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Background

To generate estimates of the economic burden of environmentally 
related health conditions, the environmental attributable fraction 
(EAF) must be calculated for each condition. The EAF is defined as 
the “percentage of a particular disease category that would be elim-
inated if environmental risk factors were reduced to their lowest fea-
sible levels.”1 In addition to aiding cost calculations, estimating the 
contribution of the environment to a particular health condition is 
important for understanding both the etiology of the disease and 
potential utility of various prevention strategies.

There have been previous efforts to estimate the EAF for use in cost 
calculations. In 2002, Landrigan et al. employed a Delphi method, 
convening a panel of content experts, to generate EAF estimates for 
several childhood illnesses in the United States including asthma, 
cancer, lead poisoning, and neurobehavioral disorders.2 While these 
estimates have been used in many subsequent analyses, including 
in a 2011 analysis by Trasande et al., there is potential to update and 
quantify EAF estimates specifically for California.

Since 2002, new research has enabled the use of quantitative meth-
ods to estimate the EAF for childhood asthma and select childhood 
cancers. Additionally, California data can be applied to estimate the 
EAF for the state rather than the entire country. This is important 
because there are different levels of exposure to various hazards 
throughout the country. For example, less of the adult population in 
California smokes compared to other states, suggesting the potential 

for lower levels of exposure to secondhand smoke among children 
living in California.3 However, many California cities consistently have 
the highest levels of ozone and airborne particulates in the country, 
so California children may have higher levels of ambient air pollution 
exposure compared to children in many other states.4

We did not attempt to quantify an EAF related to lead exposures or 
neurobehavioral disorders. Per other peer-reviewed studies, the EAF 
for childhood lead exposures was assumed to be 100%, as all lead 
exposures are attributable to the environment. There were insuf-
ficient data to quantify a California-specific EAF estimate related to 
neurobehavioral disorders, therefore the EAF estimated by Landrigan 
et al. of 10% (range 5 to 20%) using the Delphi method was used.

Environmental pollutants, narrowly defined, are the “chemical sub-
stances of human origin in environmental media — air, food, water, 
soil, the home, and the community.”2 The EAF calculations includ-
ed indoor and outdoor pollutants that are potentially preventable 
through traditional public health prevention efforts. This definition 
also excludes the effects of individual behaviors related to diet, al-
cohol, personal tobacco use, other drugs of abuse, and other factors 
such as socioeconomic status. All of these factors are recognized as 
key components in the broadest definition of the environment (such 
as the built, economic, and social environments), but were consid-
ered outside the scope of this narrower assessment.
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Calculating the environmental attributable fraction

The first step for estimating the proportion of childhood asthma and 
cancer in California due to the environment was to specifically define 
the health outcomes of interest. Childhood asthma was limited to 
“current asthma”, defined as having ever been diagnosed with asth-
ma and having had symptoms within the previous year. Childhood 
cancer was limited to those most commonly associated with envi-
ronmental hazards: leukemia, lymphoma, and brain and other cen-
tral nervous system (CNS) tumors (these three cancers also account 
for the majority of childhood cancer diagnoses). Then, indoor and 
outdoor hazards that had evidence of an association with asthma 
and/or one of the cancer types were identified by reviewing litera-
ture that summarizes the etiology of each condition. To be included 
in the calculations, each hazard must have fit within the definition of 
environmental pollutants and have sufficient exposure and risk data.

EAFs were calculated for each hazard-condition pair using data on (1) 
the increase in risk (expressed as the relative risk [RR]) of having the con-
dition associated with each specific hazard and (2) the prevalence of the 
exposure to each hazard among children in California. When sources 
in the scientific literature differed regarding either of these quanti-
ties, EAFs for each hazard-condition pair were presented as ranges 
of values bracketing the average among all the calculated values. 
For each disease, the various hazard-specific EAFs were then combined 
to estimate the overall proportion of cases in California that were at-
tributable to the environment. Because separate cancer types were in-
cluded as part of the general term “cancer,” type-specific estimates were 
combined with each other in an additional step.

Relative risk estimates
A literature search was conducted using PubMed and Google Schol-
ar for meta-analyses and peer-reviewed studies that contained rela-

tive risk estimates describing associations of each condition in rela-
tion to each relevant hazard. The search terms were specific to each 
condition, defined age groups, and hazards. If risk ratios were not 
available, odds ratios were used as an approximation.

Estimates of prevalence of exposure to each hazard
Each risk estimate was paired with an estimate of the prevalence of haz-
ard exposure among children in California. When available, estimates of 
exposure prevalence were obtained from California survey data and gov-
ernment agencies. Otherwise, estimates from national surveys or individ-
ual studies were generalized to the California population, as feasible.

Calculations
Hazard exposures are quantified in different ways depending on the 
hazard itself and choices researchers make in how to measure them. 
In all, these variations resulted in three scenarios, each with slight-
ly different formulas for EAF calculation (it should be kept in mind, 
however, that the concept of EAF was identical for all of these sce-
narios). The scenarios were:

I. Exposures were expressed as binary variables (exposed versus not 
exposed), and the exposure prevalence referred to the proportion 
of children exposed in the state overall.

II. Multiple categories of exposure were formulated (for example, 
high-medium-low-none). A different exposure prevalence was 
provided for each category (summing to 100%) to describe pro-
portions of children in the state in each category of exposure.

III. Exposures were expressed as continuous variables (for example, the 
concentrations of pollutants in the air) instead of proportions of the 
population. Different sub-populations (in this example, counties) 
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had different pollutant concentrations, and the EAF would reflect 
the amount of disease that would be eliminated if every county’s 
concentration were reduced to a uniform minimum level.

Scenario I: Let p be the proportion of children exposed (expressed 
as a fraction, so that — for example — the proportion of children not 
exposed is 1– p). Let RR be the risk of disease among exposed chil-
dren relative to those that are not exposed. The EAF was therefore:5,6,7

EAF [ I ] =
p(RR –1)

p(RR –1) +1

Scenario II: Let p0 be the proportion of children in the reference 
(lowest) exposure category and pj be the proportion of children in 
each of J other categories for j = {1, 2, … , J}. Similarly, let RRj be the 
risk of disease for children in category j relative to the baseline risk 
(that is, RR0 = 1). Then:

EAF [ I I ] =
∑J

j = 0 pj (RRj –1)

∑J
j = 0 pj RRj

The reader may note that, for the special case in which J =1, the for-
mula for EAF [ I I ] is equivalent to that for EAF [ I ].

Scenario III: Let RR be the relative risk per unit increase in the con-
centration of a pollutant. Then let ck be the concentration of the 
pollutant in county k, and Nk be the number of children residing in 
county k, where k = {1, 2, … , K} for a total of K counties. Finally, let 
c0 be the uniform minimum concentration that would be ideal to 
attain for all counties (which for rhetorical purposes is usually chosen 
to be greater than zero). Then:

EAF [ I I I ] =
∑K

k = 1

RR (ck– c0 ) –1
NkRR (ck– c0 )

∑K
k = 1 Nk

Combining EAFs from multiple hazards
A single condition may have multiple environmental hazards con-
tributing to it, which raises the question of how to combine EAF 
estimates for multiple hazards. The answer hinges on the degree to 
which (1) hazard exposures were correlated among California chil-
dren, and (2) whether exposure to multiple hazards increased risk be-
yond exposure to a single hazard. If children exposed to one hazard 
were also exposed to another (perfect correlation) and the effects 
were not additive, then the existence of multiple hazards would do 
little to increase the total EAF. If all hazards affect separate groups of 
children in the state (or if the effects of multiple hazards on a single 
child are additive), then the total EAF would be a multiplicative func-
tion of the individual hazard EAFs.

There was little information regarding the degrees of correlation or 
interaction among hazards, therefore a range of values was reported 
for each disease. The lower boundary of the range was calculated 
assuming perfect correlation and no additive effect, in which case 
the overall EAF was taken to be the summary EAF for the individual 
hazard with the largest EAF so that no attributable cases were dou-
ble counted.

For the upper boundary of the range, all hazards were assumed to 
have independent and additive effects. In this case, all hazards were 
included in the overall calculation using a formula used by Steen-
land et al. and by Miettinen. Let EAFh be the EAF for hazard h, where 
h = {1, 2, … , H}. Then:

EAFAll hazards = 1 –
⎡
⎢
⎣

H

∏
h=1

(1 – EAFh )
⎤
⎥
⎦

The midpoint between the upper and lower boundaries was em-
ployed as the single estimate of the EAF.
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Combining EAFs for multiple cancer types
All cancer EAFs were calculated separately for leukemia, lymphoma, 
and brain/central nervous system cancers. Under the assumption that 
the number of children with more than one type of cancer is extreme-
ly small, these separate EAFs can then be combined in an additive 
fashion to arrive at an overall cancer EAF. Specifically, if Nt and EAFt are 
the number of cases and EAF for each type of cancer t = {1, 2, 3}, then:

EAFcancer =
∑3

t = 1(EAFt)Nt

∑3
t = 1 Nt

Limitations
Calculations only included hazards that fell within the definition of 
environment and had (1) evidence of association with childhood dis-
ease and (2) available data on risk and prevalence associated with 

each hazard. This led to exclusion of some hazards that fell within 
the definition, but lacked adequate data. The definition of environ-
ment also excluded some physical substances, social and econom-
ic factors, and individual behaviors that are potentially important 
risk factors. These omissions may lead to an underestimation of the 
true environmental burden of childhood disease as it relates to the 
broader ecosystem of socioeconomic health determinants.

In addition, when calculating the overall EAF for each disease, the 
extent to which the exposures were correlated or additive was un-
known. It is unlikely that relevant hazards would be entirely inde-
pendent or entirely correlated, or would have effects that are entirely 
additive or non-additive; because reality is likely between these ex-
tremes, ranges of estimates are presented as described above.

More details of the limitations specific to each disease are discussed 
in the sections below.

Childhood asthma
Several indoor and outdoor environmental hazards have been associ-
ated with an increased risk for childhood asthma. Indoor environmen-
tal hazards include secondhand smoke (SHS), dampness and mold, 
dust mites, cockroach and mice allergens, pet dander, and chemicals 
used for cleaning.8,9,10 Outdoor hazards include traffic and ambient air 
pollutants such as particulate matter, ozone (O3), and nitrogen diox-
ide.11,12 Considering only outdoor, non-biologic, environmental haz-
ards from sources amenable to abatement, Landrigan et al. estimated 
the EAF for childhood asthma in the U.S. to be 30% (range: 10-35%).2

For the purposes of this report, focus was on current asthma among 
children aged 0 to 17. Current asthma was defined as ever having re-
ceived an asthma diagnosis and having reported asthma symptoms 

within the past year. Several potential hazards were excluded due to the 
lack of available data on the prevalence of exposure and/or the inability 
to prevent exposure with traditional public health prevention efforts.

Literature review
The literature search was conducted in PubMed using the search 
terms: asthma, child (age 0 to 17 years), and terms for each exposure 
including ‘secondhand smoke’, ‘environmental tobacco smoke’, ‘mold’, 
‘dampness’, ‘traffic pollution’, ‘particulate matter’, and ‘ozone’. Meta-anal-
yses were included if studies focused on children and contained at 
least one study from the United States. Peer-reviewed publications 
were included if (1) they were not already included in a relevant me-
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ta-analysis, (2) the study population included children under the age 
of 18, and (3) the study population was living in the United States. 
Seven meta-analyses and peer-reviewed studies were identified for 
the hazards of interest (Table 2): two on SHS, two on dampness and 
mold, one on traffic proximity, and two on PM2.5 and ozone.

Exposure prevalence
California-specific data on exposure to SHS were from the Califor-
nia Health Interview Survey12 and the American Housing Survey.14 
Estimates of prevalence of exposure to dampness and mold in the 
home were obtained from the American Housing Survey14 and indi-
vidual studies and meta-analyses.15,16 The percent of the population 
of children living within various proximities to major roads was based 
on a study conducted in Southern California by McConnell et al.17

County data from the U.S. Environmental Protection Agency were 
used to estimate the number of children exposed to various levels 
of PM2.5 and ozone.18 In 2006, county annual average concentrations 
of PM2.5 ranged from 5.19 μg/m3 in Lake County to 20.85 μg/m3 in 
Riverside County. Daily 8-hour maximum ozone levels for the ozone 
season for each county ranged from 0.030 ppm in Marin and San 
Francisco to 0.080 ppm in San Bernardino. The minimum concentra-
tions (that is, concentrations for Lake and Marin Counties) were used 
as reference values for purposes of the EAF calculation.

Results
The combined-hazard EAF for current childhood asthma was between 
20% and 41%, with 30% as a midpoint. Although using different meth-
ods and a more expansive definition of environment, this estimate is 
similar to Landrigan’s estimate of 30% (Range 10-35%) for the United 
States. Table 2 display the full results of the literature search, the expo-
sure prevalence estimates, and the hazard-specific EAFs.

 Limitations
These calculations only considered current, symptomatic asthma as 
an outcome. This limited the number of studies that could be in-
cluded in the calculation, as many studies focus on incident asth-
ma and exacerbations. The EAF may change if considering incident 
asthma or specific outcomes such as emergency room visits or hos-
pitalizations. Additionally, the calculations only considered hazards 
that fell within the definition of environment and had (1) evidence of 
association with childhood asthma and (2) available data on risk and 
prevalence associated with each hazard. Therefore, exposure to pests 
(rodents, cockroaches), pet dander, dust mites, chemicals found in 
cleaning products/perfumes, wood burning, pollen, and extreme 
weather events were excluded. Inclusion of some or all of these fac-
tors may have led to a larger estimate for the childhood asthma EAF.

There were also limitations in the data available for prevalence of 
various hazard exposures. Household population data on exposure 
to dampness and mold in the home from the American Housing 
Survey were generalized to the population of children in California. 
Data on traffic proximity were from a Southern California study and 
generalized to the whole population of children in California. While 
this study included participants from thirteen communities in South-
ern California, it likely does not perfectly represent the entire state. 
For ambient air pollution, estimates relied on county data, which as-
sume that all children in a county are exposed to similar concentra-
tions of pollutants.

Table 1. Hazards included in the EAF calculation for childhood asthma

Indoor hazards Outdoor hazards

Secondhand smoke
Dampness and/or mold

Proximity to traffic
PM2.5
Ozone
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Table 2. Data inputs and hazard-specific EAF estimates for childhood asthma

Categorical exposure measures

Hazard definition

Effect size (RR or OR) Exposure prevalence
Average 

hazard-specific 
EAF (%)Source

Estimate  
(95%-confidence interval) Source Estimate

Secondhand smoke

Household secondhand smoke Vork 200719 1.25 (1.21, 1.30) CHIS 200913 0.031 1.2
Range: 0.6–1.8Current smoker in home Pattenden 200620 1.20 (1.06, 1.35) AHS 201114 0.087

Dampness and mold

Mold Antova 200821 1.43 (1.20, 1.51) Spengler 199415 0.313
10.9

Range: 5.3–19.9
Dampness, mold, or mold odor Fisk 200722 1.53 (1.39, 1.68) AHS 201114 0.129

Mudarri 201116 0.470

Distance from major road

> 300 meters

McConnell 200617

1.00

McConnell 200617

0.434

12.2150–300 meters 1.04 (0.82, 1.33) 0.252

75–150  meters 1.33 (1.02, 1.72) 0.164

< 75 meters 1.50 (1.16, 1.95) 0.150

Continuous exposure measures

Hazard definition

Effect size (RR or OR) Reference concentration
Average 

hazard-specific 
EAF (%)Source

Estimate 
(95%-confidence interval) Source Estimate

PM2.5

per 5 μg/m3 increase Akinbami 201023 1.02 (0.97, 1.06)
U.S. EPA18 5.19 μg/m3 5.2

Range: 3.6-6.8per 10 μg/m3 increase Gasana 201224 1.06 (0.93, 1.21)

Ozone (O3)

per 5 ppb increase Akinbami 201023 1.08 (1.02, 1.14)
U.S. EPA18 30 ppb

19.7
Range: 0-39.4per 10 μg/m3 increase Gasana 201224 1.00 (0.94, 1.08)
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Childhood cancer
A combination of many factors may play a role in the development 
of childhood cancer, including genetics, environment, and parental 
exposures. Associations have been observed between childhood 
cancers and many environmental factors, including indoor radon; di-
agnostic X-rays and CT scans during gestations or childhood; house 
paint, glue, and solvent exposures; high levels of nitrate in drinking 
water; secondhand smoke; residence on a farm; exposure to pesti-
cides; living near high voltage electric power lines; air pollution; and 
parental occupational exposures.25,26,27 Due to the nature of child-
hood cancer, it is important to consider exposure to these hazards at 
various times in development — from parental exposure at the time 
of conception to childhood exposure before the time of diagnosis. 
By consulting a panel of experts, Landrigan et al. estimated the EAF 
for childhood cancer in the U.S. to be 5% (range: 2–10%), howev-
er the authors suggested that this was a very conservative estimate 
due to the lack of sufficient evidence available.

For the purposes of this report, focus was on the three most common 
childhood cancers: leukemia, lymphoma, and brain and other central 
nervous system (CNS) tumors. Childhood cancers were restricted to 
children age 0 through 14 years, because this is how childhood can-
cers are often reported by many cancer registries, and cancer types 
among children 0 –14 tend to be different than the cancer types 
among older patients, and therefore receive different treatment reg-
imens. The National Cancer Institute, for example, distinguishes child-
hood cancers as those occurring among children 0–14 years, and ado-
lescent and young adult cancers as those in patients age 15–39 years 
(www.cancer.gov/cancertopics/factsheet/Sites-Types/childhood). Due 
to different disease etiologies and associations with various hazards, 
each of the cancer types is considered separately before estimating a 
combined EAF for childhood cancer overall.

Environmental hazards that were associated with at least one of the 
cancer types were classified into seven categories reflecting different 
hazard types and exposure timing (Table 3). EAFs were calculated for 
single hazards using data on (1) the increase in risk of each type of 
childhood cancer associated with the hazard and (2) the prevalence 
of the exposure to the hazard among children ages 0 –14 in Califor-
nia or among parents during conception or pregnancy. Although 
there has been some research on associations with childhood can-
cer, exposure to electric power lines and nitrates in drinking water 
were excluded because of insufficient exposure data. In addition, di-
agnostic X-ray and CT scans were excluded from analysis because 
they are less subject to reduction through conventional public 
health practice (as these are core tools in clinical health).

Literature review
A literature search on risk factors for the three most common types of 
childhood cancer was completed using PubMed and Google Scholar, 
and the key words for childhood cancer, epidemiology, and each haz-
ard. Peer-reviewed individual studies and meta-analyses were included 

Table 3. Hazards included in the EAF calculation for childhood cancer 
and timing of exposure

Hazard Timing of exposure

Indoor radon Childhood

Secondhand smoke In-utero

Solvents In-utero and/or childhood

Parental occupational pesticides Periconception

Residential pesticides In-utero and/or childhood

Traffic pollution In-utero

Parental occupational traffic pollution Periconception

www.cancer.gov/cancertopics/factsheet/Sites-Types/childhood
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if the study population included children ages 0 to 14. Unlike the litera-
ture search for asthma, there were no geographic requirements for study 
inclusion. Relevant studies were examined to obtain the relative risk (RR) 
for childhood cancer associated with a given hazard. If risk ratios were 
not available, odds ratios were used as an approximation. The literature 
search for estimates of the risk associated with the seven categories of en-
vironmental hazards resulted in 14 studies and meta-analyses; 13 studies 
included childhood leukemia as an outcome, two studies included lym-
phoma, and three studies included brain and other CNS tumors (Table 4).

Exposure prevalence
County radon levels were used to estimate childhood exposure to 
various categories of indoor radon.28 Estimates of parental smoking 
during pregnancy were from the National Center for Health Statis-
tics29 and the California Health Interview Survey.30 For solvents and 
hydrocarbons, data were obtained from studies based in other areas 
of the United States.31,32,33 California data from the American Commu-
nity Survey were used to estimate parental occupational exposures 
to pesticides and air pollutants, as well as farm residence.34,35 Data on 
specific residential pesticide exposure from a statewide study in Cal-
ifornia;36 exposure to herbicides, insecticides, and general pesticides 
were estimated from the Northern California Childhood Leukemia 
Study.37 Carbon monoxide data were from a statewide study by Heck 
et al.,38 while county data from the U.S. Environmental Protection 
Agency were paired with 2010 Census data to estimate the number 
of children exposed to various levels of PM2.5 in the state.18

Results
Individual EAFs for childhood leukemia, lymphoma, and brain or 
other CNS cancers were estimated to be 20.8% (Range 11.7–29.9%), 
16.1% (Range 15–17.2%), and 2.0% (Range: 1.7–2.2%), respectively. 
Combining the type-specific EAFs according to the occurrence of 
each type in the population, an estimated 14.8% (Range: 9.4 – 20.7%) 
of childhood cancer cases were attributable to the environment. The 
California estimate is slightly higher than Landrigan et al.’s estimate 
of 5% (Range: 2 –10%). This may be due to a more inclusive defini-

tion of environment, increased data allowing for consideration of 
more hazards, different levels of exposure to hazards in California, or 
the self-described conservative nature of Landrigan et al.’s initial es-
timate. Tables 4 through 6 display the results of the literature search, 
the exposure prevalence estimates, and the hazard-specific EAFs.

Limitations
These calculations did not account for all cancers potentially related to 
environmental exposures. While leukemia, lymphoma, and brain and 
other CNS tumors account for the majority of childhood cancers, other 
cancers are likely to have different etiologies and risk factors and there-
fore a different proportion of cases are attributable to the environment. 
Additionally, the focus was on childhood cancer and calculations did not 
account for any onset of cancer at age 15 or later that may be related to 
exposures in-utero or childhood.

There are some hazards, including electromagnetic fields and nitrates in 
drinking water that have been linked to various childhood cancers, but 
are lacking data to estimate the prevalence of these exposures in Cali-
fornia or the United States. Although they are important risk factors for 
childhood cancer, exposure to CT Scans and X-rays in-utero and child-
hood were excluded from the calculations because they did not fit with-
in the definition of environmental pollutant. If additional environmental 
hazards were included, the resulting EAF estimate would be larger.

There were limitations in the data available for estimates of exposure 
prevalence to hazards. For indoor radon and air pollution, estimates re-
lied on county level data that were applied to the number of children liv-
ing in a county. This assumes that all children in a county had the same 
level of exposure. For exposure to solvents, California specific data were 
not available and estimates were used from individual studies based in 
the United States. To estimate exposures to pesticides or occupational 
hazards occurring near the time of conception or in utero, Census indus-
trial and occupational data from the adult population in California were 
generalized to apply to adults near the time of conception or pregnancy. 
This assumes that adults that are near the time of conceiving have simi-
lar occupational patterns as those in the general workforce.
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 Table 4. Data inputs and hazard-specific EAF estimates for childhood leukemia

Categorical exposure measures

Hazard definition

Effect size (RR or OR) Exposure prevalence
Average 

hazard-specific 
EAF (%)Source

Estimate 
(95%-confidence interval) Source Estimate

Indoor radon, childhood

in 5 years before diagnosis

11.7
Range: 8.7–14.7

<37 Bq/m3

Lubin 199839

1.00

Air Chek, Inc.28 

0.222

37–73 Bq/m3 1.30 (0.9, 1.8) 0.408

74–147 Bq/m3 0.91 (0.6, 1.3) 0.359

≥148 Bq/m3 1.44 (0.9, 2.3) 0.011

in 5 years before diagnosis

<37 Bq/m3

Steinbuch 199940

1.00

Air Chek, Inc.28

0.222

37–100 Bq/m3 1.22 (0.7, 2.1) 0.725

>100 Bq/m3 1.25 (0.6, 2.7) 0.053

Tobacco smoke, In-utero

Maternal smoking during pregnancy Boffetta 200041 1.10 (1.03, 1.19) NCHS 201129 0.020 0.2

Solvents & hydrocarbons

Parental exposure to solvents  
around pregnancy

Shu 199931

1.30 (1.0, 1.7)
Shu 199931 0.060

2.0
Range: 0.7–4.2

Parental exposure to plastics  
around pregnancy 2.30 (1.2, 4.4) 0.010

Father’s exposure to inhaled particulate 
hydrocarbons during periconception McKinney 200332 1.48 (1.19, 1.84) McKinney 200332

Mother lived in homes painted excessively 
(>4 rooms) in year before childs birth

Freedman 200133

1.70 (1.1, 2.7) Freedman 200133 0.063

Model building in home (>4 times/month) 
during childhood 1.90 (0.7, 5.8) 0.008

Artwork using solvents in home  
(>4 times/month) during childhood 4.10 (1.1, 5.1) 0.005

Parental occupational pesticide, in-utero

Paternal/maternal occupational 
exposure to agriculture/farming Van Maele-Fabry 201042 1.37 (0.97, 1.93) ACS 201234 0.013 0.9
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Categorical exposure measures

Hazard definition

Effect size (RR or OR) Exposure prevalence
Average 

hazard-specific 
EAF (%)Source

Estimate 
(95%-confidence interval) Source Estimate

Residential pesticides, in-utero or childhood

Metam sodium used within half mile of 
residence at time of birth

Reynolds 200536 Reynolds 200536

10.5
Range: 0.8–19.8

<1 lb/mi2 1.00 0.980

1-208 lbs/mi2 0.83 (0.36, 1.91) 0.011

209-8254 lbs/mi2 2.05 (1.01, 4.17) 0.009

Dicofol used within half mile of 
residence at time of birth

<1 lb/mi2 1.00 0.970

1-9 lbs/mi2 0.75 (0.36, 1.55) 0.016

10-454 lbs/mi2 1.83 (1.05, 3.22) 0.016

Residential exposure to pesticides 
during or after pregnancy Van Maele-Fabry 201143 1.74 (1.37, 2.21)

Guha 2013*37

0.285

Outdoor herbicides during pregnancy

Infante-Rivard 199944

1.84 (1.32, 2.57) 0.190

Insecticides used in home for cockroaches, 
ants, flies, bees, wasps during pregnancy 1.79 (1.34, 2.40) 0.313

Insecticides used in home for cockroaches, 
ants, flies, bees, wasps during childhood 1.38 (1.07, 1.77) 0.313

Outdoor herbicides during childhood 1.41 (1.06, 1.86) 0.266

Parental occupational traffic pollution, periconception

Father’s occupation as driver during 
periconception McKinney 200332 1.36 (1.10, 1.68) ACS 201234 0.032 1.1

Residential traffic pollution, in-utero

Carbon monoxide from traffic

Heck 201338 Heck 201338 9.2
Range: 7.6–10.7

Quartile 1 1.00 0.250

Quartile 2 1.07 (0.90, 1.27) 0.250

Quartile 3 1.14 (0.96, 1.35) 0.250

Quartile 4 1.12 (0.94, 1.34) 0.250
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Table 5. Data inputs and hazard-specific EAF estimates for childhood lymphomas

Effect size (RR or OR) Exposure prevalence
Average 

hazard-specific 
EAF (%)Hazard definition Source

Estimate  
(95%-confidence interval) Source Estimate

Tobacco smoke, In-utero  

Maternal smoking during pregnancy Boffetta 200041 1.10 (1.03, 1.19) NCHS 201129 0.020 0.2

Parental occupational pesticides, in-utero

Maternal occupational exposure around pregnancy Meinert 200045 4.10 (1.1, 16) ACS 201234 0.008 2.4

Residential pesticides, in-utero or childhood

Residential use by professional pest controllers 
between the year of birth and the date of diagnosis Meinert 200045 2.60 (1.2, 5.7) Guha 201337 0.110 15.0

Table 6. Data inputs and hazard-specific EAF estimates for childhood brain and other CNS tumors

Hazard definition

Effect size (RR or OR) Exposure prevalence
Average 

hazard-specific 
EAF (%)Source

Estimate  
(95%-confidence interval) Source Estimate

Tobacco smoke, In-utero   

Maternal Smoking during pregnancy
Boffetta 200041

1.10 (1.03, 1.19) NCHS 201129 0.020 1.7
Range: 0.2–3.3Paternal smoking during pregnancy 1.22 (1.05, 1.40) CHIS 2011–1230 0.154

Parental occupational pesticides, in-utero

Parental occupational exposure to pesticides 
(meta-analysis of case-control studies)

Van Maele-Fabry 201346

1.30 (1.11, 1.53)
ACS 201234

0.013
0.5

Range: 0.4–0.7Parental occupational exposure to pesticides 
(meta-analysis of cohort studies) 1.53 (1.20, 1.95) 0.013

Residential pesticides, in-utero or childhood

Farm residence during childhood Efird 200347 1.30 (1.0, 1.7) Census 2000 0.003 0.1

Continuous exposure measures

Hazard definition

Effect size (RR or OR) Reference concentration

Source
Estimate 

(95%-confidence interval) Source Estimate

PM2.5 per 7.84 µg/m3 increase, in-utero Heck 201338 1.1 (0.92, 1.30) U.S. EPA18 N/A

*Guha 2013 provides several estimates for exposure to pesticides in pregnancy and early childhood from the Northern California Childhood Leukemia Study. For some exposures, there are multiple estimates of the prevalence of 
exposure. Therefore the most conservative estimate was used for the EAF calculation, explaining why multiple hazards may have the same exposure prevalence.
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