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~OREWORD

The Expos'.re Assessment Group (EAG) of EPA's Office of Research and
Development has three main functions: 1) to conduct exposure assessments; 2)
to review assessments and related documents; and 3) to develop guidelines for
Agency exposure assessments. The activities under each of these functions are
supported by and respond to the needs of the various EPA program offices. In
relation to the third function, EAG sponsors projects aimed at developing or
refining techniques used in exposure assessments. This study is one of these
projects and was done for the Office of Solid Waste and Emergency Response.

Dioxin problems first surfaced in the U,S. in the early 1970's with Agent
Crange and the Missouri Horse Arenas., Since then dioxin contamination has been
found elsewhere in Missouri, Arkansas, Michigan, New York, and New Jersey. EPA
has become increasingly involved in the discovery, assessment and clean-up of
these sites. The purpose of this document is to provide an exposure and risk
estimation methodology for specific application to dioxin contamination sites.
This methodology will help us set priorities and make decisions required to
address this important problem,

James W, Falco, Director
Exposure Assessment Group
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ABSTRACT

This paper provides a methoaoloyy for estimating the humen exposure and
cancer risk associated with 2,3,7,8-TCDD contaminated soil. Five exposure
pathways are addressed: dust innhalation, fisn ingestion, dermal absorption,
soil inyestion, and beef/dairy products ingestion, For each pathway, factors
describing contact rate, absorption fraction, and exposure duration are presented
alony with the eguations for calculating exposure levels ang associatea cancer
risk. The metnoao)ogy features the use of nomographs to provide quick ang
approximate estimates of risk. More detailed procedures are also provioed for

more accurate estimates.
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RISK AKALYSIS UF TCUD CUNLTWMINATED SUIL®

The purpose 0ot this report 1S to present a grocedure for estimating the
human exposure and health risxs assouciated with 2,3,7,8-TCDU (referred to as
TCUD in remainder of report) contaminated soil. Tnis report was prepared in

response t0 the mandate under the Uioxin Strateyy (tkA, 1983).

1.0 APPRUACH

Tnis report provides procedures for estimating the human exposure and
cancer risk occurring to people liviny around 2 site where the scil is contaminated
with cho. Five exposure pathways are covered: dust innala:ion.-Lisn¥+ngestion.
dermal ausorption, soil ingestion ana beet/dairy products ingestion. A two
tiered approach is uses in the assessment procedure tcr each of these pathways.,

The first tier requires minimal data and uses a nomoyraph to facilitate the
calculations, It provides a quick and very approximate estimation of upper-
hound risk., The second tier requires more data andg involves more complex
calculations, but provides more realistic estimates of ris«.

The procedures described in this report involve a number of important
limitations/assumptions., Exposure calculations require knowledye of the
contaminant level at the point ot exposure, i.e. contaminant level in air where
it is breathed, or water where it is drunk, etc. Typically these values are
efther measured directly or estimated using source release rates ang fate/transport
models. The presentation of these techniyues are beyond the scope of this
paper, Thus, these procedures assume the user can obtain this information
independently.

el-

*An interim version of this report was issued in March 1984, This edition
modific¢s and siynificantly expands the first report.



Additionally, this paper does.not giscuss the nealtnh effects associated with
TCOD nor the derivation of the cancer potency estimate. Insteac, the papar
emphasizes how to estimate human exposure anu merely presents the mechanics of
how to estimate cancer risk, References are provided for readers desiring
further backyround on the health effects and cancer poten}y estimates for dioxin,

1.1 Estimation of Cancer Risk

The general procedure for calculatirg cancer risk, as used thrcughou! °his
report, is as follows:
Cancar Risk » 1 - exp {-potency ftactor x exposure) (1)

The cancer potency factor (or 95% voper-limit Qf the linear slope factorl_[gc,n R

TCoD 1s .156 (ng/ig/oay)'l. The derivation of this factor is cescr.bed in EPA,
1984 and further background on TCDD carcinoyericity is provided in EPA, 198l.
Exposure has reciprocal units to the cancer potency factor or ng/kg day in this
case.

In order to vse the above equation properly, it is important that the
potency factor and exposure nandle absorption in a consistent fasnion. The .
exposure estimates presented in this réport represent the amrjunt of contaminant
absorbed into the body. The potency factor, however, was derived on the basis
of the administered dose (total fed to animals). Thus, an adjustment is neéded
to make these terms consiﬁtent. The potency factor was derived from a study
where the TCDU was adminiﬁteréd to rats via their feed. Fries and tarrow (1975)
report that 50-60% of TCUD in feed is absurbed into rats. Accordinyly, the
potency based on administéred dose must be multiplied by 1.7-2 to give an
absorbed dose potency. This adjustment makes the potency and exposure estimates

consistent and is used in all risk calculations in this report.
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1.2 Estimation Ut t+uman Exposure

In order to farfiltate cancer risk calculations, exposure as used in this
report, iS expresses 2s a daily cose rate aversdyed over an individual's lifetime

and bodyweiyht (typical units ere ny/ky-day):

Lifetime TCOV Contact Exposure Absorption
Average = (oncentrdtion x Kate x Duration x Fraction (2)
Exposure 80Cy weignt x JU yr litetime

The TCOD concentration refers to the concentration of TCOU in the medium

of concern at -the p.int where exposure occurs. The medium of concern varies

according to the exposure pathway, in air for dust 1nna1§tioﬁ.“}lgﬁvf;r fish
ingestion, etc. Although this equation rapresents the yeneral approach used in
this report, some refinements were made. For the Tier ] calculations, a new
term called the conversinn factor was introduced, This term is defined as:

Conversion Factor = TCUD concentration in medium of concern at exposure point (3)
TLUY cuncentrat.on n S0l at the oriyinal source

The oriuinal source, as used in Equation 3, refers to the original source of TLUD
contamination. The product of the TCUL concentration in soil at the original source an
the conversion factor were substituted in Eyuation 2 for the TCUD concentration.

This factor represents the reductions in dioxin concentration as it moves away
from the source. It was introduced to facilitzte the development of nomoyrapns,
which relate the TCDD concentration in the sofl at the site to the resulting
cancer risk levels. The nomographs simplify the mechanics of these calculations
and help decision makers analyze tne potential risk»caused by a site or the

level of site cleanup needed to achieve certain risk levels. This approach
requires estimation of the conversion factor which can be very difficult,
Basically. it involves wither environmentai monitoring or fate/transport modeliny
or some combination of tnese. A detailed dlschssion of these procedures is

«3-



beyon¢ the scope of this report. However, a companion report is available
;?iﬁicn provides guidance for how to estimate conversion factorsa(eaésbn ei al.
1984). o L
The Tier 2 calculations are based on refinements to Equation 2 which allow
modifications to reflect site specific conditions and account for the temporal
variability in certain parameters., For éiaéﬁfe.'ﬁnder‘some cirEuéitance;'Tcub
72%£§oi1 deyrades, ""2§iﬁme°"5 the exposu{e;1gvels giminish over_time.
"kdﬁitionally, the béhaQior patterns of tnejéxposed population may sug9est

different contact rates or exposure durations than assumed in the Tier 1
approach. In summary, the Tier 2 calculations are based on yeneral egquations

and make fewor apridri assumptions reyardiny parameter values, This allows
adgustment ot any of the parameters to match site-specific condxt1ons._ The
ii;u!£1ﬁg modxfacatioﬁg to Equation 2 make it more complex but allo~ more
sccurate and realistic estimations of risk. The Tier 2 equat:o&s giffer sligntly
for each exposure pathway. The details of how to apply the Tiers 1 and 2

methods are described in Sections 3-7 which cover each pathway Separately.

“‘&'

£230 JEPUSURE RUUTES
: " TCOL has a verj Tow water solubility, low vapor pressure and_strony tendency
to sorb on solids (see Table 1). Thus, any transpbrt trom the contaminated

areas will occur almost entirely in the solid phase.* This report considers
only. transport by wlnd blown dust and suspended soligs in run-off. Although

1, FErw

e
»_&'5uspended solids" can»be,carr1ed via the ground water in h1gh1y%fracturea ‘or

*Recent unpublished work by Freeman and Schroy (1984) suyyests that volatilization
of TCOU in soil occurs rapidly. Since peer review and final publication of
this work has not yet occurred, vapor exposure {s not aadressed in this report.

..



TABLE 1. PROPERTIES OF TCDD

Cl C1

~>»0
Structure of 2,3,7,8-TCDD: ! _,)
Cl 0 Cl

Molecular Weight: 322

*Vapor Pressure: 10-6 mmHg (estimated)

Solubility in Water: 0.2 ug/l

Octanol-Kater Partition Coefficient: 6.9 x 106 (calculated)

Kource: Mabey, et al. 1981

An unpublished paper by Schroy et. al. (1984) reports the vapor pressure at
25°C as 1.5 x 109 mm Hg.



porous strata, suéh areas are relatively uncomnon., Additionally, tne presence

- of a liquid organic phase, wnhich may occur at disposal sites, yould enhance the
transport 8% TCuD through soil. Alt;osah, such Eransport appeirs possible, it

is assumed to be relatively uncommon and is not adcressec here. ~

The run-off and dust transport routes coald cause human exposure in a

M:r
LA

number of ways: a J ‘-i—

o Direct inhalation of dust.

(o] Run-off to streans. accumulation via the aquat1c food chain and ingestion
of ‘fish, Humans could also contaCt TCOD while swimmning in contaminated
waters. This route is considered minor since swimminy is generally a
relat1vely infrequent activity and contact with or inyestion of the
sé;1ment is minimal. E

0 Ueposition of dust or eroded $oil on residential areas, direct human
contact and aermaI absorptuon or 1n5estmon. Although, TCLD is t1ght1y
bound to soil, ‘studies havéishown that derma) absorptwon can occur
(Poiger and Schlatter, 1980). Dermai contact with soil could result
during outdoor recreation or yardening and yard work, Soil ingestion

: can ‘occur partzcularly among “young cnwlaren with mouthing tendenc1es.
Home grown vegetables could also become contaminated with TCUU, but this
contamination is diminished by several factors. TCUD is generally not

taken up sagn1ficant1y in p!ants* ang vegetables are typically washed to

remove dpposited dust before conscnption. Addlt1onally. except in dry
and disturbed areas, relatively little dust transport occurs.
»Some investiyators (Cocucci et alg 1979) have found evidence:of low levels of
TCOU plant uptake. However, others (Wipf et al. 19Y82) could not detect any
uptake. :

-6-



0o Ueposition of dust or eroded soil on pastur:s, acCumulation.in cattle
and ingestion of dairy producfs or beef. Although this route could also
apply to other kinds of livestock, the cattle route ig considered most
siygnificant since people yenerally consume more cattle products than
other kinds of animal foods and cattle typically graze outdoors where
the potential for contact with contaminated ;oil is oreatest,

Based on the above, this paper has focused on oust innalation, fish
iryestion, dermal absorption, soil inyestion, and beef/dairy products inyestion.
The exposure’ scenarios assumed under the lier 1 calculations.for each_pathway —--
are summarized below:

o Dust inhalation, soil ingestion and dermal absorption -- The exposure
associated with all three of these pathways i1s assumed to occur in a
residential settiny., The soil around the residence, indoor dust
deposits, outdoor suspended dust and indoor suspended dust are all
assumed to be eyually contaminated. Thus the exposure is assumed to
occur indoors as well as outdoors. People are assumed to live in this
situation for an entire 70 year life. Some adjustments are made for
climatic considerations (i.e., frozen soil) which could restrict dust
movement or soil contact and associated exposures. Also, soil ingestion
{s assumed to only occur duriné ayes 2-6 when mouthing tendencies and
lack of personal hygiene understahding are highest,

o Fish inyestion -- For this pathway, ft is assumed that a person receives
his entire freshwater fish diet fromva contaminated source over a 70
year life. This scenario would probably involve a pérson who lived

near a contaminated water body and fished for subsistence purposes.

-7-



o Beef/dairy products ingestion -- Under this pathway it is assumed that
a3 person receives his entire beef and milk diet from a contaminated
"éource ovefha!70 year. life. This situation woula;brobably tnvolve a
farmer whose fields were contaminated and derived his beef and milk
from livestock raised on his property. Home Slaughter is common at many
commercial rencnes. so.this scenario~could include more than ju§£
subsistence level farmers.

Tnese are obviously worst: case assumptions. Mary factors such as behavior
patterns;wbliﬁatic éﬁhditions. source Size. and ranecial*qqgjggsﬂggglgjjli,w,emvm -
reduce potential exposure levels. Such factors can only bevc0nsidered‘on a
site-specific basis and, therefore, cannot be considered under the generic Tier
1 calculations. Hoﬁfver. the Tier 2 calculations are desiyned to allbd;'
considertion of such site-specific conditions and shoula be used to refiﬁe the
Tier 1 estimates.

Thgvfacters affecting each exposure route are discussed and compugggional
techniques are preseetea in 3ections 3-7. The remainder of this sectieh giscusses

issues common to all of the exposure routes.

2.1 Body Weignt

The exposdre eaiculation for each roete requires makiny a2 body weight
assumption tor substitution into Equation 2. Tne body weignt selected‘should
reflect the weight- ofwthe exposed 1ndiv1dual(s) durlng the per1od wn1cﬁ§they
are exposed. The T:er 1 brocedures make the apr1or1 aSSumption that the HE\ght
of an average male or 70 kg (Snyder et al. 197%) will generally reflect the actual
exposuregcondxtionsﬁggr al] routes except so1;p;ngestlon.qm51nce sotl. 1ngest1on

is assumed to be significant during only ayes 2-6 the averayge weiyht for these

e



ages of i7 kg (Snyder et al. 1975) was used.
The Tier 2 procedures allow the user to make his own determination of the
most appropriate bogy weiynt. This decision should be based on the age of the

exposed population over the exposure period. Body weiyht is related to age as

follows: _
Age lyr) Body weiyht (kg)
0-1% 3.14 ky + (3.52 kg/yr x aye)
>18 70 ky

These relationships describe averaye male weight and were derived via a reyression
analysis (F{gure 1) cn data presented by Snyder et al. (1975), " After identifyiny
the ages of exposure, the analyst should integrate the weight over the appropriate
ages and aivide by the exposure period. This value will best represent the averaye
weight to use in the exposure calculation. For example, if the exposure occurs

over a 20 year period when the individual is aged E-¢8 the averaye weight would

be 59 kg: 18
Average ]
/20

Weight = 3.14 + 3,92 x dx + (¢8-18) (70)

8 J

The exposure calculation for each route also requires making a lifetime

2.2 Lifetime

assumption for substitution into Eyuation 2. For compatapility with the dose-
response estimates dervied from animal studies, this value should represent the
tot2] lifetime of the exposed individual. Accordingly, in the Tier 1 calculations
it 1s always aﬁsumed equal to 7V yr which represents an average U.S, male., It

1s also recommended for use in the Tier 2 calculations unless site specific

-Ya



30 40 . 50 60 70
AGE (YR.)

Figure 1. Age vs Body Weight
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cgata on the exposed population suggests a ditferent averave lifetime,

2.3 Degradation of TCDD in Soi}l

The exposure calcylations for each route require making a TCOD concentration
assumption for substitution into Equation 2. Althouyn this concentration
represents the medium of concern at the point of exposure, it is directly
dependent on tne concentration of TCUD in soil at the original site. If the
concentration at the site is changiny due to deyradation, the concentration at
the point of contact will change as well. Accordinyly it must be consigered

when estimating exposure.

The degradation of TCDD in soil is aifficult to mea;QE;;“ Mdgi inves:i,ators
nave found that it is generally resistant to biological and chemfcal deyragation,
but susceptible to photolytic deyradation (EPA, 1984). Youny (1Y83) measured
the half-1ife of TCOD in soil as 10-12 yr and attributes most of the adegradation
to photodecomposition. This study has adopted this value as a lower limit in the
Tier 1 calculations, since it assumes that the TCDD is located at or near the
surface and consequently at least partially exposed to sun light.

However, Young states that physical mechanisms such as wind or water
erosion could also account for the observed losses. UGiven this uncertainty and
fact that much of the TCDD in soil may not be exposed to sun liyht, it appears
that under some conditions essentially no degradation woﬁld occur over tne time
frame of interest, {.e., 70 yr. Thus, for Tier 1 the half-life is assumed to range
from 1U years to infinity. Althouyh, this range appears very wide, actually as
the half-1ife increases over 10U years it has very little impact on the final risk
estimate as demonstrated in Fiyure 2, This figure represents how risk chanyes
when only the half-life is changed, 1.e., all other parameters held constant.



1 1 L ' A

1 2 3. 4 5.
LOG OF HALF LIFE OF DIOXIN IN SOIL (YR.)

Figure 2. ~Risk vs Half-Life
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Figure 2 also demonstrates that the risk estimate is sensitive to the half-life
choices under 1U0 yr.

Under Tier 2 the analyst shoula choose a half-1ife most representative of
the site. If monitorinyg data is available, they may show trends wnich can be
used to estimate degradation rates. Alternatively it is recommended that a
half-life near 1U years be chosen if the TCuv contémination is at or naar the
surface and over 100 years if the TCDD is buried deeply (per the previous
discussion). uUnce a half-life has been selected the exposure is calculated
under the assumption *hat the concentration will vary accoraing to first order
kinetics:

a ke
at * (a)
where, C= concentration

t= time
k= deyradation rate constant

= loge .5/Ty/2
Ty/2= haif-life

The concentration at any point in time is calculated by solviny Equation 4:

C = Co e-kt (5)

where, Co = initial concentration

Using Equation (5) the exposure can be calculated by integrating C over the
exposure time and substitutinyg into Equation (2). Alternatively, exposure can
be estimated by solving for C at frequent intervals, cbmputing exposure, and
summing exposure values, Simple calculator programs should be used to conduct

such calculations.

«}l3-



The effects of degradation on exposure can be determined as shown below:

Deqradation Exposure . gldt . (1-e~%%)
Non-degradatlion txposure “Tot Kkt (6)

In the Tier 1 calculations the exposure fs multiplied by this ratio to reflect
the effects of deéradatioﬁ. The ratio will always have an upper limit of 1
when it is assumed that degradation will not océLr (i.e., half-]ife ;quals
fnfinity). The lower limit i¢ calculated using a'l0 yr half life and the upper )
end of the exposure duration assumption which provides the maximum degradiiibn.
| The above digcﬁs;ibn assﬁhes that deéf;d;tibn will occur according to
first order kinetics. Although, this assumption 1s_common1y applied to these
types of problems, ft is generally recognized as an over simplification of a
very complex probiem., Recent unpublished work by Freeman zand Schroy (1984)
suggestévthat TCDD'Begradation in sofl follows much more complex kinetics due %
largely to relatively rapid and strongly temperature dependent volatilization.
Since peer review and final publication of the work has not yet occurred, no
final ;6nc1usions can be drawn.  However, it‘is potentiéily very 1mp6;£ant in
two respects:

o It may mean that a first order kinetics approach to this problem is

?:fnappropriate. |
o It may mean that potential exposure periods are much shorter than

previously thought, -

2.4 Exposed Populations -

The monitoring data or'mbﬁeliﬁg resu]ts\wilf‘ﬂrdﬁably show that TCDD

concentration in the. environment diminishes with distance_from the or{ginaI

<14-



contamination source. Similarly, the exposure and risk levels will diminisn
with gistance. Tne exposure and risk estimates can be plotted on a map and
isOpleins constructec. These lines snow areas wit; equal exposure or risk
levels and can be used to identify how many peopie are exposed at various
levels. In sparsely populated areas, U.S. beosraphical Survey maps shoulo de
used since they show individual buildings. Local ofticizls shoulo be consulteo
to determine how many people are associated with such builoinygs., utherwise an
average of 3.8 persons/dwelling should be assumed. In more dense areas, the
best population statistics are available from the Sureau of Census. Population
estimates for counties and smaller areas are provided by the Bureau at (202)

763-5002,

2.5 Risz from Combineo Exposure Routes

The procedures described in tnis study explain how to calculate the risk
associated with individual exposure routes. In situations where an individual
is exposed to TCUD by more than one pathway, the risks should be calculated

separately ana then added.

3.0 DUST INHALATION

Dust 1s generated from land surfaces as a result of mechanical disturbances
(i.e., vehicle traftic) or wind erosion and dispersed via the wind., Uowhera et al,
(1984) have recently completed a manual specifically for the purpose of estimating
dust emission rates from contaminated land surfaces and resultinu air concentration
around the source. If sufficient monitoring data is ﬁnavailable. it is niynly
recomnended that analysts consult this manual to model dust emissions.

TCOD, as discussed earlier, is typically tightly bound to soil particles.

-l5e



Tne organic carbon content and surface area of the particles affect now mufn

" Te0D absorps to partic!és, Since tnéﬁe'factors.may vary between the source
s0ils and dust generatéd from tném, the TCOU-levels may also giffer. Unrortunatel.
the influence of these factors are generally not xnown ano it is typicdllj assures
‘that the TCOV Jevels in the soil and dust are equal:

TCUD level TCDO level  Total particutate .
in air = in soil x Concentration in air (7)

It is Fecommended ‘that this assumption be used in deterwining tne .-
concentration values supstituted into Equation Z under the Tier 2 calculation
or into the romoyraph (rigure A-1) when making Tier ] calculations. lhe

.conversion factor tor the'Tier 1 calculation is defined as follows:

Conversion Factor = TCDD concentration in air-at exposure pofﬂt‘(ng7m (5)
TCuu concentration in SOV at original source (ny/g)

3 1 Contact Rate

The contact rate for this exp05ure route is an individual's resptratzon rate.
Snyder (1975) estimates the inhalation rate for an average adult male as 7.5
1/min while resting and 20 1/min duriny liyht activity. Snyder further estimates
that an ave?gﬁe adult spénds'a hr/aayuresting anazlb nr/aay eﬁgaged in liynht

activity. Thus the averayge daily innalation rate is:

Daily
lnha]at1on 3 60 min/he " [(8 hr/day x 7.5 1/min) (lb hr/gay x 20 1/min)] .
Rate 1000 1/m2

=23 m3lday
This is the value used for the Tter 1 calcuiations which conservatively
“%%ssumes that individuals”hill be exposea 24 hr/oay. Under Tier 2 calculations,
the analyst snould adjust this value if the site spacific conditions Suggést

_that expcsure occurs during only a portion of the day.
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3.2 Exposure Ouration

Dust generation and the resulting exposure is essentially eliminated when
the soil is very wet or frozen. Ubviously, such conditions will vary widely
acrocs the country. In warm arid areas such as the southwest, the congitions
preventing dust emissicns almost never occur. Whereas, in Minneapolis, the
soil is frozen a. averaye of 11¥ days/yr (Per;onal communication from Uon Baker,
Minnesota State Climatoliyist, April 2, 19Yu4). Cowhgfq. et al. (1984) sugyests
that dust emissions are negligible on days when precipitat{g;~;;éee5;f:61M;;ches
which is reported by Cowherd as 110 gays/yr for Minneapolis. NUAA (1980)
suygests that approximately 8U% of the precipitation days occur outside of the
winter months. Thus, Minneapolis has a total of 2U6 days/yr (118 + Bu3 of 110)
when the soil conditions would prevent dust emissions. For purposes of tne
Tier 1 calculations it was assumed that the arid Sgutnwest and Minneapolis
would represent the possible ranye of conditions. Accordingly, under Tier 1}
the exposure duration was assumed to vary from 159 to 365 cays/yr or a total of
11,130-25,550 days over a 70 yr life.

Under Tier 2, the user should adjusgttne exposure duration to reflect the
climatic conditions of the site. Such adjustments should only be made if they

,are not accounted for‘elseunere. The models presented by Cowherd et. al,
(1988) adjust the emission rate estimates on the basis of climatic congitions.
If such models are used it would be redundant to also adjust the exposure
duration on the same basis. The behavior patterns of the exposed population
can also effect the exposure duration and should be adjusted accordingly, if the
appropriate data is avaitable. Finally, a mass balance should be conducted to
ensure that mass of contaminant emitted does'not exceed the amount present,



3.3 Absorption Fraction

Fﬁt'tnis routeAine aosorpt{Bn fraction is the fraction of the contaminant
entering the lungs which is absorbed into the body. The fraction of particles
uhich:age inspired (i.e. enter the respiratory system) depend on numerous
factors such as breathing rate, particle size distﬁibut335. wind Spéédxénd
whether breathing is done through the mouth or nose. The Internationa) Standards
Organization'(lsal)_has estimated the inspired fraction as a tunction of particle
size under average conditions {Figire 3).  Particle sizes <1U u are generally
considered moét“importanifih estimating healtn eftects. virtually all of these
particies will be inspired. However, their fate after entering the lunys is
less céiiain. Genéizliy,’the heavier particles deposit in the upper regions of
the respiratory tract, the lighter particles in the lower regiuns and the very
Tightest are exhaled. Most of the deposited particles in the upper regions and
some in the lower region are cleirred by ciliary action ‘and swallowed, ' Lacking
specific particle size distribution information the fate of inspired particles
should be assumed to follow thelrecdmmendations of the International Commission
on Radioloyical Protection (Table 2). Since TCUD has a Tow water sofﬁ§31ity.
the recommendations for “other compounds® would apply.

After determining how much of the varticles are swallowed. the averall
,absorptjbn fraction can be furth&r refined on the pas1§*3f'61'iraEi*?E%Efption.
Poigér and Schlatter (1980) found that 13.8 - 18.2% of the orally adﬁinistered
TCOL (which had been absorbed to soil for 8 davs) reached the liver in 24 hr,
Assuming”that thisrépresents 705 of the body burden (Fries and Marrow 1975)
the totaf GI tract absorption is 20-26%. McConnell, et al, (1984) also tound

that the absorpion of TCOD from soil in the GI tract was “highly efticient"

v op K
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The Alveolar Fraction represents the particles reaching the alveoli
(ie. deepest region of lungs). The Tracheobronchial Fraction
represents the particles reaching the tracheobronchial system (ie.
central region of lungs). The Extra Thoracic Fraction represents the
particles reaching the area outside the thorax (ie. nose and throat).

Figure 3. Inspired Fraction vs. Particle Size

Source: International Standards Organization, 1981.
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Table 2. Vistribution of Inspired Particles

Readily soluble Uther
compounds . SR compounqgw:
Exhalea : 25 25
Deposites in upper respiratory
passages and sudsequently

swallowed S0 S0

Deposited in the lunys (lower ) .
respiratory.passages).; 25 25"
0 % N (this is taken up e

into the body)

* Of this, half is eliminated from the lunys and swallowed in the first 24 hr,
making a total«of 62.5% swallowed. The remaining 12.5% is retained in the
lungs with a half-life of 120 days, it being assumed that this portion fs taken

up tnto the body fluids.

Source: International Commission on Radiulogifal Protection, 1908,
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in test animals suygesting that at least this much is absorbed.
In summary, the overall absorption fraction is calculated as follows:

\
Fraction * Fraction in Lunys Swallowea X Absorption Fractiun;] {9)

Absorption Inspired [' Fraction Remaininy . (Fraction Gl Tract |
4

Using Equation Y, an absorption fraction of .¢%-.29 was derived from the
followiny assumptions:

inspireg Fraction = 1,0 (on basis that <lU u particies are primary concern)

Fraction Remaininy in Lungs = ,125 (ICKRP, 1968)

Fraction Swallowed = ,625 (1CRP, 1Y68)

Gl Tract Absorption = ,20-,26 (Poiger and Schlatter, 1980)

This value is also recommended for Tier Z calculations unless site-specific

data sugyests otherwise.

4,0 FISH INGESTION
Fisn contamination results from the transport of eroded soil via runoff
trom the TCUD contaminated site to local surtace waters, The contaminated soil
mixes with the other sediment in the water body lowering the effective TCOV
concentration, In a river or stream the TCUD moves downstream with the sediment
and the concentration of TCUD decreases further due to dilution with clean
sediment. This process is very complex and highly site specific. unce Tcuw
has entered a water body, it has been shown to bioconcentrate in aquatic species.
The nomoyraph for the Tier 1 calculations is presénted in Figure A-2, Tne
conversion factor used for this exposure route is defined as:

Conversion Factor = TCUD concentration in Sediment Where Fish are Cauyht (ng/g)
TCOU (oncentration 1n 5011 at uriginal source (ng/g) (10)
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4.1 Bioaccurwlation

E

" The approécn taken in this study assumes that equilibrium conditions have
been reached and rema?n constant o;er the exposure period. This meais tﬁét the
TCOD levels iq:the sediment remain constant at a particular point and.that the .
fish have reached an equilibrium with the envirqnment. This further implies
that the levels of TCOD in fish from a certain area will remain constant over
time ana at a.constant relationship to the TCOU level in tne sedimenti?uln -
reality, some'speciés such as bottom feeders will move toward equilibrium
condjtidns faster than others, many species may never reach“equi%%briqm’dﬁé”io'w
thélfact that .they do noigspena enouyh time in one location, and finaiay some |
species will bioconcentrate more TCOD than others due to yreater lipid content.
ForFTier 1 thg‘ratio of ZQDD in fish to TCOD in sediment is assumed to range

from 1 to 10 as reported by Kenaga and torris (1983).

For Tier 2, the analyst should attempt to find data on the fish Species

s

,pndéyater body -conditions that best geflect the site being analyzed.,

4,2 Consumption Rate

. For the Tier 1 calculations the consumption rate fs assumed equal to 6.5
g/day which is the U.S, averge for fresh water Tish (Stephan, 198U). %he
average may be higher in areas near large fish supplies, such as the treat
~L2kes .region., sAdditionally,. the average consumption rate;among fish eaters
will be higher than the overall average. However, we generally lack the
necessary data to reflect these phenomena. Unless sité-épecific data 1s
dvauladle 1t dstrecommended that 6.54g/day be used in the.Tler 2 calculations

as well,



4,3 Exposure Duration

For this pathway the exposure duration represents the number of days that
the exposed population eats contaminated fish. For the Tier 1 calculations it
is conservatively assume& that tnis will occur every day of an entire 70 year
1ife or 25,550 days. In reality this value is probably much less due to several
factors: .

o Few individuals receive their entire fish diet from fish cauyht in one

location.

0 Seasonal conditions may prevent catching fish from the contaninateg..—-- - -

area.

o The'contamination source may not last 70 years. A mas$s balance should
be conducted to determine how long it coulg last.

The analyst should attempt to consider {hese factors in selecting an

exposure duration for use in the Tier 2 calculations.

4.4 Absorption Fraction

For the Tier 1 calculations the fraction of TCDD in fish which is absorbed
in the GI tract was assumed to range from .5 to .46. This was based on the
following two studies as reported by McConnell et al. (1984):

0 50-60% of TCDU in diet of rats was absorbed.
o 86% of TCOD in 2 mixture of acetone and corn ofl fed by yavaye to
rats was absorbed.

Use of these data assumes that apsorption from TCDD in fish will be similar
to absorption from TCOL in rét food and acetone/corn 0il mixture,

This range 1s recommended for use in Tier 2 calculations as well unless.

more relevant data becomes available.
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5.0 VERMAL ABSORPTIUN

Depos1t10n of contaminated dust or erooed soil in residential areas can
cause human exposure by direct contact: and dermal absorption.

The conversion factor used in the Tier 1 calculations for this route is
defined as:

Conversion factor = TCUD concentration in soil at exposure point (ny/q) 1)
TCUV concentration 1n SO11 at original source (ny/g)

The noinograph is preserted in Figure A-3,

5.1 Contact Rate

The amount of soil which accumulates on people's skin will depend on
numerous factors Such as behavior characteristmcs type of soil, soil condltions
(i.;?. moisture, temperature. etc ) exposed skin area, contact time, etc. The
variability in these factors and lack of data make estimating dermal soil
accumulat1on very dwfficult. The approach below is based on minimal data and
does not accountgfor all of the above factors. Thus. ‘althouyh it represents
our current best estimate, much uncertainty remains.

The amount of soil which accumulates on skin was estimated from studies by
Lepiw (1975) and Roels (1380} | |
‘Lepow (1975) found that children accumulated at least 11 mgy of soil on
their hands after normal plavina in and around their.residences. This estimate

was“based on soil samples collected by pressing a 2135 cmZ tape:dgainst tne
hands of the children, Obviously, this method is not luuz_efficient and Lepow
{ndicated that the samples collected represented only a small fraction of the

total sofl on their hands. For purposestof this analysis it was-assumed that

this measurement represented a lower bound estimate for the amount of soil on a



21.5 cm? area. Thus, the average soil level was 11 ing/21.4 cm@ or 0.5 mg/cml,
Roels et al, (1980) measured the amounts of Pb on the hands of children by
rinsing the palm and fingers of one hand with dilute nitric acid. The levels
of Pb in the soil and dust where the children lived are also measured. Usiny
these data the amount of soil on the hands was calculated as follows:

Amount of soil Amount of Pb/hand (12)
per unit area * (loncentration ot Pb in S011) (Surface Area of Hand)

the surface area of the hand was determined by Snyder (1975) who sugyests that
the palm and fingérs of one hand comprise 1% of the total body surface area.
Snyder'(1975) also gives the total surface area of 11 year old.children-taverage
age studied by Roels) as 10165 cm2. Thus, the area of the palm and fingers was ,
assumed equal to 102 cmd. Substituting this value and the Roel's data into the
above formula the amount of soil on the skin was calculated to be 1.5 mg/cme.
This level was assumed to represent an upper estimate producing an overall

daily contact range of 0.5 to 1.5 mg/cmé, Additionally, it was assumed that
this range represents an averaye value for the entire exposed area of the body.
Normally hands are probably dirtier than other parts of the body, but the fact
that neither of the hand measurement techniques are 1U0% efficient makes it a
more reasonable estimate for the average value ot the entire exposed area. It
was further assumed that this range applies to adults working outdoors as well
as children., Unless other data are available, it is recommended that this

range be used for Tier 2 as well as Tier 1 calculations. Since this contact
rate is expressed in per unit ares terms, it must be used in conjunction with

estimates of the exposed surface area, which is discussed fn Section 5.3.



5.2 Exposure DuratiOn

For this route, the exposure auratmon represents the number of days that”
an individual will contact the contamanated sowl. In 2 res1dential sett1ng

behavior patterns and'seésonal conditions iilf most influence this parameter.ﬁ

A4
£,

Children who enaoy playing outdoars and adults who enjoy gjardening or other

types of yard work could contact sor.'very frequen:ly. In warm clvmates,such
people could*contact sbil:every days In thefcolaest parts-of the U.S. such a;«
Minneapolis, the soil isgfrozen‘an average of 118 days/}r (Personal Communication
from Don Baker, M1nnesota State L11matologist April 2, 1984), Al'nougn._other -
éﬁpes of 16c;ement ueather. 111ness travel and other factors coulad reduce the
duration period, no data could be found clearly connecting these phenomena to
t?e potentiel:for soilegontact. According!y,sthe range of 247-365 _days/yr was,
aeopted for the Tier 1 zalculations. Under Tier 2, the analyst should attempt

to find site specific data for refining this number. The exposure duration can

3150 be affected by the>source size-which should be analyzed via a*mass balance.

5.3 Exposed Surface Area

EQV The exposed Surface ‘area of an adult has been est1mated by Sendroy (1954)
t .
as:

S T INEEE]

o 2940 cm? - wearing short- sleeved, Open-necked shirts, parts shoes,
% WI1ThNo gloveS”or nats.
o Y1 cm‘ - uearing long-sleeved shsrts, yloves, pants and shoes.
_i%. The exposed surface,area. of chiIdren was computed by multiplywng the adulta

values by the ratio of a cnild's total surface area to an adult's total surtace
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area.

Based on the above assumptions, the total amount of soil which accumulates
on the exposed area of people was computed as follows:
Total Accumulates Soil =.(Contact rate)(exposed surface area)(exposure duration)
Since the surface area changes with age, this calculation has to be mage for
each year and summed over a lifetime. As shown in Tadble 3, this approach yielas
an estimate of the potential lifetime soil} accumulation of 7,900 - 110.000 g
which was adopted for the Tier 1 calculations. The exposure duration assumption
will probably make this estimate unrealistically high in most situations.
Therefore it is strongly recommended that users attempt to find site specific

data to refine this estimate under the Tier 2 calculations.

5.4 Avsorption
Poiger and Schlatter (1980) found that 0.05 to 2.2% of the TCOU in a soil

paste applied dermally to laboratory animals for 24 hr reached the liver,

Poiger and Schlatter also reported that other investiyators founa about /U3 of
the total TCDD body burden in the liver. This suygests that the total absorytion
actually varied from U.07 - 32, Tnis ra~ge was selected for use in the Tier 1
calculations. Unless other data is available it is recommended for use in the
Tier 2 calculations as well., Such extrapolations from animals to humans

introduces uncertainty due to differences in skin properties.

6.0 SOIL INGESTION
Deposition of contaminated dust or eroded soil in residential areas can

also cause human exosure by ingestion. Although soil ingestion occurs throughout

«27-



“TABLE 3. AMOUNT OF SOIL"ACCUMULATED DURING LIFETVIME

txposure Total R v :
Duratioﬁ;%? Surfagie"Area2 i+ Surface Area Exposed SurEace Area3 ' Total Accumulated Sof)
Age (days) * (em@) “ - Child/Adult (cm?) (9)
2-3 494-730 5800 0,33 300 - 980 _ 74 - 1100
4-5 494-730 7200 0.41 - 380 - 1200 . 94 - 1300
6-7 494-730 8100 0.47 420 --1400 ’ ' 100 - 1500
8-9 494-730 8900 0.51 470 - 1500 - 120 - 1600
9-10 494-730 9300 0.53 490 - 1600 120 - 1800
11-12 494-730 10300 0.59 540 - 1700 130 - 1900
12-13 494-730 11100 ‘ 0,64 580 - 1900 140 - 2100
13-14 494-730 11700 # 0.67 610 - 2000 . 150 - 2200
15-16 494-730 13800 0.79 720 - 2300 180 - 2500
16-17 494-730 14800 0.85 770 - 2500 190 - 2700
17-18 494-730 15500 0.89 810 - 2600 200 - 2800
18-19 494-730 16100 0.93 840 - 2700 . 210 - 3000
19-20 494-730 16600 P 0.95 .. 870 - 2800 L 210 - 3100
20-22 741-1095.* 17000 g 0.98 890 - 2900 ’ . 330 - 4800
22-24 741-1095* 17400 - 1.0 910 - 2900 : 340 - 4800
24-70  11609-17155 17400 1.0 910; - 2900 . 5300 - 75000
!
’ Total 7900 - 110,000

1. Exposure Duration = 247-365 day/yr x years of exposure.
2. Snyder, 1975,
3. Lower tstimate:



a person's life, it will be most significant curing chilahood. For this reason
and lack of data on how much soil ingest%on occurs among adults, this stucy'
only estimates exposure to children,

The conversion factor used in the Tier 1 calculations is identical to tnat
used for tne dermal absorption route:

Conversion Factor = TCDU concentration in soil at exposure soint (na/u) (13)
TCUU concentration 1n Sovl at oryyinal source (ny/y)

The nomograph is presented in Figure A-4,

6.1 Contact Rate

The amount of TUDD-contaminated soil which children may ingest as 3 result
of normal playing around their home §s very difficult to estimate. __The-ingestion
rates will depend on the mouthiny and pica tendencies of the.cniloren.

Based on measurements of the amount of soil found on children’s hands and
observations of mouthing frequencies, Lepow (1975) estimated that children
could ingest at least 100 my of soil per day. This estimate does not account
for direct ingestion of soil which could increase daily inyestion rates t¢ b
g/day (personal conmunication from Julian Chisolm, Baltimore City Hospital,
November 1982). This range was selected for use in the Tier 1 calculations.

Unless site specific data is available, it is recommended that this ranyge

be applied in Tier 2 calculations as well,

6.2 Exposure Duration

For this pathway, the exposure duration represents the number of days that
a child consumes contaminated soil, ubviously this number can vary tremendously

depending on individual behavior patterns, access to contaminated areas, soi)



condwtxons. etc.

The children studfed by Lepow ranged from 2-b yr old. Lacking other data,
it was assumed for purpose of the Tier 1 calculations that this represents the
ages that mouthing tencencics and lack of ungerstanding of personal hygigne
;;ll cause the most significant soil ingestion. ~As with the dermal absz;btion
pathway, it was assumed tnatltne soi) could be unfrozen from 247-3b5 gays/yr
depending on location, Although other types of iﬁclenent weather, illness.
travel and other factors could reduce and potent:al guration period, no data
coul1 be found ret]ectwng such phenomena. Accoraingly for the Tier 1 calculations,
the exposure duration was assumed to, last 247-365 aays/yr from ayes - b tor a
tétal of 1240-1830 asys.

This assvmption probably_represents a severe worst-case for most situations.
For the Tier 2 calculations it is st'ongly recommended that the analyst, attempt
tirfind SltehSDECIfIC data leading to more realistic estimates. A mass ba!ance
should be conducted to confirm that the source emissions can last at least S years.
6.3 Absorgtjon

The Gl tcact absorption of TCUD in soil has already been discussed under
Section 3.3, In summary, an absorption fraction of .20 - .26 (Poiger ang
Senlatter, 198V) was used,for the Tier,l calculcgébns and is-alsv recomméQOeo

for the Tier 2 calculations.

7.0 BEEF/DAIRY PRODUCTS INGESTIUN

The deposition of contpminateq dtct or eroded soil on pasturelands can
lead-tc;uptake in the humqp food chain and eventual human exposure. The
consumption of soil by cattle has been measured tu average .72 kg/day (Fries,
'1982).  Thus]'if the soil”is contaminated, veef and milk can also become |



contaminated. This process can occur relatively quickly. Fries {1982) reports
that PCB levels in milk reached steady state three weeks after it was introduced
into the diet.

The conversion factor for the Tier 1 calculations is defined as:

Conversion Factor = TCDD Concentration in Pasture Soil (no/q) (14)
TCDD Concentration 1n Sovl at Uriginal Source (ng/q)

The nomograph used to facilitate the Tier 1 calculations is illustrated in
Figure A-S:, |

As explained below, the assumptions made for this exposure pathway reflect
a situation where a person would obtain his entire beef and milk diet from
1ivestock raised on his property. This is obviously a worst case situation and
users should understand that commercial marketing practices would reduce such

exposures for most people (discussed below).

7.1 Bioaccumulation

A rumber of studies have been conducted on chemicals similiar to TCDD such
as PCB, PBB, ana DDT, which relate the level of the contaminant in the diet to
the resulting level in body fat or milk fat, Fries (1982) reports that these
compounds reach an upper estimate, steady state fat/diet ratio of approximately
5. Jensen et al. (1981) conducted similar studies using 2,3,7,8-TCDD and found
the steady state fat/diet ratio to be approximately 4, which suggests that 1CDD
behaves similarly to PCB, DOT, and PBB. Using a fat/diet ratio of 5 and data
regarding the soil content of the diet, Fries estimates fhe milk fat/soil
ratio as .7 and the tissue/soil ratio as .23, These estimates are based on

data from New Zealand where animals are typically grazed throughout the year.
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In the U. S. grazing is norma11y less frequent and supplementa] feeds are commonly
used. Such feedxng practlces could alter tne amount of soil consumptlon.
Fries and Jacobs (1983) conducted another study where cattle were kept in a
feed 1ot situation containfng PBB contaminated soil. Under these conditions,
the beef fat/soll rat1o averaged 39 and milk fat/soil ratio averageo .40,
Since tnese condttlons more typ1cally represent cond1t1ons in the U.S., they
were selected for use in this study. However, the extrapola’ on of these i
results to this assessment involves several 1mportant assumptions'
0 TCDD will be metavolized 1n a similiar fashion to PBB.
o The portion of soil in the diet is the same in the exposure scenario
as the study.
o Cattle will ingest more TCDU from 5011 on the ground than from
foliage deposits. This is the 51tuation occurring during the
experiment from which Fries and Jacobs (1983) derived the .4
fat/soil ratio. Where run-off represents the dominant transport
‘route, most of the TCDD will be on the ground rather than on.
foliage and this assumption should be valid, 'However. in dry and
disturoed areas, s1gn1f1cant dust transport may occur causwng
' catt!e to obtain more TCOD from foliage deposits than grouna
deposits {(personal communication from Curtis Travis, Uak Ridge
NationaI Laboratory. Feb. 52 1984}, . Since, the b!oavaw!abili;y
of TCDD in soil may differ from that in foliage deposits, the |
fat/soll ratio may differ. o o

“<If" summary, /&’ fat to sof] ratio of™.4 was adopted for use™in the Tief 1
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calculations and is also recommended for use in the Tier 2 calculations,

7.2 Consumption Rates

Average beef aéo milk fat consusption rates and fat content data are
presented {n Table &,

This data suggests an average of 62 g/person-day beef and milk fat are
consumed. This value was adopted in the Tier ] calculations and is recommended

for Tier 2 as well, unless site specific data suggest otherwise,

7.3 Exposure Duration

The exposure duration for this route refers to the number of days an
individual will consume contaminated beef or dairy products. This value can
vary tremendously depending on how the contaminated fooa is distributed. Some
individuals may derive 31l of the beef and milk from the same source which means
their exposuré duration could potentially last every day of a lifetime, However,
most people obtsin beef and milk comnercially. The production and marketing
practices of commercial food operations can greatly reduce exposure durations.
For example, milk from a number of dairies may be collected in one truck.
Assuming only one dairy is contaminated, the contaminant level is diluted as a
result of mixing with uncontaminated milk. Further mixinyg and dilution may
occur at the processing and bottling plant. The milk from one plant probably
represents a small portion of the total local market. Thus, an individual is
unlikely to buy only milk which was contaminated. Accordingly, that individual's
exposure is much less .han that suggested by his total milk consumption. Thus,

the “dilution” effects of production and marketing reduce individual exposure
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TABLE 4. BEEF/DAIRY PRUDUCTS INGESTION RATES®

Total - » _
Consumption Rate Percentage Fat Consumption Rate
(g/person-day) Fat {y/person=-cay)
Beef 124 15 . 19
Dairy Products 550 7.8 43
Total 62

*EPA,. 1981
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levels, This reduction is bgst estimated usiny local data. However, the
potential dilution is 1llustrated by following data for the Mid Atlantic Region
(Personal Communication from John Buche, Statistical Reporting Service, U.S.
Department of Agricufture. Beltsville, MD, November 7, 19b4):

Une month's production of Class I milk 2.2 x 108 1p

One month's average production per producer 3.2 x 104 1b
These figures sugygest a potential “dilution” in exposure level of 6,500 times.
Obviously, these numders represent averayes over a large area and different
statistics may appl) to individual markets. Further study of the-dairy and
other food industries {s needed to more accurately predict the dilution effects
caused by production and marketing practices.

These dilution effects can be accounted for by either lowering the assumed
contamination levels in food products or reducing the effective duration of
exposure to fully contaminated products. For milk it is probably morehlogical
to reduce the contamination levels and assume milk 1s consumed every day. for
Seef, it would be better to reduce the duration estimate since the marketing
practices will reduce the number of_days contaminated beef is eaten ratner than
the level in the beef,

Unfortunately, we lack the data to‘characterize these effects and have
fgnored them in the Tier 1 calculations where it was assumed that the exposure
could occur every day ¢f a 70 yr life or 25,550 days. However, the analyst
could attempt to consider dilution effects in the Tier 2 calculations, since
'they appear to have potentially very significant impacts on exposure levels.
Other site specific factors such as the source size and accessability could

also reduce the exposure duration,
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7.4 Absorption
- As discuééed in Section 4.4, the Gl tract absorption used in Tier 1 was

assumed to vary from .5 to .80 on-basis of studies reported by McConnel et a1.~
(1984) Some uncertainty’is introduced by the fact that theée studiés.usec'rat
feed and a mixture of corn oi) and acetone rather than beef and milk. Unless
better data become available later, it is recommended that this range be

assumeo for the Tier 2 calculations as well.

8.U DISCUSSIUN UF UNCERTAINTY

Users of tne nethooolony ces ..oed in thls report should understana that
it 1nvolves consrderable uncertainty. The uncertainty is derived from tne
numerous assumptions which may not accurately reflect actual conditions:

o The assumptlons regarding body weiynht, l1fet1me. and contact rates were
based on natvonal averages and may not be representative for specific
{ndividuals.

o The ab;orptiun data were deriyéd from animal studies and assumed,
applicable to humans, such extrapolations introduce uncertainty due to
differences in tne.exchangé mcmbrane (skin, Gl tract, aveoli) properties
between animals and humans and differences between the human exposure
scenario and experimental design. Such absorption fraction estimates
also assume steady-state'conditions which may not be achieved in the
actualihuman exposure-scenario.

o The exposure duration parameters are based on assumptions regarding
behavicr patterns ang various physical phenomena., These factors are

very difficult totestimate, especially 1n%a yeneral Father then site-



specific basis.

The parameter values were typically selectea from wide ranyes. These
ranges were carried through the Tier 1 calculations so that calculated risks
show an even greater range of uncertainty. Thus, the final risk estimates
reflect the uncertainty associated with the direct parameter assumptions,

The magnitude of this hncertainty is expressed by the difference between the
low and high estimates of risk given in the nomograpns. These differences are

summarized below for each exposure pathway:

EprSure Pathway ‘ Orders of’HagnitUdé’UﬁCéFfiTﬁi}v7‘-
Inhalation Exposure 1

Fish Inyestion Exposure 2

Dermal Exposure 2.5

Soil Ingestion 2

Beef/Dairy Products Exposure 1

In addition to-the direct assumptions associated with the various parameter
values, it is implicitly assumed under Tier 1 that all site conditions which
could influence conversion factors (terrain features, climatic conditions,
etc.) remain constant over the exposure period.

The uncertainty associated with the Tier 2 calculations should be much
Jess than the Tier 1 calculations since Tier 2 involves fewer apriori assumptions

regarding site conditions,

9.0 HOW TO USE NUMUGRAPHS

Nomoyraphs have been developed to faciliate the Tier 1 calculations. One
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for each of ;he exposure routes is provided in Appendix A:

Title Figure Number
Dust fﬁsalationv | A-1 |
Fish Ingestion : | A-2
Dermal éxposure to Soil. ‘ A-3
Soil Ingestion - A-d
Beef/Dairy Products Fat‘ingestion A->

Each ﬁomograph consists of 3 axes: cancer‘risx, soil concentration (TCQU
level. in soil at oriyinal source) and conversion factor. The intersection points
of a straight line drawn through the axes provides the solution to the problem.
Two of the three quantities must be determined before solving for the third.
Typically, the conversion factor and soil concentration are known and a risk
estimate 1s desired. This would invo\Qe plotting the conversion factor and
soil concentrat1on and drawing the line through the points to the risk axis, *
~ The 1ntersect10n point on the risk axis is the r1sk correspond1ng to the
- predetermined soil concentration and conversion factor.

The nomoaraphs were developed by combining Equations 1 snd_z into one
eauation- for risk and hski;E assumotions far.aII‘oaramefer"vélses except the*
risk, conversion factor and soil concentratlon. The overall equation, parameter
assumptions and conversion factor definition are listed on each nomograph. The
parameter assunptions are also summarized in Table 5.

Since 'some of the. parameter values span a range, a range of risk values
can bevcalculated as well. Thus, the risk axis has two scales. The upper risk

estimate was derived from parameter values chosen from the ranges to maximize
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TABLE 5, SUMMARY OF EXPOSURE FACTORS USED IN TIER 1 CALCULATIONS
Contact Absorption Exposure Body Degradation Miscellaneous
Rate Fraction Duration Height Effects Factors
Ratio
Dust )
Inhalation 23 m3/day .25-.29 11,130-25,550 70kg W2-1
days
Fish
Ingestion 6.5 g/day .5-.86 25,550 days 70kg .2-1 Fish-Sediment
Distribution
Factor = 1-10
Dermal
Exposure 7900-110,000 17,290-25,550 70kg .2-1
to Soil fe .0007-,03 days
Soil )
Ingestion .1-5 g/day «2-.26 1240-1830 17kg .84-1
days
Beef/Dairy ‘
Products Fat ‘
Ingestion 62 g/day .5-.86 25,550 days ]0kg .2-1 Animal Fat to

Soil Biocon-
centration
Factor = .4




the risk estimate. Conversely, the loweE risk estimate was derived frém
parameter values chosen from the ranyes to minimize ine risk estimate, 5ltnougn,
the resulting range does not represent all possible uncertainty, it ddgﬁfreflec:
S

it to some extent.

In situations‘where the TCDD concentration is known in the medium of conarn
(ie. level in air at point inhaled, level in sediment at point where fish caugnt,
etc.), use 2 convérsion factor equal to 1 and the soil concentration (middle axis)
equal to theASnown TCOD concentration in the medium of concern., Uepenaiagton
the exposure ﬁafﬁway. the middle ;xjs may represent something other tnanléoil
concén;ration.‘ In order to clarify what the middle axis-would-represent when

using this approach the following chart is provided.

Pathway ' Middle Axis Representation
. Dust Inhaiatiéné Concentration of TCOD in airﬁét exposure point (n;/m3)
Fish Ingestion Concentration of TCDU in seaiﬁent where fish are céugnt (ng/y,
Oermal Exposure Concentration of TCOU in soil at exposure point (ny/g)
Soil Ingestion COncentration of TCOD in soil at exposure point {ny/g)
Beef/Dairy Products Concentration of TCDD in pasture where animals yraze (ny/g)
Ingestion ' _

Final\y, it should be noted that the risk equation given on each nomograph
is presented in the linear rather than the exponential form as given in Equation
1. “hese two are equivalent for low exposure §alues since:

1-e=90 ~ qd , when gd < 10-3
. where, q§:¥£§bcer potency factory:
d = dose or expasuré
Thus, the nomoyraphs give mathematically correct results only when the risk is
less than about 103, |
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Appendix - Nomograpns



FIGURE A-l. NOMOGLRAPH FOR INHALATION EXPUSURE

Cancer Soil Concentration Conversion Factor

Risk - (ng/g or ppd) (g/m3)
Low High
10-9110-8 $10-0 | 11.0
10-811u-7 o $10-4 41 -1
10-7310-6 $1u=2 $10-2
10-6410-5 - $1.0 $10-3
10-5410-4 1102 ol

10-4410-3 4104 L5
+106 L;o-s
Lio0-7
$1u-8

Cancer Risk =.(Potency Factor x Soil Concentration x Conversion Factor x Exposure
Duration x Inhalation Rate x Absorbed Fraction x Degradation tffects
Ratio)/(Body Weight x Lifetine)

where, Potency Factor = .26-.31 (ny/kg-day)=-l
Exposure Duration = 11,130-25,550 days
Inhalation Rate = 23 mg/day
Absorbed Fraction = ,25-.29
Degradation Effects Ratio = .2-1
Body Weight = 70 kg
Lifetime = 70 yr

Coaversion Factor = Concemration of TCDD in Air at Exposure Point (ng/m3)
Concentration of TLUVU 1n 3011 at uriginal Source (ny/y)
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FIGURE A-2. NUMUGRAPH FOR FISH INGESTION EXPUSURE

Cancer Soi} Concentratidn - Conversion Factor

Risk ‘ (ng/g or ppd) (unitless)
Low High '
10-9410-7 hes $1.0
10-8410-6 $10-4 101
10-7310-5 $1u-2 $10-2
10-6410-4. 41 $10°3
10-5410-3 1102 R
| hot $10->
4106 100
t1u-?

Cancer Risk = (Potency Factor x Sorl Concentration x Conversion Factor X Exposure
Duration x Fisn Ingestion Rate x Fish-Sediment Distribution Factor
X Absorptron Fractlon x DegradationsEffects Ratlo)/(Bon He1ght X
Lifetime)™"

where, Potency Factor = ,26-,31
Exposure Duration = 25,550 days
Fish Ingestion Rate = 6 5 g/day
Fish-Sediment Vistridbution Factor = l- v g soil/g fish
Absorption Fraction = .5-.86
Degradation Effects Ratio = ,2-1
Body Weiynht = 70 kg
Lifetime =70 yr

Conversion Factor = Concentration of TCDD in Sediment Where Fish Are Caught. (ny/g)
- i%Concentration of TCUU -1ngSoil at Original Source (ng7y)
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FIGURE A-3, NOMOGRAPH FOR DERMAL EXPOSURE

Cancer Soil Concentration Corversion Factor
Risk ‘ (ng/g or ppb) (unitless)
Low High
10-1045 x 107 $10-4 ‘ |
10-945 x 10-6 - }io-2 1.0
10-8{5 x 10-5 1 1
10745 x 104 1102 110~2
10-65 x 10-3 $104 B
. $106 $10-4
4
110-6

Cancer Risk = (Potency Factor x Soil Concentration x Conversion Factor x
Lifetime Soil Accumulation x Absorption Fraction x Degradation
Effects Ratio)/(Body Weight x Lifetime)

where, Potency Factor = ,26-.31 (ng/kg-day)-l
Lifetime Soil Accumulation = 7900-110,000 g
Absorption Fraction = ,0007-,03
Degradation Effects Ratio = ,2-1
Body Weight = 70 kg
Lifetime = 70 yr

Conversion Factor = TCDD Concentration in Soil at Exposure Point (ng/kg)
TCDD Concentration in So1l at Uriginal Source (ng/kg)
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FIGURE A-4. NOMOGRAPH FOR SCIL INGESTION EXPOSURE

Cancer Soil Concentration - Conversion Factor
Risk (ng/g or ppb) ' (unitless)
Low High
1u-9410-7 . $1u-5
10-810-6 . | -3 1,1:0:".
"10-7410-5 . 1101 S
106104 1101 -2
10;'51»10'3 | $103 T
4105 $10-4
!
+1y=6

Cancer Risk = (Potency Factor x Soil Concentration x Exposure: Uuration X
Y Conversion Factor 'x Soil Ingestion Rate x Absorption Fractvon X
Degradation Effects Rat1o)/(Boay Weiyht x L1fet1me)
' where, Potency Factor = ,26-.31 . _
' Exposure Duration = 1240-183U days
Soil Ingestion Rate = .1-5 g/day
Absorption Fraction = ,2-.26
Degradation Effects Ratio = ,84-1
Body Weiyght = 14 kg
Lifetime = 70 yr

Conversion Factor = TCOD Concentration in Soil at Exposure Site (ng/g)
o TCDD Concentration in Soil at Uriginal Source (ng/g)
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FIGURE A-b., NOMOGRAPH FOR BESF/DAIRY PRODUCTS INGESTIUN EXPOSURE

Cancer Soil Concentration Conversion Factor
Risk (ng/y or ppbd) . (unitless)
Low High
10-9¢10-8 $10-8 1
10-8¢10-7 ' 10-6 11.0
10-7¢10-6 110-4 t
10-6410-5 . {10-2 $10-2
10-5¢10-4 f e Y
10--$10-3 1102 pro-¢
$104 {
$10y-6

Cancer Risk = (Potency Factor x Soil Concentration x Conversion Factor x Exposure
Duration x Beef/Dairy Products Fat Ingestion Rate x Animal Fat to
Soil Bioconcentration Factor x Absorption Fraction x Deygradation
Effects Ratio)/(Body Weight x Lifetime)

where, Potency Factor = .26-.31 (ng/kg-day)=-l
Exposure Duration = 25,550 days
Beef/lLairy Products Fat Ingestion Rate = 62 g/day
Animal Fat to Soil Bioconcentration Factor = .4
Absorption Fraction = ,5-,86
Degradation Effects Ratio = ,2-1
Body Weight = 70 kg
Lifetime = 70 yr

Conversion Factor = TCOD Concentration in Soil at Pasture (ng/g)
TCDU Concentration in Soil at Uriginal Source (ng/g)
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