LRES 555







 Spring 2007
Results from Project 2: Instrumentation and Analysis of Soluble Constituents in Soil Water Extracts 
· The attached data set and calculations suggested here are required as a component of the report for Project 2.
Samples Used
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Miles Crossing. This is a Silver Bow Creek riverbank sample obtained near Miles Crossing west of Butte, MT The stream bank sample was taken along eroded mounds of vegetation where evaporative processes have resulted in the formation of copius amounts of Cu (and other) salts on the surface. (→Fig. 1. Close- up shows salts formed from evaporation along heavily eroded and tailings-impacted streambank site.).
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Ditch.  Literally, the sample was taken from sediments excavated from an irrigation ditch just east of the Clark Fork River near Anaconda, MT.  The sediments in the ditch originate from the Clark Fork river and are indicative of the historic tailings contamination from the 1908 flood.

← Fig. 2.  Example tailings material distributed along Clark Fork River stream banks.
Substation. This sample comes from an alluvial site just east of the Anaconda Smelter Any contamination at this site is due to aerial deposition during smelter operation. It is not impacted by pyritic tailings material as are the Clark Fork samples. (→ Fig. 3. Non-pyritic alluvial soils impacted by aerial deposition from ‘the stack’, observed in the background).
Preparation of Soil Water Extracts
1. Saturated pastes were prepared and equilibrated for 24 hours.
2. Aqueous phase collected after centrifugation and filtration through a 0.2 µm filter to obtain a solution defined as containing truly dissolved constituents.

Results (Consult Excel File: soluble.xls on LRES 555 teaching link)
1. Ion chromatography (IC): Solutions were analyzed for F, Cl, NO3, SO4, HCO3, and PO4, and data are reported as mg/L (Table 1).

2. Inductively Coupled Plasma Spectrometry (ICP): Solutions were analyzed for 16 dissolved elements and data are reported as mg/L (Table 2).

Assignment

A. Quality Control/Quality Assurance
1. We have access to a portion of normal QA/QC protocols. A minimum list in most commercial laboratories includes: absolute accuracy determined by performing an analysis of a blind certified standard, precision determined by running periodic triplicates of actual samples, and percent recoveries of each constituent obtained by spiking actual samples and calculating percent recovery.

2. The Dionex machine ran one independent standard and these values are given in the data sheet. Calculate an absolute error between expected and reported values.

3. The Dionex machine ran with their standards a sample of 50 mg/L standard from Metrohm station. Calculate percent error for each anion in this comparison. What additional information do we need to track down the discrepancy? 
B. For Mine Tailing Samples (Miles Crossing, Ditch, Substation) 
1. Two replicates were analyzed for each of the three mine impacted environments samples. After computing averages for each constituent, convert all data to molar using excel (milli and micro molar are acceptable when convenient). 

2. Estimate the cationic and anionic charge for each sample by computing the total moles or mmoles of charge/L present as cations and the moles of charge/L present as anions. In theory, these have to be equal and it is often useful to compute a charge balance (relative difference error) as a tool to see if we have done a thorough job in analyzing all possible cations and anions. Use the ion chromatography data for anion concentrations and the ICP data for cation concentrations (note that As, S and P ICP data can also be used for assumptions about anion concentrations, see #4 below, but for the first pass use the ion chromatograph data (IC) for anions. In Excel, you can accomplish this by establishing a new table where the average concentrations of all important cations and anions are presented as mmole/L and as mmolecharge/L, where you have to use a realistic valence of each cation and anion. Alkalinity values are given as mg CaCO3/L based on long-term water quality conventions. Assuming that AlkT ~ [HCO3-], convert Alkalinity values to moles HCO3- per L. What are the dominant constituents in these samples, as a relative percentage of anionic or cationic charge?
3. Compare the sum of anionic and cationic charge by calculating a charge balance error as: 
[(Cationic charge – anionic charge)/cationic charge]  x 100
4. Compare the IC sulfate values with ICP S values. Generally, sulfate will comprise the majority of total soluble S but this is obviously not true in reduced systems containing significant dissolved sulfide or perhaps systems with significant dissolved organic S. Also, compare the IC phosphate and ICP P values. Again, total soluble P is generally predominantly in the orthophosphate form (i.e., PO4). 
5. Compute the approximate ionic strength of these solutions by using the following formula: Ionic Strength (M) = ½ [ Σ Ci Zi2 ], where C is the concentration (moles/L) and Z is the valence of each ion (all anions and cations). Again, you will have to assume a predominant valence for each ion.
6. Compare the values of I calculated in #5, with the empirical expression relating electrical conductivity (Table 3) in dS/m (equivalent to a mmho/cm) given on page 16 of Linsday (I =0.013*EC). Also, check a predicted sum of anionic or cationic charge using the empirical expression [Sum Anionic or Cationic Charge ~ EC (dS/m) * 10] versus your actual charge values. Why are these relationships not holding up for Miles Crossing and Ditch extracts? 
C.  Visual Minteq 

Using data from our three soil systems (Ditch, Miles Crossing and Substation) perform MINTEQ speciation calculations using the following guidelines. 

1. Use laboratory generated data as input for total soluble components in MINTEQ. Run speciation at 25 oC and evaluate the distribution of important soluble species of Cu, Zn and As in these three samples.
2. Evaluate saturation indices relative to possible formation of solid phases. Are these solutions significantly oversaturated with respect to any solid phases? Make sure that the runs are performed where solid phases are not allowed to precipitate.
3. Place the Cu2+ activity values generated from MINTEQ on a solubility plot containing possible important solid phases of Cu and make interpretations regarding over- versus undersaturation with respect to these phases (malachite, Cu(OH)2 , and cupric ferrite are phases to consider as well as CuSO4(s)).
4. Compare the charge balance and ionic strength values obtained using MINTEQ with values calculated prior to speciation, and comment on degree of agreement.
5. On one additional MINTEQ run estimate the input concentrations of all constituents in Clark Fork River water after a high-water event by assuming a solid:solution ratio of 1:1000. The solid:solution ratio of the saturated paste extracts was ~ 1:1, so this is essentially a dilution of 1000 fold.  You only need to do this for the Miles Crossing sample. How do the saturation indices for particular minerals change after dilution with river-water.
6.  Evaluate the impact of dissolved organic matter (DOM) by performing an additional MINTEQ run of the solution in e above, but now containing DOM. Use the Gaussian model at a dissolved organic C (DOC) value of 12 mg/L. Does the charge balance support the possible presence of anionic charge as DOC (in other words, since we did not measure DOC, we would potentially show an excess of cations). For background, consult the vminteq help section to learn how the DOM routine works.
7. What other processes should be considered in evaluating what chemical reactions may control the aqueous levels of Cu species in these samples?
D. Mongolian Salt
1. Based on an initial dilution of 1.029 g sample into 45 mLs H2O, calculate the percent Fe, S and other constituents in this sample. We will assume that it all dissolved, and this was not entirely the case, but much of it did dissolve. 
2. Compare S values based on ICP and the two IC machines. Is the lower value for sulfate on the metrohm station consistent with QA/QC data above? When should ICP S agree with IC sulfate?

3. Calculate molar ratios of Na/Fe/S in the sample. How do these values compare to the data obtained using EDAX?
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