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1. Simulation models

For the STEP3 calculations the computer tool SWASH was used which mainly creates the necessary input data for MACRO 5.5.4, PRZM 4.3.1 and TOXSWA 4.4 which were used for the simulations.  All models are described in FOCUS (2001). The standard buffer zone was 1 m. 
They represent start-of-the-art PEC-calculations for all type active compounds (pesticides, biocides and veterinary compounds). They are also the most recent versions. The history of versions is summarised at the FOCUS homepage (https://esdac.jrc.ec.europa.eu/projects/focus-dg-sante).
2. Input parameters

2.1 Agricultural use pattern 

As scenario 300 kg/ha of PERLKA is applied in potatoes “iccorporated at 15 cm”, which means a uniform incorporation into the upper 15 cm of the soil.

 
Based on the information given in Table 2 the following application dates were automatically calculated for potatoes using the default settings.
Table 3: Application pattern in winter cereals considered for the simulations

	App. ID
	Scenario
	application date calculated by FOCUS PAT

	1
	D1_Ditch
	01. Apr 82

	1
	D1_Stream
	01. Apr 82

	1
	D2_Ditch
	01. Apr 86

	1
	D2_Stream
	01. Apr 86

	1
	D3_Ditch
	04. Apr 92

	1
	D4_Pond
	18. Apr 85

	1
	D4_Stream
	18. Apr 85

	1
	D5_Pond
	08. Apr 78

	1
	D5_Stream
	08. Apr 78

	1
	R2_Stream
	22. Apr 77

	1
	R3_Stream
	04. Apr 80


2.2 
Substance properties

PERLKA

The maximum concentration of calcium cyanamide in PERLKA is about 45%. In order to adequately simulate the gradual hydrolysis of cyanamide from PERLKA granules to soil, cyanamide was defined as a metabolite. According to experimental data the half-life of PERLKA (CaCN2) in soil was found to be between 0.60 days and 2.51 days (Klein 2019). The experimental values were normalised to 20 °C using a Q10 factor of 2.2 as recommended by FOCUS (2000). The experimental half-lives were also normalised to pF 2 using an exponent of 0.7 as the model requires degradation at optimised moisture conditions. Also the moisture correction was done according to FOCUS (2000). The geometric mean of all normalised half-lives was found to be 0.721 days. This value was considered for the modelling transformation in soil (see Klein (2019)).
A half life of 1 day was considered for the water phase. This value was used as a minimum number for the simulation model FOCUS TOXSWA. 
Cyanamide

According to experimental data cyanamide is further transformed to urea (Vilsmeier et Amberger 1978). Also for cyanamide the experimental half-lives were normalised to 20 °C using a Q10-Factor of 2.2 as given by FOCUS (2000). However, for cyanamide no soil moisture normalisation was done since according to the experimental results the degradation of cyanamide does not increase with soil moisture (Klein 2019). Consequently, the soil moisture correction in the models FOCUS MACRO and PRZM are not suitable and the moisture correction was switched off. For the modelling a half-life of 0.78 days was used. The value represents the geometric mean of all experimental data after normalisation to 20 °C but without soil moisture normalisation [see Klein 2019]. 

Furthermore, according to EFSA (2010) the half life of cyanamide in the water-sediment system is 3.5 days (geometric mean of two studies). According to the FOCUS recommendations, this value of 3.5 days must be considered for the transformation of cyanamide in water whereas a default value of 1000 days was considered for the sediment phase. The experimental disappearance time cannot be used for the modelling since it includes not only degradation but also transportation which is considered in the model separately.

Urea

According to experimental data cyanamide is further transformed to urea (Vilsmeier et Amberger 1978). The formation fraction from cyanamide to urea was set to 95.7 %.

For the half-life of urea 3.9 days at 20°C was taken. This is the geometric mean given in EFSA (2010). The computer automatically transfers the half lives at standard temperatures into the actual conditions of the scenarios. The sorption constant in soil KOC was set to 7.2 L/kg which was calculated from Hongprayoon (1991). The taken KOC value for urea corresponds to the mean of KOC values ranging from 5.3 to 9.1. 

Plant uptake was not considered since the granules are usually applied before emergence of the crop.

Dicyandiamide

In addition, cyanamide is also transformed to dicyandiamide. The formation fraction from cyanamide to dicyandiamide was set to 4.25 %. For dicyandiamide a half-life of 11.1 days at 20°C was considered. The sorption constant in soil KOC was set to 5.25 L/kg (registration dossier).

Plant uptake was not considered since the granules are usually applied before emergence of the crop.

All DegT50 values in water, sediment-system and in soil considered in the simulations are presented in Table 4.
Table 4: DegT50-values (d) of PERLKA, cyanamide, Urea, Dicyandiamide
	Parameter
	Calcium cyanamide (PERLKA®)
	Cyanamide
	Urea
	Dicyandiamide

	Water
	1 (at 20 °C)
	3.5 (at 20 °C)

	4.8 (at 20°C)
	1000 (at 20 °C)

	Sediment
	1 (at 20 °C)
	1000 (at 20 °C)
	1000 (at 20 °C)
	1000 (at 20 °C)

	Soil
	0.721 (at 20 °C)
	0.78 (at 20 °C)
	3.9 (at 20°C)
	11.1 (at 20 °C)


The DegT5050 values in soil represent geometric mean half lives of several studies which are summarised in Klein (2019).
PERLKA granules cannot be dissolved in water without being transformed to cyanamide. In order to simulate the fate of PERLKA realistically the sorption constant in soil KOC was set to an artificial, high number (172,400 L/kg). That should guarantee that the granules remain at the applied location in soil and are only transformed to cyanamide without leaching to deeper soil layers. For PERLKA residues in surface water the same value was considered as for cyanamide.
For cyanamide an average (geomean) sorption constant of 4 L/kg was considered which was based on experimental sorption studies (EFSA 2010). It was considered more reliable than results based on the HPLC methodology. 
Cyanamide has a Henry’s law constant of 2.68×10-5 J/mol. However, this value cannot be entered directly into the simulation model but will be internally calculated based on water solubility, vapour pressure and molecular mass. 
Plant uptake via roots was not considered since the granules are usually applied before emergence of the crop.

All other input parameters used for the simulations are summarised in Table 5. 


Table 5: Other input parameters used for the simulations of PERLKA, cyanamide, Urea, Dicyandiamide
	Parameter
	PERLKA
	Cyanamide
	Urea
	Dicyandiamide
	Remark

	Parent/Transformation product
	Parent 
	Transformation product of calcium cyanamide 
	Transformation product of cyanamide
	Transformation product of cyanamide
	

	Sorption constant KOC in soil (L/kg)
	172400
	4
	7.2
	5.25
	EFSA (2010)

	Sorption constant KOC in water body (L/kg)
	0
	4
	7.2
	5.25
	EFSA (2010)

	Freundlich exponent (-)
	1
	1
	1
	1
	EFSA (2010)

	Vapour pressure ( Pa)
	0 at 20°C 
	0.5 at 20°C
	0.0016 at 25°C
	<0.004 at 100°C (assumed to be 0 at 20°C)
	EFSA (2010)

	Molar mass (g/mol)
	80.11
	42.04
	60.06
	42.04
	

	Water solubility (20°C, mg/L)
	800000
	800000
	624000
	32000
	EFSA (2010)

	Molar enthalpy of vaporisation
	95000
	95000
	95000
	95000
	default

	Molar enthalpy of dissolution
	27000
	27000
	27000
	27000
	default

	Diffusion coefficient in water
	4.3 10-5
	4.3 10-5
	4.3 10-5
	4.3 10-5
	default

	Diffusion coefficient in air
	0.43
	0.43
	0.43
	0.43
	default

	Plant uptake factor
	0
	0
	0
	0
	default


Metabolites in SWASH (Cascade)
MACRO is able to simulate the behaviour of one metabolite in soil after the simulation run for the parent compound has been completed

PRZM can describe three transformation schemes and up to two metabolites: 1) a parent with one metabolite, 2) a parent with two sequential metabolites and 3) a parent with two metabolites.
In 2015 FOCUS_TOXSWA 4.4.3 was released, enabling the simulation of metabolites formed in water and formed in sediment (Beltman et al., 2014).



3. Results

The maximum concentrations for all scenarios and crops are summarised in the following Table 6. In total 263 FOCUS STEP3 and 30 FOCUS STEP4 crop-location-application combinations were simulated. The following maximum concentrations were calculated for cyanamide in the step 3 simulations:

Table 6: Maximum concentrations (PECmax) Cyanamide at FOCUS Step 3

	App. Id.
	Scenaro/Crop
	PECmax (µg/L)

	1
	Grassland, 300kg, Granular app. at 0 cm, March - April
	1990.3




Table 6: Global maximum concentrations or PERLKA and Cyanamide at FOCUS Step 3
	App. Id
	Crop
	CaCN2
	Cyanamide

	 
	 
	PECsw (µg/L)
	PECsw (µg/L)
	PECsed (µg/kg)

	1
	Grassland, 300kg, Granular app. at 0 cm, March – April
	D1_Ditch
	0
	1990.3
	401.4

	
	
	D1_Stream
	0
	1263.7
	242.5

	
	
	D2_Ditch
	0
	1027.8
	182

	
	
	D2_Stream
	0
	743
	92.7

	
	
	D3_Ditch
	0
	0
	0

	
	
	D4_Pond
	0
	0
	0

	
	
	D4_Stream
	0
	0
	0

	
	
	D5_Pond
	0
	0
	0

	
	
	D5_Stream
	0
	0
	0

	
	
	R2_Stream
	0
	0
	0

	
	
	R3_Stream
	0.001563
	0.8958
	0.07656


Table 7: Global maximum concentrations or PERLKA and Cyanamide at FOCUS Step 4 (App. Id. 22:Vegetables 400kg, Granular app. at 0 cm, May - July) 
	Crop
	CaCN2
	Cyanamide

	
	PECsw (µg/L)
	PECsw (µg/L)
	PECsed (µg/kg)

	buffer strip 
	1 (default)
	5
	10
	20
	1 (default)
	5
	10
	20
	1 (default)
	5
	10
	20

	R1_Pond
	0.000229
	0.000138
	0.000068
	0.000032
	0.1261
	0.07587
	0.05064
	0.02535
	0.02884
	0.01734
	0.01147
	0.005732

	R1_Pond2
	0.000111
	0.000067
	0.00002
	0.000008
	0.02399
	0.01455
	0.009756
	0.004906
	0.003911
	0.00237
	0.001486
	0.000738

	R1_Stream
	0.05257
	0.03164
	0.02092
	0.01046
	30.94
	18.62
	12.44
	6.229
	1.649
	0.9915
	0.6618
	0.3313

	R1_Stream2
	0.001171
	0.000704
	0.000181
	0.000062
	0.114
	0.07449
	0.05198
	0.02726
	0.01496
	0.009124
	0.004813
	0.002368

	R2_Stream
	0.05213
	0.0335
	0.02063
	0.01052
	80.29
	51.73
	35.78
	18.59
	5.698
	3.664
	2.514
	1.304

	R2_Stream2
	0.1215
	0.07443
	0.02438
	0.01172
	112.4
	73.14
	50.9
	26.61
	7.266
	4.692
	3.119
	1.614

	R3_Stream
	0.17
	0.1087
	0.06997
	0.03616
	166.8
	108.8
	75.79
	39.65
	10.13
	6.625
	4.595
	2.407

	R3_Stream2
	0.003029
	0.001833
	0.000515
	0.000193
	0.9084
	0.5938
	0.4145
	0.2175
	0.09087
	0.05874
	0.03764
	0.01939

	R4_Stream
	0.933
	0.6066
	0.4146
	0.2159
	281.9
	183.4
	127.7
	66.8
	22.54
	14.61
	9.909
	5.154

	R4_Stream2
	0.01014
	0.003024
	0.001577
	0.006258
	6.749
	3.077
	1.614
	4.41
	0.5777
	0.2453
	0.1269
	0.3744


4. Conclusions

The following maximum concentrations were calculated for cyanamide at step 3 simulations (no additional buffer strip to the surface water body): 
Step 3

Table 6: Maximum concentrations (PECmax) Cyanamide at FOCUS Step 3

	App. Id.
	Scenaro/Crop
	PECmax (µg/L)

	1
	Grassland, 300kg, Granular app. at 0 cm, March - April
	1990.3

	2
	Grassland, 180kg, Granular app. at 0 cm, March - April
	1194.2

	3
	Grassland, 250kg, Granular app. at 0 cm, June - July
	3.772

	4
	Grassland, 150kg, Granular app. at 0 cm, June - July
	2.262

	5
	Maize, 400kg, Incorporated at 10 cm, April
	16.3

	6
	Maize, 200kg, deep placement at 10 cm, April - May
	0.002812

	7
	Oil seed rape, 200kg, Incorporated at 10 cm, August - September
	6.267

	8
	Oil seed rape, 100kg, deep placement at 10 cm, August - September
	1.045

	9
	Oil seed rape, 300kg, Granular app. at 0 cm, April
	67.97

	10
	Oil seed rape, 60kg, Granular app. at 0 cm, April
	13.6

	11
	Potatoes, 400kg, Incorporated at 15 cm, March - April
	269.9

	12
	Potatoes, 250kg, deep placement at 15 cm, April
	0.000415

	13
	Potatoes, 250kg, Incorporated at 15 cm, April
	168.7

	14
	Pome/stone fruit, 200kg, Granular app. at 0 cm, March - April
	0.1025

	15
	Pome/stone fruit, 250kg, Granular app. at 0 cm, March - April
	0.128

	16
	Sugar beet, 200kg, deep placement at 10 cm, March
	0.000127

	17
	Sugar beet, 500kg, Incorporated at 10 cm, March
	451

	18
	Strawberries (vegetables fruiting), 200kg, Incorporated at 15 cm, July - August
	5.864

	19
	Strawberries (vegetables fruiting), 200kg, Granular app. at 0 cm, March - April
	37.63

	20
	Vegetables - non brassica, 400kg, Incorporated at 15 cm, February - September
	30.86

	21
	Vegetables - brassica crops, 500kg, Incorporated at 15 cm, April - June
	38.58

	22
	Vegetables - brassica crops, 400kg, Granular app. at 0 cm, May - July
	281.9

	23
	Vegetables - brassica crops, 320kg, Granular app. at 0 cm, May - July
	225.6

	24
	Vegetables - non brassica, 200kg, deep placement at 15 cm, April - September
	0.001331

	25
	Vegetables - brassica crops, 200kg, Incorporated at 15 cm, April - September
	19.67


Step 4

Calculations with buffer strips of 5 m, 10 m or 20 m result in a reduction of maximum PECsw for the run-off scenarios (R-scenarios) to 65% resp. 45 % resp. 24%.

Vegetables - brassica crops, 400kg, Granular app. at 0 cm, May - July 
Table 6: Maximum concentrations or PERLKA and Cyanamide at FOCUS Step 4
	Distance to the surface water body 
	PECmax

	(m)
	(µg/L)

	1*
	281.9

	5
	183.4

	10
	127.7

	20
	66.8


*no buffer zone, default FOCUS STEP 3
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6. Appendix: SWASH Report Files

6.1 Grassland, 300kg, Granular app. at 0 cm, March – April

      * SWASH report file

      * made by FOCUS-SWASH UI v. 5 (internal version 5.1.0, 02 April 2015) 

      *

      * File Name   : E:\SwashProjects\CN2_GR\CN2_GR_report.txt

      * Description : Grassland, 300kg,  uniform incorp.  0 cm 

      * Substance   : CN2Gr

      *

      * Creation    : 29-Apr-2019, 14:21

      *

      * Remarks : SWASH report helps you to set up the needed runs to calculate the PECsw and PECsed, occuring in the EU

      *           for the selected substance, used on the selected crop. The scenario code informs you which models you need to

      *           run for this scenario.

      *           D1-D6: drainage entries calculated by the MACRO model, fate in surface water calculated by the TOXSWA model

      *                  

      *           R1-R4: runoff and erosion entries calculated by the PRZM model, fate in surface water calculated by the TOXSWA model

      *                  

      *

      *           For STREAMS the Mean Deposition and Mass Loading, as calculated by the FOCUS Drift Calculator, have been multiplied by a 

      *           factor 1.2 to account for pesticide mass incoming from the upstream catchment as decided by the FOCUS Surface Water 

      *           Scenarios Working Group.

      *

      *

      **********************************************************************************************************************************

      *  CREATED RUNS

      **********************************************************************************************************************************

      *

      *                                                     |--------------- APPLICATION -----------------|----- on Water Surface -----|

      * -ID------Crop(1st/2nd)-------Scenario-WaterbodyType-|-Method--------First/Last/Interval--#---Rate-|-Mean Deposition-Mass Loading

                                                                                      (d)          (kg/ha) (% of Appl. Rate)    (mg/m2)

      *

      * 535   Grass/alfalfa(1st)       D1_Ditch              granular appl. 1-Apr /1-May /1      1  135.0000     0.000           0.000

      *

      * 536   Grass/alfalfa(1st)       D1_Stream             granular appl. 1-Apr /1-May /1      1  135.0000     0.000           0.000

      *

      * 537   Grass/alfalfa(1st)       D2_Ditch              granular appl. 1-Apr /1-May /1      1  135.0000     0.000           0.000

      *

      * 538   Grass/alfalfa(1st)       D2_Stream             granular appl. 1-Apr /1-May /1      1  135.0000     0.000           0.000

      *

      * 539   Grass/alfalfa(1st)       D3_Ditch              granular appl. 1-Apr /1-May /1      1  135.0000     0.000           0.000

      *

      * 540   Grass/alfalfa(1st)       D4_Pond               granular appl. 1-Apr /1-May /1      1  135.0000     0.000           0.000

      *

      * 541   Grass/alfalfa(1st)       D4_Stream             granular appl. 1-Apr /1-May /1      1  135.0000     0.000           0.000

      *

      * 542   Grass/alfalfa(1st)       D5_Pond               granular appl. 1-Apr /1-May /1      1  135.0000     0.000           0.000

      *

      * 543   Grass/alfalfa(1st)       D5_Stream             granular appl. 1-Apr /1-May /1      1  135.0000     0.000           0.000

      *

      * 544   Grass/alfalfa(1st)       R2_Stream             granular appl. 1-Apr /1-May /1      1  135.0000     0.000           0.000

      *

      * 545   Grass/alfalfa(1st)       R3_Stream             granular appl. 1-Apr /1-May /1      1  135.0000     0.000           0.000

      *

      ************************************************** Surface WAter Scenarios Help **********************************************
�Richtiger Wert? In der Tabelle in der Mail von Herrn Kiefer (05.11.219) war ein Wert von „4.3 days at 20°C 


Registration CaCN2“ angegeben





