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Short description of publicly available DFR studies and potential parameters influencing DFR from Lewis and Tzilivakis (2017)
	Nr.
	Article
	Description of the study
	Information on potential parameters influencing DFR

	1
	Chukwudebe, A.C., et al. (1997). Toxicity of emamectin benzoate foliar dislodgeable residues to two beneficial insects 
	The objective of the study was to assess the contact toxicity of dislogdeable foliar residues of emamectin benzoate to beneficial insects [Apis mellifera (L.) & Diglyphus isaea (Walker)] following spray foliar application (0.0168 kg of ai/ha/application) to alfalfa (one application) and celery (two applications). 
DFR were measured on alfalfa whole leaves and were determined to be 9.1, 3.6, and 1.3 ng/cm2 after 3, 8, and 24 h emamectin benzoate application, respectively, resulting in a calculated dissipation half-life, by regression analysis, of about 10 h.
In case of celery, DFR on upper canopy leaves collected at about 0.25, 0.5, 4, 24 and 72 h after the 2nd application were found to be about 5.2, 5.0, 4.5, 1.4, and <0.2 ng/cm2, respectively. No foliar dislodgeable residues were measurable after 72 h, and the dissipation half-life of foliar dislodgeable emamectin benzoate residues on celery was calculated, by regression analysis, to be about 15 h.

	No firm conclusion could be drawn regarding the parameters influencing DFR on the two different crops mainly due to the different number of applications (1x 0.0168 kg of ai/ha for alfalfa vs 2x0.0168 kg of ai/ha for celery).
The study authors, however, concluded that despite the differences in the application frequency, the geographical location, and weather conditions at the time of application (alfalfa, Maryland, cloudy; vs celery, California, sunny), the half-lives of foliar dislodgeable residues on the two crops are comparable (10h vs 15 h for alfalfa and celery, respectively).

	2
	Cisar, J.L., et al. (2002). Dislodgeable residues of chlorpyrifos and isazofos and implications for golfer exposure
	In an attempt to simulate the dermal and oral exposure of a golfer, dislodgeable residues of chlorpyrifos and isazofos were determined on putting green turf by four sampling methods, i.e. damp cheesecloth wipe, golf ball putt, golf grip roll, chip and wipe I by swinging the golf club (5 times) & chip and wipe II (single swing of the club). 
In all cases, applications at a rate of 0.229 g a.i./m2 were conducted using a one-meter wide, two nozzles (flat fan Tee jet 8006), CO2 backpack sprayer at approx. 30 psi. The dislodgeable residues measured differed significantly among the four sampling methods. However, isazofos and chlorpyrifos dislodged similar levels of residues for the same sampling methods.

	Results suggest that, within a particular class of pesticide and for the same crop and the same sampling method, the application rate and not the pesticide is the important factor influencing the dislodgeable residues.

	3
	Cooper, R.J. et al. (1990). Pendimethalin volatility following application to turfgrass
	The objective of the study was to characterize pendimethalin volatilization from turf grass following spray application. Foliar dislodgeable residues of pendimethalin were also determined to assess their role in the volatilization process.
Conclusion: pendimethalin volatile flux is related to foliar dislodgeable residues over time; a biphasic dissipation was noted.
	There is a significant correlation between volatilization of pesticides on foliage, and thus dislodgeable foliar residues, and the canopy temperature during the first 48 hours following application.

	4
	De Haan M., et al (1996). Re-entry exposure estimates. Application technique, foliar surface area and re-entry time as critical predictors for dislodgeable foliar residue
	Leaf samples were collected from carnation crop just before and just after application of abamectin, thiophanate-methyl and methiocarb, using either a high-volume or low-volume method. For a period of four weeks both respiratory and dermal exposure to the pesticide was measured. During re-entry also actual dislodgeable foliar residues, number of flowers harvested, moment of re-entry (days after application) and crop volume index were collected. A hypotheses amount of dislodgeable foliar residue of a pesticide available for transfer from crop to the worker was investigated. 
A linear relationship between average increase of DFR and application rate (but not the application technique) was observed. Half-lives of two pesticides were estimated, assuming the decay to be a first order process. Half-lives were 28 days for thiophanate-methyl and 12 days for methiocarb, with a relatively large standard deviation of 8.5 and 3.4 days respectively. 

	A linear relationship between average increase of DFR and application rate (but not the application technique) is indicated.

	5
	Estesen, B.J., et al. (1990). Comparison of dislodgable and total residues of three pyrethroids applied to cotton in Arizona
	The objective of the study was to compare dislodgeable and total insecticides residues from cotton leaves immediately after spraying with three different pyrethroids (flucythrinate, cyhalothrin, s-fenvalerate) and at various time intervals up to 21 days after spraying.
A correlation between dislodgeable and total residues was found, indicating that the disloagdeable residue and the time after application could provide an excellent basis for predicting total residues. Specific equations were proposed indicating, however, that the coefficients may vary depending on the insecticide.

	Further studies would need to be conducted for each insecticide in order to derive an individual predictive equation. 

	6
	Evaristo, A. et al. (2002). Dislodgeable residues of methamidophos in staked tomatoes
	Dislodgeable residues of methamidophos were measured on leaves, soil and fruits were measured following application to staked tomatoes. exposure using four different treatments, i.e. application of methamidophos in a single rate of 0.6 g a.i./L water; application of a double rate of 1.2 g a.i./L water; four applications of a single rate; and control. The first spraying in the four-application treatment was made at the beginning of fruit maturation. Leaf, fruit and soil samples were taken one day before applications, and 0, 1, 2, 3, 5, 7 and 14 days after them.
The dislodgeable methamidophos residue levels on leaves decreased rapidly after the  applications, in both, the treatment with four
applications of a single rate and in the treatment with a single double rate. Foliar residues in the four-application treatment at the single rate and one application at the double rate had similar degradations, with half-lives of 0.7 and 0.9 day, respectively. The behavior of soil dislodgeable residues in the treatments at a single rate (one and four applications) was similar, with half-lifes of 2.9 and 2.7 days, respectively. Residues on soil were more persistent than residues on the leaves. Residues on fruits were detected only for 0 and 1-day old samples. 
Results show that degradation on tomatoes is relatively fast: Residues on fruits were similar to those for leaf residues only on the day the applications were made (0.19 µg/cm2) for the single rate application. Measurements made one day after the application, present a great reduction (0.05 µg/cm2) and the residues could not be quantified (less than 0.05 µg/cm2) in subsequent samplings.
	Leaves
The noted rapid decrease of residues on leaves could be due to the relatively high vapor pressure of the insecticide caused by the high temperatures during the sampling period (30-35°C). 
Rainfall was probably the reason of the disappearance of the residues from the leaves in the four applications treatment.

Soil
The double dosage treatments show that the residues in the soil dissipated faster than those with a single rate, with a half-life of 1.3 days.
The influence of weather conditions, such as rain, relative humidity and temperature, indicate that regional differences can affect in the persistence of these residues.

Fruit
The noted rapid dissipation of residues on fruits can be explained by the fact that they have a very smooth and waxy surface, which favours the drip off of the spray mixture, and therefore only small quantities of the chemicals remain on the fruits.

	7
	Fong H, et al. (1990). Measuring Dislodgeable Propargite Residue on Field-Grown Roses and Penetrated Clothing Residues
	The main objective of the study was to investigate the dissipation profile for DFR on filed-grown roses following aerial application of propargite. The study was designed to develop a foliar residue database for propargite on roses. The surface-area to leaf weight relationship was also investigated for future whole-leaf sampling methods. Whole-leaf data differed slightly from leaf punch data. 
In addition, an effort was made to establish the potential for residue penetration through protective clothing. Sampling personnel wore dosimeter clothing under work clothing as a surrogate upper-bound indication of exposure during cultural practices in roses. The results showed that human exposure was not high. It was noted, however, that these results were not reflective of normal cultural practice.

	The relatively close agreement between the leaf punch residue levels and the whole-leaf levels suggested the whole-leaf method may be suitable when there is no access to leaf punches.

	8
	Gannon, T.W. et al. (2014). Dislodgeable 2,4-D from athletic field turfgrass
	The objective of the study was to quantify dislodgeable 2,4-D residues on a simulated football field over time.
Dislodgeable residues were quantified by rolling a football over a 9 m distance (two 4.5 m side-by-side rolls) within a unique plot.
Differences in 2,4-D dislodgeable residues over the days were dependent on the sampling time within a day.
Data suggest 2,4-D re-suspends on treated turf grass blades overnight. A review of the climatic conditions from 0 to 3 DAT suggest this trend may be in part to relative humidity and the difference between air temperature and dew point (the atmospheric temperature below
which moisture in the air condenses, forming dew).
Correlations between 2,4-D dislodgeable residues with relative humidity and the difference between the ambient air temperature and dew point suggest this is due to atmospheric conditions being more favourable for dew formation at earlier TWD sampling times.
	The variability of 2,4-D dislodgeable residues over time may be attributed to various transfer and transformation processes, namely plant uptake and metabolism, respectively, as well as environmental transformation processes. 

	9
	Giles, D., et al. (1992). Foliar and nontarget deposition from conventional and reduced-volume pesticide application in greenhouses
	The objective of the study was to investigate the effect of two commercially available application techniques, i.e. conventional 'wet' spraying and air-assisted, reduced-volume electrostatic spraying on (a) pesticide deposition and dissipation on greenhouse and ornamental plants, (b) non-target dissipation on greenhouse and bench surfaces, (c) mechanical dislodgement of foliar residue, and (d) the total recovery and mass balance of the applied pesticide. 
Applications were conducted on greenhouse ornamentals ('florist-market chrysanthemums) grown as four plants per 15-cm-diameter plastic pots.
The reduced volume electrostatic application resulted in an approx. 3.7-fold increase in foliar deposition. In winter season application, reduced-volume application resulted in significantly longer persistence of foliar residues.
The conventional application resulted in greater deposition on non-target surface areas, particularly on the benchtop area between and underneath the potted plants.

	Comparison of conventional and air-assisted, reduced volume electrostatic pesticide application techniques found very significant effects on foliar dissipation, residue removal characteristics, location and amount of non-target deposition, and total mass recovery of the insecticide applied in the greenhouse.

	10
	Jeffries, M. (2016). Factors Influencing dislodgeable 2,4-D plant residues from Hybrid Bermudagrass (Cynodon dactylon L. x C. transvaalensis) athletic fields
	The objective of the study was to quantify dislodgeable 2,4-D plant residues over time on a hybrid Bermuda grass athletic field surface, and to elucidate the effect of irrigation and natural surface moisture on 2,4-D dislodgeability from hybrid Bermuda grass turfgrass. 
Dislodgeable 2,4-D amine was reduced > 300% following irrigation. From 2 to 7 d after treatment  £0.5% of applied 2,4-D was dislodged from irrigated turf grass, while £2.3% of applied 2,4-D was dislodged when not irrigated. 2,4-D dislodgeability decreased as time with a day increased. Dislodgeable 2,4-D residues declined to < 0.1% of the applied at 1 day after application– 13:00 and increased to 1 to 3% of the applied 2 days post application– 5:00,  suggesting 2,4-D re-suspended on treated turf grass vegetation overnight. 
Conclusion: irrigating treated turf grass reduced dislodgeable 2,4-D. 2,4-D dislodgeability increased as TWD decreased, which was attributed to non-precipitation climatic conditions favouring turf grass canopy wetness. 

	Future research should investigate similar research objectives with irrigation applied in the morning when 2,4-D is most dislodgeable, evaluate dislodgeability of additional pesticides from alternative turf grass species, as well as the effect of adjusting application practices such as spray nozzle or carrier volume to reduce dislodgeable pesticide residues from turfgrass.

	11
	Jenkins, J.J. et al (1993). Two small-plot techniques for measuring airborne and dislodgeable residues of pendimethalin
	Mainly two methods for estimating pendimethalin airborne loss (and residue decline) from turfgrass are compared; ambient temperature, relative humidity, rainfall, and total daily solar radiation were recorded.
Field chamber method: Diurnal variation in pendimethalin  airborne flux, was most pronounced on day 1, and was well correlated with solar radiation (r=0.86) and chamber canopy temperature (r=0.94). The decline in both daily airborne loss and foliar
dislodgeable residues can be characterized as bilinear, with an initial period of rapid decline ending 5-7 days following application, followed by a period of slower decline for the remainder of the study. 
Theoretical Profile Shape (TPS) Method. Pendimethalin source strength varied diurnally, correlating equally well with both canopy temperature and solar radiation on days 1,2,5, and 8, with correlation coefficients for canopy temperature of 0.96,0.91,0.87, and 0.93 respectively.
Conclusion: weather conditions during the TPS study demonstrated the effect of wind speed on pendimethalin airborne loss from turfgrass. As is the case with most field research, the results presented are unique to the weather patterns which developed, both diumally and over the two week course of both studies. Additional field research, under a variety of environmental conditions, is necessary to develop a better understanding of the relationships among the various environmental factors which influence pendimethalin airborne loss from turfgrass.

	Additional field research, under a variety of environmental conditions, is necessary to develop a better understanding of the relationships among the various environmental factors which influence pendimethalin airborne loss from turfgrass

	12
	Jenkins, J.J. (1991).Field chamber technique for measuring pendimethalin airborne loss from turfgrass
	Field chamber technique (artificial conditions, inside chamber) for measuring airborne loss of pendimethalin following application to turfgrass was developed; in addition, to monitor foliar residues available for airborne loss, a method to monitor DFR was developed

	Development of methods described

	13
	John, C. (2007). Determining Pesticide Dislodgeable Foliar Residues and Their Persistence Following Application to Tall Fescue Lawn Turf
	Chapter 1: DFR were determined over a 15-day-period following application of the broadleaf
weed herbicide carfentrazone, the pre-emergent herbicide prodiamine and the insecticide bifenthrin
to a mature stand of ‘Confederate’ Tall Fescue (Festuca arundinacea Schreb). Festuca arundinacea Schreb). Dislodgeable foliar residues were determined by wiping treated turfgrass with a distilled-water-dampened cheesecloth (unusual sampling technique). By day 3, carfentrazone DFR were nondetectable.
Chapter 2: the effect of application volume, post-application irrigation and mowing height on the persistence and distribution of foliar and soil residues from prodiamine. Dislodgeable foliar residues were determined by wiping treated turfgrass with a distilled-water-dampened cheesecloth (unusual sampling technique).
a) Increasing application volume from 810 to 1,236 L ha-1 reduced DFR by an average of 3.8% over the entire study with
significantly lower residue levels 3 hours after treatment (HAT), and 5, 7, and 11 days after treatment (DAT)
b) Clippings removed from plots treated with an application volume of 810 and 1,236 L ha-1 resulted in approximately 13% reduction in the amount of applied prodiamine lost from the treated surface. 
c) Post-application irrigation reduced DFR by an average of 10% for the entire study with significantly lower residue levels at all sampling periods except 3 DAT
Chapter 3: DFR were determined over a 15-day-period following application of the insecticide bifenthrin to a mature stand of ‘Confederate’ Tall Fescue (Festuca arundinacea Schreb). Foliar residues were determined by wiping treated turfgrass with a distilled-water-dampened cheesecloth (unusual samling technique). Approximately 35% of the total applied bifenthrin was available to be dislodged
over 15 days with 34% DFR loss occurring immediately after application. By 8 hours after treatment (HAT), dislodgeable residues had
dissipated to 0.1% of the total amount applied. 
	Application volume, post-application irrigation and mowing height tested as potential factors influencing DFR

	14
	Knapp et al., (2013). Detection of herbicides in the urine of pet dogs following home lawn chemical application
	The two components of the study were: (1) an experimental grass plot study to confirm analytic methods used to measure chemicals on the grass and their residence time under different environmental conditions, and (2) a household study to determine concentrations of lawn chemicals on grass and in the urine of dogs exposed to treated lawns or control (untreated) lawns.
Experimental plots were used for initial application sampling (15 min post application) and sampling after treatments had dried. Separate areas of the plots were sampled at 0.17, 1, 24, 48, and 72 h. The effects of different lawn conditions on chemical residence time were studied. Mist treatments (simulating watering or rain) were applied to separate plots. The effects of rain (amount of rain recorded), mowing the grass, or allowing the grass to become dry and brown were studied. Grass plots were identified in the selected test area that matched these conditions.
Several dislodgeable residue sampling methods were assessed for their effectiveness. An EPA-approved drag block method (Nishioka et
al., 1996, 1999) using 3 wipe passes over 3 adjacent strips defined by a 0.17 m2 sampling frame was selected for sample collection in the
study. Collected dislodgeable residues were compared to herbicide deposition on cloth traps.
The grass plot studies demonstrated that lawn conditions can affect chemical residence time. Dislodgeable 2,4-D persisted significantly
longer, i.e. had a significantly longer residence time, on dry brown grass at 24, 48 and 72 h after application compared to green grass. A similar pattern was observed for MCPP at 48 and 72 h after application. The significantly longer residence time of 2,4-D and MCPP on dry brown lawns is consistent with the mode of action for these herbicides which requires cellular uptake via hydrophobic diffusion across living cell membranes. In dry brown grass, cellular compartmentalization is unlikely to occur.
Dislodgeable 2,4-D, MCPP, and dicamba residues from lawns premisted before application to simulate wet conditions persisted at
48 h, slightly longer than those from dry green lawns (significantly for 2,4-D at 48 h, P b 0.05) (Fig. 1). This was most likely due to a
delay in drying and absorption of the herbicide at the time of contact.
Lawn mowing had little effect on persistence of dislodgeable residues, although 2,4-D concentrations from mowed lawns appeared slightly higher than those from dry green unmowed lawns at 72 h.
	Pesticidal MoA as a potential parameter influencing DFR; cellular uptake (systemical MoA) decrease the amount on leaves

	15
	Manninen, A., et al. (1996). Exposure to insecticides in the use of cold fog generators in greenhouses
	The exposure of greenhouse workers to deltamethrin and dichlorvos was studied when low-volume misters (LVM) were used for the application of these insecticides. Exposure to deltamethrin was mainly by skin contamination and the level of exposure was low. Exposure to dichlorvos was clearly higher than to deltamethrin both through skin and inhalation. These two insecticides are different from chemical
structure and character dichlorvos being a highly volatile chemical.
Foliar samples were collected at working height (1.5m) by a leaf punch method. Samples were collected at 2, 6-8,16-18, 24, and 40 hrs after application of insecticide. One sample was always collected before spraying in each greenhouse to determine the zero level.
The highest concentrations of deltamethrin on foliar samples were measured about 2-8 hrs after the application. The concentrations rapidly dropped and were about 50% of the highest concentration about 24 hrs after the application.
Dichlorvos concentrations of the foliar samples were much higher than deltamethrin concentrations after spraying. Dichlorvos concentration dropped very rapidly after spraying being about 10% of the highest amount 24 hrs after the application.
	Dissipation time (DT50) for both deltamethrin and dichlorvos was rapid (< 1d). Volatility of the active substance  can be a potential influencing factor for DFR

	16
	Murphy, K.C et al. (1994). The determination of volatile and dislodgeable residues from pesticide-treated turf grass and an assessment of human exposure
	Two insecticides (isazofos and trichlorfon) were applied to ‘Penncross’ creeping bentgrass (Agrostis palustris Huds.) in order to determine levels of dislodgeable and volatile residues. Source flux was estimated using the Theoretical Profile Shape (TPS) Method. The effect of post-application irrigation on residue dissipation was assessed.
Isazofos application was followed immediately by 1.3 cm of irrigation. Two applications of trichlorfon were made; one with 1.3 cm of irrigation immediately after application and one without post-application irrigation. Wind speed, wind direction, surface and air temperature, solar radiation, and rainfall were monitored throughout each two week sampling period. Dislodgeable residue samples were obtained by wiping pesticide-treated turf with a piece of dampened cheesecloth (non-standardised sampling technique). Dislodgeable residue samples were obtained 15 min, 3 and 8 h after application on Day 1, and at 1200 h on subsequent days.
Irrigation reduced dislodgeable residues of isazofos from 3920 μ g/m2 measured at 15 min to 6 μ g/m2 measured 8 h after application. Dislodgeable isazofos residues were non-detectable after Day 3. 
In the absence of irrigation, dislodgeable residues of trichlorfon measured 47570 μ g/m2 immediately after application and declined to 10 μ g/m2 by Day 15 (0.001% of applied trichlorfon). Dislodgeable residues of trichlorfon were reduced from 105660 μ g/m2 measured immediately after application to 182 μ g/m2 measured 3 h after application on Day 1 as a result of post-application irrigation. By Day 15, dislodgeable residues measured 28 μ g/m2 (0.003% of applied trichlorfon).
	Post-application irrigation as a factor influencing DFR. Both pesticides were hardly detectable at day 10 post-application.

	17
	Nigg H.N. et al. Dissipation of foliar dislodgeable residues of bendiocarb following application to azaleas.
	The objective of this study was to obtain sufficient data to describe the dissipation of dislodgeable residue of bendiocarb when applied to glasshouse ornamentals at the highest recommended rate. All sets were sampled just prior to treatment (-0 day); after the treatment spray had dried (+0 day); and 1, 2, 5, 7, 14, 21, 28 and 35 days after treatment. Twenty leaves from each set were clipped with scissors into 8 oz glass jars (one per set) in a random fashion from the front and back half of each plant.
The half-life of the bendiocarb on azalea leaves was 18.3 days (1st order, R = 0.914). Authors stated that conducting this study in a glasshouse and watering the plants only at the base is probably a worst-case situation in that any dislodgeable residues present on the leaves were not subjected to the weathering effects of open field wind, irrigation, and rain, or to normal watering/irrigation in a glasshouse.
	Glasshouse conditions are worst-case while no rain and no wash-off.

	18
	Schipper, H.J et al. (1998) Exposure to pesticides during re-entry activities in greenhouses
	Exposure to pesticides was measured during re-entry activities in cucumber crop. The work activities under investigation were harvesting and bending/tying up. Pesticide (bupirimate) was applied using high- and low-volume techniques. Dislodgeable foliar residues and residues on cucumbers were measured in order to determine a transfer coefficient.
The following questions were in focus:
- Do the assessed surrogate exposure levels for re-entry activities in high vegetable crops differ from the surrogate exposure levels used for re-entry activities in ornamentals?
- What is the relation between the dislodgeable foliar residue and the potential dermal exposure?
- Does the transfer coefficient for re-entry activities differ for cucumber crop compared to ornamental crops?
- Can the model based on the assumption that hand exposure is the most relevant exposure measure, like for re-entry in ornamental crops, also be used for re-entry in high edible crops?
It was decided to take cucumber as the crop, stating that cucumber has very rough hairy, large leaves, differently than pepper (smooth, small leaves) and tomato plants (subdivided leaves). 
The half-life estimated in greenhouse was four days while in another greenhouse  the half-life was only one day. One of the explanations for different dissipation time was different temperature and sunlight (different seasons). No relation was found between application rate and change in DFR, very likely due to the small number of measurements (n=5), and the small differences per variable.
	Leaves structure and seasonal influence (sunlight, temperature) are assumed to influence DFR. Application rate was not considered to influence DFR in this study, very likely due to the small number of measurements.

	19
	Schneider F, et al. (1990). Dermal and urinary monitoring of nectarine harvesters exposed to azinphos-methyl residues in Fresno County California
	The objective of the study was to measure the worker exposure levels during harvesting nectarines in an azinphos-methyl treated orchard.
The dosimeters used for dermal monitoring consisted of a long sleeved 100% cotton knit undershirt, a combined face and neck wipe, and a handwash sample. The urinary monitoring consisted of 24-hour composite voids over 7 consecutive days.
The orchard foliage was also monitored for dislodgeable residues over twelve weeks following application.
The results indicated that a one-day exposure to azinphos-methyl residues on treated foliage can result in a determinable level of urinary metabolite excretion. Future studies for the characterization of the behaviour of azinphos-methyl residues and their fate in the body should include the collection of complete urine samples until no metabolites are detected.
It was concluded that future studies might focus on investigating the potential impact of the dosimeters used on the dermal exposure measured, i.e. single layer of clothing compared to a dosimetry shirt worn beneath normal working clothing.
	The method for calculating the TC from DFR and dermal absorption data was also discussed.

	20
	Schneider F, et al. (1998).Dislodgeable Diazinon Residues from Treated Soil and Turf
	The study was conducted to measure the potential dislodgeable residues of diazinon on surface soil and turf. The California Medfly Eradication Project uses soil drenching to kill medfly larvae that drop into the soil to complete their life cycle. Diazinon is applied via hand-held sprayer and can be delivered by either a hand pump ("Hudson"), gas-powered ("Bean") pressurizing system or CO2 sprayer. The Worker Health and Safety Branch measured the potential dislodgeable residues using the roller method of Ross et al. ( 1991) and the shuffle method of Thompson et al. ( 1984 ). Additionally, six-centimetre diameter core samples were taken of turf and soil. Treatments were watered in after application. Three types of sampling were conducted; the taking of cores using a six centimetre steel cylinder, using a 12-kg roller and a piece of cloth to dislodge residues from the lawn surface and cheesecloth wrapped over shoes was used to shuffle over a one meter square area. Core samples of turf following application averaged 7 ± 5 μg/cm2 for the turf and decreased by almost half the following day. Cores of bare soil were taken only once following application and averaged 7 ± 2 μg/cm2. When using the 12-kg roller to dislodge and transfer residues on grass to the sample cloth results averaged 0.03 l ± 0.022 μg/cm2 and decreased by half the day after application. No sampling of bare soil was performed using the roller. The residues dislodged to the cheesecloth when shuffling over one square meter of grass averaged 180 ± 162 μg/m2 two hours post application and also decreased by half the following day. Soil residues showed a similar drop over a 24 hour period with an average of281 ± 229 μg/m2 dropping to 109 ± 93 μg/m2 24 hours later. The data obtained by the shuffling method on grass was similar to that found in the literature. The process of watering in the diazinon pesticide shows value in reducing the available dislodgeable residues and can reduce exposure to individuals who will be entering the treated area.
	The study was conducted to measure the potential dislodgeable residues of diazinon on surface soil and turf. Very specific sampling techniques and procedures were applied: steel cylinder for soil samples, roller to dislodge residues from the lawn surface and a piece of cloth over the shoes to dislodge the residues from the lawn to the shoes. Residues from lawn decreased by half on the following day. Watering is considered a factor reducing dislodgeable foliar residues.

	21
	Schneider, F.  et al. (1997) Bifenthrin Dislodgeable Foliar Residues Following Reduced-Volume and Conventional Pesticide Applications in Greenhouses
	The objective of the study was to investigate the impact of low volume and high concentration sprays to DFR. Dislodgeable foliar residues of bifenthrin were monitored following three types of low volume pesticide application equipment (coldfogger, air-assisted electrostatic handgun and pulsefogger) used in nursery and greenhouse operations. These applications were compared to a dilute or full coverage spray (hydraulic sprayer). 
	Application technique, spray volume and active substance concentration, canopy density and crop height may have an impact on the DFR.

	22
	Schneider, F.  et al. (1999) Abamectin Dislodgeable Foliar Residues Following Reduced-volume and Conventional Pesticide Applications in a Greenhouse.
	Dislodgeable foliar residues (DFR) of abamectin were monitored following a low volume air-assisted electrostatic spray (ES) application. This application was compared with DFR monitoring of a conventional full coverage spray applied with a high volume of water. Applications were conducted in one greenhouse raising gerbera flowers for floral use. DFR sampling was conducted according to established procedures  (leaf punch collection). Both applications yielded very low foliar residues. Half-life data for the two applications was similar at 1.5 days.
Lower residues for the low volume application may be attributed to 60% less abamectin applied over the treatment area and poor penetration of the dense plant foliage using the low volume technology. Foliar residues using low volume technology were considerably less than conventional residues. In this study the conventional application applied as a full coverage spray to just before material runoff on leaves yielded higher dislodgeable foliar residues in the dense basal tufted leaves of the gerbera plant. 
	Droplet size and droplet dispersion depend upon the application technique. Also density of canopy is factor which influence the amount of residues as deposit on leaves

	23
	Snyder, R.H. et al. (1999). Dislodgeable residues of fenamiphos applied to turfgrass and implications for golfer exposure
	A study was conducted to determine the dislodgeability of organophosphate and phenoxy-type pesticides applied to turf grass and to assess the risk of exposure to those pesticides by dermal and incidental ingestion pathways. Dislodgeability was determined using damp cotton fabric, damp leather, golf balls, golf grips, golf club head, and damp cheesecloth following application, irrigation (when appropriate), and through a 24 h period after application. Isazofos, chlorpyrifos, and fenamiphos were applied to bermudagrass (Cynodon dactylon L. xc. transvaalensis). 2,4 - 0 and Dicamba were applied to both bermudagrass and bermudagrass overseeded with Poa trivialis.
Dislodgeable residues of isazofos, chlorpyrifos, and fenamiphos decreased with irrigation and time. Residues of 2,4 - 0 and dicamba did not decrease until 24 h after application following irrigation. No differences were found in dislodgeable residues of 2,4 - D and dicamba between overseeded and non-overseeded bermudagrass.
	Reductions of dislodgeable residues were recorded following irrigation and rainfall. Also, potential absorption is considered to be an influencing factor, much more than photo degradation and volatilization (for non-readily volatilising substances).

	24
	Sundaram, K.M.S. et al. (1997). Effect of additives in the neem formulations on deposition, volatilization spruce foliage.
	Foliar deposits, volatilization and persistence of azadirachtin-A were investigated after application of four spray mixes prepared from a wettable powder (WP) and three emulsifiable concentrate (EC) formulations of neem. They were applied at the dosage rate of 50 g AI in 4 L/ha onto potted spruce seedlings in a laboratory spray chamber. Droplet-size spectra and deposits were assessed. Foliar residues [dislodgeable residues (DR), penetrated residues (PR) and total residues (TR)] and their volatilization were measured up to 60 h after treatment. Differences in the droplet-size spectra and deposit levels were observed among the four spray mixes due to the influence of additives present in them. Dissipation half-lives (DT50) of the DR, PR and TR in the foliage were low (range, 19.5 to 38.9 h) and varied according to the residue type and the spray mix used. The DT50 values of the DR were consistently lower (range, 19.5 to 31.9 h) than those of the PR (range, 30.5 to 38.9 h) due to preferential loss of the surface residues. 
	Assumption that persistence, dissipation and fate of a sprayed insecticide on foliage is governed by a number of physicochemical and metabolic factors such as volatilization, rain-washing, wind erosion, droplet abrasion, hydrolysis and photolysis of the surface or dislodgeable residues (DR), and enzymatic degradation of the penetrated residues. Also, the target surface and the properties of the droplets are seen as potential influencing factor.  It is known that formulation additives (carriers, surfactants, efficacy improvers, etc.) in spray-mixes considerably influence the solubility, deposition, surface retention and penetration of the active ingredient (AI)

	25
	Sundaram, K.M.S. (1997). Influence of dislodgeable and penetrated residues on volatilization, codistillation and persistence of mexacarbate in balsam fir foliage
	Five spray mixes of mexacarbate were prepared using different inert ingredients. Among the mixes, ZE-DIL was oil-based, ZE-EML-114 and ZE-EML-3409 were emulsions, ZE-WPW was a wettable powder in water, and ZE-FL-W was a flowable in water. The mixes were sprayed over potted balsam fir seedlings in a laboratory chamber and foliar residues were analysed. The results showed that the ratios of the initial dislodgeable to penetrated residues were low for ZE-DIL, ZE-EML-114 and ZE-EML-3409, but were high for ZE-WP-W and ZE-FL-W. The latter two spray mixes contained mexacarbate in the particulate form and contributed to greater surface residues than those of the former three spray mixes which contained mexacarbate in the solution or emulsion form. Foliar residues declined rapidly during 0 to 3 d post-spray, with half-lives (DT50) ranging from 0.84 to 1.73 d. The rate of decline was slow from 3 to 20 d post-spray and the DT50 values ranged from 2.49 to 4.65 d. Mexacarbate volatilized and codistilled appreciably within 24 h. Volatilization occurred more from dislodgeable residues than from penetrated ones, whereas codistillation occurred from both dislodgeable and penetrated residues. The penetrated residues of ZE-WP-W and ZE-FL-W volatilized less than those of ZE-DIL, ZEEML- 114 and ZE-EML-3409. This behaviour was due to the presence of mexacarbate in the particulate form in the former two spray mixes, as opposed to its presence as a solution or as an emulsion in the latter three spray mixes.
	Form of the a.s. particles in formulation (particulate versus emulsion or solution) is assumed to influence the absorption and amount on foliage. 
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	Welsh A.M et al, (2000). Dislodgeable Foliar Residues Following Reduced-Volume and Conventional Myclobutanil Application on Grapes
	The objective of the study was to assess the effects of air-assisted, reduced-volume, electrostatic spray technology and air-assisted, high-volume, conventional application on DFR of myclobutanil applied to commercial vineyards.
Reduced-volume, high concentration sprays use smaller droplets than high-volume systems and may improve pest control efficacy. They may also produce higher dislodgeable residues and potentially increase worker exposure to pesticides. To examine these potential increases, myclobutanil fungicide was applied in 1996 and 1997 onto five commercial wine vineyard sites using conventional, high-volume (80 - 100 gal/acre), and air-assisted, electrostatic, reduced volume (8 - 10 gal/acre) spraying systems. The conventional application was made at full rate (4 ounces/acre) whereas the electrostatic application was made at half rate (2 ounces/acre) and full rate (4 ounces/acre). The study evaluated initial deposition and foliar residue dissipation. Dislodgeable foliar residue (DFR) was monitored in two vine locations: inside the canopy around the clusters, and outside the perimeter of the canopy.  When results were averaged for inside and outside the canopy and for all sites, they showed that the air-assisted, electrostatic, reduced-volume full rate (EFR) resulted in the highest foliar deposition, followed by the conventional, high-volume full rate (CFR). CFR attained 68% of the EFR deposition. The electrostatic, reduced-volume half rate (EHR) gave the lowest foliar deposition and was equivalent to half the EFR deposition. It also achieved approximately 70% of the deposition obtained with CFR. Initial deposition outside the canopy with EFR was twice the deposition obtained with CFR and EHR. Inside the canopy, both EFR and CFR gave similar deposition, and EHR was half of the EFR and CFR deposition. Nevertheless, statistical results were not significantly different. Pesticide deposition is also affected by canopy density such that pesticide deposition resulted in approximately half the amount that for a site with a canopy density twice the size of another vineyard. The application method had no effect on pesticide dissipation rate. However, canopy location had a significant effect, indicating shorter decay on the outside grape foliage, and slow pesticide degradation inside the canopy.
	Assumption that the application technique may have some influence on amount of foliar deposition. Additionally, density of the canopy influences pesticides deposition.




Short description of publicly available DFR studies and potential parameters influencing DFR from BROWSE citations
	Nr.
	Article
	Description of the study
	Information on potential parameters influencing DFR

	1
	Schneider, F et al. (2002). Pesticide Exposure of Workers in Greenhouses
	Study of worker exposure to pesticide residues in greenhouses was conducted. Workers exposure was monitored while performing cultural tasks such as harvesting or disbudding of carnation flowers or roses. The study estimated exposure by taking measurements of pesticides in the workers breathing zone and using dermal dosimetry including clothing dosimeters (t-shirts, socks), hand wipes and face/neck wipes. Exposure samples and dislodgeable foliar residue (DFR) sampling was conducted for the pesticides myclobutanil, diazinon and malathion in carnations and for diazinon in roses. Foliar residues were collected and compared to the residues found on the dermal dosimetry. Mean daily dermal exposure measurements ranged from 0.9 mg to 1.8 mg for carnations treated with myclobutanil at an average DFR level of 0.31 ± 0.04 μg/cm2 for five monitoring days. Diazinon dermal exposure levels ranged from 0.2 mg to 2.0 mg with an average DFR level of 0.06 ± 0.04 μg/cm2 for four monitoring days in carnations. Malathion dermal exposures in carnations were measured over two days with means of 1.2 mg and 3.2 mg at DFR levels of 0.3 and 0.6 μg/cm2. For the diazinon monitoring in roses, DFR results were an order of magnitude lower than in carnations at 0.005 μg/cm2. Corresponding dermal exposure measurements were also lower at 0.07 mg to 0.1 mg. The highest daily potential inhalation exposure was 50 μg/day found during exposure to malathion, median levels were around 2 μg/day. Potential dermal exposure levels correlated with the amount of dislodgeable foliar residues found on the leaves. Higher dermal exposure measurements corresponded with the increase measured in DFR.
	No specific elaboration of DFR measurements or potential parameters influencing DFR is elaborated in the study, as this was not the focus of the investigation.  

The study has been considered in the analysis conducted within BROWSE in relation to the transfer coefficient data for harvesting of ornamentals (WP2 Final Report; Table III-3 Summary of studies with transfer coefficient data for harvesting of ornamentals)

	2
	Spencer et al. (1993). Dermal and urinary monitoring of peach and apple harvesters exposed to organophosphate residues in Sutter, Stanislaus and Madera Counties
	This paper summarizes two years' exposure of peach and apple harvesters to azinphos-methyl and phosmet as measured by dermal monitoring and excretion of urinary dimethyl phosphate metabolites. The study was conducted to characterize tree fruit harvester exposure to organophosphate insecticides and to investigate urinary metabolite excretion as an exposure modelling strategy. Blood cholinesterase monitoring was also conducted.
DFR samples were collected according to the method of Gunther et al (1973), at least 30 days post-application. In addition to the DFR samples taken long time after the application, six orchards were sampled several times in the first week post-application, then weekly for 7-11 weeks, to allow characterization of azinphos-methyl decay and estimation of half-life. 
Azinphos-methyl DFR at harvesting were all well below 1 μg/cm2, while they were much higher for phosmet (1.31 to 2.48 µg/cm2). From the six orchards monitored to characterize azinphos-methyl decay, the estimated half-lives ranged from 18.5 - 43 days, which is in line with other results on azimphos-methyl  stone fruits  (mean half-life of 23 + 14 days (n=18) (Maddy et al., 1982; Maddy et al., 1984; Maddy et al., 1986; Schneider et al., 1990; Spencer et al., 1988; Spencer et al., 1989)).
	No specific elaboration of DFR measurements or potential parameters influencing DFR is elaborated in the study, as this was not the focus of the investigation.  

The study has been considered in the analysis conducted within BROWSE in relation to the transfer coefficient data for harvesting of orchard fruits (WP2 Final Report; Table III-1 Summary of studies with transfer coefficient data for harvesting of orchard fruit)
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