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What determines concentrations?

• volatilisation rate
• size of field
• distance of bystander from edge of field
• breathing height
• distribution of pesticide within crop canopy
• weather conditions

Presenter
Presentation Notes
The airborne concentration experienced by a bystander near to a treated field due to volatilisation of pesticide after application depends on many factors besides the rate of volatilisation, including the size of the field, distance of bystander from the edge of the field, breathing height of the bystander, the distribution of the pesticide within the crop and the weather conditions.

For the typical bystander situation of interest, the chief sources of variability in concentration are volatilisation rate and weather conditions (from which direction the wind is blowing, the speed of the wind etc), so in this part of the modelling we fixed other aspects of the situation at representative values in order to focus on these sources of variability, although we carried out some sensitivity tests on other.  

To translate volatilisation rate in a given situation into airborne concentrations we use a dispersion model, which represents the way in which airborne material is carried by the wind and mixed into larger volumes of air through the action of atmospheric turbulence, which spreads the material over larger areas but also dilutes the material. 



How to calculate concentrations?

• choose an appropriate dispersion model
• specify the source and bystander configuration
• characterise the range of weather conditions of interest
• run the model for each set of weather conditions



Choice of ADMS

• modern generation of atmospheric dispersion models
• appropriate to the distance range and source configuration of 

interest
• well validated

Presenter
Presentation Notes
There is a long history in the UK of developing mathematical models of how airborne pollutants are carried by the wind and dispersed by the action of atmospheric turbulence. These models are very closely tied to empirical data collected in field trials where the emission rate is known.

Modern versions of these models take advantage of the large amount of data and major advances in understanding that accumulated over many decades in the latter half of the last century. ADMS is a typical example, developed in the UK and widely used in the UK in many types of study involving pollutant releases to atmosphere.





Model set up 

• fields of 750 m size in any direction, uniform emission rate
• bystander 2 m from edge of field
• two breathing heights (adult and child)
• source distributed around 0.5 m from ground

Presenter
Presentation Notes
We consider a typical field size of 750 m square. If only one field then there would be zero concentration when our bystander was upwind of the field, but we imagine that there are fields on all sides. We represent this as – show the next slide. Although we have fixed the parameters such as distance to edge of field, breathing height and distribution of pesticide within the crop canopy, we have looked at sensitivity to these parameter in ancillary studies.



Source and receptor configuration

4 m

1500 m

Presenter
Presentation Notes
Fields 750 m in any direction schematically represented as being in centre of 1500 m square field



Weather data

• Andrewsfield 2005, 2006
• Castle Donington (East Midlands Airport) 2006

Presenter
Presentation Notes
Definition of ‘reasonable worst case’: decided against choosing specific conditions – questions of how likely to persist for 24 hours etc. If use real weather sequences, can give it a probabilistic definition. Need to ask how much variability from site to site.

We did our calculations using the weather recorded at two typical rural sites in the UK. These are rural stations in flat terrain not near the coast or near to major topographical features. We included two sites and two years to give us some information on year-to-year and site-to-site variability in the concentration metrics of interest.

Weather data represented as hour by hour sequence of key meteorological parameters recorder throughout a whole year.  Key parameters such as wind speed and cloudiness (which affects the turbulence in the lower levels of the atmosphere).



Wind rose
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Presenter
Presentation Notes
This type of diagram shows the frequency with which the wind blows from a given direction, represented as the distance from the centre in the particular direction.  It also shows this frequency distribution separately for each of a number of wind speed bands. At both sites the wind blows predominantly from the south west, particularly at higher wind speeds, which is the case generally in the UK when there are not local influences on the wind.



Frequency distribution of 24-hour mean concentration 
per unit emission rate

Andrewsfield 2005
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Presenter
Presentation Notes
For acute exposure, focused on 24-hour mean concentration.

Complementary cumulative frequency plot (normalised to 100%) – probability that 24-hour mean concentration (per unit emission rate) will be larger than value on x axis

This distribution assumes unit emission rate constant over the year, and thus gives an idea of the variability in concentration due to differences in weather conditions alone from one day to another. (Concs in ug/m3 for emission rate of ug/m2/s)�Wide range of values (long tail). Median around 25, mean is around 40, inter-quartile range is around 45.

Another way of looking at it is that it gives the frequency distribution of 24-hour mean concentrations experienced by a bystander per unit emission rate, assuming that the emission rate does not depend on weather and that an exposure is equally likely to start at any time of the year.  Of course these are idealisations, but the calculation could easily take into account a seasonal dependence of the likelihood of an exposure starting. (We did some sensitivity tests and the seasonal effect is not high). Also, the calculations could readily account for an emissions rate correlated with weather, but we just don’t know enough at present about how such a correlation would look.



Application

• could use average of the distribution for long-term exposure
• could use some high percentile to represent reasonable worst case, 

say 95th percentile

Presenter
Presentation Notes
Could use the average concentration (per unit emission rate) from this distribution in assessments of long-term exposure, then multiply by a typical or representative emission rate for the compound of interest.

Similarly, could take a higher percentile of the distribution (95th percentile, say) to represent a reasonable worst case for use in assessments of acute exposure, again multiplying by a representative emission rate.





Sensitivity to location and year

 
  Conc per unit emission 

rate (s m-1) 
Receptor Weathera 95th %ile Mean 
Child A 2005 158.7 51.0
 A 2006 160.5 52.0
 C 2006 157.4 44.9
Adult A 2005 125.9 41.5
 A 2006 128.2 42.3
 C 2006 124.6 36.4

a A – Andrewsfield; C - Castle Donington (East Midlands Airport) 

Presenter
Presentation Notes
(Slightly different source configuration to that used in the paper; also 2-year met used in the paper)

Here are some results for those particular concentration metrics, giving an indication of the differences when based on different year’s worth of weather data and the differences from one site to another.  These differences are not large, suggesting that it may be possible to select generic values for pesticide assessment.



Configurations: uniform slope

Presenter
Presentation Notes
Results shown so far are for flat terrain, but did some sensitivity investigations on what would happen for fields set in various topographical situations, such as on a slope, on the side of a hill or in a hollow



Hollow



Hill



Effect of hills and hollows (1)
 

  24-hour mean concentration (μg/m3) 
Case Description Mean 90th %ile 95th %ile  99th %ile 

1 Flat terrain 26 68 91 155
2 Slope 10% 12 29 39 57
3 Slope 30% 14 29 38 56
4 Hollow depth 100m, sd=500m 12 26 33 49
5 Hollow depth 100m, sd=1000m 14 30 36 55
6 Hill d=1000m, h= 100m, sd=500m 16 33 39 52
7 Hill d=1000m, h= 100m, sd=1000m 15 27 32 42
8 Hill d=1000m, h= 500m, sd=500m 13 22 26 35
9 Hill d=1000m, h= 500m, sd=1000m 12 22 26 37

10 Hill d=2000m, h= 100m, sd=500m 16 33 42 57
11 Hill d=2000m, h= 100m, sd=1000m 17 34 42 55
12 Hill d=2000m, h= 500m, sd=500m 15 28 36 54
13 Hill d=2000m, h= 500m, sd=1000m 13 22 27 33

 

Presenter
Presentation Notes
The interesting thing was that the mean and higher percentiles were generally lower with topography than in flat conditions, so that basing pesticide risk assessments on flat terrain would be protective. 



Scatter plot of hourly concentrations (field 
between hill and receptor)
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Presenter
Presentation Notes
This does not imply that the topography yields lower concentrations in all weather conditions, but for the conditions leading to higher concentrations the presence of the hill lowers the concentration.



Higher (hourly) concentration with hill: wind 
field 
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Vector plot: Horizontal mean flow, at height 0.13m
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Vertical turbulence
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Contour plot: Vertical turbulence (standard deviation), at height 0.13m
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Lateral turbulence
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Contour plot: Transverse turbulence (standard deviation), at height 0.13m
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