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EXPOSURE TO PESTICIDES IN THE

school environment is a health
risk facing children and school
employees. Despite efforts of sev-

eral organizations and laws in several
states to reduce pesticide use at and
around schools,1 pesticides continue to
be used in schools.2 Another source of
pesticide exposure at schools is from pes-
ticides used on farmland contiguous to
school facilities. However, as a result of
the work of the US Environmental Pro-
tection Agency (EPA), advocacy groups,
universities, state regulators, the pest
control industry, and others, and laws
or strong voluntary programs in sev-
eral states, pesticide use has been re-
duced in some school districts.3

Currently, there are no specific fed-
eral requirements on limiting pesticide
exposures at schools. Under the Fed-
eral Insecticide, Fungicide, and Roden-
ticide Act, pesticides must be regis-
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Context Pesticides continue to be used on school property, and some schools are
at risk of pesticide drift exposure from neighboring farms, which leads to pesticide
exposure among students and school employees. However, information on the
magnitude of illnesses and risk factors associated with these pesticide exposures is not
available.

Objective To estimate the magnitude of and associated risk factors for pesticide-
related illnesses at schools.

Design, Setting, and Participants Analysis of surveillance data from 1998 to 2002
of 2593 persons with acute pesticide-related illnesses associated with exposure at schools.
Nationwide information on pesticide-related illnesses is routinely collected by 3 na-
tional pesticide surveillance systems: the National Institute for Occupational Safety and
Health’s Sentinel Event Notification System for Occupational Risks pesticides pro-
gram, the California Department of Pesticide Regulation, and the Toxic Exposure Sur-
veillance System.

Main Outcome Measures Incidence rates and severity of acute pesticide-related
illnesses.

Results Incidence rates for 1998-2002 were 7.4 cases per million children and 27.3
cases per million school employee full-time equivalents. The incidence rates among
children increased significantly from 1998 to 2002. Illness of high severity was found
in 3 cases (0.1%), moderate severity in 275 cases (11%), and low severity in 2315
cases (89%). Most illnesses were associated with insecticides (n=895, 35%), disin-
fectants (n=830, 32%), repellents (n=335, 13%), or herbicides (n=279, 11%). Among
406 cases with detailed information on the source of pesticide exposure, 281 (69%)
were associated with pesticides used at schools and 125 (31%) were associated with
pesticide drift exposure from farmland.

Conclusions Pesticide exposure at schools produces acute illnesses among school
employees and students. To prevent pesticide-related illnesses at schools, implemen-
tation of integrated pest management programs in schools, practices to reduce pes-
ticide drift, and adoption of pesticide spray buffer zones around schools are recom-
mended.
JAMA. 2005;294:455-465 www.jama.com

©2005 American Medical Association. All rights reserved. (Reprinted) JAMA, July 27, 2005—Vol 294, No. 4 455

 , on July 26, 2005 www.jama.comDownloaded from 

http://www.jama.com


tered with the EPA before they are sold
or distributed.4 The Food Quality Pro-
tection Act5 of 1996 amended the Fed-
eral Insecticide, Fungicide, and Roden-
ticide Act, bolstering the protection of
children through requiring that pesti-
cides used on foods produce no harm.
However, there are no specific provi-
sions in these laws about the use of pes-
ticides at schools.1,6

The Federal Insecticide, Fungicide,
and Rodenticide Act is often supple-
mented by more stringent state pesti-
cide laws to protect children from pes-
ticides at schools. For example, 18 states
recommend (n=6) or require (n=12)
schools to use integrated pest manage-
ment strategies and 7 states restrict pes-
ticide applications in areas neighbor-
ing a school.7 However, there are still
large gaps throughout the country where
children may not be afforded adequate
protection.1,8

Pesticide poisoning is a commonly
underdiagnosed illness in the United
States today. The clinical findings of
acute pesticide poisoning are rarely pa-
thognomonic but instead can resemble
acute upper respiratory tract illness, con-
junctivitis, or gastrointestinal illness,
among other conditions. Detailed de-
scription of the diverse syndromes as-

sociated with different types of pesti-
cides is available.9

Although some information about
acute illnesses associated with pesticide
exposuresatschools isavailable,10,11 there
hasnotbeenaneffort toprovideanation-
wide summary of this health problem.
Toestimate themagnitudeofandtherisk
factors forpesticide-related illnessesasso-
ciated with exposures at schools, we
examined information from state-based
pesticide poisoning surveillance sys-
tems (the National Institute for Occu-
pational Safety and Health’s Sentinel
Event Notification System for Occupa-
tional Risks [SENSOR] pesticides pro-
gram and the California Department of
Pesticide Regulation [CDPR]), and the
Toxic Exposure Surveillance System
(TESS), which is a national database of
all calls made to poison control centers
and ismaintainedby theAmericanAsso-
ciation of Poison Control Centers.12,13

METHODS
Study Design and Participants

School employees, parents, and stu-
dents who developed acute pesticide-
related illnesses from pesticide ex-
posure at child care centers and
elementary and secondary schools from
1998 to 2002 were identified (TABLE 1).

Data were obtained from states partici-
pating in the SENSOR pesticides pro-
gram (California, Washington, Texas,
Florida, Louisiana, New York, Or-
egon, and Michigan), CDPR (Califor-
nia), and TESS (all US states and Dis-
trict of Columbia, with the exception
of Hawaii). The data used in these
analyses were surveillance data and as
such are exempt from consideration by
the human subjects review board and
need for informed consent. Integrat-
ing data from these 3 surveillance sys-
tems provides the best available under-
standing of the problem of pesticide
poisoning at schools. The states par-
ticipating in the SENSOR and CDPR
programs obtain information from mul-
tiple sources (government agencies,
poison control centers, and reports from
health care organizations) and con-
duct active case follow-up.12 In addi-
tion, all cases identified by the CDPR
are referred to the relevant county ag-
ricultural commissioner who investi-
gates the exposure circumstances.10,12

The TESS data are provided by approxi-
mately 67 US poison control cen-
ters.13 Approximately 13% of their calls
come from physicians treating pa-
tients who are exposed and 87% come
from patients or their relatives.12,13

Table 1. Type of Information Provided by Surveillance Systems, 1998-2002

Available Information

Pesticide Surveillance System

SENSOR* CDPR TESS†

Occupation of cases provided Yes Yes No

Source of exposure provided
(pesticides applied on school
grounds vs pesticide drift)

Yes Yes No

Nonoccupational cases provided Yes: Florida, Louisiana, New York,
Oregon, Texas, Washington

No: California, Michigan

Yes Yes

Information on disinfectants
provided

Yes: Florida, Louisiana, Michigan
No: California, New York, Oregon,

Texas, Washington

Yes Yes

Years data were available 1998-2002: California, Florida,
Louisiana, New York, Oregon,
Texas

2000-2002: Michigan, Washington

1998-2002 1998-2002

Types of schools included Public and private elementary and
secondary schools, child care
centers

Public and private elementary
and secondary schools, child
care centers

Elementary and secondary schools,
colleges, universities, child care
centers

Abbreviations: CDPR, California Department of Pesticide Regulation; SENSOR, Sentinel Event Notification System for Occupational Risks; TESS, Toxic Exposure Surveillance
System.

*Includes Texas, Washington, Florida, Louisiana, California, New York, Oregon, and Michigan.
†Cases included information from all US states and District of Columbia, with the exception of Hawaii.
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Cases were included if health effects
developed subsequent to pesticide ex-
posure and if these effects were consis-
tent with the known toxicology of the
pesticide product, as determined by state
surveillance professionals (SENSOR and
CDPR cases) or a poison control center
specialist (TESS cases). The states par-
ticipating in the SENSOR pesticides pro-
gram adopted a standardized case defi-
nition in 1998, and CDPR uses a similar
case definition. Briefly, the case defini-
tion required information on pesticide
exposure, health effects, and evidence
supporting an association between the
pesticide exposure and the health ef-
fects. A full description of the standard-
ized case definition has been previously
published.12 Identification of TESS cases
relied on the experience and judgment
of the poison control center specialist
managing thespecific case.Multiplecases
exposed in a single exposure incident
were identified as 1 exposure event. Ex-
clusion criteria included exposure to sub-
stances other than pesticides, suicides,
intentional abuse, and malicious use.

SENSOR and CDPR primarily cap-
ture work-related pesticide poisoning
cases, whereas TESS primarily cap-
tures non–work-related cases (Table 1).
Detailed information on work-related
cases was provided by SENSOR and
CDPR only. The SENSOR and CDPR
cases were further classified into ex-
posure to pesticides applied on school
grounds when indoor and outdoor pes-
ticide applications on school grounds re-
sulted in illness, and to pesticide drift
when pesticide drift from applications
to neighboring farmland resulted in
illness among students and school
employees.

For the present analyses, the toxic-
ity category of the pesticide product was
retrieved from a data set made avail-
able by the EPA. The EPA assigns acute
toxicity category I to the most toxic pes-
ticide products and category IV to the
least toxic pesticide.14

Illness severity was categorized for
SENSOR and CDPR cases using stan-
dardized criteria.15 State agencies clas-
sified severity for the cases they identi-
fied in 2001 and 2002. Two authors

(W.A.A. and G.M.C.) assigned severity
to 1998-2000 SENSOR cases, all CDPR
cases, and all TESS cases.16 High sever-
ity includes cases in which the illness or
injury is severe enough to be consid-
ered life-threatening and commonly in-
volves hospitalization to prevent death.
Signs and symptoms include seizures
and pulmonary edema. Moderate sever-

ity illness or injury includes cases of less
severe illness or injury often involving
systemic manifestations requiring treat-
ment. The individual is able to return to
normal functioning without any re-
sidual disability. Low severity illness or
injury typically resolves without treat-
ment and is often manifested by skin,
eye, or upper respiratory tract irritation.15

Table 2. Characteristics of Acute Pesticide-Related Illnesses by Surveillance Systems,
1998-2002

No. (%)

SENSOR and CDPR
(n = 406)

TESS
(n = 2187)

Total
(N = 2593)

Age group
Children 149 (36.7) 1831 (83.7) 1980 (76.4)

Adults 254 (62.6) 274 (12.5) 528 (20.4)

Unknown 3 (0.7) 82 (3.7) 85 (3.3)

Sex
Female 245 (60.3) 920 (42.1) 1165 (44.9)

Male 143 (35.2) 1166 (53.3) 1309 (50.5)

Unknown 18 (4.4) 101 (4.6) 119 (4.6)

Pesticide toxicity category*
I 154 (37.9) 183 (8.4) 337 (13.0)

II 49 (12.1) 225 (10.3) 274 (10.6)

III 200 (49.3) 875 (40.0) 1075 (41.5)

Undetermined 3 (0.7) 904 (41.3) 907 (35.0)

Pesticide functional class
Insecticides only 186 (45.8) 625 (28.6) 811 (31.3)

Insecticides combined† 84 (20.7) 0 84 (3.2)

Disinfectants 99 (24.4) 731 (33.4) 830 (32.0)

Repellents 3 (0.7) 332 (15.2) 335 (12.9)

Herbicides 21 (5.2) 258 (11.8) 279 (10.8)

Fungicides 0 102 (4.7) 102 (3.9)

Rodenticides 0 93 (4.3) 93 (3.6)

Fumigants 9 (2.2) 1 (0.1) 10 (0.4)

Other pesticide class 4 (1.0) 45 (2.0) 49 (1.9)

Severity‡
High 1 (0.3) 2 (0.1) 3 (0.1)

Moderate 59 (14.5) 216 (9.9) 275 (10.6)

Low 346 (85.2) 1969 (90.0) 2315 (89.3)

Year of exposure
1998 74 (18.2) 373 (17.1) 447 (17.2)

1999 114 (28.1) 408 (18.7) 522 (20.1)

2000 105 (25.9) 422 (19.3) 527 (20.3)

2001 43 (10.6) 494 (22.6) 537 (20.7)

2002 70 (17.2) 490 (22.4) 560 (21.6)

Total 406 (15.7) 2187 (84.3) 2593 (100.0)
Abbreviations: CDPR, California Department of Pesticide Regulation; SENSOR, Sentinel Event Notification System for

Occupational Risks; TESS, Toxic Exposure Surveillance System.
*The US Environmental Protection Agency assigns category I to the most acutely toxic pesticide products and cat-

egory IV to the least acutely toxic pesticide product.
†Includes cases exposed to insecticides in combination with other pesticides.
‡High severity includes cases in which the illness or injury is severe enough to be considered life-threatening and com-

monly involves hospitalization to prevent death; moderate severity illness or injury includes cases of less severe ill-
ness or injury often involving systemic manifestations requiring treatment (the individual is able to return to normal
functioning without any residual disability); and low severity illness or injury is often manifested by skin, eye, or upper
respiratory tract irritation (it may also include fever, headache, fatigue, or dizziness) and typically the illness or injury
resolves without treatment.
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Data quality control procedures in-
cluded the elimination of duplicates be-
tween SENSOR (California) and CDPR,
and between SENSOR and CDPR com-
bined and TESS. To detect duplicates be-
tween SENSOR and CDPR combined
and TESS, a case-by-case comparison
was performed when a reporting source
for SENSOR and CDPR cases was a poi-
son control center. Cases that matched
each other on state, date of exposure,
age, sex, and pesticide name were as-
sumed to involve the same individual.
Such individuals were included only
once in the state agency totals. Six CDPR
and 8 TESS duplicates were deleted.

Data Analysis

SAS release 8.02 (SAS Institute Inc, Cary,
NC) and Epi Info version 3.2.2 (Cen-
ters for Disease Control and Preven-
tion, Atlanta, Ga) were used for data
management and statistical analysis. Age
was stratified into children (�18 years)
and adults (�18 years).

Illness incidence rates among chil-
dren were calculated. Rate numerators
were obtained by summing the num-
ber of ill children reported by year, and
denominators were obtained from the
US Census data17 by summing the num-
ber of children in the corresponding state
and year. Denominators were adjusted
by subtracting estimates of preschool-
ers not attending organized child care
centers18 and home-schooled children.19

Illness incidence rates among school
employees were calculated for SENSOR
and CDPR cases only. Denominators
were obtained from the Current Popu-
lation Survey20 by summing the num-
ber of full-time equivalents employed in
schools in states and years that contrib-
uted to the numerator. Non–work-
related cases (eg, parents) and cases with
unknown work-related status, which in-
cluded all TESS cases, were not in-
cluded in these calculations.

We used odds ratios (ORs) to assess
whether age, sex, acute toxicity pesti-
cide category, surveillance system, or site
of pesticide applications were associ-
ated with severity of illness. Odds ra-
tios, 95% confidence intervals (CIs), �2

tests, and P values were calculated us-

Table 3. Severity of Acute Pesticide-Related Illness and Associated Factors, 1998-2002

No. (%)

Moderate
Severity Illness

(n = 275)

Low
Severity Illness

(n = 2315)
Total

(N = 2593)*

Age group
Children 150 (7.6) 1829 (92.4) 1980 (76.4)
Adults 92 (17.4) 434 (82.2) 528 (20.4)
Unknown 33 (38.8) 52 (61.2) 85 (3.3)

Sex
Female 132 (11.3) 1030 (88.4) 1165 (44.9)
Male 104 (7.9) 1205 (92.1) 1309 (50.5)
Unknown 39 (32.8) 80 (67.2) 119 (4.6)

Pesticide toxicity category†
I 59 (17.5) 278 (82.5) 337 (13.0)
II 19 (6.9) 255 (93.1) 274 (10.6)
III 129 (12.0) 944 (87.8) 1075 (41.5)
Undetermined 68 (7.5) 838 (92.4) 907 (35.0)

US region‡
Midwest 86 (13.2) 564 (86.8) 650 (25.1)
Northeast 54 (12.9) 362 (86.6) 418 (16.1)
Southeast 64 (8.4) 701 (91.5) 766 (29.5)
West 69 (9.2) 682 (90.8) 751 (29.0)
Unspecified 2 (25.0) 6 (75.0) 8 (0.3)

Pesticide functional class
Insecticides only 80 (9.9) 728 (89.8) 811 (31.3)
Insecticides combined§ 3 (3.6) 81 (96.4) 84 (3.2)
Disinfectants 101 (12.2) 729 (87.8) 830 (32.0)
Repellents 21 (6.3) 314 (93.7) 335 (12.9)
Herbicides 41 (14.7) 238 (85.3) 279 (10.8)
Fungicides 3 (2.9) 99 (97.1) 102 (3.9)
Rodenticides 2 (2.2) 91 (97.8) 93 (3.6)
Fumigants 4 (40.0) 6 (60.0) 10 (0.4)
Other pesticide class 20 (40.8) 29 (59.2) 49 (1.9)

Pesticide chemical class
Organophosphorous compound 30 (10.8) 248 (89.2) 278 (10.7)
Organophosphorous combined � 11 (14.9) 63 (85.1) 74 (2.9)
Inorganic compounds 35 (15.4) 192 (84.6) 227 (8.8)
Inorganic compounds combined � 3 (30.0) 7 (70.0) 10 (0.4)
Pyrethrins 5 (6.8) 69 (93.2) 74 (2.9)
Pyrethrins combined � 6 (13.3) 39 (86.7) 45 (1.7)
Indandiones 7 (8.5) 75 (91.5) 82 (3.2)
Indandiones combined � 3 (11.1) 24 (88.9) 27 (1.0)
Pyrethroids 8 (11.3) 62 (87.3) 71 (2.7)
Pyrethroids combined � 3 (11.5) 23 (88.5) 26 (1.0)
Chlorophenoxy compounds 2 (2.9) 67 (97.1) 69 (2.7)
Chlorophenoxy compounds combined � 1 (7.7) 12 (92.3) 13 (0.5)
Carbamates 5 (9.6) 46 (88.5) 52 (2.0)
Other chemical class 140 (9.9) 1275 (90.1) 1415 (54.6)
Unspecified 16 (12.3) 113 (86.9) 130 (5.0)

Total 275 (10.6) 2315 (89.3) 2593 (100.0)
*Three high severity cases are included in the totals.
†See Table 2 for explanation of categories.
‡Midwest region includes Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio,

South Dakota, and Wisconsin; northeast region includes Connecticut, Maine, Massachusetts, New Hampshire, New
Jersey, New York, Pennsylvania, Rhode Island, and Vermont; southeast region includes Alabama, Arkansas, Dela-
ware, District of Columbia, Florida, Georgia, Kentucky, Louisiana, Maryland, Mississippi, North Carolina, Oklahoma,
South Carolina, Tennessee, Texas, Virginia, and West Virginia; and west region includes Alaska, Arizona, California,
Colorado, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming.

§Includes cases exposed to insecticides combined with other pesticides.
||Includes cases exposed to multiple chemical classes including organophosphates, inorganic compounds, pyrethrins,

pyrethroids, indandiones, or chlorophenoxy compounds.
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ing the Epi Info Statcalc utility. SAS re-
lease 8.02 was used to calculate the Pois-
son regression test for trends in
incidence rates across the years of ex-
posure. P�.05 was considered statisti-
cally significant.

RESULTS
From 1998 to 2002, 2593 individuals
were identified with acute pesticide-
related illnesses associated with pesti-
cide exposures at schools. SENSOR iden-
tified 147 cases (6%), CDPR identified
259 cases (10%), and TESS identified
2187 cases (84%) (TABLE 2). Most ill-
nesses reported by SENSOR (n=96,
65%) and CDPR (n=158, 61%) were
adults, whereas most cases reported by
TESS were children (n=1831, 84%).
Among the 2181 persons with known
exact age, the mean age for children was
9.5 years (range, 0.5-17.2 years) and the
mean age for adults was 36.1 years
(range, 18-76 years).

Three cases of high severity illness
were identified. There were no fatali-
ties reported. The odds of high and mod-
erate severity illness were higher among
cases reported by SENSOR and CDPR
(15%) compared with TESS (10%) (OR,
1.6; 95% CI, 1.1-2.2), among adults
(18%) compared with children (8%)
(OR, 2.6; 95% CI, 2.0-3.5), and among
females (12%) compared with males
(8%) (OR, 1.5; 95% CI, 1.2-2.0). Mod-
erate severity illness was more com-
mon (TABLE 3) among those exposed to
fumigants (n = 4, 40%), herbicides
(n=41, 15%), insecticides (n=83, 9%),
and disinfectants (n=101, 12%). TABLE 4
describes symptoms of high and mod-
erate severity cases.

Insecticides were associated with 895
illnesses (Table 2). The most frequent
insecticides were pyrethrins (n=119,
13% of all insecticides), chlorpyrifos
(n=116, 13%), malathion (n=84, 9%),
diazinon (n=78, 9%), and pyrethroids
(n=47, 5%). Disinfectants were associ-
ated with 830 illnesses. The most fre-
quent disinfectants were sodium
hypochlorite (n=175, 21% of all disin-
fectants), phenol compounds (n=175,
21%), pine oil (n = 104, 13%), and
quaternary ammonium compounds

Table 4. Clinical Manifestations of Pesticide-Related Illnesses Among Cases of High and
Moderate Severity in the United States, 1998-2002*

No. (%)

High
Severity Illness

(n = 3)

Moderate
Severity Illness

(n = 275)

High and Moderate
Severity Illness

(n = 278)

Respiratory 2 (66.7) 133 (48.4) 135 (48.6)

Cough 1 (33.3) 58 (21.1) 59 (21.2)

Dyspnea 1 (33.3) 50 (18.2) 51 (18.3)

Wheezing 1 (33.3) 43 (15.6) 44 (15.8)

Upper respiratory tract pain 2 (66.7) 27 (9.8) 29 (10.4)

Pleuritic pain 0 3 (1.1) 3 (1.1)

Pulmonary edema 1 (33.3) 0 1 (0.4)

Other 1 (33.3) 3 (1.1) 4 (1.4)

Gastrointestinal 1 (33.3) 89 (32.4) 90 (32.4)

Vomiting 1 (33.3) 69 (25.1) 70 (25.2)

Nausea 0 50 (18.2) 50 (18.0)

Abdominal pain 0 10 (3.6) 10 (3.6)

Diarrhea 0 3 (1.1) 3 (1.1)

Other 0 4 (1.5) 4 (1.4)

Nervous system 1 (33.3) 87 (31.6) 88 (31.7)

Headache 0 55 (20.0) 55 (19.8)

Blurred vision 0 26 (9.5) 26 (9.4)

Dizziness 0 10 (3.6) 10 (3.6)

Confusion 0 3 (1.1) 3 (1.1)

Hyperactivity/anxiety/irritability 0 2 (0.7) 2 (0.7)

Muscle weakness 0 2 (0.7) 2 (0.7)

Ataxia 0 1 (0.4) 1 (0.4)

Seizures 1 (33.3) 0 1 (0.4)

Fasciculations 0 1 (0.4) 1 (0.4)

Muscle pain 0 1 (0.4) 1 (0.4)

Other 0 5 (1.8) 5 (1.8)

Eye 0 79 (28.7) 79 (28.4)

Irritation/pain/conjunctivitis 0 74 (26.9) 74 (26.6)

Corneal abrasion 0 11 (4.0) 11 (4.0)

Lacrimation 0 9 (3.3) 9 (3.2)

Burns 0 2 (0.7) 2 (0.7)

Other 0 3 (1.1) 3 (1.1)

Skin 1 (33.3) 30 (10.9) 31 (11.2)

Erythema 1 (33.3) 15 (5.5) 16 (5.8)

Irritation/pain 0 8 (2.9) 8 (2.9)

Pruritus 0 8 (2.9) 8 (2.9)

Edema/swelling 1 (33.3) 6 (2.2) 7 (2.5)

Second- and third-degree burns 0 5 (1.8) 5 (1.8)

Bullae 0 4 (1.5) 4 (1.4)

Rash 0 3 (1.1) 3 (1.1)

Other 0 4 (1.5) 4 (1.4)

Cardiovascular 1 (33.3) 7 (2.5) 8 (2.9)

Tachycardia 1 (33.3) 2 (0.7) 3 (1.1)

Chest pain 0 3 (1.1) 3 (1.1)

Other 0 2 (0.7) 2 (0.7)

Miscellaneous symptoms 2 (66.7) 66 (24.0) 68 (24.5)
*Because more than one clinical effect may have been reported for any person, the sum of the specific effects may not

equal the total number reported for the organ system.
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(n=81, 10%). Repellents were asso-
ciated with 335 illnesses, including
naphthalene (n=136, 41%) and di-
ethyl toluamide (DEET, n=127, 38%).
Herbicides were associated with 279
illnesses, including glyphosate (n=100,
36%), 2,4-dichlorophenoxyacetic
acid (n=53, 19%), and pendimethalin
(n=40, 14%).

Information on the toxicity category
of pesticides associated with illnesses was
available for 1686 cases (Table 3). Chil-
dren were less likely to be exposed to
toxicity category I pesticides compared
with adults (14% of children and 42%
of adults, P�.001). The odds of high and
moderate severity illness were higher
among cases exposed to toxicity cat-
egory I (18%) than cases exposed to tox-

icity category III pesticides (12%) (OR,
1.5; 95% CI, 1.1-2.2). The pesticide ac-
tive ingredients associated with high and
moderate severity illness are shown in
TABLE 5.

Incidence Rates

The overall incidence rate among chil-
dren for 1998-2002 was 7.4 cases per
million children (TABLE 6). The yearly
incidence rates increased from 1998
through 2002 for preschool children
(P� .001), school-aged children
(P=.002), and all combined (P�.001).
The overall incidence rate among adults
was 27.3 cases per million full-time
equivalents (TABLE 7), and the yearly in-
cidence rates decreased from 1998
through 2002 (P�.001).

Illnesses Reported by SENSOR
and CDPR
The SENSOR and CDPR results are com-
bined (Table 2) because the case defi-
nition and level of detail are similar. A
total of 406 persons were exposed to pes-
ticides in 173 events for a mean of 2.3
cases per exposure event (range, 1-61
cases). Eleven exposure events ac-
counted for 208 cases (51%). The 244
work-related cases were exposed in 155
events.

Occupational Illnesses. Among the
244 work-related cases, 144 (59%) were
not applying pesticides, 93 (38%) were
applying or handling pesticides, and 7
(3%) had no information available.
Among the 144 employees not apply-
ing pesticides, 96 (67%) were exposed
to pesticides applied on school grounds
and 48 (33%) were exposed to pesti-
cide drift from neighboring farmland.
Sixty-three nonapplicator illnesses (44%)
were among teachers. Among the 93
school employees who were applying or
handling pesticides, there were 41 cus-
todians and gardeners, 26 food prepa-
ration workers, 7 teachers, 7 mainte-
nance workers, and 12 unspecified
school employees.

Illnesses Associated With Expo-
sure to Pesticides Applied on School
Grounds and Pesticide Drift From
Farmland. A total of 281 cases (69%)
that were reported to SENSOR and
CDPR were exposed to pesticide appli-
cations on school grounds (TABLE 8). In-
secticides (n=156, 56%) and disinfec-
tants (n=99, 35%) accounted for most
of the cases. The most common active
ingredients were diazinon (n=64, 23%),
sodium hypochlorite (n=47, 17%),
chlorpyrifos (n=40, 14%), quaternary
ammonium compound (n=38, 14%),
and malathion (n=14, 5%).

A total of 125 cases (31%) were
exposed to pesticide drift. Insecticides
accounted for 114 cases (91%) and
fumigants for 9 cases (7%). The most
common active ingredients were
chlorpyrifos (n=28, 22%), methami-
dophos combined with chlorothalonil
and propargite (n=25, 20%), manco-
zeb combined with glyphosate (n=20,
16%), cyfluthrin combined with

Table 5. Active Ingredients by Pesticide Functional Class Associated With High and Moderate
Illness Severity, 1998-2002*

Pesticide Functional Class

No. (%)

High and Moderate
Severity Illness

(n = 278)

Low
Severity Illness

(n = 2315)
Total

(N = 2593)†

Insecticides 68 (10.3) 593 (89.7) 661 (100.0)

Pyrethrins 11 (9.2) 108 (90.8) 119 (18.0)

Chlorpyrifos 12 (10.3) 104 (89.7) 116 (17.5)

Malathion 23 (27.4) 61 (72.6) 84 (12.7)

Diazinon 4 (5.1) 74 (94.9) 78 (11.8)

Pyrethroids 11 (23.4) 36 (76.6) 47 (7.1)

Propoxur 2 (33.3) 4 (66.7) 6 (0.9)

Other active ingredient 5 (2.4) 206 (97.6) 211 (31.9)

Disinfectants 82 (14.2) 495 (85.8) 577 (100.0)

Phenol compounds 14 (8.0) 161 (92.0) 175 (30.3)

Sodium hypochlorite 33 (18.9) 142 (81.1) 175 (30.3)

Pine oil 10 (9.6) 94 (90.4) 104 (18.0)

Quaternary ammonium compound 18 (22.2) 63 (77.8) 81 (14.0)

Formaldehyde/hydrogen chloride 5 (29.4) 12 (70.6) 17 (2.9)

Other active ingredient 2 (8.0) 23 (92.0) 25 (4.3)

Repellents 19 (6.4) 276 (93.6) 295 (100.0)

Naphthalene 11 (8.1) 125 (91.9) 136 (46.1)

Diethyl toluamide (DEET) 7 (5.5) 120 (94.5) 127 (43.1)

Other active ingredient 1 (3.1) 31 (96.9) 32 (10.8)

Herbicides 36 (15.0) 204 (85.0) 240 (100.0)

Glyphosate 21 (21.0) 79 (79.0) 100 (41.7)

Pendimethalin 8 (20.0) 32 (80.0) 40 (16.7)

Trifluralin 2 (50.0) 2 (50.0) 4 (1.7)

Other active ingredient 5 (5.2) 91 (94.8) 96 (40.0)

Other pesticide functional class 24 (14.0) 147 (86.0) 171 (100.0)

Total 229 (11.8) 1715 (88.2) 1944 (100.0)
*An active ingredient is one that prevents, destroys, repels, or mitigates a pest, or is a plant regulator, defoliant, des-

iccant, or nitrogen stabilizer.
†Total number of cases with available information on active ingredients. Note that active ingredient information was not

available for all cases.
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dicofol (n=16, 13%), and malathion
(n=13, 10%).

Exposure via pesticide drift com-
pared with pesticides applied on school
grounds did not increase the odds of

high and moderate severity illness (OR,
0.6; 95% CI, 0.3-1.2; P=.09). A higher
proportion of children compared with
adults were exposed via drift from neigh-
boring farmland (40% vs 25%, P=.001).

COMMENT
These findings indicate that pesticide ex-
posures at schools continue to produce
acute illnesses among school employ-
ees and students in the United States, al-

Table 6. Annual Number and Incidence Rates per Million of Acute Pesticide-Related Illnesses Among Children, 1998-2002*

Region†

Year of Exposure

1998 1999 2000 2001 2002 1998-2002

Midwest
Cases, No. 68 85 97 127 137 514

Population, No. 12 971 329 12 645 800 12 415 063 12 659 255 12 792 569 63 481 822

Incidence rate, per million 5.2 6.7 7.8 10.0 10.7 8.1

Northeast
Cases, No. 53 65 105 62 68 353

Population, No. 9 291 895 9 935 145 10 060 770 10 126 121 10 257 622 49 671 552

Incidence rate, per million 5.7 6.5 10.4 6.1 6.6 7.1

Southeast
Cases, No. 111 141 104 138 126 620

Population, No. 16 576 618 18 298 366 18 211 754 19 014 539 20 583 054 92 684 331

Incidence rate, per million 6.7 7.7 5.7 7.3 6.1 6.7

West
Cases, No. 52 109 84 134 106 485

Population, No. 11 782 566 11 338 067 11 694 488 12 459 307 12 624 149 59 898 577

Incidence rate, per million 4.4 9.6 7.2 10.8 8.4 8.1

United States
Cases, No. 284 400 390 461 437 1972‡

Population, No. 50 622 407 52 217 378 52 382 074 54 259 223 56 257 393 265 738 476

Incidence rate, per million 5.6 7.7 7.4 8.5 7.8 7.4
*Includes number of children with pesticide-related illnesses and population in the states that reported cases from 1998 through 2002. Children were younger than 18 years and

reported by Sentinel Event Notification System for Occupational Risks, California Department of Pesticide Regulation, and Toxic Exposure Surveillance System.
†Midwest region included Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin; northeast region included

Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, and Vermont; southeast region included Alabama, Arkansas, Dela-
ware, District of Columbia, Florida, Georgia, Kentucky, Louisiana, Maryland, Mississippi, North Carolina, Oklahoma, South Carolina, Tennessee, Texas, Virginia, and West Vir-
ginia; and west region included Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming.

‡Eight cases are not included in these rates because information on state where the exposure occurred was not available.

Table 7. Annual Number of Acute Pesticide-Related Illnesses and Incidence Rates Among School Employees, Preschool, and School-Aged
Children, 1998-2002*

Year of Exposure

1998 1999 2000 2001 2002 Overall

Workers (�18 years)
Cases, No. 68 42 54 20 60 244

Full-time equivalents, No. 1 532 876 1 329 312 2 023 135 1 727 500 2 325 209 8 938 032

Incidence rate† 44.4 31.6 26.7 11.6 25.8 27.3

Preschool (0-5 years)
Cases, No. 59 76 68 84 104 391

Population, No.‡ 5 220 556 5 659 786 3 587 875 5 053 894 4 626 154 24 148 266

Incidence rate, per million 11.3 13.4 19.0 16.6 22.5 16.2

School-aged (6-17 years)
Cases, No. 225 324 322 377 333 1581

Population, No.§ 45 401 851 46 557 592 48 794 199 49 205 329 51 631 239 241 590 210

Incidence rate, per million 5.0 7.0 6.6 7.7 6.4 6.5
*School employees were reported by Sentinel Event Notification System for Occupational Risks and California Department of Pesticide Regulation, and includes the states of Cali-

fornia, Florida, Louisiana, Michigan, New York, Oregon, Texas, and Washington. Preschool and school-aged children were reported by Sentinel Event Notification System for
Occupational Risks and California Department of Pesticide Regulation, and Toxic Exposure Surveillance System, which includes all US states and District of Columbia, with the
exception of Hawaii.

†Per million full-time equivalents.
‡Estimated number of preschool children attending day care centers, nursery preschool, Headstart, family day care, or school.
§Number of children attending school, excluding home-schooled children.
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beit mainly of low severity and with rela-
tively low incidence rates. Illnesses were
associated with pesticides applied on
school grounds and with pesticide drift
from neighboring farmland. The pesti-
cide exposures at schools might be as-

sociated in part with several factors: a
lack of federal and state regulations re-
garding pesticide usage in schools1; regu-
latory noncompliance by school man-
agement, school employees, and
pesticide applicators in states in which

regulations and recommendations have
been passed; and insufficient involve-
ment of stakeholders (eg, parents, teach-
ers, students, school administrators, pest
managers).6

We found that the pesticide poison-
ing incidence rates among children in-
creased during the period of our re-
port. Given that 40% (n=59) of SENSOR
and CDPR cases involving children were
exposed to pesticide drift and, given in-
creasing suburban sprawl, this trend
among children might be related to an
increased number of schools situated
next to farmland.6 Additional studies are
needed to confirm this hypothesis. Hy-
potheses for the decreasing trend in ill-
ness rates among school employees in-
clude changes in pesticide use practices
and increased awareness of the toxic ef-
fects of pesticides.

Incidence rates among school
employees were found to be higher
than incidence rates among children.
Possible explanations include school
employees are called to protect chil-
dren when incidents occur, whereas
students are often quickly evacuated;
school employees are at schools for
more hours compared with students;
and some school employees handle or
apply pesticides.

Based on SENSOR and CDPR data,
most cases of acute pesticide-related ill-
nesses were associated with pesticides
applied on school grounds (n=281,
69%). Repeated pesticide applications
on school grounds raise concerns about
persistent low level exposures to pes-
ticides at schools. It is known that some
pesticides degrade slowly when they are
not exposed to sun, rain, and bacterial
action in the soil.21-24 In addition, pes-
ticide residues on the school grounds
might be tracked into school build-
ings by students and school employ-
ees. The chronic long-term impacts of
pesticide exposures have not been com-
prehensively evaluated; therefore, the
potential for chronic health effects from
pesticide exposures at schools should
not be dismissed.25 Unfortunately, the
surveillance methods used in our re-
port are inadequate for assessing
chronic effects.

Table 8. Exposure to Pesticides Applied on School Grounds vs Pesticide Drift From Farmland
in the United States, 1998-2002*

No. (%)

Pesticides Applied
on School Grounds

(n = 281)

Pesticide Drift
From Farmland

(n = 125)
Total

(N = 406)

Surveillance system
SENSOR 75 (26.7) 72 (57.6) 147 (36.2)

CDPR 206 (73.3) 53 (42.4) 259 (63.8)

Severity
High 1 (0.4) 0 1 (0.3)

Moderate 46 (16.4) 13 (10.4) 59 (14.5)

Low 234 (83.3) 112 (89.6) 346 (85.2)

Age group
Children 90 (32.0) 59 (47.2) 149 (36.7)

Adults 191 (68.0) 63 (50.4) 254 (62.6)

Unknown 0 3 (2.4) 3 (0.7)

Work-relatedness
Work-related 190 (67.6) 54 (43.2) 244 (60.1)

Non–work-related 91 (32.4) 68 (54.4) 159 (39.2)

Unknown 0 3 (2.4) 3 (0.7)

Occupation
Student 84 (29.9) 62 (49.6) 146 (36.0)

Teacher 41 (14.6) 35 (28.0) 76 (18.7)

Custodian and gardener† 43 (15.3) 1 (0.8) 44 (10.8)

Food preparation occupations 32 (11.4) 1 (0.8) 33 (8.1)

Maintenance worker 12 (4.3) 0 12 (3.0)

Parent 1 (0.4) 5 (4.0) 6 (1.5)

Other occupations 60 (21.4) 17 (13.6) 77 (19.0)

Not applicable‡ 5 (1.8) 0 5 (1.2)

Unknown 3 (1.1) 4 (3.2) 7 (1.7)

Pesticide toxicity category§
I 96 (34.2) 58 (46.4) 154 (37.9)

II 46 (16.4) 3 (2.4) 49 (12.1)

III 136 (48.4) 64 (51.2) 200 (49.3)

Undetermined 3 (1.1) 0 3 (0.7)

Pesticide functional class
Insecticides only 140 (49.8) 46 (36.8) 186 (45.8)

Insecticides combined|| 16 (5.7) 68 (54.4) 84 (20.7)

Disinfectants 99 (35.2) 0 99 (24.4)

Herbicides 20 (7.1) 1 (0.8) 21 (5.2)

Fumigants 0 9 (7.2) 9 (2.2)

Repellents 3 (1.1) 0 3 (0.7)

Other 3 (1.1) 1 (0.8) 4 (1.0)

Total 281 (69.2) 125 (30.8) 406 (100.0)
Abbreviations: CDPR, California Department of Pesticide Regulation; SENSOR, Sentinel Event Notification System for

Occupational Risks.
*Pesticide exposure due to pesticide applications on school grounds and pesticide drift from neighboring farm fields.
†Includes 6 gardeners.
‡Children younger than 5 years.
§See Table 2 for explanation of categories.
||Includes cases exposed to insecticides combined with other pesticides.
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Although insecticides were most fre-
quently associated with pesticide-
related illnesses (n=895, 35%), we found
that exposure to disinfectants at schools
might also be a cause for concern. First,
disinfectants accounted for 830 (32%) of
2593 total cases and for 101 (37%) of 275
moderate severity cases. Second, 259
(56%) of 461 cases of disinfectant expo-
sure with toxicity category available were
of toxicity category I. Finally, most of the
disinfectants associated with moderate
illnesses were products commonly used
at schools (sodium hypochlorite and
quaternary ammonium compounds).

We also found acute illnesses associ-
ated with exposure to pesticide drift from
neighboring farmland. These expo-
sures might have resulted from pesti-
cide applicators not complying with
pesticide labels, regulations, and/or guid-
ance to avoid pesticide spray drift, or lack
of federal and state regulations regard-
ing pesticide application around schools.
Additionally, pesticide drift from neigh-
boring farm fields might increase pes-
ticide exposure inside schools. Some
studies26-29 suggest that dwellings adja-
cent to fields can be contaminated by
pesticide drift during applications and
subsequent wind recirculation of dust
from the fields.

To prevent illnesses associated with
pesticide applications on or near school
grounds, there is a need to reduce pes-
ticide use. This can be accomplished by
implementing integrated pest manage-
ment at schools and using methods that
reduce pesticide drift from farmland. In-
tegrated pest management programs
can reduce pesticide use at schools.3,30

Integrated pest management is en-
dorsed by the EPA,3 National Parent
Teacher Association,31 National Edu-
cation Association, and other organi-
zations. The elements of integrated pest
management are detailed in the BOX.
Useful guidance and references on in-
tegrated pest management in schools
are widely available.3,32 Some disadvan-
tages of integrated pest management
implementation include the require-
ments of more involvement of school
employees, parents, and students, and
the need to be educated on pest biol-

ogy and integrated pest management.
Finally, some economic investment is
usually required at the outset of an in-
tegrated pest management program.
However, over the long term, the costs
of integrated pest management have
been found to be lower than tradi-
tional pest control.3,30

We tried to identify illness rate dif-
ferences among children across states
with different integrated pest manage-
ment laws (mandatory, voluntary, with-
out laws). However, this comparison was
not meaningful because these laws have
tremendous variation across states in
terms of coverage, enforcement, and

Box. Recommendations to Reduce Pesticide Exposures at Schools

Pesticides Applied on School Property

Implement school integrated pest management programs:

Monitor for pest problems.

Identify the sources of any pest problems.

Eliminate the sources of any pest problems, using pesticides only as a last resort.
Use nontoxic methods, such as ensuring sanitary conditions and structural in-
tegrity.

If nontoxic pest control methods are impractical or unsuccessful, then use pesti-
cides having the lowest possible toxicity. Pesticides in US Environmental Protec-
tion Agency toxicity categories I and II should be avoided if possible. If pesticides
are used:

Provide prior written notification of the application.

Post notices in designated areas at the school.

Students and staff should not be present during pesticide applications.

Restrict entry into a previously treated area for a specified duration following
an application.

Call a poison control center or seek medical attention if pesticide-related ill-
nesses arise.

Trained and qualified workers should handle and apply pesticides. They must be
provided with appropriate safety equipment.

Put the school’s policy on pest control in writing and distribute it to school stake-
holders periodically (eg, at the beginning of the school year).

Involve and train stakeholders (school management, parents, teachers, students,
and pesticide applicators).

Pesticide Drift From Neighboring Farmland

Reduce or eliminate application methods that result in drift.

Timing of pesticide applications. Applications should be performed when students
and school employees are not present.

Farmers and pesticide applicators should comply with labels, regulations, and guid-
ance to avoid pesticide spray drift.

Pesticides should be applied by trained applicators.

Establish and enforce nonspray buffer zones around schools. Size of buffer zone de-
pends on toxicity of pesticide, type of application (ground or aerial), and weather
conditions. For example, 7 states require buffer zones ranging from 300 feet to 2.5
miles around schools.

Underreporting

Improvement in pesticide poisoning surveillance is needed. Every state should imple-
ment an acute pesticide-related illness surveillance system.

Acute pesticide-related illnesses should be a reportable condition in all states.
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implementation. Additionally, 40% of
cases among children in SENSOR and
CDPR were exposed to pesticide drift.
A similar proportion of children in the
entire data set might have been ex-
posed to pesticide drift but these cases
could not be identified in TESS. Inte-
grated pest management practices in
schools are not designed to prevent ex-
posures to pesticide drift. There were too
few SENSOR and CDPR cases involv-
ing onsite applications in schools
(n=281) to assess integrated pest man-
agement laws.

Our findings are subject to at least 3
limitations. First, these results should be
considered low estimates of the magni-
tude of the problem because many cases
of pesticide poisoning are likely not re-
ported to surveillance systems or poi-
son control centers. Individuals who do
not seek medical care or report their ill-
ness to a surveillance system or a poi-
son control center will not be identi-
fied. Even when individuals seek medical
care, their illness may not be recog-
nized as pesticide-related, because of the
nonpathognomonic nature of the signs
and symptoms and because clinicians
receive little training on these ill-
nesses.33,34 Second, although all of these
cases met the definition criteria, the pos-
sibility of some false-positives cannot be
excluded. Given both the nonspecific-
ity of the clinical findings of pesticide
poisoning and the lack of a criterion
standard diagnostic test, some illnesses
temporally related to pesticide expo-
sures may be coincidental and not
caused by these exposures. Third, al-
though the case definition was similar,
some characteristics of the populations
reported by these 3 systems were differ-
ent. TESS was efficient in capturing data
for children, but it did not collect infor-
mation on occupation, work-related-
ness, and the activity the person was per-
forming when exposed to pesticides. The
SENSOR and CDPR data apply to 8
states and principally identify work-
related cases. Not all states participat-
ing in SENSOR collect information on
nonoccupational cases; therefore, many
cases among children were likely missed
by SENSOR and CDPR. None of these

data sources are comprehensive. The lit-
erature suggests that less than one third
of poisoning cases treated in health care
facilities are reported to poison control
centers and in states where SENSOR and
TESS systems are in place, TESS iden-
tified only 10% of the cases identified by
SENSOR.35

In conclusion, despite the limita-
tions of these 3 surveillance systems, our
report is useful in providing national es-
timates of the magnitude of pesticide-
related illnesses among school employ-
ees and students, and in identifying the
risk factors that should be targeted for
prevention. Strategies recommended to
reduce pesticide exposures at schools in-
clude adopting integrated pest manage-
ment programs and using methods to re-
duce pesticide drift from farmland.
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Words are chameleons, which reflect the color
of their environment.

—Learned Hand (1872-1961)
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