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comparison of the orders to the original workorder minimize errors and
misunderstandings.

SAMPLING SURFACES. An odorous air sample can be collected from
surfaces, sometimes called area sources. Wind speed and direction, air
temperature and relative humidity, and solar radiation all affect the odorous
emission rate from a quiescent surface (i.e., influent channel of primary
clarifier). Aerated surfaces are also affected by the aeration blower flowrate in
a diffused air process or the surface of a bicfilter. Emission rates for aerated
area sources (i.e., aeration basins or biofilters) are calculated by multiplying
the odor concentration (i.e., pseudo-dimension of odor units/m*) by the
blower or exhaust fan flowrate (m’/s).

A tall passive chimney or simulated stack is an apparatus used to collect
aerated surface emission samples. Figure 2.4 illustrates the sampling method
to isolate an aerated surface. Sample 103 (from the gravity belt thickener filter
biofilter) is taken from the surface of the biofilter that has an upward flow of
exhaust air. The tall passive chimney sampler minimizes the effects of cross-
flow winds at the time of sample collection. A vacuum case is used to collect
the whole-air sample of exhanst air from the biofilter surface using the same
bag-filling procedure described for the point source sample collection.

Sample 104 (from the influent channel to the primary clarifiers) was taken
using a flux chamber floating on the surface of the influent channel. The flux
chamber (also called surface emission isolation chamber) was originally
developed in the 1970s to quantify emissions of inorganic gases from soils. In
the 1980s, the U. 8. Environmental Protection Agency (U.S. EPA) studied
flux chambers for measuring the emission of VOCs from contaminated soil
and water surfaces at hazardous waste sites. Figure 2.5 illustrates the method
to collect whole-air samples from quiescent liquid or solid surfaces. The flux
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Figure 2.4 Tall passive chimney sampler.
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Figure 2.5 Flux chamber sampler,

chamber uses a flotation collar to float the chamber on a liquid surface. A
clean, odor-free carrier gas (i.e., dry zero air or high-purity nitrogen) is
metered into the flux chamber at a known flowrate (i.e., 5 L/min). This flow
is known as the sweep air for the flux chamber. After an equilibration period
of 3 to 4 residence times, a sample is withdrawn from the flux chamber at a
flowrate less than the sweep airflow rate (i.¢., 2 L/min). Similar to sampling a
point source, a vacuum case and Tedlar sample bag are used to collect the
sample from a flux chamber,

The odorous emission rate for an area source is calculated by multiplying
the odor concentration (odor units/m®) by a sweep air flowrate (m’/m” = s) of
the flux chamber used to collect surface emission odor samples.

BACKGROUND OF LABORATORY
OLFACTOMETRY STANDARDS

In the early years of odor testing in laboratories, the American Society for
Testing and Materials (ASTM) D1391 syringe dilution technique measured
odors in the laboratory from samples collected at the odor source (ASTM,
1978). In 1979, ASTM D1391 was replaced with ASTM E679, Standard
Practice for Determination of Odor and Taste Thresholds by a Forced-Choice
Ascending Concentration Series Method of Limits. The current edition of
ASTM E679 was approved on August 15, 1991, and published in October
1991, as ASTM E679-91 (ASTM, 1991).

In 1995, a working group was formed within the Committee European de
Normalisation {CEN), Technical Committee 264—Air Quality, to develop a
unified olfactometry standard. This working group recognized the need to

12 Control of Odors and Emissions from Wastewater Treatment Plants
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SECTION 2

BACKGROUND

The fol lowing subsectlons discuss the process by which volatile organic
compounds are emitted from contaminated land surfaces, the basls upon which
the flux chamber technique was selected as an approach for measuring such
emisslon rates, and the principle of the technique.

2.1 Emlsslion Processes

The rate of volatile organlc compound (YOC) emisslons from contamlnated
solls Is generally belleved to be controlled by the diffusion rate of the
chemical compound through the alr-fi|led pore spaces of the soll.(1,2,3)

The exceptlon occurs when the contaminated material |les on or very near the
sol| surface. Such Is the case when spllis occur or Immediately after waste
Is surface-applled to a |andtreatment site, In these cases, the emlsslon
process wil| be controlled by the rate of evaporation.

Evaporatlon |s a surface phencmenon, and the parameters that affect the
evaporation process are the properties of the waste Itself as well as those
t+hat have an effect on the alr-surface Interface (l.e. wind, surface rough-
ness), The Important parameters Include the volatl|lty or vapor pressure of
the waste, amblent meteorologlcal conditlons (solar Insclation, alr and
waste temperature, surface wind speed, relative humidity), surface coarse=-
ness, and the bulk concentration of the volatlle components In the alr
(although this Is usually very low and generally assumed to be neglliglble).

There are two major types of soll emlsslon processes. Each are treat-
ment dependent. One type occurs In |andtreatment facllltles and the other
at underground facllltles such as landfllls. In |andtreatment applications,
the emission rate Is generally highly tIme-dependent. When a fixed amount
of waste Is applled to the soll surface, [t penetrates the soll to a certain
depth. The vaporization rate |s maximum Immedl|ately after waste appllca-
tlon, as the material nearest the surface Is vaporized and diffuses through
a very thin layer of soll. As the waste near the surface Is depleted of Its
VOC content, the volatile materlal deeper In the soll must diffuse through
an Increasingly thick sall layer. The soll presents a resistance to VOC
diffuslon In direct proportion to the VOC depth. Thus, the rate of emis-
slons from the surface decreases with time.

It Is common practice In |andtreatment to periodically t1I11 the sell to
provide oxygen for bacterial activity. The t1l11ing effectively mixes the
remaining waste In a homogeneous |ayer near the soil surface. The emission
rate Is at a maximum Immediately fol lowing each t1l1ing eplsode- since
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volatlle waste Is agaln present very near the surface, and reslistance to
diffuslon Is at a minimum.

Although also dlffuslion controlled, the emisslion process from under=
ground sources such as landfllled waste or materlal present as a "|ens" an
the water table has significantly different characteristics than that from
surface or near-surface sources. The depth of the emisslon source Is
usual ly quite substantial. Therefore, the emission rate Is Initlally |ower
due to the reslistance to diffusion produced by the coloumn of soll. The
Inltlal emlssion rate Is zero, since |t takes some time for the volatile
materlal to diffuse through the soll layer. The adsorptive sites on the
soll particles must also be Inltially saturated. Once the emisslon rate has
equill Ibrated, the rate Is relatively constant with tIme until the under=-
ground source |s exhausted,

The diffuslon process [tself through the soll Is the same for both
types of sources, l|landtreatment (surface) and landfil| (underground). Con-
sequent|y, many of the parameters Important to the emission processes are
the same, Including diffusivity of the YOC In alr, soil properties (particle
slze distribution, soll type, molsture content, particle density, porosity),
soll/waste temperature, and volati|ity of the VOC In the waste. Additlonal
parameters Important to the near surface emisslon processes are the amount
of material present In the contaminated soll layer, the Inltlal depth of the
contamination, the elapsed time from appllcation (or tililng) and, possibly,
amblent conditlons such as surface wind speed and relative humidity. The
depth of the soll layer above the waste Is a very Important parameter In the
emission process from subsurface sources. Additlonally, the adsorptive
propertles of the soll may also have a signlficant effect on the emission

rate fram this latter source type.

An understanding of the emission processes and the Important parameters
Is necessary In the measurement of emisslon rates from soll surfaces and In
the proper Interpretation of the test results. As an example, the emission
rate from a source [s affected by raln since the porosity and, hence, the
dlffusion rate are reduced with Increasing molsture content of the soll.
Thus, emission rates Immediately after a rainfall will be |lower than those
from drler solls and may take substantlial periods of time to return to the
emisslon rate prior to the rain.(4) Emission rates may vary wlth the time
of day and season, as a result of changes In amblent and soll/waste tempera-
tures.(4) Emission rates from soll areas containing flissures can be higher
and much |less homogeneous than those from unfractured areas. Thus, consi=-
derable care must be taken In planning and Implementing a measurement pro-
gram to determine representative emission rates from such soll surfaces.

2.2 Measurement Technlques

Based on a |lterature review (5), the techniques for determining gas
emisslons rates from land surfaces contaminated with organic compounds can
be dlvided Inta threa approaches: Indirect measurements, direct measure—
ments, and |aboratory simulations. Indirect techniques typlcally require
measurements of amblent alr concentrations at or near the site. These
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measurements are related to the surface area of the area source and |ocal
meteorcloglical conditlions using a dispersion model to determine an emission
rate. The second approach [s to directly measure emission rates using for
example the flux chamber. The third approach Is to create an emission
source In the laboratory and model the emissions by various techniques for
appllcation 1o fleld sites. These three approaches were compared for preci-
slion, accuracy, and sens|tivity. Other considerations Included appilicabl|-
Ity, complexity, manpower requlrements, and costs.

The most promlising technique for measuring gas emlssion rates from |and
surfaces was determined o be the emlssion Isolation flux chamber technique.

The advantages are:

o |lowest (most sensitive) detection |Imit of the methods
examined;

o easl|ly obtalned accuracy and precision data;

o simple and econamical equipment relative to other
technlques;

o minimal manpower and time requirements;

o rapid and simple data reductlon; and

o appl lcable to a wide varlety of surfaces.
2.3 Flux Chamber Operation

The flux chamber technique has been used by researchers to measure
emission fluxes of sulfur, nitrogen, and volatlle organic specles
(6,7,8,9,10). The approach uses a flux chamber (enclosure device) to sample
gaseous emisslons from a deflined surface area. Clean dry sweep alr |s added
to the chamber at a fixed, controlled rate. The volumetric flow rate of
sweep alr through the chamber [s recorded and the concentration of the
specles of Interest Is measured at the exit of the chamber. The emission
rate Is calculated as:

E; = Y[Q/A (2-1)

where: E; = emission rate of component | (mass/area-time),
concentration of component | In the alr flowing from the chamber

Y =
(mass/volume),
Q= flow rate of alr Into the chamber (volume/time),

A = surface area enclosed by the chamber (area),
All parameters In Equation 2-1 are measured dlirectly.

Most of the emission rate assessments are of area sources much |arger
than the enclosed surface area of the flux chamber (0.130 m€). In these
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cases, an overall emlssion rate for the area source Is calculated from
multiple measurements based on random sampling and statistical analysis.
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SECTION 3
MEASUREMENT OF GASEOUS EMISS510N RATES FROM LAND SURFACES

USING AN EMISSION [SOLATION FLUX CHAMBER - PROPOSED METHOD

3.1 Applicabllity and Princliple
' 3,1.1 Applicablllty

The flux chamber technlque [s appllicable to the measurement of emission
rates from Resource Conservation and Recovery Act (RCRA) facllitles such as
hazardous waste |andtreatment and landfil| faclillitles. Thls technique Is
also applicable for emission rate measurements from Comprehensive Environ=
mental Response, Compensation, and Llabl| Ity Act (CERCLA) waste sltes such
as areas contaminated by losses of volatlle organic compounds from splils,
from leaking underground storage tanks, from plpelines, and/or from surface

Impoundments.
3.1.2 Princlple

Gaseous emissions are collected from an [solated surface area with an
enclosure device called an emission [solation flux chamber (or flux cham=
ber). The gaseous emisslons are swept through an exit port where the con-
centration Is monitored and/or sampled. The concentration Is monitored
and/or sampled elther continuousiy (l.e., "real-time") or discretely. Real-
+ime measurements are typlcally made with portable total hydrocarbon ana-
lyzers and are useful for relative measurements (l.e., the determination of
flux chamber steady-state operation, zoning). Dliscrete samples are taken
when absolute measurements are necessary (l.e,, steady-state concentrations,
emisslon rate levels). The emission rate Is calculated based upon the sur=
face area [solated, the sweep alr flow rate, and the gaseous concentration
measured. An estimated average emisslon rate for the area source [s calcu-
|ated based upon statlistical sampling of a deflned total area.

3.2 Preclslon, Accuracy, Sensitivity, and Range

3.2.1 Preclsion

Single chamber precision (l.e., repeatability) of the method Is approx-
Imately 5 percent at measured emission rates of 3,200 ug/min-mZ, Varlabli-
Ity between dlfferent flux chambers (l.e., reproducibl|lity) Is approximately
9.5 percent within a measured emisslion rate range of 39,000 to

65,000 ug/min=-mZ, (4)
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The reproducibility results were determined from a bench-scale study.
The tests were designed to eliminate temporal varlations from the flux
chamber reproduciblllty. However, using the same bench-scale facllity, a
test design was not possible for measuring flux chamber repeatability with-
out blas from temporal variations. As a result, the repeatabllity tests
were performed In the |aboratory. The dlfferences therefore between the
stated emission rates for repeatabl| !ty and reproduciblility reflect the
differences In |aboratory simulated emisslon rates and those meausred from
the bench-scale facll|Ity.

3.2.2 Accuracy

Flux chamber recovery (Sectlon 3.6.1.4.2) results show a recovery range
of 77 percent to 124 percent. Table 3-1 |lsts measured recoverlies for a
number of compounds tested. The average recovery for the 40 compounds
tested Is 103 percent.

Flux chamber emission rate measurements made on the soll cells range
from 50 percent to 100 percent of the predicted emission rates. That Is,
the measured emission rates can be expected to be within a factor of one-
half of the "true™ emission rates.(4) The flux chamber accuracy based upon
both the recovery tests and predictive model Ing ranges from 50 percent to
124 percent.

3.2.3 Sensitivity

The sensitlvity of this method depends on the detectlon |imit of the
analytical technique used. When discrete samples are collected using gas
canlisters and analyzed by gas chromatographic methods, the estimated emis-
slon rate sensitivity Is 1.2 ugfmln-mz for an analytical detection |Imit of
10 ppbv benzene. When emission rates are measured In a contlinuous (real=-
time) method, the estimated sensitivity Is 124 ug!mln-m2 for an analytical
detection |Imit of 1 ppmv benzene.

3.2.4 Range

The range of this method depends upon the analytical technique used.
High level emission rates are analyzed by Introducing proportional amounts
of gas sample to the analyzer. Using thls technique, high level emission
rates of 120,000 ug/min*mé have been measured.(4) Low levels are |Imited by
the sensitivity of the analytical technique. Gas chromatographlic techniques
have been used to measure low level emission rates of I.Z'ugfmln-m2 for mea-
sured concentrations of 10 ppbv benzene.

3.3 Interferences
3.3.1 Flux Chamber Method
Impurities In the sweep alr and/or organic compounds outgassing from

the transfer |ines and acrylic chamber top may cause background contamina-
tlon. The emission lsolation flux chamber must be demonstrated to be free
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COMPOUNDS TESTED IN THE EMISSION ISOLATION FLUX CHAMBER

TABLE 3=1

AND THE MEASURED PERCENT RECOVERY

Parcent Percent
Compound Recovery* Compound Recovery*
Total Co 100 3-methy| hexane 106
Total 03 108 2,2,4=tr Imethylpentane 106
Isobutane 109 n-heptane 103
1-butene 108 - Methy | cyclohexane 103
n=butane 106 Toluene 103
t+-2-butene 107 Ethyl benzene 94,7
c=2=butene 109 mtp=xylene 88.5
I sopentane 112 o=-xy |ene 97.3
1-pentene 105 n=nonane 99.4
Z2-methy |=1-butene 124 n=propy |benzene 95.5
n-pentane 107 p=-ethyltoluene 92.5
n=pentene 103 1,3,5=trimethy | benzene 93.5
c=2-pentene 105 1,2,4=trimethy| benzene 88.7
Cyclopentene 105 2-methy |=2=butene 103
n-hexane 95.1 Methyl mercaptan 107
| sohexane 107 Ethy| mercaptan 107
3=-methy| pentane 106 Butyl mercaptan 101
Methy lcyclopentane 105 Tetrahydrothiophene 115
Benzene 106 Trichloroethylene 77.1
1,2=DImethy | pentane 105 Ethylene dichloride 103

*Sectlon 5.8.2
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from significant (<10 percent of expected measured concentrations) |evels of
such contamination under the measurement operating conditlons by running
method blanks. Background |evels above this |imit will significantiy blas
the flux chamber measurements. Typlcal values measured with a real-time
analyzer (OVA) range from 0 to 2 ppmv exit gas concentration.

Cross-contamination can occur whenever high level and low level samples
are sequentially analyzed. To reduce the |lkellhood of cross-contamination,
the chamber should be purged between samples with ultra high purlty alr and
fo! lowed with running a method blank untl| typlcal values are achleved.

The use of a transparent chamber may result In gas and surface warming
due to greenhouse effects. The degree of gas and surface warming are depen-
dent upon the outside alr temprature. For outside alr temperatures of 28°C,
a temperature gradient between the Inside flux chamber alr and outside alr
Increases from 9°C at 51 (30 minutes) to 30°C 2.5 hours later. Such heating
Is minimized by the use of short sampling tImes.

As a result of the greenhouse effect, condensation may occur when
monitoring molst surfaces. Condensatlion should be recorded when observed
and drled fram chamber surfaces and |Ines between sample runs. Condensation
could reduce exit gas concentrations of water soluble compounds.

The emission rate process from solls enclosed by the flux chamber could
be suppressed as the Internal YOC vapor phase concentration increases.
Emisslion rate suppression |s avolded by Increasing the sweep air flow rate.
Suppression Is not a significant factor untll flux chamber entrapped vapor
concentratlons are greater than 10 percent of the equillibrium vapor phase
concentration. The equillbrium vapor phase concentration is determined from
the headspace concentration measurements of a soll sample. Thls concern
appl les only when samplIng highly concentrated and volatile waste.

3.3.2 Emlssion Process

Ground molsture resulting from sither rain, heavy dew, etc. has a
def Inlte effect upon the emission rate from land surfaces. Ground molsture
accumulation from trace amounts of rain (£0.01 Inches) have |1ttle or no
effect, whereas ground molsture resulting from a rainfall of 0.30 Inches of
water has been observed to decrease emisslon rates by 90 percent.(4) At
this level of precipltation, seven days of hot, sunny weather were required
before the gas emission rates returned to values equal to that before the
rain. As such, emission rate measurements made on solls recently exper|=-
encing an elevated ground molsture content would be biased. Emission rate
measurements will be below those made at normal soll molsture |evels,

3.4 Apparatus and Materlials
3.4.1 Flux Chamber and Supporting Equlpment

A dlagram of the fliux chamber and supporting equipment Is shown In -
Figure 3=1. The flux chamber mater|als and speclfications are |Isted In
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