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[bookmark: _Toc66123328]Introduction
An update of the exposure calculator produced with the EFSA Guidance on the assessment of exposure of operators, workers, residents and bystanders in risk assessment for plant protection products (EFSA, 2014), is provided. It is particularly aimed to be more user-friendly and to provide further functionalities (e.g. setting of safe re-entry intervals, exposure calculations for indoor scenarios. The new calculator is placed in a repository of WEB applications created by EFSA to assist risk assessors in different domains, the repository is accessible at the following URL (https://r4eu.efsa.europa.eu/). The WEB applications hosted are freely available but a registration is required, and registration instructions can be found in the Supporting documents. Once registration is completed, the exposure calculator can be accessed directly with the following link (https://shiny-efsa.openanalytics.eu/app/opex). 
[bookmark: _Toc63752206][bookmark: _Toc66123329]New calculator: changes and impact
When developing the new calculator, in addition to new functionalities, different modifications were introduced:
inclusion of new scenarios for greenhouse (indoor) uses
update of mixing/loading data: inclusion of new data from greenhouse field studies, revised correction for recovery (the threshold was raised from 70 to 95%, and adapted to the relevant fortification level in some cases)
agreed rounding of the coefficients in the formulas for operators
optional calculation of air concentration based on the vapour pressure value of the active substance
pro-rata calculation of the dermal absorption in accordance with the Guidance on dermal absorption (EFSA, 2017)
inclusion of safe re-entry period calculation 
combined exposure for different active substances in one product 
improved presentation of results including the production of a report 
This calculator also includes detailed instructions for the users, with possibility to download the formulas therefore ensuring a high level of transparency. 
In order to assess the consequences of the changes to data and of rounding coefficients to two decimal places in model formulae, two analyses were carried out: one for the models for exposure during outdoor application and the other for the models for exposure during mixing/loading. In both cases, estimates were calculated for the 75th and 95th percentiles of exposure in various scenarios: three levels of total amount of active substance (0.5 kg/day, 5 kg/day, 50 kg/day) for each route of exposure.
[bookmark: _Hlk61868402]For exposure during mixing/loading, three comparisons were made: (i) between models used in the previous EFSA calculator and the new models presented below; (ii) between the new models and the same models without rounding of coefficients; (iii) between the new models (without rounding) and the models (without rounding) obtained by fitting to the same data but where the recovery threshold was kept at 70% as used when building the models for the previous EFSA calculator. The scenarios were duplicated for the different formulation types  (WG, WP, liquid and, where appropriate, sachets). For head exposure, the scenarios were also duplicated with and without use of a face shield. The results are summarised in Figure 1. which shows for each comparison the distribution of the ratio of exposure estimates for all the scenarios considered. From the figure, it is clear that the effect of rounding the estimates is small relative to the consequences of changing the recovery threshold and adding new data. One potentially surprising feature of the comparison between estimates based on 95% and 70% thresholds for correction for recovery is that the exposure estimates do not always increase even though the measurement never decreases when the threshold is changed from 70% to 95%. This is because only some measurements increase and this leads to changes in the estimated coefficients that might not be anticipated and which lead to decreased exposure in many scenarios and increased exposure in others. The differences between the old and new models are explored in more detail in Table 1, which shows the ratio of new to old exposure estimates for all the scenarios considered, and in Figure 2 which shows how the histograms of ratios break down according to three factors: the total amount of active substance per day (TA), the route of exposure and the product formulation. More insight into what leads to ratios much greater or less than 100% can obtained by reviewing Figures 3 (75th percentile ML models) and 4 (95th percentile ML models) of BfR (2020) which show the old and new models using respectively blue and green lines, each route of exposure having its own sub-figure and each formulation using a different line-type. The vertical axis in those figures is labelled “exposure (µg)” but the values shown are actually the base 10 logarithm of exposure. Cases where a blue line is a long way from the corresponding green line or the two have very different slopes are those where the ratio in Table 1 and Figure 2 is markedly different from 100% for some or all levels of TA. 
[image: ]
Figure 1   Summary of comparisons between exposure estimates. Histograms show the distributions of ratios of exposure estimates for 75th and 95th percentiles of exposure for three comparisons:  (i) between models used in the previous EFSA calculator and the new models; (ii) between the new models and the same models without rounding of coefficients; (iii) between the new models (without rounding) and the models (without rounding) obtained by fitting them to data where the recovery threshold was kept at 70%. Each histogram shows the ratio for the 6 routes of exposure in a range of scenarios.
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Figure 2   Summary of ratios between exposure estimates using the new models and the models used in the previous EFSA calculator. Histograms show the distributions of ratios of exposure estimates for 75th and 95th percentiles of exposure for the scenarios described in the main text (a.i. for active ingredient, equivalent to active substance).

Ratios of exposure estimates using the new models and the models in used in the previous EFSA calculator. Table entries are the ratio, expressed as a percentage, between the estimate using the new model and the estimate using the old model.
	
	
	75th percentile
	95th percentile

	formulation
	route
	TA 0.5 kg/day
	TA 5 kg/day
	TA 50 kg/day
	TA 0.5 kg/day
	TA 5 kg/day
	TA 50 kg/day

	WG
	Body
	87
	94
	103
	35
	88
	220

	WG
	Hands
	155
	115
	85
	93
	76
	62

	WG
	Head
	444
	444
	444
	173
	173
	173

	WG
	Head (face shield)
	591
	591
	591
	211
	211
	211

	WG
	Inhalation
	61
	73
	89
	18
	53
	154

	WG
	Protected Body
	246
	133
	72
	230
	139
	84

	WG
	Protected Hands
	199
	128
	83
	858
	291
	99

	WP
	Body
	91
	99
	108
	38
	96
	241

	WP
	Hands
	161
	119
	88
	107
	87
	71

	WP
	Head
	116
	116
	116
	100
	100
	100

	WP
	Head (face shield)
	154
	154
	154
	123
	123
	123

	WP
	Inhalation
	95
	115
	139
	33
	97
	284

	WP
	Protected Body
	296
	160
	87
	274
	165
	99

	WP
	Protected Hands
	167
	108
	69
	329
	111
	38

	liquid
	Body
	99
	108
	118
	41
	103
	258

	liquid
	Hands
	183
	136
	101
	168
	137
	112

	liquid
	Head
	122
	122
	122
	134
	134
	134

	liquid
	Head (face shield)
	162
	162
	162
	163
	163
	163

	liquid
	Inhalation
	83
	100
	121
	20
	57
	167

	liquid
	Protected Body
	254
	137
	74
	270
	163
	98

	liquid
	Protected Hands
	200
	129
	83
	922
	312
	106



For exposure during outdoor application, there were no new data and the recovery threshold had not been changed and so the comparison was between the models used in the previous EFSA calculator and the new models which are the same models but with coefficients rounded to 2 decimal places. The scenarios were duplicated to consider special conditions for each type of application: for HCVM applications with and without a ‘normal cabin’; for HCHH applications with both normal and dense cultures; for LCVM applications with and without ‘normal droplets’ and with and without ‘normal equipment’. Overall, the typical change to exposure estimates due to the rounding of coefficients was less than +/-1%, the largest upward and downward changes seen being +3.1% and -1.9%.
[bookmark: _Toc63752207][bookmark: _Toc66123330]Updated formulas
Different models were developed to predict operator exposure estimates (75th or 95th percentile) during their different daily activities: mixing/loading (ML) and application (App). The ML activity can make use of tank or knapsack and is applicable to indoor (IN) or outdoor (OUT) uses. The A activity can be vehicle mounted (VM) or manual (handheld spraying, HH), by upwards spraying on high crops (HC) or downwards spraying on low crops (LC). 
The Tables 2 and 3 (see below) are listing the models for the different scenarios covered in the online calculator. When no model could be derived (eg ML for knapsack application), the 75th or 95th percentile was used for the exposure estimates (given in µg/person). 
In these models, TA is for total amount of active substance applied per day (in kg a.s./day), and protected hands or body is reflecting the exposure beneath one layer of work clothing and protective gloves, respectively. Numbers followed by a formulation type (liquid, WP or WPs) or other factor (glove wash, face shield, normal droplets etc) between square brackets are included in the formula only when that formulation/factor applies. Logarithms are base 10.
As concerns the parameter “glove wash”, since it cannot be ensured that operators will always wash their gloved hands before taking gloves off, the respective reduction of hand exposure has not been implemented in the calculator. Nevertheless, this result is presented in the equation of the model since it is of interest for good agricultural practice and further education/training of operators. 
As concerns the formulation type “sachets” (corresponding to WPs and being small  non-soluble packages with e.g. 50 g content), since these have hardly any relevant use in practice in the EU, it is recommended not to use the factor ‘sachets‘ for regulatory purpose. Therefore, it has not been implemented in the calculator. 
For indoor applications, rain suit and protective coverall are only applicable to exposure in dense foliage. In that case, either ‘dense with rain suit’ or ‘dense with protective coverall’ may be selected. It is noted that rain suits were used in the experimental studies that were used for model development. 
In practice, considering the minimum health and safety requirements at the workplace[footnoteRef:1] (Directive 89/656/EEC), certified protective coveralls (Level C3 garments, according to ISO/EN 27065) should be recommended to reduce body exposure in dense crop conditions. They must comply with the Regulation (EU) 2016/425 and take into account the appropriate CEN standards. [1:  Regulation (EU) 2016/425 of the European Parliament and of the Council of 9 March 2016 on personal protective equipment and repealing Council Directive 89/686/EEC] 


Operator exposure scenarios with prediction of 75th percentile; TA: total amount of active substance applied per day (in kg a.s./day); exposure is given in µg/person 
	ML Tank  – 75th perc. – IN/OUT

	
	log exp = α log TA* + [formulation type] + constant

	
	Total hands
	[bookmark: _Hlk57801109]log DML(H) = 0.64 log TA + 0.64 [liquid] + 1.28 [WP] + 1.17 [WPS] - 0.47 [glove wash] + 3.27

	
	Protected hands
	log DML(Hp) = 0.46 log TA + 0.32 [liquid] + 1.66 [WP] + 0.20 [WPS] + 1.46

	
	Total body
	log DML(B) = 0.74 log TA + 0.52 [liquid] + 1.85 [WP] + 3.04

	
	Protected body
	log DML(Bp) = 0.62 log TA + 0.12 [liquid] + 1.84 [WP] + 1.58

	
	Head
	log DML(C) = log TA + 0.34 [liquid] + 0.70 [WP] - 1.67 [face shield] + 1.46

	
	Inhalation
	log IML = 0.38 log TA - 0.87 [liquid] + 1.96 [WP] - 0.03 [WPS] + 1.38

	ML Knapsack – 75th perc. – IN/OUT
	
	75th percentile (above 1.5 kg a.s. linear extrapolation)

	
	Total hands
	9497

	
	Protected hands
	21

	
	Total body
	803

	
	Protected body
	25

	
	Head
	5.5

	
	Inhalation
	35

	
	
	
log exp = α∙log TA + [droplets] + [equipment] + constant

	App LCVM – 75th perc. – OUT 
	Total hands
	log DA(H) = log TA + 0.37 [normal droplets] - 1.04 [normal equipment] + 2.84

	
	Protected hands
	log DA(Hp) = 0.54∙log TA + 1.11 [normal droplets] + 0.29 [normal equipment] + 0.23

	
	Total body
	log DA(B) = log TA + 0.81 [normal droplets] - 1.43 [normal equipment] + 2.54

	
	Protected body
	log DA(Bp) = log TA + 0.70 [normal droplets] - 1.09 [normal equipment] + 0.74

	
	Head
	log DA(C) = log TA + 0.88 [normal droplets] - 0.53 [normal equipment] + 0.24

	
	Inhalation
	log IA = 0.50∙log TA + 0.01 [normal droplets] - 0.71 [normal equipment] + 0.72

	
	
	log exp = α∙log TA + [cabin] + constant

	App HCVM – 75th perc. - OUT
	Total hands
	log DA(H) = 0.89∙log TA + 0.28 [no cabin] + 3.12

	
	Protected hands
	log DA(Hp) = log TA + 1.55 

	
	Total body
	log DA(B) = log TA + 0.48 [no cabin] + 3.47

	
	Protected body
	log DA(Bp) = log TA + 0.23 [no cabin] + 1.83

	
	Head
	log DA(C) = log TA + 1.89 [no cabin] + 1.17

	
	Inhalation
	log IA = 0.57∙log TA + 0.82 [no cabin] + 0.99

	
	
	75th percentile (above 1.5 kg a.s. linear extrapolation)

	App LCHH – 75th perc. – OUT 
	Total hands
	1544

	
	Protected hands
	5.0

	
	Total body
	88868

	
	Protected body
	8903

	
	Head
	12

	
	Inhalation
	26

	
	
	log exp = α∙log TA + [culture] + constant

	App HCHH – 75th perc. – OUT 
	Total hands
	log DA(H) = 0.84∙log TA - 0.83 [normal culture] + 4.26

	
	Protected hands
	log DA(Hp) = log TA - 0.88 [normal culture] + 2.26

	
	Total body
	log DA(B) = 0.16∙log TA - 1.29 [normal culture] + 6.08

	
	Protected body
	log DA(Bp) = - 1.64 [normal culture] + 4.65

	
	Head
	log DA(C) = 0.32∙log TA - 1.09 [normal culture] + 3.27

	
	Inhalation
	log IA = 0.83∙log TA - 0.26 [normal culture] + 2.17

	
	
	75th percentile (above 0.60 kg a.s./ 0.075 kg a.s. / 0.086 kg a.s. linear extrapolation)

	App LCHH – 75th perc. – IN 
	Total hands
	1323

	
	Protected hands
	1.5

	
	Total body
	16797 (normal) / 55521 (dense)

	
	Protected body
	132 (normal) / 12180 (dense) / 80 (dense with rain trousers)

	
	Head
	21

	
	Inhalation
	47

	
	
	log exp = α log TA + [dense] + constant

	App HCHH – 75th perc. – IN 
	Total hands
	log DA(H) = 0.83 log TA +  0.17 [dense] – 0.62 [trolley] + 4.40

	
	Protected hands
	log DA(Hp) = log TA + 1.32 [dense] – 1.04 [trolley] + 1.71

	
	Total body
	log DA(B) = log TA + 0.67 [dense] - 0.81 [trolley] + 5.59

	
	Protected body
	log DA(Bp) = log TA + 1.64 [dense] - 2.42 [dense with rain suit] – 0.54 [dense with protective coverall] - 1.23 [trolley] + 4.19

	
	Head (with or without face mask)
	log DA(C) = 0.18 log TA + 0.29 [dense] – 0.41 [trolley] + 2.70

	
	Inhalation
	log IA = log TA + 0.08 [dense] – 0.19 [trolley] + 2.69



Operator exposure scenarios with prediction of 95th percentile; TA: total amount of active substance applied per day (in kg a.s./day); exposure is given in µg/person 
	ML Tank – 95th perc. – IN/OUT
	
	log exp = α∙log TA + [formulation type] + constant

	
	Total hands
	log DML(H) = 0.69 log TA + 0.71 [liquid] + 1.21 [WP] + 1.30 [WPS] – 0.72 [glove wash] + 3.74

	
	Protected hands
	log DML(Hp) = 0.53 log TA + 0.83 [liquid] + 1.39 [WP] + 0.38 [WPS] + 2.29

	
	Total body
	log DML(B) = 0.69 log TA + 0.72 [liquid] + 1.29 [WP] + 3.87

	
	Protected body
	log DML(Bp) = 0.78 log TA + 0.44 [liquid] + 1.58 [WP] + 2.09

	
	Head
	log DML(C) = log TA + 0.39 [liquid] + 0.11 [WP] – 1.16 [face shield] + 2.19

	
	Inhalation
	log IML = 0.49 log TA – 0.92 [liquid] + 1.54 [WP] + 0.19 [WPS] + 1.81

	
	
	95th percentile (above 1.5 kg a.s. linear extrapolation)

	ML Knapsack – 95th perc. – IN/OUT
	Total hands
	25490

	
	Protected hands
	164

	
	Total body
	2787

	
	Protected body
	103

	
	Head
	11

	
	Inhalation
	36

	
	
	log exp = α∙log TA + [droplets] + [equipment] + constant

	App LCVM – 95th perc. – OUT
	Total hands
	log DA(H) = 0.73∙log TA + 0.61 [normal droplets] - 0.21 [normal equipment] + 2.96

	
	Protected hands
	log DA(Hp) = 0.12∙log TA + 1.79 [normal droplets] + 2.19 [normal equipment] -0.46

	
	Total body
	log DA(B) = log TA + 1.51 [normal droplets] - 0.82 [normal equipment] + 1.94

	
	Protected body
	log DA(Bp) = log TA + 1.05 [normal droplets] - 0.77 [normal equipment] + 0.47

	
	Head
	log DA(C) = log TA + 1.03 [normal droplets] - 1.12 [normal equipment] + 1.16

	
	Inhalation
	log IA = 0.58∙log TA + 0.33 [normal droplets] - 1.14 [normal equipment] + 1.27

	
	
	log exp = α∙log TA + [cabin] + constant

	App HCVM – 95th perc. - OUT
	Total hands
	log DA(H) = log TA + 0.48 [no cabin] + 3.32

	
	Protected hands
	log DA(Hp) = log TA + 0.08 [no cabin] + 2.88

	
	Total body
	log DA(B) = log TA + 0.79 [no cabin] + 3.92

	
	Protected body
	log DA(Bp) = log TA + 0.15 [no cabin] + 2.21

	
	Head
	log DA(C) = log TA + 1.56 [no cabin] + 2.29

	
	Inhalation
	log IA = log TA + 0.60 [no cabin] + 1.32

	
	
	95th percentile (above 1.5 kg a.s. linear extrapolation)

	App LCHH – 95th perc. – OUT
	Total hands
	4213

	
	Protected hands
	22

	
	Total body
	137007

	
	Protected body
	62630

	
	Head
	85

	
	Inhalation
	26

	
	
	log exp = α∙log TA + [culture] + constant

	App HCHH – 95th perc. – OUT
	Total hands
	log DA(H) = 0.77∙log TA - 0.47 [normal culture] + 4.41

	
	Protected hands
	log DA(Hp) = log TA - 0.51 [normal culture] + 2.61

	
	Total body
	log DA(B) = 0.01∙log TA - 1.09 [normal culture] + 6.34

	
	Protected body
	log DA(Bp) = - 1.99 [normal culture] + 5.27

	
	Head
	log DA(C) = 0.33∙log TA - 0.59 [normal culture] + 3.50

	
	Inhalation
	log IA = 0.60∙log TA - 0.26 [normal culture] + 2.52

	
	
	95th percentile (above 0.60 kg a.s./ 0.075 kg a.s. / 0.086 kg a.s. linear extrapolation)

	App LCHH – 95th perc. – IN
	Total hands
	4159

	
	Protected hands
	12

	
	Total body
	28082 (normal) / 85382 (dense)

	
	Protected body
	640 (normal) / 27958 (dense) / 154 (dense with rain trousers)

	
	Head (with or without face mask)
	39

	
	Inhalation
	80

	
	
	

log exp = α log TA + [dense] + constant

	App HCHH – 95th perc. – IN
	Total hands
	log DA(H) = 0.84 log TA +  0.14 [dense] – 0.82 [trolley] + 4.81

	
	Protected hands
	log DA(Hp) = 0.67 log TA + 0.76 [dense] – 1.19 [trolley] + 2.36

	
	Total body
	log DA(B) = log TA + 0.48 [dense] – 0.92 [trolley] + 6.10

	
	Protected body
	log DA(Bp) = log TA + 1.07 [dense] – 2.20 [dense with rain suit] – 0.64 [dense with protective coverall] – 1.71 [trolley] + 5.07

	
	Head
	log DA(C) = 0.33 log TA + 0.79 [dense] + 0.25 [trolley] + 3.10

	
	Inhalation
	log IA = log TA + 0.63 [dense] – 0.26 [trolley] + 2.82



Additional models included in the calculator can be found in the Tables 4 and 5 below. They are applicable to granular formulations, providing operator exposure estimates during loading and application (indoor and outdoor). For the manual application of granule formulations, the original exposure data were derived considering the use of PPE (gloves and coverall). For the non-PPE scenario, a 100 times higher value is considered for hands and body. 


Additional models for specific exposures during loading of plant protection products applied as granules (adapted from EFSA PPR Panel, 2010)
	Application equipment 
	Formulation type (see appendix A for the codes) 
	Type of exposure 
	mg exposure/kg a.s. loaded 
	Model 
	Comments 

	
	
	
	75th percentile
	95th percentile
	
	

	Vehicle-mounted 
	GR, FG 
	Hands 
	0.0015 
	0.0069 
	PHED 
	Scenario “without RPE/PPE” includes wearing protective gloves 

	
	
	Body
	0.016 
	0.043 
	PHED 
	Scenario “without RPE/PPE” includes wearing workwear 

	
	
	Inhalation
	0.021 
	0.078 
	PHED 
	None 


a.s., active substance; FG, fine granules; GR, granules; PHED, Pesticide Handler Exposure Database; PPE, personal protective equipment; RPE, respiratory protective equipment.

Additional models for specific exposures during application of plant protection products applied as granules (outdoor/indoor)
	Application method 
	Application equipment 
	Type of exposure 
	mg exposure/kg a.s. applied 
	Model 
	Comments 

	
	
	
	P75
	P95
	
	

	Broadcast application of granules 
	Vehicle-mounted 
	Hands 
	0.00041 
	0.0013 
	PHED 
	Scenario “without RPE/PPE” includes wearing protective gloves 

	
	
	Body
	0.0047
	0.015 
	PHED
	Scenario “without RPE/PPE” includes wearing workwear

	
	
	Inhalation
	0.0012
	0.0045
	PHED
	None

	In-furrow application of granules 
	Vehicle-mounted 
	Hands 
	0.00041 
	0.0013 
	PHED 
	Scenario “without RPE/PPE” includes wearing protective gloves 

	
	
	Body 
	0.0047 
	0.015 
	PHED 
	Scenario “without RPE/PPE” includes wearing workwear

	
	
	Inhalation 
	0.0012 
	0.0045 
	PHED 
	None 

	Manual application of granules 
	Manual (handheld equipment) 
	Hands 
	29 
	94  
	PHED 
	Scenario “without RPE/PPE” includes wearing protective gloves; value is for combination of loading and application 

	
	
	Body 
	69 
	253 
	PHED 
	Scenario “without RPE/PPE” includes wearing workwear; value is for combination of loading and application 

	
	
	Inhalation 
	0.47  
	1.5  
	PHED 
	Value is for combination of loading and application 


[bookmark: _Hlk44975283]a.s., active substance; FG, fine granules; GR, granules; PHED, Pesticide Handler Exposure Database; PPE, personal protective equipment; RPE, respiratory protective equipment.
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