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Abstract: Pesticides have a vital contribution to the agricultural industry in Australia. However,
pesticide applications may not always selective to its target organism. Exposure to pesticide has
been associated with negative impacts to human health. One of the ways to reduce pesticide risk to
the population and the environment is through government regulations. To put Australia pesticide
regulations into perspective, comparisons were made between Australia and other nation’s
pesticides regulations. The EU pesticide regulatory system was chosen for comparison with the
Australian’s in the aspect of protecting the population from pesticide exposure. The comparison
showed that the assessment to authorize a pesticide in Australia is based on the risk while in the
EU, the assessment is based on the hazard of the pesticide. A registered active substance in Australia
can be authorized for use indefinitely unless it is nominated for reconsideration while the period of
registration of an active substance in the EU lasts for 10 years. In addition, no routine systematic
chemical residue surveys are conducted in Australia for food commodities. The results highlight
areas for improvement in the Australian pesticide regulatory system from the perspective of
controlling undue exposure among the general population.

Keywords: pesticide regulation; pesticide exposure; pesticide policy; non-occupational pesticide
exposure; human health; pesticide pollution

1. Introduction

Australia has a well-developed agricultural industry with agricultural land taking up 2% of the
total land area (384 million hectares) (for the financial year 2018-19) [1]. There is no public record of
the volume of pesticides used in Australia. However, it was reported that A$20.6 billion worth of
crops yielded from the usage of agricultural pesticides, which is 73% of the total value of crops
produced in that year in 2015-16 [2].

The use of pesticide is essential in protecting food supply as managing pests and undesirable
organism in agricultural scenes increases yields and quality in food production [3]. In the 19th
century, an attack of unfamiliar fungus on potatoes in Ireland resulted in famine with one million
people died of starvation [4]. The use of pesticides also increases efficiency in crop production. This,
in turn, leads to food price reduction [3]. Pesticide applications too had contributed in controlling
vector-borne diseases, such as malaria in some part of the world. The widespread use of an
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organochlorine insecticide DDT (now banned), in the WHO Global Malaria Eradication Program,
resulted in eradicating malaria in Europe, North America, the Caribbean, parts of Asia, and South-
Central America in 1955 [5].

There is no denying that pesticide toxicity may not always be selective to its target organism
despite the abovementioned benefits. The negative impacts have been observed in humans, animals
and the environment. [6-9]. Humans can get exposed to pesticides through occupational route [10-
13], indoor exposure via domestic use [14-16], dietary exposure [17-20] and the environment [21-23].
Pesticide exposure has been associated to several acute and chronic health effects along with multiple
health conditions (reviewed in Koureas et al. [24] and Reiss et al. [25]). Therefore, there should be
controls in place so that the benefits and risks are balanced out, as much as how much pesticides are
vital in our lives.

Having controls on the availability, access and use of pesticides can be one of the means to
reduce the risks to the population and the environment. The government may restrict the public
exposure to pesticides through regulations of several elements, including but not limited to, pesticide
approval, labelling, application rates and procedures, post-application harvesting delays, storage and
waste disposal. As an example, there was a voluntary elimination of chlorpyrifos (CPF) use at home
in the year 2000 when the Food Quality Protection (FQPA) Act signed into law [26]. It was suggested
in several studies that even before the complete phase-out of CPF in 2005 [27], the reduction of the
use of this pesticide was already observed [14,28,29]. Accordingly, 2006 and 2007 pesticide industry
market estimates reported that there was a reduction of 3-5 million pounds of CPF use in the year
2007 for all market sector (not just agriculture and domestic) from 2001 as reported by US EPA [30].
The elimination of CPF domestic use had also suspected to be the cause of the 5-fold decrease of
CPF levels in indoor air from homes monitored in 2004 (3 or 4 years of CPF residential ban) than in
2001 in New York [15]. The exposure of pregnant women to CPF in New York had also decreased
attributed to the elimination of CPF residential use [16]. This was assessed by the biomarker of
exposure measurement in urine, meconium and maternal and cord blood [16]. In the US too, the
median level of dialkylphosphorus (DAP) metabolites has decreased by more than half which may
imply the decline of human exposure to organophosphorus insecticides since the implementation of
the Food Quality Protection Act (FQPA) [31]. In another example in South Korea, herbicide paraquat
re-registration cancellation in 2011 has reduced total DALYs (disability-adjusted life-years) due to
acute poisoning and intentional poisoning [32]. DALY is a measure of the burden of disease where
one DALY represents “the loss of one year of life lived in full health” [33]. While in Israel, regulations
restricting agricultural use of organophosphorus (OP) insecticides have been demonstrated to have
reduced urinary DAP metabolites between the year 2012 and 2016 among urban pregnant women
and their infants [34].

To date, the legislation to control pesticide use is not harmonized worldwide. Regulations can
be different from one country to another in various aspects such as the decision to ban a pesticide
and the permissible maximum pesticide residue level in food and feed. This is mainly because the
assessment of a pesticide by regulatory authority bodies in different countries differs markedly. For
example, Australian Pesticides and Veterinary Medicines Authority (APVMA) reported in
Chlorpyrifos Toxicology Supplementary Report that “there is no evidence to indicate potential
neurodevelopment effects reported in some studies to occur at or below doses that inhibit
acetylcholinesterase (AChE) activity” [35] while US EPA concluded that “there are
neurodevelopmental effects occurring at chlorpyrifos exposure levels below that required for AChE
inhibition.” [36]. In addition, the maximum residue levels of pesticide on food sold in a country may
be lower or higher in another country [37].

As such, there is no “gold standard” of pesticide policy and regulations. To put Australia
pesticide regulations into perspective, comparisons can be made between Australia and other
nation’s pesticides regulations. US and EU were once called as the “green giants” because both were
the leaders in enacting legislation to control pollution and in promoting agreements in international
level to diminish human development impact to on the environment [38]. Moreover, the US and EU
are both among the largest global importer and exporter in 2018 [39] and among the largest
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agricultural producers in the world [40]. Hence, the US and EU standards are highly likely to be
relevant for the rest of the world [41].

In the EU, pesticide approval, restriction and cancellations are in accordance with Regulation
1107/2009. The basis of Regulation of 1107/2009 is to “ensure that industry demonstrates that
substances or products produced or placed on the market do not have any harmful effect on the
human or animal health or any unacceptable effects on the environment” (Regulation 1107/2009).
This means that the industry must demonstrate that the substances or products can be applied/used
without giving harm to humans, animals and the surrounding environment. In addition, the EU also
put a clear ban in approving and use of pesticides that are categorized as carcinogenic, mutagenic,
reproductive toxic, and endocrine disruptor to humans unless the effects are considered negligible
[42]. These may be the reason that the EU is said to have the most stringent pesticide regulations
globally [43].In contrast with the EU, the application to get pesticides approved in the US only
requires the applicants to show that using the pesticide according to specifications “will not generally
cause unreasonable adverse effects on the environment” [44]. “Unreasonable adverse effects on the
environment” is partially defined as “any reasonable risk to man or the environment, taking into
account the economic, social, and environmental costs and benefits of the use of any pesticide” [44].
The US EPA’s activities are also subject to heavy political influence as the leadership is appointed by
the Federal Government. The current US EPA administration has recently reversed the plan to ban
chlorpyrifos despite backlash from the scientific community [45]. This example demonstrates that the
US system allows for the regulatory decisions to be made to suit current politics rather than to be
solely based on scientific evidence [46,47]. With all these points highlighted for both the US and EU,
the latter was chosen to compare with the Australian pesticide regulations.

The objective of this paper is to conduct a comparison between the Australian and the European
regulatory systems. The elements that will be compared are 1) pesticide approval, 2) pesticide
renewal and 3) pesticide residue in food and commodities. The elements of the regulation process
that are covered are related directly to the protection of the public (the end-user) from undue
pesticide exposure through legislative instruments. Frameworks for registration, renewal of
registration and permissible pesticide residue levels in food in both Australia and the EU regulations
will be mainly discussed. Occupational health and safety elements will not be covered in this review.

2. Method

The differences between the EU and Australian pesticide regulations will be examined through
the information available in the official websites of each regulatory authority (Table 1), NGOs
websites and peer-reviewed articles. All articles and information reviewed and included in this paper
are in the English language.
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Table 1. Sources obtained from the official regulatory authority websites of Australian and the
European Union.

Information Source of information Date Accessed
All information on APVMA and Australia
pesticide regulatory system are obtained
from:
1.  Australian Pesticides and Veterinary
Medicines Authority (APVMA) from:

https://apvma.gov.au/_
2. Federal Register of Legislation from The information was accessed in
Australia vesticides https://www.legislation.gov.au/ February 2018 until October 2020.
P 3. Food Standards Australia and New The exact date of the webpages
regulatory system s o . .
Zealand from visited is provided in the references
https://www.foodstandards.gov.au/Pages/ list.
default.aspx

4. National Residue Survey from_
https://www.agriculture.gov.au/ag-farm-
food//food/nrs
The list of the webpages visited are also
provided in the reference list.

Information on EU pesticide regulatory
system are obtained from:
5. EU law from https://eur-
lex.europa.eu/homepage.html?locale=en
6.  European Food Safety Authority

EU pesticides regulatory from http://www.efsa.europa.eu/

system 7. European Chemicals Agency from
https://echa.europa.eu/

8.  European Commission from

https://ec.europa.eu/food/plant/pesticides
en

The information was accessed in
February 2018 until October 2020.
The exact date of the webpages
visited is provided in the references
list.

It is also worth mentioning that Australian regulations and guidelines use the term “active
constituent” while the EU uses “active substance” for the active component that primarily against
pests/plant disease. These two terms are used interchangeably in this article. The term “pesticides”
is also not used in both the EU and Australian regulations. Australia uses the term “agvet chemical”
while the EU categorizes pesticides into plant protection products (PPP) and biocidal products (BP).

3. Australia Pesticides Regulatory Framework

Section 6 of the Agricultural and Veterinary Chemicals (Administration) Act 1992 [48] states that
the regulation of agricultural chemicals and veterinary medicines (known also as agvet chemicals) in
Australia is administered by the APVMA under the regulatory framework referred to as the National
Registration Scheme. The regulation shares the responsibility between the Commonwealth and the
states and territories under the portfolio of Minister for Agriculture [49]. APVMA has the
responsibility to oversee applications, regulations, permits, licenses, chemical reviews, taking on
enforcement and conformance activities, and import and export of agvet chemical products according
to the agvet code [49]. Once the product is sold, the participating states and territories should oversee
the control of the chemical use [50]. Australian pesticide regulatory system comprises of agvet code
administration, APVMA establishment as a regulatory body to regulate agvet chemicals, APVMA
roles, agvet code regulations, prosecution, collection of levy and prescription of functions in relation
to Director of Public Prosecution of the Commonwealth (Table 2). There are also legislative
instruments to support the Agvet Code Act [51].

For states and territories, there may be one or more agencies responsible for overseeing the after
retail use of pesticides [52]. Some of the activities regulated by states and territories are enforcing
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condition of use (according to the label approved), monitoring residue, licensing applications, and
record-keeping related activities. To differentiate the federal and states and territories roles, APVMA
assesses, registers and develops condition for use and does enforcement and compliance activities
under the legislation in Table 2. On the other hand, agencies of states and territories control agvet
product use through acts, regulations, codes of practice, guideline and standard operating
procedures [52].

Table 2. Legislation of Australian Pesticide Regulations [51].

Legislation Purpose
To establish that APVMA the responsible authority to

Agricultural and Veterinary Chemicals regulate agvet chemicals up until the point of sale.

(Administration) Act 1992

Agricultural and Veterinary Chemicals Act 1994 To allow agvet code to take effect.

Provide detail of APVMA roles that enabled APVMA
to evaluate, approve, authorize, renew active
constituent and chemical products. Furthermore, this
act allowing APVMA to issue permit and license to
manufacture chemical products.

Agricultural and Veterinary Chemicals Code Act
1994

To enable the collection of levy agvet chemicals

Agricultural and Veterinary Chemical Products
product.

(Collection of Levy) Act 1994

Provision of controlled chemicals in Schedule 1,
information for APVMA to include in the annual

Agricultural and Veterinary Chemicals o . . .
report, the prohibition to import certain active

Administrati Regulati 1995
Cluigetatlonit el tiuns constituent and chemical products, and others.

Prescribed function of Director of Public Prosecutions

Agricultural and Veterinary Chemicals Regulations of the Commonwealth.

1999

Prescribed matters related to the Agricultural and

Agricultural and Veterinary Chemicals Code Vil @hemneh Qaile At T2,

Regulations 1995

Agricultural and Veterinary Chemical Products

P i h f levy.
(Collection of Levy) Regulations 1995 rescribed the rate of levy

It is also noteworthy that the agvet chemicals regulatory framework in Australia is currently
undergoing a comprehensive review by an independent panel of experts (experts in regulation,
agricultural production, veterinary medicine and human health) at the time that this article is written
[53]. In September 2019, the then Minister of Agriculture, Bridget McKenzie announced that the
appointed panel is doing a review on the structure, aim and operation of the agvet chemical
regulatory framework. The review will also include recommendations to ensure the regulatory
framework is “contemporary, fit for purpose and reduced unnecessary red tape”. The elected panel
is currently requesting feedback from the public.

3.1. Registration and assessment of pesticide in Australia

Fundamentally, the basis of Australian pesticide regulation is that no agvet product can be sold,
supplied or used in Australia before being registered by the APVMA unless exempted [54]. The active
constituents of the new product must be first approved or exempted from registration. A “registered
product” means that it can be sold, supplied and used safely according to the directions on the label.
This means that if a new product has a new active constituent which has not been approved before,
the applicant must place two applications: 1) approval of a new active constituent; 2) registration of
the new product. The process of approval of a new active constituent is similar to the process to
register a new product but with two additional criteria to be met other than safety criteria. These two
extra criteria are trade and efficiency.
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The applicant first must lodge the application for both the approval of an active constituent and
the registration of a new product online. Within one month, APVMA must complete the preliminary
assessment. If the preliminary assessment passed, the applicant will be notified by APVMA that the
application will be evaluated under Section 14 of the Agricultural and Veterinary Chemicals Code
Act 1994 [55]. APVMA then must publish a notice in the Gazette (or anywhere appropriate such as
APVMA website) engaging anyone (the public) to provide written comments whether to approve the
active constituent or whether to register the product with sound justification within at least 28 days
(Section 12 and 13 of Agricultural and Veterinary Chemicals Code Act 1994) [55]. Public comments
are assessed by APVMA but there is no evidence shown that the public comments have any influence
in the decision-making process.

The data required for the applicant to submit during registration and authorization of active
constituent are listed on the APVMA website [56]. Some of the data that are relevant to register a new
active constituent or a new product are chemistry, toxicology, residues, occupational health and
safety, environment, overseas trade, pesticide efficacy and crop safety general guideline and special
data of products of gene technology and nanotechnology. APVMA does the assessment of a new
active constituent by reviewing dossier of toxicological studies conducted and submitted by the
applicants. According to the guideline on toxicology data, applicants may present arguments from
data published in the peer-reviewed scientific journals [57]. The applicant’s studies must be
conducted according to the principle of Good Laboratory Practice (GLP) and other OECD guidelines.
“Toxicology data and/or scientific argument” information is vital so that APVMA could formulate
recommendations including poison scheduling, ADI (acceptable daily intake), acute reference dose,
first aid scheduling and other relevant health recommendations.

The next step in a chemical’s journey to the consumer is “Poisons Scheduling”. The Poisons
Scheduling is a process which it determines the accessibility of the chemicals to the users. It is
conducted under the Scheduling Policy Framework for Medicines and Chemicals [58] and intended
to determine the classification of medicines and chemicals (including agvet chemicals) according to
its potential to cause harm to humans health [59]. For instance, poisons (or chemicals) in Schedule 3
and Schedule 4 listed in the Poisons Scheduling Standard are only be sold by pharmacists or medical,
dental and veterinary practitioners. The Schedules (classifications) determine how a product should
be 1) stored, 2) labelled, 3) disposed, 4) sold, supplied, possessed or used and 5) record keeping (Table
3). The classifications of chemicals particularly are advised and recommended by the Advisory
Committee on Chemicals Schedule (ACCS). The ACCS is a committee comprised of representatives
from each state and territory as well as independent experts in toxicology [60]. The ACCS is
responsible for making recommendations on what schedule a chemical or a product should be
assigned to and at what concentrations. The ACCS bases their recommendations on the review of
toxicological dossier submitted by the applicant. At times, the dossiers may be lacking in relevant
toxicology data because of the lack of research for a particular chemical/agvet chemical (Babina 2019,
pers. comm). Thus, some agvet approved chemicals may not be assigned into any of the schedules.
At the moment, this gap seems to create a possibility that such chemicals can be marketed, including
to the general public, unscheduled and therefore without appropriate warning labels and other
restrictions. This is a significant process gap that creates a potential of undue chemical exposures in
the community and it needs to be addressed in Australia.



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 December 2020

Table 3. Australia scheduling medicine and poisons.

Schedule 1 This schedule is not currently in use
Schedule 2 Pharmacy Medicine
Schedule 3 Pharmacist Only Medicine
Schedule 4 Prescription Only Medicine Or
Prescription Animal Remedy
Schedule 5 Caution
Schedule 6 Poison
Schedule 7 Dangerous Poison
Schedule 8 Controlled Drug
Schedule 9 Prohibited Substance
Schedule 10 Substances of such danger to health
as to warrant prohibition of sale,
supply and use.

3.2. Renewal of registration and chemical review in Australia

In 2014, a bill to remove the requirement for re-approval and re-registration of active
constituents and chemical products in Agricultural and Veterinary Chemicals Code Act 1994 was
passed through the Australian legislative processes and became a law. This was initiated because the
re-approval and re-registration of active constituents and chemical products provisions were said to
be redundant because there is already chemical reconsideration process in place [61]. Originally,
active constituents and chemical products were required to have a periodic examination every 7 to
15 years for the purpose of re-registration [62]. With the passing of the bill, there is no period of
approval of an active substance unless it is cancelled by the APVMA (Agricultural and Veterinary
Chemicals Code Act 1994 s. 47) [55]. The licence holder may apply for the renewal of product
registration every financial year or a period of 5 years. The process of the evaluation of a chemical
product renewal application is not as clear because it is not openly shared with the public as there is
no relevant information on the APVMA website [63]. The renewal process is likely a simple
administrative procedure without any scientific appraisal.

Pesticides may be re-considered/re-evaluated (in chemical reviews) if there is new scientific
information revealed that challenges previously understood risks to human, environment, animal,
the safety of crops and trade [64]. To give an example, the reasons of chlorpyrifos review by the
APVMA (NRA then) were reported to be “a) its very high toxicity to birds; b) water pollution
potential and US restriction imposed to fish, birds, and other wildlife; c) demonstrated potential
adverse effects in users; and d) high potential chronic and moderate potential acute toxicity risk” [65].
These facts were not known when chlorpyrifos was first registered for use in Australia.

To trigger APVMA’s process or reconsideration, a chemical must be firstly nominated for
reconsideration [64]. The nomination may be triggered if another jurisdiction decides to deregister a
chemical or if “a compelling scientific case” challenged the basis of evidence supporting the safe and
effective use of the already approved chemical. Some examples of information that may be
considered for a chemical nomination for reconsideration cited by the APVMA includes a) regulatory
decisions from counterpart authorities in other countries; b) adverse experiences report (which
resulted despite the usage of the chemical according to the label); c) pesticide residue violations cases
(confirmed cases); d) new reliable scientific information (such as from high quality, peer-reviewed
literature or reports from major international jurisdiction and organisations such as WHO); d)
product failure or reduced efficiency report; e) information submitted to the APVMA in compliance
with the existing statutory obligation; f) information obtained by state and territory authorities
related to administration of control-of-use function. APVMA will then assess the available
information and decide if reconsideration is justified for that chemical and the chemical be accepted
into the Chemical Review Program. Once nominated, the chemical will go through a prioritization



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 December 2020

process and then planning and scoping, and then the work plan. The document of the work plan will
include significant dates and deadlines and the scope of the assessment. Next, a Notice of
Reconsideration will be sent to each approval holder and product registrant and this marks the start
of the chemical review process. This is when the actual assessment is initiated. While the whole
process of reconsideration presented in Figure 1 appears linear, it is said to be “a complex iterative
process” in practice [64]. The APVMA may need to collaborate with experts nationally or
internationally at this phase. The result of the assessment will then be compiled and released as a
draft regulatory measure for public consultation. After the period of public consultation is closed, the
APVMA and other agencies involved will assess all comments, data submissions, and
recommendations. Finally, the APVMA will make a regulatory decision whether to: a) maintain the
status quo — the chemical remains as a registered product; b) change, remove or add the label or the
condition of approval or registration or c) cancel or put the chemical on hold pending the approval
or registration.

Scoping and

Prioritization
work plan

Notice of

Assessment Draft Regulatory

Measures

Reconsideration

Figure 1. The reconsideration process of agvet chemical in Australia [64].

Overall, there is no systematic process or duration set for a pesticide (active constituent) to be
reviewed, re-registered and re-approved. Agvet chemicals re-evaluation and review (the
reconsideration process) occurs on an ad-hoc basis because a pesticide can only be reviewed if it was
“nominated” [64]. The independent panel elected to review the Australian agvet chemical regulatory
framework noted that there is no significant dedicated resources or funding for Australian regulator
to hold such periodical reconsideration process unlike in the other countries that has been doing
systematic reconsideration or chemical review process [66]. The process of a chemical reconsideration
in Australia can take many years (Table 4) and, consequently, there is a potential that highly
hazardous pesticides will remain in use and thus the regulatory system would be failing to protect
the consumer and the environment. The APVMA chemical re-consideration program was also
criticized by CHOICE (an NGO) in the past for the lengthy period taken to conclude a review and a
minister of agriculture [67]. The extraordinary length of time it takes to review a chemical is due to
the lack of accountability as there was no statutory period for a chemical reconsideration process and
no cut-off date for the applicants to provide documents and necessary data for reconsideration [68].
Before July 2014, there were no timeframe limit for each chemical review initiated according to the
agvet code. For that reason, the time taken to complete a chemical review was highly variable and
lengthy (Table 4). From 1 July 2014 onwards, chemical review will be completed within the timeframe
[69]. The maximum duration to undertake a complex chemical review is 57 months. Despite the
prolonged period to complete a review, the regulatory decision does not occur only at the end of the
review. Along the period, “interim” regulatory decisions may be enacted multiple times before the
final decision was made on the chemical that is undergoing the review. All these decisions are
publicly shared in the APVMA website along with the statement of risk assessments and gazettes
containing the detail of the regulatory decisions taken for a particular chemical
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1 Table 4. Some pesticides in Australia that are currently and have undergone the reconsideration process.
Chemical Reas?n flo ' Perl(.)d of Regulatory actions taken
review review
2004- The existing strengthen to minimize spray drift
24D H. OH&S; E 1995 - 2020 2006 — Registrations and approva}s for hlgh volatile ester forrrTs 2'4TD suspended. New instruction for use issued. .
2013 - APVMA cancelled selected active constituent approval, registrations, and associated label approvals for 2,4-D high
volatile ester.
Chlorpyrifos H. OH&S; E 1996 - ongoing 2000 - Modlflcahon of .gard.en and domestic pest use and lab.el amendment
2019 - Chlorpyrifos product registration for home garden and domestic pest control cancelled
.. ) . . 2002 - Emulsifiable concentrate of diazinon products without stabilizer posed cancelled
Dlud i QIRRESR 5 1T WA gt 2006- Change of label instruction, modification of diazinon uses, some MRL established
Diquat H; OH&S; E; R 1995- ongoing Proposed regulatory decision is expected by August 2021
Fenitrothion H; OH&S; E 1996- ongoing 2001 — Some conditions introduced to reduce exposure among worker and to reduce contamination for water bodies.
Fipronil H; OH&S; E; T; A 2003- ongoing 2011- re-entry interval revised and added for many agricultural use.
Malathion H; OH&S; T 2003- ongoing Proposed regulatory decision is expected by November 2020
Neonicotinoids H; OH&S; E 2019 - ongoing Proposed regulatory decision is expected by April 2023
Paraquat OH&S; E; T; R 1998 - ongoing Proposed regulatory decision is expected by July 2021
Procymidone OH&S; T; R 2004 - ongoing 2017 — New acute reference dose (0.1mg/kg bw) established. Previous dose was 0.3 mg/kg bw
Azinphos 2006- Applications to some crops ceased. The product container was also modified. There are some additions to the labeling
m gl 1 H; OH&SE; R; T 1998- 2015 of the products too.
ery 2011 — Addition of new restraint element in labeling
7 - icti lied f i h
Carbaryl R H 1995-2012 2007 — Some restrlctlon's app ied or d(')mest%c and ome ga.rden use
2012- Some restrictions applied in agricultural situation
Carbendazim H. OH&S; R 2007-2012 2010- Label suspensions, discontinued use for pre and post-harvest on certain crops and turf

2012- Label amendments

2 'H=health; OH&S= occupational safety and health; E= environment; T=trade; A= animal safety; R=residue in food and feed
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3.3. Pesticides residue regulations in Australia (MRL)

3
4 In principle, Standard 1.1.1 and Standard 1.4.2 of Australia New Zealand Food Standards Code states
5  that food for sale must not contain amounts of agvet chemical (and/or its metabolite and degradation
6 products) in amounts that can harm the consumer [71]. To control this, the maximum residue levels
7 (MRL) of agvet chemicals in commodities are set by APVMA during approval of new active
8  constituents and/or pesticide products [72]. MRL are defined by Food Standard Australia New
9  Zealand (FSANZ) as the highest level/amount of an agvet chemical residue allowed in a food product
10  sold in Australia (imported and produced locally) [72]. Decisions to set the MRLs of a product on
11  agricultural produce are based on the data submitted by the applicants/manufacturers of products.
12 The detail of information needed to determine the value of MRL of pesticides in food items is
13  described in Residues (Part 5A) guideline published in APVMA website [73]. Data required includes
14 the pattern of use of the products which include the proposed use pattern of the product. The
15  manufacturers/applicants are also required to nominate the MRL value for the active constituents
16  and the withholding period. Evaluation of data to set the MRL value is said to be conducted through
17  a peer-review process [73]. The details of the peer review, e.g. who is engaged and how the peer
18  review reports are evaluated are not available to the public. However, it is said that APVMA may
19  consider information by other recognized bodies to evaluate the proposed MRL [73]. Comments from
20  the public are sought too, but only if the product contains a new active constituent. The proposed
21  MRLs for other pesticides on food items are listed in Agvet Chemicals Code Instrument 4 (MRL Standard)
22 2012) [74] as well as in Australia New Zealand Food Standards Code — Standard 1.4.2 —Maximum Residue
23  Limits 2012 [71].
24 It is established that the role of APVMA is to review data by applicants (pesticides manufacturer)
25  and make the decision about the MRLs of the pesticides on food items. APVMA also works closely
26  with Food Standard Australia New Zealand (FSANZ) on the assessment of agvet chemical residue in
27  diet. For any variation of MRLs, FSANZ is the responsible body to consider the said requests [72].

28  3.3.1. Pesticide residue monitoring in food in Australia

29 MRL monitoring system of food at the point of retail sale and consumption in Australia is
30  “complex” where it involves national, state, industry regulatory regimes that “governs and
31  (sporadically) tests for pesticide residue” [75]. FSANZ conducts the Australian Total Diet Survey
32 (ATDS) of chemical residue in Australian food supply for every two years (Table 6). The fundamental
33  purpose of conducting this survey is to “estimate the dietary exposure” of the public of Australia to
34 the selected substances in food supply [76]. However, pesticides or agvet chemicals are not always
35  included to be part of the survey. Pesticide residue monitoring in food were not surveyed in the 21s,
36 22nd, 24t (Phase 1) and 24t (Phase 2) ATDS (Table 5). The justification for the exclusion of pesticides
37  was because pesticides residue in food supply tested in the past surveys was well below the
38  Australian and international health standards [77]. It is also stated that the result of pesticide
39  monitoring in the past surveys did not represent public health and safety risk.

40
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41 Table 5. ATDS survey conducted from year 2001-2019.
Year of ATDS Year of sampling Pesticides included in Findings related to pesticides residue
the survey
Chlorinated organic
pesticides
February, April, Organophosphorus The estimated pesticide exposure
19th ATDS . . oy
(April 2001) August and October pesticides through dietary route were all within
P 1998 Carbamates acceptable health standards
Synthetic pyrethroids
Fungicides
Chlorinated organic
ticides
ly and Novemb pes
July and November Organophosphorus The estimated pesticide exposure
20th ATDS 2000 . . 1
(January 2003) February and April pesticides through dietary route were all within
y 2y 001 P Carbamates acceptable health standards
Synthetic pyrethroids
Fungicides
21st ATDS Pesticides were not
il A
(August 2005) April and May 2003 tested in this survey e
22nd ATDS The dates of sampling ..
. Pesticides were not
(September were not stated in the o N/A
tested in this survey
2008) report.
Chlorinated organic
pesticides
Organophosphorus . -
23rd ATDS . The estimated pesticide exposure
January/February 2008 pesticides . -y
(November through dietary route were all within
June/July 2008 Carbamates
2011) . . acceptable health standards
Synthetic pyrethroids
Herbicides
Fungicides
4th ATD
24t S, May 2011 Pesticides were not
Phase 1 (April o N/A
June-July 2011 tested in this survey
2014)
24th ATD
S May 2011 Pesticides were not
Phase 2 August 2011 tested in this surve N
(January 2016) 8 Y
Chlorinated organic
pesticides The estimated dietary  exposure for
Organophosphorus all pesticide were all within acceptable
25th ATDS May 2013 pesticides P P
health standards except for one
(June 2019) February 2014 Carbamates ..
. . organophosphorus pesticide
Synthetic pyrethroids (prothiofos)
Herbicides p ’
Fungicides
42
43 There is another industry-funded monitoring called National Residue Survey (NRS) [78]. NRS

44 is part of the Department of Agriculture Australia’s strategy to keep chemical residues in agricultural
45  produce at minimum [79]. This survey monitors residues of chemicals and environmental
46  contaminants in some Australian commodities. This is done to confirm that Australia is a producer
47  of clean food and subsequently to facilitate trade by assisting Australia’s primary producers and
48  agricultural industry to access domestic and international markets. This is different from the ATDS
49  because NRS is not conducted for the purpose of the population health, rather it is performed to
50  encourage good agricultural practice [79]. The information management of the survey data is under
51  the responsibility of the NRS. From the NRS webpage [79], the residue testing datasets are made
52 available to the public. Information of the survey that specifically relates to particular people and
53  property is only released to government authorities or approved individuals [80].
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54 The enforcement and monitoring of MRLs are to be done by the states and territories food
95 regulatory agencies [70,71]. This means that the enforcement and monitoring are not uniform and
56  may vary from one state to another [75]. There is no confirmation for the monitoring activities
57  conducted in each state because of there are no reports on the outcomes of such monitoring that are
58  publicly available except for Western Australia [81].

59 Other than NGO and government regulators, there are also commercial tests available
60  conducted by FreshTest and other service providers. FreshTest provides services to do chemical
61  residue (MRL) and microbial testing at low cost for Wholesalers and their Growers in Australia [82].
62  Itis the largest and the most comprehensive horticultural residue testing program by the Australian
63  Chamber of Fruit and Vegetables Industry [82]. Coles and Woolworths, the two dominant
64  supermarkets in Australia also require their suppliers of their fresh produce to comply with
65  regulations including the Food Standard Code [83,84]. The monitoring and audits are done
66  voluntarily and paid by the producers themselves and this potentially creates conflicts of interest
67  [75]. This is because in this case, the producers may have full control of the monitoring tests and the
68  results. After all, they are the clients of the service provider/s (FreshTest, as an example). The findings
69  of the agvet chemicals monitoring in their produce are also not made public. Therefore, any problems
70 of the produce/food related to chemical residue that were tested may not be fully revealed.

71 With these sporadic monitoring of pesticide residue going on in Australia, along with the fact
72 thatthereis no agvet chemical tested in the latest Total Diet Survey and most reports are not available
73 publicly, we cannot make any formal conclusion on what pesticide residues are consumed by the
74 Australian public.

75 4. European Union pesticide regulatory framework

76 Pesticides in EU legislation are classified into two groups: (1) plant protection product (PPP) and
77 (2) biocidal products. By definition, PPPs are “pesticides’ that protect crops or desirable or useful
78  plants” [85]; while biocidal products are products that are used to control other organisms. Biocides
79  cover a wide range of products such as disinfectant, parasiticides and bacterial killer. Pesticides are
80  included in both categories (PPP and biocides) [86]. Both groups of products are regulated under
81  different regulations with the same aim to protect humans, animals and the environment. Instead of
82  EFSA, ECHA (European Chemicals Agency) is the authority responsible to make assessments of the
83  biocides products. Biocidal products are regulated under Regulation (EC) 528/2012. This paper will
84  only review PPP because the biocides approval process is similar to PPP approval process.

85 PPPs are composed of active substances — the active ingredient as main component and other
86  ingredients that are added for different purposes including for stability and to ease the handling and
87  transport of the product. PPPs in the EU market are regulated under Regulation (EC) 1107/2009
88  together with other regulations (Table 6). Regulation (EC) 1107/2009, however, is essential because it
89  encompasses detailed information on active substances (AS) and PPP approval process in the EU.
90  This regulation covers approval of AS and products, labelling, and monitoring that are applicable in
91  all member state. The main authorities that work with this legislation are the European Food Safety
92  Authority (EFSA), European Commissions (EC) and the member states. EFSA is an independent
93  authority that is responsible for current extensive and comprehensive peer review of the data
94 available for all active substances [87]. Pesticides regulations in the EU is also based on Regulation
95  395/2006 which administer maximum residue limit in food and feed which will be discussed in Section
96 43.

97
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98 Table 6. Some of European pesticide regulations.
Regulations Functions
Regulation EC 1107/2009 To get product authorized on the market
Regulation EU 540/2011 List of approved substances
Regulation EU 546/2011 Principle to evaluate and authorize PPP
Regulation 547/2011 Requirement of PPP labelling
Regulation EU 283/2013 Data requirement for active substance approval
Regulation EU 284/2013 Data requirement for PPP product authorization
Regulation 396/2005 Assessing residue in food

99  4.1. Stages to get pesticides authorized in the EU

100 The requirements, procedures, and timeframes for authorization of PPP are described in
101  Regulation (EU) 1107/2009 [42]. The whole procedure to get the AS and its PPP into the market is not
102  simple and it is illustrated in Figure 2.

103 First and foremost, the active substances will be undergoing a cut-off process where the
104  chemicals that are categorized in banned chemical groups in the EU will not be going through any
105  assessment at all [43]. Active substances and other constituents (i.e. safeners (chemical compounds
106  that are added to make pesticide “safer”) and synergists that are carcinogenic, mutagenic, toxic to
107  reproduction or endocrine disruptive to humans cannot be authorised in the EU (Regulation
108  1107/2009, Annex II [42]). In addition, AS, safeners and synergists are not approved if they are a POP
109 (persistent organic pollutant), a PBT (persistent, bioaccumulative and toxic), and/or harmful to bees.
110  This s in line with the aim of EU pesticide legislation: the AS (and its other constituents) must not do
111  harm to human health and the environment. The application for approval of AS that falls into the
112 abovementioned hazard is rejected right away and it will not go through further evaluation.

113 If the AS is identified not in the banned categories, it will proceed in two phases before the PPP
114 isreleased to the market [87]. First, the manufacturer (applicant) must get the active substances (AS)
115  in the product (formulation) approved by the EC. The manufacturer/company will send application
116 (dossier) to the rapporteur member state (RMS) of choice with required data to support the
117  application. Regulation EU 283/2013 (for PPP) spells out the details of data required for AS approval.
118  Applicants must demonstrate in the dossier that the AS, once it is approved for use, does not put the
119  safety of humans and the environment in jeopardy. A set of mandatory safety studies and the
120  literature review of research done in the last 10 years for adverse effects of the active substance are
121  required to be done by the applicant [88]. There is also a set of mandatory safety studies required for
122 applicants that are funded by the applicants and conducted by a certified laboratory that is subjected
123 toregular audits [88].

124 The RMS will do an initial risk assessment and then prepare a draft assessment report (DAR) to
125  besent to EFSA. During this process, the RMS may request additional information from the applicant.
126  This process can take 12 months or more if further information is requested by the RMS. EFSA will
127  then do an independent scientific review of the DAR in consultation with other RMSs. The conclusion
128  of the peer review is then sent to the European Commission (EC). Finally, the decision of the AS
129  authorization is done by the EC based on the EFSA’s peer review. The recommendation made by
130  EFSA is not legally binding [89]. An authorized AS is approved for 10 years.

131 The next phase is getting the product (PPP) authorized in the EU countries. This is the role of
132 the EU member states. The basis of PPP authorization is that the applicant shall apply to each country
133 where the product is intended to be used. There are three zones in the EU: North, Central and South
134 [90]. The applicant may select the RMS in the related zone that will examine and assess the
135  application. The data requirements for the application to get PPP authorized are provided in
136  Regulation (EC) No. 284/2013. In this phase too, information on MRLs is required [91]. Whenever
137  necessary, the RMS makes the assessment available to another member state in the same zone because
138  cooperation from other member states in the zone is needed too for peer-review.

139 Finally, the other member states in the zone shall grant or refuse the application of the
140  authorization of the product in countries where it is intended to be used. If authorization is granted,
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and if in the future, the applicant would like to place the product (with the same use and comparable
agricultural practice) in another member state, an application can be made through “mutual
recognition” as explained in Article 40 to Article 42 in Regulation (EU) 1107/2009 [42].

From the description above of the phases involved in getting an AS and its PPP into the market,
it is noteworthy that there is a clear-cut separation in the risk assessment and risk management
process in getting pesticides authorized in the EU [43]. In other words, the EFSA only makes risk
assessment of the AS only while the EC will make the approval of the EC and recommend steps to
mitigate the risks [43,92]. In the same context, recommendations made by EFSA is not legally binding
[93]. The reason for the distinct role and players in risk assessment and risk management is to
maintain independence and objectivity when doing scientific evaluation in the risk assessment
process as well as to ensure accountability for the decision made by the decision-makers in the risk
management phase [43]. Another feature to highlight is that the EFSA does not make any risk
assessment during the PPP authorization. The EU member states make the decision and authorize
the products to be used at the national level (Figure 2).

Creation of New Active Substance
Pesticide .
Production of Draft Assessment Report (DAR)
company and
RMS
Peer review of the DAR
EFSA — v
Publication of a conclusion report
EC 7 Decision of the approval of the AS
EU Member { Authorization of PPP in the member states

Figure 2. The process of approval of AS and authorization of PPP in the EU.

Although there are claims that the EU pesticide regulatory system is one of the most stringent
in the world [43], the process of approval of AS and PPP in the EU are not exempted from criticisms.
The first critique of note is having separate authorities in making the decision to approve, authorize
and renewal of registration the AS and PPP may cause incoordination of AS and PPP approval [92].
This leads to responsibility issues as exemplified in the case of glyphosate (an herbicide). The EFSA
stated that glyphosate (the AS) is unlikely to be carcinogenic and genotoxic [94]. However, the
glyphosate as AS and PPP (along with other ingredients) is considered as potentially genotoxic and
carcinogenic by the IARC [95]. Since the application of glyphosate in the field is highly likely to be as
PPP, it is only logical that the decisions are made based on glyphosate PPP, not as an active substance
and the risk assessment of both AS and PPP are done by the EFSA, not by two authorities. Having
separate risk assessments and separate authorities to approve AS and authorize PPP lead to “poor
coordination and weigh-down authorization process” [92]. Thus, having EFSA as the only authority
to do risk assessment in the process to approve the AS and in the process to authorize PPP is
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170  suggested to solve this problem. There are other issues raised during the glyphosate renewal in the
171  EU which will be further discussed in the renewal section.

172 Secondly, the EU’s procedure to get an AS approved is not free from conflict of interest [92]. This
173  is because safety testing and data are provided by the pesticide manufacturer to the RMS. It is later
174 that the EFSA do the risk assessment based on the dossier prepared by the pesticide manufacturer.
175  Although the EFSA may do their review from the peer-review publications, it is important to
176  highlight that the testing done by the pesticide manufacturer may not be independent and free from
177  conflict of interest.

178 Finally, the lack of transparency of the process of authorization is also criticized by various
179  NGOs as also reviewed by Storck, Karpouzas & Martin-Laurent [92]. Although the conclusion of the
180  risk assessment conducted to approve an AS is published, the details of the studies are not known.
181  The impact of this lack of transparency in reporting the results and process of decision making is said
182  to have hindered the follow- up research of the approved AS and its products [92]. As a result, it
183  usually took years to have the risks to human and environment of the particular AS or PPP disclosed.

184  4.2. Renewal of approval of active substance in EU

185 The first approval of active substances (AS) is valid for not more than 10 years but the review of
186  approval can be requested by the EC in the light of new scientific and technical knowledge (Article
187 21 of Regulations 1107/2009) [42]. Having a fixed approval period is important because it will initiate
188  a renewal of approval at certain time and not on ad hoc basis for at least in 10 years since the first
189  approval. This is because in science, not all facts are revealed or concluded in one instance. Having a
190  non-ad hoc basis renewal program also ensures confidence of the consumer in the pesticides market.
191  Applicants may apply for renewal of registration, where the AS still conforms to approval criteria in
192 Article 4 of Regulation 1107/2009. The new period shall not exceed 15 years except the AS that falls
193  into article 4 (7) criteria. This AS (article 4(7)) can only renew for 5 years. The application shall be
194  directed to any member state where the AS is registered along with the submission for notification to
195  other member states, EFSA, and the EC. For the application of renewal, the applicant may submit
196  new data to support the renewal that was not required during registration or last approval. The EFSA
197  will make that information available to the public except for any confidential detail.

198 The process of renewal in the EU is as rigorous as the process of approval of active substance.
199  The application for renewal is sent to the RMS that provides the initial Renewal Application Report
200  (RAR). EFSA will conduct a peer review of RAR with other member states. The peer-review process
201  includes expert and public consultation. EFSA will then produce a draft conclusion on the renewal
202  of the active substance and the Commission will decide whether to provide renewal of approval of
203  the active substance. This is similar with the authorization process of an AS where the EFSA will
204 conduct the risk assessment while the EC will make the final decision whether to approve the
205  registration or in this case, the renewal of an active substance or pesticide products.

206 Other than having a fixed period of approval, the Commission may establish work program
207  which is a renewal program by grouping similar active substances to set a high priority on the safety
208  of human and animal health and the environment (Article 18 of Regulation (EU) 1107/2009). To date,
209  there are five renewal programs have been initiated [96]. Having this addition work program
210  demonstrates that renewal program is important in the EU pesticide policy and acknowledges that
211  scientific information of a pesticide may not be known the first time it was approved in the market.

212 4.2.1. Controversies surrounding glyphosate renewal in the EU

213 Despite the rigorous process prescribed to renew an active constituent or a pesticide product,
214 the EU pesticide regulatory system have been argued to have failed to protect the human and the
215  environment as stipulated as the purpose of the Regulation 1107/2009 [97]. Glyphosate, a widely used
216  pesticide worldwide, has been regularly assessed by many regulatory agencies because of concerns
217  surrounding its risks to human health. In March 2015, the IARC had classified that this herbicide and
218  its products are probably carcinogenic in humans [98]. This carcinogenic classification had the EC
219  mandated the EFSA to consider the IARC findings on the risk assessment conducted for the EU
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220  glyphosate renewal at that time. Despite this, the EFSA came out with a stark contrast of conclusion
221  that “glyphosate is unlikely to pose carcinogenic hazard to human” in October 2015 [94]. Similarly,
222  Joint FAO/WHO Meeting of Pesticide Residues (JMPR) held in 2016 also evaluated the data of
223  acceptable daily intake and acute reference dose for humans of glyphosate (any other pesticides)
224 following the carcinogenic conclusion of this pesticide [99]. The JMPR concluded that “glyphosate is
225  unlikely to pose a carcinogenic risk to humans through dietary exposure”. With the contrasting
226  conclusion of glyphosate risk assessments between the EFSA- JMPR and the IARC, there were so
227  many criticisms surrounded the process of getting glyphosate renewed in the EU.

228 The EFSA and the German Federal Institute for Risk Assessment (BfR), the RMS for glyphosate
229  renewal the defended the scientific divergence of their glyphosate carcinogenicity evaluation with
230  the IARC's evaluation by explaining the differences of each assessment depending on the evidence
231  in humans and animals, evidence on genotoxicity and other mechanisms of carcinogenicity, the
232  methodology and the overall aim of the assessment [100]. As an example, the association of exposure
233  to glyphosate with non-Hodgkin lymphoma is considered as “limited evidence in humans” by the
234 TARC while it is considered as “very limited and insufficient for triggering the classification” by the
235  EU assessment.

236 Pesticide Action Network (PAN) Germany then published a peer-review manuscript on the
237  assessments of glyphosate carcinogenicity based on the EU authority’s criteria (the CLP regulations-
238  Reg(EC)1272/2008) in classifying carcinogenic active substance and its products [101]. The EFSA and
239  ECHA were criticized to have violated the applicable regulations [102] as the reanalysis conducted
240  (with the addition of the IARC findings) had led to the said conclusion (“glyphosate is unlikely to
241  pose carcinogenic hazard to human”). Clausing and colleagues [101] argued that the addition data
242  based on the IARC monograph were substantial to conclude that glyphosate is “probably
243  carcinogenic” which corresponds to Category 1B in the European Union. PAN Europe too, had
244 analyzed further the EFSA evaluations and the RAR dossier produced by the RMS as part of the
245  process of glyphosate renewal (Table 7) [97]. It was detected that there were only 52% (76 studies) of
246  the available peer-reviewed scientific literature at the time of reported adverse effects of glyphosate
247  included in the RAR that was prepared by the BfR. This was argued to be a case of scientific
248  misconducts because it involves selective and omission use of scientific data especially the ones that
249  reported adverse effects of a substance, in this case, glyphosate. At the same time, the RAR dossier
250  prepared by the industry dismissed some adverse effects of glyphosate because the study was not
251  conducted according to GLP compliance. The EFSA had published a guideline Submission of scientific
252 peer-reviewed open literature for the approval of pesticide active substances under Regulation (EC) No
253  1107/2009 stating that “the fact that a study may not be conducted in accordance with Good
254  Laboratory Practice (GLP) does not imply that the study is irrelevant” [103]. However, as previously
255  mentioned, the EFSA guidelines are not legally binding. There were many more scientific
256  misconducts during the process of glyphosate renewal as analyzed by PAN Europe including the
257  misuse of historical control data, improper use of statistical analytical tools and dismissal of adverse
258  effects because of inconsistency of data. In addition, it was also discovered in February 2020 that there
259  are more than 20 studies submitted to the EU regulators during 2017 glyphosate renewal were
260  conducted by Laboratory of Pharmacology and Toxicology Hamburg [104]. This lab has been accused
261  of committing fraud because some multiple whistle-blowers reported that they regularly falsify study
262  result.

263 Glyphosate is currently approved for use until 15 December 2022 [105]. The application to renew
264  has been submitted by a group of the industry representatives of applicants (called Glyphosate
265  Renewal Group). A group of RMSs (France, Hungary, Netherlands and Sweden) is currently
266  checking the admissibility of the dossiers submitted which is due on June 2021. The peer review
267  process by the EFSA will commence after this process.
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Table 7. Scientific misconduct conducted during the glyphosate renewal as analyzed by Robinson et al. [97].

Scientific misconduct
Discrimination use of
published data

Dismissal of adverse effects
falsely

Historical control data (HCD)
use improperly

Improper use of statistical
analytical tools
Dismissal of adverse effects
because of inconsistency of
data
Improper use of “weight of
evidence” approach
Misleading use of research
methodology

Plagiarism

Examples during glyphosate renewal
It was detected that there were only 52% (76 studies) of the available peer-reviewed scientific literature at the time of reported adverse effects of
glyphosate included in the RAR.
Not including an epidemiology study reporting reported use of (and other included pesticides) associated with increased incidence of non-
Hodgkin lymphoma (NHL)

BfR and EFSA both used HCD from time period up to 17 years (beyond the five-year limit), from 7 different laboratories, and occasionally
different sub strain, and used arithmetic mean and range instead of IQR and median. While the ECHA acknowledge the right way to use HCD,
the assessment by ECHA did not acknowledge that these HCD supported the observation of increased tumor incidences.

The EFSA and BfR claimed the carcinogenic effects was not real because the finding from rodent toxicological studies using trend test (a statistical
analytical tool) are “cancelled” because the findings obtained by pairwise comparison (another tool) was not statistically significant.

The risk assessment done by BfR (the RMS for glyphosate renewal) made claim that there was no relation of the findings of malignant
lymphomas, kidney tumors, and hemangiosarcomas in male mice with glyphosate because the review of literature found there were
inconsistencies in the data. There was no further analysis conducted to support this claim. The EFSA also agreed with this claim.

There were lack of transparency on how the decision was made as there were no formal description outlining the weight used or how they apply
to individual evidence.

An epidemiology study that reported association between glyphosate exposure to non-Hodgkin lymphoma was dismissed by BfR because the
study is not reliable because there is “no useful information” on confounding factors was reported.

The RAR prepared by BfR for glyphosate renewal contained several instances of plagiarism. This implies that the regulator does not evaluate the
data provided by the industry.

270
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4.3. Pesticide residue regulations in the EU

Pesticide residue levels in food in the EU were previously not uniform among the member states
[106]. It is now harmonized under Regulation EC 396/2005 since the regulation come into force in
September 2008. To get a pesticide registered in the EU, the applicant must include in the dossier the
scientific information about the minimum amount of pesticides needed to protect the crops and the
expected level of residue remaining on the crops after pesticides application [106]. The application
is sent to the evaluating member state (EMS) where an initial assessment will be carried out where
the report will be sent out to the EFSA [107]. The EFSA will play the role to investigate that these
residue levels are safe for consumption for all consumer groups (babies, elder and vegetarian
included) based on the toxicity of the pesticides and the maximum levels of residue expected on food
and animal feed [108]. The outcome of this assessment is called “reasoned opinion” and it will be
published publicly [91] (Regulation (EC) NO 396/2005). The process is consistent with the approval
and registration renewal of AS and PPP where the EFSA take charge to evaluate the proposed MRL
(i.e. EFSA overseeing risk assessment) while the European Commission will decide whether to
approve the proposed MRL. In cases where the residue levels are considered high risk for certain
food for any of consumer groups, MRL for the product is rejected and the product will not be
registered for application on that crop. In the event where the substantive quantity of a product is
lower than the maximum level allowed in that crop, the lower level is set as the MRL to ensure lower
application of pesticides.

Generally, there are some of MRL value in the EU is lower than other countries and what the
Codex Alimentarius set (see Table 8 for example). The Codex Alimentarius is a committee set up
jointly by the FAO and WHO in 1963 that provides international food standards, guidelines and
codes of practice [109]. The MRL standard set by Codex may be one of the standards referred to by
the exporters [37] because it is included in the World Trade Organization agreement on the
Application of Sanitary and Phytosanitary Measures (the SPS agreement) [110]. Even if the Codex
MRL standards have been established, “countries routinely reject crops containing pesticide residue
levels above their national MRL level” [37]. Since the MRLs of pesticides in the EU are the same for
domestic and imported foods in the EU, there are issues raised affecting the international trade.
Import restrictions may be imposed on crops from countries that presented pesticide residue more
than the EU MRL level. As an example, the low residue limit of thiabendazole imposed by the EU
has caused a reduction in Peruvian mango exports. Thiabendazole is a common pesticide to control
fungal infection in mango [111].
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Table 8. MRL values for the EU, US and Codex. The bold MRL values are the ones that is lower than

Codex and the US.
Pesticides EUMRL USMRL Codex MRL
[112] [113] [114]
Buprofezin 0.01 0.05 3.00
Boscalid 2.00 10.0 2.00
Acibenzolar-s-methyl 0.30 - 0.30
Deltamethrin 0.20 1.00 0.20
Diphenylamine 0.05 30.00 10.0
Ethephon 0.80 5.00 0.80
Fenamiphos 0.02 - 0.05
Fenitrothion 0.01 - 0.50
Folpet 0.3 5.00 10.00
Fenpyroximate 0.3 - 0.20
Imidacloprid 0.5 0.50 0.50
Indoxacarb 0.5 3.00 0.50
Malathion 0.02 8.00 0.05
Methidathion 0.03 - 0.50
Methomyl 0.01 1.00 0.30

To control the MRLs in food and animal feed among member states in a uniform manner, there
are three different instruments introduced by the EC for all member states authorities [106]. Firstly,
the EU has a systematic monitoring program called the EU-coordinated Control Program (EUCP)
(Article 29, Regulations 396/2005 [91]) which is run by the EU authority with EU member states
participation. In addition to the EUCP, there is the National Control Programs (NCP) focusing on the
enforcement side where monitoring was done on pesticides residue on products originating from
countries that have history of exceedance for each EU member states [115]. Hence, the NCP report
does not represent statistically pesticide residue level in the European market food [116]. The EFSA
prepares and publishes the comprehensive annual reports on the level of residue from the control
activities conducted by the EU member states and the samples randomly taken for the EUCP[108].
The EFSA also make recommendations regarding the future monitoring programs in the annual
report. The EU pesticide residue monitoring program is one of the most comprehensive food survey
programs in the world as it analyses more than 75 000 food samples for over 600 different pesticides
every year [108]. The report of the monitoring program is required to be updated on the internet for
the public (Article 30, Regulations 396/2005).

The second instrument introduced by the EC to control the MRL in food and animal feed is
having the staff responsible for the residue analysis trained through the Community Reference
Laboratories program. To assess the control activities, the EC also introduced inspections in the
member state are done by the Food and Veterinary Office (FVO) of the commission [106]. FVO does
inspections to member states to ensure compliance with EU food safety and quality legislation. With
all these controls in place, there is also a mechanism in place to assist member states to notify the
Commission if the level of pesticide residue in a food or feed pose risks to consumers’ health [117].
This system called the Rapid Alert System for Food and Feed (RASFF) [118] gives alert or merely
notification to all other member states and subsequent necessary actions are taken accordingly for
consumer protection.

The effectiveness of the close loop system of pesticide residue monitoring in the EU may have
been reflected in the monitoring program reported by the EFSA. In year 2017 and 2018 of the EU
report on Pesticide Residue in Food both concluded that the levels investigated for the food
commodities analyzed are “unlikely to pose concern for consumer health”. The percentage of
samples analyzed that fell below the MRL is 95.9% and 95.5% for year 2017 and 2018 respectively
[119,120]. PAN Europe, on the other hand, argued that the EFSA had deceived the European people
where it was claimed that “the risk of pesticide to consumer remains low” in the EFSA 2015 Pesticide
Residue Report [121]. This claim is said to be misleading because there are 28% of the tested food
were detected with multiple pesticides residue as the risk of pesticide cocktail to the health of
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consumers is not widely evaluated. This is applicable too in what reported in the year 2017 and 2018
where there were 27.5% and 29% (respectively) of food commodities tested with more than one
pesticide detected. The effects of exposure to multiple chemicals is not widely investigated.
Therefore, the EFSA may not be at the right position to claim that the risk of pesticide to the
consumers are low. This action is especially criticized by the PAN Europe where the role of EFSA
should be to protect the citizen from the pesticide exposure, not to make everything appear to be
alright.

5. Conclusions

The comparisons of the Australian and the EU pesticide regulatory system is summarized in
Table 9. The comparison was done for 1) the assessment of the active constituent and products, 2)
pesticide re-registration and renewal and 3) the pesticide residue in food and feed regulations.

Table 9. Summary of the comparisons of Australian and the EU pesticide regulatory system.

Aspects Australia EU

Hazard-based - The AS will be undergoing a cut-off
process first. Chemicals that are carcinogenic, mutagenic,
toxic for reproduction, persistent, bioaccumulative, toxic

Risk-based - Active constituents and
their products are regulated

Assessment for active . . )
according to their risks which are

constituent/product for the environment (PBT), persistent o ic pollutants,
P the likelihood of being exposed to ' TVIOTMER (PBT), persisten e
approval ; very persistent and very accumulative or endocrine
them and the potential effects of . . )
disruptors are not authorized and not going to the next
exposure.
stage of approval.
A clear separation of the roles between risk assessment
The APVMA makes assessments and the approval and aut}}orization of th? pet%t.icides.:
e  The EFSA conducts an independent scientific review
and does the approval and of data provided by the applicant
\% .
Authorities Involved authorization of pesticides. P y PP

. The EC decides the approval of the active substance
and the risks mitigation.
The decision to authorize the PPP is made by the EU
member states

None is set. A product is registered
infinitely unless it is cancelled.
Review of registration
(reconsideration) only happens

Registration is set for not more than 10 years. Review
occurs every 10 years and there are also multiple review
program held in place.

Registration Period

when nominated.

Nominated MRL is reviewed and set ~ Nominated MRL is reviewed by EFSA and EC decides to

.. ) by APVMA. Enforcement and accept proposed levels. Monitoring of residue in food
Pesticide Residue L . .
. monitoring of MRLs in food for done by EFSA and each member states is reported
Regulation (MRL) .
health-related concern is not done annually.

periodically and systematically.

The process to get approval and authorization is more complex in the EU than it is in Australia.
It is important to acknowledge that the structures of the two regulatory systems are different
markedly. Australia is one country, a federation of several states and territories while the European
Union is a political and economic union of 28 independent countries. Although EU pesticide
regulation is highly harmonized, it has more regulatory authorities involved than in Australia. As an
example, authorization of a pesticide product in Australia is only a one-off process to cover the whole
nation, while in the EU, an authorized product may need another step if it was to be extended (after
authorization) to another zone or even the whole the EU. Therefore, an approach to control pesticides
authorization may work for Australia but it will more likely to not work in the EU and vice versa.

It is also important to note that the EU assesses to authorize a pesticide based on hazard rather
than risk [43]. Hazard is anything that can cause harm while the risk is the likelihood of the hazard
will cause harm. In the context of pesticide approval, there are cut off points at the beginning of the
process where RMS will ban chemicals that are carcinogenic, mutagenic, toxic for reproduction,
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persistent, bioaccumulative and toxic for the environment (PBT), persistent organic pollutants, very
persistent and very accumulative or endocrine disruptors (with some exception). On the other hand,
the risk-based assessment may allow the above-mentioned chemicals for approval if the likelihood
to cause harm is deemed to be low or negligible. Australia (APVMA) performs assessments based on
risks to approve active constituents for use [122].

Both EFSA and APVMA relies on the data from the chemical industry (the applicants) to
determine the toxicity and the safety of a product/active constituent. This may not be an ideal source
because of the potential issue of conflict of interest. As an example, chlorpyrifos had been in use in
multiple countries since 1965 [26]. The relation of CPF exposure with neurodevelopmental toxicity
was only discovered years after the approval and this was done by the independent academia (as
examples [123-125]). Mie, Rudén & Grandjean [126] suggested that the conclusions were withdrawn
by pesticide producer “may be misleading”. When the raw data from the original industry-funded
studies conducted back in 1998-1999 was reviewed [127], several discrepancies were discovered
between conclusions drawn by the test laboratories and the actual observations on the
neurodevelopmental toxicity test results for chlorpyrifos. These data were submitted as part of the
reauthorization of chlorpyrifos in the US and the EU (the latest in 2015 risk assessment). In addition,
Tweedale (2017) suggested that relying on the manufacturers for declaring a product is safe to use
may not be wise because investigation on the pre-market toxicity studies of herbicide bentazon
indicated that it has a greater hazard that it was claimed in the risk assessment (RA) during the pre-
market era. This phenomenon of misinterpreting the data by the applicant has also seen in drug and
medical device pre-market studies as reviewed by Lundh et al. [129] where results are more favorable
in industry-sponsored studies than the ones sponsored by other sources.

As for pesticide re-registration or renewal, Australia and the EU do not employ the same policy.
An active constituent in Australia is approved indefinitely unless it is nominated for review
(reconsideration) because there is no such renewal period set. Reconsideration of an active
constituent in Australia occurs on ad-hoc bases, whenever it is nominated or there is new scientific
information emerges that may impact the health of human and the environment. On the other hand,
an active constituent in the EU is only approved for 10 years. There are also some renewal programs
set for active constituent which does not exist in Australia.

In pesticide residue regulations, both Australia and the EU regulatory system require the
applicants to proposed the MRL values for the new active constituents. During approval of active
constituents, the EU involves several authorities (EFSA, RMS and EC) where the EFSA is responsible
for the scientific evaluation of the application for approval and then EC will do the final approval.
On the other hand, there is not much information about MRL setting processes shared publicly in
Australia. The information that is publicly available on the APVMA website implies that evaluation
of data to determine MRL are done through peer review [73] and that MRLs are set by APVMA [130].
No further detail, such as who is responsible for peer-review and how many authorities involved in
the MRL setting process is provided by the APVMA [73,130].

MRL enforcement and monitoring activities are done by each member states in the EU and the
EFSA compiles, analyses and publishes the report (Regulation 396/2005 [91]). Australia is somewhat
similar to the EU as food regulatory authorities in each state and territory are responsible to monitor
and enforce the Food Standards Code [72]. However, the monitoring data in each of the states and
territory in Australia is not published every year. FSANZ also does a national survey through the
Australian Total Diet Survey (ATDS). Pesticide residue monitoring is not done systematically and
routinely in Australia as pesticides were not included as part of the chemicals surveyed in food every
year. Thereof, there is nothing tangible and certain can be said on the actual pesticides that the
population being exposed to every year. In contrast, the EU appears to have a closed-loop system
where the food and feed commodities are monitored and reported every year. The reports of the EU
pesticide residue monitoring are also publicly accessible for at least 5 years back in the EFSA Journal
which confirms that there is the monitoring of pesticide residue in food going on annually.

In summary, there are many aspects that the Australian pesticide regulatory system can
improve. By comparing with the EU pesticide regulatory system alone, it is suggested that the
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Australian pesticide regulatory 1) to have the pesticide registration period, 2) to ensure MRL of
pesticides in food and feed are monitored regularly with having the results publicized and finally 3)
to re-examine the current system to rely on the data submitted by the manufacturers (the applicants)
for the risk assessments in approving and authorizing a new pesticide in the market.

Author Contributions: Conceptualization, M.W. and K.B.; writing —original draft preparation, M.W and K.B.;
writing —review and editing, M.W., K.B., C.L. and LI,; visualization, K.B.; supervision, K.B and C.L..; project
administration, C.L., M\W. and K.B. All authors have read and agreed to the published version of the
manuscript.”.

Funding: This research received no external funding.

Acknowledgments: The author (M.W.) would like to acknowledge the financial support she received during
her PhD candidature from Malaysia Minister of Education, Universiti Sains Malaysia and Flinders University,
Australia.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. ABS. Agricultural Commodities. 7121.0. Available online:
http://www.abs.gov.au/ausstats/abs@.nsf/mf/7121.0 (accessed on 6 November 2020).

2. Deloitte. Economic activity attributable to crop protection products; 2018.

3. Cooper, J.; Dobson, H. The benefits of pesticides to mankind and the environment. Crop Prot. 2007, 26,
1337-1348.

4. O Grada, C; Vanhaute, E.; Papring, R. The European susbsistence crisis of 1845-1850: A comparative
perspective; UCD Centre for Economic Research Working Paper series; Dublin, 2006.

5. Tanner, M.; de Savigny, D. WHO | Malaria eradication back on the table. Available online:
https://www.who.int/bulletin/volumes/86/2/07-050633/en/(accessed on 19 January 2020).

6.  Ahmed, M.; Naqvi, S. N. H. Pesticide Pollution, Resistance and Health Hazards. In Pesticides - The
Impacts of Pesticides Exposure; Stoytcheva, M., Ed.; InTech: Craotia, 2011; pp. 1-26.

7. Pingali, P. L. Impact of Pesticides on Farmer Health and the Rice Environment: An Overview of Results
from a Multidisciplinary Study in the Philippines. In Impact of Pesticides on Farmer Health and the Rice
Environment; Pingali, P. L.; Roger, P. A., Eds.; Springer Netherlands: Dordrecht, 1995; pp. 3-21.

8.  Mathew, P.; Jose, A.; Alex, R.; Mohan, V. Chronic pesticide exposure: Health effects among pesticide
sprayers in Southern India. Indian J. Occup. Environ. Med. 2015, 19, 95-101.

9. Gill, R.J.; Ramos-Rodriguez, O.; Raine, N. E. Combined pesticide exposure severely affects individual-
and colony-level traits in bees. Nature 2012, 491, 105-108.

10. Fenske, R. A.; Elkner, K. P. Multi-route exposure assessment and biological monitoring of urban
pesticide applicators during structural control treatments with chlorpyrifos. Toxicol. Ind. Health 1990,
6, 349-371.

11. Sanchez-Pefa, L. C.; Reyes, B. E.; Lopez-Carrillo, L.; Recio, R.; Moran-Martinez, J.; Cebrian, M. E,;
Quintanilla-Vega, B. Organophosphorous pesticide exposure alters sperm chromatin structure in
Mexican agricultural workers. Toxicol. Appl. Pharmacol. 2004, 196, 108-113.

12. Recio, R.; Robbins, W. A.; Ocampo-Gémez, G.; Borja-Aburto, V.; Moran-Martinez, J.; Froines, J. R.;
Hernandez, R. M. G.; Cebrian, M. E. Organophosphorous pesticide exposure increases the frequency
of sperm sex null aneuploidy. Environ. Health Perspect. 2001, 109, 1237-1240.

13. Recio-Vega, R.; Ocampo-Goémez, G.; Borja-Aburto, V. H.; Moran-Martinez, J.; Cebrian-Garcia, M. E.
Organophosphorus pesticide exposure decreases sperm quality: association between sperm
parameters and urinary pesticide levels. J. Appl. Toxicol. 2008, 28, 674-680.

14. Whyatt, R. M.; Rauh, V.; Barr, D. B.; Camann, D. E.; Andrews, H. F.; Garfinkel, R.; Hoepner, L. A.; Diaz,
D.; Dietrich, J.; Reyes, A. et al. Prenatal Insecticide Exposures and Birth Weight and Length among an
Urban Minority Cohort. Environ. Health Perspect. 2004, 112, 1125-1132.

15. Whyatt, R. M.; Garfinkel, R.; Hoepner, L. A.; Holmes, D.; Borjas, M.; Williams, M. K; Reyes, A.; Rauh,
V.; Perera, F. P.; Camann, D. E. Within- and between-home variability in indoor-air insecticide levels
during pregnancy among an inner-city cohort from New York City. Environ. Health Perspect. 2007, 115,
383-389.



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 December 2020

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.
31.

32.

33.

34.

35.
36.

37.

Whyatt, R. M.; Garfinkel, R.; Hoepner, L. A.; Andrews, H.; Holmes, D.; Williams, M. K_; Reyes, A,;
Diaz, D.; Perera, F. P.; Camann, D. E. et al. A biomarker validation study of prenatal chlorpyrifos
exposure within an inner-city cohort during pregnancy. Environ. Health Perspect. 2009, 117, 559-567.
Chen, C,; Qian, Y.; Chen, Q.; Tao, C; Li, C; Li, Y. Evaluation of pesticide residues in fruits and
vegetables from Xiamen, China. Food Control 2011, 22, 1114-1120.

Bakirci, G. T.; Yaman Acay, D. B.; Bakirdi, F,; Ot1e§, S. Pesticide residues in fruits and vegetables from
the Aegean region, Turkey. Food Chem. 2014, 160, 379-392.

Berrada, H.; Fernandez, M.; Ruiz, M. ].; Moltd, J. C.; Manfes, J.; Font, G. Surveillance of pesticide
residues in fruits from Valencia during twenty months (2004/05). Food Control 2010, 21, 36—44.

Tadeo, J. L.; Sanchez-Brunete, C.; Albero, B.; Gonzalez, L. Analysis of Pesticide Residues in Juice and
Beverages. Crit. Rev. Anal. Chem. 2004, 34, 165-175.

Kuranchie-Mensah, H.; Atiemo, S. M.; Palm, L. M. N. D.; Blankson-Arthur, S.; Tutu, A. O.; Fosu, P.
Determination of organochlorine pesticide residue in sediment and water from the Densu river basin,
Ghana. Chemosphere 2012, 86, 286-292.

Yao, Y.; Tuduri, L.; Harner, T.; Blanchard, P.; Waite, D.; Poissant, L.; Murphy, C.; Belzer, W.; Aulagnier,
F.; Li, Y. F. et al. Spatial and temporal distribution of pesticide air concentrations in Canadian
agricultural regions. Atmos. Environ. 2006, 40, 4339-4351.

Jiang, Y. F.; Wang, X. T; Jia, Y.; Wang, F.; Wu, M. H,; Sheng, G. Y.; Fu, J. M. Occurrence, distribution
and possible sources of organochlorine pesticides in agricultural soil of Shanghai, China. J. Hazard.
Mater. 2009, 170, 989-997.

Koureas, M.; Tsakalof, A.; Tsatsakis, A.; Hadjichristodoulou, C. Systematic review of biomonitoring
studies to determine the association between exposure to organophosphorus and pyrethroid
insecticides and human health outcomes. Toxicol. Lett. 2012, 210, 155-168.

Reiss, R.; Chang, E. T.; Richardson, R. J.; Goodman, M. A review of epidemiologic studies of low-level
exposures to organophosphorus insecticides in non-occupational populations. Crit. Rev. Toxicol. 2015,
45, 531-641.

US EPA. Chlorpyrifos. Available online: https://www.epa.gov/ingredients-used-pesticide-
products/chlorpyrifos (accessed on 25 September 2018).

EPA. US EPA - Pesticides - Interim Reregistration Eligibility Decision (IRED) for Chlorpyrifos; 2006.
Whyatt, R. M.; Barr, D. B.; Camann, D. E.; Kinney, P. L,; Barr R,, J. R.; Andrews, H. F.; Hoepner, L. A,;
Garfinkel, R.; Hazi, Y.; Reyes, A. et al. Contemporary-use pesticide in personal air samples during
pregnancy and blood samples at delivery among urban minority mothers and newborns. Environ.
Health Perspect. 2003, 111, 749-756.

Johnson, H. M.; Domagalski, J. L.; Saleh, D. K. Trends in Pesticide Concentrations in Streamsof the
Western United States, 1993-2005. ]. Am. Water Resour. Assoc. 2011, 47, 265-286.

Grube, A.; Donaldson, D.; Kiely, T.; Wu, L. Pesticides industry sales and usage; Washington, DC, 2011.
Clune, A. L.; Ryan, P.; Barr, D. B. Have regulatory efforts to reduce organophosphorus insecticide
exposures been effective? Environ. Health Perspect. 2012, 120, 521-525.

Ko, S.; Cha, E. S.; Choi, Y.; Kim, J.; Kim, J.-H.; Lee, W. J. The Burden of Acute Pesticide Poisoning and
Pesticide Regulation in Korea. J. Korean Med. Sci. 2018, 33, e208.

WHO. Disability-adjusted life years (DALYs). Available online:
https://www.who.int/gho/mortality_burden_disease/daly_rates/text/en/(accessed on 12 January
2020).

Ein-Mor, E.; Ergaz-Shaltiel, Z.; Berman, T.; Goen, T.; Natsheh, J.; Ben-Chetrit, A.; Haimov-Kochman,
R.; Calderon-Margalit, R. Decreasing urinary organophosphate pesticide metabolites among pregnant
women and their offspring in Jerusalem: Impact of regulatory restrictions on agricultural
organophosphate pesticides use? Int. |. Hyg. Environ. Health 2018, 221, 775-781.

APVMA. Reconsideration of Chlorpyrifos:Supplementary Toxicology Assessment Report; Kingston, 2017.
US EPA. EPA Proposes to Revoke Chlorpyrifos Food Residue Tolerances. Available online:
https://www .epa.gov/pesticides/epa-proposes-revoke-chlorpyrifos-food-residue-tolerances (accessed
on 12 June 2016).

Handford, C. E.; Elliott, C. T.; Campbell, K. A review of the global pesticide legislation and the scale
of challenge in reaching the global harmonization of food safety standards. Integr. Environ. Assess.
Manag. 2015, 11, 525-536.



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 December 2020

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.
56.

57.

58.

59.
60.

Christoforou, T. The precautionary principle, risk assessment, and the comparative role of science in
the European Community and the US legal system. In Green Giants? : Environmental Policies of the United
States and the European Union; Vig, N.; Faure, M.; Kamieniecki, S.; Kraft, M., Eds.; MIT Press:
Cambridge, Mass, 2004.

Eurostat. International trade in goods - Statistics Explained. Available online:
https://ec.europa.eu/eurostat/statistics-
explained/index.php/International_trade_in_goods#The_three_largest_global_players_for_internatio
nal_trade:_EU.2C_China_and_the_USA (accessed on 6 December 2019).

Donley, N. The USA lags behind other agricultural nations in banning harmful pesticides. Environ.
Heal. 2019, 18, 44.

Bozzini, E. Setting the Context: A Short History of Technology, Toxicology and Global Politics of
Pesticides. In Pesticide Policy and Politics in the European Union; Springer International Publishing;:
Cham, 2017; pp. 1-25.

European Parliment and Council Regulation (EC) 1107/2009 of 21 October 2009 concerning the placing of plant
protection products on the market and repealing Council Directives 79/117/EEC and 91/414/EEC.

Bozzini, E. EU Pesticide Regulation: Principles and Procedures. In Pesticide Policy and Politics in the
European Union; Springer International Publishing: Cham, 2017; pp. 27-56.

US EPA. Summary of the Federal Insecticide, Fungicide, and Rodenticide Act | Laws & Regulations |
US EPA. Available online: https://www.epa.gov/laws-regulations/summary-federal-insecticide-
fungicide-and-rodenticide-act (accessed on 6 December 2019).

Trasande, L. When enough data are not enough to enact policy: The failure to ban chlorpyrifos. PLoS
Biol. 2017, 15, 1-6.

US EPA. EPA Administrator Pruitt Denies Petition to Ban Widely Used Pesticide | U.S. EPA News
Releases | US EPA. Available online: https://www.epa.gov/newsreleases/epa-administrator-pruitt-
denies-petition-ban-widely-used-pesticide-0 (accessed on 6 December 2019).

Hiar, C. In battle over pesticide ban, Trump’s EPA aims to undermine the science. Available online:
https://www.sciencemag.org/news/2018/08/battle-over-pesticide-ban-trump-s-epa-aims-undermine-
science# (accessed on 3 April 2020).

Agricultural and Veterinary Chemicals (Administration) Act 1992.

APVMA. Overview of agvet chemical regulation. Available online: https://apvma.gov.au/node/19141
(accessed on 2 December 2018).

APVMA. How we regulate. Available online: https://apvma.gov.au/node/15926 (accessed on 2
December 2018).

APVMA. Legislative framework. Available online: https://apvma.gov.au/node/4131 (accessed on 2
December 2018).

APVMA. Management of use of pesticides and veterinary medicines. Available online:
https://apvma.gov.au/node/3190 (accessed on 2 February 2019).

Department of Agriculture Water and the Environment. Independent review of the agvet chemical
regulatory framework. Available online: https://www.agriculture.gov.au/ag-farm-food/ag-vet-
chemicals/better-regulation-of-ag-vet-chemicals/independent-review-agvet-chemical-regulatory-
framework (accessed on 25 September 2020).

APVMA. Which products/chemicals require registration. Available online:
https://apvma.gov.au/node/84 (accessed on 2 December 2018).

Agricultural and Veterinary Chemicals Code Act 1994.

APVMA. Data guidelines. Available online: https://apvma.gov.au/registrations-and-permits/data-
guidelines (accessed on 13 March 2019).

APVMA. Toxicology (Part 3). Available online: https://apvma.gov.au/node/1036 (accessed on 10 April
2019).

Department of Health. AHMAC - Scheduling policy framework for medicines and chemicals.
Available online: https://www.tga.gov.au/publication/ahmac-scheduling-policy-framework-
medicines-and-chemicals (accessed on 10 April 2019).

Poisons Standard October 2020.

Department of Health. Scheduling handbook: Guidance for amending the Poisons Standard. Available
online: https://www.tga.gov.au/book-page/advisory-committees (accessed on 10 April 2019).



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 December 2020

61.

62.
63.

64.

65.
66.

67.

68.

69.

70.

71.

72.

73.

74.
75.

76.
77.

78.
79.

80.

81.

82.
83.

84.

85.

86.

87.

Agricultural and Veterinary Chemicals Legislation Amendment (Removing Re-approval and Re-registration)
Bill 2014.

Agricultural and Veterinary Chemicals Legislation Amendment Act 2013.

APVMA. About the application process | Australian Pesticides and Veterinary Medicines Authority.
Available online: https://apvma.gov.au/node/516 (accessed on 4 December 2019).

APVMA. The reconsideration process. Available online: https://apvma.gov.au/node/10966 (accessed
on 20 February 2018).

APVMA. Chlorpyrifos: Preliminary Review Findings Report on Additional Residues Data; Kingston, 2009.
Matthews, K.; Corbett, M.; Suann, C.; Astin, A. Issues paper — review of the agvet chemicals regulatory
system Future reform opportunities; Canberra, 2020.

CHOICE. Submission on Proposed Agricultural and Veterinary Chemicals Legislation Amendments; NSW,
Australia, 2014.

King, J.; Alexander, F.; Brodie, J. Regulation of pesticides in Australia: The Great Barrier Reef as a case
study for evaluating effectiveness. Agric. Ecosyst. Environ. 2013, 180, 54-67.

APVMA. Timeframes for chemical reviews. Available online: https://apvma.gov.au/node/10961
(accessed on 29 September 2020).

Australia New Zealand Food Standards Code - Standard 1.1.1.

Australia New Zealand Food Standards Code — Standard 1.4.2 —Maximum Residue Limits.

FSANZ. Chemicals in food - maximum  residue limits. Available online:
https://www.foodstandards.gov.au/consumer/chemicals/maxresidue/Pages/default.aspx (accessed on
1 December 2019).

APVMA. Residues (Part 5A). Available online: https://apvma.gov.au/node/1037 (accessed on 5
December 2018).

Agvet Chemicals Code Instrument 4 (MRL Standard).

Parker, C. Strawberry fields forever: Can consumers see pesticides and sustainability as an issue?
Sustain. Sci. 2015, 10, 285-303.

FSANZ. 25th Australian Total Diet Study; 2008.

FSANZ. The 21st Australian Total Diet Study; A total diet study of sulphites, benzoates and sorbates; Canberra,
2005.

National Residue Survey (Customs) Levy Act 1998.

Department of Agriculture and Water Resources. National Residue Survey. Available online:
http://www .agriculture.gov.au/ag-farm-food/food/nrs (accessed on 12 March 2019).

National Residue Survey Administration Act 1992.

Department of Health Government of Western Australia. Western Australian Food Monitoring
Program: Monitoring agricultural chemical residue levels in Fresh Fruit and Vegetables. Dep. Heatlh
2015.

FreshTest. FreshTest. Available online: https://www.freshtest.com.au/(accessed on 29 January 2020).
Woolworth Supermarket. Regulatory Requirements. Available online:
https://www.wowlink.com.au/wps/portal/topic_centre? WCM_GLOBAL_CONTEXT=/cmgt/wcm/con
nect/Content Library - WOWLink/WOWLink/Topic
Centre/StandardsCompliance/WQA/RegulatoryRequirements (accessed on 29 January 2020).

Coles. Quality - All Coles Brand Food Suppliers. Available online:
https://www.supplierportal.coles.com.au/csp/wps/portal/web/Quality/AllColesBrandSuppliers/AllIC
olesBrandFoodSuppliers (accessed on 29 January 2020).

European Commission. Pesticides | Food Safety. Available online:
https://ec.europa.eu/food/plant/pesticides_en (accessed on 25 November 2018).

European  Chemicals Agency. Understanding BPR - ECHA. Available online:
https://echa.europa.eu/regulations/biocidal-products-regulation/understanding-bpr (accessed on 2
December 2018).

EFSA. How Europe ensures pesticides are safe. Available online:
https://www.efsa.europa.eu/interactive_pages/pesticides_authorisation/PesticidesAuthorisation
(accessed on 20 November 2018).



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 December 2020

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.
99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

EFSA. How pesticides are regulated in the EU. Available online:
https://www.efsa.europa.eu/sites/default/files/corporate_publications/files/Pesticides-ebook-
180424.pdf (accessed on 28 November 2018).

Pintado, C. A Taxonomy of EFSA Scientific Output. In Foundations of EU Food Law and Policy : Ten Years
of the European Food Safety Authority; Alemanno, A.; Gabbi, S., Eds.; Taylor & Francis Group, 2014; pp.
29-46.

European Commission. Procedure to apply for authorisation of a PPP | Food Safety. Available online:
https://ec.europa.eu/food/plant/pesticides/authorisation_of_ppp/application_procedure_en (accessed
on 1 March 2019).

European Parliment and Council Regulations (EC) 396/2005 of 23 February 2005 on maximum residue levels
of pesticides in or on food and feed of plant and animal origin and amending Council Directive 91/414/EEC.
Storck, V.; Karpouzas, D. G.; Martin-Laurent, F. Towards a better pesticide policy for the European
Union. Sci. Total Environ. 2017, 575, 1027-1033.

Alemanno, A. Introduction: Foundations of EU Food Law and Policy. In Foundations of EU food law and
policy: Ten years of the European food safety authority.; Alemanno, A.; Gabbi, S., Eds.; Taylor & Francis
Group: London, 2014; pp. 1-14.

EFSA. Conclusion on the peer review of the pesticide risk assessment of the active substance
glyphosate. EFSA |. 2015, 13.

IARC. Q&A on Glyphosate. Available online: https://www iarc.fr/featured-news/media-centre-iarc-
news-glyphosate/(accessed on 20 February 2020).

European Comission. Renewal of approval - European Commission. Available online:
https://ec.europa.eu/food/plant/pesticides/approval_active_substances/approval_renewal_en
(accessed on 1 December 2018).

Robinson, C.; Portier, C. J.; Cavoski, A.; Mesnage, R.; Roger, A.; Clausing, P.; Whaley, P.; Muilerman,
H.; Lyssimachou, A. Achieving a High Level of Protection from Pesticides in Europe: Problems with
the Current Risk Assessment Procedure and Solutions. Eur. J. Risk Regul. 2020, 1-31.

IARC. IARC Monographs Volume 112: evaluation of five organophosphate insecticides and herbicides; 2015.
JMPR. Pesticide residues in food —2016. Special Session of the Joint FAO/WHO Meeting on Pesticide Residues.;
Rome, 2016.

Tarazona, J. V.; Court-Marques, D.; Tiramani, M.; Reich, H.; Pfeil, R.; Istace, F.; Crivellente, F.
Glyphosate toxicity and carcinogenicity: a review of the scientific basis of the European Union
assessment and its differences with IARC. Arch. Toxicol. 2017, 91, 2723-2743.

Clausing, P.; Robinson, C.; Burtscher-Schaden, H. Pesticides and public health: An analysis of the
regulatory approach to assessing the carcinogenicity of glyphosate in the European Union. J. Epidemiol.
Community Health 2018, 72, 668—672.

European Parliment and Council Regulations (EC) 1272/2008 on classification, labelling and packaging of
substances and mixtures, amending and repealing Directives 67/548/EEC and 1999/45/EC, and amending
Regulation (EC) No 1907/2006.

EFSA. Submission of scientific peer-reviewed open literature for the approval of pesticide active
substances under Regulation (EC) No 1107/2009. EFSA J. 2011, 9, 1-49.

Gillam, C. Science shouldn’t be for sale — we need reform to industry-funded studies to keep people
safe. Available online: https://www.theguardian.com/commentisfree/2020/feb/18/science-shouldnt-
be-for-sale-we-need-reform-industry-funded-studies-monsanto (accessed on 29 September 2020).
Glyphosate | Food Safety. Available online: https://ec.europa.eu/food/plant/pesticides/glyphosate_en
(accessed on 5 November 2020).

European Commission. New rules on pesticide residues in food - Factsheet. Available online:
http://ec.europa.eu/food/fvo/specialreports/pesticides_ (accessed on 28 November 2018).

EFSA. Applications helpdesk — Maximum residue levels application precedure.

EFSA. Pesticides [ European Food Safety Authority. Available online:
http://www .efsa.europa.eu/en/topics/topic/pesticides#group-maximum-residue-levels- (accessed on 6
March 2020).

Codex Alimentarius FAO-WHO. About Codex | CODEXALIMENTARIUS FAO-WHO. Available
online: http://www.fao.org/fao-who-codexalimentarius/about-codex/en/(accessed on 6 March 2020).



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 December 2020

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.
120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

International Trade Cantre. The SPS Agreement: WTO agreement on the application of sanitary and
phytosanitary measures. Available online: http://www.tradeforum.org/The-SPS-Agreement-WTO-
Agreement-on-the-Application-of-Sanitary-and-Phytosanitary-Measures/(accessed on 7 April 2020).
World Trade Organization. WTO | 2017 News items - Pesticide residues top of agenda of WTO food
safety body. Available online: https://www.wto.org/english/news_e/news17_e/sps_02nov17_e htm
(accessed on 6 March 2020).

European Commission. EU Pesticides Database. Available online:
http://ec.europa.eu/food/plant/pesticides/eu-pesticides-
database/public/?event=homepage&language=EN (accessed on 2 January 2019).

Code of Federal Regulations. eCFR — Code of Federal Regulations. Available online:
https://www.ecfr.gov/cgi-bin/ECFR?page=browse (accessed on 16 April 2020).

CODEX ALIMENTARIUS FAO-WHO. Maximum Residue Limits. Available online:
http://www .fao.org/fao-who-codexalimentarius/codex-texts/maximum-residue-limits/en/(accessed
on 30 November 2018).

EFSA. Pesticide Monitoring Program: Design Assessment. EFSA ]. 2015, 13, 1-52.

Wagner, K,; Fach, B.; Kolar, R. Inconsistencies in data requirements of EU legislation involving tests
on animals. ALTEX 2012, 29, 302-332.

Reynolds, S. Monitoring of pesticide residues in food within the EU. Available online:
https://www.newfoodmagazine.com/article/13803/monitoring-and-control-of-pesticide-residues-in-
food-within-the-european-union/(accessed on 9 March 2019).

European Commission (EC). RASFF - Food and Feed Safety Alerts | Food Safety. Available online:
https://ec.europa.eu/food/safety/rastf_en (accessed on 3 December 2019).

EFSA. The 2017 European Union Report on Pesticide Residues in Food. EFSA ]. 2019, 17, 5743.

EFSA; Medina-Pastor, P.; Triacchini, G. The 2018 European Union Report on Pesticide Residues in
Food. EFSA J. 2020, 18, 1-103.

PAN Europe. How many pesticides do you eat today? Plenty according to European Food Safety
Authority 2017.

APVMA. Product regulation according to risk. Available online: https://apvma.gov.au/node/19151
(accessed on 3 April 2019).

Rauh, V. A;; Andrews, H. F.; Garfinkel, R.; Barr, D. B.; Whitehead, R.; Hoepner, L.; Whyatt, R. W;
Perera, F. P.; Tang, D. Impact of Prenatal Chlorpyrifos Exposure on Neurodevelopment in the First 3
Years of Life Among Inner-City Children. Pediatrics 2006, 118, e1845-1859.

Rauh, V., Arunajadai, S.; Horton, M.; Perera, F.; Hoepner, L.; Barr, D. B.; Whyatt, R. Seven-year
neurodevelopmental scores and prenatal exposure to chlorpyrifos, a common agricultural pesticide.
Environ. Health Perspect. 2011, 119, 1196-1201.

Rauh, V. A;; Garcia, W. E.; Whyatt, R. M.; Horton, M. K,; Barr, D. B.; Louis, E. D. Prenatal exposure to
the organophosphate pesticide chlorpyrifos and childhood tremor. Neurotoxicology 2015, 51, 80-86.
Mie, A.; Rudén, C.; Grandjean, P. Safety of Safety Evaluation of Pesticides: developmental
neurotoxicity of chlorpyrifos and chlorpyrifos-methyl. Environ. Health 2018, 17, 77.

127. Maurissen, J. P. J.; Hoberman, A. M.; Garman, R. H.; Hanley, T. R. Lack of Selective Developmental
Neurotoxicity in Rat Pups from Dams Treated by Gavage with Chlorpyrifos. Toxicol. Sci. 2000, 57, 250
263.

Tweedale, A. C. The inadequacies of pre-market chemical risk assessment’s toxicity studies-the
implications. J. Appl. Toxicol. 2017, 37, 92-104.

Lundh, A.; Lexchin, J.; Mintzes, B.; Schroll, J. B.; Bero, L. Industry sponsorship and research outcome:
systematic review with meta-analysis. Intensive Care Med 2018, 44, 1603-1612.

APVMA. Pesticides and veterinary residues. Available online: https://apvma.gov.au/node/32551
(accessed on 5 December 2018).



