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UNEP

United Nations Environment Program
WHO

World Health Organization

WIIS (United Kingdom of Great
Britain and Northern Ireland)

Wildlife Incident Investigation Scheme



FOREWORD

Pesticides are an important but potentially dangerous/harmful group of chemicals
that are dispersed in huge quantities into the environment and that therefore
need careful management. Such management is the objective of the International
Code of Conduct on Pesticide Management (FAO/WHO 2014), a voluntary frame-
work endorsed by the FAO Members and supported by key pesticide industry as-
sociations and civil society organizations. The Code of Conduct provides guidance
for designing laws, policies, and technical approaches that promote sound man-
agement of pesticides, and it identifies the responsibilities of the various stake-
holders, most notably FAO Members and the pesticide industry. A framework for
sound management of pesticides is therefore in place.

Nevertheless, incidents involving pesticide use with negative repercussions on
human health and the environment reqularly occur. While poisoning incidents in-
volving humans are more frequently reported, data related to environmental in-
cidents are comparatively scarce.

This report provides a brief overview of the situation and it highlights, based on wide-
ranging examples, some of the main challenges related to the detection, monitoring,
and reporting of environmental incidents and the determination of their causes.
The report also identifies actions that can be taken to address these challenges
and types of technical support that can be provided by the Rotterdam Convention
and others.

Parties to the Rotterdam Convention are encouraged to use this document as an
entry point to exchange information with other parties and to engage with the
Convention Secretariat for discussion of their specific needs for prevention of
environmental incidents with pesticides.

Dr. Christine Fuell
Senior Technical Officer
Coordinator FAO part of the

Rotterdam Convention Secretariat



T INTRODUCTION

This document presents the insight
derived from a desk review carried out
by the Secretariat of the Rotterdam
Convention, which investigated the
worldwide occurrence of “environ-
mental incidents” resulting from the
use of pesticides. The review focused
on incidents involving the poisoning
of birds, fish and honey bees, as de-
scribed in approximately 80 published
studies in English as well as a small
number of reports from other sources.
This document:

e describes the nature and extent of environmental incidents
and the limitations to our knowledge of them;

e lists the pesticides frequently identified in poisoning inci-
dents described in the studies reviewed;

e discusses key factors that explain the extent of such inci-
dents and other issues highlighted by the study authors;

e identifies guidance that has been developed to assist gov-
ernments in monitoring and reporting environmental inci-
dents and describes examples of systems used in different
countries;

* identifies ways the Rotterdam Convention Secretariat can
support governments to better address environment inci-
dents.

Information about the Rotterdam Convention and how it ad-

dresses environmental incidents is contained in Annex A.



The purpose of this document is to
raise awareness among Parties to the
Rotterdam Convention of the fre-
quency of pesticide-related environ-
mental incidents and to support their
efforts to monitor and report them.

Although the studies included in the
desk review described a vast number
of environmental incidents, this docu-
ment describes only a few of the inci-
dents, as examples. The examples were
chosen from publications based on
long-running incident schemes, but
also from scientific publications and
newspaper articles reporting single in-
cidents, and from personal communi-
cation with experts, to illustrate the

type of incidents that can Oscur, and
measures taken by governments to re-
duce the risks of pesticides to the liv-
ing environment. Readers who wish to
learn more about the studies re-
viewed, and notably about how pesti-
cides act in the bodies of different
organisms, are referred to the refer-
ences listed in the Bibliography.

It is hoped that this document will en-
courage the Rotterdam Convention
Parties to establish national pesticide
incident monitoring and reporting sys-
tems, to share information with one
another and with the Convention Sec-
retariat about environmental incidents,
and to strengthen their regulatory and
farmer advisory systems to potentially
prevent the occurrence of such inci-
dents in the future.




2 ENVIRONMENTAL INCIDENTS

Definition of an environmental incident
As defined under the Rotterdam Convention and other

ronmental incident is:

e the contamination of land, water an
caused the temporary or permanent impair
ity of non-target organisms or biologic
(UNEP/FAO/RC, 2020)

e anincident in which pesticide use has caused advers
effects to fish, wildlife, aquatic invertebrates, bees, or no

0 guidelines, an envi-

target plants (FAO/WHO, 2009)

2.1 Pesticide poisoning of birds

Birds are important sentinels of eco-
logical health in every environment.

Bird poisonings were among the first in-
cidents recorded in the course of our ear-
liest attempts to control pests on a broad
scale with chemicals. The earliest inci-
dent identified in this desk review oc-
curred in the mid-1920s, when the
application of calcium arsenate dust to
German forests resulted in extensive
mortality of woodlarks (Lullula arborea)
and whitethroats (Sylvia communis)
(Brown, 1978). The use of chemical in-
secticides greatly increased following the

Mineau and Tucker 2002

introduction of the organochlorine insec-
ticides in the mid-1940s and 1950s. The
broadscale use of these chemicals with-
out consideration of their impacts on
non-target organisms resulted long-term
environmental contamination. Most vis-
ible was the impact on birds, whose pop-
ulations were decimated.

In the early 1960s, Rachel Carson'’s inter-
nationally best-selling book Silent Spring
(Carson, 1962), evoking a future without



birds, denounced the indiscriminate use
of pesticides that killed not only the target
pests but also birds, fish and beneficial in-
sects, and that sickened humans. Carson
was not the first scientist to express alarm
about pesticides’ environmental impact,
but Silent Spring was the warning that
was widely heard: it spoke to and galva-
nized the general public, igniting a global
environmental movement that trans-
formed countries’ pesticide policies.

In 1969, a comprehensive review of pes-
ticides and their relationship to environ-
mental health also expressed concern
about the worldwide effects of insecti-
cides, as seen by their impacts on birds.
The review was undertaken at the re-

Flying songbirds (Starlings, Sturnus

vulgaris)

quest of the U.S. Secretary of Health, Ed-
ucation and Welfare, by a commission
that involved approximately 100 experts
and a review of some 5000 scientific
studies. The commission’s report (Mrak,
1969) referred to the eggshell thinning
caused by DDT and the extensive con-
tamination and kills of seed-eating birds
and their predators by the highly toxic
cyclodiene insecticides, such as aldrin
and dieldrin. The report warned of the
need to “abate widespread contamina-
tion of the environment” by such pesti-
cides and to “take anticipatory
regulatory action to prevent future prob-
lems caused by other pesticides.”
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Governments in many countries re-
sponded during the 1970s to the 1990s
by restricting or prohibiting agricultural
uses of organochlorine insecticides.
These actions contributed to the sur-
vival of raptor and otherbird popula-
tions, but the next generation of
insecticides, the highly acutely toxic
cholinesterase-inhibiting organophos-
phorus and carbamate insecticides,
also proved problematic. The lethal im-
pacts on birds were immediately appar-
ent. Numerous monitoring reports and
studies describe the poisoning of birds
caused by use of these insecticides (El-
liott et al., 1996; Elliott et al., 1997;
Goldstein et al.,1999; Pain et al.,
2004; Fleischli et al., 2004, 2004;
Mineau, Odino and Ogado, 2008; Lyon
and Mcmillin, 2012). Examples from
North America are illustrative.

In the United States of America, where
the organophosphates and carbamates
were extensively used on farmland,
they were estimated to cause on the
order of 70 million bird deaths per year
during the 1980s-1990s (American
Bird Conservancy, 2020 and Pimentel,
2001, cited in Mineau and Tucker,
2002). A review of the U.S. Geological
Survey National Wildlife Health Center
mortality database from 1980 to 2000,
to identify cases of poisoning caused
by organophosphorus and carbamate
pesticides, found that of 24 pesticides

identified in the carcasses, the most
frequent were carbofuran, diazinon,
famphur, and fenthion (Fleischli et al.,
2004). Cancellation of registration of
more than a dozen organophosphates
and carbamates in the United States of
America, including carbofuran, chlorfe-
napyr, ethyl parathion, and fenthion,
and restrictions on the use of others,
reduced bird deaths from pesticide poi-
soning dramatically, to perhaps fewer
than 15 million per year by 2012, ac-
cording to the advocacy group Ameri-
can Bird Conservancy (2020).

Another example is provided from the
Lower Fraser Valley region of southwest
British Columbia, where the deaths of
thousands of waterfowl and other birds
from carbofuran and other anti-
cholinesterase inhibitors were docu-
mented during the 1970s and 1980s.
Impacts on raptors began to be moni-
tored in the 1990s, when bald eagles
were found dead or debilitated on agri-
cultural lands, with symptoms of poison-
ing by anti-cholinesterase insecticides.

As outlined in articles by experts from
the Canadian wildlife service (Elliott et
al., 1996; Elliott et al., 1997; Elliott
et al., 2008; Elliott, Wilson and Ver-
non, 2011), carbofuran was withdrawn
from the local market in 1979 after
killing large numbers of waterfowl. It
was reintroduced in 1986 (without
consultation with the wildlife service),



was again implicated in the poisoning
of raptors, and was again withdrawn
from the market. Other organophos-
phate insecticides tried as replace-
ments — phorate, fonofos, and granular
formulations of fensulfothian and di-
azinon — were subsequently with-
drawn from the market for the same
reason. The wildlife service carried out
an experiment to investigate the per-
sistence of a select group of granular
organophosphorus and carbamate in-
secticides, by placing granules in small
permeable bags that were planted
along with the crop (seed potatoes).
Later retrieval of the bags showed that
phorate, fonofos and carbofuran
planted in the spring persisted in soils

well into the autumn, and that the
granules remained sufficiently active
through the winter to poison ducks in-
gesting relatively small amounts.

Unlike the organochlorine insecticides,
the organophosphate and carbamate in-
secticides have not largely disappeared
from agriculture. Although some coun-
tries have restricted or cancelled their
use because of the impact on human
health, birds and other organisms, many
other countries worldwide continue to
allow the use of both classes of insecti-
cides. (UNEP/CMS/COP11/Inf.34, 2014).

Cape spurfowl (Pternistis capensis) in

South Africa



Beginning in the 1990s, the insecticide
market has shifted to the neonicoti-
noids, now the most widely used in-
secticides in the world. The impact on
bees has been a principal concern, but
the neonicotinoids have also been
identified in bird kills.

Imidacloprid, the first neonicotinoid
commercialized, was identified as po-
tentially risky when used as seed treat-
ment. It was found that consumption
of just a few dressed seeds could be
lethal to seed-eating birds. The risk
was confirmed by incidents in France
and South Africa. In France, a review
of 103 mortality incidents reported by
the French SAGIR Network from 1995
to 2014 concluded that bird kills due
to the consumption of imidacloprid
treated seeds occur reqularly in the
field (Millot et al., 2017). Imidacloprid
was also confirmed to be the cause of
poisoning incidents involving Cape
spurfow! (Pternistis capensis) in South
Africa, prompting suggestions that
requlatory authorities re-evaluate the
risk posed by imidacloprid treated
seeds to granivorous birds, as the risk
mitigation measures of covering seeds
with a soil layer and avoiding spilling
were not always effective (Botha et
al., 2018).

Anti-coagulants used to control ro-
dents have also been identified in bird
kills. Investigators found that bird poi-

soning by anti-coagulants greatly in-
creased in the late 1990s and early
2000s, coinciding with the increased
use of a new generation of single dose
products (including difenacoum, brod-
ifacoum, bromadiolone, flocoumafen,
and difethialone) that are much more
toxic than earlier anti-coagulants and
much more likely to lead to secondary
poisoning in non-target species (Berny
et al., 1997; Berny et al., 1998). In
France, the imposition of regulations
and changed practices of rodent con-
trol to restrict the quantity of poisoned
bait used by farmers significantly re-
duced the number of wildlife poison-
ing cases reported by the French
surveillance network SAGIR.




In Spain, granivorous birds have
shown the highest prevalence of anti-
coagulant rodenticide exposure, espe-
cially to chlorophacinone, as revealed
by poisonings in a region treated
against a vole population peak in
2007. Nocturnal raptors and carnivo-
rous mammals have been found to be
the main “secondary consumers,” es-
pecially of the second-generation anti-
coagulants. The history of wildlife kills
led researchers to recommend that the
use of accumulative second-genera-
tion  anticoagulant  rodenticides

A common buzzard next to an

agricultural field searching for prey

(SGARs) and the application of baits
on surfaces (i.e. treated grain applied
by spreader machines) be discontinued
in future European regulations
(Sanchez-Barbudo, Camarero and
Mateo, 2012).

Most bird poisoning reports involve in-
secticides or rodenticides, but the her-
bicide paraquat has also been
identified in poisonings of various wild
and domestic animals and of wild
geese and farmland birds. A compre-
hensive review by the Institute of En-
vironmental Sciences of Leiden
University (commissioned by Syngenta)
revealed around 185 paraquat-related
incidents between 1985 and 2002 in-
volving mainly hares but also birds,
based on information from the inci-
dent monitoring schemes of France,
Germany, The Netherlands, the United
Kingdom of Great Britain and Northern
Ireland, and the United States of Amer-
ica (Van Qers et al., 2005).

The urgent need to stop the poisoning
of migratory birds is underscored in a
recent Resolution adopted by the Con-
ference of the Parties to the Conven-
tion on Migratory Species (CMS). The
Resolution, adopted at the 13th meet-
ing of the Convention Parties in 2020,
notes that “very large numbers of mi-
gratory birds are killed annually as a
result of poisoning,” that this “can



severely affect the conservation status
of vulnerable species, including many
listed under CMS and its associated in-
struments,” and that “for some
species poisoning is the primary cause
of their unfavourable conservation sta-
tus.” The Resolution identifies agricul-
tural pesticides as a cause, along with
poison bait, veterinary pharmaceutical
treatments, lead used for hunting and

Excerpts from the CMS Resolution on

fishing, and "“the synergistic effects of
different poisons through ingestion
from various food sources such as prey
species.” The Resolution explicitly
notes the objectives of the Rotterdam
Convention, “which promotes the en-
vironmentally sound use of hazardous
chemicals and shared responsibility to
protect the environment from harm”
(UNEP/CMS/Resolution11.15).

Preventing poisoning of migratory birds

The Resolution:

e Encourages CMS Parties to monitor and evaluate the impact
of poisoning on migratory species reqularly at national level,
as well as the effectiveness of measures put in place to pre-
vent, minimize, reduce, or control poisoning impacts, ...

* (Calls on Parties and non-Parties ... to elaborate strategies
to address poisoning, ...

e Invites the Rotterdam Convention ... to cooperate actively
with CMS on matters related to poisoning of migratory

birds, ...

* Encourages all those concerned with preventing poisoning
of migratory birds to engage with [other] groups and cre-
ate active partnerships....

Annex C. Table C.1 lists pesticides most frequently identified in bird poisoning
incidents in the studies included in the current review. The table also gives the
location of the poisoning incidents, the organisms affected, and references to

the sources that describe them.



2.1.1 Key factors in bird poisoning

The following key factors in pesticide-
related bird poisoning incidents were
highlighted in the studies reviewed:

e The most common route of expo-
sure is by ingestion of poisoned in-
sects, treated seeds or granules, or
carcasses of poisoned prey.

e The principal measures that are in-
tended to achieve acceptable or
negligible risks to birds — such as
burying and avoiding spillage of
treated seeds — have often in prac-
tice proved ineffective. Although
treated cereal seeds may be par-
tially avoided in the wild, the risk to
granivorous birds is still high (Stan-
ley and Bunyan, 1979; Greig-Smith,
1987; Fletcher et al., 1995, cited in
McKay et al., 2001).

 Experience has revealed species vari-
ation in sensitivity to the organophos-
phorus and carbamate pesticides:
Stanley and Bunyan (1979) cite the
example of Anser geese, which are
particularly susceptible to carbophe-
nothion poisoning. This presents dif-
ficulties for registration authorities, as
pre-registration testing cannot pre-
dict such variation, and argues for
critical surveillance of wildlife impacts
during the early years of commercial
use of a new chemical (Stanley and
Bunyan, 1979).

Diagnosis  of  poisoning by
cholinesterase-inhibiting insecti-
cides (e.g. organophosphates and
carbamates) can be difficult, as the
quantity of pesticide found in poi-
soned birds is often poorly corre-
lated with measured levels of
cholinesterase depression. Carba-
mate poisonings in particular are
often hard to diagnose (Mineau
and Tucker, 2002).

The  cholinesterase inhibition
caused by organophosphate and
carbamate insecticides can cause
not only lethal but also sub-lethal
effects, such as blurred vision,
motor impairment, poor condition
resulting from a reduced ability to
feed, disruption in normal circadian
patterns and thermoregulation. The
sub-lethal effects can lead to injury
or death, for example, through col-
lision with motor vehicles or inabil-
ity to migrate successfully (Mineau
and Tucker, 2002).

Sub-lethal secondary poisoning by
anti-coagulants used for rodent
control has also been shown to
make birds more susceptible to pre-
dation or to collision with objects.
The latter is often the case with in-
jured raptors brought to rehabilita-
tion centers (Mineau and Tucker,
2002).



Great attention gets paid to rain-
forests because of the diversity of
life there. Diversity in the oceans is

even greater.

The extent of pesticide impacts on
aquatic life worldwide is poorly under-
stood even today. This is not only be-
cause fish kills are known to be
exceptionally under-reported, but also
because pesticide concentrations in
water bodies — which are compared to
regulatory thresholds or aquatic or-
ganisms’ toxic endpoints as a way to
estimate pesticide exposures and ef-
fects — are largely unmonitored.

In the largest global review of insecti-
cide surface water concentrations to
date, Stehle and Schulz (2015) found
that there is lack of monitoring data
for approximately 90% of high-inten-
sity agricultural areas in the world
(Figure 1). Moreover, the authors
point out that even regular monitoring
can fail to detect residues that were
present in the (recent) past, as pesti-
cides are generally applied only once
or a few times per growing season and
often dissipate rapidly from the water
column because of water flow,
metabolism, degradation, and adsorp-

Sylvia Earle
Oceanographer

tion to sediment and organic matter in
the water. Unless monitoring is done
soon after the pesticide treatment, no
residues might be found in the water,
but the pesticide might still be in the
system, either bound to organic matter
floating in the water or to the sedi-
ment which fish might feed on. An ear-
lier study (Stehle, Knabel and Schulz,
2013) cites an estimate that water
monitoring based on fixed intervals,
even though technically well con-
ducted, would still miss nearly 100%
of insecticide exposure events. Pesti-
cides can be highly toxic to aquatic
life, so even short-term exposure peaks
can lead to important adverse effects.

Consistent with this analysis, the
global review (Stehle and Schultz,
2015) found few cases where insecti-
cide residues were detected: (i.e., no
measurable residues were found in
97.4 percent of the water samples an-
alyzed). However, more than 50 per-
cent of the cases with measured
residues (n = 11,300) exceeded regu-




latory threshold levels (Figure 1). This
led the authors to conclude that sur-
face water pollution by agricultural
pesticides is threatening aquatic bio-
diversity at the global scale, and that
a revision of current regulatory proce-
dures and pesticide application prac-
tices in high-intensity agriculture is
needed.

Confirming the need for action, an
FAO project funded by the Global En-
vironment Facility in the Senegal and
Niger River basins found that levels of
pesticides far above the respective
Dutch maximum tolerable risk (MTR)
levels enter villages in Northern Sene-
gal through irrigation channels and
drains and are very likely to cause eco-
logical damage in the waters near the
villages (GEF, 2016). The study was ex-
tended across six western African
countries (Mali, Mauretania, Guinea,
Niger, Benin and Senegal), resulting in
63 sampling sites where pesticide
residues continued to be detected,
most frequently 4,4-DDT and the

pyrethroid permethrin  used for
mosquito and household pest control.
Chlorpyriphos and the metabolites of
lindane were also found at many sites,
and the fungicide chlorothalonil was
found at some sites (Anderson et al.,
2014).

Other recent global reviews, focusing
on the neonicotinoids (Morrissey et
al., 2015; Sanchez-Bayo, Goka and
Hayasaka, 2016) and pyrethroids
(Tang et al., 2018), revealed that in-
secticides from these groups were
widely found in surface waters across
all global regions. Average concentra-
tions of neonicotinoids exceeded eco-
logical thresholds in 74% of cases.
Sanchez-Bayo, Goka and Hayasaka
(2016) found that neonicotinoid con-
centrations in surface waters have in-
creased over the last 15 years.

Reports of fish kills in areas where
pesticides are used confirm the pres-
ence of residues in water sources and
the impact on aquatic life.

In one example, a study focusing on
the frequent fish kills occurring along
the southeastern coast of Costa Rica,
where pesticide application is intense
for export plantains, bananas and
pineapple, detected various pesticides
but was unable to single out any indi-
vidual chemical as the principal cause
of the poisoning (a common difficulty
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Global crop area and the distribution of regulatory threshold level (RTL) exceedance
rates for reported measured insecticide concentrations (MICs)
(Stehle and Schulz, 2015)



in the analysis of fish poisoning inci-
dents, which contributes to their being
far less reported than bird and bee in-
cidents). None of the residues of the
three most prevalent pesticides de-
tected — chlorpyriphos, terbufos and
difenoconazole — exceeded the lowest
published acute or chronic toxicity
value of any species examined, so it
was concluded that the kills were due
to both the pesticide mixture and the
stressful environmental conditions, in-

cluding high temperatures (which can
make fish more sensitive to toxins),
low dissolved oxygen concentrations,
and low stream flow velocity (Polidoro
and Morra, 2016). Another fish kill in
Costa Rica, reported in an online
newspaper, was determined to have
been caused by ethoprophos used in
pineapple production (Villabos, 2015).

On Prince Edward Island in Canada,
where fish kills often occur, 44 of the




60 fish poisoning events recorded be-
tween 1962 and 2017 were attributed
to pesticides being washed into the
streams (see Figure 2). Azinphos-methy!
(listed under Annex IIl of the Rotterdam
Convention) was identified as the cause
of poisoning in two agricultural runoff
events that killed thousands of fish on
the Wilmot River (in west-central Prince
Edward Island) in 2002. Pesticide runoff
was also suspected as the cause of a
shift in the fish population from native

Figure 2 Fish kills by year at Prince
Edward Island in Canada, based on data

from P.E.I. 2021
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brook trout to rainbow trout, an exotic
species in the region, and a decrease in
the population of young-of-the-year
trout of both species. The researchers
noted that the possibility of pesticide
runoff events selecting for exotic
species, to the detriment of local
species, should be considered in the
management of agriculturally impacted
rivers (Gormley 2003, Gormley, Teather
and Guignion, 2005). In later years,
from 2002 onwards, the fungicide
chlorothalonil was considered the main
cause of the fish kills linked to pesticide
use (P.E.I. 2021).
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Major fish kills have also been recorded
in U.S. and European lakes following
aerial spraying of pyrethroids for
mosquito control. In one incident in
2005, for example, 100,000 to 300,000
black crappie fish were found dead in
Clear Lake in Waseca County, Minnesota,
two days after permethrin spraying (Be-
yond Pesticides, 2012b). Similar waves of
fish deaths following mosquito-control
campaigns with deltamethrin have oc-
curred in recent decades in Lake Balaton,
in Hungary (Csillik et al., 2000).

Annex D, Table D.1 lists some of the pes-
ticides positively identified in fish poi-
soning incidents (a more complete table

School of fish swimming next to a see

turtle in Cape Verde

would be difficult to create because of
the scarcity of information on fish kills).
The table also gives the location of the
poisoning incidents, the organisms af-
fected, and references to the sources
that describe them.

2.2.1 Key factors in fish poisoning
and pesticide contamination
of aquatic systems

The following key factors in fish poi-
soning and water contamination were
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highlighted in the studies considered
in this review:

o Pesticides can enter aquatic sys-

tems though spray drift, run-off and
drainage from treated croplands
and orchards, rinsing of pesticide
containers, or accidental spillage
(Rios del Planeta, 2017). Flash run-
off from treated areas after heavy
rains can cause massive fish kills
from pesticide poisoning (Mutch et
al. 2002, Gormley 2003). Drainage,
spillage (Bille et al., 2017) or in-
tentional release of pesticides from
industrial areas or factories can
also be a significant source of water
pollution, as can insecticide spray-
ing campaigns for mosquito control
(Csillik et al., 2000; Beyond Pesti-
cides, 2012).

Peak levels of insecticides are com-
mon in agricultural surface waters
but are difficult to capture through
monitoring. Even at contaminated
sites, they often occur for only a
few hours a day, on perhaps 4 to 6
days a year during application sea-
sons (Stehle, Knabel and Schulz,
2013).

Drainage of repeated low doses of
pesticides from continuous pesti-
cide applications can cause signifi-
cant harm to nearby water sources,

disrupting natural ecosystems and
repeatedly exposing fish (and other
aquatic life) to the chemicals. This
can result in reduced fish egg pro-
duction and hatching, nest and
brood abandonment, lower resis-
tance to disease, decreased body
weight, hormonal changes, loss of
attention, and reduced avoidance
of predators. While not immediately
killing the fish, the sublethal doses
of pesticides can in this way reduce
adult survival and population abun-
dance (Helfrich et al. 2009).

Studies suggest that the persistence
in aquatic environments of impor-
tant classes of insecticides_has been
underestimated. For examp
though the organophosphorus pes
ticides are assumed to degrade very
rapidly in aquatic systems, research
(notably with chlorpyrifos and
parathion) has shown that they may
persist for relatively long periods of
time in soils and sediments. This is
a matter of much concern, accord-
ing to Caravalho (2017). Another
example is the pyrethroids, which
are extremely toxic to fish and other
aquatic organisms(Richterova and
Svodobova, 2012) are among
the most commonly used insecti-
cides worldwide.
shown that while the py
are rapidly degraded in wat




plants, they are persistent in soils
and sediments, causing water con-
tamination via run-off from treated
areas (Luo and Zhang, 2011).

The pesticide mixtures that are often
present in aquatic systems can be
more toxic to aquatic organisms than
the individual chemicals. Research
has shown that many insecticide
combinations  (e.g.  diazinon,
malathion and chlorpyriphos, car-
baryl and carbofuran) produce addi-
tive toxicity at the low concentrations
that are detected in surface waters.
Certain combinations, such as diazi-
non and chlorpyrifos, show a clear
pattern of synergism even at rela-
tively low concentrations (Laetz et
al., 2009). The increased toxicity of
mixtures may explain an important
finding of studies of fish kills, that the
pesticides identified are often below
lethal concentrations (Mutch et al.
2002; Polidoro & Morra, 2016).

Herbicide runoff into water sources
can result in fish kills both by acute
poisoning and by the impact on the
aquatic environment. Herbicides are
generally less toxic to fish and
aquatic life than insecticides, and
many are short-lived, but some are
highly toxic to aquatic animals and
their impact can be significant (Hel-
frich et al., 2009). In the United

States of America, for example, the
National Marine Fisheries Service
informed the Environmental Protec-
tion Agency in 2012 that the ap-
proved uses of the herbicides
oryzalin, pendimethalin, and triflu-
ralin — widely applied on farms,
lawns, home gardens and rights-of-
way — were likely to jeopardize half
of the 26 aquatic salmon popula-
tions on the West Coast due to their
toxicological properties (National
Marine Fisheries Service, 2012; Be-
yond Pesticides, 2012a). The indirect
impacts of herbicides can also be
important, even when the herbi-
cides themselves are not directly
toxic to fish. In addition to modify-
ing the aquatic system and reducing
food sources, herbicides can cause
fish to die from suffocation as
masses of rotting water weeds
killed by the chemicals decompose,
reducing oxygen levels (Helfrich et
al., 2009).

Mitigation measures required to
limit the risks of certain pesticides,
such as leaving buffer zones be-
tween treated areas and water-
ways, are not always observed.
There may be many reasons for this,
including that proposed mitigation
measures are unrealistic under local
conditions of use (personal commu-
nication with H. van der Valk).
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e Even when fish kills are associated
with specific pesticide applications,
the principal agent is often difficult
to determine in laboratory analysis,
due, in part, to the frequent pres-
ence of multiple chemicals in the
dead fish and the fact that water
residues of pesticides did not ex-
ceed the lowest published acute or
chronic toxicity value of any species
(Mutch et al. 2002; Polidoro and
Morra, 2016).

Bees may serve as a

bioindicator for

environmental pollution
(Celli & Maccagani, 2003)

While bird kills first alerted the world to
the environmental impacts of pesticide
use, today the worldwide decline in pop-
ulations of honey bees and of arthro-
pods in general is causing alarm (Van
Lexmond et al., 2015). Several factors
are known to contribute to the decline,
but there is no doubt that exposure to
pesticides is an important cause.



Insecticides are usually (highly) toxic
to bees, and even insecticides consid-
ered to be harmless to bees may be
harmful if higher than prescribed ap-
plication rates are used. Registration
risk assessments must therefore con-
sider such factors as: the formulation
(e.g., whether it increases toxicity or
increases or reduces exposure); the ap-
plication rate, method and timing; the
growth stage of the treated crop and
its attractiveness to bees as a food re-
source; the presence of flowering
weeds that are also a food resource
for bees: and the effectiveness and
real-life feasibility of risk mitigation
measures.

Bee poisoning incidents may involve
the death of foragers, hive and nurse
bees, and/or bee brood, and can lead
to severe damage of the colony up to
a total loss. The impact of insecticides
may not be immediate but can involve
the colony’s overwintering ability,
honey production and pollination ac-
tivity, and it can interfere with the nor-
mal growth and development of the
honey bee larvae that replenish the
adult population. Estimates of insecti-
cide damage based solely on counts of
dead bees may therefore be much too
low (Davis, 1989).

Long-running national incident report-
ing schemes, such as those in Ger-

many, the Netherlands and the United
Kingdom of Great Britain and Northern
Ireland, have been used to obtain
feedback on the real-life impacts of
specific insecticides on bees, on the
accuracy of pre-registration risk as-
sessments, and on the sufficiency of
risk management and mitigation mea-
sures. In recent decades, several issues
that needed to be investigated were
detected by incident investigation
(Brasse, 2007). Among these were: the
impact of carbaryl used in vineyards,
as it was found that grapevine pollen
is collected by foragers; the impact of
fenoxycarb, which was found to cause
malformed and dying pupae (Oomen
2001); and the synergistic toxicity of
tank mixtures that increase the haz-
ardous properties of the individual
chemicals, as such mixtures were
found to cause brood damage. The
issue with organophosphates used for
aphid control and applications on
honey dew and the abrasion of insec-
ticidal dust from treated seeds have
also been detected through incident
monitoring schemes.

Data from these national incident
schemes show that the organophos-
phates and carbamates had a great
impact on honey bee colonies before
governments began to restrict or ban
their use. After incidents were reported
and bans and restrictions imposed,

27



starting in the 1980s, the schemes
show a decline in bee poisoning inci-
dents (Seefeld 2006; Brasse 2007;
Kovacs-Hostyanszki et al., 2016).

One of the earliest bee poisoning
cases identified in the current review
concerned the carbamate carbaryl,
which was banned in Germany in
1982 after it was found to cause fre-
quent and serious honey bee incidents
in vineyards (Thompson & Thorbahn,

Figure 3 Occurrence of bee poisoning
incidents from 1970 to 2020 in Germany
(JKI, 2021) translated from the German.
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potato fields infested by aphids, where
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Similar incidents resulting from bees
foraging on aphid honeydew and flow-
ering weeds in potato crops, in this
case treated mainly with the
organophosphate methamidophos, oc-
curred in Germany (Thompson and
Thorbahn, 2009; JKI, 2021; Figure 3).
In that country, the government re-
acted by lowering the threshold for
aphid control in potatoes (to avoid se-
cretion of contaminated honeydew)
and by undertaking a farmer education
campaign (JKI, 2021).

In the United Kingdom of Great Britain
and Northern Ireland, approval for use
of dimethoate in oilseed rape was with-
drawn after it caused many bee poison-
ing incidents (Barnett et al., 2007). In
2019, all authorizations of dimethoate
were withdrawn in the European Union
(European Commission, 2020).

While there is no longer any doubt
about the impacts of the organophos-
phate and carbamate insecticides on
honey bees and other pollinating in-
sects, researchers and bee keepers
have also sounded alarms about the
neonicotinoids and fipronil, the latter
often grouped with the neonicotinoids
because of its similar action and high
toxicity. The neonicotinoids and fipronil
are both persistent and systemic
(fipronil is often co-formulated with
polymers to increase its systemic ac-
tion); they are transported within the

plant, for example from treated soil
into all parts of the plant including the
flowers, nectar and pollen, and they
are still present in the plant long after
the insecticide was applied.

A literature review by Kiljanek, Niewiad-
owska and Posyniak (2016) that com-
piled data from different countries
identified several neonicotinoids (cloth-
ianidin, imidacloprid, thiamethoxam,
thiacloprid and acetamiprid) as the
cause of many bee poisoning incidents,
with clothianidin causing the highest
number (270 incidents). Sowing of
clothianidin-coated maize seeds by
drilling, which raises a cloud of dust
containing the insecticide, was cited by
various countries as the source of severe
poisoning incidents. This was the case,
for example, in a massive poisoning of
bees in Germany in 2008 (Pistorius et
al., 2009; Figure 3) which resulted in a
national ban on seed treatments con-
taining clothianidin in maize as well as
a ban on the use of clothianidin in ce-
real dressings as a precautionary mea-
sure (as sowing of cereals can raise
similar dust levels) (Heimbach et al.,
2014). France and ltaly also reported
honey bee losses after sowing of cloth-
ianidin-coated maize seeds with a pneu-
matic drilling machine (Bortolotti et al.,
2009; Chauzat et al., 2010; Marzaro et
al., 2011), and similar incidents were
cited in the United States of America
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and Canada (Cutler, Scott-Dupree and
Drexler, 2014; Krupke et al., 2012; U.S.
Environmental ~ Protection  Agency,
2020).

Regulatory authorities in a number of
countries and regions (e.g. Canada, Eu-
rope, Fiji, the United States of America,
and Marinduque Island, the “Butterfly
Capital of the Philippines”), have
banned or severely restricted specific
uses of neonicotinoid products that
they consider most harmful to bees (pri-
marily those containing imidacloprid,
clothianidin and thiamethoxam). The re-
strictions include such measures as

Honey bees collecting pollen from apple

blossoms

banning all outdoor use, banning use
on crops like orchards that attract bees,
prohibiting spraying of budding or flow-
ering plants, and minimizing exposure
to dust from treated seeds. Evaluations
of the situation have also been initiated
(Cutler, Scott-Dupree and Drexler, 2014;
European Commission, 2020; Fijian
Government, 2019; US EPA, 2019). In
Africa, for example, the InterAcademy
Partnership (IAP, 2020) project
“Neonicotinoids and their impact on
ecosystem services in agriculture and
biodiversity in Africa” was launched,
and in Brazil, a reevaluation of neoni-
cotinoids was undertaken by regulatory
authorities (personal communication
with B. Cavalheiro Breitenbach).




The insecticide fipronil has also been
cited in many honey bee poisonings.
Fipronil was determined to be the
cause of 54 bee poisoning incidents
recorded between 2007 and 2015 in
Europe (Fazekas et al. 2012, cited in
EFSA 2013; Kiljanek, Niewiadowska
and Posyniak, 2016), where the deter-
mination of high risk to honey bees re-
sulted in a partial ban in 2013. The
ban was overruled by the European
court in 2018, but in the meantime,
the product registration had expired
(in 2017). The result is that fipronil can
no longer be used in the European
Union for agricultural production, al-
though it is still allowed for the fre-
quent uses identified as "biocidal”
(such as veterinary treatments). Data
from Germany indicate that poisonings
by fipronil often originate from such
“biocidal” routes of exposure, as plant

Bees in the Pacific Islands

protection uses were de-registered in
that country in 2012. In Germany, in
an evaluation of incidents from 2016,
to 2020 fipronil was still the most fre-
quently detected insecticide in dead
bee samples sent for investigation
(Pistorius, personal communication).

Fipronil was also implicated in bee Kkills
in South Africa, Russia and Colombia. In
Cape Town, South Africa, a conversation
on Cape Radio in 2018 reported that
beekeepers were finding tens of thou-
sands of dead bees. Fipronil mixed with
molasses (which seems to attract bees)
to control ants was assumed to have
caused the poisoning (New Food Maga-
zine, 2018). In 2019, a major bee inci-
dent in Russia reported in an online
newspaper was determined through an-
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alytical analysis to have been caused by
fipronil applied on flowering rapeseed.
Fipronil is still registered in Russia but re-
stricted to use on potatoes, cereals and
pastures, with application only at night
in non-windy weather, and with bees
kept away for several days (NST, 2019).

In Colombia, fipronil was identified as the
cause of five honey bee kills between
2012 and 2018. As a result of these cases
and the continuing complaints of beekeep-
ers, the National Agency of Environmental
Licenses (ANLA, abbreviation in Spanish)
withdrew permission to use fipronil in
open environments on citrus, passion-
flower, avocado and coffee crops (personal
communication, Instituto Colombiano
Agropecuario, ICA and ANLA).

The short-term acute impact of the neon-
icotinoids and fipronil on honey bees, and
subsequent mortality, is not the only sub-
ject of concern. Fipronil is also known to
have an accumulative toxicity, and some
researchers describe more “insidious”
sub-lethal impacts.

An evaluation of six published reviews of
the impacts of these insecticides by the
Intergovernmental-Science Policy Plat-
form on Biodiversity and Ecosystem Ser-
vices (IPBS, 2016) found that field studies
appear to provide conflicting evidence of
sub-lethal effects — at least on managed
honey bees, which appear to be less sen-

sitive to the pesticides than wild bees —
depending on the species of bee and pes-
ticide use.

A different view was expressed by the in-
ternational, inter-disciplinary Task Force
on Systemic Pesticides, established by the
International Union for Conservation of
Nature in March 2011. Based on an ex-
amination of more than a thousand pub-
lished, peer-reviewed studies, the Task
Force concluded that bees’ chronic expo-
sure to sub-lethal doses of the chemicals
resulted in impaired learning and naviga-
tion, raised mortality, increased suscepti-
bility to disease, reduced fecundity, and
colony-level effects (Van Lexmond et al.,
2015). The ongoing chronic exposure is
explained by research confirming that the
neonicotinoids and fipronil can persist for
years in soils, frequently contaminate wa-
terways and the surface water in arable
fields and adjacent ditches and are found
months after treatment in nectar and
pollen of treated crops, in flowers of wild
plants growing on farmland, and at high
concentrations in guttation drops exuded
by many crops (Bonmantin et al., 2015;
Van Lexmond et al., 2015).

Kiljanek, Niewiadowska and Posyniak
(2016), Van Lexmond et al. (2015), and
Pisa et al. (2015) also cite the systemic
effects in bees caused by exposure to sys-
temic pesticides that persist in plant mat-
ter, causing both secondary poisoning of



bees through ingestion of contaminated
pollen, nectar and guttation water from
treated crops and nearby vegetation, and
sub-poisoning of winter bees that grad-
ually eat stocks of pesticide-contami-
nated food over winter, leading to
nervous system dysfunction, failure to ful-
fil their social role, and disintegration of
the hive.

ANNEX E, Table E.1 lists the pesticides
most frequently identified in honey bee
poisoning incidents in the studies re-
trieved in the review. (This desk review
focused on incidents involving managed
honey bees rather than wild bees or other
pollinators, as it is mainly honey bees that
are addressed in pesticide registration
(hazard/exposure assessment) and post-
registration monitoring. However, more
resources are becoming available that
also address risks to wild pollinators.)

2.3.1 Key factors in honey bee
poisoning

The following key factors in pesticide-
related honey bee poisoning incidents
were highlighted in the studies consid-
ered in this review:

e Bees have been shown to have an
extreme sensitivity to pesticides due
to a deficiency in the number of
genes encoding detoxification en-

zymes (Kiljanjek, Niewiadowska
and Posyniak, 2016).

Insecticides are usually (highly)
toxic to bees: even those consid-
ered harmless to bees can be harm-
ful at higher than prescribed
application rates.

Highly acutely toxic insecticides can
have a quick “knock down effect”
that may kill bees before they can
return to the hive where they might
be detected or reported: this is most
often found with the pyrethroids but
also with organophosphates and
others (Kiljanek, Niewiadowska and
Posyniak, 2016).

Pesticide product combinations, such
as mixes of insecticides and fungi-
cides, can have synergistic effects
which improve the efficacy of pest
control but also increase toxicity to
bees (Krohn, Becker and Hungen-
berg, 2008). The synergism between
EBI fungicides and a pyrethroid in-
secticide in the honey bee, earlier
recognized by Pilling and Jepson
(1993), is the reason why mixing of
pyrethroids and EBI fungicides is
generally prohibited during flower-
ing in Germany (Brasse, 2001).
Synthetic chemical “inert” ingredi-
ents and adjuvants can increase
product toxicity but have no man-
dated tolerances and are largely
unmonitored, although they are
consistently found in beehive sam-
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ples (Mullin, 2015; Mullin et al.,
2015; Zhao et al., 2011 cited in
Mullin et al., 2015).

Certain systemic pesticides have
been shown to affect insect immu-
nity and to promote replication of a
viral pathogen in honey bees: Di
Prisco et al. (2013) noted this ef-
fect with clothianidin.

Exposure can occur from nectar and
pollen of flowering plants, from
water, and from aphid honeydew on
non-flowering or non-bee-attractive
plants.

Timing of insecticide application is
important: products should never
be applied during daylight hours
when honey bees are foraging. Pre-
cision and calibration of application
machinery is also important, to
avoid exceeding prescribed doses.

Pesticide formulations and applica-
tion methods can result in high levels
of exposure. Examples include spray-
ing of microencapsulated pesticides
that bees can mistake for pollen and
bring back to the hive (Johansen,
1977; Niell et al., 2016); and drilling
of treated seeds (described above),
which may lead to abrasion and dis-
persal of insecticidal dusts into the
environment and deposition on flow-
ers, nectar and pollen. (Treated cereal
and maize seeds are especially prone
to abrasion.) Such dusts can be lethal
to flying insects and have caused

large-scale acute poisonings (Pisto-
rius et al., 2009; Chauzat et al.,
2010; Marzaro et al., 2011; Cutler,
Scott-Dupree and Drexler, 2014,
Krupke et al., 2012; Van Lexmond et
al., 2015).

Persistent systemic insecticides ap-
plied to a crop some time before
flowering may remain at high and
adverse levels in the plants long
after the application and can con-
taminate flowers, nectar and pollen.
Governments may accept proposed
risk mitigation measures — such as
avoiding pesticide application during
flowering of crops and weeds or lim-
iting application to late evening or
night, so as to avoid daylight hours
when honey bees are foraging — that
may not be feasible or realistic under
local conditions and that are not al-
ways sufficient, as they fail to ac-
count for the persistence of systemic
insecticides or the presence of oth
pollinators like bumblebees w
forage late in the evening.
As shown in a survey condu
the Rotterdam Conventio
tariat in the Caribbean,
may not be aware of, or
tion to, the need to pr
(see Figure E.1 in Anne
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DETECTION
CIDENTS

Although the desk review found a considerable number of studies
documenting environmental incidents, it was frequently noted that
the full impact of pesticide exposure on wildlife cannot be
"quantified,” as most incidents go unreported. There are several

reasons why.

3.1 Detecting environmental
incidents

The most important reason is that
wildlife poisoning incidents are often
not detected. This is the case for all of
the animals addressed in this document.
Birds suffering from lethal or sub-
lethal pesticide exposure often escape
the notice of humans. Observed poi-
sonings comprise often the larger bir
of prey and waterfowl! that graz
treated crops. Songbirds can
killed when ingesting tre

ers (Mineau and Tucker,
. Unless a system of post-treat-
ent monitoring is in place, most
small bird kills will not be recorded un-

e observed shortly after the
, while the dying birds are
ing, and are immediately re-

y die before reaching the hive or
xhibit abnormal behavior that disso-
ciates them from the colony, such as
disorientation, aggressiveness, or inca-
pacity to enter the hive (Kiljanek,
Niewiadowska and Posyniak, 2016).

Pesticide-related fish kills are the least
often reported, as scavengers quickly
remove carcasses from a kill site, and
stressed and dying fish may hide or
leave the area. The remoteness of some
aquatic bodies further diminishes
chances of a fish kill being detected. In
addition, aquatic incidents may go un-
reported due to their being considered
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unimportant, fear of liability, or a fail-
ure to associate the kill with a pesticide
application. Even in documented cases,
the number of fish killed is likely to be
underestimated, as the small size and
camouflage coloring of many fish, es-
pecially young fish, make accurate
counts difficult (Helfrich et al., 2009).
Even more difficult than finding inci-
dents resulting from acute poisoning
is detection of incidents involving
chronic toxicity, which are rarely iden-
tified. Even in managed honey bees,
which are frequently observed, only
well-informed and trained beekeepers
will recognize symptoms of chronic
pesticide intoxication (Oomen, 2001).
In wildlife, symptoms such as reduced
reproduction are nearly impossible to
detect without rigorous environmental
monitoring (Vyas, 1999).

Herbicides and fungicides, used in
agriculture in larger quantities than in-
secticides (FAOQ, 2019), have indirect
effects on pollinators, insects, and her-
bivorous birds and mammals, by re-
moving their food source and nesting
sites. These indirect effects are even
more difficult to detect in the field,
and to attribute to a specific cause,
than acute poisonings by insecticides.
In addition, as previously mentioned,
herbicides can result in fish kills due to
suffocation, as water weeds killed by
the herbicide decompose and reduce
oxygen levels (Helfrich et al., 2009).

Worldwide, relatively few countries ap-
pear to require monitoring of pesticide
impacts on wildlife with an established
system that would increase the chance of
detection. According to FAO/WHO survey
Global situation of pesticide management
in agriculture and public health (2017-
2018), only 30% of the 44 responding
countries collect data on aquatic ecosys-
tems, 23% on terrestrial ecosystems, 16%
on endangered species, 14% on wildlife,
and 25% on specific incidents that have
harmed the environment (e.g., fish poi-
sonings) (Table 1, FAO/WHO 2019).

This is an important limitation, because
voluntary reporting of incidents cannot
be counted on, notably by farmers who
may fear the consequences (e.g., receiv-
ing a punishment or penalty), for exam-
ple, in the case of a bee killing, if the farm
is close to beehives. The lack of an official
monitoring system can make it difficult to
obtain reliable information about how in-
cidents occurred, what pesticides were
used, and how they were applied.

The frequent lack of standardization
and consolidation of incident reports,



World  African

Aguatic ecosystems 30% 6%
Terrestrial ecosystems 23% 6%
Endangered species 16% 6%
Wildlife 14% 6%
Specific incidents 25% 12%
(n) 44 17

even in countries with established
surveillance and monitoring systems,
also makes it difficult to obtain a com-
prehensive overview. Among countries
which have systems in place, it was
found that schemes for collecting honey
bee and wildlife incidents were often
operated by different authorities, that
incident reports were often filed sepa-
rately rather than being organized in a
single database, and that the reports
were frequently unpublished and not
easily accessible. In addition, the num-
ber of recorded incidents was found to
vary greatly among countries, depend-
ing on how the surveillance system was
set up and who is responsible for send-
ing dead animals to the authorities.

3.4 Determining the cause of
environmental incidents

Still another important limitation to
quantifying the full impact of pesti-
cides on wildlife is that even when

Americas E.Mediter'n

S-E.Asia

43% 17% 67% 40%
29% 17% 50% 20%
29% 0% 33% 20%
29% 0% 33% 0%
43% 0% 67% 20%

7 6 6 5

Table 1 Data on pesticide effects on
ecosystems collected in the past 3 years
(FAO/WHO 2019)

incidents are linked to pesticide use,
the main agent responsible for the
poisoning is not always easy to de-
termine. After an incident is detected,
and the dead birds, fish or bees are
sent to the authorities, the carcasses
must be analyzed in laboratories. This
is obviously a constraint for the many
developing countries that have lim-
ited or no laboratory facilities, but
the analysis can also be complicated
in developed countries. The laborato-
ries must be able to distinguish be-
tween poisoning and other causes of
death, and, using chemical analysis,
to detect and identify pesticides in
the carcasses. Identifying the main
causative agent can be difficult due
to the frequent presence of multiple
pollutants in the carcasses, or to
residues that are below the levels
considered to be lethal.
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the FAO

tional organizations, indivi
ernments, and independent experts.
Guidance for assessing and managing
pesticide risks to bees and other polli-
nators, and for inspecting alleged
cases of honey bee poisoning, is also
available. These resources are listed
with their respective web links in
Annex B.

In addition to these resources, the ex-
amples that follow of existing pesti-
cide incident monitoring and reporting
systems can serve as models for the
creation of a national system.

4.2 Country examples

In Canada, incident reports involving
registered pesticides that are reported
to Health Canada's Pest Management
Regulatory Agency (PMRA) are

TIONAL SYSTEM FOR
RING AND REPORTING
AL INCIDENTS: RESOURC
EXAMPLES

recorded in the Canadian Pesticide
Incident Reporting database. The
database contains information about
suspected adverse effects of markete
pesticides that have occ
Canad j

public (Health Canada,
2020). The PMRA began gathering in-
cident reports in 2007. Since then,
manufacturers have been legally re-
quired to report incidents. Health pro-
fessionals and laypersons can report
pesticide related incidents either to the
manufacturer or directly to Health
Canada. Beekeepers who believe their
bees have been affected by pesticides
are expected to report the poisoning
event to the PMRA, which will do an
on-site investigation and include the
results in its database. The Health
Canada website explains that incident
reports are used to help identify risks
from the “real-life” use of pesticides.
This is done by searching for serious
effects or trends, such as repeated ef-
fects or multiple incidents for a partic-
ular pesticide. If a trend is identified,
Health Canada will further investigate
to confirm the link to the pesticide. If



led, action
bel change to
e product may be

bia, the environmental im-
s of pesticides to be registered are
evaluated and environmental manage-
ment plans may be presented as a
basis for monitoring to be carried out
by the national licensing agency (Au-
toridad Nacional de Licencias Ambien-
tales, or ANLA). In addition, Colombia
is implementing an early warning sys-
tem, starting with pollinator poison-
ings (ANLA, 2020).

France's national monitoring system,
the wildlife network SAGIR, founded in
1968, was created by the French Office
National de la Chasse et de la Faune
Sauvage (ONCFS), responsible for
hunting and wildlife. The main aim is
to record and report wildlife mortality
incidents and to alert authorities in
case of unusual mortality. Hunters and
ONCFS agents are responsible for col-
lecting dead wild animals and trans-
porting them to the local veterinary
diagnostic laboratory, where they are
necropsied by trained veterinarians
with bacteriologic, histologic, or para-
sitological tests as deemed necessary.
If acute poisoning is suspected, biolog-
ical samples and necropsy findings are
submitted to the toxicology laboratory

at the veterinary college. Information
for each case is entered into a
database for future reference. As of
2010, the database included some
58,000 records. For each reported
case, SAGIR tries to identify if it was a
misuse, abuse or approved use of pes-
ticides, based on information from ob-
servers and from the e-phy
database, which catalogues “unin-
tentional” effects of pesticides (E-Phy,
2020). Due to its experience, SAGIR
was involved in post-registration stud-
ies of thiamethoxam, tefluthrin, me-
thiocarb and mercaptodimethur in
2009, and in the development of pro-
tocols to survey wildlife mortality at
the time of corn and rape seeding
(Berny et al., 2010).

Germany has a wildlife incident mon-
itoring scheme hosted by the Federal
Office of Consumer Protection and
Food Safety (Bundesamt fir Verbrauch-
erschutz und Lebensmittelsicherheit).
However, it is possible that not all in-
cidents are reported to the national
scheme because the regional govern-
ments (Lander) are responsible for in-
vestigations and  national-level
reporting is voluntary (Van Oers et al.,
2005). A study by De Snoo, Scheideg-
ger and De Jong (1999) found that the
majority of incidents in the national
scheme were reported by the Plant
Protection Service or nature conserva-
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tion organizations. The Berlin Univer-
sity of Zoology and Wildlife also inves-
tigates the cause of mortality of dead
animals (K. Rauert, personal communi-
cation). The main rivers in Germany are
monitored, and every federal state also
collects data on small water bodies.
However, these data have so far not
been included in a comprehensive na-
tional database, as is the case for data
on terrestrial wildlife incidents (K.
Rauert, personal communication). At
the time of writing, the German central
environmental authority (Umweltbun-
desamt, or UBA) was carrying out a
project to monitor small water bodies
and analyze samples (Wick et al.,
2019).

Managed honey bee incidents are col-
lected by the Julius Kuehn Institute
called “Untersuchungsstelle fiir Bi-
enenvergiftungen” and are made
publicly available (JKI 2020).

In the United Kingdom of Great
Britain and Northern Ireland, most
animal poisoning incidents are re-
ported by private citizens to the
Wildlife Incident Investigation
Scheme (WIIS), which is run by the
Health and Safety Executive (HSE) (De
Snoo, Scheidegger and De Jong,
1999). The WIIS scheme analyzes car-
casses from wildlife kills and bee
colony incidents where pesticides are
thought to be the cause of death, in

order to identify the pesticides respon-
sible and the field conditions that led
to the poisoning (HSE, 2020a). The
post-mortems and ecotoxicology are
carried out by the Food and Environ-
ment Research Agency (FERA, 2020),
which also runs annual pesticide
usage surveys that are used not only
to track the frequency and quantity of
pesticide treatments but also to relate
poisoning incidents to product misuse,
abuse or approved use.

The WIIS publishes quarterly reports
which are publicly available (HSE,
2020b). Brown et al. (1996) note sev-
eral limitations to the WIIS investiga-
tions (which most likely apply to all
reporting programs), including that:
rare bird deaths are probably much
more reported than deaths of the com-
mon pigeon or sparrow; small mam-
mals may die unnoticed, hidden by
undergrowth; and death from disease
may be assumed when the cause of an
animal’s death cannot be determined
from a routine post-mortem examina-
tion. The Department for Environment,
Food and Rural Affairs (DEFRA) has
been working with partners such as
Natural England to improve its under-
standing of pesticide impacts on the
terrestrial environment and to consider
how to improve its current monitoring
schemes. The WIIS system counts on
beekeepers and other interested orga-
nizations or individuals to report and



submit dead bee samples for analysis.
The samples are chemically analyzed
to rule out such factors as mite infes-
tations and to detect any pesticide
residues that may have caused the in-
cident. Pollen (from pollen baskets on
the dead bees) is also analyzed to
identify the crops the bees have been
visiting  (Barnett, Charlton and
Fletcher, 2007).

In West Africa, the CILSS sub-re-
gional intergovernmental organization
(with responsibility for pesticide regis-
tration) produced guidelines in 2019
for monitoring the health and environ-
mental effects of authorized pesti-
cides. Under these guidelines, CILSS
member countries will be required to
record environmental incidents result-
ing from pesticide use on an online
system where the information will be
centralized regionally. The CILSS pesti-
cide committee is currently training
member states to use the system, and
data are expected to be submitted in
the coming years (S. Ouedraogo, per-
sonal communication).

Prince Edward Island in Canada
(Mutch et al. 2002; Gormley 2003)
and the United States of America
EPA both collect and hold data on fish
poisoning events related to pesticide
use. The state of California has an
advanced scheme for monitoring

aquatic contamination by pesticide
residues, called the California Sur-
face Water Protection Program.
The aim is to identify the pesticides
and the sources of the contamination
(the factors that resulted in the pesti-
cides moving off-site) and to develop
site-specific mitigation strategies. Sev-
eral different agencies are engaged in
the monitoring, and farmers contribute
to the chemical analysis of pesticides
found in the water bodies (CDPR,
2020).

The OECD runs a Pollinator Inci-
dents Information System (created
in 2014) for collecting and sharing re-
ports about pollinator poisoning inci-
dents potentially linked to pesticide
applications (OECD, 2014). The system
is primarily used as a rapid alert sys-
tem rather than for reporting on a reg-
ular basis (J. Pistorius personal
communication).
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5 TAKING ACTION

The examples of environmental inci-
dents and the key factors summarized
in this document suggest that pesti-
cides are having a significant impact
on wildlife and honey bees and under-
score the importance of post-regis-
tration monitoring of the real-life
environmental impacts of pesticides.
Such monitoring is an essential mech-
anism to measure the validity of any
registration decision, in particular with
respect to a pesticide’s biological effi-
cacy, human health effects, and envi-
ronmental concentrations and impact.

The great number of environmental in-
cidents identified in the document and
the continued discovery of key factors
not addressed in risk assessments fur-
ther underscore the need to adopt bet-
ter pest and pesticide management
strategies to minimize the impacts of
chemical pest control.

As a first step, Designated National
Authorities to the Rotterdam Conven-
tion are encouraged to reach out to
the Convention Secretariat for techni-
cal assistance and support to raise
awareness of this issue among all

stakeholders, and to strengthen na-
tional capacities to monitor, report and
reduce pesticide-related environmen-
tal incidents.

In addition to the cooperation be-
tween the Rotterdam Convention Sec-
retariat and Governments,
partnerships with FAO and other UN
agencies, with non-governmental or-
ganizations, development aid agen-
cies, and independent farmer advisers
could be sought. Bilateral partnerships
with countries that are experienced in
addressing environmental incidents
are also encouraged.

Examples of assistance include:

o field projects to monitor, detect,
evaluate and report environmental
incidents caused by pesticide use;

e projects to establish a national sys-
tem to monitor and analyze the en-
vironmental impacts of pesticide
use, and to collect, organize and
publish (or otherwise make accessi-
ble) the resulting data;

e projects to support farmers in keep-
ing records of their pesticide appli-




cations, both to
products causing e
cidents and as proo he farm-
ers have used th
correctly according to
projects to support far
application of integrate
agement, non-chemical
trol, and other farming
that reduce the use and a
pacts of pesticides;
projects to increase farm
ness of the potential ha
pesticide use both to th
and to the environment,
to use and store products
and to take measures t
wildlife;

projects to assist government au-
thorities in improving the quality
and efficiency of their pesticide risk
evaluation process, by using exist-
ing pesticide hazard and risk as-
sessments  (available in  the
pesticide toolkit as well as by con-
tacting other governments directly)
that can be adapted to national
conditions of use;

assistance in sharing experiences
related to environmental incidents

with other Rotterdam Convention
Parties, during events organized by
the Secretariat (such as webinars,
or side events and fairs at Conven-
tion meetings) or on a dedicated
web page for country case studies;

e assistance in using the FAO envi-
ronmental surveillance guidelines,
the Toolkit for SHPFs, and other
resources listed in Annex B to mon-
itor and report environmental inci-
dents to the Rotterdam Convention
Secretariat.

It is hoped that this document will
bring change, that it will inspire the
Convention Parties to improve their
capacity to address the environmental
impacts of pesticide use, and that they
will take action to do so.
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from two different PIC regions. The Parties must provide health and environment
risk evaluations to show the basis of their regulatory action.

To be identified and considered for listing as a severely hazardous pesti-
cide formulation, a proposal based on one or more severe poisoning cases
or environmental incidents from a single developing country or country with an
economy in transition is sufficient.
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Table C 1

Pesticide Class

Organophosphate

Organophosphate

Organophosphate
Organophosphate
Organophosphate

Organophosphate

Organophosphate
Organophosphate
Organophosphate

Carbamate

Carbamate
Neonicotinoid
Anticoagulant

rodenticide

Bipyridylium

Active ingredient

Chlorpyrifos

Diazinon

Fensulfothion
Fenthion
Fonofos

Parathion-Methy!
Parathion

Monocrotophos
Phorate
Famphur

Carbofuran

Furathiocarb
Imidacloprid

Brodifacoum
Bromadiolone
Chlorophacinone
Difenacoum
Flocoumafen

Paraquat

Organisms

American robin, nestling ibis

waterfowl
waterfowl

waterfowl
birds

owls, blue naped mousebirds
raptors, songbirds

raptors

birds

Swainson’s hawks
Sarus cranes

waterfowl, raptors

raptors, songbirds

waterfowls, songbirds, raptors
waterfowls, songbirds, raptors
vultures

pigeons, geese

cape spurfowl, Greywing francolin

patridges, pigeons

red kites, buzzards
birds and raptors
red kites, barn owls
raptors

wild geese,
geese,

raptors, pheasant
birds

Region/Countries

United States of America
Australia

United States of America
Canada

Canada
United States of America

Senegal,
United States of America

Canada

Costa Rica
United States of America

Argentina
India

Canada
United States of America

Canada
United States of America
Kenya

France

South Africa
France

France

Spain

United Kingdom of Great
Britain and Northern Ireland
United States of America

United States of America
Cuba

United Kingdom of Great
Britain and Northern Ireland
France



* U.S. Geological Survey National Wildlife #103 wildlife mortality incidents reported by

Health Center (NWHC) mortality database the French SAGIR Network from 1995 to
from 1980 to 2000 reviewed, no exact years 2014, for which toxicological analyses
of the incidents were reported in the detected imidacloprid residues.

published article.

Year Reference

1980-2000* EPA 1999 (cited in Christensen et al. 2009)
1995 Fleischli et al. 2004
NRA 2000
1980-2000* Fleischli et al. 2004
~1992 Wilson et al. 1995 cited in Elliot et al. 2011
1990 Elliot et al. 1996
1980-2000* Fleischli et al. 2004
1995/1996 Mullie et al. 1999
1980-2000* Fleischli et al. 2004
1992-1994 Elliot et al. 1997
1988 Organizacion Panamericana de la Salud 2003
1980-2000* Fleischli et al. 2004
1995/1996 Goldstein et al. 1999
2000 Pain et al. 2004
1994-1998 Elliot et al. 2008
1980-2000* Fleischli et al. 2004
1973-1975/1986/1990 Mineaut et al. 2012
1980-2000* Elliot et al. 1996
2004 Fleischli et al. 2004
Odino and Ogada 2009
1993-1995 Lelievre et al. 2001
2017 Botha et al. 2017
1995-2014# Millot et al. 2017
1992-2002 Berny et al. 1997; 2008
2005-2010 Sanchez-Barbudo et al. 2012
2010 Walker et al. 2012
2006-2010 Murrey 2011
1992-1994 van Oers et al. 2005
na Rivera 1973 cited in van Oers et al. 2005
1987-2002 MAFF, 1986-2002 cited in van Oers et al. 2005

1986-2003 Gaillet 2004 cited in van Oers et al. 2005



Table D 1

Pesticide Class

Organophosphate

Organophosphate

Organophosphate

Organophosphate

Organophosphate

Pyrethroid

Chloronitrile

Active ingredient

Azinphos-Methyl

Chlorpyrifos

Parathion-Methyl

Terbufos,
Dichlorvos

Ethoprofos

Permethrin,
Deltamethrin

Chlorothalonil

Organisms

fish

fish

fish

shrimps,
fish

fish

black crappie fish,
fish

fish

Region/Countries

United States of America,
Canada

United States of America,
Australia,

United Kingdom of Great Britain
and Northern Ireland

United States of America

Costa Rica

Costa Rica

United States of America
Europe

Canada



Year Reference

1991
2002

1974-2003*
1989/1995/1996
2001

1995

1993

2015

2005

2002-2017

* Between 1974 and 2005, chlorpyrifos was
reported as the probable causative agent of
108 fish kills.

Beyond Pesticides 2012 (online article)
Gormley et al. 2005

EPA 2009 cited in Watts 2013

NRA 2000

PAN United Kingdom of Great Britain
and Northern Ireland 2001

Beyond Pesticides 2012 (online article)

Organizacion Panamericana de la Salud 2003

Villabos 2015 (online article)

Beyond Pesticides 2012 (online article)
Csillik et al. 2000

PE.I. 2021
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Classification of bee poisoning

incidents

Honey bee deaths are classified to dis-
tinguish between normal death rates
and above normal rates due to poison-
ing or other causes. The classification
of bee poisoning incidents varies be-
tween countries and regions, although
the common indicator used to identify
pesticide poisoning is generally the
high number of dead bees. The follow-
ing are a few examples:

Canada (Cutler, Scott-Dupree and

Drexler, 2014)

e bee poisonings classified as
minor, moderate and major,
based both on number of dead
bees and also on abnormal be-
havior observed.

European Food Safety Authority

(EFSA, 2013)

® 5.3% dead foragers a day con-
sidered to be the natural back-
ground  mortality (as a
conservative acceptance level for
risk assessment)

FAO (Akratankul, 1990)

® 100 dead bees a day: normal
death rate

e 200-400 dead bees a day: low
level of pesticide poisoning

e 500-1000 dead bees: medium
level of pesticide poisoning

e Qver 1000 dead bees: high level
of pesticide poisoning



Germany and Poland (Kiljanek,

Niewiadowska and Posyniak, 2016)

e honey bee poisoning investiga-
tion starts with the collection of
1000 dead bees

Italy (Porrini et al., 2016)

e 250 dead bees per station per
week used to identify potential
bee poisoning

United Kingdom of Great
Britain and Northern Ireland
(Fletcher and Barnett, 2003)

e an incident is considered for
pesticide poisoning if the residue
concentration is near or above
the median lethal dose.
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Table E 1

Pesticide Class

Organophosphate

Organophosphate

Organophosphate

Organophosphate

Carbamate

Neonicotinoid

Neonicotinoid

Neonicotinoid

Phenylpyrazole

Pyrethroid

Active ingredient

Chlorpyrifos

Diazinon

Dimethoate/
Omethoate

Parathion-Methyl

Carbaryl

Clothianidin

Thiamethoxam

Imidacloprid

Fipronil

Zeta-Cypermethrin

Lambda-Cyhalothrin

Countries

Poland

Spain

United States of America
Canada

Canada

Spain

United Kingdom of Great Britain
and Northern Ireland
Netherlands

Canada

Uruquay
Netherland
United States of America

Germany
United States of America

Germany

France

Italy

Poland

Canada

United States of America

Brazil

Italy

Canada

United States of America

Brazil
Spain
Italy

Brazil

South Africa
Poland
Hungary
Russia
Colombia

Poland



* In the United States of America,
chlorpyrifos was reported as the main cause
of 79 terrestrial incidents between 1997 and
2005, involving mainly bird and bee kills.

#The WIIS database from 1994-2003 was
reviewed, no exact years of the incidents
were reported in the published article.

2014-2015
2016-2018
1997-2005*
2012

2010

2016-2018
1994-2003*
1989-19985
2012

2012
1989-19985
1976

1970-1982
1959/1967

2008
2008
2008
2014-2015
2009-2012
2010-2018

2013-2017
2008

2010-2012
2010-2018

2013-2017
2016-2018
2008

2013-2017
2018
2014-2015
2007-2011
2019
2012-2018

na

$ The database from the Netherland incidents
monitoring scheme was reviewed between
1989-1998, no exact years of the incidents
were reported in the published article.

Year Reference

Kiljanek et al. 2017
Calatayud-Vernich et al. 2019

US EPA 2009 (cited in Watts 2013)
Cutler, Scott-Dupree and Drexler, 2014

Cutler et al. 2014

Calatayud-Vernich et al. 2019
Barnett et al. 2007

Oomen 2001

Cutler, Scott-Dupree and Drexler, 2014

Niell et al. 2016
Oemen 2001
Johansen 1977

Thompson and Thorbahn 2009
Johansen 1977

Pistorius 2009

Chauzat et al. 2010

Bortolotti et al. 2009

Kiljanek et al. 2017

Cutler, Scott-Dupree and Drexler 2014
US EPA 2020

Castilhos et al. 2019

Bortolotti et al. 2009

Cutler, Scott-Dupree and Drexler 2014
US EPA 2020

Castilhos et al. 2019
Calatayud-Vernich et al. 2019
Bortolotti et al. 2009

Castilhos et al. 2019

New Food Magazine, 2018 (online article)
Kiljanek et al. 2017

Fazekas et al. 2012, cited in EFSA 2013
NST 2019 (online article)

ICA personal communication

Kiljanek et al. 2016
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Figure E 1
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