toxicants are represented, the majority of
which are pesticides. Thus, the correction factor derived
from these data, may not be representative of other non-

pesticide compounds.
2) There is a wide variation in correction factor estimates
even within the toxicants listed in Table 3, reflected by
[ ]
the difference in functional form of the associated regres-

sion cquations.

We suggest that a larger and more representative data base
be used to derive these correction factors.

17
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Sensitivity Tactors

The use of one sensitivity factor to represent all

compounds for various species of fish, in Tables 4, and

& is" justified only under the assumption that the variance
of LCcy values, and MATC values over.differcnt species of
fish is independent of toxicant.

We suggest that this hypothesis be investigated using
standard statistical methods for investigating homogenerity
of variance, before making this assumption. va this
hypothesis is not rejected, the best estimate of the common
logarithmic variance is [3].

k my ' :

Ez zi In x,.~- In x.

1) J

i=1[j=1

N -k

Where xij are the individual observations for a given

toxicant, IE_KE is the sum of the logarithmic values over
a given toxicant, k, is the number of individual toxicants
listed in a given Table, and N is the total number of
obscrvations. We suggest that under these circumstances,
the above estimate be used in place of the "Average
logarithmic variance" proposed by EPA in their computation
of the sensitivity factor.

If this hypothesis is recjected then we sugpest using a

.scries of sensitivity factors associated with groups o

toxicants of similar variance.

These comments also apply to the sensitivity factors derived
in Tables 5 and 9, for invertebrates.
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%, truediction krror and Propopation of Error

No attempt has been made by EPA to cstimate the prediction
error associated with each correction factor, and the propo-

gation of errors using several correction factors.

Table 8 gives the logarithmic standard deviation of the cor-
rection factors from Tables 1, 2, 3, 6, 7 and 10, It also
lists the geometric mean and the 95% confidence limits for

each correction factor.

The last column in Table 8 gives the average percentage
error of prediction in using a given correction factor.
This value is computed in the following manner [4]:

. L ]

A

Let x = LCSO (1)

where LCSO is the standardized LCqy values using the estima-

ted correction factor from the appropriate table.

A
Let u= 1ln LCSO . (2)

If the error in prediction, using the value ln LCSO to
estimate the actual value of In LCqy is denoted by ax, then:

A
, AX = 1n LCSO - 1In LCSO (3)

From (1) and (2) we have:

b
;
o

and Ax = xau (4)

19
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variance given in the above table is the minimum estimate

Defining Oy and o, as estimates Ol AX, and AU we ULLa

from (4) the relationship:

0X = X Ou

And ox = ou
X

Defining error in x (LCSO) which results from using the
correction factor as Oy the percentage error in LCSO is

o,/x which is equal to o .

It should be noted that the estimate of the logarithmic

of this variance, under the assumption that each indivi-
dual ration in the original tables has zero error. Thus,
the average percentage prediction error shown is the mini.-

muil average error.

20
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]
The crror geunerated by using more than one correction fac-
tor is derived by using the following reclationship:

Let LC5O(G) be the existing LCSO value and
let LCSO(S) be the standardized LC50 value obtained .
by multiplying LCSO(C) by n correction factors Rj,

Rz, "'Rn'
() _=. ¢ . (&
. Then LC50 Ri- R ('5'Rn LC50
(s) _ e T S
.+ 1In R
. n
' , 2 2
Define the variance of 1In R, to be o, , ...1n Rn to be ¢ n’
and assume that 1ln Ri, ...1n Rn are independent random vari-
ables with expected value ln Ry, 1ln Ky, ... In R .
Then var. ln LC (s) oy i + g : (2)
' 50 1 T n

Data in Tables 1, 2 and 3 were used to estimate the predic-
tion error generated by standardizing an LCSO value mea-
sured at 24 hours, using static methods at nominal concen-
tration to an LC50 value measured at 96 hours using flow-
through methods and measured concentration.

In this example, we can see from Table 8, that:

oy = 0.3236

oz = 0.4953

o; = 0.6701
22
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substituting these valuc; of oy in equations (1) and (2),
we find that the minimum average erxrror in prediction under

these conditions was found to be 90%.

Data in Tables 6 and 7 were used to estimate the prediction
crror generated by standardizing an LCs, valuc measured at
24 hours using static methods, to an LC50 value measured at
96 hours using flow-through methods (for invertcbrates).
The minimum average error in prediction under these condi-

tions was found to be 161%.

23
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The comments to the Health Guidelines will be broken into five

sections.

.0
OO

o W N

.0
.0
‘O

L,

1.0

A Proposal for Assessing Risk
The Extrapolation Models
Specific Comments

Conclusion

Literature Cited

A PROPOSAL FOR ASSESSING RISK

We do not agree with the policy statement that only the
one hit-model should be used for risk assessment of carcinogens.
Such a rigid policy precludes the use of alternate models which
may best describe the experimental data.

We would like to propose a general framework for the problem
of making risk assessments of carcinogens.

1. Qualitative Assessment. This may be made along the
lines suggested under the heading of Effects,
p 15976,

2. Quantitative Risk Assecssment., Once the gualitative
assessment has been made, an initial effort at gquan-
kitation is performed. The basic premise is that
risk assessment 1is largely a Jjudgmental process made
by scientific experts and will have to be made on a
case~by-case basis. For example, if the experimental
dose response data i1s more appropriately fitted by
another model then such a model should be used for
extrapolation. LCpidemiological data should also be
considered in assigning the final risk. This will
allow the use of all the experimental data in making
the judgment as to risk., To do otherwise would be
to ignore the data for the sake of the simplicity
of using the one-hit model.

a. Simplistic Abproach. The simple one-hit model
as advanced by the Agency has utility in infor-
mation gathering and for prioritizing chemicals
as to which materials need additional data.

If we confine our attention of the onc-hit model
to prioritizing, then it does have utility in
the ranking of materials.

b. Once further data are obtained, a choice of
extrapolation methods should be guided by in-
dividual facts from all experimental data rcle-

vant to carcinogenicity. Such models as the

-1 -
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multi~hit model, the linear extrapolation from
the most reasocvnable data set, the pharmacokinetic
model, and any other model which has relevancy

to the experinmental data or emerging theoretical
considerations should be used.

c. Once the risk in animals has been defined, the
considerations to be used in translating to man
include the following;

i, Metabolic similarities
1i. Epidemiological data

>

d. In order to asscss the risk in humans, a pro-
gram should be designed to estimate exposure
of the population at risk.

Wwith these considerations in mind, the mathematical descrip-
tion cf the one-hit model as advanced by the Agency appcars to be
adequate, This simple model should be used for prioritization of
possible carcinogens and uscd for risk assessment only when 1o
other data supports a less conservative model. As an example,
the comments on the tetrachloroethylene document should be examined.
In the comments by Dr. Hartung it is clearly indicated that the
one=-hit model produces a risk assessment which is contrary to what
has actually been observed. 1In such a case the one-hit model is
inadequate and a model which more closely reflects reality should ’
be used for risk assessment.

2.0 THE EXTRAPOLATION MODEL

lHistorically the evaluation of safety of non-carcinogens has
consisted of the application of a safety factor or uncertainty
factor to an experimentally determined "no observed effect level®
(NOEL). While a safety factor approach (1:5000) applied to a NOEL
has been proposed as an adeguate control for carcinogens (Weil, 1972),
this approach has not received wide-spread acceptance.

Instead, there has been a signiricant trend towards the use of
various extrapolation models. While there have been extensive
arguments pro and con regarding the existence ¢f threshold doses
to produce carcinogens, nearly all of the presently proposed extra-
polation models assume the absence of a threshold. The first ox-
trapolation leading to a standard can be found in the BEIR Report
(NAS, 1972) which used a linear model to estimate the effects of
ionizing radiation on man. Most of the data in the report were
derived from acute exposures of A-bomb victims or from medical
Xx-ray exposures. In many instances several different extrapola-
tion models could have been accommodated by the spread. in the data
of the BEIR Report. The linear model was chosen because it was
the most conservative, i.e. it gave the highest estimates of risk

CMA 049478




for any given dose level,

However, in the case of experimental data in animals, pure
linear models of the type F. = bd (where F, is the fractional
tumor incidence, d is the daily dose, and b is the slope of the
line) do not provide a good £it of the experimental data. Such
data have traditionally been analyzed by probit analysis (Finney,
1971). or logistic analysis (Berkson, 1944). Both of these models
are non-threshold models which fit the dose-response data after
transformation. -

For the probit analysis the fractional tumor incidence Ft is
converted to probit (P) by the relationship:

P-5 -

Ft =_£___/ e_"iu dw
. YTH Vw0

(See Table 1)

The dose (d) is transformed to x = log d. After maximum likeli-
hood solution a probit regression line in the form P = a + bx

is developed which can be extended outside the experimental range
with the usual caveats.

For the logistiec analysis the fractional tumor incidence is
converted to logits (L) by:

1-Fy (See Table 2)

The dose (d) is transformed to x = log 4. After a minimum chi-
square solution a logistic regression line in the form L = a + bx
is developed which can be extended outside the experimental range
with the usual caveats.

In general, both probit or logistic analyses provide a good
fit for experimental data within the actual dose ranges of the
experiment. lowever, when these two models are extrapolated out-
side the experimental range, they start to diverge significantly
({see Table 3).

Mantel and Bryan (1961) developed an extrapolation method
based on the probit method that provides more conservativec es-
timates of doscs required to produce risks of less than spcci-
fied values. In that method they select the upper 99th percent
confidence value of an experimental point and extrapolate down-
ward from that point with a slope of 1 probit/log cycle. 7This
is illustrated in detail in Figure 1 from Mantel and Bryan's
publication, copied here without their permission. The mcthod
is applied to the data in Table 3 for comparative purposcs, with
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Table 1

Percent te Probit Conwversion Table

6] 2.673 2.946 1.119 3.249 ' 3.355 31.445 3.524 3.595 3.659
10 3.718 3.773 3.825 3.874 3.920 3.964 4.006 4.046 4.085 4.122
20 4.159 4.194 4.228 4.361 4.204 4.326 4.3517 4.388 4,418 4.447
30 4.476 4.505 4.533 4.561 4.588 4.615 4.642 4.669 4.695 4.721
40 4.747 4.773 4.798 4.824 4.849 4.875 4.900 4.925 4.950 4.975

50 5.000 5.025 5.050 5.075 5.100 5.125 5.151 5.176 5.202 5.227 )

<
60| 5.253  5.279  5.305  5.331  5.358  5.385  5.412  5.439  5.469  5.495 .

70| s5.524  5.553  5.582  5.612  S5.643  5.674  5.706  5.739  5.772  5.B06 _
go| s5.841  5.878  5.915  5.954  5.99  6.036  6.080  6.126  6.175  6.227 -

90 6.282 6.341 6.405 6.476 6.555 6.645 6.751 6.C881 7.054 7.327

Extreme Values

Risk Approx. ProbLit
10:2 1.909
10_, 1.281
10_7 0.735
10‘? 0.247 .
10-—8 : -0.199
10 ~0.612
1/Calculated according to polynomial approximations of Abramowitz and Stesun (19635)

Literature Section - Abram and Stegun Handbook of vathematical Functions (llational

Lureau of Standards, 19538).
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Table 2
In TEF Vercent to laglt Conversion Talle
0 h] 2 3 4 5 6 7 8 9
-4.595  -3.892 -3.476 -3.178 -2.944 -2.752 -2.587 -2.442 =2.314
-2.197  -2.091 -1.992 -1.901 -1.f15 -1.735 -1.(58 -1.536 -1.516 ~-1.450
-1.386 -1.325 -1.266 -1.208 -1.153 -1.099 -1.046 -0.99% -0.944 -0.895
-0.847 -0.800 -0.754 -0.708 -0.663 -0.619 -0.575 -0.532 -0.490 -0.447
-0.405 -0.364 -0.323 -0.282 -0.741 -0.201 -0.160 -0.120 -0.680 -0.040
0.000 U.040 0.080 0.120 0.160 0.201 0.241 0.282 0.323 0.364
0.405 0.447 0.490 0.532 0.575 0.619 0.663 0.708 0.754 .50
0.847 0.895 0.944 0.995 1.046 1.099 1.153 1.208 1.266 1.325
1.186 1.450 1.516 1.586 1.658 1.735 1.815 1.901 1.992 2.091
2.197 2.314 2.442 2.587 2.752 2.944 3.178 3.476 3.892 4.595
Extreme Valuces
Risk logit
1073 -6.907
107" -9.210
1072 -11.51)
1o ° -13.816
1077 216.118 -
yo @ -18.421
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a dose (d) of
and a dose of Smy/ryg/day produces a Luior

Table 3

VARIOUS BRASIC

10ng/fkg/day of cumpoeand &

15 L=-3.651 + 13

Fractienal

the probit regression model
.bslx,

Where

is p=2
P=proti

L7610 + 2
L, L=

prouduces a 50r
incidence of

.239x;
logiL,

Pro jccted Doses mg/kg/day

Haontel Dryan *

PROJECII O 0OLT.

the logistic regress

v

Lumor
25%;

incide

and x=log dosc.

Single Hit

ce in man,

ion model

Iimor PProbit Loglistic I'rojections Projections
" Idence Projection Projectton d=10 d=5 d=10 d=5
0.50 10.0 10.0 10.0 10.0 12.0
0.45 §.79 8.81 7.5 8.62 10.4
.40 7.71 7.75 5.58 7.37 8.88
a.35 6.73 6.77 4.12 6.22 71.49
0.30 5.83 5.86 2.99 5.15 6.20
0.25 5.00 5.00 2.12 5.00 4.15 5.00
0.20 4.21 . 5.17 1.44 3.40 3.22 31.88
0.15 .45 3.35 0.92 2.17 2.34 2.82
0.10 2.068 2.50 Nn.52 1.23 1.52 1.83
n.05 1.84 1.5 n.23 0.5] 0.74 0.89
0.01 0.91 .55 0.047 0.11 0.14 0.17
-3 -3 -2 -2 -2
Ly 0.416 0.128 8.1 x 10 1.9 x 10 1.4 x 10 1.7 x 10
—4 -2 -3 -3 -3 -3
10 0.218 1.0 x 10 1.9 x 10 4.5 x 10 1.4 % 10 1.7 x 10
-5 -3 -4 -3 -4 -4
10 0.124 7.0 x 10, 5.4 x 10 1.3 x 10 1.4 x 10 1.7 x 10
107° 7.5 k 1072 1.6 % 1072 1.8 x 107 4.2 x 1078 1.4 x 107° 1.7 x 107°
_ ) - -4 -5 - -
1077 4.8 x 1072 3.8 x 10 6.3 x 10 1.5x10“ 1.ax108 1.7 x10®
1078 3.1 % 1072 9.0 x 107> 2.4 x 1070 5.8x10%  y.ax107 1.7 x1077
* These “antel-Srrvan projectiions originate directly Irom the doioc-response Churve.
The use cf a 995 coqucence level would 51~“1F1ch*ly decreace ~he dose estimates
.t e cer Ric *aki-

o
[ R,
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the difference that the extrapolation is made from the central
value rather than an upper 99th percent confidence value, The
method combines two "safety factors" by extrapolating at a very
shallow slope which is lower than normally encountered in cm-
pirical data, and by extrapolating from an upper 99% confidence
value. The Mantel-Bryan extrapolation model has received only
limited acceptance, possibly due to the unknowns associated with
the assumptions used in the extrapolation process.

More recently, several variants of the "single hit" model
have been used as the basis for extrapolation models. The basis
of this model is the theory that a tumor can be produced by the
interaction of a single molecule with a susceptible target mole-
cule in the organism. In its simplest terms this model can be
presented as (Hoel et al.,, 1975):

K Ft._.__l-e—Rd
where R has been termed potency and the other terms are as defined
previously. Then, for very low doses this relationship becomecs
linear, so that
Ft'—"Rd

A variant of this model has been adopted by the U.S.E.P.A., .
to extrapolate carcinogenic data to man. The model attempts to
introduce various correction factors for the duration of the test,
the size of the test animal, and the incidence of tumors in con-
trol animals. It should be noted that the singlc hit model often
does not provide as good a fit of the experimental data as the
probit or logistic models (see example in Table 3).

The National Academy of Sciences Safe Drinking Water Committee
proposed the use of a multi-step model for use in extrapolating
carcinogenicity data (NAS, 1977).

This model was developed by Armitage and Doll (1961l) and is
presented by:

e =1 - am(lo+ Ndednd g e oot 1idb)

It is clear that there are many extrapolation models, and
that these modecls result in significantly different eoxtrapolations
{Table 3). The extrapolations at risk levels of 1:108 are grossly
different and exceed any observed differences between specics and
also exceed any differences observed for any experimental designs.

It should be noted that each one of these extrapolation models
is conceptually based on very simplistic foundations. WNone of the
models considers the multiplieity of causative and repair factors

that influence the final occurrence of a hit. A valid extrapolation
model should consider at a minimum the causative factors, mectabolism,

~-8=
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immunology, repair and individual variability. Since the balance
between these factors may differ drastically for different chemi-
cals it is that a single extrapolation model cannot be effective

to cover all chemicals. If there were such a theoretical model,

then it would certainly be much more complex than the single-hit

model.

3.0 SPECIFIC COMMENTS

Page 15974, Under the section Objective (I) it is stated
that ideally one would want to derive criteria for absolute safety.
However, the determination of absolute safety is in itself a
logical impossibility. The Agency makes this same point in the
preamble, consequently the statement on p 15974 should be deleted
as an gbjective. While some of the aspects of this problem are
covered in the discussion under objectives, they are not suffi~
ciently clear.

The difficulties in establishing safe or absolutely safe
levels are inherent in the process of safety evaluations. Most
scientific investigations seek to detecrmine that specific findings
have really occurred and that they are not due to the vagaries
of chance. Wwhile this is the exact approach taken during the
evaluation of environmental and toxicological processes, the
application of data gathered in these investigations to safety
evaluations require significant change in the handling of the
data. In addition to data which demonstrates statistically sig-
nificant effects, it is necessary to attempt evaluation of data
which demonstrate no effect. To demonstrate that a "no-measured
cffect level" is real and not due to statistical variability is
difficult. The difficulties are escalated when one considers
that all studies are conducted in model test systems. The results
from such studies are used to estimate the chances that no unto-
ward effects will be seen in different species, under diffev-ent
circumstances and from much larger populations. Under such cir-
cumstances, it becomes clearly impossible to prove the negative,
that 1s to prove absolute safety. Thus, safety evaluations are
inherently judgmental and only the relative level of safety can
be described, but absolute safety cannot be guaranteced.

Page 15975, Types of Criteria (II)

The use of the terms “stochastic cffects" versus “non-sto-
chastic effects" is misleading, especially since they are de-
fined in terms of the occurrence of a threshold and the absecnce
of a threshold. Such distinctions should be made strictly in
terms of threshold and non-~threshold models rather than confusing

the issue with the terms of stochastic versus non-stochastic, which
in themselves do not necessarily define the occurrence or abscnce

-9 -
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of a threshold. At the present time, the concept of threshold
versus non-threshold effects relate largely to the mathematical
models applied to the experimental data rather than to the em-
pirical data thems€lves. To clarify, it is common to find dose
levels at which experimentally no effects are found even for
events such as carcinogenicity. To clearly establish whether a
threshold does or does not exist on an experimental basis is
difficult. Laboratory data which demonstrate no carcinogenic
effect at a certain low dese level, when such an effect is seen
at a high dose level, are always open to the conjectural criticism
that the effect might have been seen if more animals had becn ex-
posed. Epidemiological data are also limited in their applica-
bility because of background rates of incidence of tumors in
populations which have apparently had no exposure to a particular
chemical. Since the empirical data are not in themselves con-
clusive in establishing which events are threshold events and
which ones are non-threshold events, the selection of those
effects which were to be treated by non-threshold models has

been limited to one category of effects and that is carcino-
genicity. Since various defense and repair mechanisms have been
identified even in the induction of cancers by chemicals, it has
not been ¢learly established that the same non-threshold model
can be applied to the evaluation of very low dose level of all
chemical carcinogens.

The question of the possible occurrence of thresholds cannot
be clearly answered at the present time and should thus be left
open. A better understanding of metabolic effects, immunological
responses and repair mechanisms will undoubtedly suggest practical
threshold phenomena which may relate to key steps of the carcino-
genic process on a case-by-case basis.

The statement on organoleptic effects should be re-worded to
read: "It i1s recognized that criteria based solely on organo-
leptic effects do not represent satisfactory approximations of
low risk levels."

The Approach, p 15975

We approve of the Approach in that the four indicated topics
nced to be addressed, namely, exposurc, pharmacokinetics, toxicity
and criterion formulations. We especially commend the Agency for
their recognition of the importance ©of pharmacokinetics as a method
for assessing the species to species extrapolation and in character-
izing the mode of toxic action. Clearly, the more we know about the
mechanism the more reliable will be the resulting criterion.

Page 15976. The refinements of the use of the bioconcentration

factor appcar to be very useful. And the distinction between those
substances which are lipid soluble and those which are non-lipid

soluble is very necessary.
- 10 -
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The rcference to the EPA Intcragency Cancer Guidelines should
indicate that this document is under intensive peer review and the
conclusions could change once the review is completed. We aqree
with the Agency on their recognition that a chemical which has

not induced a significant cancer responsec in humans or experimental
animals is not identified as a possible carcinogen. 1In this con-
nection the Agency cites |that there are cases where weak carcino-
genic effects are observed but the data cannot be used to estab-
lish criteria. We would add that bioassay systems that are con-
ducted at doses greater” than the maximum tolerated dose or by
routes other than oral may suggest that the chemical has potential
for human cancer but should not be used to establish numerical

Water Quality Criteria,

Pages 15977-15978. |The assumption that those chemicals which
induce putations are also likely to induce cancer in animals and
therefore presumably in people is only a theory. While the major-
ity of materials which have been shown to be carcinogenic in ani-
mals are also capable of |[inducing mutations, it has not been de-~
monstrated what proportion of chemicals that are found to be mu-~
tagenic will also be found to be carcinogenic in animal tests.
In addition, epidemiological evidcnce for man has failed to pro-
vide evidence of carcinogenicity for many materials which have
been found to be carcinogenic in animal tests. In addition, it
must be noted that there|are a few chemicals which appcar to be
carcinogenic in man by epidemiological evaluations, which to date
have not been shown to be carcinogenic in laboratory animals.
Therafore, it is clear that the extrapolation of data gathered
in bacterial systems to experimental animals to humans is f{rought
with great difficulty. t the present time, the finding of nmuta-
genic effects can only be utilized as a screening test and for the
establishment of priorities for further testing before materials

come into contact with m

To date,
testing has been relativ
stricted to the selectio
high sensitivity to chem
these uncertainties, eve
critically on a case~by-

In the discussion s
justification for thec se
stated "The possibility
to other dose response m
tion of cancer risks, su
models. These models ar

the selecti

n.

on of animal models for carcinogenicility
ly non-critical and has been largely re-
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case basis.
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than the one-hit model fo
ment 1s at least partiall

a given low exposure." This state-

in error and the error is significant.
All of the extrapelation models cited above are non-threshold
models and, in addition, all of these models have the character-
istic that they tend to fit the experimental data better than the
single-hit model does. At extremely low dose levels these models
are close enough to linearity that the selection or rejection of
one model over the other gannot be made on the basis of eoxperi-
mental data even for such| artificial meodels as mutagenesis in
bacterial systems induced| by radiation or chemical. Similarly,
all of these models can bge readily applied to the epidemiological
studies done in man and will fit well within the margins of error
provided by those studies, Therefore, most of the criteria used
for the selection of the single-hit model are also applicable to
the log-probit, logit and multi-stage models. Thus, the only
rcason tTemaining for the selection of the model is one of policy
and the fact that the single-hit model provides greater risk es-
timates than other models|

The seclection of the| extrapolation model to bie used requires
a great deal more attentipn and justification than has been given
in this criterion documen The reasons for that will be obvious
when one examines in detail the consequences of selection of
various extrapolation models.

4.0 CONCLUSION

In summar:r., we fecl the alternative approach suggested in
our Specific Comments is a more reasoned approach to setting health
cffects criteria for potential carcinogens. The Agency's use of
the one-hit model precludes the use of any other model which may
better fit the data. CMA| urges strong consideration of our al-
ternative approach.
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