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Abstract: Data relating to the rate at which pesticide active substances dissipate on or within various
plant matrices are important for a range of different risk assessments; however, despite the importance
of this data, dissipation rates are not included in the most common online data resources. Databases
have been collated in the past, but these tend not to be maintained or regularly updated. The purpose
of the exercise described herein was to collate a new database in a format compatible with the main
online pesticide database resource (the Pesticide Properties Database, PPDB), to validate this database
in line with the Pesticide Properties Database protocols and thus ensure that the data is maintained
and updated in future. Data was collated using a systematic review approach using several scientific
databases. Collated literature was subjected to a quality assessment, and then data was extracted into
an MS Excel spreadsheet. The outcome of the study is a database based on data collated from 1390
published articles covering over 400 pesticides and over 200 crops across a wide variety of different
matrices (leaves, fruits, seeds etc.) for pesticide residues on the crop surface, as well as residues
absorbed within the plant material. This data is now fully incorporated into the PPDB.

Data Set: available as a supplementary file: “Plant dissipation data August 2017.xIxs”, http://www.
mdpi.com/2306-5729/2/3/28/s1.

Data Set License: This data set was made available under a CC-BY license.

Keywords: pesticide dissipation; risk assessment; environmental fate

1. Summary

Data relating to the rate at which pesticide active substances dissipate or decay on or within
various plant matrices (e.g., leaves, stems, seeds, fruits) are important for a range of different risk
assessments. For example, dissipation rates can be used to determine when workers can safely re-enter
fields and glasshouses following a pesticide application [1], and may also be used to estimate the
potential exposure of individuals who may come in contact with, for example, sprayed sports turf or
golf greens [2,3]. Dissipation rates also have application in consumer safety. For example, these values
are used in calculations for predicting residue concentrations in harvested produce and for determining
the time interval needed between crop spraying and harvesting or potential processing/consumption
in order to minimise residue concentrations [4,5]. Dissipation rates also have value when considering
the potential risk to non-target and beneficial organisms (e.g., pollinators) that may forage or otherwise
come in contact with a pesticide treated plant, as well as informing on how long the chemical is likely
to offer satisfactory pest control before it decays [6-8]. As a consequence, plant matrix half-lives are
often an important input parameter into various risk assessment models [9-12].
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In this context, dissipation rate is defined as the rate at which the pesticide active substance
disappears from the part of the plant measured due to the combined effects of different processes
including volatilisation, hydrolysis, photolysis, chemical and microbial degradation etc. Dissipation
rates are often determined using field studies, and they are usually expressed as the pesticide half-life
(RLsp); the half-life being defined as the time required for the pesticide residue level to fall to half of the
initial concentration directly after application. Data tends to be highly variable, depending not just on
the physicochemical behaviour of the active substance, but also on the type of plant matrix, its texture
(e.g., presence of waxes or surface hairs), the overall plant architecture (e.g., leaf shape, fruiting habits),
and if the dissipation rate is measured on the crop surface or if it has been absorbed into its flesh [13,14].
For any given active substance product, formulations can vary considerably, and may contain various
additives that can affect how the pesticide behaves on the plant. Whether or not these additives affect
residue behaviour is largely unknown, but is part of new research being undertaken both in industry
and at various research institutes. In addition, climatic factors (e.g., air temperature, humidity, sunlight
intensity) and environmental conditions under which the crop/plant has been grown or stored will
also influence dissipation rates [15,16].

Despite the fact that the importance of this type of data for risk assessments has been evident for
many years, the data is not routinely reported in any of the main reference sources [17-20], nor is it
normally part of the data package reported and used to support the regulatory authorisation process
undertaken by the European Commission, US EPA or many other regulatory bodies in the developed
world where there are comprehensive and sophisticated risk assessment processes in place. Indeed,
up until the late 2000s, data was sparse, and for many applications it was estimated from the soil
half-life or via vegetation models; approaches that would undoubtedly have had implications for the
study outcomes [21,22]. Although there is now a considerable number of published studies available,
and the number is increasing year on year, the data is still problematic to identify; the main issue being
the amount of time needed to source the data, which is scattered within published scientific literature,
and subsequently understand its variability and parameter sensitivity such that the most appropriate
value can be used.

There have been useful attempts to collate dissipation rate data from literature in the past and to
publish the collated data set. For example, Willis and McDowell [23] created a data set of dissipation
rates for 79 different pesticide substances on plant leaves in 1987, Katagi [24] reported data for
65 pesticides on a variety of matrices in 2004 and, Fantke and Juraske [15] collated a much larger data
set of 346 pesticides, again on a range of plant matrices using 811 published studies in 2013. All of these
data sets, particularly the latter one, have been hugely valuable to the risk assessment community,
but the value of these data, and indeed other risk assessment data, is time-limited. Each year, a number
of new active substances are released onto the global market, whilst others are removed by regulatory
processes or for commercial reasons. In addition, new research is published continually that adds to
the knowledge base and provides the opportunity to better understand the data and its variability.
Therefore, if a data set is to remain valuable and actively used, it is important that it is regularly
updated, maintained and managed. There is also a need for it to be made easily accessible, preferably
alongside other related data. This has not happened as well as it might with the data sets cited above.

The Pesticide Properties Database—PPDB [18]—is an online resource of pesticide data relating to
its chemical identification, physicochemical characteristics, metabolism, environmental fate, human
and ecological toxicity and regulatory status. Whilst the PPDB is widely used for a variety of
applications, its primary purpose is to support risk assessments. This database is now used extensively
throughout the world, with typically 3000-5000 page loads of information being downloaded
daily. It is externally peer reviewed, endorsed by the International Union of Pure and Applied
Chemistry (IUPAC), and promoted by several major organisations including the Food and Agriculture
Organization (FAO). It is managed and maintained on an ongoing basis according to prescribed
protocols. The PPDB is free of charge and free of advertising at the point of online user access. It is also



Data 2017, 2, 28 30f8

available, under license, as an off-line MS Access or MS Excel file, and so can be linked directly to
mathematical models and decision-support systems [18].

Prior to this work being conducted and despite its extensive scope, the PPDB did not contain
data relating to dissipation rates on or in plant matrices, and so the aim of this study was to create a
data set to plug this gap with peer-reviewed literature, building on the work of others—particularly
that of Fantke and Juraske [15]—and using these earlier data sets to help verify the newly collated
data. The new data set would then be incorporated into the PPDB and so become subject to the
PPDB’s continuous updating and management programme. The data set presented in this manuscript
provides the data collated to date. This data has now been incorporated into the PPDB, and new data
will be added as and when it is identified. Thus, the data is now easily accessible to the PPDB’s global
user base for use in risk assessments and pesticide environmental fate studies.

2. Data Description

The data set as presented herein has a very simple structure. It consists of a single MS Excel
file comprised of 14 parameters as shown in Table 1. The data includes three parameters to aid
correct chemical identification (common name, chemical name and CAS RN). Two parameters are used
to describe the crop/plant (common name and scientific name, including any other distinguishing
information, such as the variety or cultivar where this is known) and a further two parameters
describing the matrix type (skin, leaves, fruit etc.) and whether dissipation rates were measured on the
matrix surface or as a total residue (i.e., on and in the matrix). There are also two values that may be
used to help identify the conditions under which the plant/crop was grown. The first is the country in
which the study was undertaken, and for most instances, this is a country where production/occurrence
of the crop/plant is common. The second describes whether the study was undertaken in the open
field, undercover, or under particular conditions (e.g., cold storage, flood irrigation). Dissipation
rates are reported as arithmetic mean for the pesticide-plant-matrix combination as reported in the
published literature. However, in some incidences, whilst sufficient data has been provided within an
article to calculate half-lives, only the temporal variation in pesticide concentration within or on the
matrix has been reported. In these cases, half-lives have been determined via first-order kinetics using
Equations (1) and (2) [15,25].

Ci=Cpe ™™ (1)

RL50 =In 2/1( (2)

where C; represents the concentration of pesticide at time t, Cy represents the initial concentration and
k is the pesticide dissipation rate constant in days. The half-life (RLs) is then determined from the
k value for each experiment.

Where the article reports more than one experiment on the same pesticide-plant-matrix
combination, the data range across experiments is reported. This approach is in contrast to that
of Fantke & Juraske [15], who report experimental RLsy values for each separate experiment/data
point, but was adopted to enable the data to be readily incorporated into the structure of the PPDB
and to better facilitate direct access of the data by models and decision support systems that tend to
require just a single value for each parameter.
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Table 1. Description of the data set variables.

Parameter

Description

Pesticide common name

The name by which the pesticide active substance is commonly known. Data in
this column are listed alphabetically.

Pesticide chemical name

Chemical name of the pesticide using the Chemical Abstract Services (CAS)
nomenclature.

CAS registry number

The Chemical Abstract Services' unique identifying number (RN) assigned to
the pesticide.

Plant

Common name of the plant/crop the data relates to.

Plant scientific name

Scientific name including cultivar or variety where known

Matrix The part of the plant tested.
Whether the residue was measured on (O—as a surface residue) on in (I—as
On/In . .
total residue in and on) the sample.
Country The country (and in some instances region) where the study was undertaken.
Whether the study was undertaken in the open field (F), undercover (U) or
Study conditions under special conditions (X). In the latter case the data is accompanied by short
qualifying text.
. Minimum experimental value for the plant dissipation rate expressed as the
Min DT50 (days) half-life (RLsp) in days.
Maximum experimental value for the plant dissipation rate expressed as the
Max DT50 (days) half-life (RLsp) in days.

Arithmetic mean experimental value for the plant dissipation rate expressed as
the half-life (RLsp) in days.

Full bibliographical reference for the publication from which the data
was extracted.

Mean DT50 (days)

Reference

PPDB code Unique identifier linking the record to the PPDB (see User Notes below).

The data set currently contains data for 407 different active substances across 207 different
plants on a wide range of different matrices including leaves, fruits, seeds, root, new shoots etc.,
and was established from 1390 published studies. There are currently over 2200 records for unique
pesticide-plant-matrix combinations. The data set clearly demonstrates the variability of the data,
supporting and further enforcing the conclusions of Fantke & Juraske [15], and the need to carefully
select appropriate data for risk assessment modelling to avoid introducing errors. An example of this
variability can be illustrated with the records available for the pesticide cypermethrin. According to
the PPDB cypermethrin is a pyrethroid insecticide commonly used across the world to control a
broad spectrum of pests such as aphids, caterpillars and damaging beetles on a wide range of crops
including cereals, vegetables, oilseeds, potatoes and top fruit [18]. Figure 1 shows dissipation data for
cypermethrin on the surface of a wide range of plant matrices. The range bars show the spread across
the studies identified in the literature review. Across plants, the half-life on leaves varies between 2.5
and 13.1 days, whereas that on fruit varies 1.9 and 6.1 days.
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Figure 1. Variation in dissipation rate of cypermethrin on various plant matrices.

Figure 2 shows similar data but for the same pesticide in and on the crop matrix. In this instance,
the half-life on leaves varies between 1.8 to 4.8 days, whereas that on fruit varies 1.3 and 11.7 days.
This data is very different from that for soil degradation. According to data within the PPDB
cypermethrin is quite persistent in soil and half-lives are typically 70-200 days range [18], which clearly
illustrates that using soil data as a surrogate for plant matrix data is inappropriate.
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Cabbage: Head
Cauliflower: Curd
Chinese cabbage: Leaves
Cotton: Leaves
Eggplant: Fruit
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Lemon: Fruit
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Figure 2. Variation in dissipation rate of cypermethrin on and in various plant matrices.
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3. Methods

Whilst the methodology adopted for this study was not strictly that of a systematic review, it did
utilise a similar logical and systematic approach, in that it used a predefined plan (the review protocol)
that identified the literature databases to be searched (i.e., Google Scholar, ScienceDirect, Scopus,
American Chemical Society Journals Database) and included a rigorous search protocol to recognise
and obtain all (insofar as this is reasonably possible) relevant peer reviewed published literature
available during the period January 1980 to June 2017. The review protocol also included a number of
criteria that the published study would need to comply with in order for the data to be considered of
sufficient quality to be extracted. The criteria included, for example, evidence that the experimental
approach was scientifically sound, that the experiments had been replicated, and that the statistical
analysis was appropriate to the study. The extracted data also needed to be original and empirical,
i.e., determined by experiments and not modelled or inferred in any way. The reference lists of each
retrieved publication were scanned to identify additional data. If, during the course of the review,
data was identified that had been published earlier than 1980, this was also included, subject to
quality controls. Review articles have primarily been used to identify suitable studies and not for data
extraction. However, in some instances, particularly where the article is old and obtaining a copy was
problematic, data has been used that was quoted in the review article itself. Obviously, this approach
is not ideal, as it is not possible to check the data nor to judge its quality. So the decision to include
data from reviews was based on judgement regarding the value of the data in terms of the amount of
other data available on the pesticide/plant/matrix combination.

Once suitable data had been identified, it was extracted into an MS Excel spreadsheet according
to the structure given in Table 1. Simple software routines were written to assist with data validation
and analysis. This included comparing the data with that in databases created by others (e.g., [15])
and subsequently identifying the cause of data disagreements, as well as checking for typographical
errors and duplicates.

Future updates will be undertaken periodically using the same approach described herein and
added to the PPDB according to its established protocols.

4. User Notes

In the data set provided as a supplementary MS Excel file, a parameter called “PPDB Code” is
provided for each active substance. This is a unique code that links the data in the MS Excel file
with the full data profile for that pesticide in the PPDB. The PPDB profile can be accessed using the
following URL: http://sitem.herts.ac.uk/aeru/ppdb/en/Reports/#.htm after replacing the “#” with
the PPDB Code for that substance. For example, to access the full data set for cypermethrin, use the
URL: http:/ /sitem.herts.ac.uk/aeru/ppdb/en/Reports/197 htm. Alternatively the PPDB homepage
has an A-Z listing, as well as a search function.

Pesticide active substances are often known by many different common names and common
names are often different in different languages. If the pesticide required is not found in the data set,
check again using its CAS RN identifier or via an alias. A list of aliases and CAS RN identifiers for that
substance can be found in the PPDB and the PPDB search function may be useful in this respect.

Within the online version of the PPDB, for each active pesticide substance and for both on and
within the matrix, the mean value across plants and matrices is reported together with descriptive text
describing the data variability. The full data set, as given in this article’s supplementary file, is available
in the MS Access and MS excel versions of the database.

Note that data relating to processed products, for example wine or “made tea”, have not been
included within this data set, but may be in those created by others.

Data amendments and updates will, in future, be added directly to the PPDB.

Supplementary Materials: The data set is available as a supplementary file: “Plant dissipation data August
2017.xIxs”, http:/ /www.mdpi.com /2306-5729/2/3/28/s1.
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The following abbreviations are used in this manuscript:

CASRN Chemical Abstract Service Registry Number

RLs5q Half-life (also known as Residual Lifetime) of the pesticide on the specified plant matrix
FAO Food and Agriculture Organisation

IUPAC International Union of Pure and Applied Chemistry

PPDB Pesticide Properties Database

US EPA United States Environmental Protection Agency
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