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Summary

This report represents one of the three documents that have been derived from the original Multimedia
Environmental Pollutant Assessment System (MEPAS) Exposure Pathway and Human Health Impact
Assessment document (Strenge and Chamberlain 1995) and describes the receptor intake pathway
module.

MEPAS is a physics-based environmental analysis code that integrates source-term, transport, and
exposure models for endpoints such as concentration, dose, or risk. Developed by Pacific Northwest
National Laboratory,” MEPAS is designed for site-specific assessments using readily available
information. Endpoints are computed for chemical and radioactive pollutants. This system has wide
applicability to a range of environmental problems using air, groundwater, surface-water, overland, and
exposure models. With this system, a user can simulate release from the source, transport through air,
groundwater, surface water, or overland, and transfer through food chains and exposure pathways to the
exposed individual or population. Whenever available and appropriate, U.S. Environmental Protection
Agency guidance and models were used to facilitate compatibility and acceptance.

Although based on relatively standard transport and exposure computation approaches, the unique feature
of MEPAS is that these approaches are integrated into a single system. The use of a single system
provides a consistent basis for evaluating health impacts for a large number of problems and sites.
Implemented on a desktop computer, a user-friendly shell allows the user to define the problem, input the
required data, and execute the appropriate models. This document describes mathematical formulations
used in the MEPAS human-health-impact assessment. The human-health-impact analysis starts with
pollutant intake values for an exposure medium and estimates a measure of health impact appropriate to
the type of pollutant and exposure pathway considered.

Reference

Strenge DL, and PJ Chamberlain. 1995. Multimedia Environmental Pollutant Assessment System
(MEPAS): Exposure Pathway and Human Health Impact Assessment Models. PNL-10523, Pacific
Northwest Laboratory, Richland, WA.

(a) Pacific Northwest Laboratory is operated for the U.S. Department of Energy by Battelle under Contract
DE-AC05-76RL01830.
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Acronyms

EPA U.S. Environmental Protection Agency
MEPAS Multimedia Environmental Pollutant Assessment System
PNNL Pacific Northwest National Laboratory
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1.0 Introduction

This report represents one of the three documents that have been derived from the original Multimedia
Environmental Pollutant Assessment System (MEPAS) Exposure Pathway and Human Health Impact
Assessment document (Strenge and Chamberlain 1995) and describes the receptor intake pathway
module.

The human-health-impact module uses the receptor intake results obtained from the receptor intake
module and estimates a measure of health impact appropriate to the type of pollutant and exposure
pathway considered. For chemical pollutants, the human-health-impact module estimates the health
impacts from the average daily intake rate. Both carcinogenic and non-carcinogenic impacts are included.
For radionuclide pollutants, the health impacts are estimated from the total lifetime intake of the
radionuclide. For radiation doses, the health impacts are estimated from the total lifetime dose.

The estimation of health impacts is described in the following sections.
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2.0 Radiation and Radionuclide Health Impacts

Health impacts from exposure to radiation and radionuclides are expressed as the risk of developing
cancer or as the lifetime radiation dose. The lifetime risk may be reported as the lifetime risk of total
cancer incidence, as cancer fatalities, or as cancer incidence plus severe hereditary effects. Two methods
are available to estimate the risk of cancer incidences: using health-effects conversion factors and U.S.
Environmental Protection Agency (EPA) slope factors. These methods are described in the following
section.

2.1 Lifetime Cancer Risk: Health Effects Conversion Factors

The radiation dose calculated for each of the radionuclide intake and direct radiation-exposure pathways
are as lifetime dose (Sv) from intake or exposure over the exposure duration for the given exposure
pathway. The risk of cancer from exposure at the lifetime dose is estimated using health-effects
conversion factors. The lifetime fatal cancer risk is estimated as follows:

Ry« = HE{ Dy DF; (2.1)
where Rgy = risk of developing fatal cancer from the lifetime exposure for pathway kk and
radionuclide i (risk/lifetime)
HE¢ = fatal cancer lifetime risk, health-effects conversion factor (risk per Sv)
D = total lifetime intake for pathway kk and radionuclide i (Bq)
DF,; = dose conversion factor for radionuclide i and intake route, r (Sv/Bq).

The dose conversion factor used corresponds to the intake route for the particular exposure pathway
represented by the subscript kk. Dose conversion factors are available in MEPAS for ingestion,
inhalation, and dermal-intake routes.

The lifetime total cancer incidence risk is estimated as follows:

Ry = HE Dy DF, (2.2)
where Ry = total risk of developing cancer from lifetime exposure for pathway kk and
radionuclide i (risk/lifetime)
HE; = total cancer lifetime risk health effects conversion factor (risk per Sv)
Dy = total lifetime intake for pathway kk and radionuclide i (Bq)
DF; = dose conversion factor for radionuclide i and intake route, r (Sv/Bq).

The risk from developing cancer and severe hereditary effects is estimated as follows:

Ry = HE, Dy DF; (2.3)
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where Rpg = total risk of developing cancer and severe hereditary effects from lifetime
exposure for pathway kk and radionuclide i (risk/lifetime)

HE, = total cancer lifetime risk health effects conversion factor (risk per Bq)
Dus = total lifetime intake for pathway kk and radionuclide i (Bq)
DF,; = dose conversion factor for radionuclide i and intake route r (Sv/Bq).

2.2 Lifetime Cancer Risk: EPA Slope Factors

EPA has developed slope factors for exposure to radionuclides via inhalation, ingestion, and external
direct radiation from contamination on a ground plane. This method may be used only to estimate
lifetime risk of cancer incidence because the slope factors are specific to total cancer incidence. The
slope factors are intended to be used to convert from radionuclide intake expressed as pCi ingested or
inhaled to lifetime cancer incidence risk. Factors are also given for exposure to contaminated ground
surfaces expressed as risk/yr per pCi/g soil. Slope factors are not given for dermal absorption or external
exposure from air submersion or water immersion.

The ingestion slope factors are defined for their intake media: water, food and soil. The correct ingestion
factor must be applied to each ingestion pathway based on the intake medium type.

In the following equations, it is assumed that the slope factors have been converted to units of Bq
(1 Bq =27 pCi). For ingestion exposures, the EPA slope factors may be applied as follows to the lifetime
ingestion radiation doses generated as described in the exposure pathway section:

Rtkki = DkkiSF i (2.4)

o]

where Ry is the total risk of developing cancer from the lifetime exposure for ingestion pathway kk and
radionuclide i (risk/lifetime), Dyy; is the lifetime intake of radionuclide i for ingestion pathway kk (Bq),
and SF,; is the cancer ingestion slope factor for incidence lifetime risk for radionuclide i for the ingestion
intake type for the pathways with food or soil (risk per Bq ingested)

For inhalation exposures, the EPA slope factors may be applied as follows to the lifetime inhalation
radiation doses generated as described in the exposure pathways section:

Rtkki = DkkiSFhi (2.5)

where Ry is the total risk of developing cancer from the lifetime exposure for inhalation pathway kk and
radionuclide i (risk/lifetime), Dy is the lifetime intake of radionuclide i for inhalation pathway kk (Bq),
and SFy; is the cancer incidence lifetime risk inhalation slope factor for radionuclide i (risk per Bq
inhaled).

For external exposures to soil, the EPA external slope factors may be applied as follows to the lifetime
external radiation dose generated as described in the exposure pathway section.

Rtkki = DkkiSFsil(r3 (2.6)
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where Ryy = total risk of developing cancer from the lifetime exposure for external-soil
pathway kk and radionuclide i (risk/lifetime)

D = effective average soil or sediment concentration of radionuclide i for external
pathway kk (Bg/kg)

SFi; = cancer-incidence external slope factor for exposure to contaminated ground
(risk/yr per Bg/g soil)

10° = units conversion factor (kg/g).

2.3 Lifetime Radiation Dose

Another output of the MEPAS human-health-impacts module is the lifetime radiation dose received by
the exposed individual. This output is estimated using dose conversion factors for the specific exposure
pathways.

For ingestion pathways, the lifetime radiation dose is calculated using the total lifetime intake and the
ingestion dose conversion factor, as follows.

Dy« = Dui DFy; 2.7

where Dy is the total radiation dose for pathway kk and radionuclide i (Sv), Dy is the total lifetime
intake for pathway kk and radionuclide i (Bq), and DF,; is the dose conversion factor for radionuclide i
and the ingestion intake route (Sv/Bq).

For inhalation pathways, the lifetime radiation dose is calculated using the total lifetime intake and the
inhalation dose conversion factor, as follows.

Dui = Dii Dy (2.8)
where Dy is the total radiation dose for pathway kk and radionuclide i (Sv), Dy is the total lifetime
intake for pathway kk and radionuclide i (Bq), and DFy; is the dose conversion factor for radionuclide i

and the inhalation intake route (Sv/Bq).

The lifetime dose from external exposure to soil is evaluated as follows.

-61Nn3
1010 ep 8766 (2.9)

Dtdei = Ddei DEgl
dd Pad
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where Digei
Ddei

DE,

EDgei
8766
10°
10°
tad
Pdd

total lifetime dose for radionuclide pollutant i from external exposure to soil (Sv)
average soil concentration for the soil external pathway from

radionuclide i (Bq/kg)

dose conversion factor for external exposure to radionuclides on a ground plane
for radionuclide i (Sv/h per Bq/m?)

exposure duration for the soil external pathway (yr)

units conversion factor (h/yr)

units conversion factor (m’/cm’)

units conversion factor (g/kg)

thickness of shoreline sediments (m)

density of shoreline sediments (g/cm’).

The lifetime dose from external exposure to shoreline sediment is evaluated similarly, as follows.

where Dii
Dssi
DE,;

EDg
8766
10
10°
tss

Pss

613
-b,,0E, 2% Ep_ 8766

Ss/7ss

D

tssi

(2.10)

total lifetime dose for radionuclide pollutant i from external exposure to
shoreline sediment (Sv)

average shoreline sediment concentration for the soil external pathway
from radionuclide i (Bg/kg)

dose conversion factor for external exposure to radionuclides on a ground plane
for radionuclide i (Sv/h per Bq/m?)

exposure duration for the shoreline sediment external pathway (yr)
units conversion factor (h/yr)

units conversion factor (m’/cm’)

units conversion factor (g/kg)

thickness of shoreline sediments (m)

density of shoreline sediments (g/cm®).

The lifetime dose from external exposure to air is evaluated as follows.

where Dy
Daei

DEai

EDaei
8766

D,... = D,,,DE, ED,, 8766 (2.11)

taei

total lifetime dose for the air external pathway from radionuclide i (Sv)
average air concentration for the air external pathway from
radionuclide i (Bq/m?)

dose conversion factor for external exposure to airborne radionuclide i
(Sv/h per Bq/m’)

exposure duration for the air external pathway (yr)

units conversion factor (h/yr).
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The total lifetime dose from swimming in contaminated water is evaluated as follows.

thei = Dwei DEwi EDwi 8766 (2 12)
where Dy.i = total lifetime dose for radionuclide pollutant i from swimming in contaminated
surface water (Sv)
Dw.i = average water concentration of radionuclide i for swimming in contaminated

surface water (Bq/L)

DE,; = dose conversion factor for immersion in contaminated water for radionuclide 1
(Sv/h per Bg/L)

ED,; = exposure duration for the swimming pathway (yr)

8766 = units conversion factor (h/yr).

The total lifetime dose from boating on contaminated water is evaluated as follows.

_ D,,DE,ED,8766

D = : 2.13)
where Dy = total lifetime dose for radionuclide pollutant i from boating in contaminated
surface water (Sv)
Dwi = average water concentration of radionuclide i for boating on contaminated

surface water (Bq/L)

DE,; = dose conversion factor for immersion in contaminated water for radionuclide i
(Sv/h per Bg/L)

EDy; = exposure duration for the boating pathway (yr)

8766 = units conversion factor (h/yr)

2 = geometry correction factor for boating relative to swimming (dimensionless).
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3.0 Carcinogenic Chemical Health Impacts

The lifetime risk of total cancer incidence is estimated using EPA slope factors for chemical carcinogens
for inhalation- and ingestion pathways. The EPA slope factors give the lifetime cancer incidence risk per
average daily dose. For ingestion exposures, the lifetime cancer incidence risk is evaluated as follows:

Ry = DkkiSng 3.1)

where Ry is the risk of developing cancer from the lifetime exposure for ingestion pathway kk and
chemical pollutant i (risk/lifetime), Dyy; is the average daily ingestion intake for exposure pathway kk for
chemical pollutant i (mg/kg/d), and SF,; is the ingestion slope factor for cancer incidence risk for
chemical pollutant i (risk per mg/kg/d ingestion intake).

Inhalation lifetime cancer incidence risk is evaluated similarly, as follows:
R = D SFy (3.2)

where Ry is the risk of developing cancer from the lifetime exposure for inhalation pathway kk and
chemical pollutant i (risk/lifetime), Dyy; is the average daily inhalation intake for exposure pathway kk for
chemical pollutant i (mg/kg/d), and SFy; is the inhalation slope factor for cancer incidence risk for
chemical pollutant i (risk per mg/kg/d inhalation intake).

When inhalation unit risk factors are available for a chemical, the lifetime cancer risk from inhalation
may be calculated using the average daily air concentration in place of the average daily inhalation intake
rate, as follows.

Ruwi = Cua /UCy; (3.3)

where Ry is the risk of developing cancer from the lifetime exposure for inhalation pathway kk and
chemical pollutant i (risk/lifetime), Cyy; is the average daily air concentration for exposure pathway kk for
chemical pollutant i (mg/m®), and UCy, is the inhalation unit risk concentration for cancer incidence risk
for chemical pollutant i (risk per mg/m’ inhalation intake).

Dermal exposures are evaluated as equivalent ingestion intakes by dividing the dermal intake by the
absorption fraction for the GI tract, as follows.

Intake

— Dermal (3 4)

I ntakelngestion f
li

where f}; is the fraction of pollutant i absorbed in passing through the GI tract following ingestion
(dimensionless).

The equivalent ingestion intake is then used in Equation (3.1) to determine the risk for the dermal
pathway.
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4.0 Non-Carcinogenic Chemical Health Impacts

The health impacts for exposure to noncarcinogenic chemicals are expressed as a hazard quotient. The
hazard quotient is the ratio of the average daily dose to the reference dose. The reference dose represents
a level that is believed to be safe for members of the general population. Exposure at this level will result
in a hazard quotient of 1.0. The hazard quotient for ingestion pathways is evaluated as follows:

Dy
Hngki = ng _ 4.1)
gi

where HQgu is the hazard quotient for ingestion pathway kk for noncarcinogenic chemical pollutant i
(dimensionless), Dy is the average daily dose for ingestion pathway kk for noncarcinogenic chemical
pollutant i (mg/kg/d), and RfD,; is the ingestion reference dose for noncarcinogenic chemical pollutant i
(mg/kg/d).

The hazard quotient for inhalation pathways can be written similarly, as follows:

HQhkki = - _ 4.2)

where HQyu is the hazard quotient for inhalation pathway kk for noncarcinogenic chemical pollutant i
(dimensionless), Dy is the average daily dose for inhalation pathway kk for noncarcinogenic chemical
pollutant i (mg/kg/d), and RfDy; is the inhalation reference dose for noncarcinogenic chemical pollutant i
(mg/kg/d).

When inhalation reference concentration values are available for a chemical, the hazard quotient from

inhalation may be calculated using the average daily air concentration in place of the average daily
inhalation intake rate, as follows.

Hthki = Ckki / RChi (4.3)

where HQyyy; is the hazard quotient for inhalation pathway kk for noncarcinogenic chemical pollutant i
(dimensionless), Cy is the average daily air concentration for exposure pathway kk for chemical
pollutant i (mg/m’), and RCy; is the inhalation reference concentration for chemical pollutant i (mg/m’).

Dermal exposures are treated as equivalent ingestion exposures as described in Section 3.0.

When hazard quotient values are added across exposure pathways or pollutants, the resulting sum is
referred to as a hazard index.
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5.0 Conclusions

This document describes mathematical formulations used in the MEPAS human-health-impact
assessment. The human-health-impact analysis starts with pollutant intake values for an exposure
medium and estimates a measure of health impact appropriate to the type of pollutant and exposure
pathway considered. Endpoints include cancer-incidence and hazard-quotient values for exposure to
chemicals and radiation dose and cancer incidence for exposure to radiation and radionuclides.
Developed by Pacific Northwest National Laboratory, MEPAS is designed for site-specific assessments
using readily available information. Endpoints are computed for chemical and radioactive pollutants.
This system has wide applicability to a range of environmental problems using air, groundwater, surface-
water, overland, and exposure models. With this system, a user can simulate release from the source,
transport through air, groundwater, surface water, or overland, and transfer through food chains and
exposure pathways to the exposed individual or population.
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