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PESTICIDE TOXICITY

Increasing applied pesticide
toxicity trends counteract the
global reduction target to
safeguard biodiversity

Jakob Wolfram?, Dino Bussen', Sascha Bub!, Lara L. Petschick’,
Larissa Z. Herrmann®, Ralf Schulz-?*

The 15th United Nations Biodiversity Conference (COP15)
obligates all countries to reduce pesticide risks by 50% by 2030.
In this study, we derived the trends of total applied toxicity
(TAT) globally between 2013 and 2019, weighting applied
masses by ecotoxicity, of 625 pesticides for eight species
groups to assess pathways toward this reduction goal. We found
that the TAT of most species groups has increased; that only

20 + 14 pesticides per group define >90% of the TAT nationally;
that fruits, vegetables, maize, soybean, rice, and other cereals
contribute 76 to 83% of the global TAT; and that China, Brazil,
the United States, and India contribute 53 to 68% of the global
TAT. Our target achievement categorization shows that
substantial actions, combining shifts to less-toxic pesticides,
increased adoption of organic agriculture, and also provision of
national pesticide use data, will be required globally to approach
the United Nations’ target.

Global biodiversity is threatened by many anthropogenic activities
(1-6), including the use of toxic chemicals, such as agricultural pesti-
cides (7-9). The effects of pesticide use, however, remain difficult to
quantify on large scales (10). In 2022, the United Nations Global
Biodiversity Framework (UN GBF) set a global target to reduce pesti-
cide risks by 50% by 2030 relative to the 2010-2020 baseline (I1).
However, no indicator for setting the baseline and gauging the success
of reaching the reduction goal was specified at that time (12, 13). In
February 2025, the UN Biodiversity Conference (COP16.2) then ad-
opted the aggregated total applied toxicity (ATAT) as an option (14, 15),
building on the total applied toxicity (TAT) framework (16).

Two types of data input variables are required to estimate national
TATs and their temporal dynamics: (i) the annual amount of pesticide
active ingredients (hereafter “pesticides”) used in agriculture per coun-
try (16, 17) and (ii) the toxicity of these pesticides for different nontar-
get species groups (18), here defined as groups sharing functional
characteristics (e.g., pollinators) and serving as proxies for potential
ecological effects. In this context, pesticide toxicity—varying across
several orders of magnitude even among chemically similar pesticides
(16)—is key for calculating the TAT of the pesticide mix used in agriculture,
its changes over time, or differences between countries (10, 16, 19, 20).
Although previous studies have presented global pesticide use or risk
estimates (8, 9, 21-25), they were either restricted to specific pesticide
types or to specific species groups, did not provide data over time, or se-
lected pesticides solely on the basis of the amount used; thus they did not
cover the full range of toxicities potentially affecting biodiversity (10, 16).

In this study, we used the TAT approach for pesticides (16) on a
global scale, combining weight-based measures of pesticide use and
distributions of regulatory threshold levels (RTLs) (26). RTLs denote
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concentrations above which environmental risks are expected (I6).
Whereas previous studies relied on RTLs derived by individual regula-
tory authorities (8, 17, 19, 20), we used the global average RTL per
species group and pesticide—derived from seven regulatory authorities
(Australia, Canada, China, European Union, New Zealand, the US, and
Japan; 15,041 RTLs total) (27)—to ensure global representativeness.
Species groups (aquatic plants, aquatic invertebrates, fish, terrestrial
arthropods, pollinators, soil organisms, terrestrial vertebrates, ter-
restrial plants) are used by regulators to characterize chemical risks
for similar species and are based on taxonomic groups or functional
characteristics. The annually applied pesticide amounts were weighted
(i.e., divided) by RTLs to derive the TAT per substance (n = 511), species
group (n = 8), crop group (n = 11), country (n = 201), and year (2013
to 2019) (26). Toxicity-weighted pesticide use, as represented by the
TAT, has been repeatedly linked to both exposure and risks relevant
to biodiversity in aquatic and terrestrial ecosystems (17, 26, 28, 29).
The TAT was projected to 5 arc min (plane angle) using a comprehen-
sive global crop raster (SPAM2010) (30) and subsequently spatially
normalized (nTAT), which enabled new analyses (e.g., across species
groups or between regions) on the macro scale (26). We then combined
the highest nTAT values across species groups into a single nTAT metric
(maximum nTAT) to ensure a broad coverage of species’ biodiversity
(11) and to avoid masking (e.g., through averaging) shifts in potential
threats between groups or differences in trend strength (16, 26). We
present aggregated nTAT trends for, for example, species and sub-
stance groups, crops, and countries. Furthermore, we calculated target
achievement categories for 65 countries (representing ~80% of the
global crop acreage) that synthesize national efforts needed to ap-
proach the UN GBF biodiversity target (11) of a 50% pesticide risk
reduction (26), supporting urgent policy action.

Global, continental, and species group-specific TATs

The global nTAT of pesticides is increasing for many species groups
[Figs. 1 and 2; see supplementary materials for sensitivity analyses
(26)]. Between 2013 and 2019, the global nTAT increased for six out of
eight species groups, including all invertebrate species groups and
terrestrial plants (Figs. 1A and 2, A and B). Terrestrial arthropods
exhibited the strongest increase (6.4% per year; Fig. 1A and table S1),
followed by soil organisms (4.6% per year, for both species groups
consistent across all continents; Fig. 2A) and fish (4.4% per year, except
in Asia, where it was 0.41% per year; Fig. 2B). The importance of all
of these species groups is recognized in the biodiversity debate (2), in
agroecology (31), and from an economic perspective (32). The global
nTAT showed positive trends for aquatic invertebrates (2.9% per year),
pollinators (2.3% per year; for both species groups across all continents
except Asia, where it was —2.5 and —2.6% per year, respectively; Fig. 2A)
and terrestrial plants (1.9% per year; table S1). In contrast, the global
nTAT decreased only for aquatic plants and terrestrial vertebrates
(=17 and —0.5% per year, respectively; Fig. 1A), although these trends
varied considerably between continents (Fig. 2A). Previously reported
national trends for the US (16) and Germany (19) are reflected in the
global trends reported here. The increasing global TAT trends pose a
challenge to achieving the UN pesticide risk reduction target and dem-
onstrate the presence of threats to biodiversity globally.

Maximum nTAT across all species groups is elevated in regions with
intensive agriculture, including North and South America, western
Europe, and South and East Asia (Fig. 1B; see figs. S2 to S9 for species-
specific TAT). Although agricultural intensification drives these patterns
(fig. S10), we observed a decoupling between agricultural acreages and
resulting TAT across species groups. By using the maximum nTAT
values, our assessment ensured simultaneous improvements for all
species groups (for differences and variability patterns, see figs. S11
and S12), aligning with UN biodiversity conservation goals and reflect-
ing pesticides’ potential impact on biodiversity. A decrease in maxi-
mum nTAT indicates concurrent declines across all species groups,
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Fig. 1. Global trends of the total applied toxicity of pesticides used in agriculture. (A) Global nTAT trends for each of the eight species groups. (B) Global map and grid cell
density plot of the maximum nTAT (2018-2019, logyo, zero-centered) across the eight species groups. Maximum nTATs are based on highest nTAT values across all eight species
groups; for sum-aggregated results, see fig.S1, and for species-specific maps, see figs.S2 to S9. (C) Global map and grid cell density plot of the change of maximum nTAT from

2013-2014 (100%) to 2018-2019 in percent.

providing the most protective measure of changing pesticide threats
on the basis of the current regulatory knowledge. Regions such as
sub-Saharan Africa, Central Asia, parts of the Indian subcontinent, and
southern Australia exhibit particularly high maximum nTAT increases
(Fig. 1C). Notably, the relatively low maximum nTAT in many of these
regions (Fig. 1B) presents opportunities for early intervention, as the
onset of intensifying agricultural practices can be managed through
targeted strategies to mitigate adverse pesticide effects. In contrast,
maximum nTAT decreases occur in parts of South America, western
Europe, and East Asia (Fig. 1C), highlighting that dynamic TAT shifts
can occur within short time frames (2013-2019), as documented in the US
(16). The data presented here can assist in establishing the 2010-2020
baseline proposed by the UN GBF (11). Overall, the maximum nTAT
increased during this baseline period (Fig. 1A and fig. S13), accompa-
nied by a spatial intensification, with 54 to 80.0% of spatial units (grid
cells, n = 832,827) exhibiting increases (fig. S14,).

Insecticides dominated TATs in many animal species groups, herbi-
cides dominated in plants, and fungicides dominated in soil organisms
(Fig. 2, B and C, and table S2). Specifically, a few classes of insecticides,
including pyrethroids and organophosphates, contributed to the TATs
of aquatic invertebrates, fish, and terrestrial arthropods by >80%. In
contrast, neonicotinoids, organophosphates, and lactones (including
some neonicotinoid follow-ups) accounted for >80% of pollinator TAT.
Organophosphates, alongside other insecticide classes (e.g., carbamates),
contributed most to the terrestrial vertebrate TAT (Fig. 2C; for details,
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see table S3). The hazard of pyrethroids for invertebrates and fish, as
well as neonicotinoids for pollinators, has been previously reported
(16, 19, 33) and attributed to their high toxicity in these species groups
(10, 28). However, assessing aquatic pyrethroid risks remains challenging
owing to analytical limitations (10). Acetamide and bipyridyl herbicides
contributed >80% to aquatic plant TATs, whereas a broader herbicide mix
(including acetamide, sulfonylurea, and others) defined terrestrial plant
TATs (Fig. 2C). High-volume herbicides, such as acetochlor (~54,000 metric
tons per year), paraquat (~44,000 tons per year), and glyphosate
(~518,000 tons per year), belong to these classes and have been linked to
environmental and human health risks (34). Widely applied conazole
and benzimidazole fungicides, along with neonicotinoid insecticides
commonly used in seed coating (35), contributed mainly to the TAT of
soil organisms, highlighting the need for attention given their regular
presence in topsoils (36). Pesticide toxicity varies by more than seven
orders of magnitude, even within the same pesticide class or species group
(16, 19). Consequently, a small number of highly toxic pesticides (average
20.3 +14.3 out of 511 pesticides) often dominate national TATs, contribut-
ing >90%. This underscores the need for robust toxicity estimates, such
as those derived from global RTLs, to evaluate agricultural pesticide
threats. Mass-based assessments alone can be misleading, as they ignore
the disproportionate relationship between applied tonnages and ecotoxi-
cological threats (figs. S15 and S16) (16). Reducing use of the few current-
use pesticides driving high TAT fractions provides efficient leverage points
for national risk reduction toward the UN biodiversity target.
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Fig. 2. Continental nTAT trends and pesticides contributing to the nTAT for each species group. (A) nTAT trends per continent (2013-2019) for the eight species groups

visually indicated by LOESS (locally estimated scatterplot smoothing) regressions (span

= 3). Overly leveraged trends (26) are de-emphasized with dotted lines. For national

trend aggregates, see fig.S13. (B) Pesticide types contributing to the global nTAT trends for the eight species groups. Trends are normalized (0-1) (16). Trend significance:
P <0.05(*),0.05 <P <0.1(t),P > 0.1(n.s., not significant). (C) Treemap charts displaying the contribution of important pesticide classes to the global nTAT for the eight species

groups. TNote that glyphosate has been included in “Other.”

Country- and crop-specific TATs

The maximum nTAT intensity (nTAT per area) is highest in Brazil,
China, Argentina, the US, and Ukraine (Fig. 3A). Notably, India, despite
having the largest crop acreage, exhibits a relatively low nTAT intensity
owing to its moderate nTAT distributed across a relatively vast agri-
cultural area. In contrast, spatial nTAT density (per grid cell; 5 arc
min, ~85 km? at the equator) varies widely in countries with high
agricultural diversity, such as the US (eastern Great Plains and Prairie
Gateway), Argentina (Nordeste), and southeastern Brazil (Fig. 3B).
The nTAT intensity quantifies the concentration of TAT per area in
general (e.g., per country or crop), whereas the spatial nTAT density
reveals finer-scale landscape patterns (i.e., grid cells) in the context of
nTAT. Both metrics are likely to be critical for anticipating future
pesticide-related ecological effects. In Nigeria, the only African country
among the top 10 by crop area, the currently applied pesticide mix
produces relatively low nTAT (Fig. 3, A and B). However, this may
change, even in the entire African continent, as industrialized agricul-
ture —which is often reliant on more-toxic pesticides to combat pest
resistance (16, 37, 38)—continues to develop. Notably, some countries
with high TAT intensities, such as Brazil, Argentina, and the US, have
high adoption rates of genetically modified (GM) crops (39), under-
scoring that GM technologies do not necessarily reduce TATs and may
even increase them, as observed in the US (16).

The nTAT intensity is highest for potatoes (primarily owing to mancozeb
and paraquat; Fig. 3C; fig. S19 for continental overviews), sugarcane
(A-cyhalothrin and diuron), cotton (acetochlor and imidacloprid), soy-
bean, and maize (glyphosate and chlorpyrifos). In contrast, the nTAT
intensity is relatively low for cereals (here excluding maize and rice),
fruit, and vegetables, despite the latter receiving numerous insecticide
applications (fig. S20). The spatial nTAT density (Fig. 3D) is highest for
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maize, cereals, and cotton, indicating more homogeneous and intensi-
fied cropping patterns that create regional ecotoxicological areas of
concern. Conversely, crops with high nTAT intensities but low spatial
densities (e.g., potatoes) reflect localized hotspots. Understanding
crop-specific nTAT intensities and spatial density patterns is crucial
for anticipating TAT changes, as future crop distributions will be
shaped by factors such as shifting crop profitability and environmental
conditions (40). Crops such as rape, maize, and cotton receive high
herbicide applications (fig. S20), driving TAT in aquatic and terrestrial
plants. However, high-toxicity insecticides, despite being applied at
low rates in these crops, remain key contributors to rising invertebrate
TATs (Figs. 3D and 1B). Crops in general—particularly major crops,
covering large areas, or specialty crops, requiring highly toxic pes-
ticides—are key determinants in future strategies for safeguarding
biodiversity (figs. S15 and S16).

Crop contributions to national nTAT are disproportionately high
relative to their cultivated area (Fig. 3E), particularly for soybean
(Brazil), cotton (Brazil, China, India, Nigeria), rice (China, India,
Nigeria), sunflowers (Ukraine), fruits and vegetables (US, Australia),
and maize and potatoes (Argentina, China, Ukraine, Russia, US). Many
of these crops also exhibit high nTAT intensities (Fig. 3C), underlining
that substantial TAT contributions can arise from relatively small acre-
ages. Cereals are an exception in several countries, including India,
Nigeria, Ukraine, and the US, where their nTAT contribution is low
relative to their acreage, much like fruits and vegetables in Brazil and
Canada (Fig. 3E). The diverse pesticide mix in cereals (fig. S20) could
offer opportunities to substitute compounds with higher specificity
(i.e., lower toxicity to nontarget organisms), reducing TATs without
compromising crop protection. For example, improved eco-efficiency
in US cereal systems has been reported (20). More broadly, the variability
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Fig. 3. Country- and crop-specific characteristics of the maximum nTAT (2013-2019). (A) Maximum nTAT (0-1 scaled), total agricultural area (megahectares), and
resulting nTAT intensities (0-1 scaled) for the top 10 countries in terms of global agricultural area. (B) Spatial density distributions of maximum nTAT (logo, zero-centered;
compare with Fig. 1) per grid cells for the top 10 countries versus the world, with quartiles shown as dashes. (C) Maximum nTAT (percent), total agricultural area (megahect-
ares), and resulting nTAT intensities for the 11 main crops. National crop- and substance-specific statistics are shown in figs. S17 and S18. (D) Spatial density distributions of
maximum nTAT (logio, zero-centered) per grid cells for the 11 main crops, with quartiles shown as dashes. (E) Radial histograms of the crop-specific contributions to national

nTAT (outer ring) and the relative acreage per crop (inner ring) for the top 10 countries.

in country-crop combinations reflects diverse cropping systems and
agronomic conditions, enabling multiple pathways to reduce national
and global TATs.

Pathways to approach the UN pesticide target

Without intervention, only one (Chile) of the 65 countries with explicit
national data—representing 79.4% of global crop acreage (26)—will
achieve the UN GBF target of reducing pesticide risk by 50% by 2030
(1I1), as required to safeguard biodiversity (Fig. 4, target achievement
category I). Target achievement categories synthesize national trends
in nTAT, rating both direction and strength of change. China, Japan,
and Venezuela are on track toward the target, showing declining trends
for all indicators, although acceleration is needed (Fig. 4, category II).
Thailand, Denmark, Ecuador, and Guatemala are currently moving
away from the target (category III; see fig. S21 for categorization of
countries), with at least one indicator doubling within the past 15 years.
To meet the GBF target, they need to reverse rapidly increasing trends,
which will presumably require immediate actions. All other countries
require reverting pesticide risks to levels from >15 years ago (Fig. 4,
category IV). Reverting such long-lasting and consolidated trends re-
quires the most substantive efforts, including a systematic transforma-
tion of agriculture. However, trends toward the target (category I or
II) are present in 26 to 57% of countries when assessed by species group
individually (Fig. 4), enabling partial target achievement in shorter
time frames. Risk categories for individual species groups can guide
targeted toxicity reductions nationally, for example, neonicotinoids for
pollinators (33) or pyrethroids for aquatic invertebrates (19). More
intensive measures are needed for countries with increasing nTAT
trends, forcing them to revert to nTAT levels that were present presum-
ably years (Fig. 4, category III) or decades ago (Fig. 4, category IV). In
these cases, enduring and substantive transformation efforts (e.g., in-
tegrated biological solutions, precision technologies, informed farmer
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Fig. 4. Categories showing the national efforts needed to achieve the UN
biodiversity target of a 50% reduction by 2030 in pesticide risks and the
respective number of countries. Target achievement is the highest (considered to
cover biodiversity in the broadest possible sense) category of a country in any of the
TAT trends for the eight species groups. The category of the pesticide use reduction
trend (purple) is based on FAO data (61). The categories of pesticide risk reduction
trends in eight species groups are based on the nTAT (aquatic species, blue;
terrestrial species, green). Categorizations are provided for 65 countries, represent-
ing 79.4% of global crop acreage, for which national pesticide use and TAT data were
available (26) (see fig. S21 for national results). Category | denotes a likely 50%
reduction by 2030; category Il, a 50% reduction after 2030; category lll, a required
reversion to an empirical (pesticide use) or extrapolated (pesticide use or TAT) state
of <15 years ago; and category IV, a required reversion to an empirical (pesticide use)
or extrapolated (pesticide use or TAT) state of >15 years ago.
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practices, supportive policies) are necessary. Countries with fast agri-
cultural development should adopt these measures proactively before
the increasing trends become entrenched. For pesticide use (Fig. 4),
category distributions are similar to those of nTAT, although long-term
data indicate that the 50% reduction requires reverting to levels from
previous decades. Clustering countries by their nTAT trends (fig. S22),
chemicals used (fig. S23), or crops (fig. S24; see fig. S25 for a metacluster
of all three characteristics) supports national efforts toward the UN
reduction target. For example, Costa Rica and Guatemala, both tropical
rainforest biodiversity hotspots (7, 9), show annual TAT increases rang-
ing from 5 to 64% across species groups (fig. S22). Other countries
share a decreasing nTAT trend (fig. S22), including Japan (—8.4%),
China (—4.2%), Chile (—8.2%), and Denmark (—2.9%), suggesting that
measures such as China’s zero-growth pesticide use policy (25, 41), the
EU’s neonicotinoid phaseout (19), fiscal policies [e.g., in Denmark (42)],
or changes in crop compositions (43) can advance progress. Nevertheless,
diverse and intensive measures will be required globally to achieve the
UN target.

Reducing the toxicity of applied pesticide mixtures is key to achiev-
ing the UN reduction goal (Fig. 4, category I or II). Given that TATs
are increasing in many countries (category III or IV), substantive measures
are needed to restrict or substantially reduce use of highly toxic pes-
ticides, which are often the dominant contributors to TATs (fig. S19).
However, such measures must account for potential substitution ef-
fects: Reducing certain toxic pesticides may increase use of other toxic
compounds as replacements (18), as assumed for pyrethroids replacing
neonicotinoids (44), potentially shifting risks from one species group
to another (16). A more effective approach is substituting pesticides
with nonchemical alternatives. For example, it is assumed that non-
chemical alternatives could replace neonicotinoids in 78% of case studies
in France (44), suggesting that strict use reductions do not inherently
produce compensatory effects. Furthermore, fast regime shifts in pes-
ticide use are possible and have been observed in the US for aquatic
plants, aquatic invertebrates, pollinators, or terrestrial arthropods
within periods as short as 3 years (16). The development of novel
pesticides, such as RNA interference-based and biological agents,
could drive such shifts, but rigorous testing and assessment are re-
quired to ensure that toxicity-based indicators can capture their global
ecosystem impacts.

Achieving a pesticide use reduction (i.e., mass reduction; Fig. 4)
will likely require multiple measures, including spatially redistributed
cropland (43, 45), feed-to-food shifts (46), food-waste reduction, di-
etary changes (47), and agricultural conversion to organic (48) or
pesticide-free agriculture (49). However, increased adoption of organic
or pesticide-free agriculture can lead to further changes in the agro-
nomic system, with estimated reductions in crop yield ranging from
19 to 25%, depending on factors such as crop and bioclimatic condi-
tions (50-52). While organic farming permits certain nonsynthetic
pesticides, which can incur environmental costs (51), it offers several
potential benefits, including higher biodiversity (48), improved soil
and water quality (31), ecosystem multifunctionality (53), or enhanced
profitability (54), although benefits are context dependent (51). Other
measures, such as spatial structuring (45), agricultural diversification
(50, 55, 56), and less intensive soil management (57), are beneficial for
biodiversity or soil functionality without compromising yields and may
even reduce reliance on chemical crop protection (55). Direct payment
programs, such as those in Switzerland (58), or green insurance sys-
tems, also mitigate financial risks for farmers reducing pesticide
use, as demonstrated by a 45% fungicide reduction in French viti-
culture (59).

Challenges and perspectives

Globally, TATs are increasing (2013-2019) across many countries,
crops, and species groups. Trends likely continued after 2019, as TATs
have been shown to be stable over time (16, 19, 20, 60) provided no
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abrupt changes in the agricultural or regulatory context occur (16, 19).
Moreover, pesticide use shows continuing global trends since 2019 for
all pesticide types (6I). The reasons for the TAT increases observed
here are manifold, including cropland expansion (61), intensification
(43), and pest resistance (37) in both conventional and GM crops (16),
all of which are expected to lead to further TAT increases in the future.
Although various strategies and promising case studies exist, such as
organic farming (48), pesticide-free farming (49), or crop diversifica-
tion (55), their global adoption remains limited (62). The agriculture-
policy-consumer system must accelerate the necessary transformation
of global agriculture (47, 63, 64) to reduce the reliance on synthetic
chemicals. Generally, the transition away from synthetic crop protec-
tion is still nascent and demands sustained political will, comparable
to climate change mitigation efforts.

Substantial action is needed to reverse the rising dependency on syn-
thetic pesticides (61, 65), driving increasing TATs across many species
groups (16). With the UN GBF aiming to halve pesticide risks by 2030
(11), immediate actions are needed. The TAT approach, as proposed by
the UN in the form of ATAT (14, 15) to measure target achievement,
relies solely on two basic data inputs: pesticide use and toxicity metrics.
However, pesticide use data, which detail the amount of pesticide active
ingredients per crop and country annually, are often limited or incom-
plete. Many countries lack reliable data, and existing estimates [e.g., by
the Food and Agriculture Organization of the United Nations (FAO) (61)]
typically report mass per pesticide class or type, rendering them unsuit-
able for toxicity-based assessments. In the medium term, market re-
search data (as used here) can fill this gap. Given the high toxicity of
some pesticides, which are intentionally released into the environment
(10), nations must collect and report detailed pesticide use data at the
level of active pesticide ingredients over time. Pesticide toxicity data,
which are essential for TAT estimations (16, 19), are now available (27)
and can be used by agencies for future risk evaluations.

Our analysis, despite its high-quality curated data, carries some
uncertainties. The method for distributing national pesticide use data
per crop to grid cells was validated through uncertainty analyses (26).
However, data-poor regions, such as central Africa, Southeast Asia,
and the Middle East, may lack equivalent accuracy (26). In low- to
middle-income countries with limited data availability, accessible in-
dicators like the TAT may provide low-barrier tools to track progress
toward UN reduction goals. Nevertheless, the link between pesticide
use and biodiversity impacts is complex and influenced by various
processes, and the TAT only indicates the role pesticide use plays in
ecosystem degradation (I16). Areas of high TAT values, as reported in
the present study, coincide with RTL exceedances of 11,300 insecticide
measurements in global surface waters, that is, risk quotients >1, and
potential biodiversity effects thereof (8). A meta-analysis using 5830
concentrations of 32 insecticides measured in 644 US surface waters
found toxicity-normalized insecticide use to be the most important
driver for exposure and risks (17). Another meta-analysis of almost
1000 observations from North American and European field studies
showed that nontarget arthropods are adversely affected by neonic-
otinoids and pyrethroids as the two groups of insecticides driving the
TAT for this species group (66). Although evidence increasingly supports
the connection between toxicity-weighted pesticide use and biodiver-
sity effects (26), direct interpretation of TAT changes as biodiversity
shifts remains speculative, often because of missing data. Given typical
ecotoxicological dose-response relationships (67), biodiversity risks
may respond nonlinearly. The categories presented here (Fig. 4) are
intended to provide a framework until quantitative links between pesti-
cide use and biodiversity effects are further established (2). Alternative
pesticide indicators predict environmental pesticide concentrations
and compare them to toxicity thresholds (9, 68, 69). Although these
approaches integrate both key risk assessment elements, predicting
exposure data requires numerous additional input variables, which are
likely not yet readily available globally. Moreover, exposure predictions
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on larger geographical scales either entirely lack validation with field
measurements or studies have highlighted considerable shortcomings
in these predictions (70, 71).

Validating pesticide risk indicators against biodiversity data is cru-
cial, regardless of the approach used to assess pesticide risks or UN
GBF target achievement. To enable validation, it is essential to priori-
tize the collection and sharing of key data, including active ingredi-
ent-specific pesticide use, exposure measurements, biodiversity metrics,
and other relevant parameters, as a continued objective in each coun-
try. This will support data-driven decision-making, ensuring that ef-
forts to address the pressing issue of the global biodiversity decline
(2) are evidence-based and effective. Furthermore, these efforts will
help to define the ill-defined planetary boundary (72) related to pes-
ticides, which are among the most toxic chemicals actively released
into the environment globally (10).
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Editor’'s summary

During the 15th United Nations Biodiversity Conference, countries committed to reducing pesticide risk by 50% by
2030. To determine whether the world is on track to do so, Wolfram et al. looked at trends in usage and total applied
toxicity (TAT) across more than 600 pesticides and eight species groups globally. They found that TAT has increased
for most of these groups, but also that the majority of this impact comes from the 20 or so pesticides most commonly
used in agriculture and from the largest crop-producing countries. Increased adoption of organic agriculture and shifts
to less toxic pesticides are required to meet global commitments. —Sacha Vignieri
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