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Abstract 

The present paper presents a study made in order to evaluate the lead environment pollution degree in some areas with intense traffic in Tg-Mureş City. Soil and vegetation samples were taken according to the authorized general procedures. From the mineralized samples, lead concentration was determined by atomic absorption spectrometry. The results obtained were compared to the reference soil and vegetation samples taken from a mountain area considered unpolluted. 
Rezumat 

Lucrarea prezintă rezultatele studiului efectuat în vederea evaluării gradului de poluare cu plumb a solului şi a vegetaţiei aferente, în câteva zone cu trafic auto intens din oraşul Tg-Mureş. Recoltarea probelor de sol şi vegetaţie precum şi mineralizarea acestora s-a efectuat conform normativelor în vigoare. Din probele mineralizate s-a determinat concentraţia plumbului prin spectrometrie de absorbţie atomică. Rezultatele obtinute au fost comparate cu probele martor care constau în probe de sol şi vegetaţie recoltate dintr-o zonă montană considerată nepoluată. 

· lead concentration in soil and plants

· atomic absorption spectrometry 
INTRODUCTION

Environment pollution is a very important problem because it affects ecosystems’ and people’s health. This is a very popular issue especially because of the conditions imposed by The European Union, conditions to which we will have to adapt and respect. That is why it is necessary to establish drastic measurements to reduce pollution down to the imposed limits. In our country, Romania, “Environment Protection Law” (1995) specifies that citizens have the right to a healthy and well-balanced environment, introduces the pollution-paying principle and ecologic authorization procedure [1].

In this context, we mention that lead environment pollution is quite frequent in industrial and non-industrial areas. In big cities, intense traffic and the use of lead gas is an important source of lead environment pollution. In order to reduce lead concentration legal principles were proposed to limit the use of lead gas. In time, lead is cumulated in the soil and will get into water, vegetation, animals and in the end in human food, which is an important entrance pathway in the human body [2]. 

Due to these reasons, in most countries, legal principles were adopted in order to establish accepted maximal limits for chemical pollution factors in soil, water, plants, and food. 

In our country, the Order of the “Ministry of Water, Forests and Environment Protection” no. 456/3.11.1997 to approve “The Environment Pollution Evaluation Law” establishes rules concerning maximum values for soil pollution factors by the use of the land: sensitive (residential areas, land for agriculture, sanitary land) and less sensitive (industrial or commercial land) [3].

Table I
Maximum and intervention values

	Lead
	Accepted values

(mg/kg)
	Type of use

	
	
	Maximum values (mg/kg)
	Intervention values (mg/kg)

	
	
	Sensible
	Less sensible
	Sensible
	Less sensible

	Pb
	20
	50
	250
	100
	100


There are no legal principles concerning maximum accepted limits for normal and phytotoxic lead content in plants. Therefore we took into consideration Cottenic et all mentioned by Acheson statements as normal limits 2-14 mg/kg and phytoxic concentration of >15 mg/kg [4].

Lead toxicity is very high, no matter the source: industrial (professional, non-professional, cumulative) and house generated, or the entrance pathway (digestive or pulmonary). The inhibitory action of lead upon hem biosynthesis is well known, affecting processes in which hemoglobin is involved (O2, CO2 and NO transport): cytochromic system (respiratory chain), cytochrom P450 (detoxification mechanisms), catalase and peroxidase activity (protection against reactive oxygen species ROS), etc. In the complicated process of hem biosynthesis lead acts by inhibiting δ-aminolevulinat-dehydrase, coproporfinogen-oxydase and by blocking ferrochelatase [5-9]. Lead intoxication manifests at gastro-intestinal, neuromuscular hematoformator central nervous system and renal level.

Lead toxicity is manifests similarly to calcium at molecular level. It interferes with some receptor dependent transport processes or enzymatic mediated processes as it is not able to fulfill calcium role. Lead interferes with calcium homeostasis in nervous termination and its capture in mitochondria. 

Due to of these problems, we considered that determining lead concentration in soil and afferent plants from 4 crowded areas and also, in time, the decrease of lead pollution in soil as lead-free gas is more and more used. The Environment Protection Agency Mureş (EPAM) monitored these areas for lead concentration also in 2000. 

MATERIAL AND METHODS

a) Sample prelevation. Soil samples were taken from 4 Tg-Mureş city points, 2 points from the industrial area (Gh Doja Street and Podeni) with intense traffic (trucks, buses, cars) and 2 other points in which trucks traffic is forbidden (center of the city and a park nearby The University of Medicine and Pharmacy). Soil samples were taken according to the general procedure. Soil samples were taken from the surface and at 30 cm from the surface using an agrochemical device. The quantity of prelevated soil was between 200-300 g. In the mean time, plant samples were also taken. 

After sample prelevation, sample documentation was made. It contained: date, place were samples were taken, depth for soil samples, meteorological conditions, purpose of the analysis and type of pollution in that area.

For comparison, soil and vegetation samples were taken from a mountain area that we considered not polluted, but in the end, after analysis were performed, a quite high content of lead was determined.

Soil and plant samples were dried at room temperature. Plant samples were cut into small pieces and passed through a shingle of 150 µm.

Table II

Documentation for soil and plants samples
	
	Date
	Place
	Conditions
	Meteo cond.
	Pollution type

	I
	05.11.2006
	Mountain area
	Ia sss, Ib dss,  Ic ps
	Sunny day,t≈100C
	Reference  sample

	II
	31.10.2006
	Gh. Doja Street
	IIa sss,  IIb dss,  IIc ps
	Sunny day,t≈150C
	High traffic

	III
	31.10.2006
	Central area
	IIIa sss, IIIb sss, IIIc ps
	
	

	IV
	31.10.2006
	Podeni Street
	IVa sss, IVb sss, IVc ps
	
	

	V
	31.10.2006
	University area
	Va sss,  Vb dss, Vc ps
	
	


sss= surface soil samples; dss=deep soil samples; ps=plants from the soil samples

b) Mineralization of soil and plants samples was performed according to ISO 11466/1999 standard concerning “Soil quality”. Extraction of minerals soluble in clorhidric-nitric acid (3:1) mixture is approved by the general manager of the National Standard Association from Romania.


This standard was elaborated in order to provide the possible users of an extraction method for microelements from soil and similar materials by clorhidric-nitric acid (3:1) mixture solving. Extraction is performed by soil sample contact with clorhidric-nitric acid (3:1) mixture for 16 hours at room temperature, followed by reflux boiling for 2 hours. Because for plant samples there is not a standard extraction method, mineralization was performed in the same way as the soil samples (ISO 11466/1999).

c) Method. 3 grams of sample were weighed with a 0.0001 g precision, were moistured with 0.5 -1.0 mL distillated water in a 200 mL vessel; 21 mL concentrated hydrochloric acid were added and then, dropwise, 7 mL concentrated nitric acid. A rubber cork is used to stop nitric oxides from emitting and it is left for 16 hours at room temperature so that organic substances from soil and plants are oxidized. This operation is made directly in the reaction vessel so that hydrochloric -nitric acid (3:1) mixture is formed there. Carbon rich materials can be a problem as they consume the clorhidric acid before the nitric acid is added. In these situations clorhidric-nitric acid (3:1) mixture formation is not sure. The quantity of clorhidric-nitric acid (3:1) mixture that is formed in the up described conditions is enough for only 0.5 g of organic carbon oxidation. Because in the 3 g sample there was more than 0.5 g of organic carbon after the first reaction with clorhidric-nitric acid (3:1) mixture, 2 times 10 mL nitric acid was added. Once the reflux device is set, the necessary temperature of 1200C is obtained using a glycerin bath. The length of the reflux device is selected so that the condensation region is at 1/3 of its height.  Boiling time is 2 hours. Because the residue was not white, the same operation was repeated 2 times with 10 mL concentrated nitric acid and once with 5 mL concentrated hydrogen peroxide. The white insoluble residue is quantitatively filtered in a 100 mL vessel with nitric acid. The obtained solutions are used to determine lead by atomic absorption spectrometry.


d) Lead determination was performed by atomic absorption spectrometry based on determination of lead absorbance from hydrochloric-nitric acid (3:1) mixture in mineralized samples [11,12]. Determinations were performed at λ=217nm, air/acetylene flame type, background correction system/deuterium lamp. 

· Preparing the reference lead solution – 1000 mg Pb/L

Approximately 1.0000 g of metallic lead (purity 99.5%) is weighed with a precision of ±0.0002 g and it is dissolved in 40 mL diluted nitric acid. 100 mL distilled water is added and the sample is boiled until there are no more vapors of nitric oxide. The sample is then cooled down and transferred in a 1000 mL vessel with distilled water. 

· Preparing the diluted reference lead solution – 20 mg/L


20 mL stock solution is transferred into a 1000 mL vessel with distilled water, after adding 20 mL diluted nitric acid.

· Calibration series

Calibration series were set on the concentration range of our soil and plant samples. Calibration solutions are obtained from 1, 2, 3, 4, 5 mL diluted lead reference solution in 100 mL vessels for the 0.20-1.00 mg/L concentration domain and 5, 10, 15, 20, 25, 30, and 40 mL diluted lead reference solution in 100 mL vessels for the 1.00 -8.00 mg/L concentration domain. For every calibration sample, 21 mL concentrated hydrochloric acid and 7 mL concentrated nitric acid are added. Absorbance is determined twice for every calibration sample, and the average absorbance is calculated.    
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Figure 1

Calibration series

Sample determination: reference and sample solutions are absorbed into flame. If experimental values for our sample are higher than calibrations, our sample is diluted with the reference solution. 


Results are obtained using the following formula:
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W (Pb) = lead quantity in mg/kg

c = lead concentration in the sample

m = sample weight in kg

RESULTS AND DISCUSSION 
Lead determination in soil and plants samples taken from the 4 intense traffic areas are presented in Table III.

Table III

Lead concentrations in soil and plants 

	Sample no.
	Absorbance
	Concentration 
	% difference from the reference

	
	
	mg/L
	mg/kg
	

	  Ia sss

  Ib dss

  Ic ps
	0.055

0.012

0.030
	1.4975

0.2627

0.7748
	  49.94

    8.75

  25.80
	-

-

-

	 IIa sss

 IIb dss

 IIc ps
	0.128

0.054

0.010
	3.6219

1.4694

0.1868
	120.67

  48.96

    6.22
	+141.62

+459.32

    -75.87

	IIIa sss

IIIb dss

IIIc ps
	0.061

0.101

0.051
	1.6820

2.8280

1.3986
	56.17

94.25

46.58
	  +12.46

+976.75

  +80.55

	IVa sss

IVb dss

IVc ps
	0.092

0.102

0.079
	2.5727

2.8786

2.1902
	85.80

95.90

73.01
	  +71.80

+995.61

+182.98

	 Va sss

 Vb dss

 Vc ps
	0.028

0.017

0.010
	0.7298

0.4021

0.1972
	24.33

13.39

  7.61
	-51.28

+52.96

-70.48


sss= surface soil sample

dss=deep soil sample

ps=plants from the soil samples

Analyzing the obtained results, it is observed that lead concentrations in soil and plants differ from one area to another. 

In Gh Doja Street area with intense traffic (II samples) lead concentration in surface soil was 120.67 mg/kg and 48.96 mg/kg in deep soil which is 141.62% higher than reference sample in surface soil and 459.32% higher in deep soil. Despite this, lead concentrations in plants from the soil samples were lower than in reference samples with 75.87%, which corresponds to 6.22 mg Pb/kg. These results suggest that lead from the surface infiltrated in the soil, this process being influenced by soil quality, type and precipitations in the area. Plants and vegetation in this area have low concentrations of lead. Reported value by EPAM in 2000, in this area, is 154.10 mg Pb/kg soil.

In the central area of Târgu-Mureş (III samples) with intense traffic, lead concentration in plants from the central park was 46.58 mg/kg, which means an increase of 80.55% from the reference samples. In soil samples, lead concentration was 56.16 mg/kg on the surface, which represent a 12.46% increase compared to the reference sample. In deep soil, lead concentration was 94.25 mg/kg; the increase compared to the reference is 976.75%. In this case, it is possible that the lead from the surface has infiltrated in the deep soil. The results obtained are close to those obtained by EPAM, in 2000, for surface soil: 49.5 mg Pb/kg soil. 

Analyzing the results obtained for plants from Podeni Street (IV samples) we can observe a higher lead concentration 73.01 mg/kg dry plant, which signifies an increase of 182.98% from the reference sample. In surface soil, lead concentration was 85.80 mg/kg, which represents an increase of 71.80 % from the reference sample. In deep soil, lead concentration was 95.90 mg/kg, which represents an increase of 995.66 % from the reference sample. Values obtained by EPAM, in 2000, in this area, were 33.7 mg/kg for surface soil, which indicates an increase of pollution.
In the park nearby University (V samples), although the traffic is intense, samples were prelevated from a point far from the road and with a lot of vegetation. Lead concentration in plants was 7.61 which is 70.48% lower than the reference sample. In surface soil, lead concentration was 24.33 mg/kg which is 51.28% lower than the reference sample. In deep soil lead concentration was lower than the one taken from the surface soil: 13.39 mg/kg which is 52.96 % higher than reference sample. Compared to the values obtained by EPAM in 2000: 144 mg/kg surface soil, the values we obtained are much lower. This means that pollution decreased in this area. 

If we compare the results we obtained to the Ord. no 756 /3.11.1997 that approves the rules for “Environment pollution evaluation for sensitive and less sensitive soil” where maximum and intervention values are presented, we can say that our determination is less sensitive. The maximum admitted value of 20 mg/kg is overwhelmed in all cases, but the intervention values are not. In case of plants that were taken from these soil areas, lead concentration is higher than the phytotoxic value: 15 mg/kg, except for two determinations where values are lower (table III).

CONCLUSIONS 
Lead concentration varies in soil and plants with the area. In deep soil samples, lead concentration is higher. 

In all studied areas, the surface and deep soil samples lead concentration is higher than the reference solution, except for the surface sample in the University area. 


Lead concentration in plants from the studied soil samples is much higher in the central area and Podeni Street than phytotoxic concentration, but is lower than the reference sample. In Gh.Doja Street area and University park, lead concentrations in plants are also low.
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