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1. Introduction. 
In April 2018 a project was initiated to re-code the current Excel version of HardSPEC (1.4.3.2) 

into a more modern language (MatLab) with a flexible format and use this to undertake a 

much-needed sensitivity and uncertainty analysis of the model. At the same time the 

opportunity was taken to add a module that enabled users to calibrate aspects of the surface 

wash-off algorithms that were based on rather limited data. The addition of this ‘Calibration 

Module’ resulted in HardSPEC version 1.5.1 and this was the version that was used in the 

model regrading and associated sensitivity and uncertainty analyses. As a result of the re-

coding, several ‘miscoding’ errors were identified in the Excel version and these were 

corrected, ultimately creating Excel version 1.5.2. The subsequent sensitivity and uncertainty 

analysis identified some further problems with the surface wash-off algorithms that produced 

anomalous results arising from parameter combinations so far not investigated. Again, these 

problems were corrected, resulting in Excel version 1.5.2-4.2. A final round of checking the 

newly introduced Calibration module worksheet identified two minor inconsistences with re-

calibrated parameters for surface specific desorption. The correction of these inconsistencies 

produced Excel version HardSPEC 1.5.2-4.3. The Matlab version of the model is unlikely to be 

available until completion of phase 2 of the Model Upgrade project and the decision has 

therefore been taken to release the fully corrected Excel version 1.5.2-4.3 for use in 

regulatory exposure and risk assessments. This document summarizes the changes that were 

made as a result of the Upgrade project and their impact on the PECs for 6 test compounds 

used to develop earlier versions of the model. 

2. Addition of Calibration module. 
The calibration parameters developed to simulate wash-off of compounds from specific 

surfaces were based on results from a set of ‘Controlled wash-off Studies’ carried out using 6 

test substances, in order to inform model development (See Shepherd & Heather, 1999a & 

b). However some of these parameters, particularly those to simulate processes specific to 

very soluble compounds, were based on very limited data (Hollis et al, 2017, Appendix 3) and 

are thus less robust than most of the other calibration parameters. As a result, a ‘Calibration 

Module’ for the model was developed to enable users to improve this aspect of model 

predictions based on measured data from an appropriate compound-specific Controlled 

Wash-off Study. This module has been added as a separate worksheet in the Excel-based 

model, titled “Calibration Module”. 

The Calibration Module should only be used in conjunction with compound-specific 

measured data from an appropriate Controlled Wash-off Study.  If you believe that a 

Controlled Wash-off study is required for the substance you wish to register for use on hard 

surfaces, please contact HSE at CRD.Information.Management@hse.gov.uk for further 

information.  

mailto:CRD.Information.Management@hse.gov.uk
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Before moving to the Calibration module, users should add all relevant compound data to the 

“Herb Props” worksheet as described in section 5.1 of the latest Guidance Document (Hollis 

et al, 2017). 

Calibration is then carried out in up to 4 steps using the “Calibration_module” worksheet: 

1. Step 1 is to add the mass applied (mg) to each 0.54 m2 of surface type to cell E12, the 

volume of each wash-off sample collected and the measured mass (mg) lost in that volume 

to Cells B16 to B36 & D16 to D36, respectively. Calibration cannot proceed without these 

data. 

2. In Step 2, you start by calibrating Kp asphalt. In the "Calibrated values" cell (L17), enter the 

value given in the 'Default values' cell to the left (K17). A ‘Difference’ value and a 

‘Percentage difference’ value will appear in cells M17 and merged cells OPQ17. Then, in 

the top menu of Excel, go to "Data", select "What-If Analysis” and choose "Goal Seek". In 

the dialogue box, enter the cell M17 in the 'set cell' option, the value 0.0 in the 'To value' 

option and the cell L17 in the 'By changing cell' option. Press OK. When the Goal Seek 

function has finished, if it finds an optimum value for Kp, it will tell you "found a solution" 

and an optimized Kp surface value will appear in the ‘Calibrated values’ cell L17. Click on 

the OK option. Note that the optimized value may be negative, which is not valid for Kp. 

If this happens you should change the negative value in cell L17 to 0. If Goal Seek cannot 

'improve' on the Kp value that was entered originally, it will say "may not have found a 

solution", in which case click on the Cancel option and make a note of the default value of 

Kp. Repeat this procedure for Kp concrete. When you have optimized Kp for both surfaces, 

proceed to Step 3. 

3. In step 3, you calibrate the soluble loss reduction functions. Start with asphalt surfaces and 

go to the 'Calibrated values' cell O33. In cell O33, type the value given into the 'Default 

values' cell to the left (N33) and a 'Model Efficiency’ value will appear in cell P33. Select 

the Goal Seek function as you did in step 2 and in the dialogue box, enter the cell P33 in 

the 'set cell' option, the value 1.0 in the 'To value' option and the cell O33 in the 'By 

changing cell' option. Press OK. Goal Seek will try to optimize the model efficiency value to 

an ideal of 1.0. When it has finished, if it finds an optimum value for the model efficiency 

it will tell you "found a solution" and an optimized Xasphalt constant value will appear in 

the 'Calibrated values' cell O33. Click on the OK option and note the Model Efficiency value 

that appears in cell P33/34. If it cannot 'improve' on the model efficiency value resulting 

from the default value that was entered originally, it will say "may not have found a 

solution", in which case click on the Cancel option, enter the ‘Default’ value from cell N33 

into the adjacent cell O33 and the default Model Efficiency value will appear in cell P33/34. 

Go to the next calibration value down, in row 34 and repeat the procedure. Repeat this for 

each of the calibration parameters in cells rows 35 & 36. Finally, repeat the procedure 

again for the two Calibration parameters for concrete surfaces in cells in rows 38 & 39. 

Proceed to Step 4.  

4. In the final calibration step 4, you optimize the desorption routines for wash-off. 

Depending on compound physico-chemical properties and the mass applied, these may 

not always be activated in the model, but calibration is still necessary. Start with asphalt 
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surfaces and go to the 'Calibrated values' cell O52. In cell O52, type in the value given in 

the 'Default values' cell to the left (N52) and a 'Model Efficiency’ value will appear in cell 

P52/53. Select the Goal Seek function and follow the Goal Seek procedures as you did in 

step 3. Once you have optimized this calibration parameter, do the same for the next one 

down (row 53) and also for the two concrete parameters in rows 55 & 56. When step 4 is 

complete, you have finished calibration of the model. Make a note of the final Model 

Efficiency values for both asphalt (in cell P52/53) and concrete (in cell P55/56). 

3. Changes made to allow users to change some Scenario 
parameters. 

As part of the sensitivity and uncertainty analysis for the HardSPEC model, a significant 

amount of work was carried out to attribute realistic ranges to the 261 parameters that are 

used to define its various scenarios and model its transport and fate processes. This work 

highlighted four issues with the existing Excel version: 

• Firstly, there was an inconsistent approach to the way parameters were used in the various 

worksheets. Although many were explicitly identified in the Scenario worksheets, a few 

others were only present as fixed values within the algorithms used to model processes. 

• Secondly, some parameters used were calculated from other parameters and thus not 

independent. 

• Thirdly, when assigning ranges to those parameters quantifying areas or percentage cover 

of different surface types within specific scenarios it was important to ensure that the sum 

of different surface types did not exceed the fixed total area of the scenario or 100% of 

this area. In other words, these types of parameters were co-dependent and could not vary 

independently. To solve this problem, a set of algorithms were developed to ensure such 

anomalies did not occur. These involved the identification of a limited number of ‘key’ 

parameters that can be varied independently combined with routines that ensure other 

related dependent parameters are derived without creating anomalies. 

• Finally, a few parameters (such as those related to total unit areas of scenarios, surface 

water bodies derived from FOCUS regulatory scenarios or Sustainable Urban Drainage 

pond volumes based on design storm events) should be fixed and not be subject to change 

by users or be included in the sensitivity analysis. 

To resolve these issues, the different Excel worksheets defining various Scenarios used in the 

model were modified to explicitly include all relevant scenario parameters and, where 

necessary, algorithms in other worksheets were modified to reference these parameters 

rather than their default values. For example, in the “Major_scenario”, the parameters 

‘Agricultural field (ha)’, ‘Grass verge (ha)’, ‘Grass (instead of asphalt paving) (ha)’, ‘length of 

stream (m)’ & ‘% sprayed, concrete’ were designated as fixed parameters that should not be 

changed, whilst the parameters of ‘asphalt road area (ha)’, ‘asphalt path area (ha)’, ‘concrete 

kerb area (ha)’, ‘Width of asphalt spray swath on road (m)’, ‘Width of asphalt spray swath on 

path (m)’ & ‘Width of spray swath contributing drift to water body (m)’ were designated as 

the ‘independent scenario variables’ that users could adjust within specified ranges. All other 
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scenario parameters were calculated from the designated independent variables. In addition, 

all the stream characteristics were added to the Worksheet as fixed scenario parameters, 

rather than them being specified and referenced in the “losses_AR” worksheet. One example 

of the referencing changes to other worksheets necessitated by these modifications, is that 

the calculations for ‘final mass in stream water phase’ on day 1 (after application) in the 

“Losses_AR” worksheet (cell AZ16 in version 1.5.2-4.3) were changed to reference cells M6, 

M8 & M7 of the stream characteristics in v 1.5.2-4.3 worksheet “Major scenario”. In version 

1.4.3.2, the same calculations reference cells BD5, BD7 & BD6 of the stream characteristics in 

the worksheet “Losses_AR”. 

In each scenario worksheet and in the “Herb_props” & “Calibration_Module” worksheets, the 

various cells quantifying the Independent parameter variables, the Dependent parameters 

and the Fixed parameters were colour coded to facilitate user identification. In addition, 

suggested realistic minimum & maximum values were specified for each Independent 

parameter. Figure 3.1 shows the colour coding used. 

Fig. 3.1. Colour coding used in HardSPEC v. 1.5.2-4.3 to identify different types of parameters 

used in the model algorithms. 

 

4. Changes made to correct model miscoding. 
During re-coding of the model into Matlab (Yates & McNally, in preparation), a thorough 

analytical breakdown of the various model worksheets in Excel v. 1.4.3.2 revealed several mis-

coding errors and these were corrected as follows: 

1. Incorrect references in the following cells were corrected as follows: 

Cell E12 in the ‘Output’ worksheet of version 1.4.3.2, contained a reference to CI16:CI119. 

This was corrected to CI16:CI89 in v 1.5.2-4.2. 

Cells F30-F32 in v. 1.4.3.2 worksheet ‘Losses BR’ contained a reference to EXP(-0.088*…). 

This was corrected to EXP(-0.0888*….) in v 1.5.2-4.2 (noting that the corresponding cells 

in v. 1.5.2-4.2 have changed to G29-G31). 

Cell E94 in ‘Losses AR’, the value of 0.54 used in the equation corrected to 0.492.  

Colour Meaning

Primary user input parameters

Independent scenario parameters that can be changed by users providing that such 

changes can be fully justified based on measured data

Dependent parameters in the worksheet that are calculated from other parameters 

and thus should not be changed

Surface wash-off parameters that are used to calibrate the wash-off algorithms         

Calibration module only

Calculated statistical values that allow the user to optimise parameterisation                       

Calibration Module only

Fixed parameter that should not be changed
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2. Incorrect references to the HardSPEC ‘realistic worst case’ rainfall sequence in work sheets 

‘Masses lost per 0.5mm rain’, rows 4, 5 & 6 and ‘Losses AR’, Cells B16 to C89 and Cells 

AG16 to AI89 were corrected. These changes only affect PECs following the 10th rainfall 

event on the 10th day after application. 

3. In the “Railway_surface_water” worksheet, the values used for ‘Coefficient of longitudinal 

Dispersion (m)’ (Row 2) in the groundwater transport algorithms (based on Crank, 1956) 

were based only on the calculated value for the first 1m of travel, irrespective of the 

distance to the surface water ditch. This error was corrected so that calculated values for 

this parameter for the second to eighth successive 1m of travel were added to the row, 

based on the relevant increased distance to the surface water ditch (Row 5). Groundwater 

transport algorithms for the second, third, fourth, fifth, sixth, seventh & eighth metre of 

travel were cross referenced to the relevant values in rows 2 & 3. 

5. Changes made to correct errors in Surface wash-off 
algorithms. 

The sensitivity analysis examining the impact of changes to HardSPEC model parameters 

(Yates & McNally, in preparation), showed several apparently anomalous patterns related to 

the ‘One at a time’ analyses of the model’s primary user input parameters in the 

“Herb_props” worksheet and the ‘Rainfall’ analysis of the impact of varying the magnitude of 

rainfall on the first day after application. Investigation of these identified some cases where 

there were logical reasons for the apparently anomalous patterns, and these are explained in 

section 7 of this report. The remaining cases were caused by errors in the application of the 

model’s surface wash-off algorithms in the “Masses lost per 0.5mm Rain” worksheet and 

these were corrected. However, as a result of these changes, a new calibration of the wash-

off routines was necessary, resulting in a different set of calibration values to those in v. 

1.4.3.2. Overall, the following changes were made to this worksheet, each change being 

highlighted in red text: 

 

Asphalt algorithms in the Urban, Major Road & Domestic Scenarios 

The equations for ‘Mass sorbed’ for wash-off steps 2 onwards were changed from: 

=IF ( AND (Rain="Rain", Mass sorbed for previous wash-off step = 0), THEN Mass 

remaining for previous wash-off step, ELSE IF (Mass remaining for previous wash-off step 

< Mass sorbed for previous wash-off step, THEN Mass remaining for previous wash-off 

step Mass sorbed for previous wash-off step * (Mass sorbed for previous wash-off step / 

(Mass sorbed for previous wash-off step + Mass not sorbed for previous wash-off step)), 

ELSE IF(Mass not sorbed for previous wash-off step <= Mass lost for previous wash-off 

step, THEN Total mass remaining, ELSE Mass sorbed for previous wash-off step))) 

to: 

= IF (Rain = "Rain", THEN Total sorbed mass remaining for the previous wash-off step, 

ELSE IF (Desorption? For previous wash-off step = "Yes", THEN Total sorbed mass 

remaining for the previous wash-off step, ELSE IF (Mass not sorbed for previous wash-off 
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step <= Mass lost for previous wash-off step, THEN Total sorbed mass remaining for 

previous wash-off step, ELSE mass sorbed for previous wash-off step))) 

The equation for ‘Mass not sorbed’ for wash-off steps 2 onwards were changed from: 

= IF (Mass not sorbed for previous time step – Mass lost for previous time step <=0, THEN 

0, ELSE, Total mass remaining for previous time step – Mass sorbed for current time step) 

to: 

= IF (Mass not sorbed for previous wash-off step – Mass lost for previous wash-off step 

<=0, THEN 0, ELSE IF (((Total sorbed mass remaining for previous wash-off step + Total 

non-sorbed mass remaining for previous wash-off step) – Mass sorbed for current wash-

off step) <=0, THEN 0, ELSE ((Total sorbed mass remaining for previous wash-off step + 

Total non-sorbed mass remaining for previous wash-off step) – Mass sorbed for current 

wash-off step))) 

The equations for ‘soluble mass reduction fraction’ for wash-off steps 2 onwards were 

changed from: 

=IF ((solubility*0.25*0.3507) > Mass not sorbed for first time step, THEN time step ^-

(1.2226 * ((‘Mg reaching each 0.54 m of Urban asphalt surface’) ^ 0.14)), ELSE, time step ^ 

-(0.8346 * EXP (-(0.051 * solubility)))) 

to:  

=IF ((solubility * 0.25 * 0.3507) >mass not sorbed, THEN wash-off step ^ -

(Calibration_module! $Q$ 34 * (solubility ^ Calibration_module! $Q$35)), wash-off step ^ 

-(Calibration_module! $Q$32 * EXP( -(Calibration_module! $Q$33 * solubility)))) 

In order to identify when the amount of non-sorbed, non-trapped compound on the asphalt 

surface becomes exhausted, the title of the row “soluble loss if no desorption” was changed 

to ’potential soluble loss if no wash-out or desorption’ and extra rows, called ‘Trapped mass 

reduction?’, ‘trapped mass reduction fraction’, ‘fraction of wash-off step involved in trapped 

mass reduction’,  ‘mass lost via trapped mass wash-out’ and ‘actual soluble loss’ were inserted 

between the newly titled ’potential soluble loss if no wash-out or desorption’ and “time step 

for desorption” Rows. The equations for each wash-off step in these rows were coded as 

follows: 

‘potential soluble loss if no wash-out or desorption’ for all wash-off steps 

= IF ((solubility * 0.25 * 0.3507 * soluble mass reduction) > mass not sorbed * 0.3507 * 

soluble mass reduction, THEN, mass not sorbed * 0.3507 * soluble mass reduction, ELSE 

solubility * 0.25 * 0.3507 * soluble mass reduction) 

‘Trapped mass reduction’ 

For wash-off step 1 

= 0 

For wash-off steps 2 onwards 

= IF (Trapped mass reduction? For previous wash-off step = “Yes”, THEN “Yes”, ELSE IF 

((mass not sorbed – potential soluble loss if no wash-out or desorption) < mass not 

sorbed for the first wash-off step * (1-0.3507), THEN "Yes", ELSE "No")) 
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‘Trapped mass reduction fraction’ for all wash-off steps 

=IF (trapped mass reduction = "Yes", THEN, wash-off step number ^ -

(Calibration_module!$Q$34 * ((solubility ^ Calibration_module!$Q$35)), ELSE 0) 

‘Fraction of wash-off step involved in trapped mass reduction’ for all wash-off steps 

= IF (trapped mass reduction = "Yes", 1, ELSE IF (AND (trapped mass reduction = "Yes", 

(non sorbed mass - (potential soluble loss if no wash-out or desorption +actual non-

soluble mass moved) < mass not sorbed for first wash-off step * (1-0.3507))), THEN (non-

sorbed mass - (potential soluble loss if no wash-out or desorption +actual non-soluble 

mass moved)) / ($mass not sorbed for first wash-off step * (1-0.3507)), ELSE IF (trapped 

mass reduction = "No", 0, 1))) 

‘mass lost via trapped mass wash-out’ for all wash-off steps 

= IF(trapped mass reduction = "Yes", THEN mass not sorbed * 0.3507 * trapped mass 

reduction fraction * fraction of was-off step involved in trapped mass reduction, ELSE 0) 

‘Actual soluble loss’ for all wash-off steps 

= IF (trapped mass reduction = "No", THEN potential soluble loss if no wash-out or 

desorption, ELSE IF ((potential soluble loss if no wash-out or desorption * (1- fraction of 

was-off step involved in trapped mass reduction)) + mass lost via trapped mass wash-out 

> potential soluble loss if no wash-out or desorption, THEN potential soluble loss if no 

wash-out or desorption, ELSE (potential soluble loss if no wash-out or desorption * (1- 

fraction of was-off step involved in trapped mass reduction)) + mass lost via trapped 

mass wash-out)) 

In order to identify the fraction of the wash-off step involved in desorption, especially when 

desorption is first initiated, two extra rows called ‘Desorption?’ and ‘fraction of wash-off 

step involved in sorption’ were inserted between the “soluble loss if no desorption” and 

“Wash-off step for desorption” rows. The equations for each of these rows were coded as 

follows: 

‘Desorption?’  for all wash-off steps 

= IF (mass not sorbed  > actual soluble loss, THEN "No", ELSE IF ((solubility * 0.25 * 

soluble mass reduction fraction) > mass not sorbed, THEN "Yes", ELSE IF (actual soluble 

loss = 0, "Yes", "No"))) 

‘fraction of wash-off step involved in sorption’ for all wash-off steps 

= IF (Desorption? = "No", THEN 0, ELSE IF (AND (Desorption? = "Yes", actual soluble loss 

>0), ((solubility*0.25*soluble mass reduction fraction) – mass not sorbed) / (solubility * 

0.25 * soluble mass reduction fraction), 1)) 

The equations for ‘time step for desorption’ (now re-named ‘wash-off step for desorption’) 

for wash-off steps 2 onwards were changed: 

From: 

= time-step for desorption for previous time step number + 1 

to:  

= IF (Rain = "Rain", THEN Rainfall event number, ELSE wash-off step for desorption for 

previous wash-off step + 1) 
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The name for ‘De-sorption volume fraction’ was changed to ‘De-sorption mass fraction’ and 

the equation for ‘De-sorption mass fraction’ was changed from: 

=IF Kp asphalt = 0, 0, ELSE IF (OR (mass not sorbed < soluble loss if no desorption, mass not 

sorbed = 0), THEN 0.3635Kp asphalt ^ (-0.0272601916563308 * (time step for desorption 

^ 2.2)), ELSE 0)) 

to: 

= IF (Desorption? = "No", THEN 0, ELSE (Calibration_module! $Q$50 * wash-off step for 

desorption ^ - Calibration_module!$Q$51)) 

The equation for ‘soluble loss based on desorption only’ for each time step was changed from: 

=IF Kpasphalt = 0, THEN 0, ELSE IF (Desorption? = "No", THEN 0, ELSE (mass sorbed * 

Desorption mass fraction) - ((mass sorbed * Desorption mass fraction) * (1-((0.323) / 

((0.323) + (0.54 * Kpasphalt))))))) 

to:  

= IF (Kpasphalt = 0, THEN 0, ELSE IF (Desorption? = "No", THEN 0, ELSE IF ((Mass sorbed * 

Desorption mass fraction * Fraction of wash-off step involved in desorption) - (( Mass 

sorbed * Desorption mass fraction * Fraction of wash-off step involved in desorption) * 

(1 -((0.388) / ((0.388) + (0.54 * Kpasphalt))))) > (Solubility * 0.25 * Desorption mass fraction 

*  Fraction of wash-off step involved in desorption), THEN (Solubility * 0.25 * Desorption 

mass fraction *  Fraction of wash-off step involved in desorption), ELSE ((Mass sorbed * 

Desorption mass fraction * Fraction of wash-off step involved in desorption) - (( Mass 

sorbed * Desorption mass fraction * Fraction of wash-off step involved in desorption) * 

(1 -((0.388) / ((0.388) + (0.54 * Kpasphalt))))))) 

The title for ‘non-soluble mass moved’ was changed to ‘potential non-soluble mass moved’ 

and the equation for wash-off step 1 was changed from: 

=IF((solubility * 0.25 * 0.3507 )> mass not sorbed, THEN 0, ELSE IF (Specific Gravity < 0.4, 

THEN mass not sorbed * (1 - (Specific Gravity ^ 0.00544853)), ELSE IF (Specific Gravity > 

1.9495, THEN mass not sorbed * (589.4 * EXP (-6* Specific Gravity)), ELSE mass not 

sorbed * (0.005 - (0.00005 * Specific Gravity))))) 

To: 

= IF (Mass lost in solution >= Mass not sorbed * 0.3507, THEN 0, ELSE (Mass not sorbed * 

(0.005 - (0.00005 * Specific Gravity)))) 

The equation for wash-off steps 2 onwards was changed from: 

= IF (C5 = "Rain", IF ((solubility * 0.25 * 0.3507 )>C9, THEN  0, ELSE IF (specific gravity 

<0.4, THEN mass not sorbed * (1-(specific gravity ^ 0.00544853)),  ELSE IF (specific gravity 

>1.9495, THEN mass not sorbed * (589.4 * EXP (-6 * specific gravity)), ELSE mass not 

sorbed * (0.005 - (0.00005 * specific gravity))))), ELSE IF (mass lost in solution > mass not 

sorbed, 0, ELSE IF ((non-soluble mass start * (time step ^ -(1.10256 * specific gravity ^ 

2.3071))) > mass not sorbed – mass lost in solution, THEN mass not sorbed – mass lost in 

solution, ELSE non-soluble mass start * (time step ^ -(1.0256 * specific gravity ^ 

2.3071))))) 

To: 
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= IF (trapped mass reduction ="Yes", 0, non-soluble mass start * (wash-off step for non-

soluble mass ^ -(1.1387 * specific gravity^ 2.3879))) 

The equation for “actual non-soluble mass moved” for all wash-off steps was changed from: 

= IF ((mass lost in solution + non-soluble mass moved ) >mass not sorbed, THEN 0, ELSE 

non-soluble mass moved) 

To: 

= IF (trapped mass reduction? ="Yes", 0, ELSE Potential non-soluble mass moved) 

The line and equations for ‘Mass lost in solution’ are now redundant and covered by the 

new line for ‘actual soluble loss’ (see above). This line and its equations were therefore 

removed. 

The equation for “Mass lost” for all wash-off steps was changed from: 

= Non-soluble mass lost + mass lost in solution 

To: 

= actual soluble loss + actual non-soluble mass lost 

In order to enable degradation between rainfall events to be quantified for both the sorbed 

and non-sorbed masses, the row previously entitled “Total mass remaining” was split into two 

rows now called ‘Total sorbed mass remaining’ and ‘Total non-sorbed mas remaining’.  

For the row ‘Total sorbed mass remaining’, the equation for the first wash-off step is: 

= Mass sorbed 

The equation for all the other wash-off steps is: 

= IF (AND (Rain = "Rain", Desorption? = "Yes"), THEN (Mass sorbed – soluble loss based 

on desorption only) * EXP(- (time between rainfall (days) * LN(2)) / DT50 asphalt), ELSE IF 

(Rain for the next wash-off step = "Rain", THEN (mass sorbed) * EXP(- (time between 

rainfall (days) * LN(2)) / DT50 asphalt), ELSE IF( Desorption = "Yes", THEN Mass sorbed - 

soluble loss based on desorption only, ELSE Mass sorbed))) 

For the row ‘Total non-sorbed mass remaining’, the equation for the first wash-off step is: 

= Mass not sorbed – Mass lost 

The equation for all the other wash-off steps is: 

= IF (Rain for the next wash-off step = "Rain", THEN (Mass not sorbed – Mass lost) * EXP(- 

(time between rainfall (days) * LN(2)) / DT50 asphalt), ELSE Mass not sorbed – Mass lost) 

The equation for ‘Total mass remaining as a % of applied’ was changed from: 

= 100 * total mass remaining / Mg reaching each 0.54 sq. m. of surface 

to: 

=100 * (Total sorbed mass remaining + Total non-sorbed mass remaining) / Mg reaching 

each 0.54 sq. m. of surface) 

The equation for ‘Mass degraded’ for the first time step was changed from: 

= (mass sorbed + mass not sorbed - mass lost)-total mass remaining 

To: 
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= 0 

The equation for ‘Mass degraded’ for all other wash-off steps was changed from: 

= (mass sorbed + mass not sorbed - mass lost)-total mass remaining 

To: 

= IF (Rain for the next wash-off step = "Rain", THEN (Mass sorbed + Mass not sorbed – 

Mass lost)-(Total sorbed mass remaining + Total non-sorbed mass remaining), ELSE 0) 

The equation for ‘Mass balance as a % of applied’ for all wash-off steps was changed from: 

= (100 * total mass remaining / Mg reaching each 0.54 sq. m. of surface)) + Accumulated 

mass lost as a % of applied + Accumulated mass degraded as a % of applied 

to: 

= Total mass remaining as a % of applied + Accumulated mass lost as a % of applied + 

Accumulated mass degraded as a % of applied 

 

Concrete algorithms in the Urban, Major Road & Domestic Scenarios 

The equations for ‘Mass sorbed’ for time-steps 2 onwards were changed from: 

=IF (“Rainfall event” >1, THEN, total mass remaining for previous time-step, ELSE IF, (total 

mass remaining for previous time-step < mass sorbed for previous time-step, THEN total 

mass remaining for previous time-step * (mass sorbed for previous time-step / (mass 

sorbed for previous time-step + mass not sorbed for previous time-step)), ELSE IF, (mass 

not sorbed for previous time-step <= mass lost for previous time-step, THEN total mass 

remaining for previous time-step, ELSE mass sorbed for previous time-step))) 

 to: 

= IF (Rain = "Rain", THEN Total sorbed mass remaining for the previous wash-off step, 

ELSE IF (Desorption? For previous wash-off step = "Yes", THEN Total sorbed mass 

remaining for the previous wash-off, ELSE IF (Mass not sorbed for previous wash-off step 

<= Mass lost for previous wash-off step, THEN Total sorbed mass remaining for previous 

wash-off step, ELSE mass sorbed for previous wash-off step))) 

The equation for ‘Mass not sorbed’ for wash-off steps 2 onwards were changed from: 

= IF (Mass not sorbed for previous wash-off step – Mass lost for previous wash-off step 

<=0, THEN 0, ELSE total mass remaining for previous time-step – mass sorbed for current 

time-step) 

to: 

= IF (Mass not sorbed for previous wash-off step – Mass lost for previous wash-off step 

<=0, THEN 0, ELSE IF (((Total sorbed mass remaining for previous wash-off step + Total 

non-sorbed mass remaining for previous wash-off step) – Mass sorbed for current wash-

off step) <=0, THEN 0, ELSE ((Total sorbed mass remaining for previous wash-off step + 

Total non-sorbed mass remaining for previous wash-off step) – Mass sorbed for current 

wash-off step))) 

The equations for ‘Soluble mass reduction fraction’ for time steps 2 onwards were changed 

from: 
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=IF ((solubility * 0.25) > mass not sorbed for previous time-step, THEN, 1, ELSE time-step 

number ^ -(0.7211 - (0.0079 * solubility))) 

to: 

= wash-off step number ^ -(Calibration_module! $Q$37 * (EXP (Calibration_module! 

$Q$38 * solubility))) 

The name for ‘soluble loss if no desorption’ was changed to ‘soluble loss excluding 

desorption’ and the equations for all time steps were changed from: 

= IF ((solubility * 0.25 * soluble loss reduction fraction) >mass not sorbed * soluble mass 

reduction fraction, THEN mass not sorbed * soluble mass reduction fraction, ELSE solubility 

* 0.25 * soluble loss reduction fraction) 

to: 

= IF (mass not sorbed = 0, 0, ELSE IF ((solubility * 0.25 * soluble loss reduction fraction) 

>mass not sorbed, THEN mass not sorbed, ELSE solubility * 0.25 * soluble loss reduction 

fraction)) 

The equations for ‘De-sorption?’ for wash-off-steps 2 onwards were changed from: 

= IF (soluble loss if no desorption = mass not sorbed, THEN, "Yes", ELSE, IF (soluble loss 

if no desorption = 0,THEN "Yes", ELSE "No")) 

to: 

= IF ((solubility*0.25*soluble mass reduction fraction) >mass not sorbed, THEN "Yes", 

ELSE IF (soluble loss excluding desorption = 0, THEN "Yes", ELSE "No"))  

In order to identify the fraction of the wash-off step involved in desorption, especially when 

desorption is first initiated, an extra row called ‘fraction of wash-off step involved in sorption’ 

was inserted between the “Desorption?” and “time-step for desorption” rows. The equation 

for each wash-off step in this row was coded as: 

= IF (Desorption="No", THEN 0, ELSE IF (AND (Desorption? = "Yes", soluble loss if no 

desorption >0), THEN ((solubility * 0.25 * soluble loss reduction factor) – Mass not 

sorbed) / (solubility * 0.25 * soluble loss reduction factor), ELSE 1)) 

The name for ‘time step for desorption’ was changed to ‘wash-off step for desorption’ and 

the equations for ‘time-step for desorption’ for wash-off steps 2 onwards were changed from: 

= time-step for desorption for previous time step number + 1 

to:  

= IF (Rain = "Rain", THEN Rainfall event number, ELSE wash-off step for desorption for 

previous wash-off step + 1) 

The name for ‘De-sorption volume fraction’ was changed to ‘De-sorption mass fraction’ and 

the equations for all wash-off steps were changed from: 

= IF (time step for desorption = 0, THEN 0, ELSE ((0.719532689185914*Kp concrete ^ -

0.376740012297061) * (time step for desorption ^ (-(0.621796613882707 * Kp concrete 

^0.245522537242727))))) 
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To: 

= IF (Desorption? = "No", THEN 0, ELSE (Calibration_module! $Q$53 * wash-off step for 

desorption ^ - Calibration_module!$Q$54)) 

The equations for ‘soluble loss based on desorption only’ for each time step were changed 

from: 

= IF Kpconcrete = 0, THEN 0, ELSE, IF (Desorption? = "No", THEN, 0, ELSE (mass sorbed * 

Desorption mass fraction) - ((mass sorbed * Desorption mass fraction) * (1 -((0.323) / 

((0.323) + (0.54 * Kpconcrete))))))) 

to:  

= IF Kpconcrete =  0, THEN 0, ELSE IF (Desorption? = "No", THEN 0, ELSE IF (solubility = 0, 

THEN 0, ELSE IF (Desorption = "No", THEN 0, ELSE IF(((mass sorbed * desorption mass 

fraction * fraction of wash-off step involved in desorption) - ((desorption mass fraction * 

fraction of wash-off step involved in desorption) * (1 - ((0.25) / ((0.25) + (0.54 * Kp 

concrete)))))) >(0.25 * solubility * soluble mass reduction fraction), (0.25 * solubility * 

soluble mass reduction fraction), ELSE (((mass sorbed * desorption mass fraction * 

fraction of wash-off step involved in desorption) - ((desorption mass fraction * fraction of 

wash-off step involved in desorption) * (1 - ((0.25) / ((0.25) + (0.54 * Kp concrete)))))))))  

A new line named ‘wash-off step for non-soluble loss’ was added between the lines for 

“soluble loss based on desorption only” and “Non-soluble mass start, as follows: 

For wash-off step 1 

= 1 

For wash-off steps 2 onwards 

= wash-off step for non-soluble loss for previous wash-off step + 1 

 

The equation for ‘Potential non-soluble mass moved’ was changed from: 

for wash-off step 1 

= IF ((solubility * 0.25) > mass not sorbed, THEN 0, ELSE, IF (specific gravity <0.4, THEN 

mass not sorbed * (EXP - (0.986462 * specific gravity)), ELSE, IF (specific gravity > 1.48, 

THEN mass not sorbed * (589.4 * EXP (-6 * specific gravity)), ELSE mass not sorbed * 

(0.9407 - (0.5839 * specific gravity))))) 

to: 

= IF (Mass lost in solution >= Mass not sorbed, THEN 0, ELSE IF (S.G. > 1.48, THEN Mass 

not sorbed * (0.8625 * (specific gravity ^ -6.17838)), ELSE Mass not sorbed * (0.9407 - 

(0.5839* specific gravity)))) 

for wash-off steps 2 onwards  

= IF (Rain = "Rain", ELSE IF ((solubility*0.25) >mass not sorbed, THEN 0, ELSE IF (specific 

gravity <0.4, THEN mass not sorbed *(@EXP -(0.986462 * specific gravity)), ELSE IF 

(specific gravity >1.48, THEN mass not sorbed * (589.4 * EXP(-6 * specific gravity)), ELSE 

mass not sorbed * (0.9407 - (0.5839 * specific gravity))))), ELSE IF (mass not sorbed = 0, 

THEN 0, ELSE IF (mass lost in solution >mass not sorbed, THEN 0, ELSE IF ((non-soluble 

mass start * (time step ^ -(1.0256*specific gravity ^2.3071))) >(mass not sorbed – mass 
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lost in solution), THEN mass not sorbed – mass lost in solution, ELSE non-soluble mass 

start * (time step ^ -(1.0256*specific gravity ^2.3071)))))) 

To: 

= non-soluble mass start * (wash-off step for non-soluble loss ^-(1.0256 * specific 

gravity ^2.3071)) 

The equation for ‘actual non-soluble mass moved’ was changed from: 

for wash-off step 1 

=IF ((mass lost in solution + potential non-soluble mass) > mass not sorbed, THEN 0, 

ELSE potential non-soluble mass) 

to: 

for wash-off step 1 

= IF (Desorption? = "Yes", THEN 0, ELSE IF ((mass lost in solution + potential non-soluble 

mass) > mass not sorbed, THEN mass not sorbed – mass lost in solution, ELSE potential 

non-soluble mass)) 

for wash-off steps 2 onwards  

= IF (soluble loss if no desorption = 0, THEN 0, ELSE IF ((soluble loss excluding desorption 

+ potential non-soluble mass lost) >mass not sorbed, THEN mass not sorbed – soluble 

loss if no desorption, ELSE IF (Desorption? = "Yes", potential non-soluble mass lost, 

potential non-soluble mass lost))) 

The equation for ‘Mass lost in solution’ for all time steps, was changed from:  

= IF (mass not sorbed = 0, THEN soluble loss based on desorption only, ELSE IF (soluble 

loss if no desorption >= mass not sorbed, THEN mass not sorbed + soluble loss based on 

desorption only, ELSE soluble loss if no desorption)) 

to: 

= IF (Desorption? ="Yes", THEN Soluble loss if no desorption + soluble loss based on 

desorption only, ELSE Soluble loss if no desorption) 

In order to enable degradation between rainfall events to be quantified for both the sorbed 

and non-sorbed masses, the row previously entitled “Total mass remaining” was split into two 

rows now called ‘Total sorbed mass remaining’ and ‘Total non-sorbed mas remaining’. 

 For the row ‘Total sorbed mass remaining’, the equation for the first wash-off step is: 

= Mass sorbed 

The equation for all the other wash-off steps is: 

= IF (AND (Rain = "Rain", Desorption? = "Yes"), THEN (Mass sorbed – soluble loss based 

on desorption only) * EXP(- (time between rainfall (days) * LN(2)) / DT50 asphalt), ELSE IF 

(Rain for the next wash-off step = "Rain", THEN (mass sorbed) * EXP(- (time between 

rainfall (days) * LN(2)) / DT50 asphalt), ELSE IF( Desorption = "Yes", THEN Mass sorbed - 

soluble loss based on desorption only, ELSE Mass sorbed))) 

For the row ‘Total non-sorbed mass remaining’, the equation for the first wash-off step is: 

= Mass not sorbed – Mass lost 

The equation for all the other wash-off steps is: 
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= IF Mass not sorbed = 0, THEN 0, ELSE IF (Rain for the next wash-off step = "Rain", THEN 

(Mass not sorbed – Mass lost) * EXP(- (time between rainfall (days) * LN(2)) / DT50 

asphalt), ELSE Mass not sorbed – Mass lost)) 

The equation for ‘Total mass remaining as a % of applied’ for all time steps was changed 

from: 

=100 * total mass remaining / Mg reaching each 0.54 sq. m. of surface 

to: 

=100 * (Total sorbed mass remaining + Total non-sorbed mass remaining) / Mg reaching 

each 0.54 sq. m. of surface) 

The equation for ‘Mass degraded’ for the first time step was changed from: 

= (mass sorbed + mass not sorbed - mass lost) - total mass remaining 

to: 

= 0 

The equation for ‘Mass degraded’ for all other time steps was changed from: 

= (mass sorbed + mass not sorbed - mass lost) - total mass remaining 

to: 

= IF (Rain for the next wash-off step = "Rain", THEN (Mass sorbed + Mass not sorbed – 

Mass lost) - (Total sorbed mass remaining + Total non-sorbed mass remaining), ELSE 0) 

The equation for ‘Mass balance as a % of applied’ for all time steps was changed from: 

= (100 * total mass remaining / Mg reaching each 0.54 sq. m. of surface) + accumulated 

mass lost as a % of applied + accumulated mass degraded as a % of applied 

to: 

= Total mass remaining as a % of applied + Accumulated mass lost as a % of applied + 

Accumulated mass degraded as a % of applied 

 

6. Changes made to rationalize unrealistic spray drift losses to 
water bodies. 

During the work to modify the model to enable users to make changes to some scenario 

parameters (see section 3), it was discovered that the values used to calculate the fraction of 

target application areas in the Urban and Major Road scenarios that contributed spray drift 

to the scenario water bodies were unrealistically large. This is because it was originally 

assumed that drift losses were derived from spray application on both sides of the road 

running parallel to the stream (or pond) as well as a small area of the roads joining this road 

at right angles. However, the spray swaths applied to the side of the road furthest away from 

the stream and those applied to roads joining this side at right angles are unlikely to 

contribute significant drift loads to the scenario water bodies and thus the original 

assumptions are likely to unrealistically overestimate drift losses in the Urban and Major Road 

scenarios. 
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This error was therefore corrected by assuming that only herbicide applied to the roadside 

kerb and footpath on the side directly adjacent to the water body (Stream or pond) would 

contribute drift to the water bodies at the scenario loss rate of 2.8% of the mass applied. Drift 

losses elsewhere in the catchments, including those on the opposite side of the road to that 

directly adjacent to the water body, were assumed to have no impact on the water bodies. In 

the model version 1.5.2-4.3, the mass lost in drift to the water bodies was then calculated 

from the scenario assumptions that the spray swath applied to the roadside kerb and footpath 

was 0.3 m wide and thus drift from this application is based on the area of this spray swath in 

hectares, the amount of compound sprayed onto this area (application rate in g hectare-1) 

and the ‘% of applied amount impacting as spray drift in the Urban & Major road’ scenarios 

as specified in cell C6 of the “Herb_props” worksheet. These calculations were implemented 

as follows: 

In the worksheet “Urban_scenario”, 

A new Independent scenario parameter, ‘Width of spray swath contributing drift to water 

body (m)’ was added with a value of 0.3 

New Dependent variables were added as follows: 

‘Sprayed area (ha) contributing drift to the stream’ = ‘Width of spray swath contributing drift 

to water body (m)’ * ‘Stream length (m)’ / 10000 

‘Sprayed area (ha) contributing drift to the pond’ = ((SQRT(Pond characteristics ‘Surface area 

(sq m))) * ‘Width of spray swath contributing drift to water body (m)’)/10000 

 

In the worksheet “Major_scenario”, 

A new Independent scenario parameter, ‘Width of spray swath contributing drift to water 

body (m)’ was added with a value of 0.3 

New Dependent variables were added as follows: 

‘Sprayed area (ha) contributing drift to the stream’ = (‘Stream length (m)’ +(‘asphalt path area 

(ha)’ * 10000)) * ‘Width of spray swath contributing drift to water body (m)’ / 10000  

 

In the worksheet “Losses_AR”, 

The calculation of ‘Total mass entering water body (g)’ on day 0 in the Urban Scenario stream 

(Cell AM16). 

= Urban_scenario!C19 (‘Sprayed area (ha) contributing drift to the stream’) * 

Herb_props!C18 (‘Application amount  (g/ha), Urban’) * Herb_props!C6 (‘% of applied 

amount impacting as spray drift’) / 100. 

The calculation of ‘Total mass entering water body (g)’ on day 0 in the Urban Scenario pond 

(Cell BK16). 

= Urban_scenario!C20 (‘Sprayed area (ha) contributing drift to the pond’) * 

Herb_props!C18 (‘Application amount  (g/ha), Urban’ ) * Herb_props!C6 (‘% of applied 

amount impacting as spray drift’) / 100. 

The calculation of ‘Total mass entering water body (g)’ on day 0 in the Major Scenario 

stream (Cell AN16). 
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= Major_scenario!C13 (‘Sprayed area (ha) contributing drift to the stream’) * 

Herb_props!C20 (‘Application amount  (g/ha), Road’) * Herb_props!C6 (‘% of applied 

amount impacting as spray drift’) / 100 

These changes resulted in reductions in the amount of drift impacting on the water body 

(and resulting water body concentrations on the day of application), of 69.5% in the Urban 

stream, 78.5% in the Urban pond and 48.4% in the major road stream. Although these 

changes are significant, the corresponding changes in the acute PECsw are usually much 

smaller, in particular where spray drift is not the dominant entry route of the substance to 

surface water (See section 7.1 below). 

7. Investigation of apparently anomalous response patterns 
shown by the Sensitivity analysis. 

As explained in section 5 above, the OAT (one-at-a-time) sensitivity analysis carried out by 

Yates & McNally (in preparation) identified a small number of anomalies in the response 

curves that remained, even when corrections to errors in the surface wash-off algorithms had 

been identified and corrected. The reason for these apparently anomalous patterns was 

investigated using the corrected version 1.5.2-4.2 of the Excel model, resulting from the 

model recoding and subsequent Sensitivity analysis. 

It is important to note that, although version 1.5.2-4.2 was used for this exercise, the 

subsequent minor changes to the desorption algorithms made for version 1.5.2-4.3 did not 

affect the response patterns shown in figures 7.2, 7.6, 7.8 & 7.10. The amendments 

described below were made in version 1.5.2-4.2 to correct the anomalous response 

patterns observed in an earlier version, and these amendments were maintained in version 

1.5.2-4.3. Generation of the response patterns using the Excel version of the model is a 

laborious and very lengthy procedure and re-calculation of them using version 1.5.2-4.3 was 

thus not carried out in full. Checks on specific limited ranges of solubility and specific gravity 

were made using v. 1.5.2-4.3 to verify that the response patterns were similar. 

 7.1 Acute PECsw response curves in the Urban stream & pond for 
changes in atrazine solubility. 

Figure 7.1 shows the response of the acute PECsw in the Urban stream to changes in atrazine 

solubility as shown by the OAT analysis of Yates & McNally (in preparation). 
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Figure 7.1 Atrazine solubility sensitivity as shown by the OAT analysis of Yates & McNally 

(in preparation) 

 

Figure 7.2 shows the solubility response following all model corrections resulting from this 

analysis. 



18 
 

a) For the full range of atrazine solubility tested by Yates & McNally (in preparation) 

 
b) For a range of solubility up to 250 mg l-1 

Figure 7.2 Atrazine solubility sensitivity according to version 1.5.2-4.2 

As can be seen, the anomalous response pattern shown by the OAT analysis has disappeared. 

There is now a smooth response curve with an initial significant increase in the acute PECsw 

with increasing solubility up to about 50 mg l-1 after which the increase is less marked and the 
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curve takes on a slightly undulating pattern between about 50 and 200 mg l-1 when it reaches 

a peak acute PECsw, and thence gradually declines with increasing solubility above 200 mg l-

1. This pattern is the result of the interaction between specific wash-off mechanisms: 

Compound mass reaching the hard surface forms two ‘pools’, a Non-Sorbed and a Sorbed 

pool. Wash-off mechanisms on the surface types then operate as follows: 

• Each 0.25 l of incremental run-off generated by 0.5mm of rainfall forms solute from the 

Non-sorbed pool according to the run-off volume and the compound solubility. 

• Any non-sorbed material remaining at the surface once solute is formed is lost via physical 

transport over the surface by run-off water according to the compound Specific Gravity. 

• In both types of loss, the amount lost in successive wash-off steps decreases by a power 

function depending on the number of the wash-off step. 

• Eventually, depending on the compound solubility and the amount of compound applied, 

the Non-sorbed pool is exhausted, and losses can only occur by desorption from the 

Sorbed Pool forming solute in the run-off. Such losses are again controlled by the 

compound solubility but for equivalent wash-off steps are less than would be the case if 

they were from solute formation from the non-sorbed pool. 

• However, these mechanisms are modified on asphalt surfaces as, unlike concrete surfaces, 

some of the Non-sorbed pool is ‘trapped’ within crevices on the asphalt surface. This 

means that, on asphalt, losses in non-soluble form are much smaller than equivalent losses 

on concrete and, in addition, once the amount of ‘non-trapped, non-sorbed’ compound is 

exhausted, run-off over the surface can only interact with a small amount of non-sorbed 

material to generate losses. 

With respect to the solubility response curve, initially there are increasing soluble losses with 

increasing solubility. This results in slightly increased sorption and thus smaller non-sorbed 

mass as soluble losses increase, resulting in less non-soluble mass losses. This interaction 

results in progressively smaller increases in the total mass lost. Continuing increases in losses 

from the non-sorbed mass on concrete and the non-sorbed, non-trapped mass on asphalt 

mean that, at some point, this pool becomes exhausted within the first rainfall event. 

Consequently subsequent losses from desorption or interaction with the ‘trapped’ non-

sorbed mass are smaller than those via solute losses from a non-sorbed, non-trapped source. 

Eventually, solubility becomes so large that the initiation of desorption or the formation of 

solute from trapped non-sorbed mass occurs after the first wash-off step on both concrete 

and asphalt (as was demonstrated by the measured losses for glyphosate in the controlled 

wash-off studies (Shepherd & Heather, 1999). Subsequent total mass losses with increasing 

solubility then depend only on the interaction between solubility magnitude and the resulting 

masses sorbed on each surface type. Once the effect of a decrease in non-sorbed mass 

outweighs that of the increase in solubility on a specific surface, then losses from that surface 

begin to decrease with increasing solubility. This tends to happen sooner on asphalt than 

concrete surfaces, but once the decrease on one surface is greater than any decrease on the 

other, then the overall loss starts to decrease. For atrazine this happens at a solubility 

between 198 and 199mg l_1. 
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7.2 Acute PECsw response curves in the Urban stream & pond for 
changes in atrazine & oryzalin specific gravity. 

Figure 7.5 shows the response of the acute PECsw to changes in atrazine and oryzalin specific 

gravity as shown by the OAT analysis of Yates & McNally (in preparation), whilst Figure 7.6 

shows the solubility response following all model corrections resulting from this analysis. The 

anomalous pattern shown by the OAT analysis was the result of errors in the surface-specific 

wash-off algorithms. Following corrections to these incorporated into v. 1.5.2-4.2, it can be 

seen that the anomalous response pattern shown by the OAT analysis has now disappeared. 

 

 

Figure 7.5 Atrazine (left) and oryzalin (right) specific gravity sensitivity as shown by the OAT 

analysis of Yates & McNally (in preparation) 
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Figure 7.6 Atrazine (top) and oryzalin (bottom) specific gravity sensitivity according to 

version 1.5.2-4.2 

The response curve patterns shown by the corrected model (v. 1.5.2-4.2) are explained as 

follows: 

Non-soluble losses during each sequential wash-off step in the rainfall event decrease 

according to the non-sorbed mass at the start of each wash-off step multiplied by a fraction 

determined from a relationship between the wash-off step number and specific gravity, 

parameterized using the data from controlled wash-off studies. 

In all cases, non-soluble losses decrease with increasing specific gravity. 

At lower compound solubilities such as that for oryzalin, soluble losses are relatively small, 

and in the lower range of specific gravity values, losses are mainly in non-soluble form. In 

this range of specific gravity, non-soluble losses are relatively large for each wash-off step 

and the surface mass not sorbed can be exhausted within the first rainfall event. Thus, at 

lower values of specific gravity the total amount of non-sorbed mass at the surface can 

become exhausted before the end of the final wash-off step of rainfall event and soluble 

losses are only by de-sorption. For these situations, the total amount of non-soluble mass 
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lost depends on how quickly the non-sorbed mass is exhausted. The earlier this happens, 

the greater the non-soluble mass lost because soluble losses cease when the non-sorbed 

mass is exhausted and thus comprise only a small fraction of total losses. As specific gravity 

increases, exhaustion of the non-sorbed mass occurs later in the wash-off step series 

resulting in a smaller total non-soluble mass loss and a larger soluble mass loss. This 

balance results in a relatively small increase in total mass lost with increasing specific 

gravity, although the exact magnitude and pattern of decrease depends on the specific 

values of compound specific gravity and solubility, as shown by the graph for atrazine. 

Eventually, the increase in specific gravity reaches a stage where non-soluble losses are 

small enough so that the non-sorbed mass at the surface is not exhausted within the 

rainfall event. At this point, the impact of specific gravity reduction applies to the non-

sorbed mass at the start of each wash-off step in the rainfall event, thus having a 

cumulative effect on the reduction in non-soluble losses. Where compound solubility is 

relatively low, the increase in non-soluble losses far outweighs the slight increase in soluble 

losses and the total mass lost decreases significantly with incremental increases in the 

value of specific gravity. 

At relatively higher compound solubilities, soluble losses tend to be significantly larger 

than non-soluble losses so that the impact of specific gravity induced reductions in non-

soluble losses becomes less. 

7.3 Acute PECsw response curves for atrazine in the Urban pond and 
Railway runoff scenarios for changes in the magnitude of the first 
rainfall event. 

a) Atrazine in the Urban pond scenario. 

Figure 7.7 shows the rainfall response curve for the acute PECsw in the Urban pond scenario 

as illustrated in the HardSPEC Uncertainty and Sensitivity analysis report (Yates & McNally, 

in preparation). 
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Figure 7.7. Response of the acute PECsw in the Urban pond to variations in rainfall on the 

first day after application as shown in Fig. 8 of Yates & McNally (in 

preparation). 

Both atrazine and diuron show anomalous rises and falls between 1 and about 3 mm of 

rainfall. This was investigated but none of the model versions that included the calibration 

module (v. 1.5.** was able to reproduce this pattern although they did differ from the ‘final’ 

version (1.5.2-4.2) and they also showed a very slight fall in acute PECsw with increasing first 

day rainfall totals of 1mm to 3mm. Figure 7.8 shows an example of this using Excel 

version1.5.2-3 (blue response curve). 

 

Figure 7.8. Acute atrazine PECsw responses to changes in magnitude of the first rainfall event in 

the Urban pond scenario for two different versions of the HardSPEC model. 
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The reason for this anomaly relates to an error in the calculation of non-soluble losses on 

asphalt in these versions and the dynamics of partitioning in the urban pond. The non-

soluble loss errors were corrected in version 1.5.2-4.2 and Figure 7.8 also shows the 

consequences of these corrections (the red response curve). It can be seen that the 

anomaly has been eliminated. The reasons for this are quantified in Tables 7.1 & 7.2, which 

show the PECsw time series in the Urban pond scenario for different amounts of rainfall, 

up to 6mm on day 1 after application for both tested versions of the Excel model.  

Table 7.1. Time series of atrazine PECsw in the Urban pond for different magnitudes of 

rain on the first day after application for Excel model version 1.5.2-3. Red 

numbers indicate the acute PECsw 

 

 

Table 7.2. Time series of atrazine PECsw in the Urban pond for different magnitudes of 

rain on the first day after application for Excel model version 1.5.2-4.2. Red 

numbers indicate the acute PECsw 

 

1mm 2mm 2.5mm 3mm 4mm 5mm 6mm

0 0.02 0.02 0.02 0.02 0.02 0.02 0.02

1 13.47 19.32 21.63 23.60 26.93 29.78 32.68

2 23.54 23.73 24.27 24.36 25.39 26.46 27.65

3 25.34 24.63 24.66 24.32 24.01 23.95 23.62

4 21.97 21.33 21.26 20.77 19.37 18.64 17.88

5 20.61 19.19 18.56 17.75 15.93 14.68 13.75

6 16.18 14.90 14.34 13.67 12.36 11.09 10.34

7 13.16 12.30 11.81 11.25 10.25 9.12 8.22

8 9.80 9.21 8.85 8.44 7.72 6.89 6.25

9 8.38 8.04 7.78 7.47 6.91 6.24 5.71

10 6.27 6.05 5.86 5.64 5.24 4.75 4.14

11 4.47 4.31 4.18 4.02 3.74 3.39 2.96

12 3.34 3.24 3.15 3.03 2.82 2.57 2.25

Days after 

application

PECsw time series for increasing amounts of first day rainfall (mm).

1mm 2mm 2.5mm 3mm 4mm 5mm 6mm

0 0.02 0.02 0.02 0.02 0.02 0.02 0.02

1 13.47 19.32 21.63 23.60 26.93 29.78 34.26

2 19.63 23.03 24.52 26.21 28.00 29.01 30.99

3 24.33 26.27 26.51 27.04 27.10 27.33 27.59

4 22.51 23.36 23.43 23.54 22.80 22.18 21.06

5 22.62 22.25 21.54 20.70 18.60 17.32 16.15

6 18.87 17.25 16.69 15.96 14.34 13.06 12.10

7 15.60 14.08 13.61 12.90 11.58 10.46 9.34

8 11.78 10.57 10.21 9.64 8.65 7.82 6.99

9 10.01 8.85 8.54 7.98 7.14 6.48 5.71

10 7.56 6.66 6.42 5.97 5.35 4.85 4.10

11 5.39 4.75 4.58 4.26 3.82 3.46 2.93

12 4.06 3.56 3.43 3.18 2.85 2.59 2.18

Days after 

application
PECsw time series for increasing amounts of first day rainfall (mm).
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For version 1.5.2-3, the acute PECsw occurs on day 3 after application for first day rainfall 

events up to 2.5mm and decreases slightly although values for 2mm and 2.5mm of rain are 

very similar. As rainfall increases to 3mm, the acute PECsw again decreases slightly but in this 

case, occurs on day 2 after application. Further increases in rainfall magnitude then give 

successive increases in the acute PECsw, all of which occur on the first day after application. 

This pattern is related to the dynamics of partitioning in the pond in relation to the wash-off 

masses entering it on each day after application. The pond has a minimum depth below which 

it cannot fall. This is determined by the location of its outflow and its maximum volume. As a 

result, small amounts of rain on day 1, up to 2.5mm, do not increase the pond’s volume. In 

contrast to the pattern for version 1.5.2-3, that for 1.5.2-4.2 (table 7.2) gives slightly larger 

and increasing acute PECsw values for first day rainfall magnitudes of 1 to 2.5mm, all again 

occurring on day 3 after application. This change reflects small increases in the non-soluble 

mass lost in wash-off as a result of corrections to this algorithm. In addition, the acute PECsw 

for a first day rainfall of 3mm now also occurs on day 3 whilst that for a first day rainfall of 

4mm now occurs on day 2 after application. Subsequent day 1 rainfall increases all result in 

the acute PECsw occurring on day 1 after application and show escalating increases in values. 

b) Atrazine in the Railway Runoff scenario. 

Figure 7.9 shows the rainfall response curve for the acute PECsw in the Railway ditch runoff 

scenario, as illustrated in the HardSPEC Uncertainty and Sensitivity analysis report (Yates & 

McNally, in preparation). 

 

 

Figure 7.9. Response of the acute PECsw in the Railway ditch runoff scenario to variations 

in rainfall on the first day after application as shown in Fig. 8 of Yates & 

McNally (in preparation). 
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Both atrazine and diuron show what appears to be an anomalous fall in acute PECsw for 

rainfall magnitudes up to about 2.5mm. This pattern also occurs in the Railway leaching 

scenario, but the response has been ‘dampened’ by attenuation during further leaching 

through the embankment and subsequent groundwater transport to the ditch. 

This apparent anomaly was investigated using the Excel model version 1.5.2-4.2 and the 

initial falls in acute PECsw were found to be correct. The reason this happens is to do with 

the dynamics of leaching through the railway ballast and the high mobility of atrazine (and 

to a lesser extent diuron). Table 7.3 and Figure 7.10 below illustrate what is happening. 

Table 7.3. Time series of atrazine PECsw for different magnitudes of rain on the first day 

after application for the Railway ditch (runoff) scenario. Red numbers indicate 

the acute PECsw 

 

 

1 mm 2 mm 2.5 mm 3 mm 4 mm 5 mm

0 7.88 7.88 7.88 7.88 7.88 7.88

1 9.43 18.60 23.16 27.68 36.52 45.07

2 19.34 20.08 20.36 20.60 21.00 21.19

3 23.79 23.06 22.67 22.12 21.41 20.28

4 14.68 14.06 13.66 13.33 12.78 11.92

5 19.65 18.80 18.20 17.72 16.91 15.57

6 11.92 11.43 10.99 10.75 10.23 9.34

7 18.29 17.63 16.90 16.53 15.69 14.18

8 9.54 9.13 8.79 8.59 8.14 7.31

9 24.86 23.69 22.80 22.25 21.03 18.68

10 9.01 8.57 8.24 8.04 7.58 6.69

11 1.05 0.99 0.96 0.93 0.88 0.78

12 2.90 2.75 2.65 2.56 2.43 2.11

Days after 

application

PECsw time series for increasing amounts of first day rainfall (mm)
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Figure 7.10. PECsw time series in the Railway ditch (runoff) scenario for different amounts 

of rainfall on day 1 after application. 

 

When rainfall on the first day is small, only small masses of compound are lost through 

leaching (limited by the compound solubility). This means that larger amounts of rainfall on 

subsequent leaching days give greater losses and so the peak PEC occurs later in the time 

sequence. For a rainfall of 1mm on day 1, losses are very small, leaving greater amounts of 

compound available for leaching on subsequent days and the relatively large volume of 

rainfall on day 9 gives the peak PEC. For a rainfall of 2 mm on day 1 however, more compound 

is lost and the PEC on that day increases significantly, leaving less compound available for 

subsequent leaching from the ballast so that all subsequent PECs decrease slightly. This 

means that, whilst rainfall on day 9 still gives the peak PEC, its value is slightly less than that 

for the 1mm event. A similar pattern occurs for a rainfall of 2.5mm on day one. However, 

once a rainfall volume of 3mm happens on day 1, the resulting PEC has increased to such an 

extent and the subsequent daily PECs decreased, that the peak PEC now occurs on day 1. All 

subsequent increases of the day 1 rainfall event give increasing peak PECs on day 1, as would 

be expected. 

 

8. Impact of the changes on PECs of 6 Test Compounds. 

8.1 Changes to peak daily PECsw. 
The impact on peak daily PECsw exposure values of changes made to correct model 

miscodings and errors in surface wash-off algorithms in v. 1.4.3.2 was tested using the six test 

compounds used to develop the HardSPEC model. Their characteristics, as used in the 

“Herb_props” input worksheet, are shown in Table 8.1 and the changes between versions 

1.4.3.2 and 1.5.2_4.3 are quantified in Table 8.2. 
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Table 8.1. Input parameters for the six test compounds used to investigate the impact of 

changes and error corrections to HardSPEC v. 1.4.3.2 

 

 

Herbicide properties

Herbicide name atrazine diuron oryzalin oxadiazon isoxaben glyphosate

% of applied amount impacting as spray drift. Urban & Major road 2.8 2.8 2.8 2.8 2.8 2.8

% of domestic scenario areas treated 10 10 10 10 10 10

Measured Kp asphalt (mg m
-2 

) 2.53 5.38 7.01 not known 12 0

Measured Kp concrete (mg m
-2 

) 1.280 2.29 1.19 not known 1.62 10.21

soil koc   (mL g
-1 

) 100 218 625 3200 767 28000

solubility  (mg L
-1 

) 33 36.4 2.4 10 1.13 11600

Specific Gravity 1.23 1.48 1.2 1.4 0.58 1.704

DT50 in soil (days) 50 100 63 60 105 47

DT50 on hard surfaces (days) not known not known not known not known not known not known

DT50 in sediment (days) 50 100 63 60 105 47

DT50 in water (days) 2 2 2 2 2 10

Application amount  (g/ha)

urban 3000 2700 1730 4500 75 1800

Suburban 3000 2700 1730 4500 75 1800

Road 3000 2700 1730 4500 75 1800

Railway 3000 2700 1730 4500 75 1800

Fraction of 600 m
2 

railway track area applied 1 1 1 1 1 1
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Table. 8.2. Changes1, 2 to peak daily PECsw exposure values (mg l-1) between HardSPEC v. 

1.4.3.2 and 1.5.2-4.3 

 
1 In order to demonstrate the small magnitude of some absolute and % changes in PECsw between 

versions, it is necessary to show concentrations to 3 decimal places and percentages to 2 decimal 

places. 
2 Values in red indicate where the peak daily PECsw is the result of spray drift on the day of 

application but note that the Domestic scenario does not include any input to the water body from 

spray drift. 

   

 

In addition, in order to assess the magnitude of changes in peak PECsw that result specifically 

from changes and corrections to surface-specific wash-off algorithms, the two model versions 

were modified to set spray drift inputs to 0 and each was run for all 6 test compounds. The 

results are shown in table 8.3, but only for the Urban, Major Road & Domestic scenarios, as 

neither of the Railway scenarios required any changes in the ballast leaching algorithms 

between the two model versions. It should be noted that the Domestic scenario does not 

include any spray drift inputs and so the peak PECsw values are no different to those in Table 

8.2. 

 

Compound

Change 1.4.3.2 1.5.2-4.3 % change 1.4.3.2 1.5.2-4.3 % change 1.4.3.2 1.5.2-4.3 % change

Urban stream  326.690 324.356 -0.71% 259.821 250.400 -3.63% 73.032 70.850 -2.99%

Urban pond 30.052 29.791 -0.87% 23.936 23.059 -3.66% 7.696 6.570 -14.64%

Major road stream 173.713 173.375 -0.19% 129.451 124.887 -3.53% 32.370 31.610 -2.35%

Domestic stream 87.029 86.313 -0.82% 63.269 62.057 -1.92% 22.899 22.903 0.02%

Railway ditch leaching 15.670 15.063 -3.87% 7.093 7.093 0.00% 4.545 4.545 0.00%

Railway ditch runoff 45.068 45.068 0.00% 16.880 16.880 0.00% 4.545 4.545 0.00%

Compound

Change 1.4.3.2 1.5.2-4.3 % change 1.4.3.2 1.5.2-4.3 % change 1.4.3.2 1.5.2-4.3 % change

Urban stream  55.875 53.528 -4.20% 7.838 7.204 -8.09% 16.512 12.961 -21.50%

Urban pond 5.564 5.072 -8.83% 0.728 0.671 -7.88% 1.521 1.444 -5.07%

Major road stream 29.323 16.697 -43.06% 3.216 2.998 -6.77% 11.729 6.048 -48.44%

Domestic stream 14.979 15.002 0.15% 2.291 2.137 -6.72% 0.952 0.667 -29.88%

Railway ditch leaching 11.822 11.822 0.00% 0.197 0.197 0.00% 4.729 4.729 0.00%

Railway ditch runoff 11.822 11.822 0.00% 0.197 0.197 0.00% 4.729 4.729 0.00%

Oxadiazon Isoxaben Glyphosate

Atrazine Diron Oryzalin

No significant change

Key

Increase of 5% or less

Decrease of 5% or less

Decrease of >5%
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Table. 8.3. Changes to peak daily PECsw exposure values (mg l-1) between HardSPEC v. 

1.4.3.2 and 1.5.2-4.3 excluding spray drift inputs.  

 
 1 Note that the domestic scenario has no spray drift input to the water body and so the 

changes are identical to those given in Table 8.2. 

 

 

The results indicate that: 

a) There are 11 significant changes (>5%) in the peak PECsw, all of which are decreases 

b) Comparing tables 8.2 & 8.3 shows that the largest significant decreases in PECsw - 

oxadiazon in the major road stream and glyphosate in the Urban and Major road streams 

- occur where the peak PECsw is the result of spray drift on the day of application and thus 

reflect the largest impacts of significant reductions in the amounts of spray drift between 

versions 1.4.3.2 and 1.5.2-4.3 (see section 6). When spray drift is excluded from these 

compound-scenario combinations (see table 8.3), changes are relatively small (values of 

0.40%, -6.66% & -5.41% respectively, representing absolute changes of only 0.06, -0.92 & 

-0.14 mg l-1). 

c) The remaining 8 significant decreases in peak daily PECsw are for oryzalin & oxadiazon in 

the Urban pond scenario, isoxaben in the Urban stream, Urban pond, Major Road stream 

and Domestic stream scenarios, and glyphosate in the Urban pond & Domestic stream 

scenarios.  

The difference for oryzalin & oxadiazon in the urban pond is the result of a significant 

decrease in losses from concrete during the second and third rainfall events (see the 

graphs for oryzalin in Section 8.2, Fig 8.1 below), which in v. 1.4.3.2 gave greater mass 

losses than on day 1. The problem was that in v. 1.4.3.2 errors in the equations for 

Compound

Change 1.4.3.2 1.5.2-4.3 % change 1.4.3.2 1.5.2-4.3 % change 1.4.3.2 1.5.2-4.3 % change

Urban stream  326.148 324.190 -0.60% 258.916 250.124 -3.40% 72.003 70.536 -2.04%

Urban pond 29.947 29.791 -0.52% 23.848 23.059 -3.31% 7.665 6.570 -14.29%

Major road stream 172.678 172.841 0.09% 127.829 124.050 -2.96% 30.805 30.803 -0.01%

Domestic stream  1 87.029 86.313 -0.82% 63.269 62.057 -1.92% 22.899 22.903 0.02%

Compound

Change 1.4.3.2 1.5.2-4.3 % change 1.4.3.2 1.5.2-4.3 % change 1.4.3.2 1.5.2-4.3 % change

Urban stream  53.139 52.693 -0.84% 7.790 7.189 -7.71% 13.802 12.883 -6.66%

Urban pond 5.504 5.072 -7.84% 0.726 0.671 -7.64% 1.513 1.444 -4.55%

Major road stream 15.193 15.253 0.40% 3.146 2.963 -5.85% 2.599 2.459 -5.41%

Domestic stream  1 14.979 15.002 0.15% 2.291 2.137 -6.72% 0.952 0.667 -29.88%

Atrazine Diuron Oryzalin

Oxadiazon Isoxaben Glyphosate

No significant change

Key

Increase of 5% or less

Decrease of 5% or less

Decrease of >5%
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identifying the “onset of losses by desorption” and in those for quantifying "soluble losses 

by desorption", resulted in predicted losses that were larger than those possible according 

to their solubility. These errors were corrected in v. 1.5.2-4.3 (see section 5). 

For all the other compound-scenario combinations, although the percentage decreases are 

>5%, the differences all relate to relatively small acute PECsw concentrations in which the 

absolute change is small, ranging between -0.051 and -0.565 mg l-1. 

d) All other changes in peak PECsw are relatively minor (<5%). 

There are only two cases of an increase in PECsw (see table 8.2), both in the Domestic 

stream scenario, but both are insignificant, with percentage increases of only 0.02% for 

oryzalin and only 0.15% for oxadiazon. In both cases, the changes result from changes in 

the algorithms to calculate the ‘soluble mass reduction fraction’ as described in section 5 

above. These changes were the result of re-calibration of the surface-specific wash-off 

routines as described in the introduction to section 5. 

e) There are only slight reductions (<5%) in the peak PECsw for other compounds in the 

urban, major road & domestic scenarios. The impact of the reported changes to the model 

surface wash-off routines for these compound-scenario combinations can be assessed 

from the percentage and absolute changes shown in table 8.3, where there are no spray 

drift inputs. 

The largest impacts are for diuron in the Urban stream, Major road stream and Domestic 

stream scenarios and oryzalin in the Urban stream scenario. Here, percentage reductions 

in PECsw are 3.4%, 2.96%, 1.92% & 2.04% respectively, with corresponding absolute 

reductions of -8.792, -3.779, -1.212 & -1.467 mg l-1. All other compound-scenario 

combinations have either percentage reductions of <1%, or absolute reduction of <1.0 mg 

l-1. 

In all cases, the reductions in PECsw are caused by changes in algorithms resulting from 

the re-calibration of the surface-specific wash-off routines as described in the introduction 

to section 5. 

f) In the Railway scenarios, the only compound-scenario combination to show any change in 

peak PECsw is Atrazine in the Railway leaching scenario where there is a slight reduction 

of -3.9 %. This is the result of amendments needed to consider differences in groundwater 

transport dispersivity related to different distances from different leaching points on the 

track to the ditch (an error in v. 1.4.3.2). In all other cases of the Railway leaching scenario, 

peak PECsw is the result of spray drift on the day of application and this calculation has not 

changed between versions. 

These results show that the most significant changes result from the reduction in spray drift 

inputs to water bodies, or, for oryzalin and oxadiazon in the urban pond, from the algorithm 

errors in v 1.4.3.2 specified in paragraph c) of this section above. Changes to surface wash-off  

algorithms resulting from the re-calibration of the surface-specific wash-off routines as 

described in the introduction to section 5, give very minor changes in the peak PECsw, either 

with percentage changes of <5% or, where higher, absolute changes of <1.0 mg l-1. 

The significance of these changes should be considered in the light of conclusions from the 

model evaluation exercise reported by Hollis (2010). These conclusions were tentative, 
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being based on a limited amount of suitable measured data, but suggested that model 

prediction errors related to peak concentrations draining out of the Urban, Major Road and 

Domestic catchments (i.e. before entering the relevant water body), could be in the order 

of +15% to +56%. Measured data for peak concentrations in surface water bodies is even 

more limited, being available for only one rainfall event and 3 compounds (atrazine, 

oryzalin & glyphosate). Peak concentrations in the stream water body were 15% under-

predicted for glyphosate and just over 300% over-predicted for atrazine and oryzalin. 

These results indicate that the changes in model predictions resulting from changes and 

corrections to surface-specific wash-off algorithms are between one and two orders of 

magnitude less than the overall reported uncertainties in model prediction. 

8.2 Changes to the daily loss patterns. 
Changes in the daily PECsw over the simulation period as a result of changes implemented in 

v. 1.5.2-4.3, are shown for stream scenarios in Figure 8.1, and for the Urban pond scenario in 

Fig. 8.2. 

The results show that, for both stream and pond scenarios: 

a) The main differences in patterns of loss over time are for oryzalin and oxadiazon which 

show significant reductions in losses from day 2 to about day 13. These are the result of 

both the decrease in the peak PECsw on day 1 and in subsequent reductions in desorption 

losses from concrete which, in v. 1.4.3.2 are incorrectly initiated on day 2 (see section 8.1c 

above) but in v. 1.5.2-4.3, for oxadiazon, are initiated only at the start of rainfall event 27 

on day 49, and, for oryzalin, are not initiated at all. For glyphosate in the Urban pond, there 

are minor increases in daily PECsw from day 3 onwards and these result from the changes 

to the ‘wash-off step for desorption’ algorithm in the “losses per 0.5mm Rain” worksheet 

as explained in section 5 above. For oxadiazon, there are also significant increases in daily 

aqueous concentrations from day 19. These result from changes made to correct the 

worst-case weather patterns which were incorrectly coded in version 1.4.3.2 (see section 

4.2 above). The reason that these changes only appear to significantly affect oxadiazon 

losses is that the application rate for this compound is very large (4500 g ha-1) and the 

masses retained on surfaces both in the sorbed and non-sorbed phases also remain 

relatively large over time so that significant losses tend to be generated by large rainfall 

events. This was not the case for version 1.4.3.2. 

b) For atrazine, diuron and isoxaben there are slight increases from days 2 to 3 onwards, 

eventually decreasing to insignificance at different stages. These changes result from 

changes to the concrete desorption algorithms.  

c) Loss patterns for glyphosate do not change significantly, the main difference being the 

significant reduction in the drift loss on the day of application (see section 4.3) which 

results in the peak PECsw occurring on day 1 of the simulation period (as a result of peak 

surface wash-off), rather than on day 0 (as a result of drift loss). From day 2 onwards the 

loss pattern shows a slight but insignificant increase. 
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Fig. 8.1  Differences in the 72 day and 10 day pattern of daily aqueous PECsw in stream 

scenarios for the six test compounds between model v. 1.4.3.2 & 1.5.2-4.3  
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Fig. 8.1 (cont.) Differences in the 72 day and 10 day pattern of daily aqueous PECsw in 

stream scenarios for the six test compounds between model v. 1.4.3.2 & 

1.5.2-4.3  

   

 

 



35 
 

Fig. 8.1 (cont.) Differences in the 72 day and 10 day pattern of daily aqueous PECsw in 

stream scenarios for the six test compounds between model v. 1.4.3.2 & 

1.5.2-4.3 
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Fig. 8.1 (cont.) Differences in the 72 day and 10 day pattern of daily aqueous PECsw in 

stream scenarios for the six test compounds between model v. 1.4.3.2 & 

1.5.2-4.3 
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Fig. 8.1 (cont.) Differences in the 18-40 day and 40-72 day pattern of daily aqueous PECsw 

in stream scenarios for the six test compounds between model v. 1.4.3.2 & 

1.5.2-4.3 

Note: y axis scales have changed from those on the Oxadiazon graph on previous page 
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Fig. 8.1 (cont.) Differences in the 72 day and 10 day pattern of daily aqueous PECsw in 

stream scenarios for the six test compounds between model v. 1.4.3.2 & 

1.5.2-4.3 
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Fig. 8.1 (cont.) Differences in the 72 day and 10 day pattern of daily aqueous PECsw in 

stream scenarios for the six test compounds between model v. 1.4.3.2 & 

1.5.2-4.3 
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Fig. 8.1 (cont.) Differences in the 72 day and 10 day pattern of daily aqueous PECsw in 

stream scenarios for the six test compounds between model v. 1.4.3.2 & 

1.5.2-4.3  

 

Note: This graph is an expansion of the ones above to show more detail for the domestic 

scenario over a smaller range of the y axis.     
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Fig. 8.2 Differences in the 72 day pattern of daily aqueous PECsw in the urban pond 

scenario for the six test compounds between model v. 1.4.3.2 & 1.5.2-4.3 
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Fig. 8.2 (cont.) Differences in the 72 day and 10 day pattern of daily aqueous PECsw in the 

urban pond for the six test compounds between model v. 1.4.3.2 & 1.5.2-4.3 
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Fig. 8.2 (cont.) Differences in the 72 day and 10 day pattern of daily aqueous PECsw in the 

urban pond for the six test compounds between model v. 1.4.3.2 & 1.5.2-4.3 
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There were no significant differences in daily PECsw patterns over the simulation period for 

the Railway surface water runoff scenario but there were minor differences for the Railway 

surface water leaching scenario. These are shown in Fig. 8.3 and the results indicate that:   

a. All compounds except glyphosate show differences in the patterns of daily PECsw over the 

simulation period. 

b. For glyphosate, its large Koc value means that losses are dominated by strong sorption and 

partitioning processes during leaching to groundwater, groundwater transport and 

dispersion through the surface water ditch. These processes remain the same in the two 

model versions and far outweigh any minor differences resulting from changes in other 

transport processes discussed below. 

c. For all other compounds, differences are the result of changes to the groundwater 

transport algorithms to account for differences in the lengths of travel to the surface water 

body from different section of the railway track. These changes tend to smooth out the 

delivery of leached loads to the surface water body, giving slightly reduced loads early in 

the time sequence but slightly increased loads later. 

The impact of these differences depends on the magnitude of input loads from spray drift on 

the day of application and peak input loads of the initial break-through curve from the 

groundwater transport process: 

For weakly sorbed compounds such as atrazine, where the peak of the initial groundwater 

breakthrough curve is significantly greater than the spray drift load on the day of application, 

daily PECsw values will be slightly smaller early in the time sequence and then slightly larger. 

In contrast for moderately to strongly sorbed compounds such as diuron, oryzalin, oxadiazon 

& isoxaben, spray drift on the day of application is usually greater than peak loads from the 

initial groundwater break through curve and here, daily PECsw values will be very similar 

during the first few days of simulation and then slightly larger after this. 
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Fig. 8.3 Differences in the 72 day pattern of daily aqueous PECsw in the Railway ditch 

leaching scenario for the six test compounds between model v. 1.4.3.2 & 1.5.2-4.3 
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Fig. 8.3 (cont.) Differences in the 72 day pattern of daily aqueous PECsw in the Railway 

ditch leaching scenario for the six test compounds between model v. 1.4.3.2 

& 1.5.2-4.3 
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Fig. 8.3 (cont.) Differences in the 72 day pattern of daily aqueous PECsw in the Railway 

ditch leaching scenario for the six test compounds between model v. 1.4.3.2 

& 1.5.2-4.3 
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9. Final Comments. 
The project to upgrade HardSPEC v. 1.4.3.2 by re-coding it in the Matlab language and carrying 

out a sensitivity and uncertainty analysis has resulted in a new Excel version of the model, 

v.1.5.2-4.3. The project has enabled the Excel model algorithms and interactions to be 

comprehensively ‘de-bugged’, whilst the sensitivity & uncertainty analyses have tested the 

model output over a large, but realistic range and combinations of its various driving 

variables. 

Although testing of the revised model using the six test compounds used to develop HardSPEC 

showed that changes to the peak PECsw (the focus of UK regulatory assessment) have 

resulted, most are considered insignificant, being one to two orders of magnitude smaller 

than the estimated uncertainty of model predictions based on the limited amount of 

measured experimental data available (Hollis, 2010). The exceptions relate to changes made 

to correct unrealistic amounts of spray drift to surface water bodies in the Urban and Major 

road scenarios (spray drift inputs to water bodies were not a factor in the measured 

experimental data), and changes made to correct errors in two algorithms in the v. 1.4.3.2 

“Masses lost per 0.5mm Rain” worksheet, as specified in section 8.1, paragraph c). Both 

changes result in significant reductions in the peak PECsw, depending on compound 

properties and scenarios but should result in more realistic predictions. 

This much-needed work should give users increased confidence that the model can give 

robust predictions for compounds that have combinations of physico-chemical characteristics 

that may be different to those of the six compounds used to develop and initially test its 

results. 

In addition, the new model version now enables users to calibrate the more uncertain 

parameters in the surface wash-off process algorithms, using measured data from an 

appropriate Controlled wash-off study. 

Finally, although characteristics of the various scenarios have been defined using as much 

relevant measured data as was possible at the time, there is always some uncertainty 

attached to the derived values.  It is possible that as additional data become available, some 

of the characteristics may need to be updated. In order to facilitate this process, each of the 

scenario worksheets now includes several highlighted parameters that users can change to 

examine the impact of any uncertainty in their values or update if necessary. Where changes 

in parameters are proposed, these must be clearly and robustly justified.  Any changes in 

parameters must take into account the original data on which the parameter values were 

based (see Hollis et al, 2017).  For many parameters, any changes will have to combine the 

additional data with the existing data underlying the default parameter rather than simply 

replacing the existing data. 
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