
Alternatives to Ethylene Oxide 

 

History of Ethylene oxide:  

Ethylene oxide has been in commercial use for approximately 90 years.  It was initially used in 

the agricultural context to prevent Japanese beetle dispersion1.  In the medical field, ethylene 

oxide has been used for decades as an established means to effectively sterilize heat sensitive 

materials. However, ethylene oxide is a highly flammable compound with carcinogenic and 

mutagenic properties.   In order to mitigate its toxicity (documented since the mid-20th 

century), it was historically mixed with chlorofluorocarbons (CFCs) in an 88%CFC/12%EO 

mixture1.  In the 1980’s the Clean Air Act was passed and the US EPA raised concern over 

ethylene oxide as an air pollutant in a Federal Register notice—the “Assessment of Ethylene 

Oxide as a Potentially Hazardous Air Pollutant”2.  The industry standard of using CFCs was then 

further altered in 1989 with the passing of the Montreal Protocol, which was signed and ratified 

by all UN member nations, in the effort to reduce the depletion of the ozone layer.  After the 

passage of the Montreal Protocol, sterilization with ethylene oxide was shifted to pure ethylene 

oxide1.  While that reduced the CFC burden on the atmosphere, the use of 100% ethylene oxide 

in sterilization resulted in increased flammability and toxicity of the sterilant. In 2008, the 

International Association for Research on Cancer declared ethylene oxide (EtO) a Group 1 

carcinogen3.   In December 2016, the United States EPA also classified ethylene oxide as 

carcinogenic to humans4.  Concurrent with the increased awareness of the toxicity of EtO as 

well as the restriction of use of CFCs, the industry has seen an emergence of alternative 

technologies that improve sterilization time and reduce toxicity. 

 

Alternative sterilization options: 

Until the 1990’s, ethylene oxide remained the dominant form of sterilization for temperature-

sensitive materials. However, the last two decades have seen an emergence of alternative 

sterilization options.5 ,1 ,6  Alternatives include: 

1) Peracetic acid 

2) Radiation (gamma and electron beam) 

3) Vapor-Phase Hydrogen Peroxide 

4) Plasma (hydrogen peroxide) 

5) Hydrogen peroxide and ozone 

6) Nitrogen Dioxide 



 

 

The following chart describes advantages and disadvantages of the sterilization methods1,7,8,9,10: 

 Advantages Disadvantages 

Hydrogen 
peroxide vapor 
or plasma 

Safe for the environment, worker 
Shorter processing time 

No toxic residues 

Used for heat and moisture sensitive 
items 

Potential material incompatibility 
with brass, zinc, copper, 
nickel/silver plating 

Eye damage with contact 

Cannot be used for cellulose like 
linen and paper 

Peracetic acid Environmentally friendly byproducts 

Safe to workers 

Potential material incompatibility 

Used for immersible instruments 
only 

Gamma 
radiation 

60-year history  

No harmful emissions 

Entire volume of product is sterilized 

Gas-permeable packaging is not 
needed 

Possible harmful changes in some 
plastics and tissue allografts 

Question of safety of consumption 
of irradiated food 

Requires requalification of 
irradiator operation annually 
(approx.) 

E-beam 60-year history 

No harmful emissions 

Uses less product within the irradiator 
than gamma 

Fast processing time 

Not suitable for products with 
challenging product geometries 
and localized high-density 
materials 

Nitrogen dioxide Readily penetrates packaging and 
complex geometry 

Nontoxic/noncarcinogenic residuals  

Fast processing time 

Limited compatibility questions 
with certain plastics 

Not fully available 
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While ethylene oxide is effective in the sterilization of plastics, and the benefits of using a single 

sterilant with high product compatibility makes a strong argument for the continued use of EtO, 

the following chart also demonstrates there are alternative sterilization methods available for 

almost every plastic without the added risk of ethylene oxide11: 

 



 

“Plastics Sterilization Compatibility.” Industrial Specialities Mfg & IS Med Specialties. 

https://www.industrialspec.com/resources/plastics-sterilization-compatibility/ 

 

Medical Sterilization: 

Medical device and product sterilization is essential to maintain the safety and health of 

patients undergoing medical interventions.  There are two main categories for medical 

sterilization—the sterilization of reusable materials and the sterilization of disposables.   

Hospitals primarily sterilize reusable materials.  Over the past decade, many hospitals have 

successfully moved away from use of ethylene oxide due to its cost, inefficiency, and toxicity.  

Some documented transitions in hospital settings are noted below: 

https://www.industrialspec.com/resources/plastics-sterilization-compatibility/


1) Early implementers of alternatives:  Mary Hitchcock Memorial Hospital in Lebanon, New 

Hampshire documented its efforts in 2002. This hospital implemented use of both 

peracetic acid and hydrogen peroxide plasma devices and was able to significantly 

reduce its ethylene oxide use12.   

2) In 2008, the Kaiser Health system documented its effort to reduce their ethylene oxide 

sterilization burden13.  

3) By 2014, St. Joseph Hospital and Medical Center in Phoenix demonstrated even further 

success in reduction of ethylene oxide sterilization usage.  St. Joseph was able to 

eliminate 100% of its use of ethylene oxide by substituting it with a hydrogen peroxide 

sterilization system. After implementation they were able to increase the output of 

sterile devices by 250%14.     

In many Chicago-area hospital systems, there has been a large shift away from ethylene oxide, 

consistent with the above-mentioned efforts.  Advocate Good Samaritan and the entire 

Advocate system shifted away from ethylene oxide approximately a decade ago. Saint Anthony 

Hospital eliminated use in 2014, and Swedish Covenant Hospital terminated use in 201515.  

On the other hand, in the arena of disposable sterilization, ethylene oxide remains a major 

player. The sterilization of disposable medical materials occurs largely at manufacturers or off-

site, contract sterilization companies.  In this environment, ethylene oxide is the most 

commonly used sterilization method (50%), followed by gamma radiation (40%), and then other 

less commonly used methods1.  One of the challenges with shifting away from ethylene oxide 

has been in sterilization of products with long, small lumens. However, as demonstrated in the 

shift in sterilization methods used in hospitals, industry innovation and advancement can allow 

for safer sterilization alternatives to take hold as the dangers of ethylene oxide sterilization are 

recognized.  Just as the Clean Air Act and the Montreal Protocol were passed to protect our 

environment and precipitated a burst of innovation, new policy changes to safeguard the health 

of our population should surely encourage a healthy shift in commercial disposable sterilization 

practices. 

 

Lena Shahbandar, MD 
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The Agency for Toxic Substances and Disease Registry (ATSDR) is a federal 
public health agency based in Atlanta, Georgia with a Regional Office in 
Chicago, Illinois. Our mission is to protect communities from harmful health 
effects related to exposure to natural and man-made hazardous substances 
in the environment. ATSDR staff are working with the City of Willowbrook, 
the DuPage County Health Department, the Illinois Department of Public 
Health (IDPH), the U.S. Environmental Protection Agency (USEPA), and the 
Illinois EPA to determine whether ethylene oxide released into the air from the 
Sterigenics International facility may cause health problems in people who live 
in the Willowbrook community.
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Fact Sheet on ATSDR consultation 
for USEPA on Willowbrook, Illinois

ETHYLENE OXIDE

What is ethylene oxide and what 
is it used for?

Ethylene oxide is a chemical used in a 
wide range of industrial applications. 

It is also used to sterilize medical 
equipment. Companies also use it 

in place of steam to sterilize spices, 
cosmetics, and plastic devices. 

How can I protect my health 
and my family?

If you are worried about ethylene oxide 
exposures, talk with your doctor about 

your concerns. Regular screenings, 
such as a mammogram and complete 
blood count, help identify cancer and 

ensure early treatment. 

Who else can I talk to about 
medical questions? 

Along with talking to your doctor, you 
can contact the Great Lakes Center for 
Children’s Environmental Health at the 

University of Illinois at Chicago 

Web site: 
http://publichealth.uic.edu/great-lakes/

childrens-health 
Phone: 866-967-7337

What did ATSDR do? 

Our scientists: 

• estimated community exposures using USEPA 
measurements and computer modeling of ethylene oxide in 
the air.

• wrote a Letter Health Consultation to USEPA, published 
August 21, 2018, that discussed possible health concerns 
linked to exposures to ethylene oxide released from the 
Sterigenics International facility. ATSDR also released a public 
health statement about the letter health consultation on 
August 27, 2018.

• recommended to USEPA that Sterigenics take action to 
reduce ethylene oxide emissions from the Willowbrook facility 
and to conduct air monitoring to confirm effectiveness.

• recommended the IDPH conduct a cancer incidence review.

• learned recently there are potential issues with the 
way ethylene oxide was measured by USEPA. ATSDR 
is revising the report to acknowledge this information. 
The conclusions and recommendations are based on 
both modeled and measured exposures. The potential 
measurement issue only applies to the measured exposures. 
As a result, our overall conclusions and recommendations 
have not changed.

http://publichealth.uic.edu/great-lakes/childrens-health
http://publichealth.uic.edu/great-lakes/childrens-health


ATSDR’s Public Health 
Conclusions from the 
August 2018 report
• Ethylene oxide levels in residential and 

business areas around Sterigenics were 
below those that cause immediate or 
short-term health effects. 

• Long-term exposure to ethylene oxide in 
ambient air increased cancer risk. People 
living and working closest to Sterigenics, 
who may have been exposed to ethylene 
oxide over many years, have a higher 
risk of developing cancer above their 
background risk (specifically, breast 
and lymphoid cancers).

Current Actions
• Since the data used in the health consultation 

was collected in May 2018, Sterigenics voluntarily 
installed pollution controls in July 2018 to reduce 
ethylene oxide releases to the air. Information about 
emissions testing can be found on the USEPA 
webpage at https://www.epa.gov/il/sterigenics-
willowbrook-facility

• USEPA is planning new air quality monitoring 
to measure current levels of ethylene oxide. 
ATSDR will review this data to determine if further 
recommendations are needed. We will publish 
a health consultation to update USEPA and the 
community of our findings.

• The IDPH Cancer Registry is conducting a review 
of reported rates for the occurrence of breast and 
lymphoid cancers in the Willowbrook area to see 
if they differ from those of other communities in 
DuPage County and across Illinois.

How can I learn more?
You can learn more about ethylene oxide and Sterigenics from 
the following websites:

ATSDR
https://www.atsdr.cdc.gov/HAC/pha/sterigenic/Sterigenics_
International_Inc-508.pdf

EPA 
https://www.epa.gov/hazardous-air-pollutants-ethylene-oxide/
frequent-questions-ethylene-oxide 

National Institutes of Health/National Cancer Institute 
https://www.cancer.gov/about-cancer/causes-prevention/risk/
substances/ethylene-oxide

Cancer risk estimates help ATSDR decide whether 

to make health recommendations aimed at 

reducing exposures to protect the health of the 

public. ATSDR’s cancer risk estimates do not 

predict the actual number of cases of cancer that 

might result from ethylene oxide exposures. Sterigenics facility, Willowbrook, Illinois

Who can I call if I have 
more questions? 

If you have questions or comments, call 
Mark Johnson (mdjohnson@cdc.gov), ATSDR’s 
regional director (Region 5) or Michelle Colledge 
(mcolledge@cdc.gov), ATSDR environmental 
health scientist, at (312) 886-0840 or toll-free at 
1-800-CDC-INFO (232-4636) and ask for the 
Sterigenics site.

https://www.atsdr.cdc.gov/HAC/pha/sterigenic/Sterigenics_International_Inc-508.pdf
https://www.atsdr.cdc.gov/HAC/pha/sterigenic/Sterigenics_International_Inc-508.pdf
https://www.epa.gov/hazardous-air-pollutants-ethylene-oxide/frequent-questions-ethylene-oxide
https://www.epa.gov/hazardous-air-pollutants-ethylene-oxide/frequent-questions-ethylene-oxide
https://www.cancer.gov/about-cancer/causes-prevention/risk/substances/ethylene-oxide
https://www.cancer.gov/about-cancer/causes-prevention/risk/substances/ethylene-oxide
mailto:mdjohnson@cdc.gov
mailto:mcolledge@cdc.gov
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Ethylene Oxide and Hydrogen Peroxide Gas 
Plasma Sterilization: Precautionary Practices  
in U.S. Hospitals
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Objective: Evaluate precautionary prac-
tices and extent of use of ethylene oxide 
(EtO) and hydrogen peroxide gas plasma 
(HPGP) sterilization systems, including 
use of single chamber EtO units. 

Design: Modular, web-based survey.

Participants: Members of professional 
practice organizations who reported us-
ing EtO or HPGP in the past week to ster-
ilize medical instruments and supplies. 
Participating organizations invited mem-
bers via email which included a hyperlink 
to the survey.

Methods: Descriptive analyses were con-
ducted including simple frequencies and 
prevalences.

Results: A total of 428 respondents com-
pleted the module on chemical sterilants. 
Because most respondents worked in hos-
pitals (87 %, n = 373) analysis focused on 
these workers. Most used HPGP steriliz-
ers (84 %, n = 373), 38% used EtO steri-
lizers, with 22 % using both. Nearly all 
respondents using EtO operated single 
chamber units (94 %, n = 120); most of 
them reported that the units employed 
single use cartridges (83 %, n = 115). Ex-
amples of where engineering and admin-
istrative controls were lacking for EtO in-
clude: operational local exhaust ventilation 
(7 %; n = 114); continuous air monitoring 
(6 %; n = 113); safe handling training (6 %; 
n = 142); and standard operating proce-
dures (4 %; n = 142). Examples of practices 
which may increase HPGP exposure risk 
included lack of standard operating pro-
cedures (9 %; n = 311) and safe handling 
training (8 %; n = 312).

Conclusions: Use of precautionary practic-
es was good but not universal. EtO use ap-
pears to have diminished in favor of HPGP 
which affords higher throughput and mini-
mal regulatory constraints. Separate EtO 
sterilization and aeration units were still 
being used nearly one year after U.S. EPA 
prohibited their use. 

unit (1). Cycle times, including steriliza-
tion and aeration, can range from 10.5 to 
14.5 hours (2). 
EtO sterilization requires a lengthy (8 
to 12 hours) aeration to purge EtO from 
treated materials so that they do not harm 
patients or workers. When sterilization 
and aeration are done in separate units, 
healthcare workers can be exposed to EtO 
when transferring off-gassing loads from 
the sterilizer to the aerator. As a means 
of lowering ambient workplace EtO lev-
els and reducing long-term non-cancer 
and potential cancer risks associated with 
exposure to EtO, the U.S. Environmental 
Protection Agency (EPA) required hospi-
tals and healthcare facilities to use a sin-
gle chamber process for EtO which com-
bines sterilization and aeration in a single 
unit (3). This requirement became effec-
tive on March 1, 2010, following an initial 
announcement in March 2008 which al-
lowed time for employers to comply (4).  

 | Introduction
Sterilization has been done for many dec-
ades in healthcare settings and is essential 
to ensure surgical instruments and med-
ical supplies do not transmit infectious 
pathogens to patients. Although steam 
sterilization is highly effective and envi-
ronmentally friendly, the introduction of 
heat and/or moisture sensitive medical 
devices prompted the development of low 
temperature chemical sterilization meth-
ods. Ethylene oxide (EtO) was first used 
as a chemical sterilant in healthcare set-
tings in the 1950s (1). Because of stringent 
health, safety and environmental regula-
tory requirements and lengthy processing 
times, ”safer“ and more expedient alter-
natives have since been introduced. These 
include hydrogen peroxide gas plasma 
(HPGP), vaporized hydrogen peroxide, 
and immersion and vapor phase peracet-
ic acid (2). Sterilizers utilizing steam, EtO, 
and HPGP are predominantly used in high 
throughput applications typically found in 
hospital central sterile supply (CSS) de-
partments. These and other chemical ster-
ilants are also used to a lesser extent in 
point-of-use applications.
EtO sterilization systems commonly found 
in hospitals utilize EtO from two sources: 
1) single use cartridges of 100 % EtO, and 
2) compressed gas cylinders or tanks of 
100 % EtO or EtO mixed with chlorofluoro- 
carbons (CFCs) or carbon dioxide (CO2). 
Use of EtO mixtures has decreased fol-
lowing the ban of ozone-depleting CFCs 
in the mid-1990s and stability and pres-
sure issues associated with CO2. Single 
use cartridges eliminate exposure risks 
associated with piping leaks and cylinder 
changes because they are punctured au-
tomatically while enclosed in the sterilizer 
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choice, multi-part, yes/no and numeric. 
The questions sought information relative 
to the past week unless otherwise noted. 
To minimize response error, photos were 
included of various types of respirators. 

Data Analysis
Data were analyzed using SAS 9.3.20 Sim-
ple frequencies and prevalences are pre-
sented. Stratification was used to further 
describe and compare and contrast ex-
tent of use and process characteristics of 
EtO and HPGP. Results include respons-
es to questions in the chemical sterilants 
module and selected questions in the core 
module that describe demographic, em-
ployer and occupation characteristics. Age 
was estimated by subtracting respond-
ents’ year of birth from the year the survey 
took place, 2011. States where respondents 
worked were aggregated into 4 U.S. Cen-
sus regions (Northeast, Midwest, South 
and West). No a priori hypotheses were 
proposed therefore statistical tests were 
not performed. 

Human Subjects Review
The NIOSH Institutional Review Board 
determined that the activities in this pro-
ject were surveillance and did not meet the 
criteria of research according to 45 CFR 
46.1101(b)(2) and CDC Guidelines for De-
fining Public Health Research and Public 
Health Non-Research (21).

 | Results
Respondent Characteristics 
There were 428 respondents who steri-
lized medical instruments and supplies 
using EtO (n = 142) and/or HPGP (n = 313) 
during the past week. Of these, 373 (87 %) 
reported that they most often sterilized in 
hospitals, predominantly in the CSS de-
partment (92 %) or in other hospital are-
as (8 %). The remaining respondents who 
sterilized in non-hospital settings (e. g. 
outpatient care centers, physician and den-
tal offices) were excluded from the anal-
ysis because there were relatively few in 
each setting for meaningful interpretation 
of the data. 
Nearly all (98 %) of the 373 respondents 
who worked in hospitals completed the 
core module and are characterized by de-
mographic and other descriptive informa-
tion. Respondents were predominantly 
female (72 %), non-Hispanic (91 %) and 
older than 40 years of age (81 %) The ma-

the carcinogenicity of hydrogen peroxide 
in humans (17).
The primary objective of this study was to 
describe exposure control practices used 
to minimize exposures to EtO and HPGP, 
characterize the extent of use of EtO and 
HPGP sterilization, and assess compliance 
with EPA’s requirement for employers to 
use a single chamber process for EtO. 

 | Methods
Survey Methodology 
The NIOSH Health and Safety Practices 
Survey of Healthcare Workers was a vol-
untary, anonymous, modular web-based 
survey conducted in early 2011. The study 
population primarily included members of 
professional practice organizations repre-
senting central supply technicians. Partici-
pating organizations invited members via 
email which included a hyperlink to the 
survey. Practices associated with the use 
of high level disinfectants in point-of-use 
applications were addressed in a separate 
hazard module and reported elsewhere.18 
Methods used to develop, test and imple-
ment the survey, along with its strengths 
and limitations, have been published pre-
viously (19).

Survey Instrument
The web survey instrument included a 
screening module, 7 hazard modules ad-
dressing selected chemical hazards com-
monly found in healthcare settings, and a 
core module. Participants were eligible to 
complete the hazard module on chemical 
sterilants if they responded ”yes“ to the 
screening question asking whether they 
used EtO or HPGP to chemically sterilize 
medical or dental devices, instruments or 
supplies during the past 7 calendar days 
(hereafter referred to as the past week). It 
was possible for respondents to complete 
the chemical sterilants hazard module and 
not the core module. In those cases, de-
mographic information was unavailable.
Most questions were presented to all re-
spondents. However, questions addressing 
PPE, medical surveillance, and person-
al exposure monitoring were presented 
only to respondents who used automat-
ed EtO sterilizers with compressed gas 
cylinders or manual sterilizers utilizing 
glass ampules containing liquid EtO be-
cause these systems present the greatest 
potential for EtO exposure. The format of 
the questions varied including multiple 

Additionally, state or local regulations may 
require that EtO emissions from the aera-
tion process be treated with an air pollu-
tion control device. 
Sterilization using HPGP is considered an 
environmentally safer and more time-ef-
ficient alternative to EtO with cycle times 
of 75 minutes (2). One of the first steriliz-
er systems using HPGP approved by the 
U.S. Food and Drug Administration was 
the SterradTM system (5). Under normal 
conditions, operator contact with either 
the liquid or plasma hydrogen peroxide 
is negligible; liquid hydrogen peroxide is 
contained in a sealed cassette which is 
punctured only after the sterilizer door 
is closed. By-products include water and 
oxygen which are nontoxic and eliminate 
the need for aeration (2). 
Acute exposure to EtO may result in respir-
atory irritation, headache, nausea, cough-
ing, shortness of breath, and cyanosis (6). 
Chronic exposure to EtO has been associ-
ated with the occurrence of cancer, repro-
ductive effects, mutagenic changes, neuro-
toxicity, and sensitization (6). Occupational 
exposure in healthcare facilities has been 
linked to an increased risk of spontaneous 
abortions and various cancers (7–9). Inju-
ries (e. g., tissue burns) to patients have 
been associated with EtO residues in im-
plants used in surgical procedures (10). 
The International Agency for Research on 
Cancer (IARC) has determined that EtO is 
carcinogenic to humans (11, 12). NIOSH 
recommends that EtO be regarded in the 
workplace as a potential occupational car-
cinogen in the workplace (9). Guidelines 
for the safe use and handling of EtO includ-
ing recommended engineering controls, 
personal protective equipment (PPE), and 
work practices have been published by  
NIOSH and OSHA (13, 14).
Occupational exposure to hydrogen per-
oxide primarily occurs via inhalation and 
contact with the skin and eyes. In a food 
sterilization process, inhalation of hydro-
gen peroxide vapors caused irritation of 
the eyes, nose and throat of exposed work-
ers (15). Irritation and redness of the skin 
can develop following contact with liquid 
solutions; burns with blisters have devel-
oped following exposure to concentrated 
solutions. Eye contact with liquid hydro-
gen peroxide causes irritation and red-
ness; corneal ulcerations have developed 
following contact with concentrated solu-
tions (16). Inadequate evidence exists of 
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jority of respondents were white (81 %); 
some reported that they were black (15 %), 
Asian (3 %) or another race (4 %). Educa-
tion level varied, with most reporting up to 
Grade 12 (38 %) or having either a voca-
tional certificate (26 %) or Associate’s de-
gree (20 %). One-sixth (17 %) were mem-
bers of labor unions. 
Respondents categorized themselves as 
technicians/technologists (90 %); nurses 
(7 %) and other healthcare workers (Ta-
ble 1). Central supply processing techni-
cians, sterile technicians, and surgical 
technologists represented the major re-
spondent groups. Two-thirds of respond-
ents (67 %) had 6 or more years of ex-
perience in their current occupation, and 
61 % reported working for their current 
employer for 10 years or less. Seventy-one 
percent of employers had 250 or more em-
ployees. Most employers (57 %) were non-
profit; 31 % were for-profit with the re-
maining employers being publicly-owned 
establishments. Respondents worked in 
states equally represented by the 4 major 
U.S. Census regions and over half (57 %) 
worked in a large city.  

Training, Professional Certification, Availa-
bility of Employer Procedures and Familiar-
ity with OSHA Guidelines
Nearly all respondents using EtO were 
trained (94 %), reported that their em-
ployer had standard procedures for steri-
lizing with EtO (96 %), and were familiar 
with OSHA guidelines (94 %) (Table 2). Of 
those trained, 40 % reported that it had 
been more than 12 months ago. By com-
parison, a slightly lower proportion of re-
spondents who used HPGP was trained 
(92 %) and reported that their employer 
had standard procedures (91 %). Of the 
HPGP users who had received training, al-
most half (46 %) reported that it had been 
more than 12 months ago. Most respond-
ents using EtO and/or HPGP reported that 
they had achieved professional certifica-
tion (88 %). Primary sources included the 
International Association of Healthcare 
Central Service Materiel Management and 
the Certification Board for Sterile Process-
ing and Distribution. 

EtO and HPGP System Characteristics
When asked about the type of sterilization 
system used, 84 % of respondents report-
ed HPGP, 38 % EtO, and 22 % used both 
(Table 3). Most (94 %) respondents using 

Table 1. Occupation and Employer Characteristics of Respondents

Characteristic % of Respondents

Occupation (n* = 360)

Technician/technologist 90

Nurse 7

Other 3

Years in current occupation (n = 358)†

< 1 4

1–5 29

6–10 20

11–20 24

21–30 16

>30 7

Years with current employer (n = 358)†

<1 7

1–5 34

6–10 20

11–20 29

>20 18

Employer ownership type (n = 349)†

Non-profit 57

For profit 31

State, city, county or district government 7

Federal government 5

Size of employer (# of employees) (n = 357)

<9 7

10–99 15

100–249 7

250–1,000 27

>1,000 44

Employer location by population density (n = 357)†

Large city (> 50,000 people) 57

Small city (< 50,000 people) 22

Suburbs (areas adjacent to cities) 12

Rural 10

Employer geographic region ‡ (n = 284)†

South 25

Midwest 27

West 24

Northeast 23

* Number of respondents varied for individual items (e.g., number of eligible respon-
dents less number who elected not to answer).
† Percent totals do not add up to exactly 100 due to rounding.
‡ Based on four U.S. Census regions: Northeast = CT, ME, MA, NJ, NH, NY, PA, RI, VT; 
Midwest = IL, IN, IA, KS, MI, MN, MO, NE, ND, OH, SD, WI; South = AL, AR, DE, DC, FL, 
GA, KY, LA, MD, MS, NC, OK, SC, TN, TX, VA, WV; West = AK, AZ, CA, CO, HI, ID, MT, 
NM, NV, OR, UT, WA, WY.
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(n = 19) who operated units using com-
pressed gas cylinders. The 6 respondents 
using EtO systems with separate steriliza-
tion and aeration were inadvertently ex-
cluded as noted above. A medical surveil-
lance program, as defined in the survey, 
may include a work history, physical exam, 
and blood and/or urine tests. There was no 
medical surveillance of the 19 respond-
ents. Eight of the respondents (42 %) re-
ported that their employer did not provide 
such a program, 9 (47 %) were unaware 
whether their employer had a program, 
and 2 (11 %) opted out of participating in 
their program.
Respondents (n = 19) were asked wheth-
er or not exposure monitoring had been 
conducted in the past 12 months to assess 
personal or co-worker exposure to EtO. 
Thirty-seven percent reported ”it had“, 
42 % reported ”it had not“ and 21 % were 
unaware whether or not it had been done. 

 | Discussion
This survey is one of the first to charac-
terize precautionary practices and extent 
of use of EtO and HPGP sterilization sys-
tems in hospitals. The timing of the sur-
vey (January – March 2011) also afforded 
the opportunity to evaluate compliance 
with EPA’s requirement that a single cham-
ber unit be used when sterilizing medical 
equipment with EtO which became effec-
tive on March 1, 2010. 
With the exception of the 6 respondents 
who reported using separate units for EtO 
sterilization and aeration, all of the EtO 
and HPGP sterilization systems used in 
hospitals were automated closed-system 
processes which, under normal operating 

ents using single chamber EtO sterilizers 
reported that LEV was not present above 
the door of the unit, while an additional 
19 % who did not know. Six percent of 
respondents using single chamber EtO 
sterilizers reported that a continuous EtO 
monitor was not located near the steriliz-
er and 6 % did not know. Over a third of 
respondents (37 %) reported that the gas 
cylinders for the single chamber sterilizers 
were located in the same room as the steri-
lizer. Of the 6 respondents who reported 
using EtO sterilization systems with sep-
arate aeration chambers, 4 reported that 
LEV was present above the sterilizer door 
(2 didn’t know) and 3 reported that a con-
tinuous EtO monitor was present near the 
sterilizer (3 didn’t know).

Respiratory Protection for EtO
Only respondents using EtO units with 
compressed gas cylinders (n = 19) were 
queried regarding the use of respirato-
ry protection. Mistakenly excluded from 
these questions were the 6 respondents 
who used separate units for sterilization 
and aeration. None of the 19 respondents 
reported using a respirator while operat-
ing the EtO unit, although 4 reported us-
ing a surgical mask. Primary reasons for 
not wearing respirators included ”an engi-
neering control was being used“ (50 %), 
”exposure was minimal“ (33 %), and ”not 
part of our protocol“ (28 %).  

Medical Surveillance and Exposure Moni-
toring 
Questions about participation in a medical 
surveillance program and exposure moni-
toring were presented only to respondents 
who used EtO and, of these, only to those 

EtO operated single chamber units, though 
a small number (6 respondents) reported 
using separate sterilization and aeration 
units. Of those who operated single cham-
ber units, most (83 %) reported that the 
EtO source was single-use cartridges in-
stead of compressed gas cylinders. All 6 
respondents who operated separate units 
for EtO sterilization and aeration reported 
that the sterilizer units used single-use 
cartridges. Five of these respondents re-
ported that transferring loads from the 
sterilizer to the aerator lasted no more 
than 2 minutes and 1 reported that it last-
ed more than 6 minutes (Table 3). 
Additional characteristics are presented 
separately for EtO and HPGP sterilization 
processes, including number of years the 
respondent had been chemically steriliz-
ing medical instruments and supplies, 
number of days sterilizing and number 
of loads processed in the past week, and 
whether the number of loads processed 
were typical (Table 3). Marked differ-
ences were noted – EtO sterilization sys-
tems were used by respondents for more 
years, but for fewer days and loads in the 
past week compared to HPGP. Of the re-
spondents using EtO, over a third (37 %) 
sterilized for 11 or more years, nearly half 
(48 %) sterilized for 2 or fewer days in the 
past week, and 56 % processed 3 or fewer 
loads per week. By comparison, most re-
spondents (83 %) using HPGP sterilized 
for 10 or fewer years, 56 % sterilized for 
5 or more days in the past week, and over 
half (52 %) processed more than 11 loads 
per week. Between 80 % and 90 % of each 
group reported that the number of loads 
processed was the same as usual; how-
ever, a slightly greater proportion of re-
spondents using HPGP reported that the 
number of loads processed was fewer than 
usual (13 % vs 7 %).

Administrative and Engineering Controls 
for EtO
Respondents who used both types of EtO 
sterilizer systems (i. e., single chamber 
unit and separate sterilization and aeration 
units) were asked about specific engineer-
ing and administrative controls including 
the presence of local exhaust ventilation 
(LEV) above the sterilizer door, continu-
ous EtO air monitors near the sterilizer, 
and whether gas cylinders were located in 
a different room than the sterilization pro-
cess (Table 4). Seven percent of respond-

Table 2: Training, Employer Standard Procedures and Familiarity with OSHA 
Guidelines 

Training/Standard Procedures
EtO HPGP

n % Yes n % Yes

Training on safe handling procedures 142 94 312 92

> 12 months ago 133 40 286 46

≤ 12 months 133 60 286 54

Employer has standard procedures 142 96 311 91

Familiar with OSHA guidelines 142 94 –* –*

EtO = ethylene oxide; HPGP=hydrogen peroxide gas plasma

* There are no OSHA guidelines for HPGP
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conditions and proper maintenance, repre-
sent minimal exposure risk to healthcare 
workers. Our survey did not ask respond-
ents whether or not there were any equip-
ment malfunctions in the recent past that 
activated alarms or resulted in acute health 
problems, whether or not environmental 
monitoring had been conducted for HPGP 
sterilizers, and information about the per-
formance and maintenance of LEV sys-
tems. This information should be included 
in future studies.
Our survey showed that more than twice as 
many respondents reported using HPGP 
vs EtO sterilizers. This was not unexpect-
ed considering the regulatory constraints 
for EtO, coupled with sterile processing 
advantages of HPGP (much shorter pro-
cessing times and harmless by-products 
including water vapor and oxygen). Oper-
ational advantages of HPGP were borne 
out in the data – respondents using HPGP 
sterilizers processed a much greater num-
ber of loads and spent more days per week 
sterilizing than those using EtO sterilizers. 
Precautionary practices primarily focused 
on EtO because OSHA and EPA have regu-
lations specifying the types of equipment 
and procedures that are needed to mini-
mize worker exposure and ambient work-
place EtO levels (3, 14). Most respondents 
sterilizing with EtO used single chamber 
units that employed single use cartridg-
es which are considered ”safer“ systems 
relative to minimizing potential EtO expo-
sure risk. Most respondents also reported 
that a continuous EtO air monitor was pre-
sent near the sterilizer to warn of high EtO 
levels in the event of a leak or equipment 
problem, and that (operational) LEV was 
present above the sterilizer door to remove 
fugitive EtO emissions. Additionally, two-
thirds of the relatively few respondents 
who operated EtO sterilizers with com-
pressed gas cylinders reported that the 
cylinders were in a different room than the 
sterilizer, which is a recommended prac-
tice to minimize worker exposure in the 
event a leak occurs in the gas line, valves 
or connections. Nearly all respondents us-
ing EtO sterilizers were trained, certified, 
and aware of OSHA procedures, and stated 
that their employer had standard steriliza-
tion procedures. 
As noted earlier, 6 respondents (5 %) re-
ported using separate units for EtO sterili-
zation and aeration, which is not in compli-

Table 3: Sterilization Process Characteristics 

Process Characteristics (n*)/% of Respondents

Type of sterilization system used

EtO (n = 373)/38

HPGP (n = 373)/84

EtO and HPGP (n = 373)/23

Type of EtO system used 

Single chamber (sterilization and aeration occur in same 
unit)

(n = 124)/94

Separate units for sterilization and aeration (n = 120)/5

Source of EtO for single chamber sterilizer (n = 115)

Single use cartridges 83

Gas cylinders 17

Source of EtO for separate sterilization and aeration units (n = 6)

Single use cartridges 100

Gas cylinders 0

Time (in minutes) transferring loads from sterilizer to aerator (n = 6)

< 1 50

1–2 33

> 6 minutes 17

Process Characteristics by Type of Sterilization System EtO HPGP

Number of years sterilizing medical instruments and/or supplies (n=142)† (n=312)

<1 6 6

1–5 37 47

6–10 19 30

11–20 18 14

>20 19 3

Number of days sterilizing medical instruments and/or supplies (n=142) (n=310)†

1 33 11

2 15 13

3 15 9

4 9 10

5 15 29

6 or 7 13 27

Number of loads processed during past week‡ (n§=115) (n=308)†

EtO HPGP

1 load <11 loads 31 47

2–3 loads 11–20 loads 25 25

4–5 loads 21–50 loads 22 18

6–10 loads 51–100 loads 16 7

>10 loads >100 loads 6 2

Number of loads processed compared to usual (n§=115) (n=251)

more loads than usual 6 5

fewer loads than usual 7 13

about the same number of loads as usual 87 82

EtO = ethylene oxide; HPGP = hydrogen peroxide gas plasma
* Number of respondents varied for individual items (e. g., number of eligible respon-
dents less number who elected not to answer).
† Percents do not add to exactly 100 % due to rounding. 
‡ Shorter processing times for HPGP compared to EtO was the basis for the higher load 
ranges 
§ Does not include respondents who used separate sterilization and aeration equipment 
due to small number (n = 6).
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EPA mandated switching to single cham-
ber units; and 3) EtO use appears to have 
diminished in favor of HPGP which affords 
higher throughput and minimal regulatory 
constraints.  ■
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1. EXECUTIVE SUMMARY 

Ethylene oxide (EtO) is a gas at room temperature.  It is manufactured from ethylene and 

used primarily as a chemical intermediate in the manufacture of ethylene glycol.  It is also used 

as a sterilizing agent for medical equipment and a fumigating agent for spices. 

 

CHARACTERIZATION OF THE CARCINOGENIC HAZARD 

The DNA-damaging properties of EtO have been studied since the 1940s.  EtO is known 

to be mutagenic in a large number of living organisms, ranging from bacteriophage to mammals, 

and to induce chromosome damage.  It is carcinogenic in mice and rats, inducing tumors of the 

lymphohematopoietic system, brain, lung, connective tissue, uterus, and mammary gland.  In 

humans employed in EtO-manufacturing facilities and in sterilizing facilities, there is strong 

evidence of an increased risk of cancer of the lymphohematopoietic system and of breast cancer 

in females.  Increases in the risk of lymphohematopoietic cancer have been seen in most (but not 

all) of the epidemiological studies of EtO-exposed workers, manifested as an increase either in 

leukemia or in cancer of the lymphoid tissue.  Of note, one large epidemiologic study conducted 

by the National Institute for Occupational Safety and Health (NIOSH) of sterilizer workers that 

had a well-defined exposure assessment for individuals reported positive exposure-response 

trends for lymphohematopoietic cancer mortality, primarily in males and in particular for 

lymphoid cancer (i.e., non-Hodgkin lymphoma [NHL], myeloma, and lymphocytic leukemia), 

and for breast cancer mortality in females (Steenland et al., 2004).  The positive 

exposure-response trend for female breast cancer was confirmed in an incidence study based on 

the same worker cohort (Steenland et al., 2003).  There is supporting evidence for an association 

between EtO and breast cancer from other studies, but the database is more limited than that for 

lymphohematopoietic cancers, in part because there are not as many studies that include 

sufficient numbers of females. 

Although the evidence of carcinogenicity from human studies was deemed short of 

conclusive on its own, EtO is characterized as “carcinogenic to humans” by the inhalation route 

of exposure based on the total weight of evidence, in accordance with the U.S. Environmental 

Protection Agency’s (EPA’s) 2005 Guidelines for Carcinogen Risk Assessment (U.S. EPA, 

2005a).  The lines of evidence supporting this characterization include:  (1) strong, but less than 

conclusive on its own, epidemiological evidence of lymphohematopoietic cancers and breast 

cancer in EtO-exposed workers, (2) extensive evidence of carcinogenicity in laboratory animals, 

including lymphohematopoietic cancers in rats and mice and mammary carcinomas in mice 

following inhalation exposure, (3) clear evidence that EtO is genotoxic and sufficient weight of 

evidence to support a mutagenic mode of action for EtO carcinogenicity, and (4) strong evidence 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=56728
http://hero.epa.gov/index.cfm?action=search.view&reference_id=755428
http://hero.epa.gov/index.cfm?action=search.view&reference_id=86237
http://hero.epa.gov/index.cfm?action=search.view&reference_id=86237
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that the key precursor events are anticipated to occur in humans and progress to tumors, 

including evidence of chromosome damage in humans exposed to EtO.  Overall, confidence in 

the hazard characterization of EtO as “carcinogenic to humans” is high. 

 

DERIVATION OF THE INHALATION UNIT RISK ESTIMATE 

Inhalation unit risk estimates were developed for evaluating the potential cancer risks 

posed by inhalation exposure to EtO.  The unit risk estimates for cancer mortality and incidence 

were based on the human data from the NIOSH study (Steenland et al., 2004; Steenland et al., 

2003).  This study was selected for the derivation of risk estimates because it is a high-quality 

study,1 it is the largest of the available studies, and it has exposure estimates for the individual 

workers from a high-quality exposure assessment.  Multiple modeling approaches were 

evaluated for the exposure-response data, including modeling the cancer response as a function 

of either categorical exposures or continuous individual exposure levels.  Model selection for 

each cancer data set was primarily based on a preference for models of the individual-level 

continuous exposure data, prioritization of models that are more tuned to local behavior in the 

low-exposure data, and a weighing of statistical and biological considerations. 

Unit risk estimates based on the human data were first derived under the common 

assumption that relative risk is independent of age.  This assumption is later superseded by an 

assumption of increased early-life susceptibility, and it is the unit risk estimates derived under 

this latter assumption that are the ultimate estimates proposed in this assessment (presented 

further below). 

Under the assumption that relative risk is independent of age, an LEC01 (lower 95% 

confidence limit on the EC01, the estimated effective concentration associated with 1% extra risk) 

for excess lymphoid cancer mortality (Steenland et al., 2004) was calculated using a life-table 

analysis and the lower spline segment from a two-piece linear spline model.  Linear low-dose 

extrapolation below the range of observations is supported by the conclusion that a mutagenic 

mode of action is operative in EtO carcinogenicity.  Linear low-dose extrapolation from the 

LEC01 for lymphoid cancer mortality yielded a lifetime extra cancer unit risk estimate of 

1.1 × 10-3 per μg/m3 (2.0 × 10-3 per ppb)2 of continuous EtO exposure.  Applying the same 

lower-spline regression coefficient and life-table analysis to background lymphoid cancer 

                                                 
1The NIOSH study (Steenland et al., 2004; Steenland et al., 2003) was judged to be a “high-quality” study based on 

the attributes discussed in Section 3.1 and in Section A.2.8 of Appendix A, including availability of individual 

worker exposure estimates from a high-quality exposure assessment, cohort study design, large size, inclusion of 

males and females, adequate follow-up, absence of any known confounding exposures, and use of internal 

comparisons.  The breast cancer incidence study using the subcohort of female workers with interviews had the 

additional attribute of investigating and controlling for a number of breast cancer risk factors (Steenland et al., 

2003). 
2Conversion equation:  1 ppm = 1,830 μg/m3. 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=56728
http://hero.epa.gov/index.cfm?action=search.view&reference_id=755428
http://hero.epa.gov/index.cfm?action=search.view&reference_id=755428
http://hero.epa.gov/index.cfm?action=search.view&reference_id=56728
http://hero.epa.gov/index.cfm?action=search.view&reference_id=56728
http://hero.epa.gov/index.cfm?action=search.view&reference_id=755428
http://hero.epa.gov/index.cfm?action=search.view&reference_id=755428
http://hero.epa.gov/index.cfm?action=search.view&reference_id=755428
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incidence rates and applying linear low-dose extrapolation resulted in a preferred lifetime extra 

lymphoid cancer unit risk estimate of 2.9 × 10-3 per μg/m3 (5.3 × 10-3 per ppb), as cancer 

incidence estimates are generally preferred over mortality estimates. 

Breast cancer incidence risk estimates were calculated directly from the data from a 

breast cancer incidence study of the same occupational cohort (Steenland et al., 2003).  Using the 

same life-table approach, the lower spline segment from a two-piece linear spline model, and 

linear low-dose extrapolation, a unit risk estimate of 8.1 × 10-4 per μg/m3 (1.5 × 10-3 per ppb) 

was obtained for breast cancer incidence.  A unit risk estimate for breast cancer mortality was 

also calculated from the cohort mortality data; however, the incidence estimate is preferred over 

the mortality estimate.   

Combining the incidence risk estimates for the two cancer types resulted in a total cancer 

unit risk estimate of 3.3 × 10-3 per μg/m3 (6.1 × 10-3 per ppb).3 

Unit risk estimates (for total cancer) were also derived from the three chronic rodent 

bioassays for EtO reported in the literature.  These estimates, ranging from 2.2 × 10-5 per μg/m3 

to 4.6 × 10-5 per μg/m3, are about two orders of magnitude lower than the estimate based on 

human data.  The Agency takes the position that human data, if adequate data are available, 

provide a more appropriate basis than rodent data for estimating population risks (U.S. EPA, 

2005a), primarily because uncertainties in extrapolating quantitative risks from rodents to 

humans are avoided.  Although there is a sizeable difference between the rodent-based and the 

human-based estimates, the human data are from a large, high-quality study, with EtO exposure 

estimates for the individual workers and little reported exposure to chemicals other than EtO.  

Therefore, the estimates based on the human data are the preferred estimates for this assessment. 

Because the weight of evidence supports a mutagenic mode of action for EtO 

carcinogenicity, and as there are no chemical-specific data from which to assess early-life 

susceptibility, increased early-life susceptibility should be assumed, according to the EPA’s 

Supplemental Guidance for Assessing Susceptibility from Early-Life Exposure to 

Carcinogens―hereinafter referred to as the “EPA’s Supplemental Guidance” (U.S. EPA, 

2005b).  This mode-of-action-based assumption of increased early-life susceptibility supersedes 

the assumption of age independence under which the human data-based estimates presented 

above were derived.  Thus, using the same approach and exposure-response models as for the 

estimates discussed above but initiating exposure in the life-table analysis at age 16 instead of at 

birth, adult-exposure-only unit risk estimates were calculated for lymphoid cancer incidence and 

breast cancer incidence under an alternate assumption that relative risk is independent of age for 

adults, which represent the life stage pertaining to the occupational cohort data which were used 

                                                 
3The method used to derive the total cancer unit risk estimate involves estimating an upper bound on the sum of the 

maximum likelihood estimates of risk; see Section 4.1.3. 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=755428
http://hero.epa.gov/index.cfm?action=search.view&reference_id=86237
http://hero.epa.gov/index.cfm?action=search.view&reference_id=86237
http://hero.epa.gov/index.cfm?action=search.view&reference_id=88823
http://hero.epa.gov/index.cfm?action=search.view&reference_id=88823
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for the exposure-response modeling.  These adult-exposure-only unit risk estimates were then 

rescaled to a 70-year basis for use in the standard age-dependent adjustment factors (ADAFs) 

calculations and risk estimate calculations involving less-than-lifetime exposure scenarios.  The 

resulting adult-based unit risk estimates were 2.6 × 10-3 per μg/m3 (4.8 × 10-3 per ppb) for 

lymphoid cancer incidence, 7.0 × 10-4 per μg/m3 (1.3 × 10-3 per ppb) for breast cancer incidence 

in females, and 3.0 × 10-3 per μg/m3 (5.5 × 10-3 per ppb) for both cancer types combined.  The 

adult-based unit risk estimates, which were derived under an assumption of increased early-life 

susceptibility, supersede those presented earlier that were derived under the assumption that 

relative risk is independent of age.  When using the adult-based unit risk estimates to estimate 

extra cancer risks for a given exposure scenario, the standard ADAFs should be applied, in 

accordance with the EPA’s Supplemental Guidance (U.S. EPA, 2005b).  Applying the ADAFs to 

obtain a full lifetime total cancer unit risk estimate yields 5.0 × 10-3 per μg/m3 (9.1 × 10-3 per 

ppb), and the commensurate lifetime chronic (lower-bound) exposure level of EtO corresponding 

to an increased cancer risk of 10-6 is 2 × 10-4 μg/m3 (1 × 10-4 ppb). 

The unit risk estimate is intended to provide a reasonable upper bound on cancer risk 

from inhalation exposure.  The estimate was developed for environmental exposure levels (it is 

considered valid for exposures up to about 40 μg/m3 [20 ppb]) and is not applicable to higher 

level exposures, such as those that may occur occupationally, which appear to have a different 

exposure-response relationship (see below for a summary of risk estimates for occupational 

exposure scenarios). 

 

CONFIDENCE IN THE UNIT RISK ESTIMATE 

The primary sources of uncertainty in the unit risk estimates derived from the human data 

include the retrospective exposure assessment conducted for the epidemiology study, the 

exposure-response modeling of the epidemiological data, and the low-dose extrapolation.4  

Despite uncertainties in the unit risk estimate, confidence in the estimate is relatively high.  First, 

confidence in the hazard characterization of EtO as “carcinogenic to humans,” which is based on 

strong epidemiological evidence supplemented by other lines of evidence, is high.  Second, the 

unit risk estimate is based on human data from a large, high-quality epidemiology study with 

individual worker exposure estimates.  Retrospective exposure estimation is an inevitable source 

of uncertainty in this type of epidemiology study; however, the NIOSH investigators put 

extensive effort into addressing this issue by developing a state-of-the-art regression model to 

estimate unknown historical exposure levels using variables, such as sterilizer size, for which 

historical data were available.  In addition, the two-piece spline models used in this assessment 

                                                 
4See Section 4.1.4 for additional discussion of these and other sources of uncertainty in the unit risk estimates. 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=88823
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to model the supralinear exposure-response relationships are considered to provide a reasonable 

basis for the derivation of unit risk estimates.  Finally, the use of linear low-exposure 

extrapolation is strongly supported by the conclusion that EtO carcinogenicity has a mutagenic 

mode of action. 

Confidence in the unit risk estimate is particularly high for the breast cancer component, 

which is based on over 200 incident cases for which the investigators also had information on 

other potential breast cancer risk factors.  The selected model for the breast cancer incidence data 

provided a good global fit as well as a good local fit in the lower exposure range of greatest 

relevance for the derivation of a unit risk estimate.  The actual unit risk might be higher or lower; 

however, considering the continuous-exposure linear model as a lower bound for the supralinear 

exposure-response relationship suggests that while a unit risk estimate for breast cancer 

incidence that is up to fourfold lower is plausible, unit risk estimates lower than that are 

considered unlikely from the available data.  Sensitivity analyses for lag time, inclusion of 

covariates, knot, upper-bound estimation approach, use of the full incidence cohort, and 

inclusion of only invasive cancers for the breast cancer background rates in the life table indicate 

that the unit risk estimate is not highly influenced by these factors, with comparison unit risk 

estimates differing by at most 40%. 

There is somewhat less, although still relatively high in general, confidence in the 

lymphoid cancer component of the unit risk estimate because it is based on fewer events 

(53 lymphoid cancer deaths); incidence risk was estimated from mortality data; and the 

exposure-response relationship is exceedingly supralinear, complicating the exposure-response 

modeling and model selection to a greater extent than for breast cancer incidence.  The actual 

unit risk might be higher or lower than that from the selected model, and there were no clear 

upper or lower bounds for the apparent exposure-response relationship provided by other 

models.  Sensitivity analyses for lag time, knot, and upper-bound estimation approach, indicate 

that the unit risk estimate for lymphoid cancer is more influenced by these factors than was the 

estimate for breast cancer incidence.  Comparison unit risk estimates from the sensitivity 

analyses ranged from about 50% of the preferred unit risk estimate to about three times that 

estimate.  While there is less confidence in the lymphoid cancer unit risk estimate than in the 

breast cancer unit risk estimate, the lymphoid cancer estimate is considered a reasonable estimate 

from the available data, and overall, there is relatively high confidence in the total cancer unit 

risk estimate. 

 

RISK ESTIMATES FOR OCCUPATIONAL EXPOSURE SCENARIOS 

As noted above, the inhalation unit risk estimate was developed for environmental 

exposure levels (up to about 40 μg/m3 [20 ppb]) and is not applicable to higher exposure levels, 
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such as those that may occur occupationally, which appear to have a different exposure-response 

relationship.  However, occupational exposure levels of EtO are of concern to the EPA when 

EtO is used as a pesticide (e.g., sterilizing agent or fumigant).  Therefore, this document also 

presents estimates of extra risk for the two cancer types for a range of occupational inhalation 

exposure scenarios (see Section 4.7).  Maximum likelihood estimates of the extra (incidence) 

risk of lymphoid cancer and breast cancer combined for the range of occupational exposure 

scenarios considered (i.e., 0.1 to 1 ppm 8-hour time-weighted average [TWA] for 35 years) 

ranged from 0.037 to 0.11; upper-bound estimates ranged from 0.081 to 0.22.  The uncertainty 

associated with the extra risk estimates for occupational exposure scenarios is less than that 

associated with the unit risk estimates for environmental exposures, and the overall confidence in 

the extra risk estimates for occupational exposure is high.  The extra risk estimates are derived 

for occupational exposure scenarios that yield cumulative exposures well within the range of the 

exposures in the NIOSH study.  Moreover, the NIOSH study is a study of sterilizer workers who 

used EtO for the sterilization of medical supplies or spices (Steenland et al., 1991); thus, the 

results are directly applicable to workers in these occupations, and these are among the 

occupations of primary concern to the EPA. 

 

SUMMARY OF ASSESSMENT FINDINGS 

Table 1-1 provides a summary of the major findings in this assessment. 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=75944
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Table 1–1.  Summary of major findings 

Hazard conclusions 

Hazard characterization The weight of evidence from 

epidemiological studies and supporting 

information is sufficient to conclude that 

ethylene oxide is carcinogenic to humans. 

Mode of action The weight of evidence is sufficient to 

conclude that ethylene oxide carcinogenicity 

has a mutagenic mode of action. 

Inhalation unit risk estimates (for environmental exposures)a 

Basis Inhalation unit risk estimatea (per μg/m3)b 

Full lifetime unit risk estimate (includes ADAFs)c 

Total cancer risk based on human datad―lymphoid cancer incidence 

and breast cancer incidence in females 
5.0 × 10-3 

Adult-based unit risk estimates (for use with ADAFs)e 

Total cancer risk based on human datad―lymphoid cancer incidence 

and breast cancer incidence in females 
3.0 × 10-3 

Lymphoid cancer incidence in both sexes based on human data 2.6 × 10-3 

Breast cancer incidence in females based on human data 7.0 × 10-4 

Total cancer incidence risk estimate from rodent data (female mouse) 4.6 × 10-5 

Extra risk estimates for occupational inhalation exposure scenarios (see Section 4.7) 

Maximum likelihood estimates of the extra risk of lymphoid cancer 

and breast cancer combined for the range of occupational exposure 

scenarios considered (i.e., 0.1 to 1 ppm 8-hr TWA for 35 yr)f 

0.037−0.11 

Upper-bound estimates of the extra risk of lymphoid cancer and 

breast cancer combined for the range of occupational exposure 

scenarios considered (i.e., 0.1 to 1 ppm 8-hr TWA for 35 yr)f 

0.081−0.22 

aThese unit risk estimates are not intended for use with continuous lifetime exposure levels above about 40 μg/m3.  See 

Section 4.7 for risk estimates based on occupational exposure scenarios.  Preferred estimates are in bold. 
bTo convert unit risk estimates to (ppm)-1, multiply the (μg/m3)-1 estimates by 1,830 (μg/m3)/ppm.  Also, 1 ppb = 1.83 μg/m3.  
cBecause the weight of evidence supports a mutagenic mode of action for EtO carcinogenicity, and because of the lack of 

chemical-specific data, the EPA assumes increased early-life susceptibility and recommends the application of ADAFs, in 

accordance with the EPA’s Supplemental Guidance (U.S. EPA, 2005b), for exposure scenarios that include early-life exposures.  

For the full lifetime (upper-bound) unit risk estimate presented here, ADAFs have been applied, as described in Section 4.4. 
dTo be precise, this unit risk estimate reflects the total (upper-bound) cancer risk to females and not to the general population 

because the breast cancer risk estimate only applies to females.  As a practical matter for regulatory purposes, however, females 

comprise roughly half the general population and this unit risk estimate enables risk managers to evaluate the individual risk for 

this substantial population group.  For the purposes of estimating numbers of cancer cases attributable to specific exposure levels 

(e.g., for benefits analyses), it would be more appropriate to use the cancer-specific unit risk estimates (or central tendency 

estimates), taking sex into account. 
eThese (upper-bound) unit risk estimates are intended for use in ADAF calculations and less-than-lifetime adult exposure 

scenarios (U.S. EPA, 2005b).  Note that these are not the same as the unit risk estimates derived directly from the human data in 

Section 4.1 under the assumption that RRs are independent of age.  See Section 4.4 for the derivation of the adult-based unit risk 

estimates. 
fTechnically, these sums would reflect the total cancer risk to females and not a mixed-sex workforce because the breast cancer 

risk estimate only applies to females.  As a practical matter for regulatory purposes, however, females typically comprise a 

substantial proportion of the sterilizer workforce and summing these extra risk estimates enables risk managers to evaluate the 

individual risk for this substantial workforce group.  In a situation in which the workforce of concern is comprised 

predominantly of males, it might be appropriate to use a sex-weighted sum of the extra risks from the two cancer types (see 

Section 4.7 for the cancer-specific extra risk estimates). 

hr = hour; yr = year.

http://hero.epa.gov/index.cfm?action=search.view&reference_id=88823
http://hero.epa.gov/index.cfm?action=search.view&reference_id=88823
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Ethylene Oxide- Chemical Structure 
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Background-Ethylene Oxide (EtO)

 Most EtO used for precursor for industrial chemicals 
(e.g. ethylene glycol), plastics, PVC pipes

 Less than 1% used to sterilization of medical 
equipment, consumer products, certain foods (e.g. 
spices) that can’t be steam sterilized

 Used as a fumigant for some agricultural products

IARC Monograph- Ethylene Oxide  https://monographs.iarc.fr/wp-content/uploads/2018/06/mono100F-28.pdf 5

https://monographs.iarc.fr/wp-content/uploads/2018/06/mono100F-28.pdf


Background
Ethylene Oxide

Physical properties:
 High Vapor Pressure- gas at 200C
 Colorless, tasteless vapor
 Odor-threshold is 500 ppm
 Sweet, ether-like odor
 Flammable, explosive, 
 Reacts with water, strong acids, alkalis, and oxidizers
 Atmospheric persistence: 50-60 day half-life; degrades to 

hydroxyl radicals

National Library of Medicine- Toxnet. https://toxnet.nlm.nih.gov/cgi-bin/sis/search2/f?./temp/~7WUNLz:1
ATSDR. Medical Management Guidelines for Ethylene Oxide. https://www.atsdr.cdc.gov/mmg/mmg.asp?id=730&tid=133 6

https://toxnet.nlm.nih.gov/cgi-bin/sis/search2/f?./temp/%7E7WUNLz:1


Mechanism of Ethylene Oxide

 Very potent alkylating agent
 Forms protein and DNA adducts
 Mutagenic- chromosomal aberrations 
 Carcinogenic

-International Agency for Research on Cancer (IARC) 
“Carcinogenic to Humans”

-National Toxicology Program (NTP) /DHHS 
“Known to be a Human Carcinogen”

-Environmental Protection Agency (EPA)
“Known Human Carcinogen” 

7USEPA. Evaluation of the Inhalation Carcinogenicity of Ethylene Oxide 
https://cfpub.epa.gov/ncea/iris/iris_documents/documents/toxreviews/1025tr.pdf



How long does it stay in the body?

 Physiological half life: 45-60 minutes
 Exhaled as EtO or metabolized and excreted in urine
 Completely eliminated 1-2 days after exposure has 

ended

National Library of Medicine- Toxnet. https://toxnet.nlm.nih.gov/cgi-bin/sis/search2/f?./temp/~7WUNLz:1 8



Routes of exposures to EtO

 Inhalation – most likely exposure pathway, due to 
high vapor pressure

 Dermal- limited

9



Risk Assessment-
Ethylene Oxide
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Occupational High Level EtO Exposure
- Acute Respiratory Effects

• Mucous membrane irritant, bronchospasm
• Immediate local irritation of the skin, eyes, and upper 

respiratory tract 
• Exposure to high concentrations can cause immediate 

or delayed pulmonary edema
• May result in sensitization response 

11ATSDR. Medical Management Guidelines for Ethylene Oxide. https://www.atsdr.cdc.gov/mmg/mmg.asp?id=730&tid=133



Occupational High Level EtO Exposure 
- Acute CNS Effects

 CNS depressant
 Seizures, loss of consciousness, coma
 Neurological signs and symptoms may be 

delayed 6 hours or more after exposure 
 Exposure to high concentrations can lead to 

respiratory paralysis and delayed peripheral 
nerve damage 

12ATSDR. Medical Management Guidelines for Ethylene Oxide. https://www.atsdr.cdc.gov/mmg/mmg.asp?id=730&tid=133



Occupational High Level EtO Exposure
-Other Acute Effects 

 Nausea and vomiting-often delayed
 Severe cases
 Renal damage
 Cyanosis

 Direct skin contact: frostbite can occur due to 
rapid evaporation and consequent cooling

13ATSDR. Medical Management Guidelines for Ethylene Oxide. https://www.atsdr.cdc.gov/mmg/mmg.asp?id=730&tid=133



Occupational High Level EtO Exposure 
- Chronic Health Effects

• Cancer
• Reproductive effects, fetal effects
• Impaired cognitive function, seizures
• Damage to liver and kidneys
• Skin allergy
• Cataracts and corneal burns
• Peripheral nerve damage (neuropathy) in lower 

extremities
14World Health Organization. Concise International Chemical Assessment Document 54; 2003. 

http://www.who.int/ipcs/publications/cicad/en/cicad54.pdf
Hazardous Substances Database; National Library of Medicine. https://toxnet.nlm.nih.gov/cgi-
bin/sis/search2/f?./temp/~7WUNLz:1



CDC/NIOSH Occupational Studies-
Ethylene Oxide

 Cancer Mortality Study1

 Cohort of 18,235 men and women in 14 U.S. commercial 
sterilization facilities; initially evaluated through 1987, with 
follow-up 1987-1998; average EtO exposure: 4.7 ppm 
(1975), decreasing to <1 ppm (1986)

 Increased mortality from lymphoid cancers (Non-Hodgkin 
lymphoma, myeloma, and lymphocytic leukemia) for men 
in highest cumulative exposure group; Odds ratio = 3.76 
(CI: 1.03-13.64)

 Increased mortality from breast cancer in women for 
highest cumulative exposure group; Odds ratio = 3.13 (CI: 
1.42-6.92)

151 Steenland, K. et al., Occup. Environ. Med. 61: 2-7, 2004.



CDC/NIOSH Occupational Studies

 Breast Cancer Incidence2

• 7,576 women, employed in commercial 
sterilization facilities for average of 10.7 years 

• Average EtO exposure: 4.7 ppm (1975), decreasing 
to <1 ppm (1986)

• Odds Ratio = 1.87 (CI: 1.12-3.10) for highest 
cumulative exposure group

2 Steenland, K. et al., Cancer Causes Control 14: 531-539, 2003 16

.



EtO Inhalation Unit Risk (IUR)
 Inhalation unit risk (IUR) is an estimate of the 

increased cancer risk from inhalation exposure to a 
chemical at a concentration of 1 µg/m3 for a lifetime. 

 The IUR (ug/m3)-1 is the slope of the Dose-Response 
curve, and correlates with the potency for a chemical 
to cause cancer. 

 The IUR can be multiplied by an estimate of lifetime 
exposure (µg/m3) to calculate lifetime cancer risk.

 No threshold considered for a mutagenic chemical.

https://www.epa.gov/iris/basic-information-about-integrated-risk-information-system 17



EPA EtO Cancer Risk Assessment

• EPA reassessment of EtO cancer potency released in 
December 2016*, indicating a 30-50 fold greater risk

• Concluded that: “It is carcinogenic in mice and rats, 
inducing tumors of the lymphohematopoietic system, brain, 
lung, connective tissue, uterus, and mammary gland. In 
humans employed in EtO-manufacturing facilities and in 
sterilizing facilities, there is strong evidence of an 
increased risk of cancer of the lymphohematopoietic 
system and of breast cancer in females.“

18* https://cfpub.epa.gov/ncea/iris/iris_documents/documents/toxreviews/1025tr.pdf



EPA’s National Air Toxics Assessment (NATA)

 NATA is a screening tool, intended to help EPA and state, 
local and tribal air agencies determine if areas, pollutants or 
types of pollution sources need to be examined further to 
better understand risks to public health.

 EPA released the 2014 NATA report on Aug. 22, 2018

 Results showed that several areas could have elevated 
cancer risks from long-term exposure to ethylene oxide, 
including the area surrounding the Sterigenics facility in 
Willowbrook

https://www.epa.gov/national-air-toxics-assessment
https://www.epa.gov/il/sterigenics-willowbrook-facility

https://www.epa.gov/national-air-toxics-assessment


CDC/ATSDR1 Report to EPA on Sterigenics

20

1 Agency for Toxic Substances and Disease Registry, part of the Centers for Disease 
Control and Prevention

Source:   https://www.atsdr.cdc.gov/HAC/pha/sterigenic/Sterigenics_International_Inc-508.pdf 



Location of Sterigenics facilities- Willowbrook

Arrows show the 2 Sterigenics operational facilities in Willowbrook 21



TRI Total Air Emissions Reported (in pounds), by Sterigenics
Corp. for Ethylene Oxide, 1995-2016

22

EtO emissions were higher prior to implementation of regulatory requirements in 1999

Toxic Release Inventory (TRI): https://www.epa.gov/enviro/tri-overview; Illinois EPA (2017) DRAFT/PROPOSED Clean Air Act 
Permit Program (CAAPP) Permit 

https://www.epa.gov/enviro/tri-overview


Modeled EtO levels around Sterigenics
(pre-July 2018)

EtO levels decrease with distance from the Sterigenics sources
Source:  EPA modeling cited in https://www.atsdr.cdc.gov/HAC/pha/sterigenic/Sterigenics_International_Inc-508.pdf 23



Measured EtO levels around Sterigenics

 Air samples were collected 
by EPA in May 2018 at 26 
residential and commercial 
locations.

 The actual measured EtO
concentration is uncertain 
due to analytical issues.*

 However, the range and 
gradient in the measured 
data was similar to that in 
the modeled data.

*https://www.epa.gov/il/sterigenics-willowbrook-facility-latest-update 24



Comparison of Evaluation, Exposure, and Effects Levels
Ethylene Oxide Concentration

(ug/m3)-log scale

EtO levels near Sterigenics are above cancer evaluation criteria, but 
below health effect levels from workers and animal studies 25

EPA Acceptable Cancer risk range- pre-2016

EPA Acceptable Cancer risk range- 2016

ATSDR Cancer Risk Evaluation Guideline

CalEPA REL-neurologic effects

OSHA 8 hr limit-1984

OSHA 8 hr limit-pre-1984

EtO levels in Residential area near Sterigenics

EtO levels in Commercial area near Sterigenics

Cancer (workers)

Chromosomal aberrations (workers)

Micronucleated cells (workers)

Neurologic and skeletal effects (animals)

Exposure levels in worker studies- 1975

Exposure levels in worker studies- 1982

Exposure levels in worker studies- 1985



CDC/ATSDR Conclusions

 Based on available environmental data, there is an 
increased risk for specific cancers based on long-term 
exposure (>30 years) for residents and off-site 
workers in the Willlowbrook community surrounding 
the Sterigenics facility. 

 Exposure to recently measured EtO concentrations 
are not expected to cause other health problems, 
such as neurologic and respiratory. 
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CDC/ATSDR Recommendations

 Take immediate action to reduce EtO emissions from 
Sterigenics (Note: Additional emission controls have been 
implemented)

 Conduct long-term air monitoring to demonstrate 
effectiveness of actions taken by the company to reduce 
emissions. (Note: EPA will be conducting additional air 
monitoring this fall/winter)

 For Illinois Department of Public Health (IDPH) to investigate 
cancer incidence in the population surrounding the 
Sterigenics facility that are consistent with those associated 
with chronic EtO exposures. (Note: IDPH has initiated this 
review)

27



ATSDR Statement to Village of Willowbrook
(issued August 27th)

 Emissions of ethylene oxide from Sterigenics are not an 
immediate threat to public health and are not considered to be 
an emergency situation

 ATSDR Health Consultation letter to EPA was intended to inform 
and support the regulatory decisions being made by the state 
and EPA to reduce Sterigenics emissions

 The highest measured levels of ethylene oxide in those areas 
were about 1,000 times lower than levels associated with 
cancer risks in scientific studies of workers with industrial 
exposure to EtO.

https://www.atsdr.cdc.gov/HAC/pha/sterigenic/Sterigenics_ATSDR_Public_Statement-508.pdf 28



Cancer Incidence Review



Area Zip Code Boundaries

Arrows show the 2 Sterigenics operational facilities in Willowbrook
30



Review of Cancer Incidence

 IDPH has launched the cancer assessment study
• Using high quality data from the Illinois State Cancer Registry
• Defining the study area by the EtO exposure area
• Calculating observed and expected cancer cases
• Applying statistical adjustment for confounders 

 Focused cancers 
• All cancers combined
• Breast (female, invasive)
• Lymphoid (non-Hodgkin lymphoma, myeloma, lymphocytic leukemia)
• Other major cancer sites
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Clinical evaluation of EtO exposure



What Can Healthcare Providers Do?
- Diagnostic Considerations

 No established guidance for medical surveillance with routine 
history, physical, or diagnostic testing
• Specific tests for the presence of EtO in blood or urine are not 

generally useful

 Consider routine lab tests (e.g. CBC, CMP) to detect blood cell 
abnormalities

 Continue routine preventive screenings, including screening 
for breast cancer per established guidelines 
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Action Items for Patients
- Aggressive Self-Monitoring

 Contact your physician for health-related concerns

 Diagnostic testing will be done on a case-by-case basis. 

 American Cancer Society has basic information about cancer, 
including cancer screening and preventive actions

https://www.cancer.org/healthy.html
 CDC also has basic cancer education information-

https://www.cdc.gov/cancer
 Continue regular cancer screenings

https://www.cdc.gov/cancer/breast/pdf/BreastCancerScre
eningGuidelines.pdf
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Medical Consultation and Referral for Adults and 
Children

 Great Lakes Center for Children’s Environmental Health and 
Occupational and Environmental Medicine Clinic at the 
University of Illinois at Chicago 
• Website: http://publichealth.uic.edu/great-lakes/childrens-health
• Phone: 866-967-7337
• Email: ChildrensEnviro@uic.edu 
• Phone: 866-967-7337

 Illinois Poison Control Center for acute exposures
• 1-800-222-1222
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Additional Resources

 USEPA: Sterigenics Willowbrook Facility
https://www.epa.gov/il/sterigenics-willowbrook-facility

 Illinois EPA: Sterigenics
https://www2.illinois.gov/epa/topics/community-
relations/sites/sterigenics/Pages/default.aspx

 DuPage County: Sterigenics Information
https://www.dupageco.org/EDP/Waste_Recycling_and_Energy/58548/

 Village of Willowbrook, Sterigenics Issues
http://www.willowbrookil.org/index.aspx?NID=302
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Executive Summary 

On November 16, 2018, GHD Services Inc. (GHD) conducted air sampling for the Village of Willowbrook 

to assess the potential for exposures to Village workers and members of the community by ethylene 

oxide (EtO) produced by the Sterigenics facilities in Willowbrook, Illinois.   

The sampling program for this assessment was designed to include public buildings, private residences, 

public parks, and schools, at locations upwind and downwind of the Sterigenics site.  All samples were 

collected within a 1-mile radius of Sterigenics to evaluate this facility as a potential source of EtO. GHD 

performed continuous (24-hour) air sampling of 11 commercial and residential facilities, including 34 

indoor and outdoor locations.  Sample measurement and analysis incorporated SUMMA canisters and 

the US Environmental Protection Agency (USEPA) TO-15 testing method.   

The air sampling data collected were compared to results from testing by the USEPA in May 2018, as 

further reported in the Consultation Letter published by the Agency for Toxic Substances and Disease 

Registry (ATSDR) in August 2018.  The air sampling results indicated the presence of EtO throughout 

Willowbrook, in samples both upwind and downwind of Sterigenics.  The EtO levels identified by the 

Village’s sampling effort ranged from 5 to 10 times lower than those identified by the USEPA in May of 

2018.  Results from outdoor samples at specific upwind locations indicated the presence of EtO at an 

average of approximately 0.071 ppb.  The Village’s sampling results also indicated that EtO is present 

in locations both upwind and downwind of Sterigenics above the long-term risk-based level used by the 

USEPA and ATSDR in the May and August 2018 sampling and report.  A longer-term sampling study is 

required to draw conclusions appropriate to long-term risk exposure criteria.  It is important to recognize 

that we do not have enough testing data at this time to know if the concentrations measured by either 

the Village or USEPA accurately represent long-term exposure levels for the Village.   

GHD evaluated the EtO concentrations inside buildings relative to the amounts of EtO outside buildings.  

The measured levels of EtO inside buildings were found to be higher than the outside at all locations 

sampled, with the exception of the Village Hall.  This suggests possible indoor sources of EtO, which 

have been noted to be present in various household and consumer products such as cigarettes, auto 

products, cleaners, food which has been sterilized using EtO, and home maintenance products. Further 

research is needed to evaluate the potential adsorption of low levels of EtO to building and indoor 

materials over time; for example, indoor sources such as those noted above could yield low levels of 
EtO indoors, which could temporarily accumulate until exchange with outdoor air.  Indoor samples in the 

Willowbrook Police Department indicated an average EtO level of 0.32 ppb.  Indoor samples in the 

Village Hall indicated an average EtO level of 0.25 ppb.  Indoor locations upwind of the Sterigenics 

facilities indicated an average EtO level of 0.137 ppb, while indoor locations downwind of the Sterigenics 

facilities indicated an average EtO level of 0.264 ppb (including the Village Hall and Police Department). 

Based on these results, we conclude that further evaluation is recommended across a broader range of 

sampling conditions including: meteorological, Sterigenics production rates, further afield background 

locations, and further study, on a longer term basis, comparing indoor and outdoor levels at the same 

location, to completely assess the potential contribution by Sterigenics to air quality in the Village of 

Willowbrook.   

All data contained in this report has been reviewed and interpreted by a GHD Certified Industrial 

Hygienist (CIH) and may be considered final.  
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1. Background  

On November 16, 2018, GHD Services Inc. (GHD) was retained by the Village of Willowbrook to provide air 

monitoring to assess the potential community exposures of ethylene oxide (EtO) produced by the Sterigenics 

facilities in Willowbrook, Illinois.  Air monitoring activities were conducted in accordance with the air 

monitoring plan prepared by GHD.  Analysis of the samples was conducted using the USEPA TO-15 testing 

method. 

On-site field staff included a GHD Certified Industrial Hygienist (CIH) Project Manager with specific training 

on hazard evaluation (including air monitoring instrumentation and field data collection).  All air monitoring 

activities and field documentation were directed by the GHD Project Manager.  All air monitoring strategies 

were implemented and coordinated by a GHD Certified Industrial Hygienist (CIH).  

2. Objectives 

The specific objectives of the overall assessment of the Willowbrook EtO Air Sampling were to: 

 Identify if immediate public health concern is present to indicate need for action. 

 Perform real time air monitoring for ethylene oxide and to determine airborne concentrations 

throughout the Willowbrook community. 

 Begin assessing whether there is a notable difference between indoor air concentrations of EtO and 

outdoor air concentrations of EtO at the same locations. 
 Identify additional sources of EtO emissions within the immediate areas around the Sterigenics 

facility.  

 Ensure that the monitoring program is designed and implemented to comply with the air monitoring 

requirements of the applicable EPA methods. 

3.  Methodology 

To determine the representative inhalation exposures for building occupants, GHD collected area air 

samples for EtO inside the occupied spaces.  The area air samples were collected at breathing zone height 

(approximately 5 to 6 feet) in an effort to simulate representative inhalation exposures for the affected 

occupants in each area.  GHD collected up to four area air samples in each building and up to eleven area 

air samples in selected outdoor locations.  In total, thirty-four (34) SUMMA canisters (6-Liter) were 

employed. 

Area air samples were collected using evacuated SUMMA canisters with 24-hour metered flow regulators.  

All air samples were collected according to the Environmental Protection Agency (EPA) Method TO-15 

including the analysis for EtO.  All samples were shipped under appropriate Chain of Custody (COC) 

procedures to SGS Galson Laboratory in East Syracuse, New York for analysis.  Galson is accredited by 

the American Industrial Hygiene Association (AIHA) for the analysis of air samples.  The laboratory results 

for the air samples were relied on to identify any occupied areas where airborne EtO concentrations are 

present in greater concentrations compared to background.  

GHD conducted a visual inspection of each building prior to and during deployment of air sample canisters 

to evaluate the potential presence of other sources of ethylene oxide.  GHD also placed sample canisters 



 

 

to avoid interference from both natural and forced building ventilation by placing sample canisters away 

from vents windows. 

The Galson laboratory analytical method specifies a detection limit of 0.04 ppbv (0.072 µg/m3).  The reported 

USEPA method detection limit is 0.045 ppbv (0.08 μg/m3) which may account for the non-detects obtained 

in their sampling thus far. 

4. Results 

A GHD CIH took 34 indoor and outdoor SUMMA canister samples throughout the Village of Willowbrook.  

A map of the sample locations, alongside a table summarizing the results, can be found in Appendix A.  

 

Throughout the sampling period (approximately 0800 on 11/16/2018  to 1700 on 11/17/18), the wind was 

blowing predominantly from the West and the North according to Wind Rose data retrieved from the Chicago 

DuPage Airport and the Chicago Midway Airport. Appendix B contains a Wind Rose plot of the 

meteorological data, which depicts the direction and speed from which the wind was blowing during the 

entire sample period.  Based on these data, as well as on-site observations by sampling personnel, all 

samples to the north and west of both Sterigenics facilities may be considered upwind sample locations 

during the sampling period.   

 

The average measured outdoor EtO levels of the upwind samples was 0.071 ppb EtO. The average 

downwind outdoor level was 0.201 ppb.  The average indoor levels upwind and downwind were 0.137 and 

0.264 ppb.  The measured levels of EtO inside buildings were found to be higher than outside buildings, 

with the lone exception of the Village Hall, where the outside level was measured at 0.32 ppb, and the inside 

levels were an average of 0.25 ppb.  Table 4.1 lists the results of all of the samples collected.   

 
Table 4.1 - Summary of Area Air Sampling Results for Ethylene Oxide –  
Village of Willowbrook, Illinois (Collected on November 16-17, 2018) 
 

Location ID GHD Sample ID Sample Location Measured Airborne 
Concentration 

μg/m3 ppb 

1 Air-11183332-001 Willowbrook Village Hall – Third Floor 0.34 0.19 
Air-11183332-002 Willowbrook Village Hall – Lower Level 0.52 0.29 
Air-11183332-003 Willowbrook Village Hall – Lobby 0.50 0.28 
Air-11183332-004 Willowbrook Village Hall – Outdoors 0.58 0.32 

2 Air-11183332-005 Willowbrook Police Department – Patrol 
Room 0.49 0.27 

Air-11183332-006 Willowbrook Police Department – 
Evidence Room 0.22 0.12 

Air-11183332-007 Willowbrook Police Department – 
Records Front Office  0.77 0.43 

Air-11183332-008 Willowbrook Police Department – 
Detective Conference Room 0.81 0.45 

Air-11183332-009 Willowbrook Police Department – 
Outdoors 0.43 0.24 



 

 

Location ID GHD Sample ID Sample Location Measured Airborne 
Concentration 

μg/m3 ppb 

3 
 

Air-11183332-010 Farber Residence – Indoors  0.67 0.37 
Air-11183332-011 Farber Residence – Outdoors  0.15 0.085 

4 Air-11183332-012 West Swim Club – Outdoors  0.10 0.055 
Air-11183332-013 West Swim Club - Pool 0.25 0.14 

5 Air-11183332-014 Grimsby Residence - Indoors 0.31 0.17 
Air-11183332-015 Grimsby Residence - Outdoors 0.14 0.08 

6 Air-11183332-016 Public Works Building – Outdoors  0.09 0.05 
7 Air-11183332-017 Community Park – Outdoors  0.14 0.075 
8 Air-11183332-018 Willow Pond – Outdoors  0.08 0.044 
9 Air-11183332-019 Gower Elementary – Classroom 49 0.10 0.053 

Air-11183332-020 Gower Elementary – North Hallway <0.07 0.04 
Air-11183332-021 Gower Elementary – Gymnasium <0.07 0.04 
Air-11183332-022 Gower Elementary – Learning Center 0.32 0.18 
Air-11183332-023 Gower Elementary – Outdoors 0.20 0.11 

10 Air-11183332-024 Gower Middle School – Classroom 106 0.29 0.16 
Air-11183332-025 Gower Middle School – Library 0.49 0.27 
Air-11183332-026 Gower Middle School – Classroom 123 0.45 0.25 
Air-11183332-027 Gower Middle School – North Hallway 0.34 0.19 
Air-11183332-028 Gower Middle School – Outdoors 0.08 0.043 

11 Air-11183332-029 Hinsdale High School – Lower 
Level/Classroom 156 0.45 0.25 

Air-11183332-030 Hinsdale High School – 2nd 
Level/Classroom 224 0.15 0.083 

Air-11183332-031 Hinsdale High School – 2nd 
Level/Library 0.08 0.043 

Air-11183332-032 Hinsdale High School – 3rd 
Level/Hallway outside Classroom 311 0.25 0.14 

Air-11183332-033 Hinsdale High School – 3rd 
Level/Classroom 357 0.23 0.13 

Air-11183332-034 Hinsdale High School – Outdoors 0.12 0.069 

5. Discussion 

GHD tested at multiple locations within the Village of Willowbrook, including locations that were upwind of 

Sterigenics during the entire test.  The test results confirm the presence of EtO throughout Willowbrook, in 

samples upwind and downwind of Sterigenics, which are present above the long-term risk-based level used 

by the USEPA and ATSDR in their May and August 2018 sampling and risk evaluation efforts.   

The outdoor sample located at Willowbrook Village Hall was co-located with a USEPA canister.  The 

Village’s outside sample result was 0.32 ppb (0.576 ug/m3) and USEPA’s sample result on that day was 

0.458 ppb (0.824 ug/m3). The sampling times were slightly offset; the USEPA sample was observed being 

deployed approximately 2 hours after the GHD sample.   



 

 

Based on the presence of EtO in samples upwind of the Sterigenics facilities, other upwind sources were 

determined to be present on the day of sampling.  Outdoor samples at locations upwind of Sterigenics 

indicated the presence of EtO at an average of approximately 0.071 ppb. Samples downwind of Sterigenics 

indicated 0.201 ppb EtO, which is higher than samples collected upwind of Sterigenics.   

Hydrocarbon combustion is thought to be a potential source of EtO emissions, however, not enough 

information is available to quantify these emissions.  A California study indicated a range from 0.016 ppb 

EtO in remote coastal locations, to 0.03 ppb EtO in the Los Angeles suburbs, to 0.8 ppb EtO in downtown 

Los Angeles.1  Other studies have yielded similar results. 

GHD also evaluated the levels of EtO inside buildings relative to the levels of EtO outside buildings.   The 

measured levels of EtO inside buildings were found to be higher than outside buildings, with the lone 

exception of the Village Hall. Indoor samples in the Willowbrook Police Department indicated similar EtO 

levels as other indoor locations such as the Farber Residence.  

Potential sources of indoor EtO include food products, pest control procedures (fumigation), vehicle 

exhaust, and tobacco which has been fumigated.  Certain new building or furnishing material may also 

contain trace amounts of EtO, among other volatile organic compounds (VOCs).  Building materials paints 

and coatings have been found to contain EtO ranging from trace amounts to 0.5% by weight.  EtO may also 

be present and detectible in skin care/beauty products.2  Food products, especially spices not containing 

salt, may be fumigated with EtO.   

GHD reviewed a number of studies to gain an understanding of how EtO may behave inside occupied 

spaces, and to what degree it may be present in other indoor spaces previously studied.  The Village’s 

sampling study has shown that indoor concentrations were generally higher than outdoor concentrations, 

GHD consulted the limited scientific literature to help understand what may have caused this result.  A 

previous study in Canada concluded that EtO released to air is believed to remain in atmosphere and is 

unlikely to be transferred to other media.3  The study detected EtO at a level of 4 µg/m3 in 1 of 50 randomly 

selected residences, using a laboratory method with a detection limit of 0.19 µg/m3.  EtO was detected at 

5 µg/m3 in 3 of 24 personal air samples collected from an occupant of each of the 50 residences.  The 

literature reviewed indicates the presence of EtO in indoor spaces not specifically correlated with outdoor 

sources.  Further research would be needed to better explain or explore the possibility of potential 

adsorption of low levels of EtO  

6. Electronic Field Documentation and Reporting 

Appropriate field documentation was collected including a daily activity log, sampling field forms, site 

observations, and other pertinent documentation.  The daily activity logs consisted of observations and field 

notes taken throughout the day.  The daily log were recorded either in bound log books or on pre-printed 

daily log forms.  GHD Field Staff utilized mobile data collection and data management tools for field data 

collection, archiving, and reporting.  Mobile iPads were used during the project to increase the accuracy of 

the data collected and decrease the reporting time. 

                                                   
1 California Environmental Protection Agency Air Resources Board.  Research Note 93-6.  November 1993. 
2 Filser, J.G., Kreuzer, P.E., Greim, H. et al. Archives of Toxicology (1994) 68: 401. 
3 World Health Organization.  Concise International Chemical Assessment Document 54.  2003.   



 

 

All sampling data and supporting documentation collected during this project were stored in a 

comprehensive on-Site electronic database.  GHD used a custom database application that uploaded field 

data directly to a secure GHD server.  GHD and approved users were granted access to view current and 

historical photographs and other supporting documentation collected in real time through a secure GHD 

website.  GHD used mobile data collection and data management tools for field data collection, archiving 

and reporting. 

7. Conclusions and Recommendations 

The test results from our monitoring confirm the presence of EtO throughout Willowbrook, in samples upwind 

and downwind of Sterigenics.  The EtO levels identified through our monitoring program range from 5 to 10 

times lower than those identified by the USEPA in May of 2018.  The sampling results indicate that EtO is 

present in locations both upwind and downwind of Sterigenics above certain long-term risk-based levels 

established by the USEPA.  Outdoor samples at upwind locations indicate presence of EO at average of 

approximately 0.071 ppb. 

GHD evaluated the amounts of EtO inside buildings relative to the amounts of EtO outside buildings.  

According to the results, the measured levels of EtO inside buildings were found to be higher than the 

outside with the exception of the Village Hall.  This suggests that indoor EtO may originate from other indoor 

sources, such as household and consumer products such as cigarettes, auto products, cleaners, food 

sterilized with EtO, and home maintenance products.  Indoor samples in the Willowbrook Police Department 

indicated similar EtO levels as other indoor locations such as the Farber Residence.  Further research is 

needed to evaluate the potential adsorption of low levels of EtO to building and indoor materials over time; 

for example, indoor sources such as those noted above could yield low levels of EtO indoors, which could 

temporarily accumulate until exchange with outdoor air.    

Based on these results, we conclude that further evaluation is recommended across a broader range of 

sampling conditions including: meteorological, Sterigenics production rates, further afield background 

locations, and further study, on a longer-term basis, comparing indoor and outdoor levels at the same 

location, to completely assess the potential contribution by Sterigenics to air quality in the Village of 

Willowbrook.  A longer-term sampling study is required to draw conclusions appropriate to long-term risk 

exposure criteria.   

8. Quality Assurance/Quality Control and Reporting 

All sampling records were reviewed to ensure accuracy and completeness.  The sampling information was 

uploaded into an electronic database and each record was subjected to a Quality Assurance/Quality Control 

(QA/QC) review.  All project related records and documents were reviewed to ensure accuracy and 

completeness and will be archived in GHD’s Laserfiche system upon completion of the project.  All data 

contained in the final report has been reviewed by a GHD CIH and is considered final. This report and 

supporting documentation was prepared and reviewed according to GHD’s ISO 9001 quality review process.  

The air sampling activities were performed under the direction of a GHD CIH and all air sampling data were 

reviewed by a GHD CIH.  

 



 

 

Respectfully Submitted, 

 

GHD Services, Inc. 

 

This report was prepared by:   This report was reviewed by: 

___________   _______ 

Dyron Hamlin, MS, PE, CIH   Benjamin Chandler, MS, CIH, CSP 

 

This report was reviewed by: 

______ 

Kevin Kearney, MS, ASP 

  



 

 

Appendix A 
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Summary of Area Air Sampling Results for Ethylene Oxide 
Village of Willowbrook, Illinois

Location 
ID 

Sample Location Measured 
Airborne 
Concentration 

1 Willo wb ro o k Villa ge Ha ll – T hird Flo o r 0.19 ppb  
Willo wb ro o k Villa ge Ha ll – L o wer L evel 0.29 ppb  
Willo wb ro o k Villa ge Ha ll – L o b b y 0.28 ppb  
Willo wb ro o k Villa ge Ha ll – Outdo o rs 0.32 ppb  

2 Willo wb ro o k Po lic e Depa rtm ent – Pa tro l Ro o m  0.27 ppb  
Willo wb ro o k Po lic e Depa rtm ent – Evidenc e Ro o m  0.12 ppb  
Willo wb ro o k Po lic e Depa rtm ent – Rec o rds Fro nt 
Offic e  

0.43 ppb  

Willo wb ro o k Po lic e Depa rtm ent – Detec tive 
Co nferenc e Ro o m  

0.45 ppb  

Willo wb ro o k Po lic e Depa rtm ent – Outdo o rs 0.24 ppb  
3 
 

Fa rb er Residenc e – Indo o rs  0.37 ppb  
Fa rb er Residenc e – Outdo o rs  0.085 ppb  

4 West Swim  Club  – Outdo o rs  0.055 ppb  
West Swim  Club  - Po o l 0.14 ppb  

5 Grim sb y Residenc e - Indo o rs 0.17 ppb  
Grim sb y Residenc e - Outdo o rs 0.080 ppb  

6 Pub lic  Wo rks Building – Outdo o rs  0.050 ppb  
7 Co m m unity Pa rk – Outdo o rs  0.075 ppb  
8 Willo w Po nd – Outdo o rs  0.044 ppb  
9 Go wer Elem enta ry – Classro o m  49 0.053 ppb  

Go wer Elem enta ry – No rth Ha llwa y < 0.040 ppb  
Go wer Elem enta ry – Gym na sium  < 0.040 ppb  
Go wer Elem enta ry – L ea rning Center 0.18 ppb  
Go wer Elem enta ry – Outdo o rs 0.11 ppb  

10 Go wer Middle Sc ho o l – Cla ssro o m  106 0.16 ppb  
Go wer Middle Sc ho o l – L ib ra ry 0.27 ppb  
Go wer Middle Sc ho o l – Cla ssro o m  123 0.25 ppb  
Go wer Middle Sc ho o l – No rth Ha llwa y 0.19 ppb  
Go wer Middle Sc ho o l – Outdo o rs 0.043 ppb  

11 Hinsda le High Sc ho o l – L o wer L evel/Classro o m  156 0.25 ppb  
Hinsda le High Sc ho o l – 2nd L evel/Classro o m  224 0.083 ppb  
Hinsda le High Sc ho o l – 2nd L evel/L ib ra ry 0.043 ppb  
Hinsda le High Sc ho o l – 3rd L evel/Ha llwa y o utside 
Classro o m  311 

0.14 ppb  

Hinsda le High Sc ho o l – 3rd L evel/Classro o m  357 0.13 ppb  
Hinsda le High Sc ho o l – Outdo o rs 0.069 ppb  
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Appendix B 
Wind Rose Map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







 

 

Appendix C 
Lab Reports 

 

 

  



Mr. Ben Chandler                                                                                                   November 28, 2018
GHD Services Inc.
11719 Hinson Road
Suite 100
Little Rock, AR 72212

DOH ELAP #11626 Account# 29016                      Login# L463406
AIHA-LAP #100324

Dear Mr. Chandler:

Enclosed are the analytical results for the samples received by our laboratory on November 19, 2018.  All 
test results meet the quality control requirements of AIHA-LAP and NELAC unless otherwise stated in this 
report.  All samples on the chain of custody were received in good condition unless otherwise noted.

Sample AIR-11183332-11/16/2018-035 was rejected and does not appear on this report due to being received
at full vacuum, indicating no sample was taken.

Results in this report are based on the sampling data provided by the client and refer only to the samples 
as they were received at the laboratory.  When possible, non-IOM samples will be retained for 14 days 
following the date of this report (unless an extension is specifically requested).  IOM samples are retained 
for 7 days.

Current Scopes of Accreditation can be viewed at www.sgsgalson.com in the accreditations section of 
the "About" page.

Please contact Charlene Moser at (888) 432-5227, if you would like any additional information regarding 
this report.  Thank you for using SGS Galson.

Sincerely,

SGS Galson

[qcsig] 

Lisa Swab
Laboratory Director

Enclosure(s)
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LELAP Lab ID #04083 
LABORATORY ANALYSIS REPORT

Client        : GHD Services Inc. 
6601 Kirkville Road                Site          : Village of Willowbrook 
East Syracuse, NY 13057            Project No.   : 11183332 
(315) 432-5227 
FAX: (315) 437-0571                Date Sampled  : 16-NOV-18               Account No.: 29016 
www.sgsgalson.com                  Date Received : 19-NOV-18               Login No.  : L463406 

Date Analyzed : 26-NOV-18 - 28-NOV-18   Units      : ppbv 
Report ID     : 1104572 

Galson ID:        LOQ      L463406-1            L463406-2            L463406-3   
Client ID:        ppbv  AIR-11183332-001     AIR-11183332-002     AIR-11183332-003    

Ethylene oxide             0.040     0.19                 0.29                 0.28      

Analytical Method: mod. OSHA PV2120/mod. EPA TO15; GC/MS      QC by       : SAP             Supervisor: SAP          
Collection Media : 6L Summa                                   Approved by : SAP                   
Submitted by     : DJW                                        Date        : 28-NOV-18       NYS DOH # : 11626  

<  -Less Than     mg -Milligrams  m3 -Cubic Meters  ppbv-Parts per Billion Volume  NS  -Not Specified          L  -Liters  
>  -Greater Than  ug -Micrograms  ND -Not Detected  ppmv-Parts per Million Volume  LOQ -Limit of Quantitation  NA -Not Applicable  
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LELAP Lab ID #04083 
LABORATORY ANALYSIS REPORT

Client        : GHD Services Inc. 
6601 Kirkville Road                Site          : Village of Willowbrook 
East Syracuse, NY 13057            Project No.   : 11183332 
(315) 432-5227 
FAX: (315) 437-0571                Date Sampled  : 16-NOV-18               Account No.: 29016 
www.sgsgalson.com                  Date Received : 19-NOV-18               Login No.  : L463406 

Date Analyzed : 26-NOV-18 - 28-NOV-18   Units      : ppbv 
Report ID     : 1104572 

Galson ID:        LOQ      L463406-4            L463406-5            L463406-6   
Client ID:        ppbv  AIR-11183332-004     AIR-11183332-005     AIR-11183332-006    

Ethylene oxide             0.040     0.32                 0.27                 0.25      

Analytical Method: mod. OSHA PV2120/mod. EPA TO15; GC/MS      QC by       : SAP             Supervisor: SAP          
Collection Media : 6L Summa                                   Approved by : SAP                   
Submitted by     : DJW                                        Date        : 28-NOV-18       NYS DOH # : 11626  

<  -Less Than     mg -Milligrams  m3 -Cubic Meters  ppbv-Parts per Billion Volume  NS  -Not Specified          L  -Liters  
>  -Greater Than  ug -Micrograms  ND -Not Detected  ppmv-Parts per Million Volume  LOQ -Limit of Quantitation  NA -Not Applicable  
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LELAP Lab ID #04083 
LABORATORY ANALYSIS REPORT

Client        : GHD Services Inc. 
6601 Kirkville Road                Site          : Village of Willowbrook 
East Syracuse, NY 13057            Project No.   : 11183332 
(315) 432-5227 
FAX: (315) 437-0571                Date Sampled  : 16-NOV-18               Account No.: 29016 
www.sgsgalson.com                  Date Received : 19-NOV-18               Login No.  : L463406 

Date Analyzed : 26-NOV-18 - 28-NOV-18   Units      : ppbv 
Report ID     : 1104572 

Galson ID:        LOQ      L463406-7            L463406-8            L463406-9   
Client ID:        ppbv  AIR-11183332-007     AIR-11183332-008     AIR-11183332-009    

Ethylene oxide             0.040     0.43                 0.45                 0.24      

Analytical Method: mod. OSHA PV2120/mod. EPA TO15; GC/MS      QC by       : SAP             Supervisor: SAP          
Collection Media : 6L Summa                                   Approved by : SAP                   
Submitted by     : DJW                                        Date        : 28-NOV-18       NYS DOH # : 11626  

<  -Less Than     mg -Milligrams  m3 -Cubic Meters  ppbv-Parts per Billion Volume  NS  -Not Specified          L  -Liters  
>  -Greater Than  ug -Micrograms  ND -Not Detected  ppmv-Parts per Million Volume  LOQ -Limit of Quantitation  NA -Not Applicable  
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LELAP Lab ID #04083 
LABORATORY ANALYSIS REPORT

Client        : GHD Services Inc. 
6601 Kirkville Road                Site          : Village of Willowbrook 
East Syracuse, NY 13057            Project No.   : 11183332 
(315) 432-5227 
FAX: (315) 437-0571                Date Sampled  : 16-NOV-18               Account No.: 29016 
www.sgsgalson.com                  Date Received : 19-NOV-18               Login No.  : L463406 

Date Analyzed : 26-NOV-18 - 28-NOV-18   Units      : ppbv 
Report ID     : 1104572 

Galson ID:        LOQ      L463406-10           L463406-11           L463406-12  
Client ID:        ppbv  AIR-11183332-010     AIR-11183332-011     AIR-11183332-012    

Ethylene oxide             0.040     0.37                 0.085                0.055     

Analytical Method: mod. OSHA PV2120/mod. EPA TO15; GC/MS      QC by       : SAP             Supervisor: SAP          
Collection Media : 6L Summa                                   Approved by : SAP                   
Submitted by     : DJW                                        Date        : 28-NOV-18       NYS DOH # : 11626  

<  -Less Than     mg -Milligrams  m3 -Cubic Meters  ppbv-Parts per Billion Volume  NS  -Not Specified          L  -Liters  
>  -Greater Than  ug -Micrograms  ND -Not Detected  ppmv-Parts per Million Volume  LOQ -Limit of Quantitation  NA -Not Applicable  
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LELAP Lab ID #04083 
LABORATORY ANALYSIS REPORT

Client        : GHD Services Inc. 
6601 Kirkville Road                Site          : Village of Willowbrook 
East Syracuse, NY 13057            Project No.   : 11183332 
(315) 432-5227 
FAX: (315) 437-0571                Date Sampled  : 16-NOV-18               Account No.: 29016 
www.sgsgalson.com                  Date Received : 19-NOV-18               Login No.  : L463406 

Date Analyzed : 26-NOV-18 - 28-NOV-18   Units      : ppbv 
Report ID     : 1104572 

Galson ID:        LOQ      L463406-13           L463406-14           L463406-15  
Client ID:        ppbv  AIR-11183332-013     AIR-11183332-014     AIR-11183332-015    

Ethylene oxide             0.040     0.14                 0.17                 0.080     

Analytical Method: mod. OSHA PV2120/mod. EPA TO15; GC/MS      QC by       : SAP             Supervisor: SAP          
Collection Media : 6L Summa                                   Approved by : SAP                   
Submitted by     : DJW                                        Date        : 28-NOV-18       NYS DOH # : 11626  

<  -Less Than     mg -Milligrams  m3 -Cubic Meters  ppbv-Parts per Billion Volume  NS  -Not Specified          L  -Liters  
>  -Greater Than  ug -Micrograms  ND -Not Detected  ppmv-Parts per Million Volume  LOQ -Limit of Quantitation  NA -Not Applicable  
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LELAP Lab ID #04083 
LABORATORY ANALYSIS REPORT

Client        : GHD Services Inc. 
6601 Kirkville Road                Site          : Village of Willowbrook 
East Syracuse, NY 13057            Project No.   : 11183332 
(315) 432-5227 
FAX: (315) 437-0571                Date Sampled  : 16-NOV-18               Account No.: 29016 
www.sgsgalson.com                  Date Received : 19-NOV-18               Login No.  : L463406 

Date Analyzed : 26-NOV-18 - 28-NOV-18   Units      : ppbv 
Report ID     : 1104572 

Galson ID:        LOQ      L463406-16           L463406-17           L463406-18  
Client ID:        ppbv  AIR-11183332-016     AIR-11183332-017     AIR-11183332-018    

Ethylene oxide             0.040     0.050                0.075                0.044     

Analytical Method: mod. OSHA PV2120/mod. EPA TO15; GC/MS      QC by       : SAP             Supervisor: SAP          
Collection Media : 6L Summa                                   Approved by : SAP                   
Submitted by     : DJW                                        Date        : 28-NOV-18       NYS DOH # : 11626  

<  -Less Than     mg -Milligrams  m3 -Cubic Meters  ppbv-Parts per Billion Volume  NS  -Not Specified          L  -Liters  
>  -Greater Than  ug -Micrograms  ND -Not Detected  ppmv-Parts per Million Volume  LOQ -Limit of Quantitation  NA -Not Applicable  
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LELAP Lab ID #04083 
LABORATORY ANALYSIS REPORT

Client        : GHD Services Inc. 
6601 Kirkville Road                Site          : Village of Willowbrook 
East Syracuse, NY 13057            Project No.   : 11183332 
(315) 432-5227 
FAX: (315) 437-0571                Date Sampled  : 16-NOV-18               Account No.: 29016 
www.sgsgalson.com                  Date Received : 19-NOV-18               Login No.  : L463406 

Date Analyzed : 26-NOV-18 - 28-NOV-18   Units      : ppbv 
Report ID     : 1104572 

Galson ID:        LOQ      L463406-19           L463406-20           L463406-22  
Client ID:        ppbv  AIR-11183332-020     AIR-11183332-019     AIR-11183332-021    

Ethylene oxide             0.040    <0.040                0.053               <0.040     

Analytical Method: mod. OSHA PV2120/mod. EPA TO15; GC/MS      QC by       : SAP             Supervisor: SAP          
Collection Media : 6L Summa                                   Approved by : SAP                   
Submitted by     : DJW                                        Date        : 28-NOV-18       NYS DOH # : 11626  

<  -Less Than     mg -Milligrams  m3 -Cubic Meters  ppbv-Parts per Billion Volume  NS  -Not Specified          L  -Liters  
>  -Greater Than  ug -Micrograms  ND -Not Detected  ppmv-Parts per Million Volume  LOQ -Limit of Quantitation  NA -Not Applicable  
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LELAP Lab ID #04083 
LABORATORY ANALYSIS REPORT

Client        : GHD Services Inc. 
6601 Kirkville Road                Site          : Village of Willowbrook 
East Syracuse, NY 13057            Project No.   : 11183332 
(315) 432-5227 
FAX: (315) 437-0571                Date Sampled  : 16-NOV-18               Account No.: 29016 
www.sgsgalson.com                  Date Received : 19-NOV-18               Login No.  : L463406 

Date Analyzed : 26-NOV-18 - 28-NOV-18   Units      : ppbv 
Report ID     : 1104572 

Galson ID:        LOQ      L463406-23           L463406-25           L463406-26  
Client ID:        ppbv  AIR-11183332-022     AIR-11183332-023     AIR-11183332-024    

Ethylene oxide             0.040     0.18                 0.11                 0.16      

Analytical Method: mod. OSHA PV2120/mod. EPA TO15; GC/MS      QC by       : SAP             Supervisor: SAP          
Collection Media : 6L Summa                                   Approved by : SAP                   
Submitted by     : DJW                                        Date        : 28-NOV-18       NYS DOH # : 11626  

<  -Less Than     mg -Milligrams  m3 -Cubic Meters  ppbv-Parts per Billion Volume  NS  -Not Specified          L  -Liters  
>  -Greater Than  ug -Micrograms  ND -Not Detected  ppmv-Parts per Million Volume  LOQ -Limit of Quantitation  NA -Not Applicable  
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LELAP Lab ID #04083 
LABORATORY ANALYSIS REPORT

Client        : GHD Services Inc. 
6601 Kirkville Road                Site          : Village of Willowbrook 
East Syracuse, NY 13057            Project No.   : 11183332 
(315) 432-5227 
FAX: (315) 437-0571                Date Sampled  : 16-NOV-18               Account No.: 29016 
www.sgsgalson.com                  Date Received : 19-NOV-18               Login No.  : L463406 

Date Analyzed : 26-NOV-18 - 28-NOV-18   Units      : ppbv 
Report ID     : 1104572 

Galson ID:        LOQ      L463406-27           L463406-29           L463406-30  
Client ID:        ppbv  AIR-11183332-025     AIR-11183332-026     AIR-11183332-027    

Ethylene oxide             0.040     0.27                 0.25                 0.19      

Analytical Method: mod. OSHA PV2120/mod. EPA TO15; GC/MS      QC by       : SAP             Supervisor: SAP          
Collection Media : 6L Summa                                   Approved by : SAP                   
Submitted by     : DJW                                        Date        : 28-NOV-18       NYS DOH # : 11626  

<  -Less Than     mg -Milligrams  m3 -Cubic Meters  ppbv-Parts per Billion Volume  NS  -Not Specified          L  -Liters  
>  -Greater Than  ug -Micrograms  ND -Not Detected  ppmv-Parts per Million Volume  LOQ -Limit of Quantitation  NA -Not Applicable  
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LELAP Lab ID #04083 
LABORATORY ANALYSIS REPORT

Client        : GHD Services Inc. 
6601 Kirkville Road                Site          : Village of Willowbrook 
East Syracuse, NY 13057            Project No.   : 11183332 
(315) 432-5227 
FAX: (315) 437-0571                Date Sampled  : 16-NOV-18               Account No.: 29016 
www.sgsgalson.com                  Date Received : 19-NOV-18               Login No.  : L463406 

Date Analyzed : 26-NOV-18 - 28-NOV-18   Units      : ppbv 
Report ID     : 1104572 

Galson ID:        LOQ      L463406-31           L463406-32           L463406-33  
Client ID:        ppbv  AIR-11183332-028     AIR-11183332-029     AIR-11183332-030    

Ethylene oxide             0.040     0.043                0.10                 0.083     

Analytical Method: mod. OSHA PV2120/mod. EPA TO15; GC/MS      QC by       : SAP             Supervisor: SAP          
Collection Media : 6L Summa                                   Approved by : SAP                   
Submitted by     : DJW                                        Date        : 28-NOV-18       NYS DOH # : 11626  

<  -Less Than     mg -Milligrams  m3 -Cubic Meters  ppbv-Parts per Billion Volume  NS  -Not Specified          L  -Liters  
>  -Greater Than  ug -Micrograms  ND -Not Detected  ppmv-Parts per Million Volume  LOQ -Limit of Quantitation  NA -Not Applicable  
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LELAP Lab ID #04083 
LABORATORY ANALYSIS REPORT

Client        : GHD Services Inc. 
6601 Kirkville Road                Site          : Village of Willowbrook 
East Syracuse, NY 13057            Project No.   : 11183332 
(315) 432-5227 
FAX: (315) 437-0571                Date Sampled  : 16-NOV-18               Account No.: 29016 
www.sgsgalson.com                  Date Received : 19-NOV-18               Login No.  : L463406 

Date Analyzed : 26-NOV-18 - 28-NOV-18   Units      : ppbv 
Report ID     : 1104572 

Galson ID:        LOQ      L463406-34           L463406-35           L463406-36  
Client ID:        ppbv  AIR-11183332-031     AIR-11183332-032     AIR-11183332-033    

Ethylene oxide             0.040    <0.040                0.14                 0.13      

Analytical Method: mod. OSHA PV2120/mod. EPA TO15; GC/MS      QC by       : SAP             Supervisor: SAP          
Collection Media : 6L Summa                                   Approved by : SAP                   
Submitted by     : DJW                                        Date        : 28-NOV-18       NYS DOH # : 11626  

<  -Less Than     mg -Milligrams  m3 -Cubic Meters  ppbv-Parts per Billion Volume  NS  -Not Specified          L  -Liters  
>  -Greater Than  ug -Micrograms  ND -Not Detected  ppmv-Parts per Million Volume  LOQ -Limit of Quantitation  NA -Not Applicable  
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LELAP Lab ID #04083 
LABORATORY ANALYSIS REPORT

Client        : GHD Services Inc. 
6601 Kirkville Road                Site          : Village of Willowbrook 
East Syracuse, NY 13057            Project No.   : 11183332 
(315) 432-5227 
FAX: (315) 437-0571                Date Sampled  : 16-NOV-18               Account No.: 29016 
www.sgsgalson.com                  Date Received : 19-NOV-18               Login No.  : L463406 

Date Analyzed : 26-NOV-18 - 28-NOV-18   Units      : ppbv 
Report ID     : 1104572 

Galson ID:        LOQ      L463406-37                                            
Client ID:        ppbv  AIR-11183332-034                                              

Ethylene oxide             0.040     0.069                                               

Analytical Method: mod. OSHA PV2120/mod. EPA TO15; GC/MS      QC by       : SAP             Supervisor: SAP          
Collection Media : 6L Summa                                   Approved by : SAP                   
Submitted by     : DJW                                        Date        : 28-NOV-18       NYS DOH # : 11626  

<  -Less Than     mg -Milligrams  m3 -Cubic Meters  ppbv-Parts per Billion Volume  NS  -Not Specified          L  -Liters  
>  -Greater Than  ug -Micrograms  ND -Not Detected  ppmv-Parts per Million Volume  LOQ -Limit of Quantitation  NA -Not Applicable  
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LABORATORY FOOTNOTE REPORT   

Client Name  : GHD Services Inc.   
Site         : Village of Willowbrook   
Project No.  : 11183332   

6601 Kirkville Road       
East Syracuse, NY 13057               Date Sampled : 16-NOV-18               Account No.: 29016   
(315) 432-5227                        Date Received: 19-NOV-18               Login No.  : L463406   
FAX: (315) 437-0571                   Date Analyzed: 26-NOV-18 - 28-NOV-18   
www.sgsgalson.com         

This document is issued by the Company under its General Conditions of Service accessible at http://www.sgs.com/en/Terms-and-Conditions.aspx.             
Attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined therein.             

Any holder of this document is advised that information contained herein reflects the Company’s findings at the time of its intervention only             
and within the limits of Client’s instructions, if any. The Company’s sole responsibility is to its Client and this document does not exonerate             
parties to a transaction from exercising all their rights and obligations under the transaction documents. Any unauthorized alteration, forgery             
or falsification of the content or appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law.             

Unless otherwise noted below, all quality control results associated with the samples were within established control limits or             
did not impact reported results.             

Note: The findings recorded within this report were drawn from analysis of the sample(s) provided to the laboratory by the Client (or a third             
party acting at the Client’s direction). The laboratory does not have control over the sampling process, including but not limited to the use             
of field equipment and collection media, as well as the sampling duration, collection volume or any other collection parameter used by the             
Client. The findings herein constitute no warranty of the sample's representativeness of any sampled environment, and strictly relate to the             
samples as they were presented to the laboratory. For recommended sampling collection parameters, please refer to the Sampling and Analysis             
Guide at www.sgsgalson.com             

Unrounded results are carried through the calculations that yield the final result and the final result is rounded to the number of             
significant figures appropriate to the accuracy of the analytical method.  Please note that results appearing in the columns preceeding             
the final result column may have been rounded and therefore, if carried through the calculations, may not yield an identical final             
result to the one reported.             

The stated LOQs for each analyte represent the demonstrated LOQ concentrations prior to correction for desorption efficiency (if applicable).             

Unless otherwise noted below, reported results have not been blank corrected for any field blank or method blank.             

L463406 (Report ID: 1104572):                
SOPs:  in-vocs(35)

L463406-16 (Report ID: 1104572):                
Sample canister was received at/near ambient pressure.

<  -Less Than           mg -Milligrams        m3  -Cubic Meters       kg -Kilograms          ppm -Parts per Million     
>  -Greater Than        ug -Micrograms        l   -Liters             NS -Not Specified      ND -Not Detected           NA -Not Applicable     
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LABORATORY FOOTNOTE REPORT   

Client Name  : GHD Services Inc.   
Site         : Village of Willowbrook   
Project No.  : 11183332   

6601 Kirkville Road       
East Syracuse, NY 13057               Date Sampled : 16-NOV-18               Account No.: 29016   
(315) 432-5227                        Date Received: 19-NOV-18               Login No.  : L463406   
FAX: (315) 437-0571                   Date Analyzed: 26-NOV-18 - 28-NOV-18   
www.sgsgalson.com         

L463406 (Report ID: 1104572):
Accuracy and mean recovery data presented below is based on a 95% confidence interval (k=2). The estimated accuracy applies to the                 
media, technology, and SOP referenced in this report and does not account for the uncertainty associated with the sampling process.                 
The accuracy is based solely on spike recovery data from internal quality control samples. Where N/A appears below, insufficient                 
data is available to provide statistical accuracy and mean recovery values for the associated analyte.                 

Parameter                                 Accuracy         Mean Recovery                 

Ethylene oxide                            N/A                  N/A       

<  -Less Than           mg -Milligrams        m3  -Cubic Meters       kg -Kilograms          ppm -Parts per Million     
>  -Greater Than        ug -Micrograms        l   -Liters             NS -Not Specified      ND -Not Detected           NA -Not Applicable     
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Appendix D 
Electronic Sample Collection Information  

 









































































An official website of the United States government.

We've made some changes to EPA.gov. If the information you are looking for is not here, you
may be able to find it on the EPA Web Archive or the January 19, 2017 Web Snapshot.

Close

Fact Sheet: EPA Taking Steps to Address
Emissions of Ethylene Oxide

Print the Fact Sheet

Download and print a copy of this fact sheet in PDF format

Latest National Air Toxics Assessment Shows Potential Long-Term Health
Concerns in Some Areas

OVERVIEW

AUGUST 22, 2018 -- The U.S. Environmental Protection Agency (EPA) is
taking steps to address emissions of the chemical ethylene oxide from some
types of industrial facilities across the country. 
 
EPA is addressing ethylene oxide based on the results of the latest National
Air Toxics Assessment (NATA), which identified the chemical as a
potential concern in several areas across the country. NATA is the Agency’s
nationwide air toxics screening tool, designed to help EPA and state, local
and tribal air agencies identify areas, pollutants or types of sources for
further examination. 
 
The 2014 NATA uses emissions data from the latest National Emissions
Inventory (2014 is the most recent data available), along with the latest
scientific information on air toxics and health, to estimate long-term air
toxics exposures and potential public health risk in census tracts across the
United States. 
 
NATA estimates long-term risks – those that may occur from breathing air
containing elevated levels of air toxics continuously for many decades. It
does not estimate short-term (acute) or intermediate risks. However, based
on an examination of available data, EPA does not expect ethylene oxide
levels in the air in these areas to be high enough to cause immediate harm
to health. 
 
Nationwide, total emissions of air toxics are declining, and air quality
monitoring data show that concentrations of many toxics in the air, such as
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benzene, also are trending downward. 
 
Despite these trends, some local areas still face challenges. The 2014 NATA
estimates that ethylene oxide significantly contributes to potential elevated
cancer risks in some census tracts across the U.S. (less than 1 percent of the
total number of tracts). These elevated risks are largely driven by an EPA
risk value that was updated in late 2016. 
 
Ethylene oxide is a flammable, colorless gas used to make other chemicals
that are used in making a range of products, including antifreeze, textiles,
plastics, detergents and adhesives. Ethylene oxide also is used to sterilize
equipment and plastic devices that cannot be sterilized by steam, such as
medical equipment. 
 
EPA will work with industry, and state, local and tribal air agencies as it
takes a two-pronged approach to address ethylene oxide emissions: 
 

Reviewing Clean Air Act regulations for facilities that emit ethylene
oxide: 
 

EPA has begun reviewing its air toxics emissions standards for
miscellaneous organic chemical manufacturing facilities, some
of which emit ethylene oxide. 
 
The Agency also plans to take a closer look at its rules for
other types of facilities, beginning with its emissions standards
for commercial sterilizers.  
 

Getting additional information on ethylene oxide emissions 
 

EPA also is gathering additional information on industrial
emissions of ethylene oxide, which may include data from
testing at some types of facilities. 
 
This information will help EPA as it evaluates opportunities to
reduce ethylene oxide emissions as part of its regulations
review. 
 
It also will help the Agency determine whether more
immediate emission reduction steps are necessary in any
particular locations. 
 

EPA will post updates on its work to address ethylene oxide on its website
at: https://www.epa.gov/ethylene-oxide

Ethylene Oxide and Risk   

Ethylene oxide in the air can come from different types of sources,
including industries such as chemical manufacturers and sterilizers. 
 
Long-term exposure to ethylene oxide can irritate the eyes, skin, nose,
throat, and lungs, and harm the brain and nervous system (causing effects
such as headaches, memory loss, numbness). Studies show that breathing
air containing elevated ethylene oxide levels over many years increases the

https://www.epa.gov/hazardous-air-pollutants-ethylene-oxide


risk of some types of cancers, including cancers of the white blood cells
(such as non-Hodgkin’s lymphoma, myeloma and lymphocytic leukemia);
and breast cancer in females.

EPA’s Strategy for Addressing Ethylene Oxide Emissions

Reviewing Regulations

EPA will review Clean Air Act regulations for facilities that emit ethylene
oxide to ensure that they protect the public from significant risk. The
Agency has begun its review of its air toxics emissions standards for
miscellaneous organic chemical manufacturing (often referred to as the
“MON”). EPA last updated this rule in 2006 and is under a court order to
complete review of the rule by March 2020. As part of this review, the
Agency will consider risks to health and the environment, along with
advances in work practices, processes or emission controls that can further
reduce air toxics emissions. 
 
The Agency also plans to take a closer look at air toxics emissions
standards for other industries that emit ethylene oxide to determine whether
a review of those rules is needed. EPA will start this closer look with its air
toxics emissions standards for commercial sterilizers.

Gathering Additional Information

As part of its review of rules, EPA will gather additional information on
industrial emissions of ethylene oxide, including where emissions occur,
how those emissions can be controlled, and how current emission controls
can be improved. The Agency also may seek information from emissions
testing at facilities that emit ethylene oxide, focusing first on areas where
NATA estimates elevated cancer risk. 
 
For ethylene oxide, facility emissions testing, combined with air quality
modeling, can provide a more complete picture of ethylene oxide in the air
in an area than air quality monitoring can currently provide. Existing
monitoring methods are not sensitive enough to detect ethylene oxide at all
levels in the outdoor air. EPA is actively working to develop new
techniques for measuring ethylene oxide in the outdoor air. 
 
In addition, data from emissions testing can be used in the review and
development of air toxics regulations; data from air quality monitoring
cannot. Under the Clean Air Act, air toxics regulations focus on setting
limits on the amount of a pollutant an industrial facility can emit to the air. 
 
The information EPA obtains will help the Agency as it evaluates
opportunities to reduce ethylene oxide emissions as part of its regulations
review. It also will help EPA determine whether more immediate emission
reduction steps are necessary in any locations.

For more information

For more information on ethylene oxide, and for updates on EPA’s efforts to
address risk from this chemical in the outdoor air, visit
https://www.epa.gov/ethylene-oxide . 
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https://www.epa.gov/stationary-sources-air-pollution/ethylene-oxide-emissions-standards-sterilization-facilities
https://www.epa.gov/hazardous-air-pollutants-ethylene-oxide


To learn more about NATA, and to see the 2014 NATA results, visit
https://www.epa.gov/national-air-toxics-assessment . 
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Officials knew ethylene oxide was linked to cancer for decades. Here's
why it's still being emitted in Willowbrook and Waukegan.

By Michael Hawthorne
Chicago Tribune

DECEMBER 20, 2018, 9:55 AM

hen Julie Cannell was born in the 1980s, the Sterigenics plant in Willowbrook churned up to 169,000 pounds of cancer-causing ethylene oxide into the air

every year.

ADVERTISEMENT

Breast cancer survivor Julie Cannell at her Riverside home on Dec. 19, 2018. Cannell grew up near Sterigenics in Willowbrook. (Antonio Perez/Chicago Tribune)
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Cannell grew up about a mile from the facility in a leafy suburban neighborhood of big homes and even bigger yards. She attended public schools close to Sterigenics.

But like most residents of the DuPage County village, she had no idea the company existed until this summer, when the U.S. Environmental Protection Agency singled

out Willowbrook as one of a few dozen communities across the nation facing alarmingly high cancer risks from toxic air pollution.

Diagnosed with breast cancer in 2014, shortly after her 30th birthday, Cannell endured a double mastectomy and rounds of debilitating radiation and chemotherapy.

Now she is among dozens of cancer survivors and families of victims wondering if daily exposure to an obscure industrial chemical contributed to the diseases.

“My parents moved to Willowbrook because my dad felt like we were living in the country, with fresh air and plenty of open spaces,” Cannell said. “This wasn’t

supposed to happen.”

While it is difficult, if not impossible, to determine why cancerous cells suddenly develop in people, scientists have been reporting for decades that toxic chemicals are

among the triggers. “The true burden of environmentally induced cancer has been grossly underestimated,” a presidential commission of experts concluded in 2010.

“The public remains unaware of many common environmental carcinogens,” the President’s Cancer Panel said in its report, listing ethylene oxide as one of the

examples. “Most also are unaware that children are far more vulnerable … than adults.”

Chemical companies and government health agencies have known since at least the late 1970s that ethylene oxide mutates genes and causes breast cancer, leukemia

and lymphomas. After owners of the Willowbrook plant applied for a new permit in the mid-1980s, state regulators estimated that people living within a mile of the

facility could end up breathing the highly toxic gas at concentrations 14 times higher than studies suggested was safe at the time.

Yet time and time again, a Chicago Tribune investigation found, the multibillion-dollar chemical industry and its political allies in Washington have thwarted,

weakened or delayed efforts to limit exposure to ethylene oxide, relying on the same tactics used to stall action on more well-known hazards like lead and asbestos.

Sterigenics, which uses ethylene oxide to sterilize medical equipment, pharmaceutical drugs and food in Willowbrook and eight other U.S. locations, has played a key

role in the chemical industry’s defense.

As a result, the public health impacts are only now becoming clear.

More than 600,000 Americans face what the EPA considers unacceptable long-term cancer risks from breathing toxic air pollution, according to a Tribune analysis of

data quietly released in August by the agency. Ethylene oxide is the chief chemical responsible in nearly all of those communities, including neighborhoods near

Sterigenics in Willowbrook and Medline Industries in north suburban Waukegan.

The chemical and sterilization industries, along with Medline and other manufacturers of medical products, contend ethylene oxide is essential to prevent potentially

deadly infections during surgery and other procedures.

There is no doubt the chemical is effective at killing bacteria and pests. But safer sterilization methods are available, industry records show, raising questions about

whether efforts to preserve the use of ethylene oxide are motivated by financial interests rather than a desire to protect public health.

Citing Tribune reporting about ethylene oxide during the past four months, federal and state elected officials are calling for more aggressive measures to protect the

public.

U.S. Sens. Dick Durbin and Tammy Duckworth, and U.S. Reps. Bill Foster, Dan Lipinski and Brad Schneider have introduced legislation that would require the EPA to

adopt tougher regulations for Sterigenics and other sterilization companies. Illinois Attorney General Lisa Madigan and Robert Berlin, the DuPage County state’s

attorney, have sued to shut down the Willowbrook facility as a public nuisance. Two DuPage Republicans in the state legislature, Sen. John Curran and House Minority

Leader Jim Durkin, have introduced bills that would force the sterilization industry to phase out the use of ethylene oxide in Illinois.

There even are signs President Donald Trump’s administration might detour from its anti-regulatory agenda to address the cancer risks. William Wehrum, whom

Trump appointed to head the federal EPA’s air office, recently told the crowd at a Willowbrook public forum that the agency is considering more stringent national

limits on the chemical.

Chemical companies and sterilization firms are pushing back, citing industry-funded studies rejected by the EPA and two panels of independent scientists that reviewed

the agency’s updated assessment of ethylene oxide risks.

Conclusions in the agency’s report, published in December 2016, remained largely unchanged from a 2006 draft based on decades of animal research and a large

federal study of sterilization workers. But the American Chemistry Council, the industry’s chief trade group, is petitioning the Trump administration to take another

look.

“The science hasn’t changed,” said Peter Thorne, a University of Iowa toxicologist who led one of the review panels. “What's changed is the agency and the political

winds in Washington. This is another opportunity for (industry) to get its way.”

At least one person at the highest levels of the Trump EPA is on the side of chemical manufacturers: Nancy B. Beck, who was an executive at the industry trade group

before her April 2017 appointment as a top deputy in the EPA’s chemical safety unit.

Less than a month before Beck got her job in the new Republican administration, she testified before a Senate committee in favor of GOP-sponsored proposals that

would dramatically overhaul the way the EPA evaluates risks to public health and wildlife. The measures, which have been sought by industry for decades, would

effectively make it more difficult to restrict hazardous chemicals.
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By formally concluding that regular exposure to less than 1 part per trillion of ethylene oxide is dangerous, Beck told the committee, the EPA “will needlessly cause

alarm and confusion, not only among workers, but also in the general population and in the public health and medical communities.” The agency’s risk assessment is

“not plausible, and not scientifically supportable,” she said.

The EPA declined to answer detailed questions about Beck, including whether she should recuse herself from internal agency debates about chemicals she lobbied for

on behalf of industry.

“Dr. Beck has not been involved” in the agency’s current efforts regarding ethylene oxide, said John Konkus, an EPA spokesman.

Thorne and others who reviewed the science said industry has failed to provide new evidence that would undermine the agency’s review.

“It's been through two rounds of public comment. It's been through two rounds of peer review,” said David Bussard, director of the Washington office of the National

Center for Environmental Assessment, an arm of the EPA that prepared the 2016 report. “We stand behind it.”

The vast majority of ethylene oxide produced worldwide is used to manufacture other chemicals, in particular ethylene glycol, a key ingredient in antifreeze, polyester

fabrics and plastics. Major producers include Dow Chemical, Shell, Huntsman and Union Carbide (now a subsidiary of Dow).

Industry scientists realized during the 1920s that the gas also kills insects and other pests. One of the first companies to take advantage of its potency was Griffith

Laboratories, a supplier to Chicago meatpackers that patented methods using ethylene oxide pumped into sealed chambers to fumigate spices and other food

preservatives.

Griffith’s researchers discovered that ethylene oxide kills bacteria without altering metal, wood or plastic, drawing interest from hospitals, medical suppliers and the

U.S. Army’s biological weapons program. The company expanded its operations to include surgical devices and later spun off its sterilizers into another firm called

Griffith Micro Science, which became Sterigenics after a corporate takeover during the late 1990s.

Competitors developed other methods that over the years have reduced the reliance on ethylene oxide. Half of all medical instruments and devices produced in the

United States during the late 1980s were sterilized with gamma rays or electron beams, killing bacteria and viruses without lingering dangers from the radiation,

according to an EPA survey. Other companies determined that chemicals safer than ethylene oxide were effective germ-killers, including hydrogen peroxide and

peracetic acid.

But every time federal or state regulators attempt to protect Americans from ethylene oxide, industry groups stoke the public’s fear of hospital infections.

“Any disruption to the operations of the Sterigenics Willowbrook facility would seriously undermine the ability to proceed with scheduled surgeries and procedures and

would put patients’ lives at risk,” the company said in an October statement, echoing what industry executives have been telling lawmakers and the EPA for decades.

“There is no doubt that EO has prevented millions of deaths related to infection,” Mark Biel, the chemical industry’s chief Illinois lobbyist, told state lawmakers at an

October hearing, using one of the abbreviations of ethylene oxide. “If an EO sterilization facility shuts down, there is no place else to go.”

More nuanced views are outlined in a 2017 report from the Association for the Advancement of Medical Instrumentation, a trade group that counts Sterigenics and

Medline as members. Charts compiled by the group’s standards board show virtually every type of material in medical products can be sterilized without ethylene oxide.

The report noted that companies might not switch to alternatives because they “have significant investment in one particular sterilization method.”

The first study detailing how ethylene oxide causes genetic mutations was published in 1948. During the 1970s, animal studies confirmed that its powerful ability to

scramble DNA could trigger cancers, prompting attention from the EPA and the Occupational Safety and Health Administration, both of which at the time were

relatively new federal agencies created to address industrial hazards.

“Every study we looked at showed this is a very dangerous chemical,” said Peter Infante, an epidemiologist who at the time directed OSHA’s Office of Carcinogen

Identification. “The evidence was clear that we needed to act quickly to protect workers.”

Industry insiders appeared to agree. In August 1981, a top executive at Shell returned from a scientific conference and reported the closing speaker had said “the biggest

problem chemical that we have right now is ethylene oxide,” according to a memo the Tribune found in a trove of industry documents made public during lawsuits

against chemical makers.

Days before the Shell executive alerted his peers, the nonprofit group Public Citizen and the American Federation of State, County and Municipal Employees union had

petitioned OSHA for emergency standards that would dramatically lower workplace exposures to 1 part per million from 50 ppm averaged over eight hours, and limited

short-term bursts to 5 ppm.

Instead of acknowledging the well-documented hazards, the chemical industry chose to fight, enlisting the influential American Hospital Association and the Veterans

Administration in its lobbying campaign, according to minutes from a November 1981 meeting of the trade group’s board of directors.

Chemical makers found a sympathetic audience in a new presidential administration. Like Trump in 2016, Ronald Reagan had campaigned in 1980 “to get the

government off people’s backs.” Once in office, Reagan’s staff dispatched Republican operatives to rein in federal regulatory agencies and directed the White House

budget office to block or delay new environment and safety rules.

The Reagan-controlled OSHA denied the ethylene oxide petition, then spent the next seven years fighting it in the courts, backing down only after a federal appellate

court sharply condemned the agency’s “hesitation and lack of resolve.”
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“They were shilling for industry,” said David Vladeck, a Georgetown University law professor who sued OSHA for the tougher ethylene oxide standards while working

for Public Citizen. “Imagine how many workers were harmed because these guys were just playing power games behind the scenes to delay the regulations.”

It has taken even longer to address the health risks to Americans outside the workplace.

When Griffith applied for a permit in 1984 to build six sterilizers at its Willowbrook facility, the Illinois Environmental Protection Agency urged the company to take

steps to reduce the amount of ethylene oxide it released into surrounding communities. But the state agency noted it didn’t have legal authority at the time to order

improvements.

The federal EPA didn’t require the sterilization industry to install pollution-control equipment until the late 1990s, then relaxed the regulations a few years later in

response to explosions at plants in Indiana, Massachusetts, Virginia and Wisconsin. Griffith helped persuade regulators the government-mandated pollution controls

were responsible for the blasts, though investigators found operator errors were to blame in each case and could have been prevented with more rigorous training and

safer handling of the highly volatile chemical.

In 2006, the EPA decided it would formally join other agencies that already had declared the chemical causes cancer in humans, including the World Health

Organization, the National Toxicology Program and the state of California.

EPA scientists relied on animal research and a study of more than 18,000 workers at 17 sterilization plants conducted by the National Institute of Occupational Safety

and Health. They adjusted their proposed safety limit to account for people in the general population who are particularly sensitive to chemical exposures. For the first

time, the EPA applied additional safety factors to protect children, who are more susceptible to cancer-causing chemicals.

Re-evaluating toxic substances often leads to conclusions that they are more hazardous than scientists once thought. The EPA and Centers for Disease Control and

Prevention say there is no safe level of exposure to brain-damaging lead, for instance, though in 1990 the agencies still thought children weren’t harmed until

concentrations in their blood exceeded 30 parts per billion.

The EPA’s draft report about ethylene oxide should have been the first step toward more stringent regulations. Instead, it prompted another decade of delay.

Industry agreed the NIOSH study of sterilization workers was well-done. But representatives for chemical manufacturers and sterilization companies urged the EPA to

merge the results with another worker study funded by Union Carbide — one of the corporations that makes ethylene oxide.

Muddying the science is a tactic that has worked wonders for industry over the years, starting with corporations that denied people could be harmed by lead in gasoline,

paint and water. Big Tobacco financed its own research to disguise the risks of smoking, and some of its executives later helped pioneer the use of industry-funded

studies to raise doubts about the dangers of pesticides, industrial chemicals and flame retardants.

Few of those studies held up to close scrutiny. Neither did the Union Carbide study of ethylene oxide workers, according to the EPA and the agency’s scientific advisers.

“There were a whole host of reasons why that study was weak,” said Thorne, the University of Iowa toxicologist who reviewed studies of ethylene oxide while leading the

EPA’s Science Advisory Board. “Too few cases, mixed exposure to carcinogens other than ethylene oxide, few or no women, very few actual measurements of exposure.

As near as I can tell, the American Chemistry Council wanted us to use it because it would produce an ambiguous or negative outcome.”

Industry has continued to cite the Union Carbide study, just as it has done with misleading research about other hazardous substances.

Few people noticed outside the EPA and the executive suites of chemical companies when the agency released the final version of its risk assessment in late 2016, a few

weeks before the Trump administration took office.

The main reason it’s being debated again is the EPA relied on its latest evaluation of ethylene oxide while compiling new estimates of cancer risks from toxic air

pollution in every community in the United States.

Out of 73,057 census tracts in the nation, the EPA’s National Air Toxics Assessment identified 109 where the risks exceed agency guidelines. Seven surround Sterigenics

in Willowbrook; another four are near Medline in Waukegan. In response to Tribune reporting, the agency announced in November that it also is taking a closer look at

Vantage Specialty Chemicals in Gurnee, which reported emitting more ethylene oxide than Sterigenics or Medline but because of a clerical error wasn’t included in the

EPA’s initial analysis.

Medline responded by hiring Jane Teta, the former director of epidemiology at Union Carbide and an author of the industry studies rejected by the EPA. Teta, who has

worked as a consultant for the American Chemistry Council, is now a scientist at Exponent, a California-based firm with a long history of questioning the health risks of

widely used chemicals.

Teta told legislative committees in Springfield last month that if anything is flawed, it is the EPA’s assessment of ethylene oxide. “It’s an abuse of science,” she testified,

urging lawmakers to ignore the agency’s estimates of cancer risks in Willowbrook and Waukegan.

Industry representatives also contend the chemical is naturally produced in the body at levels 19,000 times greater than the EPA’s new safety limit. Asked for evidence

to back up their claims, they cite a 2017 industry-funded study in a journal edited by a former consultant for Big Tobacco who frequently publishes findings that end up

in the chemical industry’s lobbying materials.

Richard Peltier, an environmental health researcher at the University of Massachusetts Amherst, reviewed the study for Lipinski’s office. The methodology used by the

industry-funded researchers appears to have been designed to produce the results they wanted, Peltier said, noting they ignored research on low-level exposures to
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animals and based their analysis largely on industrial workers who generally are healthier than the general population.

“They just made stuff up,” Peltier said in an interview. “It’s another attempt to throw mud on the wall to see if it will stick.”

Residents and elected officials in Willowbrook aren’t buying the industry’s arguments, either.

At her home less than 500 yards from Sterigenics, Sue Kamuda recalls shaking uncontrollably when she first learned about the company’s pollution in August. The fear,

sadness and anger she felt when doctors told her she had breast cancer in 2007 came flooding back, tempered only by reminding herself she survived and lived long

enough to retire comfortably and see her eight grandchildren grow up.

Kamuda got angry again when she heard Biel, the chemical industry lobbyist, tell state lawmakers that plastic water bottles wouldn’t exist without ethylene oxide. And

when she listened to a Sterigenics representative tell a community forum that some medical devices can’t be sterilized without the chemical.

“They’ve been poisoning us for years and they knew it,” said Kamuda, who moved to Willowbrook in 1985. “The only solution is for them to get out of town. Now.”

Cannell, the breast cancer survivor who grew up in Willowbrook, initially brushed off fears about the lump she felt in one of her breasts while getting dressed for her

30th birthday party. “It’s still fairly rare for women my age to get breast cancer,” she recalled thinking.

“A lot of things had been moving forward in my life at that point,” said Cannell, who now lives in Riverside and is married with a young daughter. “It’s taken a long time

to get my life back on track, and I can’t help but think that company is somehow responsible. We need to make sure this doesn’t happen again somewhere else.”

mhawthorne@chicagotribune.com

Twitter @scribeguy
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Abstract 

Background: The Division of Epidemiologic Studies, Illinois Department of Public 

Health (IDPH), conducted an assessment to determine if there is elevated cancer 

incidence in the population surrounding the Sterigenics facility in Willowbrook, Illinois.  

The facility, operating since 1984, has been emitting ethylene oxide (EtO), a currently 

known carcinogen.   

Methods and Data: Cancer cases were obtained from the Illinois State Cancer Registry 

(ISCR) for diagnosis years 1995-2015.  Two study areas were created based on 

census tracts and an air sampling/exposure model. Study area 1 included nine census 

tracts around the Sterigenics facility, and study area 2 included study area 1 and eight 

additional census tracts.  Cases were geocoded into the study areas based on 

addresses using a combination of GIS software and manual scrutiny.  Two groups of 

cancers were examined.  The first group included lymphohematopoietic cancers (non-

Hodgkin’s lymphoma, Hodgkin’s lymphoma, myeloma, and lymphocytic leukemia) and 

female breast cancer, a group of cancers that have been documented to be associated 

with EtO exposure.  The second group included other common cancer sites. Trends in 

the lymphohematopoietic and breast cancers were examined, and pediatric cancers 

were studied separately.  Standardized incidence ratios (SIR’s) and their 95% 

confidence intervals (CI) were calculated with comparable county and state populations 

as references.  

Results: Significantly elevated Hodgkin’s lymphoma cases in females were observed in 

study area 1 as compared to county (SIR 1.86, CI 1.12-2.91) and state averages (SIR 
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1.89, CI 1.14-2.95).  Female breast cancer was elevated in both study areas when 

compared to the state average (Study Area 1: SIR 1.10, CI 1.02-1.18; Study Area 2: 

SIR 1.07, CI 1.02-1.13).  The elevation, however, became non-significant when 

compared to the county average.  Trends in SIR’s showed a monotonic increase with 

time in female non-Hodgkin’s lymphoma, with the SIR becoming statistically significant 

in the most recent time period, 2009-2015 (Study Area 1: SIR 1.61, CI 1.19-2.21; Study 

Area 2: SIR 1.33, CI 1.07-1.63).  Pediatric lymphoma was observed to be elevated 

over the entire study period in females of both study areas.  Other adult cancer sites 

observed to be elevated include prostate cancer, and female pancreatic, ovarian, and 

bladder cancers.  Also, female leukemia was found to be significantly lower than 

expected, and lung cancer seemed to be lower in both males and females.   

Conclusions: The study’s results, when taken as a whole, indicated that some cancers 

were elevated in populations living near the Sterigenics facility in Willowbrook, Illinois.   

Many apparent differences and inconsistences, however, existed between genders, 

across study areas, and among cancer sites.  Further studies, preferably with larger 

populations and multiple facilities, are strongly recommended to confirm this 

assessment’s findings. 
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Background 

 In December 2016, the U.S. Environmental Protection Agency (EPA) updated its 

cancer risk assessment for ethylene oxide (EtO).  The new calculations, based on 

breathing elevated levels of EtO for many decades, resulted in a 30-fold increase in 

EtO’s cancer potency.  In response, the Agency for Toxic Substances and Disease 

Registry (ATSDR) evaluated the implications of the increased cancer risk associated 

with EtO emissions at a Sterigenics International Inc. facility in Willowbrook, Illinois 

(referred to in this paper as Sterigenics).  The Sterigenics facility has been operating 

since 1984, releasing between 17,000 and 33,000 pounds of EtO annually before 1999, 

and about 5,000 pounds of EtO since 1999.         

In July of 2018, the ATSDR released an open letter to the EPA regarding 

ethylene oxide (EtO) emissions at the Sterigenics facility in Willowbrook, Illinois 

(ATSDR, 2018).  In this letter ATSDR concluded that “if modeled and measured data 

represent typical EtO concentrations in ambient air, an elevated cancer risk exists for 

residents and off-site workers in the Willowbrook community surrounding the 

Sterigenics facility.  These elevated risks present a public health hazard to these 

populations.”  ATSDR then recommended that the Illinois Department of Public Health 

(IDPH) investigate whether there is elevated cancer incidence in the population 

surrounding the Sterigenics facility (US DHHS-ATSDR, 2018).  Cancer incidence 

describes how many people were actually diagnosed with cancer. 
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EtO is a highly reactive gas used in the production of antifreeze, textiles, 

detergents, and other products, as well as a fumigant for sterilizing foodstuffs and a 

sterilizing agent for heat sensitive medical equipment.  If EtO is inhaled, it is readily 

absorbed into the human body and easily distributed throughout the body.  EtO leaves 

the body very rapidly (over 2-3 days) through urine and feces or by exhaling it. 

The health effects of EtO exposure have been studied since the 1940’s.  

Exposure to EtO can cause difficulty breathing, blurred vision, dizziness, nausea, 

headache, convulsions, blisters, and vomiting.  It is also known to be mutagenic in 

animals and induce chromosome damage.  EtO is known to be carcinogenic in mice 

and rats.  There is evidence of an increased risk of lymphohematopoietic cancers (i.e. 

non-Hodgkin’s lymphoma, myeloma, and lymphocytic leukemia) and of breast cancer in 

females among people employed in EtO manufacturing and sterilizing facilities 

(Steenland, Whelan et al 2004 and Steenland, Stayner et al 2003).  EtO is identified as 

a known carcinogen by both the International Agency for Research on Cancer and the 

U.S. National Toxicology Program (IARC 2009 and NTP 2016). 

 IDPH has produced the following analysis to answer the following question: Is 

there evidence of increased cancer incidence in the area surrounding the Sterigenics 

facility that is consistent with cancers associated with EtO exposure? 

Materials and Methods 

 The U.S. EPA provided the IDPH with modeled 5-year average EtO exposure 

estimates for the area surrounding the Sterigenics facility.  This modeled exposure 

area was used to define the cancer investigation’s first study area, which is comprised 
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of nine census tracts (Table 1, Map 1).  A second, larger study area was created to 

approximate the zip code 60527, which includes study area 1 and eight additional 

census tracts (Table 1, Map 2).  Zip code areas have typically been used by the Illinois 

State Cancer Registry (ISCR) to assess cancer incidence.  The use of two different 

study areas helps capture any possible cancer increases in the area around the 

Sterigenics facility.  Also, use of the two study areas assists researchers in determining 

if results vary between the study areas when the same set of standardizing or reference 

populations are used.  Both study areas were defined using census tracts.   

The source for cancer case data was the Illinois State Cancer Registry (ISCR).  

ISCR abstracts, verifies, and compiles cancer information from medical records.  The 

verified medical information that ISCR collects is much more accurate than alternative 

information sources such as self reported surveys, which are highly prone to recall bias 

and errors.  The ISCR data , as of November 2017, includes the years 1995 through 

2015.  This time period was selected for this assessment as it represents the most 

recent and most complete years of data in the registry that also correlate with the 

operation of the Sterigenics facility.  This choice of time frame also allows for the 

typical cancer latency period which would be 4 to 10 years for lymphohematopoietic and 

10 to 15 years for solid tumors. 

Cancer registry data was reviewed to ensure cancer cases were geocoded 

accurately.  Geocoding is a process through which cancer cases are assigned to a 

geographic location.  ISCR, like any other cancer registry in the country, assigns a 

cancer patient’s residential address, at the time of diagnosis, as the patient’s 
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geographic location.  The geocoding process was carried out in this study using a 

series of computer programs (e.g. ArcGIS®, AccurintTM, Google® Earth, and Google® 

Maps), in combination with manual examination of address data to ensure that cancer 

cases were being placed in the correct census tract.  First, cancer cases from 1995-

2015 were selected from 10 zip codes surrounding Sterigenics (60480, 60525, 60527, 

60521, 60561, 60439, 60559, 60514, 60517, 60558) and prepared for additional 

examination.  One hundred percent of cancer cases in the registry have a valid zip 

code, so this variable was used to begin the process of assigning cases to census 

tracts.  Of the 24,747 cases examined, 788 cases (3%) did not have a geocode 

specific enough for a census tract to be assigned.  All of the 788 cases had address 

information reviewed and checked manually for accuracy using AccurintTM, a 

commercial address verification tool, in addition to Google® Earth, to visually identify 

the residential address.  Two cases were found to be residents of other states and 

were excluded, 33 cases did not fall into the 10 zip code catchment area, and 9 cases 

contained so little address information that a census tract could not be assigned.  As a 

result, a total of 44 (0.1%) cases were excluded.  With this process finished, the 

selection of cancer cases for the specific census tracts contained in study area 1 

(N=4,534) and study area 2 (N=9,416) was completed.   

 Illinois residents who are diagnosed with cancer do not always get diagnosed in 

Illinois. In order to capture out-of-state cases, ISCR has standing agreements with other 

central cancer registries to identify Illinois resident cases that are identified outside the 

state and to share that data with ISCR. These registries include Arkansas, California, 

Florida, Indiana, Iowa, Kentucky, Michigan, Mississippi (through August 2004), Missouri, 
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North Carolina, Washington, Wisconsin, Wyoming (through February 2008), and the 

Mayo clinic in Minnesota (through October 2005). Completeness of out-of-state 

reporting depends upon the years of operation of these other central registries, the 

extent of their identification of out-of-state residents, and their standards of quality. Out-

of-state diagnoses among residents of the two study areas accounted for less than one 

percent (0.5%) of the total number of cases reported, between 1995 and 2015, and 

were included in the study. 

  Identification of cancer cases in Illinois is dependent upon reporting by 

diagnostic and therapeutic facilities as mandated by state law.  To benchmark and 

foster best practices for cancer reporting among population-based cancer registries, the 

North American Association of Central Cancer Registries (NAACCR) has developed a 

certification process that reviews registry data for completeness, accuracy, and 

timeliness of reporting. As of May 2018, ISCR data met the criteria for gold certification 

for cancer diagnosis years 1996 through 2015. The statewide completeness of case 

reporting from all reporting sources, assessed using the NAACCR Standard, is 

estimated to be 100 percent complete for all years between 1995 and 2015. The criteria 

for silver and gold certification can be found on the NAACCR web site at 

https://www.naaccr.org/certification-criteria/. 

All cancer cases from the study areas were grouped by tumor site, sex, and age. 

These are referred to as the observed cases. Age- and sex-specific rates from 

comparable populations in Illinois were applied to each age group of the study 

population (indirect age adjustment) and to each tumor site to obtain an expected 
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number of cases for the study area (Mattson 1986).  Two groups of cancer sites were 

examined in this study.  The first group includes female breast, and 

lymphohematopoietic cancers.  The lymphohematopoietic cancers specifically include 

Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, myeloma, and lymphocytic leukemia.  

This group was selected because of their documented associations with EtO exposure 

in previous studies, almost all of which were conducted in an occupational setting 

(Steenland, Whelan et al 2004 and Steenland, Stayner et al 2003, Jinot, Fritz et al 

2018).  The second group includes other tumor sites that ISCR routinely examines 

when conducting a cancer assessment study, which are oral cavity, esophagus, 

stomach, colon and rectum, liver, pancreas, lung and bronchus, bone, melanoma, 

breast, cervix, uterus, ovary, prostate, testis, bladder, kidney, brain, and nervous 

system, leukemia, thyroid, and all other cancers.  This second category of tumor sites 

was examined to capture other possible cancer increases and generate new 

hypotheses for future studies.  The site recode scheme used in this analysis was the 

International Classification of Diseases for Oncology version 3 (ICD-O-3) with 

adjustment for hematopoietic histologies as defined by the Surveillance Epidemiology 

and End Results Program (SEER) of the National Cancer Institute (NCI) 

(https://seer.cancer.gov/siterecode/index.html). 

 In addition to the evaluation of adult cancers, this study also examined pediatric 

cancer for children ages 0 to 19 years old in both study areas. Tumors diagnosed in 

children are classified using the SEER site/histology recode based on the International 

Classification of Childhood Cancer (ICCC), Third Edition and ICD-O-3 

(https://seer.cancer.gov/iccc/). Sites examined include leukemia, lymphomas, central 
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nervous system tumors, neuroblastoma, retinoblastoma, renal tumors, hepatic tumors, 

bone, soft tissue, germ cell tumors, and all other sites. The category ‘all other sites’ 

includes other malignant tumors and those that were unspecified or unclassified by 

ICCC definitions.   

 According to the longstanding ISCR practice, cancer incidence in a study area is 

compared to a population with a similar population density, race distribution, and a large 

enough size to provide stable estimates (Howe and Keller et al 1993).  In addition to 

state and county geographies, ISCR has defined and maintained four reference groups 

(urban Cook County, suburban five collar counties, small urban with 13 counties, and 

rural with 83 counties) for Illinois based on population density, rate of growth, Beale 

codes, and with a total population of at least two million. The two comparable 

populations for the study areas of interest were deemed to be the suburban five collar 

counties (referred to in this report as the state average) and DuPage County (referred to 

in this report as the county average).  The population density and other demographic 

characteristics of the two comparable populations matched those of the study area 

better than any other existing county or state level referent group.  Table 2 presents 

race, gender, ethnicity, and age distributions for the two reference populations and the 

two study areas. 

 Age-, sex-, and race-specific population counts for census tracts in Illinois for 

each year between 1995 and 2015 were required in order to compute the observed and 

expected cases in this cancer assessment.  While this level of population information is 

available for census years, 2000 and 2010, it was not available for intercensal years.  
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Because of this, intercensal population figures were interpolated/extrapolated based on 

the population counts from the 2000 and 2010 U.S. Census, the most reliable sources 

for small area population. Age- and sex-specific population counts for census tracts 

were created through application of a linear function to stratified counts from the 2000 

and 2010 census.  These were then aggregated to form age- and sex-specific 

population figures for both of the study areas. 

 The observed number of cases was compared with the expected number of 

cases for all age-, sex-, and site-specific categories.  Standardized incidence ratios 

(SIR) and their 95% confidence intervals (CI) were calculated. An SIR is the ratio of 

observed cases to the expected number of cases, and an SIR greater than 1.0 or less 

than 1.0 indicates that observed cases are either higher or lower than the expected 

cases.  The SIR is considered statistically significant when the SIR’s confidence 

interval (CI) does not include 1.0.  A statistically significant SIR means that the SIR, as 

judged by statistical significance, is unlikely to have occurred by chance.  More 

technically, a statistically significant SIR indicates that there is a low probability (less 

than 5% chance) of getting a result as extreme or more extreme than what is observed, 

if there is truly no difference between the expected and observed numbers, and all 

assumptions related to the statistical test are also true.  The SIR, CI’s, and resulting 

statistical significance are affected by the strength of the effect, incidence of the 

disease, the size of the population studied, and many other factors such as quality of 

the data, choice of the study areas, and changes in cancer reporting, etc. (Aschengrau 

and Seage 2003, Last 2001).  See appendix A for formulas used in the calculation of 

SIR’s.  
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 In addition to examining SIR’s for the overall 21-year time period in question 

(1995-2015), SIR’s from three 7-year time periods, 1995-2001, 2002-2008, and 2009-

2015, were separately examined for trends in adult EtO related cancer sites.  This by 

time-period analysis was also conducted to detect cancer changes that would otherwise 

be hidden when only the overall time-period was examined. 

Results 

Lymphohematopoietic and Female Breast Cancers 

 No increases in any subgroup of lymphohematopoietic cancers were observed in 

men of either study area 1 or study area 2 (Table 3).  Significantly elevated Hodgkin’s 

lymphoma cases in females, however, were observed in study area 1 when compared 

to the county and state averages (Table 3).  The increase in observed cases in study 

area 1 was almost 90% higher than expected (SIR 1.86, CI 1.12-2.91).  In study area 

2, Hodgkin’s lymphoma among females was no longer significantly different from either 

reference group. Significantly elevated SIR’s were observed in invasive female breast 

cancer in both study area 1 and study area 2 when compared to the state average.  

The observed effect was small with case counts roughly 10% higher than expected in 

both study areas (Study Area 1: SIR 1.10, CI 1.02-1.18; Study Area 2: SIR 1.07, CI 

1.02-1.13).  When the study areas were compared to the county average the SIR’s in 

female invasive breast cancer became non-significant.   

Lymphohematopoietic and Female Breast Cancer Trends 
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 Figures 1 and 2 display the temporal trends in SIR’s for lymphohematopoietic 

and female breast cancer for study area 1 and study area 2, respectively, by three 7-

year time periods; 1995-2001, 2002-2008, and 2009-2015.  Since results were similar 

between the two reference populations, only results relative to the state reference group 

are shown.  Non-Hodgkin’s lymphoma in females displayed a consistent and 

increasing trend in SIR over the time period examined, and its SIR reached statistical 

significance in the most recent time period, 2009-2015, (SIR: 1.61, 95%CI: 1.19-2.11 for 

study area 1 and SIR: 1.33, 95%CI: 1.07-1.63 for study area 2).  This positive trend 

and the significant elevation in the last and most recent time period was observed in 

both study areas.  During the earliest time period, 1995-2001, non-Hodgkin’s 

lymphoma among males seemed to be high, although the elevation could only be 

described as borderline significant (SIR: 1.30, 95%CI: 0.91-1.79 for study area 1 and 

SIR: 1.27, 95%CI: 1.00-1.59 for study area 2).  No other cancer sites showed any clear 

trends over time or were significantly different from the reference population.  

Other Cancer Sites 

 Males in both study areas had a small but statistically significant increase in 

prostate cancer when compared to both the state and county averages (Table 4-5).  

Lung cancer in males, however, was shown to be significantly lower in study area 2.  In 

study area 1, females displayed significantly higher SIR’s in the following sites when 

compared to both the state and county averages: pancreas, ovary, and bladder cancer 

(Table 4).   All of these increases disappeared in study area 2 (Table 5), except for 

pancreatic cancer, which remained significantly elevated.  Leukemia was observed to 
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be significantly lower in females of study area 1 when compared to both the county and 

state averages (Table 4).  Lung cancer, which was observed to be significantly lower in 

males for study area 2, seemed to be lower among females, as judged by the value of 

SIR’s and their 95% confidence interval bounds, in both study areas and relative to both 

county and state averages.  However, the decreases only reached a statistical level of 

significance in study area 2 when compared to the state average (Tables 4 and 5). 

Pediatric Cancers 

 An examination of childhood cancers, utilizing SIR’s, showed a significantly 

higher than expected number of childhood lymphomas in females of both study area 1 

and study area 2 (Table 7).  Again, results shown are relative to the state reference, as 

the results relative to the county were similar to those relative to the state reference.  

No other pediatric cancer sites were observed to have higher or lower incidence relative 

to either reference group in either study area 1 or study area 2.  It should be noted that 

all of the other individual pediatric sites had SIR’s that were based on fewer than 10 

cases. 

Discussion 

This cancer assessment used two study areas, two reference groups, and 

examined not only lymphohematopoietic and breast cancers, associated with EtO 

exposure in the literature, but also other cancer sites and pediatric cancers that have 

not been shown to be related to EtO exposure.  While this was done to mainly capture 

and screen for as many potential cancer elevations as possible and to provide 

comparisons to assess the stability and robustness of this study’s findings, this 
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approach generated many inconsistencies, which were reflected in differences between 

genders, between study areas, and even between reference populations. 

Despite these inconsistencies, the study’s results, when taken as a whole, 

suggest that some cancers were indeed elevated in populations living in and around the 

Willowbrook, Illinois area.  The main evidence for this came from Hodgkin’s lymphoma 

and, to a lesser extent, breast cancer.  Breast cancer was elevated, by about 10%, 

when comparing the study areas to the state reference group.  The elevation became 

non-significant when the study areas were compared to the county reference group.  

This change could be plausibly explained by the fact that DuPage County, the county 

reference group in this study, has consistently displayed higher levels of breast cancer 

compared to other counties in the state (IDPH-ISCR 2018).  Despite the loss of 

statistical significance, the lower bounds of the 95% confidence intervals were still close 

to 1.0, suggesting that breast cancer was high even in relation to DuPage County.  

Some common behavioral risk factors for breast cancer include; drinking alcohol, being 

overweight or obese, lack of physical activity, not having children, not breastfeeding, 

use of birth control containing hormones, post-menopausal hormone usage, and breast 

implants (ACS 2019).  In addition, certain genetic mutations can increase the risk of 

breast cancer, as well as a family or personal history of the disease, certain benign 

breast conditions, early menstruation, menopause after age 55, having radiation to your 

chest, and exposure to diethylstilbestrol (ACS 2019). 

Hodgkin’s lymphoma was observed to be high in females of study area 1.  This 

cancer, which belongs to the lymphohematopoietic group of cancers, has been studied 
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much less than other sites in that group.  Past occupational studies have identified an 

association between EtO exposure and three lymphohematopoietic cancers, namely 

non-Hodgkin’s lymphoma, myeloma, and lymphocytic leukemia.  Similar associations 

with respect to these three specific sites were not observed in this study.  To our 

knowledge, only one past study observed an elevation of Hodgkin’s lymphoma in 

workers who were exposed to EtO in combination with other chemicals.  The sample 

size in that study was small and the exposure was not limited to EtO (Swaen and 

Slangen et al. 1996).  Many studies only included Hodgkin’s lymphoma when 

lymphohematopoietic cancers, as a group, were used as a single target cancer (US 

EPA 2016).  Because of the lack of specific studies on Hodgkin’s lymphoma, the 

results of this study should be treated with caution and verified in any future 

examination of this association.  The apparent absence of this cancer in males was 

inconsistent with the finding in females, but it could be the result of some unmeasured 

difference in exposure or biology.  The lack of elevation in females of study area 2 was 

noticeable, and a simple explanation could be that EtO exposure has been much more 

concentrated in study area 1 than in study area 2, which is more than twice the size of 

study area 1 in terms of population and geographical size.  Although SIR’s failed to 

reach a significant level in study area 2, their values were relatively large, 1.29 and 

1.31, when compared to the state and the county averages, respectively.  Current 

understanding of risk factors for Hodgkin’s lymphoma describes that men are slightly 

more likely to develop the disease; it’s most common in early adulthood (20s) and after 

age 55, and an increased risk exists for those who have had infectious mononucleosis 
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(Epstein-Barr virus), HIV, those who use immune suppressing drugs, and siblings of a 

young person with the disease (ACS 2019). 

The time period analysis of lymphoid cancer and the examination of pediatric 

cancer provide further evidence.  Although a clear time trend was absent for most 

lymphohematopoietic cancers and breast cancer, non-Hodgkin’s lymphoma in females 

was observed to be increasing over time and was observed to be significantly elevated 

for the most recent time period, 2009-2015, and non-Hodgkin’s lymphoma in males was 

borderline significant for the earliest time period, 1995-2001.  These patterns were 

consistent across study areas.  Non-Hodgkin’s lymphoma has been frequently linked to 

EtO exposure by prior occupational studies (Steenland, Whelan et al 2004 and 

Steenland, Stayner et al 2003). 

Pediatric lymphoma was observed to be significantly higher than expected in 

females of both study areas.  Known risk factors for pediatric lymphoma are gender 

(boys), race (white), immune deficiency syndromes at birth, immune suppressing 

medications, infectious mononucleosis (Epstein-Barr virus), HIV/AIDS, and radiation 

exposure.  Lymphoma has been shown to be associated with EtO exposure in adult 

occupational studies (Steenland, Whelan et al 2004 and Steenland, Stayner et al 2003).  

No previous studies have examined this association in children.  In this assessment, 

the elevation was observed only in females, a pattern that seems to be congruent with 

the adult gender difference found in this study.  

In addition to lymphohematopoietic and breast cancers, this study examined a 

number of other common cancer sites and found increases in several of them.  These 
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results should be viewed with an abundance of caution, as none of these sites have yet 

been reported by previous studies as having an association with EtO exposure.  

Likewise, decreases observed in a few cancer sites should not be interpreted as a 

possible protective effect of EtO.  It was observed that increases and decreases were 

quite consistent across the two reference populations.  On the other hand, large and 

inconsistent changes seemed to exist between study areas, probably reflecting 

differences in distributions of cancer risk factors and screening practices.  A brief 

review of each of the statistically significant site-specific findings and risk factors is 

below. 

° Prostate cancer was observed to be high in both study areas.  Current 

understanding of the risk of prostate cancer suggest that age, race, geography, 

and family history are important risk factors in the development of the disease.  

Screening availability and utilization may also play a role in the differences 

observed (ACS 2019). 

° Pancreatic cancer incidence in females was high in both study areas.  Risk 

factors for the development of pancreatic cancer include: smoking, age (>60), 

chronic pancreatitis, diabetes, obesity, poor diet, and genetic factors (ACS 2019). 
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° Females in study area 1 displayed a higher than expected incidence of bladder 

cancer.  Risk factors for bladder cancer include smoking, exposure to aromatic 

amines, certain medicines and herbal supplements, arsenic in drinking water, not 

drinking enough fluids, race (white), gender (male), age (>55), chronic bladder 

irritation or infections, prior bladder or urothelial cancer, bladder birth defects, 

family history of bladder cancer and chemotherapy or radiation therapy (ACS 

2019). 

° Ovarian cancer was observed to be higher in study area 1.  Ovarian cancer is in 

association with: age (>65), obesity, not having children or having them after age 

35, fertility treatment, post-menopausal hormone therapy, family history, and 

hereditary genetic mutations and syndromes (ACS 2019). 

° Lung cancer incidence was observed to be lower than expected in study area 2 

in men and women.  In study area 1, lung cancer was also low among females, 

but the difference was not statistically significant.  Lung cancer is strongly 

associated with tobacco use (ACS 2019).  DuPage County has some of the 

lowest smoking rates in the state (IDPH-BRFSS 2017). 

° Females in study area 1 displayed lower than expected incidence of leukemia.  

This finding was surprising given that EtO exposure has been noted in prior 

studies to be associated with an increase in lymphocytic leukemia, a sub-set of 

leukemia. Factors that may increase the risk of developing leukemia include prior 

cancer treatment, genetic disorders, exposure to certain chemicals (benzene), 

smoking, and a family history of the disease (ACS 2015). 
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 The present assessment has several significant limitations that need to be 

considered. First, with more than 400 age, sex, cancer site, study area, and reference 

group combinations being compared, it is highly likely that the process may produce 

some ‘false significant values’ by chance.  In statistical terms, this is called the multiple 

comparison problem.  The more comparisons made, the more pronounced the problem 

is.  Clearly, simultaneously examining many cancer sites and employing more than one 

reference and study area would exacerbate the problem.  The potential consequence 

is that chance occurrences cannot be ruled out in explaining differences between the 

observed and expected numbers.  The confidence interval was set at 95%, which 

means that there was a one out of 20 chance that a finding could be a false positive.  

Although the level could be adjusted to potentially reduce false positives, the use of 

95% confidence intervals in the study was appropriate as the purpose of the study was 

to screen as many cancer differences as possible.     

Second, due to the lack of annual population data from the Census for both of 

the study areas, the 2000 and 2010 Census population numbers were used in 

interpolating and extrapolating population counts for non-census years.  These 

imprecise denominator numbers, when used to derive sex-specific expected numbers, 

might have introduced errors and biases into the comparison, of which neither the 

direction nor the magnitude was known. 

Third, many potential risk factors for cancer, including occupational exposure, 

smoking, diet, lifestyle, family history, and other medical conditions, are not collected by 

the current registry system and, as a result, their inclusion for analysis was not possible.  
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The Willowbrook community is close to interstate highways and motor vehicle fuel 

exhaust is a known source of EtO.  Living in a study area at the time of diagnosis was 

used to represent potential exposure to EtO, but it was a very crude proxy because a 

cancer patient could have either left or moved into the study area right after or before 

their cancer diagnosis, resulting in either a case under-count or a case over-count.  

This lack of individual-level information on the history of residence and other risk factors 

for cases in the study areas and the reference population made more refined analysis 

and comparison impossible.  The EPA air sampling and modeling of EtO exposure in 

the area provided critical information for the study areas to be appropriately defined, but 

even with this information, data on actual exposure in individuals was non-existent.  

There is considerable uncertainty about the length and the level of exposure to EtO that 

each individual in Willowbrook, and surrounding areas, may have actually experienced 

in the past.  Any observed increase, in and of itself, is insufficient to draw conclusions 

regarding the potential impact of EtO exposure.  Cancers are diseases of complex 

etiology often with a number of risk factors, and this may particularly be true for 

common cancers such as female breast cancer.   

 Finally, small numbers could lead to unstable SIR’s and decreased statistical 

power to detect true differences.  The total cancer cases (study area 1 N=4,534 and 

study area 2 N=9,416) seemed to be adequate for overall analyses in this assessment.  

However, in by-group analysis, such as with the time-period or pediatric cancer 

comparisons, some SIR’s were based on small numbers that were often less than 10.  

These SIR’s could have large swings in values and should not be given too much 

weight as a result. The direct consequence of small numbers would be the lack of 
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statistical power for the study to identify a difference when indeed a true difference 

existed.  The problem could be further amplified by the presence of the study’s other 

limitations (e.g., imprecise measures of EtO exposure and lack of measures on other 

risk factors), resulting in false negative findings.    

 In conclusion, this cancer assessment examined a number of cancer sites that 

included cancers that have a recognized association with EtO (lymphohematopoietic 

and breast cancers), and other common cancer sites that have no such association with 

EtO, in both adult and pediatric surrounding the Sterigenics facility in Willowbrook, 

Illinois, over the years 1995 through 2015.  For lymphohematopoietic and breast 

cancers the study found increases in Hodgkin’s lymphoma, and in recent years, non-

Hodgkin’s lymphoma.  Pediatric lymphoma was also elevated during the study period.  

For other common cancer sites, the study found increased cancer in prostate for males, 

and increased cancers of the pancreas, ovary, and bladder in females.  However, 

many apparent differences and inconsistences existed between genders, across study 

areas, and among cancer sites.  A number of limitations in methodology and data also 

exist.  Future studies with larger populations and preferably involving multiple EtO 

emissions sites are strongly recommended to confirm this assessment’s findings.   
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Table 1: 2010 Census Tracts 
Comprising Study Area 1 and Study 
Area 2  
Study Area 1 Study Area 2 

8454.01 8454.01 8455.07 

8454.02 8454.02 8455.08 

8459.01 8459.01 8458.03 

8459.02 8459.02 8458.10 

8458.05 8455.02 8458.11 

8458.10 8455.10 8458.05 

8458.11 8455.09 8202.01 

8455.07 8455.06 8201.01 

8455.08 8455.05 
 

Source: U.S. Census Bureau 
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Map 1: Municipal Boundaries, Study Area 1, and EPA Modeled EtO Exposure 
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Map 2: Municipal Boundaries, Study Area 2, and EPA Modeled EtO Exposure 

 
  



 

29 

 

 
Table 2: Demographic Comparison of Referent Groups and Study Areas, 2010 
Census 

 

Study 
Area 1 

Study 
Area 2 

State* 
Referent 

County** 
Referent 

Total 
Population 31,808 72,029 3,121,975 916,924 

         

% White 81.0% 78.3% 77.5% 77.9% 

% Black 3.4% 6.3% 6.4% 4.6% 

% Hispanic 6.2% 7.4% 18.0% 13.3% 

         

% >50 44.7% 41.5% 29.2% 32.1% 

     

Males 47.6% 47.3% 49.6% 49.0% 

 

Source: 2010 Census Summery File 1 accessed through 
American Fact Finder  

 https://factfinder.census.gov/faces/nav/jsf/pages/index.xhtml 

 

*State referent includes Lake, McHenry, Kane, DuPage and 
Will counties 
**County referent includes DuPage County 
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Table 3: Standardized Incidence Ratios for Lymphohematopoietic and Female Breast 
Cancers by Gender, Study Area and Referent Group*, 1995-2015 

 County Referent**   State Referent* 

  Obs. Exp. SIR 
95% 
LCI 

95% 
UCI   Obs. Exp. SIR 

95% 
LCI 

95% 
UCI 

STUDY AREA 1                 

Males                 

Non-Hodgkin's Lymphoma 108 99.63 1.08 0.89 1.31   108 99.63 1.08 0.89 1.31 

Hodgkin's Lymphoma 7 11.82 0.59 0.24 1.22   7 11.62 0.60 0.24 1.24 

Myeloma 28 28.69 0.98 0.65 1.41   28 28.69 0.98 0.65 1.41 

Lymphocytic Leukemia 34 31.52 1.08 0.75 1.51   34 31.52 1.08 0.75 1.51 

Females                 

Invasive Breast 747 710.76 1.05 0.98 1.13   747 680.60 1.10 1.02 1.18 

Non-Hodgkin’s Lymphoma 95 88.87 1.07 0.86 1.31   95 89.16 1.07 0.86 1.30 

Hodgkin's Lymphoma 19 10.20 1.86 1.12 2.91   19 10.06 1.89 1.14 2.95 

Myeloma 23 24.72 0.93 0.59 1.40   23 25.50 0.90 0.57 1.35 

Lymphocytic Leukemia 19 24.01 0.79 0.48 1.24   19 22.71 0.84 0.50 1.31 
                        

STUDY AREA 2                 

Males                 

Non-Hodgkin's Lymphoma 222 205.91 1.08 0.94 1.23   222 204.71 1.10 0.95 1.24 

Hodgkin's Lymphoma 19 24.90 0.76 0.46 1.19   19 24.45 0.78 0.47 1.21 

Myeloma 62 59.08 1.05 0.80 1.35   62 58.89 1.10 0.81 1.35 

Lymphocytic Leukemia 69 65.97 1.05 0.81 1.32   69 71.19 1.00 0.75 1.23 

Females                 

Invasive Breast 1,548 1,507.88 1.03 0.98 1.08   1,548 1,444.64 1.07 1.02 1.13 

Non-Hodgkin's Lymphoma 208 190.61 1.09 0.95 1.25   208 191.11 1.09 0.95 1.25 

Hodgkin's Lymphoma 30 23.32 1.29 0.87 1.84   30 22.86 1.31 0.89 1.87 

Myeloma 58 52.97 1.09 0.83 1.42   58 54.53 1.06 0.81 1.37 

Lymphocytic Leukemia 40 52.06 0.77 0.55 1.05   40 49.24 0.81 0.58 1.11 

            
Note: SIR's in bold indicate statistically significant differences at the 
p<0.05 level       
* State Referent group includes Lake, McHenry, Kane, DuPage, and 
Will counties. 
**County Referent is DuPage County       
Source: Illinois State Cancer Registry, data as of November 2017       
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Table 4: Standardized Incidence Ratios for Other Common Cancer Site by Gender and 
Referent Group*, Study Area 1, 1995-2015 

  County Referent**   State Referent* 

  Obs. Exp. SIR 
95% 
LCI 

95% 
UCI   Obs. Exp. SIR 

95% 
LCI 

95% 
UCI 

Males                 

Oral Cavity 65 62.57 1.04 0.80 1.32   65 64.53 1.01 0.78 1.28 

Esophagus 36 35.03 1.03 0.72 1.42   36 35.90 1.00 0.70 1.39 

Stomach 32 40.06 0.80 0.55 1.13   32 39.86 0.80 0.55 1.13 

Colorectal 203 221.41 0.92 0.80 1.05   203 227.88 0.89 0.77 1.02 

Liver 28 30.76 0.91 0.60 1.32   28 30.90 0.91 0.60 1.31 

Pancreas 48 59.81 0.80 0.59 1.06   48 60.46 0.79 0.59 1.05 

Lung 273 293.59 0.93 0.82 1.05   273 308.62 0.88 0.78 1.00 

Bone 7 3.77 1.86 0.74 3.83   7 3.87 1.81 0.72 3.73 

Melanoma 91 83.10 1.10 0.88 1.34   91 86.45 1.05 0.85 1.29 

Testis 25 19.46 1.28 0.83 1.90   25 19.09 1.31 0.85 1.93 

Prostate 680 629.79 1.08 1.00 1.16   680 623.24 1.09 1.01 1.18 

Bladder 162 165.97 0.98 0.83 1.14   162 167.31 0.97 0.82 1.13 

Kidney 98 84.10 1.17 0.95 1.42   98 88.72 1.10 0.90 1.35 

Nervous System 29 33.12 0.88 0.59 1.26   29 31.13 0.93 0.62 1.34 

Leukemia 68 66.37 1.02 0.80 1.30   68 70.90 0.96 0.74 1.22 

All Other Sites 230 207.43 1.11 0.97 1.26   230 213.22 1.08 0.94 1.23 
Note: SIR's in bold indicate significance at the p<0.05 
level 
* State Referent group includes Lake, McHenry, Kane, 
DuPage, and Will counties. 
**County Referent is DuPage County 
Source: Illinois State Cancer Registry, data as of 
November 2017 
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Table 4 (cont.): Standardized Incidence Ratios for Other Common Cancer Site by 
Gender and Referent Group*, Study Area 1, 1995-2015 

  County Referent**   State Referent* 

  Obs. Exp. SIR 
95% 
LCI 

95% 
UCI   Obs. Exp. SIR 

95% 
LCI 

95% 
UCI 

Females                 

Oral Cavity 30 32.03 0.94 0.63 1.34   30 32.01 0.94 0.63 1.34 

Esophagus 17 11.91 1.43 0.83 2.28   17 10.91 1.56 0.91 2.50 

Stomach 23 25.44 0.90 0.57 1.36   23 25.42 0.90 0.57 1.36 

Colorectal 218 215.46 1.01 0.88 1.16   218 221.25 0.99 0.86 1.13 

Liver 16 13.37 1.20 0.68 1.94   16 12.79 1.25 0.71 2.03 

Pancreas 77 58.74 1.31 1.03 1.64   77 59.72 1.29 1.02 1.61 

Lung 262 270.36 0.97 0.86 1.09   262 295.00 0.89 0.78 1.00 

Bone 1 3.37 0.30 0.00 1.65   1 2.93 0.34 0.00 1.90 

Melanoma 57 59.22 0.96 0.73 1.25   57 63.35 0.90 0.68 1.17 

Cervix 23 26.66 0.86 0.55 1.29   23 29.96 0.77 0.49 1.15 

Uterus 147 149.82 0.98 0.83 1.15   147 145.35 1.01 0.85 1.19 

Ovary 84 67.01 1.25 1.00 1.55   84 65.16 1.29 1.03 1.60 

Bladder 78 56.41 1.38 1.09 1.73   78 58.62 1.33 1.05 1.66 

Kidney 48 50.93 0.94 0.69 1.25   48 53.31 0.90 0.66 1.19 

Nervous System 28 27.33 1.02 0.68 1.48   28 27.20 1.03 0.68 1.49 

Leukemia 38 54.80 0.69 0.49 0.95   38 53.95 0.70 0.50 0.97 

All Other Sites 282 265.95 1.06 0.94 1.19   282 264.54 1.07 0.95 1.20 
Note: SIR's in bold indicate 
significance at the p<0.05 level            
* State Referent group includes Lake, McHenry, Kane, 
DuPage, and Will counties. 
**County Referent is DuPage County        
Source: Illinois State Cancer Registry, data as of November 2017        
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Table 5: Standardized Incidence Ratios for Other Common Cancer Site by Gender and Referent Group*, 
Study Area 2, 1995-2015 

  County Referent**   State Referent* 

  Obs. Exp. SIR 
95% 
LCI 

95% 
UCI   Obs. Exp. SIR 

95% 
LCI 

95% 
UCI 

Males                 

Oral Cavity 120 129.04 0.93 0.77 1.11   120 133.10 0.90 0.75 1.08 

Esophagus 74 71.99 1.03 0.81 1.29   74 73.75 1.00 0.79 1.26 

Stomach 89 82.54 1.08 0.87 1.33   89 82.20 1.08 0.87 1.33 

Colorectal 464 456.83 1.02 0.93 1.11   464 470.03 0.99 0.90 1.08 

Liver 71 63.35 1.12 0.88 1.41   71 63.64 1.12 0.87 1.41 

Pancreas 115 123.04 0.93 0.77 1.12   115 124.42 0.92 0.76 1.11 

Lung 551 603.09 0.91 0.84 0.99   551 633.77 0.87 0.80 0.95 

Bone 11 7.93 1.39 0.69 2.48   11 8.12 1.36 0.68 2.42 

Melanoma 195 172.09 1.13 0.98 1.30   195 178.92 1.09 0.94 1.25 

Testis 44 41.58 1.06 0.77 1.42   44 40.73 1.08 0.78 1.45 

Prostate 1,367 1,286.83 1.06 1.01 1.12   1,367 1273.57 1.07 1.02 1.13 

Bladder 335 341.67 0.98 0.88 1.09   335 344.51 0.97 0.87 1.08 

Kidney 189 173.30 1.09 0.94 1.26   189 182.82 1.03 0.89 1.19 

Nervous System 62 69.21 0.90 0.69 1.15   62 65.03 0.95 0.73 1.22 

Leukemia 135 138.30 0.98 0.82 1.16   135 147.47 0.92 0.77 1.08 

All Other Sites 467 429.73 1.09 0.99 1.19   467 441.46 1.06 0.96 1.16 

Note: SIR's in bold indicate significance at the p<0.05 level       
* State Referent group includes Lake, McHenry, Kane, DuPage, 
and Will counties. 
**County Referent is DuPage County       
Source: Illinois State Cancer Registry, data as of November 2017       
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Table 5 (cont.): Standardized Incidence Ratios for Other Common Cancer Sites by Gender and Referent 
Group, Study Area 2, 1995-2015 

  County Referent**   State Referent* 

  Obs. Exp. SIR 
95% 
LCI 

95% 
UCI   Obs. Exp. SIR 

95% 
LCI 

95% 
UCI 

Females                 

Oral Cavity 68 68.29 1.00 0.77 1.26   68 68.25 1.00 0.77 1.26 

Esophagus 23 25.51 0.90 0.57 1.35   23 23.32 0.99 0.62 1.48 

Stomach 61 54.86 1.11 0.85 1.43   61 54.85 1.11 0.85 1.43 

Colorectal 483 463.03 1.04 0.95 1.14   483 475.75 1.02 0.93 1.11 

Liver 24 28.66 0.84 0.54 1.25   24 27.42 0.88 0.56 1.30 

Pancreas 151 126.10 1.20 1.01 1.40   151 128.22 1.18 1.00 1.38 

Lung 541 575.21 0.94 0.86 1.02   541 627.67 0.86 0.79 0.94 

Bone 3 7.44 0.40 0.08 1.18   3 6.49 0.46 0.09 1.35 

Melanoma 114 128.00 0.89 0.73 1.07   114 136.53 0.83 0.69 1.00 

Cervix 52 57.62 0.90 0.67 1.18   52 64.93 0.80 0.60 1.05 

Uterus 322 315.45 1.02 0.91 1.14   322 306.07 1.05 0.94 1.17 

Ovary 152 142.80 1.06 0.90 1.25   152 138.92 1.09 0.93 1.28 

Bladder 140 121.13 1.16 0.97 1.36   140 125.64 1.11 0.94 1.31 

Kidney 98 108.51 0.90 0.73 1.10   98 113.58 0.86 0.70 1.05 

Nervous System 57 58.98 0.97 0.73 1.25   57 58.72 0.97 0.74 1.26 

Leukemia 101 118.75 0.85 0.69 1.03   101 116.76 0.87 0.70 1.05 

All Other Sites 582 573.88 1.01 0.93 1.10   582 571.07 1.02 0.94 1.11 

Note: SIR's in bold indicate significance at the p<0.05 level        
* State Referent group includes Lake, McHenry, Kane, 
DuPage, and Will counties. 
**County Referent is DuPage County        
Source: Illinois State Cancer Registry, data as of November 
2017       
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Table 7: Pediatric Cancer Standardized Incidence Ratios for Study Area 1 and 2 by Gender, State 
Referent Group*, <20 years old, 1995-2015 

STATE REFERENT Study Area 1   Study Area 2 

  Obs. Exp. SIR 
95% 
LCI 

95% 
UCI   Obs. Exp. SIR 

95% 
LCI 

95% 
UCI 

Males               

Leukemia 3 4.26 0.70 0.14 2.06   9 9.65 0.93 0.43 1.77 

Lymphomas 5 2.69 1.86 0.60 4.34   7 5.69 1.23 0.49 2.54 

Central Nervous System 1 2.48 0.40 0.01 2.24   2 5.50 0.36 0.04 1.31 

Neuroblastomas 0 0.58 0.00 --- ---    2 1.41 1.42 0.16 5.13 

Retinoblastoma 0 0.16 0.00 --- ---    0 0.41 0.00 --- ---  

Renal Tumors 0 0.38 0.00 --- ---    0 0.91 0.00 --- ---  

Hepatic Tumors 0 0.17 0.00 --- ---    1 0.40 2.50 0.03 13.90 

Bone 2 0.93 2.14 0.24 7.73   3 1.95 1.54 0.31 4.50 

Soft tissue 0 0.98 0.00 --- ---    1 2.18 0.46 0.01 2.56 

Germ Cell Tumors 0 1.60 0.00 --- ---    1 3.33 0.30 0.00 1.67 
Other malignant 

melanomas 1 1.09 0.92 0.01 5.10   4 2.26 1.77 0.48 4.52 

Other unspecified 0 0.03 0.00 --- ---    0 0.06 0.00 --- ---  

Not Classified 0 0.03 0.00 --- ---    0 0.07 0.00 --- ---  
                

Females               

Leukemia 5 3.20 1.56 0.50 3.64   5 7.29 0.69 0.22 1.60 

Lymphomas 7 2.36 2.96 1.19 6.11   11 4.98 2.21 1.10 3.96 

Central Nervous System 3 2.10 1.43 0.29 4.17   4 4.67 0.86 0.23 2.19 

Neuroblastomas 0 0.53 0.00 --- ---    0 1.25 0.00 --- ---  

Retinoblastoma 0 0.18 0.00 --- ---    0 0.43 0.00 --- ---  

Renal Tumors 0 0.65 0.00 --- ---    0 1.55 0.00 --- ---  

Hepatic Tumors 1 0.12 8.42 0.11 46.87   1 0.28 3.59 0.05 19.95 

Bone 0 0.82 0.00 --- ---    0 1.72 0.00    

Soft tissue 3 0.98 3.07 0.62 8.96   3 2.11 1.42 0.29 4.15 

Germ Cell Tumors 1 0.78 1.29 0.02 7.18   3 1.64 1.83 0.37 5.34 
Other malignant 

melanomas 2 2.67 0.75 0.08 2.71   9 5.50 1.64 0.75 3.10 

Other unspecified 0 0.03 0.00 --- ---    0 0.06 0.00 --- ---  

Not Classified 0 0.01 0.00 --- ---    0 0.02 0.00 --- ---  

Note: SIR's in bold indicate significance at the p<0.05 level  

* State Referent group includes Lake, McHenry, Kane, DuPage, and Will counties.  

Source: Illinois State Cancer Registry, data as of November 2017 
Site/Histology Recode Based on International Classification 
of Childhood Cancer, third Edition (ICCC-3) Based on ICD-
O-3 / WHO 2008 
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APPENDIX A: Standardized Incidence Ratio and Confidence Limits 

Various authors discuss the standardized mortality ratio (SMR) and provide exact and approximate 

confidence limits for the true SMR.  These results are also applicable to the standardized incidence 

ratio (SIR).  The following sections provide a brief outline of the results and give references to more 

detailed discussions. 

Definition of the SIR 

Suppose the person-time from the study group (i.e. cohort) is allocated among M cells defined by 

the cross-classification of various adjustment variables such as gender, race, attained age group, 

and attained calendar year group.  Let tk represent the person-time and Dk represent the observed 

events that the cohort subjects contribute to the kth cell, and let  represent the standard rate for 

the kth cell, where k = 1, 2, ..., M. Given this notation, the SIR is defined as 

 

where the total number of events observed in the cohort is    , and the total 

number of expected events is  (Breslow and Day,1987; Sahai and 

Khurshid,1996). 

Approximate Confidence Limits for the True SIR 

The approximate limits for the true SIR, Φ, are   and

                      

where Za is the 100α  percentile of the standard normal distribution (Rothman and Boice, 1979, 1982; 
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Breslow and Day, 1987; Sahai and Khurshid, 1993, 1996).  Rothman and Boice (1979, 1982) 

mention that these limits were first proposed by Byar (unpublished). 
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ADVERTISEMENT

Timeline: The history of ethylene oxide, from WWII food rations to suburban air pollution

By Michael Hawthorne

DECEMBER 20, 2018, 9:15 AM

The chemical at the center of a Willowbrook environmental controversy -- ethylene oxide -- was discovered nearly 160 years ago and used over the decades as a sterilizer. Signs of health
risks go back 70 years. Here is a brief timeline.

1859

A 3D model of C2H4O -- ethylene oxide. (National Center for Biotechnology Information)

Ethylene oxide is discovered.

https://bs.serving-sys.com/Serving/adServer.bs?sct=1&ctick=6&clk=1&cn=brd&Page=&PluID=0&Pos=10069414376198971&EyeblasterID=1075304544&sessionid=8925770386418696729&usercookie=u2%3D1d750812-34f8-4b25-a80f-982299f70acc&OptOut=0&pc=&dg=1074015137&dgo=1074015137&ncu=https%3A%2F%2Fpr.ybp.yahoo.com%2Fcj%2Fcd%2FfwXQQ0Zg0BX_iw4d9r0gQ2GX3uxPFaMIhz5b5lTUZnCUcrmITgxRFHAi8HCvahENeYIj9NvgP-fSlhw9OrNcFpjkF0Lgu2z9Gx3oiUpDYK-8snrWyNQqFbdriTUT29M0LwllJk7mQ5Wsfcxq5lvgCjxZurq46z4DoSDz0gQ0so6xrc8Z8rcQCA%2Frurl%2F&ebReferrer=https%3A%2F%2Fwww.chicagotribune.com%2Fnews%2Fct-sterigenics-eto-timeline-htmlstory.html
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1928

Scientists report that ethylene oxide, also known as EtO, is a powerful insecticide. During the 1930s and '40s it is used to fumigate hospital rooms.

1940

American soldiers eat K rations in 1944. (Getty images)

Two executives at Griffith Laboratories, a supplier to Chicago's meatpacking industry, patent a method that pumps ethylene oxide into a vacuum chamber to sterilize spices and
other food preservatives. The U.S. Army later uses EtO to fumigate troop rations during World War II.

1948

Study finds EtO is a mutagen, meaning it alters genetic material in cells and potentially makes them cancerous.

1950s

EtO becomes a common sterilizer of medical instruments.

1981

A Shell Oil Co. executive returns from a conference on industrial carcinogens and writes a memo saying "the biggest problem that we have right now is ethylene oxide."
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1986

Some of thousands of dead animals after a poisonous gas leak from the Union Carbide pesticide factory in Bhopal, India, on Dec. 4, 1984. (Associated Press photo)

In the wake of a Union Carbide chemical disaster that killed thousands of people in Bhopal, India, the Democratic-controlled Congress approves the Emergency Planning and
Community Right-to-Know Act. The law requires the EPA to compile an annual Toxics Release Inventory, marking the first time pollution from individual factories and refineries is
provided to the public.

1987

California declares ethylene oxide is a human carcinogen.

March 1989

Radiation is used to sterilize half of the medical products in the U.S., according to an EPA report. Other sterilizers safer than EtO also are developed, including peracetic acid and
hydrogen peroxide.

June 1989

One of the first reports from the Toxics Release Inventory shows that Griffith Micro Science, a company spun off from Griffith Laboratories, released nearly 170,000 pounds of
ethylene oxide from its Willowbrook sterilization facility in 1987.

https://www.chicagotribune.com/topic/environmental-issues/u.s.-environmental-protection-agency-ORGOV000048-topic.html
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Cover of EPA's first Toxics Release Inventory.

1994
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The EPA adopts regulations on EtO emissions from commercial sterilization facilities.

1999

Griffith Micro Science and a competitor, Sterigenics International, are acquired by Belgium-based Ion Beams Applications (IBA).

2001

Damage following a 1994 explosion at Accra Pac Group, Inc., in Elkhart, Ind. The explosion occurred in part of the plant where containers were being filled with ethylene oxide.
(Environmental Protection Agency photo)

In the wake of explosions at several sterilization plants, the EPA allows companies to disconnect exhaust vents from pollution-control equipment. Inspectors later determine the
explosions were caused by operator errors.

2003-2004

After studying more than 18,000 workers at 17 sterilization plants, researchers from the National Institute of Occupational Safety and Health report that EtO causes breast cancer
and lymphomas.

2004

The former Griffith Micro Science and Sterigenics plants are acquired by a British private equity firm and rebranded as Sterigenics International.

April 2006

https://www.chicagotribune.com/topic/health/diseases-illnesses/breast-cancer-HEDAI0000012-topic.html
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President George W. Bush's administration declines to update EtO regulations. The Bush EPA says it won't act until a new scientific review of the chemical is completed.

August 2006

The EPA releases a draft of its scientific review of EtO dangers. Based on the NIOSH study of sterilization workers and numerous animal studies, the agency concludes EtO is a
human carcinogen. The report is criticized by the American Chemistry Council and Sterigenics, which contend it could force sterilization facilities to stop using EtO.

2007

A panel of independent scientists agrees that EtO is a human carcinogen but advises the EPA to make several improvements to its risk assessment, a process that takes another nine
years to complete.

August 2009

California adds Eto to its list of toxic substances that can cause developmental problems in children. The state also adds infertility issues among men to its 1987 conclusions about
reproductive problems in women.

2011

Bruce Rauner shown in 2012. (Chicago Tribune)

GTCR, a Chicago private equity firm co-founded by Bruce Rauner, buys Sterigenics. A year later, Rauner quits the firm to begin his successful campaign to become Illinois' next
Republican governor but retains a financial interest in Sterigenics.

2016

After responding to critiques from a second panel of independent scientific reviewers, the EPA publishes its updated assessment of cancer risks posed by ethylene oxide. The
conclusions are largely the same as the agency's 2006 draft.

https://www.chicagotribune.com/topic/politics-government/government/presidents-of-the-united-states/george-w.-bush-PEPLT000857-topic.html
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August 2018

The Sterigenics plant in Willowbrook in 2018. (Zbigniew Bzdak/Chicago Tribune).

Relying on the agency's updated safety limit for EtO, the EPA releases its latest National Air Toxics Assessment, a periodic report of health risks posed by several dozen air
pollutants. The document is based on industry-supplied emissions data from 2014 and shows 109 of the nation's 73,057 census tracts face cancer risks exceeding EPA guidelines,
including areas near Sterigenics in Willowbrook.

October 2018

Illinois Attorney General Lisa Madigan and Robert Berlin, the state's attorney of DuPage County, sue Sterigenics in state court.
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November 2018

The Tribune reports that EtO from Medline Industries in Waukegan poses cancer risks to neighbors similar to those in Willowbrook. Another facility, Vantage Specialty Chemicals in
Gurnee, could pose even greater risks.
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Medline Industries in Waukegan in 2018. (Erin Hooley/Chicago Tribune)

December 2018

Air testing finds alarming levels of EtO in the air near Sterigenics, four months after the company installed new pollution controls.

Sources: Tribune reporting, Environmental Protection Agency, National Institutes of Health
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