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Abstract

Chromium (Cr) is a trace element of considerable interest

to aqueous geochemists, environmental scientists, and

toxicologists due to high toxicity of Cr(VI). Chromium(VI)

is stable under oxidizing conditions, forming soluble

dichromate, bichromate, and chromate. Chromium(III)

hydroxide precipitates under relatively reducing

conditions, and equilibrium concentrations of Cr are

typically less than 9.62e-05 mM (0.005 mg/L) under

circumneutral pH conditions. Potassium dichromate

(31,000 to 72,000 kg) was used as an anticorrosion agent

at a cooling tower at Los Alamos National Laboratory

(LANL) from 1956 to 1972 and was discharged to a

watershed. Chromate has migrated approximately 290

meters through the vadose zone under fracture and

porous media flow conditions to reach the regional water

table. The transport time for Cr(VI) migrating through the

vadose zone downgradient from the main discharge

source is estimated at less than 26 years. Background

concentrations of total dissolved Cr in the regional aquifer,

mainly in the form of Cr(VI), range from 5.77e-05 to 9.62e-

05 mM (0.003 to 0.005 mg/L), while concentrations of

anthropogenic chromate reach 0.024 mM (1.248 mg/L).

First-order calculations suggest that Cr(VI) migration

within the regional aquifer at LANL is approximately equal

to the average advective groundwater-flow rates ranging

from 21 to 50 m/yr. Total dissolved concentrations of Cr

show either steady-state or increasing trends at

monitoring wells over time, suggesting that natural

attenuation of Cr is not occurring to a significant extent.

The Cr trends suggest that there are multiple entry points

to the regional-water table from more than one source.

The regional aquifer is characterized by a calcium-

sodium-bicarbonate composition and is oxidizing with

respect to Fe and Mn. This aquifer contains measurable

concentrations of dissolved oxygen ranging from 0.16 to

0.25 mM (5.12 to 8.0 mg/L). Adsorption of Cr(VI) onto

regional aquifer sediments is limited by adsorbents with

small surface areas (hematite and silicates), presence of

competing oxyanions (sulfate and bicarbonate), and basic

pH conditions. Reduction of Cr(VI) to Cr(III) is limited by

the scarcity of electron donors, including reactive Fe(II)

phases, dissolved and solid organic carbon, and

dissolved sulfide.

For additional information please contact Kim Granzow at kgranzow@lanl.gov or (505) 661-4008
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Photograph of the Jemez Mountains and Pajarito Plateau (view 

to the west with industrial sources of chromium(VI) discharges)
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Water Table Map for the Regional Aquifer, 
Los Alamos National Laboratory, NM (LANL 2012)

Groundwater-flow rate (73 – 164 ft/yr) to the

east-southeast at R-28 (LANL, 2012)
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Concentrations of Chromium in the Regional Aquifer, 

Los Alamos National Laboratory, New Mexico

Calculated Rates of Chromium Transport in the

Regional Aquifer, Los Alamos, New Mexico 

Cr migration rate = groundwater-flow rate (feet/year)/Rf.

(73 feet/year)/1.5 = 49 feet/year;

(131 feet/year)/1.5 = 83 feet/year; and

(164 feet/year)/1.5 = 109 feet/year.

The most representative Cr transport rates most likely range from

83 to 109 feet/year in the regional aquifer at R-28.  This range is 

based on extensive monitoring data provided by LANL (2012) and

NMED and Cr trend analysis.

Rf is the retardation factor (1 + pKd/ne) where p(1.5g/cm3), Kd(0.1 mL/g), 

and ne(0.30) are bulk density, distribution coefficient, and effective

porosity, respectively. Rf = 1.5 for the above calculations.

Dissolved Concentrations of Chromium at 
Regional Aquifer Well R-28, Los Alamos, New Mexico
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Overall increase in Cr(VI) concentrations

Dissolved Concentrations of Chromium at Regional 
Aquifer Well R-50 Screen 1, Los Alamos, New Mexico
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Dissolved Concentrations of Chromium at Regional 
Aquifer Well R-42, Los Alamos, New Mexico

Overall increase in Cr(VI) concentrations
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Dissolved Concentrations of 1/Chloride Versus 

Sulfate in the Regional Aquifer, Los Alamos, NM
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Note: calcium polysulfide (CaS5), HRC means hydrogen releasing compound, zero 

valence iron [Fe(0)], sodium dithionite (Na2S2O4), sodium metabisulfite (NaHSO3), 

calcium metabisulfite (CaHSO3), GAC means granular activated carbon, and ISV means 

in-situ vitrification. 
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The redox transformation of Cr(III) to Cr(VI) or vice 

versa can only take place in the presence of 

another redox couple which accepts or donates 

three necessary electrons.

Cr Oxidation:

Manganese oxides are likely to be responsible for 

most Cr(III) oxidation in aqueous systems.

Cr(OH)3(am) + 1.5MnO2(s) + H+ = CrO4
2- + 1.5Mn2+

+ 2H2O

Cr(OH)3(am) +  3MnO2(s) + H2O = CrO4
2- + 

3MnOOH(s) + 2H+

Cr Reduction:

Weathering of Fe(II)-containing minerals (biotite, 

hematite, some clays, etc.)

Dissolved Fe(II) and organic carbon

Solid organic matter

Redox Behavior of Chromium in Aqueous 

Environments

Chromium Releases at Technical Area-03, 

Los Alamos National Laboratory

 Over 15 years of Cr(VI) releases from

the TA-03 cooling tower.

 Between 31,000 and 72,000 kg of 

Cr(VI), with a mean of 54,000 kg, were 

released between 1956 and 1972 into 

Sandia Canyon.   

 Most of the Cr(VI) released is from 

dissociation of potassium dichromate

(K2Cr2O7).

 Approximately 1100 kg of Cr(VI) 

reached the regional aquifer (LANL, 

2009). This is based on estimates made 

prior to drilling of R-50 and R-62.

Evaluation of Natural Attenuation of Chromium in the 

Regional Aquifer, Los Alamos National Laboratory, NM

 Increasing concentrations of Cr(VI) measured during 

numerous sampling events at various monitoring wells 

strongly suggest that natural attenuation of this redox-sensitive 

metal is not taking place to a significant extent.

 It is unlikely that natural attenuation would ever result in Cr(VI) 

concentrations less than 50 g/L (New Mexico groundwater 

standard) at R-28, R-42, and R-50. Natural attenuation of 

Cr(VI) in the regional aquifer (Puye Formation and Miocene 

pumicious sediments) is strongly suppressed by:
o Insufficient concentrations of electron donors or 

reducing agents such as magnetite, metal sulfide 

phases including pyrite, and solid organic matter;

o Stability of strongly oxidizing groundwater conditions 

in the presence of dissolved oxygen, manganese(IV), 

and iron(III);

o High aqueous solubility of metal-Cr(VI) phases; and

o A low adsorption capacity of regional aquifer 

sediments for Cr(VI) under basic pH conditions.

Summary and Conclusions

 Soluble chromium(VI) is stable in the regional-aquifer system 

characterized by strongly oxidizing conditions with respect to 

iron, dissolved oxygen, and manganese.

 Chromium is migrating at nearly the same rate of groundwater 

flow within the regional aquifer (Puye Formation and Miocene 

pumiceous sediments).

 The mass, nature, and extent of chromium contamination in 

the vadose zone and regional aquifer is not completely known.

 Natural attenuation of chromium(VI) is not an effective 

process taking place in the regional-aquifer system.

 Successful aquifer remediation of chromium in the regional 

aquifer requires complete understanding of:

o Nature and extent of contamination and

o Geochemical, biochemical, and hydrologic characteristics.
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Calculated Adsorption Edge Plot ( MINTEQA2) for SCC-2 (log Cr = -4.55 m, log SO4 = 
-2.74 m, log PO4 = - 3.71 m, log MoO4 = - 5.77 m, HFO = 0.267 g/L, I = 0.012 m) 
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