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ABSTRACT 

Since the industrial revolution, metallurgical industries have been a major source of heavy metals input into the environment. 
Indeed, beside emissions of fumes and dust contaminating surrounding areas, the production of steels and alloys is generating large 
amounts of foundry wastes containing high levels of toxic metals. Physiological experiments on plant roots exposed to metal dust 
were conducted on common bean “Phaseolus vulgaris”; using a metal contaminated dust medium (a single treatment by different 
increasing doses), at a rate of 10 seeds per box, for 10 days. The measurement of germination parameters is performed during the 
first 96 hours that follow the germination; Activities of three enzymes (catalase, ascorbate peroxidase, gaïacol peroxidase), the 
concentration of malonaldehyde in the roots of the young plant were investigated and the study of respiratory metabolism. The 
result showed that the germination speed and rate of this plants were decreased at the concentration of 1g of metal dust, 
exposition of this concentration procure activation of defense system enzymatic and non-enzymatic biomarkers. And perturbation in 
consumption of O2 is detected. This reaction of the plant to the presence of metal dust determine the toxicity of this xenobiotic and 
all results obtain confirm this.  

Keywords: Metal dust, Phaseolus vulgaris, Germination, Toxicity, Antioxidant system, Respiration. 

 

INTRODUCTION 

gricultural human activities, urban and industrial, 
ever-increasing, are the major source of 
contamination of the environment with heavy 

metals1,2. While many organic molecules may be 
degraded, heavy metals cannot, and the concentration 
increased steadily in the soil and surface water and 
groundwater3,4. The retention of high concentrations of 
heavy metals in the environment exerts toxic effects on 
fauna and flora5. This exposes the plants to increasing 
concentrations of heavy metals, and the latter presents a 
toxic hazard for humans because crops are the point of 
entry into the food chain

4
. 

In plants, some heavy metals are not essential such as As, 
Cd, Hg, Pb or Se, since they do not perform any known 
physiological function in plants; but others are essential 
to major physiological processes, particularly 
germination, respiration, photosynthesis, or assimilation 
of macronutrients, such as Co, Cu, Fe, Mn, Mo, Ni, and 
Zn

4-8
. 

Some of these metals are also involved in the molecular 
processes such as control of gene expression, protein 
biosynthesis, nucleic acids, growth substances, 
chlorophyll and secondary metabolites, lipid metabolism 
or tolerance stress, and control9. 

In addition, heavy metals may be in different oxidation 
states (Cu 2+ + e- → Cu+). They play an acceptor or 
electron donor, a very important role in multiple enzyme 
systems involving redox reactions10. However, heavy 
metals do not all have a function known to date in the 

metabolism of the plant and some are considered toxic 
elements (Hg, Cr, Ni, Pb, and Cd)7,11-14, and all heavy 
metals may, from a threshold concentration, induce 
toxicity in plants4,11,12 . 

Plants exhibit a series of physiologic, and nutritional 
disorders, when submitted to environments 
contaminated by heavy metals related to absorption, 
translocation, and function of nutrients15-17; which affect 
the normal growing and development of plants18,4. Even 
though seed germination represents an initial and crucial 
phase in the life cycle of angiosperms, virtually no 
information is available on the impact of this heavy metal 
on the metabolism of germinating seeds. Seed 
germination is a highly complex process during which, on 
imbibition under favorable conditions, an inert quiescent 
seed is transformed into a vigorously metabolizing 
system. This transition entails development of various 
biochemical capabilities in a program, finely controlled 
and coordinated manner

18,19 
. 

Bioaccumulation of toxic heavy metals by various crop 
plants has been reported by a number of workers and is a 
matter of serious health hazard

12,14,20,21
. 

Heavy metal stress in all living organisms often results in 
the production of reactive oxygen species (ROS), which 
are relativity reactive compared to molecular oxygen and 
thus potentially toxic14,22,23. A regular balance between 
oxygen radical production and destruction is achieved by 
the plant anti-oxidative system that includes enzymatic 
and non-enzymatic molecules such ascorbate, MDA….. 
Catalase, APX, GPX… etc.6,24. 

Effect of Metal Dust in Phaseolus vulgaris:  
Physiological, Enzymatic and Respiration Parameter 

A 

Research Article 
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The antioxidant properties of plants exposed to various 
stress factors have been studied earlier12,14,25,26, plants 
have evolved antioxidant pathway that is usually 
sufficient to protect them from oxidative damage during 
periods of normal growth and moderate stress

27
. When 

severely stressed, however, the production of reactive 
oxygen species (ROS) can exceed the capacity of the 
antioxidant system to neutralize them and oxidative 
damage can occur. Heavy metals are known to induce 
free radical formation28. 

Another effect of heavy metals is observed, the 
disturbance of respiration activities, and it studies by 
many reasercher12,29-31. 

The main objective of present study is to assess the 
damage observed at levels of the roots of beans following 
their exposure to metal dust released from stacks of Iron 
and Steel Complex located in the east of Algeria; and the 
possibility of using this plant common bean (Phaseolus 
vulgaris) as a model of bio-monitoring and evaluation of 
the toxicity of metal elements. 

MATERIALS AND METHODS 

Chemical material 

The chemical used is metal dust generated by the steel 
complex (northeast of Algeria). Dust is collected stacks of 
AC1 and AC2 steel complex and is passed through a sieve 
to recover the fine particles to facilitate their absorption 
by the roots. 

Experimental design 

The experiments are realized at the Laboratory of Cellular 
Toxicology and pedagogical Laboratories of Department 
of Biology, Annaba, University, Algeria. 

The biological model used in this work is a vascular plant, 
common bean (Phaseolus vulgaris L.); this plant has been 
extensively studied by many scientific views that it has 
several Interests, economic32, nutritional33, medicinal34,… 
environmental35 (In this test we have chosen to work on 
the roots). 

The bean seeds are meticulously chosen before use (No 
cracks or obvious signs of disease and of the same size). 
Then they are disinfected with sodium hypochlorite for a 
few seconds, and then rinsed thoroughly with distilled 
water, and placed in boxes of languor 7cm, 4cm wide and 
3.5 cm in height placed on cotton (10 seeds per box). 

A single treatment is carried out for each test with 
different doses of metal dust at the start of the 
experiment (for each concentration of metal dust, three 
repetitions are performed for each treatment). 

Germination is conducted in the light and medium 
temperature of 25 ± 1 °C 

36
. The duration of the 

experiment was 10 days (two leaf stage), watering is 
performed with distilled water only. 

Table 1: Treatment distribution of different doses 

Treatment Metal dust doses 

T Untreated  

C1 Beans treated with 0.50g of metal dust. 

C2 Beans treated with 1.00g of metal dust. 

C3 Beans treated with 1.50g of metal dust. 

C4 Beans treated with 2.00g of metal dust. 

(T: control, C1: dose 1, C2: dose 2, C3: dose 3, C4 : dose 4). 

Composition of dust metal 

Laboratory analysis of metallic elements requires 
preparation phase of the sample (crushing, sieving), an 
extraction phase of the solid matrix, and finally a phase of 
the assay of the contaminant itself. 

A dosage of this dust is carried out to identify their 
composition of trace metals by the technique of "X-ray 
fluorescence spectrometry," the unit used is fluorescence 
spectrometer X type Thermo Fisher Scientific model FXL-
950. 

Germination parameters  

Germination is a process whose boundaries are the 
beginning of the hydration of the seed, and the beginning 
of the growth of the radical37. 

Speed germination 

The measurement of speed germination was carried out 
after 48h, 72h, and 96h in the presence or not of metal 
dust 38. 

Rate of germination 

The germination medium rate represents the average 
percentage of bean seeds germinated relative to the total 
number of seeds per box of each treatment condition. 
The seeds are considered to have germinated when their 
roots reach 2mm in length38. 

Determination of Lipid Peroxidation 

Lipid peroxidation was estimated by the changing the 
content of malondialdehyde (MDA) determined according 
to the method described by Alia and al.(1995)39. 
Homogenizing the plant tissue in trichloroacetic acid 
(TCA) 5% in an amount of 5 ml to 0.5 g fresh tissue and 
followed by a 15 min centrifugation at 12000 g. The 
supernatant was added an equal volume of thiobarbituric 
acid (TBA) 0.5% in the TCA 20%. 

The mixture is incubated at 100 °C for 25 min. Then read 
at 532nm and the value for non-specific absorption at 600 
nm was subtracted. 

MDA content was calculated using an extinction 
coefficient 155mM-1.cm-1 and expressed as nmol g−1 FW. 
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Antioxidant enzyme activity determinations 

The measure of CAT, APX and GPX is conducted with the 
method of Loggini and al. (1999)

40
. The roots of bean 

were collected for enzyme analysis. Fresh samples (1.0 g) 
were homogenized in ice-cold 50mM phosphate buffer 
(pH 7.5). The homogenate was centrifuged at 12 000 g for 
20 min at 4°C, and the supernatants were used for the 
various enzymatic assays. 

Catalase (CAT) activity was determined according to 
Cakmak and Horst (1991)41. The reaction mixture for 
catalase in a total volume of 3mL contained 2850µl Na-
phosphate buffer (50mM, pH 7.2), 50µl H2O2 (300mM) 
and 100 μl of crude enzyme extract. The reaction was 
started by adding enzyme extract and the activity was 
determined by monitoring the initial rate of H2O2 
disappearance at 240 nm in 1mn (ε= 39400 M1cm1). 

Ascorbate peroxidase (APX) activity was according by 
method of Nakano and Assada (1987)

42
 determined by 

following the decrease of ascorbate and measuring the 
change in absorbance at 290 nm for 1 min in 3 ml of a 
reaction mixture containing 50 mM potassium phosphate 
buffer pH 7.2, 0.5 mM ascorbic acid, 50µl H2O2 and 100 μl 
of crude enzyme extract (ε= 2800M-1.cm-1). 

Guaiacol Peroxidase (GPX) activity was measured 
according to the method of Fielding and al. (1978)43 .The 
reaction mixture (3 mL) consisted of100µL enzyme 
extract, 2850µL of potassium phosphate-gaïacol buffer 
(50mM NaK, 8mM of gaïacol, pH 7.2) and 50 µL H2O2 
(0.03%). Any increase in the absorbance due to oxidation 
of guaiacol was measured spectrophotometrically at 
470nm in 1min, with a coefficient of molar extinction 
linearε = 2470M-1.cm-1 

Study of the respiratory metabolism 

This analysis is performed using an oxygen electrode, of 
Hansatech-type, which enables measurement of the 
production or consumption of oxygen29. 

Statistical analysis 

Data were calculated as Mean ± SD and analyzed using 
Student’s test followed by the analysis of variance 
(ANOVA) in one way of classification. The probability of 
0.05 or less was considered significant. All statistical 
analysis was done according to the software MINITAB of 
analysis and data processing version 17 Ink

44
. 

RESULTS 

Heavy metal concentrations in metal dust 

The detection limit is between 1 and 10 µg / g according 
to the metallic elements. 

According to the results obtained in table 1, concerning 
the content of elements specifically heavy metal 
elements, the most significant values are those of Fe, Mn, 
and Mg; in parallel calcium, as a mineral salt is present 
with a value is half that of iron. 

 

 

Figure 1: germination parameters of bean seeds exposure 
to 0, 0.5, 1, 1.5 and 2 g of metal dust. (A)Germination 
rate, (B) Germination speed. Results are expressed as 
mean ± standard deviations (SD). 

*   : Significant difference compared to the control (P ≤0,05). 

**  : Highly significant difference compared to the control (P ≤0,01). 

***: Very highly significant difference compared to the control (P 

≤0,001). 

 

 
Table 1: Heavy metal concentrations in the metal dust (Rb, Sn, Cd, Pd, Ag, Co, W, Au, Se, Hg, Ga, Mo, Nb, Th, Y, U, Bi < 
limit of detection). 
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Germination parameters 

The germination rate was affected by 1.5 g of metal dust, 
as compared with control, it was lowered about 50%. And 
the effect was distinctly more pronounced with 2g with ≈ 
26% (figure 1). 

 

Figure 2: enzymatic parameters of bean seeds exposure 
to 0, 0.5, 1, 1.5 and 2 g of metal dust. (A)CAT activity, (B) 
APX activity and, (C) GPX activity. Results are expressed as 
mean ± standard deviations. 

Figure 2, shows the effect of metal dust on the 
antioxidant activity of three enzymes (CAT, APX, and GPX) 
in the roots of Phaseolus vulgaris. 

Our results show that catalase, no significant difference 
between the treated and the control group, only a slight 
decrease was observed for the dose of 0.5g metal dust. 

For the APX, we see a highly significant decrease for 1g, 
and 1.5g doses from 0.32 nmol/mg protein for the control 
to 0.041 and 0.073 nmol/mg protein, respectively, and a 
significant decrease in the dose of 2g metal dust 
compared the control. 

Finally, as regards the GPX a very slight increase in the 
0.5g and 2g dose, followed by a non-significant decrease 
for both 1g, and 1.5g doses of metallic dust comparing to 
the control. 

Figure 3, illustrates the variations of the MDA levels, in 
the roots of young seedlings of common bean, due to 
their exposure to metal dust, a significant increase in the 

production of MDA in the treated groups, compared to 
control groups was recorded. Indeed, the dose 2 g marks 
a very highly significant increase, in the synthesis of MDA 
from 2.018 μmol/mg protein for the witness to 23.271 
μmol. 

 

Figure 3: MDA content of roots bean seeds exposure to 0, 
0.5, 1, 1.5 and 2 g of metal dust. Results are expressed as 
mean ± standard deviations (SD) 

 

Figure 4: Respiration of roots bean seeds exposure to 0, 
0.5, 1, 1.5 and 2 g of metal dust. 

Figure 4, illustrates the respiration in the roots of the 
treated and control group’s lots. The consumption of 
oxygen is rather regular, and continuing to the witness, 
unlike treaties in which it is strongly inhibited at all doses. 

DISCUSSION 

Heavy metal pollution is one of the important topics in 
plant stress physiology

45
, more toxicity that presents a 

threat to human health via the food chain 46,47,48. 

Some of the metals are essential and necessary for the 
proper metabolism of plants to ensure good growth.49 

Depending on the needs of a plant can be distinguished 
the following different types of nutrients: the side (As, Cd, 
Hg), the major elements (N, P, K), the secondary elements 
(Ca, Mg, S) and finally the minor elements (Fe, Cu, Mn, 
Zn, Pb, Si, ...), the latter at low concentrations contribute 
enormously to different physiological and metabolic 
functions organisme

50
; others such as silicon (Si) has not 

been recognized as an essential element for plant 
growth51, but several Experiments have shown its 
contribution the improvement of yield52, we assume an 
active role in plant defense by activating or speeding up 
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pathogen defense responses53. Silicon alleviated Cu 
toxicity symptoms in Arabidopsis thaliana54, thus 
extenuating the effect of chromium and cadmium that 
observed in three grass species (Durum wheat, Soft 
wheat, and Barley)

55
, and the beneficial effects of Si have 

been observed in a wide variety of plant species, 
expressed more clearly in Si-accumulating plants under 
various abiotic and biotic stress conditions

51
. 

Even though seed through seed germination represents 
an initial and crucial phase in the life cycle of 
angiosperms, virtually no information is available on the 
real impact of heavy metal on the metabolism of 
germinating seed19. But Germination ability of seed is a 
useful parameter for the decision of tolerance level as it is 
the first interface for material exchange between plant 
development cycle and his environment56,57. Some 
previous studies have proved that higher levels of 
essential or non-essential heavy metals imposed an 
adverse effect on seed germination resulted in retarded 
plant growth58,59,60; This is in perfect agreement with our 
results, where the germination rate of bean seed, is 
significantly lowered in the presence of metallic dust. This 
reduction is observed in germination percent of French 
bean, treated by different concentration of lead61; in 
other tests on three cultivars of bean (Atendaba, Argene, 
and Nassier) treated by different concentration of copper 
sulfate, the germination percentage revealed no 
significant difference between cultivars, and between 
concentrations used in this study, and demonstrating a 
good tolerance for this metal47, while higher 
concentrations have germination inhibitory effect62, 
which confirms the results of Soughir and al., when the 
exposure of two Fabaceae: Vicia faba and Pisum sativum 
to higher concentration of copper-induced genotoxicity 
effect63; It was also observed that the seed germination 
of Sunflower (Helianthus annuus) is noticeably reduced 
by Cd toxicity58. We can explain this decrease that 
interference of metal dust with metabolic processes, 
which loss of viability decrease of energy generation for 
on embryo. Energy generation is very important for seed 
germination and its blockage affects protein, nucleic acids 
production, as well as mitosis

64
. 

Enzyme biomarkers appear to be good tools to detect 
tolerance or not living organisms vis-a-vis abiotic limiting 
factors or pollutants that cause them all sorts of 
nuisances; and the proper functioning of the enzyme 
system shows a good tolerance of the individual in 
question, contrary the converse situation65. 

unlike the results presented in the works of Grara et al., 
the effect of this metallic dust used in our experiments on 
Helix aspersa show a remarkable decrease in the catalase 
activity at the hepatopancreas and kidneys, with a dose-
dependent effect66; in our results previously presented in 
Figure 2 it shows the good operation of the activity of 
catalase and that of GPX, and there is no significant 
difference with the control, This is concord with the 
results obtained by Khaldi F. and al. (2013)26, having said 

that the activity of APX shows a significant decrease from 
the 1g dose of metallic dust in the middle of culture. In 
the presence of abiotic stress, plant cell uses different 
mechanisms including antioxidant enzymes like CAT 
(catalase), and peroxidases (POD: APX, GPX), and the 
good function of latter is a synonym of a good tolerance 
of heavy metal in organism

67
. 

In plants catalase is mainly localized level has peroxisome 
and mitochondria

68
, while peroxidases are present 

everywhere in the cell level: They have secreted an 
enzyme, produced by genes that encode also a signal 
peptide which mediates the entry of the nascent 
peroxidase peptide into the endoplasmic reticulum. Thus, 
they were found in the Golgi apparatus, the endoplasmic 
reticulum, and transport vesicles69, was detected in the 
mitochondria, nuclei, and plasma membrane70; also are 
mainly found in apoplast and vacuoles

71,72
. But the 

vacuole is a principal compartment of accumulation of 
heavy metal in plant

73
, and the higher concentration of 

this latter affect the good function of peroxidase74 such as 
activity of APX when it decreases in our essay; 
peroxidases are involved in numerous cellular processes 
such as stress responses, and development (germination 
and senescence)75; which explains in our case the 
decrease in germination rate following the addition of 
metallic dust. 

Estimation of lipid peroxidation analysis based 
malondialdehyde (MDA) which is a marker of oxidative 
lipid injury which changes in response to environmental 
factors lead to stress in plants76. The level of MDA 
content has been considered as in indicator of oxidative 
stress77,78. Our results concern the levels of MDA are 
increase with addition of metal dust, and is in perfect 
accord with the work of Zengin F. (2013) when the young 
plants of 7 days of Phaseolus vulgaris were exposed to 
various concentrations of nickel (NiCl2.6H2O), cobalt 
(CoCl2.6H2O),  chromium (CrCl3.6H2O), and zinc 
(ZnCl2.6H2O) separately

77
. Other research on the same 

plant model and other plants support this increase of 
MDA content, following the addition of different heavy 
metals, such as lead, cadmium, iron, copper, etc.

78-81
. 

To confirm again the state of stress in the Bean a 
respiratory metabolism study was done on the roots of 
this plant, the results show an almost complete inhibition 
of respiration in treated plants by 2g of metal dust, and a 
disturbance to other treatment versus control. This 
anomaly was observed in other work and in several 
biological models exposed to abiotic stress such as heavy 
metals 82. 

Its resorts in this results about the effect of metal dust on 
the bean (Phaseolus vulgaris), even if these metal dust 
used in our essay are composed of the majority of 
essentials element for the development and growth of 
plants such as iron, copper, magnesium, manganese 50 
etc., their presence in great quantities the make toxic83.  
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the testing of our plant model common bean confirms via 
the decrease of the rate and speed of germination, of APX 
activity, and of the respiratory metabolism, and the 
increase in the levels of MDA, the extreme toxicity of this 
metal dust and installation of oxidative stress as a result 
release of ROS, but other factors such as the presence of 
calcium

84
, phosphorus

85
, and the silicon

86,87
in the same 

metal cocktail attenuated this negative effect and it was 
observed at the level of CAT activity as GPX activity; other 
factors such as polyphenols88 and vitamin A, C, and E77 
helps also to acquire him tolerance and power to 
accumulate heavy metals and have strong antioxidant 
potential. 

CONCLUSION  

In the light of this experiment, it can be concluded that: 

This explosive cocktail that represents these metal dust is 
a source of disturbance for different eukaryotic 
organisms including humans. Our results regarding 
Phaseolus vulgaris show firstly an increase in MDA levels, 
alongside a decrease in speed and germination rates, and 
a decline of APX activity and dose-dependent inhibition of 
the respiratory metabolism that confirms the toxicity of 
this xenobiotic. 

Besides using the Phaseolus vulgaris plant seems 
interesting, because it can be listed as a biological model 
to serve the bio-monitoring of contaminated habitats 
program. 

On the other hand, the steel complex where dust was 
collected is near areas of agriculture where we cultivate 
all kinds of plants for consumption including beans, which 
may present a risk of direct contamination to humans and 
grazing animals. 
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