Agouron/UH Summer Course

Determination of dissolved silicic acid (dSi) in seawater

Instructor: Karin Björkman 

Objectives: 
1. Understand and conduct basic analysis of dissolved silicic acid (dSi) 

2. Construct a calibration curve for dSi standards prepared in Si free seawater using the MAGIC method. 

3. Determine the dSi concentration of seawater. 

Introduction:


Silicon is the second most abundant element in the Earth's crust.  

Silicon (Si) is the second most abundant mineral found in the Earth’s crust.  Weathering processes produce orthosilicic acid Si(OH)4 which eventually is deposited in the oceans.  

Si is an essential macronutrient for growth of some marine organisms such as the phytoplankton belonging to the division Bacillariophyta, or diatoms. Other organisms such as radiolarians, silicoflagellates and some sponges and fungi will also use Si. Si is primarily a structural element in marine organisms such as the intricate frustules of diatoms. In open ocean marine ecosystems, Si is often present in low µmolar concentration and may regulate the growth of diatoms. The analytical detection limit for dSi in seawater by autoanalysis is approximately 1 µM-Si. This means that the concentrations typically found in the oligotropic surface oceans are at, or below the detection limit. We will measure dSi by hand using a 10 cm cell. With this modification the detection limit has been brought to <0.1 µM Si. 

Principle of Analysis:

The analysis of soluble reactive silica is based upon the formation of yellow silicomolybdic acid from the reaction of ammonium molybdate and silica at low pH. Ascorbic acid reduces this yellow complex to an intensely blue color with an absorption peak around 810 nm. 

Potential interferences:
Phosphate also reacts with molybdate to form a blue complex that overlap with the absorption spectrum of Si. The addition of oxalic acid eliminates the interference from phosphate in this analysis.
PROTOCOL

Supplies:

Dissolved silicic acid
1. Acid cleaned high density polyethylene (HDPE) sampling bottles.
2. Polypropylene centrifuge tubes 15 ml (Corning).

3. Pipette for 5 ml dispensing of sample

4. Automatic pipettes or repipetter for reagent dispensing.
5. Cuvette cells 10 cm

Equipment:
1. Spectrophotometer Beckman DU 640, or equivalent
Reagents:

Dissolved Si:
Molybdenum blue reaction mixture: 

a) Sulfuric acid 9 N (H2SO4 Fisher A300-212)

b) Ammonium molybdate 0.103M ((NH4)6Mo7O24 4H2O, Fisher A674-500)

c) Oxalic acid saturated (10 g to 100 ml; Fluka 75688)

d) Ascorbic acid 0.159M (Fisher A61-100) 

All reagent solutions are made up in distilled water. Ascorbic acid is prepared fresh daily, or stored frozen. All other solutions are stable for months to years. On the day of use mix equal parts of sulfuric acid and molybdate solutions (a+b).

Standards and blanks:
Standards:

You have been supplied with a primary standard solution of dSi (hexafluorosilicate –N2SiF6) at a concentration of 1 mM. Using gravimetric dilution, prepare a series of seawater standards ranging from 0.15 to 5 µM. Standards are prepared in Si-free sea surface waters (see below) and treated the same as samples.
(Dilution series can be done as follows: Label a set of 15 ml PP tubes S1-S6. Add 5 ml of Si-free SW to S1-S5, and 10 ml to S6. To S6 add 100 µl Si-stock (1mM). Cap tube and mix. Remove 5 ml and mix with SW in S5 etc until S1. Remove 5 ml from S1 and discard.)
Blanks:
Blank and standard samples are prepared from Si free seawater as follows: Fill 50 ml centrifuge tubes with seawater and add 1.25 ml NaOH to each one (i.e. a MAGIC precipitation). Mix by inverting tubes.  Spin for 1 hour at x1000g. Transfer the supernatant with a pipette into a clean PE-bottle, leaving at least 10 ml in the first set of tubes. Be careful not to transfer any of the pellet. The supernatant is your Si-free SW.
Analytical procedure for dSi analysis:
1. 3x5 ml sample aliquots are placed into new 15 ml polypropylene centrifuge tubes using a 5 ml pipette. Work from low to high concentrations (i. e. from surface to deep).

2. Add 200 µl of the sulfuric acid+molybdate mix. Cap and vortex to mix.

3. Let develop for 10 minutes.

4. Add 200 µl of oxalic acid. Cap and mix.

5. Immediately after add 100 µl of ascorbic acid. Cap and mix.

6. Let develop for 1 hour at room temperature to ensure full color development.

7. Samples and standards are read at 810 nm in 10 cm cell on the spectrophotometer. 
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