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Table 2 Average values (n = 3) of Allium cepa  roots growth in raw and treated ARD considering the alkaline 
reagent NaOH or Ca(OH2) and  the final pH adjustment (pH 7.0 +/0.1 pH 8.7 +/-0.1).

Length (cm) Number of roots Mass (g)

H2O 5.1 28 0.7

Raw ARD 0.0 0 0.0

Treated with NaOH at pH 7.0 6.4 20 0.5

Treated with NaOH at pH 8,7 6.6 22 0.6

Treated with Ca(OH)2 at pH 7.0 6.5 25 0.5

Treated with Ca(OH)2 at pH 8,7 6.9 20 0.6

Figure 2 Bulbs of Allium cepa after the phytotoxicity test.

The effect of  low pH is corroborated by 
the work of Fiskesjo (1985), which states 
that Allium cepa is not very sensitive to pH. 
Acceptable growth in water were found in 
the pH range between 3.5 and 11.0, since the 
roots of this species are able to change, to a 
certain extent,  the pH to a level that allows 
its development. However, the very low pH 
of ARD of 2.49 falls outside of this range, 
which explain the absence of roots growth.

Treatment of the effluent allowed the 
pH adjustment and removal in great part 
the presence of metals. Despite of high 
conductivity of the treated water, Allium 
cepa showed a good development. This 
ecotoxicological did not showed differences 
between the chemical reagent applied and 
the differences of conductivity derived. 
Neither showed differences between the pH 
of metal precipitation - pH  7.0 or 8.7.   

Considering the metals, copper and lead 
are indicated by Fiskejö (1985) as the main 
responsible for changes in the development 
of Allium cepa. However, these elements 
are present in low concentration in the 
effluent studied. Concentration manganese 
and arsenic, their concentration remains 
superior to the standards established by 
CONAMA 430. It is known that manganese 
concentrations above 18 mg L-1 can cause 

effects on the growth of roots (Fiskesjö, 
1985) and, based on this information, it 
is important to choose pH 8.7 at ARD 
treatment plants. The toxicity for arsenic 
is even greater than manganese, chronical 
effects are associated by the presence of this 
metal gives a well a decrease in mitotic index 
and generates chromosomal (Patra, 2004). 
The process of neutralization/precipitation 
applied in the conditions of this work was 
not suitable to remove this element to 
Brazilian standards of wastewater discharge, 
being a subject of future attention.

Conclusion
Acid rock drainage used in this work 
presented a pH of 2.5 and a high 
concentration of metals. Treatment through 
of neutralization/precipitation proved 
efficient, with removal of  most metals. Even 
after treatment, the presence of Mn and 
As were above the standards established 
for discharge in water bodies in Brazil. The 
results of the tests of phytotoxicity with 
Allium Cepa showed that the raw ARD has 
a high degree of phytotoxicity, which caused 
complete inhibition of growth of the roots. 
Such inhibition was not evidenced in the 
post-treatment carried out, demonstrating 
no phytotoxicity roots growth for Allium 
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Figure 3 Mean of the roots mass of Allium cepa and the results of statistical evaluatian with a 95% 
confidence level. 

cepa. The statistical evaluation of the results 
indicated that there is no significant difference 
for this toxicological teste applied for anyone 
of the treated effluents (considering NaOH 
and Ca(OH)2 as reagents or precipitation pH 
at 7.0 or 8.7) compared to the control, proving 
the effectiveness of the treatment.
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