
UC Berkeley
UC Berkeley Previously Published Works

Title

Will buffer zones around schools in agricultural areas be adequate to protect children from 
the potential adverse effects of pesticide exposure?

Permalink

https://escholarship.org/uc/item/6fh5h6hm

Journal

PLOS Biology, 15(12)

ISSN

1544-9173

Authors

Gunier, Robert B
Bradman, Asa
Harley, Kim G
et al.

Publication Date

2017

DOI

10.1371/journal.pbio.2004741
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/6fh5h6hm
https://escholarship.org/uc/item/6fh5h6hm#author
https://escholarship.org
http://www.cdlib.org/


PERSPECTIVE

Will buffer zones around schools in

agricultural areas be adequate to protect

children from the potential adverse effects of

pesticide exposure?

Robert B. Gunier*, Asa Bradman, Kim G. Harley, Brenda Eskenazi

Center for Environmental Research and Children’s Health (CERCH), School of Public Health, University of

California, Berkeley, Berkeley, California, United States of America

* gunier@berkeley.edu

Abstract

California has proposed limiting agricultural pesticide use within 0.4 km of schools and child-

care facilities. However, the 0.4-km buffer may not be appropriate for all pesticides because

of differing toxicities, fate, and application methods. Living near pesticide use has been

associated with poorer birth outcomes, neurodevelopment, and respiratory function in chil-

dren. More research about exposures in schools, childcare facilities, and homes is needed.

Despite incomplete science, this regulation is an important step to reduce potential expo-

sures to children. The most vulnerable exposure period may be in utero, and future regula-

tions should also aim to reduce exposures to pregnant women.

This Perspective is part of the Challenges in Environmental Health: Closing the Gap between
Evidence and Regulations Collection.

The California Department of Pesticide Regulation (CDPR) recently proposed regulations lim-

iting agricultural pesticide applications near school and childcare centers [1]. The new rules

would prohibit pesticide applications using aircraft, air blast sprayers, chemigation, dust or

powder, and fumigants made to produce an agricultural commodity within 0.25 miles

(approximately 0.4 km) of a school or daycare on Monday through Friday from 6:00 AM to

6:00 PM. Most other agricultural pesticide applications would be prohibited within 25 feet (7.6

m) of school sites during the same time period. The proposed regulation addresses potential

acute (short-term) pesticide exposures to children with the intent of providing an extra margin

of safety for pesticide drift, which is defined as any off-target movement of pesticides from the

treated area. These proposed regulations are largely based on emerging evidence from epide-

miological studies, including ours (see below), that suggest that pesticide exposure may impact

children’s health. In California, an estimated 2.5 million agricultural acres are within 0.33

miles (0.53 km) of an urbanized area [2]. Urbanization can create residential–farm conflicts,
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sometimes referred to as the “urban–agriculture edge” problem, in which neighbors can have

problems with odor, dust, and pesticide spray drift [3]. In addition, a report from the Califor-

nia Department of Public Health summarized agricultural pesticide use within 0.4 km of pub-

lic schools in California and found that some schools had high use of pesticides of public

health concern applied nearby and that Hispanic children were more likely to attend schools

near the highest use of pesticides, thereby raising important concerns about environmental

justice [4]. Below, we outline the scientific basis for the CDPR’s policy decision of buffers

around schools and the limitations of the data available.

Since 1999, we have conducted the Center for the Health Assessment of Mothers and Chil-

dren of Salinas (CHAMACOS) Study, a partnership with the Salinas Valley community to

examine the potential impact of pesticides and other environmental exposures on the health of

pregnant women and children living in this agricultural community on the central coast of

California. More than 600 children are currently enrolled in the study—half of whom have

been followed since before birth and half since they were 9 years old—to assess their growth,

health, and development. The CHAMACOS children are currently 15 to 17 years of age. The

goal of our work is to understand the etiology of environmentally related disease and support

policies to improve public health.

In the CHAMACOS study, we have observed associations between higher levels of bio-

markers of pesticide exposure and poorer health and development. Specifically, higher concen-

trations of organophosphate pesticide (OP) urinary metabolites in maternal urine during

pregnancy were associated with shortened gestational duration [5], greater odds of abnormal

neonatal reflexes [6], pervasive developmental disorder and poorer mental development at 2

years of age [7], poorer attention and hyperactive behaviors at 5 years [8], and lower IQ at 7

years [9]. We are currently examining neurodevelopmental outcomes at older ages. We have

also reported that both prenatal and child OP metabolite levels were associated with more

asthma-related symptoms, and higher levels of OP pesticide metabolites in the urine of chil-

dren between birth and 5 years of age were associated with reduced lung function at 7 years of

age [10,11].

One major limitation of studies on the health effects of pesticides with short biological half-

lives, such as OPs, is the assessment of exposure. In the Salinas Valley, more than 225,000 kg

per year of OP pesticides were used during the pregnancy period of our study (1999 to 2000),

but many other classes of pesticides were also used. Because several highly toxic OPs lack pesti-

cide-specific biomarkers, we have used class-specific measurements of dialkylphosphate

(DAP) urinary metabolites as an overall indicator of exposure [12]. However, limitations of

DAP measurements include the following: (1) they do not reflect exposure to several OPs that

do not devolve to DAPs, (2) it is not possible to determine whether they reflect exposure to

more- or less-toxic OP pesticides, (3) they have a short half-life in the body and reflect only

recent exposures [13], and (4) they may overestimate true OP exposure because they can

reflect exposure to pre-formed DAPs in the environment and food as well as parent OP com-

pounds [14,15]. These limitations may result in measurement error and bias towards the null

hypothesis in health outcome studies [16]. Because of these limitations, it is especially impor-

tant to confirm findings of an exposure response in multiple populations. For other classes of

pesticides, such as fumigants, there are no valid biomarkers available to measure environmen-

tal exposures. Furthermore, biomarkers are not able to identify the source of exposure (i.e.,

diet, nondietary ingestion, or inhalation) and often do not provide guidance for policies to

reduce exposures.

The CDPR has collected Pesticide Use Report (PUR) data for all agricultural pesticide

applications in the state since 1990 [17]. The PUR data include the active ingredient applied,

amount applied, formulation, application method, crop treated, acres treated, and location of
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the application. With more than 25 years of comprehensive agricultural pesticide use informa-

tion, the PUR data provide a unique resource for evaluating associations between agricultural

pesticide use and human health outcomes. In the CHAMACOS study, we have evaluated resi-

dential proximity to agricultural pesticide applications and children’s health and development

utilizing PUR data and residential history information. We observed a relationship between

higher use of the fumigant methyl bromide within 5 to 8 km of maternal residences during

pregnancy and lower birth weight in their children [18]. We have also found that lower Full-

Scale Intelligence Quotient (FSIQ) scores in children at 7 years of age were associated with

(1) higher use of OP and other insecticides within 1 km of maternal residences during preg-

nancy [19], (2) higher use of the fumigants methyl bromide and chloropicrin within 8 km of

children’s residences from birth to 7 years of age [20], and (3) higher agricultural use of certain

mixtures of neurotoxic pesticides [21]. We found that the decrease in FSIQ associated with

higher use of OP and carbamate insecticides within 1 km of maternal residences during preg-

nancy persisted in children at 10.5 years of age [22]. We also observed higher odds of respira-

tory symptoms and reduced lung function in children with higher use of sulfur, a low toxicity

pesticide but known respiratory irritant, within 1 km of their residences during the year prior

to pulmonary evaluation [23].

Several epidemiologic studies conducted in California have also used PUR data and found

that higher nearby agricultural pesticide use was associated with poorer health outcomes of

children. For example, children of mothers living within 0.5 km of higher agricultural use of

the organochlorine pesticides dicofol and endosulfan during pregnancy had increased odds of

developing autism [24], while in another study, greater odds of autism were seen among chil-

dren whose mothers lived within 1.5 km of any agricultural use of OP or pyrethroid pesticides

during pregnancy [25]. Studies using PUR data to evaluate the risk of birth defects related

to agricultural pesticide use have found mixed results, with positive associations observed

between the use of 2 carbamates (benomyl and methomyl) within 1 km of residences during

pregnancy and neural tube defects in children [26]. Other studies have found few significant

associations between agricultural pesticide use within 0.5 km and birth defects [27,28]. Finally,

studies of childhood cancer have observed associations between leukemia and agricultural use

of metam sodium and dicofol within 0.8 km of maternal residences during pregnancy [29].

There have been only a few studies that have evaluated the relationship of pesticide applica-

tions in agricultural communities and pesticide concentrations measured in outdoor air or in

house dust. These studies have found correlations for some pesticides, but the strength of the

correlation varies by pesticide and by distance over a fairly wide range, i.e., 4 to 8 km [30–35].

For example, outdoor air samples from homes located more than 0.25 km from fruit orchards

had significantly lower concentrations of 2 OP pesticides (chlorpyrifos and azinphos-methyl)

than did samples from homes within 0.25 km of orchards [36]. An air dispersion model devel-

oped for the fumigant 1,3-dichloropropene agreed well with available air monitoring data and

estimated a 10-fold reduction in air concentrations at 0.4 km downwind of an application site

and an additional 10-fold reduction in air concentrations from 0.4 km to 1 km [31]. A recent

study using published data on pesticide concentrations in dust found that the average concen-

trations were 64% lower in homes located 0.25 km compared with 0.02 km from treated fields

[37]. From CHAMACOS and other studies, we have observed that nearby agricultural use of

only some pesticides is correlated with levels of pesticides in residential house dust samples,

and these correlations range from weak to moderate [38,39].

Overall, we have limited data on air and dust concentrations in relation to nearby pesticide

applications and on the fate and transport of specific pesticides. For certain common pesti-

cides, such as neonicotinoids and glyphosate, we have no information on the relationship of

PUR data and environmental or biological measures. In addition, estimating human exposure
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from PUR data would likely underestimate exposure because it considers only residential

exposure and not the individual’s cumulative exposure across multiple settings, such as at

childcare facilities, schools, or work in addition to residential exposure. Estimating pesticide

exposure from PUR data could be improved by considering local meteorological conditions,

the physical characteristic of the pesticide (e.g., persistence, volatility etc.), and method of pes-

ticide application (e.g., aerial versus ground).

Therefore, identifying the correct buffer or distance from treated fields that would be suffi-

cient to protect public health is complex. Given the different physical properties of pesticides,

it is unlikely that a single distance would be adequate to address the health risks of all pesticide

exposure, including those less studied [40,41]. Also, buffers might differ by the pesticide mix-

tures being applied because together they may augment health effects [21]. Determination of

the proper buffer should be based on the published literature of pesticide exposure and health

effects, but there may be more sensitive health endpoints not yet studied that would require a

smaller buffer to protect the public’s health. Although the scientific data necessary to deter-

mine the ideal distance or buffer to reduce pesticide exposure and adverse health effects are

inadequate, policies to protect children are warranted given the evidence that pesticide expo-

sure may increase risks to children’s health. However, we note that implementing buffers

around schools considers potential exposure to children but does not aim to reduce exposure

to pregnant women in the general community, and exposure during the in utero period may

have the greatest adverse effects.

In addition to requiring a buffer, policies to establish other protective measures to reduce

exposure to pregnant women as well as children should be taken. Other potential solutions

include good neighbor actions by agricultural operators such as notifying nearby residents of

planned applications and protective city planning and zoning for new residential develop-

ments [3], including a gradual conversion of fields near schools and residential areas to

organic—although the use of some organically approved pesticides, such as sulfur, also need to

be carefully monitored. The ideal strategy for protecting children and pregnant women is an

overall reduction in the use of agricultural pesticides. This process has already begun. Since we

began the CHAMACOS study in 2000, overall insecticide use in California has declined, and

OP pesticide use in California has declined by 60% from approximately 2.9 million to approxi-

mately 1.1 million kg per year in 2015 (Fig 1). However, the use of some classes of pesticides is

increasing, as illustrated by the almost 9-fold increase in neonicotinoid pesticide use from

approximately 45,500 kg in 2000 to approximately 395,500 kg in 2015 (Fig 1), and overall pesti-

cide use has changed very little since 2000, with approximately 91 million kg applied per year

[17].

We have learned over the last 2 decades that agricultural pest control is complicated,

requires flexibility, and needs a diverse set of pest control options to successfully produce the

food that is so vital to California’s population and economy. Solutions require thoughtful

approaches. CDPR is a leader in this area, as noted in the 2015 National Academy of Sciences

review of the CDPR pesticide risk assessment procedures [42]. CDPR has instituted important

programs to support Integrated Pest Management and to use fewer pesticides more safely and

efficiently. Integrated Pest Management is a method of reducing economic, human health, and

environmental risks from pests and pest management strategies [43]. We encourage continued

promotion of these practices to minimize agricultural pesticide use and to develop less toxic

alternatives. We commend CDPR’s “reduced risk” pest management philosophy, which has

led to these changes in application methods and substantially lowered the use of OP insecti-

cides in California during the last decade and has engaged community and stakeholders in the

dialogue to reduce exposures to children in schools. Future studies of pesticide exposure and

human health effects could be designed by researchers in collaboration with CDPR to better
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characterize appropriate buffer distances from treated fields that would be protective of chil-

dren’s health. We anticipate that CDPR will continue to work with researchers, farmers, and

residents in agricultural communities to protect human health and the environment. Despite

limitations, we believe that the proposed regulation to implement buffers is a step in the right

direction for preventing potential pesticide exposure to children in agricultural communities,

and we therefore support the use of buffer zones around schools and daycares to reduce chil-

dren’s exposure during the day as an important first step.
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15. Quirós-Alcalá L, Bradman A, Smith K, Weerasekera G, Odetokun M, Barr DB, et al. Organophos-

phorous pesticide breakdown products in house dust and children’s urine. J Expo Sci Environ Epide-

miol. 2012; 22: 559–568. https://doi.org/10.1038/jes.2012.46 PMID: 22781438

16. Armstrong BG. Effect of measurement error on epidemiological studies of environmental and occupa-

tional exposures. Occup Environ Med. 1998; 55: 651–656. PMID: 9930084

17. California Department of Pesticide Regulation. Pesticide Use Reporting [Internet]. http://www.cdpr.ca.

gov/docs/pur/purmain.htm. Accessed on 11 July 2017.

18. Gemmill A, Gunier RB, Bradman A, Eskenazi B, Harley KG. Residential proximity to methyl bromide

use and birth outcomes in an agricultural population in California. Environ Health Perspect. 2013; 121:

737–743. https://doi.org/10.1289/ehp.1205682 PMID: 23603811

19. Gunier RB, Bradman A, Harley KG, Kogut K, Eskenazi B. Prenatal Residential Proximity to Agricultural

Pesticide Use and IQ in 7-Year-Old Children. Environ Health Perspect. 2017; 125(5). https://doi.org/10.

1289/EHP504 PMID: 28557711

20. Gunier RB, Bradman A, Castorina R, Holland NT, Avery D, Harley KG, et al. Residential proximity to

agricultural fumigant use and IQ, attention and hyperactivity in 7-year old children. Environ Res. 2017;

158: 358–365. https://doi.org/10.1016/j.envres.2017.06.036 PMID: 28686950

21. Coker E, Gunier R, Bradman A, Harley K, Kogut K, Molitor J, et al. Association between Pesticide Pro-

files Used on Agricultural Fields near Maternal Residences during Pregnancy and IQ at Age 7 Years. Int

J Environ Res Public Health. 2017; 14. https://doi.org/10.3390/ijerph14050506 PMID: 28486423

22. Rowe C, Gunier R, Bradman A, Harley KG, Kogut K, Parra K, et al. Residential proximity to organophos-

phate and carbamate pesticide use during pregnancy, poverty during childhood, and cognitive function-

ing in 10-year-old children. Environ Res. 2016; 150: 128–137. https://doi.org/10.1016/j.envres.2016.05.

048 PMID: 27281690

23. Raanan R, Gunier R, Eskenazi B. The Effect of Elemental Sulfur on Pediatric Lung Function in an Agri-

cultural Community. Environ Health Perspect. 2017; 125(8).

24. Roberts EM, English PB, Grether JK, Windham GC, Somberg L, Wolff C. Maternal residence near agri-

cultural pesticide applications and autism spectrum disorders among children in the California Central

Valley. Environ Health Perspect. 2007; 115: 1482–1489. https://doi.org/10.1289/ehp.10168 PMID:

17938740

25. Shelton JF, Geraghty EM, Tancredi DJ, Delwiche LD, Schmidt RJ, Ritz B, et al. Neurodevelopmental

disorders and prenatal residential proximity to agricultural pesticides: the CHARGE study. Environ

Health Perspect. 2014; 122: 1103–1109. https://doi.org/10.1289/ehp.1307044 PMID: 24954055

26. Rull RP, Ritz B, Shaw GM. Neural tube defects and maternal residential proximity to agricultural pesti-

cide applications. Am J Epidemiol. 2006; 163: 743–753. https://doi.org/10.1093/aje/kwj101 PMID:

16495467

27. Carmichael SL, Yang W, Roberts E, Kegley SE, Padula AM, English PB, et al. Residential agricultural

pesticide exposures and risk of selected congenital heart defects among offspring in the San Joaquin

Valley of California. Environ Res. 2014; 135: 133–138. https://doi.org/10.1016/j.envres.2014.08.030

PMID: 25262086

PLOS Biology | https://doi.org/10.1371/journal.pbio.2004741 December 21, 2017 6 / 7

https://doi.org/10.1289/ehp.1003185
http://www.ncbi.nlm.nih.gov/pubmed/21507776
https://doi.org/10.1289/ehp.1408235
http://www.ncbi.nlm.nih.gov/pubmed/25369257
https://doi.org/10.1136/thoraxjnl-2014-206622
http://www.ncbi.nlm.nih.gov/pubmed/26634937
https://doi.org/10.3390/ijerph8083063
https://doi.org/10.3390/ijerph8083063
http://www.ncbi.nlm.nih.gov/pubmed/21909292
https://doi.org/10.1289/ehp.1104808
http://www.ncbi.nlm.nih.gov/pubmed/23052012
https://doi.org/10.1080/15287390590890554
http://www.ncbi.nlm.nih.gov/pubmed/15762180
https://doi.org/10.1038/jes.2012.46
http://www.ncbi.nlm.nih.gov/pubmed/22781438
http://www.ncbi.nlm.nih.gov/pubmed/9930084
http://www.cdpr.ca.gov/docs/pur/purmain.htm
http://www.cdpr.ca.gov/docs/pur/purmain.htm
https://doi.org/10.1289/ehp.1205682
http://www.ncbi.nlm.nih.gov/pubmed/23603811
https://doi.org/10.1289/EHP504
https://doi.org/10.1289/EHP504
http://www.ncbi.nlm.nih.gov/pubmed/28557711
https://doi.org/10.1016/j.envres.2017.06.036
http://www.ncbi.nlm.nih.gov/pubmed/28686950
https://doi.org/10.3390/ijerph14050506
http://www.ncbi.nlm.nih.gov/pubmed/28486423
https://doi.org/10.1016/j.envres.2016.05.048
https://doi.org/10.1016/j.envres.2016.05.048
http://www.ncbi.nlm.nih.gov/pubmed/27281690
https://doi.org/10.1289/ehp.10168
http://www.ncbi.nlm.nih.gov/pubmed/17938740
https://doi.org/10.1289/ehp.1307044
http://www.ncbi.nlm.nih.gov/pubmed/24954055
https://doi.org/10.1093/aje/kwj101
http://www.ncbi.nlm.nih.gov/pubmed/16495467
https://doi.org/10.1016/j.envres.2014.08.030
http://www.ncbi.nlm.nih.gov/pubmed/25262086
https://doi.org/10.1371/journal.pbio.2004741


28. Yang W, Carmichael SL, Roberts EM, Kegley SE, Padula AM, English PB, et al. Residential agricultural

pesticide exposures and risk of neural tube defects and orofacial clefts among offspring in the San Joa-

quin Valley of California. Am J Epidemiol. 2014; 179: 740–748. https://doi.org/10.1093/aje/kwt324

PMID: 24553680

29. Reynolds P, Von Behren J, Gunier RB, Goldberg DE, Harnly M, Hertz A. Agricultural pesticide use and

childhood cancer in California. Epidemiol Camb Mass. 2005; 16: 93–100.

30. Harnly M, McLaughlin R, Bradman A, Anderson M, Gunier R. Correlating agricultural use of organo-

phosphates with outdoor air concentrations: a particular concern for children. Environ Health Perspect.

2005; 113: 1184–1189. https://doi.org/10.1289/ehp.7493 PMID: 16140625

31. van Wesenbeeck IJ, Cryer SA, de Cirugeda Helle O, Li C, Driver JH. Comparison of regional air disper-

sion simulation and ambient air monitoring data for the soil fumigant 1,3-dichloropropene. Sci Total

Environ. 2016; 569–570: 603–610. https://doi.org/10.1016/j.scitotenv.2016.06.150 PMID: 27376915

32. California Department of Pesticide Regulation. CORRELATING AGRICULTURAL USE WITH AMBI-

ENT CONCENTRATION OF THE FUMIGANT CHLOROPICRIN DURING THE PERIOD OF 2011–

2014 [Internet]. Sacramento, CA: Environmental Monitoring Branch; 2015. http://www.cdpr.ca.gov/

docs/emon/airinit/data_analysis/chloropicrin.pdf. Accessed on 11 July 2017.

33. California Department of Pesticide Regulation. Analysis of Agricultural Use and Average Concentra-

tions of 1,3-Dichloropropene in Nine Communities of California in 2006–2015, and Calculation of a Use

Limit (Township Cap) [Internet]. Sacramento, CA: Environmental Monitoring Branch; 2016. http://www.

cdpr.ca.gov/docs/whs/pdf/1_3_d_data_analysis.pdf. Accessed on 11 July 2017.

34. California Department of Pesticide Regulation. CORRELATING AGRICULTURAL USE WITH AMBI-

ENT AIR CONCENTRATIONS OF METHYL ISOTHIOCYANATE DURING THE PERIOD OF 2011–

2014 [Internet]. Sacramento, CA: Environmental Monitoring Branch; 2016. http://www.cdpr.ca.gov/

docs/emon/airinit/methyl_isothiocyanate.pdf. Accessed on 11 July 2017.

35. Wofford P, Segawa R, Schreider J, Federighi V, Neal R, Brattesani M. Community air monitoring for

pesticides. Part 3: using health-based screening levels to evaluate results collected for a year. Environ

Monit Assess. 2014; 186: 1355–1370. https://doi.org/10.1007/s10661-013-3394-x PMID: 24370859

36. Gibbs JL, Yost MG, Negrete M, Fenske RA. Passive Sampling for Indoor and Outdoor Exposures to

Chlorpyrifos, Azinphos-Methyl, and Oxygen Analogs in a Rural Agricultural Community. Environ Health

Perspect. 2017; 125: 333–341. https://doi.org/10.1289/EHP425 PMID: 27517732

37. Deziel NC, Freeman LEB, Graubard BI, Jones RR, Hoppin JA, Thomas K, et al. Relative Contributions

of Agricultural Drift, Para-Occupational, and Residential Use Exposure Pathways to House Dust Pesti-

cide Concentrations: Meta-Regression of Published Data. Environ Health Perspect. 2017; 125: 296–

305. https://doi.org/10.1289/EHP426 PMID: 27458779

38. Harnly ME, Bradman A, Nishioka M, McKone TE, Smith D, McLaughlin R, et al. Pesticides in dust from

homes in an agricultural area. Environ Sci Technol. 2009; 43: 8767–8774. https://doi.org/10.1021/

es9020958 PMID: 19943644

39. Gunier RB, Ward MH, Airola M, Bell EM, Colt J, Nishioka M, et al. Determinants of agricultural pesticide

concentrations in carpet dust. Environ Health Perspect. 2011; 119: 970–976. https://doi.org/10.1289/

ehp.1002532 PMID: 21330232

40. Cimino AM, Boyles AL, Thayer KA, Perry MJ. Effects of Neonicotinoid Pesticide Exposure on Human

Health: A Systematic Review. Environ Health Perspect. 2017; 125: 155–162. https://doi.org/10.1289/

EHP515 PMID: 27385285

41. Myers JP, Antoniou MN, Blumberg B, Carroll L, Colborn T, Everett LG, et al. Concerns over use of

glyphosate-based herbicides and risks associated with exposures: a consensus statement. Environ

Health Glob Access Sci Source. 2016; 15: 19. https://doi.org/10.1186/s12940-016-0117-0 PMID:

26883814

42. National Research Council. Review of California’s Risk-Assessment Process for Pesticides [Internet].

Washington, D.C.: Board on Environmental Studies and Toxicology; 2015. https://www.nap.edu/

catalog/21664/review-of-californias-risk-assessment-process-for-pesticides. Accessed on 15 Septem-

ber 2017.

43. Farrar JJ, Baur ME, Elliott SF. Measuring IPM Impacts in California and Arizona. J Integr Pest Manag.

2016; 7: 13. https://doi.org/10.1093/jipm/pmw012 PMID: 27812396

PLOS Biology | https://doi.org/10.1371/journal.pbio.2004741 December 21, 2017 7 / 7

https://doi.org/10.1093/aje/kwt324
http://www.ncbi.nlm.nih.gov/pubmed/24553680
https://doi.org/10.1289/ehp.7493
http://www.ncbi.nlm.nih.gov/pubmed/16140625
https://doi.org/10.1016/j.scitotenv.2016.06.150
http://www.ncbi.nlm.nih.gov/pubmed/27376915
http://www.cdpr.ca.gov/docs/emon/airinit/data_analysis/chloropicrin.pdf
http://www.cdpr.ca.gov/docs/emon/airinit/data_analysis/chloropicrin.pdf
http://www.cdpr.ca.gov/docs/whs/pdf/1_3_d_data_analysis.pdf
http://www.cdpr.ca.gov/docs/whs/pdf/1_3_d_data_analysis.pdf
http://www.cdpr.ca.gov/docs/emon/airinit/methyl_isothiocyanate.pdf
http://www.cdpr.ca.gov/docs/emon/airinit/methyl_isothiocyanate.pdf
https://doi.org/10.1007/s10661-013-3394-x
http://www.ncbi.nlm.nih.gov/pubmed/24370859
https://doi.org/10.1289/EHP425
http://www.ncbi.nlm.nih.gov/pubmed/27517732
https://doi.org/10.1289/EHP426
http://www.ncbi.nlm.nih.gov/pubmed/27458779
https://doi.org/10.1021/es9020958
https://doi.org/10.1021/es9020958
http://www.ncbi.nlm.nih.gov/pubmed/19943644
https://doi.org/10.1289/ehp.1002532
https://doi.org/10.1289/ehp.1002532
http://www.ncbi.nlm.nih.gov/pubmed/21330232
https://doi.org/10.1289/EHP515
https://doi.org/10.1289/EHP515
http://www.ncbi.nlm.nih.gov/pubmed/27385285
https://doi.org/10.1186/s12940-016-0117-0
http://www.ncbi.nlm.nih.gov/pubmed/26883814
https://www.nap.edu/catalog/21664/review-of-californias-risk-assessment-process-for-pesticides
https://www.nap.edu/catalog/21664/review-of-californias-risk-assessment-process-for-pesticides
https://doi.org/10.1093/jipm/pmw012
http://www.ncbi.nlm.nih.gov/pubmed/27812396
https://doi.org/10.1371/journal.pbio.2004741



