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Abstract  

The purpose of this paper is to assess the degree of pollution with volatile organic compounds 
(VOCs) and volatile aromatic hydrocarbons (BTEX) in water, sediment, biota in lessening the 
environmental risk. The mathematical model MacKay was performed for volatile organic 
compounds (dichloromethane, trichlorethylene, and perchlorethylene) and volatile aromatic 
hydrocarbons (benzene, toluene, ethylbenzene) and as a study areas were chosen sections 
Cremenari, Babeni-Marcea, Zavideni, Dragasani and Strejesti on the Olt River. The modeling 
revealed the tendency of transfer to section "air" a dichloromethane, trichloroethylene, 
benzene, toluene and ethylbenzene, are known that are volatile.  However, based on modeling 
is observed a significant transfer of pollutant perchlorethylene in section "biota" in amounts 
that can generate medium to long term by taking over risks to human health in the food chain. 
The modeling has achieved its purpose, providing rapid and with a number of primary values 
low "fingerprint of pollution" in the accumulation lakes Babeni-Marcea, Zavideni, Dragasani 
and Strejesti, that indices conclusive risk assessment of rapid which underpin the conclusions 
on actions / preventive actions for future study area. 
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1. Introduction  

Protection of water quality is a complex and difficult matter that requires a vast program 
to collect data on the physical, chemical and biological characteristics of rivers and 
lakes. Permanent knowledge of the current status, trends evolutionary quality of 
watercourses is essential for adopting fundamental decisions and is necessary to 
analyze increasingly closer to their quality. Water is an important factor in the 
environmental balances and its pollution is a current issue with consequences more or 
less serious for the population. By water pollution, means altering the physical, 
chemical and biological characteristics of water, made directly or indirectly by human 
activities and that makes the waters become unfit for normal purposes where such use 
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was possible before the alteration occurred. Effects of pollution of water resources are 
complex and varied, depending on the nature and concentrations of particulates 
 
One way to estimate the level of pollution with hazardous chemicals to environmental 
water, sediment, biota is Model MacKay [1]. This model can give hints conclusive for 
a rapid risk assessment on which to base conclusions on the preventive measures for 
the future studied area. Effective management requires understanding of the 
environment and the ability to analyse quantitative risk transfer mechanism associated 
health and chemical contamination. The level of contamination resulting from 
accidental chemical discharges or continuous was usually assessed using transfer 
models on environmental compartments. These models are mainly based on a single 
environmental compartment, such as the transfer of a contaminant in water. However, 
the chemicals that are released into the environment, succeed through various 
compartments of the environment as a result of complex processes physico - chemical 
and biological [2 -7]. One such model is the MacKay model [8-9], which uses patterned 
backgrounds to explore the possible behaviour of the chemical. For this purpose model 
generates some equations that can be validated using real environments. A somewhat 
different assembly equation proves to be convenient for real-world environments, but 
the basic principles are the same. Mackay model Level I is based on four basic 
components: air, water, sediment, soil and to, through bio-concentration factors can 
be added and biota. This calculation model is based on using its fugacity and can 
quickly estimate the level of pollution in the environment with pollutants analysed 
without carrying out analytical determinations costly in terms of time and money [10]. 
The purpose of this paper is to assess the degree of pollution with volatile organic 
compounds (VOCs) and volatile aromatic hydrocarbons (BTEX) in water, sediment, 
biota in lessening the environmental risk. 
 
 
2. Materials and Methods (or Experimental) 
 
General data regarding the fugacity concept 
 
According to G.N. Lewis, fugacity concept describes the tendency of a chemical 
transition from one phase to another when they are in contact. It is identical to the 
concept of ideal gas partial pressure and chemical potential is related to 
logarithmically, so it varies linearly or non-linearly with concentration. At low partial 
pressures ideal conditions fugacity is equal to the partial pressure [10]. 
Based on the concept of fugacity, one can postulate a nearly linear relationship 
between fugacity dependence and concentration of the chemical in each 
environmental compartment (eq.1) [8]: 
 

ZfC 
 (1) 

 
Where Z is a constant of proportionality called "fugacity capacity" with the units mol / 
m3Pa. This equation implies that C always varies linearly with f. Nonlinearity can be 
adapted by consideration of Z as a function of C or f. 

 
 

 



INCD ECOIND – INTERNATIONAL SYMPOSIUM – SIMI 2016 
“THE ENVIRONMENT AND THE INDUSTRY”, PROCEEDINGS BOOK 

 
 

121 

 

Table 1.  Defining the fugacity capacities [1, 8, 10]  
 

Compartment Definition Z (mol/m3 Pa) 

Air 1/RT ; R=8,314 Pa m3/mol K ; T=Temp (K) 

Water 1/H sau CS/PS 
CS = aqueous solubility (mol/m3) 
PS = vapor pressure (Pa) 
H = Henry law constant (Pa m3/mol) 

Solid sorbent (e.g. : soil, sediment, 
particulate) 

KP S /H      KP= partition coefficient (L/kg) 

S  = density (kg/L) 

Biota KB B /H   KB= bioconcentration factor (L/kg) 

B = density (kg/L) 

Pure solute 1/PS v ; v= the molar volume of solute (m3/mol) 

 

Areas studied  
 
In order to study the transfer of volatile organic compounds (VOCs) and volatile 
aromatic hydrocarbons (BTEX) in the environmental compartments (water, sediment, 
biota), study areas were chosen sections Cremenari, Babeni-Marcea, Zavideni, 
Dragasani and Strejesti on the Olt River. In this study, sections studied are located 
downstream from the chemical platform Ramnicu Valcea. Cremenari section is 
situated at approx. 8-10 km from industrial platform, while section Babeni-Marcea is 
located approx. 12 km from Cremenari section,  Zavideni section is located approx. 20 
km to the Babeni-Marcea section, Dragasani section situate approx. 20 km to the 
Zavideni section while the Strejesti section is located approx. 10 km to the Dragasani 
section.  
 
3. Results and Discussion 
 
The mathematical model was developed for analysis of volatile organic compounds 
(dichloromethane, trichlorethylene, and perchlorethylene) and volatile aromatic 
hydrocarbons (benzene, toluene, ethylbenzene)). In order to compare the results of 
the modelling, we used the experimental values presented in Tables 2 and 3. The 
values of the modelling are presented in Fig. 1 - 6. Starting from the measured values 
for these pollutants in environmental factor "water" was achieved transfer of these 
hazardous pollutants modelling environments "sediment", "biota" and "air". To validate 
this model were considered values obtained for "sediment", as these types of evidence 
have been worked. The following are presented point for each sampling point was 
studied, the results and conclusions highlighted. Biota are approximate quantity of 1 
part / m3 = 7.83 x 1 million 107/106 = 78.3 [1]. 
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Table 2. The content of (VOCs) and (BTEX) in water of the Cremenari (C), Marcea (M), 
Zavideni (Z), Dragasani (D) and Strejesti (S) accumulation lakes, (µg/L) 

 
 Sample 

designation 
The 

period 
Quality indicators analysed 

DCM 1,1,2-TCE PCE Benzene Toluene Ethylbenzen 

C 

October 
2015 

11.72 1.36 2.36 <0.025* <0.025* <0.025* 

M 11.38 1.6 4.63 <0.025* <0.025* <0.025* 

Z <0.05* 0.5 0.5 <0.025* <0.025* <0.025* 

D 
10.86 1.56 3.9 <0.025* <0.025* <0.025* 

S 
<0.05* 0.48 0.47 <0.025* <0.025* <0.025* 

* The determination limit of the method 

Table 3. The content of (VOCs) and (BTEX) in water of the Cremenari (C), Marcea (M), 
Zavideni (Z), Dragasani (D) and Strejesti (S) accumulation lakes, (mg/kg D.W.) 

 
Sample 

designation 
The 

period 
Quality indicators analysed 

DCM 1,1,2-

TCE 

PCE Benzene Toluene Ethylbenzen 

C 

October 
2015 

10.0 2.17 4.32 <0.01* <0.01* <0.01* 

M 9.64 1.6 4.36 <0.01* <0.01* <0.01* 

Z 12.63 1.76 5.14 <0.01* <0.01* <0.01* 

D 
9.87 1.42 3.56 <0.01* <0.01* <0.01* 

S 
9.44 1.64 5.2 <0.01* <0.01* <0.01* 

* The determination limit of the method 

Transfer of dichloromethane 
 
The values obtained for the environmental "sediment" in the modeling of water transfer 
of dichloromethane are slightly smaller than the experimentally determined. From the 
modelled values was observed tendency by transfer of this pollutant in the section 
"Air", with values between 5.468 -1244.44 ng / m3, but observed that a large amount 
is taken from the „biota” compartment, with values between 0.043 to 10.0 mg / kg. 
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Fig. 1 The transfer of dichloromethane in the environmental air, water, sediment, biota 

 
Transfer of trichloroethylene 
 
The values obtained for the environmental "sediment" in the modeling of water transfer 
of trichloroethylene, are very close by to the experimentally determined.  Since there 
is a tendency modeled values of this pollutant transfer in the section "air", with values 
between 479.15 -1,597.15 ng / m3, but observed that a large amount is taken from the 
"biota" compartment, with values between 6.06 to 20.2 mg / kg, which matched the 
degree of toxicity of this compound and should be a warning about the level of 
environmental pollution in the area. 

 

 
 
Fig. 2 The transfer of trichloroethylene in the environmental air, water, sediment, biota 

 
Transfer of perchlorethylene 
 
The values obtained for the environmental "sediment" in the modeling of water transfer 
perchlorethylene are close by to the experimentally determined. From the modeled 
values is observed that a large amount is taken from the "biota" compartment, with 
values between 10.55 mg / kg (Strejesti) -103.95 mg / kg (Marcea), which corroborated 
the grade the toxicity of this compound and should be a warning about the level of 
environmental pollution in the area. 

 
 
Fig. 3 The transfer of perchlorethylene  in the environmental air, water, sediment, biota 
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Transfer of benzene 
 
The values obtained for the environmental "sediment" in the modeling of benzene from 
the water transfer are close to the experimentally determined value of 0.023 mg / kg to 
<0.01 mg / kg (the limit of detecrmination of the method), in all sections analyzed . It is 
observed that the tendency transfer pollutant in the section "air" (6.6 ng / m3), but is 
also observed that a large quantity is taken from the section "biota", 0.151 mg / kg. 

 

 
 
Fig. 4 The transfer of benzene in the environmental air, water, sediment, biota 

 
Transfer of toluene 
 
The values obtained for the environmental "sediment" in the modeling of the toluene 
the water transfer are close to the experimentally determined value of 0.129 mg / kg to 
<0.01 mg / kg (the limit of determination of the method), in all sections analyzed. From 
there is a tendency modeled values of this pollutant transfer in the section "air" (8.2 ng 
/ m3), but observed that a large amount is taken from the "biota" compartment, 0.675 
mg / kg. 

 

 
 

Fig. 5 The transfer of toluene in the environmental air, water, sediment, biota 
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Transfer of ethylenbenzene 
 
The values obtained for the environmental "sediment" in modeling the transfer of water 
ethylbenzene are close to the experimentally determined value of 3.317 mg / kg to 
<0.01 mg / kg (the limit of determination of the method), in all analyzed sections. From 
the modeled values, there is a tendency of this pollutant transfer in the section "air" 
(9.3 ng / m3), but observed that a large amount is taken from the "biota" compartment, 
1.66 mg / kg. 
 

 
 
Fig. 6 The transfer of ethylbenzene in the environmental air, water, sediment, biota 

 
4. Conclusions 
 
After analyzing the results of modeling the studied compounds, it can be concluded 
that the model based on "fugacity" applied, generated realistic indicative targets for 
environmental compartments of interest, air, sediment, biota. Modeled valuesobtained 
for section "sediment" are comparable and compatible with the valuesobtained by 
analytical measurements, which provides rapid indication of the level of pollutant 
pollution that environmental compartment studied. Modelling revealed the trend of 
transfer compartment "air" of dichloromethane, trichlorethylene, benzene, toluene and 
ethylbenzene, known because they are volatile. However, based on modeling 
observed a significant transfer of pollutant perchlorethylene in section "biota" in 
amounts that can generate medium and long term risk to human health by taking in 
the food chain, which at first sight and a first risk assessment made by these pollutants 
for residents, may go unnoticed. 
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