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Many state and federal agencies have prepared risk assessment guidelines, which describe methods for quantifying heaith
risks associated with exposure 1o vapors and particulates emitted from polnt and area sources {e.g., California Air Pollution
Control Officers Association [CAPCOA] under the Air Toxics "Hot Spots” Act [Assembly Bill 2588) and the U.S. Environmental
Protection Agency [EPA] under the Clean Air Act). In general, these guidelines recommend or require the use of upperbound

“point” estimates for numerous exposure parameters. This methodology yields a single risk estimate, which Is intended not -

to underastimate the true risk and may significantly overstate it. This paper describes a risk assessment of a facility’s airborne
emissions using a probabilistic approach, which presents a range and distribution of risk estimates rather than a single point
estimate. The health risks to residents living near a food processing facility, as estimated using techniques recommended by
California AB2588, are compared to the resuits of a probabilistic analysis. Polychlorinated dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) were identified as the emitted chemicals of concern. The point estimate method
recommended by CAPCOA resulted in estimates that were greater than the 99.99th percentiie risk predicted by the probabilistic
analysis. As shown in other assessments of persistent airborne chemicals, secondary or indirect exposure pathways (i.e.,
ingestion of beef, ingestion of cow’s milk, and ingestion of mother’s milk) rather than inhalation, were the greatest contributors

to risk. In this analysis, the probability distributlons for the cancer potency factor and mgestuon of cow’s milk had the largest
impact on the results of the 33 exposure factors considered.

Introduction

In 1987, the State of California passed Assembly Bill 2588
(AB2588), also known as the Air Toxics “Hot Spots” Informa-
tion and. Assessment Act, which established 2 statewide
program to build an inventory of air toxics emissions for
individual facilities. It required that risk assessments be con-
ducted in accordance with regional air pollution control dis-
trict (RAPCD) policy and that the public be notified of the

potential health risks (California Code of Regulations, Title
17, Section 93300 et seq., 1987). The regulation identified
geographic areas where the incremental concentration of air-
borne chemicals in a community, because of point source
emissions, was greater than considered acccptable. If the
results of a risk assessment indicated that, for some individu-
als, the health risks may exceed acceptable risks established
by each RAPCD, potentially exposed individuals would be
publicly notified. The law was significant because it re-
quired emitters to understand the hazard posed by nearly
400 different chemicals rather than the roughly 30 chemicals
that have historically been regulated by the U.S. Environ-
mental Protection Agency (EPA).

In 1991, 1992, and 1993, the State issued AB2588 risk

assessment “guidelines” through the California Air Pollution
Control Officers Association (CAPCOA) and required that all
parties comply to ensure that consistent methodologies were
used for alf risk assessments.!-3 The guidelines describe con-
servative methods that allow comparison of one facility to
another, expedite the review of risk assessments by regulatory
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agencies, and minimize thé revision and resubmittal of risk
assessments. Although this approach streamlines regulatory
evaluation, it encourages a generic, nearly “worst case” ap-
proach that will usually overestimate the true risk for the
typical person. Not only can this lead to unnecessary costs
associated with emission reductions, it can also result in
reporting risks to the public that are much higher than actual
risks.

The AB2588 risk assessment guidelines contain algorithms
for estimating chemical concentrations in environmental
media, chemical uptake from each medium, and the risks
associated with exposure to each chemical.? Default values,
published by the State of California or EPA, are provided for
environmental fate, toxicity, and exposure parameters. Virtu-
ally all of California’s RAPCDs require that facility operators
use ‘default’ assumptions when conducting risk assessments.

representinig the upperbound value within the range of plau-
sible values. As a result, the risk estimates are almost always
overestimated.+2 Until recently, attempts to quantify the de-
gree of conservatism in the risk estimates have not been
routinely conducted.®

The objective of this case study was to quantify the conser-
vatism in the exposure estimation and risk characterization
inherent in the CAPCOA methodology (“regulatory” assess-
ment) by comparing the resulting point estimate of risk with a
probability-based risk distribution generated by a Monte
Carlo analysis (“probabilistic” assessment). Probabilistic
analyses have been used over the past three years to assess
water pollutants, contaminated soil, and other media.!o-16 The
probabilistic methodology offers several advantages over
the point estimate approach. First, this approach provides an
accurate estimate of the upperbound or maximum plausible
health risk. Rather than compounding upperbound values for
each exposure parameter to arrive at a point estimate of the
upperbound or maximum exposure, this approach uses statis-
tical daia specific to the distributions for the individual param-
eters to mathernatically characterize a range of potential risks.
Second, the methodology can incorporate all valid data for
an individual parameter into the risk calculation (with an
option for relative weighing of data), rather than limit the
assessor to a single study or single data point. These features
provide the risk manager, who is frequently faced with
requiring costly control devices or conducting extensive
remediation programs, with invaluable information that can
improve the quality of decision making.

This case study evaluated a food-processing facility located
on a 1,200-acre parcel in a rural area of California, approxi-
mately 2.5 miles from the center of a city with a population of
' 60,000. The land surrounding the facility is used for cattle
grazing as well as the commercial production of crops such
as sugar beets, alfalfa, and flower seeds. In this analysis,
probability distributions were developed for 33 exposure pa-
rameters relevant to the seven potential exposure pathways
identified. Interdependency among certain exposure param-
" eters was considered in our analysis. Specifically, covariance
was identified for beef ingestion and body weight; dairy milk
ingestion and body weight; and mother’s milk ingestion and
" infant body weight. A probability distribution for the cancer
potency factor (CPF) for 2,3,7.8-tetrachlorodibenzo-p-dioxin
(2,3,7,8-TCDD) was developed for the analysis based on a
recently published reassessment of the dose-response data.)?

Although as many as 30 chemicals were emitted from the
stack at this facility, an assessment showed that polychlori-
nated dibenzo-p-dioxins (PCDDs) and polychlorinated
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In-general, the default parameters are conservative estimates

pose health risks of regulatory concern because of their
relative toxicity and persisience in the environment. The
PCDD/PCDF emissions resulted from the use of a coal-burning
kiln for processing food products, and emissions were quanti-
fied by source testing. Because PCDD/PCDFs are listed in the
AB2588 risk assessment guidelines as “multipathway” chemi-
cals (i.e., chemicals emitted as particulates that undergo
deposition and can enter the food chain), the assessment ac-
counted for relevant non-inhalation exposure pathways.

Methodological Approach

For comparison purposes, the predicted uptake of PCDD/
PCDF emissions and subsequent risk was estimated first using
the point estimate approach and specific assumptions required
by CAPCOA (regulatory assessment). This approach used all
required exposure parameter values and the California CPF for

~2,3,7,8-TCDD. The results were compared to a distribution of
risk that was developed using a Monte Carlo analysis (proba-
bilistic assessment). The probabilistic assessment relied upon
distributions for all key exposure parameters and a distribution
recently published for the cancer slope factor for 2,3,7,8-
TCDD (that has been accepted by FDA),17.18

Figure 1 illustrates the approach to the comparative study
and the interdependency of the exposure pathways. The regu-
Jatory and the probabilistic assessments were based upon the
equations in the AB2588 risk assessment guidelines,> which
were not specifically developed for risk assessment of particu-
late emissions from a combusior. The guidelines do not require
the characterization of health risks to children ages one to 18~
a refinement that would complicate the analyses.

The regulatory assessment was conducted using an Excel™
spreadsheet to estimate multipathway exposure using required
regulatory algorithms.3.'* The Monte Carlo analysis was con-
ducted using the same Excel spreadsheet and the Excel add-on
program @Risk™.,20 The validity of our dose estimates was
verified by checking them against the regulatory assessment
using the ACE2588 computer program, which was developed
by the Santa Barbara Air Pollution Control District?! specifi-
cally for use in multipathway exposure analyses for AB2588,

Dose-Response Assessment

Studies focusing on the structure-activity relationships of
the various PCDD/PCDF congeners have shown that not all
PCDDs and PCDFs are equally potent.2223 This complicates
the risk assessment process as PCDDs and PCDFs are gener-
ally found in the environment as mixtures containing any
number of 210 possible congeners. Accordingly, an interim
approach for risk assessment has been adopted by EPA2425
for evaluating the health risks associated with PCDD/PCDFs.
This method normalizes the potency of individual congeners
relative 10 2,3,7,8-TCDD, as this congener is the most potent
one.26 Only 2,3,7,8-substituted congeners are assigned TEFs
because numerous structure-activity and structure-binding stud-
ies have established that non-2,3,7,8-substituted congeners are
relatively inactive in biological systems.22.27.28 To obtain a total
2,3,7,8-TCDD toxicity equivalent (TEQ) value for a given
PCDD/PCDF mixture, each 2,3,7,8-congener concentration is
multiplied by the appropriate TEF, and then the TEQs are
summed. The 2,3,7,8-TCDD TEQ for the mixture is the sum of
the individual 2,3,7,8-TCDD TEQ for each congener.

The oral CPF for 2,3,7,8-TCDD adopted by the Cal-EPA?°
and used by CAPCOA? is 133,000 (mg/kg-day)-!. This CPF
was used in the regulatory (point estimate) assessment and
represents a conservative estimate of the cancer potency in
humans based on animal bioassays. The CPF is based on the

dibenzofurans (PCDFs) were the only chemicals that could | 95th percentile upper confidence limit of the slope of the dose-
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Figure 1. Components of the multipathway risk assessment.

response curve predicted with the linearized multistage (LMS)
model. For these rcasons and others, a lack of confidence in the
CPF value has contributed to uncertainties in the health risks
associated with exposure to PCDDs and PCDFs.".13.7 The
current Cal-EPA CPF for 2,3,7,8-TCDD is based on the
original (1970) histopathological evaluation criteria for tumor
pathology rather than the current (1986) National Toxi-
cology Program classification scheme for proliferative lesions
in rat liver.3o

The CPF for 2,3,7,8-TCDD has been evaluated using the
results of the histopathological reevaluation.i83! Using sur-
vival-adjusted tumor incidence data, the LMS model, and

. scaling up to humans using body weight rather than surface
" area,M the CPF for 2,3,7,8-TCDD was estimated to be 2,700

{mg/kg-day)-! based on the incidence of hepatocellular carci-

- nomas, and 9,700 (mg/kg-day)-t when hepatocellular carcino-

mas and adenomas were combined. When the data were not
adjusted for survival rates, the estimates ranged from 1,500
{mg/kg-day)! to 8,200 (mg/kg-day)!. The reevaluated CPF
has been well received over the past two and one-half years
since at least ten states have adopted it. The FDA (Docket
No. 93N-0352) has proposed to adopt a value based on a
1 pg/kg-day (9 in 1,000,000) acceptable risk.!® This is equi-

. valent to a cancer potency slope factor of 9,000 mg/kg-day-t,

whereas the current EPA cancer slope factor is 156,000
mg/kg-day-'.

~ For this assessment, we developed a distribution for the
CPF'7 based on the current histopathology criterion using a
version of the LMS model, which allows model output to be

expressed as a distribution32; this distribution was used in the
probabilistic assessment. Table I presents the CPF values
predicied for specific percentiles. Figure 2 shows the probabil-
ity distribution for the CPF, which approximates a normal
distribution. The 50th and 95th percentiles of this distri-
bution are approximately 7,000 and 9,700 (mg/kg-day)-’,
respectively.

Exposure Assessment
Components of the exposure assessment for AB2588 in-

. clude quantification of emissions, environmental fate and

transport modeling, identification of the exposed population
(conservatively represented in this case by the maximum
exposed individual), identification of exposure pathways,
and the estimation of chemical uptake (dose) by the exposed
population.

Concentrations in PCDDs/PCDFs in Airborne Emissions

The PCDD/PCDF emissions from the kiln were quantified
and speciated during a stack test.3* Annual emission rates were
estimated vsing the results from the stack test, the amount of
material processed during the stack test, and the total amount
of material processed annually. Emission rates for PCDDs/
PCDFs were converted to a 2,3,7,8-TCDD TEQ for input into
the air dispersion model.

Environmental Fate and Transport
The concentrations of airborne PCDD/PCDF (2,3,7,8-TCDD
TEQs) for locations of interest were estimated using the
Industrial Source Complex Short Term (ISCST) air dispersion
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Table 1. Cumulative distribution for the cancer potency factor (CPF) for
2,3,7,8-TCDD based on the bioassay results in reference 17.

Cunwmdative Distribution Function for the Carcer Potency Factor (CPF)
0,164
0.4
012
0.10
{ a0
0.5
004
002
*. " 13 s
Cancer Pawency Pactor (npg-dm)®

Fipure 2. Probability distribution for the cancer potency factor for 2,3,7,8-
TCDD, based on the results from the linearized multistage model MSTAGE
{Crouch, 1992) and histopathological reevaluation of the Kociba cancer
bicassay data (Keenan et al., 1991).

rclcvam descnptors. and the basxs for the PDFs used are presented.
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model and the annual average emission rate. The model ac-
counts for meteorological conditions. source type, geography.
and the effects of ncarby buildings.

Exposure Scenario

A residential scenario was evaluated. For purposes of sim-
plicity and conservatism, health risks were characterized for
the location of maximum impact, i.e., the residence that might
receive the highest airborne concentration of particulates.

Based on the facility setting and relevant site-specific data,
exposure to PCDD/PCDF emissions was evaluated for inhala-
tion of airborne particvlates for the following pathways: soil
ingestion; dermal contact with soil; consumption of home-
grown produce; consumption of locally produced beef and
milk; and consumption of mother’s milk by infants (Figure 1).
_Beef and dairy cattle were observed near the facility and
represent the only potential exposure via feed stock. Goats,
chickens, and pigs were not observed within 10 kilometers of
the facility. Because home-grown produce represents a much
greater potential for exposure to most airborne chemicals than
does commercial produce,* only consumption of home-grown
vegetables from residential gardens was considered. Commer-
cial agriculture from any one area is generally expected to
constitute only a negligible portion of a person’s total diet.

Exposure Parameter Distributions

Probability distributions were developed for the critical
exposure parameters for each of the exposure pathways. Based
on a preliminary sensitivity analysis, the following five expo-
sure pathways were identified as most significant: particulate
inhalation, beef consumption, ingestion of dairy milk, inges-
tion of home-grown vegetables, and mother’s milk ingestion.
This is consistent with the results of other multipathway dioxin
Tisk assessments.34.33

The primary studies cited in the AB2588 risk assessment
guidance were used to develop probability distributions when
data were adequate. When data were inadequate, a review of

Table I1. Genersl human exposure parameters used to estimate uptake via all pathways for the regulatory and probabilistic assessment. The type of distribution,

Maximum

' ~ i Paramgu_rg_ : - - '.Dlsirlbutlnn
‘Abbreviation . -Description.- - . . CAPCOA Value ~ Type- . Relevanl Dascrlplnrs Reference
"UEF .. “Exposure frequency 1 “Uniform - - CAPCOA, 1993
' Wt (fraction of ayear; <. : EET EPA, 1990°
- -used in inhalation; .- . . :
= .- ‘sollingestion, and.*
2w dermal absorptlon
..t pathways)..: - . _ b Tl gen onh ERE
B .'EXbééuiéﬂhraﬂon " 26 for mother in mothers . ,;-Dlsc‘r'e'tb':_.-‘ 3 CAPCOA, 1993
' © . (years) milk pathway; LT EPA, 1990
S - 44 for adult exposed via . - - S
“mother s milk pathway.
VOABW T Average body 708 " CAPCOA,:1993
D weight (kgh- _— Snyder, 1984
CAT s Averagmg tnme (days) 25,550 - :.Statxc-yéldo':}' CAPCOA, 1993
WA & Notapplicable - .. L
§D .= Standard deviation
SMin - = Minimum <
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Table 111, Equations and exposure parameters used to estimate uptake via the inhalation pathway for both the regulatory and probabilistic assessments. The
type of distribution, relevani descriptors, and the basis for the PDFs used are presented.

Dlstfibuilon:
Relevant Descriptors: - Raieré_ﬁc‘.%
A CAPCOA, 1993
© Min: 0467 - Max: 1.0 ICRP.:1969.

Equauon
Dnse-mh = AR*GLC" Bmlnh‘ED'EF/(ABW'AT'1 oon)

Table IV. Equstions and exposure parameters used to estimate uptake via the soil ingestion pathway for both the regulatory and probabilistic assessments.
The type of distribution, reievant dcscnplors and the basis for the PDFs used are presented.

LT S .+ . Distribution o
Ahbréviallnn.fff‘ .. ‘CAPCOA-Value - Type Reievant Descriptors . Reference:.
GLE irmodeling results:. - N/A N/A-. ‘ LONAL L
“Dep-rate " lognormal Mean 300 . 8D:3 . CAPCOA1363

“McMahon-and * ¢
“ Denison, 1979 .
McKone and

the scientific literature was conducted to identify appropriate
distributions. Of the 49 exposure parameters contributing to
site-specific risks, distributions for 33 parameters were devel-
oped. Sixteen parameters were judged as particularly signifi-
cant in this assessment: (1) particulate deposition rate, (2) crop
yield, (3) vegetable interception fraction, (4) vegetable weath-
ering constant, (5) beef cattle diet-to-meat uptake factor, (6)
soil ingestion by grazing, (7) dairy cattle diet-to-milk uptake
factor, (8) inhaled particulate retention factor, (9) produce

consumption rate, (10) beef consumption rate, (11) percentage
of beef from local sources, (12) dairy milk consumption rate,
(13) percentage local dairy milk, (14) mother’s milk consump-
tion rate, (15) exposure frequency, and (16) exposure duration.
The other 17 distributions were used in the calculation but did
not have an appreciable impact on the results and therefore
could have been addressed by using a point estimate approach.

For the regulatory and probabilistic assessments, doses
were estimated using the recommended CAPCOA equations.3
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Table V. Equations and exposure parameters used 10 estimate uptake via the dermal absorption pathway for the regulatory and probabilistic assessments. The
zype of dtsmbunon rr,levam descnplors and lhe basns for thc PDFs used are presemed
':illl‘:brevlauon.':" "-Descrlpﬂoli':‘ L CAPCDA’VaIue t Descripiors - .-
H3GAT U Surface area of ; %
. ekposed.skin {emd) . SR
.. Svil loading on skin _:Not critical s CAPCO' 1993
(mglcmzlday) - uncenamty . ;
.. Fraction of-contaminant . *- 0,02 - Not gritical to* L CAPCOA 1993f
_ o Qabsorbed across'skinz; U uncertalnty , '
| B Y Notapphcahle iR o T <
. cs = clmcamrnhnn in solt (See soil mgesbon palhway) : .
Table VI. w!squauo;r‘suand e::posure parameters used to estimate up:ake via the vegetnb)c mgcsnon palhway for both the regu)a!ory and probabnlxsnc
assessmems. The lypc of distribution, relevant dcscnplors and the basis for the PDFs used are presemed
_ Parameters ‘ . . L : SN “ Dlstﬂhullon . e -
'_f_Abb'rey.lalion - -Description -, CAP'(:"OA \)alua o }Typo Relavanl Descrlplon Ralérencl L
S4B L. Interception” . i-.i. - Cropspecific B R T "= CAPCOA; 1083
s fraction - S Leafy=0.2 Uniform oo Min 0;15 - Max 039 "~ (except; paswre'
S Vine=0.1 . - “Uniform” . Min: 0.034=. - Max: 0.073 " grasses) :
- Pasture grasses’ not pfovnded _Uniform Min: 0,14 ."°  Max: 0.84 - Baeset.al., 1984
- el OBestimated .. L Emn e e ;
... Hali-lite of Contam- R " Truncated - Mean: 10 . 8D 3 CAPCUA.'1993
oo i inantonplany(D) - RNEY - lognormal - Min: 28 . - Max:'34  Baes etal, 1984
LY Y Yield (kg/m?) © " Cropspecific . - S o .- CAPCOA, 1983
PR : : ' - Leafy=2. o Uniform -~ . Min.2... . Max 44~ Baesetal, 1984
. Vine=2 - - - Uniform - Min: 2 -+ Max 4.4
: A . Pasture grasses =2 - Uniform = Min: 9;005 s Max: 0.63 G- ‘ o
T Growth period " ' Gropspecific v - e C CAPCOA, 1993 |
- (D) ) Leafy=90 “ Uniform © Min; .45 Max: 90 .  Clement, 1988
: : Vine=90 *. Unitorm~ Min: 45° ° . Max: 90 - Baes el al., 1984
Pasture grasses =90 * Uniform Min:'14 . - Max 45 - SRl
BIO .  Bioavaila- : Tt -~ Point estimate N/A - " CAPCOA, 1003 -
bility ) R o
UF2 Uptake factor based WA “N/A ‘NA o CAPco'K,’_'wss;
on soil concentration . o R g
pr' Rate of plant Vine = 0.25 . Normal (covaried pr ABW" (muestion/hody " CAPCOA, 1993'
consumption teaty=0.01 - with body weight -weight-day) . L Clement.‘1980 .
(kg/D) o based on-a normal Mean 0.004 kg/kg-day ~ USDA;1985. .
distribution-for kg SD 000038 S McKone and -
ingestion per kg body R S 989
N ~+ weight per-day)
Lp Fraction of home- Site spacific - Uniform .- o i Sama=Barbara A
: . grown plants Vine: 0.25basedon APCO ~ . " Min:-04 7 0.75 - Air Pollution:..-
Lealy: 025 basedon APCO -~ . - . Min:'0.04 '~ Max:0.2 % IDisti
Glp. Gastrointestinal . 1.0 . . - Naotcritical to ,.{._?:'N/‘A:
absorption factor © .. uncertainty . S
M= No! applicable . "Dep = Depostion gm0} - -Eonaﬂm . e
8D = Standird deviation . Clepy = Cnmm»ndunodmc! daposm(m (ugh) U= L‘depv‘amoctms
M = Minimom Gs = Average contentration in ol (mgAg). " Coepy= |Dep'l?l(k’¥)] (l-:")
M = Madmum .. Ctans = Conceniration due to s00t uptake (nafig)  Cas =03 °UR2
B “:= Concenlrahon in vegetation (uphg) S = Weathering constant (D) . "»l=l169‘m‘,
o : . . .“Dos&pll mges cm'np Glp‘Lp EDI(ABW'AT‘WO)
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Table VII. Equations and exposure parumeters used 10 estimate upiake via the beef ingestion pathway for both the regulatory and probabilistic assessments.

The type of distribution, refevant desv.nptors and the basis for the PDFs used are presented.

Groiind-lavel coRcentration (mlm’-’) o
COncentratmn Ti:teed (uglkg) {See-concent

The bases for the 33 exposure parameter distributions used to
estimate dose in the probabilistic assessment are presented in
Tables [I-IX and in Appendix A.

Risk Characterization

The. Monte Carlo simulation was used to calculate the

" pathway-specific Lifetime Average Daily Dose (LADD), the total

LADD, and the jncremental lifetime cancer risk (ILCR). The
ILCR was calculated using the following equation3.36:

Risk (ILCR) = CPF x [LADD,, + LADD g mges. *
LADD .t + LADD, g inger. + LADDpeyf inges. +
LADD yiry minx + LADD gy il

éne_fabie pasture prasses.)

.- Parameter :. PRI  Distribution . -
‘~Ahbrevlatlnn..._.< Descrlpllnn, f‘ﬁkPCQA‘Value : “Type Relevant Descriplors Reference- -
- BR: A,lnhalaﬂon rate 180 Not.critical to N/A CAPCOA. 1993
T T mdD) o --uncertainty ' ' :
%G Perce'nt?'diet by Site spebiﬁc Uniform Min: 90 Max: 95 -~ - CAPCOA, 1993
grazing (80 l_._vsed) . z Jensen, 1991
Fead ingestion ' Normal Mean: 8 $.0.:2:2 -~ " CAPCOA, 1993
rate- (kg/D). : . : 1. NRC,1965 .~
A, .. McKone and: .
o e v o Ryan, 1989 -
',-.Percentoffeed‘ i Sitespecific:. N/A NA - i - . CAPCOA,1993..
.. -locally grown . - (D-used) " . 2t as i Jensen, 1981
R _(nqt.from_past_yrq)g‘ PR : ST B
- %St - SoflIngestedasa - ¢ - 1.0 Not critical to - N/A _ CAPCOA, 1993
... . percentoffeed . - ) ’ ~ uncertainty Jensen, 1961
_ %Sp - Soilingestedasa- - 5 Uniform Min:1.  Max 175 - CAPGOA, 1993.
.« - percent of pasture . ’ < ... McDowell, 1985
grass ingested N -
Fb. . Transfercoefficient = .- 0. Discrete (0.1, 0.4) ‘GAPCOA, 1993.
.- fromfeedtomeat - - : .* Jensen, 1981
C(Okg) . - iClement, 1988 '
S = Fries and Pau-:.
. S , Stenbach, 1980
b - . Rateofbeef . “o.ioo "~ Normal (covered b= Asw-(mgesu"" "“-"CAPCOA 1993
e consumption (kg/D) - - with body weight body welght—day) x:
- based on a normai’ ’ : :
distribution for kg Mean: 0.003 ° S.D.: 0.00062;
Ingestion perkg body - .7 o L e o owaT
e : A o weight per day . A
b Fraction-of beef . ==, - - - “Site.specific, Uniform Min: 0.065 . .Max: 291
‘!qgally,_p(p.dgpgd : gstimateg‘valueo:w ’ e Ensminger,: 1876
Gastrolitestinal - RS N Not critical to
L uncertainty
"Equatlour -
Clfa= (lnhalanom oed
him Inhatation = RR*GLC
‘Maximunt Feed lnnestiun (1 -'/.

" Grazing.ingestion:a %G‘
Soll ingestion = S1* cs ¢
Si= [(1-%6)’%3( "Fil 4 %

Dose-bsal inges = Clb'llb'Glb 'Lb 'ED/(ABW’

The results of the probabilistic assessment are presented in
Table X and Figures 3a and 3b. They indicate that the 50th and
951h percentile LADDs for the location receiving the highest
deposition of particulates from the facility were 2.3 x 10 mg/
kg-day and 2.9 x 10-1 mg/kg-day, respectively. Using the point
estimate approach, the estimated LADD was 9.0 x 10-® mg/kg-
day (Figure 3a). In short, the CAPCOA methodology predicted
an intake of TCDD three-fold higher than the 95th percentile
dose and about 40-fold greater than the 50th percentile dose.

When the probability distribution for the CPF for 2,3,7,8-
TCDD is considered in the probabilistic assessment, the pre-
dicted 50th percentile ILCR is 1.5 x 107, and the predicted 95th
percentile ILCR is 2.0 x 10-¢. The ILCR estimated in the
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Table VIIL
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Eqguations and exposure parameters used lo estimate uptake via the dairy milk ingestion pathway for both the regulatory and probabilistic
assessments. The type of distribution, relevant descriptors, and the basis for the PDFs used are presented.

"Consumption of - 0.30

dairy milk-(L/day) " .

Normal (covaned with
= body weight based
~.on a normal distribution
*:for kg-Ingestion per ku
- .. body weight per day .

.- Hbs= ABW" )
(mgestlonlbody weigm—day)

SD 000037

Mean 00033
- hghgday

. Fraction of dairy milk

Max: 021~ Jensen; 1991" |

Concsmmion in feed (pp/kp) (See vaoelauon
- pathway-pasture qussos) .
" 8oil ingestion rate {ky/D} -

regulatory assessment is 8 x 10, a value about 500-fold
higher than 50th percentile risk. The inclusion of a probability
distribution for the CPF in the probabilistic assessment
reduced the estimated 95th percentile risk by approximately
40-fold. The ILCRs estimated by the regulatory and probabilis-
tic assessments are compared in Figure 4.

Asshown in both the regulatory and probabilistic assessments,
the indirect (secondary) exposure pathways are primarily respon-
sible for potential health risks associated with PCDD/PCDF
emissions (Figures 5a and 5b). These results are in agreement
with the analyses of Stevens and Gerbec® and of Fries and
Paustenbach and are consistent with the recent EPA analysis.2®

e

. 'ZSoll Ingestion = S1*Cs

. Dose-ualry mliu inpes = mm‘llm'GI L‘EDI(ABW AT 1000)

- 021 Uniform " - Min: 0.067
. - locally produced - e o7 . Ensmmoer
.,'-h . . ; - . 1976 "'-:'—~A‘ g

Z.. Gim: - Gastrointestinal 1.0 Not critical to N/A ‘CAPCOA,-‘-_1993.
absorption factor : uncertainty L T
‘WA - = : Not appiicable Equations: :
.sD = -Standard deviation Cla= (Inhalanon +Feed mpesllom Grazlno inoesuom
~Min* w0 Winimgm: . - - . " Soil ingestion)*Fim -

Max . =" Maximem . . ' ‘ - “inhalition= RR*GLC .

BLC- . s xGmuml-level concemuilon (pglm‘) . Feed ingestion = (1-%G)"Fim"L"Cl-
el e *Grazing Ingestion = %G*C1°Fim '~

= [{1-%B)" %5(*FI} +- %G-%Sp-nm -

It should be noted that pathway contributions are different for
the deterministic and probabilistic assessments due to the
variability in the percentile value represented by the point
estimate.

The probabilistic analysis suggested that the 95th percen-
tile concentration of TCDD TEQ in soil is 0.2 ppt. This soil
concentration did not produce significant human exposure via
the direct exposure pathways (such as soil ingestion, dermal
contact, and inhalation of fugitive dust emissions). Interest-
ingly, the range of predicted soil concentrations (in the low
parts per trillion range) plausibly resulting from the emissions
are characteristic of background levels of the PCDD/
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" Tuble IX. Equations and exposure parameters used to estimate uptake via the mother's milk ingestion pathway for both the regulatory and probabilistic
assessments, The type of distribution. relevant dcscrlpml’s and the basis for the PDFs used are pn:semed

' Parameters - .- e Hib B
Abbreviation = - Descriplinn "o . 'CAPCOA Value Relevant Desctiptors Reference
L Haltfiteof .. a7 Poiger and o5
E contaminant. in L Schiatter, 1986
B : mother oy RS '
. L Fractionofs 5 70 - 096 ax. 0.97: . Smith, 1987 -
: ' coniammantthat" R SR el U
S * partitionsto. - - :
©Y. . . mothérs fat . F , o
13 APercam fati m 40 7. Uniform . <= ax: 4.0 Clement, 1988 .
2. . Percentmothers . . . -3 . : Norr'mailr D 1127 Bufteetal, 1981
weightthahsfat R : S
DERm " Daify-mother’s mitk - 08 N Normal {covaried ... | EHm:A W'ingestion/body * Butte; 1084
ol . mgestion rate (ko/D) . - with body weight '+ - .. Weight-day-' - Darling, 1993
. ,based onaverage kg . . ,AAverage Ingestlon -per kuogram S
C . _’intake per kg body .~ 87.3. g q-day :
. X weightperday) ‘ ) .
“F ‘ Fréqué‘ﬁcy,otu : . 385 “Uniform . Max 365 . Laleche, 1991 -
g exposure (D/YR) : RS DEESS : o
. Breast: feedmg R Point estimate.”. - CAPCOA, 1991
RS penod(YR) N S A e '
Averade'bddy 6.5 . Normal - . - 0.0129 EPA, 1989
- ;... «WE|ght (kg) R RN R ‘-. .
K Equations =

PCDFs.253738 The predicted level in soils adjacent to the facil-
ity was compared with the rypical regulatory action levels in
residential settings and the typical background Jevels in rural
areas. Results support the conclusion that PCDD/PCDF emis-
sions from incinerators with proper air poilution controt de-
vices will rarely pose a significant health concern due to
chemical uptake into food and animal pathways.

The results of exposure estimates can often be validated
using field data. For example, in the regulatory assessment,
consumption of dairy milk represented the greatest single
contribution to the total cancer risk (47%), while about 40%
of the dose was associated with ingestion of mother’s milk.
However, studies have shown that the uptake of PCDD/PCDF
by grazing animals is less than would be expected; much of the
PCDD/PCDF is never absorbed by the cows because of the
strong chemical adsorption 1o soil, biodegradation in the rumi-
nant gut, and, to a lesser extent, photodecomposition.’ With
the availability of highly sensitive analytical methods, labora-
tory analysis of meat and dairy milk is recommended in cases
where significant animal body burdens are predicted by risk
assessments, which rely upon default transfer coefficients.

Conclusions
This assessment illustrates the degree of conservatism in
the current California regulatory approach for the assessment

- Cm = EML "famz-o 603) - :
’ Dose-m mll «Cm'DGRm‘F‘YR/(ZSOOO BW,_,)

of toxic air contaminants, In our case study, the point estimate
(regulatory) approach predicted a cancer risk that would be
deemed significant (greater than 10-3); the 95th percentile cancer
risk estimate, characterized by the probabilistic assessment, is
well below this value. Most point estimates suggested by CAPCOA
were at the 95th percentile of the distribution. Thus the result
yiclded risks greater than the 99th percentile. Based on the point
estimate approach, this facility would be required to notify the
public that a“significant™ health risk was present and would likely
be required to implement several emission controls.

Our assessment indicates that the indirect {(secondary) expo-
sure pathways (beef, dairy milk, vegetable, and mother's mitk
consumption) compose approximately 95% of the total dose.
Estimates of the dose caused by these pathways have the highest
degree of uncenainty because of the number of parameters that
are considered and the compounded use of conservative assump-
tions. The uptake of PCDD/PCDF estimated by the probabilistic
method could, in fact, be less than estimated because when the
data were inadequate to assign a specific distribution, the data
were conservatively represented as a uniform distribution. There-
fore, future work should emphasize better characterization of
secondary pathway parameters. A quantitative assessment of
uncertainty of the emission estimates and air dispersion modeling
parameters would more completely characterize these results,
but such work goes beyond this analysis.
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This paper shows how the application of probabilistic tech-
nigues can provide a more complete characterization of a
potential health hazard than that presented using a point esti-
mate approach, and offers substantial insight into quantifying
the conservatism in typical risk assessment methods. Fortu-
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nately, both EPA and the Food and Drug Administration have
begun to consider assessments that rely upon probabilistic
methods, even though the results of assessments based on the
point estimate approach must usvally accompany the submis-
sion. It is anticipated that state and local agencies will soon be
receptive.? For example, in 1992 EPA issued 2 memorandum

Figura 3. Probability distributions representing (A) total dose (uptake) (mg/
kg-day) and (B) total risk for the maximum exposed individual living within
10 kilometers of the facility resulting from particulate emissions. The point
estimate resulting from the regulatory assessment is indicated on each
chart,

v

Plausitie Lifetime
Cancar Rl

" CAPCOA
Parcentie NE

”0e
Parcenilie

’ R ~roerenistic asscasment

- Figure 4. A comparison of the plausible increased lifetime cancer risk
(ILCR) at the 50th, 90th, and 95th percentiles as predicted in the probabi-
Jistic assessment compared with the point estimate of risk predicted using
California's recommended approach for compliance to AB2588, This degree
of ditterence in estimated risk between a repulatory point estimate approach
and a Monte Carlo approach can be expected tor nearly all assessments of
PCDD/PCDFs in aerial emissions from incinerators, combustors,. and re-
source recovery units.

(A) Probabllity Distribution for Tots} Dose encouraging the agency to consider the results of probabilistic
Resulting From the Probebilistic Assessment risk assessments.*0 To encourage acceptance of this methodol-
ogy by regulatory agencies, standardized, scientifically veri-
fied parameter distributions must be developed for health risk
:: assessments.
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- Appendix A — Exposure Paramelers and Associated
o Probability Distributions
N A
L ? . L] . » n " " N .
Tota Dose (Values iz 10 mg/ig-<iy) T inhalation of Particulates
For the regulatory and probabilistic assessments, exposure
via inhalation is estimated using the algorithm? and exposure
parameters presented in Tables II and II1. In accordance with
(B) Probsbility Density Function for Tots! Risk
Resulting From the Probabilistic Assessment
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Figure 5. The pie charts represent the fractional contributions to risk for
each exposure pathway. Pathway-specific risks resulting trom tha regula-
tory assessment are depicted in (A); those from the probabiiistic assess-
ment are depicted in (B).
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the approach suggested by CAPCOA,3 it was assumed that
100% of inhaled particulates are retained in the lung (B10,,,):
however, only a fraction of inhaled particulates are retained
in the lung because a large portion of the mass of suspended
particulates is exhaled and/or swallowed.

The probabilistic assessment accounted for particulate re-
tention in the Jung and transport to the stomach. For example.
it is known that 24-37% of ail inhaled particles having a mean

(A)

Normsl Distribution

» » » L] n L.
Average Bocy Waighm {iagrarm|

" m

Unitorm Distribution

- ”» . -
F of Besf &

13
from Locel S

k-

Figure §, Probability distributions for {A) body weight (Snyder, 1984), and
{B) fraction of diet composed of locally grown beef (Jensen, 1991; Ensminger,
1976).

Table X. The calculated plausible increased lifetime average daily dose
(LLADD) and the associated plausible cancer risk posed by dioxin emissions
from a combustor for the maximally exposed person based on the probabilis-
tic assessment.

0

Total Risk -

diameter of 2 um are retained in the lung.*) For the particulates
inhaled but not retained in the lung, approximately 25% are
exhaled and 38-51% are eventually swallowed.*' To accu-
rately estimate uptake via ingestion of inhaled particuiates. the
oral bioavailability factor must be considered. Based on pub-
lished work,*? a value of 43% was used, which is consistent
with most published assessments of PCDD/PCDF. The per-
centage ot inhaled particulates retained in the lung or ingested
following inhalation was also accounted for and was character-
ized by a uniform distribution with a range of 46-59%. This
percentage accounts for the fraction retained in the lung, the
fraction swallowed, and the oral bioavailability applicable to
the swallowed fraction. To ensure that the CAPCOA? value
was included as a plausible value within this range, a uniform
distribution of 46~100% was used in the probabilistic analysis.

The CAPCOA? guidelines require the use of an exposure

* duration (ED) of 70 years. In our probabilistic assessment, the

range and distribution for ED was developed based on a survey
conducted by the U.S. Census Bureau and previously evaluated
by EPA.#44 Several published assessments have adopied
similar distributions.!3.15 The percentage of persons living in
current residencces for specified ranges of time was also consid-
ered. These data were presented as a cumulative distribution
ranging from a minimum residency of one year (7.5th percen-
tile) 1o greater than 33 years (93rd percentile). The same range
and distribution for exposure duration was used for all expo-
sure pathways. Based on the probabilistic assessment, the 50th
and 95th percentile doses resulting from inhalation were 7.09
x 10-'3 and 3.77 x 10-'2 mg/kg-day, respectively, compared to
5.69 x 10-2 mg/kg-day estimated using the point estimate
approach (e.g., the point estimate was similar to the 95th
percentile value).

Ingestion ot Soll

Upiake of PCDD/PCDF via ingestion is dependent upon the
concentration of 2,3,7,8-TCDD TEQ in soil and the quantity
of soil ingested. The CAPCOAS3 guidelines provided the equa-
tion to estimate the steady-state concentration of 2.3,7,8-
TCDD TEQ in soil caused by aerial deposition for both the
regulatory and probabilistic assessments. This equation and
the parameters we used are presented in Tables Il andIV. When
the source of aerial contamination is from a single point, the
contaminant concentration of the 50il can be reasonably pre-
dicted at specified distances by accounting for dispersion and
deposition. The deposition velocity (Dep-rate) is dependent on
particle size.454¢ Particles less than 5 pm in diameter (kiln
emissions were approximately 2 pm) have been characterized
as having a deposition velocity between 0.003 and 1 cm/sec
(2.6 and 864 m/day, respeciively), a rather broad range.s5 A
statistical review of these data and those reported in another
study34 suggested that the deposition velocity of particulates
less than 5 um is lognormally distributed, with a geometric
mean of 300 m/day and a standard deviation of 3.46 This value
includes both wet and dry deposition processes because both of
these processes contribute to the removal of atmospheric
PCDD/PCDF.4+? Because the McKone and Ryan analyses*t
are generally accepted, these values were used in the probabi-
listic assessment. The CAPCOA default value of 5 cmy/sec
(4320 m/day) was used in the regulatory assessment.

For the soil ingestion pathway, the CAPCOAS3 default expo-
sure values (with the exception of soil concentration, exposure
frequency, and exposure duration) were used to estimate up-
take via soil ingestion (e.g., 100 mg/day) in both the regulatory
and probabilistic assessments and are presented in Table IV.
Based on the probabilistic assessment, the uptakes via inges-
tion of soil for the 50th and 95th percentile persons were
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- estimated at 1.83 x 10-'4 and 1.69 x 10-13 mg/kg-day, respec-
tively, compared to 1.58 x 10-2 mg/kg-day based on the
regulatory approach.

Dermal Update

Uptake via dermal absorption is dependent upon the con-
centration of the chemical in soil, adherence of soil-to-skin
(soil loading), exposed skin surface area, and the fraction of
chemical absorbed. The estimated concentration of 2,3,7,8-
TCDD TEQ in soil was discussed in the previous section. The
daily uptake via dermal contact was estimated using the equa-
tion presented in Table V. As dermal absorption did not
significantly contribute to total risk, the CAPCOA default
values (with the exception of exposure frequency and duration)
were used to estimate uptake via dermal absorption in both the
regulatory and probabilistic assessments (Tables II and V),

—~|--However, a more precise estimate could be made using re--

cently published analyses.

Based on the probabilistic assessment, the 50th and
95th percentile doses were estimated at 8.07 x 1016 and 7.38 x
10-15 mg/kg-day, respectively, compared to 5.62 x 10-" mg/
kg-day estimated using the point estimarte approach.

Ingestion of Vegstables

Exposure via ingestion of vegetables is a function of the
concentration of chemicals present in or on the vegetable and
the rate of consumption. In accordance with the CAPCOA
guidelines,3 the equations and parameter values presented in
Table VI were used to estimate the concentration of 2,3,7,8-
TCDD TEQ in vegetables (and pasture grasses for the beef and
dairy ingestion pathway). .

The fraction of deposited particulates retained on a veg-
etable surface (interception fraction, IF) is dependent upon the
crop type and crop yield.2s34 CAPCOA has characterized
vegetable/crops into three groups: leafy vegetables (e.g., let-
tuce, spinach, cabbage), vine vegetables (e.g.. tomatoes,
squash), and pasture grasses. Leafy vegetable crops, with an
-average yield (Y) or density of 2 to 4.4 kg/m?2, intercept 15—
39% of deposited particles settling onto edible plant parts.3s
Vine vegetable crops, with an average yield of 2—4.4 kg/m?,
intercept 3.4-7.3% of deposited particles. ™8 Pasture grasses

_(cattle feed) yield 0.005-0.63 kg/m?, which correlates with
interception factors of 11-84%.4% These ranges for yield and
imerception fraction were used in the probabilistic assessment
for leafy vegetables, vine vegetables, and grazing pasiures,
respectively. The interception fraction values for leafy and
vine vegetables and pasture grasses are lower than the values
cited in EPA’s 1992 reassessment of exposure 10 TCDD.2* The
crop yield for pasture grass and hay presented by Fries and
-Paustenbach34 cited by the EPA?S indicates that a value of
2 kg/m? is appropriate. Stevens and Gerbec3$ have suggested
higher crop yields for leafy and vine crops at 8.6 and 12 kg/m2.

.|” Because inadequate data existed to accurately assign specific

distributions, uniform distributions were assumed for both the
interception fraction and crop yield.

The weathering constant for vegetables (k) is the decay
constant for the disappearance of the chemical from vegetable
surfaces. This value is a function of the half-life of the depos-
ited chemical on the surface of the plants (e.g., k = 0.693/t,,).3
The regulatory default value of 0.05/day (based on a half-life
of 14 days) was based on numerous values for the disappear-
ance of radionuclides from plant surfaces as a result of weath-
ering and wash-off.48 Prior published asscssments suggest that
the half-life of most particulates on plant surfaces (based on
radionuclide data) ranges from 2.8 10 34 days.>.*f The half-life
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additional processes including volatilization, biodegradation,
and photo-oxidation.344% Based on-the work of Baes et al. 48 in

the probabilistic assessment a lognormal distribution was -

used for the weathering constant with a geometric mean equal
to 0.0693 (days)-! and a standard deviation equat to 0.231.
The uptake of PCDD/PCDF by plants from soil is not
significant, due in large measure to its low water solubility. 3
Field data support this hypothesis. Therefore, this factor (C,,,,,)
was not included in this assessment. Exposure via ingestion of
vegetables impacted by PCDD/PCDF deposition was esti-
mated using the equation and parameters presented in Tables 11
and V1. Default consumption rates (If,) for vegetables sug-
gested by CAPCOA were obtained from the U.S. Department
of Agriculture (USDA).4? The USDA values are 0.25 and 0.01
kg/day for vine and leafy vegetables, respectively. Using data
from these studies, the EPA44 estimated the fraction of all

- vegetables consumed (L) for rural; suburban, and city house-

holds from homegrown gardens.

Based on the probabilistic assessment, the 50th and 95th
percentile uptake of PCDD/PCDF for leafy and vine veg-
etables combined was 1.37 x 10-1? and 8.27 x 10-'2 mg/kg-day,
respectively, compared to 8.29 x 101! mg/kg-day estimated
using the point estimate approach. In short, the point estimate
approach suggested an uptake twofold greater than the 95th
percentile value.

Ingestion of Beel

The concentration of PCDD/PCDF in cows that graze on
contaminated soil and inhale contaminated air is a function
of the animals’ exposure via inhalation, ingestion of grain,
ingestion of pasture grass, and soil ingestion while forag-
ing.* In Table VII, an equation recommended by CAPCOA?
estimates a steady-state tissue concentration of TCDD in
grazing cows.

At this site, cattle grazed on natural and irrigated pasture
within two kilometers of the facility, and their diets were

supplemented with protein-enriched feed. The supplements

did not originate from areas that would have been influenced
by aerial emissions from the facility. Only particulates depos-
ited on the surface of the grass and soil were considered as
ingested by grazing cattle.

The CAPCOA?3 has identified a chemical food-to-beef trans-
fer coefficient (Fi,) of 0.4 day/kg for PCDD/PCDF based on
its interpretation of the data for 2,3,7,8-TCDD. This value
is based on a study conducted by Jensen et al.%0 in which
cattle were fed diets containing 24 parts per trillion (ppt)
2,3,7,8-TCDD for 28 days. The cattle were returned to a normal
diet for another 36 weeks followed by tissue analysis. TCDD
residues in the liver, kidney, and muscie were lower than the
TCDD dietlevel. However, the level found in the fat tissue was
approximately four times higher than the diet level.s® Results
suggest that the concentration of TCDD in muscle is propor-
tionat to the percentage of fat in that organ. Therefore, assump-
tions regarding the steady-state body-burden and 25% meat fat
resulted in the estimated transfer coefficient of 0.4 day/kg.3
The Jensen et al.5® data were reexamined by Fries and
Paustenbach™ who, by correcting for the oral bioavailability of
2,3,7.8-TCDD and the high administered doses, recommended
a diet-to-meat transfer coefficient of 0.1 day/kg for cattle.3
The EPA2 cited the data presented by Fries and Paustenbach
and used a diet-to-meat transfer coefficient of 0.15 day/kg for
evaluating the potential health risks for 2,3,7,8-TCDD. The
0.1 day/kg value is now generally considered more valid for
the purposes of the probabilistic analysis. However, the trans-
fer coefficient values of 0.1 and 0.4 day/kg were assigned

* | of PCDDs/PCDFs on plants, however, may be dependent on | equal probability.
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The uptake of PCDD/PCDF by beef cattle is primarily

- caused by incidental soil ingestion (SI) associated with normal
 grazing.* The soil ingestion rate, as a fraction of pasture
. grazing (%Sp), ranges from 1.1-17.5% of 1he dry mass con-

sumed.* A uniform distribution was assigned to this param.
eter. The value recommended by CAPCOA3 for soil ingestion
rate is 5% of dry mass intake. Table VIJ presents the par-
ameters used to estimate the concentration of 2,3,7,8-TCDD
TEQ in beef.

Table V1I also presents the equation and pathway-specific
exposure parameters used to estimate uptake of PCDD/PCDF
via ingestion of beef as recommended by CAPCOA.3 The
relationship between food intake and body weight was ac-
counted for in the probabilistic assessment. McKone and Ryan#6
estimated a meat intake per unit body weight for adults based

_on the data of Yang and Nelsons2 and the assumption that food
intake is directly related to body weight to the two-thirds

power. A mean of 0.0033 kilogram meat per kilogram body
weight per day and standard deviation of 0.00037 for adults. as
calculated by McKone and Ryan,* were used in the probabilis-
tic assessment for the rate of beef intake.

The fraction of consumed beef that is locally raised beef (L,)
can be estimated by dividing the amount of local beef produc-
tion by the number of people in the area of its distribution. The
grazing area in the facility’s zone of impact is approximately
10 square kilometers. This area is capable of supporting 494~
1.236 head of cattle, assuming that the grazing land is irrigaied

pasture,? On average, 43% of a cow’s weight is converted to

commercially sold beef.54 Assuming the average weight of beef
cattle is 500 kg, this yields 107,000--267,000 kg of beef avail-
able to be sold Jocally. Assuming that all the beef is distributed
in local markets, it can be estimated that a typical resident
consumes 0.0049-0.0122 kg/day of local meat based on the
total amount of locally grown beef. These values constitute

i 6.5-16.3% of beef that is locally raised (Figure 6). Since the

basis for this range is the number of cattle that can be supported
on 10 square kilometers, it is impossible to specify the distri-
bution type. Accordingly, 2 uniform distribution was assumed

. with a range of 6.5-16.3%.

In our probabilistic assessment, the 50th and 95th percentile
doses for beef ingestion were 1,14 x 10-'t and 1.98 x 10-'°mg/
kg-ddy, respectively, compared to 2.26 x 10-* mg/kg-day
estimated using the regulatory approach. Like several other
exposure parameters, the point estimate value was similar to
the 95th percentile value.

Ingestion of Dairy Milk
Human uptake of PCDD/PCDF via ingestion of dairy milk
depends on the chemical concentration in the milk and the

! consumption rate. The concentration of PCDD/PCDF in dairy

milk can be estimated using a formula that accounts for chemi-
cal uptake by the cow and the transfer coefficient from con-
taminated intake to milk (Fi,)3. The formula presented in
Table VIII is similar to the one used to estimate the concentra-
tion of PCDD/PCDF in beef,

Tt is uncommon for lactating dairy cattle to graze on pasture
grass in the United States.’* However, to be conservative, we
assumed that dairy caitle at this site grazed on some natural and
irrigated pasture within two kilometers of the facility. The diet
of virtually all dairy cattle is supplemented with protein-
enriched feed grown outside the facility’s zone of impaci.

CAPCOAS suggests a transfer coefficient from diet-to-milk
(Fi,) of 0.04 day)liter for PCDD/PCDF ingested by dairy
cattle. This value is based on an average of three estimates
derived from two feeding studies,s9.55 and one estimate based

Jensen et al.’¢ suggested a diet-to-milk uptake factor of 0.008
day/liter from their study in which three cows were adminis-
tered TCDD as a contaminant in 2,4,5-T over a 77-day period.
Fries and Marrow33 suggested an uptake factor of 0.09 day/liter
based on Jensen’s study30 of the transfer of 2,3,7,8-TCDD from
feed to milk by adjusting for the differences in fat content of
milk (4%). Based on the octanol:water partition coefficient for
organic compounds, Travis and Armssé estimated an uptake
factor of 0.032 day/liter. As suggested by CAPCOA,? the
regulatory assessment used the average of the three values.
Fries and Paustenbach recommended using 0.01 and 0.02, as
did EPA in its 1992 reassessment of exposure to TCDD.2?* For
the probabilistic assessment, all three values were assigned
equal probabilities by using a “discrete-uniform” distribution.
Table VIII presents the parameters used to estimate the con-
centration of 2,3,7,8-TCDD TEQ in cow's milk.

The mean milk consumption rate (IF,.) in the United States
is 0.33 liters per day, with a standard deviation of 0.24 liters per
day.®® The CAPCOA default value of 0.30 liters per day is
taken from a 1982 USDA study.3 For the probabilistic assess-
ment, the milk consumption rate was linked to body weight.
Data for milk consumption rates reported by Yang and Nelsons?
were applied assuming that food intake scales with body
weight to the two-thirds power (based on McKone and Ryan),
such that one could calculate a mean and standard deviation of
0.003 and 0.00062 kilogram milk per kilogram body weight
per day, respectively. These data were used in the prob-
abilistic assessment.

To estimate the percentage of locally produced milk of the
total mjlk consumed (L.,), the quantity of milk produced by the
local dairy was averaged over the local population. In this
study, the local dairy maintains about 80 cows and produces
1,200-4,400 liters of milk per day (15-55 liters per cow). By
distributing that production rate over the local population of
60,000, a per capita consumption of locally produced milk was
estimated to be 0.02-0.07 liters per day. To derive the fraction
of locally produced milk consumed daily, these values were
divided by the average milk consumption rate, The fraction of
locally produced milk consumed was assigned a uniform range
with a minimum of 6.7% and maximum of 21%. As recom-
mended by CAPCOA,3 the site-specific maximum value of
21% was used in the regulatory assessment. Parameter values
used in both assessments are presented in Tables II and VIII.
Based on the probabilistic assessment, the 50th and 95th
percentile doses for dairy milk ingéstion were 4.63 x 10-12 and
8.71 x 10-" mg/kg-day, respectively, compared to 2.85 x 10-©
mg/kg-day estimated using the point estimate approach.

Ingastion of Mother's Milk

Uptake of PCDD/PCDF into mother’s milk depends on
daily intake raies and specific partitioning into milk. The
algorithm recommended by CAPCOA? 10 estimate uptake,
based on the work of Smith,5? is presented in Table IX.

The concentrations of PCDD/PCDF as 2,3,7,8-TCDD TEQ
in human mother’s milk can be estimated based on the relative
partitioning between various body fluid compartments (e.g.,
total body fluid, plasma, fat, milk). Although some of the key
physiological factors that govern PCDD/PCDF partitioning
into mother’s milk (e.g., maternal fat content, partition coeffi-
cients, breast milk composition) have not been studied in
sufficient detail to accurately characterize parameter distribu-
tions, their variance is anticipated to be relatively small,

The equation and parameters presented in Table IX were
used lo estimate the uptake via ingestion of mother’s milk,
Various values for mother’s milk consumption rates (DERm)

l on the octanol:water partition coefficient for 2,3,7,8-TCDD.3¢ | have been reported, most of which fall within the range of
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0.6-0.9 kg/day, as described by Butte et al.’®3% Recently,
Dewey et. al.6® reported breast milk intake rates that are
correlated with infant body weight. An analysis of breast
milk ingested per kilogram body weight per day indicates that
intake rates are significantly different at three, six, nine, and
twelve months of age. The average of these values was used
and linked to a normal distribution of infant body weight
based on data by EPA.4# The maximum value of 0.9 kg/day
was used in the regulatory assessment as recommended by
CAPCOA.3 An additional parameter influencing mother’s
milk consumption is the total time that an infant will nurse
(YR) (i.e., exposure duration). In the probabilistic assessment,
exposure frequency (EF) was characierized by using the
value suggested by CAPCOA? of 365 days per year as the
maximum value in a uniform distribution with a minimum of
180 days per year.! This is a2 conservative range because most

the infant population that is not breastfed). Based on the
probabilistic assessment, the 50th and 95th percentile doses for
ingestion of mother’s milk were 1,17 x 10-* and 1.30 x 10-1
mg/kg-day, respectively, compared to 6.01 x 10-3 mg/kg-day
estimated using the point estimate approach.

References

1. California Air Pollution Control Officers Association (CAPCOA).
Air Toxics “Hot Spors™ Program: Risk Assessment Guidelines:
AB2588 Risk Assessment Committee, January 1991,

[

Air Toxics “Hot Spois” Program: Risk Assessment Guidelines:
AB2588 Risk Assessment Committee, January 1992,

3. Cslifornia Air Pollution Control Officers Association (CAPCOA).
Air Toxics “Hot Spots™ Program: Risk Assessment Guidelines;
AB2588 Risk Assessment Committee, October 1993,

4. Finkel, A.M. Confronting Uncertainty in Risk Managemeni: A Guide
for Decision-Makers: Center for Risk Managemeni, Resources for
the Furure: Washington. DC, 1990; p 68.

5. Paustenbach. D.J.: Jernigan, J.; Finley. B.: Ripple, S.: Keenan. R.
“The current practice of health risk assessment: Potential impact on
standards for toxic air contaminants,” J. Air & Waste Manage.
Assoc. 1990, 40, 1620.

6. Burmaster. D.E.: Lehr. J.H. “It's time to make risk assessment a
science.” Ground Water Monitor. Rev. 1991,

7. Thompson. K.M.: Burmaster, D.E.; Crouch, E.A.C. “"Monte Carlo
techniques for quantitative uncertainty analysis in public health risk
assessments.” Risk Anal. 1992, 12, 53.

8. Burmaster, D.E.: Harris, R.N. "The magnitude of compounding
conservatism in Superfund risk assessmems,™ Risk Anal. 1993,
132,131,

9. Paustenbach. D.J. “Health risk assessment: Opportunities and pit-
falls,” Col. J. Environ. Law 1989, 14, 379.

10. Paustenbach. D.J.: Meyer. D.M,: Sheehan, P.J.; Lau, V. "An assess-
ment and quantitative unceriainty analysis of the health risks 1o
workers exposed 1o chromium contaminated soils,” Toxicol. Ind.
-Health 1991, 7. 159.

11. ‘McKone. T.E.: Bogen. K.T. “Uncertainties in health risk assess-
ment: An integrated case siudy based on tetrachloroethylene in
California groundwater.” Regul. Toxicol. Pharmacol. 1992, 15. 86.

12. Copeland, T.L.: Paustenbach, D.J.: Harris, M.A.: Otuni, ). “Compar-
ing the results of 2 Monte-Carlo analysis with EPA’s reasonable
maximum exposed individual (RMEI): A case study of a former
wood treatment site,” Regul. Toxicol, Pharmacol. 1993, 16, 275.

13. Finley. B.L.: Scon, P.: Paustenbach, D.J. “Evaluating the adeqguacy
of maximum contaminant levels (MCLs) as health-protective clean-
up goals: An analysis based on Monte Carlo techniques.” Regnl.
Toxicol. Pharmacol. 1993, 18, 438.

14. Salinas, J.A. ~Application of probabilistic methods to assess human
heakth risks of emissions from a hazardous waste incinerator,” in
Proceedings of the 5th Pacific Basin Conference on Huzurdous
Waste, Honolulu, HI. 1993, ]

15. Finley, B.L.: Paustenbach. D.J. "The benefits of probabilistic
cxposure assessment: Three case studies invoiving contaminated air,

P TECHNICAL PAPER :

~of the population  will have much lower values (e.g., zero for |

. California Air Pollution Contro] Officers Association (CAPCOA). ’

16. Finley, B.L.; Proctor, D.; Scott, P.; Price, P.; Harrington, N.;
Paustenbach, D.J. "Recommended distributions for exposure factors
frequently used in health risk assessment,” Risk Anal. 1994, 14, 533.

17. Keenan, R.; Paustenbach, D.; Wenning, R.; Parsons, A, *A pathol-
ogy reevaluation of the Kociba et al. (1978) bicassay of 2,3,7,8-
TCDD: Implications for risk assessment,”J. Toxicol. Environ. Health
1991, 34, 279.

18. U.S. Food and Drug Administration. Allowable dioxin levels in
paper products. Fed. Regist. 1994,

19. Clement, A. Mulii-pathway Input Par, ers Guidance Doc r
South Coast Air Quality Management District, 1988.

20. @Risk™ sofiware program; Palisades Corporation: Newfield, NY,
1990.

21. Sears, R. User's Guide 1o the Assessnient of Chemical Exposure for
AB2588 ACE2588 Model: Santa Barbara Air Pollution Control
District: Goleta, CA, 1991,

22. Harris, M.; Zacharewski, T.; Piskorska-Pliszezynskas, J: Rosengren,

R.; Safe, S. “Struciure-dependent induction of eryl hydrocarbon

hydroylase activity in C57BL/6 mice by 2.3,7.8-tetrachlorodibenzo-

p-dioxin and related congeners: Mechanistic studies,” Toxicol. Annl.

Pharmacol. 1990, 105, 243.

23, Safe, S. “Determination of 2,3,7,8-TCDD toxic equivalent factors:
Supporn for the use of the in vitro Ah assay,” Chemosphere 1987, 16,
791. .

24. Bellin, ).S.; Barnes, D.G. Upiake to the Interim Procedures for
Estimating Risk Associated with Exposures 1o Mixtures of Chlori-
nated Dibenzo-p-dioxins and Dibenzofurans (CDDs and CDFs);
U.S. Environmenial Prolection Agency. U. S. Government Printing
Office: Washingion. DC, 1989; EPA-625/3-89/016.

25. Environmental Protection Agency. Esrimating Exposure to Dioxin-
Like Compaounds, Drafi. Office of Research and Development, U.S.
Government Printing Office: Washington, DC, 1994, EPA-600/
6-88/005B. ’

26. Poland, A.; Knutson, J.C. “2,3.7,8-tctrachlorodibenzo-p-dioxin and
related halogenated aromatic hydrocarbons: Examination of the
mechanism of toxicity,” Ann. Rev. Pharmacol. Toxicol. 1982,22, 517.

27. Mason, G.; Farrell, K.; Keys, B.. Piskorska-Pliszczynska, J.; Safe,
L.. Safe.S. “Polychlorinated dibenzo-p-dioxins: Quantitative
in-vitro structure-activity relationships,” Toxicology 1986.41, 21,

28, Mason, G.; Sa\yycr. T.: Keys, B.; Bandiera, S.; Romkes, M.;
Piskorska-Pliszczynska, J.; Zmudzka, B.; Safe, S. “Polychlorinated
dibenzofurans (PCDFs): Cocrelation between in-vivo and in-vitro
structlure-activity relationships.” Toxicology 1988, 37, 1.

29, Depuanment of Bealth Services (Cal-EPA), Health effecis 0of 2.3,7 8-
terrachlorodibenzo-p-dioxin and related compounds: Epidemiologi-
cal Studies Section, DHS: Berkeley. CA, 1985; Chapter 10.

30. Maronpot, R.R.: Montgomery. C.A.; Boorman, G.A.; McConnell,
E.E. “Naiional Toxicology Program nomenclature for
hepatoproliferative lesions of rat.” Toxicol. Pathol. 1986, 14, 263.

31. Paustenbach, D.J.; Layard. M.W.; Wenning, R.J.: Keenan, R.E.
“Risk assessment of 2.3,7.8-TCDD using a biologically based
cancer model; A reevatuation of the Kociba et al, bioassay using
1978 and 1990 histopathology criteria,” J. Tovxicol. Environ. Health
1991, 34,11,

32. Crouch, E. MSTAGE Version 2.0; copyright, Edmund Crouch:
Cambridge, MA, 1992, '

33. Source Test Results. McLaren/Han Environmental Engincering
Corporation: Irvine, CA, 1989,

34. Fries, G.F.; Paustenbach, D.J. *Evaluation of potential transmission
of 2.3,7.8-te1rachlorodibenzo-p-dioxin-contaminated incincrator
emissions to humans via foods.” J. Toxicol. Environ. Health 1990,
29. 1.

35. Stevens, J.B.; Gerbec. E.N. “Dioxin in the agricultural food chain,”
Risk Anal. 1988, 8, 329.

36, Risk Assessment Guidance for Superfund. Volume 1: Human Health
Evaluotion Manual. Interim Final; Environmental Protection Agency.
Office of Emergency and Remedial Response. U.S. Government
Printing Office: Washington, DC, 1989, EPA-540/1-89/002.

37. Buser, H.R.; Rappe. C.; Bergqvist, P.A. “Analysis of polychlori-
nated dibenzofurans. dioxins and related compounds in environmen-
tal samples,” Environ. Health Perspec. 1988, 60, 293.

38. Birmingham, B. “Analysis of PCDD and PCDF patterns in soil
samples: Use in the estimation of the risk of exposure,” Chemo-
sphere 1990, 20, 807.

39, Deparimem of Toxic Substances Control (DTSC). CalTOX: A
Multimedia Toial Exposure Model for Hazardous-Waste Sites, Tech-

. water. and soil.” Risk Anal. 1994, 14, 53. nical Reports, Office of Scienmific Affairs. Department of Toxic

1412 » December 1994 » Vol. 44 » Journa)l of Air & Wasie Management Association




40.

a].

42.

43,

=447 Exposure Factors Handbook;U-S-Environmental Pratection-Agency. |

45.

46.

47.

49,
_ Eating Occasion, Home Economics Research Report: U. S, Depart-

48.

St.

Substances Control. California Environmental Protection Agency.

" Draft Final. December 1993,

Habicht, F.H. Guidance on Risk Characterization for Risk
Managers und Risk Assessors. Memorandum to Assistani and
Regional Administrators. U.S. Environmental Protection Agency.
Office of the Administrator: Washington. DC, February 26, 1992,
International Commission on Radiological Protection. “Deposition
and retention models for internal dosimetry of the human respiratory
tract,” Health Physics 1966, 12, 173.

Shu. H.; Paustenbach, D.J.; Mureay, F.J.: Marple, L.: Brunck. D.R.;
Teiteibaum, D. “Bioavailability of soil-bound TCDD: Orul
bioavailability in the rat,” Fund. Appl. Toxicol, 1988, 10, 648.
Anderson, E.; Brown, N.; Duletsky. S.: Raring, J.. Warn, T. Deve/-
opment of Siatistical Distributions or Ranges of Standard Factors
Used in Exposure Assessments. U. S. Environmental Protection
Agency. Office of Health and Environmental Assessmeni. U.S.
Government Printing Office: Washington, DC, 1985:
EPA-600/8/-85/010.

Office of Health and Environmental Assessment, U.S, Government
Printing Office: Washington, DC, 1990; EPA-600/8-89/043.
McMahon, T_A; Denison, P.J, “Empirical amospheric deposition
parameiers - A survey,” Armos. Environ. 1979, 13, 571.

McKone, T.E.; Ryan, P.B. “Human exposures to chemicals through
tfood chains: An uncertainty analysis.” Environ, Sci. Technol. 1989,
23,1154,

Koester, C.J.; Hites, R.A. “Wet and dry deposition of chlorinated
dicxins and furans,” Environ. Sci. Technol. 1992, 267, 1376.

Baes, C.F.; Sharp, R.D.; Sjoreen. A.L.; Shor. R.W. .3 Review and
Analysis of Parameters for Assessing Transporr of Environmenially
Released Radionuclides through Agriculture: Oak Ridge National
Laboratory: Oak Ridge. TN, 1984,

Foods Commonly Eaten by Individuals: Amount per Day and per

ment of Agricuiture, 1982.

Jensen, D.J.; Hummel, R.A.; Mahle, N.H.: Kocher, C.W.: Higgins,
H.S. “A residue study on beef cattle consuming 2,3,7 8-
tetrachlorodibenzo-p-dioxin,™ J. Agric. Food Chem. 1981, 29, 265.
McDowell, LR., Nusrition of Grazing Ruminants in Warm

S cie tetad . Amndemia Descer Melandn FI.. 1985: p 177.

57. Smith, A. H. “Infant exposure assessment for breast milk dioxins and
furans derived from waste incineration emissions,™ Risk Anal. 1987.
7. 347,

58. Butte,N.F.; Garza, C.: Stuff, J.E.; Smith. E.O.: Nichols. B.L. “Effect
of maternal diet and body composition on lactational performance,”
Amer. J. Clin. Nutr. 1984, 39, 296.

59. Butte, N.F.; Wong; W.W_; Klein. P.D.: Garza. C. “Measurement of
milk intake: Tracer-to-infant deuterium dilution method.” British J.
Nutrition 1991, 65, 3.

60, Dewey, K.G.; Heinig, M.J.: Nommsen, L.A.; Lonnerdahi, B. *Ad-
equacy of cnergy intake among breasi-fed infants in the DARLING
study: Relationships to growth velocity, morbidity, and activity
levels,” J. Pediatr. 1991, /19, 38.

61. Anonymous. La Leche League of Orange County, personal commu-
nication, 1991.

62. Snyder, W.S.; Cook, M. J.: Nassel, E. S.; Karhausen, L. R.: Howells,
G. P.; Tipton, LLH. Report of the Task Group on Reference Man
1CRP Publication 28, 3rd ed.; Pergamon: New York. 1984;

—__Vol. 28, p 480. .

63. Young, A.L. “Long term studies on the persistence and movement in
a natural ecosystem,” In Human and Environmenial Risks of Chlori-
nated Dioxins and Related Compounds; Tucker et al.. Eds.: Plenum:
New York, 1983, pp 173-190.

64. Brady, N.C. The Nature and Property of Soils; MacMillan
Publishing: New York, 1974.

65. Jensen, W. Agricultural Commission, personal communication.
Ociober 1991.

66. National Research Council. Predicting Feed Intake of Food-Produc-
ing Animals; National Academy: Washington. DC, 1987; p 85.

67. Poiger, H.; Schiatter, C. “Pharmacokinetics of 2.3,7,.8-TCDD in
Man,” Chemosphere 1986, 15, 1484,

About the Authors

Teri L. Copeland Is principal toxicologist and manager of
Harding Lawson Associates’ Southern California risk assess-
ment services, Santa Ana, CA. Ann M. Holbrow is an environ-

—a=ial anncultant with Mefaran/Hart Fnvirnnmental




