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Earth’s water resources

Earth’s total water resources = 1.37x109 km3
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Groundwater

In most cases, groundwater is cleaner than surface water, because it’s 
usually protected against contamination from the surface by soils and 
covering rock layers;
This is why most drinking water in many areas of the world is 
groundwater. Groundwater is used by about two billion people 
worldwide, making it the single most used natural resource;
Rising world population, changes in land use and rapid 
industrialization increasingly place groundwater in jeopardy;
Groundwater supplies are polluted in 90% of China cities  (P.R.C.
State Environmental Protection Administration);
Over 50% of the EU's groundwater sources are polluted (European 
Environmental Bureau);
50% of groundwater samples tested in the U.S.A. contains pesticides
(US Geological Survey);
Therefore, in last decades, attention has been focused on contaminated 
groundwater remediation.



Groundwater pollution by metals

Metals environmental contaminants are particularly 
problematic because, unlike most organic contaminants, 
they do not undergo degradation. Therefore, they have
a long-term persistance in the environment;
Redox reactive metals often do different degrees of 
toxicity, depending on the specific metal oxidation 
state;
Chromium is usually encountered in natural 
environments in two main oxidation states: Cr(+III) and 
Cr(+VI), characterized by different chemical behaviour 
and toxicity.



Chemical and toxicological
behaviour of chromium

Cr(VI) is known to be highly toxic and carcinogenic. Because 
of its significant mobility in the subsurface environment, the 
potential risk of groundwater contamination is high;

Cr(III) is less toxic and readily precipitates under alkaline or 
even slightly acidic conditions.



Methods available for the decontamination 
of polluted groundwaters

Natural attenuation - the concentration of groundwater 
pollutants is reduced to an acceptable level by natural processes;

Pump-and-treat - polluted groundwater is pumped to the 
surface where conventional water treatment methods are applied 
to clean the groundwater;

In situIn situ treatmenttreatment -- bbioremediationioremediation, adsorption, redox , adsorption, redox 
processes, precipitation.processes, precipitation.



Mechanism of in situ Cr(VI) removal by Fe(0)

1. Cr2O7
2-

(aq) + 2Fe(0)(s) + 14H+
(aq) ------> 2Cr3+

(aq) + 2Fe3+
(aq) + 7H2O

2. Cr3+
(aq) + 3H2O ------> Cr(OH)3(s) + 3H+

(aq)

Fe3+
(aq) + 3H2O ------> Fe(OH)3(s) + 3H+

(aq)

(1-x)Fe3+
(aq) + (x)Cr3+

(aq) + 3H2O ------> CrxFe1-x(OH)3(s) + 3H+
(aq)

(1-x)Fe3+
(aq) + (x)Cr3+

(aq) + 2H2O ------> CrxFe1-x(OOH)(s) + 3H+
(aq)



Objective of the study

To investigate the use of an unconventional reducing

agent, scrap iron, a cheap and locally available 

industrial waste, for the continuous reduction of 

hexavalent chromium.  



Materials and methods

Cr(VI) reduction column experiments were conducted by using scrap iron 
shavings and silica sand that pass trough 2.5 mm screen and remain on 1.25 
mm screen;
The column was packed with 40 g scrap iron-silica sand mixture at folowing
mass ratios: SI:SS = 3:1, 1:1 and 1:3;
10 mg Cr(VI)/l aqueous solution with pH = 7.2 was passed through the column, 
from the bottom to the top, by using a Unipan peristaltic pump;
The effluent column was sampled periodically for the analysis of Cr(VI), 
Cr(total), Fe(II) and Fe(total) concentration;
The analysis of hexavalent chromium in solution was carried out by the 1,5-
diphenylcarbazide colorimetric method. The total chromium concentration was
determined by oxidizing any trivalent chromium with potassium permanganate, 
followed by analysis as hexavalent chromium. Trivalent chromium was then
determined from the difference between total and hexavalent chromium;
Fe(II) was determined by the 1,10-phenanthroline method. Total Fe was
determined by the 1,10-phenanthroline method, by reduction of any Fe(III) to
Fe(II) with hydroxylamine hydrochloride and subsequent analysis as Fe(II). 
Fe(III) was then determined from the difference between total and bivalent 
iron.



Results

Figure 1. Cr(VI) concentration in column effluent, as a function of elapsed time and
SI:SS mass ratio

0 50 100 150 200

0

2

4

6

8

10

C
r(

V
I) 

co
nc

en
tra

tio
n 

(m
g/

L)

Time (hours)

 SI:SS=3:1
 SI:SS=1:1
 SI:SS=1:3



Results

Figure 2. Cr(III) concentration in column effluent, as a function of elapsed time and 
SI:SS mass ratio
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Results

Figure 3. Fe(total) concentration in column effluent, as a function of elapsed time and 
SI:SS mass ratio
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Figure 4. Column effluent pH, as a function of elapsed time and SI:SS mass ratio
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Figure 5. Volume of treated water, as a function of SI:SS mass ratio



Conclusions
Hexavalent chromium is a toxic metal and needs to be removed from polluted 
groundwater;
The use of waste materials for water treatment can become a crucial component for 
poor communities from developing countries in their efforts to treat the pollution 
associated with industrial applications;
Complete reduction of Cr(VI) in water solutions was possible by using a waste 
material, scrap iron, as reducing agent;
The mobile and toxic Cr(VI) was converted, via corrosion of the elemental Fe, to 
the less toxic and insoluble Cr(III), which presumably forms a simple or/and mixed 
Cr-Fe (oxy)hydroxide insoluble phase;
The amount of treated water, calculated up to the moment of Cr(VI) breakthrough, 
increased with increasing the amount of scrape iron in the SI-SS mixture. The 
highest reduction efficiency of the scrap iron from the SI-SS mixture was observed 
at SI:SS = 3:1, when 2.4 L Cr(VI) contaminated water were treated, and decreased 
with increasing the SS proportion in SI-SS mixture, up to 0.3 L treated water at 
SI:SS = 1:3;
Over the entire studied SI:SS range, Cr(III), Fe(II) and Fe(III) were not detected in 
column effluent, for the entire duration of the experiment. This is an advantage 
because the treated water was free of iron and chromium species;
The experimental results from this study indicate that scrap iron seem to be a 
suitable material for the treatment of Cr(VI) polluted groundwater, that could 
replace granular zerovalent iron.
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