12.741 Marine Bioinorganic Chemistry

Problem Set 2  - Examining the influence of parameters on profile structure
This problem set allows you to experiment with a modified version of Johnson et al.’s 1996 and 1997 Mn and Fe models at three locations in the North Pacific.   Place file Hybrid_12755.m and supporting oxygen data files into the “work” subdirectory in your Matlab directory (c:/Matlab/R2007b/work, or whatever the exact path is, you can also create your own path, write me if you have problems here).  Start Matlab you will see and “>>” command prompt.  Type Hybrid_12755 and hit enter to run the model in its current format.  Under the file tab use  “open” to open Hybrid_12755.m script within Matlab’s editor.  Notice that near the top of the script there is a section entitled “Set Metal Constants and Boundary conditions”.  These are the constants that you will be modifying in this problem set.  Whenever you make changes, save the file before running it (control-S or save under the file tab), then return to the >> command line and retype Hybrid_12755 to run the new version.  Stations 5 and 9 are from the equatorial pacific, station T5 is a Vertex station with a broad low oxygen region (see figure 2 for O2 distributions for each station).   The 10 lines shown in each figure are representative of F100 flux values between 1 and 10 (low to high export fluxes).  (Note that this model simplifies the oxygen effect on scavenging replacing the O2 and pH dependent kinetic term in Johnson et al., 1996 with a simpler Michaelis- Menten O2  expression).  I have purposefully not included oxygen values in the table below so that you can play with these.  Below are vertical profiles for these elements at the two Equatorial Pacific stations near Hawaii (from Saito et al., in prep).
The parameters below can be used to reproduce the vertical structure for Co, Mn and Fe.   Enter these values and examine how the profiles change.  Then play around with modifying the specific parameters to answer the questions below. 

Questions: answer in a paragraph each, with sketches if useful:

1. Describe what effect increasing the Metal-carbon ratio has on vertical structure?  Why do different elements have different M:C ratios?  Looking at Sunda and Huntsman’s papers, how great is the variability in M:C ratios for different phytoplankton for Fe and Co? (see their two 1995 papers)?
2. What effect does changing the ligand concentration have?  There is recent speculation that there may be Mn(III) ligands, what is the effect of going from zero Mn ligands to some non-zero value?
3. Varying the oxygen parameter can you create a secondary maximum of Mn?  What is causing this to be created in this model?  Make the O2 Figure 2 the same size as Figure 1 to allow comparison of depths. 
Table 2.  Parameters for Hybrid Type Metal Model

Parameter



Units

Co

Mn

Fe

Metal-Carbon Ratio in POC 
(M:M)

0.3(*)
44

5

Ligand Concentration 

(nM)

0.025

0.3

0.6

Scavenging rate constant 
(yr-1)

0.052

2

.005

O2 Half Saturation Constant
(M) 

tbd

tbd

0

Initial Condition 

(nM)

0.01

0.4

0.05

Lower Boundary Concentration 
(nM)

0.06

0.3

0.6

*data from Sunda and Huntsman 1995
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