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ũɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ ŮɟɔŬůɑŬɠ ɗŬ ɐɗŮɚŬ ɜŬ ŮəűɟɎůɤ Űɖɜ 

Ůɡɔɜɤɛɞůɨɜɖ ɛɞɡ ůŰɞɡɠ Ŭɜɗɟɩˊɞɡɠ, ɞɘ ɞˊɞɑɞɘ ůɡɜɏɓŬɚŬɜ ůɖɛŬɜŰɘəɎ əŬɘ ɛŮ ŭɘɎűɞɟɞɡɠ 

Űɟɧˊɞɡɠ ůŰɖɜ Ůəˊɧɜɖůɐ Űɖɠ.  
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ɜŬ ůɡɜŮɢɑůɤ ÕŮ ůŰŬɗŮɟɞɨɠ ɟɡɗɛɞɨɠ, Ůɜɩ ɞɘ ŮˊɘůɖɛɎɜůŮɘɠ əŬɘ ɞɘ ŭɘɞɟɗɩůŮɘɠ Űɞɡ ɐŰŬɜ 

əŬɗɞɟɘůŰɘəɏɠ ɔɘŬ Űɖɜ ŭɘŬɛɧɟűɤůɖ Űɖɠ ˊŬɟɞɨůŬɠ ɏɟŮɡɜŬɠ. 
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ɀˊɞɨɟŬ, Űɞɡ Ⱥ.ɀ.Ʉ. ɔɘŬ Űɖ ůɡůŰɖɛŬŰɘəɐ əŬɗɞŭɐɔɖůɐ Űɞɡ.ɇɞ ůɡɜŮɢɏɠ ŮɜŭɘŬűɏɟɞɜəŬɘ ɖ 
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ɄŮɟɑɚɖɣɖ 

 

ɆŰɞ ɔŮɤˊŮɟɘɓɎɚɚɞɜ, ůŮ ɛŮɔŬɚɨŰŮɟŮɠ ɐ ɛɘəɟɧŰŮɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ŮɜŰɞˊɑɕɞɜŰŬɘ ŮɜɩůŮɘɠ 

ɢɟɤɛɑɞɡ. ɇɞ ɢɟɩɛɘɞ, ŮəŰɧɠ Ŭˊɧ Űɖɜ ɔɖɔŮɜɐ Űɞɡ ɨˊŬɟɝɖ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ůŮ 

ɓɘɞɛɖɢŬɜɘəɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ. ȷűŮɜɧɠ, ɖ ˊŬɟɞɡůɑŬ Űɞɡ ɞűŮɑɚŮŰŬɘ ůŮ ɔŮɤɚɞɔɘəɞɨɠ 

ůɢɖɛŬŰɘůɛɞɨɠ ɧˊɤɠ ɡˊŮɟɓŬůɘəɎ ˊŮŰɟɩɛŬŰŬ əŬɘ ɞűɘɞɚɘɗɘəɎ ŮŭɎűɖ. ɄŬɟɧɚŬ ŬɡŰɎ  ɖ 

Ŭɜɗɟɩˊɘɜɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ ůɡɛɓɎɚɚŮɘ ůŰɖɜ ůɡůůɩɟŮɡůɖ ɢɟɤɛɘəɩɜ ŮɜɩůŮɤɜ ůŰɞɡɠ 

ɡŭɟɞűɞɟŮɑɠ ɚɧɔɤ ŬɜŮɝɏɚŮɔəŰɖɠ Ŭˊɧɟɟɘɣɖɠ ŬˊɞɓɚɐŰɤɜ. Ƀɘ əɡɟɘɧŰŮɟŮɠ ɛɞɟűɏɠ 

ŮɛűɎɜɘůɖɠ Űɞɡ ɢɟɤɛɑɞɡůŰɞ ˊŮɟɘɓɎɚɚɞɜ, ɓɎůŮɘ Űɖɠ ɞɝŮɘŭɤŰɘəɐɠ Űɞɡ əŬŰɎůŰŬůɖɠ, ŮɑɜŬɘ 

ŭɨɞ. ȼ ŰɟɘůɗŮɜɐɠ əŬɘ ɖ ŮɝŬůɗŮɜɐɠ. ɇɞ ŰɟɘůɗŮɜɏɠ ɢɟɩɛɘɞ Cr(III), ŮɑɜŬɘ ŬɜŬɔəŬɑɞ ɔɘŬ Űɞɜ 

Ŭɜɗɟɩˊɘɜɞ ɞɟɔŬɜɘůɛɧ əŬɗɩɠ ŮɜɘůɢɨŮɘ Űɖɜ ɛŮŰŬɓɞɚɘəɐ ŭɘŬŭɘəŬůɑŬ Ůɜɩ Űɞ ŮɝŬůɗŮɜɏɠ 

ɢɟɩɛɘɞ Cr(VI) ŬˊɞŰŮɚŮɑ ɛŮɔɎɚɖ ŬˊŮɘɚɐ, ɧŰŬɜ ɓɟɑůəŮŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟŮɠ, Ŭˊɧ Űɖɜ 

ŮˊɘŰɟŮˊŰɐ, ůɡɔəŮɜŰɟɩůŮɘɠ Ŭűɞɨ ŮɚɚɞɢŮɨŮɘ Űɞɜ əɑɜŭɡɜɞ, ŭŮɟɛŬŰɘəɩɜ ˊŬɗɐůŮɤɜ, 

əŬɟəɑɜɤɜ, ŬɜŬˊŬɟŬɔɤɔɘəɩɜ ˊɟɞɓɚɖɛɎŰɤɜ əŬɘ Ɏɚɚɤɜ. 

ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, ŭɘŮɟŮɡɜɐɗɖəŮ ɖ ˊɟɞůɟɧűɖůɖ Űɞɡ 

ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ ůŮ ɏŭŬűɞɠ Ŭˊɧ ŰɟŮɑɠ ɔŮɤŰɟɐůŮɘɠ Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ Űɞɡ ȷůɤˊɞɨ, 

ɧˊɞɡ ɏɢɞɡɜ ɐŭɖ ŮɜŰɞˊɘůŰŮɑ ɛŮɔɎɚŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ ůŰɞ ɡˊɧɔŮɘɞ 

ɜŮɟɧ. ɇŬɡŰɧɢɟɞɜŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ əŬɘ  ɞ ɔŮɤɢɖɛɘəɧɠ ɢŬɟŬəŰɖɟɘůɛɧɠ Űɞɡ ŮŭɎűɞɡɠ 

Űɞ ɞˊɞɑɞ ɛŮɚŮŰɐɗɖəŮ ɤɠ ˊɟɞɠ Űɖɜ ˊɟɞůɟɞűɖŰɘəɐ Űɞɡ ɘəŬɜɧŰɖŰŬ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŭɘŬˊɘůŰɤɗɞɨɜ ɞɟɡəŰɞɚɞɔɘəɏɠ, ɢɖɛɘəɏɠ əŬɘ ɎɚɚŮɠ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ 

ɚŮɘŰɞɡɟɔɞɨɜ ɓɞɖɗɖŰɘəɎ ɐ ŬɜŬůŰŬɚŰɘəɎ ůŰɖɜ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ. 

ũɘŬ Űɖɜ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ˊɟɞůɟɞűɖŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ Űɞɡ Ůɜ ɚɧɔɤ ŮŭɎűɞɡɠ, 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ batch ˊŮɘɟɎɛŬŰŬ, əŬɘ ŮɝŮŰɎůŰɖəŮ ɖ ŮˊɑŭɟŬůɖ Űɞɡ pH ůŰɖɜ 

ˊɟɞůɟɧűɖůɖ ɛŮ ůɡɔəɏɜŰɟɤůɖ 1 ppm əŬɘ 5 ppm ŬɚɚɎ əŬɘ Űɖɜ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɖɠ 

əŬɛˊɨɚɖɠ ˊɟɞůɟɧűɖůɖɠ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɖɜ əɞəəɞɛŮŰɟɑŬ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, 

ŮˊɘɚɏɢɗɖəŬɜ ˊɏɜŰŮ ŭɘŬűɞɟŮŰɘəɏɠ əɞəəɞɛŮŰɟɑŮɠ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ Ůə ɜɏɞɡ ŰŬ ɑŭɘŬ 

batch ˊŮɘɟɎɛŬŰŬ ɔɘŬ Űɘɠ ɑŭɘŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ. ɇŬɡŰɧɢɟɞɜŬ, ůɡɜŮəŰɘɛɐɗɖəŮ ɖ Ŭɟɢɘəɐ 

ůɡɔəɏɜŰɟɤůɖ Űɞɡ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ ůŰɖɜ əɎɗŮ ˊɘɚɞŰɘəɐ ɔŮɩŰɟɖůɖ. 

ȹɘŬˊɘůŰɩɗɖəŮ ɚɞɘˊɧɜ, ˊɤɠ ɖ ɛŮŰŬɓɞɚɐ Űɞɡ pH, ɏɢŮɘ ɛŮɔɎɚɖ ŮˊɑŭɟŬůɖ ůŰɖ ˊɟɞůɟɧűɖůɖ 

Űɞɡ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɔɘŬ ɏɜŬ Ůɨɟɞɠ pH Ŭˊɧ 4 ɏɤɠ 8, 

ˊŬɟŬŰɖɟɐɗɖəŮ ˊɤɠ ɧůɞ ŬɡɝɎɜŮŰŬɘ Űɞ pH, ɛŮɘɩɜŮŰŬɘ ɖ ˊɟɞůɟɧűɖůɖ. Ⱥˊɑůɖɠ, ɖ Ŭɟɢɘəɐ 

ůɡɔəɏɜŰɟɤůɖ Űɞɡ Cr(VI) ɓɟɏɗɖəŮ ɜŬ ŮˊɘŭɟɎ ůɖɛŬɜŰɘəɎ ůŰɖɜ ˊɟɞůɟɞűɧɛŮɜɖ 

ůɡɔəɏɜŰɟɤůɖ Űɞɡ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ. ȷˊɧ Űɘɠ ŰɟŮɑɠ ˊɘɚɞŰɘəɏɠ ɔŮɤŰɟɐůŮɘɠ, ɞɘ ŭɨɞ ɐŰŬɜ 

ɘŭɘŬɑŰŮɟŬ ɟɡˊŬůɛɏɜŮɠ, ɛŮ ůɡɔəŮɜŰɟɩůŮɘɠ Cr(VI)  600-900 ppb Ůɜɩ ɖ ŰɟɑŰɖ ŭŮɜ ɐŰŬɜ 

ɟɡˊŬůɛɏɜɖ. ɆŰɖɜ ŰŮɚŮɡŰŬɑŬ ɚɞɘˊɧɜ, ɚɧɔɤ Űɞɡ ɧŰɘ ɐŰŬɜ ŬəɧɟŮůŰɖ ɤɠ ˊɟɞɠ Űɞ Cr(VI), 

ɛŮŰɟɐɗɖəŬɜ ŬˊɞɛŬəɟɨɜůŮɘɠ ɏɤɠ əŬɘ 40% ɡɣɖɚɧŰŮɟŮɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ɎɚɚŮɠ ŭɨɞ. ɇɏɚɞɠ, 

ůɡɜŮəŰɘɛɐɗɖəŬɜ ŰŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɞɜ ɔŮɤɢɖɛɘəɧ ɢŬɟŬəŰɖɟɘůɛɧ, ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɘɠ 

əŬɛˊɨɚŮɠ ˊɟɞůɟɧűɖůɖɠ ɔɘŬ Űɘɠ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ Ŭɟɢɘəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ŬɚɚɎ əŬɘ Űɘɠ 

ŭɘŬűɞɟŮŰɘəɏɠ əɞəəɞɛŮŰɟɑŮɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ˊɞɘɞ ŮɑɜŬɘ Űɞ əɞəəɞɛŮŰɟɘəɧ 

əɚɎůɛŬ ˊɞɡ ŮɚɏɔɢŮɘ Űɖɜ ˊɟɞůɟɞűɖŰɘəɐ ŭɘŮɟɔŬůɑŬ ŬɚɚɎ əŬɘ Ŭɜ ɡˊɎɟɢɞɡɜ ůɡɔəŮəɟɘɛɏɜŬ 
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ɢɖɛɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ˊɘɗŬɜɩɠ ŮˊɖɟŮɎɕɞɡɜ Űɖ ˊɟɞůɟɧűɖůɖ. ɇŬ ɎɛɞɟűŬ ɞɝŮɑŭɘŬ Űɞɡ 

ůɘŭɐɟɞɡ əŬɘ ɞ Ŭɡɝɖɛɏɜɞɠ ɞɟɔŬɜɘəɧɠ ɎɜɗɟŬəŬɠ, ŮˊɖɟɟŮɎɕɞɡɜ Űɖɜ ŭɘŬŭɘəɎůɘŬ, ŬűŮɜɩɠ 

ɛŮɜ ɔɘŬŰɘ ɖ ɢŬɛɖɚɐ ůɡɔəɏɜŰɟɤůɖ Űɤɜ ˊɟɩŰɤɜ ɛŮɘɩɜŮɘ Űɖɜ ˊɟɞůɟɞűɖŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ 

ŮŭŬűɩɜ Ůɜɩ ɖ Ŭɡɝɖɛɏɜɖ ůɡɔəɏɜŰɟɤůɖ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ, ŮɜŰŮɑɜŮɘ Űɖɜ ŬɜŬɔɤɔɐ Űɞɡ 

ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ ůŮ ŰɟɘůɗŮɜɏɠ 

 

 

 

Abstract 

 

In the geo-environment, at greater or lesser concentrations, chromium compounds are 

detected. Chromium, in addition to its indigenous existence, is widely used in industrial 

activities. On the one hand, its presence is due to geological formations such as hyper 

basic rocks and ophiolithic soils. However, human activity contributes to the 

accumulation of chromium compounds in aquifers due to uncontrolled waste disposal. 

The main forms of appearance of chromium in the environment, based on its oxidative 

status, are two. Trivalent and Hexavalent chromium. Trivalent chromium Cr (III) is 

necessary for the human body as it strengthens the metabolic process whereas 

hexavalent Cr (VI) is a major threat when it is at greater than the permissible 

concentrations, as it underlies the risk of skin diseases, cancers, reproductive issues 

and more. 

In the context of this diploma thesis, the adsorption of hexavalent chromium, in soil from 

three pilot drillings from the Asopos area, was studied, where large concentrations of 

hexavalent chromium in groundwater have already been identified. At the same time, 

the geochemical characterization of the soil, which was studied in terms of its 

adsorption capacity, was carried out in order to establish mineralogical, chemical and 

other parameters that could function or inhibit the above process. 

To investigate the adsorption capacity of the soil in question, batch experiments were 

carried out, and the effect of pH on adsorption was examined at a concentration of 1 

ppm and 5 ppm but also on the variation of the adsorption curve in relation to the 

granulometry. For this reason, five different granulometries were selected and the same 

batch experiments were repeated for the same concentrations. At the same time, the 

initial concentration of hexavalent chromium in each pilot borehole was taken into 

account. 

It has been found, therefore, that a change in pH values has a great effect on the 

adsorption of hexavalent chromium, and more specifically, for a pH range of 4 to 8, it 

has been observed that as the pH increases, adsorption decreases. Also, the initial 

concentration of Cr (VI) was found to significantly affect the adsorbed concentration of 

hexavalent chromium. Of the three pilot drillings, the two were highly polluted, with Cr 

(VI) concentrations of 600-900 ppb while the third was not contaminated. In the latter, 
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due to its unsaturation regarding the Cr (VI), removals were measured up to 40% higher 

than the other two. 

Finally, data from the geochemical characterization were taken into account in relation 

to the adsorption curves for the two different initial concentrations but also the different 

granulometries in order to determine the granulometric fraction controlling the 

adsorption process but also if there are specific chemical elements likely to affect the 

process. Amorphous iron oxides and increased organic carbon affect the process, 

because the low concentration of the former reduces soil adsorption capacity, while 

increased organic carbon concentration intensifies the reduction of Cr(VI) to Cr(III).



ȾȺūȷȿȷȽɃ 1.  ȺȽɆȷũɋũȼ 
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1. ȺȽɆȷũɋũȼ 

 

ɇɞ ɢɟɩɛɘɞ, ŬˊɞŰŮɚŮɑ ɏɜŬ ɛŮŰŬɚɚɘəɧ ůŰɞɘɢŮɑɞ ɛŮɔɎɚɖɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖɜ ɓɘɞɛɖɢŬɜɑŬ Ŭűɞɨ 

ˊɞɚɚɏɠ ŮɜɩůŮɘɠ Űɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ɓɘɞɛɖɢŬɜɘəɐ ˊŬɟŬɔɤɔɐ. ɆŰɞ ɔŮɤ-

ˊŮɟɘɓɎɚɚɞɜ, ůɡɜŬɜŰɎŰŬɘ ůŮ ˊɞɚɚɏɠ ɛɞɟűɏɠ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɞɝŮɘŭɤŰɘəɐ Űɞɡ əŬŰɎůŰŬůɖ. 

Ƀɘ ˊɘɞ ůŰŬɗŮɟɏɠ əŬɘ ůɡɜɐɗŮɘɠ ŮɑɜŬɘ ɖ ŰɟɘůɗŮɜɐɠ (Cr(III)) əŬɘ ɖ ŮɝŬůɗŮɜɐɠ (Cr(VI)) Űɞɡ 

ɛɞɟűɐ. ɇɞ Cr(III), ɓɟɑůəŮŰŬɘ ůŮ ůɢŮŰɘəɐ ŬűɗɞɜɑŬ ůŰɖɜ űɨůɖ, ůŰŬ ˊŮɟɘůůɧŰŮɟŬ ɞɟɡəŰɎ 

ŬɚɚɎ ŰŬɡŰɧɢɟɞɜŬ ŮɑɜŬɘ əŬɘ ŬɜŬɔəŬɑɞ ɔɘŬ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ŭɘŬɓɑɤůɖ Ŭűɞɨ ŮɜɘůɢɨŮɘ Űɞɜ 

ɛŮŰŬɓɞɚɘůɛɧ ɚɘˊɘŭɑɤɜ əŬɘ ůŬəɢɎɟɤɜ. ɇɞCr(VI) ŬɜɘɢɜŮɨŮŰŬɘ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ əɡɟɑɤɠ ɤɠ 

ɛŮŰŬɚɚŮɡŰɘəɧ ŬˊɧɓɚɖŰɞ ůŮ ůɡɔəŮɜŰɟɩůŮɘɠ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ Űɘɠ ŮˊɘŰɟŮˊŰɏɠ. ȼ 

ůɨɔɢɟɞɜɖ ɓɘɓɚɘɞɔɟŬűɑŬ ɤůŰɧůɞ, ůɡɜŭɏŮɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɖɠ ŰɎɝŮɤɠ Űɤɜ 100-150 ɛg/l 

(ɛŮɔŬɚɨŰŮɟŮɠ Űɖɠ ŮˊɘŰɟŮˊŰɐɠ ůɡɔəɏɜŰɟɤůɖɠ, ŭɖɚ. 50 ɛg/l World Health Organization, 

1993) ůŮ ɔɖɔŮɜŮɑɠ ŬɘŰɑŮɠ, ɧˊɤɠ ˊ.ɢ. ɖ ɞɝŮɑŭɤůɖ Űɞɡ Cr(III) ˊɞɡ ɓɟɑůəŮŰŬɘ ůŮ ɡˊŮɟɓŬůɘəɎ 

ˊŮŰɟɩɛŬŰŬ əŬɗɩɠ əŬɘ ůŮ ŬɚɚɞɡɓɘŬəɏɠ ŬˊɞɗɏůŮɘɠ ˊɟɞŮɟɢɧɛŮɜŮɠ Ŭˊɧ ŭɘɎɓɟɤůɖ Űɤɜ 

ˊŬɟŬˊɎɜɤ ɡˊŮɟɓŬůɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ. ȾŬŰɎ ɔŮɜɘəɐ ɞɛɞɚɞɔɑŬ ɤůŰɧůɞ, ɛŮɔɎɚŮɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ Cr(VI) ůŰɞ ɡˊɧɔŮɘɞ ɜŮɟɧ, ůɡɜŭɏɞɜŰŬɘ ɎɛŮůŬ ɛŮ ŬɜɗɟɩˊɘɜŮɠ 

ŭɟŬůŰɖɟɘɧŰɖŰŮɠ. 

 

ȷɜŬűɞɟɘəɎ ɛŮ Űɘɠ ˊŬɟŬˊɎɜɤ, ŮɜɩůŮɘɠ ɢɟɤɛɑɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬŰɎ əɧɟɞɜ ůŰɖɜ 

ɓɘɞɛɖɢŬɜɑŬ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ůŰɖɜ ɛŮŰŬɚɚɞɡɟɔɑŬ, ɧˊɞɡ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, 

ŮˊɘůŰɟɩůŮɘɠ ŮɜɩůŮɤɜ ɢɟɤɛɑɞɡ, ŭɖɚ. ŮˊɘɢɟɤɛɘɩůŮɘɠ, ɔɑɜɞɜŰŬɘ əɡɟɑɤɠ ůŮ ɢɎɚɡɓŬ ɛŮ 

ůŰɧɢɞ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ əɟŬɛɎŰɤɜ ˊɞɡ ɗŬ ɚŮɘŰɞɡɟɔɞɨɜ ˊɟɞůŰŬŰŮɡŰɘəɎ ŮɜɎɜŰɘŬ ůŮ 

ŭɘŬɓɟɩůŮɘɠ. ȺˊɘˊɟɧůɗŮŰŬ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ɓɡɟůɞŭŮɣɑŬ ŬɚɚɎ əŬɘ ůŰɖɜ ˊŬɟŬɔɤɔɐ 

ɢɟɤůŰɘəɩɜ əŬɘ ɡűɎɜůɘɛɤɜ ɡɚɩɜ (Richard and Bourg, 1991). ȼ ŬŭɘɎəɞˊɖ əŬɘ 

ŬɛŮŰɟɞŮˊɐɠ ŭɘɎɗŮůɖ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ ŬˊɞɓɚɐŰɤɜ Űɤɜ ˊŬɟŬˊɎɜɤ ŭɘŮɟɔŬůɘɩɜ (ˊɞɡ 

ˊŮɟɘɏɢɞɡɜ Cr(VI)) ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ɟɨˊŬɜůɖ Űɤɜ ɡŭɟɞűɞɟɏɤɜ  əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ 

Űɤɜ ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ, ɛŮ ɎɛŮůŮɠ ůɡɜɏˊŮɘŮɠ ůŰɖɜ ɡɔŮɑŬ Űɤɜ Ŭɜɗɟɩˊɤɜ. 

ɉŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ, ŬˊɞŰŮɚŮɑ ɖ ɡˊɧɗŮůɖ óErin Brockovitchô, ɧˊɞɡ ɖ ŮŰŬɘɟɑŬ 

Pacific Gas Company (PG&E) ɢɟɖůɘɛɞˊɞɘɞɨůŮ Űɞ Cr(VI) ɤɠ ŬɜŰɘŭɘŬɓɟɤŰɘəɧ ůŮ 

ɣɡəŰɘəɞɨɠ ˊɨɟɔɞɡɠ Űɞɡ ůŰŬɗɛɞɨ ůɡɛˊɑŮůɖɠ Űɞɡ űɡůɘəɞɨ ŬŮɟɑɞɡ Űɖɠ ˊɧɚɖɠ Hinckley 

ůŰɖɜ ɏɟɖɛɞ Mojave əŬɘ ɏəŬɜŮ ŬɜŮɝɏɚŮɔəŰɖ ŬˊɧɗŮůɖ Űɤɜ ŬˊɞɓɚɐŰɤɜ ůŮ ɛɖ-

ůŰŮɔŬɜɞˊɞɘɖɛɏɜŮɠ ŭŮɝŬɛŮɜɏɠ ɀŮ ŬˊɞŰɏɚŮůɛŬ Ƀɘ əɎŰɞɘəɞɘ Űɞɡ Hinckley ɜŬ 

ˊŬɟɞɡůɘɎůɞɡɜ ɛɘŬ ůŮɘɟɎ Ŭˊɧ ˊɟɞɓɚɐɛŬŰŬ ɡɔŮɑŬɠ, ɧˊɤɠ, ɖˊŬŰɘəɎ, əŬɟŭɘŬəɎ, 

ŬɜŬˊɜŮɡůŰɘəɎ, ŬɜŬˊŬɟŬɔɤɔɘəɎ, ɔɡɜŬɘəɞɚɞɔɘəɞɨɠ əŬɟəɑɜɞɡɠ, əŬɟəɑɜɞɡɠ ůŰɞɜ ŮɔəɏűŬɚɞ, 

ůŰŬ ɜŮűɟɎ, ůŰɞ ɔŬůŰɟŮɜŰŮɟɘəɧ ůɨůŰɖɛŬ, ŬůɗɏɜŮɘŬ Hodgins, Ŭˊɞɓɞɚɏɠ ə.Ɏ.ɆŰɖɜ ȺɚɚɎŭŬ, 

ŬɜŰɑůŰɞɘɢɞ ˊŬɟɎŭŮɘɔɛŬ ŬˊɞŰŮɚŮɑ ɖ ɟɨˊŬɜůɖ Űɞɡ ɡŭɟɞűɞɟɏŬ Űɞɡ ȷůɤˊɞɨ, ůŰɖɜ 

ȸɘɞɛɖɢŬɜɘəɐ ˊŮɟɘɞɢɐ Űɤɜ ɃɘɜɞűɨŰɤɜ, ɛŮ ŮɝŬůɗŮɜɏɠ ɢɟɩɛɘɞ. 

 

ȼ ɨˊŬɟɝɖ ɚɞɘˊɧɜ, Űɞɡ Cr(VI) ůŰɞ ɡˊɧɔŮɘɞ ɜŮɟɧ, ŬˊɞŰŮɚŮɑ ɛɑŬ Ŭˊɧ Űɘɠ ˊɘɞ ůɖɛŬɜŰɘəɏɠ 

ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ, Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ. ɇɞ ˊŬɟŬˊɎɜɤ, ŮɛűŬɜɑɕŮŰŬɘ ɛŮ Űɖɜ 
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ɛɞɟűɐ ŬɜɘɧɜŰɤɜ, ŬɜŬɚɧɔɤɠ ɛŮ Űɖɜ Űɘɛɐ Űɞɡ pH ɧˊɞɡ ɓɟɑůəŮŰŬɘ. ɋɠ Ůˊɑ Űɞ ˊɚŮɑůŰɞ, ůŰŬ 

ɡˊɧɔŮɘŬ ɨŭŬŰŬ, Űɞ Ůɨɟɞɠ Űɞɡ pH əɡɛŬɑɜŮŰŬɘ ŬɜɎɛŮůŬ ůŮ 6 əŬɘ 9 ɛŮ ŬˊɞŰɏɚŮůɛŬ 

ŰɞŮɝŬůɗŮɜɏɠ ɢɟɩɛɘɞ ɜŬ ŮɛűŬɜɑɕŮŰŬɘ ɛŮ Űɖɜ ɛɞɟűɐ ɢɟɤɛɘəɩɜ ŬɜɘɧɜŰɤɜ (CrO4
2-). ɀŮŰɎ 

Űɖɜ Ŭˊɧɟɟɘɣɖ Űɤɜ ŮɜɩůŮɤɜ Űɞɡ Cr(VI) ŬɡŰɧ ɛŮŰŬűɏɟŮŰŬɘ ŮɜŰɧɠ Űɞɡ ɡŭɟɞűɞɟɏŬ, ɛŮ 

ŭɘŮɟɔŬůɑŮɠ ɧˊɤɠ ɖ ˊɟɞůɟɧűɖůɖ, ɖ Ůəɟɧűɖůɖ əŬɘ ɖ ŬɜŬɔɤɔɐ (Economou-Eliopoulos, 

2014).  

 

ȼ ˊɟɞůɟɧűɖůɖ ŮɑɜŬɘ ɛɑŬ ŭɘŮɟɔŬůɑŬ ɎɛŮůŬ ŮɝŬɟŰɩɛŮɜɖ Ŭˊɧ Űɖɜ Űɘɛɐ Űɞɡ pH əŬɗɩɠ 

ŮɚɏɔɢŮŰŬɘ Ŭˊɧ Űɖɜ Űɘɛɐ Űɞɡ ůɖɛŮɑɞɡ ɛɖŭŮɜɘəɞɨ űɞɟŰɑɞɡ (PZC) Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ 

ɞɟɡəŰɞɨ, ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ˊɟɞůɟɞűɐůŮɘ Űɞ ɢɟɩɛɘɞ. ɆŮ pH<PZC, ɞɘ ŮˊɘűɎɜŮɘŮɠ 

űɞɟŰɑɕɞɜŰŬɘ ɗŮŰɘəɎ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ˊɟɞůɟɧűɖůɖ ɜŬ ŮɡɜɞŮɑŰŬɘ ɛŮ Űɖɜ ɛŮɑɤůɖ Űɖɠ Űɘɛɐɠ 

Űɞɡ pH. ũɘŬ Űɘɛɏɠ pH ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ Űɞ ůɖɛŮɑɞ PZC ɖ ˊɟɞůɟɧűɖůɖ ŮɚŬɢɘůŰɞˊɞɘŮɑŰŬɘ 

ɚɧɔɤ Űɤɜ ɖɚŮəŰɟɞůŰŬŰɘəɩɜ ŬˊɤɗɐůŮɤɜ ɛŮŰŬɝɨ Űɤɜ ɢɟɤɛɘəɩɜ ŬɜɘɧɜŰɤɜ əŬɘ Űɖɠ 

ŬɟɜɖŰɘəɎ űɞɟŰɘůɛɏɜɖɠ ŮˊɘűɎɜŮɘŬɠ (Sposito, 1989). ȼ ŬɜŬɔɤɔɐ Űɞɡ Cr(VI), 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ˊŬɟɞɡůɑŬ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ əŬɘ əɡɟɑɤɠ ŭɘůɗŮɜɞɨɠ ůɘŭɐɟɞɡ 

(Fendorf, 1995). 

 

ȼ ůɡɔəŮəɟɘɛɏɜɖ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ɏɢŮɘ ɤɠ ůŰɧɢɞ ɜŬ ŭɘŮɟŮɡɜɐůŮɘ Űɖɜ ˊɟɞůɟɞűɖŰɘəɐ 

ɘəŬɜɧŰɖŰŬ ŮŭɎűɞɡɠ Űɟɘɩɜ ɔŮɤŰɟɐůŮɤɜ, Ŭˊɧ Űɖɜ ȸɘɞɛɖɢŬɜɘəɐ ˊŮɟɘɞɢɐ Űɤɜ ɃɘɜɞűɨŰɤɜ, 

ɤɠ ˊɟɞɠ Űɞ Cr(VI). ɄŬɟɎɚɚɖɚŬ, ɜŬ ɔɑɜŮɘ ɖ ɔŮɤɢɖɛɘəɐ ŬɜɎɚɡůɖ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ 

ŮŭɎűɞɡɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ůɡɜɡˊɞɚɞɔɘůɗɞɨɜ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ ɖ ɢɖɛɘəɐ əŬɘ 

ɞɟɡəŰɞɚɞɔɘəɐ Űɞɡ ůɨůŰŬůɖ, Űɞ pH, ɞ ɞɟɔŬɜɘəɧɠ ɎɜɗɟŬəŬɠ, ɐ ɖ ɨˊŬɟɝɖ ŭɘůɗŮɜɞɨɠ 

ůɘŭɐɟɞɡ ə.Ŭ. ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɘɠ ŬɜŬɔɤɔɘəɏɠ əŬɘ ˊɟɞůɟɞűɖŰɘəɏɠ ɘəŬɜɧŰɖŰŮɠ Űɤɜ 

ŮŭŬűɩɜ. 
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2.ŪȺɋɅȼɇȽȾɃ ɀȺɅɃɆ 

 

2.1. ũŮɜɘəɎ ůŰɞɘɢŮɑŬ ɢɟɤɛɑɞɡ 

 

2.1.1. ȽŭɘɧŰɖŰŮɠ Űɞɡ ɢɟɤɛɑɞɡ 

 

ɇɞ ɢɟɩɛɘɞ ŬˊɞŰŮɚŮɑ ɢɖɛɘəɧ ůŰɞɘɢŮɑɞ, Űɞ 24ɞ ůŰɞɘɢŮɑɞ Űɞɡ ɄŮɟɘɞŭɘəɞɨ ɄɑɜŬəŬ ɛŮ ɢɖɛɘəɧ 

ůɨɛɓɞɚɞ Cr əŬɘ ŬŰɞɛɘəɧ Ŭɟɘɗɛɧ 24. Ɉˊɧ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ ŮɑɜŬɘ ɏɜŬ ůəɚɖɟɧ ɛɏŰŬɚɚɞ, 

Ɏɞůɛɞ əŬɘ ɛŮ ɡɣɖɚɧ ůɖɛŮɑɞ Űɐɝɖɠ (Motzeretal., 2005).ɆɡɜŬɜŰɎŰŬɘ Ůɡɟɏɤɠ ůŰɞ ɞɟɡəŰɧ 

çɢɟɤɛɑŰɖɠè, Ŭˊɧ Űɞ ɞˊɞɑɞ ŬɜŬəŰɎŰŬɘ ɛŮ Űɖɜ ŭɘŮɟɔŬůɑŬ Űɞɡ ŮɝŮɡɔŮɜɘůɛɞɨ. ɇɞ ɢɟɩɛɘɞ Ŭɜ 

əŬɘ ɔəɟɘ ɢɟɩɛŬŰɞɠ ɛɏŰŬɚɚɞ, ɞűŮɑɚŮɘ Űɞ ɧɜɞɛŬ Űɞɡ ůŰɖɜ Ůɚɚɖɜɘəɐ ɚɏɝɖ ñɢɟɩɛŬò, Ŭűɞɨ 

ůɢɖɛŬŰɑɕŮɘ ɏɔɢɟɤɛŮɠ ŮɜɩůŮɘɠ. ɇɞ ɢɟɩɛɘɞ, ŬˊɞŰŮɚŮɑ Űɞ 22ɞ ůŮ ŬűɗɞɜɑŬ ɢɖɛɘəɧ ůŰɞɘɢŮɑɞ 

ůŰɞɜ űɚɞɘɧ Űɖɠ ɔɖɠ ɛŮ ɛɏůɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɖɠ ŰɎɝɖɠ Űɤɜ 100 ppm. 

 

ȺɜɩůŮɘɠ Űɞɡ ɢɟɤɛɑɞɡ, ɓɟɑůəɞɜŰŬɘ ůŮ ŬűɗɞɜɑŬ ůŰɖɜ űɨůɖ, ůŮ ɛɞɟűɏɠ ˊɞɡ ɗŬ ŬɜŬɚɡɗɞɨɜ 

ˊŮɟŬɘŰɏɟɤ ˊŬɟŬəɎŰɤ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ɔɑɜŮŰŬɘ əŬɘ ɢɟɐůɖ Űɞɡɠ ůŮ ŬɜɗɟɤˊɞɔŮɜŮɑɠ 

ŭɟŬůŰɖɟɘɧŰɖŰŮɠ, ůŰɖɜ ȸɘɞɛɖɢŬɜɑŬ, Űɖɜ ɃŭɞɜŰɘŬŰɟɘəɐ əŬɘ ɎɚɚŮɠ. ȰɢŮɘ Űɏɚɞɠ, Űɖɜ ɛɞɜŬŭɘəɐ 

ɘŭɘɧŰɖŰŬ ɜŬ ŮɑɜŬɘ ůŮ ɛɑŬ ɛɞɟűɐ ŬɜŬɔəŬɑɞ ɔɘŬ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ, Ůɜɩ ůŮ ɛɑŬ Ɏɚɚɖ, ɜŬ 

ŬˊɞŰŮɚŮɑ ɛɘŬ Ŭˊɧ Űɘɠ ɘůɢɡɟɧŰŮɟŮɠ ɔɜɤůŰɏɠ ŬɘŰɑŮɠ ŬůɗŮɜŮɘɩɜ ɧˊɤɠ ɞ əŬɟəɑɜɞɠ Űɞɡ 

ˊɜŮɨɛɞɜŬ. 

 

2.1.2.ɀɞɟűɏɠ Űɞɡ ɢɟɤɛɑɞɡ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ 

 

ȺɜɩůŮɘɠ Űɞɡ ɢɟɤɛɑɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɔŮɤˊŮɟɘɓɎɚɚɞɜ ůŮ ŬűɗɞɜɑŬ ɚɧɔɤ ɖűŬɘůŰŮɘŬəɩɜ 

ŮəɟɐɝŮɤɜ ŬɚɚɎ əŬɘ ɚɧɔɤ ŭɘŬɓɟɩůŮɤɜ ɢɟɤɛɘɞɨɢɤɜ ˊŮŰɟɤɛɎŰɤɜ. ɆŰɞ ɏŭŬűɧɠ ŬɚɚɎ əŬɘ 

ůŰɞ ɗŬɚɎůůɘɞ ɜŮɟɧ ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ɢɟɤɛɑɞɡ ŮɑɜŬɘ 1-300 mg/kgəŬɘ 5-800 

ɛg/lŬɜŰɑůŰɞɘɢŬ. ȺɑɜŬɘ ɔɜɤůŰɏɠ, ŮɜɩůŮɘɠ Űɞɡ ɢɟɤɛɑɞɡ ɛŮ Ŭɟɘɗɛɞɨɠ ɞɝŮɑŭɤůɖɠ Ŭˊɧ -2 ɏɤɠ 

+6, ɤůŰɧůɞ ɞɘ ˊɘɞ ůɡɜɐɗŮɘɠ ŮɑɜŬɘ Űɞ Cr(0) ůŰɞ ɛŮŰŬɚɚɘəɧ əŬɘ űɡůɘəɧ ɢɟɩɛɘɞ, Űɞ Cr(III) ůŮ 

ŮɜɩůŮɘɠ ɢɟɤɛɑɞɡ Cr3+əŬɘ Űɞ Cr(VI) ůŮ ɢɟɤɛɘəɏɠ əŬɘ ŭɘɢɟɤɛɘəɏɠ ŮɜɩůŮɘɠ ( CrO42-əŬɘ 

Cr2O7
2- ŬɜŰɑůŰɞɘɢŬ) ɛŮ Űɘɠ ŭɨɞ ŰŮɚŮɡŰŬɑŮɠ ɜŬ ŮɑɜŬɘ ɞɘ ˊɘɞ ůŰŬɗŮɟɏɠ. ɇɞ ŰɟɘůɗŮɜɏɠ ɢɟɩɛɘɞ 

Cr(III), ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɧ ůŰɞɘɢŮɑɞ ɔɘŬ Űɖɜ ŭɘŬɓɑɤůɖ Űɞɡ Ŭɜɗɟɩˊɞɡ, Ŭűɞɨ ůɡɜŭɏŮŰŬɘ 

ɎɛŮůŬ ɛŮ Űɞɜ ɛŮŰŬɓɞɚɘůɛɧ ůŬəɢɎɟɤɜ əŬɘ ɚɘˊɘŭɑɤɜ, ůɡɛɛŮŰɏɢŮɘ ŭɖɚŬŭɐ ůŰɖɜ ŭɘŬŰɟɞűɘəɐ 

ŭɘŬŭɘəŬůɑŬ. ɇɞ ŮɝŬůɗŮɜɏɠ ɢɟɩɛɘɞ, ůɡɜŬɜŰɎŰŬɘ əɡɟɑɤɠ ůŰɖɜ űɨůɖ ɤɠ ˊŬɟɎɔɤɔɞ 

Ŭɜɗɟɤˊɑɜɤɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ əŬɘ ŬˊɞŰŮɚŮɑ ɛŮɔɎɚɞ əɑɜŭɡɜɞ ɔɘŬ Űɞɜ Ŭɜɗɟɩˊɘɜɞ 

ɞɟɔŬɜɘůɛɧ, Ŭűɞɨ ŮɑɜŬɘ Űɞɝɘəɧ əŬɘ ɘŭɘŬɑŰŮɟŬ əŬɟəɘɜɞɔɧɜɞ.ɇɞ ůŰɞɘɢŮɘŬəɧ ɢɟɩɛɘɞ 

ŮɜŰɞˊɑɕŮŰŬɘ ůŰɞ űɡůɘəɧ ˊŮɟɘɓɎɚɚɞɜ ůŮ ůˊɎɜɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ůŮ əɞɘŰɎůɛŬŰŬ ɧˊɤɠ Űɞ 

Udachnaya Pipe ůŰɖ ɅɤůɑŬ ůŰɞ ɞˊɞɑɞ ˊŬɟɎɔɞɜŰŬɘ ŭŮɑɔɛŬŰŬ űɡůɘəɞɨ ɛŮŰŬɚɚɘəɞɨ 

ɢɟɤɛɑɞɡ əŬɗɩɠ əŬɘ ɛŮŰŮɤɟɘŰɩɜ əŬɘ ŭɘŬɛŬɜŰɘɩɜ. ȾŬɘ Űɞ ŰɟɘůɗŮɜɏɠ əŬɘ Űɞ ŮɝŬůɗŮɜɏɠ 

ɢɟɩɛɘɞ, ůɢɖɛŬŰɑɕɞɡɜ ůŰŬɗŮɟɞɨɠ ŭŮůɛɞɨɠ ɛŮ Űɞ ɡŭɟɞɝɨɚɘɞ əŬɘ ŭɖɛɘɞɡɟɔɞɨɜ ŮɜɩůŮɘɠ. Ƀɘ 

ŮɜɩůŮɘɠ ŬɡŰɏɠ ˊɞɘəɑɚɞɡɜ ŬɜɎɚɞɔŬ ɛŮ Űɞ pH əŬɘ Űɞ EhɛŮ Űɘɠ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ɜŬ ŮɑɜŬɘ: 
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ũɘŬ Űɞ ŰɟɘůɗŮɜɏɠ :  

o Cr(OH)2+ , ɛŮ Ůɨɟɞɠ pH Ŭˊɧ 3,8 ɏɤɠ 6,3 

 

o Cr(OH)3 , ɛŮ Ůɨɟɞɠ pH Ŭˊɧ 6,3 ɏɤɠ 11,5 

 

o Cr(OH)4
-, ɛŮ Ůɨɟɞɠ pH Ŭˊɧ 11,5əŬɘ Ɏɜɤ. 

 

ȺˊɘˊɟɧůɗŮŰŬ, ůɡɜŬɜŰɎɛŮ ůŰɖɜ űɨůɖ əŬɘ ɞɟɡəŰɎ ŰɟɘůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ, ɧˊɤɠ ˊ.ɢ. ɞ 

ɢɟɤɛɑŰɖɠ (Fe(Mg)Cr2O4) 

 
ȺɘəɧɜŬ 2.1:ɉɟɤɛɑŰɖɠ 

 

ȷɜŬűɞɟɘəɎ ɛŮ Űɞ ŮɝŬůɗŮɜɏɠ ɢɟɩɛɘɞ, ŬɡŰɧ ůŰɖɜ űɨůɖ ɡˊɎɟɢŮɘ ɤɠ ɢɟɤɛɘəɧ ɘɧɜHCrO4
ï  

ˊɞɡ əɡɟɘŬɟɢŮɑ ůŮ pHɛɘəɟɧŰŮɟŬ Űɞɡ 6,5 əŬɘ ɤɠ ŭɘɢɚɤɟɞɛŮɗɎɜɘɞ Cr2O7
2-ˊɞɡ ŮɜŰɞˊɑɕŮŰŬɘ 

ůŰɖɜ űɨůɖ ůŮ ɡɣɖɚɧŰŮɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ Ŭˊɧ Űɞ ɢɟɤɛɘəɧ ɘɧɜ əŬɘ ůŮ Ůɨɟɞɠ pHŬˊɧ 2 

ɏɤɠ 6. ũɘŬ Űɘɛɏɠ pHɛɘəɟɧŰŮɟŮɠ Űɞɡ 6, ŭɖɚŬŭɐ ɔɘŬ ɧɝɘɜŬ ŮŭɎűɖ Űɞ HCrO4
ï  əɡɟɘŬɟɢŮɑ. 

ȺˊɘůɖɛŬɑɜŮŰŬɘ ŭŮ, ˊɤɠ Űɞ ŭɘɢɟɤɛɘəɧ ɘɧɜ ŮɑɜŬɘ ˊɘɞ Űɞɝɘəɧ Ŭˊɧ Űɞ ɢɟɤɛɘəɧ. ɆŮ ɞɡŭɏŰŮɟŬ 

ɏɤɠ əŬɘ ŬɚəŬɚɘəɎ ŮŭɎűɖ Űɞ ŮɝŬůɗŮɜɏɠ ɢɟɩɛɘɞ Cr(VI) ŮɑɜŬɘ ɤɠ Ůˊɘ Űɞ ˊɚŮɑůŰɞ ŭɘŬɚɡŰɧ 

(Na2CrO4) ŬɚɚɎ Ůˊɑůɖɠ əŬɘ ůŮ ɛŮŰɟɑɤɠ ŭɘŬɚɡŰɎ ɢɟɤɛɘəɎ ɞɟɡəŰɎ, ɧˊɤɠ ˊ.ɢ. ɞ əɟɞəɞɥŰɖɠ 

(PbCrO4) ɐ əŬɘ ɎɚɚŬ CaCrO4, BaCrO4. (Bartlett and Kimble, 1976; James, 1996). 

 
ȺɘəɧɜŬ 2.2:ȾɟɞəɞɥŰɖɠ 

 

ɇɞ ɢɟɩɛɘɞ Ůɜ əŬŰŬəɚŮɑŭɘ, ůɡɜŬɜŰɎŰŬɘ ůŮ ˊɞɚɚɏɠ ɛɞɟűɏɠ ůŰɞ ɔŮɤˊŮɟɘɓɎɚɚɞɜ, ŬɜŬɚɧɔɤɠ 

ɛŮ Űɞ pHŬɚɚɎ əŬɘ Űɞ Eh. ɆŰɞ ˊŬɟŬəɎŰɤ ɔɟɎűɖɛŬ, űŬɑɜŮŰŬɘ ɖ ɛɞɟűɐ Űɞɡ ɢɟɤɛɑɞɡ 

ůɡɜŬɟŰɐůŮɘ Űɤɜ ŭɨɞ ˊŬɟŬˊɎɜɤ ˊŬɟŬɔɧɜŰɤɜ. ɇɞ ˊŬɟŬəɎŰɤ ɔɟɎűɖɛŬ ɗŬ ŬɜŬɚɡɗŮɑ 

ˊŮɟŬɘŰɏɟɤ ˊŬɟŬəɎŰɤ. 
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ȹɘɎɔɟŬɛɛŬ 2.1: ɀɞɟűɏɠ ɢɟɤɛɑɞɡ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɞ pH əŬɘ Űɞ Eh (PalmerandPuls 1994) 

 

2.1.3 ȷɜɗɟɤˊɞɔŮɜŮɑɠ ˊɖɔɏɠ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ 

 

ɇɞ ɢɟɩɛɘɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ŭɘɎűɞɟŮɠ ɓɘɞɛɖɢŬɜɑŮɠ, ɧˊɤɠ ɖ ɛŮŰŬɚɚɞɡɟɔɑŬ (ɢɎɚɡɓŬɠ, 

əɟɎɛŬŰŬ ůɘŭɐɟɞɡ əŬɘ ɛɖ ůɘŭɖɟɞɨɢɤɜ ɛŮŰɎɚɚɤɜ), ɞɘ ˊɡɟɑɛŬɢŮɠ (ɢɟɤɛɑɞɡ əŬɘ ɢɟɤɛɑɞɡ-

ɛŬɔɜɖůɑŰɖ) əŬɘ ɖ  ɢɖɛɘəɐ ɓɘɞɛɖɢŬɜɑŬ (ɢɟɤůŰɘəɏɠ, ɖɚŮəŰɟɞɚɡŰɘəɏɠ ŮˊɘűɎɜŮɘŮɠ, 

ɓɡɟůɞŭŮɣɑŬ ə.Ŭ.),ˊŬɟŬɔɤɔɐ ɢŬɟŰɞˊɞɚŰɞɨ, ɎɚŮůɖ, Ůɝɧɟɡɝɖ(ŮɝŮɡɔŮɜɘůɛɧɠ 

ɛŮŰŬɚɚŮɡɛɎŰɤɜ) əŬɘ ůɡɜŰɐɟɖůɖ ɝɨɚɞɡ. ȼ ɓɘɞɛɖɢŬɜɘəɐ ɢɟɐůɖ Űɞɡ ɢɟɤɛɑɞɡ ɔŮɜɘəɎ ɝŮəɘɜɎ 

ɛŮ Űɖɜ Ůɝɧɟɡɝɖ ɢɟɤɛɑŰɖ (ɏɜŬ űɡůɘəɧ ɛŮŰɎɚɚŮɡɛŬ), ůɡɜɐɗɤɠ ɤɠ ůɘŭɖɟɞɨ ɢɟɤɛɑŰɖ 

(FeOᴋCr2O3). ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ ɛŮŰɎɚɚŮɡɛŬ ŮɑŰŮ ɞɝŮɘŭɩɜŮŰŬɘ ŮɑŰŮ ŬɜɎɔŮŰŬɘ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɖɠ ɓɘɞɛɖɢŬɜɘəɐɠ ŮˊŮɝŮɟɔŬůɑŬɠ. ɇɞ ɢɟɤɛɘəɧ ɜɎŰɟɘɞ (Na2CrO4) ˊŬɟɎɔŮŰŬɘ 

ůɡɜɐɗɤɠ ɛŮ Űɖɜ ɞɝŮɑŭɤůɖ Űɞɡ ɢɟɤɛɑŰɖ. ɇɞ ŬɜɗɟŬəɘəɧ ɜɎŰɟɘɞ, Űɞ ɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ 

əŬɘ Űɞ ɢɟɤɛɘəɧ ŬůɓɏůŰɘɞ (CaCrO4) ˊŬɟɎɔɞɜŰŬɘ ɤɠ ɡˊɞˊɟɞɥɧɜŰŬ. ɀŮ Űɖ ůŮɘɟɎ Űɞɡɠ, 

ŭɘɎűɞɟŮɠ ɞɡůɑŮɠ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Na2CrO4, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ 

ŭɘɢɟɤɛɘəɩɜ(Na2Cr2O7ɐ K2Cr2O7), ɞɝŮɘŭɑɞɡ Cr(VI) ŭɖɚŬŭɐ (CrɃ3), ɢɟɤɛɘəɞɨ ɞɝɏɞɠ 

(H2Cr2O7) əŬɘ Ɏɚɚɤɜ ɞɝŮɘŭɑɤɜ Űɞɡ Cr (ˊ.ɢ. K2CrO4) ŬůɓɏůŰɘɞ, ɛɧɚɡɓŭɞ əŬɘ ɢɟɤɛɘəɧ 

ɣŮɡŭɎɟɔɡɟɞ). Ⱥˊɑůɖɠ, ɞ ɢɟɤɛɑŰɖɠ ɛˊɞɟŮɑ ɜŬ ŬɜŬɢɗŮɑ ɛŮ ɛɘŬ ˊɞɘəɘɚɑŬ ɛŮɗɧŭɤɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ Ŭɚɞɡɛɑɜɘɞ, ˊɡɟɑŰɘɞ ɐ ɎɜɗɟŬəŬ ɤɠ ŬɜŬɔɤɔɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ. ɇŬ ɡɚɘəɎ 

Ŭˊɧ Űɖɜ ŬɜŬɔɤɔɐ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ əɟŬɛɎŰɤɜ ɢɟɤɛɑɞɡ əŬɘ ɢɟɤɛɑɞɡ 

ůŰɡˊŰɖɟɑŬɠ. 

 

ɇɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ ɢɟɤɛɑɞɡ ˊɞɡ əŬŰŬɜŬɚɩɜŮŰŬɘ Ŭˊɧ Űɖ ɓɘɞɛɖɢŬɜɑŬ ŮɑɜŬɘ ɔɘŬ Űɖɜ 

ˊŬɟŬɔɤɔɐ ɛŮŰŬɚɚɘəɩɜ əɟŬɛɎŰɤɜ, əɡɟɑɤɠ Ŭˊɧ ŬɜɞɝŮɑŭɤŰɞɡɠ əŬɘ ɗŮɟɛɘəɎ ŬɜɗŮəŰɘəɞɨɠ 

ɢɎɚɡɓŮɠ. ɇɞ ɢɟɩɛɘɞ ɤɠ ɛɏɟɞɠ Ůɜɧɠ əɟɎɛŬŰɞɠ ůɘŭɐɟɞɡ ŮɑɜŬɘ ŬŭɘɎɚɡŰɞ ɛŮ ɛɖŭŮɜɘəɐ 

əŬŰɎůŰŬůɖ ɞɝŮɑŭɤůɖɠ əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ŭŮɜ ŮɑɜŬɘ ɛɘŬ ɛɞɟűɐ ɢɟɤɛɑɞɡ ˊɞɡ ɏɢŮɘ 
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ˊŮɟɘɓŬɚɚɞɜŰɘəɐ ŬɜɖůɡɢɑŬ. ɋůŰɧůɞ, Űɞ Cr ɛˊɞɟŮɑ ɜŬ ɞɝŮɘŭɤɗŮɑ əŬɘ ɜŬ ŬˊɞˊɚɡɗŮɑ Ŭˊɧ 

ŬɜɞɝŮɑŭɤŰɞ ɢɎɚɡɓŬ ůŮ ɡŭŬŰɞŭɘŬɚɡŰɐ ɛɞɟűɐ. ɇɞ ɢɟɩɛɘɞ Ŭˊɧ ŬɜɗɟɤˊɞɔŮɜŮɑɠ ˊɖɔɏɠ 

ɛˊɞɟŮɑ ɜŬ ŬˊŮɚŮɡɗŮɟɤɗŮɑ ůŮ ŮŭɎűɖ əŬɘ ůŮ əŬŰŬəɟɖɛɜɑůɛŬŰŬ ɏɛɛŮůŬ ɛŮ ŬŰɛɞůűŬɘɟɘəɐ 

ŮɜŬˊɧɗŮůɖ, ɤůŰɧůɞ ɞɘ ŬˊŮɚŮɡɗŮɟɩůŮɘɠ ŮɑɜŬɘ ůɡɢɜɧŰŮɟŮɠ Ŭˊɧ Űɖɜ Ŭˊɧɟɟɘɣɖ ɡɔɟɩɜ ɐ 

ůŰŮɟŮɩɜ ŬˊɞɓɚɐŰɤɜ ˊɞɡ űɏɟɞɡɜ Cr ɧˊɤɠ ɢɟɤɛŬŰɘəɎ ɡˊɞˊɟɞɥɧɜŰŬ, ůəɤɟɑŬ 

ůɘŭɖɟɞɢɟɤɛɑɞɡ ɐ ɢɟɩɛɘɞ ŬˊɞɓɚɐŰɤɜ. ɇɏŰɞɘŬ ŬˊɧɓɚɖŰŬ ɛˊɞɟɞɨɜ ɜŬ ˊŮɟɘɏɢɞɡɜ 

ɞˊɞɘɞŭɐˊɞŰŮ ůɡɜŭɡŬůɛɧ Cr(III) ɐ Cr(VI) ɛŮ ŭɘɎűɞɟŮɠ ŭɘŬɚɡŰɧŰɖŰŮɠ.ȼ űɨůɖ əŬɘ ɖ 

ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ŭɘŬűɧɟɤɜ ɛɞɟűɩɜ ɢɟɤɛɑɞɡ ˊɞɡ ŬˊŬɜŰɩɜŰŬɘ ůŰŬ ɚɨɛŬŰŬ ɛˊɞɟŮɑ ɜŬ 

ŮɑɜŬɘ ŬɟəŮŰɎ ɛŮŰŬɓɚɖŰɏɠ. ȼ ˊŬɟɞɡůɑŬ, ɖ ɛɞɟűɐ əŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ Cr ůŰŬ 

ŬˊɞɟɟɘˊŰɧɛŮɜŬ ŬˊɧɓɚɖŰŬ ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɘɠ ŮɜɩůŮɘɠ ɢɟɤɛɑɞɡ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖ ɓɘɞɛɖɢŬɜɘəɐ ŭɘŬŭɘəŬůɑŬ, Ŭˊɧ Űɞ pH əŬɘ Ŭˊɧ Űɖɜ ˊŬɟɞɡůɑŬ Ɏɚɚɤɜ 

ɞɟɔŬɜɘəɩɜ əŬɘ ŬɜɧɟɔŬɜɤɜ ŬˊɞɓɚɐŰɤɜ ŮˊŮɝŮɟɔŬůɑŬɠ. 

 

Ƀɘ ɢɖɛɘəɏɠ ɞɡůɑŮɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Cr(VI) ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɡɟɑɤɠ ɔɘŬ ŮˊɘɛŮŰɎɚɚɤůɖ 

(ɢɟɖůɘɛɞˊɞɘɞɨɜ H2Cr2O7), ɧˊɤɠ ɢɟɤůŰɘəɏɠ ə.Ŭ. ȰŰůɘ, Űɞ Cr (VI)  əɡɟɘŬɟɢŮɑ ůŰŬ 

ŬˊɧɓɚɖŰŬ Ŭˊɧ Űɖ ɛŮŰŬɚɚɞɡɟɔɘəɐ ɓɘɞɛɖɢŬɜɑŬ, Űɖ ɓɘɞɛɖɢŬɜɑŬ űɘɜɘɟɑůɛŬŰɞɠ ɛŮŰɎɚɚɤɜ 

(ůəɚɖɟɐ ŮˊɘɛŮŰɎɚɚɤůɖ Cr), Űɖɜ ˊɡɟɑɛŬɢɖ ɓɘɞɛɖɢŬɜɑŬ əŬɘ Űɖɜ ˊŬɟŬɔɤɔɐ ɐ ŮűŬɟɛɞɔɐ 

ɢɟɤůŰɘəɩɜ ɞɡůɘɩɜ (ɢɟɤɛŬŰɘəɏɠ ɢɟɤůŰɘəɏɠ əŬɘ ɢɟɤůŰɘəɏɠ ŬɜŬůŰɞɚɐɠ ŭɘɎɓɟɤůɖɠ). ɇɞ 

Cr(III) Űɏɚɞɠ, ɗŬ ŬˊŬɜŰɖɗŮɑ əɡɟɑɤɠ ůŰŬ ŬˊɧɓɚɖŰŬ Űɤɜ ɓɡɟůɞŭŮɣŮɑɤɜ, Űɤɜ ɡűŬůɛɎŰɤɜ 

(ŮəŰɨˊɤůɖ) əŬɘ Űɤɜ ŭɘŬəɞůɛɖŰɘəɩɜ ŮˊɘɢɟɘůɛɎŰɤɜ. ɋůŰɧůɞ, ɡˊɎɟɢɞɡɜ ŮɝŬɘɟɏůŮɘɠ Ŭˊɧ 

ŬɡŰɏɠ Űɘɠ ɔŮɜɘəɧŰɖŰŮɠ ɚɧɔɤ ˊɞɚɚɩɜ ˊŬɟŬɔɧɜŰɤɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŰŬ ɚɨɛŬŰŬ 

ɓɡɟůɞŭŮɣɑŬɠ ɧˊɞɡ ɖ Cr(III) ŮɑɜŬɘ ɖ ˊɘɞ ŬɜŬɛŮɜɧɛŮɜɖ ɛɞɟűɐ, ɞɘ ŬɜŰɘŭɟɎůŮɘɠ 

ɞɝŮɘŭɞŬɜŬɔɤɔɐɠ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖɜ ɘɚɨ ɛˊɞɟŮɑ ɜŬ Ŭɡɝɐůɞɡɜ Űɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ 

Cr(VI). ɇɏŰɞɘɞɘ ɛŮŰŬůɢɖɛŬŰɘůɛɞɑ ŮɑɜŬɘ Ůˊɑůɖɠ ůɡɜɐɗŮɘɠ ůŰɖɜ ɡˊɧɔŮɘŬ ŮˊɘűɎɜŮɘŬ, ɧˊɤɠ ɖ 

ɞɝŮɑŭɤůɖ, ɖ ŬɜŬɔɤɔɐ, ɖ ˊɟɞůɟɧűɖůɖ, ɖ ŭɘŬɚɡŰɧŰɖŰŬ əŬɘ ɖ əŬɗɑɕɖůɖ, ŰŬ ɞˊɞɑŬ 

ŬɜŬɚɨɞɜŰŬɘ ˊŮɟŮŰŬɑɟɤ ˊŬɟŬəɎŰɤ. 
 

2.1.4.ɇɞɝɘəɧŰɖŰŬ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ 

 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ, Űɞ ŮɝŬůɗŮɜɏɠ ɢɟɩɛɘɞ Cr(VI) ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ Űɞɝɘəɧ əŬɘ 

əŬɟəɘɜɞɔɧɜɞ ɔɘŬ Űɞɜ Ŭɜɗɟɩˊɘɜɞ ɞɟɔŬɜɘůɛɧ. Ƀɘ Űɟɧˊɞɘ ɛŮ Űɞɡɠ ɞˊɞɑɞɡɠ ɞ Ŭɜɗɟɩˊɘɜɞɠ 

ɞɟɔŬɜɘůɛɧɠ ɛˊɞɟŮɑ ɜŬ ŮəŰŮɗŮɑ ůŰɞ Cr(VI) ŮɑɜŬɘ ŰɟŮɑɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɞɘ ɞŭɞɑ Ŭˊɧ Űɞɡɠ 

ɞˊɞɑɞɡɠ ɛˊɞɟŮɑ ɜŬ ŮɘůɏɚɗŮɘ ŮɑɜŬɘ ɛɏůɤ i)Űɖɠ əŬŰɎˊɞůɖɠii) Űɖɠ ŭŮɟɛŬŰɘəɐɠŮˊŬűɐɠ əŬɘ 

Űɏɚɞɠ iii) Űɖɠ Ůɘůˊɜɞɐɠ. ȼ əŬŰɎˊɞůɖ ɛŮɔɎɚɖɠ ˊɞůɧŰɖŰŬɠ Cr(VI) ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ 

ˊɧɜɞ ůŰɖɜ əɞɘɚɘŬəɐ ɢɩɟŬ, ŮɛŮŰɧ əŬɘ ŬɘɛɞɟɟŬɔɑŬ. ȰɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ Ŭəɧɛɖ əŬɘ 

ɗɜɖůɘɛɧŰɖŰŬ ůŮ ůɡɔəŮɜŰɟɩůŮɘɠ Űɖɠ ŰɎɝɖɠ Űɞɡ 0,1mg/g (Mertz 1974, USEPA 2008). 

 

ũɘŬ Űɞɡɠ ɚɧɔɞɡɠ ŬɡŰɞɨɠ, ɏɢɞɡɜ ɗŮůˊɘůŰŮɑ ˊŬɔəɧůɛɘŬ ŬɚɚɎ əŬɘ ŮɔɢɩɟɘŬ ɜɞɛɞɗŮŰɘəɎ ɧɟɘŬ 

ɤɠ ˊɟɞɠ Űɖɜ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ɞɚɘəɞɨ ɢɟɤɛɑɞɡ ůŰɞ ˊɧůɘɛɞ ɜŮɟɧ. ɆŰɖɜ ȺɚɚɎŭŬ əŬɘ ůŰɖɜ 

ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ, Űɞ ɧɟɘɞ ŮɑɜŬɘ 50 ɛg/l,Ůɜɩ ůŰɘɠ ȼɜɤɛɏɜŮɠ ɄɞɚɘŰŮɑŮɠ Űɖɠ ȷɛŮɟɘəɐɠ 
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ŮɑɜŬɘ, 0,1 mg/l. ȷɜŬűɞɟɘəɎ ɛŮ Űɖɜ Ůɘůˊɜɞɐ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ ůŮ ɛŮɔŬɚɨŰŮɟŮɠ Űɖɠ 

ŮˊɘŰɟŮˊɧɛŮɜɖɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ɏɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ˊɤɠ ŭɨɜŬŰŬɘ ɜŬ ŮɛűŬɜɘůŰɞɨɜ 

ˊɟɞɓɚɐɛŬŰŬ ůŰɞ ŬɜŬˊɜŮɡůŰɘəɧ ůɨůŰɖɛŬ ɧˊɤɠ ɓɐɢŬɠ, ŭɨůˊɜɞɘŬ ɐ əŬɘ ɎůɗɛŬ Ůɜɩ 

ɛŬəɟɞɢɟɧɜɘŬ ɏəɗŮůɖ, ŭɨɜŬŰŬɘ ɜŬ ŮˊɘűɏɟŮɘ ŮˊɘˊŰɩůŮɘɠ ůŰɞ ŬɜɞůɞˊɞɘɖŰɘəɧ ŬɚɚɎ əŬɘ 

əŬɟəɑɜɞ Űɞɡ ˊɜŮɨɛɞɜŬ. ɇɞ ŮˊɘŰɟŮˊɧɛŮɜɞ ɧɟɘɞ ůɡɔəɏɜŰɟɤůɖɠ Cr(VI) ůŰɞɜ ŬɏɟŬ ŮɑɜŬɘ 

0,0001 mg/m3 . ɇɏɚɞɠ, ɏɢɞɡɜ ŮɛűŬɜɘůŰŮɑ əɟɞɨůɛŬŰŬ ŭŮɟɛŬŰɑŰɘŭŬɠ əŬɘ ŭŮɟɛŬŰɘəɩɜ Ůɚəɩɜ, 

ɛŮŰɎ Ŭˊɧ ŭŮɟɛŬŰɘəɐ ŮˊŬűɐ ɛŮ Űɞ ŮɝŬůɗŮɜɏɠ ɢɟɩɛɘɞ. 

 

2.2. ȹɘŮɟɔŬůɑŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖ ɛŮŰŬűɞɟɎ Űɞɡ Cr(VI) 

 

ɇɞ ŮɝŬůɗŮɜɏɠ ɢɟɩɛɘɞ ůŰɞ ɏŭŬűɞɠ ɛŮŰŬűɏɟŮŰŬɘ ɛŮ Űɖɜ ŮˊɑŭɟŬůɖ ůɡɔəŮəɟɘɛɏɜɤɜ 

ŭɘŮɟɔŬůɘɩɜ. ɇɏŰɞɘŮɠ ŮɑɜŬɘ ɖ ŭɘŬɚɡŰɧŰɖŰŬ Űɞɡ ɢɟɤɛɑɞɡ əŬɘ ɖ əŬɗɑɕɖůɖ Űɞɡ, 

ɞɝŮɘŭɞŬɜŬɔɤɔɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ əɘɜɖŰɘəɧŰɖŰŬ Űɞɡ əŬɘ Űɏɚɞɠ 

ŭɘŮɟɔŬůɑŮɠ ˊɟɞůɟɧűɖůɖɠ əŬɘ Ůəɟɧűɖůɖɠ Űɞɡ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ Ŭˊɧ ŰŬ ŭɘɎűɞɟŬ 

ůɡůŰŬŰɘəɎ Űɞɡ ŮŭɎűɞɡɠ ɧˊɤɠ ŮɚŮɨɗŮɟɞɠ ůɑŭɖɟɞɠ əŬɘ ɞɝŮɑŭɘŬ Űɞɡ ɀŬɔɔŬɜɑɞɡ. Ƀɘ ŭɨɞ 

ˊŬɟŬˊɎɜɤ ŭɘŮɟɔŬůɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ůɡɛɓɞɨɜ ɛŮɛɞɜɤɛɏɜŬ ɐ əŬɘ ŰŬɡŰɧɢɟɞɜŬ əŬɘ ůŮ ŬɡŰɧ 

Űɞ ɔŮɔɞɜɧɠ ɏɔəŮɘŰŬɘ ɖ ŭɡůəɞɚɑŬ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ˊɞɘŬ Ŭˊɧ Űɘɠ ŭɨɞ ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ ŰŮɚɘəɎ 

ŬˊɞůɓɏɜŮɘ Űɞ ŮɝŬůɗŮɜɏɠ ɢɟɩɛɘɞ (Bartlett, 1991) 

 

2.2.1. ȹɘŬɚɡŰɧŰɖŰŬ-ȾŬɗɑɕɖůɖ 

 

ȼ ŭɘŬɚɡŰɧŰɖŰŬ Űɞɡ ɢɟɤɛɑɞɡ ŮɑɜŬɘ ɛɑŬ ŭɘŮɟɔŬůɑŬ ˊɞɡ ŮˊɖɟŮɎɕŮŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ 

Űɖɜ ɢɖɛŮɑŬ Űɞɡ ɜŮɟɞɨ (pH ɜŮɟɞɨ, ɨˊŬɟɝɖ ŬɜŰŬɔɤɜɘůŰɘəɩɜ ɘɧɜŰɤɜ, ˊŬɟɎɔɞɜŰŮɠ 

ůɡɛˊɚɞəɞˊɞɑɖůɖɠ) əŬɘ Űɖɜ ɨˊŬɟɝɖ űɡůɘəɩɜ ůŰŮɟŮɩɜ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɚŮɘŰɞɡɟɔɐůɞɡɜ 

ɤɠ ˊɟɞůɟɞűɖŰɏɠ (Richard əŬɘ Bourg, 1991). 

 

ɄŬɟŬŰɖɟŮɑŰŬɘ ɚɞɘˊɧɜ ɧŰɘ ůŮ ɞɡŭɏŰŮɟɞ ˊɟɞɠ ŬɚəŬɚɘəɧ ˊŮɟɘɓɎɚɚɞɜ ɞɘ ůŰŮɟŮɏɠ ŮɜɩůŮɘɠ 

Űɞɡ ɢɟɤɛɑɞɡ əŬɗɘɕɎɜɞɡɜ ɎɛŮůŬ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ŭɘŬɚɡŰɧŰɖŰŬ Űɞɡ ŰɟɘůɗŮɜɞɨɠ 

ɢɟɤɛɑɞɡ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ ůŮ ŬɟəŮŰɎ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ. ɆŮ ɞɡŭɏŰŮɟɞ ˊɟɞɠ ŮɚŬűɟɩɠ ɧɝɘɜɞ 

ˊŮɟɘɓɎɚɚɞɜ Űɞ ŰɟɘůɗŮɜɏɠ ɢɟɩɛɘɞ ŬˊɞɛŬəɟɨɜŮŰŬɘ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ˊɟɞůɟɧűɖůɖɠ 

Ŭˊɧ Űɖ ŭɘŬɚɡŰɐ űɎůɖ, Ůɜɩ ůŮ ɏɜŰɞɜŬ ɧɝɘɜɞ ˊŮɟɘɓɎɚɚɞɜ (pH<5) ɖ ŭɘŬɚɡŰɧŰɖŰŬ Űɞɡ 

ŰɟɘůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ əɡɛŬɑɜŮŰŬɘ ůŮ ɡɣɖɚɎ ŮˊɑˊŮŭŬ (Ŭəɧɛɖ əŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 0,003 

mg/m3) əɘ ɏŰůɘ ɖ əɘɜɖŰɘəɧŰɖŰɎ Űɞɡ ŬɡɝɎɜŮŰŬɘ. ȼ əɘɜɖŰɘəɧŰɖŰŬ Űɞɡ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ 

ŰɩɟŬ, ŮɚɏɔɢŮŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖɜ ŬɜŬɔɤɔɐ Űɞɡ ůŮ ŰɟɘůɗŮɜɏɠ əŬɘ Ŭˊɧ Űɖɜ ˊɟɞůɟɧűɖůɐ 

Űɞɡ. 

 

2.2.2. ɃɝŮɘŭɞŬɜŬɔɤɔɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ 

  

Ƀɘ ŬɜŰɘŭɟɎůŮɘɠ ɞɝŮɑŭɤůɖɠ əŬɘ ŬɜŬɔɤɔɐɠ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬŰɟɏɣɞɡɜ Űɞ Cr (III) ůŰɞ Cr (VI) 

əŬɘ ŬɜŰɑůŰɟɞűŬ (Bartlett and Kimble, 1976). ȷɡŰɏɠ ɞɘ ɛɏɗɞŭɞɘ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞ pH, Űɖ 
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ůɡɔəɏɜŰɟɤůɖ ɞɝɡɔɧɜɞɡ, Űɖɜ ˊŬɟɞɡůɑŬ əŬŰɎɚɚɖɚɤɜ ŬɜŬɔɤɔɘəɩɜ ŮɜɩůŮɤɜ əŬɘ Űɤɜ 

ɛŮůɞɚŬɓɖŰɩɜ ˊɞɡ ŭɟɞɡɜ ɤɠ əŬŰŬɚɨŰŮɠ. Ƀɘ əɘɜɖŰɏɠ ɛɞɟűɏɠ ɔɘŬ Cr (VI) (HCrO4
- əŬɘ 

CrO4
2-) ɛˊɞɟɞɨɜ ɜŬ ɛŮɘɤɗɞɨɜ ɛŮ ŭɘɎűɞɟɞɡɠ ŬɜŬɔɤɔŮɑɠ ɧˊɤɠ ɞ ŭɘůɗŮɜɐɠ ůɑŭɖɟɞɠ Fe(II) 

ɐ Űɞ S2-.ȰɢŮɘ ɗŮɤɟɖɗŮɑ ɧŰɘ Űɞ Cr (VI) ɛˊɞɟŮɑ ɜŬ ŬɜŬɢɗŮɑ ůŮ Cr (III) ůŮ əŬɜɞɜɘəɧ pH 

ŮŭɎűɞɡɠ əŬɘ ůɡɜɗɐəŮɠ ɞɝŮɘŭɞŬɜŬɔɤɔɐɠ. ɋůŰɧůɞ ɞɘ Bloomfield əŬɘ Pruden (1980) 

ŮɟŮɨɜɖůŬɜ ˊŬɚŬɘɧŰŮɟɞɡɠ ɘůɢɡɟɘůɛɞɨɠ ɧŰɘ Űɞ Cr (VI) ŬɜɎɔŮŰŬɘ ŮɨəɞɚŬ ůŮ Cr(III) ɡˊɧ 

əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ ŮŭɎűɞɡɠ əŬɘ ŭɘŬˊɑůŰɤůŬɜ ɧŰɘ ɞɘ ŬɜŬɚɡŰɘəɏɠ ɛɏɗɞŭɞɘ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŮ ˊɟɞɖɔɞɨɛŮɜŮɠ ɏɟŮɡɜŮɠ (Bartlett and Kimble, 1976) ɐŰŬɜ 

ŬɜŬɝɘɧˊɘůŰŮɠ ŮˊŮɘŭɐ ŰŬ ŮəɢɡɚɑůɛŬŰŬ ŮŭɎűɞɡɠ ˊɘɗŬɜɧɜ ˊŮɟɘŮɑɢŬɜ ɞɟɔŬɜɘəɐ ɨɚɖ ɘəŬɜɐ ɜŬ 

ŬɜɎɔŮɘ Űɞ Cr (VI). ȹɘŬˊɑůŰɤůŬɜ ɧŰɘ ɖ ŬɜŬɔɤɔɐ Űɞɡ Cr (VI) ůŰɞ ɏŭŬűɞɠ ɛŮ űɡůɘɞɚɞɔɘəɧ 

pH ŭŮɜ ɐŰŬɜ ɘŭɘŬɑŰŮɟŬ ŰŬɢŮɑŬ ɡˊɧ ŬŮɟɧɓɘŮɠ ůɡɜɗɐəŮɠ.ȼ ɞɟɔŬɜɘəɐ ɨɚɖ Űɞɡ ŮŭɎűɞɡɠ ɏɢŮɘ 

ŬɜŬɔɜɤɟɘůŰŮɑ ɤɠ ɞ ůɖɛŬɜŰɘəɧɠ ŭɧŰɖɠ ɖɚŮəŰɟɞɜɑɤɜ (ŭɖɚ. ɞ əɨɟɘɞɠ ŬɜŬɔɤɔɘəɧɠ 

ˊŬɟɎɔɞɜŰŬɠ) ůŰɖɜ ŬɜŰɑŭɟŬůɖ ŬɡŰɐ əŬɘ ɖ ŬɜŬɔɤɔɐ Űɞɡ Cr (VI) ˊŬɟɞɡůɑŬ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ 

ˊɟɞɢɤɟɎ ɛŮ Ŭɟɔɧ ɟɡɗɛɧ ɔɘŬ əŬɜɞɜɘəɎ ŮˊɑˊŮŭŬ pH əŬɘ ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ 

ůŰɞ ˊŮɟɘɓɎɚɚɞɜ (Bartlett and Kimble, 1976, James and Bartlett, 1983). ȷɡŰɧɠ ɞ ůɢŮŰɘəɎ 

Ŭɟɔɧɠ ɟɡɗɛɧɠ ŬɜŬɔɤɔɐ Cr (VI) ŬɡɝɎɜŮŰŬɘ ɛŮ Űɖ ɛŮɑɤůɖ Űɞɡ pH Űɞɡ ŮŭɎűɞɡɠ. ȺɚɚŮɑɣŮɘ 

ɞɟɔŬɜɘəɐɠ ɨɚɖɠ ůŰɞ ɏŭŬűɞɠ, ŰŬ ɞɟɡəŰɎ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Fe(II) ɛŮɘɩɜɞɡɜ Űɞ Cr (VI), 

ɤůŰɧůɞ, ɞɘ ŭɞəɘɛɏɠ ɏɢɞɡɜ ŭŮɑɝŮɘ ɧŰɘ ŬɡŰɐ ɖ ŬɜŬɔɤɔɐ ůɡɛɓŬɑɜŮɘ ůŮ ɡˊɧɔŮɘŬ ŮŭɎűɖ ɛŮ 

ɢŬɛɖɚɧ pH, ɛɘəɟɧŰŮɟɞ Űɞɡ ˊɏɜŰŮ (5) (Eary and Rai, 1991). ȼ ŬɜŬɔɤɔɐ ɛŮ Űɞɜ ŭɘůɗŮɜɐ 

ůɑŭɖɟɞ Fe (II) ŮɑɜŬɘ ˊɘɞ Ůɡɜɞɥəɐ ɡˊɧ Űɘɠ ŬɜŬŮɟɧɓɘŮɠ ůɡɜɗɐəŮɠ ŭŮŭɞɛɏɜɞɡ ɧŰɘ Űɞ ɞɝɡɔɧɜɞ 

ɛˊɞɟŮɑ ɜŬ ɞɝŮɘŭɩůŮɘ Űɞ ůɑŭɖɟɞ (II) (Fendorf and Li, 1996).ɋůŰɧůɞ, ɞɘ ɡɣɖɚɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ Cr (VI) ɛˊɞɟɞɨɜ ɜŬ ŮɝŬɜŰɚɐůɞɡɜ ɔɟɐɔɞɟŬ Űɖ ŭɘŬɗɏůɘɛɖ ɛŮɘɤŰɘəɐ 

ɘəŬɜɧŰɖŰŬ Űɞɡ ŮŭɎűɞɡɠ əŬɘ ɖ ˊŮɟɑůůŮɘŬ Cr (VI) ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɛŮɑɜŮɘ Ůˊɑ ɢɟɧɜɘŬ ůŰŬ 

ŮŭɎűɖ (Baron et al.1996). 

 

Ɉˊɧ ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ ůŮ ɞɟɘůɛɏɜŬ ŮŭɎűɖ, Űɞ ŰɟɘůɗŮɜɏɠ Cr(III) ɛˊɞɟŮɑ ɜŬ 

ɞɝŮɘŭɤɗŮɑ ůŰɞ ŮɝŬůɗŮɜɏɠ Cr(VI) (Bartlett and James,1979). ɀɧɜɞ əɎˊɞɘŬ ɞɝŮɘŭɤŰɘəɎ 

ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰŬ ŮŭɎűɖ əŬɘ ŰŬ ɘɕɐɛŬŰŬ (ŭɖɚ. ŭɘŬɚɡɛɏɜɞ ɞɝɡɔɧɜɞ əŬɘ MnO2) ŮɑɜŬɘ ɘəŬɜɎ 

ɜŬ ɞɝŮɘŭɩůɞɡɜ Űɞ Cr(III) ůŰɞ Cr(VI). ȼ ɞɝŮɑŭɤůɖ Űɞɡ Cr(III) ɛŮ MnO2(ˊɞɡ ɢɟɖůɘɛŮɨŮɘ ɤɠ 

ŭɏəŰɖɠ ɖɚŮəŰɟɞɜɑɤɜ) ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ˊɩɠ ŮɛűŬɜɑɕŮŰŬɘ ůŰŬ ŮŭɎűɖ (Eary and Rai,1987) 

əŬɘ ŬŮɟɧɓɘŬ ɘɕɐɛŬŰŬ ŬɚɚɎ ɧɢɘ ůŮ ŬɜŬŮɟɧɓɘŬ ɘɕɐɛŬŰŬ. ȼ ɞɝŮɑŭɤůɖ Űɞɡ Cr(III) ɛŮ ŭɘŬɚɡɛɏɜɞ 

ɞɝɡɔɧɜɞ ɏɢŮɘ ɓɟŮɗŮɑ ɜŬ ɛɖɜ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞ MnO2, Űɞ ɞˊɞɑɞ 

ˊɘɗŬɜɎ ŮɑɜŬɘ Űɞ ˊɘɞ ůɖɛŬɜŰɘəɧ ɞɝŮɘŭɤŰɘəɧ Űɞɡ Cr (III) ůŰŬ ŮŭɎűɖ. ȰŰůɘ, ŮɎɜ ɏɜŬ ŭɘŬɚɡŰɧ 

Cr (III) ˊɟɞůŰŮɗŮɑ ůŮ ɏɜŬ "ɛɏůɞ" ɏŭŬűɞɠ, ɏɜŬ ɛɏɟɞɠ Űɞɡ ŭɘŬɚɡŰɞɨ Cr (III) Ŭɛɏůɤɠ ɗŬ 

ɞɝŮɘŭɤɗŮɑ ɛŮ MnO2 ůŮ Cr(VI) (Cary,1982). ɇɞ ɡˊɧɚɞɘˊɞ Űɞɡ Cr(III) ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɛŮɑɜŮɘ 

ɛŮɘɤɛɏɜɞ ɔɘŬ ɛŮɔɎɚŮɠ ɢɟɞɜɘəɏɠ ˊŮɟɘɧŭɞɡɠ. ȼ ˊɟɞůŰɘɗɏɛŮɜɖ ɞɟɔŬɜɘəɐ ɨɚɖ ɛˊɞɟŮɑ Ůˊɑůɖɠ 

ɜŬ ŭɘŮɡəɞɚɨɜŮɘ Űɖɜ ɞɝŮɑŭɤůɖ Űɞɡ Cr(III) ůŰɞ Cr(VI). ȷɡŰɧ ɏɢŮɘ ŮˊɘˊŰɩůŮɘɠ ůŰɘɠ 

ůŰɟŬŰɖɔɘəɏɠ ŬˊɞəŬŰɎůŰŬůɖɠ. ȼ ˊɟɞůɗɐəɖ ɞɟɔŬɜɘəɩɜ ɡˊɞɚŮɘɛɛɎŰɤɜ ŭɡɜɖŰɘəɎ ɤɠ 

ůŰɟŬŰɖɔɘəɐ ŬˊɞəŬŰɎůŰŬůɖɠ Űɤɜ ŮŭŬűɩɜ ˊɞɡ ɏɢɞɡɜ ɡˊɞůŰŮɑ ɟɨˊŬɜůɖ ɛŮ Cr(VI) ˊɞɡ 

ˊŮɟɘɏɢɞɡɜ ɡɣɖɚɎ ŮˊɑˊŮŭŬ ɞɝŮɘŭɤɛɏɜɞɡ ɛŬɔɔŬɜɑɞɡ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŰɖ 
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ŭɘŬɛɧɟűɤůɖ ŬůŰŬɗɩɜ ɞɟɔŬɜɘəɩɜ ůɡɛˊɚɞəɩɜ Mn(III) ˊɞɡ ɧɢɘ ɛɧɜɞ Ůɛˊɞŭɑɕɞɡɜ 

ˊɟɞůɤɟɘɜɎ Űɖɜ ɞɝŮɑŭɤůɖ Űɞɡ Cr (III), ŬɚɚɎ ˊɟɞɎɔɞɡɜ Ůˊɑůɖɠ Űɖɜ ŮˊɘɗɡɛɖŰɐ ŬɜŬɔɤɔɐ 

Űɞɡ Cr(VI) (Bartlett and James, 1988).ȾɟɑɜŮŰŬɘ ɚɞɘˊɧɜ ůəɧˊɘɛɞ, ɜŬ ɔɑɜŮɘ ɛɘŬ 

əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ ˊɞɡ ˊɟɞəŬɚɞɨɜ Űɘɠ ɞɝŮɘŭɞŬɜŬɔɤɔɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ 

ɛŮ ɏɛűŬůɖ ůŰɞɡɠ ŬɜŬɔɤɔɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ, əŬɗɩɠ ɞɘ ˊɚɖɟɞűɞɟɑŮɠ ŬɡŰɏɠ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰŮɠ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ůɡɛˊŮɟŬůɛɎŰɤɜ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ. 

 

ȷɟɢɘəɎ, ɞ ŭɘůɗŮɜɐɠ ůɑŭɖɟɞɠ Fe(II) ŬˊɞŰŮɚŮɑ ɏɜŬ ůɖɛŬɜŰɘəɧ ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɖɜ ŬɜŬɔɤɔɐ 

Űɞɡ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ ůŮ ŰɟɘůɗŮɜɏɠ (Schroeder and Lee, 1975). ɈˊɎɟɢɞɡɜ ˊɞɚɚɎ 

ɛŮŰŬɚɚɘəɎ ůŰɞɘɢŮɑŬ ůŮ ɔŮɤɚɞɔɘəɎ ɡɚɘəɎ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Fe (II) ɘəŬɜɎ ɜŬ ŬɜɎɔɞɡɜ Űɞ 

Cr(VI). ȷɡŰɎ ŰŬ ɞɟɡəŰɎ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ˊɡɟɘŰɘəɎ ɎɚŬŰŬ, ɞɝŮɑŭɘŬ ɐ ůɞɡɚűɑŭɘŬ ŰŬ ɞˊɞɑŬ 

ŬɜŬɚɡŰɘəɎ ŮɑɜŬɘ: 

 

¶ ɄɡɟɘŰɘəɎ ɎɚŬŰŬ:Ƀɚɘɓɑɜɖ, ˊɡɟɞɝɏɜɘŬ (augiteəŬɘhedenbergite), Ŭɛűɘɓɩŭɖ 

(hornblende, cummingtonite əŬɘ grunerite), ɛɨəɖŰŮɠ (ɓɘɞŰɑŰɖɠ, űɚɞɔɞˊɑŰɖɠ əŬɘ 

ɔɚŬɡəɞɜɑŰɖɠ), ɢɚɤɟɑŰŮɠ əŬɘ Ɏɟɔɘɚɞɘ. 

¶ ɃɝŮɑŭɘŬ: ɀŬɔɜɖŰɑŰɖɠ, ɘɚɛŮɜɑŰɖɠ əŬɘ ŬɘɛŬŰɑŰɖɠ. 

¶ ɆɞɡɚűɑŭɘŬ: ɄɡɟɑŰɖɠ, ůŰɞɜ ɞˊɞɑɞ ŭɟŬůŰɖɟɘɞˊɞɘɞɨɜŰŬɘ Űɧůɞ ɞ ůɑŭɖɟɞɠ (II) ɧůɞ 

əŬɘ Űɞ ůɞɡɚűɑŭɘɞ ůŰɖɜ ŬɜŬɔɤɔɐ Űɞɡ Cr(VI). 

 

2.2.2.1. ȹɘůɗŮɜɐɠ Ɇɑŭɖɟɞɠ [ȹɘŬɚɡɛɏɜɞɠ Fe(II) əŬɘ ɀɏŰŬɚɚŬ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Fe(II)] 

 

ȼ ŬɜŬɔɤɔɐ Űɞɡ Cr (VI) ɛɏůɤ Fe(II) ůŮ ˊɡɟɘŰɘəɎ ɎɚŬŰŬ (ˊ.ɢ. ɓɘɞŰɑŰɖ ůŮ ŭɘɎɚɡɛŬ əŬɘ ɧɢɘ 

ůŰɖɜ ɞɟɡəŰɐ ŮˊɘűɎɜŮɘŬ) ŬɜŬűɏɟɗɖəŮ Ŭˊɧ Űɞɡɠ Eary əŬɘ Rai. (1989). 

ȷɡŰɧ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɞɡɠ Palmer əŬɘ Puls (1994) ɤɠ ɛɎɚɚɞɜ ˊŮɟɑˊɚɞəɖ ŭɘŬŭɘəŬůɑŬ. 

ȼ ˊŬɟɞɡůɑŬ Fe3+ ŬɡɝɎɜŮɘ Űɞɜ ɟɡɗɛɧ ŬɜŬɔɤɔɐɠ əŬɘ Űɞ Fe3+  ɛŮɘɩɜŮŰŬɘ ůŰɖɜ ɞɟɡəŰɐ 

ŮˊɘűɎɜŮɘŬ. Ƀ ůɑŭɖɟɞɠ ůŰɖɜ əɟɡůŰŬɚɚɘəɐ ŭɞɛɐ ɞɝŮɘŭɩɜŮŰŬɘ, Űɞ Ⱦ+ ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ ůŰɞ 

ŭɘɎɚɡɛŬ əŬɘ Űɞ Cr (VI) ůŮ ŭɘɎɚɡɛŬ ůŰɖ ůɡɜɏɢŮɘŬ ŬɜɎɔŮŰŬɘ ɛŮ Űɞ Fe2+. ɇɞ Fe3+ ˊɞɡ 

ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŬɡŰɐ Űɖɜ ŬɜŰɑŭɟŬůɖ ŬɜŬɔɤɔɐɠ ŬˊɞɟɟɞűɎŰŬɘ ŰɧŰŮ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ 

ɓɘɞŰɑŰɖ ɧˊɞɡ əŬɘ ˊɎɚɘ ɛŮɘɩɜŮŰŬɘ ůŮ Fe2+. ȼ ŬɜŬɔɤɔɐ Űɞɡ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ, ɏɢŮɘ 

ˊŬɟŬŰɖɟɖɗŮɑ ůŮ ŭɘɎűɞɟŮɠ ɛŮɚɏŰŮɠ. 

 

ȼ ŬɜŬɔɤɔɐ Űɞɡ Cr(VI) ɛɏůɤ Fe(II) ůŮ ˊɡɟɑŰɖ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɖɜ ŮɟɔŬůɑŬ Űɞɡ Lancy 

(1966), ɞ ɞˊɞɑɞɠ ˊɟɧŰŮɘɜŮ ɧŰɘ ɞ ˊɡɟɑŰɖɠ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɢɟɖůɘɛɞˊɞɘɖɛɏɜɤɜ ɣɡəŰɘəɩɜ ɡŭɎŰɤɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Cr(VI) ɤɠ 

ŬɜŬůŰɞɚɏŬ ŭɘɎɓɟɤůɖɠ ŮˊŮɘŭɐ ɖ ŬɜŬɔɤɔɐ Űɞɡ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ ŮɛűŬɜɑɕŮŰŬɘ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Űɞɡ ˊɡɟɑŰɖ əŬɘ ɧɢɘ ůŰɞ ŭɘɎɚɡɛŬ. ȼ ˊŬɟŬˊɎɜɤ ŭɘŮɟɔŬůɑŬ ˊŮɟɘŮɔɟɎűɖəŮ ɤɠ 

űŬɘɜɧɛŮɜɞ Ŭəɧɛɖ əŬɘ ůŮ ŮɚŬűɟɩɠ ŬɚəŬɚɘəɎ ŭɘŬɚɨɛŬŰŬ . ȼ ŭɞəɘɛɐ ˊŬɟŰɑŭɤɜ ˊɞɡ 

ŬɜŬűɏɟɗɖəŮ Ŭˊɧ Űɞɡɠ Blowes əŬɘ Ptacek (1992) ˊɞɡ Ŭűɞɟɞɨɜ ˊɡɟɑŰɖ Űɧůɞ ˊŬɟɞɡůɑŬ 
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ɧůɞ əŬɘ ŬˊɞɡůɑŬ ŬůɓŮůŰɑɞɡ, ɏŭŮɘɝŮ ŰŬɢɨŰŮɟɖ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ Cr(VI) ɢɤɟɑɠ 

ˊŬɟɞɡůɑŬŬůɓŮůŰɑɞɡ.  

 

Ɉˊɧ ůɡɜɗɐəŮɠɞɡŭɏŰŮɟɤɜ ɏɤɠ ŬɚəŬɚɘəɩɜ pH, ɞ Fe(II) ŮɚɏɔɢŮɘ Űɖ ŬɜŬɔɤɔɐ Űɞɡ Cr(VI) ůŮ 

űɡůɘəɎ ŬɜŬŮɟɧɓɘŬ ůɡůŰɐɛŬŰŬ (Pettine et al.1998), Ůɜɩ ůŮ ɧɝɘɜŬ ŮˊɑˊŮŭŬ pH, ɎɚɚŬ 

ŬɜŬɔɤɔɘəɎ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɎ Ŭˊɧ Űɞɜ Fe(II). ȼ Ůɛˊɚɞəɐ Űɞɡ Fe (II) 

ůŰɖ ŬɜŬɔɤɔɐ Űɞɡ Cr(VI), ɧˊɞɡ Űɞ Fe (II) (ɤɠ FeO) ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ŬɘɛŬŰɑŰɖ ɐ ɓɘɞŰɑŰɖ, 

ɛˊɞɟŮɑ ɜŬ ŮəűɟŬůŰŮɑ ɤɠ Ůɝɐɠ (Richard and Bourg,1991): 

 

[3FeO] + 6H+ + Cr(VI) (aq) = Cr(III) (aq) + 3Fe(III) (aq) + 3H2O 

 

ȼ ˊŬɟŬˊɎɜɤ ŬɜŰɑŭɟŬůɖ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ɛɘŬ ɔɟɐɔɞɟɖ ŬɜŰɑŭɟŬůɖ ɡˊɧ Űɞ ˊɟɑůɛŬ Űɤɜ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ əŬŰŬůŰɎůŮɤɜ, əŬɗɩɠ ɞɚɞəɚɖɟɩɜŮŰŬɘ ůŮ ɚɘɔɧŰŮɟɞ Ŭˊɧ 5 ɚŮˊŰɎ (Eary 

and Rai,1988). ɆŮ ɧɝɘɜŬ ɜŮɟɎ, ŰŬ ŰŮɚɘəɎ ˊɟɞɥɧɜŰŬ ŬɡŰɐɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ŮɑɜŬɘ Fe(III) əŬɘ 

Cr(ȽȽȽ) (Stollenwerk əŬɘ Grove,1985), Ůɜɩ əɎŰɤ Ŭˊɧ ɞɡŭɏŰŮɟŮɠ ɏɤɠ ŬɚəŬɚɘəɏɠ ůɡɜɗɐəŮɠ, 

Űɞ Cr(OH)3 ŮɑɜŬɘ ˊɘɗŬɜɩɠ Űɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ ɚɧɔɤ Űɖɠ ˊɞɚɨ ɢŬɛɖɚɐɠ ŭɘŬɚɡŰɧŰɖŰŬɠ Űɞɡ 

Fe(OH)3 (Rai et al.1988). ɆŰŬ ɡˊɧɔŮɘŬ ɨŭŬŰŬ ɛŮ pH ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ 4, Űɞ Cr (III) 

əŬŰŬəɟɖɛɜɑɕŮŰŬɘ ɛŮ Űɞ Fe (III) ůŮ ůŰŮɟŮɧ ŭɘɎɚɡɛŬ ɛŮ Űɖ ɔŮɜɘəɐ ůɨɜɗŮůɖ CrxFe1-x(OH)3 

(Eary and Rai, 1988, Rai et al.1987). Ƀɘ Wielinga et al.2001 ŬɜɏűŮɟŬɜ ɧŰɘ ɖ ŬɜŬɔɤɔɐ 

Űɞɡ Cr(VI) ɛɏůɤ Fe(II) ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ɛɘəɟɞɓɘŬəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ. ɀɘŬ ˊɞɘəɑɚɖ əŬɘ 

Ůɡɟɏɤɠ əŬŰŬɜŮɛɖɛɏɜɖ ɞɛɎŭŬ ɓŬəŰɖɟɑɤɜ ŮɑɜŬɘ ɘəŬɜɐ ɜŬ ůɡɕŮɡɔɜɨŮɘ Űɖɜ ɞɝŮɑŭɤůɖ Űɤɜ 

ɞɟɔŬɜɘəɩɜ ŮɜɩůŮɤɜ ɐ Űɞɡ H2 ůŰɖɜ ŬɜŬɔɤɔɐ Űɤɜ ɡŭɟɞɝŮɘŭɑɤɜ Űɞɡ ůɘŭɐɟɞɡ 

(Lovely,1993;Coates et al.1996).  

 

2.2.2.2. ɆɞɡɚűɑŭɘŬ 

 

ɇŬ ůɞɡɚűɑŭɘŬ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɏůɞɡɜ ɛŮɑɕɞɜŬ ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɖɜ ŬɜŬɔɤɔɐ Űɞɡ Cr(VI) 

ůŰɞ Cr(III). ȷɜ əŬɘ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ůɞɡɚűɑŭɘŬ ŭŮɜ ŮɑɜŬɘ ŭɘŬɚɡŰɎ, ɞɟɘůɛɏɜŬ ŭɘŬɚɡɛɏɜŬ 

ůɞɡɚűɑŭɘŬ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɢɞɡɜ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ɚɧɔɤ ŭɘŮɟɔŬůɘɩɜ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

Űɖɜ Ŭˊɧɟɟɘɣɖ ɓɘɞɛɖɢŬɜɘəɩɜ ŬˊɞɓɚɐŰɤɜ, Űɖɜ ŬˊɞůɨɜɗŮůɖ Űɖɠ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ əŬɘ Űɖ 

ɛŮɑɤůɖ Űɤɜ ɗŮɘɘəɩɜ ŬɚɎŰɤɜ (ɛɘŬ əɞɘɜɐ ŭɘŬŭɘəŬůɑŬ ůŰɖ ɓɘɞŬˊɞɘəɞŭɧɛɖůɖ Űɤɜ 

ɢɚɤɟɘɤɛɏɜɤɜ ɢɖɛɘəɩɜ ɞɡůɘɩɜ ŭɘŬɚɡŰɩɜ). Ƀɘ ŮɟɔŬůŰɖɟɘŬəɏɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŬɜŬűɏɟŮɘ ɧŰɘ 

ɖ ŬɜŬɔɤɔɐ Űɞɡ Cr(VI) ɛɏůɤ ůɞɡɚűɘŭɑɤɜ ŬɟɢɘəɎ ŮɑɜŬɘ ɔɟɐɔɞɟɖ, ŮˊɘɓɟŬŭɨɜŮŰŬɘ ůŮ ɚɑɔŬ 

ɚŮˊŰɎ, ŬɚɚɎ űŰɎɜŮɘ ůŰɖ ůɡɛˊɚɐɟɤůɖ ɛŮŰɎ Ŭˊɧ ɛɘŬ ɖɛɏɟŬ (SchroederandLee,1975). Ƀɘ 

ɟɡɗɛɞɑ ŬɜŬɔɤɔɐɠ Űɞɡ Cr (VI) ɛŮ H2S ɏɢɞɡɜ ɛŮɚŮŰɖɗŮɑ Ŭˊɧ Űɞɡɠ Pettine et al. (1994). 

 

2.2.2.3. ɃɟɔŬɜɘəɐ ȴɚɖ 

 

ȼ ɞɟɔŬɜɘəɐ ɨɚɖ ŬˊɞŰŮɚŮɑ ɏɜŬ ůɖɛŬɜŰɘəɧ ŬɜŬɔɤɔɘəɧ ˊŬɟɎɔɞɜŰŬ ůŰŬ ŮŭɎűɖ. ɀŮɔɎɚɖ 

ˊɞůɧŰɖŰŬ Űɖɠ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ (ɞɟɔŬɜɘəɧɠ ɎɜɗɟŬəŬɠ) ůŰŬ ŮŭɎűɖ ŮɑɜŬɘ ˊŬɟɞɨůŬ ɤɠ 
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ɢɞɡɛɘəɎ űɤůűɞɟɘəɎ ŬɚɚɎ əŬɘ ɤɠ ŬˊɚɎ ŬɛɘɜɞɝɏŬ. ȼ ŬɜŬɔɤɔɐ Űɞɡ Cr(VI) Ŭˊɧ ŰŬ ɢɞɡɛɘəɎ 

əŬɘ ŰŬ űɤůűɞɟɘəɎ ɞɝɏŬ Űɞɡ ŮŭɎűɞɡɠ ɏɢŮɘ ŬɜŬŭŮɘɢɗŮɑ Ŭˊɧ ŬɟəŮŰɞɨɠ ŮɟŮɡɜɖŰɏɠ ɧˊɤɠ ˊ.ɢ. 

ůŰɖɜ ɛŮɚɏŰɖ Űɤɜ Palmer and Puls (1994). ȷɡŰɐ ɖ ŬɜŬɔɤɔɐ, ɏɢŮɘ ɏɜŬ ŮɜŭɘɎɛŮůɞ Ůɑŭɞɠ, Űɞ 

Cr(V), ŮɡɜɞŮɑŰŬɘ Ŭˊɧ ɧɝɘɜŮɠ ůɡɜɗɐəŮɠ (Stollenwerk and Grove,1985).Ƀ ɟɡɗɛɧɠ 

ŬɜŬɔɤɔɐɠ Űɞɡ Cr(VI) ɛŮɘɩɜŮŰŬɘ ɛŮ ŬɡɝŬɜɧɛŮɜɞ pȼ, ŬɡɝɎɜŮŰŬɘ ɛŮ Űɖɜ ŬɡɝŬɜɧɛŮɜɖ Ŭɟɢɘəɐ 

ůɡɔəɏɜŰɟɤůɖ Cr(VI) əŬɘ ŬɡɝɎɜŮŰŬɘ Ůˊɑůɖɠ əŬɗɩɠ ŬɡɝɎɜŮŰŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ Űɖɠ ɢɖɛɘəɐɠ 

ɞɡůɑŬɠ Űɞɡ ŮŭɎűɞɡɠ (Palmer and Puls, 1994). ɆŮ ˊɞɚɨ ɢŬɛɖɚɧ pH, ɛŮɚɏŰŮɠ ŭŮɑɢɜɞɡɜ ɧŰɘ 

ɞ ɢɟɧɜɞɠ ɖɛɘɕɤɐɠ ɔɘŬ Űɖ ŬɜŬɔɤɔɐ Űɞɡ Cr(VI) ɛŮ ŰŬ ɢɞɡɛɘəɎ ɞɝɏŬ ŮɑɜŬɘ ˊŮɟɑˊɞɡ ŰɟŮɘɠ 

ɖɛɏɟŮɠ, Ůɜɩ ŬˊŬɘŰɞɨɜŰŬɘ ŬɟəŮŰɏɠ ɖɛɏɟŮɠ ůŰɞ Ůɨɟɞɠ Űɘɛɩɜ pH Ŭˊɧ 4 ɏɤɠ 7 (Eckert et 

al.1990). 

 

2.2.2.4. ɈˊŮɟɞɝŮɑŭɘɞ Űɞɡ Ɉŭɟɞɔɧɜɞɡ ( H2O2) 

 

Ƀ ɟɧɚɞɠ Űɞɡ H2O2 ůŰɖ ŬɜŬɔɤɔɐ Űɞɡ Cr (VI) ůɡɕɖŰŮɑŰŬɘ Ŭˊɧ Űɞɡɠ Pettine et al, 2002  ˊɞɡ 

ˊŮɟɘɔɟɎűɞɡɜ Űɞ H2O2 ɤɠ ɞɝŮɘŭɤŰɘəɧ Űɞɡ Cr (III) ůŮ pH ɛŮɔŬɚɨŰŮɟŬ Űɞɡ 7,5 ŬɚɚɎ ɤɠ ɏɜŬ 

ŬɜŬɔɤɔɘəɧ ůŮ ɢŬɛɖɚɧŰŮɟɞ pH, ɛŮ Űɖɜ ŬɜŰɞɢɐ Űɞɡ ɤɠ ŬɜŬɔɤɔɘəɧ ˊŬɟɎɔɞɜŰŬ ɜŬ 

ŬɡɝɎɜŮŰŬɘ ůɖɛŬɜŰɘəɎ ůŮ ɢŬɛɖɚɎ pH. ɆŮ ɧɝɘɜŬ ŬˊɧɓɚɖŰŬ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɔɚɡəɧ ɜŮɟɧ əŬɘ 

ůŮ ŬŰɛɞůűŬɘɟɘəɎ ɡŭŬŰɘəɎ ɛɏůŬ ɛŮ pȼ ˊɞɡ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 1 ɏɤɠ 5, ɖ ŬɜŬɔɤɔɐ Űɞɡ Cr 

(VI) ɛŮ H2O2 ŮɑɜŬɘ ɗŮɟɛɞŭɡɜŬɛɘəɎ ŮűɘəŰɐ əŬɘ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ŭɘŮɟɔŬůɑŮɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ Cr(VI) Ŭˊɧ  ɚɨɛŬŰŬ (Eary and Rai, 1988). ɆŰɖɜ 

ŰŮɚŮɡŰŬɑŬ, ɖ ŬɜŬɔɤɔɐ Űɞɡ Cr (VI) ɛŮ H2O2 ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɘŬ ˊɟɞəŬŰŬɟəŰɘəɐ ɛŮŰŬŰɟɞˊɐ 

Űɞɡ Cr(VI) ůŮ Cr(III) əŬɘ Űɖɜ ŮˊŬəɧɚɞɡɗɖ əŬŰŬəɟɐɛɜɘůɖ Űɞɡ. 

 

2.2.3 Ʉɟɞůɟɧűɖůɖ 

 

2.2.3.1. Ƀɟɘůɛɧɠ əŬɘ ɔŮɜɘəɎ ůŰɞɘɢŮɑŬ 

 

ɀŮ Űɞɜ ɧɟɞ ˊɟɞůɟɧűɖůɖ, ɜɞŮɑŰŬɘ ɖ ŭɘŮɟɔŬůɑŬ ŭɘŬɢɤɟɘůɛɞɨ ŭɘŬűɧɟɤɜ ŬŮɟɑɤɜ ɐ ɡɔɟɩɜ 

ɛɘɔɛɎŰɤɜ ɓŬůɘɕɧɛŮɜɖ ůŰɖɜ ɘŭɘɧŰɖŰŬ ɞɟɘůɛɏɜɤɜ ˊɞɟɤŭɩɜ ůŰŮɟŮɩɜ ůɤɛɎŰɤɜ 

(ˊɟɞůɟɞűɖŰɏɠ) ɜŬ ˊɟɞůɟɞűɞɨɜ ŮəɚŮəŰɘəɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡɠ, ɛŮ űɡůɘəɧ ɐ ɢɖɛɘəɧ 

Űɟɧˊɞ, ŭɘɎűɞɟŬ ůɡůŰŬŰɘəɎ Űɞɡ ɛɑɔɛŬŰɞɠ. ɀŮ ɎɚɚŬ ɚɧɔɘŬ ɖ ˊɟɞůɟɧűɖůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ 

Űɖɜ ɛŮŰŬűɞɟɎ ɛɎɕŬɠ Ůɜɧɠ ůɡůŰŬŰɘəɞɨ Ŭˊɧ ɛɘŬ ɟŮɡůŰɐ űɎůɖ ůŮ ɛɑŬ ŮˊɘűɎɜŮɘŬ ůŰŮɟŮɞɨ, 

ɧˊɞɡ Űɞ ůɡůŰŬŰɘəɧ ůɡɔəɟŬŰŮɑŰŬɘ ˊɚɏɞɜ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ ŭɡɜɎɛŮɤɜ ɏɚɝŮɤɠ ɛŮŰŬɝɨ Űɤɜ 

ɛɞɟɑɤɜ Űɞɡ ŬŮɟɑɞɡ ɐ ɡɔɟɞɨ əŬɘ Űɤɜ ɛɞɟɑɤɜ Űɖɠ ůŰŮɟŮɐɠ ŮˊɘűɎɜŮɘŬɠ.(ũŮɜŰŮəɎəɖɠ, 2010) 

ɇɞ űŬɘɜɧɛŮɜɞ Űɖɠ ˊɟɞůɟɧűɖůɖɠ ɛˊɞɟŮɑ ɜŬ ɢɤɟɘůŰŮɑ ůŮ ŭɨɞ Ůˊɘɛɏɟɞɡɠ űŬɘɜɧɛŮɜŬ. ɇɞ 

ˊɟɩŰɞ ŮɑɜŬɘ ŬɡŰɧ Űɖɠ ˊɟɞůɟɧűɖůɖɠ (adsorption) Űɞ ɞˊɞɑɞ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ůɡɔəɟɎŰɖůɖ 

Ŭˊɧ Űɖɜ ŮɝɤŰŮɟɘəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ ůŰŮɟŮɞɨ əŬɘ ŬɡŰɧ Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ (absorption) ˊɞɡ 

ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ůɡɔəɟɎŰɖůɖ Ŭˊɧ Űɖɜ ŮůɤŰŮɟɘəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ ůŰŮɟŮɞɨ. ȰɢŮɘ 

ŮˊɘəɟŬŰɐůŮɘ ɞ ɧɟɞɠ Űɖɠ ˊɟɞůɟɧűɖůɖɠ ɐ ɟɧűɖůɖɠ ɔɘŬ ɜŬ ˊŮɟɘɔɟɎɣŮɘ ŰŬ ŭɨɞ ˊŬɟŬˊɎɜɤ 

űŬɘɜɧɛŮɜŬ, əŬɗɩɠ ŮɑɜŬɘ ŭɨůəɞɚɖ ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɞɡɠ Ŭűɞɨ ŭɘɏˊɞɜŰŬɘ Ŭˊɧ Űɞɡɠ ɑŭɘɞɡɠ 
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ɜɧɛɞɡɠ ɤůŰɧůɞ ŮɑɜŬɘ ɢɟɐůɘɛɞ ɜŬ ŬɜŬűŮɟɗŮɑ ˊɤɠ ŮɑɜŬɘ ŭɨɞ ŭɘŬəɟɘŰɎ űŬɘɜɧɛŮɜŬ, ŰŬ ɞˊɞɑŬ 

ŰŮɑɜɞɡɜ ɜŬ ůɡɔɢɏɞɜŰŬɘ. 

 

 

ȺűŬɟɛɞɔɏɠ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɖɠ ˊɟɞůɟɧűɖůɖɠ ŮɑɜŬɘ: 

 

¶ ȷˊɞɛɎəɟɡɜůɖ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ Ŭˊɧ Űɞ ˊɧůɘɛɞ ɜŮɟɧ. 

¶ ȷˊɞɛɎəɟɡɜůɖ  Űɞɝɘəɩɜ ɞɡůɘɩɜ Ŭˊɧ ɡɔɟɎ ɓɘɞɛɖɢŬɜɘəɎ ŬˊɧɓɚɖŰŬ. 

¶ ȷˊɞɛɎəɟɡɜůɖ  ɞůɛɐɠ əŬɘ ɔŮɨůɖɠ Ŭˊɧ Űɞ ˊɧůɘɛɞ ɜŮɟɧ. 

¶ ȷˊɞɛɎəɟɡɜůɖ ŬŰɛɩɜ ɞɟɔŬɜɘəɩɜ ŭɘŬɚɡŰɩɜ Ŭˊɧ ŬˊŬɏɟɘŬ. 

¶ ȷˊɞɢɟɤɛŬŰɘůɛɧɠ ɜŮɟɞɨ ɐ ɡɔɟɩɜ Űɟɞűɑɛɤɜ. 

¶ ȷˊɞɢɚɤɟɑɤůɖ ɜŮɟɞɨ. 

¶ ɀɎůəŮɠ ŬŰɞɛɘəɐɠ ˊɟɞůŰŬůɑŬɠ ůŮ ŮˊɘəɑɜŭɡɜŬ ɓɘɞɛɖɢŬɜɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ ɐ ůŮ 

ˊŮɟɑˊŰɤůɖ ɢɖɛɘəɞɨ ˊɞɚɏɛɞɡ. 

 

ȼ ɟɧűɖůɖ, ŭɘŬəɟɑɜŮŰŬɘ ůŮ űɡůɘəɐ, ɢɖɛɘəɐ əŬɘ ɖɚŮəŰɟɞůŰŬŰɘəɐ ŬɜɎɚɞɔŬ ɛŮ Űɞ Ůɑŭɞɠ Űɤɜ 

ŭŮůɛɩɜ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɖɠ ɟɞűɖɛɏɜɖɠ ɞɡůɑŬɠ əŬɘ Űɞɡ ˊɟɞůɟɞűɖŰɐ. 

ȰŰůɘ, ɛˊɞɟɞɨɛŮ ɜŬ ɛɘɚɎɛŮ ɔɘŬ űɡůɘəɐ ɟɧűɖůɖ ɧŰŬɜ ŰŬ ɛɧɟɘŬ Űɞɡ ɟɞűɖɛɏɜɞɡ Ůɑŭɞɡɠ 

ŬɜŬˊŰɨůůɞɡɜ ɛŮ Űɖɜ ŮˊɘűɎɜŮɘŬ ŭɡɜɎɛŮɘɠ ůɡɔəɟɎŰɖůɖɠ Űɨˊɞɡ van der Waals Ůɜɩ ɔɘŬ  

ɢɖɛɘəɐ ɟɧűɖůɖ ɐ ɢɖɛŮɘɞɟɧűɖůɖ ɧŰŬɜ ɡűɑůŰŬŰŬɘ ůɡɜŮɘůűɞɟɎ ɖɚŮəŰɟɞɜɑɤɜ, ŭɖɚŬŭɐ 

ŭɡɜɎɛŮɘɠ ɢɖɛɘəɞɨ ŭŮůɛɞɨ ɛŮŰŬɝɨ ɟɞűɖɛɏɜɤɜ ɛɞɟɑɤɜ əŬɘ ŮˊɘűɎɜŮɘŬɠ. 

 

ɆŰɖɜ űɡůɘəɐ ɟɧűɖůɖ, ɖ ɗŮɟɛɧŰɖŰŬ ɟɧűɖůɖɠ ŮɑɜŬɘ ɛɘəɟɐ (ɛɘəɟɧŰŮɟɖ Ŭˊɧ 10 kcal/mol) əŬɘ 

ůɢŮŭɧɜ ɑůɖ ɛŮ Űɖɜ ɗŮɟɛɧŰɖŰŬ ɡɔɟɞˊɞɑɖůɖɠ Űɖɠ ˊɟɞůɟɞűɧɛŮɜɖɠ ɞɡůɑŬɠ. ɇŬɡŰɧɢɟɞɜŬ, 

ŭŮɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬɜŰŬɚɚŬɔɐ ɖɚŮəŰɟɞɜɑɤɜ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ ɢɖɛɘəɐ ɟɧűɖůɖ. ȺɑɜŬɘ 

ɏɜŬ űŬɘɜɧɛŮɜɞ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ Űɞɜ ůɢɖɛŬŰɘůɛɧ ˊɞɚɡůŰɞɘɓŬŭɘəɐɠ ˊɟɞůɟɧűɖůɖɠ, 

ŭɖɚŬŭɐ, ŰŬ ˊɟɞůɟɞűɖɛɏɜŬ ɛɧɟɘŬ, ůɢɖɛŬŰɑɕɞɡɜ ůŮ ɢŬɛɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ 

ɛɞɜɞůŰɞɘɓɎŭŮɠ əŬɘ ůŮ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ˊɞɚɚŬˊɚɏɠ ůŰɞɘɓɎŭŮɠ.ɇɏɚɞɠ, ɖ űɡůɘəɐ 

ˊɟɞůɟɧűɖůɖ ŬˊɞŰŮɚŮɑ ɛɘŬ ɛɖ-Ůɘŭɘəɐ ŭɘŮɟɔŬůɑŬ, ɛŮ Űɖɜ ɏɜɜɞɘŬ ɧŰɘ ɏɜŬ Ŭɏɟɘɞ 

ˊɟɞůɟɞűɎŰŬɘ ůŮ ŭɘɎűɞɟŬ ɡˊɞůŰɟɩɛŬŰŬ. 

 

ɆŰɖɜ ɢɖɛɘəɐ ɟɧűɖůɖ, ɐ Ŭɚɚɘɩɠ ɢɖɛŮɘɞɟɧűɖůɖ, ɖ ɗŮɟɛɧŰɖŰŬ ɟɧűɖůɖɠ ŮɑɜŬɘ ɛŮɔɎɚɖ 

(ɛŮŰŬɝɨ 10 əŬɘ 100 kcal/mol) Ůɜɩ ˊŬɟɎɚɚɖɚŬ ŮɑɜŬɘ ɛɞɜɞůŰɞɘɓŬŭɘəɐ əŬɘ Ůɘŭɘəɐ, ŭɖɚŬŭɐ, 

Űɞ ɞˊɞɘɞŭɐˊɞŰŮ ɟŮɡůŰɧ ɛˊɞɟŮɑ ɜŬ ˊɟɞůɟɞűɖɗŮɑ ñɢɖɛɘəɎò ɛɧɜɞ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜŮɠ 

ůŰŮɟŮɏɠ ŮˊɘűɎɜŮɘŮɠ. ɇŬɡŰɧɢɟɞɜŬ, ɞ Ŭɟɘɗɛɧɠ Űɤɜ ˊɟɞůɟɞűɖɛɏɜɤɜ ɛɞɟɑɤɜ ŮɑɜŬɘ 

ŬɛŮŰɎɓɚɖŰɞɠ ůŮ ɛɘŬ ɛŮɔɎɚɖ ˊŮɟɘɞɢɐ ɗŮɟɛɞəɟŬůɘɩɜ. ɃűŮɑɚŮɘ Űɖɜ ɞɜɞɛŬůɑŬ Űɞɡ ůŰɞ 

ɔŮɔɞɜɧɠ ˊɤɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬɜŰŬɚɚŬɔɐ ɖɚŮəŰɟɞɜɑɤɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ 

ɢɖɛɘəɞɨ ŭŮůɛɞɨ ɛŮŰŬɝɨ Űɖɠ ˊɟɞůɟɞűɧɛŮɜɖɠ ɞɡůɑŬɠ əŬɘ Űɞɡ ůŰŮɟŮɞɨ 

ˊɟɞůɟɞűɖŰɐ.ɇɏɚɞɠ, ŬˊɞŰŮɚŮɑ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ɛɖ ŬɜŰɘůŰɟŮˊŰɐ əŬɘ ŰŬɡŰɧɢɟɞɜŬ Ŭɟɔɐ. 
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ɆŰɖɜ ɖɚŮəŰɟɞůŰŬŰɘəɐ ɟɧűɖůɖ, ɖ ˊɟɞůɟɧűɖůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əɎŰɤ Ŭˊɧ Űɖɜ 

ŮˊɑŭɟŬůɖ ɖɚŮəŰɟɞůŰŬŰɘəɐɠ ɏɚɝɖɠ ŬɜɎɛŮůŬ ůŰɖɜ ˊɟɞůɟɞűɧɛŮɜɖ ɞɡůɑŬ əŬɘ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ. 

ɇɞ űŬɘɜɧɛŮɜɞ Űɖɠ ˊɟɞůɟɧűɖůɖɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜŮɘ əŬɚɨŰŮɟŬ ŬɜŰɘɚɖˊŰɧ, ɏɢŮɘ 

ˊɞůɞŰɘəɞˊɞɘɖɗŮɑ ɛɏůɤ ɛŬɗɖɛŬŰɘəɩɜ ůɢɏůŮɤɜ ˊɞɡ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ůŮ ŭɘɎɔɟŬɛɛŬ. 

ɆɡɜŭɏŮŰŬɘ ɏŰůɘ, ɖ ůɡɔəɏɜŰɟɤůɖ Űɖɠ ˊɟɞůɟɞűɧɛŮɜɖɠ ɞɡůɑŬɠ ůŮ ɏɜŬ ŭɘɎɚɡɛŬ ɛŮ Űɖɜ 

ˊɟɞůɟɞűɖɛɏɜɖ ůɡɔəɏɜŰɟɤůɖ ůŰɞɜ ůŰŮɟŮɧ ˊɟɞůɟɞűɖŰɐ ɨůŰŮɟŬ Ŭˊɧ ŮˊɑŰŮɡɝɖ 

ɘůɞɟɟɞˊɑŬɠ. Ƀɘ ŭɨɞ əɡɟɘɧŰŮɟŮɠ ɛŮŰŬɓɚɖŰɏɠ ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɖ ˊɑŮůɖ. 

 

2.2.3.2.  ȽůɧɗŮɟɛŮɠ Ʉɟɞůɟɧűɖůɖɠ 

 

ɆŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɏɝɘ ŭɘŬűɞɟŮŰɘəɞɑ Űɨˊɞɘ ɘůɧɗŮɟɛɤɜ 

ˊɟɞůɟɧűɖůɖɠ ɧˊɤɠ ɏɢɞɡɜ əŬŰɖɔɞɟɘɞˊɞɘɖɗŮɑ ůŰɖɜ ɛŮɚɏŰɖ Fletcher, 2008. 

 

 

 
ȺɘəɧɜŬ 2.3:ȽůɧɗŮɟɛŮɠ Ʉɟɞůɟɧűɖůɖɠ. 

ȺˊɘůɖɛŬɑɜŮŰŬɘ ˊɩɠ ɧɚŮɠ ɞɘ ɘůɧɗŮɟɛŮɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŰŬɘɟɘɎɕɞɡɜ ůŮ ɛɑŬ ɐ ɏɜŬɜ 

ůɡɜŭɡŬůɛɧ ɘůɧɗŮɟɛɤɜ əŬɛˊɡɚɩɜ, ɧˊɤɠ ŬɡŰɏɠ ɏɢɞɡɜ ŰŬɝɘɜɞɛɖɗŮɑ Ŭˊɧ Űɞɡɠ  Brunauer, 

Emmett, Deming əŬɘ Teller (B.D.D.T. system). 

 

Ƀɘ ɘůɧɗŮɟɛŮɠ ŬɡŰɏɠ ŮɑɜŬɘ: 

 

Á ȽůɧɗŮɟɛɖ I.ɃɜɞɛɎɕŮŰŬɘ ɘůɧɗŮɟɛɖ LangmuirəŬɘ ˊŬɟɞɡůɘɎɕŮŰŬɘ əɡɟɑɤɠ ůŮ 

ɛɘəɟɞˊɞɟɩŭɖ ɡɚɘəɎ ɛŮ ůɢŮŰɘəɎ ɛɘəɟɐ ŮˊɘűɎɜŮɘŬ. ȺɑɜŬɘ əɞɑɚɖ ˊɟɞɠ Űɞɜ ɎɝɞɜŬ 
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P/PoəŬɘ ŰŮɑɜŮɘ ŬůɡɛˊŰɤŰɘəɎ ůŮ ɛɑŬ Űɘɛɐ ˊɟɞůɟɞűɖɛɏɜɖɠ ˊɞůɧŰɖŰŬɠ ɧŰŬɜ ɖ 

ůɢŮŰɘəɐ ˊɑŮůɖ ŰŮɑɜŮɘ ůŰɖ ɛɞɜɎŭŬ. 

Á ȽůɧɗŮɟɛɖ II (ŬɜŰɘůŰɟŮˊŰɐ ɘůɧɗŮɟɛɖ).ȷɜŰɘˊɟɞůɤˊŮɨŮɘ ɛɑŬ ɛɖ ŭɘŬəɟɘŰɐ 

ɛɞɜɞɛɞɟɘŬəɐ-ˊɞɚɡɛɞɟɘŬəɐ ɟɧűɖůɖ ůŮ ŮŰŮɟɞɔŮɜɐ ŮˊɘűɎɜŮɘŬ. Ƀɘ EmmettəŬɘ 

BrunauerɡˊɞůŰɐɟɘɝŬɜ ˊɤɠ Űɞ ůɖɛŮɑɞ əŬɛˊɐɠ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ Űɏɚɞɠ Űɞɡ 

ɛɞɜɞɛɞɟɘŬəɞɨ ůŰɟɩɛŬŰɞɠ əŬɘ Űɖɜ Ŭɟɢɐ Űɖɠ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡ ˊɞɚɡɛɞɟɘŬəɞɨ 

ůŰɟɩɛŬŰɞɠ. 

Á ȽůɧɗŮɟɛɖ III.ȷɡŰɧɠ ɞ Űɨˊɞɠ ɗŮɤɟŮɑŰŬɘ ˊɞɚɨ ůˊɎɜɘɞɠ əŬɘ ŮɛűŬɜɑɕŮɘ ŬůɗŮɜŮɑɠ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ˊɟɞůɟɞűɖŰɩɜ əŬɘ Űɖɠ ˊɟɞůɟɞűɖɛɏɜɖɠ 

ɞɡůɑŬɠ, Ŭűɞɨ ɞɘ ŮɜɏɟɔŮɘŮɠ ɟɧűɖůɖɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟŮɠ Űɤɜ ŮɜŮɟɔŮɘɩɜ 

ɡɔɟɞˊɞɑɖůɖɠ Űɤɜ ˊɟɞůɟɞűɖɛɏɜɤɜ ŬŮɟɑɤɜ. ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ŭŮɜ 

ˊŬɟɞɡůɘɎɕŮɘ ůɖɛŮɑɞ əŬɛˊɐɠ Ŭűɞɨ Űɞ ŭɘɎɔɟŬɛɛŬ ŮɑɜŬɘ əɞɑɚɞ ˊɟɞɠ Űɞɜ ɎɝɞɜŬ 

Űɖɠ ˊɟɞůɟɞűɖɛɏɜɖɠ ˊɞůɧŰɖŰŬɠ. 

Á ȽůɧɗŮɟɛɖ IV.ɄŬɟŬŰɖɟŮɑŰŬɘ ɛɑŬ Ŭɨɝɖůɖ Űɖɠ əɚɑůɖɠ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ůŰɘɠ 

ɡɣɖɚɧŰŮɟŮɠ ůɢŮŰɘəɏɠ ˊɘɏůŮɘɠ. ȷɡŰɧ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ŭɨɝɖůɖ Űɞɡ 

ɟɡɗɛɞɨ Űɖɠ ˊɟɞůɟɧűɖůɖɠ ɛŮ Űɖɜ ˊɚɐɟɤůɖ Űɤɜ ˊɧɟɤɜ. ɈˊɎɟɢŮɘ ůɖɛŮɑɞ 

əŬɛˊɐɠ ůŰɞ ŭɘɎɔɟŬɛɛŬ ˊɞɡ ŭɖɚɩɜŮɘ Űɞ Űɏɚɞɠ Űɖɠ ŭɖɛɘɞɡɟɔɑŬɠ Űɖɠ ˊɟɩŰɖɠ 

ɛɞɜɞůŰɞɘɓɎŭŬɠ. ȺɛűŬɜɑɕŮŰŬɘ əɡɟɑɤɠ ɔɘŬ ɛŮůɞˊɞɟɩŭŮɘɠ ɓɘɞɛɖɢŬɜɘəɞɨɠ 

ˊɟɞůɟɞűɖŰɏɠ. ȳŰŬɜ ɞ əɚɎŭɞɠ Űɖɠ ɘůɧɗŮɟɛɖɠ ɟɧűɖůɖɠ ŭŮɜ ůɡɛˊɑˊŰŮɘ ɛŮ Űɞɜ 

əɚɎŭɞ Űɖɠ Ůəɟɧűɖůɖɠ ɏɢɞɡɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ɓɟɧɔɢɤɜ ɡůŰɏɟɖůɖɠ. Ƀɘ 

ɓɟɧɔɢɞɘ ɡůŰɏɟɖůɖɠ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŰɟɘɢɞŮɘŭɞɨɠ ůɡɛˊɨəɜɤůɖɠ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰɞɡɠ ɛŮůɞˊɧɟɞɡɠ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ˊɧɟɤɜ. 

Á ȽůɧɗŮɟɛɖ V.ȾŬɘ ůŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ ɏɢɞɡɛŮ ŬůɗŮɜŮɑɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ 

ɛŮŰŬɝɨ ˊɟɞůɟɞűɖŰɐ əŬɘ ˊɟɞůɟɞűɖɛɏɜɖɠ ɞɡůɑŬɠ. ȺɛűŬɜɑɕŮŰŬɘ əŬɘ ŬɡŰɐ ɔɘŬ 

ɛŮůɞˊɞɟɩŭŮɘɠ ɓɘɞɛɖɢŬɜɘəɞɨɠ ˊɟɞůɟɞűɖŰɏɠ. ɄŬɟŬŰɖɟɞɨɜŰŬɘ Ůˊɑůɖɠ 

ɓɟɧɔɢɞɘ ɡůŰɏɟɖůɖɠ, ˊɞɡ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɛɞɟűɐ ŮɑɜŬɘ ůɡɜɏˊŮɘŬ Űɖɠ 

ˊɚɐɟɤůɖɠ Űɤɜ ɛɘəɟɞˊɧɟɤɜ. 

Á ȽůɧɗŮɟɛɖ VI. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɓɖɛŬŰɘəɐ ˊɞɚɡůŰɟɤɛŬŰɘəɐ ɟɧűɖůɖ ůŮ ɞɛɞɔŮɜɐ, 

ɛɖ ˊɞɟɩŭɖ ŮˊɘűɎɜŮɘŬ. ɇɞ ɎɚɛŬ ůŮ əɎɗŮ ɓɐɛŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ůŰŬɗŮɟɧ ɐ 

ɛŮŰŬɓɚɖŰɧ, əŬɘ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ ɛɞɜɞůŰɟɤɛŬŰɘəɐ əɎɚɡɣɖ ɔɘŬ əɎɗŮ 

ůŰɞɘɓɎŭŬ ɟɧűɖůɖɠ. 

 

ȷˊɧ Űɘɠ ɏɝɘ (6) ˊŬɟŬˊɎɜɤ ɘůɧɗŮɟɛŮɠ, ɞɘ ˊŬɟŬəɎŰɤ ŮɑɜŬɘ ɞɘ ˊɘɞ ůɖɛŬɜŰɘəɏɠ əŬɘ ůɡɜɐɗŮɘɠ: 

 

ȽůɧɗŮɟɛɞɠ Langmuir 

 

ȼ ɘůɧɗŮɟɛɞɠ Langmuir ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

eq
=  e

e

bCI

QbC

+
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ɧˊɞɡ 

 

qe = ȼ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ˊɟɞůɟɞűɐɛŬŰɞɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ˊɟɞůɟɞűɖŰɐ ɛŮŰɎ Űɖɜ 

ŮˊɑŰŮɡɝɖ Űɖɠ   ɘůɞɟɟɞˊɑŬɠ, mg/g 

Ce= H ůɡɔəɏɜŰɟɤůɖ Űɞɡ ˊɟɞůɟɞűɐɛŬŰɞɠ ůŰɞ ŭɘɎɚɡɛŬ ɛŮŰɎ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ   

ɘůɞɟɟɞˊɑŬɠ, mg/l  

Q = ɄŬɟɎɛŮŰɟɞɠ Űɖɠ ɘůɧ, mg/g. ɄŬɟɘůŰɎ Űɖ ɛɏɔɘůŰɖ ŮˊɘűŬɜŮɘŬəɐ ůɡɔəɏɜŰɟɤůɖ. 

b = ɄŬɟɎɛŮŰɟɞɠ Űɖɠ ɘůɞɗɏɟɛɞɡ, l/mg 

 

H Ůɝɑůɤůɖ Űɖɠ ɘůɧɗŮɟɛɖɠ Langmuir ɛˊɞɟŮɑ ɜŬ ɛŮŰŬůɢɖɛŬŰɘůɗŮɑ ɤɠ Ůɝɐɠ: 

e

e

q

C

 = bQ

1

 + Q

Ce

 

ȼ ɔɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɖɠ Ůɝɑůɤůɖɠ ŬɡŰɐɠ ŮɑɜŬɘ ŮɡɗŮɑŬ ɔɟŬɛɛɐ, y=Ŭx+ɓ,  

ɧˊɞɡ y= e

e

q

C

  , x = Ce, Ŭ = Q

1

 əŬɘ  ɓ =bQ

1

 

 

ȼ Ůɝɑůɤůɖ Langmuir ˊɟɞɏəɡɣŮ ɛɏůɤ ɛɘŬɠ ůŮɘɟɎɠ ɡˊɞɗɏůŮɤɜ: 

1. Ƀ ˊɟɞůɟɞűɖŰɐɠ ŭɘŬɗɏŰŮɘ ɏɜŬɜ ůŰŬɗŮɟɧ Ŭɟɘɗɛɧ ɗɏůŮɤɜ ˊɟɞůɟɧűɖůɖɠ 

2. ɆŰɖɜ əŬŰɎůŰŬůɖ ɘůɞɟɟɞˊɑŬɠ, ůɢɖɛŬŰɑɕŮŰŬɘ ɛɧɜɞ ɛɘŬ ůŰɞɘɓɎŭŬ ˊɟɞůɟɞűɐɛŬŰɞɠ 

(ɛɞɜɞůŰɟɤɛŬŰɘəɐ əɎɚɡɣɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ) 

3. ȼ ɗŮɟɛɧŰɖŰŬ ˊɟɞůɟɧűɖůɖɠ (ȹȼ) ŮɑɜŬɘ ůŰŬɗŮɟɐ ɔɘŬ ɧɚŬ ŰŬ ůɖɛŮɑŬ ˊɟɞůɟɧűɖůɖɠ 

(ɞɛɞɘɞɔŮɜɐɠ ŮˊɘűɎɜŮɘŬ) 

4. ȹŮɜ ɡűɑůŰŬŰŬɘ ŬɚɚɖɚŮˊɑŭɟŬůɖ ŬɜɎɛŮůŬ ůŰŬ ˊɟɞůɟɞűɖɛɏɜŬ ɛɧɟɘŬ 

 

ȼ ŮˊɑŭɟŬůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɖɜ ˊɟɞůɟɧűɖůɖ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɔɟŬűŮɑ ɛŮ Űɖ ɗŮɩɟɖůɖ 

ɧŰɘ ɖ ˊŬɟɎɛŮŰɟɞɠ b ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɔɟŬűŮɑ ɛŮ ɓɎůɖ Űɖɜ Ůɝɑůɤůɖ vanôtHoff Űɖɠ 

ɗŮɟɛɞŭɡɜŬɛɘəɐɠ: 

öö
÷

õ
ææ
ç

å
-

D
=

122

1 11
ln

TTR

H

b

b O

 
ɧˊɞɡ:    ɇŬ =  ŪŮɟɛɞəɟŬůɑŬ, Ⱦ 

 ȹȼɃ=  ɀŮŰŬɓɞɚɐ ŮɜɗŬɚˊɑŬɠ əŬŰɎ Űɖɜ ˊɟɞůɟɧűɖůɖ ůŮ ɘŭŬɜɘəɏɠ 

ůɡɜɗɐəŮɠ        ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ˊɑŮůɖɠ, cal/mol 

 R= ɄŬɔəɧůɛɘŬ ůŰŬɗŮɟɎ ŬŮɟɑɤɜ 

 

ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ȹȼɃ<0, ɞˊɧŰŮ ŮɚɎŰŰɤůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ ůɡɜŮˊɎɔŮŰŬɘ Ŭɨɝɖůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ ˊɟɞůɟɧűɖůɖɠ, qe. 
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ȼ Ůɝɑůɤůɖ Langmuir, ɧˊɤɠ ˊŮɟɘŮɔɟɎűɖəŮ ˊŬɟŬˊɎɜɤ, ɘůɢɨŮɘ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Ůɜɧɠ  

ɛɧɜɞɜ ˊɟɞůɟɞűɐɛŬŰɞɠ. ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɡˊɎɟɢɞɡɜ ˊŮɟɘůůɧŰŮɟŬ Űɞɡ Ůɜɧɠ 

ˊɟɞůɟɞűɐɛŬŰɞɠ, ŰŬ ɛɧɟɘŬ Űɞɡ əɎɗŮ Ůɜɧɠ Ůɝ ŬɡŰɩɜ ŬɜŰŬɔɤɜɑɕɞɜŰŬɘ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɤɜ 

ɗɏůŮɤɜ ˊɟɞůɟɧűɖůɖɠ. ȼ Ůɝɑůɤůɖ Langmuir ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŬɜŰŬɔɤɜɘůŰɘəɐɠ 

ˊɟɞůɟɧűɖůɖɠ ɏɢŮɘ Űɖ ɛɞɟűɐ: 

ä
=

+

=
n

j

jj

iii
ie

Cb

CbQ
q

1

,

1

 
 

ȳˊɞɡ:   

 
eiq , = 

H ůɡɔəɏɜŰɟɤůɖ Űɖɠ ɞɡůɑŬɠ i ůŰɖ ůŰŮɟŮɐ űɎůɖ ůŮ 

ůɡɜɗɐəŮɠ ŬɜŰŬɔɤɜɘůŰɘəɐɠ ˊɟɞůɟɧűɖůɖɠ 

 
ii bQ ,
= 

Ƀɘ ˊŬɟɎɛŮŰɟɞɘ Langmuir Űɞɡ ůɡůŰŬŰɘəɞɨ i, ɧˊɤɠ 

ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ Ŭˊɧ ˊŮɘɟɎɛŬŰŬ ˊɟɞůɟɧűɖůɖɠ Ůɜɧɠ 

ůɡůŰŬŰɘəɞɨ 

 
iC
ɐ jC

= 
ȼ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ůɡůŰŬŰɘəɞɨ i (ɐ j ŬɜŰɑůŰɞɘɢŬ) ůŰɖɜ 

ɡɔɟɐ űɎůɖ ůŮ ůɡɜɗɐəŮɠ ŬɜŰŬɔɤɜɘůŰɘəɐɠ 

ˊɟɞůɟɧűɖůɖɠ 

 n= Ƀ Ŭɟɘɗɛɧɠ Űɤɜ ůɡůŰŬŰɘəɩɜ (ˊɟɞůɟɞűɖɛɎŰɤɜ) 

 

ȼ ŮˊɧɛŮɜɖ ŮɑɜŬɘ ɖ ɘůɧɗŮɟɛɞɠ ˊɟɞůɟɧűɖůɖɠ BET: 

 

ȼ ɘůɧɗŮɟɛɞɠ ȸȺɇ (Ŭˊɧ ŰŬ ŬɟɢɘəɎ Űɤɜ Brunauer, Emmet əŬɘ Teller) ŮˊɘŰɟɏˊŮɘ Űɖɜ 

əɎɚɡɣɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ˊɟɞůɟɞűɖŰɐ ůŮ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ɛɑŬ ɛɞɟɘŬəɏɠ ůŰɞɘɓɎŭŮɠ. 

ȼ ɘůɧɗŮɟɛɞɠ ȸȺɇ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ: 

 

ù
ú

ø
é
ê

è

öö
÷

õ
ææ
ç

å
-+-

=

s

e
es

ee

C

C
BCC

BC

Q

q

)1(1)(

 
ɧˊɞɡ: Q əŬɘ ȸ: ɆŰŬɗŮɟɏɠ 

 Cs: ɆɡɔəɏɜŰɟɤůɖ əɞɟŮůɛɞɨ Űɞɡ ˊɟɞůɟɞűɐɛŬŰɞɠ 
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ȼ ɔɟŬűɘəɐ ˊŬɟɎůŰŬůɖ ȸȺɇ ŮɑɜŬɘ:  

 

 

 
ȹɘɎɔɟŬɛɛŬ 2.2: ũɟŬűɘəɐ ɄŬɟɎůŰŬůɖ ɘůɧɗŮɟɛɖɠ BET. 

ȼ ɘůɧɗŮɟɛɞɠ ȸȺɇ ɓɟɑůəŮɘ əɡɟɑɤɠ ŮűŬɟɛɞɔɐ ɧŰŬɜ Űɞ ɟŮɡůŰɧ ŮɑɜŬɘ Ŭɏɟɘɞ, Ůɜɩ ɖ ŮűŬɟɛɞɔɐ 

Űɖɠ ůŰɞ ɜŮɟɧ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɖ. ȼ Űɘɛɐ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ȸ əŬɘ Q ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɛŮ 

ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ əŬɘ ɛŮ ɔɟŬɛɛɘəɞˊɞɑɖůɖ Űɖɠ Ůɝɑůɤůɖɠ ȸȺɇ: 

ö
ö
÷

õ
æ
æ
ç

å-
+=

- s

e

ees C

C

BQ

B

BQqCC

C )1(1

)(
 

 

ɇɏɚɞɠ, ɖ ɘůɧɗŮɟɛɞɠ Freundlich: 

Ƀɘ ɡˊɞɗɏůŮɘɠ, ůŰɘɠ ɞˊɞɑŮɠ ůŰɖɟɑɕŮŰŬɘ ɖ Ůɝɑůɤůɖ Langmuir, ŭŮɜ ɘůɢɨɞɡɜ ˊɎɜŰŬ ůŮ 

ˊɟɞůɟɞűɖŰɏɠ ɛŮ ŮŰŮɟɞɔŮɜɐ ŮˊɘűɎɜŮɘŬ, ɧˊɤɠ ŮɑɜŬɘ ɞ ŮɜŮɟɔɧɠ ɎɜɗɟŬəŬɠ. ȰŰůɘ ɏɢŮɘ 

ˊɟɞŰŬɗŮɑ ɖ ŮɛˊŮɘɟɘəɐ Ůɝɑůɤůɖ Freundlich, ɖ ɞˊɞɑŬ ɏɢŮɘ Űɖ ɛɞɟűɐ: 

n

ee KCq /1=
 

ɧˊɞɡ: 
ee Cq ,
: 
Ƀɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ ˊɟɞůɟɞűɐɛŬŰɞɠ ůŰɖ ůŰŮɟŮɐ əŬɘ Űɖɜ 

ɡŭŬŰɘəɐ űɎůɖ, ŬɜŰɑůŰɞɘɢŬ, ɛŮŰɎ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ 

ɘůɞɟɟɞˊɑŬɠ 

 Ⱦ: ɄŬɟɎɛŮŰɟɞɠ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖ ɛɏɔɘůŰɖ ˊɞůɧŰɖŰŬ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ˊɟɞůɟɞűɖɗŮɑ 

 1/n:  ȷŭɘɎůŰŬŰɖ ˊŬɟɎɛŮŰɟɞɠ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ŮɜɏɟɔŮɘŬ 

ŮɜŮɟɔɞˊɞɑɖůɖɠ 

 

ȼ ɔɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɖɠ ɘůɧɗŮɟɛɖɠ Freundlich űŬɑɜŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ 
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ȹɘɎɔɟŬɛɛŬ 2.3: ũɟŬűɘəɐ ɄŬɟɎůŰŬůɖ ȽůɧɗŮɟɛɖɠ Langmuir. 

ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮűŬɟɛɞɔɩɜ ɛɖɢŬɜɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɖ ɘůɧɗŮɟɛɖ ŮɑɜŬɘ 

Ůɡɜɞɥəɐ, ɔɘŬŰɑ ˊɟɧəŮɘŰŬɘ ɔɘŬ ˊɟɞůɟɧűɖůɖ ɡŭɟɧűɞɓɤɜ ɞɟɔŬɜɘəɩɜ ɞɡůɘɩɜ ɢŬɛɖɚɩɜ 

ůɡɔəŮɜŰɟɩůŮɤɜ ůŮ ŮɜŮɟɔɧ ɎɜɗɟŬəŬ.Ƀɘ ˊŬɟɎɛŮŰɟɞɘ Ⱦ əŬɘ 1/n ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ Ŭˊɧ 

ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ əŬɘ ɨůŰŮɟŬ Ŭˊɧ ɔɟŬɛɛɘəɞˊɞɑɖůɖ Űɖɠ Ůɝɑůɤůɖɠ Freundlich: 

Ce
n

Kqe log
1

loglog +=
 

ɆȼɀȺȽɋɆȼ: ɔɘŬ n=1, ɖ ɘůɧɗŮɟɛɖ ɞɜɞɛɎɕŮŰŬɘ ɔɟŬɛɛɘəɐ. 

 

2.2.3.3. Ʉɟɞůɟɧűɖůɖ Űɞɡ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ Cr(VI) ůŮ ɏŭŬűɞɠ 

 

Ⱥɘŭɘəɏɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůɡɔəŮəɟɘɛɏɜŬ ŬɜŬűɞɟɘəɎ ɛŮ Űɖɜ ˊɟɞůɟɧűɖůɖ 

Űɞɡ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ. ɄŬɟŬŰɖɟɐɗɖəŮ ɚɞɘˊɧɜ, ˊɤɠ ɖ ŬɜŰɑŭɟŬůɖ Űɖɠ ˊɟɞůɟɧűɖůɖɠ 

Űɞɡ Cr(VI) ŭɘŬəɟɑɜŮŰŬɘ ůŮ ŭɨɞ ůŰɎŭɘŬ ŭɘŬűɞɟŮŰɘəɞɨ ɟɡɗɛɞɨ (Amacher et al.1988). ȼ Ůɜ 

ɚɧɔɤ ŬɜŰɑŭɟŬůɖ ŭŮɜ ŮɑɜŬɘ ˊɚɐɟɤɠ ŬɜŬůŰɟɏɣɘɛɖ əŬɗɩɠ ɏɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ˊɤɠ ŭŮɜ 

űɗɎɜŮɘ ůŮ ɘůɞɟɟɞˊɑŬ ŮɜŰɧɠ 24 ɤɟɩɜ, ɞɨŰŮ ɛɎɚɘůŰŬ ŮɜŰɧɠ ŭɘŬůŰɐɛŬŰɞɠ ŭɨɞ ŮɓŭɞɛɎŭɤɜ. 

ɇɞ ˊŬɟŬˊɎɜɤ űŬɘɜɧɛŮɜɞ, əŬŰɖɔɞɟɘɞˊɞɘɐɗɖəŮ ɤɠ ɢɖɛŮɘɞɟɧűɖůɖ ɚɧɔɤ Űɞɡ ɢɖɛɘəɞɨ 

ŭŮůɛɞɨ ɛŮŰŬɝɨ Űɞɡ ɢɟɤɛɑɞɡ əŬɘ Űɞɡ ŮəɎůŰɞŰŮ ˊɟɞůɟɞűɖŰɐ (Amacher et al.1988) Ůɜɩ 

ŰŬɡŰɧɢɟɞɜŬ ˊŬɟŬŰɖɟɐɗɖəŮ ˊɤɠ ɏɜŬ ɛɏɟɞɠ ŭɨɜŬŰŬɘ ɜŬ ŬɜɎɔŮŰŬɘ ůŮ ŰɟɘůɗŮɜɏɠ ɢɟɩɛɘɞ, 

ɚɧɔɤ ɞɟɔŬɜɘəɩɜ ɡɚɩɜ Űɞɡ ŮŭɎűɞɡɠ (Stollenwrek and Grove 1985). 

 

ȼ ˊɟɞůɟɧűɖůɖ Űɞɡ Cr(VI) ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɖɜ ŮəɎůŰɞŰŮ ɞɟɡəŰɐ ŮˊɘűɎɜŮɘŬ. 

ɇɏŰɞɘŮɠ ŮˊɘűɎɜŮɘŮɠ ŮɑɜŬɘ ɞɝŮɑŭɘŬ ůɘŭɐɟɞɡ, Ŭɟɔɘɚɑɞɡ, űɡůɘəɎ ŮŭɎűɖ əŬɗɩɠ ɧɛɤɠ əŬɘ 

ŬɟɔɘɚɘəɎ ɞɟɡəŰɎ(Zacharaetal.1987, Raietal.1988). ɋɠ ˊɟɞůɟɞűɖŰɏɠ Ůˊɑůɖɠ ɗŮɤɟɞɨɜŰŬɘ 

ɞɘ ŮˊɘəŬɚɨɣŮɘɠ ůŮ ɏɜŬ ůŰɟɩɛŬ ůŰŮɟŮɞɨ ɐ əŬɘ ɞɘ əɧəəɞɘ ˊɞɡ ŮɛˊŮɟɘɏɢɞɜŰŬɘ ůŰɞ ɏŭŬűɞɠ ɐ 

ůŰɞ ɞɟɡəŰɧ. ȸɎůŮɘ Űɤɜ Raietal.1989, ɖ ŬɜŰɑŭɟŬůɖ ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɖɜ ŮˊɘűŬɜŮɘŬəɐ 

ůɡɛˊɚɞəɞˊɞɑɖůɖ Űɞɡ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ ŮɑɜŬɘ ɖ ˊŬɟŬəɎŰɤ: 
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ὛὕὌ+ Ὄ+ + ὅὶὕ42ī Ÿ ὛὕὌ2+īὅὶὕ42ī 

 

ɧˊɞɡ ŰɞὛὕὌ ŬˊɞŰŮɚŮɑ ɛɘŬ ŬɜɧɟɔŬɜɖ ɗɏůɖ ɡŭɟɞɝɡɚɑɞɡ ŮɑŰŮ ůŮ ɞɝŮɑŭɘŬ ůɘŭɐɟɞɡ ɐ 

Ŭɚɞɡɛɘɜɑɞɡ ŮɑŰŮ ůŰɘɠ ɎəɟŮɠ ůŰɟɩůŮɤɜ ˊɡɟɘŰɑɞɡ Ůɜɩ Űɞ ὛὕὌ2+īὅὶὕ42īŮɑɜŬɘ Űɞ 

ˊɟɞůɟɞűɖɛɏɜɞ ŮˊɘűŬɜŮɘŬəɧ ůɨɛˊɚɞəɞ. ȺˊɘůɖɛŬɑɜŮŰŬɘ ŮˊɘˊɟɧůɗŮŰŬ ˊɤɠ ɞ ɓŬɗɛɧɠ 

ůŰɞɜ ɞˊɞɑɞ Űɞ ὅὶὕ42ī ɗŬ ˊɟɞůɟɞűɖɗŮɑ Ŭˊɧ ɏɜŬ ɑɕɖɛŬ, ɏŭŬűɞɠ ɐ ŮˊɘűŬɜŮɘŬəɧ ɡɚɘəɧ 

ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ůɡɔəɏɜŰɟɤůɖ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɗɏůŮɤɜ, ŭɖɚŬŭɐ Űɘɠ 

ɔɟŬɛɛɞɛɞɟɘŬəɏɠ ɗɏůŮɘɠ Űɞɡ SOH ŬɜɎ ɔɟŬɛɛɎɟɘɞ ɡɚɘəɞɨ. 

 

Ƀɘ əɡɟɘɧŰŮɟɞɘ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ŭɘŮɟɔŬůɑŬɠ Űɖɠ ˊɟɞůɟɧűɖůɖɠ Űɞɡ 

ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ ŮɑɜŬɘ ɞɘ ˊŬɟŬəɎŰɤ: 

 

¶ ɇɞ pH Űɞɡ ŭɘŬɚɨɛŬŰɞɠ 

¶ ȼ ůɡɔəɏɜŰɟɤůɖ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɗɏůŮɤɜ (mol SOH/grɡɚɘəɞɨ) 

¶ ȼ Űɘɛɐ Űɤɜ ůŰŬɗŮɟɩɜ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ Űɞɜ ŮəɎůŰɞŰŮ ˊɟɞůɟɞűɖŰɐ ɐ űɡůɘəɧ ɡɚɘəɧ. 

 

ɄɏɟŬɜ Űɤɜ ɓŬůɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ, ůɨɛűɤɜŬ ɛŮ Űɘɠ ɛŮɚɏŰŮɠ Űɤɜ BenjaminandBloom 

1981, Raietal. 1984,1986,1988, StollenwrekandGrove, 1985, Zacharaetal.1987 ɏɢɞɡɜ 

ˊɟɞəɨɣŮɘ ŰŬ ˊŬɟŬəɎŰɤ ɓŬůɘəɎ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖɜ ˊɟɞůɟɧűɖůɖ Űɞɡ ŮɝŬůɗŮɜɞɨɠ 

ɢɟɤɛɑɞɡ. 

 

¶ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ ɛŮɘɩɜŮŰŬɘ Űɞ əɚɎůɛŬ 

Űɖɠ ˊɟɞůɟɧűɖůɖɠ, ŬɚɚɎ ŬɡɝɎɜŮŰŬɘ ɖ ˊɡəɜɧŰɖŰŬ Űɖɠ ˊɟɞůɟɧűɖůɖɠ, 

¶ ɧůɞ ɛŮɔŬɚɨŰŮɟɖ ɖ ɘɞɜŰɘəɐ ɘůɢɨɠ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ ˊɞɡ ŮɛˊŮɟɘɏɢŮɘ ɢɟɩɛɘɞ Űɧůɞ 

ɛɘəɟɧŰŮɟɖ ɖ ˊɟɞůɟɧűɖůɖ Űɞɡ ɢɟɤɛɑɞɡ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖ ɛŮɑɤůɖ Űɖɠ ŭɨɜŬɛɖɠ 

ˊɞɡ ɏɚəŮɘ ŰŬ ŬɜɘɧɜŰŬ ɢɟɤɛɑɞɡ əŬɘ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ ůŰŮɟŮɩɜ, ɚɧɔɤ Űɖɠ 

ˊŬɟɞɡůɑŬɠ ŬɜŰŬɔɤɜɘůŰɘəɩɜ ɘɧɜŰɤɜ (Richard əŬɘ Bourg, 1991). 

 

ȼ ˊɟɞůɟɧűɖůɖ Űɞɡ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ, ŮɑɜŬɘ ɛɘŬ 

ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ pH əŬɘ ŮɚɏɔɢŮŰŬɘ ŰŬɡŰɧɢɟɞɜŬ Ŭˊɧ Űɞ ůɖɛŮɑɞ ɛɖŭŮɜɘəɐɠ 

űɞɟŰɑůŮɤɠ (PZC) Űɖɠ ɞɟɡəŰɐɠ ŮˊɘűɎɜŮɘŬɠ. ȳŰŬɜ Űɞ pH ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɞ ůɖɛŮɑɞ 

ɛɖŭŮɜɘəɐɠ űɧɟŰɘůɖɠ, ɖ ŮˊɘűɎɜŮɘŬ ŮɑɜŬɘ ɗŮŰɘəɎ űɞɟŰɘůɛɏɜɖ əŬɘ ɖ ˊɟɞůɟɧűɖůɖ Űɞɡ Cr(VI)  

ŬɡɝɎɜŮŰŬɘ ɛŮ ɛŮɘɞɨɛŮɜɞ pH. ɆŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ (ŭɖɚ. ɧŰŬɜ pH>PZC) ɖ ˊɟɞůɟɧűɖůɖ 

ŮɚŬɢɘůŰɞˊɞɘŮɑŰŬɘ ɚɧɔɤ ɖɚŮəŰɟɞůŰŬŰɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ ɛŮŰŬɝɨ Űɤɜ ɢɟɤɛɘəɩɜ ŬɜɘɧɜŰɤɜ 

əŬɘ Űɖɠ ŬɟɜɖŰɘəɎ űɞɟŰɘůɛɏɜɖɠ ŮˊɘűɎɜŮɘŬɠ (Sposito, 1989).ȼ ˊɟɞůɟɧűɖůɖ Űɞɡ Cr (VI) 

ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ, ŬɡɝɎɜŮŰŬɘ əŬɗɩɠ ɛŮɘɩɜŮŰŬɘ Űɞ pH, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞ ˊɞɘɞ ŮɑɜŬɘ 

Űɞ ˊɟɞůɟɞűɖŰɘəɧ ɛɏůɞ (Bartlett and James,1979, Rai et al.1984, Zachara et al 1987). 
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ȷɡŰɧ ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ ɖ ˊɟɞůɟɧűɖůɖ Űɞɡ ŮɝŬůɗŮɜɞɨɠ Cr(VI) ŮɡɜɞŮɑŰŬɘ ůŰɞɡɠ 

ˊɟɞůɟɞűɖŰɏɠ ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ ɗŮŰɘəɎ űɞɟŰɘůɛɏɜɞɘ ůŮ ɢŬɛɖɚɧ ɏɤɠ əŬɘ ɞɡŭɏŰŮɟɞ pH. ȺɑɜŬɘ 

ŮɜŭɘŬűɏɟɞɜ ɧŰɘ, ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞɜ ˊɖɚɧ, ŰŬ Ŭɛɛɩŭɖ ɡɚɘəɎ ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ɡˊŮɟɞɢɐ 

ɗŮŰɘəɎ űɞɟŰɘůɛɏɜɤɜ ŮˊɘűŬɜŮɘɩɜ ůŮ əɚɑɛŬəŬ pH 5-7,5, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɛɘŬ ɛŮɔŬɚɨŰŮɟɖ 

ůɡɔɔɏɜŮɘŬ ɛŮ Űɞ CrO4.ȼ ˊɟɞůɟɧűɖůɖ Űɞɡ Cr (VI) Ŭˊɧ Űɞɡɠ Ŭɟɔɑɚɞɡɠ, ŰŬ ŮŭɎűɖ əŬɘ ŰŬ 

űɡůɘəɎ ɡɚɘəɎ Űɤɜ ɡŭɟɞűɞɟɏɤɜ ŮɑɜŬɘ ɢŬɛɖɚɐ ɏɤɠ ɛɏŰɟɘŬ ɔɘŬ Űɘɛɏɠ pH əɞɘɜɏɠ ɛŮ ŬɡŰɏɠ 

Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ. ȼ ˊɟɞůɟɧűɖůɖ Űɞɡ Cr (VI) ɛŮɘɩɜŮŰŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮ Űɖɜ 

Ŭɨɝɖůɖ Űɞɡ pH ɚɧɔɤ Űɖɠ ɛŮɑɤůɖɠ Űɞɡ ɗŮŰɘəɞɨ ŮˊɘűŬɜŮɘŬəɞɨ űɞɟŰɑɞɡ Űɞɡ 

ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ Ⱥˊɘˊɚɏɞɜ, ŭɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ɖ ˊɟɞůɟɧűɖůɖ Űɞɡ Cr(VI) ŮɑɜŬɘ ɛɖ 

ɔɟŬɛɛɘəɐ (Stollenwerk and Grove,1985, Griffin et al.1977), ˊɟɞůɞɛɞɘɎɕɞɜŰŬɠ ɛŮ Űɞ 

ɛɞɜŰɏɚɞ ˊɟɞůɟɧűɖůɖɠ Langmuir. ɇŬ ŬɜŰŬɔɤɜɘůŰɘəɎ ŬɜɘɧɜŰŬ ɏɢɞɡɜ ŭɟŬůŰɘəɐ ŮˊɑŭɟŬůɖ 

ůŰɖɜ ˊɟɞůɟɧűɖůɖ Cr(VI), ɛŮ Űɞ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɑɜŬɘ ɛŮŰŬɓɚɖŰɧ, ŬɜɎɚɞɔŬ ɛŮ Űɘɠ 

ŭɘŬɚɡɛɏɜŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ ŬɜŰŬɔɤɜɘɕɧɛŮɜɞɡ ŬɜɘɧɜŰɞɠ əŬɘ Űɞɡ ὅὶὕ42ī əŬɘ Űɖ 

ůɡɔəɏɜŰɟɤůɖ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ ɗɏůɖɠ (Rai et al.1986). ȼ ŬɜŰŬɔɤɜɘůŰɘəɐ ˊɟɞůɟɧűɖůɖ 

Űɞɡ Cr (VI) ɛŮ əŬŰɘɧɜŰŬ əŬɘ ŬɜɘɧɜŰŬ ɏɢŮɘ ŭɘŮɟŮɡɜɖɗŮɑ ůŮ ŬɟəŮŰɏɠ ˊŮɟɘˊŰɩůŮɘɠ 

(Stollenwerk and Grove,1985,Rai et al.1984,Zachara et al. 1987). ȼ ɖɚŮəŰɟɞůŰŬŰɘəɐ 

ɟɧűɖůɖ ŬɜɘɧɜŰɤɜ ŮɜɘůɢɨŮŰŬɘ Ŭˊɧ Űɖɜ ˊɟɞůɟɧűɖůɖ əŬŰɘɧɜŰɤɜ (ɚɧɔɤ Ŭɡɝɖɛɏɜɞɡ ɗŮŰɘəɞɨ 

ŮˊɘűŬɜŮɘŬəɞɨ űɞɟŰɑɞɡ).  

 

Ƀɘ Richard əŬɘ Bourg (1991) ůɖɛŮɘɩɜɞɡɜ ɧŰɘ ɖ əɘɜɖŰɘəɐ Űɖɠ ˊɟɞůɟɧűɖůɖɠ Cr (VI) ŭŮɜ 

ŮɑɜŬɘ əŬɚɎ ŰŮəɛɖɟɘɤɛɏɜɖ. ȼ ˊɟɞůɟɧűɖůɖ Űɤɜ ɢɟɤɛɘəɩɜ ɘɧɜŰɤɜ ůŮ ŮŭɎűɖ ŬəɞɚɞɡɗŮɑ 

ˊɟɞűŬɜɩɠ ɏɜŬ ɟɡɗɛɧ ŬɜŰɑŭɟŬůɖɠ ŭɨɞ ůŰŬŭɑɤɜ (Amacher et al.1988). Ⱥˊɑůɖɠ, ɖ 

ɟɧűɖůɖ Űɞɡ Cr (VI) ŭŮɜ űŬɑɜŮŰŬɘ ŮɜŰŮɚɩɠ ŬɜŬůŰɟɏɣɘɛɖ ȷˊɧ Űɖɜ ɛŮɚɏŰɖ Űɤɜ Amacher et 

al (1986) ŬˊɞŭɧɗɖəŮ ŬɡŰɐ ɖ ɏɚɚŮɘɣɖ ŬɜŬůŰɟŮɣɘɛɧŰɖŰŬɠ ůŰɖ ŬɜŬɔɤɔɐ Űɞɡ Cr (VI) ůŮ 

Cr(III), ˊɘɗŬɜɩɠ ɛɏůɤ Űɖɠ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ Űɞɡ ŮŭɎűɞɡɠ ˊɞɡ ɛŮɚɏŰɖůŬɜ. 

 

2.3. Case Study - Asopos 

 

ɆŰɘɠ ŮˊɧɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ, ɗŬ ɔɑɜŮɘ ɖ ɘůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ əŬɗɩɠ əŬɘ ɖ ŬɜɎɚɡůɖ Űɖɠ 

ůɖɛŮɟɘɜɐɠ əŬŰɎůŰŬůɖɠ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ ȷůɤˊɞɨ Ŭˊɧ ɧˊɞɡ ˊɟɞɐɚɗŬɜ ŰŬ 

ŭŮɑɔɛŬŰŬ ŮŭɎűɞɡɠ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ. Ƀɘ ŭɟɎůŮɘɠ 

ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əŬɗɞɟɘůŰŮɑ ɖ ɔŮɤɢɖɛŮɑŬ Űɤɜ ɡˊɞɔŮɑɤɜ 

ɡŭɎŰɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ, ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ ůŰɘɠ ˊŮɟɘɞɢɏɠ Űɤɜ 

ɃɘɜɞűɨŰɤɜ, Űɞɡ ɆɢɖɛŬŰŬɟɑɞɡ əŬɗɩɠ əŬɘ Űɞɡ ȷɡɚɩɜŬ ŬɚɚɎ əŬɘ ŬɜŰɘɟɟɡˊŬɜŰɘəɏɠ 

ŰŮɢɜɞɚɞɔɑŮɠ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ. ɇŬ ŭŮŭɞɛɏɜŬ əŬɘ ɞɘ ˊɖɔɏɠ ɔɘŬ Űɖɜ ˊŬɟŬəɎŰɤ ŬɜɎɚɡůɖ 

ˊɟɞɏəɡɣŬɜ Ŭˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ ŰŬ ˊŬɟŬŭɞŰɏŬ Űɞɡ ŮɟŮɡɜɖŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ 

Life+Charm ˊɞɡ ůɢŮŭɘɎůŰɖəŮ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ŭˊɧ Űɞ Ⱥɗɜɘəɧ ɀŮŰůɧɓɘɞ 

ɄɞɚɡŰŮɢɜŮɑɞ, Űɞ ɄɞɚɡŰŮɢɜŮɑɞ ȾɟɐŰɖɠ ŬɚɚɎ əŬɘ Ɏɚɚɞɡɠ űɞɟŮɑɠ əŬɘ ŮŰŬɘɟɑŮɠ. 

( http://www.charm-life.gr/charm/index.php/en/documents ). 

 

http://www.charm-life.gr/charm/index.php/en/documents
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2.3.1. ũŮɤɔɟŬűɘəɐ Ūɏůɖ ï ȽůŰɞɟɘəɐ ȷɜŬŭɟɞɛɐ 

 

Ƀ ȷůɤˊɧɠ, ŮɑɜŬɘ ˊɞŰŬɛɧɠ ɛŮ ɛɐəɞɠ 57 ɢɘɚɘɧɛŮŰɟŬ əŬɘ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ȸɞɘɤŰɑŬ, ɏɤɠ 

Űɞɜ ɜɧŰɘɞ Ⱥɡɓɞɥəɧ Ⱦɧɚˊɞ ŭɘŬˊŮɟɜɩɜŰŬɠ əŬɘ Űɖɜ ȷŰŰɘəɐ, ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ Űɞ ɆɡəɎɛɘɜɞ, 

Űɞɜ ɋɟɤˊɧ, Űɞ ɆɢɖɛŬŰɎɟɘ əŬɗɩɠ əŬɘ ŰŬ ɃɘɜɧűɡŰŬ. ɄɖɔɎɕŮɘ əɡɟɑɤɠ Ŭˊɧ Űɞɜ ȾɘɗŬɘɟɩɜŬ 

ɛŮ ɛɘəɟɏɠ ůɡɛɓɞɚɏɠ Ŭˊɧ ɞɟŮɘɜɞɨɠ ɧɔəɞɡɠ ůŰɖɜ ɄɎɟɜɖɗŬ əŬɘ ŰŬ ȹŮɟɓŮɜɞɢɩɟɘŬ. ȼ 

ɡŭŬŰɘəɐ ɚŮəɎɜɖ Űɞɡ ȷůɤˊɞɨ əŬŰŬɚŬɛɓɎɜŮɘ ɛɘŬ ɏəŰŬůɖ ˊŮɟɑˊɞɡ 1100 km2. 

 

 
ȺɘəɧɜŬ 2.4: ȷůɤˊɧɠ ɄɞŰŬɛɧɠ (Ʉɖɔɐ googlemaps.com) 

 

ɀɏɢɟɘ əŬɘ ŰŬ ŰɟɑŬ ŰɏŰŬɟŰŬ Űɞɡ 20ɞɡ ŬɘɩɜŬ ɞ ȷůɤˊɧɠ ˊɞŰŬɛɧɠ ɢŬɟŬəŰɖɟɘɕɧŰŬɜ Ŭˊɧ 

ɨŭŬŰŬ əŬɚɐɠ ˊɞɘɧŰɖŰŬɠ, ɛŮ Űɞɡɠ əŬŰɞɑəɞɡɠ Űɤɜ ɔɨɟɤ ˊŮɟɘɞɢɩɜ ɜŬ ŰŬ ɢɟɖůɘɛɞˊɞɘɞɨɜ 

ɔɘŬ əɞɚɨɛˊɘ, ɜŮɟɧ ˊɟɞɠ ˊɧůɖ əŬɘ ɎɟŭŮɡůɖ. ɇɞ 1969, ɏɜŬ əɞɛɛɎŰɘ Űɞɡ ˊɞŰŬɛɞɨ 

ɢŬɟŬəŰɖɟɑůŰɖəŮ ɤɠ ŬˊɞŭɏəŰɖɠ ɓɘɞɛɖɢŬɜɘəɩɜ ŬˊɞɓɚɐŰɤɜ əŬɘ ˊŬɟɎɚɚɖɚŬ ŭɧɗɖəŬɜ 

əɑɜɖŰɟŬ ůŰɘɠ ɓɘɞɛɖɢŬɜɑŮɠ ɜŬ ɛŮŰŮɔəŬŰŬůŰŬɗɞɨɜ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɤɜ ɃɘɜɞűɨŰɤɜ, 

əŬɗɩɠ ɐŰŬɜ əɞɜŰɎ ůŰɖɜ ˊɟɤŰŮɨɞɡůŬ əŬɘ ɡˊɐɟɢŮ ˊɚɖɗɩɟŬ ŮəŰɎůŮɤɜ ˊɟɞɠ 

ŮəɛŮŰɎɚɚŮɡůɖ. ɀɘŬ ŭŮəŬŮŰɑŬ ŬɟɔɧŰŮɟŬ, Űɞ 1979, Űɞ ůɨɜɞɚɞ Űɞɡ ˊɞŰŬɛɞɨ ȷůɤˊɞɨ 

ɢŬɟŬəŰɖɟɑůŰɖəŮ ɤɠ ŬˊɞŭɏəŰɖɠ ɚɡɛɎŰɤɜ əŬɘ ɓɘɞɛɖɢŬɜɘəɩɜ ŬˊɞɓɚɐŰɤɜ Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ, 

ŬɔɜɞɐɗɖəŮ ɞŭɖɔɑŬ Űɖɠ ȺɃȾ ɔɘŬ Űɖɜ ŭɘŬŰɐɟɖůɖ Űɖɠ ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ, 

ɛɏŰɟŬ ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ Ɏɔɟɘɤɜ ˊŰɖɜɩɜ ( ȷˊɧ ŰŬ 141 Ůɑŭɖ ˊŰɖɜɩɜ ˊɞɡ ˊŮɟɘŮɚɎɛɓŬɜŮ 
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ɖ ɞŭɖɔɑŬ, ůŰɞɜ ɡɔɟɞɓɘɧŰɞˊɞ Űɞɡ ȷůɤˊɞɨ ůɡɜŬɜŰɩɜŰŬɘ ŰŬ 31 Ůɑŭɖ). ɇɟɑŬ ɢɟɧɜɘŬ ɛŮŰɎ 

Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ ŬɡŰɧ, Űɞ 1982, ŮɛűŬɜɑůŰɖəŬɜ ŰŬ ˊɟɩŰŬ ŭŮɑɔɛŬŰŬ Űɖɠ ɟɨˊŬɜůɖɠ ůŰɖɜ 

ˊŮɟɘɞɢɐ, ɛŮ Űɖɜ ŮɛűɎɜɘůɖ ɜŮəɟɩɜ ɣŬɟɘɩɜ ůŰɘɠ Ůəɓɞɚɏɠ Űɞɡ ˊɞŰŬɛɞɨ. ɄŬɟɎ Űɖɜ ɏɜŰɞɜɖ 

ɏəɗŮůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Ŭˊɧ Űɞɡɠ əŬŰɞɑəɞɡɠ əŬɘ Űɞɡɠ űɞɟŮɑɠ Űɖɠ ˊŮɟɘɞɢɐɠ,14 ɢɟɧɜɘŬ 

ɛŮŰɎ, ŭɖɚŬŭɐ Űɞ 1996, Űɞ ɈˊɞɡɟɔŮɑɞ ɄŮɟɘɓɎɚɚɞɜŰɞɠ ɉɤɟɞŰŬɝɑŬɠ əŬɘ ȹɖɛɞůɑɤɜ ɏɟɔɤɜ 

(ɈɄȺ.ɉɋ.ȹȺ.) ŬɜŬɗɏŰŮɘ ůŰɞ Ⱥɗɜɘəɧ ɀŮŰůɧɓɘɞ ɄɞɚɡŰŮɢɜŮɑɞ ɜŬ ŮəˊɞɜɐůŮɘ ɇŮɢɜɘəɐ 

ȰəɗŮůɖ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɡűɘůŰɎɛŮɜɖ əŬŰɎůŰŬůɖ əŬɘ ɜŬ ůɡɛˊŮɟɘɚɖűɗɞɨɜ ɛŮŰɟɐůŮɘɠ əŬɘ 

ŬɜŬɚɨůŮɘɠ ɜŮɟɞɨ. ɇɞ 2000, ɛŮŰɎ Ŭˊɧ ŰŬ ŬˊɞɔɞɖŰŮɡŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŬɜŬɚɨůŮɤɜ, 

ɞ Űɏɤɠ ȹɐɛɞɠ ɃɘɜɞűɨŰɤɜ ŮɜɖɛŮɟɩɜŮɘ Űɖɜ ȺɈȹȷɄ ɔɘŬ Űɖɜ əŬŰŮˊŮɑɔɞɡůŬ ŬɜɎɔəɖ 

ɡŭɟɞŭɧŰɖůɖɠ Űɞɡ ȹɐɛɞɡ. ɆŰɞ ůɐɛŮɟŬ,ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɤɜ ɃɘɜɞűɨŰɤɜ ŮŭɟŮɨɞɡɜ 

378 ɓɘɞɛɖɢŬɜɘəɏɠ ɛɞɜɎŭŮɠ (ˊɧɟɘůɛŬ Ɇɡɜɖɔɧɟɞɡ Űɞɡ ɄɞɚɑŰɖ 2014) Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɞɘ 57 

ŭɘŬɟɟɏɞɡɜ ŰŬ ɡɔɟɎ ŬˊɧɓɚɖŰŬ ɢɤɟɑɠ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ˊɟɞůŰŬŰŮɡŰɘəɏɠ əŬɘ 

ŬˊɞɟɟɡˊŬɜŰɘəɏɠ ɛŮɗɧŭɞɡɠ ˊɞɡ ˊɟɞɓɚɏˊɞɜŰŬɘ Ŭˊɧ Űɖɜ əŮɑɛŮɜɖ ɜɞɛɞɗŮůɑŬ. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ  ŬɜŬɚɨůŮɤɜ ŭŮɑɢɜɞɡɜ ɧŰɘ ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ 

Cr(VI) ˊɚɏɞɜ ɝŮˊŮɟɜɞɨɜ əŬŰɎ ˊɞɚɨ ŰŬ ɗŮůɛɞɗŮŰɖɛɏɜŬ ɧɟɘŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 

ˊɟɞəŬɚɞɨɜ Ŭəɧɛɖ əŬɘ ůŮ ɛŮɔɎɚŮɠ ŬˊɞůŰɎůŮɘɠ Ŭˊɧ Űɖɜ ɓɘɞɛɖɢŬɜɘəɐ ɕɩɜɖ ˊɟɧɓɚɖɛŬ 

ůŰŬ ŭɑəŰɡŬ ɨŭɟŮɡůɖɠ əŬɘ ɎɟŭŮɡůɖɠ. ɆŰŬ ˊɚŬɑůɘŬ Űɞɡ ˊŬɟŬˊɎɜɤ ˊɟɞɓɚɐɛŬŰɞɠ əŬɘ ɛɏůɤ 

Űɞɡ ŮɟŮɡɜɖŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ çɉɟɩɛɘɞ ůŰŬ ɡˊɧɔŮɘŬ ɜŮɟɎ Űɖɠ ɚŮəɎɜɖɠ Űɞɡ ȷůɤˊɞɨ : 

ɇŮɢɜɞɚɞɔɑŮɠ əŬɘ ɀɏŰɟŬ ȷˊɞəŬŰɎůŰŬůɖɠ (CHARM)ò, ɏɔɘɜŮ ɖ ˊɟɞůˊɎɗŮɘŬ ɜŬ ɛŮɚŮŰɖɗŮɑ ůŮ 

ɓɎɗɞɠ ɖ ɔŮɤɢɖɛŮɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ əŬɘ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ɛŮ ŮˊɎɟəŮɘŬ ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ 

Űɞɡ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ ůŮ ɧɚɖ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ ȷůɤˊɞɨ. 

ɇŬɡŰɧɢɟɞɜŬ, ɜŬ ˊɟɞŰŬɗɞɨɜ ɛɏŰɟŬ əŬɘ ŰŮɢɜɘəɏɠ ŬˊɞəŬŰɎůŰŬůɖɠ Űɤɜ ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ 

ɛɏůɤ Űɖɠ ŮűŬɟɛɞɔɐɠ ˊɘɚɞŰɘəɩɜ ɛɞɜɎŭɤɜ əŬɘ ŰŮɢɜɞɚɞɔɘɩɜ ŬˊɞɟɟɨˊŬɜůɖɠ ˊɞɡ ɗŬ 

ŬɜŬɚɡɗɞɨɜ ˊŮɟŮŰŬɑɟɤ. ȺˊɘůɖɛŬɑɜŮŰŬɘ Űɏɚɞɠ ˊɤɠ ɖ ȺɚɚɎŭŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ 

ɔɖɔŮɜɞɨɠ ˊɟɞɏɚŮɡůɖɠ ɛŮɔɎɚŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ ůŰŬ ŮŭɎűɖ. ũɘŬ Űɞɜ 

ɚɧɔɞ ŬɡŰɧ, ɏɔɘɜŬɜ ůɡɛˊɚɖɟɤɛŬŰɘəɏɠ əŬɘ ůɡɔəɟɘŰɘəɏɠ ɛŮŰɟɐůŮɘɠ əŬɘ ůŮ ɎɚɚŮɠ ˊŮɟɘɞɢɏɠ 

Űɖɠ ȺɚɚɎŭŬɠ ɧˊɤɠ ɖ ȸŮɟɔɑɜŬ əŬɘ ɎɚɚŮ 

 

2.3.2. ȾŬŰŬɔɟŬűɐ ˊŬɟɞɡůɑŬɠ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ ůŰɞɡɠ ɡŭŬŰɘəɐ ɚŮəɎɜɖ Űɞɡ         

ȷůɤˊɞɨ 

 

ɆŰɖɜ ȺɚɚɎŭŬ ŬɚɚɎ əŬɘ ůŰɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ, ŮɜŰɞˊɑɕɞɜŰŬɘ əŬŰɎ Űɧˊɞɡɠ ɛŮɔɎɚŮɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ ɞɚɘəɞɨ ɢɟɤɛɑɞɡ ɧˊɤɠ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ Ŭˊɧ Űɞ ForumofEuropean 

Geological Surveys. ɆŰɞɡɠ ˊŬɟŬəɎŰɤ ɢɎɟŰŮɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ 

Ƀɚɘəɞɨ ɉɟɤɛɑɞɡ CrtotůŰɖɜ Ⱥ.Ⱥ. (ȺɘəɧɜŬ 2.5) ŬɚɚɎ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ůŰɞɜ ȺɚɚŬŭɘəɧ 

ɢɩɟɞ (ȺɘəɧɜŬ 2.6). ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɗŬɟɎ ůŰɞɜ ˊŬɟŬəɎŰɤ ɢɎɟŰɖ, ůŰɞɜ ȺɡɟɤˊŬɥəɧ 

ɢɩɟɞ, ɛŮɔɎɚŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɢɟɤɛɑɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖɜ ȽŰŬɚɑŬ, ůŰɞ ȼɜɤɛɏɜɞ 

ȸŬůɑɚŮɘɞ əŬɘ ůŰɖɜ ȺɚɚɎŭŬ ɛŮ Űɖɜ ŰŮɚŮɡŰŬɑŬ ɜŬ ˊŬɟɞɡůɘɎɕŮɘ Űɘɠ ɛŮɔŬɚɨŰŮɟŮɠ ůŮ ŭŮɑɔɛŬ 

ɛŮɔɏɗɞɡɠ 784 ŮŭŬűɘəɩɜ ŭŮɘɔɛɎŰɤɜ Ŭˊɧ ɧɚɖ Űɖɜ Ⱥɡɟɩˊɖ. 
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ȺɘəɧɜŬ 2.5: ɆɡɔəŮɜŰɟɩůŮɘɠ Cr(tot) ůŰɞɜ ȺɡɟɤˊŬɥəɧ ɢɩɟɞ. 

 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ, ŮɛűŬɜɑɕɞɜŰŬɘ ɛŮɔɎɚŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɖɠ 

ŰɎɝŮɤɠ Űɤɜ 50-88 mg/kgɢɟɩɛɘɞ ůŰɖɜ ɖˊŮɘɟɤŰɘəɐ ȺɚɚɎŭŬ əŬɘ ůŰŬ ɜɖůɘɎ Űɞɡ ȷɘɔŬɑɞɡ əŬɘ 

ɛŮ ɛɘəɟɧŰŮɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɖɠ ŰɎɝŮɤɠ Űɤɜ 30-40 mg/kgůŰɞɜ Ɂɞɛɧ ɉŬɜɑɤɜ, ůŰŬ 

ȹɤŭŮəɎɜɖůŬ əŬɘ ůŰɞɜ Ɂɞɛɧ ȾŬɓɎɚŬɠ. ɈˊŮɜɗɡɛɑɕŮŰŬɘ, ˊɩɠ Űɞ ɗŮůɛɞɗŮŰɖɛɏɜɞ ɧɟɘɞ ɔɘŬ 

Űɞ ɢɟɩɛɘɞ ůŰɞ ɡˊɧɔŮɘɞ ɜŮɟɧ ŮɑɜŬɘ ůŰŬ 50 ɛg/l. ȺɑɜŬɘ ɚɞɘˊɧɜ ůŬűɏɠ Ŭˊɧ Űɞɜ ˊŬɟŬˊɎɜɤ 

ɢɎɟŰɖ, ˊɤɠ ɡˊɎɟɢŮɘ ɡˊɏɟɓŬůɖ Űɞɡ ɞɟɑɞɡ ůŮ ɛŮɔɎɚɞ ɛɏɟɞɠ Űɞɡ ȺɚɚŬŭɘəɞɨ ɢɩɟɞɡ 

ɤůŰɧůɞ Űɞ ˊŬɟŬˊɎɜɤ ɔŮɔɞɜɧɠ ŮɑɜŬɘ ůɡɜɏˊŮɘŬ əŬɘ ɔɖɔŮɜɞɨɠ ɨˊŬɟɝɖɠ ŬɚɚɎ əŬɘ 

Ŭɜɗɟɩˊɘɜɖɠ ˊŬɟɏɛɓŬůɖɠ əŬɘ ɟɨˊŬɜůɖɠ. ɆŰŬ ˊɚŬɑůɘŬ Űɤɜ ˊŬɟŬˊɎɜɤ ˊŬɟŬŭɞɢɩɜ əŬɘ 

ɛŮ ɓɎůɖ ŬɡŰɏɠ, ɛŮŰɟɐɗɖəŬɜ ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ ɞɚɘəɞɨ ɢɟɤɛɑɞɡ ůŰɘɠ ˊŮɟɘɞɢɏɠ Űɖɠ 

ȸŮɟɔɑɜŬɠ, Űɖɠ ȰŭŮůůŬɠ, Űɖɠ ɉŬɚəɘŭɘəɐɠ əŬɘ Űɤɜ ũɟŮɓŮɜɩɜ ůŰŬ ˊɚŬɑůɘŬ Űɞɡ 

Life+CharmˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ ɖ ˊŬɟɞɡůɑŬ ɔɖɔŮɜɞɨɠ ŮɝŬůɗŮɜɞɨɠ ɢɟɤɛɑɞɡ 

ůŰɞɡɠ ɡŭɟɞűɞɟŮɑɠ Űɖɠ ȺɚɚɎŭŬɠ əŬɘ Űɏɚɞɠ, ɜŬ ůɡɔəɟɘɗɞɨɜ ɛŮ Űɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɖɠ 


















































































































