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Summary of a Meeting Report ou February 4, 1983,

A meeting was convened with members from the Environmental Protection Agency
in Washington, DC. A list of the attendees is attached., At this meeting
possible modes of exposure for people in contaminated envirouments were
discussed. Specifically, what is the dose received by people living in’
areas where soil is contaminated at measurable levels with 2,3,7,8 N
tetrachlorodibenzodioxin? ’

It was agreed that a number of assumptions could be made in place of coacrete
data, For instance, it can be assumed that people living in such areas may
work in their garden or yard 150 days a year. They probably receive an amount
of contamination from soil on their skin of about 100 mg daily. This would
result in a yearly contamination of 15 g, and it might be assumed that the
lifetime exposure would be to 600 g of soil. Dermal absorption from this
chemical lies somewhere within a range of 1 to 10%. The L0% figure may
actually be high and further information on that should be obtained from

Dr. Reggiani., 1In areas with heavy vegetation dust levels are probably
negligible, They will be of concern in riding arenas and in areas where there
are dirt roads on which cars travel, In such situations, dust levels are
probably in the nuisance range as defined by NIOSH. It can also be assumed
that 70-90% of the dust which is inhaled will stay in the body and since there
is no data at this point it will be assumed that 100% of the amount of
chemical on the inhaled dust would be absorbed. An additional source of
contamination might be ingestion of soil., This is primarily a problem in
children particularly in toddlers. There was much debate of how much dirt
children might eat. A number of assumptions were made ranging from 100 mg to
10 grams. It was decided to make an additional effort to determine whether
any concrete information is available on fhis question. It was decided that
most likely 40% of the ingested chemical absorbed on soil would be absorbed
into the body. It can be assumed that the time period for ingesticn of soil
in children would be primarily from ages 2 to 5. Ian other words, the extent
of the exposure by this route would be 3 years.
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Risk assessment™ of TCDD' (2378 tetrachlorodibenzo-p-dioxin) in soil.

Introduction.

In the past a number of groups have made attempts to develop or to
determine what an acceptable risk for the exposure to TCDD woﬁld be. As more
information on the toxicity of this chemical has become availaﬁle, these
levels have generally been re&uéed. To develop an acceptable risk level for
exposure to TCDD is particularly difficult because TCDD has such unique
propérties. it is one of the most toxic man-made organic chemicals known,

In addition to heing extremely toxic when it is given as a single dose, it

is persistent in the envirqnment and in living organisms. TCDD has a very
pronounced cumulative toxicity. In animals TCDD has been shown to affect
reproduction, to cause suppression of the immune response and to be
carcinogenic if“rodents. 1In rats, a daily dietary dose of 0.001 ig/kg body
weight is5 a "qdasi no effect level." Lifetime studies have not been conducted
in species other than rodents. Subhuman primates and guinea pigs are
extremely sensitive to the toxic effects of TCDD. The oral LD50 for female .
guinea pigs, for example, is 0.7 ug/kg b.w. while it is 44 ug/kg b.w. in

rats, The ratio between the rat oral LD50 dose and thé no-effect level of
0.001 ug/kg is 46;000. If this ratio was the same for all species, then in
the guinea pig the no-effect level for lifetime exposure would be 0.7 ug/kg
divided by 44,000 or the same as 0.0l6 ng}kg b.w./day. Unfortunately, no

long-term studies on any species that are extremely sensitive to the toxic

1 —

*This risk assessment does not apply to soil and ranges and other areas
where cattle, for instance, is grazing.
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effects of TCDD are available. It is therefore not known whethe; such fatios

exist in reality.

- In general, animals studies shgw that there is great variability in

response to TCDD among species. is noY clear where on this response scale

humans fit. It is assumed they would be more semsitive than the rats, but

less sensitive than the guinea ki ,'fhat is, any amount of TCDD detected with
presénply available analytical'wethgds would still present some although
poorly defined risk if absoryjed by humans. )

Within the laft fiw years 'XCDD has been identified in our eavironment in

several areas in tha Uniked States and other parts of the world. Fish in Lake

chemical companies Arkansas River and in the Titthawassee River and

Signaw have ranged from 50 to 480 ppt (ng/kg). TCDD has also been found im
Beef fat and in fly ash from incine;ators. Furthermore, the mean yearly
exposure to TCDD from cigarette smoking has been calculated to be 2 ng per
sinoker (NRCC 198l). All of these findings suggest that a ggneral background
contamination of the environment with TCDQ exists at extremely low

concentrations.

TCDD is ﬁighly hydrophobic, degrades rapidly on exposure to ultraviolet
light if hydrogen donors are available, is persistent in soil with a half life'
of anywhere from 1 to 10 years, does not readily migrate through soil, and is
only slightly taken up by root plants. A few strains of soil bacteria are

able to degrade it at a very slow rate.
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Ex posure.

In order to determine whether a specific concentration of TCDD in soil
presents a risk to humans, it is first necessary to examine how humans might
absorb TCDD from such soil. Unfortunately, it is not well-known how much of
any ;hémical that is present in soil, may be absorbed by humans that come in

contact with such soil. Most risk assessments that have been made in the past

have -been made for media food, where it is assumed that a certain

amount of food with a cert

consumed; for aiy, whe

in the only nd;;;;—;;EaEd\ii\the

amount of water consumed. Unfortunately, this is more complicated for soil.

inhaled, or for chemicals in

No good data exists delineating with any degree of certainty what this type of
exposure might consist of., There are basically thrge types of exposure routes
that must be considered. One is dermal absorption through direct contact with
the soil, another would be ingestion of soil, and the third would be
inhalation of dust to which TCDD is attached. Another issue which does not
directly enter in this risk assessment is the fact that any TCDD in the
énvironment will eventuelly end up in the food chain and in that regard
presents a risk to & Iarger.undefined popuiation. There is some evidence that

E

at least part of the TCDD binds relatively tightly to the soll and would not

be as easily available for absorption. However, information on this aspect is

very limited at present and it is also not known whether this is true for all
types of soil, According to the literature (Poiger and Schlatter, 1980)
anywhere from 1 to 10 percent of the TCDD which is in the soil may be absorbed

through the skin. This may to some extent depend on the amount present in the

soil and may be greater at higher concentrations. Feeding studies in animal

.
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suggests that 10-30% TCDD adsorbed on soil will be absorbed in the

gastrointestinal tract. Furthermore, TCDD may be inhaled through dust f;om
contaminated areas, There is also very litt é/information available on the
amount of the dust that may be present in the air in such situations. When
this was measured in Seveso, it was found that the amount of dust in air was

0.14 mg/m3 air (Di Domenico et al., It \would be possiBle that in

some situations such as riding arena% or jfn rather dry areas the amount of

dust would be higher. On the o hady, immediately after a rainfall, there

2

would probably be less dust. Andthe dkn is the amount of material that

60ge fromthe outside. In order to err on the

could be carried into the

conservative side, it was assumkd that the exposure in side a house would be

spent their entire time in very close

T bl

Thated siil, Thus, the following assumptions for

similar to what would cccur 1
padiioh ;

contact with the
exposure were made:

4

ingestion: 10 to 30% apsorbed from soil

dermal: 10% is absorbed from soil

inhalation: dust would be present in air in a concentration of 0.14
milligrams per cubic meter.

In the studies conducted in Seveso-(Di Domenico, 1980), depending on the

type of samplers used, the amount of TCDD per gram of dust ranged from 0.06 to

2.1 ng/gr TCDD per gram of dust.

.

Another unknown in these studies, as well as the dioxin determinations in
Misiguri, is the fact that it is really not known what the recovery is when
the soil is extracted by various solvents. No recovery data for instance was
given in the Di Domenico paper. According to experience in the New York State
Health Deparfment (Patrick O'Keefe, personal communication) recovery of these

+*
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types of compounds. from soot may be very poor with a recovery of anywhere from
18 to 50%. 1If the data given in the Di Domenico péper is reviewed, it is
¢lear that the concentrations of TCDD in dust from different areas is similar
to what was measured in the soil so it can therefore be assumed that the
conceﬁtracion of TCDD in dust from a soil area with 1 part per billion TCDD
would roughly also be 1 part per billion or slightly less and at 100 parts per

billion you would assume that the dust concentration would be in the same

order of magnitude. it can be assumed that in an area where the soil

contained 1 part pey billjon D, Ahe amount of TCDD in 140 ug of dust would

mo f ai aled for a 24~hour period by an adult

if this person was resting wobld e 3. ese\10 m> of air would

be 0.14 pg. The t&

okl

contain 1.4 mg‘gf_pugt and the 1.4 mg of/dust would ain 1.4 PE éf ?FDD.
If the soil coqtained 100 times as much TCDD, then, of/course, " |
concentration in ?he dust would most likely be 1007 times as high.
The amount of TCDD that could be received from ingesting soil, and this

would be particularly true for children, but it is conceivable that adults

working in the yard would also get soil contamination of their hands from

which they could inadvertently ingest some soil, would again depend on the

amount of TCDD that was in the soil, If it was assumed, for instance, ﬁhat 1
gram of soil is ingested per day which contains 100 ppb of TCDD, and if it is
further assumed that 10 to 30X of the TCDD in the soil was actually absorbed

i;fm it, then the dose that a person would receive would be 10 to 30
mn
pgiperson., If 10 grams of soil were ingestedKDthat contained 100 ppb of TCDD,

{

then the dose, of coﬁrse, would 100 to 300 erson. The other exposure that

could occur would be through dermal absorption of TCDD from soil that had

inadvertently contaminated the skin and in this case if for instance, 10 grams

L6



of dirt were present on the skin and if it is assumed that 10%Z of the TCDD
present in that dirt were absorbed, the dose at 100 ppb would be 100 ng/person.
1f the skin was only contaminated with 1 gram of soil, then, of course, the
amount absorbed through the skin could be as much as 10 ng/person. Thus, at a

concentration of 100 ppb of TCDIY in soil, if 10 grams of soil contaminated the

skin daily, and 10 grams were Angested, the conceivably total dose per person

from these two sources would/be 200 to 400 ng and the contribution from air
-‘-._'-_-_'-"‘-l-_—

- :
would be 34 pg so the air dqontribution would actually not add very much to
\\6 at
v

the contribution from dermal/absorption and ingestion. It would probably be

more reasonable to assume t the daily contamination of the skin and the
possible daily ingestion w closer to 1 gram iﬁ each instance which
would reduce the.contry ion pf dermal and oral absorption from 200-400 ng
to 20-40 ng per persan. 15 also not clear whether such exposures would

occur daily.

If only 1 ppb of TCDD was present in soil, then the amount that would be
absorbed through ingestion and dermal contamination of 1 gram of soil per day,
would have to be divided by 100 and would be reduced to 0.2 to 0.4 ng/person
to which a 1.4 picogram dose in air would have to be added. It can be assumed
that actual exppsure of TCDD from soil on the skin as well as from ingestion
is probably lower than the assumed daily exposure dose to soil of 1 or 10
grams bﬁ both routes.. The reason for this is that most people are probably
not exposed daily and that most of the soil which they come in contact with
will be washed off. An exception are small children who habitually eat some

soil while playing outside.

[



Safe-levels for dioxin.

 The National Research Council of Canada (NRCC) has recently publishéd a
report reviewing available toxicity data for TCDD and related compounds and
also various procedures that can be used to calculate from such animal data a
virtually safe dose for TCDD. A Table out of this document is appended
{Table 1) giving the various models, the virtually safe dose, the approximate
95% confidence levels and references to the different models which wére used.

Basically only one chronlc study in rats is available which gives several

dosage levels and a no~ffiect 1 . The lower confidence limits with these

different models if t{at datd/isg use of the same order of magnitude of

of TCDD' pdr day for ifetimm’€§333hcqi Using another

model, the Crump one hit wmodel, EPA in'l1981 calfulated the vis

about 30 ng/kg b.w.

to be

oncogenicity for TCDD of one additional cancer in a million 0_65
about 170 fg/kg of b.w. per day. There is no scientific method for choosing

which of the models gives the most reasonable assessment of the virtually safe
dose at various assumed risk levels especially since the wechanism whereby

TCDD elicits its carcinogenic response is not known. MHowever, if it is

assumed that the virtually safe dose of TCDD would lie somewhere between 30

and 90 fg/kg of b.w. per day or between 2.1 and 6.3 pg per day per person,

this would be less than the amount of TCDD conceivably absorbed by a person

from soil containing 1 ppb of TCDD. According to the calculations made above

a person could from such soil absorb somewhere in‘the neighborhood of &ﬁO T
pg/person per day if 1 gram of soil was ingested and 1 gram of soil got on the’
ski;j The amount contributed through dust by inhalation does not appreciably
alter these levels, This dose would be 100 times higher than what the NRCC

had calculated as a virtually safe dose. This would change the acceptable

I8



risk level from one case of cancer in 2 million to one case of cancer per
10,000 individuals.

_If instead of using cancer as the endpoint, reproduction is used as the
endpoint, then; again, information is ofly available in rats. The no-effect
dose‘for reproductive effects in rats/is 0.00l ug TCDD per kg of body weight
per day, or 1 ng/kg. Subhuman primates Which are much more ;usceptible to the

eifects of TCDD, if fed for 6 montis at 2 daily dose of 1.8 ng/kg b.w. per

day, still show an effect on repjoductjion. Thus, if for the reproductive

studies in rats a safety factor o " is chosen, then a virtually safe dose

would be a daily dose of 0.7 | pexson per day. On the other hand, if the

toxicology data from subhuman \
b.w was not a no-effect fleval ang\\=s-also not obtained from a chronic study.

A PSPl —

Therefore, ; 1000-fold s
Thus, a daily dose of 0.0018 kg or for a 70 kg person a daily dose of 0.126
ng/person or 126 pgyperson would be acceptable.

As these calculationhg shop, even 1 ppb TCDD in soil may not represent an
acceptable risk if the estimates for exposure are accepted. However, for
éractical purposes the reliability of the chemical methods for soil is not as
good in the ppt range and as we measurelmofe en*ironmental samples, it is
possible that TCDD will be present in ppt concentrations in soil in many
areas. Furthermore, it is impractical to move large quantities of dirt from 1
site to another (landfill) since degradation by gacteria will probably be more )
effective if the material is spread out. The amount of TCDD in the soil would
be ;;adually decreasing and would not be replenished minimizing the

possibility of lifetime exposure. The acceptable dosage levels of TCDD, on

the other hand, were calculated for lifetime exposures. If excavation took

ral



place to a concentration of 1 ppb, uncontaminated soil would have to be put
into its place and topsoil could also be added to areas where no excavation is
necessary diluting the available TCDD to ppt levels and further reducing the

risk..

A%ﬁﬁ e

i ] &

g -

{167



10

References
Crump, K.S.,, Guess, H.A., and Deal, K.L. Confidence intervals and test of

hypothesis concerning dose response relatipns inferred from animal

carcinogenicity data. Biometrics 33:437-451, 1977.

Di Domenico, A., Silano, V., Vivigho, G., and Zapponi, G. Accidental release

of 2,3,7,8 tetrachlorodibenzo-p—dioxin\ (TCDD) at Seveso, Italy. Ecotoxicology

and Environmental Safety 4:3 -ji? (1980N.
Kovar, J., and Kreswki, ” a

gspogse toxicity data. Presented at Computer

tistical procedures for low dose

Symposium on the interface. March 12, 13,

P R E e L

National Research Codgcil of Canada. Polychlorinated dibenzo-p-dioxins.

Publ. NRCC No. 18574 of the environmental secretariat. Publ. NRCC/CNRC

Ottawa, Canada K1A0 R6, 1981.

Poiger, H., and Schlatter, €. Influence of solvents and absorbance on dermal
and intestinal absorption of TCDD. Fd. Cosmet, Toxicol. 18:477-481, 1980.
Taylor, D.E., and Shapiro, R.E.. Extrapolation and risk estimation for
carcinogenesis. In New Concepts in Safety Evaluation (Part 2). Edited by

M.A. Nehlman, R.E. Shapiro, and H. Blumenthal. J. Wiley and Sons, Inc. RNew

York Adv, Modern Toxicology 1:65-87, 1979.

brd



Jable 1 © Estimates and approximate 951 lower confidence Yimits {LCL} for “virtoally safe
- dose” (VSD) of 2,3,7,8-1,C0D at three risk levels, using varjous extrapolation

procedvres ® {NRCC 1980)

Estimate (LCL)
(fg.kg-bw-1,d"1)

N

_Risk Level ' 10~ 10~6 10-¢
procedure : .
Multistage model® 8.2 x 103 (.5 x.10) . 87(65) . 87(0.65)

Multistage mode) f 176 x 102 {416 x 103)  17.6 x 103(21.6) 1.76 x 103 (0.216)
omitting top dose
group

Weibull mode) ¥ 107(p AP8(3.96 x 105 1.31 x 10-* (2.98 x 10-9)°

Linear extrapolatfon® 3.8 (2Kf x 103) 1 425.4) 391 (.264)
from .01 wg.kg"!

Linear extrapolationYe$ € (3.07 x 163) e (30, ?)v’,//, £ ( 30?)
from .001 pg.kg~!

® pata from Kociba et al, (19?8) are as follows: number with tumour/number examined [dose in wg.kg-
bw-1,d=1) 9786(0); 3750{.001); 18/50{.01); 34/48(.1).

8 {Crump, Guess and Deal (1977) fitting polynomia) of maximum estimable degree. Confidence limft
based on model with positive estimate for highest degree term. :

Y Kovar and Krewski-{1981) calculating confidence limit after log transformation.

8 Gaylor and Shapire {1979} using normal approximation for confidence interval.
€ No point estimate given because of inversion in obserbed dose response.

¢ 1 molecule 2,3,7,8-T,COD weighs 3.21 x 10~& fg,

i :
BN fv
: 4
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Habit bilit f TCDD Contawinated Areas
a Y o a IA/&&Q ¢oce

Questions as to the habitability of any area contaminated with 2,3,7,8-TCDD
are ﬁecéssarily linked to considerations of excess risks of developing
specific adverse heaith effects as a result of the total cumulative dose which
an individual receives. In turn, this cumulative dose is a function of
several factors: .

1) concentrations of envirommental contaminations

2) location of and access to contaminated areas

3) type of activities in contaminated areas

Y Guratiod of exposure: et dls pucldt comsitefions of

In additiom,pcontinued habitability&ﬂ&ad:qhﬂtnchvﬁﬁﬁh- the potential for

limiting or eliminating ongoing exposures.

As a first approach, a series of risk assessment estimates based on several of
these factors has been utilized in the past by a number of groups which have
made attempts to dete;minelwha: an "acceptable” risk for expoSure-to TCDD
would be. As more information on the toxicity of this chemical has become

available, these levels have generally been reduced.

Ehe development of an acceptable risk level for exposure to TCDD is

particularly difficult because TCDD has such unique properties:

1) 4t is one of the most toxic man-made organic chemicals kpown when

given as a single dose at extremely low levels; 1j3j

2) it is persistent in the envirooment (with a half-life of 1 to 10




3) TCDD has a very pronounced cumulative toxicity;
4) 4in animals, TCDD has been shown to affect reproduction, to cause
2 variety of systemic effects including hepatotoxicity, suppression
of the imwune response, and carcinogenesis;

! 5) TCDD is highly lipophilic, degrad?s Tapidly on exposuré to
ultraviolet iight if bydrogen donors are available, does not readily
nigrate through soil, appéafs to be only slightly tsken up by root

plants. and only a few strains of soil bacteria are able to degrade

:I.t {at a very slow rate). Dﬂ 9»[ /

In rats, a daily dietary dose of 0.001 ug/kg body weight is a "quasi no-effect
level®, Lifetime studies have not been conducted in species other than
rodents. Subhuman primates and guinea pigs are extremely sensitive to the
toxic effecis of TCDD. The oral LDSO for female guinea pigs, for example, is
0.7 ug/kg while it is 44 ug/kg in racs. The ratio between the rat oral’LD50
dose and the no-effect level of 0,001 ug/kg is 44,000, If this rftio was the
same for all species, then in the guinea pig the no-effect level for lifetime
exposure would be 0.7 ug/kg divided by 44,000 or the sawe as ﬁ.OlG ng/kg/day.
Unfortunately, no long-term studies on any species that are ef;remely

sensitive to the toxic effects of TCDD are available. It is therefore not

konown whether such ratios exist in reality.

- B ,
In generg}l animal studies show that there is great variability in response to
TCDD among species. It is not clear where on this response scale humans fit.
It is assumed they would be more sensitivé than the rats, but less sensitive
than the guinea pig; i.e., any amount of TCDD detected with presently

X

available analytical methods would still present some (although poorly



In order to determine whether a specific concentration of TCDD in soil
presents a risk to humans, it is first necessdry to examine how ﬁumans might
absord TCDD from such soil. Unfortunately, it is not well~known how much of
any chcﬁicgl that is present in soil may be absorbed by humans that cowe in
contacé with such soil. Most risk assessments that have been made ip the past
have been ﬁade for such media as food where it is assumed that a certain
awount of food with a certain concentration of the chemical in it is consumed,
for air where it simply needs to be calculated how much air is inhaled, or for

chemicals in water where the only nunber needed is the amcunt of water

consumed. Unfortumately, the analogous series of estimactes is more .

complicated for soil. . t (2 H,F/

There are basically three expdsure routes that must be considered: dermal
absorption through direct contact with the soil, ingestion of soil, and the
inhalation of dust to which TCDD is attached. Another issue which does not
directly enter in the curresnt risk assessment is the fact that TéDD in the
enpviropment could eventually end up in the food chain and, in that regard,
presents an unknown additional risk to those individuals most highly expos;d

to confaminated soil as well as a risk to a largef, undefined population.

In regards to the first route, there is some evidence that at least part of
the TCDD binds relatively tightly to the soil and would pot be as easily

available Tor absorption. However, information on thi; aspect is currantly
limited— such as whether this is true for all types of soil, Acecording to
the literature (Poiger and Schlatter, 1980) anywhere from 1 to 10 percent of

the TCDD vhich is in the soil may be absorbed through the skin and is likely [Jﬁ]

to be dependent on the amount present in the soll (i.e., it may be greater at



In regatrds to the portion of total dose due to ingistionlof soil particles,
feeding studies in animals suggest that 10-30Z TCDD adsorbed oﬁ soil will be
absorbed in the gastrointestinal tract. Therefore, the.calculations to follow
will also consider these differing gastrointestinal absorption rates.
o NArT
In regards to inhaled doses, there is little information available on the
amount of dust that mﬁy be present in the air in situations of known soil
contanination; measurements in Seveso showed that the amount of dust in air
wvas 0.14 mg!m3 air (DiDomenice et al., 1980). It would be possible that in
situations such as Tiding arenas or in relatively drier areas the amount of
du;t would be higher. On the other hand, immediately after a rainfall there
would probably be less dust. Furthermore, based on the same investigation, it
was shown that TCDD levels in dust were comparable to those found in soil.
Another uoknown is the awount of material that could be carried inteo the house
from the outside. In ofder to err on the conservative side, it is assumed
that the exﬁbsure inside a house is similar to that which would occur if
people spent their entire time in c¢lose contact with the contaminated soil .
outside. It is further assumed that an average adult at rest exchanges
approximatély 10 m3 of .air per 24~hour period. Finally, it is assumed that
all of TCDD adsorbed on inhaied'dust particle; are absorbed either through
deposition ip the respiratory tract or ingested after being brought up by the
~ckliary action of the respiratory tract epithelial cel%s.
Fﬁr the sake of comparisonm, all of the above-~discussed assumptions {(and
variations thereof) were applied in s series of total dose calculations where
it was further assumed that individuals at risk are exposed to the maximunm

soll concentrations (e.g.,, 1 PPB and 100 PPB levels were used) at all tiwes

>



The estimates of contribution.to total daily dose from percutaneous absorption
given varying levels of TCDD concentrations in soil, quantities-of soil on
exposed skin surfaces and absorption rates are presented in'Table l. Table 2
contains the estimates of the daily dose derived from ingestion of varying

‘

anounts of soil contaminated at differeat levels with variable rates of

gastrointesﬁinal absorption. Finally, Table 3 represents the estimates of the

contribution to total daily dose from inhalation of contaminated dust /f"'_-

particles given the above assumptions. -l (ZL (*_{::; /

A large number of estimated total daily doses can be derived from the many

combinations of the exposure route-specific doses (given different sets of

assumprions as to sbsorption rates, soil contanination, etc.). For the sake
f

of brevity, the two most extreme total daily dose estimates were cowpiled and

are 35 follows:

Lowest Daily Dose 11}.4 picograms/day
Assumptions: 1 PPB in soil; 1 gramw of soil ingested (10X absorbed); 1 gram

soil on skin (12X absorbed)

Highest Daily Dose 400.14 nanograns/day
Assumptions: 100 PPB in soil; 10 grams of soil ingested (30X absorbed);
- w 10 grams soil on skin (10X absorbed).

0f course,-any other combinations of these varying factors can be used to

derive intermediate or farther outlying daily dose estimates,

The final step in assessing {ndividual risks at these estimated dose levels

must incorporate a comparison to known (or estimated) “safe” levels of

s



TABLE 1
Percutaneously Absorbed Dose

Adxount of Soil TCDP-Concentration Amount Absorbed Daily Dose
on Skin in Dirt Through Skin (in ng)
1 PP 1% 0.01
1l gram. 10% 0,10
100 PPB 1% 1.00
10% 10.0
. 1 PPB 1% 0.10
10 grams ‘ 10% 1.00
100 PPB 1% 10.0
10% 100.0
TABLE 2 (&}@‘F#/
Ingested Dose '
Amount Soil Absorption Concentration Daily Dose
Eaten Rate in Dirt (in ng)
102 1 PPB 0.10
1 gram 100 P?PB 10.0
30% 1 PPB 0.30
100 PPB 30.0
10% 1 PPB 1.00
10 grams 100 PPB 100.0
0% 1 PPB 3.00
100 PPR 300.0
. TABLE 3
— Inhaled Dose
Concentration in : Paily Dose
Dirt and Dust (in pg) (in ng)
1 PPB 1.40 0.0014 ng
100 PPB 140.0 0.14



The XNationzl Research Council of Canada (NRC&) has recently published a

reviewing avsilable toxicity data for TCDD and related cowpounds as well
vafious procedures to calculate a “"virtually safe dose™ (VSD) for TCDD £
such data. Table 4 is taken from this document and lists the variqus nod

estimated VSDs, approximate 95X confidence levels and references to the

different models which were used, = D “A’P,
[
|

Basically oﬁlylone chronic feeding study in rats is available which gives H
several dosage levels and a no-eifect 1eve1._ Using these data, the lower H
confidence limits for s virtually safe dose from these different models ca%
estimated and are all of a similar order of magnitude. There is no scientih
sethod for choosiné which of the models gives the most reasonable assessmen*
of the VSD at various assumed risk levels especially since the mechanism |
whereby TCDD elicits its carcinogenic resﬁonse is not known. However, if it
is assumed that the VSD of TCDD would lie sowewhere ﬁetween 30 and 90 fg/kg
per day (or between 2.4 and 7.2 pg/day for am average 80 kg person) this is
legs than the anount of TCDD conceivably absorbed from scil containing | PPB
of TCDD. According to the calcplations nade above, a person could take up as
wmuch as 400 pg of TCDD per day if only 1 gram of soil was ingested and ] graml

|
of soil got on the skipn (the amount contributed through dust inhalation does ||

|

|

not appreciably alter these total dose levels). This dose would be 100 times \
- W= |
higher than what the NRCC had calculated as s VSD. Alrernatively stated, this|
|

would mean an elevation in risk level from one case of cancer in a willion to |

one case per 10,000 individuals, assuming extrapolation from a linear model. |
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Table 4 fstimetes and approximete 952 lower confidence limits (LCL) for “virtu2)ly safe

dose"” (VSD) of 2,3,7,8-T,C00 at three risk levels, using various extrapolation
procedures © {NRCC 1930)

e 1 1A

{fg.kg-bw-1.d-1)

Risk Level _ 1074 10-¢ |

Prozedure ‘

Multistage model® 8.2 x 107 (6.5 x.20%)  &7(65) 87(0.65)

Multistage mode) ® 176 x 102 (2.16 x 10?)  17.6 x 10%21.6) 1.76 x 103 {0.215)
omitting top dose

group

Heibull model ¥ 107{0.524) 0.118{3.95 x 105  1.31 x 10°% (2.98 x 10-%)%
Linear extrzpolation® 3,91 x 107 {2.64 x 10%)  39.1 {25.4) .391 {.264)

from .01 vg.kg~!

Linear extrapolstionT»S € (3.07 x 103) 3 (30.7) £ ( 30?]

from ,0D) wg.kg~!

u

Data from Yociba et al. {1978) are as follows: number with tumour/number examined (dose in wg. kg-
bw=1,4-1) 9786{0) 3750{.001); !8{50{ 01); 3a748{.1). :

(Crump, Guess and Deal (1977) fitt\ng po?ynomial of maximum estimable degree, Confidence Timit
baset on mode! with positive estimete for highest degree term,

rovar and Krewski {1581} calculating confidence limit after log transformation,

Gaylor and Shapire {1978) using normal approximation for confidence intervel.

o point estimate given because of inversian fn obserbed dose response.

1 molecvle 2,3,7,8-T,C0D weighs 3,2) x 10°° fg.
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Applying the Crump “one-hit” mﬁdel {for which it is estimated thatla daily
dose of ab;ut 170 fg/kg will increase the risk of carcinogeﬂicity by 10-6)
from thg perspective of an affected individual with an assumed lifetime of 70
vears, an estimate of the total dose required to induce an eicess risk in this
context would come out to be approximately (.35 microgfams of TCDD. At the
lovest daily dose levels estimated aﬁove (i.e., 111.4 pg/day) it would take
dust over 6 1/2 years to accumulate & total dose sufficient to increase an
individual's.risk of developing cancer by one in a million, However, the
highest daily dose estimated above given the most extreme set of assymptions
(i.e., 400,14 ng/day) would induce a .'10"-6 incremental tisk each day of

continued exposure. Of course, these interpretations carry the implicit

assumption (for which po corroborating data exist) that dose rate does not
affect the process by which cancerous effects are wmanifested. 2? f:k1(’m //

Using reproductive effects as the end-point (where inforwation is available
only in rafs) the no—effect dose is 1 ng/kg TCDD per day. Subbuman primates
{(vhich are wmuch more susceptible to the effects of TCDD) show an effect on
reproduction if fed for six months at a daily dose of 1.8 ng/kg. Thus, based
on the repfoductive studies in rats and choosing a safery factor of 100, a VSD
in bhumans would be a total daily dose of 0.8 ng per day; on the other haod,
if Ehe toxicolggv data from subhuman primates is used, the lowest dose of

1.8 ng/kg per day (which was a no-effect level and was not obtained from a
chronic feeding study), a 1000-fold safety factor would have toc be used, Thus
a8 daily dose rate of 0.0018 ng/kg-— corresponding to a total daily dose of

144 pg—= would be acceptable for an dverage 80 kg person. Thus at the lowest
daily dose likely to obtaip as estimated above, both of these extrapolations

from reproductive studies in animals appear to sucvest a Rituarian nf nn

(&
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excess risk in humans. However, at virtually all other estimated levels of
daily dose ({.e., under more severe sets of assumptions) one might expect the

induction of adverse reproductive health effects.

It should be 'stressed that both considerstions of carcinogenicity and
reproductive health effeccs contain critical assumptions which may not obtain
in reality. Most prominent of these are the assumptions of upiform levels of
contamination throughout the living space and constant, total access to these
areas, In fact, the situation is likely to be such that areas with elevated
TCDD levels which, of themselves, can be expected to decrease in time, are
found in specifie, well~defined locations which have concomitant unique use
and asccess characteristiecs., Therefore, in such a situvation where access is
less than total and constant, the actual daily dose will be lower than
calculated above. Similarly. different usage patterns of affected areas
{(e.g., sports activities, gardening, horseback rid;ng) or an individuwal's

characteristics (e.g., pica in children) will have differing effects on the //’,‘___

deternmination of total cuwmwulative dose. {i) «z[/ﬁ%

Therefore, final decisions on habitability way. range from recommendations to

avoid identified "hot spots” or limit specific activities in these areas (if

possible) or temporary relocation while clean-up and/or onsite stabilization
-

of the cont§3§nations are performed Lo permanent relocation and access
restriction for a given site. 1In addition, such recommendations will have to
be prepared in terms of situations which range from the peed for near-term
action to those of a less emergent pature. In all of these scenarjos, 5]

however, these decisions wust be made on a site-specific basis as i{vdicated by
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