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Background/Objectives. Hexavalent chromium (Cr VI) (chromate) is highly soluble and toxic 
and its contamination has been associated with sodium dichromate used as an anti-corrosion 
agent and other applications. In the pulp and mill industry, hexavalent chromium contamination 
is often associated with chlorate (ClO3

-).  In addition, chlorate contamination is often associated 
with ammonium perchlorate manufacturing. Furthermore, the presence of ammonium 
perchlorate in the environment leads to the oxidation of ammonium to nitrate.  Therefore, some 
sites may be multi-contaminated with chromate, nitrate, chlorate and perchlorate, all of which 
are electron acceptors for bacteria. The objective of the study reported here is to evaluate the 
potential bioremediation of groundwater contaminated at the mg/L level with chromate, 
perchlorate, chlorate and nitrate. The specific goals are to determine sequence of degradation, 
need for nutrient addition, acclimation times, kinetics of degradation with various electron 
donors, and the impact of groundwater velocities on degradation. 
 
Approach/Activities.  Both microcosm and column testing were performed using molasses, 
waste fruit juice, and emulsified oil as electron donor.  Sediment samples were collected from 
boreholes drilled at the site. Borehole soil cuttings from each drilling horizon were mixed to 
obtain a sample from the top alluvial area (ALU) and another sample from the clayey bottom 
sediments (CLY).  Microcosms used soils and groundwater from the site.  For the column tests, 
four two-inch diameter transparent PVC columns were used and packed with 5 kg of sediments 
each, two with ALU and two with CLY sediments.  Columns were packed to mimic groundwater 
velocities found in the field.  In-house built pressure valves were used to pressurized ALU 
columns at 5 psi and CLY columns at 15 psi.  Columns were run for over 130 days using 
groundwater from the site. 
 
Results/Lessons Learned: Microcosm testing revealed that all three tested electron donors 
are effective for degradation of the contaminants. Kinetics were faster with the fruit juice, but its 
organic content is not sufficient to support degradation of all contaminants. It promoted excellent 
and rapid chromium reduction.  Emulsified oil has a high organic content and it supported 
biodegradation of all contaminant.  Column tests show that ALU biodegradation is faster than 
that of CLY.  After 18 days all 18 mg/L Cr (VI) was reduced in the ALU and in CYI there was still 
0.1 mg/L remaining.  Nitrate degradation in ALU started day 5 and reduced from 350 mg/L NO3

-

/L to 3 mg/L in Day 28. In CLY, nitrate degradation was not completed until day 104.  Chlorate 
degradation started day 35 and completed in day 120 in ALU.   Chlorate degradation in CYU 
was not completed by day 130.  Perchlorate degradation started day 110 in ALU. Perchlorate 
degradation had not stared in CLY in day 130.  The sequence of degradation found is as 
dictated by electron acceptor potential with chromate degrades first followed by nitrate, chlorate, 
and perchlorate. 


