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Abstract: Studying of transport and spreading phenomena of POPs/PAH and PCB through the atmosphere caused by the Long Range Transport Potential (LRTP) is exceptionally important field of research. In addition, beside to experimental measuring of concentration levels of POPs and studying the environmental fate with main characteristics of transport phenomena, defining the model of spreading is necessary for prediction of POPs migration. The complexity of modeling is caused by the type of transport of persistent organic pollutants through the atmosphere. These toxic pollutants are present in the atmosphere both in gaseous and suspended particles in atmosphere. The aim of this study is to determine transport phenomena of PAHs and PCBs through the atmosphere and define the simplified mathematical model of transport velocity of POPs based on Gaussian distribution. The commercial ALOHA software has been used for defining the spatial coordinate.
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1. INTRODUCTION

Persistent organic pollutants are chemicals of dominant anthropogenic origin that are environmentally persistent and resist photolytic, biological or chemical degradation. They can be transported over the long range distances - POPs released in one part of the world could be by  processes of evaporation ,deposition and reemission (often seasonal), transported through the atmosphere to regions far away from the original source. They are also very toxic pollutants and can pose a threat to humans and the environment
For monitoring and determining concentration levels of  POPs/PAH and PCB, as dangerous and noxious matters, it is necessary to calcucate their dispersion speed in the atmosphere (gas phase), as well as in water (fluid phase). Calculated values point out on the disperios speed, transport from primary source to the location of detection and risk evaluation of possible exposure of human population to POPs.

Gauss’ system of distribution is taken as basic model of dispersion of substances lighter than air.  As behaviour and fate of PCBs in the environment, beside climate conditions, is influenced by number of physico-chemical attributes of PCB: Henry constant, coefficient of molecule diffusion for air and water, flux, dispersion speed of molecules based on elementary kinetic theory of gases, parameters of weather, climate, terrain layout and their variability are introduced as external inputs of the environment. Model shows the simulation which contains mathematical (empirical) basis for evaluation of contamination of the environment by polychlorinated biphenyls (PCB), based on methodology of U. S. Environmental Protection Agency and in accordance with research conducted within International APOPSBAL Project. The aim of the modeling is predicting the temporal and spatial distribution of PCBs.

Polychlorinated biphenyls abbreviated PCBs are family of 209 congeners, with nine groups of adequate number of isomers. Each congener consists of two benzene rings and one to ten chlorine atoms, are ubiquitous in the global environment because of their biological and chemical stability and their historical widespread use in the power-generation industry. (x=1-5, y=0-5) [1]
The nature of an "aromatic" benzene ring allows a single attachment to each carbon. This means that there are 10 possible positions for chlorine substitution. The positions of the chlorine substituents on the rings are denoted by numbers assigned to each of the carbon atoms. Being semi-volatile organic compounds, PCBs have high LRTP, which means they can travel from its point of release to a remote region, typically hundreds of kilometers distant, both in gaseous and particulate phases - by dispersion and diffusion of gas molecules or by suspended particulates. Environmental persistence is highly correlated to the degree of chlorination; the more highly chlorinated compounds are more persistent in the environment. Combination of persistency and mobility has, as outcome, wide dispersion of PCBs, so the PCB congeners have been detected in almost every compartment and matrix of environment. 

Toxicological effects of exposure to PCBs include hepatotoxicity, immunotoxicity, and reproductive problems, as well as respiratory, mutagenic and carcinogenic effects

2. GAUSSIAN (NORMAL) DISTRIBUTION 

        Errors during large number of measuring are accidental, independet samples, even though they are small they are not diffused according to known normal Gaussian distribution. 
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where µ parameter is arithmetical average of population, and σ standard deviation of population. 

The most important characteristics of distribution are: 
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1) Gaussian function of density of distribution is positive and continues for every real value of variable x; 
Picture 1.  Gaussian distribution
2) Gradient of Gaussian bell-shaped curve is dependable in the way that with the decrease of σ gradient increases; 

3) Maximum value of bell-shaped curve has the coordinates  
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4) bell-shaped curve is axel symmetric in relation to the vertical through maximum point; 

5) Area under the curve equals 1; 

6) Probability that the result of measuring will be in the interval 
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 7) Distribution function is determined by following equation  
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3. GAUSSIAN MODEL FOR DISPERSION FOR CONTINOUS POINT SOURCES 
The Gaussian plume model is the most commonly used dispersion model to estimate the concentration of a pollutant at a certain point because of its simplicity. The model describes the transport and mixing of pollutants. The Gaussian plume dispersion equation has been derived from basic advective-diffusive equation describing the transfer and diffusion of pollutants from instantaneous point source. The concentration of pollutants © at location (x, y, z) from a continuous elevated point source with an effective height of H is given by following equation
where C(x, y, z, t) is the mass concentration of pollutant, V is the wind velocity vector, K is the turbulent diffusivity tensor, R is the chemical and photochemical transformation of pollution, Q is the source term, t0 represents the time the accident happens, and x0, y0, z0 are the emission source coordinates. At constant wind velocity and turbulent diffusivity, equation (1) has an analytical solution in the form of Gaussian normal distribution
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where C is the pollutant concentration (mg/s), Q is the emission rate from the source (mg/m3), zr is the receptor  height above ground (m), He is the effective stack height (m) (height of stack + plume rise), u is the mean horizontal  wind speed at He (m/s), σy is horizontal dispersion coefficient (m), σz is the vertical dispersion coefficient (m); x is the downwind distance from source to receptor (m), and y is lateral distance from source to receptor (m). [2]
3.1 Experimental
A mathematical model is an assembly of concepts or phenomena in the form of one or more mathematical equations, which approximate the behavior of a natural system or phenomena to predict the impacts or concentration of parameters under different types of current or future scenarios, using readily available or measured input data.
Mathematical model for calculation of chosen physico-chemical characteristics of PCBs is included in general Gaussian model for dispersion for continous points sources. Equation for calculation of vertical and horizontal standard deviation of emission distribution:
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 where L, M, and N are constants which are given in Table 1.
Table 1. Classes of weather stability 
	Classes of weather stability
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	L
	M
	N
	L
	M
	N

	A-B
	240
	1.00
	0.50
	320
	0.40
	-0.50

	C
	200
	0.00
	0.00
	220
	0.40
	-0.50

	D
	140
	0.30
	0.50
	160
	0.40
	-0.50

	E-F
	80
	1.50
	0.50
	110
	0.40
	-0.50


A – very unstable         D – neutral

B – unstable                 E – slightly stable

C – slightly unstable     F – stable

While using the weather data, this model processes the influence of atmospheric parameters based on the class of the weather stability. Categorization of given classes (A-F) is presented with 6 levels based on the class of the stablity of weather according to Pasquill, A represents the least stable atmospheric class, while F represents the most stable class. Given classes are calculated through coefficient of dispersion depending on the function: distancem for calculation of dispersion of smoke plume from the source towards horisontal and vertical transfer. Terrain layout, urban or rural, represents mututal dependancy, as part which influences directly as the location of sources and environment on emission of pollutants. 
Calculation of the level of evaporation for chosen PCB congeners:
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Q =  mass flow of pollutants of PCB congeners at the source (kg/s)
A =  area of contaminated research zone (evaporation) (m2 )

KG = coefficient of transport of mass for gas phase (m/s)

M B=  molar mass of evaporating substance (PCB congeners) (kg/kmol)

Pv =  steam pressure (Pa)

Ru=  universal gas constant, Ru=8,314·10-3, (J/kmolK)

T= temperature of environment (K)

Mathematical formula for estimating coefficient for transport of mass (m/s):
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KM = coefficient for transport of mass (m/s)

U= wind speed at the 10m altitude

Z= diameter of area of contaminated research zone (m)

Sc = laminar Schmidt number 
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Sc = laminar Schmidt number 
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=kinetic viscosity of air (m2 /s), 
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 = coefficient of molecular diffusion of PCBs in the air (m2/s)
Table 2. Values of steam pressure (Pa) on different temperatures for 4 PCB congeners. [3],[4]
	IUPAC code
	pl0

	
	-100C
	0
	+100C
	+250C

	28
	5,1 10-4
	1.9 10-3
	6.3 10-3
	3.4 10-2

	118
	9,7 10-6
	4.3 10-5
	1.7 10-4
	1.2 10-3

	153
	4,9 10-6
	2.3 10-5
	9.5 10-5
	6.7 10-4

	180
	7,2 10-7
	3.6 10-6
	1.6 10-5
	1.3 10-4


Intensity of dispersion of PCBs depends on temperature, pressure, state of aggregation, and concentrational balance.

· DA and Dw, [m2/s]
· DA > Dw   
· DA / Dw 
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Presented software tool hase the possibility of on line monitoring of meteorological data, so that by setting up local meteorological station, the possibility of continuous monitoring of dispersion of PCBs in the air on remoted location is gained, while setting up the net of the stations and possibilty of scanning its values from the source can be prolonged in time intervals longer that one hour (referent time in which it is possible to perform the evaluation of dispersio of PCBs based on fix atmospheric input). 

Calculation of mass flow of pollutants of PCB congeners at the source (kg/s)
Table 3. Input values:

	Date of sampling: 23.06.2004.
	 PCB 52
	PCB 101

	C (ng/m3)
	10,188
	10,402


Input values:

 T= 298K (environmental temperature)

A = 120 area of contaminated research zone (evaporation) (m2)
MB= molar mass of evaporating substance (PCB congeners) (kg/kmol)

Pv = 1.3 ·10-4 steam pressure (Pa)

Ru=8,314·10-3, (kJ/molK), universal gas constant
U=  wind speed at the 10m altitude 

Z=  diameter of the area of contaminted research zone (m)
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 cinetical viscosity of air (m2 /s),

Dg = coefficient of molecular diffusion of PCB congeners in air (m2/s)
Output values:

By active method of sampling with the application of adequate analitical methods on selected locations in Kragujevac during 2004., in air samples concentrations of 7 EPA key PCB congeners have been detected of which, PCB 52 and PCB 101 were used for modeling in this paper.  Active air sampling was performed by Democritus University in cooperation with the University of Novi Sad. Three high volume samplers have been used to sample air in Kragujevac (June 23- 26, 2004.). In Kragujevac, two samplers have been placed inside the Zastava factory, one at the power generation building, and the other at the FNP building. The third sampler was used as background sampler located at the University of Kragujevac, Department of Chemistry. The sampler used in the background sites was a GV2360 Thermoandersen TSP. The other two samplers were made of stainless steel boxes equipped with an 8x10 inches filter holder and a 9cm-diameter PUF holder 30 cm long. Air was drowning using a 1200 watt motor controlled by an inverter (Hitachi L100-015NPE) and flow was measured by a Sierra 620 fast flow insertion mass flow meter with a totaliser. The average total air sampled was 1600 m3/h for the background sampler and 900 m3/24h for the other two samplers. One glass fiber 8x10 inches filter (Whatman grade G653) and two PUF filters with density of 0.02 gr/cm3, 9 cm diameter and 5 cm long were used for each sampling. [5]
The highest average concentration of PCB congeners was spotted on the location which suffered the greatest devastation during NATO intervention, location at Energetika (KG1). Residual amounts of PCBs in soil samples were detected on contaminated locations of the Car Factory Zastava and TS 305, presented in the picture:    

Picture 1.  Modeling with environmental parameters on contaminated location in Kragujevac (Car Factory ZASTAVA and TS 305) 
[image: image21.wmf](
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Table 4.  Data for Gaussian dispersion model for continous point sources:

	x [m]
	3000

	z [m]
	0

	u [m/s]
	2

	Class of weather stability
	C

	σy [m]
	600

	σz [m]
	444.9


Table 5. Output values: Q is mass flow of pollutants of PCB congeners at the source (kg/s)

Locality: University of Kragujevac, Department of Chemistry (KG3), background sampler

	Date of sampling: 23.06.2004.
	 PCB 52
	PCB 101


	C (ng/m3) – MEASURED value
	0.016
	0.016

	C (ng/m3) – ESTIMATED value
	0.0161
	0.0164


3.  CONCLUSION

The model is based on the Gaussian equation. Particular attention was given to classify the atmospheric stability. The option of using five kinds of stability classification schemes is included in the model. It imparts more objectivity and flexibility in terms of its approach and application in air pollution dispersion studies. The model has certain limitations. It does not take into account the inversion conditions chemical transformation, wet deposition or inhomogeneous terrain, gas/solid distribution, dry and wet distribution and degradation in air. The accuracy of the model was examined by comparing its predictions against measured values. For the selected example cases, very good and seitsfied in the results of mesurement and estimated values are achieved. For measured values of concentration levels, the linear distribution of PCB congeners is noticed. Applying the software model, dispersion of PCB congeners can be monitored.
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