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SUMMARY 

For registration of pesticides data on toxicology and on occupational exposure 
are required. In a series of reviews the exposure data available in the 
literature on mixing and loading, application and re-entry are considered for 
the establishment of generic/surrogate data bases to be used for a specific 
case (e.g. a new pesticide) in estimating the exposure for use in a first step 
in risk assessment. In this third part of the series, the published data on 
exposure during actual application of pesticides are summarized and 
evaluated. 
There are fourteen different types of application which are of importance for 
agricultural practice in The Netherlands. It is concluded that for each 
application technique there is a large spread in the levels of exposure. From 
the data (expressed in amount of spray liquid per hour application) indicative 
90-percentiles of exposure have been estimated for the most important 
techniques : 

Downward spraying outdoors (tractor mounted equipment) 
Inhalation exposure 25 //1/h 
Potential dermal exposure 10 ml/h 

Downward spraying with aircraft 
Inhalation exposure 5 fil/h 
Potential dermal exposure 10 ml/h 

Upward spraying outdoors (tractor mounted equipment) 
Inhalation exposure 1000 p\lh 
Potential dermal exposure 250 ml/h 

Spraying outdoors (manual; upward and downward) 
Inhalation exposure 500 pMh 
Potential dermal exposure 200 ml/h 

Spraying indoors (upward and downward) 
Inhalation exposure 200 fi\lh 
Potential dermal exposure 200 ml/h 

For the other techniques no data on exposure were available in the open 
literature, or the number of published data was considered insufficient to 
obtain indicative surrogate levels of exposure that can be used in registration 
procedures. The data from the literature on exposure to pesticides are 
presented in a comprehensive way. 



It is to be noted that the above-mentioned levels are based on a professional 
judgement of the available literature and pertain to conditions which are 
considered relevant for Dutch agriculture. For spraying indoors the above 
levels concern not only the actual application but mixing and loading as well. 
Although only a few data are available, it appears that the level of exposure 
correlates well with the amount of pesticide handled. In cases where relatively 
small amounts of pesticide are handled (e.g. up to one or two kg of active 
ingredient) the indicative levels of exposure to be used for registration 
procedures should, therefore, be lower. 
Data on the distribution of exposure over the body show relatively large 
differences. The major part of the deposition is ususally on the hands and 
forearms. In Dutch agricultural practice the hands are generally bare. 
A general approach for risk assessment using the indicative 90-percentiles is 
described. 
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1 INTRODUCTION 

Exposure to pesticides during application of sprays or dusts to crops, such as 
grains, vegetables or ornamental flowers occurs frequently. Since these chemi­
cals may harm the health of the worker, it is important to consider before­
hand the actual conditions at work with respect to the level of exposure. In 
this paper relevant articles in the open literature which contain exposure data 
for application of pesticides will be reviewed for possible inclusion of the data 
in data bases. Inclusion of such exposure data is based on an evaluation along 
criteria which are described in part I of this series [1] and which are thought 
to be relevant for occupational exposure to pesticides in Dutch agriculture. 
Published exposure data covering the whole period of mixing, loading and 
application will also be described. 
From such data bases surrogate data may be extracted which can be used 
in conjunction with toxicological data to make a risk assessment for 
registration of the use of a particular (new) pesticide with a specific 
application. An approach for risk assessment will be presented, using 
indicative 90-percentiles [1,2]. 



2 GENERAL CONSIDERATIONS 

Many reports contain data on exposure, but the majority of these reports are 
not published and are therefore not available in the open literature. The 
reports are in most cases proprietary data belonging to the manufacturers or 
formulators of the pesticide. The reports are presented to governments for 
registration procedures, but stay confidential. These reports and the data on 
which they are based cannot be considered, since they are not available to the 
author. The picture that emerges from a review of only the open literature 
may, therefore, be distorted to a certain extent. 
As has been noted in part I of this series [1], it is very important to consider 
the various variables that may affect the results of measurements on dermal 
and inhalation exposure under field conditions. First of all, one should 
consider the methods used for obtaining exposure values as well as the 
sampling strategy. The analytical chemical data should have been presented, 
together with quality references for these data and figures on recovery and 
stability of samples. Secondly, the format of the data should be such that 
extrapolation is possible. This means that data on concentrations in sprays or 
dusts must have been presented, as well as data on the amount of pesticide 
handled. Thirdly, data are required on agricultural conditions (technique and 
working method) and climatic conditions such as temperature and wind. 

The data on exposure during application will be considered separately for 
dermal and inhalation exposure. It should be noted that especially in case of 
relatively high dermal exposure oral absorption of pesticides may be expected, 
due to secondary ingestion. Under dusty conditions this may also be true for 
inhaled particles. The total amount absorbed by the body may be measured 
using biological monitoring. However, for reasons already given [1], results of 
biological monitoring are not suitable for the present purpose. 

The actual application of a pesticide fo crops, soil or walls of animal housing 
and barns generally follows mixing and loading of the pesticide. Exposure due 
to mixing and loading has been described in the second part of this series [2]. 
In the present study publications will be considered that present data on 
application of pesticides and studies which present data covering the whole 
period of mixing, loading and application. 
Application can be differentiated according to the use of sprays, mists or 
dusts, carried out indoors or outdoors and directed upwards or downwards. 
Furthermore, the application can be done manually or with an automated 
system. Differences in exposure due to the various types of application have 
to be considered for the present purpose. The application of gases for 
fumigation will not be discussed in this paper. 
Since duration of application depends, among others, on the magnitude of 
the area to be treated, it is also important to consider this variable. It cannot 



be taken from the literature, since it largely depends on the (local) state of 
the art in agriculture and the nature of the crops to be treated. Therefore the 
format of the exposure data will be in unit of volume of the spray or weight 
of dust per unit of time. For registration of pesticides for particular crops, 
assumptions regarding specific durations per application technique may be 
used in risk assessment. 
In the reference list the various publications with original exposure data [3-
141] are given in chronological and alphabetical order. The reader may so 
be helped to find a specific article. The papers date back to 1954. It is, 
therefore, not surprising that the methods for collection and analysis of 
samples vary considerably. Some data will not be considered because the 
methods used are no longer considered adequate. 

In most papers, the presentation of the analytical chemical aspects is rather 
poor. Since it cannot be excluded that the work is nevertheless of good 
quality, no data have been omitted for this reason alone. A major reason for 
accepting these data -for the time being- is the fact that almost none of the 
data meet strict criteria for evaluation of analytical chemical and other 
aspects. The equipment for application as well as the working method have 
generally been described in poor detail. Details on climatic conditions are 
given in a general way in most papers, but no relation is suggested or 
commented upon between exposure and, e.g., wind speed. Nevertheless, data 
are not excluded from the data bases for these shortcomings alone. 
It should be noted that the large majority of the data has been collected in 
the USA and Canada. The following studies have been carried out in Europe: 
Scandinavia [36,38,53,62,76,91,109,132,141]; England [10,14,18,70,111]; The 
Netherlands [126,130,136-138]; Germany [19,30,117]; Hungary [31,90]; 
Rumania [8]; Ireland [42]; Switzerland [74]. Data collected outside the USA 
and Europe are from Asia [33,44,47,123], Africa [6,29,34,43] and Australia 
[15,16,23]. 

Inhalation exposure 
Inhalation exposure data should be obtained by personal air sampling or by 
the use of respirators. This does not mean, however, that the data pertain to 
respirable liquid or solid aerosols. Some overestimation of exposure may 
occur (see [1] for some comments). The use of stationary air sampling is 
considered inadequate to assess personal exposure as required for the present 
goal. The papers which contain such data will be indicated. The calculations 
that are necessary to obtain the format of volume of spray per hour or 
amount of dust per hour are based on the assumption that contact will only 
occur with the actual spray or dust in the dilution that has been prepared for 
the application. Furthermore, an average respiratory ventilation rate during 
the application of 1.25 m /̂h is assumed for the transformation of data from 
mg/m^ into mg/h. Corrections to this ventilation rate have been made to all 
presented data, if required. 



Dermal exposure 
Dermal exposure can be measured in several ways. A distinction is generally 
made between potential and actual exposure [1,2]. In some papers data are 
given for both types of exposure. Since the exposure of the hands -in a 
quantitative sense- contributes considerably to the total skin exposure, the 
method of estimating this is very important. The use of wrist pads for doing 
this is considered inadequate and such data will not be presented. Data on 
levels of exposure measured underneath protective gloves may be very 
important for the actual risk to the worker, but are not suitable for inclusion 
in the data sets for the present goal. 

The collection of data from different sources leads to the statistical problem 
that these data cannot be considered as a homogenous data set. Different 
numbers have different backgrounds and some numbers are "more equal than 
others". This means that there is not much statistical sense in calculating 
average values, neither is it sensible to calculate percentiles or a median 
value. Nevertheless, for pragmatic reasons that pertain to registration procedu­
res, an estimate is made of the 90-percentile, being a value on the higher side 
of the data set, but not the highest. This number should be used with care, 
but may be useful as a relevant estimate of exposure for risk assessment if 
no specific exposure data are available. The premise is that higher exposure 
levels are not very likely to occur under conditions in the field with normal 
(i.e. calamities excluded) practice (see also [1]). 



3 RESULTS AND DISCUSSION 

As has been noted in chapter 2, application of pesticides can be differentia­
ted according to several aspects. This has been done for The Netherlands by 
a group of agricultural experts [1]. For the present review this way of 
segmentation of the various methods will be used for the classification of the 
exposure data taken from the open literature. An additional group, called 
'miscellaneous', has been introduced for techniques which were not considered 
by the experts. Table 1 gives an overview of these methods. The numbers 
indicated in the table are added to the papers (as {x}) in the reference list 
for convenience to the readers. 

Table 1 Differentiation between methods of application 

1 Downward spraying (outdoors) 
la Tractor mounted equipment 

la.1 Treatment of soil (spraying boom low position) 
la.2 Treatment of crop (spraying boom high position) 

lb Aerial equipment 
2 Soil fumigation (tractor mounted equipment) 
3 Application of granules (outdoors) 

3a Tractor mounted equipment 
3b Manual 

4 Upward spraying outdoors (tractor mounted equipment) 
5 Spraying outdoors (manual; upward and downward) 

5a Stationary equipment 
5b Knapsack 

6 Spraying indoors (upward and downward) 
7 Ultra-low volume spraying (indoors) 
8 Soil fumigation under plastic cover (indoors) 
9 Dusting (indoors) 
10 AppHcation of granules (indoors) 
11 Fumigation of enclosed locations 
12 Disinfection of seeds and bulbs 

12a Dipping (mechanical) 
12b Encapsulating/coating 
12c Dipping (manual) 

13 Spraying of animals 
14 Dipping of animals 
15 Miscellaneous 



In total about 140 references have been found in the open literature that 
present original data on exposure during application of pesticides [3-141]. The 
data will be presented in graphs, in order to get an overview. These exposure 
data (inhalation and dermal) will be given in amount of spray or dust per unit 
of time (ml/h or mg/h), as calculated from the data presented by the authors 
[1]. The calculations that were necessary to obtain the format 'ml/h' were 
done with the assumption that the exposure during application can be 
completely expressed in the amount of diluted spray, although some exposure 
may result from contact with the undiluted formulated product. Data which 
cannot be transformed in this way, will be indicated separately. Dermal 
exposure data will be presented as given by the authors as potential (total 
body, i.e. covered and uncovered skin) or as actual dermal exposure 
(uncovered skin). Actual dermal exposure is generally defined as the exposure 
of hands, forearms, head, neck and "V" of the chest. For estimation of actual 
exposure from data on potential exposure, many authors in the literature 
assume that penetration of the clothing can be neglected. It has been shown, 
however, that some (generally less than 10-20 %) penetration may occur. In 
some cases, penetration has been measured and is included in the data on 
actual exposure. Whether the amount penetrating increases significantly the 
actual exposure, depends largely on the distribution of exposure over the 
body. Further, it should be noted that due to the 'pumping' of the clothing 
caused by movements, contaminated air may be sucked in through the 
openings in the clothing, which leads to deposition of pesticide on the skin 
under the clothing [119]. 

Another factor that may be considered to differentiate some types of 
application is the amount of water used per unit of treated area, or rather 
the droplet size of the spray. As has been noted, this may differ considerably 
[1]. In order to be able to make a differentiation between some application 
techniques, the amount of water applied, in liters per hectare, as given by the 
authors, will be presented. For further analysis, the information given in table 
2 (taken from [143] may be used if possible. Such differentiations have been 
studied in the literature [142,143]. 

The data that are taken from the open literature can be compared with 
published data bases. These data bases concern either exposure data from the 
open literature or unpublished data (see for a more detailed description [1]). 
To make a comparison, table 5 from [1], has been reproduced here as table 
3. It should be noted, however, that the differences in the format given by 
different authors make a satisfactory comparison very difficult. In The 
Netherlands, however, for a specific situation the comparison can be made, 
since for registration the concentration in the spray liquid or the amount of 
pesticide per unit area to be treated is indicated. 

The literature on exposure, especially the older literature, is not always very 
explicit in the description of the conditions under which the experiments have 



Table 2 Classification of sprays according to volume 

Volume classification Application dose (1/ha) 
Field crops Trees and bushes 

High volume HV > 600 > 1000 
Medium volume MV 200-599 500-999 
Low volume LV 50-199 200-499 
Very low volume VLV 5-49 50-199 
Ultra-low volume ULV < 5 < 50 

been performed. In some cases data for several application techniques have 
been summarized, which makes it difficult to interpret the data properly. In 
such cases the data will not be presented, unless the context of the paper 
indicates a certain application technique with a reasonable certainty. 

1 Downward spraying (outdoors) 

As is shown in table 1, it was intended to diferentiate between the application 
by of airplanes and by tractor mounted equipment. Since it has been shown 
by Batel (see [1] for references) that the height of the boom above the 
ground is an important factor for the level of exposure of the applicator, a 
further distinction was foreseen between applications with spraying booms in 
a high position (above the crop) or in a low position (less than about 50 cm 
above the ground). In the published literature, however, the height of the 
boom is generally not mentioned, although in some cases this can be deduced 
from the description of the field conditions. Therefore, the exposure data will 
only be differentiated in two categories. 

l a TYactor mounted equipment 

In many papers exposure data are presented [5,9,11,13,21,28,30,34,36,38-
41,45,53-55,57-59,66,76,77,81,82,89,96,99,102,104,107-109,111,114,127-129,132, 
141]. Of these papers a few contain data on downward dusting [11,36]. Data 
from these papers are presented under heading 15, miscellaneous. It should 
be noted that the method in one paper will be classified as downward 
spraying [5], wheras Crome [142] considered it as an upward application. 
Although it has not been stated explicitly, the exposure data presented in 
several papers probably reflect exposure during appUcation and mixing/loa­
ding [5,9,11]. These papers will are treated as if they concern "total" exposure 



Table 3 Data bases for exposure during application 

Dermal 
exposure 

Inhalation' 
exposure 

Comments Reference 

la Downward spraying (tractor mounted equipment) 

1 (0.2-4) mg/h 

0.53xAxR mg/day 
0.003-17.3 ml/h 
2.6-18.8 ml/h 
3.5 mg/day 
(0.175-7523) 

m^mmmßi 
10 (0-50) mi/h 

2 (0-10) ml/h 

24.4 (1-130) mg/h 

lb 
Acaiiail âcpoâure 
0.0009-0.016 ml/h 
0.57 mg/h 
(0.06-2.3) 
6 (0-17.7) mg/h 

0.015 mg/h 
(0.004-0.08) 
0.002xAxR mg/day 
0.00003-0.014 ml/h 
0.002-0.04 ml/h 
no data 

0.01 (0-0.2) ml/h 

0.005 (0-0.01) ml/h 

no data 

Downward spraying 

0.00005 ml/h 
0.015 mg/h 
(0.001-0.199) 
no data 

median (range) 
appl. dose 0.3 kg/ha 
geometric mean 
40-1000 1/ha 
> 1000 1/ha 
median (range) 

75-perc. (range) 
hydraulic nozzles 
75-perc. (range) 
rot. disc atomizers 
mean (low boom) 

(aerial equipment) 

10-100 1/ha 
mean (range) 
appl. dose 0.7-1.7 kg/ha 
mean (range) 

[144] 

[145] 
[142] 
[142] 
[148] 

[143] 

[143] 

[146] 

[142] 
[147] 

[148] 

2 Soil fumigation (outdoors) 

no data base available 

3 Application of granules (outdoors) 

no data base available 

the table is continued on the next page 



Table 3 Data bases for exposure during application (continued) 

Dermal 
exposure 

4 
•̂ f̂ ĉ M& '̂Mßî f̂e. 
20(5-100) mi/h 

1.7xAxR mg/day 
2.2-436 ml/h 
1.37-178 ml/h 
1.02-13 ml/h 
0.013-1.41 ml/h 
0.7-69.7 mg/h 

0.4-150.6 mg/h 

0.3-250.1 mg/h 

"MWM^Wi^Wi. 
2.4-75? m ^ " ' 

5 
iJM^l^jpsMê 
2^3"mlAi""" 
0.016-3.1 ml/h 
Bcâ^lfPtPiipiSûp 
5iD(0S)iÄ 

Inhalation* 
exposure 

Comments Reference 

Upward spraying outdoors (tractor mounted equipment) 

0.08 mg/h 
(0.02-0.4) 
0.02xAxR mg/day 
0.002-0.4 ml/h 
0.018-0.12 ml/h 
0.012-0.039 ml/h 
0.0011-0.063 ml/h 
0.01-1.6 mg/h 

0.001-0.17 mg/h 

0.003-0.29 mg/h 

no data 

median (range) 
appl. dose 0.3 kg/ha 
geometric mean 
> 1000 1/ha AB 
> 1000 1/ha 
50-1000 1/ha 
< 50 1/ha 
range {OP} 
appl. dose 0.56-3.4 kg/ha 
range {CHC} 
appl. dose 1.1-3,4 kg/ha 
range {OP} 
appl. dose 3.4-4.5 kg/ha 

[144] 

[145] 
[142] 
[142] 
[142] 
[142] 
[147] 

[147] 

[147] 

[149] 

Spraying outdoors (manual; upward and downward) 

0.002-1.4 ml/h 
0.00008-0.012 ml/h 

0.015 (0-0.2) ml/h 

> 1000 1/ha 
50-1000 1/ha 

75-perc. (range) 

[142] 
[142] 

[143] 

1.2 (0:2-6) mg/h 

0.19-3.19 ml/h 

7 

no data base available 

Spraying indoors (upward and downward) 

0.009 mg/h median (range) 
(0.015-0.45) appl. dose 0.3 kg/ha 
0.00007-0.142 ml/h 100-1000 1/ha 

Ultra-low volume spraying (indoors) 

[144] 

[142] 

the table is continued on the next page 



Table 3 Data bases for exposure during application (continued) 

Dermal' Inhalation' Comments Reference 
exposure exposure 

8 Soil fumigation under plastic cover (indoors) 

no data base available 

9 Dusting (indoors) 

no data base available 

10 Application of granules (indoors) 

no data base available 

11 Fumigation of enclosed locations 

no data base available 

12 Disinfection of seeds and bulbs 

no data base available 

13 Spraying of animals 

no data base available 

14 Dipping of animals 

no data base available 

* active ingredient (mg) or spray liquid (ml) 
{OP} = organophosphorous compounds 
{CHC} = chlorinated hydrocarbons 
AB = air blast application 
A = area (ha/day) 
R = application dose (kg/ha) 

10 



data. Jegier has presented data which cannot be differentiated for application-
techniques [13,21]. An interesting set of data has been presented by Wagner 
and Hoyer, but the paper contains insufficient detail on the methods and 
application techniques used [30]. Lavy et al. [39] have presented data which 
cannot be differentiated for applicators and mixer^oaders in so far as 
exposure per unit of time is concerned. In a following paper insufficient data 
are given on the duration of spraying [40]. Incomplete data on duration of 
spraying given by Lotti et al. [77] also preclude the use of the dermal 
exposure data. The same argument holds for dermal exposure data from two 
papers by Grover et a l [107,108]. The paper by Soliman et al. [34] contains 
data on dermal exposure of the hands obtained with arm pads and will 
therefore not be considered. 
Data on inhalation exposure have been collected in some cases with stationary 
(high volume) sampling [38,58,59]. These will not be considered. The data 
given by Wojeck and Nigg [45] have also been presented, in more detail, 
elsewhere [82]. In a paper by Akerblom et al. [53] data on inhalation 
exposure are given that were obtained using manual application techniques 
as well. Since it is further not clear whether the data on inhalation exposure 
were obtained by personal or stationary air sampling, the data, which refer to 
application together with mixing and loading, will not be considered. Carman 
et al. [55] have presented their data on dermal exposure in a format that 
cannot be transformed without further knowledge. The paper by Putnam et 
a l [81] mainly aimed at exposure during mixing and loading, but application 
is included to some degree. The presentation of the data is such that 
important conclusions can be dravm: (1) the use of closed transfer systems 
leads to lower levels of exposure than the use of open systems, (2) inhalation 
exposure is much higher when using wettable powders than when using 
emulsion concentrates. However, the data will not be considered for the 
present purpose. 
The paper by Wojeck et al [82] deals with various application techniques, 
which include spraying and injection in water surfaces aginst water plants. 
These data will be included under the heading 15, miscellaneous. The data of 
Winterlin et a l [89] on dermal exposure cannot be used because of their 
format. Spittler and Bourke [102] measured dermal exposure with three pads 
on the body, not including the hands. These data will not be considered. An 
interesting paper by Chester and Hart [104] contains data on the relation 
between external and internal exposure throughout the process of mixing, loa­
ding and application. These data on inhalation exposure cannot be transfor­
med into exposure per hour. In two papers by Cowell et a l [114,127] the 
exposure data have been presented as a fraction of the amount of pesticide 
used and not per unit of time. This also applies to a paper by Dubelman and 
Cowell [128]. Knaak et a l [129] measured the exposure per day's work. From 
their paper it may be estimated that this concerns on the average about 2.5 
hours. TTiis estimate is used for the calculation of the levels of exposure. The 
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paper by Savolainen et al [132] gives insufficient detail to use the measured 
exposure data. 

Exposure data 
The data on inhalation exposure have been plotted in figure 1 and on dermal 
exposure in figure 2. Data concerning application alone and data on mixing 
and loading together with application are included. 
The data which could not be transformed into the desired format of unit of 
spray volume per unit of time are presented in figures 3 (inhalation exposure) 
and 4 (dermal exposure). 
If the data in figure 1 pertaining to application alone are considered, it is 
evident that the data observed in [55] are by far the highest. This is probably 
due to the very high amount of water that was applied per hectare, at least 
10 times higher then for all the other data considered. Taking this into 
account, it is obvious from figure 1 that the observed exposure was usually 
below 100 fi\lh. Although the data base cannot be analysed statistically without 
various additional assumptions, such as with regard to the weight of the 
various numbers, it seems quite straightforward to estimate that the 90-
percentile for this data set is around 25 fil/h. If mixing and loading is 
included, this figure may increase to about 100 ̂ ul/h. When the latter value is 
compared with the data presented in figure 3, assuming an average concentra­
tion of active ingredient of 1-2 g/1 in the spray liquid, this number needs no 
adjustment. 
If a value of 2 g/1 is used, the exposure during spraying amounts to 50 ̂ ag/h. 
For a day with 4 hours of spraying exposure will then be 200 ûg. This must 
be added to the exposure during mixing and loading, which amounts to 20 /ig 
for a hquid formulation according to [2] assuming a 100% formulation. This 
results in a total exposure of about 220 fig/day, which compares fairly well 
with a figure of 5 (4 h spraying and 1 h mixing and loading) x 2 (g/1) x 100 
(ul/h) = 1000 fig/day for the total exposure. 
If a similar calculation is made for a solid formulation, it must be concluded 
that the value of 10 mg/h inhalation exposure during mixing and loading [2] 
is much higher than would be expected on the basis of a comparison of the 
exposure data in figures 1 and 3 on mixing, loading and application and on 
application alone, respectively. It should be noted, however, that the data in 
figures 1 and 3 refer almost exclusively to liquid formulations. One of the 
exceptions is given in [107]. 

If the data in figure 2 pertaining to application alone are considered, it is 
evident that all levels of exposure are below 20 ml/h. An indicative 90-
percentile of about 10 ml/h may be estimated. If this number is compared 
with the data in figure 4, assuming an average concentration in the spray 
liquid of 1-2 g/1, the data from [99] are much higher, although the median 
value for actual exposure in that study is estimated at 0.5 ml/h. A value for 
the 90-percentile of the potential dermal exposure during mixing, loading and 
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application (figure 2) is estimated to be around 200 ml/h, a value that is 
exclusively determined by the relatively high data on dermal exposure from 
[82]. The 90-percentile needs no adjustment considering the data presented 
in figure 4. The relatively large differences between the levels of exposure 
with and without mixing and loading indicate a high potential dermal exposure 
during mixing and loading. This is actually observed, as has been shown in [2]. 

Data on distribution of exposure over the body 
Atallah et a l [54] have indicated that the larger part of the potential dermal 
deposition is on the arms, forearms and legs. According to Dubelman et a l 
[59] the actual exposure of the hands accounts for 74 % and that of the face 
and neck for 26 %. Hunt et al [96] give no quantitative data, but indicate 
that with a low boom a large part of the observed potential exposure 
concerns the legs (hands were not measured). Wojeck et al [82] observed 
that potential exposure of the hands varied between 19 and 58 %. The 
potential exposure of the arms varied between 9 and 57 %. Maddy et al [99] 
noted that the potential exposure of head and neck accounts for 48 % and 
that of the hands for 30 %. This means 22 % exposure of the normally 
protected trunk. Abbott et al [111] found that 58-86 % of the potential 
dermal deposition is on the hands. 
In a study by Chester and Hart [104] involving mixing, loading and applica­
tion, the potential exposition concerned mainly hands and forearms (34 %), 
head (4 %), legs (29 %) and the trunk (33 %). Grover et al [107] did 
observe 80-90 % contamination of the hands. The latter data have also been 
presented by Grover et al [150] in a different context. From a large series of 
studies [143] it has been estimated that the exposure of the hands is 65-75 %, 
of the upper body 10-15 % and of the legs 10-25 %. These data are averages 
and the spread is considered to be due to variations in the type of nozzles 
used. 

Summary 
Based upon the data taken from the literature it is estimated that 25 fil/h may 
be an indicative 90-percentile for inhalation exposure during application and 
10 ml/h for potential dermal exposure. In view of the fact that there is some 
discrepancy, a value for potential dermal exposure during the whole process 
of mixing, loading and application is also given; it is estimated to be 200 ml/h. 
It should be noted that no summarized data are available on the partitioning 
of time between mixing, loading and application. 
The indicative level of exposure for inhalation corresponds fairly well with 
data in table 3, the indicative 90-percentile for dermal exposure, however, is 
somewhat lower than expected. 
From the data on distribution of dermal exposure over the body only a rough 
estimate can be made of the actual exposure of unprotected hands, forearms 
and head. If no precise data are available related to specific techniques and 
working methods, a value of about half the potential dermal exposure may 
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be used in registration procedures both for application alone as well as for 
mixing, loading and application. 

lb Aerial equipment 

In several papers data are presented on levels of exp)osure of aircraft pilots 
during spraying [13,31,33,39-41,44,50,54,63,66,83,86,93,97,99,101,105,113]. The 
data of Jegier [13] cannot be differentiated for application techniques. The 
paper by Sawinslqr and Pâsztor [31] gives data on inhalation exposure 
collected by stationary air sampling and the dermal exposure data cannot be 
transformed to a useful format. The data given by Cohen et a l [33] are the 
same as those of Richter et al [44]. The data on dermal exposure [44] are 
inadequate for the present presentation due to the format of the data. Lavy 
et al [39] have presented a mixture of exposure data for pilots and others. 
For the dermal exposure in a following paper by Lavy et a l [40] no durations 
of exposure are reported. Similar reasons make the data in [97,105] unsuitable 
for the present purpose. The data on air concentrations collected by Selber 
and Woodrow [50] were only collected outside the airplanes with high-volume 
samplers and those of Frank et al [93] were collected by using the swab 
technique. These data are considered inadequate for the present purpose. 

Exposure data 
Figure 5 shows the data on inhalation exposure and figure 6 shows the dermal 
exposure data. Both data concerning exposure from application alone and 
data from mixing and loading together with application are included. The data 
which could not be transformed into the desired format of unit of spray 
volume per unit of time are presented in figures 7 (inhalation exposure) and 
8 (dermal exposure). 
The data in figure 5 show levels of exposure below 2 jul/h in all but one study 
[86]. In the latter case the levels were up to 500 /̂ 1/h. The large difference 
is an important reason for not considering the high levels of exposure 
measured by Kilgore et al [86], although no direct reasons for the high levels 
of exposure could be deduced from the paper by Kilgore et al The extremely 
high levels of the exposure [86] are also indicated by the data in figure 7 
since the concentrations of the spray liquids are generally higher than 10 g/1 
and the observed levels of exposure (< 50 figjh) are, therefore probably 
below 5 fûlh, with a single exception of a relatively high level observed by 
Cohen et al [33]. The level of 5 fûlh is taken as an indicative 90-percentile. 
From the data given in figure 6 an indicative 90-percentile of about 2 ml/h 
potential dermal exposure is estimated. When the data from figure 8 are also 
considered, this value should probably be adjusted to a higher level since 
depositions of up to 350 mg^ (single value largely due to manipulating 
nozzles, according to the authors) have been observed [66]. Although the 
adjustment cannot be done on the basis of available data, for use in 
registration procedures an educated guess might be a level of exposure of 10 
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ml/h. 

Data on distribution of exposure over the body 
Atallah et a l [54] indicate that the potential exposure of the body is evenly 
distributed. According to Maitlen et al [66] the (potential) deposition is 
mainly on the hands of the pilots (more than 50 %). Chester and Ward [83] 
have shown that 40-80 % of the dermal deposition is on the hands. Knarr 
et al [97] observed a relatively large deposition on the legs of the pilots. On 
the basis of a large series of measurements, Maddy et a l [99] concluded that 
about 54 % of the contamination is on the hands of the pilots. Mumma et a l 
[101] presented data which indicate a relatively high exposure of face and 
hands. Chester et al [113] noted that potential and actual exposure are almost 
equal, which means that total exposure is determined by the exposure of 
hands, face and neck. 

Summary 
Based upon the data taken from the literature an indicative 90-percentile for 
inhalation exposure during application is derived of 5 fi\/h. The potential 
dermal exposure (indicative 90-percentile) for application is estimated to be 
10 ml/h. 
The levels for inhalation agree fairly well vnth the exposure data given in 
table 3. This further indicates that the levels of exposure observed by Kilgore 
et a l [86] are extraordinary high. The level for dermal exposure is (much) 
higher than is expected from the data in table 3. 
From the data on the distribution of dermal exposure over the body, only a 
rough estimate can be made of the actual exposure of unprotected hands, 
forearms and head. This estimate indicates that for registration procedures 
potential dermal exposure may be considered about equal to actual exposure, 
provided no precise data are available related to specific techniques and 
working methods. 

2 Soil fumigation (tractor mounted equipment) 

Three publications [112,131,137] are available which present data on 
inhalation exposure during soil fumigation. These papers deal with the 
compound dichloropropene, which is quantitatively the most important 
pesticide used in The Netherlands. The paper by Brouwer et a l [137] deals 
with conditions in The Netherlands, the other two with conditions in the USA. 
The exposure data for drivers vary between 0.4 and 4 mg/h [112], 0.3-12 mg/h 
[131] and 2-20 mg/h [137] (active ingredient for all figures). Since the 
exposure concerns one particular compound, which is relatively volatile, no 
further estimates for extrapolation to other substances can be made. No data 
on dermal exposure have been published in the open literature. 
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3 Application of granules (outdoors) 
A differentiation should be made between application by hand and with 
tractor mounted equipment. In practice this could not be achieved because 
of lack of data. Only three articles have been found dealing with granules 
[18,26,125]. Lloyd and Bell [18] measured the exposure during the use of 
tractors or aircraft, whereas Wolfe et al [26] studied manual application. 
Weisskopf et al [125] studied the exposure during the use of various simple 
machines such as belly grinders, hand-pushed spreaders and home-made 
systems such as a "coffee can" applicator. The data on inhalation exposure 
presented in the latter paper will not be considered, since during the actual 
application the sampling was discontinued (the workers used respirators for 
protection). The dermal exposure was measured during 'watering in' of the 
formulation as well. This may explain -in part- the relatively low levels 
observed. 
The inhalation exposure observed by Lloyd and Bell [18] during application 
was on the average between 0.15 and 0,56 mg/h formulated product. All levels 
of exposure were below 1 mg/h. Wolfe et al [26] observed levels of actual 
exposure for manual application between 0.4 and 19 mg/h, with an average 
value of 9 mg/h formulated product. 
The potential dermal exposure observed by Lloyd and Bell [18] was between 
400 and 3000 mg/h, Wolfe et al [26] found an average level of 2000 mg/h 
with a range of 280-5900 mg/h, Weiskopf et al [125] measured actual 
exposure levels which varied between 0,4 and 30 mgÂi formulated product. 
It must be mentioned that the degree of exposure will largely depend on the 
size of the granules and the amount of dust present in the granules. 
The number of data is such that no 'realistic' 90-percentiles can be derived. 

4 Upward spraying outdoors (tractor mounted equipment) 

In many papers exposure data are presented on upward spraying outdoors 
[3,4,8,11-13,15,17,19-22,24,25,27,30,45,48,52,55,56,69,74,78,80,84,88,92,99,101, 
102,106,110,118-120,122,126,139]. It is not clear in all papers whether tractor 
mounted equipment systems were used or whether spraying was done by 
hand. From the description of the technique it is probable, however, that 
tractor mounted equipment was used. Manual techniques are described as a 
separate category under heading 5, 
Although it is not stated explicitly, the data in a few papers probably reflect 
exposure during application, mixing and loading. These data will be treated 
as concerning total exposure, Wassermann et al [8] give insufficient detail on 
the methods for measuring dermal and inhalation exposure. Jegier [13,21] 
offers data with hardly any details and which cannot be differentiated for 
apphcation technique, Winkler and Arent [19] have used a stationary sampling 
technique for inhalation exposure. Therefore their data will not be considered. 
An interesting collection of data has been presented by Wagner and Hoyer 
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[30], but the paper contains insufficient detail on the methods and application 
techniques used. The data given by Wojeck and Nigg [45] have also been 
presented, in more detail, elsewhere [52,69], The data of Franklin et al [48] 
on dermal exposure are not relevant for the present goal, since they measured 
the exposure underneath protective garments and gloves. Carman et al [55] 
published their data on dermal exposure in a format that cannot be 
transformed without additional information. The paper by Davies et al [56] 
is relevant for the evaluation of the effectivity of protective clothing, but 
contains no exposure data relevant in the present context. Nigg and Stamper 
[80] have shown that the protecting gloves used in the field may be heavily 
contaminated on the inside. Their data will be presented, since data on 
exposure of the hands and the other parts of the body are given separately. 
The data of Franklin [84] have a format that cannot be transformed into the 
chosen format of volume of spray liquid per unit of time. Smith [88] has 
presented data but referred for details to a more descriptive paper to be 
published elsewhere. The present author has not succeeded in finding such a 
paper. The data will not be used. The dermal exposure data of Fenske et a l 
[92] are very interesting in the sense that they indicate major differences 
between various methods of sampling. The format of the data is such that 
they cannot be used in the present context, 
Maddy et al [99] offer a large set of dermal exposure data. Unfortunately, 
the presentation is such that it is not possible to extract specific data on 
upward spraying, Spitler and Bourke [102] have measured dermal exposure 
with three pads on the body, not including the hands. These data will not be 
considered, Franklin et al [106] provide dermal exposure data for workers 
using protective gloves. They showed that even in such cases exposure of the 
hands forms a major part of the total exposure. The format of the data 
prevents their use for the present data base. Fenske [119] has shown that 
deposition of pesticides on the skin under the clothing occurs by penetration 
as well as by entering through openings in the clothing. His exposure data 
cannot be converted to the format chosen for this review. Lunchick et al 
[120] have not presented original exposure data, but transformations of data 
from the literature. Van Amelsvoort et al [126] presented data on dermal 
exposure based on a very small number of pads. The hands were monitored 
using wrist pads. These data will not be considered, Fenske [139] showed that 
the patch technique has certain disadvantages for the estimation of dermal 
exposure. Fenske's exposure data, however, cannot be converted to the format 
required for the present review. 

Exposure data 
The data on inhalation exposure are shown in figure 9 and those on dermal 
exposure in figure 10. Data concerning application alone and data on 
mixing/loading together with application are included. The data which could 
not be transformed into the desired format of unit of spray volume per unit 
of time have been plotted in figures 11 (inhalation exposure) and 12 (dermal 

17 



exposure). 
If the data in figure 9 pertaining to application alone are considered, it is 
evident that an indicative 90-percentile will be around 1000 fil/h spray liquid. 
The few experiments on exposure during application and mixing/loading do 
not suggest a correction to this value. Based on the data in figure 11, the 90-
percentile will be around 1000 /igfh active ingredient, which is quite close to 
1000 fi\/h for spray liquids containing around 1 g/1. Anyway, from these data 
it may be concluded that mixing and loading leads to a relatively small 
inhalation exposure. This conclusion is in agreement with the value of 20 ftg/h 
derived for the indicative 90-percentile of liquid formulations [2]. For solid 
formulations this conclusion is at variance with the indicative 90-percentile 
of about 10 mg/h given elsewhere [2]. It should be noted, however, that in 
only a few studies which included mixing, loading and application solid 
formulations have been used [48,74,126]. From the description of the 
formulation in [92] it cannot be concluded whether a solid or a liquid 
formulation is involved. 
Although the number of data is too small to draw definite conclusions, it is 
tempting to point to the relatively low level of exposure (in unit of volume 
of spray liquid) for applications with small amounts of water [17,48,78,101]. 
These observations indicate, in accordance with the assumptions underlying 
the distinctions in table 2, that for these low-volume techniques lower values 
should be used in registration procedures. It is difficult, however, to suggest 
indicative 90-percentiles for these conditions on the basis of the relatively 
small number of data. 
Since there appears to be quite some overlap between the studies dealing 
with the use of solid formulations and those with low volumes of liquid per 
area treated, it must be concluded that a comparison of the exposure during 
application of solid formulations alone and that during the total period of 
mixing, loading and application is not possible with the present data. 

From the levels of dermal exposure in figure 10 it is obvious that the data of 
Wojeck et al [52] are by far the highest. The authors indicate the climatic 
conditions (temperature and relative humidity), spills and spray drift as major 
reasons for some of these high levels. The data in figure 10 suggest an 
indicative 90-percentile of about 250 ml/h spray liquid. On the basis of the 
(few) data in figure 12 there is no reason to increase this value. With respect 
to the studies which do and those which do not include mixing and loading 
there is no obvious reason to consider different levels of exposure. This 
conclusion is at variance with the observed levels of exposure during mixing 
and loading without application, as is shown in [2]. This difference may be 
due to the following reasons: (1) the small number (n=5) of studies on 
mixing/loading and application, (2) the low amount of volume per hectare 
used in three of these studies [17,78,101], Therefore it is concluded that the 
data on exposure during mixing/loading and application are insufficient to 

18 



warrant the above conclusion. 

Data on distribution of exposure over the body 
Batchelor et a l [3,4] indicate that the highest deposition is on shoulders, 
forearms and thighs. According to Wolfe et a l [U] about 70 % of the actual 
deposition is on the hands. Simpson [15] has observed a similar value for 
hands and forearms. Wojeck et al [52,69] have found that the potential 
exposure of the hands is about 40 % of the total body exposure. According 
to Smith [88] the exposure of hands and forearms amounts to 93 % of the 
total. According to Fenske et al [92] the distribution of exposure over the 
body surface varies widely due to differences in protective clothing, working 
practices and environmental conditions. No specific data are presented for 
workers using only normal work clothing. Mumma et a l [101] have observed 
two air-blast applicators and found 7 and 67 % of the total deposition on 
hands and forearms, respectively. Nigg et a l [HO] found that about 50 % of 
the total deposition is on the hands. Fenske [118] measured about 36 % of 
the total deposition on hands, head and neck. 
In a very interesting paper on the distribution of a fluorescent tracer over the 
body, Fenske [119] observed that the deposition underneath clothing is not 
only due to penetration through the clothing. The heaviest exposure was seen 
close to openings in the clothing. This so-called 'bellows' effect is due to air 
movement underneath clothing close to openings, Popendorf [122] noted that 
46 % of the total dermal exposure concerns head, hands (38 %) and 
forearms. 

Summcay 
On the basis of the data taken from the literature 1000 /*l/h seems a 
reasonable indicative 90-percentile for inhalation exposure during application. 
The indicative 90-percentile for potential dermal exposure is estimated to be 
250 ml/h. 
The indicative level of inhalation exposure is higher than indicated by the 
data in table 3. That of dermal exposure agrees fairly well with the data in 
table 3. 
From the data on distribution of potential dermal exposure over the body, 
only a rough estimate can be made of the actual exposure of unprotected 
hands, forearms and head. If no precise data are available on specific 
techniques and working methods, a value of about half the potential dermal 
exposure may be used in registration procedures for application of pesticides. 

5 Spraying outdoors (manual; upward and downward) 

A differentiation is possible between backpack spraying and the use of 
handguns. In view of the fact that only a few papers are available which 
describe levels of exposure during the use of backpack sprayers outdoors, the 
data will be described in the same context, mentioning the type of manual 
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technique if described. 
Many papers contain data on levels of exposure during manual application 
outdoors [3,8,16,19-21,26,29,32,34,39,40,43,47,53,60,61,64,66,67,70,72,76,79,82, 
87,94,98,101,104,111,123,127]. Wassermann et al [8] have presented insuffi­
cient detail on the methods for measuring dermal and inhalation exposure. 
Winkler and Arent [19] used a stationary sampling technique for inhalation 
exposure. Therefore their data will not be considered further. Jegier has 
presented data which cannot be differentiated for different application 
techniques [21], The paper by Soliman et al [34] contains data on dermal 
exposure of the hands obtained with arm pads and will, therefore, not be 
considered. The dermal exposure observed by Lavy et al [40] was only 
measured on the upper part of the body. Hands were not measured. The data 
will not be considered. In a paper by Akerblom et a l [53] data on inhalation 
exposure are given that were obtained using manual and automated 
techniques as well. Since it is further not clear whether the data on inhalation 
exposure were obtained by personal or stationary air sampling, the data which 
refer to application together with mixing and loading, will not be considered. 
The data of Gold et al [61] and Leavitt et al [64] were obtained in a less 
adequate way of measuring dermal exposure and are presented such that it 
is not possible to gain insight into the various application methods used. Due 
to printing errors in the papers some numbers are at variance with each 
other. The data will not be considered. Taskar et a l [67] have used an 
inadequate sampling strategy and have presented their data in a format which 
cannot be converted in order to be used for this review. The data of Wojeck 
et al [82] that were obtained by stationary air sampling will not be included 
in the graphs. The paper by Freeborg et a l [94] is not considered because 
numbers in text and tables are at variance and since the dermal exposure of 
the hands was measured by wrist pads. Furthermore, the dermal exposure has 
been presented in a format which can not be transformed into a relevant one 
for this review. The description of the study of the backpack sprayers by 
Chester and Hart [104] is such that the data cannot be transformed 
adequately for the present purpose. The format of the data on dermal 
exposure of Shujie et a l [123] and that of the data presented by Cowell et a l 
[127] are inadequate. 

Exposure data 
The data on inhalation exposure are shown in figure 13 and those on dermal 
exposure in figure 14. Both data concerning application alone and data on 
mixing/loading together with application are included. The data which could 
not be transformed into the desired format of unit of spray volume per unit 
of time are presented in figures 15 (inhalation exposure) and 16 (dermal 
exposure). 
If the data in figure 13 are considered, it is evident that the highest levels of 
exposure are from [20,123]. An indicative 90-percentile will be about 500//l/h. 
This value is for the use of spray guns. The value for backpack sprayers may 
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be lower. Since the number of papers describing exposure during the use of 
backpack sprayers is rather small, an indicative level of exposure will not be 
given. Based upon the (very few) results given in figure 15 there is no reason 
to adapt the given value. 
The highest levels of dermal exposure have been observed by Wolfe et a l 
[20] and by Chester and Ward [70]. From the data in figure 14 an indicative 
level of about 200 ml/h can be deduced. This value needs no adjustment on 
the basis of data in figure 16, assuming spray concentrations of about 1-2 g/1. 
If such a concentration is considered, it is surprising that the studies in which 
mixing/loading and application are taken together do not show a much higher 
level of exposure, since dermal exposure during mixing and loading was 
estimated to be 300 mg/h for liquid and 2 g/h for solid formulations (corres­
ponding with 150-300, respectively 1000-2000 ml of spray liquid for a 100 % 
formulation) [2], For backpack spraying this may be explained, at least in 
part, by the fact that relatively small amounts of pesticides are handled. For 
the use of spray guns there exists a discrepancy which is not easily explaina­
ble. It has to be noted, however, that data on the volume applied per treated 
area are sparse. In several cases it is relatively small (i,e high concentration 
in the liquid). 

Data on distribution of exposure over the body 
From the data presented by Chester and Woollen [47] it may be estimated 
that the actual exposure is much smaller than the potential exposure, 
indicating a large degree of protection by clothing. This is partly explainable 
by the observed exposure of the clothed legs. According to Everhart and Holt 
[60] the exposure of hands and forearms is by far the most important. The 
data from Maitien et al [66] do not confirm this, however. Chester and Ward 
[70] showed that the use of pads may lead to erroneous results due to 
inhomogeneous exposure. According to Davis et al [72] the hands are 
subjected to about 85 % or more of the total deposition. In a study by 
Wojeck et al [82] this percentage is 47 for only the hands. According to 
Kurtz and Bode [98] the highest exposure concerns feet and legs. The 
distribution over the body has been studied in some detail by Abbott et a l 
[111] for the use of backpack sprayers spraying downward. Their observa­
tions indicate that more than half of the total deposition is on the legs. This 
can also be shown by a large series of experiments on downward spraying 
[143] indicating that about 50 % of the deposition is on the legs and about 
25 % on the hands. It seems evident that the distribution over the body 
depends on the direction of the spraying. 

Surrvnary 
Based upon data taken from the literature an indicative 90-percentile for 
inhalation exposure during application alone of 500 fûlh is deduced. The 
corresponding indicative 90-percentile for potential dermal exposure is 
estimated to be 200 ml/h. It should be noted that discrepancies exist between 
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values of studies which include mixing, loading and those which consider only 
application. The data on the levels of exposure during application agree fairly 
well with those presented in table 3. It is to be noted that for smaller volumes 
per treated area, the value may be on the high side, indicating that for such 
conditions some downward correction of the indicative level of exposure is 
needed. The magnitude of this correction cannot be calculated from the 
present data. The data on inhalation exposure obtained during backpack 
spraying tend to be lower than those obtained during the use of spray guns. 
From the data on the distribution of dermal exposure over the body only a 
rough estimate can be made of the actual exposure of the body. Due to the 
large variations that have been observed, probably due to differences in 
upward and downward spraying, for registration procedures the actual 
exposure may be assumed equal to the potential dermal exposure, if no 
precise data are available for specific techniques and working methods. 

6 Spraying indoors (upward and downward) 

Several papers on inhalation and dermal exposure during upward and 
downward spraying indoors (greenhouses) have been published [10,21,30,60,68, 
90,100,103,115,117,130,133-135,138,139]. Lloyd [10] describes measurements 
of vapour of bis-ethylmercury phosphate which was 'watered in' dry soil. The 
inhalation exposure was determined by stationary air sampling and will not be 
considered. The data from Jegier [21] and Wagner and Hoyer [30] have been 
presented with hardly any details and will not be considered either. The 
monitoring of pesticide vapour by Williams et al [68] during and after 
application has been done by means of stationary air sampling. Mestres et al 
[1()0] have collected ambient air by stationary sampling. Waldron [103] also 
used stationary air sampling. Data on dermal exposure have been measured 
but not presented in sufficient detail. Although relatively meagrely detailed, 
the data of Wagner and Hermes [117] on inhalation exposure will be used. 
One of the compounds investigated was the highly volatile dichlorvos. The 
data on dermal exposure will not be referred to because no exact data on 
duration are given. Van Lookeren Campagne et al [130] measured dermal 
exposure with wrist pads for the hands. They did not investigate inhalation 
exposure. This paper will not be considered. Stamper et al [133,134] have 
presented data on exposure in open-sided greenhouses, Neverthelesss, these 
data will be used. It should be mentioned that Stamper et al [134] measured 
the exposure for applications with tractor-driven systems. The data of Fenske 
[139] are the same as those of Fenske et al [115]. 

Exposure data 
The data on inhalation exposure have been plotted in figure 17 and those on 
dermal exposure in figure 18, Both data concerning application alone and 
data on mixing/loading together with application have been included. It should 
be noted that in most papers it is not explicitly stated whether the mixing and 
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loading is included in the measurement of the level of exposure. In such 
cases it is assumed that it is included. 
The data which could not be transformed into the desired format of unit of 
spray volume per unit of time are depicted in figures 19 and 20 for inhalation 
and dermal exposure, respectively. 
From the data in figures 17 and 19, an indicative level (90-percentile) of 
inhalation exposure of around 200 /*l/h spray liquid may be estimated, 
assuming that the concentration in the spray liquid may be taken as 1-2 g/1 
and considering the fact that the two highest figures on inhalation exposure, 
observed by Wagner and Hermes [117] for dichlorovos, concern a pesticide 
which is far more volatile than most others and should therefore be excluded 
from the data base. The obtained indicative 90-percentile is for mixing/loading 
and application together. 
From the data on dermal exposure in figures 18 and 20, an indicative 90-
percentile may be derived of 200 ml/h, making the same assumptions as 
above for inhalation exposure. 

Data on distribution of exposure over the body 
According to Everhart and Holt [60] the major part of the potential dermal 
deposition concerns the hands, Adamis et al [90] (for potential exposure) and 
Mestres et al [100] (for actual exposure) observed the major part on hands 
and legs. Fenske et a l [115] measured actual exposure during the use of new 
protective gloves and even in that case 6 % of the deposition is located on 
the skin underneath the gloves. Stamper et al [133] observed that, with the 
hands excluded, more than 90 % of the deposition is on the legs. Similar 
conclusions were reached by Stamper et al [135]. 

Summary 
Based upon data taken from the literature the indicative 90-percentiles for 
inhalation and potential dermal exposure are 200 jul/h and 200 ml/h, 
respectively. The figure for inhalation exposure agrees fairly well with the data 
in table 3, the indicative 90-percentile for dermal exposure is somewhat higher 
than expected. It should be noted that for volumes below 1000 1/ha lower 
levels of dermal exposure are observed. 
Since no consistent data have been presented on the distribution of the 
dermal exposure over the body and in view of the minor differences observed 
between potential and actual exposure in figures 18 and 20, it seems necessary 
to take for registration procedures the actual dermal exposure equal to the 
potential exposure. The values of 200 pMh and 200 ml/h are considered 
relevant for the total process of mixing, loading and application. This may 
explain part of the differences in the data for dermal exposure given here and 
in table 3. 
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7 Ultra-low volume spraying (indoors) 

Data on exposure when using fogging devices have been presented in 
[30,100,103,124,138]. The data of Wagner and Hoyer [30] have been given 
with hardly any details and will, therefore, not be considered. Mestres et al 
[100] used stationary sampling for air measurements a did Waldron [103]. The 
latter also published data on dermal exposure but not in sufficient detail. 
Stamper et a l [124] observed for three different pesticides average inhalation 
exposure levels of 21 to 91 figfh active ingredient. Brouwer et al [138] 
observed levels of 49 and 590 jug/h active ingredient for two situations, 
Mestres et al [100] found an actual dermal exposure of 3,4 mg/h. The 
average potential dermal exposure (excluding the hands) for three pesticides 
was between 0.4 and 2.2 mg/h- The levels of exposure of hands and forearms, 
observed by Brouwer et al [138], were 8 and 12 mg/h. All data concern the 
active ingredient. According to Stamper et al [124] the dermal deposition is 
to a large extent on the legs. The hands were covered with protective gloves. 
These data are insufficient to obtain indicative levels of exposure for this 
application technique. 

8 Soil fumigation under plastic cover (indoors) 

No papers have been found which present exposure data for this application 
technique. 

9 Dusting (indoors) 

The only paper with data on exposure during mixing and loading and 
application is by Brouwer et al [138]. The data on inhalation exposure ranged 
from 0,3 to 250 mg/h formulated product. The levels of dermal deposition on 
the hands ranged from 0.6 to 3000 mg/h formulated product for the same 
pesticides. It should be noted that the current durations of exposure are well 
below one hour for the average Dutch greenhouse, 

10 Application of granules (indoors) 

Only one paper, by Wagner and Hermes [117], presents data on exposure to 
a rather volatile pesticide (aldicarb). The level of inhalation exposure was 
between 12,5 and 638 //g/h active ingredient, 

11 Fumigation of enclosed locations 

In only a few papers data are presented on the level of exposure during 
disinfection of stables, barns and stores. Therefore exposure data on pest 
control in houses are also considered. The relevant papers are [6,7,21,23,30, 
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35,46,61,65,71,85,95,121], The data given by Fletcher et al [6] and by Wolfe 
et a l [7] have been obtained with equipment that probably is no longer in 
use. This is especially so for the study done in Tanganyika [6], Jegier [21] and 
Wagner and Hoyer [30] presented their data in insufficient detail to be 
considered, Simpson and Shandar [23] have given data on dermal exposure 
in a format which cannot be transformed. The data of Wright and Leidy [46] 
deal more with the levels of exposure in the ambient air than with exposure 
of workers and will not be used. Gold et al [61] compared worker exposure 
for spraying and painting of walls of rooms vwth a slow-release formulation 
of chlorpyrifos. The data presented by Das et al [71] cannot be transformed 
to the format for the present review. The data of Gold et al [85] are the 
same as those published by Gold and Holcslaw [95]. 

Exposure data 
The data on inhalation exposure are shown in figure 21 and those on dermal 
exposure in figure 22. All data pertain to mixing, loading and application, as 
far as can be gathered from the description in the papers. 
From the data no indicative levels will be drawn for treatment of barns, 
stables etc., since these enclosed spaces are not included in the data 
presented. Almost all data reflect exposure of applicators in residential 
surroundings. 

12 Disinfection of seeds and bulbs 

Only seven papers [42,51,62,73,91,136,140] have been found that contain data 
on disinfection of seeds and bulbs. Therefore, these papers will not be 
subdivided as was intended under this heading. The data are given in amounts 
of active ingredient, since data on formulations and disinfection liquids are 
seldom given. 
The data of O'Keeffe and Pierse [42] relate to the pelleting of seeds, which 
consists of moistening with water, adding clay and spraying of the seeds. The 
levels of inhalation exposure are average values for a working day: 117 /fg/h, 
with a range from 17 to 288 /ig/h. It is indicated that these values are lowered 
with a factor of about ten by using ventilation, Stevens and Davis [51] have 
presented data on exposure during filling of hoppers of seed dusting machines 
and during cutting and sorting of seed potatoes on seed cutting machines. 
These activities were carried out in the vicinity of each other, so cross-
exposure was assumed. Exposure during filling of the dusting machines varied, 
depending on location and sort of seed, between 1.2 and 15 mg/h potential 
dermal exposure and between 0,15 and 1,7 mg/h inhalation exposure, 
Kolmodin-Hedman et al [62] published data on inhalation exposure during 
dipping of seedlings (24 ;*g/h active ingredient, 1,2 pMh dipping solution) and 
during tunnel spraying and packaging of seedlings (14-106 /<g/h active 
ingredient, 0.7-5 ^ul/h spray liquid). Grey et al [73] provided data on exposure 
during several different seed treatments with liquids and dusts. The conditions 

25 



are described with little detail. Inhalation exposure ranged from not detectable 
(^ 0.5 mg!) and 0.54 mg/h. Exposure of the hands varied between not 
detectable (< 0.5 mg) and 8,62 mg/h for the liquid formulations and between 
54.8 and 81.4 mg/h for the dusts. Ediing et a l [91] have studied exposure 
during the use of some new devices for planting conifer seedlings, together 
with spraying of the seedlings. The observed inhalation exposure was between 
not detectable (< 1.25 ^ug/h) and 5 /Ug/h. Brouwer et a l [136] investigated 
dermal exposure of the hands for two different techniques of disinfecting 
bulbs. The average exposure was 12 mg/h for manual dipping of a typical bulb 
variety and for the same, but a much larger amount of bulbs, 15.2 mg/h when 
drive-in vessels were used. The data are based on a dipping solution with an 
average concentration of 0.1 %. Fenske et al [140] monitored workers during 
manual treatment of wheat seed with dust. The average inhalation exposure 
was 7 /*g/h, the average actual dermal exposure when using protective gloves 
41 mg/h. The major part of the pesticide was observed underneath the 
clothing. 

13 Spraying of animals 

Only one paper by Jegier [21] has been found containing data on exposure 
during spraying of animals. These data can, however, not be used, because of 
insufficient detail and because the data have been presented together with 
data on other appUcation techniques, which cannot be dissected. 

14 Dipping of animals 

No papers have been found which contain data on exposure during dipping 
of animals. 

15 Miscellaneous 

Eight papers [11,14,28,36,75,79,82,98] have been found with exposure data 
for application techniques which can not be classified under one of the 
headings 1-14. All exposure data have been presented in amount of active 
ingredient. 
The papers by Wolfe et a l [11] and Kangas et a l [36] deal with dusting 
machines outside. The observed inhalation exposure was on the average 0.41 
mg/h [11] and 1.3 mg/h [36], respectively. The actual dermal exposure showed 
an average of 18.7 mg/h [11]. Kurtz and Bode [98] studied dusting outside by 
means of a small shaker and a manual dust pump. The potential dermal 
exposure for two different crops were on the average 27 and 34 mg/h. Lloyd 
and Tweddle [14] studied 'watering in' of a crop with a solution of the very 
volatile dimefox. The inhalation data were not obtained by personal air 
sampling. Staiff et al [28] investigated the use of pressurized dispensers 
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outdoors. The inhalation exposure was not detectable in all but one case and 
below 1 fi]/h. The dermal exposure was on the average 0.15 ml/h, with a 
range from 0,005 to 0,285 ml/h, 
Haverty et a l [75] have compared two different spraying techniques to wet 
pine barks thoroughly, one more classical approach and one with a telescope 
pole. The technique used to measure dermal exposure as well as the format 
of the exposure data are not suitable for the present review, 
Nigg and Stamper [79] and Wojeck et al [82] studied the exposure of workers 
spraying aquatic weeds from a boat, Wojeck et al [82] used stationary 
sampling for the determination of inhalation exposure. The data will not be 
presented. The inhalation exposure measured by Nigg and Stamper [79] was 
0,5 /il/h. The average potential dermal exposure was 3,3 ml/h [79] and 0,1 
ml/h [82], respectively. 

Exposure data expressed per unit amount of pesticide handled 

In several papers data on inhalation or dermal exposure are related to the 
amount of pesticide (active ingredient) handled [6,41,48,84,104,106-108,111, 
113-115,118,122,124,127-129,133-135,140]. As has been demonstrated before 
[1,2], there appears to exist a good relation between the level of exposure 
and this amount. In some cases the data presented [127-129] could not be 
used, since the required information on body weights was not given by the 
authors. The data of Franklin et al [84] have also been presented by Franklin 
et al [106], 
The data on inhalation exposure have been plotted in figure 23 and the data 
on dermal exposure in figure 24, Since exposure will also depend on the type 
of application, the latter has been indicated in the figures by means of the 
numbers of the headings. As may be seen from the graphs, quite some spread 
exists between the data. In view of the different application techniques used, 
no further conclusions can be drawn. The numbers of papers pertaining to a 
particular application technique are too small for a good comparison. 
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4 USE OF SURROGATE EXPOSURE DATA 

For registration procedures, data on potential exposure must be transformed 
into actual exposure and subsequently into uptake by the body. The result 
must be compared with toxicological data. This is a difficult process. It 
requires much specific knowledge on the compound and its use in practice. 
Assuming that the toxicological information is such that acceptable levels ('no-
effect' levels) for oral, inhalation and dermal daily intake are available for 
man, the comparison with indicative 90-percentiles as presented in chapter 3 
on inhalation exposure is relatively simple and straightforward, using for 
registration available knowledge on the percentage active ingredient in the 
spray liquid. On the basis of such a comparison it may be necessary to get 
more precise information on levels of actual exposure for more specific 
conditions of the application proces involved. As a second step it may be 
useful to consider the original literature or available data sets for comparable 
situations. In a third step a study of exposure in representative situations for 
the particular compound may be required. 
If this does not lead to a health-based acceptable 'matching' of exposure and 
toxicological level, measures should be taken or prescribed to lower the 
exposure by changing the application technique, application equipment, nozzle 
characteristics, concentration of active ingredient in the spray liquid (Le. 
amount of volume sprayed per hectare), task time, personal hygiene and, 
finally, specific protective measures. 
If an inhalation 'no-effect' level is not available, the oral 'no-effect' level may 
be considered for comparison, using data on differences in oral and inhalation 
absorption (the latter taken as 100 % if no specific data are available) and 
data on possible differences in toxicokinetics for these different ways of 
exposure. 

For dermal exposure the situation is more complex. First of all, the actual 
exposure has to be estimated from the potential exposure. Some indicative 
data that can be used for registration procedures have been given. From here 
the analysis is straightforward unless a dermal 'no-effect' level (mainly for 
hands and forearms) is lacking. In this case a strategy may be followed as 
indicated above for inhalation. This will always mean that data are required 
on dermal penetration. If these are not available, it may be assumed, for 
safety reasons, that the amount of the compound under consideration 
deposited on the skin will be completely absorbed. For most compounds 
complete absorption is unUkely to happen in practice, especially not for the 
amounts indicated by the indicative 90-percentiles, In the British and German 
procedures [143,145] an absorption of 10 % is assumed in the calculations if 
no data are available indicating higher or lower percentages. It should be 
noted, however, that the dermal penetration process cannot be described 
adequately in terms of percentage absorption, since the amount penetrating 
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will depend on the area of the skin involved, the amount present on the skin 
acting as a 'driving force' for penetration, the duration of the presence on the 
skin, as well as on many other aspects related to the worker (skin) and the 
work situation. 
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5 CONCLUDING REMARKS 

Different application techniques and different situations are shown to result 
in considerable differences in exposure. Possible reasons for this are 
differences in equipment, direction of spraying, application indoors or 
outdoors, weather conditions, working methods, personal hygiene and the 
amount of product that is handled. The specific effects of several of these 
factors are unknown, but it is assumed that the presently available data bases 
of data from the literature, the volume and quality of which will increase 
further in the future, are already large enough to include the most important 
consequences of these factors. If this assumption is correct, it seems possible 
to extract surrogate exposure data from these data bases to make risk 
assessments for specific application techniques in registration procedures. 
Nevertheless, one should be very careful in using these data, since not all 
effects of differences in conditions on exposure are known. This is a major 
reason for using indicative 90-percentiles as a first step in a risk assessment. 
On the basis of specific knowledge of a formulation of a pesticide and the 
conditions of application it may be possible to use other figures. This may be 
important, for instance, when relatively low amounts of formulations will be 
handled. Other data bases, constructed from unpublished exposure data, 
should also be consulted to increase the validity of the surrogate exposure to 
be used in risk assessment. 

It is emphasized that volatile compounds have to be treated separately, since 
the present data are largely based on exposure to liquid and solid aerosols 
and on exposure due to direct contact, rather than on exposure to vapours 
and gases. Further, it should be noted that relatively high levels of exposure 
appear to occur with upward spraying techniques. 
The relation between the amount of active ingredient or formulation handled 
and the level of exposure during application has been stressed by Batel (see 
discussion in [1]) and Reinert and Severn [146], It has been observed for 
spraying in the British and German data bases [143,145] and it has been 
intuitively expected by many authors. It has not been possible, however, to 
use the various data published in the open literature to prove this relation. 
Since exposure data for application in greenhouses generally include exposure 
during mixing and loading, this may, nevertheless, be a pragmatic reason for 
using the present indicative 90-percentiles for exposure due to mixing, loading 
and application, as well as for other situations in which amounts below, say, 
one or two kg of active ingredient are used. 
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