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Figure S1. Cr(VI) mobility and reduction pathways. Adsorption, redox conditions, and environmental factors control 













[image: ]

Figure S2. Mitigation Strategies of Cr(VI) Contamination using different approaches, i.e., physical, chemical, and biological.
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Table S1. Cr(III) and Cr(VI) Concentrations in Groundwater and Surface Waters
	Region
	Water Type
	Cr(VI) (µg/L)
	Cr(III) (µg/L)
	Key Characteristics
	Reference(s)

	Antelope Valley, CA
	Groundwater (natural)
	<1–32
	Typically <10% of total Cr
	Alkaline (pH ~8), oxic, long residence, Cr-bearing schist
	(Izbicki et al., 2015)

	West-side Central Valley, CA
	Groundwater (agricultural)
	<1–69
	Low
	Cr-rich alluvium, irrigation return, high nitrate, alkaline oxic aquifer
	(Guo et al., 2020)

	Loess Plateau, China
	Groundwater
	<4–300
	Not quantified
	Loess fissure‑pore aquifers; pH 7.8–8.8; high Eh; amphibole/tremolite
	(Ning et al., 2025)

	Jingyang County, China
	Groundwater
	Up to 300
	Not quantified
	Loess tableland, weathered sandstone, slow groundwater flow
	(Ning et al., 2025)

	Troodos and coastal aquifers, Cyprus
	Groundwater/Spring
	ND–26
	ND-few (indirect) µg/L
	Ultramafic/mafic ophiolite; fractured aquifers; meteoric recharge
	(Zissimos et al., 2021)

	Aosta industrial area, Italy
	Groundwater (industrial)
	0.09–165
	Not reported
	Superficial steel slag deposits, Ca–Mg–HCO₃/SO₄ basins
	(Grappein et al., 2021)

	Tuscany/Cecina coast, Italy
	Groundwater (natural/coastal)
	Up to 73
	Not reported
	Ophiolitic rocks, Mn-oxide oxidation in coastal alluvium
	(Bastianoni et al., 2021)

	Aegean and Central Greece
	Groundwater/tap water (urban)
	Up to 156
	Not reported
	Ophiolitic formations + industrial (fly-ash/waste); some public supply exceeding EU limit
	(Drougas et al., 2025)

	Loess Plateau, China
	Surface water
	12-May
	Not quantified
	Seasonal recharge, moderate DO/Eh
	(Ning et al., 2025)

	Bauru Basin, São Paulo, Brazil
	Groundwater
	Up to 130
	Not reported
	Sandstone aquifer; high pH >10; Mn-oxide–catalyzed oxidation of Cr(III); chrome-diopside source
	(Bertolo et al., 2011)

	New Caledonia (ultramafic soils)
	Soil pore-water
	Up to 700
	Not reported
	Phosphate-amended serpentine soil; Mn-mediated Cr(III) oxidation
	(Becquer et al., 2003)

	León Valley, Mexico
	Groundwater
	~12
	Not reported
	Ultramafic geology (Sierra Guanajuato); geogenic Cr(VI) source
	(Villalobos-Aragón et al., 2012)

	Chromite mining area
	Surface water
	20-500
	30-May
	Ultramafic rock weathering; mine drainage; oxidizing to slightly reducing
	(Kokkinos et al., 2024; Rashid et al., 2023)

	Cyprus (Kiti–Pervolia)
	GW
	Median 4.5
	Not reported
	Coastal agricultural recharge
	(Zissimos et al., 2021)

	Greece (ultramafic areas)
	Tap/GW (urban)
	>2 up to 156
	Not reported
	Ultramafic geology, Mn-catalyzed oxidation, EU exceedances
	(Dermatas et al., 2015)

	Southern India (tannery areas)
	GW
	10 - 190 (0.01-0.19 mg/L)
	0.01- 0.19 mg/L total Cr
	Industrial tanning contamination exceeding WHO limit (0.05 mg/L)
	(Ali et al., 2022; Brindha and Elango, 2012)






Table S2. Environmental behavior, migration, transformation and fate of Cr(VI)
	Process
	Description
	Environmental Impact
	Reference

	Leaching and Migration
	Cr(VI) moves through unsaturated and saturated zones
	Groundwater contamination risk
	(Wang et al., 2020; Wei et al., 2021)

	Adsorption/Desorption
	Cr(VI) weakly adsorbs to oxides and clays; desorption under alkaline pH
	Enhanced mobility under high pH
	(Liang et al., 2021)

	Microbial Reduction
	Reduction to Cr(III) via Fe(III)- or sulfate-reducing bacteria
	Localized immobilization
	(Huang et al., 2024)

	Abiotic Reduction
	Reduction by Fe²⁺, sulfides, and organic matter
	Cr(VI) sequestration in anoxic zones
	(Hou et al., 2023)

	Post-Fire Redistribution
	Cr(VI) formed during fires is water soluble and rapidly mobilized by rain
	Rapid surface and subsurface transport
	(Burton et al., 2019)

















Table S3. Overview of Common Cr(VI) Reducing Agents

	Reducing Agent
	Formula
	Approx. Redox Potential
	Environmental Relevance
	Limitations                           Reference

	Ferrous iron
	Fe²⁺
	+0.77 V (vs. SHE)
	Naturally present in suboxic soils and sediments
	Ineffective in oxic conditions; pH-sensitive
	(Liang et al., 2021)

	Zero-valent iron
	Fe⁰
	–0.44 V
	Widely used in permeable reactive barriers (PRBs) and soil treatments
	Surface passivation; limited penetration in compact soils
	(Liang et al., 2021; Verma et al., 2025)

	Sulfides
	HS⁻, S²⁻
	~–0.24 to –0.27 V
	Produced via microbial sulfate reduction in anoxic environments
	H₂S toxicity; redox sensitive
	(Choppala et al., 2018; Kushkevych et al., 2019)

	Organic matter
	–
	Variable (–0.2 to –0.5 V)
	Abundant in soils; supports microbial and abiotic Cr(VI) reduction
	Variable efficiency; influenced by bioavailability and structure
	(Choppala et al., 2018; Ren et al., 2023)

	Calcium polysulfide
	CaSₓ
	Not defined 
	Applied in field-scale remediation of Cr(VI)-contaminated sites
	Secondary byproducts (e.g., SO₄²⁻); handling precautions
	(Graham et al., 2006; Moon et al., 2008)

	Sodium dithionite
	Na₂S₂O₄
	~–0.66 V
	Rapid-acting reductant in soil washing and ex situ treatments
	Instability; short lifetime in solution
	(Fan et al., 2023; Telfeyan et al., 2019)



Note: Redox potentials are standard vs SHE and may vary with pH and matrix.
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