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Appendix A - Risk Assessment
A complete description of the exposure assessment methodology and risk management issues for
the proposed Part 503 Rule is found at 54 Federal Register 5764 - 5791. The following section
describes the exposure assessment pathways modeled in the final Part 503 Rule and the basis for
the decisions made in developing the approach for each use and disposal practice. A detailed
discussion of the exposure assessment methodology (i.e., models, pathways, parameter values,
assumptions and others) and the risk management decisions used by USEPA to develop the final
Part 503 Rule numerical criteria are contained in the Technical Support Documents.
Pathway 1 - Evaluates human exposure to crops grown with biosolids.
This pathway is designed to protect consumers who eat produce grown in a soil to which
biosolids have been applied. The environmental endpoint is an HEI (highly exposed individual)
assumed to live where a relatively high percentage of the available cropland receives biosolids. It
is assumed that the HEI eats a mix of crops from land where biosolids were applied and from
land where this did not occur. For Pathway 1, 2.5 percent of a consumer’s intake of grains,
vegetables, potatoes, legumes and garden fruits is assumed to come from biosolids-amended soil.
Pathway 1 assumes uptake of biosolids pollutants through plant roots, not through direct
adherence to crop surfaces as it assumes crops are washed before consumption. This pathway
assumes agricultural use in commercial enterprises where crops for human consumption are
grown.
Pathway 1 also includes the exposure of a person in a non-agricultural setting who ingests wild
berries and mushrooms grown in biosolids amended soils. Exposure is based on the uptake of a
pollutant by each type of berry or mushroom; a daily consumption of wild berries and
mushrooms and a fraction of different wild berries and mushrooms grown in biosolids amended
soil. The HEI for the non-agricultural Pathway 1 is an individual living where biosolids are
applied to a forest, a public contact site or reclamation site. The dose for this pathway is the RfD
for an inorganic pollutant; organics were not evaluated for this pathway because they do not
concentrate in wild berries and mushrooms.
Pathway 2 - Evaluates the situation in which biosolids are added to the soil in a home garden.
Pathway 2 differs from Pathway 1 primarily in the fraction of food groups produced on biosolids
amended soil. For this pathway, as much as 60 percent of the HEI’s diet of certain food groups is
grown in the home garden where biosolids are used as a fertilizer. Pathway 2’s home gardener
produces and consumes potatoes, leafy vegetables, legume vegetables, root vegetables and
garden fruits.
Pathway 3 - Assesses the hazard to a child ingesting undiluted biosolids.
This HEI is the child who ingests biosolids from storage piles or from the soil surface. Pathway 3
assumes that the biosolids are not diluted with soil when exposure occurs. The ingestion rate of
0.2 grams (dry weight) per day for five years was based on the 1989 USEPA soil ingestion
directive suggesting this value for higher risk children. Pathway 3 uses the integrated uptake
biokenetic model (IUBK) rather than extrapolating from cattle data as had originally been
proposed. The IUBK model used a lead blood level not to exceed 10 micrograms per deciliter, a
th
30 percent absorption value and a 95 -percentile population distribution. Using these values in
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the IUBK model results in an allowable biosolids concentration of 500 parts per million (ppm).
The lead pollutant limit calculated by the peer review committee resulted from the observation
that body burdens (absorption) of animals fed up to 10 percent of their diet as biosolids did not
change until the lead concentration in the biosolids exceeded 300 ppm. USEPA therefore decided
to select the more conservative numerical limit for the final rule to minimize lead exposure to
children and set the allowable lead concentration at 300 ppm for Pathway 3.
Pathway 4 - Evaluates human exposure from the consumption of animal products.
The HEI for this pathway consumes the tissue of foraging animals that have in turn consumed
feed crops or vegetation grown on biosolids amended soils. Pathway 4 depends on plant uptake
of a contaminant being proportional to soil concentrations of the contaminant with uptake
occurring through the roots to the edible portion or by volatilization from soil to above ground
plant parts.
In the non-agricultural setting for Pathway 4, an individual consumes meat or products from wild
animals that consume plants grown in biosolids amended soils (meat obtained from hunting
herbivorous wild animals). For both agricultural and non-agricultural Pathway 4 HEIs, a
background pollutant intake is also assumed.
Pathway 5 - Evaluates the consumption of animal tissue that has been contaminated by direct
ingestion of biosolids by the animal.
The HEI consumes the tissue of foraging animals that have incidentally ingested biosolids. As
with Pathway 4, the HEI is assumed to consume daily quantities of various animal-tissue food
groups and is also assumed to be exposed to a background intake of each pollutant.
Pathway 6 - Establishes level of pollutants in biosolids to protect animals ingesting plants grown
on biosolids amended soils.
This pathway assumes the livestock diet is 100 percent forage grown on biosolids amended soil
and that the animal is exposed to a background pollutant intake. For Pathway 6, when a sensitive
species has been identified for a specific pollutant, that species is used in the exposure
assessment (e.g., livestock, domestic grazing animals, birds and rodents).
Pathway 7 - Designed to protect the highly sensitive/highly exposed herbivorous livestock animal
which incidentally consumes biosolids adhering to forage crops and/or biosolids on the soil
surface.
Pathway 7 assumes a 1.5- percent biosolids in the livestock diet and a background pollutant
intake for the animal, as well as the most sensitive species for which data are available for each
pollutant.
Pathway 8 - Evaluates the risk of plant toxicity from pollutants in biosolids.
USEPA determined an allowable pollutant concentration in the soil that would be associated
-4
with a low probability (1 x 10 ) of a 50 percent reduction in young plant growth (not necessarily
a mature plant yield reduction). Since phytotoxicity resulting from metals is sensitive to changes
in pH, plant species and the degree of binding capacity in the biosolids matrix, USEPA elected to
th
“cap” at the 99 percentile pollutant concentration from the NSSS for some metals.
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Pathway 9 - Designed to assist in establishing pollutant loading limits to protect highly
exposed/highly sensitive soil biota.
Since only limited field data exist which indicate levels at which inorganic pollutants become
toxic to soil biota, the database available for earthworms which were raised in biosolids were
used to set the criteria for this pathway. These criteria are based on a No Observed Adverse
Effect Level (NOAEL) for the earthworm Eisenia foetida.
Pathway 10 - Designed to assist in determining pollutant loading limits to protect highly
sensitive/highly exposed soil biota predators (i.e., sensitive wildlife that consumes soil biota that
have been feeding on biosolids-amended soil).
A literature review identified what the Agency determined is a pollutant intake level protective
of sensitive species in general. Chronic exposure assumes the sensitive species diet to consist of
33 percent of such soil biota.
Pathway 11 - Evaluates human exposure to biosolids pollutants through inhalation.
A tractor driver tilling the field is the HEI for Pathway 11, which evaluates the impact of
suspended particles of dewatered biosolids. Pathway 11 assumes the incorporation of biosolids to
a depth of 15 cm and a distance from the driver to the soil surface of 1 m with no more than 10
3
mg/cubic meter (mg/m ) of total dust.
Pathway 12 - Designed to protect surface waters for beneficial use in order to protect both
human health and aquatic life.
The runoff of pollutants from soil on which biosolids have been applied is calculated so that the
soil pollutant concentrations would not result in exceeding a Water Quality Criterion for a
pollutant if the soil enters a relatively small stream. Rate of soil loss was based on the Universal
Soil Loss Equation and a sediment delivery ratio. Water Quality Criteria designed to protect
human health assume exposure through consumption of drinking water and resident fish and are
also designed to protect aquatic life.
Pathway 13 (Land Application) - Evaluates the exposure of a farm family inhaling vapors of
volatile pollutants that may be in biosolids applied to the land.
Six pollutants were included in this pathway: benzo (a) pyrene, dis (2-ethylhexyl) phthalate,
chlordane, DDT, dimethylnitrosamine, polychlorinated biphenyls. These pollutants were selected
from USEPA’s hazard indices screen because they are semi-volatile. Organic pollutants which
are highly volatile were not evaluated for Pathway 13 because such compounds would volatilize
in the wastewater treatment processes and were therefore not considered to be of concern.
Similarly, non-volatile metals were not evaluated in the vapor pathway. The vapor pathway
assumes that the total amount of the pollutant spread each year would vaporize during that year.
The allowable annual pollutant loading rate is thus equal to the amount that may be allowed to
enter the atmosphere per unit area per unit time without exceeding the allowable pollutant
concentration in the air. This concentration corresponds to the RfC, risk specific dose or an
acceptable daily dose derived from an MCL. A plume model was used to determine the resultant
pollutant concentration in the air with a never changing wind direction so that the HEI always
remains in the centerline of the plume.
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Pathway 13 (Surface Disposal) - Evaluates the exposure of an individual inhaling vapors of any
volatile pollutants for a 70-year period.
The HEI is assumed to live at the downwind edge of the site and to inhale air, at 20 cubic meters
per day, for 70 years, contaminated with volatile organic compounds from a surface disposal site.
Volatilization rates were calculated with equations that consider constituent parameters.
-4
Allowable lifetime exposure (at a risk level of 10 ) is the basis for back-calculating the allowable
loss rate to the vapor pathway. This value, divided by the fraction that vaporizes, provides the
allowable pollutant concentration at the site.
Pathway 13 (Incineration) - Evaluated exposure of an individual inhaling particulates and gases
from an incinerator 24 hours per day, 365 days per year for 70 years.
This HEI is located when the highest annual ground concentration of incinerator emissions
occurs. This pathway evaluated five metals (arsenic, cadmium, chromium, lead and nickel) and
approximately 70 organic compounds, which are represented by a surrogate measure of total
hydrocarbons. Allowable metal concentrations are calculated by determining the removal
efficiency across the incinerator and air pollution control device site-specifically and considering
the feed rate to the system.
Pathway 14 (Land Application) - Evaluated exposure of individuals obtaining drinking water
from groundwater directly below a field where biosolids were applied.
The allowable pollutant rate was determined from the MCL that must be met at the groundwater
interface with no allowance for dilution, the decay rate of a pollutant and other factors that affect
either the time period for decay or the dispersion of the peak concentration.
Pathway 14 (Surface Disposal) - Evaluated exposure of individuals who obtained their drinking
water from wells located 150 meters or less downgradient, using either MCLs or risk level of 1 x
-4
10 for an HEI consuming two liters of water per day over a 70 year lifetime.
Numerical limits were derived for both covered and uncovered surface disposal sites,
considering pollutant losses through three processes: volatilization, on-site degradation, and
leaching.
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