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PREFACE

This document is one of a series of , eliminary assessments dealing
with chemicals of potential concern in municipal sewage sludge. The
purpose of these documents is to: (a) summarize the available data for
the constituents of potential concern, (b) identify the key environ-
mental pathways for each constituent related to a reuse and disposal
option (based on hazard indices), and (c) evaluate the conditions under
which such a pollutant may pose a hazard. Each document provides a sci-
entific basis for making an initial determination of whether a pollu-
tant, at levels currently observed in sludges, poses a likely hazard to
human health or the environment when sludge is disposed of by any of
several methods. These methods inclu¢: landspreading on food chain or
nonfood chain crops, distribution and marketing programs, landfilling,
incineration and ocean disposal.

These documents are intended to serve as a rapid screening tool to
narrow an initial list of pollutants to those of concern. If a signifi-
cant hazard is indicated by this preliminary analysis, a more detailed
assessment will be undertaken to better quantify the risk from this
chemical and to derive criteria if warranted. If a hazard is shown to
be unlikely, no further assessment will be conducted at this time; how—
ever, a reassessment will be conducted after initial regulations are
finalized. In no case, however, will criteria be derived solely on the
basis of information presented in this document.
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SECTION 1

INTRODUCTION

This preliminary data profile is one of a series of profiles
dealing with chemical pollutants potentially of concern in municipal
sewage sludges. Dimethyl nitrosamine (DMN) was initially identified as
being of potential concern when sludge is landspread (including
distribution and marketing) or placed in a landfill.* This profile is a
compilation of information that may be useful in determining whether DMN
poses an actual hazard to human health or the environment when sludge is
di-vosed of by these methods.

The focus of this document is the calculation of "preliminary
hazard indices" for selected potential exposure pathways, as shown in
Section 3. Each index illustrates the hazard that could result from
movement of a pollutant by a given pathway to cause a given effect
(e.g., sludge + soil + plant uptake + animal uptake + human toxicity).
The values and assumptions employed in these calculations tend to
represent a reasonable "worst case"; analysis of error or uncertainty
has been conducted to a limited degree. The resulting value in most
cases is indexed to unity; i.e., values >1 may indicate a potential
hazard, depending upon the assumptions of the calculation.

The data used for index calculation have been selected or estimated
based on information presented in the '"preliminary data profile",
Section 4. Information in the profile is based on a compilation of the
recent literature. An attempt has been made to fill out the profile
outline to the greatest extent possible. However, since this is a pre-
liminary analysis, the literature has not been exhaustively perused.

The "preliminary conclusions" drawn from each index in Section 3
are summarized in Section 2. The preliminary hazard indices will be
used as a screening tool to determine which pollutants and pathways may
pose a hazard. Where a potential hazard is indicated by interpretation
of these indices, further analysis will include a more detailed exami-
nation of potential risks as well as an examination of site-specific
factors. These more rigorous evaluations may change the preliminary
conclusions presented in Section 2, which are based on a reasonable
"worst case" analysis.

The preliminary hazard indices for selected exposure routes
pertinent to landspreading and distribution and marketing and
landfilling practices are included in this profile. The calculation
formulae for these indices are shown in the Appendix. The indices are
rounded to two significant figures.

* Listings were determined by a series of expert workshops convened
during March-May, 1984 by the Office of Water Regulations and
Standards (OWRS) to discuss landspreading, landfilling, incineration,
and ocean disposal, respectively, of municipal sewage sludge.
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SECTION 2

PRELIMINARY CONCLUSIONS FOR DIMETHYL NITROSAMINE
IN MUNICIPAL SEWAGE SLUDGE

The following preliminary conclusions have been derived from the
calculation of "preliminary hazard indices", which represent conserva-
tive or "worst case'" analyses of hazard. The indices and their basis
and interpretation are explained in Section 3. Their calculation
formulae are shown in the Appendix.

I. LANDSPREADING AND DISTRIBUTION-AND-MARKETING

A.

Effect on Soil Concentration of Dimethyl Nitrosamine

Landspreading of sludge of high DMN concentration may be
expected to result in increased concentrations of DMN in
sludge-amended soil (see Index 1l).

Effect on Soil Biota and Predators of Soil Biota

Conclusions were not drawn because index values could not be
calculated due to lack of data.

Bffect on Plants and Plant Tissue Concentration

Conclusions were not drawn because index values could not be
calculated due to lack of data.

Effect on Herbivorous Animals

The animal toxicity due to DMN resulting from consumption of
plants grown on sludge-amended soil could not be determined
due to lack of data (see Index 7). The inadvertent ingestion
of sludge-amended soil by grazing animals is not expected to
pose a toxic hazard due to DMN (see Index 8).

Effect on Humans

Conclusions were not drawn for the indices of human cancer
risk resulting from consumption of plants grown on sludge-
amended soil, consumption of animal products derived from
animals feeding on plants grown on sludge-amended soil, or
consumption of animal products derived from animals that have
inadvertently ingested sludge-amended soil due to lack of data
(see Indices 9-11). Sludge application is not expected to
increase the potential cancer vrisk to adults due to
inadvertent ingestion of sludge—amended soil containing DMN.
The potential cancer risk to toddlers may increase due to
inadvertent ingestion of soil amended with sludge containing
high concentrations of DMN (see Index 12). The aggregate
human cancer risk due to DMN resulting from landspreading of
sludge could not be determined due to lack of data (see Index
13).
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II.

III.

IV.

LANDFILLING

Landfilling ¢ sludge containing high concentrations of DMN may
result in incre.ced concentrations of DMN in groundwater at the
well (see Index 1). Landfilling of sludge containing high
concentrations of DMN may result in increased potential of cancer
risk due to contaminated groundwater in three of the eight disposal
scenarios evaluated (see Index 2).

INCINERATION

Based on the recommendations of the experts at the OWRS meetings
(April-May, 1984), an assessment of this reuse/disposal option is
not being cu\ducted at this time. The U.S. EPA reserves the right
to conduct such an assessment for this option in the future.

OCEAN DISPOSAL

Based on the recommendations of the experts at the OWRS meetings
(April-May, 1984), an assessment of this reuse/disposal option is
not being conducted at this time. The U.S. EPA reserves the right
to conduct such an assessment for this option in the future.
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SECTION 3

PRELIMINARY HAZARD INDICES FPOR DIMETHYL NITROSAMINE

IN MUNICIPAL SEWAGE SLUDGE

LANDSPREADING AND DISTRIBUTION-AND-MARKETING

A.

Bffect on Soil Concentration of Dimethyl Nitrosamine

1.

Index of Soil Concentration (Index 1)

b.

Ce

Explanation - Calculates concentrations in ug/g DW
of pollutant in sludge-amended soil. Calculated for
sludges with typical (median, if available) and
worst (95 percentile, if available) pollutant
concentrations, respectively, for each of four
applications. Loadings (as dry matter) are chosen
and explained as follows:

0 mt/ha No sludge applied. Shown for all indices
for purposes of comparison, to distin-
guish hazard posed by sludge from pre-
existing hazard posed by background
levels or other sources of the pollutant,

S mt/ha Sustainable yearly agronomic application;
i.e., loading typical of agricultural
practice, supplying 50 kg available
nitrogen per hectare.

50 mt/ha Higher single application as may be used
on public lands, reclaimed areas or home
gardens.

500 mt/ha Cumulative loading after 100 years of
application at 5 mt/ha/year.

Assumptions/Limitations - Assumes pollutant is
incorporated into the upper 15 cm of soil (i.e., the
plow layer), which has an approximate mass (dry
matter) of 2 x 103 mt/ha and is then dissipated
through first order processes which can be expressed
as a soil half-life.

Data Used and Rationale
i. Sludge concentration of pollutant (SC)
Worst 2.55 ug/g DW
The only available information on DMN concen-

trations in sludge is from a study by Brewer
et al. (1980) in which DMN was quantified
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f£.

in 6 of 16 sludge samples from a single
publicl ~-owned treatment works (POTWs). The
valu. * ranged from 0.215 to 0.374 ug/g WW, with
a mean of 0.272 ug/g WW. Percent solids was
not specified. (See Section 4, p. 4-1.)

To estimate DW concentration, &4 percent solids
was assumed. If a concentration of 0 ug/g is
used for those samples where DMN was not
quantified, the resulting mean concentration is
2.55 ug/g DW.

DMN was not detected in a study of POTWs in 40
cit 23 (U.S. EPA, 1982); therefore, the Brewer
et a.. (1980) value will be considered a worst-
case value. However, it cannot be determined
from available information whether the
detection 1limits of these two studies were
comparable.

ii. Background concentration of pollutant in soil
(BS) = 0 ug/g DW

No DMN was detected in 18 crop soil samples
from seven states. Detection limit for the
survey was 0.2 ng/g (West and Day, 1979). (See
Section 4, p. 4-1.)

oo
e
(4]
[ ]

Soil half-life of pollutant (t}) = 0.14 year
DMN half-life in Williamson silt loam was
reported to be approximately 50 days (Tate and
Alexander, 1975). (See Section 4, p. 4-8.)

Index 1 Values (ug/g DW)

Sludge Application Rate (mt/ha)

Sludge
Concentration 0 S 50 500
Worst 0.0 0.0064 0.062 0.0064

Value Interpretation - Value equals the expected
concentration in sludge-amended soil.

Preliminary Conclusion - Landspreading of sludge of
high DMN concentration may be expected to result in
increased concentrations of DMN in sludge-amended
soil.
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Effect on Soil Biota and Predators of Soil Biota

1.

2.

Index of Soil Biota Toxicity (Index 2)

b.

d.

£.

Explanation - Compares pollutant concentrations in
sludge-amended soil with soil concentration shown to
be toxic for some soil organism.

Assumptions/Limitations ~ Assumes pollutant form in
sludge-amended soil is equally bioavailable and
toxic as form used in study where toxic effects were
demonstrated.

Data Used and Rationale

i. Concentration of pollutant in sludge—amended
soil (Index 1)

See Section 3, p. 3-Z.

ii. Soil concentration toxic to soil biota (TB) -
Data not immediately available.

Index 2 Values -~ Values were not calculated due to
lack of data.

Value Interpretation - Value equals factor by which
expected soil concentration exceeds toxic concentra-
tion. Value > 1 indicates a toxic hazard may exist
for soil biota.

Preliminary Conclusion =~ Conclusion was not drawn
because index values could not be calculated.

Index of Soil Biota Predator Toxicity (Index 3)

b.

Explanation =~ Compares pollutant concentrations
expected in tissues of arganisms inhabiting sludge-
amended so0il with food concentration shown to be
toxic to a predator on soil organisms.

Assumptions/Limitations - Assumes pollutant form
bioconcentrated by seil biota 1is equivalent in
toxicity to form used to demonstrate toxic effects
in predator. Effect level in predator may be
estimated from that in a different species.

Data Used and Rationale

i. Concentration of pollutant in sludge-amended
goil (Index 1)

See Section 3, p. 3-2.
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c.

d.

f.

ii. Uptake factor of pollutant in goil biota (UB) -
Data not immediately :vailable.

iii. Peed concentration iJoxic to predator (TR) -
Data not immediately available.

Feed concentrations used to assess toxicity to
six species were not reported (Maduagwu and
Bassir, 1980). (See Section 4, p. 4-9.)

Index 3 Values - Values were not calculated due to
lack of data.

Value Interpretation Values equals factor by which
expected concentration in soil biota exceeds that
which is toxic to predator. Value > 1 indicates a
toxic hazard may exist for predators of soil biota.

Preliminary Conclusion - Conclusion was not drawn
because index values could not be calculated.

Effect on Plants and Plant Tissue Concentration

l.

Index of Phytotozic Soil Concentration (Index §)

Ce

d.

Explanation - Compares pollutant concentrations in
sludge-amended soil with the lowest soil
concentration shown to be toxic for some plants.

Assumptions/Limitations - Assumes pollutant form in
sludge-amended soil is equally bioavailable and
toxic as form used in study where toxic effects were
demonstrated.

Data Used and Ractionale

i. Concentration of pollutant in sludge-amended
soil (Index 1)

See Section 3, p. 3-2.

ii. Soil concentration toxic to plants (TP) - Data
not immediately available.

Index 4 Values - Values were not calculated due to
lack of data.

Value Interpretation - Value equals factor by which
soil concentration exceeds phytotoxic concentration.
Value > 1 indicates a phytotoxic hazard may exist.

Preliminary Conclusion - Conclusion was not drawn
because index values could not be calculated.



2.

Index of Plant Concentration Caused by Uptake (Index 5)

b.

d.

£.

Explanation - Calculates expected tissue
concentrations, in ug/g DW, in plants grown in
sludge-amended soil, using uptake data for the most
responsive plant species in the following
categories: (1) plants included in the U.S. human
diet; and (2) plants serving as animal feed. Plants
used vary according to availability of data.

Assumptions/Limitations - Assumes an uptake factor
that is constant over all soil concentrations. The
uptake factor chosen for the human diet is assumed
to be representative of all crops (except fruits) in
the human diet. The uptake factor chosen for the
animal diet is assumed to be representative of all
crops in the animal diet. See also Index 6 for
consideration of phytotoxicity.

Data Used and Rationale

i. Concentration of pollutant in sludge—amended
soil (Index 1)

See Section 3, p. 3-2.

Uptake factor of pollutant in plant tissue (UP)
- Data not immediately available.

e
e
[ ]

Dean-Raymond and Alexander (1976) reported that
5.06% of l4c-labelled DMN applied to soil was
taken up and translocated to the aerial
portions of lettuce. (See Section 4, p. 4-6.)
Soil concentration of DMN was not reported;
therefore, an uptake factor could not be
derived.

Index 5 Values - Values were not calculated due to
lack of data.

Value Interpretation - Value equals the expected
concentration in tissues of plants grown in sludge-
amended soil. However, any value exceeding the
value of Index 6 for the same or a similar plant
species may be unrealistically high because it would
be precluded by phytoxicity.

Preliminary Conclusion - Conclusion was not drawn
because index values could not be calculated.



3. Index of Plant Concentration Permitted br Phytotoxicity
(Index 6)

b.

Ce

f£.

Explanation - The index value 1is the maximum tissue
concentration, in ug/g DW, associated with
phytotoxicity in the same or similar plant species
used in Index 5. The purpose 1s to determine
whether the plant tissue concentrations determined
in Index 5 for high applications are realistic, or
whether such concentrations would be precluded by
phytotoxicity. The maximum concentration should be
the highest at which some plant growth still occurs
(and thus consumption of tisst> by animals is
possible) but above which consump. on by animals is
unlikely.

Assumptions/Limitations - Assumes that tissue
concentration will be a consistent indicator of
phytotoxicity.

Data Used and Rationale

i. Maximum plant tissue concentration associated
with phytoxicity (PP) - Data not immediately
available.

Index 6 Values - Values were not calculated due to
lack of data.

Value Interpretation - Value equals the maximum
plant tissue concentration which is permitted by
phytotoxicity. Value is compared with values for
the same or similar plant species given by Index 5.
The lowest of the two indices indicates the maximal
increase that can occur at any given application
rate.

Preliminary Conclusion - Conclusion was not drawn
because index values could not be calculated.

D. Effect on Herbivorous Animals

l. Index of Animal Toxicity Resulting from Plant Consumption
(Index 7)

Explanation - Compares pollutant concentrations
expected 1in plant tissues grown in sludge-amended
soil with feed concentration shown to be toxic to
wild or domestic herbivorous animals. Does not con-
sider direct contamination of forage by adhering
sludge.



2.

b.

f.

Assumptions/Limitations ~- Assumes pollutant form
taken up by plants is equivalent in toxicity to form
used to demonstrate toxic effects in animal. Uptake
or toxicity in specific plants or animals may be
estimated from other species.

Data Used and Rationale
i. Concentration of pollutant in plant grown in
sludge—amended soil (Index 5) - Values were not

calculated due to lack of data.

Feed concentration toxic to herbivorous animal
(TA) = 50 ug/g DW

e
e
*

In prolonged feeding study, cattle were fed a
diet containing 50 ppm of DMN (Koppang, 1974).
After 480 days of exposure and a one-year
depuration period, all animals exhibited
occlusion of small hepatic veins. (See Section
4, po 4-60)

Index 7 Values - Values were not calculated due to
lack of data.

Value Interpretation - Value equals factor by which
expected plant tissue concentration exceeds that
which is toxic to animals. Value > 1 indicates a
toxic hazard may exist for herbivorous animals.

Preliminary Conclusion - Conclusion was not drawn
because index values could not be calculated.

Index of Animal Toxicity Resulting from Sludge Ingestion
(Index 8)

b.

Explanation - Calculates the amount of pollutant in
a grazing animal's diet resulting from sludge
adhesion to forage or from incidental ingestion of
sludge-amended soil and compares this with the
dietary toxic threshold concentration for a grazing
animal.

Assumptions/Limitations - Assumes that sludge is
applied over and adheres to growing forage, or that
sludge constitutes .5 percent of dry matter in the
grazing animal's diet, and that pollutant form in
sludge 1s equally bioavailable and toxic as form
used to demonstrate toxic effects. Where no sludge
is applied (i.e., 0 mt/ha), assumes diet is 5 per-
cent soil as a basis for comparison.
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Ce

Data Used and Rationale

i.

[ 1]
e
[ ]

Sludge concentration of pollutant (SC)
Worst 2.55 ug/g DW
See Section 3, p. 3-1.

Fraction of animal diet assumed to be soil (GS)
= 52

Studies of sludge adhesion to growing forage
following applications of liquid or fil:ar-cake
sludge show that when 3 to 6 mt/ha of- sludge
solids is applied, clipped forage initially
consists of up to 30 percent sludge on a dry-
weight basis (Chaney and Lloyd, 1979; Boswell,
1975). However, this contamination diminishes
gradually with time and growth, and generally
is not detected in the following year's growth.
For example, where pastures amended at 16 and
32 mt/ha were grazed throughout a growing sea-
son (168 days), average sludge content of for-
age was only 2.14 and 4.75 percent,
respectively (Bertrand et al., 198l). It seems
reasonable to assume that animals may receive
long~term dietary exposure to 5 percent sludge
if maintained on a forage to which sludge is
regularly applied. This estimate of 5 percent
sludge is used regardless of application rate,
since the above studies did not show a clear
relationship between application rate and ini-
tial contamination, and since adhesion is not
cumulative yearly because of die-back.

Studies of grazing animals indicate that soil
ingestion, ordinarily <10 percent of dry weight
of diet, may reach as high as 20 percent for
cattle and 30 percent for sheep during winter
months when forage is reduced (Thornton and
Abrams, 1983). If the soil were sludge-
amended, it is conceivable that up to 5 percent
sludge may be ingested in this manner as well.
Therefore, this value accounts for either of
these scenarios, whether forage is harvested or
grazed in the field.

Feed concentration toxic to herbivorous animal
(TA) = 50 ug/g DW

See Section 3, p. 3-7.



d.

£.

Index 8 Values

Sludge Application Rate (mt/ha)

Sludge
Concentration 0 S 50 500
Worst 0 0.0026 0.0026 0.0026

Value Interpretation - Value equals factor by which
expected dietary concentration exceeds toxic concen-
tration. Value > 1 indicates a toxic hazard may
exist for grazing animals.

Preliminary Conclusion - The inadvertent ingestion
of sludge-amended soil by grazing animals is not
expected to pose a toxic hazard due to DMN.

Effect on Humans

1.

Index of Human Cancer Risk Resulting from Plant
Consumption (Index 9)

b.

Explanation - Calculates dietary intake expected to
result from consumption of crops grown on sludge-
amended soil. Compares dietary 1intake with the
cancer risk-specific intake (RSI) of the pollutant.

Assumptions/Limitations - Assumes that all crops are
grown on sludge~amended soil and that all those con-
sidered to be affected take up the pollutant at the
same rate. Divides possible variations in dietary
intake into two categories: toddlers (18 months to
3 years) and individuals over 3 years old.

Data Used and Rationale
i. Concentration of pollutant in plant grown in
sludge-amended soil (Index 5) - Values were not

calculated due to lack of data.

Daily human dietary intake of affected plant
tissue (DT)

(20
[ L]
o

Toddler 74.5 gl/day
Adult 205 g/day

The intake value for adults is based on daily
intake of crop foods (excluding fruit) by
vegetarians (Ryan et al., 1982); vegetarians
were chosen to represent the worst case. The
value for toddlers is based on the FDA Revised
Total Diet (Pennington, 1983) and food
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d.

[ L]

groupings listed by the U.S. EPA (1984). Dry
weights for individual food groups were
estimated from composition data given by the
U.S. Department of Agriculture (USDA) (1975).
These values were composited to estimate dry-
weight consumption of all non-fruit crops.

ii. Average daily human dietary intake of pollutant
(p1)

Toddler 0.67 ug/day
Adult 2.0 ug/day

Based on limited exposure data, the estimated
average daily dietary human intake (DI) for DMN
is less than 2 ug/day (U.S. EPA, 1980). The
value assumes consumption of 100 g of nitrite-
preserved bacon, plus exposure due to drinking
water, For the purpose of the following cal-
culations, the DI for DMN for adults is assumed
to be 2 ug/day. The toddler value assumes a
33Z intake of adult DI estimate. (See Section
4, P 6"3-)

iv. Cancer potency = 25.9 (mg/kg/day) ~!

A cancer potency value for DMN of
25.9 (mg/kg/day)! was derived by U.S. EPA
(1980) from a study involving lifetime exposure
of rats to a variety of nitrosamine compounds.
The effect observed in this study was liver
tumors. Uncertainty factors have not been as-
signed to these data. (See Section 4, p. 4-4.)

v. Cancer risk-specific intake (RSI)
0.0027 pg/day

The RSI is the pollutant intake value which
results in an increase in cancer risk of 1076
(1 per 1,000,000). The RSI is calculated from
the cancer potency using the following formula:

1076 x 70 kg x 103 ug/mg
Cancer potency

RSI =

Index 9 Values ~ Values were not calculated due to
lack of data.

Value Interpretation - Value > 1 1indicates a
potential increase in cancer risk of > 1076 (1 per
1,000,000). Comparison with the null index value at
0 mt/ha indicates the degree to which any hazard is
due to sludge application, as opposed to pre-
existing dietary sources.
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2.

f£.

Preliminary Conclusion - Conclusion was not drawn
because index -alues could not be calculated.

Index of Human Cancer Risk Resulting from Consumption of
Animal Products Derived from Animals PFeeding on Plants
(Index 10)

b.

Ce

Explanation - Calculates human dietary intake
expected to result from pollutant uptake by domestic
animals given feed grown on sludge-amended soil
(crop or pasture land) but not directly contaminated
by adhering sludge. Compares expected intake with
RSI.

Assumptions/Limitations - Assumes that all animal
products are from animals receiving all their feed
from sludge-amended soil. Assumes that all animal
products consumed take up the pollutant at the
highest rate observed for muscle of any commonly
consumed species or at the rate observed for beef
liver or dairy products (whichever is higher).
Divides possible variations in dietary intake into
two categories: toddlers (18 months to 3 years) and
individuals over 3 years old.

Data Used and Rationale

i. Concentration of pollutant in plant growm in
sludge~amended soil (Index 5) - Values were not
calculated due to lack of data.

ii. Uptake factor of pollutant in animal tissue
(UA) - Data not immediately available.

iii. Daily human dietary intake of affected animal
tissue (DA)

Toddler 43.7 g/day
Adult 88.5 g/day

The fat intake values presented, which comprise
meat, fish, poultry, eggs and milk products,
are derived from the FDA Revised Total Diet
(Pennington, 1983), food groupings listed by
the U.S. EPA (1984) and food composition data
given by USDA (1975). Adult intake of meats is
based on males 25 to 30 years of age and that
for milk products on males 14 to 16 years of
age, the age-sex groups with the highest daily
intake. Toddler intake of milk products is
actually based on infants, since infant milk
consumption is the highest among that age group
(Pennington, 1983).
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3.

d.

f.

ive Average daily human dietary intake of pollutant
(p1)

Toddler 0.67 ug/day
Adult 2.0 ug/day

See Section 3, p. 3-10.

v. Cancer risk-specific intake (RSI) =
0.0027 ug/day

See Section 3, p. 3-10.

Index 10 Values - Values were not calculated due to
lack of data.

Value Interpretation - Same as for Index 9.

Preliminary Conclusion - Conclusion was not drawn
because index values could not be calculated.

Index of Human Cancer Risk Resulting from Consumption of
Animal Products Derived from Animals Ingesting Soil
(Index 11)

b.

Explanation - Calculates human dietary intake
expected to result from consumption of animal
products derived from grazing animals incidentally
ingesting sludge-amended soil. Compares expected
intake with RSI.

Assumptions/Limitations - Assumes that all animal
products are from animals grazing sludge-amended
soil, and that all animal products consumed take up
the pollutant at the highest rate observed for
muscle of any commonly consumed species or at the
rate observed for beef liver or dairy products
(whichever is higher). Divides possible variations
in dietary intake into two categories: toddlers
(18 months to 3 years) and individuals over 3 years
old.

Data Used and Rationale
i. Animal tissue - Data not immediately available.
ii. Sludge concentration of pollutant (SC)
Worst  2.55 ug/g DW

See Section 3, p. 3-1.
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vii.

Background concentration of pollutant in soil
(BS) = 0 ug/g DW

See Section 3, p. 3-2.

Praction of animal diet assumed to be soil (GS)
= 52

See Section 3, p. 3-8.

Uptake factor of pollutant in animal tissue
(UA) - Data not immediately available.

Daily human dieta y intake of affected animal
tissue (DA)

Toddler 39.4 g/day
Adult 82.4 g/day

The affected tissue intake value is assumed to
be from the fat component of meat only (beef,
pork, lamb, veal) and milk products
(Pennington, 1983). This is a slightly more
limited choice than for Index 10. Adult intake
of meats 1is based on males 25 to 30 years of
age and the intake for milk products on males
14 to 16 years of age, the age-sex groups with
the highest daily intake. Toddler intake of
milk products 1is actually based on infants,
since infant milk consumption is the highest
among that age group (Pennington, 1983).

Average daily human dietary intake of pollutant
(pI1)

Toddler 0.67 ug/day
Adult 2.0 ug/day

See Section 3, p. 3-10.

Cancer risk-specific intake (RSI) =
0.0027 ug/day

See Section 3, p. 3-10.

Index 11 Values - Values were not calculated due to
lack of data.

Value Interpretation - Same as for Index 9.

Preliminary Conclusion - Conclusion was not drawn
because index values could not be calculated.

3-13



4.

Index of Human Cancer Risk from Soil Ingestion (Index 12)

Ce

Explanation - Calculates the amount of pollutant in
the diet of a child who ingests soil (pica child)
amended with sludge. Compares this amount with RSI.

Assumptions/Limitations - Assumes that the pica
child consumes an average of 5 g/day of sludge-
amended soil. If the RSI specific for a child is
not available, this index assumes the RSI for a 10
kg child is the same as that for a 70 kg adult. It
is thus assumed that uncertainty factors used in
deriving the RSI provide protection for the child,
taking into account the smaller body size and any
other differences in sensitivity.

Data Used and Rationale

i. Concentration of pollutant in sludge—amended
soil (Index 1)

See Section 3, p. 3-2.
ii. Assumed amount of soil in human diet (DS)

Pica child 5 g/day
Adult 0.02 g/day

The value of 5 g/day for a pica child is a
worst-case estimate employed by U.S. EPA's
Exposure Assessment Group (U.S. EPA, 1983a).
The value of 0.02 g/day for an adult is an
estimate from U.S. EPA, 1984,

iii. Average daily human dietary intake of pollutant
(p1)

Toddler 0.67 ug/day
Adult 2.0 ug/day

See Section 3, p. 3-10.

iv. Cancer risk-specific intake (RSI) =
0.0027 ug/day

See Section 3, p. 3-10.
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d. Index 12 Values

Sludge Apglication
Rate (mt/ha)

Sludge
Group Concentration 0 5 50 500
Toddler Worst 250 260 363 260
Adult Worst 740 740 740 740

e. Value Interpretation - Same as for .idex 9.

f. Preliminary Conclusion - Sludge application is not
expected to increase the potential cancer risk to
adults due to inadvertent ingestion of sludge-
amended soil containing DMN. The potential cancer
risk to toddlers may increase due to inadvertent
ingestion of soil amended with sludge containing
high concentrations of DMN.

5. Index of Aggregate Human Cancer Risk (Index 13)
a. Explanation - Calculates the aggregate amount of
pollutant in the human diet resulting from pathways

described in Indices 9 to 12. Compares this amount
with RSI.

b. Assumptions/Limitations ~ As described for Indices 9
to 12.

Ce. Data Used and Rationale - As described for Indices 9
to 12.

d. Index 13 Values - Values were not calculated due to
lack of data.

e. Value Interpretation - Same as for Index 9.

f. Preliminary Conclusion - Conclusion was not drawn
because index values could not be calculated.

II. LANDFILLING

A.

Index of Groundwater Concentration Resulting from Landfilled
Sludge (Index 1)

1. Explanation - Calculates groundwater contamination which
could occur in a potable aquifer in the landfill vicin-
ity. Uses U.S. EPA's Exposure Assessment Group (EAG)
model, "Rapid Assessment of Potential Groundwater Contam-
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2.

ination Under Emergency Response Conditions" (U.S. EPA,
1983b). Treats landfill leachate as a pulse input, i.e.,
the application of a constant source concentration for a
short time period relative to the time frame of the anal-
ysis. In order to predict pollutant movement in soils
and groundwater, parameters regarding transport and fate,
and boundary or source conditions are evaluated. Trans-
port parameters include the interstitial pore water
velocity and dispersion coefficient. Pollutant fate
parameters include the degradation/decay coefficient and
retardation factor. Retardation is primarily a function
of the adsorption process, which is characterized by a
linear, equilibrium partition coefficient representing
the ratio of adsorbed and solution pollutant concentra-
tions. This partition coefficient, along with soil bulk
density and volumetric water content, are used to calcu-
late the retardation factor. A computer program (in
FORTRAN) was developed to facilitate computation of the
analytical solution. The program predicts pollutant con-
centration as a function of time and location in both the
unsaturated and saturated =zone. Separate computations
and parameter estimates are required for each zone. The
prediction requires evaluations of four dimensionless
input values and subsequent evaluation of the result,
through use of the computer program.

Assumptions/Limitations - Conservatively assumes that the
pollutant is 100 percent mobilized in the leachate and
that all leachate leaks out of the landfill in a finite
period and undiluted by precipitation. Assumes that all
soil and aquifer properties are homogeneous and isotropic
throughout each zone; steady, uniform flow occurs only in
the vertical direction throughout the unsaturated zone,
and only in the horizontal (longitudinal) plane in the
saturated zone; pollutant movement is considered only in
direction of groundwater flow for the saturated zone; all
pollutants exist in concentrations that do not signifi-
cantly affect water movement; for organic chemicals, the
background concentration in the soil profile or aquifer
prior to release from the source is assumed to be zero;
the pollutant source is a pulse input; no dilution of the
plume occurs by recharge from outside the source area;
the leachate 1is undiluted by aquifer flow within the
saturated zonej; concentration in the saturated zone is
attenuated only by dispersion.
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3.

Data Used and Rationale

Unsaturated zone

i.

Soil type and characteristics

(a)

(b)

(c)

(d)

Soil type

Typical Sandy loam
Worst Sandy

These two soil types were used by Gerritse et
al. (1982) to measure partitioning of ele¢ ‘ents
between soil and a sewage sludge solution
phase. They are used here since these parti-
tioning measurements (i.e., Ky values) are con-
sidered the best available for analysis of
metal transport from landfilled sludge. The
same soil types are also used for nonmetals for
convenience and consistency of analysis.

Dry bulk density (Pyry)

Typical 1.53 g/mL
Worst 1.925 g/mL

Bulk density is the dry mass per unit volume of
the medium (soil), i.e., neglecting the mass of
the water (Camp Dresser and McKee, Inc. (CDM),
1984).

Volumetric water content (8)

Typical 0.195 (unitless)
Worst 0.133 (unitless)

The volumetric water content is the volume of
water in a given volume of media, usually
expressed as a fraction or percent. It depends
on properties of the media and the water flux
estimated by infiltration or net recharge. The
volumetric water content is used in calculating
the water movement through the unsaturated zone
(pore water velocity) and the retardation
coefficient. Values obtained from CDM, 1984.

Fraction of organic carbon (f,c)

Typical 0.005 (unitless)
Worst 0.0001 (unitless)

Organic content of soils is described in terms

of percent organic carbon, which is required in
the estimation of partition coefficient, Kg.
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b

Sie

(a)

(b)

(c)

Values, obtained from R. Griffin (1984) are
representative values for subsurface soils.

parameters
Landfill leaching time (LT) = 5 years

Sikora et al. (1982) monitored several sludge
entrenchment sites throughout the United States
and estimated time of landfill leaching to be 4
or 5 years. Other types of landfills may leach
for longer periods of time; however, the use of
a value for entrenchment sites is conservative
because it results in a higher leachate
generation rate.

Leachate generation rate (Q)

Typical 0.8 m/year
Worst 1.6 m/year

It 1is conservatively assumed that sludge
leachate enters the unsaturated zone undiluted
by precipitation or other recharge, that the
total volume of liquid in the sludge leaches
out of the landfill, and that leaching is com—
plete in 5 years. Landfilled sludge is assumed
to be 20 percent solids by volume, and depth of
sludge in the landfill is 5 m in the typical
case and 10 m in the worst case. Thus, the
initial depth of 1liquid is 4 and 8 m, and
average yearly leachate generation is 0.8 and

‘1.6 m, respectively.

Depth to groundwater (h)

Typical Sm
Worst Om

Eight landfills were monitored throughout the
United States and depths to groundwater below
them were listed. A typical depth to ground-
water of 5 m was observed (U.S. EPA, 1977).
For the worst case, a value of O m is used to
represent the situation where the bottom of the
landfill is occasionally or regularly below the
water table. The depth to groundwater must be
estimated in order to evaluate the likelihood
that pollutants moving through the unsaturated
soil will reach the groundwater.
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(d)

Dispersivity coefficient (a)

Typical 0.5m
Worst Not applicable

The dispersion process is exceedingly complex
and difficult to quantify, especially for the
unsaturated zone. It is sometimes ignored in
the unsaturated zone, with the reasoning that
pore water velocities are usually large enough
so that pollutant ctransport by convection,
i.e., water movement, is paramount. As a rule
of thumb, dispersivity may be set equal to
10 percent of the distance measurement of the
analysis (Gelhar and Axness, 1981). Thus,
based on depth to groundwater listed above, the
value for the typical case is 0.5 and that for
the worst case does not apply since leachate
moves directly to the unsaturated zone.

ii. Chemical-specific parameters

(a)

(b)

(c)

(d)

Sludge concentration of pollutant (SC)
Worst 2.55 mg/kg DW

See Section 3, p. 3-1.

Soil balf-life of pollutant (t}) = 50 days
See Section 3, p. 3-2.

Degradation rate (u) = 0.014 day~l

The unsaturated zone can serve as an effective
medium for reducing pollutant concentration
through a variety of chemical and biological
decay mechanisms which transform or attenuate
the pollutant. While these decay processes are
usually complex, they are approximated here by
a first-order rate constant. The degradation
rate is calculated using the following formula:

_ 0.693
i

Organic carbon partition coefficient (Kyc) =
0.04 mL/g

The organic carbon partition coefficient is
multiplied by the percent organic carbon
content of soil (f,.) to derive a partition
coefficient (K4q), which represents the ratio of
absorbed pollutant concentration to the
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b.

Saturated

i. Soil
(a)
(b)
(ec)

dissolved (or solution) concentration. The
equatior (.5 x foc) assumes that organic
carbon .. the soil is the primary means of
adsorbing organic compounds onto soils. This
concept serves to reduce much of the variation
in Kyq values for different soil types. The
value of K,c is from Hassett et al. (1983).

zone
type and characteristics
Soil t.pe

Typical Silty sand
Worst Sand

A silty sand having the values of aquifer por-
osity and hydraulic conductivity defined below
represents a typical aquifer material. A more
conductive medium such as sand transports the
plume more readily and with less dispersion and
therefore represents a reasonable worst case.

Aquifer porosity (#)

Typical 0.44 (unitless)
Worst 0.389 (unitless)

Porosity 1is that portion of the total volume of
soil that is made up of voids (air) and water.
Values corresponding to the above soil types
are from Pettyjohn et al. (1982) as presented
in U.S. EPA (1983b).

Hydraulic conductivity of the aquifer (K)

Typical 0.86 m/day
Worst 4,04 m/day

The hydraulic conductivity (or permeability) of
the aquifer is needed to estimate flow velocity
based on Darcy's Equation. It is a measure of
the volume of liquid that can flow through a
unit area or media with time; values can range
over nine orders of magnitude depending on the
nature of the media. Heterogenous conditions
produce large spatial wvariation in hydraulic
conductivity, making estimation of a single
effective value extremely difficult. Values
used are from Freeze and Cherry (1979) as
presented in U.S. EPA (1983b).
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(d)

(b)

(c)

(d)

Fraction of organic carbon (f4.) =
0.0 (unitless)

Organic carbon content, and therefore adsorp-
tion, is assumed to be 0 in the saturated zone.

parameters

Average hydraulic gradient between landfill and
well (i)

Typical 0.001 (unitless)
Worst 0.02 (unitless)

The hydraulic gradient is the slope of the
water table in an unconfined aquifer, or the
piezometric surface for a confined aquifer.
The hydraulic gradient must be known to
determine the -magnitude and direction of
groundwater flow. As gradient increases, dis-
persion is reduced. Estimates of typical and
high gradient values were provided by Donigian
(1985).

Distance from well to landfill (AR)

Typical 100 m
Worst 50 m

This distance 1is the distance between a
landfill and any functioning public or private
water supply or livestock water supply.

Dispersivity coefficient (a)

Typical 10m
Worst Sm

These values are 10 percent of the distance
from well to landfill (AR), which is 100 and
50 m, respectively, for typical and worst
conditions.

Minimum thickness of saturated zone (B) = 2 m

The minimum aquifer thickness represents the
assumed thickness due to preexisting flow;
i.e., in the absence of leachate. It is termed
the minimum thickness because in the vicinity
of the site it may be increased by leachate
infiltration from the site. A value of 2 m
represents a worst case assumption that
preexisting flow is very limited and therefore
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4.

5.

6.

dilution of the plume entering the saturated
zone is negligible.

(e) Width of landfill (W) = 112.8 m

The landfill 1is arbitrarily assumed to be
circular with an area of 10,000 m2.

iii. Chemical-specific parameters
(a) Degradation rate (u) = 0 day~!

Degradation is assumed not to occur in the
saturated zone.

(b) Background concentration of pollutant in
groundwater (BC) = 0 ug/L

It 1s assumed that no pollutant exists in the
soil profile or aquifer prior to release from
the source.

Index Values - See Table 3-1l.

Value Interpretation - Value equals the maximum expected
groundwater concentration of pollutant, in ug/L, at the
well.

Preliminary Conclusion - Landfilling of sludge containing
high concentrations of DMN may result in increased
concentrations of DMN in groundwater at the well.

Index of Human Cancer Risk Resulting from Groundwater
Contamination (Index 2)

l.

2.

Explanation - Calculates human exposure which could
result from groundwater contamination. Compares exposure
with cancer risk-specific intake (RSI) of pollutant.

Assumptions/Limitations - Assumes long-term exposure to
maximum concentration at well at a rate of 2 L/day.

Data Used and Rationale

a. Index of groundwater concentration resulting from
landfilled sludge (Index 1)

See Section 3, p. 3-24.
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b. Average human consumption of drinking water (AC) =
2 L/day

The value nf 2 L/day is a standard value used by
U.S. EPA in most risk assessment studies.

c. Average daily human dietary intake of pollutant (DI)
= 2.0 ug/day

See Section 3, p. 3-10.

d. Cancer risk-specific intake (RSI) =
0.0027 ug/day

See Section 3, p. 3-10.
4. Index 2 Values - See Table 3-1.

S. Value Interpretation - Value >l indicates a potential
increase in cancer risk of 1076 (1 in 1,000,000). The
null index value should be used as a basis for comparison
to indicate the degree to which any risk is due to
landfill disposal, as opposed to preexisting dietary
sources.

6. Preliminary Conclusion -~ Landfilling of sludge containing
high concentrations of DMN may result 1in increased
potential of cancer risk due to contaminated groundwater
in three of the eight disposal scenarios evaluated.

I1II. INCINERATION

Iv.

Based on the recommendations of the experts at the OWRS meetings
(April-May, 1984), an assessment fo this reuse/disposal option is
not being conducted at this time. The U.S. EPA reserves the right
to conduct such an assessment for this option in the future.

OCEAN DISPOSAL
Based on the recommendations of the experts at the OWRS meetings
(April-May, 1984), an assessment fo this reuse/disposal option is

not being conducted at this time. The U.S. EPA reserves the right
to conduct such an assessment for this option in the future.
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TABLE 3-1. INDEX OF GROUNDWATER CONCENTRATION RESULTING FROM LANDFILLED SLUDGE (INDEX 1) AND

INDEX OF HUMAN CANCER RISK RESULTING FROM GROUNDWATER CONTAMINATION

(INDEX 2)
Condition of Analysis@sib:C
Site Characteristics 1 2 3 4 5 6 7 8
Sludge concentration T W T T T T 1] N
Unsaturated Zone
Soil type and charac- T T W NA T T NA N
teristicsd
Site parameters® T T T W T T W N
Saturated Zone
Soil type and charac- T T T T W T W N
teristics
Site parameters8 T T T T T W W N
Index 1 Value (pg/L)  9.0x10~% 9.0x10™4 2.8x10-3 6.9x10"2 4.8x1073 3.6x10"2 14.8 0
Index 2 Value 740 140 740 790 140 170 12000 140

4T = Typical values used; W

worst-case values used; N

= null condition, where no landfill exists, used as

basis for comparison; NA = not applicable for this condition.

g mo oD

Index values for combinations other than those shown may be calculated using the formulae in the Appendix.
See Table A-l in Appendix for parameter values used.

Dry bulk density (P4q,y), volumetric water content (), and fraction of organic carbon (f,.).

Leachate generation rate (Q), depth to groundwater (h), and dispersivity coefficient (a).
Aquifer porosity (@) and hydraulic conductivity of the aquifer (K).
Hydraulic gradient (i), distance from well to landfill (AR), and dispersivity coefficient (a).



SECTION &

PRELIMINARY DATA PROFILE FO.. DIMETHYL NITROSAMINE
IN MUNICIPAL SEWAG: SLUDGE

I. OCCURRENCE
The principal sources of preformed nitrosamines NAS, 1978
appear to be diet and tobacco smoke, but urban (p. 443)

and industrial air may prove to contribute much
to the exposure to preformed nitrosamines.
Insufficient data exist to quant fy the
importance of in vivo nitrosation to secondary
and tertiary amines ingested from air, soil,
water, and food, but the greatest potential for
the formation of N-nitroso compounds and exposure
to them appears to be in food. In vivo formation
of nitrosamines could be the largest contribution
to body burden for the general population.

A. Sludge

1. Frequency of Detection

Detected in 8 out of 16 and Brewer et al.,
quantified in 6 out of 16 municipal 1980 (p. 37)
sludge samples from a single POTW.

DMN was not identified in municipal Naylor and
sludge samples from 13 sites in Loehr, 1982

a 1980 study. No occurrence of nitroso (pp. 18 to 21)

compounds was mentioned.
DMN not found in sludges from 50 POTWs U.s. EPA, 1982
2. Concentration

0.272 ug/g mean (WW) in 6 out of Brewer et al.,
16 municipal sludge samples 1980 (p. 37)

B. Soil - Unpolluted
1. Frequency of Detection

No DMN found in 18 crop soil samples West and Day,
from seven states (D.L. = 0.2 ng/g) 1979 (p. 1078)

2. Concentration

Data not immediately available.



c.

Water - Unpolluted

1.

2.

Air

1.

2.

Frequency of Detection

No DMN found in Patapsco River
downstream from contamination site

No DMN found in six river and pond
samples from five states (1977)

Concentration
a. PFreshwater
Data not immediately available.

b. Seawater
Data not immediately available.

c. Drinking Water

No DMN found in Baltimore drinking

water in 1975

No DMN found in drinking water

samples from Boston and Waltham,

MA; New Orleans, Metairie and
Mererro, LA, in 1975 at levels
down to 10 ug/L.

Frequency of Detection

No DMN found in air samples from
Waltham, MA; Philadelphia, PAj} and
Wilmington, DE, at the part-per-
trillion level (1975) - 14 samples.

Concentration

DMN levels in downtown Baltimore
averaged 100 ng/m3 in November-
December, 1975.

DMN levels in Baltimore in August,
1975, averaged 670 ng/m3; range:
ND to 2,908.66 ng/m3

DMN levels in Belle, WV, in August
1975, averaged 59 ns/m3; range:
trace to 154.5 ng/m

Fine
1977

West
1979

Fine
1977

Fine
1975

Fine
1976

Fine
1976

Fine
1976

Fine
1976

et al.,
(p. 582)

and Day,
(p. 1077)

et al.,
(p. 582)

et al.,
(p. 406)

et al.,
(p. 1328)

et al.,
(p. 582)

et al.,
(p. 1328)

et al.,
(p. 1328)



E. Food

)

2.

Total Average Intake

"The principal sources of preformed
nitrosamines appear to be diet and
tobacco smoke."

On the basis of one experiment, an
average human dose rate for a 70 kg
adult is 0.06 ug/kg body weight
representing an average exposure
equivalent to approximately 2.2 ng/g

of total nitrosamines assuming 2 kg/a.vy
of ingested food and beverage.

Calculated daily human exposure:
Assuming consumption of 100 g of bacon
and exposure due to drinking water, the
average daily dietary intake of DMN

is estimated to be less than 2 ug/day.

Concentration

Commercial souse and similar gelatin-
containing cured-meat products: 8
out of 10 samples contained DMN at
levels of 0.003 to 0.063 ug/g.

48 samples of a variety of food showed
no evidence of nitrosamines.

& out of 32 spice cure mixtures
contained DMN at levels of 0.029 to
0.343 ug/g.

Samples including over 20 types of
meat, fish and cheese products showed
levels of DMN of 1 to 100 ng/g:

Food Product Concentration (ng/g)
Bacon 1-4
Bacon, uncooked 30
Bacon, fried 2-5
Ham 5
Frankfurter 11-84
Salami 20-80
Dry sausage 10-20
Various cured meats 2-35
Luncheon meat 1-4
Haddock, fried 1-9
Codfish 1-4
White herring 50-100
Cheese 1-4

NAS, 1978
(p. 443)

NAS, 1978
(p. 708)

U.Ss. EPA, 1980
(po C—la)

Fiddler et al.,
1975 (p. 653)

Havery et al.,
1976 (p. 544)

Havery et al.,
1976 (p. 545)

NAS, 1978
(p. 442)



II. HUMAN EFFECTS

A. Ingestion

1.

2.

Carcinogenicity

b.

Ce

Qualitative Assessment

Epidemiological studies have failed
to establish a direct relationship
between exposure to N-nitroso
compounds and the development of
human cancer. However, the demon-
strated ability of N-nitroso
compounds to produce cancer in a
wide range of experimental animals,
combined with the capacity of

human liver tissue to metabolize
N-nitroso compounds to alkylating
and mutagenic forms, strongly suggest
that these compounds may be human
carcinogens. Guidelines for human
exposure to N-nitrosamines are based
on the assumption that these com-
pounds are human carcinogens.

Potency

Cancer potency of

25.88 (mg/kg/day)~! has been
estimated for DMN. The value is
based on lifetime exposure of
rats to N-nitrosamine compounds.

Effects

Data not immediately available.

Chronic Toxicity

b.

ADI
Not applicable for this assessment.
Effects

One man exposed to DMN contained in
an industrial solvent exhibited

signs of liver damage. Two of three
men exposed to DMN while employed in
an industrial research laboratory for
10 months showed signs of liver
injury. The exact route of exposure
of above individuals is not reported.

4-4
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(c-64)
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3.

4.

Absorption Factor

Data not immediately available.
Existing Regulations

An interim target risk level of 1076

(a probability of one additional case
of cancer for every 1,000,000 people

exposed) for DMN has been set for
drinking water: 0.0014 ug/L

Inhalation

l. Carcinogenicity
See Section &, 4-4.

2. Chronic Toxicity
See Section 4, 4-4.

3. Absorption Factor

Data not immediately available.

III. PLANT EFFECTS

A.

Phytotoxicity
Data not immediately available.

Uptake

"Nitrosamines adsorbed by plants disappear

rapidly."

No detectable radioactivity in stems,
leaves and beans from soybean plants
§rown in soil containing 0.1 ug/g of
4c pMN
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U.S. EPA, 1980

(c-48)

West and
1979 (p.

West and
1979 (p.

Day,
1080)

Day,
1080)



Uptake «f DMN by spinach and lettuce: Dean-Raymond
and Alexander,
1976 (p. 395)
l4c-DMN Length of DMN % DMN
Growth Supplied Exposure Taken Up* Taken Up
Plant Medium (ugci) (days) (ug/g DW) By Plant¥*
Lettuce Sand 0.057 2 1.38 3.20
0.57 2 14.38 3.25
Lettuce Soil 0.57 2 106.0 5.06
Spinach Water 0.057 2 0.54 0.38
0.57 2 5.60 0.27
Lettuce Sand 0.57 4 7.04 1.56
9 1.40 0.21
15 0.07 0.02

*Each figure represents the average of four replicates.

IV. DOMESTIC ANIMAL AND WILDLIFE EPFFECTS

A. Toxicity

See Table 4-1.

Toxic levels of DMN in pigs and poultry Koppang, 1974
are at least ten times greater than in (p. 526)
cows, sheep, and mink.

Cows fed a diet amended with pure DMN Koppang, 1974
in a concentration of 50 ppm for 480 (p. 524-525)
days showed occlusion of some hepatic

veins and neoformation of others.

B. Uptake
“DMN accumulated (in cows) when the dosage Koppang, 1974
in diet exceeded 0.1 mg/kg body weight." (p. 523)

V. AQUATIC LIFE EFFECTS

A. Toxicity

1. Preshwater

Acute
Available data is limited to acute U.S. EPA, 1980
values for Daphnia magna and blue (p. B-1)
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VI.

VII.

gill exposed to N-nitrosodiphenyla-

mine. These values indicate that

toxicity due to N-nitroso compounds

may be as low as 5,850 ug/L.
b. Chronic
Data not immediately available.
2. Saltwater
a. Acute
Acute 96 hour LCsq for N-nitroso-
diphenylamine to the mummichog 1is
3,300,000 ug/L.
b. Chronic
Data not immediately available.
B. Uptake
Bioconcentration factor for N-nitrosodi-
phenylamine by blue gill was 217. The
half-life of the compound was estimated
to be less than one day.
SOIL BIOTA EFFECTS
Bacteria are not capable of activating N-

nitroso compounds without supplementation
with animal-derived enzymes.

U.S. EPA, 1980
(p. B-1)

U.S. EPA, 1980

NAS, 1978
(p. 454)

PHYSICOCHEMICAL DATA FOR ESTIMATING FATE AND TRANSPORT

DMN appears when soils and waters are amended
with nitrate or nitrite and either dimethyl-
mine (DMNA) or trimethylamine. Nitrosation
is enhanced by acidic conditions.

Recovery efficiencies for DMN are substan-
tially lower than for the higher molecular
weight nitrosamines.

Nitrosamines undergo rapid degradation and in
lab soil studies have a half-life of 2 to 3
weeks, primarily due to rapid volatilization.

Molecular weight: 74.08
Boiling point: 154°C
Soluble in water, alcohol and ether

Mills and
Alexander,
1976

(p. 437, 440)

West and Day,
1979 (p. 1077)

West and Day,
1979 (p. 1080)

Weast, 1980
(P- C-107)



Organic carbon partition coefficient: 0.04 mL/g Hrssett et al.,

1983

Persistence:

- Nitrosamines were most stable in lake Tate and
water--no degradation or loss for 3.5 Alexander,
months. 1975

- Slow disappearance in soil after a lag (pp. 328 and
of several weeks. 329)

- Loss more rapid in sewage, but half of
the nitrosamines remained after two
weeks.

- Experiments with sterilized sewage
indicate that nonbiologic factors are
largely or entirely responsible for
nitrosamine disappearance.

- Approximately 50 percent of initial dose
of 25 ppm DMN persisted in Williamson
silt loam 50 days after initial
application.
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TABLE 4-1. TOXICITY OF DIMETHYLNITROSAMINE TO DOMESTIC ANIMALS AND WILDLIFE

¥#———_—————_——__———__—_—————

Feed Water
Chemical Form Concentration Concentration Daily Intake Duration
Species (N)8 Ped (mg/g) (mg/L) (mng/kg) of Study Effects Reference =
Rat (10) DMN NRD NR 50 single dose Liver damage, impaired Maduagwu and
breathing, hemorthage, Bassir, 1980
death at 9 days (p. 213-14)
Cuinea pig DMN NR NR 50 single dose Liver damage, impaired
breathing, hemorrhage,
death at 5 days
Lizard (10) DMN NR NR S0 single dose No apparent effect
Cat (6) DMN NR NR 50 single dose Acute liver damage
Monkey (6) DMN NR NR 50 single dose Liver damage
Duck (6) DMN NR NR 50 single dose No apparent effect
Rat (10) DMN NR NR 5 11 days Liver damage
30X morcality
Cuinea pig (10) DMN NR NR 5 11 days Liver damage
40X mortality
Lizard (10) DMN NR NR 5 11 days No apparent effect
Cat (6) DMN NR NR S 11 days Severe liver damage
662 mortality
Monkey (6) DMN NR NR b 11 days Severe liver damage
50% mortality
Duck (6) DMN NR NR 5 11 days No apparent effect
Rat (10) DMN NR NR 1 30 days Lov weight gain
Guinea pig (10) DMN NR NR 1 30 days Low weight gain

Lizard (10) DMN NR NR 1 30 days Low weight gain
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TABLE 4-1. (continued)

Peed Water
Chemical Porm Concentration Concentration Daily Intake Duration
Species (N)8 Fed (mg/g) (mg/L) (mg/kg) of Study Bffects References
Cat (10) DMN NR NR 1 30 days Weight loss
50X mortality
Monkey (10) DMN NR NR 1 30 days No apparent effect
Duck (10) DNN NR NR 1 30 days No apparent effect
Chinese hamster DMN NR NR 0.5} 6-20 months 652 reduction in survival Reznik et al.,
(106) time 1976 (p. 412)
Chinese hamster DMN NR NR 0.25 6-20 months 64X reduction in survival
time
Chinese hamster DMN NR NR 0.13 6-20 months 57X reduction in survival
time. Liver tumor incidence
was 80-100X at low and high
dosages
Mink DMN NR NR 0.050 twice per week Malignant tumors NAS, 1978
(p. 458)
Rat DMN NR NR 40 twvice per week LDgg U.S. EPA, 1980
(po C-Zl)
Rac (23) DMN NR NR 1,2 twice per week 65X tumor incidence U.S. EPA, 1980
(P. ‘:'3‘)
Rat (12) DMN NR NR 6.0 twice per week 83X tumor incidence U.S. EPA, 1980
(P- 0'34)
Cattle (23) DMN NR NR <0.1 7-70 weeks No clinical toxic effect Koppang, 1974
even if total intake (p. 526)
>40-58 mg/kg
Cattle (23) DMN NR NR >0.2 7-70 weeks Total intake of 12-26 mg/kg
caused serious disease and
death

%

8 N = Number of experimental animals when reported.
b NR = Not reported.
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APPENDIX
PRELIMINARY HAZARD INDEX CALCULATIONS FOn DIMETHYL NITROSAMINE
IN MUNICIPAL SEWAGE SLUDGE
I. LANDSPREADING AND DISTRIBUTION-AND-MARKETING
A. Effect on Soil Concentration of Dimethyl Nitrosamine
1. Index of Soil Concentration (Index 1)
a. PFormula

(SC x AR) + (BS x MS)
AR + MS

CSg

cS, = CSg [1 + 0.5(1/td) & o.5(2/ed) & + g.5(n/td))

wvhere:
CSg = Soil concentration of pollutant after a

single year's application of sludge
(ug/g DW)

CSy = Soil concentration of pollutant after the
yearly application of sludge has been
repeated for n + 1 years (ug/g DW)

SC = Sludge concentration of pollutant (ug/g DW)

AR = Sludge application rate (mt/ha)

MS = 2000 mt ha/DW = assumed mass of soil in
upper 15 em

BS = Background concentration of pollutant in
soil (ug/g DW)

t} = Soil half-life of pollutant (years)

n = 99 years

b. Sample calculation

CSg is calculated for AR = 0, 5, and 50 mt/ha only

(2.55 pg/g DW x 5 mt/ha) + (0O pg/g DW x 2000 mt/ha)
(5 mt/ha DW + 2000 mt/ha DW)

0.0064 ug/g DW =
CS, is calculated for AR = 5 mt/ha applied for 100 years

(1/0.14) (2/0.14)

0.0064 ug/g DW = 0.0064 ug/g DW {1 + 0.5 + 0.5 ces +

0.5(99/0.14)]



B. Effect on Soil Biota and Predators of Soil Biota

1. Index of Soil Biota Toxicity (Index 2)

a. PFormula

I

Index 2 =

where!

I
T8

TB

Index 1 = Concentration of pollutant in
sludge-amended soil (ug/g DW)

Soil concentration toxic to soil biota
(ug/g DW)

b. Sample calculation - Values were not calculated due to
lack of data.

2. Index of Soil Biota Predator Toxicity (Index 3)

a. PFormula
Index 3 =

where:
I
UB

IR

I1 x uB

IR

Index 1 = Concentration of pollutant in
sludge-amended soil (ug/g DW)

Uptake factor of pollutant in soil biota
(ug/g tissue DW [ug/g soil DW]~1)

Feed concentration toxic to predator (ug/g
DW)

b. Sample calculation - Values were not calculated due to
lack of data.

C. Effect on Plants and Plant Tissue Concentration

l. Index of Phytotoxic Soil Concentration (Index 4)

a. Formula

I

Index 4 = —

where!
Iy

TP

TP

Index 1 = Concentration of pollutant in
sludge-amended soil (ug/g DW)
Soil concentration toxic to plants (ug/g DW)



b. Sample calculation - Values were not calc.alated due to
lack of data.

2. Index of Plant Concentration Caused by Uptake (Index 5)
a. PFormula
Index 5 = I; x UP
where:
I} = Index 1 = Concentration of pollutant in
sludge -~ amended soil (ug/g DW)
UP = Uptake factor of pollutant in pirant tissue

(ug/g tissue DW {ug/g soil DW}~1)

b. Sample Calculation - Values were not calculated due to
lack of data.

3. Index of Plant Concentration Permitted by Phytotoxicity
(Index 6)

a. Formula
Index 6 = PP
where:

PP = Maximum plant tissue concentration associ-
ated with phytotoxicity (ug/g DW)

b. Sample calculation - Values were not calculated due to
lack of data.

D. Effect on Herbivorous Animals

l. Index of Animal Toxicity Resulting from Plant Consumption
(Index 7)

a. PFormula

_Is
Index 7 = Ta
where:
Is = Index 5 = Concentration of pollutant in
plant grown in sludge-amended soil (ug/g DW)
TA = Feed concentration toxic to herbivorous

animal (ug/g DW)

b. Sample calculation - Values were not calculated due to
lack of data.



2. Index of Animal Toxicity Resulting from Sludge Ingestion
(Index 8)

a. Formula

If AR = 0 Index 8 = 0

. _ SC x GS
If AR # 0; Index 8 N
where!
AR = Sludge application rate (mt DW/ha)
SC = Sludge concentration of pollutant (ug/g DW)
GS = Fraction of animal diet assumed to be soil
TA = Feed concentration toxic to herbivorous

animal (ug/g DW)
b. Sample calculation

If AR = 0; Index 8 = 0

2.55 pg/g DW x 0.05
50 ug/g DW

If AR # 03 0.0026 =

E. EBffect on Humans

1. Index of Human Cancer Risk Resulting from Plant Consumption
(Index 9)

a. Formula

(Is x DT) + DI

Index 9 = RST
where:
Is = Index 5 = Concentration of pollutant in
plant grown in sludge-amended soil (ug/g DW)
DT = Daily human dietary intake of affected plant
tissue (g/day DW)
DI = Average daily human dietary intake of
pollutant (ug/day)
RSI = Cancer risk-specific intake (ug/day)

b. Sample calculation (toddler) - Values were not
calculated due to lack of data.
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2.

3.

Index of Human Cancer Risk Resulting from Consumption (¥
Animal Products Derived from Animals Feeding on Pliats
(Index 10)

a. PFormula

(Is x UA x DA) + DI

Index 10 = RSI
where?
Is = Index 5 = Concentration of pollutant in
plant grown in sludge-amended soil (ug/g W)
UA = Uptake factor of pollutant in anxmal tissue

(ug/g tissue DW [ug/g feed pw)-1

DA = Daily human dietary intake of affected
animal tissue (g/day DW) (milk products and
meat, poultry, eggs, fish)

DI = Average daily human dietary intake of
pollutant (ug/day)

RSI = Cancer risk-specific intake (ug/day)

b. Sample calculation (toddler) =~ Values were not
calculated due to lack of data.

Index of Human Cancer Risk Resulting from Consumption of
Animal Products Derived from Animals Ingesting Soil (Index
11)

a. Formula
(BS x GS x UA x Dq) + DI

If AR = 03 Index 1l

RSI
If AR # 03 Index 11 = (SC x GS x UA x DA) + DI
RSI
where:
AR = Sludge application rate (mt DW/ha)
BS = Background concentration of pollutant in
soil (ug/g DW)
SC = Sludge concentration of pollutant (ug/g DW)
GS = Fraction of animal diet assumed to be soil
UA = Uptake factor of pollutant in anzmal tissue
(ug/g tissue DW [ug/g feed owj~1
DA = Daily human dietary intake of affected

animal tissue (g/day DW) (milk products and
meat only)

DI = Average daily human dietary intake of
pollutant (pg/day)

RSI = Cancer risk-specific intake (ug/day)

b. Sample calculation (toddler) -~ Values were not
calculated due to lack of data.
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4. Index of Human Cancer Risk Resulting from Soil Ingestion

(Index 12)

a. Pormula.

Index 12

where:

I

DS
DI

RSI

(I, x DS) + DI
RSI

Index 1 = Concentration of ©pollutant 1in
sludge-amended soil (ug/g DW)

Assumed amount of soil in human diet (g/day)
Average daily human dietary intake of
pollutant (ug/day)

Cancer risk-specific intake (ug/day)

b. Sample calculation (toddler)

260

_ (0.0064 ug/g DW x 5 g/day) + 0.67 ug/day

0.0027 ug/day

S. Index of Aggregate Human Cancer Risk (Index 13)

a. Formula

Index 13

where:?
Ig =

Iio =

I =

IN2 =
DI =

RSI =

3DI
Ig + Ijg + I3y *+ I12 - (35P)-

Index 9 = Index of cancer risk resulting
from plant consumption (unitless)

Index 10 = Index of cancer risk resulting
from consumption of animal products derived
from animals feeding on plants (unitless)
Index 11 = Index of cancer risk resulting
from consumption of animal products derived
from animals ingesting soil (unitless)

Index 12 = Index of cancer risk resulting
from soil ingestion (unitless)

Average daily human dietary intake of
pollutant (ug/day)

Cancer risk-specific intake (ug/day)

b. Sample calculation (toddler) - Values were not

calculated

due to lack of data.



II.

LANDFILLING

A.

Procedure

Using Equation 1, several values of C/C, for the unsaturated
zone are calculated corresponding to increasing values of t
until equilibrium is reached. Assuming a 5-year pulse input
from the landfill, Equation 3 is employed to estimate the con-
centration vs. time data at the water table. The concentration
vs., time curve is then transformed into a square pulse having a
constant concentration equal to the peak concentration, C,,
from the unsaturated zone, and a duration, t,, chosen so that
the total areas under the curve and the pulse are equal, as
illustrated in Equation 3. This square pulse is then used as
the input to the linkage assessment, Equation 2, which esti-
mates initial dilution in the aquifer to give the initial con-
centration, C,, for the saturated zone assessment. (Conditions
for B, minimum thickness of unsaturated zone, have been set
such that dilution is actually negligible.) The saturated zone
assessment procedure is nearly identical to that for the unsat-
urated zone except for the definition of certain parameters and
choice of parameter values. The maximum concentration at the
wvell, Cpax» is used to calculate the index values given in
Equations &4 and 5.

Equation 1: Transport Assessment

c(x,t) =4 [exp(A)) erfc(Ay) + exp(B]) erfc(By)] = P(x,t)

Requires evaluations of four dimensionless input values and
subsequent evaluation of, the result. Exp(A)) denotes the
exponential of A, e 1, where erfc(A;) denotes the
complimentary error function of Ay. Erfc(A;) produces values
between 0.0 and 2.0 (Abramowitz and Stegun, 1972).

where:

o % - (Y% % *)h
Al_%(ﬁ[v (V%2 + 4D* x p¥*)3)
o, = X =t (VE2 v aD¥ x uwyd
2 (4D* x t)2

- % %2 ke )%
31_§F[V+(V + 4D* x pu*)7]
g, o X+t (ve2 ¢ apx x pw)d
2 (4D* x t)7

and where for the unsaturated zone:

Co = SC x CF = Initial leachate concentration (ug/L)
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C. Equation 2.

Sludge concentrs-ion of pollutant (mg/kg DW)
250 kg sludge -olids/m3 leachate =

Ps x 103
1 - PS

Percent solids (by weight) of landfilled sludge =
20Z

Time (years)

h = Depth to groundwater (m)

a x V¥ (m?/year)

Dispersivity coefficient (m)

—Q _ (m/year
xR

Leachate generation rate (m/year)
Volumetric water content (unitless)

=1+ Eﬂ%! x Kq = Retardation factor (unitless)

Dry bulk density (g/mL)

foc x Koc (mL/g)

Fraction of organic carbon (unitless)
Organic carbon partition coefficient (mL/g)

22%-5—2 (years)=~!

= Degradation rate (day~l)

for the saturated zone:

Initial concentration of pollutant in aquifer as
determined by Equation 2 (ug/L)

Time (years)

AL = Distance from well to landfill (m)

a x V¥ (m2/year)

Dispersivity coefficient (m)

g—f—% (m/year)

Hydraulic conductivity of the aquifer (m/day)

Average hydraulic gradient between landfill and well
(unitless)

Aquifer porosity (unitless)

1+ EQ%Z x K4 = Retardation factor = 1 (unitless)

since Ky = f,. x Koo and f,. is assumed to be zero
for the saturated zone.
Linkage Assessment

Qx W
Cu x 365 [((K x i) = 0] x B
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where:

Co = Initial concentration of pollutant in the saturated
zone as determined by Equation 1 (ug/L)

Cy, = Maximum pulse concentration £from the unsaturated
zone (ug/L)
Q = Leachate generation rate (m/year)
W = Width of landfill (m)
K = Hydraulic conductivity of the aquifer (m/day)
i = Average hydraulic gradient between landfill and well
(unitless)
® = Aquifer porosity (unitless)
B = Thickness of saturated zone (m) where:
QxWxéd
B2 Kxix 365 and B > 2
D. Equation 3. Pulse Assessment
elx.t) . P(x,t) for 0 < t < t,
Co
gixésl = P(x,t) = P(x,t = ty) for t > ¢,
o
where:
ty, (for unsaturated zone) = LT = Landfill leaching time
(years)
ty, (for saturated zone) = Pulse duration at the water

table (¥ = h) as determined by the following equation:
to = | °I° C dt) ¢+ C,
P(x,t) = EL%*El as determined by Equation 1
o

E. Equation 4. Index of Groundwater Concentration Resulting
from Landfilled Sludge (Index 1)

l. Pormula
Index 1 = Cpax
where:
Cmax = Maximum concentration of pollutant at well =
maximum of C(AR,t) calculated in Equation 1
(ug/L)

2. Sample Calculation

9.02x10"4 ug/L = 9.02x10™% ug/L
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F. Equation 5. Index of Human Cancer Risk Resulting
from Groundwater Contamination (Index

1. Formula

(I; x AC) + DI

Index 2 = RST
where:
I; = Index 1 = Index of groundwater concentration
resulting from landfilled sludge (ug/L)
AC = Average human consumption of drinking water
(L/day)
DI = Average daily human aietary intake of pollutant
(ug/day)
RSI = Cancer risk-specific intake (ug/day)

2. Sample Calculation

(9.02x107% pg/L x 2 L/day) + 2.0 pg/day
0.0027 ug/day

741 =

III. INCINERATION

Based on the recommendations of the experts at the OWRS meeetings
(April-May, 1984), an assessment of this reuse/disposal option is
not being conducted at this time. The U.S. EPA reserves the right
to conduct such an assessment for this option in the future.

IV. OCEAN DISPOSAL
Based on the recommendations of the experts at the OWRS meeetings
(April-May, 1984), an assessment of this reuse/disposal option is

not being conducted at this time. The U.S. EPA reserves the right
to conduct such an assessment for this option in the future.
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TABLE A-}.

INPUT DATA VARYINC 1IN LANDFILL ANALYSIS AND RESULT FOR EACH COMDITION

e e e e e A ————————
e —————e e ——

Condition of Analysis

Input Data 1 2 3 4 5 6 ? 8
Sludge concentration of pollutant, SC (mg/g DW) (&4} U] (4] 7] T (T) (w) Na
Unsaturated zone 2.55 2.55 2.55 2.55 2.35 2.55 2.55
Soil type and characteristics
Dry bulk density, Pq.y (g/nl) 1.53 1.53 1.925 NAD 1.53 1.53 NA N
Volumetric water content, 8 (unitless) 0.195 0.195 0.133 NA 0.195 0.195 NA N
Fraction of organic carbon, f,c (unitless) 0.005 0.005 0.0001 NA 0.005 0.005 BA ]
Site parameters
Leachate generation rate, ¢ (m/year) 0.8 0.8 0.8 1.6 0.8 0.8 1.6 N
Depth to groundwater, h (m) 5 5 5 (1] 5 S (] N
Dispersivity coefficient, & (m) 0.5 0.5 0.5 A 0.5 0.5 NA N
Saturated zone
Soil type and characteristics
Aquifer porosity, # (unitless) 0.44 0.44 0.44 0.44 0.389 0.44 0.389 N
Hydraulic conductivity of the aquifer,
K (m/day) 0.86 0.86 0.86 0.86 4.04 0.86 4,04 H
Site parameters
Hydraulic gradient, i (unitless) 0.001 0.001 0.001 0.00} 0.001 0.02 0.02 N
Distance from well to landfill, AR (m) 100 180 100 100 100 50 50 N
Dispersivity coefficient, a (m} 10 10 10 10 10 5 5 N
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TABLE A-1l. (continued)

Condition of Analysis

Results 1 2 3 4 5 6 7 8
Unsaturated zone assessment (Equations 1 and 3)
Initial leachate concentration, C, (ug/L) 638 638 638 638 638 618 638 N
Peak concentration, C, (ug/L) 8.29 8.29 25.6 638 8.29 8.29 638 N
Pulse duration, t, (years) 5.00 5.00 5.00 5.00 5.00 5.00 5.00 N
Linkage assessment (Equation 2)
Aquifer thickness, B (m) 126 126 126 25) 23.8 6.32 2.38 N
Initial concentration in saturated zone, C,
(ug/L) 8.29 8.29 25.6 638 8.29 8.29 6.38 N
Saturated zone assessment {Bquations 1 and 3)
Maximum well concentration, Cpgy (Mg/L) 9.02x10°%  9.2x1079 2.78x10°3 6.93x10°2  4.79x10°3  3.61x10"2 14.8 N
Index of groundwater concentration resulting
from landfilled sludge, Index ) (pg/L)
(Equation 4) 9.02x10"4  9.0x107% 2.78x10°3 6.93x00"2  4.79x10"3  3.61x10"2  14.8 0
Index of human cancer risk resulting
from groundwater contamination, Index 2
{unitless) (Equation 5) 741 741 743 7192 144 67 11700 {741)

ay
bna

Null condition, where no landfill exists} no value is used.

Not applicable for this condition,




