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Abstract
Three Closed Transfer Systems (CTS) were evaluated for their reduction of operator exposure to plant protection products 
during mixing and loading: the inverted extraction systems, easyFlow M and easyconnect, and the probe extraction system, 
GoatThroat®. Exposure data were generated for gloves, hands, head, inner and outer body dosimeters generated in 4 Euro-
pean countries for high rate (Sorbitol) and low rate (Xylitol) surrogate products used by 12 operators. Exposure values were 
compared with predicted data using the Agricultural Operator Exposure Model as a benchmark for open pour loading (used 
in the EFSA Guidance). The CTS types conformed with the ISO 21191 standard for CTS performance, and their potential to 
significantly reduce operator exposure was confirmed in this study. There was no statistical difference in potential (naked) or 
actual (one layer of clothing) operator exposure using both inverted CTS types; allowing these data to be pooled. The inverted 
CTS types resulted in higher mean protection (> 98% potential exposure and > 95% actual exposure) than GoatThroat® (> 80% 
potential exposure and > 95% actual exposure). These data can be used to derive reduction factors that could be used in the 
AOEM model for calculations involving mitigation e.g., 0.05 for inverted CTS since they reduced exposure by > 95% and 
0.3 for probe extraction CTS types. All 3 CTS significantly reduced operator exposure to products during M&L. These and 
future CTS types which comply with ISO 21191 standards could be considered as mitigation devices. These findings will 
help to build confidence of farmers to use CTS routinely, resulting in safer pesticide handling.
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1  Introduction

Plant protection products (PPPs) are applied to crops while 
ensuring an accurate dose is applied with minimal exposure 
of the active substance to the operator. The authorization 
process for PPPs ensures that only safe and effective PPPs 
are introduced or remain on the market. Such non-dietary 
risk assessments ensure that exposure remains below the 
toxicological threshold known as the Acceptable Operator 
Exposure Level (AOEL). The Agricultural Operator Expo-
sure Model (AOEM) is used in Tier 1 of a safety assessment 
to estimate operator exposure, which is compared to AOEL, 
derived from regulatory animal tests. When exposure esti-
mates from models, e.g., the AOEM, are below the AOEL, 
the risk is considered acceptable from a regulatory stand-
point. The AOEM is currently used in the EU to estimate 
operator exposure for European registration processes of 
PPPs (EFSA et al. 2022).
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It has been reported for ground boom spray application 
that ~ 90% of the total chemical exposure is due to the opera-
tor handling the PPP during mixing and loading (M&L) of 
the spray mixture, while the applicator (sitting in a closed 
cabin) receives the remaining 10% during spraying (Hofman 
1994; Großkopf et al. 2013; CLE et al. 2023). Importantly, 
contamination of the user should be kept as low as pos-
sible and one way to achieve this is to use coveralls com-
bined with personal protective equipment, which can reduce 
exposure by > 95% (MacFarlane et al. 2013; Thouvenin et al. 
2017). An emerging technology designed to minimize fur-
ther exposure of operators to PPPs during M&L of the spray 
tank is the use of CTS. These devices allow liquid pesticide 
mixtures to be transferred from their container to the spray 
tank without splashing or spilling of the PPP, to reduce 
exposure of the operator and the environment. By contrast, 
open pour practices may leave the operator and the envi-
ronment open to significant exposure due to spillage. There 
are only a few field studies which report the exposure to 
operators using CTS during M&L of PPPs. Due to the lack 
of appropriate data to demonstrate the safety of CTS in the 
field, the European Food Safety Authority (EFSA) and other 
regulators hesitate to accept these risk mitigation measures 
in a regulatory context and the efficacy of these systems in 
terms of operator safety (EFSA et al. 2022). To address this, 
an operator exposure study was conducted to determine the 
reduction of operator exposure with 3 types of CTS dur-
ing M&L under realistic field conditions. The systems were 
easyFlow M, easyconnect and GoatThroat®. EasyFlow and 

easyconnect are inverted extraction systems (i.e., the bottle 
is turned upside down) with mechanical rinsing for clean-
ing (Fig. 1). The main difference between easyFlow and 
easyconnect is how the container is connected to the CTS.  
EasyFlow uses an adapter that is screwed on the PPP con-
tainer to replace the original cap, which means the PPP 
container must have an additional foil seal to avoid contact 
with the product during removal of the cap. Easyconnect 
is a system where the PPP containers are pre-fitted with a 
special cap and do not need an additional foil seal. Both 
systems were specifically designed to mitigate exposure dur-
ing the filling process of liquid products into large tanks. 
GoatThroat® is a probe extraction system with manual 
rinsing for cleaning (shaking), for which the PPP contain-
ers must have a foil seal. This CTS type was designed for 
smaller rigs but was included in this study to cover the vari-
ability of the use of different CTS. The use of different types 
of CTS covered a common variability used on farms, which 
increases the scientific validity of the study.

Currently, the only international standard available for 
CTS is the ISO 21191:2021-02 (ISO 2021), which specifies 
the operator and environment-related safety requirements 
and their verification for the design and manufacture of CTS 
for liquid formulations of PPPs. Importantly, it was designed 
to also cover future CTS developments and machineries 
(all three CTS types evaluated in this study were tested to 
ISO 21191 standards) (ISO 2021). This ISO standard lists 
3 parameters with direct relevance to the operator: (1) no 
leakage during transfer and rinsing; (2) maximum residue on 

Fig. 1   Information on the CTS 
systems used in the study: 
easyFlow M, easyconnect and 
GoatThroat®

easyFlow M easyconnect GoatThroat®

System Type Inverted extraction Inverted extraction Probe extraction

Connector
(CTS-Container) Adapter Pre-fitted cap Adapter with probe

Container 
sealed? seYoNseY

Cleaning 
process Mechanical rinsing Mechanical rinsing Manual rinsing
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coupling after disconnection should be < 0.25 mL of undi-
luted product and (3) the maximum residue in any container 
rinsed shall not exceed 0.01% of the original content of the 
container. CTS types passing these tests have the potential 
to significantly reduce the operator exposure. However, there 
are only a few field studies published regarding the exposure 
to operators during M&L of PPPs (Knaak et al. 1980; Wild 
et al. 2000; Aprea et al. 2016) and no reports proving that the 
potential of CTS to reduce operator exposure under realistic 
field conditions. Therefore, this study was conducted in 4 
countries to evaluate the general efficiency of CTS to reduce 
exposure during M&L. This was calculated by comparing 
the operator exposure values using CTS with existing data 
from the AOEM as a benchmark for open pour loading (BfR 
2013; Großkopf et al. 2013). These data were also used to 
derive reduction factors for calculating the exposure to PPPs 
during M&L when using CTS as part of a risk assessment. 
A CTS type that would reduce the exposure by at least 90% 
compared with open-pour data from the AOEM model, 
would allow a recommendation to apply a universal reduc-
tion factor as a risk mitigation measure when using a CTS. 

CTS types that fulfil the ISO standard could then use the 
same reduction factor.

2 � Material and methods

Details of study design and analytical methods are described 
in Online Resource 1 (Supplementary Material), and a sum-
mary of the main parameters are shown in Table 1. The 
study generated samples of gloves, hands, head, inner and 
outer body dosimeters in 4 countries (Germany, the Neth-
erlands, Spain, and France), which were all analysed in a 
single laboratory, for 3 CTS types and 2 products, each 
tested on consecutive days by 12 operators. The products 
were Sorbitol, which represents a higher active substance 
concentration product with a higher use rate (4.6 kg a.s./ha), 
and Xylitol, which represents a lower active substance con-
centration product with a lower use rate (0.053 kg a.s./ha). 
These rates were chosen since they correlate with the rates 
used in the studies upon which the AOEM was developed. 
Each operator handled 3 Xylitol containers and 25 Sorbitol 

Table 1   Summary of the main study parameters (a) and operator details (b)

NB: Each operator was given a separate ID number for each CTS type they tested. For example, Operator ID numbers 1, 2 and 3 refer to the 
same person conducting the test using easyconnect, EasyFlow and GoatThroat®, respectively. Further details are described in Online Resource 1

(a) Main study parameters

Parameter Small sprayer Large sprayer

Tank size 1000 L 5000 L
Theoretical area sprayed per M&L 5 ha 25 ha
Number of M&Ls per working day 10 2
Amount of low rate (200 g/L) product per M&L ¼ container 1 ¼ containers
Amount of high rate (800 g/L) product per M&L 2 ½ containers 12 ½ containers
Theoretical area sprayed per working day 50 ha
Theoretical application rate of low-rate product 5 L container size
Theoretical application rate of high-rate product 4 kg/ha = 5 L/ha, 10 L container size
Amount of low-rate product in each M&L 2.5 kg = 12.5 L = 2.5 containers
Amount of high-rate product in each M&L 200 kg = 250 L = 25 containers
Total No. of handled containers /operator/CTS 28

(b) Operator details

Country Replicate/Operator Easyconnect EasyFlow GoatThroat®

Germany 1
2
3

Operator ID 03
Operator ID 05
Operator ID 07

Operator ID 02
Operator ID 04
Operator ID 09

Operator ID 01
Operator ID 06
Operator ID 08

Spain 1
2
3

Operator ID 10
Operator ID 15
Operator ID 18

Operator ID 12
Operator ID 14
Operator ID 17

Operator ID 11
Operator ID 13
Operator ID 16

France 1
2
3

Operator ID 20
Operator ID 22
Operator ID 25

Operator ID 19
Operator ID 24
Operator ID 26

Operator ID 21
Operator ID 23
Operator ID 27

The Netherlands 1
2
3

Operator ID 30
Operator ID 32
Operator ID 34

Operator ID 29
Operator ID 31
Operator ID 35

Operator ID 28
Operator ID 33
Operator ID 36
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containers; therefore, the effect of the volume handled was 
accounted for. The study monitored the M&L for two theo-
retical spray tank volumes (1000 L and 5000 L), which rep-
resent the lower and upper range of spray tank volumes in 
regular commercial use. The number of M&L activities was 
based on an application to 50 ha, which is representative of 
a typical working day. Dermal exposure to the test item was 
measured by the operators wearing two layers of whole-body 
dosimeters to determine potential (naked) and actual (one 
layer of clothing and protective gloves) exposure.

Each CTS type was pre-tested to a subset of the ISO 
21191 standard (non-GLP) and the actual operator 
exposure study was conducted according to GLP. The study 
focussed on exposure to liquids; inhalation exposure was 
not measured since respiratory exposure to a pesticide in 
liquid form is reported to be generally more than one order 
of magnitude lower than exposure to a pesticide in granular 
form (Knaak et al. 1980; Aprea et al. 2016). The study by 
Aprea et al. (2016) also showed that the dermal route was 
the major route of exposure.

3 � Results

3.1 � Predicted exposure without CTS using AOEM

The predicted operator exposure to Sorbitol and Xylitol used 
in outdoor open pour applications was calculated using the 

AOEM (Table 2 and Online Resource 2, Table S1, Sup-
plementary Material). The 75th (chronic) and 95th (acute) 
centile values for potential and actual exposures for high and 
low application rates predicted by the AOEM were used to 
evaluate the reduction in exposure using the 3 CTS types.

3.2 � Potential exposure reduction using 3 CTS types

The potential exposure to Sorbitol and Xylitol using the 
CTS types is shown in Fig. 2 (the range, mean, 75th and 
95th centiles are detailed in Online Resource 2, Table S2 
and individual values for all samples are shown in Online 
Resource 2, Table S3, Supplementary Material). The mean 
values of Sorbitol for easyconnect (13.1 mg/person) and 
easyFlow (7.1 mg/person) were not statistically signifi-
cantly different from each other and could thus be pooled 
to represent “inverted CTS” types. The same is true for 
the exposure to Xylitol, with mean values for easyconnect 
(0.27 mg/person) and easyFlow (0.29 mg/person) not statis-
tically different from each other (p > 0.05). By contrast, the 
potential exposures to Sorbitol and Xylitol using the Goat-
Throat® CTS were statistically significantly higher (101.3 
and 4.36 mg/person, respectively) than the inverted CTS 
results (p < 0.01). For this reason, these data were handled 
separately in the calculations for exposure reduction.

Figure 3 shows individual operator values for the poten-
tial exposure to Sorbitol and Xylitol. The 75th and 95th 
centiles for Sorbitol using the inverted CTS types include 

Table 2   Predicted operator exposure for occupational exposure to Sorbitol and Xylitol after M&L calculated using the AOEM model

Sorbitol Xylitol

Actual application rate of active sub-
stance (kg a.s./ha)

4.6 0.053

Assumed area treated (ha/day) 50 50
Actual amount of active substance 

applied (kg a.s./day)
230 2.65

Dermal absorption of the product 100% 100%
Dermal absorption of in-use dilution 100% 100%

µg exposure/day mixed and loaded

Exposure areas 75th centile 95th centile 75th centile 95th centile

Hands 319,513 1,228,313 10,285 38,009
Body 163,102 349,637 7077 95,597
Head 11,933 65,448 137 754
Protected hands (gloves) 1186 45,556 65 525
Protected body (workwear or protective 

garment and sturdy footwear)
2947 33,638 56 388

Potential exposure 
(hands + body + head + protected 
hands + protected body)

498,682 1,722,592 17,620 135,272

Actual exposure (head + protected 
hands + protected body)

16,066 144,642 259 1667
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the extremely high value measured for Operator 32 (using 
easyconnect, green bars) who unintentionally unscrewed the 
connector on the container (Fig. 3a). Despite this high value, 
it is still below 10% of the 95th centile of the AOEM. All 
other values for the inverted CTS type were below 10% of 
the AOEM 75th centile.

The handled amount of product containing Xylitol by 
each operator was much lower than for Sorbitol (2.65 kg 
Xylitol/day compared to 230 kg Sorbitol/day, respectively). 
Therefore, all values for potential (and actual) exposure of 
Xylitol are much lower than for Sorbitol (Fig. 3b). Opera-
tor 32 again exhibited a markedly high outlier exposure for 
Xylitol, which was also the highest measured exposure value 
for the inverted CTS types. Despite this, all values for actual 
exposure using the inverted CTS type were below 10% of 
the AOEM 75th centile.

3.3 � Actual exposure reduction by using three CTS 
types

There was no statistically significant difference in the actual 
exposure when using the CTS types (Online Resource 2, 
Tables S2 and S3, Supplementary Material). Indeed, the 
actual exposure to Sorbitol and Xylitol appeared to be ran-
dom across the different operators using all 3 CTS types 
(Fig. 4), with no correlation of the amount on face wipes, 
hand washes and inner dosimeters with the measured val-
ues on the gloves and outer dosimeters. All actual exposure 
values for Sorbitol (ranging between 0.021 and 0.83 mg/
person) were well below the value of 10% of the 75th cen-
tile of the AOEM. The Xylitol values ranged between 0.019 
and 0.11 mg/person and were below the value of 10% of the 
95th centile of the AOEM. However, more than half of the 

replicates, irrespective of the device used, exceeded 10% of 
the 75th centile of the exposure calculated with the AOEM.

3.4 � Exposure reduction using CTS

All 3 CTS resulted in a marked reduction of the potential 
operator exposure compared to the AOEM value (Fig. 5). 
The % reduction values for each operator using inverted 
CTS types for Sorbitol and Xylitol were all > 90% for the 
75th and 95th centiles, with the single exception of the 
75th centile for Sorbitol for Operator 32 using easycon-
nect (Fig. 5a), for which the reduction was 77% caused 
by the accidentally higher exposure due to the incorrect 
use of the cap. Despite this, the overall median % reduc-
tion of potential exposure by the inverted CTS devices 
was 98.7% (Table 3). While the % reduction values using 
GoatThroat® for the 95th centile for Sorbitol and Xylitol 
were mostly above 90% (Fig. 5b and d), most of the values 
for the 75th centile were below 90% (Fig. 5a and c), result-
ing in an overall median % reduction of potential exposure 
of 82.0% (Table 3).

All CTS forms also markedly reduced actual exposure 
to Sorbitol and Xylitol (Fig. 6). For the high application 
rate substance, Sorbitol, the % reduction values for the 75% 
and 95th centiles by all 3 CTS forms were almost 100% 
(Fig. 6a and b; Table 3). This was also observed for Xylitol 
for the 95% centile (Fig. 6C); however, the values of the % 
reduction for the 75th centile for Xylitol were lower for both 
GoatThroat® (83.8%) and inverted CTS (85.3%) (Fig. 6c and 
Table 2). Despite this, the overall median % reduction of 
potential exposure by inverted CTS types and GoatThroat® 
were above 94% (Table 3).

Fig. 2   Potential exposure to a Sorbitol and b Xylitol measured on 
operators using easyconnect (green bars), easyFlow (blue bars); 
GoatThroat® (orange) CTS. Individual values are shown, together 

with the median, highest and lowest values (error bars, without outli-
ers), 25th and 75th centiles, n.s. no statistical difference; **statistical 
difference p < 0.01, according to a student’s t test
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4 � Discussion

4.1 � Choice of test substances

An unexpected finding was that the actual exposures (i.e., 
the sum of the amount in the inner dosimeter, face wipes and 
hand wash samples) to Sorbitol and Xylitol did not correlate 
with the amounts measured on the gloves and outer dosim-
eters. The values were more reflective of a random spread 
of amounts present on operators, independent of the CTS 
type. In theory, neither the hands nor the inner dosimeters 
should be exposed to the test substances because both are 
protected by nitrile gloves or the outer dosimeters. However, 
significant amounts of up to 0.63 µg of Sorbitol and 38 µg 
Xylitol were detected in the hand washes and up to 0.19 mg 
of Sorbitol and 0.061 mg Xylitol were detected on the inner 
dosimeters. The reason for random values could be due to 
the fact that Sorbitol and Xylitol are very common sweeten-
ers and the use of these by the operators may have resulted 
in variable background levels. This may have interfered 
with the accurate measurement of residues generated dur-
ing the study, resulting in an overestimation of the amounts 
measured for the hand washes and inner dosimeters. Indeed, 

in all cases, the residues measured on the protected hands 
and the inner dosimeters were higher than the unprotected 
head and neck (the measurements of which ranged between 
0.22 and 6.4 µg/person), indicating a certain background 
level contamination—especially with the inner dosimeters. 
The higher background is more conservative in a regulatory 
context since these result in a higher apparent exposure and 
lower value for the reduction factor.

The 2 test substances have several advantages, includ-
ing a good water solubility, making them easy to use in 
the test liquid formulations. The substances can be used to 
modulate the viscosity without the use of additives. Since 
they are food grade, there are no operator exposure con-
cerns and there are fewer problems regarding their disposal 
at the end of the study. In addition to the disadvantage 
observed in the current study of both substances exhibiting 
background contaminations due to their ubiquitous use, 
they can also be impacted by microbiological degradation 
when they are in solution and have relatively limited ana-
lytical sensitivities compared to other substances. While 
this study provides the first results of the difference in 
exposure due to the type of CTS used, future studies could 
be conducted using actual PPPs with minimal background 

Fig. 3   Individual operator 
values for the potential exposure 
to a Sorbitol and b Xylitol. 
Green bars denote easycon-
nect, blue bars denote easy-
Flow and orange bars denote 
GoatThroat®. The red line 
denotes 10% of the open-pour 
AOEM 95th centile and the 
purple line denotes 10% of the 
open-pour AOEM 75th centile
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levels to extend the number of products tested and, poten-
tially, lead to a higher calculated reduction in exposure due 
to the lower background levels of these products.

4.2 � Recovery rates

For the field recovery and travel fortification samples, the 
spiked amounts included several concentrations which 
were purposefully very low (e.g., 0.01 and 0.1 µg or µg/L) 
to ensure that they covered the expected (but at the time 
unknown) low exposures. However, the background levels 
of Sorbitol and Xylitol relative to the fortification level sig-
nificantly interfered with the recovery, therefore, the results 
for these amounts were unusable. This did not impact the 
study results because these fortification levels were gener-
ally not relevant for the correction of the operator samples. 
Higher fortification levels generally reflected the residues 
detected in the operator samples and were thus considered 
valid (they confirmed the stability of Sorbitol and Xylitol 
under the environmental conditions during monitoring and 
during shipment and storage prior to analysis).

4.3 � Exclusion of operator 1

Operator 1 was excluded from the data evaluation, despite 
there being no reason to do this from a statistical point of 
view. This operator used a different probe i.e., a telescope 
probe. The other operators using GoatThroat® used a stand-
ard dip tube. A telescope probe has a tube within another, 
so that the product can be caught between the 2 tubes, mak-
ing it difficult to rinse the PPP effectively. As a follow up 
to this, a reduced ISO evaluation of the 3 CTS types was 
conducted in which samples were taken from the standard 
tube as well as the overlapping part of the telescopic tube 
after rinsing the container. This revealed that that the rinsing 
water did not reach the overlapping areas of the telescopic 
tube, which are only accessible after the telescopic tube was 
extended again (Online Resource 3, Fig. S1, Supplementary 
Material)). Therefore, the GoatThroat® system with the tel-
escopic tube does not pass the ISO certification (test 5.2.2) 
(ISO 2021) due to excessive residues on the tube (> 100-
fold higher than the standard tube), whereas the standard 
tubes pass this test. While the use of the telescopic tube by 
Operator 1 did not result in a markedly higher exposure to 
Sorbitol (Fig. 3a), this operator did have the highest residue 

Fig. 4   Individual operator 
values for the actual exposure 
to a Sorbitol and b Xylitol. 
Green bars denote easycon-
nect, blue bars denote easy-
Flow and orange bars denote 
GoatThroat®. The red line 
denotes 10% of the open-pour 
AOEM 95th centile and the 
purple line denotes 10% of the 
open-pour AOEM 75th centile
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measured for Xylitol (Fig. 3b). This could be explained by 
the marked difference in viscosity of both test items. The 
sorbitol solution with very low viscosity (15 mPas) could 
be rinsed out between the 2 overlapping tubes, while the 
highly viscous (470 mPas) xylitol solution would be very 
difficult to remove.

4.4 � Potential outliers due to operator error

There was one outlier in the easyconnect dataset. This was 
due to the operator unintentionally loosening the cap instead 

of tightening it. This operator error occurred only once dur-
ing the study and was quickly detected. This operator error 
can potentially occur with all systems that require rotation 
of the container along the vertical axis during rinsing. As 
a result, subsequent training sessions of both systems that 
require this operation (easyconnect and easyFlow) included 
advice regarding the unintended unscrewing of the adapter. 
By increasing the routine of the operators, this user error 
disappeared. Despite this incident with one operator, the 
75th and 95th centile values still resulted in an exposure 
reduction of > 95%. Additionally, there are mechanical 
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Fig. 5   % Reduction of the 75th and 95th centiles for potential expo-
sure of Sorbitol (a and b) and Xylitol (c and d) to operators using 
easyconnect (green symbols), easyFlow (blue symbols); GoatThroat® 

(orange symbols) compared to the AOEM value. The dotted line rep-
resents the 90% target reduction

Table 3   % Reduction of potential and actual exposure using inverted CTS types and GoatThroat®

Analyte Inverted CTS types ®

75th centile 95th centile Mean Median 75th centile 95th centile Mean Median

Potential exposure Sorbitol 98.5% 99.0% 98.8% 98.7% 76.3% 87.8% 82.5% 82.0%
Xylitol 98.3% 99.6% 72.6% 93.2%

Actual exposure Sorbitol 99.2% 99.9% 95.3% 98.0% 98.8% 99.8% 94.9% 98.0%
Xylitol 85.3% 96.8% 83.8% 97.3%
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mitigation measures that are being implemented both on 
the container as well as on the machine side, e.g., a higher 
resistance against unintended unscrewing of the container 
(higher closing torque as well as an increased resistance of 
the tamper evidence band). Systems are in development that 
do not require rotation during rinsing, effectively eliminating 
this risk of unintentionally unscrewing the container.

Cleaning of the containers with GoatThroat® system was 
performed manually (shaking). The fatigue factor of the 
operator when manually rinsing 27 containers is important 
and probably led to reduced diligence by the operators to 
properly clean the equipment generating more contamina-
tion than is expected when the directions are properly fol-
lowed. There was also one incident in which the spray tank 
overflowed during the rinsing of a container with Sorbitol by 
Operator 15 using easyconnect. The operator immediately 
stopped his activities and moved away from the affected 
area. During the overflow, there were no obvious splashes 
reaching the operator and the spillage was cleaned away by 
another person. The results indicated that this did not result 
in increased exposure to Operator 15.

4.5 � Exposure reduction

The study showed that, for the inverted CTS types, there 
was an exposure reduction of > 95% for low and high load-
ing rates for the 75th and 95th centiles (Table 3). Based on 
this, a reduction factor of up to 0.05 can be applied as a risk 
mitigation measure when using an inverted CTS.

The potential and actual exposure to Sorbitol and Xylitol 
were < 10% of the 95th centile of the exposure calculated 
with the AOEM. Sorbitol exposure was also < 10% of the 
AOEM 75th centile; however, more than half of the repli-
cates for Xylitol, irrespective of the device used, exceeded 
10% of the 75th centile. This observation could be expected 
since all residue values for this compound are low and thus 
impacted by the relatively high background levels of this 
compound. In all cases, the residues measured on protected 
hands and the inner dosimeters were higher than those on 
the unprotected head and neck, indicating there was back-
ground contamination especially relating to the inner dosim-
eters. In addition, the values for the actual exposure (face 
wipes, + hand washes + inner dosimeters) are not correlated 
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Fig. 6   % Reduction of the 75th and 95th centiles for actual exposure 
of Sorbitol (a and b) and Xylitol (c and d) to operators using easycon-
nect (green symbols), easyFlow (blue symbols); GoatThroat® (orange 

symbols) compared to the AOEM value. The dotted line represents 
the 90% target reduction
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to the exposure of the outer dosimeters. Therefore, values for 
the actual exposure for Xylitol cannot be used to determine 
the reduction of its exposure by different CTS types.

The GoatThroat® CTS achieved a significant exposure 
reduction of > 70% with respect to the 75th centile for 
the low and high-rate product compared to open pouring. 
Based on this, a reduction factor of up to 0.3 can be applied 
as a risk mitigation measure when using a probe extraction 
CTS. However, the exposure reduction for the 95th centile 
was higher, with > 85% for the high rate and > 90% for the 
low-rate product. Despite not achieving the 90% goal, the 
levels of reduction measured here are higher than those 
reported by others. For example, the US EPA published 
results for probe systems tested in the US that revealed 
higher exposures for the CTS than for open pour expo-
sures (US EPA 2020). Notably, the US EPA study was 
not comparable with ours in terms of rinsing, with 28 out 
of 38 systems used being returnable systems, which are 
often not rinsed at all. None of the systems evaluated in 
the US EPA study were tested for the ISO 21191 compli-
ance; indeed, 10 systems were not completely closed and 
only 2 systems evaluated were non-returnable completely 
closed systems. Therefore, only < 5% of the US EPA data 
set could be compared directly with the scenario covered 
in this study.

There are several reasons for the lower exposure reduc-
tion exhibited by the GoatThroat compared to that of the 
inverted CTS. GoatThroat® was designed to fill smaller 
spray rigs with fewer loadings per day than easyconnect 
and easyFlow which were specifically designed for transfer 
of large amounts of PPPs. This introduces a fatigue fac-
tor of the operator when manually rinsing 27 containers, 
which could well lead to reduced diligence by the opera-
tors to properly clean the equipment, thus generating more 
contamination than expected than when the directions are 
followed properly. This hypothesis is strengthened by the 
results of the ISO testing in which the measured residues 
which could potentially lead to an exposure to the PPP 
were very low with only 2–3 loadings.

The container size for the low-rate substance, Xylitol, 
was 5 L and for the high-rate substance, Sorbitol, it was 
10 L (the latter representing the worst-case scenario). This 
meant that for each operator only 3 Xylitol containers were 
needed compared to 25 Sorbitol containers. Despite the 
difference in the number of canisters, there was no differ-
ence in the extent of protection between the substances. 
Therefore, even when using larger tanks and multiple load-
ings per day, the ISO tests were confirmed. There were 
also no apparent differences for the loading of small spray-
ers (for which more partial dosing is required – considered 
to a worst case) and large sprayers. Likewise, there was no 
difference in the operator exposure between the countries 
in which the study was performed.

5 � Conclusions

The key objective of this project was to increase the regu-
latory acceptance of CTS by measuring operator exposure 
during the use of CTS under realistic field scenarios and 
providing data for quantitative risk assessment. Except for 
GoatThroat® using the telescope dip pipe, the CTS tested 
complied with the ISO standards in field trials with larger 
tanks and multiple loadings per day. A combination of gloves 
and any of the 3 CTS results in a similar reduction of expo-
sure that almost completely prevents actual exposure to PPPs 
during M&L. Therefore, when calculating exposure using 
the AOEM, reduction factors of up to 0.05 and 0.3 can be 
applied as a risk mitigation measure when using an inverted 
and probe extraction CTS type, respectively. This study will 
also represent future CTS solutions that comply with tests 
relevant for operator safety from the ISO 21191:2021. The 
long-term ambition is to make CTS technologies available 
to all European agriculture operators by 2030 and this study 
represents one step to achieve this goal.
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