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Pesticides are a collective term for a wide array of chemicals intended to
kilt unwanted insects, plants, molds, and rodents. Food, water, and treat-
ment in the home, yard, and school are all potential sources of children’s
exposure. Exposures to pesticides may be overt or subacute, and
effects range from acute to chronic toxicity. In 2008, pesticides were
the ninth most common substance reported to poison control centers,
and approximately 45% of all reports of pesticide poisoning were for
children. Organophosphate and carbamate poisoning are perhaps the
most widely known acute poiscning syndromes, can be diagnosed by
depressed red blood cell cholinesterase levels, and have available
antidotal therapy. However, numerous other pesticides that may cause
acute toxicity, such as pyrethroid and neonicotinoid insecticides, herbi-
cides, fungicides, and rodenticides, also have specific toxic effects;
recognition of these effects may help identify acute exposures. Evidence
is increasingly emerging about chronic health implications from both
acute and chronic exposure. A growing body of epidemiological evi-
dence demonstraies associations between parental use of pesticides,
particularly insecticides, with acute lymphocytic leukemia and brain
tumors. Prenatal, household, and occupational exposures {maternal
and paternal} appear to be the largest risks. Prospective cohort stud-
ies link early-life exposure to organophosphates and organochlorine
pesticides {primarily DDT} with adverse effects on neurodevelopment
and behavior. Among the findings associated with increased pesticide
levels are poorer mental development by using the Bayley index and
increased scores on measures assessing pervasive developmental dis-
order, inattention, and attention-deficit/nyperactivity disorder. Related
animal toxicology studies provide supportive biological plausibility for
these findings. Additional data suggest that there may also be an
association belween parental pesticide use and adverse birth out-
comes including physical birth defects, low birth weight, and fetal
death, although the data are iess robust than for cancer and heuro-
developmental effects. Ghildren’s exposures to pesticides should be
limited as much as possible. Pediatrics 2012;130:61765-21788

INTREBDUCTION

Pesticides represent a broad classification of chemicals that are applied
to kill or control insects, unwanted plants, molds, or unwanted animals
{eg, rodents). “Pesticide” is a collective term for a wide array of
products but is often inappropriately used in reference to only insec-
ticides. The universe of pesticide types and products is broad, and

el765

Downloaded from pediairics. aappublications,org by guest on June 28, 2013



a comprehensive review of all active
ingredients is beyond the scope of this
report, This review focuses on select
insecticides, herbicides, and rodenticides
and specific chemical classes within
these groups that have the greatest
acute and chronic toxicity for children on
the basis of historical experience andfor
" emerging evidence (Table 1).

Several types of pesticides are not
discussed in this report. Fumigants and
fungicides, although potentially toxic,
are less commonly involved in acute
childhood expasure and peisoning, in
general, so these are not included.
Wood preservatives containing arsenic
are also not included in this report. The
specific compound containing arse-
nic, copper chromiurmn arsenate, has
heen removed from the market since
January 2004. Older wood structures
treated with copper chromium arse-
nate may still be found in homes, on
playgrounds, and in yards and should
be treated yearly with a waterproof
sealant.! Insect repellents, including A,
Mdiethyl-meta-toluamide and picaridin,
are different from most pesticides in
that they are a product purposefully
applied fo human skin to prevent in-
sect bites and are, in fact, nat insecti-
cides. These compounds are unique
and have been reviewed recently?

Although the severity of pesticide
exposures and toxicity may be greater
in developing countries where regu-
latory oversight and information is
limited, the content of this technical
report is oriented toward exposures
most relevant to children residing in
the United States. Commonly used
insecticides, including the organo-
phosphates (0OPs), carbamate, and
pyrethroid classes, are discussed, as
are the relatively new neonicotinoids.
Other pesticides that will be discussed
in some detail include the phosphonate
herbicides {eg, glyphosate), chloro-
phenoxy herbicides, and long-acting
anticoagulants {rodenticides). For a
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more comprehensive survey of the
acute toxicity from the spectrum of
pesticide active ingredients and prod-
ucts, see other sources.is

CHILDREN'S EXPOSURE:
VULNERABILITY, MECHANISMS,
AND SOURCES OF EXPOSURE

Chitdren's Unique Vuinerabilities

Children are uniguely vulnerable to up-
take and adverse effects of pesticides
because of developmental, distary, and
physiologic factors. Exposure occurs
through ingestion, inhalation, or dermal
contact. Unintentional ingestion by chil-
dren may be at a considerably higher
dose than an adult because of the
greater intake of food or fluids per
pound of body weight. Children exhibit
frequent hand-to-mouth aclivity, and this
is an important source of increased
exposure in comparison with adults4®

Residential Facters

Fortunately, acute toxicity attributable
to pesticide poisoning is relatively
uncommon in US children, and a pe-
diatrician in general practice may not
encounter such an event. However,
subacute and chronic low-level expo-
sure is common. Residential factors
that influence chronic exposure in-
clude the use of insecticides and
rodenticides in the home, and herbi-
cide and fungicide use on lawns, as
well. Indoors, broadcast applications
including sprays, “flea bombs,” and
foggers can leave lingering residues
in the air, carpet, toys, and house
dust.5-¢ Typical exploratory behavior,
including playing on and crawling
across the floor, increases the risk of
dermal, inhalation, and oral exposure
to residues on surfaces or the air
as it settles.’ Repeated and cumula-
tive incidental exposure can also oc-
cur. Pesticides can be measured in
indoor air sampies and persist in dust
vacuumed from carpeted areas, up-
holstered objects, and children’s toys,
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such as stuffed animals, and can also
be brought home from the work
place.""-4 Herbicides applied on the
lawn or garden can be tracked into
the home, with residues building up
over time.15 Applications of diazinon to
lawns have been demonstrated to be
carried indoors via the paws of pst
dogs.'® Residential pesticide residue
levels also vary geographically accord-
ing 1o the specific pesticide nesds in
the area. In Los Angeles, high levels
of chlorpyrifos and other insecticides
were found because of the large num-
bers of crawling insects, fleas, and ter-
mites. Conversely, in lowa, there were
high levels of the herbicides 24-
dichicrophenoxyacetic acid (2,4-D)
and dicamba because of weed-control
applications.¥

Residentially related sources may be
relevant in other seltings where chil-
dren spend time, including school,
child care, a relatives home, ete,
depending on indoor and outdoor
pesticide use patterns and proximity
to pesticide use. In a North Carciina
study of 142 urban homes and pre-
schaools, chlorpyrifos was detected in
all indoor air and dust samples.'8

Biomonitoring Data for Exposure
Assessment

The Centers for Disease Gontrol and
Prevention (GDG) conducts a population-
based biomonitoring program asso-
ciated with the NHANES.® The most
recent report includes hiomarker data
for many organochlorine, GP, and car-
hamate insecticides; herbicides; pyre-
throid Insecticides; and some other
pesticides. Testing of 44 pesticide metab-
olites revealed that 20 were detectable
in most people from whom samples
were analyzed (ages 6-59 years), with
0P and organochlorine insecticides
reported to be most prevalent in the
US population™ Although the heatth
implications of these “snapshot” sam-
pling data are largely unknown, they do
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TABLE 1 Major Pesticide Glasses and Selected Examples

Pesticide Class Examples

Toxicity

Comment, Uses

Organochlorines
lindane

Parathicn, chlorpyrifos,
dichlarvos, acephate,

Organophosphates

methyl-parathion, malathion,

phorale

Hddethyl carbamates
pirimicarb, propoxur

Pyrethrins and

pyrethroids deltamethrin, cypermetarin,
fenvalerate
Heonicotinolds Imidactoprid
HM-Phenylpyrazole Fipronil
insecticides
Phosphonate herbicides Glyphosate
Chlorophenoxy 24D, 245T
herbicides

Dipyridyl herbicides Paraguat, diquat

Brodifacoum
(superwarfarins)

Long-asting
anticoagulants

DOT, endrin, aldrin, chlordane,

Aldicarb, carbaryl, carbofuran,

Permethrin, cyano-pyrethroids:

= High toxicity

+ Most OPs &re highly toxic
» Malathion is considered relatively
less toxic than other OPs

» Aldicarb and carbaryt are both highly toxic

» Other carbamates have a refatively moderate
toxicity

+ Parmethrin has relatively low toxicity

+ Other pyrethreids have moderate toxicity

= Relatively newer class of insecticides

» Have relatively lower toxicity than OPs and
carbamates
» Relativaly nawer class of insecticides

* Because of primary mechanism of action, has
ralatively low toxicity from active ingredient.

» Toxicily often due to the accompanying
orgzanic solvent

» Maderate ioxicity

» Highly toxic

* Many organochiorines now banned in the United
States

+ Lindane has been banned in California, elsewhere
used for control of lice and scabies

* DDT and other organochlorines have long
metahoiic disposition and are stored in fatty
tissues and ¢an persist in the envirenment

« Parathion is banned for use in the United States

* Chlorpyrifos is no longer approved for residential
use

+ Most others are used for insact control in both
agricultural and home setlings

« Malathion is an approved treatment of head lice

o Insect control in agricuftural and home settings

* Permetbrin is a common pediculicide

» Most other pyrethroids are commonly used to
control insects, often used in home and garden

» Selective affinity toward insect nicotinic
acetylcholine receptors compared with
mammalian nicotinic acetylchaline receptars

» (ften used as spot-on flea control for domestic
animals

» Often used as spoton flea control for domestic
animals

» Yard treatments for insect control

* Acts on plant cell wall

* Commercially available in many products
* Wead control

¢ Infrequently used

* Paraquat toxicity aften reguires lung transplant
+ Rodenticides

s Langer-acting than warfarin

« Recently eliminaied packaging as Ioose pellets

24,57, 2,4 5-trichlorophenoxy acetic acid.

provide a reference point on pesticide
metabolite distributions. Periodic reas-
sessment also allows for evaluations of
papulation-level exposure trends.

As noted previously, childrens unigue
behaviors and metabolic rate often
place them at risk for absorption of
higher doses from contaminated envi-
ronments in comparison with adults.
One example evident from the bio-
monitoring data is chlorpyrifos, a non-
persistent OP inseclicide. Although
hanned in 2000 for use inside the home,
it continues to be used in agriculture,
including orchard fruits, such as apples
and pears, and other dietary stapies of

PEDIATRIGS Velume 130, Number 6, Dacember 2012

children. In the CDC biemonitoring data,
chlorpyrifos-specific  urinary metabo-
lites were highest for the youngest age
group assessed (611 years) compared
with older children and adults.®
In contrast, hiomonitoring of serum
markers of organochlorine insecti-
cides and their metabolites, such as
DOT, dieldrin, and chlordane, many of
which were banned from use in the
United States in the 1970s and 1980s,
revealed lower concentrations in the
youngest age group monitored (12—19

years). Despite relatively lower con-

centrations, the ongoing detection and
the higher levels with increasing age

likely reflect the influence of the ac-
cumulation of these fat-soluble, per-
sistent compounds ‘over a lifetime,

Exposures From the Food Supply

In the general population, the food
supply represents the most important
source of exposure for organochlorines
and OPs. For pyrethroids, both food
residues and household pest control
products are impertant sources.® The
US Environmental Protection Agency
(EPA) regulates exposure to pesticides
in food by setting "tolerances,” which
are the maximum amount of pesticides
that may legally remain in or on food

el767

Downloaded from pediatrics. aappublications.org by guest on june 28, 2013



and animal feed. The US Food and Drug
Administration is responsible for en-
forcement of these tolerances, which
includes a modest monitoring program,
which analyzed 7234 total samples in
2003. Among the domestically produced
samples, 45% of fruif, 29% of vegeta-
bles, 28% of grain products, 24% of
fish/shellfish, and 0% of milk/dairy
tested had delectable but legally ai-
lowable pesticide residues. Only fruit
and vegetables had residues above the
legal tolerance (approximately 2%
each). Overall, the detection of residues
in- the samples from imported fruits
and vegetables tested were less, but
fhe exceedances of legal tolerances
were greater {(5%—7% of imported
fruits/vegetables sampled).2: Consump-
tion of organic food may lower pesti-
cide exposure, as demonstrated by
a study in which children were placed
on an organic diet for a period of &
consecutive days. A rapid and dramatic
drop in their urinary excretion of
metabolites of malathion and chiorpyrifos
0P insecticides during the organic diet
phase was cbserved 2

Agriculturally Related Exposures

Proximity to pesticide-treated agricul-
tural areas or household members
that work with pesticides presents
another opportunity for contamination
of the residential environment for
some children. In 2 Washington State
study of children of agricultural waork-
ers and nonagricultural workers in an
agricultural setting, pesticide fevels in
carpet dust and pesticide metabolites
in urine of residents increased with
self-reported proximity of homes to
orchard fields and during the pesticide
application season?? Similarly, in an
agriculture center in California, pesti-
cide residues of 3 chemicals used re-
cently on crops were significantly
correlated with house dust samples in
nearby homes and urine samples
amang their inhabitants. The findings
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were noted in both farmworkers and
nonfarmworkers.2* The presence of an
agricuitural worker in the home also

increases pesticide levels through
“take-home” exposures® Children living
on a farm had higher urinary pesticide
metabolite levels than children not living
on a farm® Children themselves may
participate in agricuftural work that
involves the use of pesticides or contact
with pesticide-treated foliage2s2

Exposures From Drinking Water

Contamination of drinking water pres-
ents another potential source of ex-
posure, particularly for herbicides.
A 10year study (1992-2001) by the
US Geological Survey'’s National Water-
Quality Assessment program provided
a national-scale view of pesticide oc-

currence in streams and groundwa-

ter. Overall, pesticides were detected
in more than 50% of sampled wells
from shallow groundwater tapped
beneath agricultural and urban areas
as well as in 33% of the deeper wells
that tap major aquifers used for wa-
ter supply. The concentrations asso-
ciated with these detections rarely
exceeded water quality health refer-
ence levels (approximately 1% of the
2356 domestic and 364 public-supply
wells that were sampled}. Herbicides,
parficularly the triazine class, were
the mast frequently detected pesticide
group in agricultural areas. {it should
be noted that atrazine and other tri-
azine herbicides were monitored from
surface water) In urban areas, both
herbicides and insecticides (particu-
larly diazinon and carbaryl) were
frequently detected. The greatest
proportion of walls exceeding a health
reference level was for those tapping
shallow groundwater beneath urban
areas. It is noteworthy that the de-
tection of pesticides usually occurred
as mixtures, and health reference
levels refiected exposure to a single
agent®

FROM THE AMERICAN ACADEMY OF PEDIATRICS

NATIORAL DATA ON ACUTE
EXPOSURE, MORBIDITY, ARD
MORTALITY

Although some states (eg, California
and Washington) mandate the report-
ing of pesticide-related illness, there is
no national surveillance system for
pesticide exposure and poisoning. The
American Assocciation of Poison Control
Centers’ National Poison Data System
(NPDS [formerly known as the Toxic
Exposure Surveillance System]) com-
piles annuai data on pesticide expo-
sures. Incidents reported by the NPDS
are categorized hy age (<6 years, 6-19
years, and >19 years), reason (un-
intentional, intentional, other, adverse
reaction), and outcome {none [no
morbidityl, minor, moderate, major, or
death). However, these data represent
self-reports from patients andfor fam-
ity members and calls from medical
treatment facilities. Although they are
useful to describe trends, they do not
indicate true prevalence or incidence.
Data are reported annually and, since
2005, have been published in Glinical
Toxicolagy3°

In 2009, pesticides were the tenth most
frequently involved substance in hu-
man exposure (3.9% of all NPDS
reporis} and the ninth most common
substance encountered in children
(3.3% of pediatric NPDS reports).
Nearly 55.8% of all single-substance
pesticide exposures involved children
<19 years of age, and 94% of all
pesticide ingestions were unintentional.
Twenty-one of the reports from pesti-
cide exposure resulted in death; how-
ever, these were not categorized by
age™ Rates (calculated by using US
census data for the catchment area
served by the poison control center as
the denominator) of reported pesticide
poisonings described as moderate,
major, and fatal declined from 1995 to
2004 by approximately 42%. The
sharpest declings in poisonings were
from OP and carbamate insecticides,
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likely reflecting EPA regulatory action to
discontinue residential use of several
previously widely available 0P and
carbamate insecticides on the basis of
child health concerns3

AGUTE TOXICHTY MECHARISMS
AKD CLIKICAL MANIFESTATIONS

OGP and Carbamate insecticides

0P and carbamates insecticides have
been widely used for insect control in
the home and in agriculture since the
1960s. During this period, OP and
carbamates usage largely replaced
the use of organochlorines because
of environmental and human health
concerns of the latter class. In the past
10 years, chemical products in the
0P and carbamate group have come
under scrutiny, with subsequent reg-
ulatory action based on human
health concerns. Examples include 2
commonly used 0Ps with high acute
toxicity: parathion {banned) and
chlorpyrifos (no longer allowed for
residential use). Other 0Ps that remain
widely used include dichlorvos, ace-
phate, methyl-parathion, and mala-
thion. Malathion has relatively lower
acute toxicity among the OPs and is
registered for the treatment of head
lice (Ovide). A well-known example of
a carbamate is aldicarb, although use
has largely been curtailed by regula-
fory action because of its high toxicity.
Commonly used carbamates include
carbaryl and pirimicarb.i3

Toxicity, Clindoat Signs, and Symptoms
0Ps and carbamates exert a common
mechanism of action by inhibiting the
acetylcholinesterase enzyme, thereby
producing accumulation of acetylcho-
line at the synapses, neuromuscular
junction, and end organs, which results
in excessive stimulation at those sites.
The reaction is generally an irreversible
binding by OPs and a reversible bind-
ing by carbamates, and it influences
treatment approaches for each class of
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insecticides. Consequently, acute poi-
soning by OPs tends to be more severe
and refractory than that of carbamates;
however, variations are observed in
each class. There are some notable
carbamates (such as aldicarh) that
have equal if not greater toxicity than
some 0Ps.13

Acute clinical manifestations reflect
the development of cholinergic crisis
and can arise from stimulation of
muscarinic, nigotinic, and/or central
nervous system receptors {Table 2).
Early findings can often mimic a flu-
like fllness and include hypersecre-
tion. Miosis is a helpful diagnostic
sign. The classic cardiovascular sign
is bradycardia, although early on,
tachycardia may be present initially
hecause of nicotinic stimulation. Pro-
gressive symptoms lead to muscle
and respiratory problems. The central
nervous system may aiso be affected,
signifying severe poisoning, particu-
larly in children.332-34 Reviews of
case series indicate that between
20% and 30% will have seizures, and
hetween 50% and 100% of children
will have lethargy, stupor, or coma.32-34
A high clinical suspicion plus di-
rected and persistent environmental
history taking to identify potential
exposures are necessary to identify
these poisonings. Reviews of pedi-
atric poisonings note that, histori-
cally, most children were transferred
to a referral center with the wrong
preliminary diagnosis and parents
initially denied any exposure history3s34

Laboratory Fvaluation ond Treatment
Poisoning with OPs and carbamates
can he detected on the basis of clini-
cal findings and history of exposure.
Laboratory confirmation can assist in
the diagnosis by using red blood cell
and plasma cheolinesterase levels; both
are typically depressed with acute
poisoning, although there is some
variation among active ingredients as

well as variation in levels by severity of
poisoning 3 Measurement technigues
and resultant levels vary among lab-
oratories; therefore, clinicians will
need to check with their own labora-
fory for reference values. Red blood
cell cholinesterase levels typically are
more specific for acute poisoning and
will be depressed [onger than plasma
cholinesterase levels (often 1-3
months) until enzyme is replaced? In-
terprefation of results can be dis-
cussed with a pediatric environmental
health specialist or clinical toxicologist.

The parent active ingredient cannot
typically be measured in biological
specimens. These compounds undergo
metabolic transformation in the liver
and are excreted in the urine mostly in
their metabolized form, most of which
are nonspecific metabolites for all
OPs."® Exceptions include parathion,
methyl-parathion, and chiorpyrifos, all
of which have their own specific me-
tabolite in addition to the nonspecific
metabolites. Urinary metabolites can
be measured, and human data are
available from the CDC on a nationally
representative sample.'® However, an
evidence base to support clinical in-
terpretation of urinary concentrations
is facking.

Treatment of OP poisoning {and this
applies to the acute treatment of any
other pesticide as well) begins with the
basics of advanced life support, with
any necessary airway or hreathing
support as needed. Gastrointestinal
{Gl) decontamination is controversial.
The American Academy of Clinical
Toxicology and the European Associa-
tion of Poisons Centres and Clinical
Toxicologists issued a joint statement
on the use of single-dose charcoal for
poisoned patients (inclusive of all fypes
of poisonings). They stated that activated
charcoal is most effective when given
within 1 hour after the ingestion of
a peisen, but routine administration in
all poisonings is not recommended.
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TABLE 2 Clinical Signs and Symptoms

Glass of Compounds

Signs and Symptoms

Special Notes, Laboratory Evaluations, Specific Treatments,
or Antidote

Grganophosphate and carbamate
insecticides

Pyrethroids

Heonicotinoids

Fipronil (¥phenylpyrazole
insecticidas)

Organochlorines

Glyphosate (phosphonate
herbicides)

Chlorophenoxy herbicides

Long-acting anticoagulants (rodenticides)

» Honspecific early symptoms: headache, nausea,
vomiting, abdeminal pain, and dizziness

+ Semetimes hypersecretion: sweating, salivation,
lacrimation, rhinerrhea, diarrhea, and hrenchorrhea

* Progressive symptoms: muscle fasciculatien, muscle
weakness, and respiratory symptoms (bronchospasm,
cough, wheezing, and respiratory deprassion)

» Bradycardia is typical, afthough early in acute
peisoning, tachycardia may be present

* Miosis

» Gentral nervous system: respiratory depression,
lethargy, coma, and sefzures

» Dermai: skin irritation and paresthesia

+ Nonspecific symptoms including headache, fatigue,
vamiting, diarrhea, and ircitability

» Similar findings found in OPs, including hypersecretion,

muscle fasciculation, pulmonary symptoms and
sefzures

* Disorientation, agitation—severe enough o require
sedation, drowsiness, gizziness, weakness, ang, in
some situations, loss of conscipusness

+ Yomiting, sore throat, abdominal gain

+ |Jlcerations in upper &l tract

* Nausea and vorniting

« Aphthous ulcers

* Alterad mental status and coma

» Seizures

» Central nervous system: mental status changes and
seizures

» Paresthesis, tremor, ataxia, and hyperreflexia

* Nausea and vorniting

* Aspiration pneumonia type syndrome

« Hypotensien, altered mental status, and cliguria in
Severe cases

= Aspiration pneumonia fype syndrome

* Pulmonary effects may in fact be secondary to
organic solvant

* Skin and mucous mambrane irritation

» Yomiting, diarrhea, headache, confusion

¢ Metabolic acidosis is the hallmark

« Renal failure, hyperkalemia, ard hypocalcemia

« Bleeding: gums, nose, and other mucous membrane
sites

o Bruising

* Red bleod cell and plasma cholinesterase levels
* Measure nonspecific metabolites for most OPs

» Spetific metabolites can be maasured for chlorpyrifos
and parathicn

» Atropine is primary antidote

+ Pralidoxime is also an antidote for OP and acts as
a cholinesterase reactivator

» Becavse carbamates generally produte a reversible
cholinesterase inhibition, pralidoxime is not indicated
in these poisonings

¢ At timas have been mistaken for acute OP or
carbamaie poeisoning and treated with atropine with
potentially adverse or disastrous resuvits

* Symptomatic treatment

« Yitamin E oil for dermal symptoms
* Supportive care

* Ho available antidote

» No available diagnostic test
* Supportive care

» No available antidote

+ Ho available diagnostic {est

» Gontrol acute seizures with lorazepam

* Supportive care

+ Gongider forced alkaline diuresis with sodium
bicarbonats in IV Auids
¢ Consider PT {IHR} or observation

« Vitamin K indicated for bleading (IV vitamin X} or for
elevated PT (INR) {oral vitamin K}

T, intravengus.

Activated charcoal is contraindicated if
the patient does not have a pratected or
intact airway® A randomized controlied
trial evaluating the effect of muitiple-
dose charcoal for pesticide-poisoned
patients in Asia found no benefit, as
measured by a reduction in mortality37
Skin decontamination also is critically
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important, and clothing should he re-
moved. Medical personnel should take
measures 1o protect themselves from
contaminated skin and clothing, becaitse
numercus cases of hospital-acquired 0P
poisoning have been documented3®
Parents or other family caregivers may
also be at risk for skin contamination.

FROM THE AMERICAN ACADEMY QF PEDIATRICS

Seizures should be controlled with in-
travenous lorazepams

Atropine can be given as a nonspecific
antidote in both 0P and carbamate
poisoning. it will reverse the musca-
rinic effects of the poisoning; however,
it is less effective an central nervous
system effects. it is given as a dose of
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0.05 to 0.1 mg/kg per dose and may be
given as often as every 15 minutes
until respiratory secretions are con-
trolled.d Notably, this dose is 10 times
the usual dose given during a re-
suscitation situation, because the pur-
pose is to overcome complete blockade
of the muscarinic channel, Pralidoxime
is also given as a specific antidote to
reverse the acetylcholinesterase in-
hibitor complex. The use of pralidoxime
continues to be of interest, particularly
in developing countries, atthough most
studies have been performed with
adutt patients3940 The World Health
Organization recommends its use for
all patients who require atropine.® Its
use is indicated for OP poisoning, be-
cause cholinesterase inhibition usu-
ally is permanent in OP poisoning. Use
of pralidoxime usually is not neces-
sary or recommended for carbamate
poisoning, because this inhibition is
reversible s

Pyrethrins and Pyrethroid
Insecticides

Pyrethrins and pyrethroids are a rela-
tively more recent class of insecticidas
that have been largely replacing the
use of cholinesterase-inhibiting insec-
ticides, especially in the consumer
market. These insecticides are used for
structural pest control in urban areas,
in gardening or agriculture for row
crops and orchards, and in the home
for pet sprays and shampoo.

The pyrethring are botanically derived
from pyrethrum, an extract of the
chrysanthemum plant. For these con-
sumer products, pyrethrins are usually
combined with another active in-
gredient: either a longer-acting syn-
thetically derived pyrethroid or one
of the cholinesterase inhibitors. Py-
rethrins are not stable in heat or
sunlight and, therefore, are usually
used more for indoor application. Per-
methrin is the most widely known ex-
ample of a pyrethrin and is one of the
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few products licensed for use to apply
to human skin, because it is commaonly
used as a pediculicide 34243

Pyrethroids are synthetically derived
compounds that have been modified to
be more stable in sunlight and heat
and are, therefore, used more widely
for insect control, especially outdoors.
Toxicity varies widely among py-
rethrins and pyrethroids, and, atthough
they are less acutely toxic as a class
than the cholinesterase insecticides,
there is a subgroup of these com-
pounds that has been modified with
a cyano side chain. This modification
creates a compound that is significantly
more resistant to degradation and
potentially more acutely toxic than
other pyrethroids. Commonly used
chemicals in this subgroup inciude
deltamethrin, cypermethrin, and fen-
valerate—these are the insecticides
to which the majority of toxic signs
and sympioms in the next section

applyss

faxicoloay, Clinipal Signs, ond
Symptams

Pyrethroids exert their toxic effect by
blocking the sodium channel at the
level of the cell membrane. Most
clinical reports of poisoning occur
either through excessive skin contact
or through ingestion or inhalation. The
result is continued hyperpolarization,
effectively inhibiting cell function.
Some types of pyrethroids also work
at other sites, including voltage-
dependent chloride c¢hannels and
y-aminobutyric acid—-gated chloride
channels. This appears to be one of
the reasons for a variety of toxicity
found among pyrethroid insecti-
cides. 245 Pyrethroids with a cyano
group, also known as type I pyreth-
roids, constitute most cases of human
poisoning 424 Pyrethroids are well
absorbed across the Gi tract, but
limited penetration occurs across the
skin barrier, which can limit acute

toxicity.#244¢ Some pyreihroids have
a high acute toxicity, usually after in-
gestion424% Pyrethroids are metabo-
lized by the liver and excreted in their
metabolic forms.

Pyrethroids have adverse effects on
the nervous system, Gl tract, and skin.
Specific signs and symptoms are found
in Table 2. Similar to OPs, muscle
fascigulation, weakness, an aliered
level of consciousness, and seizures
can develop after exposures to some
pyrethroids.i2-45 Of note, paresthesias,
including burning, tingling, stinging,
and eventually numbness, are char-
acteristic of pyrethroid exposure 847
The paresthesias appear 1o be dose-
dependent and oaccur at pyrethroid
dosages lower than what would cause
systemic toxicity, thereby acting as
a warning of exposure. The par-
esthesias are self-limiting once expo-
sure is eliminated.*8

Loboratory Evaluation and Treaiment
Pyrethroid toxicity is identified through
clinical history and knowledge of ex-
posure to the agent. There are no
rapidly available diagnostic laboratory
tests. Most pyrethroids are metabo-
lized to 3-phenoxybenzoic acid, which
can be recovered in the urine. CDG
national surveys provide biomonitor-
ing information on pyrethroid urinary
metaboliles and can act as compari-
son for background measures of ex-
posure in the general population.
However, in the clinical setting, results
of metabolite levels are usually
obtained from specialty laboratoriss
and are not immediately available;
therefore, these results not useful in
acute clinical management.

Parasthesias are generally selflimiting
and resolve within 24 hoursf848 |f
exposure is interrupted after the on-
set of paresthesias and other dermal
findings, no additional treatment is
necessary. Vitamin &£ oil or cream
has heen shown to improve the
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symptoms associated with the par
esthesias®” The mechanism is not
completely clear; however, in experi-
mental studies, vitamin E {(o-tocopherol)
blocked tetramethrin-modified sodium
channels 4

Treatment of systemic pyrethroid poi-
sening is supportive, in general, and
there are no specific antidotes. Be-
cause of the similar features of cho-
linesterase inhibitor poisoning, some
patients have been treated errone-
ously with high atropine, sometimes
with disastrous results.4® Efforis have
been aimed at antagonizing the so-
dium current resulting from the
pyrethroid blockade. Several medi-
cations have been tested in the animal
model, but, to date, none have been
considered effective antidotes for sys-
temic pyrethroid poisoning in humans.
For significant neurologic effects,
patients should have standard de-
contamination, including Gl tract de-
contamination, supportive respiratory
care, seizure contrel with diazepam or
lorazepam, and careful dosing of atro-
pine for excessive safivation#? Proper
identification of the offending agent is
imperative to distinguish these poison-
ings from OPs and often requires a high
index of suspicion and a thorough ex-
posure history.

Organcchiorine Insecticide
{Lindane)

The discussion of acute toxicity for
organochlorines is focused on lindane,
because most other organochlorine
compounds have been banned for use in
the United States. Other organochlorines,
including DDT and some of the cyclo-
_dienes, including chlordane and dieldrin,
are important compounds, because they
can still persist in human and environ-
mental samples. These chronic expo-
sures are of continuing coneern for
developmental health effects, including
immunotoxicity, endocrine disruption,
and neurodevelopmental insults (see
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Chronic Health Effects of Pesticide Ex-
posura).

Lindane, also known technically as the
v-isomer of hexachlorocyclohexane, is
still approved in some states for
control of lice and scabies. However,
in a comparison of in vitro activity
against lice with other pediculicides, it
was the least effective®™ it is effi-
ciently absorbed across the skin (ap-
proximately 9%) and even more so
across abraded skin, such as with
severe excoriations from scabies.5.52
Signs and symptoms are noted in
Table 2, Treatment is supportive and
includes decontamination and the
control of seizures with lerazepam.
There is no specific antidote. Lindane
has been banned in Galifornia be-
cause of high levels found in the wa-
ter supply.ss

Reonicotinoids

Neonicotinoids are a new class of
insecticides based on metabolic alter-
ations of nicotine. They are used pri-
marily in agriculture and are gaining
widespread use for flea control on
domestic animals. They act on the
nicotinic Aacetylcholine receptors and
selectively displace acetylcholine. They
do have a relatively selective affinity
for insects as opposed to mammals,
although there have been a few
reports of human poisoning. %4 The
mast commonly used neonicotinoid in
the United States is imidacloprid. In-
formation about toxicity and signs and
symptoms can be found in Tables i
and 2.

H-Fhenyloyrazoles

Fipronil is the primary representative
of this class and was developed in the
mid-1990s. It is widely used in flea
control on domestic pets. It is also
used in ant and roach bait stations, ag-
ricuiiure crops, and lawn treatments.
lt acts by inhibiting y-aminobutyric
acid-gated chlorine channels. The
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inhibition will block chloride passage
and result in hyperexcitability of the
cell553 Signs and symploms are
reported in Table 2.

HERBICIDES
, Chigrephenoxy Herbicides

Chlorophenaxy herbicide compounds
are often mixed with fertilizers and are
used hoth in agriculture and on resi-
dential lawns. These compounds are
well absorbed from the Gl tract but are
not weli absorbed after inhalational or
dermal exposureS Examples of com-
monly used chlorophenoxy herbicides
areg 24-D and 24.54irichlorophenoxy
acetic acid. The halflives of these
compounds range between 13 and 39
hours. They are mostly excreted un-
changed in the urine; excretion can be
greatly enhanced in an alkaline envi-
ronment 38152 More toxic substances
that can be produced during the
manufacture of these herbicides in-
clude dioxins, which were contam-
inants of the herbicide Agent Orange
and were found in the Love Canal
chemical dump site.83

Primary initial effects are on the skin
and mucous membranes. Severe poi-
soning will result in metabolic acidosis
and possibly renal failure 3884 Specific
symptoms are discussed in Tables 1
and 2. The compounds can be mea-
sured in the urine, although similar to
pyrethroid insecticides, analyses are
generally performed at specialty Iabo-
ratories, so results are usually not
immediately available to clinicians.
Treatment is primarily supportive and
may also include forged alkaline di-
uresis by adding scdium bicarbonate
to the fluids and establishing a high
urine pH and high urine flow36185

Phosphonate Herbicides
{Glyphosate)

Glyphosate is a commonly used her-
bicide and is commercially available in
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many products. Glyphosate acts on the
cell wall of plants, so, theoretically, it
should have no effect on human cells,
at least by way of its primary mech-
anism of action. Despite this, there are
numerous reports in the medical lit-
erature of adverse events after human

exposure, particularly unintentional
ingestions. Patients have prasented with
signs and symptoms consistent with an
aspiration pneumonia-like syndrome,
and the offending agent may be the
hydrocarbon solvent with which the
glyphosate is mixed. Treatment is pri-
marily supportive, and providers should
be vigilant for aspiration pneumonia.

RODENTICIDES (LONG-ACTING
ANTICOAGULANTS)

Most currently used rodenticides be-
long to the class of warfarin-type
anticoagulants. Unlike warfarin, the
superwarfarin agents, such as brodi-
facoum, have a much longer halflife.
Although they have traditionally been
available as pellets that can be spread
around or in a box that the rat can
consume, the EPA has recently changed
the type of products that are available to
consumers. Since 2008, superwarfaring
can only be sold as a child-resistant bait
station instead of loose pellets.s¢

The mechanism of action is inhi-
bition of the synthesis of vitamin
K—dependent clotting factors. As such,
the primary manifestations of toxicity
are bleeding and easy bruisability. In

severe cases, bleeding may be life-

threatening. Clinicians who suspect
that their patients may have ingested
a superwarfarin should consider ob-
taining a prothrombin time (PT; also
known as the imernational normal-
ized ratio [INRD.® However, several
studies that have analyzed cohorts of
exposed children have found very few
subjects with an elevated PT (INR) or
active bleeding. Therefore, in sit-
uations in which it is unclear whether
a child ingested more than a few
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pellets, it is reasonable to simply ob-
serve the child.5-70 Most patients can
be managed in the outpatient setting
as long as the ingestion has been
recognized early.”

Treatment is vitamin K and should he
reserved for patients with elevated PT
(INR) levels or active bleeding. With
severe bleeding or shock, a trans-
{fusion of blood or plasma is indicated
as well®

GHRONIC HEALTH EFFECTS OF
PESTICIDE EXPOSHRE

The health implications of the nonacute,
relatively low, but often repetitive and
combined exposures encountered
routinely by children are an ongoing
focus of concern and inguiry for sci-
entists, regulators, and parents.7273
Pediatricians are well placed to pro-
vide guidance to parents about poten-
tial long-term or subtle health effects
from pesticide residues on food, in
water, or used in homes or schools
and on exposurereduction strategies.
However, surveys suggest pediatricians
often feel ill-prepared with training in
this topic, underscoring the impor-
tance of improving educational oppor-
tunities for clinical providers. 7476

The associated health effects of
chronic pesticide exposure in children
vary, reflecting the diversity of toxi-
cological properties of this broad
group of differing chemicals. Some of
the important end points of congern
include an increased risk of cancer,
abnormal neurodevelopment, asthma,
perturbation of gestational growth, and
endocrine-mimicking effects. Heaith
effects of pesticides and the current
relative strength of the evidence base
are reviewed in subsequent sections
for each of these health outcomes.

Childhood Cancer

All pesticides undergo in vitro and
animal testing to determine their

likelihood of causing cancer. The EPA
maintains a list and classification of ali
active ingredients in pesticides and
their potential for carcinogenicity. The
method of identifying potential carci-
nogenicity has changed. Before 1996,
pesticides were assigned a letter
classification (eg, pesticides with the
“C" classification were considered
“possibly carcinogenic”). Subsequently,
pesticides have been assigned a cate-
gory such as “likely to be carcinogenic
to humans” “suggestive evidence of
carcinogenic potential,” “inadequate ev-
idence,” and “not likely” These catego-
ries are not directly comparable, so
both classifications {(before 1996} and
categories {after 1996) continue to exist.

The pesticides that are categorized as
“possibly carcinogenic” or “likely to
be carcinogenic to humans” are
available from the EPA via an e-mailed
report.? included in this report are
some well-known and widely used
0Ps, carbamates, . pyrethroids, and
fungicides. Within classes of pesti-
cides, variation in carcinogenigily po-
tential exists. Note that a pesticide,
such as cypermetirin, that has
“replaced” use of cancer-causing OPs
has cancer-causing potential.

A substantial amount of observational
epidemiological data demonstrate a
link between pesticide exposure and
childheod cancers.’®% However, the
evidence base includes studies that
found no association between chiid-
hood cancers and pesticides or few
associations that cannot be ruled out
as a chance finding.238s Qverall, the
most comprehensive reviews of the
existing literature implicate an asso-
ciation of pesticides with leukemia
and brain tumors.7579

Leukermic

In 1998, Zahm and Ward™ reviewed 18
studies assessing the relationship be-
tween pesticide exposure and leukemia;
135 studies found an elevated risk, and,
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for 6 of those studies, the association
was statistically significant. The most
frequently occurring associations
among the studies were hetween
pesticide exposure and acute lym-
phocytic feukemia.

A 2007 review by Infante-Rivard and
Weichenthal™ summarized the 1998
review of Zahm and Ward and updated
findings from recent studies. Although
it was previously postulated that
childhood exposure to agricultural
products or proximity to an agricul-
tural setting would present the highest
risks, the most commonly associated
pesticide exposure in childhood acute
lymphocytic  leukemia studies was
household insecticide use. Gases were
more likely to have had preconception
exposure andfor exposures in utero in
most studies. The main limitations with
the studies in the 1998 review included
crude exposure assessment, concern
for recall bias, small numbers of ex
posed cases, and mixing of different
leukemia types.7®

In the updated review, 5 of 6 recent
case-control studies found a statisti-
cally significant relationship between
pesticide exposure and leukemia 248520-82
in particular, 2 studies included the
most detailed exposure assessment o
date and reported findings related to
a dosefexposure-response gradient 8485
The primary risk facters were mater-
nal exposure {o pesticide between the
periods of preconception through
pregnancy. The largest of the 2 stud-
ies had 491 cases and an equal
number of controls, focused only on
acute lymphocytic leukemia, included
a measure of frequency of use, and
considered genetic susceptibility. For
maternal use of herbicides, plant
insecticides, and pesticides for trees
during pregnancy, the odds ratio (OR)
was 1.84 (95% confidence interval [Cl],
1.52-2.57), 197 (95% 0l, 1.32-2.94),
and 170 (95% Cf 1.12-3.59), re-
spectively. For parental use during the
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child’s postnatal life, OR was 1.41 (95%
Gl, 1.06-1.86), 1.82 (95% Cl, 1.51-2.52),
and 141 {95% Cl, 1.01-1.97) after ex-
posure to herhicides, plant insecticides,
and pesticides for trees, respectively

To further explore associations between
pesticides and leukemia, a group of
authors conducted 2 meta-analyses.
They provided similar and additional
support to the associations described
previously. One examined studies that
included parental occupaticnal expo-
sure {prenatally and in early childhood}
and leukemia in their offspring. Mater-
nal occupational exposure, but not pa-
ternal occupational exposure, was found
to be associated with leukemia. The
reported OR was 2.09 (95% €1, 1.51-2.88)
for overall pesticide exposure, 2.38
(95% €I, 1.56-3.62) for insecticide ex-
posure, and 3.62 {95% Cl, 1.28-10.3) for
herbicide exposure? The second -meta-
analysis assessed pesticide exposure in
the home and garden setting. In this
meta-analysis, 15 studies were included,
and exposures during pregnancy to
unspecified pesticides, insecticides, and
herbicides were all associated with
leukemia (OR, 1.54 [95% CI, 1.13-211],
2.05 [95% Cl, 1.80-2.32], and 161 [95%
Ci, 1.2-2.18}, respectively) 8

Sraie Tumors

Zahm and Ward’s 1998 review included
16 case-control studies examining
associations between brain tumors
and pesticide exposures. Of these, 12
found an increased risk estimate of
brain tumors after pesticide exposure;
7 of these findings reached statistical
significance. Associated exposures
were most often from parental use
of pesticides in the home, in the gar-
den, and on pets. Interpretation of
these studies is difficult given the
inadequate exposure assessments,
small numbers because of a relatively
rare childheod outcome, and a mix-
ture of brain tumor types among
cases.’™
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Since 1998, 10 additional studies have
been published, all but one of which
demonstrated an increased risk esti-
mate of cancer with maternal and/or

paternal exposure, although not ali
studies demonstrated statistical sig-
nificance. Some of the more robust
findings come from a case-control
study with 321 cases of astrocyto-
mas. The risk estimate from maternal
occupational exposure to insecticides
before or during pregnancy was 1.9
{95% CI, 1.1-3.3). The risk estimates
for paternal exposure for insecticides,
herbicides, and fungicides were 1.5,
1.6, and 1.8, respectively. These risk
estimates were just short of reaching
statistical significance® In a eohort
study of more than 200000 patients,
patarnal exposure in any accupation
and in agricultural/forestry preceding
conception was associated with an
increased risk of central nervous
system tumors (relative risk [RR], 2.36
{95% Cl, 1.27-4.39] and RR, 2.12 [95%
G, 1.084.39], respectively).8s For all
studies, it appears that prenatal ex-
posure to insecticides, particularly in
the household, as well as both ma-
ternal and paternal occupational ex-
posure hefore conception through
birth represent the most consistent
risk factors.8s.86.87.95-100

Ewing Sarcomu

Two case-control studies were per-
formed to evaluate potential parental
occupational exposures and the de-
velopment of Ewing sarcoma (ES). One
study of 196 cases and matched con-
trols found an association between ES
in boys age 15 years or younger and
household pesticide extermination {OR,
3.0; 95% Cl, 1.1-8.2). There was no as-
sociation between parental occupa-
tional exposure to pesticides and ES.1
A study in Australia compared 106
cases of either ES or peripheral prim-
itive neuroectodermal tumor with 344
population-based controls. Exposures
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included prenatal exposure from con-
ception through pregnancy and also
included parental exposures through
the time of the child’s diagnosis. Nota-
bie elevated risks were observed for
mothers who worked on farms (OR,
2.3 95% Ol, 0.5-12.0), mothers who
handled pesticides (OR, 2.3; 95% Cl,
0.6-8.5), patients who ever lived on
a farm (OR, 2.0; 95% Cl, 1.0-39), and
farming fathers at the time of con-
ception and/or pregnancy (OR, 3.5; 95%
Cl, 1.0-11.9}).192 Of note in this study, all
95% Cls include 1.0, so they did not
reach statistical significance, although
some ORs approached it.

In summary, there is some evidence of
increased risk of developing several
childhood cancers after preconception
andf/or prenatal exposure to pesti-
cides. The strongest evidence appears
to be for leukemia, which is a relatively
more common type of childhood can-
cer than brain tumors. Maternal ex-
posure io insecticides and paternal
occupational exposure appear to carry
the greatest risk.

Neurodevelopment/
Neurchehavioral Effects

Many pesticides have well-described
acute neurgtoxicant properties that
have heen described previously in this
report in relation to human poisening
episodes and acute toxic mechanisms.
However, information on the potential
neurodevelopmental toxicity arising
from chronic, fow-level exposure in
gestational or postnatal life is in-
adequate or lacking for most pesti-
cides in use. There is a growing
available evidence base supporting an
adverse effect on neurodevelopment
from 2 classes of insecticides, the
organgchlorines (specifically DDT and
its metabolite p,p'-dichlorodiphenyldi-
chloroethylene {DDE]) and, most re-
cently, OPs. Several recent reviews of
the evidence base are now avail-
able. 185105
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Afthough chronic neurologic sequelae
after acute OP poisoning have been
observed in multiple adull studies,
the epidemiological data on children
are {imited.198197 A recent neurs-
psychological evaluation of healthy
school-aged children who had experi-
enced hospifalization for acute 0P
poisoning before the age of 3 years
found subtle but significant deficits
in their ability to restrain and control
their motor behaviors compared
with both children who had no history
of poisoning and children who had
a history of early life poisoning with
kerpsene.108

Of greater public health concern is
the potential neurotoxicity from rou-
tinely encountered chronic exposures.
This is the subject of study in ongoing,
large National Institutes of Health/EPA-
sponsored prospective hirth cohorts.
Studies in 2 urban settings and a rural
farmwaorker community have enrolled
women during pregnancy with an
objective assessment of exposure by
the use of environmental measure-
ments and hiological monitoring.104109,10
Follow-up assessment of neurodevel-
opment and neurobehavior in their
children with the use of validated tools
such as ihe Brazelton Neonatal As-
sessment Scales, the Bayley Scales of
Infant Development, the Ghild Behavior
Checkiist, and 1Q testing at comparable
intervals is being conducted. To date,
remarkably similar findings relating
adverse neurcdevelopmental and neu-
robehavioral outcomes associated with
prenatal OP exposure have been made
in these distinct cohort studies. For
example, in 2 cohorts, the Brazefton
Neonatal Behavioral Assessment Scale
was administered in the first weeks
of life. In both, deficits in the primi-
tive reflex domain were noted with
the other & of 7 Brazelton Neonatal
Behavioral Assessment Scale do-
mains not associated with prenatal
0P exposure.i'.112 Two of the cohorts

have published their Bayley Mental
and Psychomotor Developmental In-
dex results conducted during the
toddler years (ages 2-3).113114 Sjg-
nificantly poorer mental development
was associated with higher OP expo-
sure in both, whereas one of the
cohorts also observed OP-associated
deficits in the motor scale at 3 years
of age. Resuits of Child Behavior
Checklist assessments are also
available for 2 cohorts, conducted at
2 years of age in one and 3 to 4 years
of age in the other. Significantly in-
creased scores representative of per-
vasive developmental disorder were
associated with higher OP exposure in
bothM314 One cohort also had in-
creased scores for inattention and
attention-deffcit/hyperactivity  disorder
subscales.”* All 3 cohorts have found
decrements in 1Q testing associated
with higher prenatal exposures at the
time of follow-up at 7 years of age.115-117

In one of the cohorts, postnatal ex-
posure effects in the child have been
investigated and reported. [nterestingly,
improved mental development based on
Bayley's Index at 12 and 24 months of
age is associated with higher contem-
porary child excretion of OP urinary
metabolites. Explanations for this are
debated but include theories that chil-
dren with higher cognitive abilities may
explore their environments more thor-
oughly and, as such, experience higher
exposure.

Recently, a US-hased cross-sectional
analysis demonstrated that children
with high urinary concentrations of
0P metabolites were more likely to
have a diagnosis of attention-deficit/
hyperactivity disorder. This study used
data from a representative sample of 8-
to 15-year-old children collected as part
of the NHANES conducted by the GDC.18

One study based in Ecuador has ex
amined the relationship of OF exposure
on néurodevelopment in school-aged
children.”® Prenatal exposure (based
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on mother occupational history ques-
tionnaire) was associated with a de-
crease on the Stanford-Binet copying
test among the study subjects at 7
years of age. Their concurrent exposure
{on the basis of OP urinary metabolites)
was associated with an increase in
simple reaction time,

The toxicoiogical mechanisms that un-
derlie the adverse neurodevelopmental
observations are also under inves-
tigation. Interestingly, noncholinergic
mechanisms are being deciphered in
animal models and in vitro studies,
distinct from the well-described mech-
anism of acute OP toxicity {cholines-
terase inhibition) and occurring at
doses much lower than required to
inhibit chalinesterase.120

Well-designed recent cohort studies and
previgus work including animal models
suggest that 0P exposures that are
being experienced by US children may
have adverse neurodevelopmental con-
sequences. The plasticity of these effects
and clinical implications are as yet un-
¢clear, although continued assessments
as these cohorts age and enter school
age are planned and may add clarity.
The potential modification of these ef
fects on the basis of genetic factors,
specifically metabolic enzymes involved
in pesticide detoxification pathways, are
also being explored in these cohorts. For
exampte, preliminary analyses indicate
that children with a particular variant
of the paraoxonase | gene, which is
associated with lower levels of this OP-
metabalizing enzyme, may be at higher
risk of health consequences from OP
expasure. 1?1122

Although DDT has not been used since
the early 1970s, its persistence in the
environment and fat solubility results in
ongoing detection of the parent com-
pound and breakdown product {DDE) in
contemporary US populations.’® The
potential adverse neurodevelopmental
consequences of prenatal DDT {2

studies) and DDE (several studies) was .
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studied in one of the recent cohorts
described previgusly in this report,
which was a predominately Mexican
American farmworker population. In
this cohort, maternal serum DOT levels
were negatively associated with mental
development and psychomotor de-

~velopment at 12 and 24 months.'?

Maternal serum DDE was associated
with reduced psychemotor development
at 6 months and mental development at
24 months. A review of the overall evi-
dence base reveals that studies of
in utero DDE exposure and neuro-
devefopment are mixed, with at least 2
studies showing decrements in psy-
chomator function. Both of the 2 studies
that have evaluated effects of DDV ex-
posure observed cognitive deficits.10s

[n summary, the existing and recently
emerging evidence base suggests that
organochlorine and OFP exposure in
early life, particularly prenatally, may
have adverse consequences on child
neurodevelopment.

Physical Developmental Effects

In addition to neurodevelopmental
toxicity, there is also considerable
concern of physical developmental
toxicity to the embryo and fetus from
pesticide exposure. These concerns
arise from multiple epidemiologicai
studies that have investigated their re-
lationship to adverse pregnanecy out-
comes including intrauterine growth
retardation, preterm birth, fatal death,
and congenital anomalies. The available
studies are heterogeneous in design,
are conflicting in resuits, and often have
an insufficient exposure assessment.
Nonetheless, pesticides remain one of
the most commaon environmental ex-
posures of concern cited in relation to
adverse pregnancy outcomes and have
heen the focus of recent reviews on the
topic, which include weight of the evi-
dence evaluations. 2128

Amang studies that are able to address
specific types of pesticide exposures,
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there are more data focused on the
organochierine and OP insecticides or
phenoxy or triazing herbicides. These
represent the currently or historically
(eg, organochlorine) most heavily used
pesticides. This review summarizes the
nighlights of the existing evidence base
with a focus on studies that incorporate
direct measures of exposure for in-
dividual study subjects.

Fetal Death and Birth Defests

A (alifornia-based case-control study
found an increased risk of fetal death
attributable to congenital anomalies
when 0P application occurred in the
residential area of the mather during
weeks & through 8§ of pregnancy—
consistent with organogenesis.'?” One
other study found an elevated risk of
spontaneous abortion associated with
chlorophenoxy herbicides. However,
as with some studies of birth defects
discussed previously, this study also
relied on self-report and less reliable
means of exposure assessment.1?®
Results are not consistent, because
other studies have not found associ-
ation of parental exposure to OPs
with spontaneous abortion or still-
hirth,129-131

Birth defects will be discussed first,
followed by other adverse hirth out-
comes. The more common birth
defects include orofacial clefts, limb
defects, and neural tube defects, which
are generally the defects studied in
relationship to pesticide exposures.
Although several studies have found
associations of maternal or paternal
exposures with a wide variety of birth
defect categories, all of the studies
used indirect measures of exposure
and most were ecological study de-
signs, making interpretation of the
adverse birth outcome evidence base
inadequate and unreliable.123

A 1995 review article discussed the
available evidence for associations
between birth defects and potential
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pesticide exposure.’3? Five studies were
included that assessed various birth
defects (central nervous system, oral
cleft, limb defects) compared with ma-
ternal agricultural occupation. Four of
those 5 reported an elevated RR or an
OR ranging from 1.6 to 5.0, however, only
2 were statistically significant.133-137
Of note, in these studies, there was not
an assessment to any single pesticide;
rather, the “exposure” was maternal
occupation,

Six additional studies from this period
evaluated maternal pesticide exposure
at work and the development of birth
defects. Of the 5 studies with an ele-
vated OR or RBR, ranging from 1.3 fo
7538142 3 were statistically signifi-
cant. Unfortunately, some of these
studies included small numbers of
cases, and others were likely to have
significant exposure misclassification.
The conclusion of this review was that
there are some indications of elevated
risk but no clearly convincing evi-
dence.'%

Two studies from Minnesota have
reported a relationship between phys-
ical defects in children and paternal
occupation of pesticide applicator. The
first study compared data from a birth
registry between 1989 and 1992. A
geographic sectien of Minnesota that
had the highest agriculture activity and
highest frequency of use of chloro-
phenoxy herbicides and fungicides was
also found to have the highest rate of
birth defects (30.0/1600). By compari-
son, the general papulation in this same
region had a birth defect rate of 26.9/
1000. Interestingly, there was a seasonal
effect, with the highest frequency oc-
curring in infants who were conceived
in the spring, the same time as most
herbicide and some fungicide applica-
tion (OR, 1.36; GI, 1.10-169).14 The
second study is a cross-sectional study
that used a survey of licensed appli-
cators and subsequently more in-depth
interviews of either/both the applicator
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and female partners of licensed appli-
cators when possible. The study even-
tually included live births fathered by
536 applicators. The hirth defect rate
in this study was 31.3/1000, which is
statistically significantly higher than
what the previous study found for the
general population. Again, there was
a significant difference in season of
conception (7.6% in spring versus 3.7%
in other seasons).'#

Studies of birth defects often include
all types within the analysis because of
insufficient numbers of individual
defects to allow adequate power of
statistical analyses. A meta-analysis
used 19 studies that had sufficient
data to be included to estimate the
effects of pesticides on orofacial
clefting. Maternal occupational expo-
sure 1o pesticides was associated with
orofacial clefts (OR, 1.37; 95% Ci, 1.04—
1.81}. There was a weaker association
for paternal cccupation (OR, 1.16; 95%
Cl, 0.94-1.44).6 Studies on 3 other
hirth defecis—cryptorchidism, hypo-
spadias, and polythelia—will be dis-
cussed in the section on endocrine
effects.

In summary, a smail risk elevation is
noted for birth defects and pesticide
exposure, but the findings are not
robust, and the data specific to pes-
ticide subtypes are not adequate.

Adverse Birth Outcomes (fow Birth

Weight, Desreased Gestational Agel

0OT {and its major metabolite DDE) is
the organochlorine that has been most
extensively examined in relation to
birth defects, fetal death, and fetal
growth, with mixed findings. Fetal
exposures, as determined by maternal
serum or umbilical cord blood levels,
have been associated with preterm
hirth, decreased birth weight, and
intrauterine growth retardation. 47151
However, not all studies reported
significant associations between ex-
posure with infant birth weight or

preterm birth, including a relatively
recent study of Mexican American
farmworking women in the United
States with higher exposures in com-
parison with a similar group of a na-
tional sample of nonfarmworking
Mexican American women.'#2152 |n the
largest cohort study to date {a US
cohort of hirths between 1959 and
1966), DDE concentrations in maternal
serum during pregnangy demon-
strated a dose-response relationship
to risk of preterm delivery and de-
livering small for gestational age
(3GA) infants.'#

Exposure to pesticides is associated
with risk of decreased birth weight. In
a study conducted before recent reg-
ulatory actions that reduced their
resiclential use, exposure to the OPs
chiorpyrifos and diazinon were asso-
ciated with decreased birth weight in
a New York City cohort.0 [n another
New York City cohort, birth weight
was reduced among mothers with
higher OP exposure levels in preg-
nancy, bhut only among those with
a genetic polymorphism of an 0P de-
toxification enzyme (paraoxonase 1 or
PON1).'%0 In a similar longitudinal
pregnancy cohort conducted among
latina farmworkers in agricultural
Galifornia, no assaciation of maternal
pregnancy exposure to OPs and birth
weight was determined, but a re-
duction in gestational age was asso-
ciated 13

An ecological study determined that
women in a rural region of lowa with
increased levels of friazine, metiola-
chlor, and cyanazine herbicides in the
drinking water had an elevated risk of
delivering an infant with intrautsrine
growth retardation compared with
women in other paris of the state.’ss
A study based in France reported that
atrazine levels in municipal drinking
water throughout pregnancy were
not associated with increased risk of
delivering an SGA infant but that the
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risk of delivering an SGA infant in-
greased when the third trimester oc-
curred in whole or in part during the
period of May through September,
when atrazine levels typically peak.'ss

Summary. Physical Bevelopmental
Befects

In 'summary, the true extent and nature
of pesticide exposure on adverse fetal
growith and birth outcomes is un-
known despite suggestive epidemio-
logical studies that link some of the
most widely used pesticides to re-
duced intrauterine growth, fetal death,
preterm birth, and congenital anom-
alies. Very little is known about many
pesticide types in current use, in-
cluding synthetic pyrethroids and
carbamate insecticides, rodenticides,
and fungicides. Studies that examine
the timing and extent of exposure to
pesticides and exposure 1o pesticide
mixtures with validated exposure as-
sessment  techniques including bi-
ological markers are needed. The
potential for differential vulnerabilities
because of genetic polymorphisms
that influence the toxicological prop-
erties of these exposures must also be
explored.

ENBOERINE EFFECTS

An emerging concern, although less
well studied in humans, is the potential
effacts that some chemicals including
pesticides may have on the endocrine
system. Some of the most notable
pesticides thought 1o have such effects
are the organochlorine pesticides,
such as DDT, endosulfan, methoxychlor,
chiordecone, chlordane, and dieldrin.
Other herhicides {(atrazine, 2,4-D, and
glyphosate) and fungicides (vinclozo-
lin} also have some endocrine activ-
ity.155-159 The associations are very
complex and are primarily based on
in vitro and animal studies. Estrogen-
mimicking properties tend to be the
most commonly reported, although
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effects on androgen and thyroid hor-

mones, among others, are also
reported. Feminization has been noted
in alligators found in lakes highly
contaminated by organochlorine pes-
ticides.'s" Hayes et al'®! have studied
the effects of atrazine on amphibians
and have noted a i0-fold decrease in
testosterane from exposure to 25 ppb
of atrazine in mature male frogs. The
mechanism of the latter appears to be
activation of the enzyme aromatase,
which promotes conversion of tes-
tostercne to estrogen.16?

The human epidemiology literature is
limited on endocrine effects from
pesticides. One report from Macedonia
noted some degree of early pubertal
findings, primarily premature the-
larche, which was hypothesized to be
related to organochiorine pesticide
exposura.'s? A study in 2000 with 48
patients, 18 of which had cryptorchi-
dism, first raised the hypothesis about
an association with organochlorine
pesticides. An association between
cryptorchidism and organochlorine
pesticide [levels has been hypothe-
sized.’® Jince then, additional case-
conirol studies have been conducted
to examine ihe effects of organo-
chlorines on endocrine-related birth
outcomes, cryptorchidism, hypospa-
dias, and/or polythelia. Two focused
on fetal exposures from maternal levels
of DDE alone and development of
cryptorchidism and hypospadias.!65.186
Bhatia et al'85 caleulated an OR of 1.34
{95% Cl, 0.51-3.48) for the association
of cryptorchidism and DDE and 1.18
{95% CI, 0.46-3.02) for the association
of hypospadias and DDE. Longnecker
et al'ss estimated an OR of 1.3 (35% Cl,
06-24) for the association beiween
DBE and cryptorchidism and an OR of
1.2 (95% Cl, 0.6-24) the assaciation
between DDE and hypospadias. The
modest assogiation is felt to be in-
conclusive with the imprecision in risk
estimates and suggests that a larger
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sample size may be needed. A third
case-control study found inconclusive
results on the effect of heptachlor and
f-hexachlorocyclohexane Jevels in preg-
nant women on cryptorchidism. For
heptachlor, the OR was 1.2 {85% €I, 06—
26), and for p-hexachlorocyclohexane,
the OR was 1.6 (95% Cl, 0.7-36). The
sample size in this study was 219 cases,
compared with 564 controls.1s7

Two nested case-control studies have
examined the possibility that multiple
organochlorine compounds will have
a cumulative effect on the develop-
ment of urogenital abnormalities in
boys.168.169 Fernandez et al'®® reported
that total xencestrogens as well as
detectable pesticide levels were as-
sociated with cryptorchidism and/or
hypospadias. They found elevated
0ORs in the range of 2.19 for endosul-
fan to 3.38 for lindane. All 95% Cls
were noted to be statistically signifi-
cant. The study in Finland and Benmark
reported a significant relationship be-
tween chlordane and cryptorchidism
but no other relationships between 7
other individual organachlorines. How-
ever, combined analysis of the 8 per-
sistent pesticides did demonstrate
a statistically significant increase in
cryptorchidism in exposed boys.'68

Testing chemicals is an impertant and
necessary step for the EPA to defermine
potential long-term risks from pesticide
during the registration or reregistration
process. There has been progress in the
development of appropriate biomarkers
to evaluate chemicals for the presence
of endocrine-disruption qualities. The
ability to measure DDE and dioxins
from human milk has been developed,'70
More recently, a biomarker for xenoes-
frogen mixtures was developed in
Spain.in

In summary, there is compelling
hasic science evidence for endocrine-
mimicking effects of several pesti-
cide chemicals that is sound and
scientifically plausible. Human data
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are slowly emerging but not yet con-
clusive,172

Asthma

Given the widespread use of pesticides
and the high morbidity of asthma in
children, guestions have been raised
regarding pesticides as triggers as well
as risk factors for incident disease.
Concern is raised by a mounting adult
occupational literature associating pes-
ticides with asthma or other measures
of respiratory health. In addition, pre-
liminary toxicological data provide
mechanisms ihat link pesticides and
asthma. An important limitation of most
epidemiological studies fo date is the
lack of exposure specificity regarding
pesticide chemicals or chemical classes.
In addition, studies regarding children
are few.

There is indirect evidence that pesti-
cides skew the immune response to-
ward the T helper 2 (Th2) phenotype
associated with atopic disease. The
National Institutes of Health/EPA-
spensored rural birth cohort de-
scribed above regarding evaluation of
neurcdevelopmental effects has also
observed that maternal agriculturai
work was associated with a 26% in-
crease in proportion of Th2 cells in their
24-month-old infants’ blood samples.'73
The percentage of Th2 cells was asso-
ciated with both physician-diagnosed
asthma and maternal report of wheeze
in these infants. This population of
largely Mexican American farmwork-
ers was selected for study on the
basis of the relatively high use of OP
pesticides in this agricultural area,

Animal-based toxicological mechanis-
tic models include OP-induced airway
hyperreactivity via alteration in mus-
carinic receptor function in airway
smooth muscle and oxidative stress
induced by OP-related lipid perox
idation. 74177

The few epidemiological data on pesti-
cides and respiratory health in children
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have mixed results. In a cohort of rural
lowan children, any pesticide use in-
doors or any outdoor use in the pre-
vious vear was not significantly
associated with asthma symptoms and
prevalence.’”™ Contrarily, a ¢ross-
sectional analysis of Lebanese chil-
dren identified increased risk of
chronic respiratory symptoms, in-
cluding wheeze, among those with any
pesticide exposure in the home, expo-
sure related to parents occupation,
and use outside the home. The highest
risk was observed fmj children whose
parents had occupational exposure to
pesticides (OR, 4.61; 95% Cl, 206-
10.28}.179 However, given this study’s
cross-sectional design, it is not possible
to discern whether the pesticide expo-
sure preceded the diagnosis of asthma,

Among exposures in the first year of
life explored in a nested case-conirol
study of the Southern California
Children’s Health Study, both herbi-
cides and pesticides/insecticides had
a strong association with asthma di-
agnosis before 5 years of age {(OR,
458 [95% Cl, 1.36—15.43! and OR, 2.39
f95% €I, 1.17-4.89], respectively). 160

More published data are available
regarding adult farmers and adult
rural residents. these studies more
consistently support a link between
pesticides and respiratory symptoms
or chronic respiratory disease, such
as asthma.'®1182 For example, use of
multiple individual pesticides was
evaluated in relation to self-reporied
episodes of wheeze in the previous
year in a large cohort of commercial
pesticide applicators {adults) and
farmers enrofled in the Agricuitural
Health Study.'® Among the pesticides
classes, several OPs showed associa-
tions with wheezs, including several
that demonstrated a dose-response
trend. Ghlorpyrifos, - malathion, and
parathion were positively associated
with wheeze among the farmers; for
the commercial applicators, the OPs

chlorpyrifos, dichlorves, and phoraie
were positively associated with wheeze.

Among commercial applicators, the
strongest OR was for applying chlorpyr-
ifos on more than 40 days per year (OR,
240; 95% Cl, 1.24-4.85). Elevated risk for
wheeze related to herbicide use was
almost exclusively associated with
chlorimuron-ethyl {urea-derivative class).

Similar studies addressing the re-
spiratory health implications for chil-
dren for specific pesticide chemical
types or groups are rare. However, for
DDT, there is some emerging evidence
for a link between metabolites of DDT
and asthma risk.'88 |n a prospective
cohort study of children in Spain,
wheezing at 4 years of age increased
with increasing levels of DDE at birth.
The adjusted RR for the children with
exposure in the highest quartile was
263 (95% Cl, 1.19-4.89). The use of
physician-ciagnosed asthma {occurring
in 1.8% of children) instead of wheezing
as the outcome variable also resulted
in a positive association, although it
was not statistically significant.’®

In summary, the available data re-
garding chronic exposure 1o pesticides
and children's respiratory heaith re-
main limited. Studies that incorporate
pesticide-specific exposure assess-
ment and markers of biclogical mech-
anisms and consider the influence of
timing of exposure across the life
span are needed.

THE PESTICIDE LABEL

Pesticides for sale or use in the United
States must be registered with the EPA,
and this includes approval of the
product label, which contains the EPA
registration number. The pesticide label
contains several types of information
that may be important in understanding
and preventing acute health con-
sequences associated with their use.'®

The product label identifies the active in-
gredient and provides the manufacturers
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contact information. The label does not
specify the particular ¢lass of pesti-
cide for the active ingredient, which
may make it difficult for a physician to
identify potential toxic effects. In-
formation about “other” or “inert”
ingredients, which may account for up
to 89% of the produect, is not required
to be disclosed on the label. These
constituents include chemicals with
known toxicity. The physician treating
a patient may request this from the
manufacturer; however, delay in in-
formation may compromise optimatl
clinical care. The local or regional
poisen conirol center plays an im-
portant role as a resource for any
suspected pesticide poisoning. The
EPA is currently considering rule-
making changes that would expand
the disclosure of information on inert
ingredients. One of the options under
consideration includas labeling 100%
of the ingredients, 88

The “directions for use” section on the
label explains when, how, and where
the pesticide may be applied. The la-
bel is considered the law; therefore,
any use of the product in a manner
inconsistent with the label is a viola-
tion of the Federal Insacticide, Fungi-
cide, and Rodenticide Act {Pub L No.
80-104).187 Information on recom-
mended storage of the product and
disposal of the container is also
printed on the label.

The labei will contain a signal word
and symbol. to identify acute toxicity
potential: “danger” along with the
word peoison and the skull and cross-
hones symbol signifies high acute
toxicity; “warning” signifies moderate
acute toxicity; and "caution” represents
slight acute toxicity. Thers is a section
for precautionary statements regard-
ing the potential hazards to people
or pets and the actions that can be
taken to reduce these hazards, such
as wearing gloves or other protective
equipment. Basic first aid advice for
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responding to dermal, inhalational,
and/or oral exposure is provided. Some
labels contain a “note for physicians”
that includes specific medical in-
formation. The label does not provide
any information or warnings about
the potential for chronic toxicity aris-
ing from normal use or misuse of the
pesticide. An example of an interactive
pesticide label can be found at the EPA
Web site.'®® It includes “pop-up” fea-
tures that define each of the compo-
nents on the pesticide label.

STATE OF PESTICEDE RNOWREDGE
AMORG PEDIATRIGIARS

Self-reported medical education and
self-efficacy suggests pediatricians
are not well prepared to identify
pesticide exposure and illness, in-
cluding taking a relevant environ-
mental history or discussing pesticide
risks with their patients.’®%9 fven in
agricuitural areas of the Pacific North-
west, where pesticide use is heawy,
a survey of heailth care providers who
serve high volumes of agricutiural
farmworkers and their families found
that 61% did not feel comiortable
responding to patient/client questions
regarding pesticides on the basis of
their training, background, and experi-
ence.’* Among academic pediatricians
with an interest in pediatric environ-
mental health, pesticides were among
the topics they felt least prepared to
teach to their trainees.’® Given the
widespread use of pesticides and con-
cerns for child health, opportunities to
increase pesticide competeney in pe-
diatric medical education are [ikely to
prevent missed diagnoses and reduce
exposure because of improved antici-
patory guidance.

Clinicians must have a high index of
suspicion to identify pesticide poi-
soning. 1dentification and treatment of
acute pesticide poisoning requires
familiarity with the toxic mechanisms
and related signs and symptoms of the
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pesticide classes. For example, when
evaluating a patient with status epi-
lepticus or mental status changes,
gertain insecticides belong in the dif-
ferential among the numerous and
more common etiologies. Eliciting an
environmental history will help de-
cipher the relative imporiance of
pesticides in further clinical decision-
making. The environmental history is
a general tool for addressing poten-
tially hazardous environmental expo-
sures and is discussed in detail in the
Pediatric Environmental Health man-
ual from the AAP.i83

EFFORTS TO REDUCE PESTIGIDE
EXPOSURE

Bietary Considerations

Dietary modifications can help reduce
pesticide exposure. As mentioned pre-
viously, consuming organic produce has
shown a reduced amount of urinary
pesticide levels in comparison with
a conventional diet.?2 Because many
food-based pesticide residues occur on
the surface of food crops, other prag-
tical approaches may be used to reduce
exposures by washing produce, peeling
off outer layers of leafy vegelables, and
remaoving peels from fruits and vegeta-
bles. Trimming fat from meat and fat
and skin from poultry and fish may
reduce residues of persistent pesti-
cides, such as the organochlorines, that
concentrate in animal fat.

Efforts to address and reduce chronic
pesticide exposure via the food supply
in children have included regulatory
approaches that consider the unique
vulnerability of the developing child in
policy decision-making. For example,
the 1996 Food Quality Protection Act
(Pub L No. 104-170, Section 405) re-
quired that the EPA use an additional
10-fold margin of safety regarding
limits of pesticide residuss on food
(unless there are data that show
a less stringent residue level is safe for
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prenatal and postnatal development;
for description, see hitp:/fwww.epa.
gov/opp00001/factsheets/riskassess.
htm).

integrated Pest Management

In addition to food residues, use of
pesticides in and around the home and
other settings where children spend
time (child care, school, and play-
grounds and sports fields} is an im-
portant influence on the chronic and
cumulative exposure to pesticides
among US children. Most of the pest
problems that occur indoors as well as
contrel of lawn and garden pests
can be addressed with least toxic
approaches, including integrated pest
management (IPM) technigues. IPM
focuses on nontoxic and least toxic
control methods to address pest
problems have been promoted and
adopted for residential, school, and
agricultural  settings (fact sheets
available at http://www.epa.gov/
opple001factsheets/ipm.htm).

"Integrated” refers to employment of
complementary strategies of pest
control, which may include mechani-
cal devices; physical devices; genetic,
biological, and cultural management;
and chemical management. For ex
ample, to control cockroaches, a fam-
ily could be counseled to keep
garbage and trash in containers with
well-fitted lids, eliminate plumbing
leaks or other sources of moisture,
store food in insect-proof containers,
vacuum cracks and crevices, clean up
spills immediately, and use the least-
toxic insecticides, such as boric acid,
in cracks and crevices or bait sta-
tions. The goal is to target the pest
and limit the effect on other organ-
isms and the environment. Although
developed with a focus on agriculiural
insect pests, IPM programs and
knowledge have extended to address
weeds and pest control in residential
settings and schools, commercial
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structures, lawn and turf, and com-
munity gardens.

Within agriculture, IPM has been rec
ognized and promoted for decades;
however, inadeguate leadership, co-
ordination, and management of US
Department of Agriculture PM pro-
grams were identified as impediments
to adequate progress in a 2001 re-
port.i® The report provided the basis
for an ongeing national roadmap ef-
fort to improve ongoing development
of increased IPM in agriculture.

To protect children, IPM in schools has
been recommended hy the US De-
partment of Agricutture, EPA, American
Public Health Association, and National
Parent Teacher Association. Many states
and local municipalities have adopted
programs and resources to encourage
IPM in public places, in addition to homes
and schools (see Table 3). IPM strategies
seek 1o minimize insecticide use by ap-
plying strategies such as cleaning up
food and water, sealing cracks and
crevices, and using pesticides that are
contained in baits or traps, which are
far less likely to pose a health concern
compared with any type of broadcast
spray application, Avoiding combination
products with pesticides and fertilizers
(ie, “weed and feed” preparations) is
advised for lawn maintenance, because
these tend to result in overapplication of
pesticides. Hand weeding is always
a reasonable alternative to herhicides.
However, if an herbicide is to be used,
some (such as glyphosate) have better
acute human toxicity profiles than oth-
ers (such as 24-D). Even so, glyphosate
is not without its risks. Most cases of
moderate to severe toxicity have oc-
curred after intentional (suicidal) in-
gestion.® Using safe storage practices
{in a locked cabinet or building) and
not reusing pesticide containers are
important components toward the
prevention of acute poisonings af-
ter unintentional ingestion by small
children. Reliable resources for use-

ful information on pest-control atlter-
natives and safe use of pesticides are
available from the EPA and University
of Galifornia-Davis (Table 3).

Spraying in the Community; Right
to Know

Although there is no federal mandate
for notification of pesticide use in
communities, many states, locales, or
schools have implemented require-
ments for posting warning signs or
developing registries o alert individ-
uals of ptanned pesticide application
{see Table 3). These are designed to
allow the public o make decisions to
avoid exposures during apnlication or
soon after from residues. Other local
policies that have heen developed in-
clude restricting spray zones that cre-
ate buffers from schools or other areas
or restrict specific types of pesticide
products in schools. Pediatricians can
play a role In the promotion of de-
velopment of model programs and
practices in the communities and
schools of their patients. For example,
in some communities, pediatricians
have participated in lacal organizations
that have successfully advacated for no
pesticide application in schools.

SUMMARY

Pesticides are a complex group of
chemicals with a wide range of acute
and chronic toxicity. Poison control
centers report lower rates of more
severe poisonings but continue to re-
port similar total numbers of acute
exposures among children. There is
a growing body of literature that
suggests that pesticides may induce
chronic health complications in chil-
dren, including neurodevelopmentai or
benavioral problems, birth defects,
asthma, and cancer, Pediatricians are
a trusted source of information for
families and communities, although
current training focused on pesticide
toxicity and environmental heatth, in
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TABLE § Pesticide and Child Health Resources for the Pediatrician

Management of Acute Pesticide Peisoning

Recognition and Management of Print: fifth (1999) is available in Spanish, English
Pesticide Poisonings (6th edition available 2013)
http:HW\W.'.epa.govlpnstinideslsafetylhealthr;arelhandhn'uklhandbookhtm
Regional Poison Contro! Centers 1-800-222-1222

Chronic Expesure Information/Speciatty Consultation

The National Pesticide Medical Cooperative agreement between Oregon State npmmp@goregonstate.edu
Monitoring Program (NPAMMP) University and the EPA
NPMMP provides informational assistance by e-mail or by fax at 541-737-9047
in the assessment of human exposure to

pesticides
Pediatric Environmental Health Coordinated by the Assaciation of Occupational and  hilpffenvwacec.org/PEHSU. htm
Specialty Units {(PEHSUS) Environmental Clinics to provide regional Toli-free telephone number 888-347-A0EG (2632)

academically based free consuKation for heatth
gare providers

Resources for Safer Approacies to Pest Gontrol

EPA Consumer information documents hiip:/ivwwveepa gov/oppfead 1/Publications/Cit_Guide/citguide.
pdf
Gitizens Guide to Pest Controf o Household pest control
and Pesticide Safety o Alternatives to chemical pesticides

+ How to choose pesticides

» How to use, store, and dispose of them safely
* How to prevent pesticide poisoning

» How to choose a pest-control company

Controlling peasts Recormmended safest approaches and examples of  http://fwww.epa. gov/pesticides/contrallingfindex htm
programs
The University of Catifornia Integrative Information on 1PA approaches for common hame  http:/fwwwipm.ucdavis.edu
Pest Management Program and garden pests

Other Resourses

National research programs addressing NIEHS/EPA Centers for Children’s Environmental wavveaiehs.nih.gov/researchfsupported/centers/prevention
children’s health and pesticides Health & Disease Prevention Research
The National Children's Study wwwnationalchildrensstudy.gov/Pages/defauit.aspx
EPA Pesticide product labels wavw.epa.gov/pesticides/regulating/labelsfproduct-tabels,
him#projects

The Hational Library of Medicine *Tox Town™ Sestion on pesticides that includes a camprehensive http://toxtown.nim.nih.gov/text_version/chemicals.php?id=23
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Spooner. We Are Still Waiting for Fully Supportive Electronic Health Records in
Pediatrics. Pediatrics. 2012;130(68):e1674—e1676.

An error occurred in this article by Spooner, titled “We Are Still Waiting for Fully
Supportive Electronic Health Records in Pediatrics” published in the December
2012 issue of Pediatrics (2012;130[6]:61674—e1676; originally published online
November 19, 2012; doi:10.1042/peds.2012-2724). On page 1874, on line 33, this
reads: “The alarming result from the survey was that only 3% of AAP Fellows
reported that they had a system that provided all of the items listed by Leu and
colleagues.” This should have read: “The alarming result from the survey was
that only 9.6% of AAP Fellows reported that they had or planned to adopt within
12 months a system that provided all of the five “pediatric-supportive” items
listed by Leu and colleagues.”

doi:10.1542/peds 20150134

Auger et al. Medical Home Quality and Readmission Risk for Children
Hospitalized With Asthma Exacerbations. Pediatrics. 2013;131(1):64~70

An error occurred in this article by Auger et al, titled “Medical Home Quality and
Readmission Risk for Children Hospitalized With Asthma Exacerbations” pub-
lished in the January 2013 issue of Pediatrics (2015:131[11:64—70; doi:10.1542/
2012-1055). On page 69, in Table 2 under the heading Adjusted HR, on the line
Medicaid, this reads: “0.28 {0.51—1.34)." This should have read: “0.82 (0.51-1.34)."

doi:10.1542/peds 20130187

Council on Environmental Health. Policy Statement: Pesticlde Exposure in
Children. Pediatries. 2012;130(6):e1757~¢1763

A coupie of errars occurred in this AAP Policy Statement titled “Pesticide Exposure
in Children” published in the December 2012 issue of Pediatrics (2012:130(8]:
61757-1763; originally published online November 28, 2012; doi:10.1542/
peds.2012-2757). In Table 2, in the second and third columns where glyphosate
is discussed, the words “organic solvent” should be replaced with the word
“surfactant.” On page e1758, in the first paragraph of the left-hand column, im-
mediately beneath Table 1, the first full sentence should be amended to read: “For
many children, diet may be the most influential source, as illustrated by an in-
tervention study that placed children on an organic diet {produced without most
conventional pesticides) and observed drastic and immediate decrease in uri-
nary excretion of organophosphate pesticide metabolites.”

doi:10.1542/peds.2015-0576

Rebert JR, Karr CJ; Council on Environmental Health. Technical Report:
Pesticide Exposure in Children. Pediatries. 2012;130(8):e1765-21788

Several inaccuracies occurred in this AAP Technical Report titled “Pesticide Ex-
posure in Children” published in the December 2012 issue of Pediatrics (2012130
[6]:61765—e1788; originally published online November 26, 2012; doi:10.1542/
peds.2012-2758). On page e1773 and in Tables 1 and 2 where the phosphonate
herbicide glyphosate is discussed, changes should be noted. In the first para-
graph of the first celumn on page 1773 about acute glyphosate poisoning, the
word “intentional” should be substituted for the word “unintentional” In this
same paragraph as well as in Tables 1 and 2, the word “surfactant” should re-
place the words “hydrocarbon solvent” and “organic solvent, respectively” The
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mechanism of action for glyphosate should be changed from “acts on cell wall”
to “inhibits a critical enzyme pathway for amino acid synthesis that is found only

in plants” (Bradberry SM, Proudfoot AT, Vale JA. Glyphosate poisoning. Toxico! Rev.
2004;23[31:159-167).

doi:10.1542/pads 2013-0577

Copeland et al. Clinical Practice Guideline: Management of Newly Diagnosed
Type 2 Diahetes Mellitus (T2DM) In Children and Adolescents. Pediatrics.
2013;131(2):364-382

Several inaccuracies occurred in the American Academy of Pediatrics “Clinical
Practice Guideline: Management of Newly Diagnosed Type 2 Diabetes Mellitus
{T2DM) in Children and Adolescents” published in the February 2013 issue of
Pediatries (2013;131[2]:364—382).

On page 366 in the fable of definitions, “Prediabetes” should be defined as “Fasting
plasma glucose =100-125 mg/dl or 2-hour glucese concentration during an oral
glucose tolerance test of =140 but <200 mg/dL or an HbAlc of 5.7% to 6.4%.”

On page 378, middle column, under “Reducing Screen Time,” the second sentence
should read as follows: “The US Department of Health and Human Services reflects
the American Academy of Pediatrics policies by recommending that individuals limit
“screen time" spent watching television andfor using computers and handheld
devices to <2 hours per day unless the use is related to work or homework 72183

Also on page 378, middle columnn, in the second paragraph under “Reducing Screen
Time,” the fourth sentence should read: “Pending new data, the committee suggests
that clinicians follow the policy statement ‘Children, Adolescents, and Television'
from the AAP Council on Gommunications and Media {formerly the Committee on
Publie Education).” The references cited in the next sentence should he 80-83.

Reference 82 should be replaced with the following reference: Barlow SE; Expert
Gommittee. Expert commitiee recommendations regarding the prevention, as-
sessment, and treatment of child and adolescent overweight and ¢besily: sum-
mary report. Pedigtries. 2007:120(suppl 4):5164-3192

Finally, a new reference 83 should be added: American Academy of Pediatrics,
Gouncil on Communications and Media. Policy statement: children, adolescents,
obesity, and the media, Pediatrics. 2011;128{1):201-208

doi:10.1542/peds.2013-0666

Springer et al. Technical Report: Management of Type 2 Diabetes Mellitus in
Children and Adolescents. Pediatrics, 2013;131(2):e848-e664,

An error ocourred in the American Academy of Pediatrics “Technical Report:
Management of Type 2 Diabetes Mellitus in Children and Adolescents” published
in the February 2013 issue of Pedigirics (2013;131{2]:6648-e664).

On page e651, third column, under “Definitions,” the first sentence should read as
follows: “Children and adolescents: children <10 years of age; adolescents =10
years but =18 years of age”

doi:10.1542/peds.2013-0867
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