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AbstractAbstract
The Sukinda ultramafic complex contributes nearly 95% of
the total chromite reserve in India. The occurrence of high
level of Cr(VI) in the area has been reported. The Cr(VI) is
highly mobile than Cr(III) and it is carcinogenic in nature.
Thus, main objective of this study is to understand the
governing mechanism that influences the Cr(VI) in various
water bodies. The pH varies from 6.46 to 8.48 and the Eh
varies from 12.3 to 245.9 mV. Most of the water is
classified into Mg-HCO3

- facies. This Mg-HCO3
- type water

is may be derived from the weathering of serpentinite. The
Cr(VI) concentration varies from 0.01 to 4.25 mg/L.
Ground water shows Cr(VI) concentration in the range of
0.014 to 0.58 mg/L. Mine water is mostly dominated by
Cr(VI) whereas surface water and ground water dominated
by Cr(III). The Fe2+ is the most dominant species of Fe in
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Parameters Surface water Groundwater Mine water
pH 6.46-8.13 5.29-7.88 7.55-8.48
Eh (mV) 21.8-210.4 75.6-246 12.3-184
EC (µs/cm) 60.3-167.8 56.7-411 117.3-366
Total Cr (mg/L) 0.04-0.58 0.07-0.60 0.12-5.20
Cr(VI) (mg/L) 0.03-0.56 0.01-0.59 0.01-4.96

Table 1. : Physico-chemical parameters of water samples.

by Cr(III). The Fe2+ is the most dominant species of Fe in
ground water; while Fe3+ is dominant in mine discharge.
The pCO2 in groundwater is higher than that of mine
discharges and most of the surface water. Thus, the
occurrence and distribution of Cr(VI) in the study area is
possibly due to the interplay of oxidative dissolution of
chromite and serpentinite, the presence of Fe2+ and organic
carbon.
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Figure 2. Piper diagram showing hydrogeochemical 
facies.

Figure 3. Mg-HCO3--SiO2 ternary diagram showing 
qualitative investigation on the water-rock interaction in the 

Sukinda valley.

Figure 7. Partial pressure of CO2 in Sukinda valley. 

 High level of hexavalent chromium has been reported in
many places due to anthropogenic activities and natural
processes.

 With increase in mining activities, the chromite ore and
overburden containing Cr are exposed atmospheric
oxygen and water.

 Thus, Cr(III) present in chromite is oxidized and release
Cr(VI) into the water in the vicinity of the mines through
the following reaction:
2FeO.Cr2O3 + 3.5O2 + 5H2O = Fe2O3.H2O + 4CrO2

2- + 8H+

 Sukinda ultramafic complex hosts one of the largest
chromite deposits in the world and stands 6th in terms of
total reserve (approx. 54 million tons), and contributes
nearly 98% of the total India’s reserve.

 The Sukinda ultramafic complex is located in eastern part
of India where ultramafic body mostly represented by
serpentinised dunite-peridotite with chromite bands.

 Total cancer risk in adults and children is found to
exceed the USEPA acceptable cancer health risk in the
valley.

Figure 6.  Continued….
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Figure 1. Water sampling location map of study area.
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 Fifty one water samples (13 mine water, 8 surface water
and 30 ground water) were collected.

 The pH, Eh and Cl were measured with ORION
electrode and alkalinity was measured by titration
method.

 Calcium, Mg, Cr, Fe, Mn, Ni and Cu was measured by
AAS.

 Sodium and K were determined by using flame
photometer.

 The major elements analysis and X-ray element imaging
of chromite grains were performed with Electron Probe
Micro-Analyzer.

Figure 4. Distribution Cr-species in (a) ground water; (b) 
surface water and (c) mine water.

Figure 6. Species of Fe in (a) ground water, (b) surface water 
and (c) mine water.

Figure 8. Distribution pattern of the concentration of Cr, Fe 
and Mn in weathered chromite grain. 

 The pH varies from 5.29 to 8.48; Eh varies from 12.3 to
245.9 mV indicates mildly oxidizing environment.

 The Most of the water in the study area is classified into
Mg-HCO3

- facies.
 The concentration of Cr(VI) is mine water and surface

water exceed the maximum permissible limit.
 Ground water contain high concentration of Cr(VI) in

50% of samples
 The concentration of Cr(VI) in ground water is the

highest among all the reported value elsewhere caused
due to weathering of ultramafic rocks.

 The Cr(VI) is the most dominant species in mine water;
whereas surface water and ground water are dominated
by Cr(III).

 The high level of Cr(VI) is caused due to oxidative
dissolution of chromite and serpentinite, and its
distribution is controlled by the presence of Fe2+ and
organic carbon in the study area.
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