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ABSTRACT: Application of pesticides at the base of the human
food chain carries environmental and human health consequences
and remains a key challenge for Planetary Health. Analysis of an
Australian Government database identified 45 pesticide products
used in high volumes (>100 t/year). The international regulatory
status of each of these was in turn examined for global
benchmarking. The search revealed that 60% of Australia’s high-
use pesticides are banned in Europe, and a further 24.4% are
approved in Europe but banned in at least one other country. Just
15.6% retain international approval. Exploration of political actors
serving to maintain Australia’s permissive stance on harmful
pesticides found a two-way stabilizing mechanism. On the one
hand, Australia’s risk-based chemical assessment approach to
chemical regulation is unable to account for, nor manage, the inherent chemical hazards that remain after the chemical has been
released into an open system where biological and biogeochemical interactions cannot be predicted. The process omits the
precautionary principle and hereby creates an illusion of managed risk surrounding inherently harmful chemicals. On the other hand,
global chemical companies are purportedly delaying registration of modern product alternatives in Australia. Consequently,
Australian producers are locked into a continued reliance on harmful pesticides, while chemical companies safeguard a continued
market for otherwise unmarketable pesticide products.
KEYWORDS: Pesticides, Chemical Regulation, Agriculture, Chemical Policy, Planetary Health

■ INTRODUCTION
Chemical pollution represents a catastrophic threat to
Planetary Health1 and ranks in the top 10 most severe global
risks identified by the World Economic Forum.2 In 2021, the
United Nations Environment Programme (UNEP) declared
pollution as part of a triple planetary crisis, alongside
biodiversity loss and climate change.3,4 Planetary Boundaries
research has found that the safe operating space for novel
entities, such as chemicals, has already been exceeded.5 In
response to the advanced stage of the threat, the 2022 United
Nations Environment Assembly committed to the establish-
ment of an intergovernmental science-policy panel on
chemicals, waste, and pollution prevention (resolution 5.8).
Over the past 70 years, the agrochemical industry has been a
major contributor to the global chemical footprint. Notably, 19
of the 33 recognized Persistent Organic Pollutants (POPs)
listed under the Stockholm Convention (i.e., chemicals with
known properties of persistence, toxicity, bioaccumulation
capacity, and mobility in the environment) were manufactured
as pesticidal products. Chemical inputs via agricultural
applications migrate widely in the environment6 and therefore
impact systems at every scale from the degradation of soil

microbial biodiversity7 to negative impacts to human health.
Diverse pesticidal products have been linked to for example
human impaired cognitive development,8 cancer,9 obesity,10

and reproductive failure.11

Australia is an agricultural powerhouse, with a large
landmass and a range of growing climates. Currently over
70% of Australia’s primary produce is exported, attracting
almost $80 billion per year to the Australian economy.12

Chemical inputs play a major role in pest management in
Australian agriculture, with $5.1 billion worth of plant
protection products alone sold in Australia in 2021−2022.13
In recent years, Australia’s use of pesticides that have been
banned overseas, and the associated complications they
introduce to trade markets, has reached media attention.14,15

Nationally, pesticide chemicals are regulated under the
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Australian Pesticides and Veterinary Medicines Authority
(APVMA). The APVMA is a cost-recovered agency, meaning
that it is funded primarily through the fees of applicants
seeking to register chemical products in Australia. This
structure has been criticized for creating a conflict of interest
by potentially incentivizing the APVMA to approve more
products to meet income targets (Senate Inquiry).16 In 2023
the APVMA underwent an independent review (the Matthews
review).17 This review represents an opportunity to improve
and modernize the way that pesticides are regulated and
managed in Australia for improved protection of both
environmental and human health. Strong recommendations
with respect to both removal of the cost recovery model and
support for the development of national regulatory and risk
management capacity outside the government sector were
made by the panel. The review, however, was also distinctive in
that the panel promoted continued regulation of chemicals
based upon their risk, as influenced by handling practices of
the chemical product, rather than the chemical’s inherent
biological hazard. Similarly, a greater reliance on industry
obligations and voluntary compliance to support Australia’s
Deregulation Agenda were promoted. These priorities reveal a
disconnect from the tone and scale of the chemical policy
reform occurring in Europe. The EU Chemical’s Strategy for
Sustainability (2020) was developed as part of the EU Green
Deal’s ambition of ‘zero pollution’.18 Similarly, the new UN
Global Framework on Chemicals (2024) sets in place a
framework of actionable initiatives and targets for industry and
other stakeholders alike for the safe management of chemicals
that cover the full life cycle of a chemical.
Australia’s continuing use of pesticides banned overseas,14 as

well as a chemical regulatory focus that is out of step with
leading international chemical policy reform, prompted a
detailed analysis of Australia’s pesticide usage based on the
best available inventories. Here we present an analysis of high-
use pesticides in the Australian context and their Australian vs
international regulatory status. The sector actors behind
Australia’s stance on pesticide access and use are explored to
better understand the mechanisms that support maintenance
of the status-quo. Such multidisciplinary assessments are
needed to identify levers for change in the context of a rapidly
changing global chemical policy landscape.

■ MATERIALS AND METHODS
In 2020, a review of the Australian Government Agricultural Chemical
Usage Database was performed which identified 45 high-use (>100 t/
year) pesticides covering the period from 2003 to 2006, the latest
entry period included in the database. The database has since been
archived through a change in government, preventing any further
analysis of historical use and time trends.
To account for the historical nature of the data, in terms of both

the period the sourced data covered (2003−2006) and the time since
accessing the data, we searched for alternative public sources and
more recent information. No equivalent public sources were found to
exist in relation to the volumes of products sold. While the Food and
Agriculture Organization of the United Nations report aggregated
statistics of pesticide use, confirming Oceania (inc. Australia) and the
Americas as regions having the highest pesticide use per capita in the
world,19 itemized results by products and volume could not be found.
Similarly, the Australian Department of Climate Change, Energy,
Environment, and Water (DCCEEW)’s National Pollutant Inventory
covers 93 substances, none of which are pesticide products.
Since more current data was not found, data from the Australian

Government Agricultural Chemical Usage Database was taken as the
best available. The current Australian regulatory status of each of the

45 pesticide products identified as high use in the database was
verified to confirm that no change in their regulatory status had been
made over the past 20 years.
Finally, the EU regulatory status of each of the 45 pesticides was

checked against the EU Pesticide Database, and their international
status was checked against the Pesticide Action Network consolidated
list of banned pesticides (last updated December, 2024) (Table 1).

■ RESULTS
Of the original list of 45 high-use pesticides extracted from the
Australian Government Agricultural Chemical Usage Database,
98% were classified as herbicides. Only 2,4-Dichlorophenoxy-
acetic acid (2,4-D) has been subject to regulatory restrictions
since the collection of data. Australia still has 220 products
containing 2,4-D registered for use but has removed highly
volatile formulations to limit spray-drift.20 In addition,
Chlorpyrifos was added to Annex A of the Stockholm
Convention in May, 2025. As a signatory to the Stockholm
Convention, Australia is expected to adhere to amendments
and exemptions when they enter into force in October, 2026.
Given current ongoing use, all 45 identified pesticide products
were therefore included in subsequent analyses. Exploration of
the data set found that of the 45 pesticides used in high
volumes in Australia in the period 2003−2006, 27 (60%) are
today banned by the EU. A further 11 chemicals (24.4%) are
approved in the EU but banned in at least one other country.
Finally, only 7 (15.6%) of the identified high-use pesticide
products retained international approval (Figure 1).

■ DISCUSSION
Archiving of the Australian Government Agricultural Chemical
Usage Database in 2022, and lack of upkeep in the years prior,
represent a significant obstacle to industry transparency of
Australia’s pesticide use. Addressing this gap would support a
key recommendation of the Matthews Review calling for
comprehensive surveillance and data collation systems.17

The finding of this quantitative review that just 15.6% of
pesticides used in very high volumes (>100t/year) in Australia
retain international approval is alarming and warrants
exploration of the underlying drivers and/or mechanisms
serving to stymie regulatory action or stabilize the status-quo
(‘lock-in’ mechanisms).

Figure 1. International regulatory status of high-use (>100t/year)
pesticides in Australia.
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Actors and Lock-in Mechanisms

Despite overwhelming evidence of the detrimental impacts
associated with deliberate input of biocidal compounds at the
base of the human food-chain, various socio-political actors
present obstacles to their reduction or elimination.21 These
include both internal and external political actors of the sector.
External actors include, for example, agrichemical firms, while
internal actors include the regulatory processes themselves.21

Notably, numerous ‘lock-in’ mechanisms have been well-
documented as perpetuating the use of pesticides of known
harm.22,23 The most conspicuous is perhaps the rise of
pesticide-resistant Genetically Modified Organism (GMO)
crops. Bayer AG, one of the largest pharmaceutical and
biotechnology companies in the world, now owns the patents
to both glyphosate (Roundup), a non-selective herbicide
linked to neurotoxicity,24 gut disease, and cancer,25 as well as
its range of ‘Roundup ready’ GMO crops. Actors with an
interest in the continued growth of chemically dependent food
production systems lean on global food security interests to
legitimize the status-quo. These arguments are valid and
powerful and are explicitly identified by the United Nations
Sustainable Development Goals (2.0 Zero Hunger), although
they hinge on an assumption of the superiority of chemically
dependent agriculture in meeting long-term population
demand. De Ponti et al. (2012)26 performed a meta-analysis
of 362 published crop yields of both conventional and organic
practices. When only chemical additives are considered, the
study showed that organic yields were around 80% of those of
conventional yields, although the variance was high and
findings suggested a decreasing yield with time in conventional
practices compared to the inverse trend in organic practices.27

In recent years, regenerative agriculture (RA) has emerged as
an alternative strategy to both minimizing environmental
impact and rebuilding the productivity of agroecosystems.28

RA uses natural processes to increase biological activity,
enhance soil health, improve nutrient cycling, and mitigate
greenhouse gas emissions.29,30 The RA approach seeks to
minimize and eliminate the use of chemical additives since a
core goal of the practice is to build biodiversity. By leveraging
ecological processes within an agricultural system,29 the RA
approach has shown to be a promising model for enhancing
long-term global food security as well as the resilience and
profitability of agriculture.30

Chemical-Use Risk or Inherent Hazard

The shortcomings of chemical risk evaluation procedures
universally have been well-documented. These relate to both
chemical hazard assessment tools as well as downstream
application of chemical hazard data. For example, one common
limitation of standardized Organization for Economic Coop-
eration and Development (OECD) toxicity tests is their
inability to reflect chronic exposure scenarios that represent
the majority of human and environmental chemical exposure.
The APVMA collaborates with the OECD Chemicals
Committee and has formal bilateral cooperative arrangements
with respect to information sharing regarding chemical hazard
data.31 Therefore, Australia’s unique regulatory position does
not arise from the generic shortcomings of chemical hazard
data or data availability but rather specific assessments and
decisions made based on the available chemical hazard data.
Australia’s chemical regulatory frameworks have been

criticized for not applying the precautionary principle, a core
concept in environmental policy that states that full scientific

certainty should not prevent action to avoid irreversible
harm.32 It may be argued that by incorporating chemical risk
assessment procedures into regulatory decision-making,
practitioners are applying a precautionary approach. In contrast
to the values-based nature of the precautionary principle,33 the
precautionary approach is a process-based measure that
requires that all possible practicable precautions for a particular
safety issue be identified, and then those that are considered
reasonable are adopted. The precautionary approach is, as
such, only as good as the available information.
Chemical risk assessment forms a pillar of the Australian

regulatory decision-making process. The utility of risk as a
decision-making tool when it comes to hazardous chemicals
has fundamental limitations as the risk paradigm cannot
provide adequately for the indeterminacy implicit in natural
systems.34 Notably, unlike a laboratory scenario where
exposure to harmful substances can be controlled through
safe operating procedures, agricultural application of pesticides
occurs in open systems where any measure of risk management
(e.g., control of application volumes, timing, and technique)
offers no certainty of no adverse outcomes. A shift away from
the time and resource intensive specific chemical risk
assessments performed by agencies such as the APVMA,
toward hazard-based, or generic chemical risk assessments is
therefore a cornerstone of the EU Chemicals Strategy for
Sustainability.35 Under the generic risk assessment (GRA)
approach, toxic substances are eliminated based on their
inherent hazard.36 While the effectiveness of the GRA
approach remains to be proven, it carries the potential for
greater protection by effectively removing both the chemical
hazards identified through controlled assessments as well as
those that cannot easily be predicted such as chemical mixture
toxicity and exacerbated environmental dispersal through
unusual weather events.
Socio-Political Influences Surrounding Pesticide Use

The chemical dependence of conventional agricultural systems
is a core trend that has facilitated the industrialization of
agriculture.21 Continued use of pesticides is the product of
cross-sectional alliances and political pressures. Many farmers
use pesticides intensively and consider that these chemicals
have a positive impact upon yields.37 The use of pesticides
among farmers, however, goes well beyond any perceived
financial gain. A recent study found that the likelihood of a
farmer changing their pesticide practice was highly dependent
upon others doing so.38 This aligns with feedback from farmer
consultations conducted by Daughters of Mother Earth
(DOME) (personal communication), an Australian charity
organization supporting farmers transitioning to organic and
regenerative practices. The isolative experience of farming in
Australia, increasingly impacted by international cooperation
ownership of large hectare farms (in 2023 12.9% of Australian
farmland was in foreign ownership (ref 39), was a recurring
theme. In remote rural regions, there is a heightened
dependence on community and belonging. Introduction of
non-conventional practices is often perceived as an affront to
established practices and may be met by ostracism from the
community. The mental health of Australian farmers is of
ongoing critical concern, with suicide rates among farmers
found to be 94% higher than among non-farmers.40 While
farming practices and mental health are not the topic of this
study, ostracism in small, isolated communities inevitably
represents a risk factor to mental health and may allude to
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social pressures that contribute to the perpetuation of
conventional farming practices in Australia. In addition to
farmer−farmer relations, agrichemical companies have a direct
farmer influence. Compagnone and Simon41 report that
pesticides are a key element in the relationship between
farmers and their technical advisors. Any reduction or
withdrawal in pesticide use through a pivot to organic or RA
practices would therefore require a deep change in these
relations.
Agrichemical Company Influences

Industry (manufacturers, importers and suppliers, chemical
users, veterinarians, and farm businesses) feedback provided in
the Matthews Review17 identified a recurring call for access to
new pesticide product alternatives. For new pesticide products
to enter the Australian market, chemical firms must determine
whether seeking APVMA registration for a chemical in
Australia is cost-effective, given its relatively small global
market-share. If agrichemical firms are not registering modern,
less hazardous, pesticides in Australia, preventing user access
and perpetuating Australia’s reliance on pesticides of known
harm, there is evidence to suggest that both agrichemical firms
and current regulatory policy are creating a lock-in mechanism
that results in a scenario akin to the “Circle of Poison”,23 for
Australia. The Circle of Poison, although denounced decades
ago, describes the process of rebranding pesticides banned in
industrialized countries for sale in the Global South where
pesticide regulations are more flexible.42 Although more
common in developing countries, Australia, through its
permissive stance on these pesticides, is creating a continued
international market for harmful pesticides. A stark example of
this is Paraquat (N,N′-dimethyl-4,4′-bipyridinium dichloride),
a non-selective herbicide first manufactured in 1962, which has
received widespread media attention and is a source of
industry litigation in Australia.43 Paraquat, manufactured by
the global agrichemical company Syngenta, is highly toxic to
human and environmental health due to its powerful oxidant
properties. Notably it has been linked to neurodegeneration
leading to Parkinson’s disease in human and animal
models.44,45 The chemical has consequently been banned in
72 countries worldwide (Table 1) but retains approval in
Australia despite ongoing review by the APVMA. Indeed, the
Asia-Pacific region represents 30% of the global market-share
for Paraquat, and more than 10,000 tonnes were sold in
Australia in 2022−23,43 representing a viable market for a
product unmarketable elsewhere.
While pesticide products represent a relatively small fraction

of industrial chemicals registered globally, their global chemical
footprint is large, and they pose a unique threat as they are
applied intentionally to the base of the human food chain.
Pesticide chemicals that enter the environment may cause
adverse outcomes for environmental health and human health.
The rise in modern chronic disease cannot be explained by
genetics alone and has been found to result from gene-
environment interactions,46 which include exposure to the
immune and endocrine modulating properties of many
pesticides.47 As such, robust chemical regulatory action and a
transition to a non-chemically dependent agrifood system is
one of the greatest Planetary Health challenges we face today.
Weaknesses in pesticide regulatory processes arise when there
is a direct commercial or public health conflict relating to a
pesticide. Even when a pesticide is identified as problematic,
which may be decades after a chemical has entered the

environment, history has shown that it may take many more
years for an eventual agreement to ban or restrict its use and
many more years in addition for legislation to take effect and
be reflected by declining levels in the environment.48 As such,
identifying levers for regulatory and social change are
imperative for realizing transition toward regenerative
practices.49 In the case of Australia’s anomalously permissive
stance on pesticides of known harm, a two-way mechanism
serving as a lock-in was identified in this study. On the one
hand, regulatory decision-making adheres to a risk-based
approach that omits the precautionary principle in its
processes. On the other hand, a delay in seeking Australian
registration of newer alternatives by global chemical companies
perpetuates farmers’ reliance on harmful pesticides banned
internationally. Ultimately, this mechanism also safeguards a
continued market for these otherwise unmarketable chemicals.
This two-way mechanism is further fortified by social pressures
associated with a transition away from conventional agricul-
tural practices in remote Australian farming communities. This
combination of factors amounts to continued use, emission,
and health impacts arising from application of harmful
pesticides, under an apparent national ‘blind eye’ to the
status-quo.
In light of the findings of this assessment, and in line with

and in extension of the Matthews review, it is recommended
that

i) A publicly available database akin to the Australian
Government Agricultural Chemical Usage Database be
(re)established and maintained up to date

ii) The Australian government should seek to remove the
perceived conflict of interest associated with the present
cost-recovery model of the APVMA

iii) Ongoing regulatory approval of identified legacy high-
use pesticides of known harm should be subject to re-
evaluation according to present-day requirements

iv) APVMA should seek to work with international
chemical companies to ensure Australian market
availability of modern alternatives

v) Comprehensive, long-term, farm surveillance and
biomonitoring programs should be established to advise
on environmental threat of current and future pesticide
use

vi) The reforms to chemical regulation occurring in the EU
under the EU Chemical Strategy for Sustainability,
notably a move to GRAs, should be used as models for
how Australia must respond to the global planetary
pollution crisis and avoid increasing international trade
complications with respect to pesticide use
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