FOCUS Work Group on Degradation Kinetics



Estimation of degradation endpoints

for parent compounds in soil
1. Model construction
The aim of this exercise is to implement different kinetic models into ModelMaker and to calculate concentrations of parent compounds in soil. 

1. Single first-order kinetics (SFO)
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Start ModelMaker. This is the ModelMaker toolbar:
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1.1. Define parameters

Activate the parameters view by clicking on the parameters icon. To add the two parameters to represent the degradation rate constant (k1_SFO) and the initial pesticide concentration (Pini_SFO):

1. Click on the Parameter button on the left.

2. A new parameter is inserted below the Main entry with the default symbol ‘p1’ and a value of zero.

3. Repeat to define a second parameter ‘p2’.
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Parameters are defined using the Parameter Definition dialog box, shown below, which is accessed by double-clicking the left mouse button on p1 or p2. All you need to change are the symbols and values assigned to the new parameters. Open each of the parameter windows and give the parameters the symbols k_SFO and Pini_SFO and the values 0.02 and 100, respectively. 
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1.2. Adding compartments
Compartments are defined parts of a system. In this exercise, there are two compartments. One represents the parent compound in soil. The second compartment (“Sink”)is only needed for modelling purposes at this stage. Pesticide which is lost from the parent compartment by degradation, formation of bound residues or any other dissipation processes (where applicable, e.g. in field studies) will be moved to the sink compartment.  Press the Compartment button on the toolbar.


Move the mouse to the position in the window where you would like to place the compartment and click the left mouse button. Repeat the procedure for the second copmpartment. When the compartment is initially inserted, it is empty, i.e. no equation is defined for it. To provide a visual reminder of this, the compartment is filled with blue hatching. 
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1.3. Defining compartments

The value of a compartment represents the quantity held within it (i.e. the amount of parent compound in soil and the amount of parent transformed).  It is calculated using a differential equation which gives the rate of change of the value, usually with time: dCompartment / dt.  This is identical to the sum of the flows into the compartment (always positive) and the flows out of the compartment (always negative). 



dCompartment/dt = + Flow 1 – Flow 2

The definition of the compartments for the SFO model is straightforward because ModelMaker automatically constructs the compartments’ equations for this type of kinetics when the flow components are inserted between compartments (see below). 

What we need to do now is:

· Change the default names which ModelMaker has given the compartments to something more meaningful;

· Define the initial value for each compartment.

The properties of a compartment are defined using the Compartment Definition dialog box, which is accessed by double-clicking the left mouse button on the compartment box. Access the definition dialog for each of the two compartments in turn and change their symbols to Parent_SFO and Sink_SFO.  If you wish, add a description for the sink as shown below. The initial amount of parent is Pini_SFO and the initial amount in the sink is zero.  
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1.4. Adding flows 

The pesticide “flows” from the parent compartment to the sink, so we need to insert a flow as follows:

1. Click on the Flow button on the toolbar.

2. Select the Parent_SFO compartment to be the source of the flow by clicking the left mouse button inside its box.

3. Select the Sink compartment to be the target of the flow, by clicking the left mouse button inside its box.

The flow is inserted between the two selected compartments. The model diagram should now look like this:
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The blue shading of the compartments is removed, because the flow automatically updates the equations of the compartments to reflect its presence.  The flow itself is shaded in red to indicate that its own equation is initially in error. This is because the flow has not been fully defined. 

1.5. Defining flows

Access the Flow Definition dialog box, shown below, by double-clicking the left mouse button on the arrow. Change the symbol for the flow F1 to fP_S (for flow from Parent to Sink). ModelMaker automatically inserted the differential form of the first-order equation for the flow. All you need to do is to replace the ? by the degradation rate constant. The flow equation can be updated by simply over-typing ‘?’ with k_SFO. Alternatively, you can use the Available Component list box:

1. Highlight the ‘?’ symbol in the equation field, using the left mouse button.

2. Double-click the left mouse button on k_SFO the Available Components list box.

3. The highlighted text in the equation field is replaced by the selected parameter symbol.
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Once the flow has been defined, the model diagram should not contain any blue or red shading, indicating that ModelMaker can find no errors in the model definition and that it is ready to run. Click on OK. Double-click on the compartment Parent_SFO. You can see that the equation for the parent compartment has automatically been updated. It corresponds to the flow fP_S which you have just defined. It is negative because it is a flow out of the compartment.

[image: image10.png]i Parent_practical_x.doc - Microsoft Word =15 x|
File Edit View Insert Format Tooks Table Window Help Type a question for help 1w X

DEEa8SRY|[RRd o o |QBO0PE S B[[]w: -7

44 Normal % ModelMaker - [Parent_only.mod] _lofx|
[ . Fle Edit View Component Model Window Help 18] x|

DSH 4BE oc SRM O HulEw S5

‘=2 2 =
JERETSREFH rcondittional Compartment Definition £

“wo |t

- [@ parent_only.m
B i Defiiion | Binap | Infomaton | o
- t8 Parameters  gympok [Parent_SFO
B = 4P Results
- [ Graphl  Equation:  dParent_SFO/dt
D Table1 L[S
N nVake: [P 570
N I Uriverssl [ Giobl [V SaveVake: [V Show Descition
: Descipir
2 #vailable Components: Fiters  Awailable Functions: Fiters
© dpha o [on [ =
|© beta My
T oo | o
© k_SFO oo |+
|3 Parent_SFO abs{'value)
© b FOMC 2D fccosfvahe)
©Fii st LR o
Ot [ arcsinh('value') =l
Hob_ | _ Condiona ==
— e | T )
Page 10 Sec 1 1016  At24lcm ln7  Col1 REC TRK EXT OVR English (UK.)

#start| BParent_practical... |[# ModelMaker BARED 98 14:37




SAVE THE MODELMAKER FILE !
1.6. Running the model

Click on the green Go button on the toolbar. The Run dialog box opens. By default, ModelMaker runs a model from t = 0 to t = 100, and outputs calculated values 100 times during the run. This is fine for the present example. Click OK. 
1.7. Creating a graph.

Now that the model has been run, the calculated values are available for graphical display. A graph is created using the Graph Selection dialog box, shown below, accessed by selecting View|Graph or by clicking on the Graph button on the toolbar. The Graph Selection dialog box presents all the components with values available for display. To select a component for the vertical axis of the graph you can:

· Double-click the left mouse button on its entry in the Components list box; or
· Select its entry in the Components list box and click on the ‘>>’ button.

To create the graph of Parent_SFO vs. time, select Parent_SFO for the vertical axis and keep the default horizontal selection (time). 
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A new view is added to the model workbook. The default graph is quite plain because ModelMaker does not know what the graph values represent, but graphs can be customized:
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1.8. Calculating DT50 and DT90 values

DT50 and DT90 values for SFO kinetics can be calculated from the degradation rate constant within or outside ModelMaker. To calculate the DT50, add a variable to the model. A variable is defined by an analytical equation whereas a compartment is always defined by a differential equation. Double-click on the variables and define the variable DT50_SFO as shown. The second variable (DT90_SFO) is calculated as ln(10)/k_SFO. 
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Save the model and run it again.
1.9. Creating a Table

Tables enable the user to look up actual calculated values at certain time intervals. This can be useful for comparison of simulated data with measured values and for calculation of Chi2 statistics. The DT50 and DT90 values can also be read from the Table. 

Tables are created using the Table Selection dialog box shown below which is accessed by selecting View|Table or by clicking on the Table button on the toolbar. Select Parent_SFO, DT50_SFO and DT90_SFO in the components list box and click on the ‘>>’ button. Click OK. The Table contains 100 rows, one for each day. The first column shows the simulated amount of pesticide. The DT50 and DT90 values do  not change with time and the same value is shown for each time step.
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2. Gustafson and Holden model (FOMC)
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Add and define the parameters alpha (0.5), beta (2.0) and Pini_FOMC (100). Add two compartments Parent_FOMC (initial value Pini_FOMC) and Sink_FOMC (initial value zero) and a flow between them. Define the flow as shown:
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Add the variables DT50_FOMC and DT90_FOMC with
DT50_FOMC = beta (2^(1/alpha)-1)

DT90_FOMC = beta (10^(1/alpha)-1)

Run the model. Go back to the graph you created before and double-click the left mouse button. Add the Series Parent_FOMC to the graph (use the arrow key to move it to the Vertical axis selection).
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3. Hockey-stick model (HS)
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The hockey-stick model consists of two sequential first-order kinetics. The pesticide is degraded with the rate constant k1 up to a breakpoint tb. After the breakpoint, degradation continues with the rate constant k2. There are several ways to include this into ModelMaker. Here, we will use a Conditional Flow.

Add the parameters k1_HS (0.05 days-1), k2_HS (0.02 days-1), the breakpoint tb (day 20) and the initial concentration Pini_HS (100). Add the compartments Parent_HS  (initial value Pini_HS!) and Sink_HS (initial value zero) and link them with a flow. Double-click on the flow. 
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Click on Conditional and then on New to add a new flow equation as shown below. Click on OK. The new equation will be used when t > tb. If this condition is not met (ie before the breakpoint tb), the equation entered previously will be used.
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DT50 and DT90 values are not needed for HS kinetics, because this is not a recommended core model for parent compounds in soil. The slower rate constant (either k1_HS or k2_HS) may be required for modelling purposes as will be explained later. Run the model and add the series Parent_HS to the graph.
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4. Bi-exponential model (DFOP)
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Define the parameters g (0.75), k1_DFOP (0.05), k2_DFOP (0.001) and Pini_DFOP (100). Add the compartments Parent_DFOP (initial value Pini_DFOP!) and Sink_DFOP (initial value zero) and link them with a flow. Double-click on the flow, define it as fP_S_DFOP and enter the equation: 

(k1_DFOP * g * exp(-k1_DFOP * t) + k2_DFOP * (1 - g) * exp(-k2_DFOP * t))
/ (g * exp(-k1_DFOP * t) + (1 - g) * exp(-k2_DFOP * t)) * Parent_DFOP
Run the model again and add the series Parent_DFOP to the graph. Make sure your curve for DFOP looks as shown below. Otherwise check the equation!
DT50 and DT90 values for the DFOP model cannot be calculated by an analytical equation. An iterative procedure must be used instead. This will be demonstrated during the course.
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SAVE THE MODELMAKER FILE !










Flow 1





Flow 2
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