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ABSTRACT 

 
The biomonitoring of the atmospheric contamination constitutes important procedure for adoption of 

environmental control measures. Biological assays have been employed to evaluate genotoxics agents in the 

atmosphere. The Tradescantia-micronucleus (Trad-MCN) assay has been extensively used in environmental 

monitoring owing to its efficiency in the detection of chromosomic damages in cytological preparations of 

easy execution. In this study we tested  the viability of use of Trad-MCN with Tradescantia pallida cv. 
Purpurea for environmental monitoring in the Experimental Center Aramar (CEA), in Iperó – SP and its leaf 

accumulation capacity. The plants were exposed in situ, in flower-beds or flowerpots, established close to 

the sources of atmospheric emission. The bioassay was accomplished according to the usual protocol. The 

micronucleus frequencies were compared using the variance Kruskal-Wallis test. The obtained results 

indicated that the biomonitoring model adopted was not the ideal for the CEA, considering that the plant 

suffered the influence of climatic condition. However the plant showed to have accumulative potential for 

uranium. 

 

 

 

1. INTRODUCTION 

 

The issuing sources of pollutants can be classified in mobile and stationary. The industrial 

activities are included in the latter, and are important generating sources of atmospheric 

pollution [1]. Therefore, the evaluation of the problems of the air contamination started in 

the proximities of the industrial sources.    
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Many works already described the effects of the pollutants on the living organisms. The 

toxicant action of the pollutants in plants can cause the cellular disarrangement, 

chromosomics breaks and genics mutations, physiologic and biochemical effects [2]. This 

knowledge of the effects of the air contamination about certain animal and vegetal species, 

called bioindicators, can be used for quantitative and qualitative evaluations of the 

atmospheric contamination [3]. Such methodology has been applied for a lot of purposes, 

such as for indication and monitoring of emission sources, control of the efficiency of 

actions to reduce emissions, monitoring nets, studies of environmental impact and control 

of the air quality of internal and external atmospheres, among other [4].   

   

There are many organisms that can be used to indicate a situation of environmental 

anormality. But, for the biomonitoring of the air quality, the plants are very useful, since a 

lot of species are of easy handling, cultivation and cares, at low costs, besides they supply 

preservative answers and of easy evaluation. Many vegetable species have been used in 

biomonitoring works, each one with its particular capability to react with certain pollutants 

[2]. Tests with clones of Tradescantia (4430 e KU 20), already checked the efficiency of 

this plant to evaluate the genotoxic potential of the atmospheric pollutants [5, 6]. Among 

the bioassays proposed is the Trad-MCN, that consists of the estimate of the micronuclei 

frequency, resulting from the chromosomic break or from the loss of anaphasic 

chromosomic, induced by genotoxic agent [7].    

   

The bioassay Trad-MCN with the T. pallida specie has been considered efficient for 

biomonitoring of atmospheric pollution [8, 9, 10, 11, 3, 2]. In spite of that, it does not 

discriminate which are the genotoxics agents. Thus, the pollution sources should be 

identified and climatic and meteorological data should be collected.   

   

Some accumulative organisms have the capacity to concentrate some elements, mainly 

heavy metals [12]. Such organisms behave as indicators for the elements concentrated 

where they live. In recent studies, Tradescantia pallida has been demonstrating leaf 

accumulation capacity for elements of interest in biomonitoring of the atmospheric 

pollution, such as barium, bromine, calcium, cerium, cobalt, chromium, cesium, iron, 

potassium, lanthanum, rubidium, antimony, zinc, thorium among other [13, 2].    

   

Thus, the proposal of this work is to evaluate the viability of the use of the Tradescantia 
pallida in biomonitoring in situ in the study area, by means of the bioassay Trad-MCN, as 

well as to verify the  capacity to foliate accumulation of this plant, for the elements 

potentially emitted by gas washing systems (fluoride and uranium), since they are the 

main possible agents that could be liberated in the process of uranium enrichment, in case 

that gas washing does not operate withis the expected efficiency.   

 

 

  

 

 



INAC 2009, Rio de Janeiro, RJ, Brazil. 

 

2. MATERIALS AND METHODS 

   

2.1. Study Area   

 

The work was developed in an area of about 800 ha, belonging to the Experimental Center 

Aramar (CEA), placed in the municipal district of Iperó-SP, whose geographical coordinates 

are 23º 25' S latitude, 47º 32' W longitude, with 560 m altitude (Fig. 1). The climate in the 

studied area is Cwa, second classification of Koeppen: subtropical climate, hot and humid, 

with dry winter.   

 

 

 

 
Figure 1: Study area with the location of the in situ exposure points, of the control point 

and of the meteorological tower used in the collection of climatic data. LG-LEI. gas 

washing of Isotopic Enrichment Laboratory; LG-LABMAT. gas washing of the 

Materials Nuclear Laboratory; LARE. Radioecolgic Laboratory.   

 

 

 

2.2. Species Studied    

 

The study based on in situ exposure of Tradescantia pallida (Rose) D.R. Hunt. cv. Crimson 

red Boom, Commelinaceae. The specie used, also known as “coração-roxo” or setcresea or 

trapoeraba, it is a plant very used in gardening, resistant, of easy cultivation and propagation 

and very well adapted to the local climate, flourishing during the whole year.    
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2.3. Potentially Polluting Sources 

 

The stationary sources of atmospheric emissions of CEA considered in this work were: gas 

washing (LG) located, respectively, in Isotopic Enrichment Laboratory (LEI) and in the 

Nuclear Materials Laboratory (LABMAT) and the fume hoods exhausting system from 

Radioecological Laboratory (LARE).    

 

The gas washing systems are to prevent escape of continuous gaseous emissions from the 

laboratories of uranium enrichment, and the major contituint are fluoride (F
-
), hydrofluoric 

acid (HF) and ammonia (NH3).    

   

The exposures places were defined (control point, LG-LEI, LG-LABMAT and LARE) (Fig. 

1) with base in some factors, such as: distance of the issuing sources, direction and speed of 

the wind, coefficient of atmospheric dispersion and topography. For the monitoring of the gas 

washing, flower-beds were built at a distance of about 20 meters of those sources. The 

monitoring in LARE was performed with plants in flower-pot.   

   

2.4. Cultivation and Exposure of the Plants    
 

Plants were cultivated in flower-beds  and flower-pots with substratum of fertile soil and 

organic matter, in the proportion of 1:1, receiving monthly waters with nutritious solution 

NPK 10:10:10, and weekly only pure waters.    

 

2.5. Collect and Fixation of Inflorescences    

 

A total of 20 cuttings (with all the shut buttons) were collected monthly in the flower-beds 

and in the flower-pots in the period of September of 2003 to August of 2004. The fixing of 

the inflorescences was made immediately after the collection in a 3:1 in acetic acid/ethanol 

and stored   in 95% ethanol after 24 h of fixing.   

  

During the sampling period, data like maximum, average and minimum temperatures, air 

relative humidity, and pluvial precipitation, were collected with a meteorological tower 

located in the Experimental Center Aramar.    

   

2.6. Micronuclei Counting    

 

The preparations of the sheets for micronuclei counting were performed according to the 

standard protocol established by [7] for the hybrid clones of Tradescantia.   
   

2.7. Foliate Accumulation Analysis  

 

The foliate accumulation analysis was accomplished in samples composed from leaves of the 

standardized flower-bed, installed close to the gas washing. After the period of one year of in 
situ exposure, all the available leaves in the flower-bed were collected and they composed a 

mixed sample and the concentration of fluoride and uranium were determined. As pointed out 

previously, there are main pollutants that could possibly be liberated, if the gas washing 

doesn't operate with the expected efficiency (99 %).    
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2.8. Determination of Fluoride and Uranium    

 

The fluoride was determined by potentiometry with ion-selective electrode, there 

recommended method for determination of fluoride in vegetation [14].   

   

A sample of the dry leaves was ashed and the concentration of uranium determined by 

neutron activation analysis at IPEN [15, 16] by the researcher Dra. Mitiko Saiki.    

   

2.9. Statistical Analysis   

 

All data were submitted to statistical analyses, using the program BioEstat version 2.0. In 

order to identify the significant variations of each exposure local, compared with the control 

point and the variation along the months, the Kruskal-Wallis variance test was used.   

 

 

 

3. RESULTS AND DISCUSSION 

 

Environmental conditions during the sampling period - The climatic data collected during 

the sampling period are presented in the Table 1, and were typical of the study area. The 

relative humidity varied between 17 and 97%. The temperature values - maximum, minimum 

and average - were of 35 ºC, 4 ºC and 19 ºC (over all mean), respectively. The highest 

temperature was observed on September, 2003, reaching 35 ºC. In the winter, the smallest 

temperatures were observed on June and August, 2004, with values of 4 ºC. The smallest 

indexes of pluvial precipitation were observed on September, 2003, June, July and August, 

2004, with values of 34, 33, 26 and 3 mm, respectively. The months November and 

December, 2003 and January, February and May, 2004 were the rainiest, with precipitations 

of 154, 103, 350, 112 and 113 mm, respectively.   
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Table 1. Monthly values of maximum, minimum and average temperature, air relative 

humidity, and total value of pluvial precipitation. 

 
 

Sampling 

 

Temperature (ºC) 

 

Air relative humidity (%) 

Pluvial 

precipitation 

Date Maximum Minimum Average Maximum Minimum Average (mm) 

September/2003 35 7 19 96 18 68 34 

October/2003 34 7 11 97 17 59 94 

November/2003 34 11 21 94 17 71 154 

December/2003 34 16 23 97 36 75 103 

January/2004 32 15 22 96 36 77 350 

February/2004 32 15 22 94 32 72 112 

March/2004 32 12 21 94 34 74 85 

April/2004 30 10 21 94 30 76 94 

May/2004 30 6 17 95 35 78 113 

June/2004 26 4 15 96 31 78 33 

July/2004 27 6 16 97 35 78 26 

August/2004 30 4 17 96 18 69 3 

 

 

 

There were also logged temperature values (maximum, minimum and daily average), air 

relative humidity daily average and pluvial precipitation daily overall, covering a period of 

six days before the inflorescences collection. That period was chosen with base in other 

biomonitoring studies accomplished by the group in which this project is inserted (M. 

Domingos - personal communication). The data are presented in the Table 2.  
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Table 2. Daily climatic data obtained in the period that preceded the dates of the 

inflorescences collections. 

 
 

Month of 

 

Period 

 

Temperature (ºC) 

Air relative Pluvial 

precipitation 

collection (days) Maxim Minimum Average humidity (%) (mm) 

6 17 12 14 77 0.2 

5 15 11 13 74 0 

4 21 10 15 73 0 

3 21 11 15 77 0.8 

2 25 7 16 71 0 

1 23 11 16 71 0 

 

 

September/2003 

Collection day 24 10 16 66 0 

6 23 17 20 76 0 

5 31 16 22 68 0 

4 32 16 24 61 0 

3 33 18 26 51 0 

2 24 19 20 87 18.2 

1 20 17 18 87 6.4 

 

 

 

October/2003 

Collection day 27 16 20 80 34.8 

6 29 18 23 76 0 

5 31 20 24 74 0 

4 28 19 23 73 0 

3 27 17 21 66 0 

2 27 17 21 61 0 

1 29 15 21 65 0 

 

 

 

January/2004 

Collection day 28 18 22 68 0 

6 24 20 22 87 5.6 

5 29 20 24 80 0.4 

4 32 18 23 78 41.7 

3 30 19 23 75 0.5 

2 30 19 24 70 0 

1 31 19 24 70 0 

 

 

 

February/2004 

Collection day 30 20 24 73 0 

6 24 18 21 76 0.0 

5 22 18 20 80 3.6 

4 27 16 22 72 0.0 

3 28 15 21 75 7.9 

2 28 16 22 70 0.8 

1 30 15 22 74 0.0 

 

 

 

March/2004 

Collection day 30 17 23 69 0.0 
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Table 2 (continuation). 

 

Month of 

  

 Period 

 

Temperature (ºC) 

Air relative Pluvial 

precipitation 

collection (days) Maxim Minimum Average humidity (%)  (mm) 

6 27 15 20 72 0.0 

5 28 15 21 70 0.0 

4 29 13 21 71 0.3 

3 30 15 22 69 0.0 

2 25 20 22 82 3.6 

1 28 17 22 77 0.3 

 

 

 

April/2004 

Collection day 28 18 22 81 13.0 

6 17 9 14 74 1.5 

5 18 6 11 77 0.3 

4 19 9 13 73 0.0 

3 23 10 16 72 0.0 

2 25 13 17 82 25.4 

1 19 13 15 88 7.6 

 

 

 

June/2004 

Collection day 23 12 17 78 0.5 

6 26 14 19 78 0 

5 26 12 18 78 0 

4 26 12 18 79 0 

3 26 11 17 81 0 

2 27 10 17 78 0 

1 26 12 18 78 0 

 

 

 

 

July/2004 

Collection day 22 13 18 86 0 

6 25 15 19 72 0 

5 30 11 19 71 0 

4 25 13 18 77 0 

3 20 15 18 79 0 

2 21 15 18 87 3.0 

1 26 13 19 66 0 

 

 

 

 

August/2004 

Collection day 28 8 18 60 0 

 

 

 

Meteorological and climatological information should be considered in the studies of the 

atmospheric pollution, once those factors are of great importance for the dispersion of the 

pollutants [17]. Additionaly, knowledge of the climate can supply further explanations 

regarding the plants responses.   

 

Trad-MCN Bioassay - The monthly frequency of micronuclei in inflorescences of 

Tradescantia pallida and the respective standard deviation in each exposure local are shown 

in Table 3. The Figure 2 presents the comparison among the average of the micronuclei 

frequencies, obtained along the study period, in the exposure places and in the control point. 

In the months of September and October, 2003 and August, 2004, significant differences 

were not verified (P>0.05) among the exposure places, including the control point. In the 

months of January and February, 2004 was observed significant difference among the control 

point and exposure places (P<0.05), but not among the exposure places themselves. In the 

month of March, 2004, only the inflorescences cultivated in the flower-bed of the LG-LEI 

presented average frequency of MCN significantly smaller than the control point and the 

other exposure places. In the month of April, 2004, the plants collected in the flower-bed of 
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the LG-LEI and of LG-LABMAT presented results significantly smaller than the plants 

cultivated in the control point and in the flower-pots distributed in LARE. In the month of 

June, 2004 there was no collection in the flower-bed of the LG-LEI and of LG-LABMAT due 

to the absence of the inflorescences in the age adapted for the micronucleus test and the 

average frequency of micronucleus verified in the plants of LARE was significantly smaller 

than in the plants of the control point. In the month of July, 2004, the plants exposed in the 

flower-bed of LG-LABMAT presented micronuclei frequency significantly inferior as 

compared to the other places. The variations verified in the micronuclei frequencies obtained 

in inflorescences of T. pallida did not present any pattern that could characterize the different 

exposure places. According to Ma (1983), that happens due to the fact that the micronucleus 

test with Tradescantia is not a selective indicator of genotoxics risks. 

 

 

 

Table 3. Comparison among the average frequencies of micronuclei (%) obtained for 

each exposure place, along the study period. 

 

Exposure local  

Sampling date Control point LARE LG-LEI LG-LABMAT 

September/2003 4.73 ± 1.50
a 

3.58 ± 2.61
a 

5.29 ± 3.92
a 

3.02 ± 2.32
a 

October/2003 0.23 ± 0.28
a 

* 0.37 ± 0.38
a 

0.30 ± 0.31
a 

January/2004 1.27 ± 1.54
a 

0.26 ± 0.27
b 

0.26 ± 0.27
b 

0.15 ± 0.16
b 

February/2004 3.53 ± 1.29
a 

5.51 ± 2.03
b 

5.66 ± 1.31
b 

6.80 ± 0.58
b 

March/2004 5.87 ± 1.50
a 

5.20 ± 2.23
a 

0.90 ± 0.69
b 

5.50 ± 3.37
a 

April/2004 5.43 ± 1.81
a 

9.65 ± 4.13
a 

0.16 ± 0.24
b 

0.82 ± 1.53
b 

June/2004 5.06 ± 1.35
a 

2.10 ± 0.99
b 

  * * 

July/2004 5.87 ± 2.36
a 

6.70 ± 2.33
a 

6.53 ± 1.49
a 

3.30 ± 0.00
b 

August/2004 5.30 ± 1.82
a 

4.67 ± 1.25
a 

7.36 ± 4.17
a 

6.01 ± 1.76
a 

∗ There was not collection. LARE. Radioecological Laboratory; LG-LEI. gas washing 

of the Isotopic Enrichment Laboratory; LG-LABMAT. gas washing of the Nuclear 

Materials Laboratory.  The exposure points indicated with different letters along of 

months differ to each other significantly (P<0.05). 

 

 

 

The average of each exposure local, indicated with different letters, differ to each other 

significantly, in the respective month, with P<0.05 for the variance analysis Kruskal-Wallis.  

   

It fits to detach that the inflorescences collected in the control point, in some periods, 

presented larger micronuclei frequency than those collected in the tested atmospheres. Such 

fact happened the months of January, March and June, 2004. Considering that the control 
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point is not reached by the pollutants in the proximities of the tested laboratories, the largest 

micronuclei frequency should be attributed to other factors, possibly climatic factors, or even 

to intrinsic factors of the plants. Klumpp et al. (2001) point out that the climatic factors can 

interfere in the pollutants absorption for the plant, confirming their importance in the 

response of the vegetables. [2] informs that the climatic factors can be considered confusion 

factors and when evaluating influence in the bioindicator response, these should be 

minimized. In the present work we minimized the variation among the flower-bed, once the 

same substratum, hydric readiness and nutritious cares, being fertilized the plants in the same 

periods; even so, other factors, as luminous intensity, temperature, wind, could not be 

controlled, that experiments in controlled conditions can be more effective in the 

establishment of the genotoxicity of the tested agents being used the Trad-MCN.   

   

With relationship to the seasonal variation of the micronuclei frequencies for each exposure 

local, the smallest frequencies in all the places (control point, LARE, LG-LEI and LG-

LABMAT) were observed during the months of October, 2003 and January, 2004 (Table 3).    

   

In October, 2003, the monthly average temperature was of 11 ºC. Even so in the days that 

preceded the inflorescences collection there was an increase in the temperature, reaching 33 

ºC, three days before the collection. In the day of the sampling the maximum temperature was 

27 ºC and the average of the day was 20ºC. In the week of collection also ocurred high index 

of pluvial precipitation, with values of 18.2 and 6.4 mm of rain, starting from the two days 

that preceded the collection and 34.8 mm during day. As a consequence of the pluvial 

precipitation, the air relative humidity also presented elevation, reaching 87% two days 

before the collection and 80% in the day of the sampling.    

   

In January, a quite hot and rainy month, the average temperature was 22ºC, reaching 31 ºC 

until five days of the collection and 28 ºC in the day of the collection. The pluvial 

precipitation was 350 mm in the month. In spite great amount of rain happened in the whole 

month, in the week of the collection there was no rain. Even so, the air relative humidity was 

high, reaching 76% six days before the collection and 68% in the day of the collection (Table 

1 and 2 and Fig. 2).    

   

For the majority of the months, the micronuclei frequencies were significantly higher in all 

the exposure places. Even so, the months of March, 2004 in the LG-LEI point in April, 2004 

in that same point and in the LG-LABMAT point, the micronuclei frequencies were low, 

inferior at 1.0%, as occurred in October, 2003 and January, 2004 (Table 3). Those months 

also presented high average temperature, as well as rain occurrence, maintaining the relative 

humidity of the air average around 75%.   

   

Although the values of micronuclei frequency obtained in the control point, and in the 

exposure places, do not indicate a variation standard, they were, in its majority, superiors to 

the observed in situ with T. pallida in polluted places, as described in the literature [10, 3, 18, 

2]. The results can indicate existence of environmental factors of stress in the study area, 

capable to induce the micronucleus formation, and it can also indicate that the cultivation of 

the plants and exposure procedure were inadequate. 
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Figure 2. Comparison of the MCN frequency along the study period, in the exposure 

places and in the control point. The months indicated with different letters in each 

exposure local differ to each other significantly (P<0.05). A. control point; B. LARE - 

Radioecological Laboratory; C. LG-LEI - gas washing of Isotopic Enrichment 

Laboratory; D. LG-LABMAT - gas washing of the Nuclear Materials Laboratory.   

   

 

 

Once of the bioindicators can interact with different abiotic factors and not only with the 

existent pollutants in the atmosphere, its use alone is not capable to substitute the 

conventional methods of air quality monitoring. Even so, they are useful tools for the 

knowledge of the harmful effects of the atmosphere as a whole [19, 20, 2].    

 

The variations of the micronuclei frequencies observed in each exposure place, signals the 

need of further research to standardize the cultivation methods and exposure, in order to 

minimize the influence of the abiotic factors in the responses of the plants as discussed by 

[20].   
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Accumulation analysis to foliate - The average concentrations of fluoride and uranium in 

the leaves of T. pallida collected in situ at the end of sampling period presented in the Fig. 3. 

Although those elements are considered toxicant for some plants, in the present study, in the 

found concentrations, they were not probably inductor agents of micronuclei in the plants 

analyzed. According to [2], the plant can have mechanisms of tolerance capable to decrease 

the toxicity of those elements. Thus, the occurrence of damages in the chromosomes can only 

happen beyond, a certain accumulation level, but probably above the level observed in this 

study.   

    

The accumulation of fluoride, in a general way, was much larger than the accumulation of 

uranium, even so, the verified concentrations are low, when compared to other accumulative 

plants, such as Lolium multiflorum, Psidium guajava and Tibouchina pulchra [21, 22, 23].   

 

The average concentrations of uranium in T. pallida provided a mapping space of the 

occurrence of that element in the study area. The concentrations verified in the control point 

were smaller than verified in the points LG-LEI and LG-LABMAT, where uranium is 

processed. In LARE significant variation was not observed in relation to the control, what is 

justified, once in that place there are not activities related to uranium processing. 

 

 

 

 

Figure 3. Average concentrations of fluoride and uranium obtained in samples of leaves 

of Tradescantia pallida of the in situ exposure places. A. fluoride concentration (µgFg-1); 

B. uranium concentration (µgUg-1). 

 

 

 

4. CONCLUSIONS  

 

The results of the Trad-MCN bioassay with Tradescantia pallida showed an irregularity in 

the micronuclei frequency verified in the inflorescences groups collected in the exposure 

places along the study period, supplying results that, possibly, were influenced by the 

climatic conditions of the area. Thus, the in situ biomonitoring accomplished in this work was 

shown inefficient for evaluation of the genotoxic potential of the pollutants potentially 

emitted by the present sources in CEA. In that way, the in situ biomonitoring with 

Tradescantia pallida, by means of the Trad-MCN bioassay, should be improved, 

standardizing and controlling the cultivation conditions, to become an effective auxiliary tool 

for the environmental control.    



INAC 2009, Rio de Janeiro, RJ, Brazil. 

 

 

Although the Trad-MCN it has not shown efficient to be used as routine activity in the in situ 
biomonitoring in CEA, the plant Tradescantia pallida showed its accumulative potential for 

the analyzed elements. In relation to the uranium, it was possible to map the presence of that 

element that was shown in very low concentrations in the point it controls and larger in the 

laboratories where the same is processed. 
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