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Abstract

This study is to provide reasonable guidance for evaluating acceptable community odor

threshold, and to develop a method for evaluating odor dilutions to community odor thresholds

associated with appropriate horizontal isolation distances. The one odor unit strategy incorporated

into modeling and analysis provides rcasonable criteria for evaluating alternative horizontal

isolation distances at sanitary landfills. For effective odor reduction, this study suggests that

horizontal isolation distance must provide at least 10° dilutions from the original concentration to

render odorous compounds odorless.

INTRODUCTION

In a study of gas emissions from sanitary
landfills in Great Britain [1,2], 100 organic
compounds were analyzed, however, only 15
of these were found to have a high odor
intensity. Odor causing compounds can be
divided into two groups [2-6]. The first group
is dominated by esters and organosulfurs. Of
these, methyl mercaptan is a chief constituent
with a high odor intensity. It smells similar to
hydrogen sulfide (rotten eggs), and is often
confused with that chemical, but has a much
greater odor intensity. At some sites, gases at
the landfill surface containing methyl

mercaptan required as much as 10" dilutions to
render them odorless [2]. The second group of
odor causing compounds is alkyl benzenes and
limonene. Gases containing these compounds
at sanitary landfills required 10° to 10* dilutions
to render them odorless [1].

Contrary to popular belief, hydrogen sulfide
is rarely the cause of odors associated with
household refusc at landfills [2]. However, this
compound has been a major source of odors
where gypsum, either as wall board or as
quarrying waste, has been disposed of in large
quantities [2]. This gas can require as much as
10* dilutions to render it odorless [2], and

therefore a significant odor source.
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Studies in West Germany [7] and Great
Britain [8] indicated that CH: is an effective
tracer gas for odorous constituents when
diluting and mixing with air occur. Results
from a pilot study in Great Britain [2] indicated
that the number of dilutions necessary to reach
odor threshold were always proportional to the
CH. concentration in the gas samples. Further
experiments [1] were conducted using CHs
concentration as an odor intensity indicator in
ambient air around older landfills. These
experiments also indicated that odor intensity
in ambient air could be predicted by measuring
CH:. concentration. Even though the total
concentration of odor causing compounds is
proportional to CHs concentration, odor
intensity is dependent on the combination of
specitic odor causing compounds gathered
from the source. Odor intensity is therefore not
necessarily proportional to the total con-
centration of odor causing compounds or CHs
concentration [5,9].

For this study, CH« was chosen as a tracer
gas [2, 3, 5, 6, 9] because it is present in
detectable concentrations at all sanitary
landfills and in all but the earliest phases of
waste biological decompositions. In addition, it
is generated in proportion to the majority of
odor causing compounds at sanitary landfills.
Finally, inexpensive real-time monitoring

equipment is readily available.

LANDFILL EVALUATIONS

The Applicd Science and Technology, Inc.
(ASTI) measured gas concentrations and flux

rates from landfill surfaces using an isolation

Duk-Man Song

flux chamber [5, 9, 11, 12], which was
designed and operated according to USEPA
guidelines [10]. For all sampling locations,
CH. was chosen as a tracer gas for measuring
total hydrocarbons concentration [5, 9, 11, 12].

The Wayne County Air Pollution Control
Division (WCAPCD) collected discrete gas
samples at sclected locations and analyzed
according to the principles of the Amcrican
Society for Testing and Materials (ASTM)
method D-1391 [S, 9, 11, 12]. The response of
an odor panel, using a forced choice dilution
syringe method, was employed to estimate
dilutions to community odor thresholds. These
dilutions define the odor intensity, in odor
units, for each monitored source.

Based on site sampling data to determine
source odor intensities, dispersion modeling
predicts community odor thresholds at selected
receptors for each modeling scenario, and
subsequently determines dilutions to com-
munity odor thresholds of odorous compounds

at sanitary landfills.

DISPERSION MODELING
METHODOLOGY

1. One Odor Unit Strategy

The fundamental problem in odor
quantification would be how to define odors as

objectionable. One way to quantify odors is

through the use of the “odor threshold”. The
odor threshold is the number of dilutions of an
objectionable gas necessary to dilute it to the
point where the odor is barely discernible.

When evaluating landfill odors, total gas
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generation must be considered in conjunction
with odor intensity. Odor intensities are
obtaind from field sampling and can be
reported in odor units. The odor unit, used to
quantify odor intensity, is a relative measure of
the dilution factor necessary to render the
original odorous compounds odorless. It is a
common procedure in sensory analysis to
express community odor thresholds in terms of
dilution factors instead of concentrations {53, 9].
Therefore, the number of odor units is
generally defined as the number of dilutions to
community odor threshold values.

Thus, determining the number of odor units
in odorous compounds provides crucial
information about how much odor emissions
must be diluted to reach the minimal level of
detection. If the odor unit strategy is to be used
as the criterion for model evaluation, the issue
is one of determining that number of units that
should be considered acceptable.

To provide an additional measure of
conservatism, we adopted onc odor unit as the
community odor threshold values for this
study. One odor unit is generally defined as the
quantity of a mixture of odorous compounds
(odorants) in 1 m* of air just detcctable by 50%
of the population [9, 11, 12].

This value was chosen [5, 9, 11, 12] because
research indicates that odor panels have
difficulty in detecting levels of odor below 25
odor units. In addition, although we cannot
define the level of odor which consititutes a
nuisance, we can assume that an emission that
results in off-site concentrations below the
level of detection level will not be a nuisance.
A zero odor unit of detection is also impossible
to predict.

2. Dispersion Modeling and Model

Scenario
2-1. Dispersion Modeling

We cannot establish a precise relationship
between odor units in odorous compounds and
the occurrence: of a nuisance, However, we can
incorporate conservative assumptions into the
modeling and analysis to provide reasonable
guidance for evaluating acceptable community
odor threshold values and for determining
appropriate horizontal isolation distances [5, 9,
11, 12]. if the source strength of a particular
odor causing compound is input to ISCST
Dispersion Model, concentrations of that
compound at the receptor, could be compared
to odor threshold information. Community
odor threshold values can vary significantly
depending on the procedures and the instru-
ments used to measure them.

Given a quantified source strength, dispers-
ion modeling will allow a quantitative
prediction of receptor concentration. For odor
dispersion modeling purposes, the source
strength (Q) could be quantified as follws:

Q=v-A-C (1)
The dispersion model predicts a
concentration (X) which is proportional to the

source strength (Q).
The dilution factor (D) is defined to be:

D=C/X @)

The dilution factor is independent of the

actual source strength. Thus, any consistent set
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of units can be used for the input concentra-
tion. Using Turner's simplified equations [13]
for ground-level downwind plume centerline
concentration with no effective plume rise (&
H), we obtain the predicted concentration as
follows:

X, = Q/(n6,0. u)=(vAC)/(1G,G: 1) 3)

Then,
D = C/y=(Cno,0: u)/(vAC) 4)
D = (16,G- u)/(VA) )]

Thus, the quantity X (=C/D) directly
represents the predicted ambient concentra-
tions in odor units comparable to those
determined by the odor panel. The odor unit, a
relative measure of the dilution factor, can be
used to quantify odor intensity obtained from
the field sampling. Consequently, we can
express community odor thresholds in terms of
dilution factors instead of concentrations [5, 9,
11, 12].

2-2. Model Scenario

This dispersion modeling was performed in
two parts [5, 9, 12]. First a hypothetical
modeling includes single source and multiple
source scenarios with various hypothetical
landfill configurations, This modeling scenario
involved a simple circular geometry to
surround a square landfill zone. Second Ann
Arbor case modeling includes actual com-
plicated geometry and source functions for 3
different configurations based on historical

operational and design changes. This modeling
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scenario used the actual locations of five odor
sources in the sanitary landfill as input
functions into the ISC Terrain Model.

Modeling was conducted using the Industrial
Source Complex (ISC) Dispersion Model with
standard preprocessed mecteorological data
from the Detroit and Flint Bishop Airport for
January or October of 1976, and using one
hour averages for odor intensitics. Worst case
conditions were used to compute the con-
centration profiles as a distance for each of 16
radial spokes of a polar grid.

RESULTS AND DISCUSSIONS

An absolute flux of 0.001 g/m%sec of tracer
gas was hypothetically used for this study [5,
9, 12]. If we assume that this source was either
from the open tipping face or the final cover,
then the average velocity of tracer gas through
flux measurements was estimated to be 2.54 X
10°m/sec [5, 9). Thus, the effective tracer
concentration at the surface is C=Q/v=39.

4g/m? (=39.4 X 10" ug/my’). As the density of

dry air at 0C and 760 mmHg is 1.29 x
10°g/m’, this could be a 3% ([39.4g/m*)/[1.29
x 10°g/m*]=0.03) of tracer concentration in
ambient air.

Some investigations indicated that most
odors associated with sanitary landfills are
from trace concentrations that comprise less
than 1 to 2% of total landfill gases {1, 2]. Of
these constituents, most odors stem from
volatile organic compounds (VOCs). Although
this research program has little work done to
quantify the effects of VOCs emissions, it was

found that this result provides a reasonable
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tracer concentration for study sites.

Based on this tracer gas concentration, first
we considered the hypothetical landfill
dilutions calculation for a small square area
with a diameter of 30.48m(100 feet). As
shown in Figure 1(a), at a distance of 135m
(442.9 feet) from the property line and 67.5° in
wind direction, the predicted hourly averaged
second highest concentration (¥) is equal to 5.5
X 10° ug/m’. Thus, the minimum dilution
factor at 135 m from the property line would
be calculated as follows:

D = C/%,=(394 % 10° ug/m’)/
(5.5x10° ug/m’y=7.2x10°

Intrapolating to the hourly averaged second
highest concentration at 183 m (600 feet) from
the property line and 45.0° in wind direction,
the predicted hourly averaged sccond highest
concentration (X) would be 3.5 X 10° ug/m*.
Thus, the dilution factor at 183 m from the
property line could be approximately:

D = C/x=(39.4 % 10° ug/m’)/
(35 X10° ug/m*) =113 % 10¢

Second, if the area size of hypothetical
landfill were expanded to larger square arca
with a diameter of 1,000 m, then we could
extrapolate to the hourly averaged second
highest concentration at 200m (656 fect) from

the property line and 45.0° in wind direction as
shown in Figure 2(a). That predicted con-
centration valuc, ¥ would be 3.72 X 10¢ ug/m’,
which could represent a minimum dilution

factor (D) of 1.06 X 1(%,

Great Britain research [1] found that some
odorous gas samples at the surface of sanitary
landfills required a 10° to 10* dilution to render
them odorless. As a result, for effective odor
reduction, this study suggests that horizontal
isolation distance must provide at least 10°
dilutions from the original concentration to
render odorous compounds odorless [5, 9].

For a single source, this approach is exactly
correct; the diépersion model simply determine
the dilution and hence distance necessary to
reduce the level below 1 odor unit of odor
threshold [5, 9, 12]. When many sources are
involved, the situation is potentially more
complex. For odors from different sources and
presumably different chemical species, we
knew that this approach is not strictly correct;
it is likely to be incorrect, but provides a
generally conservative approach [5, 9, 12].

Therefore, incorporating conservative
assumptions into the modeling and analysis,
we can provide reasonable guidance for
evaluating acceptable community odor
threshold values [11]. Some conservative
assumptions are provided in the previous
research [5, 9, 11, 12].

Associated with the Weber-Fechner relation-
ship of odors, approximations based on
available information may be acceptable for
conducting comparisons to the community
odor thresholds. Neglecting any possible
synergistic effects of odor causing compounds
at sanitary landfills, the one odor unit strategy
avoids the nonlincarity problem of the Weber-
Fechner effect and protects the public interest
[5, 9, 12]. The one odor unit level can be used
as a measure of acceptability for reviewing

landfill proposals including detectability, the
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relationship of one odor unit to a nuisance, and

uncertainty in air quality modeling [5, 9, 12].

CONCLUSION

For effective odor reduction, this study
suggests that horizontal isolation distance must
provide at least 10° dilutions from the original
concentration to render odorous compounds
odorless. Although the number of dilutions per
foot of horizontal isolation distances is
dependent on meteorological conditions, local
topography, and surface velocity, the Ann
Arbor case study indicated that a 10° dilution
can be achieved at as little as 600 feet under
certain operating and site conditions. Con-
sequently, this modeling approach offers a
good procedure to evaluate odor dilutions to
community odor thresholds for odor control at
sanitary landfills.
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NOMENCLATURE

A : Cross sectional area [m?].

C : Concentration in odor units [0.u./m?].
D : Dilution factor [-].

Q : Source strength [0.u./sec].

u : Wind velocity [m/sec].

v : Surafce velocity {m/sec].

Greek Letters

AH: Effective plume risc [m].
oy Horizontal dispersion coefficient [m].
o.: Vertical dispersion coefficient [m].
x : Ground-level plume centerline

concentration [0.u./m’].
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Fig. 1(a). The odor lcvel at distances from center of source (ft) with 100 ft (30.48 m) diameter of a single
area source for 31 day period of Jan. 1976 METDATA [CASE STUDY A].
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Fig. 1(b). The odor level at distances from center of source (ft) with 100 ft (30.48 m) diameter of a single
area source for 31 day period of Jan. 1976 METDATA [CASE STUDY A].
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Fig. 2(a). The odor level at distances from center of source (ft) with 1000 m diameter of a single area source
for 31 day period of Jan. 1976 METDATA [CASE STUDY B].
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Fig. 2(b). The odor level at distances from center of source (ft) with 1000 m diameter of a single area source
for 31 day period of Jan. 1976 METDATA [CASE STUDY B].
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