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Abstract 

Groundwater contamination is one of the actual biggest problems, because water it is an 

important resource for Man. For this, is important to have cost-effective water quality monitoring 

methods to assess and to monitor the groundwater, to ensure its good state to the future 

generations. The traditional active method that consists in the implementation of piezometers is 

an intensive time and money consuming one. Consequently, it came up the passive methods, 

using passive samplers placed in the vadose zone soil. This method is described as more 

economic, easy to apply and with reliable results. This work had the objective to compare the 

effectiveness of both methods in a case study area. A set of soil-gas samplers were installed in 

the vadose zone of an area already served by piezometers also used for calibration of passive 

samplers. Methods correlated for benzene. Others COV, e.g., TPH were identified and the 

respective plume was established. The results of the two methods led to an excellent correlation 

factor. The methods complement each other, and it was important the application of a software, 

in this case, VLEACH (USEPA), to help to explain the results. The influence of parameters such 

as humidity and foc are difficult to estimate, so it’s advisable to do some scenarios. 
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1. Introduction 

This work arose from the need to investigate 

the existence of a plume of contamination of 

benzene (Bz). Together with this situation, it 

came up the opportunity to use a new 

methodology to analyse gas concentrations 

in the vadose zone. This method is called 

passive method, and consists in the 

placement of passive soil-gas samplers in 

the vadose zone. The method is less 

invasive and cost-effective. The application 

of this method requires a sample plan, 

knowledge about the type of soil, parameters 

such as porosity, volumetric water content, 

and fraction of organic carbon. In this work 

the results are compared with the results of 

the active method. The results of the active 

method were simulated in the software 

Vadose Zone Leaching (VLEACH) the 

concentrations in the vapour phase of 

benzene in the soil, and compared with the 

results of the passive method. Concerning 
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humidity, some scenarios have been built 

up. 

The study zone is located in Estarreja, which 

is included in the sub-watershed of the river 

Vouga, inserted in the aquifer system 

Quaternário de Aveiro. The main source of 

recharge of this aquifer is through rainfall 

and the system is mainly porous. The main 

economic activities in this zone are 

agriculture and industries. 

2. Literature review  

2.1. Groundwater contamination by 

volatile organic compounds and 

by semi-volatile organic 

compounds 

Contamination of groundwater by volatile 

organic compounds can mainly occur 

through landfills, industry activities, 

particularly leaks in underground storage 

tanks and spills; and due to agriculture, 

where the pesticides and herbicides used 

can accumulate and migrate to the water 

table (Perlman, 2016). 

Volatile organic compounds (VOC) are 

organic compounds that have a vapour 

pressure equal higher our equal a 0,01 kPa 

(Temperature = 20ºC), our with an 

equivalent volatility under specific conditions 

of use. These compounds have a lower 

boiling point, lower than 200ºC; low-medium 

water solubility (for example: Bz(T=25ºC): 

1,780 mg/L) (USGS, 2006). For the constant 

of Henry’s law have a value between 10-3 to 

10-5 atm.m3/mol (ThermoFisher, 2017). 

COV are present in the constitution of 

various products like paints, solvents, fuels, 

refrigerators, adhesives and disinfectants 

(Lopes & Dionne, 1998). These compounds 

can cause serious health problems from the 

respiratory system, nervous system, cancer, 

liver damage, gastrointestinal problems, skin 

irritations, exhaustion, weight loss and vision 

problems (Perlman, 2016). 

Semi-volatile organic compounds (SVOC) 

have a constant of Henry’s Law in the order 

of 10-5 – 3x10-7 atm.m3/mol, also a high 

boiling point, above 200ºC; a low vapour 

pressure, between 10-14 – 10-4 atm 

(ThermoFisher2, 2017). SVOC are present 

in various compounds, like plastics, 

colorants, disinfectants, petroleum 

hydrocarbons, phenolic compounds, 

phthalates and polycyclic aromatic 

hydrocarbons (Lopes & Dionne, 1998). 

These compounds can accumulate up to 

concentrations that may be harmful to 

aquatic organisms, especially benthos, they 

live on rocks, other in aquatic sediments 

(Lopes & Dionne, 1998). In this case could 

occur bioconcentration of SVOC and 

biomagnification, affecting the upper levels 

of the food chain, which could leave to death, 

fertility problems and growing problems 

(Lopes & Dionne, 1998).  

2.2. Aromatic Organic Compounds 

Bz it’s one important aromatic compound. 

This compound was a basic structure 

composed by 6 atoms of carbon and 6 atoms 

of hydrogen and is colourless compound that 

is in the liquid phase at ambient temperature; 

also, was low solubility in water and has a 

pleasant scent (Carneiro, 2010). The main 

sources of Bz are transport and industries, 

especially those that make the processing, 

distribution and petroleum storage. This 

compound is flammable, toxic and highly 

carcinogenic (EPA, 2009). 
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Mononitrobenzene, C6H5NO2, is insoluble in 

water and could present as a colourless 

yellowish liquid; also, was a characteristic 

smell of bitter almond (CUF Químicos 

Industriais, 2014). “MNB is obtained by 

treatment of Bz with a mixture of water, nitric 

acid and sulfuric acid, at a temperature of 

60ºC” (CUF Químicos Industriais, 2014).  

MNB is frequently used in the chemical 

industry, for example in the production of 

aniline, and in the pharmaceutical industry, 

for example in the production of paracetamol 

(CUF Químicos Industriais, 2014). 

2.3. Biodegradation 

Biodegradation corresponds to the complete 

mineralization of organic contaminants in 

carbon dioxide, water, simple organic 

compounds and proteins into the cell, or the 

transformation of the complex organic 

contaminant into simpler organic 

compounds. This mineralization is carried 

out by microorganisms in the environment, 

soil and groundwater (Das & Chandran, 

2011). Factors like temperature, pH, 

phosphorus and nitrogen availability, oxygen 

availability, type of compound, type of soil 

and water availability go to influence the 

degradation of the contaminant (Fritsche & 

Hofrichter, 2008).  

Temperature plays a very important role 

because it directly affects the chemistry of 

the pollutant and the physiology and 

diversity of the microbial flora in the 

environment. At low temperatures, the 

viscosity of the pollutant increases, while the 

volatility of low molecular weight 

hydrocarbons is reduced (Das & Chandran, 

2011). In the aqueous medium, the solubility 

of the compounds is greater when the 

temperature is higher, therefore the 

compounds become more available for 

biodegradation. On the other hand, with 

increasing temperature, the dissolved 

oxygen in the water decreases, which makes 

the metabolism decrease (Sihag, et al., 

2014). 

Some of the nutrients, such as nitrogen, 

phosphorus and, in some cases, iron, can be 

a limiting factor and affect the 

biodegradation process (Das & Chandran, 

2011). Biodegradation occurs primarily by 

bacteria and then by fungi and have 

biodegradation efficiency ranges of 0.13 to 

50% and 6 to 82%, respectively (Das & 

Chandran, 2011). 

The pH may also affect the biodegradation 

process, for example, acidic media may limit 

the biodegradation of the aromatic 

compounds. The most favourable pH range 

for the degradation of the compounds is 

between 6.5 and 8.0. While for microbial 

growth the range is 5.5 to 8.8 (Sihag, et al., 

2014). 

3. Material and methods 

3.1. Sampling Plan for passive 

methods 

The sampling plan includes 50 passive 

samplers placed in 3 different areas: 26 in 

the factory and 24 in two external lands. The 

main objectives of this work were: to obtain 

information about possible gas 

concentrations of VOC and SVOC in the soil, 

in places where there is not any isn’t 

groundwater well; 13 passive samplers were 

placed to compare the results to the one of 

the samplers of the groundwater wells S102, 

S103, S104, S2, S205, S206, S401, S403, 
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S405, S407, S501, S502 and S503. The 

target compound selected was Bz. In this 

work it is also reported MNB, 

tetrachloroethylene (PCE) and Total 

Petroleum Hydrocarbons (TPH). 

In the sampling plan it was defined a grid and 

the cells were considered square, with an 

area of 36 m2. The samplers were placed in 

strategic points to avoid their placement in 

the middle of the roads, where the passage 

of heavy vehicles is frequent. 

The sampling grid in the factory is random 

and is composed of 26 samplers, 23 placed 

in soil and other 3 placed in concrete. The 

sampling area is approximately, 40922 m2.  

Regarding the external lands, 16 passive 

samplers were placed in the larger land, 

corresponding to a sampling area of 

approximately, 5889 m2. Since the 

groundwater flow direction is from northeast 

to southwest the focus was to place the 

passive samplers near the right margin and 

in the middle of the land. In this land there is, 

also a random grid. 

In the second land, 8 passive samplers were 

installed with a distance between them of, 

approximately, 20m. The sampling area is 

about 2626 m2 and it was used a random 

grid. 

The company AGI recommends a sampler 

spacing between 7,62 and 21,34 m. ASTM 

International recommends a sampler 

spacing between 3 and 30m, and for 

locations with a lack of information, a 

spacing between 7,5 and 15m. 

3.2. Installation of the passive 

samplers 

Before the drilling process, it was necessary 

to ensure that for the depth of 1 m no pipe 

would be found to avoid accidents. For the 

drilling on concrete it was used an electric 

drill with a 0,25m of diameter drill bit. For the 

drilling on soil it was used a hummer and an 

iron stake with a length about 1,15 m and 

approximately the same diameter that the 

drill bit. 

In the fixation process was used a wire with 

a length of 2m; the end of the wire was tied; 

then one end was attached to a cork stopper; 

and the other was attached to the sampler. 

For the insertion of the sampler it was used 

an insertion rod, the tip is putted in an 

insertion pocket that que sampler has. The 

insertion rod is removed as soon as the 

sampler is inserted into the hole. The cork 

stopper is used to isolate the sampler from 

the atmosphere (Anderson, 2006). 

During the installation of the passive 

samplers were registered the GPS 

coordinates of each sample point, the serial 

number of each sampler and the hour of the 

installation.  

The installation process was done in two 

days: samplers 1 through 22, 25 and 26 

were placed on October 4, 2017. Samplers 

23,24, 27 through 50 were placed on 

October 6, 2017. 

3.3. Collection of the passive 

samplers 

The exposure time used was 5 days. The 

samplers were collected by pulling off the 

wire, that was attached to the cork stopper. 

Then the sampler was cleaned with some 

paper to remove some soil particles. Each 
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sampler was put back to the respective vial 

through the serial number of each sampler. 

The time of the collection of each sampler 

was registered. The custody seal was affixed 

to each vial to ensure that the vials were not 

opened during the transportation to the 

laboratory.  

The collection of the passive samplers lasted 

2 days:  samplers 1 through 22, 25 and 26 

were collected on October 9, 2017. 

Samplers 23,24, 27 through 50 were placed 

on October 11, 2017. The sampler number 

42 was founded out of the hole. 

3.4. Analysis of the passive samplers 

After the passive samplers were collected, 

they were sent to the company (GORE 

Laboratories) that provided the material for 

analysis. The samplers were analysed by 

GC / MS according to the modified US EPA 

method 8260/8270, which uses gas 

chromatography, selective mass detection, 

after thermal desorption. 

The method applied was the concentration 

method, where the results are quantified in 

units of mass (μg) and concentration (μg / 

m3). The samplers used are type 8, which 

can measure the absorption rates; are also 

capable of adsorbing the volatile compounds 

having from 4 to 20 carbons (Amplified 

Geochemical Imaging LLC, 2017). 

The calibration standards (five points), which 

contain the target compounds, are 

introduced in the sequential analysis. It is 

advised that the samplers are placed for a 

certain period in such a way that the 

samplers do not saturate, that is, the mass 

of the samplers is always less than 100 μg 

(Amplified Geochemical Imaging LLC, 

2017).  

3.5. Sampling Plan for active 

methods 

The sampling plan for the active method was 

to collect water from 13 groundwater wells: 

S102, S103, S104, S2, S205, S206, S401, 

S403, S405, S407, S501, S502 and S503. 

Water was water 3 times, in 3 different days 

during the period that the passive samplers 

were placed. In total, 39 groundwater 

samples were collected. Each sample was 

placed in a 100 mL vial. 

3.6. Preparation of water samples 

The groundwater samples were analysed by 

2 different equipments: Gas 

Chromatography (GC) and Headspace/Gas 

Chromatography/Mass spectrometry 

(HS/GC/MS). 

For the samples that were analysed in the 

GC, the samples were directly injected in the 

equipment. In the case of the HS/GC/MS, it 

was necessary to prepare the samples. It 

was necessary to put 5 mL of groundwater 

sample in a new vial with the addiction of 3,5 

g of sodium carbonate. The vials are 

encapsulated. 

3.7. Quantification of organic 

compounds in groundwater 

samples by GC 

For the quantification of the organic 

compounds it was used GC Agilent 

Technologies 6890N Network GCSystem 

(GC9L) using the front channel 

GC9L/SFT6L. It was injected 0,4µL of each 

sample, using a needle microliter TM#7001. 

The time of each analysis was about 9 

minutes and half. 
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3.8. Determination of organic 

compounds in groundwater 

samples by HS/GC/MS 

For the determination of the organic 

compounds it was used an Agilent 7697A 

Headspace Sampler with a GC Agilent 

Technologies 6890N Network. The 

Headspace had capability for 8 vials.  The 

carrier gas used was helium and it was used 

the automatic injection with the flowing 

conditions – total flow: 19,5 mL/min, split 

7,24:1, gas flow in the column of 2 mL/min 

and injection temperature of 150ºC. The 

initial temperature of the oven was 90ºC, 

where the sample was for 1min; then the 

oven heated about 12ºC/min to 250ºC; then 

it was maintained at this temperature for 

11,5 min. The analysis time for each sample 

was approximately 28 min. 

3.9. Vadose Zone Leaching 

(VLEACH) 

VLEACH is a software developed by United 

States Environmental Protection Agency 

(USEPA), that allows to simulate the 

transport, in one dimension, of the VOC and 

SVOC in the vadose zone. VLEACH 

estimates, considering the interval of times, 

the concentration of a certain contaminant in 

the gas phase, liquid phase and adsorbed in 

the soil. The software doesn’t consider the 

biodegradation and the chemical reactions 

that could occur in the soil. VLEACH was 

used to simulate the gas concentrations in 

the vadose zone during the exposure time. 

In the simulations were considered polygons 

with average properties (volumetric water 

content, porosity, foc and dry bulk density) 

because the software doesn’t allow the 

simulation of the various layers in the 

horizontal. For each groundwater well was 

made a scenario based on the 

characteristics and in the types of soils that 

exist in each location. The area of the 

polygon is one of the parameters that is 

defined by the user, and it was defined as 36 

m2, the same value that was used for the 

area of each cell in the sampling plan. 

4. Results and discussion 

4.1. Results from the analysis of 

active method in the GC 

The results presented in Table 1 are shown 

in a scale of 0 to 1 for results simplification. 

Only the results for Bz and MNB are 

presented, which will be compared with the 

results obtained in the passive method. 

Table 1 - Groundwater analysis in GC. 

Wells 
Bz 
(Day1) 

MNB 
(Day1) 

Bz 
(Day2) 

MNB 
(Day2) 

Bz 
(Day3) 

MNB 
(Day3) 

S102 0,00 0,03 0,00 0,02 0,07 0,03 

S103 0,00 0,04 0,00 0,02 0,00 0,03 

S104 0,00 0,06 0,10 0,02 0,31 0,04 

S2 1,00 0,56 1,00 0,43 1,00 0,64 

S205 0,00 0,00 0,00 0,03 0,00 0,03 

S206 0,00 0,03 0,00 0,02 0,00 0,08 

S401 0,00 0,06 0,00 0,02 0,00 0,04 

S403 0,00 0,00 0,41 0,01 0,52 0,03 

S405 0,00 0,25 0,00 0,16 0,00 0,21 

S407 0,87 0,03 0,80 0,02 0,65 0,04 

S501 0,67 1,00 0,60 1,00 0,54 1,00 

S502 0,19 0,76 0,14 0,41 0,17 0,74 

S503 0,16 0,13 0,19 0,12 0,21 0,19 

 

In Table 1 we can see that in 5 groundwater 

wells (S103, S205, S206, S401 and S405) 

the concentration of Bz was always zero. In 

3 wells (S104, S403 and S503) the 

concentration of Bz was always increasing. 

On the other hand, in 2 wells (S407 and 

S501) the concentration of Bz was always 

decreasing. In the well S102 the 

concentration of Bz was zero until the 
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second day and, on the third day, Bz was 

detected in the water. In the well S502 there  

vwas a decrease of Bz, between the first and 

the second day, and an increase between 

the second and the third day. The highest 

value of Bz was detected in the well S2. On 

the other hand, the highest value of MNB 

was in the well S501. In 10 wells (S102, 

S103, S104, S2, S206, S401, S405, S407, 

S502 and S503) there was a decrease of 

MNB, between the first and the second day, 

and an increase between the second and the 

third day. In one well, S403, the 

concentration of MNB was always 

increasing. On the other side, in the well 

S205, the concentration of MNB between the 

first and second day was increasing, and 

between the second and third day was 

constant. 

4.2. Results from the analysis of 

active method in the HS/GC/MS 

The results presented in Table 2  are shown 

in a scale of 0 to 1 for results simplification. 

Only the results for Bz and MNB are 

presented, which will be compared with the 

results obtained in the passive method. 

 Table 2 - Groundwater analysis in HS/GC/MS. 

 

 In 5 wells (S103, S205, S206, S401 and 

S405) the concentration of Bz was always 

zero. In 2 wells (S104 and S501) the 

concentration of Bz was always increasing. 

On the other hand, the S102 was always 

decreasing. In 3 wells (S407, S502 and 

S503) Bz was decreasing between the first 

and second day and increasing between the 

second and third day. In the S2 the 

concentration of Bz was constant until the 

second day and between the second and 

third was decreasing. In the S403 between 

the first and second was increasing and then 

was constant between the second and third 

day. In 8 wells (S102, S103, S104, S205, 

S206, S401, S403 and S407) the 

concentration of MNB was always zero. In 2 

wells (S2 and S502) the MNB between the 

first and second day was decreasing and 

between the second and third day was 

increasing. In the wells S405 and S501 was 

the opposite case. In S503 the concentration 

of MNB was always increasing. 

4.3. Results from the passive method 

 In relation to the compound Bz, out of the 50 

samplers, 12 detected the presence of this 

one. The highest value of this compound 

was found in sampler 11, and analyses of 

water collected from the S103 piezometer 

did not indicate the presence of Bz in the 

site. Samples 3 and 4 indicated the presence 

of Bz in the gas phase and agreed with the 

water analysis of the piezometers S2 and 

S104, which indicated the presence of Bz in 

the liquid phase. The water analysis of the 

S206, S401 and S405 piezometers did not 

indicate the presence of the pollutant in the 

liquid phase and the samplers did not detect 

Wells 
Bz 
(Day1) 

MNB 
(Day1) 

Bz 
(Day2) 

MNB 
(Day2) 

Bz 
(Day3) 

MNB 
(Day3) 

S102 0,20 0,00 0,11 0,00 0,00 0,00 
S103 0,00 0,00 0,00 0,00 0,00 0,00 
S104 0,00 0,00 0,20 0,00 0,28 0,00 
S2 1,00 1,00 1,00 0,26 0,87 0,37 
S205 0,00 0,00 0,00 0,00 0,00 0,00 
S206 0,00 0,00 0,00 0,00 0,00 0,00 
S401 0,00 0,00 0,00 0,00 0,00 0,00 
S403 0,00 0,00 0,32 0,00 0,32 0,00 
S405 0,00 0,00 0,00 0,17 0,00 0,13 
S407 0,77 0,00 0,55 0,00 1,00 0,00 
S501 0,28 0,55 0,33 1,00 0,47 0,36 
S502 0,23 0,58 0,15 0,44 0,35 1,00 
S503 0,23 0,08 0,15 0,13 0,38 0,21 
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the pollutant in the gas phase either. 

However, the sampler 1, placed near the 

S205 piezometer, detected the pollutant in 

the gas phase; however, the water analyses 

did not indicate the existence of the 

pollutant. In the case of S102, S403, S407, 

S501, S502 and S503, the samplers did not 

detect Bz in the gas phase; however, active 

sampling indicated the presence of the 

compound in the liquid phase. 

Finally, for the MNB compound, out of the 50 

samplers placed, 7 presented MNB mass 

values above the detection limit. Sampler 4, 

near piezometer S104, indicated the highest 

mass value of MNB. This figure may be 

related to the fact that there were buried 

MNB effluent treatment tanks at this site. 

The sampler 28, placed near the S501 

piezometer, also indicated the presence of 

MNB, thus confirming the results obtained 

through water analysis. 

In the case of the water analysis collected in 

S2, S405, S502 and S503 piezometers, the 

presence of MNB in the liquid phase was 

observed, but the passive samplers did not 

show the presence of the compound in the 

gas phase of the soil. In relation to the water 

analysis of S103, S205, S206, S406, S401, 

S403 and S407 piezometers water, there 

was no MNB in the liquid phase and the 

samplers also showed the absence of MNB 

in the gas phase in the soil. Samplers 8, 

9,10, 21 and 42 indicated the presence of 

MNB in the soil. 

The results presented in Figure 1 and Figure 

2 are shown in a scale of 0 to 1 for results 

simplification. 
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Figure 1 - Map with the interpolation of the values of the Bz concentrations obtained through the ARCMAP 

software, with the use of the IDW interpolation tool. 

Figure 2 - Map with the interpolation of the values of the mass of MNB adsorbed by the sampler, during the 

exposure time, obtained through the ARCMAP software, with the use of the IDW interpolation tool.
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4.4. Correlation of the results from passive method with the active method 

The results of the concentration of Bz from the passive samplers were compared with the average 

values obtained from the water analysis, performed through the HS/GC/MS. In this comparison, 

samplers 1,3, 4, 6 and 7 were used and placed near the piezometers, respectively, S2, S104 and 

S405. The other samplers that had been placed near the piezometers did not detect the presence 

of Bz. Figure 3  shows the results of the analysis, with the equation of the line, with better 

adjustment. In this case, correlation coefficient of 99,72% was obtained, which indicates an 

excellent relationship between the results obtained through the samplers and the results obtained 

through the analysis of the water.

 

Figure 3 - Correlation of the results of the passive samplers 4,3 and 6 with the results of the water analysis 

of the closest piezometers (Compound: Bz). 

With this expression, in the previous figure, it was estimated the groundwater concentration of 

Bz.  
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Figure 4 - Map with the interpolation of the values of the concentration of Bz in the groundwater estimated, 

obtained through the ARCMAP software, with the use of the IDW interpolation tool. 

4.5. Sensitive analysis:  Volumetric Water Content 

The scenario chosen to carry out the variations was the piezometer S104. Figure 22 shows the 

concentration profile at 1 meter depth over the 5 days. For the LBVC parameter, the Bz value of 

the third day of sampling was considered. 

 

Figure 5 -  Concentration Profile of Bz at a depth of 1 m over 5 days, varying the parameter of H between 

4.5 and 20%, with the following data: Koc = 58 mL / g; HCC = 0.221; S = 1790 mg / L; DBA = 0.804 m2 / 

day; with AP = 3.51 m, with a vertical cell size = 0.09 m; number of cells = 40; being the sandy soil with 

DBD = 1.6 g / cm3; P = 0.297; foc = 0.0075; RT = 0.6 m / year. 
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From the above figure you can verify that the maximum concentration of the compound is 

obtained with the minimum volumetric content of water; the closer the porosity value, the lower 

the concentration in the gas phase, because there is also less space occupied by air.

5. Conclusions

The present study allowed the evaluation of 

the groundwater status in 13 different 

piezometers using the active method. 

Samples were collected during 3 of the 5 

days in which the passive samplers were 

placed in the soil. The collected samples 

were analysed in the GC of the factory and 

through HS / GC / MS of the university. The 

concentrations of Bz obtained through 

HS/GC/Ms were higher than those obtained 

by GC. However, the results obtained by the 

two methods are in the same order of 

magnitude. The concentrations of MNB 

obtained by the HS/GC/MS were lower than 

those obtained by the GC, and in the 

samples of S102, S103, S104, S205, S206, 

S401, S403 and S407 no MNB 

concentrations have been detected by the 

HS/GC/MS. From the results it would be 

expected that the concentrations of the 

organic compounds would be approximately 

constant over the sampling period, which, 

overall, did not occur. 

In this work there was the opportunity to 

apply a recent and innovative method, 

through the placement of 50 passive 

samplers, both inside the factory and in two 

lands nearby. The target compounds of this 

method were Bz and MNB. In relation to the 

compound Bz, out of the 50 samplers, 12 

detected the presence of this one. The 

highest value of this compound was found in 

sampler 11, and water analysis collected 

from the S103 piezometer did not indicate 

the presence of Bz in the site. Samples 3 

and 4 indicated the presence of Bz in the gas 

phase and agreed with the water analysis of 

the piezometers S2 and S104, which 

indicated the presence of Bz in the liquid 

phase. The water analysis of S206, S401 

and S405 piezometers did not indicate the 

presence of the pollutant in the liquid phase 

and the samplers did not detect the pollutant 

in the gas phase either. However, the 

sampler 1, placed near the S205 

piezometer, detected the pollutant in the gas 

phase; however, the water analysis did not 

indicate the existence of the pollutant. In the 

case of S102, S403, S407, S501, S502 and 

S503, the samplers did not detect Bz in the 

gas phase; however, active sampling 

indicated the presence of the compound in 

the liquid phase. 

Finally, for the MNB compound, out of the 50 

samplers placed, 7 presented MNB mass 

values above the detection limit. Sampler 4, 

near piezometer S104, indicated the highest 

mass value of MNB. This figure may be 

related to the fact that there MNB effluent 

treatment tanks have been buried at this site. 

The sampler 28, placed near the S501 

piezometer, also indicated the presence of 

MNB, thus confirming the results obtained 

through water analysis. 
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In the case of the water analysis collected in 

the S2, S405, S502 and S503 piezometers, 

the presence of MNB in the liquid phase was 

observed, but the passive samplers did not 

show the presence of the compound in the 

gas phase of the soil. In relation to the water 

analysis of the S103, S205, S206, S406, 

S401, S403 and S407 piezometers water, 

there was no MNB in the liquid phase and 

the samplers also showed the absence of 

MNB in the gas phase in the soil. Samplers 

8, 9,10, 21 and 42 indicated the presence of 

MNB in the soil. 

These two methods complement each other, 

since both provide relevant information 

about the contaminant in two distinct 

phases. In this work, a correlation was also 

established between the results obtained 

from the passive sampling, and the results 

obtained in the analysis of the groundwater 

of the third day, through the GC. 

Because these two methods were 

complementary to each other, the 

application of the VLEACH software to 

simulate the transport mechanisms of the 

contaminant became relevant. The starting 

point was the values obtained through 

groundwater analysis, collected on day 3 

and day 4, analysed in the GC. The software 

allows to estimate the concentrations of Bz, 

in the gas phase, to 1 meter of depth. The 

values obtained through this program can be 

compared with the values obtained through 

passive sampling. However, it is necessary 

to perform the simulation for different values 

of volumetric water content and foc, and 

these parameters are difficult to estimate. 
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