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Introduction

Two methods are commonly used for establishing standards ar guidelines for
contaminant levels in food, air or water. One method is te perform an
extrapolation to low tevel exposure using data from a high dose carcinogenic
bioassay; this procedure calculates a dose which corresponds to a given
lTifetime cancer risk. The second is to establish an acceptable daily intake
(ADI) usually based on a no-observed effect tevel (NOEL) in an animal study.
The polychlorinated dioxin or furan which has the most toxicologic data to use
in a risk assessment is £,3,7,8-TCDD, This compound has caused cancer in
laboratory animals but the tests to date nave not shown it to be genotoxic.
The scientific community is divided on the proper procedures to use under
these circumstance, The following risk assessments use both carcinogenic
$gtrapolatiun procedures and a no-observed effect leveil to calculate guide-

ines,

Background

This risk assessment is not intended as a review of the human nealth
effects or available toxicologic data for polychlorinated dibenzodioxins or
dibenzofurans, Several reviews already exis:t in the literature. {See
references] This risk assessment is to provide material for the Expert
Advisory Panel to discuss and make recommendations for re-entry criteria for
the Binghamton State Office Building, Accounts of the fire and subsequent
findings are available elsewhere.

Human exposure to dioxin-contaminated materials has resulted in chloracne,
limited nerve damage, 1iver abnormalities and psychological disorders,
Laboratory studies have shown 2,3,7,3-TCDD to be carcinoganic,. embryotoxic,
and teratogenic in various animal species and to affect a number of organs and
systems including thyroid, liver, skin and the immunologic system. Based on a
review of the literature, the no-effect level was set using long-term animal
feeding studies examining oncogenic and reproductive effects.

Risk Assessment

Normally, an ADI is not set from a NOEL for compounds which have been
found to be carcinogenic. However, to date 2,3,7,3~TCDD has not been shown to
be genotoxic and some scientists use a no-observed effect level to calculate
guidelines under these circumstances. Fror 2,3,7,3-TCDD, a no-observed effect
Tevel of 1 nanogram/kg-day (1 x 10-9g/kg~day) in rats has been reported in
both a three generation reproduction study LMurray, et al., 19791 and a two
year oncogenic study [Xociba, et al. 1978]. An uncertainty factor of 500 was
considered appropriate by the Expert Advisory Panel, Ths acceptable daily
intake for humans would be two picogram/kg-day (2 x 10~12g/kg-day).

Following the March 29, 1332 meeting, the Expert Advisory Panel concluded,
that tne final re-entry criteria would be based on a maximum total daily
intake of two picograms of 2,3,7,3-TCDD per kilogram-day. The average weight
of 50 kilograms (based on an adult female) would be used in calculating a
guideline for re-entry.
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Cancer risk extrapolations have been used since the early 196d's. dQnce a
dosa-response relationship is established, an “acceptable” risk tevel must be
assumed and the corresponding dose calcu]ated Mantel-Bryan LMantel, et al.,
1951] originally defined a virtually safe risk for a lifetime as 1 x 10‘3
Since then, other regulatory agencies have used risks in the 1 x 10~7 to 1 x
}g;g_gange for setting standards or guidelines LU.S. FDA, 1930 and U,S. EPA,

pl.

Several mathematical models are available for performing cancer risk
calculations. Recently the £ZPA has published dose-response data for 3
2,3,7,8-TCDD. These data and otners will be used to calculate the cancer risk
tevels which correspond to the re-eatry guideline. .

Equivalents

The toxicity of the soot expressed in terms of the 2,3,7,8-TCDD
equivalents was measured by Eadon et al., (1981) by administering an aqueous
suspension of the scot to guinea pigs. The toxicity of the soot, compared to
that of a soot sample containing only 2,3,7,8-TCDD administered under
identical conditions, was equivalent to a 2,3,7,8-TCDD concentration of 58 ppm.

For comparison purposes, a mathematical estimate of the 2,3,7,3-TCDD
equivalents in the soot was also made {Eadon et al. 1932). Using the known
concentration of chlorinated dioxins, furans, and biphenylenes in the soot and
making certain assumptions about their toxicity as compared to 2,3,7,8-TCDD,
the toxicity of the soot was calculated to be approximately 44 ppm of

2,3,7,3-TCDD equivalents., The calcuiated value of 44 ppm is in good agreement
with the observed value of 53 ppm.

This same procedure has been applied to the air sampling results {Eadon et
al., 1983). For the air samples, waich had an average 2,3,7,3-TCDD content of
-J.4 pg/m?, the toxicity for the mixture g¢f chlorinated dioxins, furans and
biphenylenes was estimated go be 14 pg/m® of 2,3,7,8-TCDD equivalents, This
calculated Vevel of 14 pg/m® of 2,3,7,8-TCDD equivalents should be compared
with the suggested guidelines for re-entry.

Exposure - Clean-up Workers

At the present, workers are wearing protective clothing and respirators.
If respirators are not used, inhatation is a possinle route of exposure,
{Dermal contact #il1 not be considered since tne workers will be wearing
gloves and other protective clothing,) Since tnese workers are males, a risk
assessment for this exposure only will pe based on a 70 kilogram ma]e. The
max imum exposure would be for 8 hours per day, 250 days per year and ] 1/2
years. ¢or the inhalation calculations, a respiratory volume of 1J m3 per 8
hour work day is assumed., The guidelines calculated for ﬁhe ¢lean-up crew
range from a minimum of 14 pg/m” to a maximum of 93J pg/m* of 2,3,7,8-TCDD
equivalents. {See Guideline Calculations)



Exposure ~ Office Workers

Three different exposure routes are possible for workers in the 3inghamton
State Office Building: innhalation, ingestion and dermal absorption. The risk
assessment will be based on the 50 kilogram female. The assumption that a
worker would be exposed for 3) years, 253 days per year is considered to be
the maximum possible duration for the exposure. For the inhalation
calculations, a respiratory volume of 10 m? is assumed for an 8 hour work
day. ge guidelines calcuiated ;gr the office workers range from a minimum of
10 pg/m® to a maximum of 18 pg/m” of 2,3,7,8-TCDD equivalents, (See
Guideline Calculations)

Although the Expert Advisory Panel considered innalation the most
important route of axposure, a surface guideline would be useful., To
calculate a surface guideline, assumptions must be made concerning how much
skin surface is exposed and now much contamination is transferred, absorbed
dermally, and ingested.

Three different scenarios were used to estimate the reduction in
contamination over time and to calculate the average daily exposure over the
30 year period [Kim, et al., 1982]. Scenario A assumes that the contaminant
concentration remains constant during the 30 year period. In Scenario 8 a
first order exponential decay curve is used whicn assumes that over 30 years
contamination levels drop to one percent of the values when the buiiding is
reoccupied, Using this approach, a slightly nigher concentration would be
acceptable in the building when its reopened. Scenario C also employs a first
order exponential decay curve, but assumes a half-life of one year for tne
disappearance of contaminants in the buiiding. Scenario C has been eliminated.

Guideline for Re-entry

The following is suggested as an appropriate methodo]ogy for deriving a
guideline for re-entry.

1. One ng/kg-day is used as a "no-observad effect level® for 2,3,7,3-TCDD in
rats [Murray, et al., 1979; Kociba, et al., 19/8].

2. An uncertainty factor of 500 is used to obtain a daily intake for
Z,S ,? ,a-TCDDo

1 ng£k§-day = 2 x 10-3ng/kg-day = 2 pg/Kkg-day (1)

3. For office workers, an average weight of 5J kilograms is used to obtain a
daily dose for 2,3,7,8-TCDD; for the clean~-up crew an average weight of 7J
Kilograms is used.

2 pg/kg-day x 50 kg

103 pg/day for 2,3,7,8-TCDD office workers
2 pg/kg-day x 70 kg 8-

7
14) pg/day for 2,3,7,8-TCDD clean-up crew

it i



AIR

Inhalation Exposure

1. The air sampling results have been expressed in terms of 2,3,7,8-TCDD
equivalents (Eadon, 1983). The same dose of 100 pg {office workers) or
140 pg {clean-up crew) of 2,3,7,8-TCDD will be used to derive a guideline
for the mixture; in this case, the units will be expressed as 100 pg or
149 pg of 2,3,7,8-TCOD equivalents.

2. A breathing volume of 10m3 for an average 8-hour day is used to
calculate an air guideline for £,3,7,8-TCDD egquivalents.

104

l‘f

= 1J pg/m3 of 2,3,7,3-TCDD equivalents {office workers) (2)
3
10 m

= 14 pg/m3 of 2,3,7,8-TCDD equivalents (clean-up crew) (3)

S8
i

The guidelines for re-entry are nased on a daily intake of 2 pg/kg-day of
2,3,7,8-aquivalents and presumes a lifetime exposure, If the toxic effects
are associated with cumulative lifetime dose and exposure is limited to a
fraction of an individual's lifetime, then the daily intake during that period
could be increased proportionately,

Office workers (25) days per year for 3J years)

10pg o 365 . 1509 .55 3,7,8-TCOD equivalents

X
mB gSO m3
lémgg- X 70 . §§~%ﬁ of 2,3.7.8-TCDD equivalents
m 30 m LAt R ]

clean-up crew {250 days per year for 1.5 years)

14 pg , 365 . 20p9 .¢ 5 3.7.8-TCOD equivalents

m3 250 m3
gp__g_g_ X f—OE-; = 9—30—31)-9- of 2,3,7,8-TCDD equivalents

m , m
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b. Using Scenario B for contamination decreasing over time, the initial
concentration is ca]culated assuming that the dverage daily exposure
over 30 years is 10 pg/m3 (equation 2) or 35 pg/m3 of
2,3,7,38-TCDD equivalents {equation 3). (N. K1m and J. Hawley.

1982, Risk Assessment: 3inghamton State Office Building. New York
State Department of Healtn.)

Office Yorkers only

10 pg X 30 -4 pg of 2,3,7,8-TCDD equivalents

rrl3 6.4 m3
Bpg y - 18009 or 2,3,7,8-1C0D equivalents
m ’ m

Surfaces

SR Ingestion/Dermal Exposure

1. Surface contact is assumed to. result in the transfer of
contaminants to the skin as measured by a wipe test ,

2. Total body surface area in square meters (S) can be estimated froin a
parson's he1ght in centimaters (H) and weight in kilograms {W). [DuBois,
et al., 1913; Ganong, 1973; Guyton, 1976] Data from the National Center
for Health Statistics "1nd1cate ‘that the height of a 50 kilogram female
averages about 154 centimeters.'

=0.007184 x W.425 x 10.725
$=,007184 x 639.425 x 1540.725
Total surfaca area is 1.46 m®
3. The hands account for approximately 4.5% of the total surface area.
1.46 w2 x .045= 0,0657me
4, The contaminants from 5%, 13% or 25% of the surface area of the hands is

assumed to be ingested every day.

9.0657mé x 0.05 = 0.3033m8
3,0657m2 x 0.10 = 9.0056m2
0.0557m2 x 3.25 = 0.J16m2
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The maximum exposed surface area for considering dermal absorption is the
entire area of both arms. That surface areq for a 53 Ki]ogram_female is
19% of the total body surface area or 0,28m¢ (0.19 x 1.46m%). (Diem et

al., 1970] Contact between skin and contaminated walls (or other surface)
is assumed to occur for 13%, 25% or 50% of this surface area.

0.10 x 0.28m@ = 0,)28me
J.25 x 0.28m€ = 3,070mé
9,50 X 0.28m2 = J.14m?

The amount of contamination absorbed by the sKin is assumed to be 1% or
10%. [Poiger et al., 193]

Selecting among the assumptions outlined previously will define a surface
area guideline. The maximum and minimum guidelines among all possible
guidelines are calculated below,

a. Maximum guideline

Assumptions - ingest contamination from 5% of the hands' surface
area (0,2333m%)

- absorb 1% of the contamination witn 13% of the surface

area of tge arms contacting a contaminated surface
(0,93028m<)

103 picograms = 28 ng/m? of 2,3,7,8-TCDD equivalents
0.0033 m + 0.00028 m

b. Minimum guidelina

Assumptions - ingest contamination from 25% of the hands' surface
area (0.016m2)

- absorb 1% of the contamination witn 30% of the surface
?rea of the arms contacting a contaminated surface
9.014mé) '

109 picograms = 3.3 ng/m? of 2,3,7,3-TCDD equivalents
0.016 m® + 0.014 m
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3; Using Scenario B for contamination decreasing over time, a guideline for
tite initial concentration can oe calculated. (N, Kim, 1932)

a.

28 ng

2

m

3.3 ng

m

2

30

2" 130 ng/m? of 2,3,7,8-TCDD equivalents
fgn = 15 ng/mé of 2,3,7,8-TCOD equivalents
o,
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QUESTIONS

For the surface guideline, is the 50 kilogram female the appropriate
person to use for the risk assessment?

‘rFor the surface guideline, is the assumption reasonable that the

quantity of contaminants adnering to the skin equals that found on
building surfaces?

For the surface guideline, what percentage of the surface area of the
hands shouid be used to estimate how much contamination is ingested?

For the surface guideline, what is a reasonable estimate for the body

surface area exposed for dermal contact with contaminated surface?

For the surface guideline, what is a reasonable aestimate for the
absorption of contamination through the skin?
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