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Tnis memorandum describes the development of a et of "dose-
rate correction factors" to be used when calculating cancer risk
esrimartes for innhalation of merhylene chloride., The ~orrect o
reflacte “he changes In tha deree of metabolic activatron of
merhylere —hloride 1nto “he pr-jumed proximate carcinaden a3t 3
funcron of different wvapor concentrations and duratiors of
erposure As ¢ result, short but Intense exposures lead tn
greater "toxicologically effective" or "delivered" doses at the
tissue site of rtoxic action rhan rhe degree of exposure wnuld
indicate In such cases, 4se of an incremental unlt risx
expressed in units of vapor concentration «will indicere lesz rick
tha

n the intended extrapolation based on delivered dose.

As part of the chlorinated solvents effort, EFPA has recenrly
revised its risk assessmen: for methylene chloride {(U!SEPA 19874,
referred ro below as the "Update"). The newly calculated unlit
risk of 4.7 % 1077 cer uc.sm® 1s pased on consideration cr o the
pharmarokinetics of meonylene chlor:de. The ex-rapolnatLidn oI
YUY ACross species and atrocs Aones 15 now done on che TEron o
reiative levels of merabU.iCally acrivated compound ar LhE
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Dresi 4 stz of toXlZ altion lthe "dellvered dose"y, rather niha
On SriEInElly E2PLllisd sMDpOSUre 1o meinylieng chloride lrtzmlf.
Tregeg fdellverad 4ArLieS are estimated using & phyzigiogica.ly-passad
prarmacoKingt il model, as described in the ipdarce

Llirhough vi3x :5% beling figured on the basis of delivered
dose, 1t ig mpractical to estimate the delivered dose for every
numan expesure 2f inhterast. For canvenience of use, thHé unit
risk 18 expressed In terms of the vapor concentration in the
ambiant %ir,bein; Breathed; i{.e., the unit risk of 4.7 x 10°7

per ug/m° is the estimated risk based on the delivered dose that
follows continuous exposure to 1 ug/m3 of vapor in the ambient
air. {(The Update may be consulted for details of this
calculation.) The use of a unit rigk for estimation of cancer
rigks rests on the assumption that, at least at low doses, risk
is directly proportional to the degree of exposure. The unit
risk is the low-dose slope of the dogse-response curve las
determined by an upper bound linear extrapolation from kbicassay
data &t higher doses), and represents an upper bhound estimate of
the increase in risk per unit of exposure. This curve is based
on continuous exposure throughout life. When risks for episodic
bouts of inhalatieon are being calculated, it is assumed that the
risk from a bout is esguiwvalent to that of a lifelong exposure to
the low concentration that yields the same total ppm-hours of
exposure (the so-called lifetime average daily equivalent, or
LADE!. 1In other words, the assumption is that toxic effect is
proportional to the total cumulative lifetime exposure,
regardless of the rate at which it is experienced.

This assumption--that there are no dose-rate effects--can be
divided into two parts: (a) that the time pattern of inhalation
exposure does not affect the fraction of the compound that is
delivered to the site of toxic action as metabolically activated
carcincgen; and (b) that the time pattern ¢f target-tissue
exposure to such activated compound does not affect the degree of
toxic response, which only depends on the cumulative amount of
such exposure. It is important to note that the correction
factor discussed in this document addresses only the first issue,
which is in the realm of pharmacokinetics. The gsecond issue is a
question of how the actual mechanism of toxic action operates,
and is beyond the scope of the present analysis. Until we have a
means of addressing the dependence of toxic reac¢tion on the time
pattern of dose delivery, the second part of the assumption--that
all exposures resulting in the same cumulative delivered dose
have equal probabilities of tumorigenic response--must be
retained.

To the degree that delivered doses vary in direct proportion
to the magnitude of external exposure, the use of the unit risk
will correctly reflect the underlying delivered dose basis of
risk estimation. This is generally the case for low exXposure
levels. 1In the case of methylene chloride, however, there 1S
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ction, then, will be the ratio of

tual conditions of exposure fhlgn
to the delivered dase that
, 1l.e., one that - =

O ionality tO external concentration characcts. -l

5. The required correction will be different for every

sure scenario; 1t 1s not practical to recalculate 1t for

"y Ccase. Instead, I will develop a matrix in which entries

spond to the correction applicable to various combinations

ration and level of exposure. The appropriate correction

r particular case can then be looked up. (This method 1s not

plicable for exposures in which the air concentration varies

xedly over the course of exposure, or for a series of episodes

xperienced in rapid succession, since these scenarios are not

included in the matrix.)
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Calculation

The pharmacokinetic model used in the calculations described
nere is the same as that described and used in the Update

document , the human model of Andersen, et al. (1987 . As in the
Update, the breatning rate and cardlac output were modified to
reflect EPA's standard assumptions about activity levels. I

conala@red 240 distinct exposure scenarios, comprising sixteen
ifferent vapor concentrations, ranging from 10 ppm tOVSOOO ppm,
for each of fifteen different exposure durations, ranging €rom
one minute to 12 hours. A separate run of the pharmafok1net
model for each scenario was used to determine the estimated
cumulative delivered doses (in units of mg-eq of metabolically
activated compound produced per liter of tissue over the course
of eyposure) to both liver and lung tissue. For example,
according toc the model, a 15 minute exposure to lOOO ppm results
in a total delivered dose to the liver of about .1l mg-eqg per
iter of tissue. (The tissue-level exposure contlnues past the
rmination of inhalation, until the accumulated burden of
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el ~Ne body 15 Gel runs were for 48
2T TOVEr whELS pOsSy
) CiE e delilvered dose

z= L K of T risk ~itnh cumularive
i rst, a lifetime average dally eguivalent

concentratlion was cCalculated Dy prorating the
epl csure over a full 70 vear lifetime For example,
the esponding to a 15 minute exposure to 1000 ppm is the
continuous lifetime exposure that results in the same total of
250 gDm~hours-v n this case it is about 4.08 x 10~4 ppm, or 1.44
g /me If —he proportionality between total delivered dose and
total ppm-hours of exposure used in the unit risk is maintained
at all expcocsure levels and dose rates, the 15 minute exposure to
1000 ppm and the lifelong exposure to 1.44 ug/ /m3 should share a
Jeli‘ered?dose that is 1.44 times that from a lifelong exposure
to 1 ug/m~ {(the basis of the unit risk calculation), or about
G.73 mg-eqg,/L in the liver. Thus, using the unit risk to estimate
the risk from the actual 15 mlnute exXxposure episode
underestimates the cumulative effective dose to the liver (and by
assumption, the lifetime risk of liver cancer) by about
230,73 = 2.8=-fald,

A similar calculation for the lung vields a factor of 1.5-
fold; the difference in the factor between tissues reflects
differences in enzyme activities for the two principal
biotransformation pathways. As described in the Update document,
and in the accompanying technical document (USEPA 1987b), the
overall unit rigk i1s the sum of the organ-specific risks for

liver and lung at one unit of exposure. The "corrected" overall
unit risk will be the sum of the unit risks for the two organs,
cach corrected by 1ts own factor. Thus, the correction factor to

the overall unit risk 1s the welighted average of the organ-
specific correction factors, with the weights being the organ-
QpDFifiC unit risks. The calculations in the Technical document
(USEPA 1987b) show that the lung-specific unit risk accounts for
71.3%. <7 the total, while the liver unit risk accounts for 28.7%
Thus, the magnitude of the lung correction factor predominates in
the overall correction. The overall correction i1s, in this case,
(.713)1.5 + (.287)2.9 = 1.9. That 1s, the risk Calculated for a
15 minute exposure to 1000 ppm should be increased by 1.9-fold to
account for the pharmacokinetic dose-rate effect. The estimated
upper bound risk from one such episode is the product of the unit
risk, the_LADE, and the correction factor, or

(4.7 % 107) x (1.44) x (1.9) = 1.3 x 10~

A calculation similar to the one outlined above was carriled
out for each of the 240 exposure scenarios. The results are
tabulated 1n a matrix of correction factors in Table 1.
Examination of the matrix confirms that low exposure levels

require no substantial correction, but the required factor grows
with both vapor concentration and duration of exposure. The
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ons (1.e., columns of Table 1 are plotted). For very

ures, even high vapor concentrations reguire only a A

ction. Below 100 ppm Or soO the correction is never

, even for long exposures. At higher wvapor concen-

owever, the correction factor can be substantial for
snrrLest exposures (less than 15 minutes).

the faccor plotted as a function of air

ration for various durations of exposure (i1.e., the rows

re plotted) The factor rises very rapidly with

n, more so for longer durations, but then rises only
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There is experimental evidence for the saturation of the
detcxification pathway, and consequent increase in metabolism by
the putatively activating pathway, so the phenomenon outlined
here has real existence. It should be borne in mind, however,
that the magnitude of the pharmacokinetic dose-rate correction is
calculated on the basis of a mathematical model of mnthylene
chloride pnarmacokinetics, rather than on any direct
measurements. This model has been carefully examined in the
Update and Technical Analysis documents cited above, but in many
respects it lacks thorough validation. In particular, one might
guestion the model’s ability to accurately portray events on a
very short time scale. For example, absorption of vapor from the
lung air into the pulmonary blood supply is considered to be
instantaneous. This simplification may be perfectly adeguate for
predicti~g events on moderate to long time scales, but the
correction factor for one minute exposures may not be
realistically represented. In sum, the calculations of
correction factors reported herein are only as reliable as the

odel on which they are based, and the model has not been
validated for such purposes. The correction factors are
consequences of the representation of pharmacokinetlics by the
model, which representation 1S considered to be generally
correct, but unverified in detail.

It should be made very Cclear that the term "dose-rate
effect" 1s used in a limited sense in this document. The effect
is a pharmacokinetic one--the dependence of the degree of 7
etabolic activation of inhaled methylene chloride ¢n the time
pattern of its administration. Even after this effect 1is

corrected for, it is still true that the delivered dose from the
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= pverienced by the target
e £ ik d compound, while i

: oy 00 reguizg in 3 simila
TEroing : TH L5 rrartg fgr g E} Lt; a = z
emarlne oF SUln TIis ¥ posure , bu el
de.1very opver tCime The analysls does n nog s the
Toxicological eguivalence of these differ rns
answer -0 that guestion depends on the bHi mec! of
carcinogenic action and how 1t varies with attevn f
erposure to a given amount of proximate carcinogen In other
“ords, the assumptlion that only the concentration-time product
matters, and not the dose-rate, 15 still used as far as the
estimation of the risk engendered by the delivered dose 18
concerned; 1.e., cumulati lifetime tissue-level exposures to
metabolically activated FaVC1noan are assumed to be equal In
cumorigenic effect. Likew , Dasing low-dose rigk estimates on
the amount of activated Car.lnogen in the tissues does not mean
thar risk is truly proporticonal to these low delivered doses
even though we assume fhal it 1s for purposes of low-dose
extrapolation. What has been done 1s essentlally to measure dose
at a more meaningful level--activated compound at the site of
action--but assumptions about how t0 extrapolate risk across
sPec*eS to low doses, and across time patterns of exposure,
remain even for this more scophisticated dose measure.
cc: Charles Elkins, Director, Office of Toxic Substances

Charles Ris,
Jerry Blancato,

Acting Director,
Chairman,

Carcinogen Assessment GSroup
Solvents Health/Risk Assegsment
Committee
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