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Landfill Gaseous Emission Impact in Ambient
Atmosphere
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Abstract—This paper will explore formation of HCI aerosol at
atmospheric boundary layers and encourages the uptake of
environmental modeling systems (EMSs) as a practice evaluation of
gaseous emissions (“framework measures”) from small and medium-
sized enterprises (SMEs). The conceptual model predicts greenhouse
gas emissions to ecological points beyond landfill site operations. It
focuses on incorporation traditional knowledge into baseline
information for both measurement data and the mathematical results,
regarding parameters influence model variable inputs. The paper has
simplified parameters of aerosol processes based on the more
complex aerosol process computations. The simple model can be
implemented to both Gaussian and Eulerian rural dispersion models.
Aerosol processes considered in this study were (i) the coagulation of
particles, (ii) the condensation and evaporation of organic vapors, and
(iii) dry deposition. The chemical transformation of gas-phase
compounds is taken into account photochemical formulation with
exposure effects according to HCl concentrations as starting point of
risk assessment. The discussion set out distinctly aspect of
sustainability in reflection inputs, outputs, and modes of impact on
the environment. Thereby, models incorporate abiotic and biotic
species to broaden the scope of integration for both quantification
impact and assessment risks. The later environmental obligations
suggest either a recommendation or a decision of what is a legislative
should be achieved for mitigation measures of landfill gas (LFG)
ultimately.

Keywords—Air dispersion model, landfill management, spatial
analysis, environmental impact and risk assessment.

I. INTRODUCTION

NVIRONMENT, is a complex subject to model physical,

chemical and biological components for interaction
practice science to reality [1]. When modeling systems
become an obligatory skill in the scientists’ kit, decisions will
be based upon integration of multidisciplinary data and
knowledge, with an ultimate goal of sustainability [2]. The
disposal of organic waste at landfill sites generates aerosols by
either biological decomposition or particulates coagulation.
Both chemical constituents and diffusion mechanism are
unconfined flow beyond landfill site unless fumigation from
marine boundary layers. Organic vapors are the latter result of
either aerobic bacteria or evaporation processes. The
contraption of “aerodynamic forces” that cause the removal of
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aerosols from the surface, is determined by balance of the
“wind friction velocity”, a measure of wind shear at the
surface, with other forces that resist acrosols diffusion such as
“gravitational and inter-particle cohesion forces” [3]. The
aerosols get entrained into the atmosphere when wind speed
exceeds a critical value, that is called the “threshold friction
velocity” [4], [5].

The threshold friction velocity is the minimum velocity
required to initiate particle motion. The ability of aerosol to
disperse and deposit depends on their shape and size [6], with
other factors as temperature, moisture and chemical
composition affect the coagulation of emitted gaseous [7].

Currently, the existing models can only be utilized for
"screening-level" purposes due to the many fundamental over
simplifications made, which may seriously compromise the
accuracy of the predictions. A wide approach is needed to
accurate estimation of source emissions and evaluates the risk
posed to either humans or species in the areas near landfill
site. Further to design control, air quality model broadens the
scope of integration parameters for estimating downwind
gaseous dispersion and approach concentration for risk
assessment [8].

The United States Environmental Protection Agency
(USEPA) has approved a wide range of atmospheric
dispersion models [9]. These models can predict
concentrations of various pollutants on both local and regional
scale; however, most of the well validated models have
limitations in estimating concentrations from fugitive dust
sources [10]. One of the most commonly used models to
compute concentration levels of fugitive gaseous emission is a
computerized Gaussian air quality model developed by
USEPA [11].

The accuracy of an AQ model depends on the accuracy of
the measured input pollutant emission rates [12]. Emission
rates can be estimated using data from air quality monitors, or
by wusing empirical emission factors developed by
governmental agencies such as, USEPA, 1995 [13]
“Emissions Factor” is a representative value or algorithm (for
complex cases) that attempts to relate the quantity of a
pollutant released to the atmosphere with an activity
associated with the release of that pollutant

II. METHODS FOR PREDICTION IMPACT

The systematic approach of air quality model is broadly an
intermediate stage, that based on definitions of quantitative
measures between both midpoint abiotic and endpoint biotic
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impact assessment as classified in Fig. 1 [14]. The installation
of landfills can pose a range of risks to the ecological
receptors and amenity. No matter how the terms are used in
recognition ecologic impact when air quality model is
predicting environmental impact assessment for possible—
positive or negative—processes that intersect to contain
entirely natural, social and economic aspects of the
ecosystems. The advection of pollutants from unstable marine
environment influences dispersion and affect levels of gaseous
dispersion. The plume originally emitted into a stable layer in
the ambient atmosphere and mixed rapidly to unstable plume
in ground level. The accumulation in enclosed spaces above or
below ground level, where it could remediate off-site, cause
dieback in neighbouring vegetation tissues to increase levels
of greenhouse effects. The model is simplified as a central
stage median abiotic and biotic endpoint impact assessment as
classified in Fig. 1 [14].

Dispersion Model
Variable Factors

v Exposure Time

v Particulate Size

v Emission Rate

v/ Origin Source

v/ Atmospheric Stability

Abiotic Biotic

Midpoint Impact Endpoint Impactt

v Inflammation
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v Photochemical model
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Fig. 1 The Model as central point of EIA policy [14]

A. Approach Analytic Photochemistry

Recently, aerosol processes indicate formation of HCI, as a
consequence of sodium chloride photolysis in the presence of
methane and carbon dioxide. The polarity of hydrogen
chloride molecule makes it very soluble in water and
hygroscopic in air to form an aerosol of dense mists or fog by
acting as a nucleation center and accreting water from the air.
In order to model the behavior of methane, as a simple
hydrocarbon with other important reactive components in air,
interpretation is based on both equilibrium phase and physical
properties of the air flow and the surface. It extends to the
chemical contaminants when attributed to the presence of
impurities. The formulation of HCI could be a result of the
photochemical reaction between methane and chlorine in the
presence of ultraviolet light as—typically sunlight. The [CI]
and [H'] radicals insert into specific chain condition to form
internally excited species, and respectively hydrogenation to
form hydrogen chloride as an example of a photochemical
formation — a reaction simply brought about by light (e.g.
[15]).

H'+CI' — HCI

Kumar et al. [16] reviewed aerosol microphysics and
electrolysis recovery to chlorine species. However, HCI is
known as “temporary reservoirs” for chlorine, since active
chlorine can be regenerated via both the photochemical and
diffusive equilibrium for recovery formulation [17]

HCI+ OH" + hv — H,0 + CI*
2 HCl + CO, + hv — H,0 + CO + Cl,

The age of the landfill, the type and amount of deposited
waste as well natural recovery of environmental equilibrium
systems are influence emission rates and hence, fumigation.

B. Experimental Measurement Campaign

Quantitative measurement of aerosols is more difficult and
requires collecting the aerosol over a period of time. The
capture of hydrogen chloride gas phases requires several
minutes or more to collect the sample and therefore does not
yield ceiling concentration results. The immediate analysis (by
colorimetric tube) or later laboratory analysis can be applied to
express HCI values in micron per dry standard cubic meters
(ng/dscm), parts per million dry volumes (ppmdv) [18].

EPA (TR-147) method specifies aerosols sample to
determine the concentration for HCI present in the raw LFG.
The EPA method specified isokinetic samples that withdrawn
from gas stream source at the landfill location (i.e. through a
glass nozzle, a heated, Teflon lined probe and a heated Teflon
filter). Samples have passed through the probe and filter
detained in a series of impingers containing a dilute sulfuric
acid (H,SOy) solution. Dilution enables the use of non-heated
transfer lines to deliver a clean, cool gas with low particulate
concentration to the ion chromatography (IC) analyzer [19].

OSHA ID-174SG method specifies sample collection with a
silica gel tube with glass fiber filter plug for particulate and
analysis by ion chromatography, with a recommended sample
volume of 7.5 liters collected at a rate of 0.5 liters per minute;
this translates to a 15-minute sampling period [20].

The EEAA laboratory specifies a colorimetric tube to
indicate airborne measurement of HCl which composed in
boundary layer. The measurement systems indicate the
formation of HCI in the lower atmospheric layers as a result of
active species of high chlorine radicals [Cl] atom or hydroxyl
[OH'] molecules from marine boundary layer [20].

III. SPATIAL ANALYSIS SYSTEM ARCHITECTURE

The advection, transport and deposition nature of
atmospheric pollutants has proposed the simulation of air
quality models at computer systems. Mostly, data are included
in the map layers as attributes for virtualization of physical
properties such as point and area sources of pollution, spatial
description of terrain elevations, meteorological data, real time
air quality monitoring networks and exposure hazards. These
require a huge volume of numerical calculations; so that two—
dimensional interpolations in the horizontal layers are used to
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interpolate three-dimensional atmospheric data as a model grid
system, Fig. 2 [21].

In case of large scale air quality modeling, more detailed
spatial data are needed to include the endpoint biotic impact of
diffusion pollutants in surrounding receptors [22], [23].
Statistical theory is also used to indicate temporal interactions
as described by [24]. In spite of air pollutant simulation, air
dispersion is carried out by standalone computer systems; the
spatial database in the frame of the GIS is used to support

more detail virtualization for efficient decision-maker
processes.
Spatial System Analysis Architecture
Central Catalogue
Abiotic Biotic

Midpoint Impzct Endpoint Impactt
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¥ Air Dispersion Model  Exposure Assessment
¥ Emission Limits ¥ Dose Response
¥ Photochemical model v Effect Assessment
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Spatial Objects
System Objects X Receptor Objects
\ | \
X ———> Level of Spatial Model Structure ~<t— X

Fig. 2 The Spatial Analysis Model Landfill System Objects [21]

The spatial analysis associated intermediate results of
plume dispersion and the potential airborne measurements to
be attributed to RDBMS of environmental impact assessment.
The concentration reflects health hazardous effects as a biotic
endpoint impact assessment. Next section will characterize
risk from point’s exposure in detail concentration contours
levels and model risk assessment of formation HCI aerosols.

A. Equations for Quantitative Assessment

Generally, the most widely used model handle air
dispersion phenomenon is based on well-known Gaussian
plume formulation. The model uses mass-balance correction
factors in order to predict concentrations with improved
gradient— transfer deposition algorithms. The model is not
designed to handle buoyant sources or any emission in
ambient conditions since it does not contain any plume-rise
algorithms. The Gaussian plume model used here is the
ISCST3 model (Industrial Source Complex, Short-Term,
Version 3), and is expressed as [25]:

2
_ Er 1y Z
Cow) = Tuoye, O {— H(Z+2) } M

where, C is the concentration averaged over time t (g/m’); x is
the distance downwind in meter; y is the distance crosswind in
meter; z is the height above ground level in meter; E, is the
rate of emission from the source (g/sec); oy and oz are the
‘dispersion coefficients’ representing the crosswind and
vertical spread distance of the plume, respectively, which are
increasing functions of distance x at averaging time t; and u
represents the vertically and time averaged wind speed.

B. Determination of Diffusion Coefficients

Atmospheric temperature and pressure influence the
buoyancy of air parcels, when parcel raise to extend diffusion
and influence area according to the temperature of the
surrounding air. As long as the parcel's temperature is greater,
it will rise; as long as the parcel’s temperature is cooler, it will
descend. When the temperatures of the parcel and the
surrounding air are the same, the parcel will neither rise nor
descend unless influenced by wind flow.

Scheme for determining diffusion coefficients, based on
categories of atmospheric stability class, are developed by
many individuals. The commonly used in Gaussian Plume
model is based on Passquill — Gifford as attributed according
to site conditions [26].

In approach requirement solution, a number of assumptions
have been used to approximate coefficients of various
atmospheric conditions. The equation in case of area source of
fugitive gaseous emission is simplified as a guideline to be

comparable between field measurements or modeling
framework as [27]:
oy, =cx? )
o, =ax’ )

where, X is the downwind distance from the origin source in
meters. The values for a, b, ¢, and d are taken according to
field measurements as parcel advection and diffusion in
atmospheric layers.

TABLEI
POWER LAW EXPONENTS AND COEFFICIENTS FOR 67 [25]

Downwind Distance meters

100 < x < 500

500 < x < 5000 x > 5000

b a b a b

Atmospheric Stability Class Passquill Gifford

a
Extremely unstable A 0.0383
Unstable B 0.1393
Slightly unstable C 0.1120
Neutral D 0.0856
Slightly stable E 0.0818
Stable F 0.1094
Extremely stable G 0.06645

1.2811 0.0002539 2.089 0.00025 2.089

0.9457 0.04936 1.114 0.04936 1.114
0.9100 0.1014 0.926 0.1154 0.9109
0.8650 0.2591 0.6869 0.7368 0.5642
0.8155 0.2527 0.6341 1.297 0.4421
0.7657 0.2452 0.6358 0.9204 0.4805
0.8060 0.1930 0.6075 1.505 0.3662
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TABLEII
POWER LAW EXPONENTS AND COEFFICIENTS FOR oy [25]

Downwind Distance meters

Atmospheric Stability ~ Passquill

Class Gifford x < 10000 x = 10000

c d c d

Extremely unstable A 0.495 0.873 0.606 0.851
Unstable B 0.310 0.897 0.523 0.840
Slightly unstable C 0.197 0.908 0.285 0.867
Neutral D 0.122 0916  0.193 0.865
Slightly stable E 0.0934 0912 0.141 0.865
Stable F 0.0625 0911 0.081 0.884
Extremely stable G 0.0468 0986  0.072  0.896

C.Wind Speed Correction

In the lower layers of the atmosphere, wind speed normally
increases with height. Most wind speed measurements of
national weather service are taken at a height of 10 meters
above the surface and listed as “ground level” wind speeds.
The wind speed at fumigation sources has the greatest effect
on the plume diffusion. Wind speed may be adjusted to the
desired surface boundary layer [28]:

u=u" (zi)p 4)
where: U, is the wind speed at height z, u* is the wind speed at
anemometer height, z is the desired height z, is the
anemometer height (usually 10 meters) and p is defined
constant a function of atmospheric stability condition for both
rural and urban areas (Table III).

TABLE III
WIND PROFILE EXPONENT AS A FUNCTION OF ATMOSPHERIC STABILITY
CLASS [28]
Stability Condition Pgis?f‘(‘)lrlcll' Rural Exponent Eiﬁ’g:n )
Extremely unstable A 0.07 0.15
Unstable B 0.07 0.15
Slightly unstable C 0.10 0.20
Neutral D 0.15 0.30
Slightly stable E 0.35 0.30
Stable F 0.55 0.30
Extremely stable G 0.66 0.39

IV. MOTIVATION RISK ASSESSMENT

Motivation vulnerability criteria can broaden scope of
impact assessment to determine dose levels that result in
specific consequences as partial context of biotic endpoint
impact. This integration encompasses total surroundings for
both physical and societal installation dimensions. Traditional
assessment procedures are based on Monte Carlo simulation.
However, the steps involved in Risk Assessmentl are (1)
Hazard identification, (2) Dose response assessment, (3)
Exposure assessment, (4) Risk characterization, and (5) Risk
management. The assessment will be limited to define
components of exposure dose and its effects. In other words,
the assessment is intended to ensure that the general public
would not be adversely affected by the composed HCI [29];
[30].

A. Exposure Assessment

The assumption of the exposure point concentrations is
ultimately examined through sensitivity analysis. A sensitivity
analysis identifies input concentrations variables of the myriad
which have the most significant impact on the risk values
results. The calculation of administrated dose is summarized
in the following generic equation [31]:

CXCRXEFXED

I= BWxAT )
I is the intake (mg/kg of body weight per day); C is
concentration at exposure point (e.g., mg/L in water or mg/m’
in air); CR is the contact rate (e.g., L/day or m*/day); EF is the
exposure frequency (days/years); ED is the exposure duration
(years); BW is the body weight (kg); AT is the average time
(day).
Equation (5) is typical modified for specific exposure
pathway, for the intake dose from inhalation of fugitive
gaseous may be calculated as:

For Fugitive Emissions Intake dose
CXCRXEFXEDXRRxAbs
I= (6)
BWXAT

RR is the retention rate (decimal fraction); Abs is the
absorption into bloodstream (decimal friction).

The concentration in the air is determined as a partial ratio
which explored by

C= CyxP, (7)

Cs is the concentration of chemical in fugitive dust (mg/mg);

Pc is the concentration of fugitive gaseous in air (mg/m?).
Appropriate parameters may be considered for professional

judgment such as the exposure frequency and duration rate

B. Effect Assessment

The biotic endpoint impact requires setting a lethal dose, in
possible cause damage for 3% fatality, as stipulated by the
hazardous installation control rules [32]. Probit equation is the
most common expression of acute/lethal dose-response
relationship in safety risk assessment [33].

P, =k, +k,In (C" x 1) (8)

C is the hazard concentration (ppm); t is the time in minutes;
k1, k2, n are constant relative to type of chemical (a).

The probit constants have been examined by various
sources including “Green Book™ [34] as listed and there are
significant variations in the effects of dose values in Probit
equation as expressed hazard. The CPD (Green Book)
parameters in probit equations for lethality of hydrogen
chloride are taken as k1 = - 6.7 (mg/m®), k2 = 1 (mg/m’), n=1
(min) [35].

C.Risk Characterization

The assessment of threats is integrating the effect of four
interrelated tasks define of: Potential receptors population;
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toxicity assessment; evaluation of potential exposure; risk
characterization. The model focused mainly on hydrogen
chloride (HCL), which is non-carcinogenic chemical as per
United States Environmental Protection Agency classification
[31]. However, the limitation of relative criteria responsible to
normally characterized risk in terms of a hazard index. This
hazard index is simply the ratio of estimated intake dose from
exposure to the reference concentration (RfC):

I
HI = RiC 9
HI is the hazard index (dimensionless); Ic is the chronic day
intake of carcinogen (mg/kg.day); RfC 1is reference
concentration (mg/kg.day)

If the acceptable level of intake is deemed to equal the
reference dose, then by definition, the hazard index less than
1.0 is acceptable. The EPA’s Integrated Risk Information
System (IRIS), lists all the RfC’s established, and discusses
the UF’s used in their determination. The toxicologic index in
the IRIS database are updated continuously and available at:
www.epa.gov/iris [36].

V.RESULTS AND DISCUSSION

A few scenarios are established to integrate air quality
models into the GIS. The basic level is represented by the
standalone software application for simulation of air quality
models (ISCST3, ISCPRIME), which is accompanied by data
inputs and outputs. All data can be used independently by
other software systems (GIS, RDBMS, Surfer®, MS Excel®
and WWW-presentations). The individual programs form
heterogeneous data structures that require the transport of data
into various data formats.

The limitations of available data impose a preliminary
estimation of initial emission rate, expressed as hydrogen
chloride at regulatory default value (10) g/sec. The
observation of uncovered hydrogen chloride reflects an
increase in landfill boundary layer (LBL) in frequently
managed operations as concentration level (43 ppm) and
extends to disperse at long distance up to 2 km downwind
direction from centerline of landfill area. Fig. 4 illustrates
contour lines of HCI concentrations as final result of
transformation scenario for virtual output steps carried out
during the simulation of air quality models in landfill site.

The model is simplified to determine a non-dimensional
concentration C(X, Y, z) at specified points downwind as area
source. The source is centred on the origin to specify
contamination diameter by its width Y and depth X in the
wind direction (angle 0 to the x-axis) as illustrated in Fig. 4.
The receptors can be specified, at any point by a lateral
distance y and longitudinal distance (X) from the centre of the
source. Other data required are the aerodynamic roughness
height (z,) and the atmospheric stability class.

Fig. 3 Contours of HCI concentrations downwind direction

1

2 f

Yy +——F - - - —
e

y

/\,
L AYI/PZ\ e \J/\

< \( sx B \\/Yi

Fig. 4 Sketch defines receptor by its width Y and depth X

The chronic daily inhalation of noncarcinogenic exposure,
by adults in residential area, is specified as a function of
concentration results of applied air dispersion model. The
parameters used for this type of calculation are based assumed
exposure conditions (the selected exposure scenario). As an
example, the air breathing rate for adults is 0.83 m%/hr.
However, this rate can vary by an order of magnitude from 0.6
m’/hr at rest to 7.1 m*/h for vigorous physical exercise. So that
CR = 0.83 m*/h X 24 h/day =19.92 m*/day; EF = 365 day. For
residential exposure, a default value for ED =30 years is
typically used [38].

In the absence of better information, a conservative
approach would assume the retention rate (RR) and the
absorption into bloodstream would be 100 percent or (RR =
Abs =1.0); BW = 70 kg: AT = 365 days/year X 30 year =
10,950 days.

CXx19.92x365x30x1.0x1.0
70 x 10950
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m
Intake Dos I. = 0.285 m X C

where C is the exposure point concentration (mg/m?).

The limitation of relative criteria for hydrogen chloride
reference concentration makes it hardly to define its RfC in
IRIS. So, the worst case scenario is considered and normally
characterized for non—carcinogenic as assumed to be equal to:

mg
kg .day

1.00 X 1072

The average concentration level is measured at receptor
point in range (43 ppm ~ 64 mg/m’):

HI = 0.285 X 64 X 1.00 X 1072
HI = 10.24 x 1072 < 1.00

The IRIS database contains both qualitative and quantitative
data regarding non carcinogens and carcinogens. At present
the EPA has defined acceptable risk for carcinogens as within
the range of 1 X 10™* to 1 X 107° (one in million) in excess
the person’s risk of cancer from all source combined over
lifetime. As hazard index of noncarcinogen less than 1.0 as
defined criteria [37].

VI. CONCLUSION

The spatial analyses expand our knowledge for virtual
interpretation the effect of landfill site as reaction substrates.
HCI is one of the major results from emitted gases from
incineration municipal and hazardous waste. The measured
airborne HCI in landfill site is largely unknown origins, but
fugitive gaseous emission contains five fugitive sources
associated with the production of carbon dioxide (e.g.,
biodegradation, volatilization, fugitive dust generation,
leaching and combustion), are predicted the ecologic impact of
specific landfill site.

The hydrogenation of chlorides reaction resulting from
photolysis of sea — salt aerosols in presence of hydroxyl (OH)
and other volatile organic compounds (VOC) can produce HCI
[39]; [40]. On the other hand, the safety risk assessment is
carried out to maintain the balance between efficient land use
and adequate protection of the general public against the
hazardous installation.
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