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Abstract

Pesticides have been increasingly recognized as a significant source of morbidity and mortality, especially in the
developing world. In particular, significant attention has been given to the use of pesticides to cause deliberate
self-harm in India. Approximately half of suicides in India are due to intentional poisoning of which the majority are
from pesticides. Young children are commonly poisoned by accidental ingestion, unintentional dermal or inhalational
exposure, whereas adolescents are more severely poisoned if attempting self-harm through intentional ingestion. It
is the purpose of this paper to highlight the problem of pesticide poisoning in the pediatric population of India, and
to recommend policy options to address this global problem. Reducing access to pesticides and educating farmers
and the public regarding the proper storage and use of pesticides and the establishment of more poison centers in
India can be part of a broader strategy to address these life-threatening poisonings in children.
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Introduction and rats. These pesticides commonly include organo-
phosphates, pyrethroids, paraquat, and rodenticides.
Although the focus of pesticide poisoning has been
on suicide in India, and the plight of rural farmers who
resort to intentional ingestion of pesticides,** there are
other segments of the population that generally have
been disregarded in this discussion. In particular, the
pediatric population (0-18 years) has not received proper
attention and intervention even though data on poison-
ing exists indicating that children are also significantly
affected by pesticides.>® Young children, especially tod-
dlers, are commonly poisoned by accidental ingestion,
unintentional dermal or inhalational exposure, whereas
adolescents are more severely poisoned if attempting
self-harm through intentional ingestion. It is the purpose

Pesticides have been increasingly recognized as a sig-
nificant source of morbidity and mortality, especially in
the developing world. The impact that these widely
used, yet potentially toxic chemicals cannot be under-
stated. In particular, significant attention has been given
to the use of pesticides to cause deliberate self-harm.
This phenomenon has been particularly evident in India.

With over 1.3billion people, India accounts for a
large proportion of the global population, but bears an
undue burden of the total number of suicides that occur
annually around the world. Approximately 800000!
completed suicides occur each year worldwide of which,
over 180000 (22.5%) occur in India.> Approximately
half of suicides in India are due to intentional poisoning
of which the majority are from pesticides.? A pesticide is
any substance used to kill, repel, or control plant or ani- X of, Ty wors )
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of this paper to highlight the problem of pesticide poi-
soning in the pediatric population of India, and to rec-
ommend policy options to address this problem.

Methods

Investigating the Pesticide Problem

A scoping review, keyword search was completed in
PubMed using the words “India,” “pesticide,” “poison,”
and “children” together to find peer-reviewed articles
relevant to the topic of pesticide poisoning in the pediat-
ric population (ages 0-18years) in India. Results were
not restricted by time. The search yielded 56 results,
which were sorted according to best match. Articles
were reviewed to determine relevance to the topic.
Careful attention was given to inclusion of keyword
search terms within the article. In certain situations, key-
word synonyms were considered acceptable; for exam-
ple, the word “toxin” or derivatives of the word “toxin”
were considered an acceptable substitute for “poison.”
Articles that were not about pesticide poisoning, were
not geographically about India, or were solely focused
on the clinical features, management, and complications
of pesticide poisoning were eliminated. A total of 24
papers were removed in this manner after review. An
additional 10 papers were removed that were not avail-
able as full text articles in electronic format. The remain-
ing 22 articles were reviewed to determine their utility
in explaining the problem of pesticide poisoning in India
or any potential policy interventions that could be imple-
mented to resolve this problem. Eleven of these articles
provided data on pesticide poisoning that was specific to
the pediatric population and 10 were selected for inclu-
sion in the final paper; 1 paper was excluded for lack of
clarity on methodology. Additional papers were cited in
the introduction and discussion sections that were dis-
covered as part of background research for this topic.

EENT3

Investigating Pesticide Policy Options

The 22 aforementioned manuscripts that were selected
for review to “investigate the problem” were examined
for potential solutions or interventions that could be used
to prevent or manage pesticide poisoning specific to the
pediatric population in India. In addition to the 10 papers
that were already selected for inclusion in the final paper,
another 4 of these papers were found to be useful for
inclusion on explaining policy options after reviewing
the articles. Given that solutions or interventions for pes-
ticide poisoning do not have to be restricted to 1 specific
age group, an additional keyword search was completed
in PubMed to identify studies that specifically focused

on interventions and solutions to pesticide poisoning in
India. The keywords used were “India,” “pesticide,”
“poison,” and “intervention,” and the results were not
limited by time. The search yielded 138 results, which
were sorted according to best match. Articles were exam-
ined specifically for mention of strategies, solutions, and
interventions to prevent or manage pesticide poisoning in
India. Any article that did not do so was deliberately
excluded in order to narrow the focus to papers that
would be most helpful in informing policy. Six papers
were selected for inclusion after title review of which 2
were duplicates from the original search for investigating
the problem of pesticide poisoning in India. The 4 new
papers were added to the 4 papers from the original
search for inclusion in the final paper.

Results: Evidence of the Problem

Pesticide Poisoning Is Not a New
Phenomenon

The tragic reality of pesticide poisoning in children in
India is that it is not a novel or recent occurrence. A ret-
rospective study conducted at the Government Hospital
for Children in Srinagar found that 15% of pediatric
admissions for poisoning from 1983-88 were due to pes-
ticides.” Another study from Cooper Hospital in
Mabharashtra found that pesticides were responsible for
9.6% of pediatric admissions from 1986 to 87.!° In 1997
a hospital in Patna, India reported 20 cases of highly
toxic aluminum phosphide poisonings in children ages 7
to 12 over the course of a single year.!! A more extensive
study of 8 different hospitals published in the /ndian
Journal of Pediatrics in 1998 found that pesticides,
insecticides, and rodenticides contributed anywhere
from 1.2% to 15% of total pediatric poisonings.'?

Pesticide Poisoning Is Still a Problem

At the turn of the millennium, a continued trend of pes-
ticide poisoning in the pediatric population was docu-
mented. Some of the best evidence to this effect has
come out of the National Poisons Information Center
(NPIC) at the All India Institute of Medical Sciences in
New Delhi. Between April 1999 and March 2002, it was
found that 9.1% of phone calls for pediatric cases were
due to poisoning by agricultural pesticides.®’ This is in
addition to household pesticides, which included pyre-
throids (20.3%), rodenticides (11.3%), and organophos-
phates.” Another retrospective study from NPIC showed
that over 36% of phone calls for pesticide poisoning
between 1999 and 2012 were for children below the age
of 16.° An additional retrospective study of poisoning by
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household products between 2006 and 2016 was com-
pleted by NPIC, which revealed that 57% of phone calls
for household pesticide poisoning were for patients less
than 18 years of age.®

Studies from other institutions in India also showed
that pediatric cases of pesticide poisoning were signifi-
cant. Concurrent to the studies from NPIC, a retrospec-
tive review of 30 cases of aluminum phosphide poisoning
in children below the age of 14 between 2008 and 2013
was published from the Postgraduate Institute of Medical
Science, Haryana, India.'3 This study illustrates the dev-
astating impact of just 1 pesticide from 1 hospital over a
span of 5years as 14 of the 30 cases that were reviewed
involved patients who did not survive, representing an
extremely high case fatality rate of 46.6%. Another ret-
rospective review from Mangalore, India identified 31
cases (38.2% of total) of pediatric poisoning by pesti-
cides from 2010-11, which included organophosphates,
paraquat, pyrethroids, and rodenticides.'

Ethical Approval and Informed
Consent

Ethical approval or informed consent was not required
for this review because all information used in this
review is publicly available.

Discussion

Analysis of the Pesticide Problem

It is important to note that despite a recognition that pes-
ticides were a significant problem in the 1980s and
1990s, little is discussed about what should be done to
prevent it. Dutta et al makes a passing reference to edu-
cating parents on safe storage of household toxins,'? but
no specifics are given. Given that these studies were pri-
marily focused on reviewing poisoning cases from
patient records, it is understandable that their primary
purpose was to report the problem and attempt to inter-
pret findings, not provide solutions. Second, it can be
challenging to propose solutions for novel phenomena
that are poorly understood. If pesticides were just begin-
ning to be identified as a problem, it is unlikely that an
adequate solution could be implemented expeditiously.
In addition, pesticides were often not the most significant
poisoning agent that was identified. Pharmaceutical
medications, kerosene, and food poisoning all contrib-
uted significantly to the total number of pediatric poison-
ing cases, and pesticides were less of a contributor.”!%!2
In light of this context, it is reasonable that pesticide poi-
soning—though recognized as a concern in the pediatric
population—did not rise to the level of significant action

in the 1980s and 1990s. Yet this time period represents a
potential missed opportunity to intervene and prevent
pesticide poisoning in young children and adolescents

A few notable points from the 2000s and 2010s can
be ascertained from the above data. (1) There appears to
be an increase in the prevalence of pesticides as an agent
of poisoning. Whereas earlier studies found incidence
rates in the single digits up to 15%,’'? more recent stud-
ies have demonstrated that pesticides can account for
more than a third of all poisoning cases in the pediatric
population.”'* This suggests that there are other vari-
ables that are bringing children in to more frequent and
proximal contact with pesticides. (2) Children are being
exposed to a wide variety of chemical compounds that
collectively fall under the umbrella term “pesticides.”
These include insecticides, organophosphates, herbi-
cides, pyrethroids, rodenticides, and paraquat among
others.”™* (3) Young children are primarily exposed
accidentally to pesticides,>”'* which is in contrast to
adolescents and adults who intentionally poison them-
selves to induce self-harm and commit suicide.® (4) A
single poison information center in India accounted for
a majority of the studies that provided age-specific data
on pesticide poisoning.>® The NPIC thus can serve as a
role model for data collection on poisoning in other
regions of India including rural and remote districts.

Solutions for the Problem

Policy option #1: Restrict pesticide availability. A reason-
able approach to reduce the impact of any toxic sub-
stance is to find ways to limit its availability. This can
take various forms, from requiring certain storage
practices to outright bans. A systematic review pub-
lished in The Lancet Global Health found that bans on
pesticides appeared to decrease suicide rates by pesti-
cide ingestion in areas where they were instituted.'’
Included in the review was a study conducted in India
where a pesticide called Endrin was banned in 2 dis-
tricts in West Bengal; once the ban went into effect,
suicides by pesticides decreased, but there was no clear
change in the total number of suicides.'>!® Another
review of pesticide poisoning in Andhra Pradesh con-
cluded that select restrictions on the most dangerous
pesticides could reduce mortality due to pesticide poi-
soning.!” Other studies examined efforts to restrict
access by creating centralized storage facilities for pes-
ticides in a district of Tamil Nadu, India where pesti-
cides were kept in locked storage boxes in 2 facilities.>*
The findings of these studies suggested participants
received the storage facilities favorably, and that they
may have played a role in preventing some suicides by
pesticide ingestion.>*
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The application of these studies to the prevention of
pesticide poisoning in the pediatric population is limited
because much of the focus has been on the adolescent
and adult populations to prevent suicides. Nevertheless,
the concepts of pesticide bans and restricted storage are
still applicable for the pediatric population. Given that
younger children are exposed accidentally to pesticides
stored in the household,® removing hazardous pesticides
from homes or from the community entirely could
potentially reduce the impact of pesticides on the pediat-
ric population. Additionally, making industrial and agri-
cultural pesticide products less concentrated and
distributed in smaller volumes are other avenues for pre-
vention. Still, there are challenges to this approach,
including enforcement and cooperation from commu-
nity members. For example, organochlorines like endo-
sulfan are reportedly banned in India, yet they continue
to appear as sources of acute poisoning.'®!'* Moreover,
treatment of acute poisoning from pesticides cannot be
solved by reducing the availability of pesticides. Health
resources including a rapidly deployed prehospital
emergency medical system, adequate numbers intensive
care units and ventilators, ample supply of personal pro-
tection equipment (PPE), as well as specific antidotes to
treat these poisonings (e.g., atropine, oximes) will be
required.

Policy option #2: Educate the pesticide user. Understand-
ing the dangers associated with pesticide exposure is
certainly key to reducing the morbidity associated with
its use. As demonstrated by a study from a rural area of
Madhya Pradesh, lack of education may have contrib-
uted to multiple cases of endosulfan poisoning caused
by wheat flour kept in old pesticide containers.!” There
are not many examples of formal educational programs
for pesticide use in India, but a study was carried out in
Karnataka, India to determine if such a program could
improve knowledge of safe pesticide practices.?’ Using
a knowledge attitude and practice questionnaire,
researchers concluded that knowledge did improve after
educating farmers on pesticide safety and that such pro-
grams could prevent harmful pesticide exposure.?’
Another study from Andhra Pradesh found that educat-
ing farmers on integrated pest management (which is a
method that relies on balancing pest and predator popu-
lations) led to a reduction in pesticide use and acute pes-
ticide poisoning.?!

Educating farmers appears compelling, but there are
associated challenges. One is determining whether
actual changes in practice occur, and if they do, how
long these changes are sustained. Second, there is still
the question of how to address poisoning after it has
already occurred. Education, like restrictive bans and
safe storage practices, address prevention but do not

Figure 1. Map of Poison Control Centers in India (from
World directory of poison centres?%).

Source. The World Health Organization (WHO) https://apps.who.
int/poisoncentres/.

adequately address acute treatment of poisoning. Finally,
it is unclear how such programs will affect the pediatric
population. The hope is that educating farmers who use
pesticides will lead to fewer incidents of acute pesticide
poisoning via accidental exposure in the pediatric
population.

Policy option #3: Establish more poison control cen-
ters. Establishing more dedicated regional poison con-
trol and treatment centers has been suggested as an
important step toward the management of poisoning in
India.®!® There is certainly a compelling argument to be
made for increasing the number of poison centers in
India as 4 of the studies cited in this paper came from 1
poison center: the NPIC in New Delhi.>® Another study
from a poison center in Gujarat—though it did not give
a breakdown of pesticide poisoning by age—found that
35% of cases studied were for patients under the age of
16.'% According to the World Health Organization, a
“poisons cent[er] is a specialized unit that advises on,
and assists with, the prevention, diagnosis and manage-
ment of poisoning.”?? There are currently only 7 poison
centers in India,?® which is inadequate to meet the needs
of the entire country.'® As a comparison, the United
States has 55 regional poison control centers serving a
population 1 quarter the size of India). Yet poison cen-
ters provide certain advantages over restrictions on pes-
ticides or education. Because poison centers are able to
dispense expert information, patients and healthcare
providers can receive guidance on management and
when indicated, antidote therapy for any acute poison-
ing. Moreover, the thousands of phone calls that poison
centers like NPIC receive allow for active surveillance
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Figure 2. Map of Poison Control Centers in the United States (from Poison centers?).
Source. https://poisonhelp.hrsa.gov/sites/default/files/poisonhelp/resources/poison-centers-map.pdf.

Table I. Summary of Recommended Policies. (this is just a
summary of policies created by the authors based on review
of the literature)

Restrict access to and Properly Store Pesticides

Ban most Deadly Pesticides

Educate Those Who Use Pesticides

Establish More Regional Poison Control Centers

Improve Health Infrastructure with EMS, ICUs, Ventilators,
PPE, and Proper Antidotes

Table 2. Most Common and Toxic Pesticides in Children.
(adapted from Roberts et al?)

Insectides: Organophosphates, Organochlorines,
Carbamates, Pyrethroids

Herbicides: Paraquat, Diquat, Glyphosphate

Rodenticides: Aluminum/Zinc Phosphides, Warfarin Analogs
(Brodifacoum), Bromethalin, Cholecalciferol

Table 3. Summary of Why Children are Poisoned with
Pesticides. (adapted from Roberts et al?*%)

Neonates: Maternal-fetal Environmental Exposure

Young children and toddlers: accidental ingestion,
environmental exposure (dermal and inhalational)

Adolescents: intentional ingestion for self-harm and suicides;
accidental environmental exposure

and data collection on emerging toxicological threats.
Pesticides are not the only toxins that affect children in
India, and poison centers with active management and

data collection can further inform areas where changes
in policy and education may be needed. Poison centers
are challenging to establish though, and the resources,
personnel, and expertise required to run a 24/7 poison
center can be significant.

Conclusion

Pesticide poisoning is a decades-old problem in the
pediatric population in India that remains a significant
cause of morbidity and mortality today. Intentional pes-
ticide poisoning as a means to commit suicide has gar-
nered significant attention in India while younger
children for the most part have been disregarded. A lack
of quality data makes it difficult to properly inform
policymakers on next steps; however, there are a few
options that are reasonable in light of what is known.
Reducing access to pesticides and educating farmers
and the public regarding the proper storage and use of
pesticides can be part of a broader strategy to address
these poisonings in children. But the success of any
strategy is dependent on a sustainable mechanism that
is also able to address the paucity of data on poisoning,
management of acute poisoning, and emerging toxico-
logical threats. This can be accomplished with the
establishment of more poison centers. To this end, a
new poison center is currently being developed at MS
Ramaiah University, in Bengaluru (population 8M)
with the goal of providing expert toxicological informa-
tion, multispecialty services for management of acute
poisoning, and access to such services for the entire
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state of Karnataka®’ (population 64M). Such centers
may be able to significantly reduce the incidence of
pesticide poisoning for children and adults alike and
equip India with the capacity required to reduce acci-
dental and intentional poisonings of all kinds.
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