
1. Evaluation of Nitrate and Selenium Treatment in mining wastewater
Geosyntec and SiREM tested the effectiveness of using a gravel bed reactor (GBR) 
for nitrate and selenium (Se) bioremediation. The GBR performance was evaluated 
in a temperature-controlled flow-through column which was amended continuously 
with a liquid electron donor and nutrients and operated for a period of approximately 1 
year. Operational conditions tested included influent concentrations of nitrate (as N) 
ranging from 40 to 150 mg/L and Se ranging from 150 to 1,000 µg/L; electron donor 
underdosing and overdosing; water temperature ranging from 4º to 8 ºC; and column 
residence time ranging from 5 to 10 days. Samples were collected on a weekly basis 
from column influent, effluent and two side ports to evaluate changes in nitrate and 
Se concentrations, pH, oxidation-reduction potential and major anion concentrations. 
Additional analyses included Se speciation and microbial characterization.

The experiment provided insight into whether a gravel bed reactor can reliably 
achieve long-term nitrate and selenium removal to regulatory criteria and identified 
technical challenges that could arise at a field application.

2. Evaluation of Treatment Amendments for Hexavalent Chromium, Nickel and cVOCs in Groundwater
Geosyntec and SiREM evaluated in situ attenuation of chromium and nickel, via reductive precipitation of chromium to 
insoluble trichrome, precipitation of nickel, and adsorption of nickel to reactive minerals. The following commercial amend-
ments were identified for treatability testing: (1) EHC-M® (zero-valent iron [ZVI], solid carbon substrate and sulfate), (2) MRC® 
(organosulfur compound esterified to a carbon backbone), (3) SRS-M® (emulsified vegetable oil metal formula), (4) Cascade® 
(calcium polysulfide), (5) Apatite II™ (phosphate material from fish bones), (6) GeoBind™ (ferric iron oxides, and Na, Al and Si 
oxides), (7) micro-scale ZVI, and (8) MetaFix® (ZVI, ferrous iron oxides and sulfide). 

The test showed that all amendments evaluated, except (6) were capable of completely removing dissolved Cr[VI] to below 0.1 
mg/L, but only (1) treated both Cr[VI] and cVOCs concentrations to below the remedial goals. Removal of dissolved Ni was observed 
in microcosms (1), (5), (6), (7) and (8) to between 0.2 and 0.4 mg/L. The persistence of residual dissolved Ni was attributed to 
organic complexation that inhibited its complete sequestration by either reductive precipitation with sulfide or adsorption. 

Laboratory Treatability Studies

These studies are used to evaluate many different remedial technologies including bioremediation, 
chemical reduction and oxidation as well as assessment of site-specific parameters in support of 
monitored natural attenuation (MNA). SiREM has experience performing isotherm batch tests to 
obtain specific adsorption capacities and with scanning electron microscopy and energy dispersive 
X-ray (SEM/EDX) and X-ray diffraction (XRD) for qualitative confirmation of mineral phases. Four 
treatability case studies highlighting SiREM experience are provided below.    

SiREM, a division of Geosyntec Consultants, has extensive experience in the design, execution and 
interpretation of treatability studies for contaminants including metals/metalloid, petroleum hydrocarbon 
compounds, chlorinated solvents, semi-volatile organic compounds (SVOCs) and other recalcitrant compounds.



3. Design of ZVI PRB for Arsenic Treatment in Groundwater
Geosyntec and SiREM were tasked with developing a testing procedure and 
performing a bench-scale study for attenuation of arsenic impacts in groundwater 
at a site in Australia. The specific objectives of the study included determination of 
the dissolved As removal capacities by commercially available zero-valent iron. This 
evaluation included assessment of the redox behavior of arsenic species, As(III) and 
As (V), evaluation of the stability of As sequestered by ZVI, and assessment of the 
potential mobilization of As in the aquifer matrix by ZVI-treated groundwater. Two 
commercial ZVI sources and impacted site waters collected at two site locations were 
evaluated in laboratory columns under flowing conditions. Fate of arsenic within the 
ZVI zone and downgradient aquifer was monitored by measurements of changes 
in concentrations and speciation of dissolved As and evaluation of As sequestered 
within ZVI using leaching techniques, scanning electron microscopy and energy 
dispersive X-ray (SEM/EDX) and X-ray diffraction (XRD).

4. Evaluation of In-situ remediation of Heavy Metals in Groundwater at Former Plating Site
This treatability study was conducted to evaluate the use of commercial amendments to reduce metal concentrations in two 
types of groundwater and geologic material from the site, including cadmium, cobalt, lead, manganese, nickel, and zinc present 
at concentrations of up to 140 mg/L. The following amendments were evaluated to promote either reductive and alkaline 
precipitation or adsorption of dissolved metals: (1) EHC-M® (a mixture of ZVI, solid carbon substrate and sulfate), (2) MRC® 
(an organosulfur compound); (3) SRS-M® (a metal formula of emulsified vegetable oil); (4). Apatite II™ (fine grained phosphate 
based material derived from fish bones); (5) Enviroblend® (MgO-based product); (6) Calcium Polysulfide (CaSx); (7) Sodium 
Dithionite (Na2S2O4); and (8) Sodium Bicarbonate (an alkaline pH buffer).

Anaerobic microcosm tests were used to evaluate the effectiveness of enhanced amendments for attenuation of dissolved 
metals at two application rates. Only amendment (5) provided treatment of all metals of concern to below the remedial targets 
in both groundwaters and at both application rates tested. Inorganic reducing agents (6, and 7), pH amendment (4) and the pH 
buffer (8) provided treatment to below the remedial target for Zn, Ni and Pb in both groundwaters, but Cd, Co and Mn were not 
treated. All three amendments containing electron donors (1, 2 and 3) did not promote decreases in dissolved concentrations 
for most metals of concern in the study likely due to low pH of groundwater that were unfavorable for the activity of sulfate 
reducing bacteria (SRB) which those products are designed to stimulate as a metal removal mechanism. 

Please contact SIREM for more information on our 
treatability study services or to obtain a cost quotation.

toll free: 1-866-251-1747
phone: (519) 822-2265


