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A, Sterile Design, Inc.



February 2, 1987

Mr. William V. Loscutoff,

Toxic Pollutants Branch
Air Resources Board
P.0. Box 2815
Sacramento, CA 95812

ATTN: Ethylene Oxide

Dear Mr. Loscutoff:

Chief

Subject: Ethylene Oxide Draftc

Sterile Design, Inc.

CORPORATE OFFICES

P.0O, BOX 10077
15 S. LINCOLN
CLEARWATER, FL 33517-8077

{813) 442-3131

Thank you for keeping us informed of the California emissions
As Sterile Design no longer operates

status of ethylene oxide.

an Et0O sterlizer in California,

ments at this time. For your information,

we will not be making any com-
we discontinued all

manufacturing operations at our Sacramento facility in December,

1985,

Sincerely,

(e O s
John C. Hoffman
Director

Quality Assurance and
Regulatory Affairs

kh
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Sierilization Services
- of
California « Georgia - Tennessee

January 9, 1987

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch

Air Resources Board

Attention: Ethylene Oxide

P.0. Box 2815

Sacramento, California 95812

Dear Mr. Loscutoff:

We have reviewed the "Preliminary Draft Report on Ethylene Ozxide'" and we
question the emission level reported for our company in Table III-1. We
are permitted by the South Coast Air Cuality Management District for a
maximum daily emission of 40 1lbs. of ethylene oxide. If we operated at
the maximum emission level for 365 days per year, the emissions would
total 7.3 tons as opposed to the 18 tons listed in the preliminary draft.

\'T/ We do not have a copy of the reference study which listed our facility
emissions at 18 tons per year so we are not able to evaluate the factors
that may have been considered in developing the emission data. We will
obtain copies of this study and analyze the data, but we add that
Sterilization Services of California presently monitors chamber emissions
and is in compliance with the permit restrictions.

We hope that this information is useful in completing an accurate assessment
of EtO emissions and we are eager to work with you and the various state
agencies to develop a safe and effective policy.

Respectfully,

Ay /e

Patterson Adams
General Manager

PA/)g

¢c: Russell Skocypec

| )
CALIFORNIA GEORGIA  TENNESSEE
1611 South Sunkist 6005 Boatrock Blvd. 2396 Florida St.
Anaheim, CA 92806 Atlanta, GA 30336 Memphis. TN 38109

(714) 937-5349 ' {404) 344-8423 (901) 9472217
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botanicals international

Division of Zueilig Botanicals, Inc.

2550 E! Presidio/Long Beach, California 30810

January 9, 1987

Mr. William V. Loscutoff, Chief
TOXIC POLLUTANTS BRANCH

AIR RESOURCES BOARD

Attn: Ethvlene Oxide

P.O. Box 2815

Sacramento, CA 95812

Dear Mr. Luscutoff,

Having recently received a copy of the "Preliminary Draft Report
on Ethylene Oxide", I read through if completely and noticed one
piece of data that is no longer accurate. On page III -6, table
T -1, under "Fumigation (Food/Spice)" you list Botanicals Inter-
national's EtO Emmissions as 25 tons per vear.

Beginning June 2, 1986, Botanicals International modified its EtO
sterilization procedures to reduce the amount of Ethylene Oxide
used per chamber load of product to be sterilized. We had three
¢bjectives+when we initiated our change in procedures. Firstly,

— we wanted to reduce the potential for worker exposure to EtO during
the product off-gassing period immediately after sterilization.
Seconély, we wanted to reduce emissions to the atmosphere during
the evacuation cycle of our chamber. Thirdly, we wanted to reduce
the potential for EtO risiduals in our finished oroducts.

From June 2, 1986 through November 28, 1986, Botanicals International
used exactly 10,000 pounds of Ethylene Oxide (25 drums 8 400 lbs ea).
This is a 26 week period and our sterilization requirements are
constant throuchout the year, therefore, by doubling the quantity

of EtO used during this time pericd you would have a very accurate
estimate of our annual EtO usage (20,000 lbs. or 10 tons).

This represents a 60% reduction over the 19283 SCAQMD report and will
have a significant impact on the Ethylene Oxide concentrations in
the Exposure Area from all sources in the Inventory Area (Figure C-2).

In the interest of further reducing the potential for employee expo-
sure and atmopheric emission of Ethylene Oxide, Botanicals Inter-
national is negociating the purchase of an Ethylene Oxide Emission
Control System which has a Best Available Control Technology (BACT)
Certification. This system will practically eliminate emissions

to the atmosphere (99.9%).

Phone: (213) 637-950606 . TWX: 910-346-7758 . Cable: BOTANCRSN



Air Resources Board (2)

I hope this information has been helpful and will be incorporated
into the "revised" preliminary draft report. Should vou have any
questions or comments, please contact me. Thank you.

Sincerely,

BOTANICALS INTERNATIONAL

ra

: 'f‘:/"_h" (" . r_Z.I. ST
Dwight B. Shaulis
Production Manager

DBS: jh
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GRIFFITH MICRO SCIENCE, INC.

o 7775 QUINCY STREET, WILLOWBRQOK, IL 80521 « 312/325-6999

JOHN A. KJELLSTRAND
Vice President — Technical

January 13, 1987

Mr. wWwilliam V. Loscutoff, Chief
Toxic Pollutants Branch

Air Resgsources Board

1102 Q Street

P. O. Box 2815

Sacramento, California 95812

Dear Mr. Loscutoff:

In response to your invitation to comment on the preliminary draft
report on Ethylene Oxide, prepared by Mr. Ralph Propper, Principle
Investigator, and published by the California Air Resources Board, on
December 4, 1986, I have been authorized by Griffith Micro Science,
Inc., formerly known as Micro-Biotrol, Inc., a subsidiary of Griffith
Laboratories, Inc., to offer the following comments for your
consideration.

N’ Our company, and others we are aware of that are engaged in the
sterilization of medical devices, both contract sterilizers and
manufacturers of medical devices using Ethylene Oxide, have, or are in
the process of installing emission control systems for Ethylene Oxide.

While we are aware that, currently, there are no specific regulations
governing Ethylene Oxide emissions, Griffith Micro Science, Inc. has
purchased an emission control system, and just recently received a
verbal, temporary permit to construct and operate this unit, after a
concerted effort on our part, working with the South Coast Air Quality
Management District.

On several occasions, I had discussed our company's intent to install
this system with Mr. Propper's staff, during conversations when they
called regarding our company's activities in the State of California.
We have cooperated with the Air Resources Board and the South Coast Air
Quality Management District to the fullest extent in these efforts and
appreciate the opportunity to comment on your preliminary draft.

Sincerely,

J—Zﬁ YN e 24
ohn A strand
JBK/mp ‘

S
=" cc¢: Donald E. Alguire, Griffith Micro Science, Inc.
- James S. Legg, Griffith Micro Science, Inc.
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Mr.

LIQUID CARBONIC

SPECIALTY GAS CORPORATION
767 INDUSTRIAL RCAD = SAN CARLOS. CALIFORNIA 84070

AREA CODE 415 502-7303

January lj, 1987

William V. Loscutoff, Chief

Toxic Pollutants Branch
Air Resources Board
Attention: Ethylene Oxide

P.O.

Box 2815

Sacramento, California 95812

Subject: Ethylene Oxide - Preliminary Draft Report

Dear Mr. Loscutoff,

This

letter is in response to your request for comments and responses on the

subject report. As a participant included in the report, we believe this
report to be in error as follows:

Page III-4 Distribution Facilities

Page

"Fugitive losses of less than 1/2 to 2% of total production occur from
storage, handling, drumming and blending of ethylene oxide........

Response: Our experience with ethylene oxide is estimated at less than

0.17 fugitive losses. Our experience with this material is based on
working with closed piping systems and all transfer of material is

followed by an inert gas (Nitrogen, Dichlorodifluoromethane). All residual
raw material ethylene oxide is returred to the manufacturer and is not
disposed of.

"Based upon discussions with distributors, ARB staff estimates that
approximately 187 of the sterllant gas mixture is exhausted from cylin«
ders at repackaging plants.

Response: Our experience indicates 187 to be high. We believe the figdre
to be more in the area of 10Z or less. This is based on fifteen (I5)
years experience of handling returned sterilant cylinders.

D-2 Non-Pest icidal Sources

"Based upon informationprovided by the companies (see Section on emission
sources in the main report for discussion), the follow1ng data was used
as input to the ISCST model:

1) Liquid Carbonic Corp. - 3.39 pounds per hour emitted between 6:30
AM, and 3:00 P.M. daily, from a three foot elevation."



Mr. William V. Loscutoff, Co=2- January 13, 1987 .

Response: We sent a letter dated June 18, 1986 to Carol McLaughlin,
clearly stating that our Los Angeles scrubbing equipment was used a maxi-
mum of four (4) hours per day. (see attached) '

Page F-3

"The two Liquid Carbonic plants bubble the residual ethylene oxide gas
through water at neutral or near neutral pH."

Response: In the same letter dated June 18, 1986 we stated that our Los
Angeles plant used 2 5% Sulfuric Acid/Water (wt/wt) solution as the scrub-
bing media. This solution would be clearly acidic and not '"near neutral
pH" . This would result in a 90% or better conversion of the ethylene
oxide to ethylene glycol. We would also like to point out that we
currently have in place a 400 gallon commercial acid scrubber in Los
Angeles with the same in process of being installed at our San Carlos
plant within the next thirty (30) days. Both of these scrubbers will be
capable of handling a 997 or better conversion. They are countercurrent
packed tower scrubbers. The stack height is 30 feet.

Based on the foregoing comments, the results tabulated in your report will
change as it relates to our Los Angeles facility.

Should you require additional clarification on this information please feel free
to contact me at (415) 595-0334.

Sincerely,

Regional Manager
LIQUID CARBONIC
SPECIALTY GAS CORPORATION




LIQUID CARBONIC

SPECIALTY GAS CORPORATION
757 INDUSTRIAL ROAD » SAN GAALOS, CALIFORNLA 94070

AREA CODE 418 502-7003

June 18, 1986

Carol McLaughlin
Stationary Source Division
Air Resources Board

P,0., Box 2815

Sacramento, Calif 95812

Re

Survey of Ethylene Oxide Use

In response to your requést, the following information is submitted
as requested: '

San Carlos

Quantity of ETO sterilant gas mixture produced for sale during
1985.

SE!‘I carlos.-....-;..f-..-o.o-....-.;....207,850 1b3.

LOS Ange_les-.---.......:........._.....5]9,040 lec

Quantity of pure ETO packaged for sale during 1985.

San Carlos.........;....................l,600 lbs.

LOS ANBELeS.erarsncrneresnnansssnnsensssld, 640 1bs,

Majority of this mater1a1 is resold as purchased and therefore
not repackaged. .

Quantity of ETO purchased for processing.

San Carlos...evsseensensesssvenasseesss26,400 1bs,

L0S ANGEles..cosenreisnessrarerseersss.86,400 lbs.

Detailed description of specific emissions control equipment in
operation at our facilities.

Emissions control equipment is a 40-Gallon Water Type Scrubber
(Custom Made). :

a) Rate of IDPUL..secssresssancansssss }O CFM
b) Hours of Operation..........sss....1% per day
c¢) 100% Efficiency



Carol McLaughlin Page 2 June 18, 1986 .

Los Angeles

Emissions control equipment is a 55-Gallon Custom Made Scrubber
filled with a 5% Sulfuric Acid/Water (wt/wt) solution.

a) Race of Inputl...l....l.'lll.lI..'ICm
b) Hours of Operation................4 per day ~mow.

¢) 100% Efficiency

We trust the foregoing information completes your request. Should
you require further assistance please submit correspondence to the

undersigned.

Sincerely,

Western Zone Manager

. JAP:dp




F. Union Carbide Corp.

(Linde Division)



e g !N Union Carbide Corporation
S ielnareen F D " Linde Division
-, NI et 19200 Hawthorne Boulevard
Torrance. Calitornia 80503

January 13, 1987

Mr. William V. Loscuto ff, Chief
Toxic Pollutants Branch

Air Resources Board

P.0, Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff,

In response to your request for comments regarding the "Draft Report
to the Air Resources Board on Ethylene Oxide", I wish to submit the following
clarifications.

I am referenced on page F-3 of the "Emissions of Ethylene Oxide from
Distribution Facilities" section, as saying that "187 of Ethylene Oxide(ETO)
sold, was returned in used cylinders." While this number is accurate for
ETO sold in cylinders as Oxyfume 12 (127 ETO, 882 Halocarbon-12) it is not
true of all ETO sold.

Our facility sells ETO in several different mixtures which were not
considered in the recovered product calculations. In addition, we sell
Oxyfume 12 in bulk trailer quantities. These trailers are not processed
through our recovery unit since they are either unloaded completely at the
customer site or topped off when they return to our facility. We also sell
pure ETO, of which, only a small amount (less than 2Z)} is returned. Further,
the 187 return number was inflated by the fact that often times full, unused
cylinders are returned for credit when thLey pass their expiration date.

Generally, product returned from hospital users tend to have a higher
residual content than industrial users. Product zeturned from industrial
users tends to be less than3 or 6% of the product sold.

Combining all forms of product sold, reccvered product represents a
very small fraction of the total ETO sold. I estimate that this percentage
would be less than 27.

On page F-3 of this same section a reference is made to our scrubber
unit with an efficency rate of 90Z. The new scrubber unit was completed
in the summer of 1986 and has a design efficiency of 99.999%+. The old
scrubber is therefore no longer in yse. There was no mention, however,
of the recovery/recycling system {the same as the South San Francisco
system) used at our facility.



With both the recovery unit and scrubber in operation our emissions
are limited to fugitive emissions, For normal operation, I estimate that
emissions from our facility are less than 100#/yr. This is supported by
the use of a "Baseline'" monitoring system which continuously samples 16
points in our facility for ETO concentration. With this system we are
able to identify and correct problems before significant ETO exposure or
releases can occur.

I hope these clarifications have cleared up any misunderstandings
which may have occured concerning ETO at the Torrance facility. If you
have any further questions please feel free to contact me,.

Sincerely,

. -~ 7
G LA

-
Cleo Belen

CB/ph




G. Health Industry Manufacturers Association



healih md@smry I'
manufecturers Ima
assodation
Er0-87-1

1030 fifteenth street, nw * washington, dc 20005-15%8
(202) 452-8240

January 13, 1987

Mr. William V. Loscutoff

Chief, Toxics Pollutants Branch
Air Resources Board

Attn: Ethylene Oxide

P.0. Box 2815

Sacramento, California 95812

Re: "Draft Report to the Air Resources Board on Ethylene Ox:Lde,
November 1986.

Dear Mr. Loscutoff:

The Health Industry Manufacturers Association is a trade group representing
approximately 300 medical device and diagnostic preduct manufacturers. A
number of HIMA member companies use Ethylene Oxide (EtO) to perform industrial
sterilization of medical products. Our membership includes several
manufacturers cited in the "Draft Report to the California Air Resources Board
on Ethylene Oxide" (referred to herein as the "CARB Report"). We, therefore,
are pleased to submit our Association’s comments on the CARB Report.

1. EPA Activities

The CARB Report refers extensively to the Environmental Protection Agency’s
notice of intent to list EtO under Section 112 of the Clean Air Act,
"aAssessment of Ethylene Oxide as a Potentially Toxic Air Pollutant,” (50
Federal Register 40286, October 2, 1985). HIMA submitted comprehensive
comments (dated December 3, 1985) to EPA on the proposal. These comments are
attached.

an QsseCIahon representing the medical device and diagnostic product industiy



We urge CARB to review HIMA's 1985 position paper since it corrects several
:ﬁsumptions made by EPA in its proposal. Specifically, our comments emphasize
at:

e Sources of EtO emissions have decreased in number as
some manufacturers have c¢eased to use EtO, consolidated
operations, increased the use of EtO contract sterilizers,
used alternative methods of sterilization, and installed
EtO emission devices.

¢ EtO emission control devices currently in use in the
medical product manufacturing industry include chemical
conversion units, scrubbers, incinerators, and reclamation
units.

e A manufacturer of a highly effective chemical conversion
control device had estimated (in late 1985) that by the
end of 1986, 35-40% of sterilization facilities will have
installed or committed to install a system for emissions
control.,

We have met several times with EPA representatives to provide additional

information. In February 1986, HIMA submitted to EPA the results of a

comprehensive survey of member companies regarding EtO use. EPA subseguently

sent Section 114 information requests to medical product manufacturers not

included in the HIMA survey. As a result, EPA now has an extensive database

on EtO emissions sources and control practices, including California .
- facilities cited in the CARB report. Since the CARB report acknowledges that

data for some facilities date back to 1982, we recommend CARB review EPA’S

database, since it reflects 1985-1986 EtO use and control.

In summary, we believe CARB will benefit from a thorough review of the most
recent data available from EPA on EtO use and emissions control, specifically
at the California facilities. Additionally, since EPA is continuing to
analyze our industry’s information to determine risk from airborne EtO
emissions, the Agency may significantly revise estimates/conclusions drawn in
its October 1985 notice.

Revisions to the CARB Report should reflect EPA's database and EPA's most
current conclusions on EtO use and emissions control. This would enhance the
accuracy of the CARB report consistent with the goals of public health and
safety. Mr. David Markwordt, an Environmental Engineer in EPA's Office of Air
Quality Planning and Standards, has been coordinating EPA's analysis of our
industry’s data. He can be contacted at (919) 541-5671.




2, California Activities

The South Coast Air Quality Management District, and, most recently, the Bay
Area Air Quality Management District, have a permit process for facilities
using EtO. We have been informed by our members that the SCAQMD has, in the
permit process, requested extensive data on EtO emissions. As a result of the
permit process, these members have installed or are in the process of
installing emissions control equipment.

The fact that this activity has occurred over the past two to three years.
again shows the importance of a review by CARB of the most current data on

emission sources.

3. Conclusion

A reduction of emissions sources and the increased installation of emission
control devices has occurred since 1984. We recommend that CARB coordinate

with EPA in the analysis of data for California facilities to ensure that the
report reflects current company practice.

We appreciate the opportunity to comment on the draft CARB report. If you
have any questions about these comments, please contact me.

Sigcerely,

rector, Environmental, Occupational
and Small Business Programs

Attachment: Et0-87-1.1 HIMA 1985 Comments to EPA



LT Le )T

Central Docket Section [A-130]

Environmental Protection Agency

Docket No. A-85-10
401 M Street, S5.W.
Washington, D.C. 20460

Re: Docket No. A-85~10, Assessmen:t of

maalh industry
AR rE S

-

2330¢leien

himae

Et0-87-1.1

December 3, 1985

Ethylene Oxide As a Potentially Toxie

Air Pollutant (50 Fed. Reg. 40286,

October 2, 1985)

Dear Sir/Madam:

The Health Industry Manufsgcturers Associstion {(HIMA), a trade Asscciation .
representing 300 medical device and disgnostic product manufacturers, is
plessed to submit the attached preliminary comments to EPA in commection with
tha Notice of Intent to List Ethylene Oxide (EtO). As digcuseed in the
gsubmission, HIMA ig currently counducting & major survey of our induatry to
determine the axtant of EtO emissions ag well as the degree to which airborme

Et0 is already controlled.

HIMA anticipates providing more extensive comments to EPA in late

January, 1986,

FES:ldr
cc: Ms, Nancy Pata, EPA

.Mr. Robert Schell, EPA
Mz, David Markwordt, EPA

JRJ/1dx

Sincerely,

Preasident

an SSsoC.aNon represernrg me Meaical Jevi.ce and dICgNAshe product Industry




BEFORE THE
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

Assessment of Ethylene Oxide
as & Potentially Toxic Air
Pollutant: 50 Fed. Reg. 40286
(Oct. 2, 1985)

Docket No.
A~-85-10

St St Nt Nt Vot Nt

PRELIMINARY COMMENTS OF THE
HEALTH INDUSTRY MANUFACTURERS ASSOCIATION
ON THE NOTICE OF INTENT TO LIST
ETHYLENE OXIDE UNDER SECTION 112
OF THE CLEAN AIR ACT

Health Industry Manufacturers Agsociation
1030 15th Streer, N.W., Suite 1100
Washington, D.C. 20005

Frank E. Samuel Jr., President

December 3, 1985
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I.

Executive Summary

HIMA submits these preliminary comments to the Environmental Protection
Agency (EPA) in response to the Agency’s Notice of Intent To List
Ethylene Oxide (Et0) Under Section 112 of the Clean Air Act and
Solicitation of Information published October 2, 1985 (50 FR 40286).

HIMA's preliminary comments focus on the "Medical Supplies Manufacture"
category described im EPA's notice. HIMA's comments are preliminary in
that the Arsociation is currently conducting a comprebensive survey of
industry to deternine EtO emissions and the extant of emissgions control
equipment already in place. HIMA anticipates providing further
comments to EPA in late January, 1986.

HIMA makes the following points in these preliminary comments:

1. ©EtO is an essential sterilant for the medicel device industry. It
ig used to sterilize 60-702 of industrially sterilized medical
devices and iz the only method for sterilizing certain materials
that are sensitive to heat, woisture, or radiation. Less than
0.5% of EtO produced is used in all sterilization operations,
including device manufacture, hospitals, clinics, aand contract
sterilization, as well as food processing and fumigation,

2. Sources of Et0 emissions have decressed in number as some
manufacturers have cessed to use Bt0O, consclidated operations,
increased the uge of Et0 contract starilizers, used alternstive
methods of sterilization, and installed Et0 emission control
devices.

3. E+0 emission control devices are currently in use in the ™Medical
Supplies Manufacture" cataegory. These devices include chemical
conversion units, scrubbers, incinerators, and reclamation units.

&4, Considerations to be made in the cost anslyses of Et0 emissions
control devices include the size of sterilizer(s) to be
controlled, the frequency of use ﬁf the sterilizer, the gas used
{100% EtO or s mixture with FREON®" or Carbon Dioxide), the rated
capacity of the control unit, and the engineering, installation,
and annual operating costs.




II.

III.

Introduction

The Health Industry Manufacturers Association is pleased to submit the
following preliminary comments to the Eavironmental Protection. Agency
(EPA) in response to the Agency's Notice of Intenr To List Ethylene
Oxide Under Sectiomn 112 of the Clean Air Act and Solicitation of
Information, published October 2, 1985 (50 FR 40286).

HIMA is a trade association representing almost 300 domestic
mapufacturers of medical devices and diagnostic products.:
Approximately 100 HIMA members use or depend upon Et0 for the
sterilization of medical products. As documented herein, EtO is an
essential sterilsnt for cur industry and its continued use is cerucisl
to the health care system.

EIMA's preliminary comments focus on the "Medical Supplies Manufacture”
category described i.n EPA's notice of intent to list EtO.

The comments are preliminary in that HIMA is currently conducting e
survey of the industry to determine the extent of EtO emissions and
the number of Et0 emissions control devices currently in place in
menber facilities. A copy of HIMA's survey form is attachad as
Appendix A. This survey is being conducted in cooperation with EPA,
specifically the Emissions Standards and Engineering Division of the

Office of Air Quality Planning and Standards.

In this present preliminary submission, HIMA provides information on
our industry's use of Et0, current trends in gterilization, and
enission control devices curmtly- in use. Additionally, comments on
major issues raised by the notice of intent to list are provided, as
well a8 responses to the questions posed by EPA in the information

solicitation.

HIMA anticipates providing more extensive comments on EPA's intent to
list ethylene oxide at the completion of our survey, tentatively

scheduled for late January, 1986.

Backgr.ound Information on Ethylene Oxide

HEIMA has previously presented & significant smount of information on
the medical product industry's use of EtO in regulatory submissions to
EPA [1] and OSHA [2-5]. The following is & brief summary of the areas
of Et0 use and alternstives to EtO sterilization.

A. Use of Et0 - General

There are three basic groups of EtQ users throughout industry in
general. The first group, the converters, consumes over 99% of
the Bt0 produced. Thkis group consists of companies that produce
or purchage the chemical ss an intermediate or raw material for
the manufacture of other products. Almost 90 percent of the EtO

5




produced is converted into other products by the firms that
produce it. The second group is health product manufacturers and
health care providers that use BtO to sterilize madical devices
and supplies. The third group consists of companies that use Et0
to fumigate miscelleneous items, including spices, black walnut
neats, bird seed, bocks, furniture, taxtiles, empty bee equipment,
empty cargo holds, cosmetic packaging, and dairy packaging. B0
is also used as a ripening agent. The second and thizrd groups
combined account for less than 0.5% of total EtO consumption.

Bealth Care Uges of Et0

Currently, EtO sterilization is the only available method for
effectively sterilizing certain materials that are gensitive to
heat, moisture, or radiation. Approximately 60-70 percemt of
industrially sterilized medical devices use Et0 as a sterilant
[6]. HIMA egtimates that its members sterilize 10-12 billion
items per year with EtO.

Conservatively, hospitals, clinics, and doctors sterilize an
additional 200 million items per year with Et0 (7). Many ccmmon
surgical procedurss could not be safely undertaken without
EtO-sterilized equipment [8].

For many medical devices, no suitable substitute for BtO has been
identified. A 1977 NIOSE report [9] on EtO noted that Malternate
methods [for sterilization of medical supplies] often are
impractical, hazardous, undependsble, or uneconomical®™ and
concluded that "the continued use of Et0O as & gaseous sterilant is
highly desirable in many eituationa."™ The Food and Drug
Administration (FDA), in publishing a proposed rule on Et0
residues {10], also stated its belief that "the current use of EtO
28 a sterilant for certain drug products and medical devices is
necessary for the delivery of required heslth care...” In 1977,
Sherwin Gardnezr, then Acting Commissgioner of the FDA, statad in a
mamorandum:

I wigh to stress that precipitous action
which would, in effect, severely limit the
use of ethylene oxide £for sterilizing
devices or drugs could have & serious
impact om the public's health. Mary
life-saving devices are sterilized by Et0
both by industry, as well as individual
hospitals or other similar facilities. The
continuing svailability of euch devices is
vital,




C. - Alternatives to Et0

Alternatives to Bt0 sterilization include radiation {(both gamma
and electron Deam), dry heat, steam, filtration, and use of
other chemicals, such as formaldehyde and glutaraldehyde.

Although gamma radistion, using a radiation source such as
cobalt-60, is a substitute for EtO, it ig not acceptable for a
large number of products because it affects the molecular
gtructure of some materials and thus damages products composed of
such substances. Additionally, the supply of Cobalt-60 is limited
since there is only one major supplier in North America (Atomic
Energy of Canada, Ltd), there currently are only 30-40 cobalt=-60
radiation sterilization facilities in the country, and the
construction of such facilities is a lengthy and costly process
subject to regulation by the Nuclear Regulatory Cammission.
Several gamma radiation contract sterilizers are curresntly
investigating the use of cesiur for sterilization, but a
sterilization methodology for this radiation source amust still
~ be validated.

Wet/dry ‘heat is often unacceptable due to tha heat-labile
properties of many plastic formulations. Other chemical
sterilants, such as formaldehyde, which is frequently used in high
level diginfection, are also subject to regulatory concern with
respect to workplace and enviromnmental heslth and safety.
Additionally, there has been little exploration of using these
other chemicals for large scale industrial sterilization.

In gummary, EtO sterilization is the only available method for
sterilizing & large number of medical devices composed of certain
materials that are hqal:. moigture or radiation sensitive.

Current Trends in BtO Sterilization

Regulatory initiatives at the Occupational Safety and Health
Administzation (OSHA) and industry trends in general have had a
significant impact on the current level of use of Et0O in industry.

A. Use of Et0/Uass of Contractors

Even before OSHA issued its advance notice of proposad rulemaking
concerping Et0, HIMA member companies were voluntarily maintaining
internal exposure targets well below the then - current OSHA
standard. OSHA's revision of the workplace Permissible Exposure
Limit downwsard to a 1 ppm eight-hour time-weighted average has
regulted in manufacturers modifying their use of EtO. Saveral
manufacturers, realizing they could not meet the new exposure
standard, ceased sterilization operations, consolidated
sterilization operstions, or sent their products to contract
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c.

sterilizers to be processed. FDA, in its 1982 Compliance Progranm
Evaluation Repert [l11], acknowledged the overall decrease im the
use of Et0 and the increased use of contract firms:

The trends in sterilization and its
attendant technology over the past four
years indicate that fewer firms are using
ethylene oxide a2 a sterilant for the
devices and that zore firms are now using
contract sterilizers.

As a result, the number of Et0 emissiong sources has declined and
will continue to decline as sterilizatios operations become more
centralized or comgolidated.

In HIMA's 1983 Submission to OSHA on the Agency's proposal to
reduce the Permisgible Exposure Limit for Et0 ({2], HIMA estimated
there were 132 sterilization sites representing 351 starilization
units. These units vary in size from small (cne cubic foot)
research sterilization units to large (1000 cubic feet) industrial
sterilization units. HIMA's current survey of Et0 use will
indicate to what extemnt this number has changed over the past two
years.

Increased Uge of Alternatives

FDA's Compliance Program Bvaluation Report [11] elso acknowledges
the incressed use of sterilization methodologies other than EtO,
particularly radiatiom sterilizatiom. Advances in the
stabilization of plastics and changes in the dosage of radiation
to which products are exposed have increesed the uge of cobalt-60
&8s .an alternative to Et0. Although cobalt-80 irradiation is still
limited somewhsat by materials effects, availability of facilities
and the supply of Cobalt-60, it has gained incressed acceptance
at the expense of Et0 sterilizatica.

Ingtallation of Emigsions Control Devicas

Many health cars manufacturers, in response to state regulatory
activities, have installed, ordered, or plan to order highly
effective control devices that significantly reduce Et0O emissions
from sterilization units. As a result, a portion of the ™edical
Supplies Manufacture™ category &lready has Et0 emiseions under
control (See Section V). HIMA's current survey will indicate to
what extent emissions are already under control in this category.

In summary, a number of fsctors have acted to reduce the amount of Et0
uged and, therefore, decreagse the EtQ emisgions sources in the health
care manufacturing industry. These factors include:




cessation of use of EtO;

consolidation of sterilization operations;

increased use of Et0 contract sterilization fac:.lxt:.es'
increased use of alternative methods of sterilization: and
installation of Et0Q emission control devices:;

2 % 0 80

V. EtO Emission Control Devices in Place

Altbough HIMA will be providing further information on Et0 emission
control devices in its future submission to the Agency, this section
will briefly discuss the devices currently in use.

Due to state regulatory initiatives, a number of HIMA memberz have
installed, ordered, or plam to order highly effective control devices
that will significantly reduce EtO emissicng from sterilization units.
Chemrox, Inc.* & manufacturer of a highly effective chemical conversion
control device, has estimated that by the end of 1986, 35-40% of
starilization facilities will have installed or committed to install a
DEOZX*" system for emissions control [12].

HIMA members have indicated that the EtO enissions control processes
that currently exist in the "Medical Supplies Manufacture" category
include: '

° Chenical Conversion - In this process, a weak acid golution
is used to convert Et0 gas to ethylene glycol liquid, which
is then sold off to reprocessors or disposed. The device is
greater than 99% effective;

. Scrubbing - In this process, the EtO exhaust stream is passed
through water, producing a limited conversion to ethylene
glycol. The system is minimally effect.wc, in the 10-20%
efficiency range;

® Incineration - In this process, Et0 is burned to complete
combustion by using 2 common fuel such as propane. The
. process is greater than 997 effective; and

) Reclamation ~ In this process, refrigeration is used to
liquify the Et0 gas for reuse. The system is gpecially
designed for use in sterilization by a gas mixture of 12X B0
- 88% FREON". The system is greater than 997 effective.

*Chenrox, Inc. is an example of one such company. The DEOXX ¥ system is
Chemrox's brand of chemical conversion system.

9




VI.

The various 2tO emission control devices differ in the degree of
efficiency in which they remove Et0Q vented from the sterilizer.
Additionally, the type of control devices used and the atteadant
engineering depends on the size of the sterilizer umit (cubic feet of
sterilizer capacity), th& type of gas mixture uged (100 of Et0 or
an EtO mixture with FREON"" or Carbon Dioxide), frequemncy of use of the
sterilizer, and how many sterilization units may be manifolded into the
control devica.

Commants on Major Issues Raised by the Notice of Intent To Ligt

The Ethylene Oxide Industry Council (EBOIC) has commented extemsivaly to
EPA [13] regarding the Hazerd Assessment Document and the Exposure
Assessment. The EOIC also presentad these comments at the

October 3-4, 1984 meeting of EPA's Science Advisory Board (SAB). We
share BOIC's concerns about these documents and support its comments
regarding the scientific validity of the assessments.

A. Hazard Assessment Document

With respect to the Hazard Assessment Document, we concur with the
EOIC that EPA has not complied with the recommendations of the
Science Advisory Board regarding the document, EPA has failed to:

2 present maximum likelihood estimates of the extrapclated
risk as part of a discussion of the range of plausible
estinates; -

. prepare g sensitivity analysis; an

° use the entire data base to quantify the potential
carcinogenic risk (almost all of the risk associated
with exposure to Et0O consists of a mathematical
extrapclation from rat inhalation studies).

BOIC bas submitted to EPA and OSHA & scientific risk
characterization for Bt0, conducted by Dr. Leon Golberg.

Dr. Golberg's assessment of the hazards posed by EtO relies
primarily upon his scientific evaluation of the totality of the
aveilable data. Although numerical extrapolationg from the Bushy
Rug rat inhalation study results are presented, they are usged by
Dr. Golberg as only one component of the overall assassmant.

The Hazard Assessmect discusses extensively the uncertainties in
the evaluation. Dr. Golberg considers the qualitative and
quantitative aspects of the various phenomens reported to be
associated with exposure to EtO and characterizes the hazard
aspociated with Et0 exposure, using thrase quantitative zomes of
eight-hour time-weighted exposure:




The Zone of Increased Probability for Potential
Adverse Health Effects. In Dr. Golberg's judgment,
it is highly probable thar adverse health effects
would occur only at levels above 10 ppm.

Zone of Uncertain Consequence. Dr, Golberg has
judged that exposure between 1 and 10 ppm represent
the zone in which the occurrence of adverse health
effects ig uncertain. ' '

Zone of Insgignificant osure. Exposures
at or belov 1 ppm are considered by
Dr. Golberg to be insignificant and to
present no gpparent hazard.

Although Dr. Golberg's evaluation was made in the: context of
employee exposurs to EtO, it is also spplicable to the public.

Exposure Assessment

EPA indicated in the Notice of Intent to List that information on
the amount of Et0 used, the location of use, snd procedures for
use and disposal of B0 in the health/sterilizer jindustry were
fnot ag well characterized” as in the producer industry.

In arriving at the exposure assessment, EPA has made assumptions
as to aggregate Et0 emisgiong and locations of facilities. EPA
has taken the total amount of EtO emissions (estimated as 4.5
million pounds, with no account as to emissgion control devices
already in place) for the "Medical Supplies Manufacture" Category
and distributed it over the 30-40 major population centers.
Although HIMA does not have specific data on all of the sterilizer
locstions, wve are generally aware that most sterilizationm
facilities are not located in major population centers.
Therefore, the estimates €for exposure would be significantly
decreased. We can only reirerate that our current survey of
Et0 use will more accurately identify the number and location of
EtQ emiseions sources.

VII. Responses to EPA's Questions

1.

Are there any adverse health effects other than those presented
in the Health Assessment Document (HAD) associated with exposure
to ethylene oxide via the ambient air and if so, at what
concentrations exposure times are these effects observed?

EPA's Hazard Asgessment Document (HAD) and other
publications, such as the Preamble -to OSHA's Ethylene Oxide
Standard (29 CFR 1910.1000), have reviewed a number of health
effects studies and we are not aware of any other such
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studies. HIMA, in past submissions to the EPA [1] and OSHA
{2-5] has presented comments questioning the scientific
validity of studies presented by the Agencies to support
regulatory action. Likewise the EOIC has submitted extansive
comments to EPA [13]. EPA has failed to mot only respond to
EOIC's concerns, but hes alsc not responded in the HAD to the
recommendations raised by the Science Advisory Board.

2. Are there any available ambient air monitoring techniques for
ethylene oxidae?

In 1983 comments to OSHA on the them ~ proposed EtO standard
[2]), HIMA presented comprehensive comments on ambient air
monitoring techniques for EtO. Since that time, little has
changed regarding methodology except that increased
sengitivity in gas chromatographic methods has lowered the
level of detection of EtO to under 0.5 ppm, and there is
currently a standardized charcosl tube monmitoring method.

Four types of methods for measuring EtO concentrationg ars
currently being used for personal and area monitoring. These
are: charcoal tubes, passive diffusion samplers, direct
reading tubes, and direct reading instruments. Prefarences
for the various momitoring techniques vary from company to
company, depending in part upon in-house monitoring eand
analytical capabilities. Currengly. charcoal tubes are most
frequently employed. Tedlar plastic bags snd acid
impingers can be used to measure EtO, but are not in general
u'.. f

™ Chazrcoal Tubes

Monitorzing with charcoal tubes involves the use of
a calibrated sampling PURp attached to a charcoal
tube by a piece of Tygon™ tubing. A known volume
of air is drawn through the charcoal tube, and Et0O
is adsorbed onto the charcoal. The sampling pump
and charcoal tube are placed on the employee, as
close as possible to the braathing zone.

Through the use of appropriate methods, charcoal
tube samples can measure down to 1 ppm* 20% in the
lsboratory and, under optimal cooditions, 0.5 ppm
or below at+ 502. Gas chromatographic equipment
with flame or photoionization detection is in
general use at a number of larger companies. Field
use of this method requires that skilled persocnnel
be used to obtain, preserve and analyze the
samples, Careful attention must be paid to the
analysis methodology.

The charcoal tube method offers & number of

12




advantages: (1) the sample device is small and
portable, (2) interferences are minimal: (3) sample
sollection does not involve liquids; and (4) two or
more organic substances suspected to be present in
the air can usually be analyzed from the same
gample. The charcoal tube method is, however,
subject to certain restrictions and limitations.
High temperatures and humidities interfere with the
collection and desorption of Et0. Breakthrough can
cccur due to limited adsorption sites,
necessitating that tubes be changed frequently.
The flow rate is critical to allow time for the
EtO to adsorb onto the charcoal, therefore charcoal
is not suitable for short (generally less than
fifteen minutes) sampling pericds. Care must be
taken to prevent channeling, and migration can

occur if only one tube iz used. Tubes must be

refrigerated while transported and stored.

The American Society for Testing and Materials
(ASTM) has issued & standardized charccal tube
monitoring method (ASTM D&4413-85), which has been
field validated by Claytoszs Environmental
Consultantg, Inc., under contract to the EQIC
[14-15].

Paggive Diffugion Momitors

A numsber of companies are currently nmarketing
different types of passive diffusion monitors. The
basic principle for these devices is diffusion,
the gradual spread of substances from an area of
higher concentration to areas of lower
concentrations, The devices are designed to
measure time-weighted averages over a measured time
interval of ei-ht hours or less.

Pasgive diffusion monitors offer many advantages.
The initial cost is low and no hoses, tubes, or
pumps are required. The devices are compact,
lightweight, and convenient to wear, and the method
is simple and easy to use.

However, an analytical technique similar to that
used for charcoal tubes is required, that is, a
desorption of the badge and eanalysis using gas
chromatography or colorimetric methods. Presently
most companies are not analyzing the badges but
returning them to the manufacturer for analysis.

Pasgive diffugion monitors have sufficient
sensitivity te perform eight-hour sampling, but
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they are limited in short term sampling (less than
15 minutes).

Direct Reading Equipment

Direct reading equipment comes in three basic
types: (1) infrared analyzers: (2) organic vapor
analyzars; and (3) gas chromatographic equipment
with flame ionization or electron capture. The
infrared analyzer measures down to 1-2 ppm, but
some models are gubject tc interferance from
chlorofluorocarbons, bydrocarbons, and humidity.
The more expensive models reportedly have overcome
this problem. The portable organic vapor snalyzer
igs accurate to about 1 ppm, provided that there are
no organic interferesces. This device, however,
nmessures all organics and is not specifie for EtO.

There are & variety of continuous air monitors that
consist of a gas chromatographic unit with flame
ionization or electron capture capabilities. The
lower dataction limit is around 0.3 ppm. These
instruments are large, expensive, not sasily
transportable, and must be carefully calibrated and
validated. '

Other Methods

The 'I‘edlarm bag and acid inpingeﬁ’mthodu are not
in general use, Iz the Tedlar*™” bag method, a
constant flow of air is pumped into an empty
plastic {(polyvinyl flucride) bag for a specific
period. After the sampling pericd, the pump iu
turned off and the bag is sealed. Analysis is dog&
by gas chromatography. The advantages of Tedlar
bage are that they are reugable and not subject to
interference by temperature and humidity. Problenms
with this method ars that the bags are bulky and
can be penetrated by sharp objects.

In the acid impinger method, a known volume of &ir
is bubblad through & sulfuric acid soclution in an
impinger, wvhere EtQ is convertad to etbhylene glycol
and analyzed by gas chromatography. The impinger
is weighed both before and after sampling to
correct for any evaporation loss. This method has
a lower detection limit of about 1 ppm, is
unaffected by temperature and humidity problems and
can be used over a wide range of flow rates and
sampling sizes. However, the impinger method
involves & cumbersome apparatus, the risk of
s8pills, the hazard to perscnnel, and requires a
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VIII.

difficult analytical method.

These methods and their applicability to EtO have
been described in greater detail in HIMA
publications [16-18].

3. Are there sources other than those listed to Table 1 that are
likely to emit ethylene oxide into the air?

In Section III A, HIMA described a variety of industries that
use EtO as a sterilant/fumigant. The MITRE Corporationm,
under contract to EPA, specifically the Office of Pesticide
Programs, has prepared & number of reports describing the
sterilant/fumigant sources of EtO emissions [19].

4, What are the locations, emission rates and current control
equipment for ethylene oxide sources?

As previocusly discussed, HIMA plans to submit to EPA in early
1986 more specific information on Et0 emissions in the
"Medical Supplies Manufacture" category.

5. What is the quantity of ethylene oxide being emitted from each
ethylene oxide source category, including automobile exhaust and
Publicly-cwned treatment works (POTWs).

HIMA is currently conducting a survey to respond to this
question.

Costs of Control

HIMA does not currently have specific data om the capital and annual
operating costs of Et0 emissions control devices. We understand that
EPA has preliminary data from several manufacturers of such equipment.
It is important for EPA to no.e in cost analyses that factors
associated with control devices include:

° the size of sterilizer(s) (cubic feet) the control device
will service; .

the rated capacity of the control unit;

frequency of use of the sterilizer;

the engineering/ingtallation costs;

sssociated material costs (e.g. insulation); and

annual operating costs (manpower and materials).

HIMA represents a membership that is primarily small companies. 350X of
HIMA's membership have sales of less than $5 million, 66X have sales
less than $10 million and 75% have sales less than $30 millionm. The
majority of the RIMA members potentially affected by & requirement for
control equipment are small entities snd much of the financial impact
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would be on these companies. The economic burden on small companies .
may be especially severe as they are generally less able to shift or
pass along significant cost increages.
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IX.

Conclusion

Although HIMA will be providing further information to EPA on the
extent of EtO emissions and the control devices currently in place in
the "Medical Supplies Manufacture"” category, these preliminary comments
have concluded that:

1.

Ethylene Oxide is an essential sgterilant for the medical device
industry. It is used to sterilize 60-70% of industrially
sterilized medical devices and is the only svailable method for
sterilizing certain materials that are sengsitive to heat,
moisture, or radiatiom..

Sources of EtQ emissicns have decreased in number as some
manufacturers have ceased the use of Et0, consolidated operations,
increased the use of BtO contract sterilizers, used slternative
methods of sterilization, and installed Et0 emisgions control
davices. :

EtO emission control devices are currently in use in the "™Medical

Supplies Manufacture®™ category. These devices include chemical
conversion units, scrubbers, incinerators, and reclamation units.
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January 8, 1987

Mr. William V. Loscutoff, Chief
- Toxic Pollutants Branch

Air Resources. Board

“Attn:  Ethylene Oxide

P.O. Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff:

We would like to take this opportunity to respond to your

Draft Report on Ethylene Oxide (November, 1986). While analyzing
the data presented on emissions from the various types of facilities

: in California, some of our calculations differ with yours.

~— Conversations with several California blenders of 100% ETO with an
inert gas such as a fluorocarbon indicate that their basic plant design
and operation are similar to our own. At our facility, all transfer of
100% ETO liquid or vapor, into or out of (DOT 5-P) drums, is done in
a closed system. The only exception to this would be when a drum
must be opened, in which case a suction device covers the opening,
and the captured vapors are passed through an acid scrubber to
convert the 100% ETO to ethylene giycol. All piping connections in
our system are leak-tested by pressurization with inert gas at
installation before being placed in operation. Whenever a connection
must be opened after ETO has been in the line, the line is first purged
with inert gas which blows the liquid out of the line, also picking up
the ETO vapors in the line. This inert gas/ETO mixture is then passed
through the scrubber. When returned drums must be emptied of
returned material (perhaps 1-2% of the amount shipped) the liquid
ETO is passed through a closed system to a receiving drum, and inert

South Carolina Facility « PO Boxl37 . Greanpond, S. . 20446 . TEL. 803-844-8511 . TWX 810/881-1720
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gas passed through the return drum to purge ETO vapor as well.
Again, the inert gas/ETO mixture is passed through the scrubber to
control emissions. The receiving drum is shipped to our facility in
South Carolina for conversion in a closed system to ethylene glycol.
This conversion process is similarly designed to minimize emissions;
the ETO is transferred through a closed system into a closed reactor
for conversion. With such tight controls on the method of
transferring the 100% ETO, we find it difficult to accept that we could
be losing 2-8 pounds (1/2-2% of 400 pounds) of ETO to the
atmosphere per drum filled. We, therefore, must question the
fugitive emissions value of 1/2-2% as stated by Zwiacher (1983), and
suggest that the value (for blenders, at least) must be somewhat
lower. Correcting the emission data for such reduced values is in
order.

Conversations with one California blending (repackaging)
facility provided us with data which indicate that the emissions from
their facility are approximately 20% of the value reported in the ARB
Draft Report. Our calculations indicate that the report used the 18%
return figure plus some fugitive loss, without accounting for the 90%
efficiency of the acid-water scrubber used to recover the material
recovered from the cylinders. Additionally, this same facility
reported a 5% return rate, on average, which is considerably lower
than the 18% figure used in the calculations in the report. Another
blender (repackager) contacted estimated their returns at only 2-3%,
vs. the 18% assumed in the ARB Draft Report. These differences
should alter your calculation of emissions by a factor of 3-6 times.

Another assumption made by the ARB staff is that all 100%
ETO purchased by a California sterilizer facility is eventually released
to the atmosphere as sterilizer discharge or off-gassing after
unloading. While we cannot comment on what may have been true
in the past prior to the alleged health affects of ETO, scrubber units
such as the one in the enclosed short article (Attachment 1) will
contribute significantly to a reduction of ETO emission from the
(industrial) sterilizer. Conversations with some additional California
sterilizer facilities indicate they may change their production
methods to cycle the atmosphere in the sterilizer several times
rather than "vent-and-open." This would have the effect of more
complete ETO removal prior to opening the sterilizer, more ETO going
through the scrubber, and less ETO remaining for the off-gassing
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step. This would reduce the amount of ETO released to the
atmosphere. -Again, these engineering improvements  will alter your
emissions calculations by several magnitudes.

We have been in contact with several of the facilities listed
in table III-1 which have indicated that they will be responding to
the Draft Report separately and individually. Several had indicated
their intention to add emission-control devices to their systems in
the near future; several have already added such devices or
improved existing ones between your collection of data and today.

At this point, a discussion of several points of the health
effects data cited in your draft is in order.. In the Executive
Summary, pg. 1., you state that at current ambient levels of ETO, "no
acute or noncarcinogenic effects are expected." We would agree with
that statement, a later statement on the same page, suggesting
increased incidences of stomach cancer and leukemia from
occupational exposure to ETO, requires comment. A preliminary
report of a University of Pennsylvania Medical Center study of a
cohort at the Buffalo, NY plant of Johnson & Johnson (Attachment 2),
dated April, 1986, found that of 442 of 513 persons who were
regular employees of the company between July, 1974 and
September, 1980 (104 males, 338 females participated; 18 males 53
females did not participate - 86% participation) there were 8 breast
cancers (vs. 3.14 expected), 6 all other cancers in females (vs. 6.74
expected) and 0 cancers in males (vs. 1.74 expected). The incidence
of breast cancers prompted a further analysis of tissue samples,
where 10 cases from the Buffalo study were interspersed with 10
cases from the Pennsylvania Hospital, all samples being identified
with code numbers only. The investigator, Dr. V. A. LiVolsi, M.D., was
unable to microscopically detect by "grade of the tumor, the type of -
the tumor, or the surrounding breast tissue" any changes in the
tissue which would indicate which samples had come from which
source. In other words, Dr. LiVolsi could not pinpoint a specific cause
of the breast cancers in the exposed worker samples. Therefore,
although it is possible that ETO was the cause of the breast cancers in
this cohort, microscopic examination could not support that

conclusion.
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The Snellings, et.al., study on Fisher 344 rats in 1984

- concluded that "one or more biologically significant effects were
demonstrated...at all three dose levels of ethylene oxide...” The
conclusion is based on the (pg. 25 of the Draft Report, Part B)
"numerically increased incidence of MNCL (mononuclear cell
leukemia) in females at 10 ppm" and the "statistically significant
increase in the number of rats with primary neoplasms". However,
on pg. 20 (Part B), the MNCL incidence was reported as statistically
significant only in the 100 ppm female rat group. The difference
between “"numerical increase" and “statistically significant increase”
is very important. The authors switch from "statistically significant”
to "numerical increase” to be able to state more than one biological
effect at all levels (10, 33, 100 ppm). In fact, only one statistically
significant effect occurred, and only for females (primary
neoplasms) at all 3 levels. MNCL only showed a significant difference
in females at 100 ppm, and no dose-related significance was shown
in males. Therefore, no particular effect was shown to equally affect
all animals of the study.

The Lynch, et.al., study from 1984 has claimed similar
effects, however, the Lynch, et. al, study confined itself to levels of
50 ppm and 100 ppm. Using only these two levels of exposure, the
authors state that no "No Observed Effect Level (NOEL)" was found.
The Snellings study found some effects at 33 ppm (already lower
than. the Lynch Study), but effects at 10 ppm were questionable, at
least. Thus, a level between 0-10 ppm might be considered the NOEL
Lynch could not observe, because the exposures in the Lynch Study
were so high.

Another aspect of the Snellings and Lynch Studies which
affects the ability to translate the rat data to human risk assessment
is the difference in breathing rates between rats and man. At an
equivalent dose per body weight, rats will inhale 4-7 times as much
ETO as man. Therefore, at the 33 ppm level in the Snellings study,
the translation to human exposure would be in the range of 130-250
ppm. The 10 ppm level, where statistically significant cancers
occurred in the females only -- not in the males, would translate to a
human exposure of 40-70 ppm. Therefore, a NOEL is definitely a
possibility where human exposure to ETO is concerned.
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One must also question the fact that in both studies the
concentration of ETO was at least 20 times the OSHA "action level”
(10 ppm vs. 0.5 ppm).for worker exposure, and as much as 200
times the level (100 ppm vs. 0.5). Also, the smallest dose level used
in the Snellings study (10 ppm) is approximately 20,000 times the
51 ppt level in the model used by the California Air Resources Board
Draft Report which amount needs to be lowered according to the
facts presented in earlier portions of this response. Therefore,
although these studies indicate further research is desirable, they do
not prove adverse health effects at permitted worker-exposure
levels, and especially at ambient levels stated in the ARB model.

The occupational exposure studies of Hogstedt, et.al., have
been rebutted in Journal of the American Medical Association
(Volume 256, No. 13-October 3, 1986). The Hogstedt studies from
Plants #1 and #2 involved workers exposed to ETO and methyl
formate at one plant, and ETO and several organic chemicals,
including benzene, at the other. Where cancers were observed, the
authors state they must have been due to ETO, since it was common
- to both plants. Carcinogenic effects of other chemicals the workers
were exposed to were not considered. The rebuttal from Texaco
(Attachment 3-printed in JAMA, reference above). points out that
where no other carcinogenic materials were found (exposure groups
A+B at plant #3), no leukemia was observed. The letter also points
out that Morgan, et.al., observed no leukemia in their study,
conducted in a plant similar to plant #3 (ethylene oxide exposure
only). The Texaco letter is summarized by stating that Hogstedt,
et.al., and Morgan, et.al., provide no convincing evidence that low
exposures to ethylene oxide "cause any increased risk of death.”
We, therefore, must question the Draft Report conclusion (pg. 39-Part
B) that these studies "provide substantial evidence of ethylene
oxide's carcinogenicity in humans.”

The Hemminki study on spontaneous abortion was
admittedly questioned in the past (Draft Report reference to Gordon
and Meinbandt, 1983), yet the conclusion is that the data suggest an
association between ETO and spontaneous abortion even though
OSHA agreed that only a qualitative risk was determined, not a
quantitative one. A "Current Report” in Occupational Safety and
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Health Report, points out that preliminary results in a State
University of New York study of hospitals in western New York State
(Attachment 4) showed "no statistically significant increase in
spontaneocus abortions when compared to a matched group of non-
exposed workers." Therefore, the question of spontaneous abortion
in exposed female workers remains unsolved, pendmg final results
from the NY State Study.

A recent publication, Hazard Assessment of Ethylene Oxide,
edited by Dr. Leon Golberg (CRC Press, 1986) summarizes many of
the studies done on the hazards of ETO to laboratory animals and to
human health. Dr. Golberg is currently a professor of Community and
Occupational Medicine at Duke University. He was once Chairman of
the Secretary of Health Education and Welfare's Committee on
Pesticides. In Chapter 11 (Hazard Assessment), Section IV (A
Biological Perspective on EQO), he places the biological evidence on ETO
effects in perspective. Neurotoxicity in mice was evident at 50 ppm,
while other species tolerated 10 ppm or more, therefore, when
combined with studies of ETO workers, it is unlikely that any
neurologic effects will be seen in man "at or below atmospheric
levels of 10 ppm EO." Teratogenicity (induction of birth defects) was
not observed in rats until the females showed signs of toxic reaction
(well above 100 ppm in the atmosphere). Reproductive effects on
rats were not seen at levels of 33 ppm or below. Dr. Golberg noted
one study showing spontaneous abortion in women workers exposed
to EO, but this study (Hemminki, referred to earlier as the "Hemminki
Study") has been shown to be flawed, and a more recent preliminary
report (also cited earlier) gives rise to questions about the effects of
ETO on pregnant female workers occupationally exposed to ETO. Dr.
Golberg's conclusion is that EO exposure at or below 10 ppm would
not give rise to reproductive effects. Effects on genetic material,
according to Dr. Golberg, are only expressed at atmospheric levels
above 10 ppm. The carcinogenic nature of EO is such that is "falls
within the accepted definition of an animal carcinogen." However, Dr,
Golberg points out that the studies which have been done are
"subject to various criticisms." In Chapter 11, Section VI, Dr. Golberg
summarized by stating that "exposure at or below 1 ppm Time-
Weighted Average(TWA) may be considered as presenting no
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apparent hazard (to man)." A value of 1 ppm TWAS8 would be over
2,000 times the value used in the ARB Draft Report model. The
exposure an individual would receive as a result of ETO emissions
according to the ARB model would, therefore, be at least 3 orders of
magnitude below any level where biological effects have been
shown, '

Further assessment of the risk of ETO exposure to human
health comes directly from OSHA. In "OSHA's Summary Judgement
Memorandum" at 19, Public Citizens Health Research Group v.
Auchter (554 F. Supp. 242 [D.D.C. 1983]), OSHA conceded that the
epidemiological evidence "contained no direct evidence of an excess
risk of cancer at chronic exposure levels below approximately 14
ppm.” Only later did OSHA decide to ignore available data and
presume that a threshhold value for exposure does not exist. This
presumption has been ruled inappropriate by the U.S. Supreme Court
(448 U.S. at 653-54), which had ruled that it is OSHA's responsibility
to prove that no threshhold value exists -- they may not shift the
burden of proof that one exists on employers. Therefore, the OSHA
statement that there is no excess cancer risk at levels below .
approximately 14 ppm must stand unless, and until, another value
can be proven by the agency.

Ethylene oxide has been used as a sterilant for over 40
years now, often at exposures exceeding 50 ppm. OSHA's risk
assessment (29 CFR Part 1910 pg. 25762) of 634-1,093 excess cancer
deaths per 10,000 workers (about 1 in 10) would almost certainly
have resulted in a noticeable rise in cancer rates amongst ETO
workers if their risk assessment was completely valid.© This has not
been the case; and all prior information was at 50 ppm (the "legal”
limit for years) and above. Today, at 1 ppm, the reality of the risk
assessment is out of line with the observed effects. |

Gerald A. Emison, Director of The Office of Air Quality
Planning and Standards (OAQPS) in the Office of Air and Radiation of
the EPA, has stated that the EPA has no direct evidence that
concentrations of ETO in the ambient air due to stationary sources
cause cancer. Projects are underway to further evaluate data
already available. He further stated the 1985 EPA Health
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Assessment Document on ETO did not incorporate comments by the
Science Advisory Board concerning analyses of the estimate of cancer
potency, that the estimate of cancer potency relies on the results of
only one study and ignores the rest of the data available. He
believes the EPA's estimate of public exposure to be unrealistic and
that it should be re-evaluated.

Up to this point, all discussion has been directed at
rebutting the potential hazards of ETO. A few comments concerning
the benefits of ETO will now be presented.

Ethylene oxide's role as a sterilant and fumigant arises
from the special differences between ETO sterilization and available
alternative methods. In medical device/hospital applications,
autoclaving can be and is used for applications where the high heat
(about 250 degrees Fahrenheit, 120 degrees Centigrade) does not
degrade the material being sterilized. Items such as metal surgical
tools, bacteriological culture media and cloth gowns can be
autoclaved. Items such as disposable syringes, plastic medical
devices, pacemakers, heart valves, heart-lung machines, kidney
dialysis machines, fiber optic devices, etc., cannot be autoclaved. As
an alternative method of sterilization, irradiation can be used for
some devices, however, it is expensive, requires highly complex
machinery, controls and highly trained technicians, and some plastics
which are the materials of choice for certain applications are
degraded by embrittlement, discoloration and/or loss of tensile
strength. (HIMA Report, 78-3, 1978 Submission to the EPA; excerpt
included as Attachment 5). According to the HIMA Report 78-3, the
total number of items sterilized by ETO in all U.S. hospitals would be
approximately 200,000,000. This does not include items sterilized
by hospital suppliers, private clinics, research institutions, etc. When
these are included, the number rises to the billions. Some
18,000,000 surgical procedures are performed each year, virtually
all requiring some items which must be sterilized with ETO.
Appendices A-9 and A-10 list over a hundred items which are of
necessity sterilized by ETO. Appendices B-7 and B-8 are depositions
to the EPA which point out the absolute necessity of ETO sterilization
in the health care industry, and the human suffering impact which
would result from the loss of ETO as a sterilizing agent.
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One example of public harm aiready caused by the removal
of ETO sterilization occurred in 1984 at the University Hospital in
Baltimore (Newspaper clipping, Attachment 6). The hospital had
switched from ETO sterilization to pasteurizing of infant respirator
parts.  Bacterial growth in the breathing device was able to infect, -
and ultimately cause the death, of two infants. The hospital has
returned to the use of ETO sterilization for all devices requiring in-
hospital sterilization by ETO.

To summarize, we suggest that the original data on
emissions offered in the Draft Report are gross distortions, both for
reasons of assumptions made to arrive at them, and because
facilities in the State of California will shortly introduce further
emission controls to reduce present emission levels. Also, we suggest
that, although there is cause to study the biological effects of ETO on
humans in greater detail, the studies relied on in the Draft Report
‘leave sufficient question as to the actual effect of ETO concentrations
on occupationally exposed workers (approximately 0.5-1.0 ppm
. TWAS). Therefore, effects at the calculated ambient air value of 51
ppt. must be of much less significance, if any at all.

Industry has moved in a responsible direction to eliminate
or greatly reduce the emissions of ETO to the atmosphere, as has the
Industry moved to eliminate or reduce worker exposure to ETO. In
our opinion, it serves no purpose to the Health Industry to put
further restrictions and red flags onto an industry that is already
exhibiting responsibility, that emits material far below any harmful
levels. Further restrictions and red flags tend to move people away
from a desireable method of sterilization (such as the Maryland baby
deaths) to a condition where the cure would cause more harm than

good.

Sincerely,

Gt Hrrdin

Paul Lewandowski
Ass't. Product Mgr.

PL/brs
Attachments
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Compliance problems solved
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by ethylene oxide scrubber

at spedialty gas p!ani A
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Problsm * - of EfD introduced. Periodic reevalus-

A specialty gas producer was confronted
with an EPA compliance problem in
dealing with ethylene oxide (EtO). The
chemical had been added to the toxicity
lists of the U.S. EPA and the Occupa-
tional Safety and Heaith Administration
{OSHA). Effective August 21, 1984, the
OSHA suandard for EO limited exposure
o 1 ] ppm, sight-hour time weighted
sverage,

Ethylene oxide is used 1o sterilize
many pharmaceutical and hospital sup~
plies. Typically, E1Q is supplicd in cylin-
ders a3 a mixmure with Freon-12 or carbon
dioxide. A stndard cylinder contains
135 th of product, of which about 16 b is
E:Q,

When s customer is finished with an
EtO cylindes, it is reurned 1o the spe-
cizlty gas producer. Before recharging a
cylinder, it must be purged of any re-
maining EtOQ and then cleaned. The
purged E1O presented a probiem in re-
moval and dispesal.

Selution

An ethylene oxide scrubbing system was
designed for the gas cylinder area. It
consists of 3 specially desipnad 23 fi
packed tower, 2 400 gal holding tank,
valves, and recirculation pump.

Gas purged from returned ErO cyliin-
ders is direcied 10 the scrubber and is
channelled vpward thiroigh the packed
bed a3 scrubbing liquid lows countercur-
rently over the packing. A mist elim-
inator a1 the top of the packed bed
prevents entrained Jiquids from escaping
with the vent gas. The water soluble E1O
is hydrolized 10 ethylenc aicohol and
then 1o ethyiene glycol, a mlatively inent
and harmless chemical,

The conversion of EtO to ethylene
glycol involves first breaking the EtQ
bond to release oxygen and ethylenc
radicals before the ethylene radicals in
turn form ethyiene glycol, Because mass

I¢ Ja o o T
m PaEmnEmk Y mm

The ethyiene glseol produced in the ethvlene
oride scrublung operauon a1y as on antifreeze 10
aliow war-rownd cperanon

transfer and hydroliza.on factors are
critical in this two-part reaction. the
system was designed to ensure adequate
dwell time. The conversion reaction is
also hastened by using an acid catalyst.
Resvits

The EPA evaluated the scrubbing sysiem |

and monilored its operation after installa-
tion and found it to meet all compliance
criteria. The scrubber is rated at wp to

99% efficiency depending on the amount

tions are made by the EPA and stawe
environmenta! authorities 1o ensure
proper operation.

The system was rated at 150 ¢fm, a
case of design overkill intended to act as
a safery cushion. In 2 worst ease sce-
nario, if an EtO cylinder were rerurned
completely full, onty 4 cfm of ErO would
feach the scrubber. Typically, only. re-
sidual EO is introduced to the scrubber,

The ethyiene oxide scrubber sysiem
has been on-smream about six years.
About once a2 month, the scrubbing me-
dia is checked for volatility, fammability
and pH—1o determine how effectively
3: EtQ is being hydrolized imo ethylene

L

Afier the EtQ is converred to glveol. it
functions as an antifresze 10 keep the
outdoor system operational throughout .
the winter. When the holding tank shows
evidence of excess giycol, a disposal
company is called to remove the by-
products. Content amalvsis typically
finds the maierial 10 be non-volatile with
apHof 7.1 :

Onee a year. the scrubber is subjected
to more radicz] maintenance. The sysiem
is taken apart 10 check the screens and
make syre that they are not clogped with
polymer and that there is still 2 good
dispersion rate of the E10.

In the six years of operation. scrubber
performance hay been highly satisfac-
tory. The unit performs 1o spec with
minimum maintenance. and that mante-
nance is easily done by siaff personnsl
without nced to cail in the manufacturers
service team. Afier cbserving the suc-
cess of the unit, the company added
similar ethylene oxide scrubbers o s
other facilities. .

Eulaylene oxide scTubiber syssem i manulaciured by
Croll-Reynolds Co. Inc.. 73 Caoira) Ave.. Weno
ficid. NJ 0709], Clrcle 72V
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May 13, 1986

Mr. Geuvige L. Henschel
Office of the Eolicitor
Department of lLabor, 5-4004
200 Constitution Avenue, N.W.
Washington, DC 20210
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Rz2: BUFFALO HEALTH APPFAYSAL PROJECT,
April 25, 1986 Preliminary Repoirt ~
of Cancer Incidence in 3 Group of
Workers Potentially Exposed to
Ethylene Oxide

Dear Mr. Renschel:

We are enclosing a copy of the above Prelirminary Report which is
the ninth report to OSHA on the continuing ethylene oxide studies
of Johnson & Johnson.

This Preliminary Report deals with cancer incidence in workers
previously employed at the Buffalo, New York plant. formerly
operated by Extracorporeal (Plant III in previous Johnson &
Johnson Ieports to OSHA) and was prepared under the general
supervigion of Paul Stelley, M.D. of the Clinical Epidemiology
Unit of the University of Pennsylvania Bchool of Medicine.

The report is based on data developed durinyg the eccursa of the
Health Appraisal Project being conducted for Johnson & Johnron at
the Millard Fillwmore Foepital in Buffalo. The Health Appraisal
Project was established in March 1982 to provide health
evaluation for workers formerly amployed during the periocd
ethylene oxide was used at this Buffalo plant.

sincarely.‘

Charles A Barris

o’

PP

Encl.

cc: w/encl. -- Dr. R. Lepen, NIOSH
Mr. J. A. Mocre, EPA




UNIVERSITY of PENNSYLVANIA

SCHOOL OF MEDICINE

N’
Department of Medicine Pavr D. Stourey, MD_MPH
Room 229L NEB/S2 Herbert C. Rorar Professor of Medical Sciences
Philadeiphia, Pennsylvania 19104 Co-Director, Clinical Epidemiology Unit
Q15) ME-7392

April 25, 1986

Anthony A. Eerrmann, M.D.

Director, Exployee Bealth & Safety Affairs
One Johnson & Johnson Plaza

WB-6G18

New Brunswick, 'H.J. 08933

Dear Dr. Berrmann:

I bave enclosed a report prepared by the Clinical Epidemiology
Unit of the University of Pennsylvania School of Medicine. This
~ report presents results of the employee health study being conducted -
ia Buffalo, Wew York. The title of the report is "A Preliminary
Report of Cancer Incidence in a Group of Workers Potentially Exposed
to Ethylene Oxide".

Yours truly,

Z2

Paul D. Stolley, M.D., M.P.H.

PDS:mghb.
Enclosure



A Preliminary Report of
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Clinical Epidemiclogy Unit
University of Pennsylvanta
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I. JNTRODUCTION

In March of 1982, a preliminary report of a pilot research chromosome study
of workers at sites where ethylene oxide (ETO) gas was utilized as a sterilant
was forwarded to the Occupational Safety and Health Adninistfat1on_by Johnson &
Johnson. In the Tetter of transmitta), it was stateq that "all previous
gmp1oyees at the Plant III (HRE)*® location (see Preliminary Report for
description), dating back to the initiation there of ETO sterilization, will be
contacted and invited to participate in a prospective program of health
evalvation...®. The following preliminary report is the first report of this
hes1th evaluation analysis of the above mentioned Plant III (Worksite III)
cohort. Hereinafter, in this report, this health evaluation activity will be
referred to as the Health Appraisal Project (HAP). |

The HAP cohort 1s defined as all persons who worked at wWorksite III at any
‘ time during the interval July 1, i9?4 to September 30, 1980, the period during
N’ which ethylene oxide was used at the plant. The present report relates to cancer
incidence'in that cohort up to the present. Specifically, observed numbers of
cancers are compared with those expected in this cohort based on age- and
sex~specific cancer incidence rates from the National Cancer Institute’'s
Surveillance, Epidemiology, and End Results (SEER) Program (Horm et al., 1984).

Becayse data collection is ongoing, an. fol]qu-up of the cohort to the .
present §s not complete, these preliminary analyses have been performed in
several ways, with different assumptions about completeness of foliow—up entering
into each computation. In thfﬁ w3y, a range of possible results can be
examined. As with all epidemiological work, there are limitations inherent to
the methods employed. The type of approach described below may suggest possible

associations, but cause and effect conclusions do not necessarily follow.

.. * High Relative Exposure
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11.  METHODS .

A. The HAP Cohort

The HAP cohort consists of all 1ndividuals who were employed at
Worksite III at some time during the period July 1, 1974 to September 30, 1980.
It can be further subdivided along two dimensions:

1. whether an employee was a regular employee or a temporary
employee, or, in some cases, held both classifications at different times.

2. whether an employee participated 1n an HAP medical examination or
interview (participant) or did not participate (non-participant).

In general, regular employees tended to remain employed at the plant
for longer perfods than temporary employees, and thus as a group may be thought
to have had more potential for exposure to ETD than did the group of temporary
enployees. Employees who held both classifications at different times are

considered to be regular employees in the analysis. .
B. bserved Cancers in _the HAP Cohort

At present, 211 of the observed cancers in the HAP study have come
either from participants in HAP examination or interview, or from death
certificates, or from the New York State Cancer Registry. Since about 95X of the
non-participants are thought to reside in New York State, the New York State
Cancer Registry data was considered to be instrumental in {dentifying additional
cases of cancer among living non-participants. The names of al] non-participants
as of July, 1985, ueré submitted to the Hew York State Cancer Registry on July 9,
1985. Approval for access to the New Yori State Cancer Registry data was granted
on December 9, 1985, and initia) Registry reports on the non-participants were
recefved on December 23, 1985. The Registry has been most cooperative, and two

cancers in non-participants were discovered through the Registry search.

However, the Registry has indficated that its computerized records are not .
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complete for 1985 or 1984, and the records for 1983 are considered preTiminaéy.
until the information on thg non-participants is current, a1l preliminary
analyses in which non-participants are included may underestimate the incidence
of cancer in the HAP cohort.

The analyses report below are based upon incident cancers occurring
after July 1, 1974 (start of ETO use). No Iaténcy period has been assumed for
these analyses, nor a minimum exposure period.

€. Comparing Observed and Expected Rates of Disease

1. Incidence

An incidence rate is the "number of new cases of disease per unit

of population per unit of time® {Monson, 1980). In the HAP study., Incidence is
calculated from the number of observed events in the numerator and the number of
person-years of follow-up in the denominator. Incidence rates are based on the
assumption that the risks of developing disease in each of the years contributed
by an individual are independent of each other,

2. Person-Years

Person-years of follow-up for a given iIndividual in & cohort
study refers to the number of years from start of exposure to either death,
occurrence of the event of interest, to the end of the study or until the most
recent contact with that individual. The total person-years for‘a study consist
of the sum of the person-years over all individuals, and wil) Increase over time
as follow-up continues. In ccmputing perscn;years. one person followed for §
years contributes the same number of persson-years aﬁ five people who are followed
for one year {Monson, 19B0).

Person-year calculations are further refined to give the number
of person-years of follow-up within a certain age range, say, 40-44. A given

perscn in a cohort study usually contributes person-years to mohe than one age



range. For diseases such as cancer, in which incidence rates vary greatly with .

age, it is important to know the total number of person-years of follow-up within

narrow age ranges.

3. Expected Number of Cancers in Cohort

Cancer rates from a comparison population are applied to the
number of person-years of observation in the HAP cohort. This provides an
estimate of the number of expected cancers in the HAP group, assuming that risk
of disease 1n the HAP cohort is the same as that 1n the coﬁparison pbpu1ation.

Since cancer rates differ by age and sex, age- and sex-specific
rates are applied to the appropriate number of person-years in that age-sex
stratum in the HAP cohort. The total expected number of cancers in the cohort is
obta1néd by summing the stratum-specific expected numbers. |

For this series of analyses, the average annual age- and

sex-specific SEER cancer incidence rates for the period 1978-1981 were used to

calculate expected numbers of cancers. Data from the Hestefn New York Tumor
Registry and the New York State Cancer Registry are also available and give

approximately the same results as the SEER data used.

A community control group was considered and rejected because the
incidence ratés are too low for the diseases under consideration for such a

community control group tO'provide'rQTiabIe comparative rates.

4. Relative Rates of Disease 4n the HAP and Comparison &roups

Of interest is the ratio of the observed cancer incidence rate in
the HAP cohort to the expected cancer incidence rate in that cohort, or the

relative rate of disease. The observed incidence rate is given by:

Inp = number of observed cancers = 0
0 Pitotal

total number of person-years of observation




The expected incidance rate is:

Ig = number of expected cancers bhased on SEER rates = £
total number of person-years of observation Fltotal

By definition, the total number of person-years is the same in
both cases. Therefore, the relative rate of disease s D/E.

Because the outcomes of interest are rare and the number of
person-years is relatively large, the number of observed and expected events can
be compared by means of the Poisson probability distribution.

D. Alternative Methods of Computing Observed and Expected Rates of Disease
A health-tracking project of this type usually employs several

different alternative methods of computing the expected number of cancers‘or
other diseases. In addition, various assumptions about periods of exposure,
latency period, and closeout dates enter into the analyses. Thus it {is customary
to present severa) analyses using different assumptions to help clarify
ré1ationships and to facilitate a better understanding of the data. The
assumptions for varjous analyses are as follows:
1. Ana1gs¥s Confined to'Particigants

Definftions:

a) Observed numbers of cancers are based on data obtained only
frbn participants in HAP medical examination or interview.

b) Fo?low—up begins at start of employnent or July 1, 1974
{start of ETD use), whichever 1s later.

c) Follow-up ends at latest examination or interview date, at
death, or at the first occurrence of the diagnosis of interest.

d) Person-years of observation begin at start of follow-up

(start of potential exposure), continue to end of follow-up, and include

participants only.
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2. Analysis Includes Participants and Non-Participants: End of .

Follow-up Different for Participants and Non-Participants

-Definitions:

a) Observed numbers of cancers are based efther on data
obtained from HAP medical examination or interview, from death certificates, or
from New York State Cancer Registry data.

b) Follow-up begins at start of employment or July 1, 1974
(start of ETO use), whichever is Tater.

t) Follow-up ends at latest examination or interview date, at
death, or at the first occurrence of the diagnosis of interest for participants.
For non-participants, follow-up ends at death, at the first occurrence of the
diagnosis of interest, or at December 31, 19B5.

. d) Person-years of observation begin at start of follow-up
(start of potential exposure) and continue to end of follow-up. .
3. Analysis Includes Participants and Non-Participants with fnd of

Follow-up Same for Both Groups

Definitions:

a) Observed numbers of cancers are based e1ther on data
obtained from HAP medical examination or interview, from death certificates, or
from the New York State Cancer Registry data.

b) Follow-up begins at start of employment or Juiy 1, 1974

{start of ETO use), whichever 4s later.

c) Follow-up ends at death, at the First occurrence of the
diagnosis of interest, or at December 31, 1985, for participants and

non-participants alike.
E. Implications of the Methods of Analysis

Theoretically, when comparing observed and expected events, the period .

over which cancers are observed should coincide with the fb1lou-up period used to




compute person-years. The first method of analysis is the only one satisfying
this criterion, and is the conventional method used for an initial analysis of
this type of data. However, it is limited to participants only (about 77% of the
cohort) and follow-up could have ended as early as 1982. It thus will
underestinate.the total person-years f&r the cohort and produce the fewest
expected numSers of cancers. The first method, as a result, iay overestimate the

relative rate of disease. .

The second method of analysis includes both participants and
non-participants for calculation of person-years but requires the unlikely
assumption that there are no'unknoun cases of cancer among the non-participants.
The above bias in calculating person-years s addressed, but the number of cancer
cases may be incomplete, which would result in an underestimate of the relative
rate of disease.

The third method of analysis takes into account that follow-up is
on-going, and uses an end - of - follow-up date of 12/31l85 for both participants
and non-participants. " This represents the 1arges£ possible number of
person-years for the study. For the third method of analysis, it is assumed that
no cancers in addition to those discovered thusfar from death certificates or the
New York State Cancer Registry exist in the non-participant group or in
participants who were last examine& or interviewed up to several years
previously. This assumption may lead to underestimation of the number of
cancers, since HAP experience has shown that the majority of the cancers were
reported only when persons were contacted for routine follow-up of the cohort.

Together these thrze methods of analysis provide a range for
calculation of person-years and relative rate of disease under a variety of
assumptions. As data from the New York State Cancer Registry become complete,

the distinction between participants and non-participants will become less

critical.



-g-

F. Cancers Included 4n Analysis

There are 26 individuals with cancer known to date in the HAP cohort.
Four of the cancers are skin cancer;. specified as basal cell carcinoma fin
three. Since basal cell carcinomas are not reportable cancers for the SEER
pProgram, and thus do not enter into calculations of expected numbers of cancers,
the HAP skin cancers have been excluded from the analysis. One of the cancers
was an in situ cancer of the cervix. It is included in the analysis, although
fts classification as a cancer is debatable. Ten of the 26 cancers were breast
cancers. The analyses described below focus on observed and expected numbers of
breast cancers, cancers of a1l sites, and cancers of all sites except breast.
III. RESULTS

Table 1 presents the number of persons and person-years entering into the
computation of expected cancer rates. The data are subdivided by employment
citegory - regular or temporary - and by participant status at the time this
analysis was begun. Because the HAP is ongoing, with continual efforts to follow
the cohort, some non-participants have recently'become participants. The change
in status s not reflected in this report, due to the time necessary to carry out
the analysis. The close-out daté for the determination of participants' status
assignment for this preliminary report was December 31, 1985.

Females comprise the lajoritQ (82%) of the HAP cohort of 1132 persons.
Forty-two percent of the eligible females wers regular employees, and 58% were
temporary employees. The partic!pat1oh rate among females was higher for regular
employees than for temporary employees (B&X vs 71X).

Sixty percent of the males were regular employees, and 40X were temporary.

As was the tase with the females, the participation rate was higher among regular

employees than among temporary employees (85% vs 63%).




Information needed for the calculation of person-years of follow-uyp, and
thus of expected numbers of cancers, was available for all of the participants
and for 91% of the non-participants.

Table 2 1ists the 26 cancers observed to date in the HAP cohort. Site of
the cancer, sex, year and age at diagnosis, prigr cancers and dates, and
participation status are shown. Twenty-one of the cancers occurred in the
regular employees, and 5 in the temporary employees. A description of the
pathology study designed to verify the diagnoses of cancer is provided in the
ippendix.

Ten of the twenty-six cancers Here_breast cancers. For each of the
individuals with breast cancer, Table 3 diagrams the date of diagnosis in
relation to the length of employment and the perfod of ETO use. Table &4 contains
aqditiona1 1nformatioé about these ten breast cancer cases. Rough estimates of
duration of potentfa! exposure to ETO and latency of breast cancer diagnosis from
start of potential exposure can be made from these tabies; As discussed in
previous communications, ETO monitoring at the plant during the period of ETD use
was intermittent. Thus, more accurate statements about dose or duration of
exposure cannot be made (Stolley et 31:. 1984}.

Tables 5 and & provide information on person-years of follow-up as a
function of age for regular and temporary employees, respectively. The regular
female employees were, on the whole, ,QJger during the follow-up period than the
regular male employees. These women Qere 31so older than the male or female
temporary employees.

The age distribution of non-participant person-years did not appear to
differ substantially from that of the participant person-yeari; except, perhaps,
for the male regular employees, Ppr this'group. the participants are somewhat

younger than the non-participants. When follow-up to last interview and
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follow-up to 12/31/85 are compared, ‘I.t can be seen that with the longer follow-up
(to 12/31/85) the number of person-years of follow-up increases, thus increasing
the number of expected cancers with longer follow-up.

Observed and expected numbers of cancers are compared in Tables 7, B8 and
9. The analysis 1n Table 7 relates to participants only, with follow-up to
either date of Tast interview, date of the diagnosis of interest, or death.
Expected numbers of cancérs in Tables B and 9 derive from follow-up of both
participants and non-participants. For Table 8, f011ow-up for participants ends
at date of last interview, at the diagnosis of interest, or death. For
non-participants, follow-up ends either at the date of the'diagncsis of interest,
at deafh. or at 12/31/85. For Table 9, follow-up ends at the date of the
diagnosis'of interest, at death, or at 12/31/85 for all individuals and assumes
t@e longest follow-up for the cohort. In all cases the date of the diagnosis of
interest refers to the first occurrence of that diagnosis within the follow-up
period.

For Tables 7, 8 and 9, data are presented for‘regular and temporary
employees and for the two groups combined (Total). For females, observed and
expected numbers of breast cancers, all cancers éxcept breast cancer, and all
cancers are compared. There were only 2 cancers in males; thus the analysis for
males {s presented for all cancers;

The observed number of breast cancers was significantly greater than
expected for the regular female employees in all three analyses. The ratio of
observed to expected breast cancers varied from 2.55 (Table 7) to 2.31 (Table 8)
to 2.11 (Table 3), depending on the definition of the study ﬁroup and the length
of follow-up. The corresponding P-values associated with the comparisons of
observed and expected breast cancers were 0.02 (Table 7), 0.03 (Table 8) and 0.04

(Table 9). P-values remained statistically significant for the total group of
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regular and temporary females combined. Observed breast cancers were not
significantly elevated above expected in the temporary group.

In none of the comparisons of observed and expected numbers of all cancers
as 8 group was the'observed number of cancers significantly greater than
expected. The resu1t$ for all other cancers except breast cancer in females were
obtafned by subtracting the observed and expected breast cancers from the
corresponding values for all cancers. The observed number of all othar cancers
except breast cancer was approximately equal to or lower than expected in all
comparisons.

Considered together, the two cancers in males were not significantly
different from expected in any analysis. Tables 10 and 11 compare observed and
expected cancers for males and}fema1es respectively for a1l of the sites
dgscribed in the SEER report. As can be seen in Tables 10 and 17, at the time
this preliminary report was prepared, no statistically significant increase was
observed in males or females for any of the neoplasms suggested as associated
with ETO based on previous animal and human published studies (leukemias, stomach
cancer, and brain neoplasms) (Lynch et al., 1984; Hogstedt et al., 1979 a and b,
1986; Morgan et al., 1981; Snellings et al., 1984).

The two cases of cancer not included in Table 10 and 11 were identified by
the initial report of the New York.State Cancer Registry. They were both in
women. One was an in situ cancer of the cervix and the other was a multiple
ayeloma. Cases recelved at the New York State Cancer Registry through March of
1985 have been computer1ied. but because of delays in reporting, the 1384 and

1985 files are incompiete.
Iv. PISCUSSION

Comparison of observed numbers of cancers to date with those expected in

the HAP cohort has demonstrated a statistically significant elevation of breast
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cancer cases over the number expected in the regular female employees. This
finding was obtained with several different methods of computing the expected
numbers of cancers. Mo statistically significant excess of breast cancer was
noted for the temporary female employees. Until data from the New York State
Cancer Ieg1stry‘on cancers in the non-participant group are complete, all of the
analyses must be considered preliminary.

#o ainimum time period for the development of detectable cancer aftar onset
of potential ETO exposure (latency period) has been assumed for the calculations
presented in this report. Studies of cancer cell growth and radiological
evidence suggest that the time from tumor inftiation to detection can sometimes
be lengthy, but this is highly variable (Buchanan et al., 1983). With specific
reference to breast cancer, it has been stated that the average breast carcinoma
takes about ten years to become one centimeter in diameter (Hall, 1986). That is
tﬁe size generally accepted as clinically detectable. A review of the literature
on this subject suggests that approximately 30 doublings of the number of cells
occyr between the time a cell turns cancerous and the time a clinically
detectable size of one centimeter is reached. The estimated doubling times for
breast cancer cells have been reported to range %rom 30 to more than 200 days
(Fisher, 1984). Thus, the estimated range around the above mentioned ten year
estimated average could be froa apbroximate1y 2.5 to 20 years for a cancer to
develop to a clinically detectable size from the onset of abnormal growth.

Reviewing the ten observed breast cancers, the date of onset of ethylene
oxide exposure and their date of diagnosis, and applying the estimated average of
ten years to achieve a clinfcally detectable size of one centimeter suggests that
the onset of each of these ten cases could have predated the onset of their

ethylene oxide exposure. The application of a latency period utilizing the

concept of a doubling time that relies on extrapolation and mathematical modeling
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and which results in such a broad range (2.5-20 years) of possibilities for the-

\——tstimated time of tumor detection has obvious Timitations. If one assumes that
there 1s a causal relationship between ETD exposuré and breast cancer and that
there is 3 ainimum latency period, fﬁr_examp1e. two years, between exposure and
the diagnosis of breast cancer, then it would be appropriate not to tount cases
of breast cancer until two years after the start of potential exposure. If this
assumption 1s correct, analyses that use a latency period will be more sensitive
than analyses that assume no latency period. lThe time elapsed from presumed
exposure to breast cancer diagnosis in at least one of the cases is too brief (12
months) to be consistent with a possible ETO etiology in all probability. ‘An
exploratory analysis incorporating a two-year latency period deleted this case
while reducing the total person-years at risk, and produced sihi?ar results to
tpose reported above.

An association between ethylene oxide exposure and breast cancer was not

\Nypothesized in advance of this'study. Thus, information on the standard risk
factors for breast cancer was examined for the ten individuals with breast cancer
in the HAP cohort to see if other factors might account for the findings (Kelsey,
1979). No unusual distribution of risk factérs for breast cancer was noted and,
in féct. the group as a whole appeared to be largely free of the known risk
factors for breast cancer. There was no increase in all other cancers except
breast cancer as a group in either the regular or temporary female emplovees.

At the time this preliminary report was prepared, no statistically
significant increase was obsérved in either males or females for any of the
neoplasms suggested as associated with ethylene oxide based on previous animal
and human published studies (Teukemias, stomach cancer, and brain neoplasms). '

The New York State Cancer Registry has identified one case of sultiple myeloma.
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Y.  CONCLUSIONS .

The finding of an increase of observed ﬁreast cancer cases aver expected in ::
the females classified as regular employees at Worksite III requires further
investigation. Because the data are preliminary and because §nformation about
presumed ETD exposure {s sparse, one must carefully evaluate this finding and
consider it inconclusive at this time. |

The question as to uhgther or not there is a causal relationship between
ethylene oxide exposure and these breast cancers §s a difficult one. The answer
1s unknown at present. The histopathological appearance of the tumors is not
un1qu§. nor is there an appearance common to all tumors. The data hav; a variety
of limitations related to latency period, length of follow-up, lack of accurate
historical exposure 1gformation and statistical considerations. The possibility
of a statistically significant finding arising by chance must always be
considered, particularly when statistical tests are done for many types of .
cancers. The cases have, by and large, no other important risk factors for this
ﬁart1cu1ar tumor, such as a strong family history, nu)liparity, etc.

Regarding the cancers previously hypothesized as associated with ETO
exposure - leukemia, stomach cancer, and brain cincer - it is noteworthy that no
significant increase in Jeukemia has been found and no cases of stomach or brain
cancer have been observed to date in this cohort.

Steps to pursue this initial observation will include continuing searches
for any possible additional cancer cases using the New York State Cancer
Registry; continuing ascertainment of cases through interview and examination of
former Worksite IJI employees; continuing efforts to recruit non-participants;
and continuing death certificate searches. In addition, cytogenetic data on

sister-chromatid exchange and aberration rates for the individuals with breast

cancer, where available, will be examined to determine whether there is any .




relationship between cytogenetic factors and these cases. Numbers of observed

" and expected cases of cancer will be projected over time. Finally, studies such
as the NIOSH cohort mortality study.df workers exposed to ETO at sites tﬁroughout
the United States may shed some sdditional information about the possible
relationship of ETD to breast cancer among populations thought to be

octupationally exposed to ETD in the past.
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TABLE 10
DBSERYED AND EXPECTED NUMBER OF CANCERS BY SITE

MALES
PARTICIPANTS AND NON-PARTICIPANTS2

SITE QBSERVED EXPECTED p-vaLueb
Buccal cavity and pharynx 0 0.17 1.0
Stomach Q g.08 1.0
Colon o 0.23 | 1.0
Rectum 0 0.13 1.0
Pancreas | 1 0.07 0.07
Larynx 0 0.08 1.0
iung and broﬁchus 1 0.62 0.46
Melanoma of skin i | 0 0.14 1.0
Breast 0 0.006 1.0
Prostate gland 0 0.27 1:0
Urinary bladder 0 D.16 1.0
Kidney and renal pelvis 0 0.08 1.0
Brain and CNS 0 o:ba 1.0
Hodgkin's disease 0 0.06 1.0
uoh-Hoggkin's Tymphomas 0 0.12 1.0
Leukemias 0 0.09 - 1.0

&  The follow-up period 4s the same as that specified in Table B. For
participants, follow-up ends at the date of last interview, or at death, or
at the first occurrence of the diagnosis of interest. For non-participants,
follow-up ends at death, or at the first occurrence of the diagnosis of
interest, or at 12/31/85.

b  p.values are one-sided tests based upon the Poisson distribution.
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TABLE 1 .

OBSERVED AND EXPECTED NUMBER OF CANCERS BY SITE

FEMALES
PARTICIPANTS AND NON-PARTICIPANTSA
SITE QBSERVED EXPECTED p-vaLutb

Buccal cavity and pharyﬁx 1} 6.37 1.0
Stomach 0 0.19 1.0
Colon 2 , 1.06 g.29
Rectum 0 0.45 1.0
Pancreas 1¢ 0.26 0.23
Larynx 0 0.10 ‘ 1.0
Lung and bronchus _0 1.49 1.0
Melanoma of skin - 0 0.63 1.0
Breastd 10 4.87 0.03
Cervix yteri 1 0.18 0.54 .
Corpus uteri 1€ 1.36 0:74
Ovary 0 ‘ 0.80 1.0
Urinary bladder 1 0.24 .21
Xidney and renal pelvis 1 0.20 0.18
Brain and CNS 0 0.26 1.0
Hodgkin's disease 0 0.19 ' 1.0
Non-Hodgkin's Tymphomas 0 0.40 - 1.0
Leukemias 1 0.28 | 0.24

2  The follow-up period is the same as that specified in Table 8. For
participants, follow-up ends at the date of last interview, or at death, or
at the first occurrence of the diagnosis of interest. For non-participants,
follow-up ends at death, or at the first occurrence of the diagnosis of

interest, or at 12/31/85.
b p-values are one-sided tests dased upon the Poisson distribution.

€  Confirmation of the primary site came from the initial report of the New .
York State Cancer Registry.

d  See Table 8 for a more detailed analysis of the breast cancers.




APPENDIX

Pathology Review

Heaith Apprafsal Profect

I. Objectives

The objective of this study was to obtain an {ndependent pathology
review of the cancers arising in the Health Appraisal Project (MAP) cohort

after July 1, 1974, the start of ETO uyse at Worksite III.

. Of the 24 known cancers in this cohort at the time the pathology study

w3s conducted*, 10 were cancers of the breast. Thus, two separate stuﬂies_

were initfated - a breast cancer study and a review of the other cancers.
The objectiées of the breast cancer study were to:
1)  Yerify the diagnosis of breast cancer.

2) Examine the distribution of histologic types to determine whether

an unusual grouping of cell types was present.

* The New York State Cancer Registry data, received after the pathology review
was compieted, identified 2 additional cancers, one multiple myeloma and one
in situ cervical cancer.
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The objective of the review of the remaining 14 cancers was to verify

the diagnosis of cancer.

II. Preast Cancer Study

A. Rethod

Dr. Virginia Livolsi, Director, Department of Surgical Pathology,

Hospital of the University of Pennsylvania, performed the slide review.

Upon receiving written consent from each of the individuals, the
pathology reports and slides for all ten of the HAP breast cancers were
requested by the HAP office and sent to the Clinical Epidgnio]oqy'Unit at the
uﬁiversity of Pennsylvania. Ten sets of control breast cancer slides, along
with pathology reports, were obtained from a Philadelphia hospital. The ’
control series was chosen to be similar 4n age distribution and in diagnoesis
to the breast cancers from the HAP cohort. The purpose of the control series
was to mask the origin of the slides to prevent overreading of slides from the

HAP.

Each set of slides was randomly assigned a code number from 1 to
20. Identifying hospital information on each slide was covered, and the
slides were identified only by the randomly assigned code number, along with 2

letter of the alphabet to indicate the order of slides within a set.

The protocol used by Dr. LiVols{ to describe the pathology is

attached (Attachment A). After all of the slides were read, the code was




-

broken. The hospital diagnoses, as obtained from the pathology reports, and

Dr. LiVolsi's readings were compared.
B. Results

Tabie } shows the source of the slides, the hospital diagnoses and
the resuylts of the pathology review. The diagnosis of cancer was confirmed in
each case. For 211 individuals except Code #11, the results of the ﬁatho?ogy
review and the original diagnosis were in agreement. Terminology differences
for Code #13 and Code #18 were considered by Dr. LiVolsi inconsequential for
‘this review. No unusual clustering of atypical cells or tissue suggestive of

& particular action of a toxin was found.

Dr. LiVolsi reviewed the slides for Code #1171 after they had been
unmasked and, in addition, requested the autopsy report and slides. Upon
review of the complete set of autopsy slides, she concluded that Code F11's
‘tancer was 2 breast primary. This diagnosis was in agreement with the autopsy

report.

Receptor assays were available for five of the ten HAP breast

cancers. Three were positive and two were negative.

Or. Livolsi's report 1s attached {Attachment B).



Code ¢
1

10

n

12

13

§OU rece

Control
HAP
Control

HAP

HAP

Control
Control

HAP

HAP
Contral

HAP

Control

Control

Yable 1

Breast Cancer Pathology Review

Hospital Diagnosis

Infiltrating duct
carcinoms

Infiltrating Jobular
carcinoma

Infiltrating ductal
carcinoma

Infiltrating duct
adenocarcinoma
growing in medullary
pattern

Moderately differentiated

ductal carcinoma of
right breast

Infiltrating duct
carcinoma

Infiltrating duct
carcinoma

Infiltrating duct .
cell carcinoma of
breast

Infiltrating duct
carcinoma

Infiltrating ductal
carcinoma of breast

No malignancy in breast.

Metastatic poorly
differentiated
adenocarcinoma in
axillary lymph nodes

Infiltrating duct
carcinoma

Carcincid tumor
of breast

Pathology Review

Infiltrating duct
carginoma

Infiltrating lobular
carcinoma

Inffitrating duct
carcinoma

Inf{ltrating
carcinoma with
features of atypical
medullary carcinoma

Infiltrating duct
carcinoma

Inf{ltrating duct and
intraductal carcinoma

Infiltrating duct
carciuomg :

Infiltrating duct
carcinoma

Infiltrating duct
carcinoma

Inf11tfat1ng duct
carcinoma

Inf{itrating duct
carcinoma all over
nodes and perinodal
soft tissue. Only
focal intraductal in
breast

Infiltrating duct
carcinoma

Infiltrating duct
carcinoma with funny
trabecular pattern




"’ Code #
14

15
16

N

18
18

20

Source
HAP

Control
Control

Control

HAP
HAP

HAP

Table 1 (continued)

Breast Cancer Pathology Review

Hospital Diagnosis

Infiitrating duct
carcinoma, of mixed
medullary and scirrhous

type

Massive infiltrating
ductal carcinoma of breast

Infiltrating ductal
carcinoma of breast

Infiltrating carcinoma,
predominantly ductal, with
Tobular features

Carcinoma, undifferentiated

Infiltrating duct
carcinoma

Infiltrating duct
carcinoma

Pathology Review

Infiltrating duct
carcinoma

Infiltrating duct
carcinoma :

Infiltrating duct
carcinoma

Infiltrating duct
carcinoma

Inf11trating duct

~carcinoma

Infiltrating duct
carcinoma

Infiltrating duct
carcinoma :



II1. Review of Qther Cancers

There were 14 cancers other than breast cancer. Pathology reports
were available for nine of these, and slides for efght. The ane cancer with a
pathology report but no s)lide was a basal ¢ell epithelioma of the skin of the

nosa2.

Of the five individuals with no pathology reports, four were
deceased. The cancer sites, as stated on the death certificate, for these
four were lungs and jjver; Tung; pancreas; and acute myelogenous leukemia. At
present, no decision has been made about contacting next-of-kin for permission
to access medical fecords. From information obtained from the Mew York State
Cancer Registry, 1t was determined that, for the person whose death ’
certificate stated Jungs and Viver, the primary site was corpys uteri. For
the other three deceased individuals, the sites stated on the death
certificate agreed with the New York State Cancer Registry report. The fifth
individual with no pathology report did not sign a release of information

because the cancer (skin) was first diagnosed before start of employment at

Worksite III.

The available slides were not masked and were given to Dr. LiVolsi

along with information on the site of the biopsy or the assumed primary.*

* At the time of writing this report, a slide for another basal cell carcinoma
was recelved. This was a second cancer for one of the individuals with
breast cancer. Or. LiVolsi confirmed the dfagnosis of basal cell carcinoma.
Thus, her report refers to nine patients with non-mammary cancers, while this
report states that slides were reviewed for 8 persons.




B. Results

Table 2 shows the site of each of the eight cancers reviewed, the
hospital diagnosis and the results of the pathology review. The diagnosis of

cancer wAs confirmed fn each case.



Code #
2l

22

23

24

25

28

27

28

Siter
Bladder

Colon

Colon

Skin
(Tower
right
eyelid)

Skin
(face)

Liver

Renal
pelvis

Cervix
(primary)

Tabte 2

Review of Other HAP Cancers

Hospital Diagnosis

Papillary transiticnal
cell carcinoma

Carcinoid of colon

Markedly infiltrating
moderately differentiated

primary papitllary

‘adenocarcinoma

Basal c¢e1l carcinoma

Basal cell carcinoma

letastatic'moderate1y
differentiated
adenocarcinoma

Papillary transitional
¢ell cancer of renal
pelvis

Undifferentiated
carcinoma of vaginal
apex, undifferentiated
carcinoma of trigone of
urinary bladder, and
poorly differentiated
adenosquamous carcinoma
of omentum, appendix
vermiformis and abdominal

wall following adenosquamous

carcinoma of cervix

*Site of the biopsy or the assumed primary

Pathclogy Review

Papillary transitional
cell carcinoma

Adenocarcinoma
compatible with
colonic primary but
there was no evidence
of pre-existing
Tesions or tolonic
mucosa in the four
sTides

Moderately
differentiated
adenocarcinoma

Basa1 cell carcinoma

Basal cell carcinoma

Modearate to poorly
differentiated
adenocarcinoma,
compatible with
pancreatic or biliary
origin or possibly
stomach or other sites

Transitional cell
carcinoma, partiailly
papiliary

Poorly differentiated
squamous cel)
carcinoma; can't tell
exact site of primary
from slides.
Compatible with
cervical primary




Proyosed Protocol for Pathelogic Varisdles - B'."t.-lst Cancer slides

(Johrnson & Johoson study)

Attachment A

Gross features

-’

1.
2.

Size

-
-

Borders {(circumscTibed, fafiltracrive)

Bistologic features .
Tumot type (or types if combined features)

Tomor border (circumscribed, infiltrative)

1.
2.
3.

11
-

- .

D B

-

14,

16.

Cell reaction tov tumor
slight - none
moderate
marked
Tumor necrosis
present
absent
Tuzer stroma
slighe
modeTate
wmarked
Histologic grace
1. 2-3
Rucles: grade
1, 2, 2
Ly=phatiz involvement
Perineuyrz} dnvelvesezt
Sxkis Znvolvezen:t
Fascizl involvesens
Nipple iavcivemen:
Inzraductal carTaize=a
in tx=or ‘
avay fram tuzmor
Lobular carcizoma-iz-sizy
present i
apsent -
Associated lesiozs
CySts = Yyes ©oT mO ..
agoerine change — yes or r©o
sclerosing adenosis « yes eor
papillary duct chinges -~ ves
Actular hyperplasii - yes or

ne
e ne
ne

intraductsl pepill - yes ¢ no

fibrosis - yes or no
atTophy - yes or mo
Ly=ph podes
not available
available
- number
| mELtysrtasis = yes or po
sinus histiocyrosis
follicular hyperplasia
faczy replacement

smb (6/24/85)

A
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UNIVERSITY of PEXNSYLVANIA

MEDICAL CENTER .
\THOLDGY AND LABORATORY MEDICINE | Mexial o the Universiy of Penniyivani
- % §7], 3400 Spruce Sirext
CLINICAL PRACTCE Philadeiphia. Pennsylvanu 19104
L15) 6624332

TZLIPHONE 215/662-6544
Hovesber 12, 1985

TO: Paul D. Stolley, M.D., M.7.3.
Professor of Medicine and Research Medicine
229L Wursing Tducstion Building/s2

YROM: V. A. LiVols!i, M.D.
Director, Surgical Patheology

SUBJEICT: Johnson & Johnsen Study

1 examined ¢oded microscopic slides from ten cases from the Johnson &
Johnsoo exposed populstion interspersed with tan cases of controls from A
Peansylvania Mospital obtalined via the auspices of Dr. Miles M. McYarland.
Before the onset of the study and during ay reviev of the slides 1 had no idea .
vhich cases vere the controls and vhich vers the Johnson & Johnson patfents.

1 exazined the glides and filled out a fora on each of thea (this forz
li{sted many gross and especially microscopic parameters vhich were evaluated;
copy enclosed). Except for case f1ll in which the primary site vas not
obvioysly pressnt in the breast, 1 coofirmed the cancer dlagnosis in all cases
and in most caser agreed exactly with the original diagnosis. (One exception
was the case that had been called carcinoid tuner of the breast by Pesnsylvania
Bospital wvhich 1 thought was an unusual trabecular tumor of the breast, but
since I don't make the diagnosis of carcinoid tumor I just inocluded it as an
infiltrating carcinoms.) ‘

The difficult case was case f1]1 in wvhich the patient presented
spparently with an axillary node which vas biopsied and felt to be consistent
vith a breast primary. She then underwent a mastectocy and had pumerous ly=z;h
nodes positive in the axilla and, in the nuzerous sections of bdreast which were

—thoughst_was probably diagnosable as intraductal garcinoms; hovever, there vas
po Iinvasive cancer. My guestion was, on The 1bltldl raviev of the slides, ~
whether or not the lesion represented in slide K of the coded slides vas indeed
the bilopsy site and had been the primary or whether the patient had had cancer
on the opposite side. I felt that this tumor represented a bresst cancer since
this {s statfstically sost likely in a woman vho presents vith an axillary
metastasis. 1 rerevieved the case on October 19, 1985, after decoding of
slides: 4nitlal biopsy shows metastatic poorly differentisted carcinoma in
node (really a node).. Mastactomy of no help; 8o definite primary. 1In one .




Paul D. Stelley, M.D., M.P.H,
Page 2
November 12, 1985

.

8lide of axillary nodes $83-2751C an extranodal focus is present, but mo breast
tissue s present. It s possidle the primary was high In the axi{lla. end very
small. Autopsy slides were obtained (54 slides Rosvell Park #AlSZS!)'cnd
revieved. Widaspraasd tumor gimilar to that In axillary nodes was found gn
bones, lungs, brain, etc.; no other ebvicus primary site was found. Nence, 1
eonclude this was & drrast prizary.

The pacood faportant finding to my aind was that despite the fact thst
1 had the opportunity to look at varyiag susbders of slides on each of these
csses, 1t appearsd to me that I could not detect (efther from the grade of the
tumor, the type of the tumor, of the surrounding breast tissue) nﬁy changes
which were out of the ordinary and would have msde me sguspect that thess Mere
ia fact the cases which had come from Indi{viduals who had been exposed
pstients. But this {s true in the z2rdinary day~to-day practice of surgical
patholegy and there vas bothing urususl that indicatad to me thar 1 could tell
the differance betvesen the test and the contrel cases.

_ I subseguently exanined unmarked slides frow nine patients with
RonmA=RATY cancers Of various sfites. In each instance, the carcinoma diagnosis
was confirmed.

b
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£35 N. Dearborn St.
Chicago, IL 60610

In the March 28, 1986 article by C. Hogstedt, L. Aringer and

A. Gustavsson entitled "Epidemiology Support for Ethylene Oxide
as a2 Cancer~-Causing Agent" !, the authors assert that there is a
strong indication that ethylene oxide is a carcinogen even at
low=level exposures. The evidence presented in the article to
substantiate this claim is very weak and certainly leads no
credence to the authors' theory.

The major piece of supporting evidence for this claim appears to
be the results of the study at plant 3, where there was one
leukemia death versus 0.l6 expected. The single case of leukemia
for plant 3 occurred in group €, where workers had mpltiple
chemical exposures and the lowest ethylene oxide exposures. What
does stand out as significant is the fact that for all three
plants the leukemia cases were observed in individuals with
multiple chemical expeosure and that no leuvkemia was observed in
exposure groups A and B at plant 3, where exposure was limited to
ethylene oxide. Further, if a true dose response relatioriship
exists, then it would seem logical that cases for similar causes
of death in the higher exposure categories for plant 3 would be
nobserved. The auvthors offer as an explanation that "a strict
application of experimentally well-defined single exposures would
invalidate most epidemiologic studies.™ What is apparently
overlooked is the lack of leukemia cases and overall mortality
for workers in groups A and B at planuc 3. Also overlooked in
this study is the lack of leukemia and overall mortality at the
plant studied by Morgan et al plant, which is similar to plant 3

in that exposures were generally limited to ethylene oxide.

There were other noteworthy inconsistencies and guestionable
methodologies in the article. The authors combined leukemia
results from three very different plants. The exposures for
plants 1 and 2 are considerably higher than plant 3, which would
normally preclude comparisons between the plants for similar
causes of adverse health. 1In addition, the types of exposure are
extremely different due to the different chemicals and processes
utilized at each location. Finally plants 1, 2, and 3 are not
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comparable from 2 method of operation standpoint. Plant 1 is a
non-production facility, primarily involved in sterilizatiecn of
equipment. Plants 2 and 3 utilize entirely differant productiaon
methods, one process is based on epichlorohydrin and the other
plant utilizes direct oxygenation. Yet, given these discrepan-
cies and obviocus differences the facilities are grouped together

as analogous.

1f cemparisons are to be made between similar facilities then it
would be appropriate to compare plant 3 and the ethylene oxide
plant in the Morgan et al? study. If the leukemias £frcm these
two plants are combined, there is one leukemia death versus 0.86
expected. Although the small numbers prevent one from drawing
any conclusicns, this result does not indicate an excess. In
contrast to plant 2, there were no stomach cancer deaths at ei-
ther of these plants nor was there an increase of mortality over-
"all. The authors have stated that the low overall mortality at
the Morgan plant "indicates selective employment schemes.” It is
not clear what the statement implies other than to reference the
brief preemployment physical examination required o©f all new
enployees.

In summary, the authors provide no evidence that exposures to .
ethylene oxide either at the production plants using the oxygena- -
tion process or at low exposure levels causgs any increased risk

cf death.

B. J. Divine, Ph.D.

Project Epidemiologist

K. S. Amanocllahi

Sr. Industrial Hygienist .
Texaco Inc.

P. O. Box 1404

Houston, TX 77251

lHocstedt C, Aringer L, Gustavsson A.: Epidemiolcgic support for
ethylene oxide as a cancer-causing agent. JAMA
1986;255:1575-1578.

3Morgan RW, Claxton KW, Divine BJ, et al: Mortality among
ethylene oxide workers. J Occup Med 1981;23:767-770. i}
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Tte study, whick (nvestigated exposure levels and repro-
ductive oulcomes In denta! operatories in Georgia between
1978 and 1986, “should provide a basis for (pcreased con-
cern” about the health hazards of nitrous oxide, David
Jacobs, an industrial hygienist with the Georgia Institute of
Tevhnology told the conforence.

ADn examination of the reproduclive outcomes experienced
by the study population of 30,000 deotists, dental assistapts,
and dentists’ wives revealed a statistically signifcant in-
erease in spoctaneous abortions when compared with the
geoeral population. Spontapecus abortions arpong deatists’'
wives were 52 percent above the pormal rats, For female
assistants, the rate was 230 percent above pormal, Jacobs
stated.

In addition, female assistants experienced a 53 percent
increase in bearipg childreg with congenital abnormalities,
be said.

Exposures Above NIOSH Recommended PEL

Monitoring that was performed for the study demonstrat-
ed levels of nitrous oxide ranging {rom 64 parts per miilion
to 635 ppm in the dentists’ and assistants’ breathing zones,
Levels during pesk excursion times exceeded 800 ppm,
Jacobs added. The National Institute for Occupational Safe-
ty and Health recommends an eight-hour time-weighted
average of 25 parts per miilios, he notad,

Levels of pitrous oxide in waiting room areas were found
to range between 17 ppm and 533 ppm, according to the
monitoring survey. ‘

While a regular air monitoring program is necessary ig
denta] operatorias to identify high exposure levels, the best
solution for the reduction of exposures iz the use of substi-
tutes, he concluded,

Reproductive Hazards

PRELIMINARY RESULTS ON EID. MERCURY
INDICATE OPPOSITE MISCARRIAGE RISKS

DALLAS — (By a BENA Staf Correspondent) — Prelimi-
Rary results of two separate studies of workers indicated
that those exposed to metallic mercury faced an increased

risk of spoptaneous abortjon, but those exposed to ethylene

oxide did not, occupational hea pbysicians told an Ameti-
can Industial Hygiene Conference sessiop on reproductive
hazards May 19,

Neither study is compiete, por are they without weak-
Desses, 30 intarpretations should be made caytiously, the
session was toid.

A study of workers exposed to EtO at hospitals in western
New York State between 1978 and 1984 found po statisticai-
ly significant increase in spontapneous abortions, when ex-
posed workers were compared with a matched group of poo-
exposad workers, Joho E, Veoa, professor of social and
preventive medicine at State University of New York at
Buffalo, told the session.

The study observed a slightly bigher average birth weight
of Jive-borp children of the exposed workers. On the other
hand, he stated, Two Cabcers; melanoma-of the skin apnd
lymphoma, were reported by members of the exposed
group, while only cancer of the uterus was observed in the
pon-exposed group.

Vena empbasized that the results are only preliminary,
and that the study bas pot been coptrolled for cigarette
smoking or other confounding factors. In addition, analyses
of effects were pol conducted according to exposure levels
experienced by the workers, he said.

Tte study may be further weakened, Vena added, because
most of e pregnancies occurred prier to employment at
Lie bospitals, which possibly may bave reduced the oceyr.
reace of adverse reproductive effects.

Mercury Workera

An ongoing study of male workers exposed to metallic
mercury from 1953 to 1960 at a uranium processing factory
that produced thermonuclear weapons is demonstratieg ag
increased rate of spontaneous abortions among the wives of
workers, when exposed workers are compared with 2 simi.
lar group of son-exposed workers, according to Keily Brix,
assistant professor of occupational medicine in the depart.
ment of environmental and industrial bealth at the Universi.
ty of Michigan's School of Public Health.

The exposed workers also are experiencing a higker inei-
dence of infertility, according to Brix.

Wives of workers in the exposed group bad a 15.1 percent
miscarriage rate, while wives of the non-exposed workers
reported an § percent rate. Mercury-exposed workers dem.-
onstrated a 15.6 narcent infertility rate varens 3 10 nercent

rate for the non-exposed group.

While Brix described the study as the largest and best-
controlled study of mercury-expesed workers, she did ac-
knowledge that the study bas some problems. First, workers’
recollections of their own exposure hislory as well as their
Wives’ reproductive history need to be confirmed with em-
ployer records, she said. .

Second, job titles and duties need to be more carefuily
analyzed to determine their effect on exposure levels, Brix
sated. Finally, some consideration should be made to ac-
count for the imperfect recall of husbands in regard to their
wives' pregnancies and miscarriages and children's birth
weights and birth datas,

The non-exposad group, Brix noted, demonstrated a slight-
iy higber rate of live-born children with congenital defects
and serious childhood illnesses. The study has pot to date
found any statistically significant difference between the
number of live-born children, as opposed to stillborn, in
eitter group, although the expesed group did bave slightly
more live-boro offspring, she said.

Enforcement

VOLUNTARY PROTECTION PROGRAMS EFFECTIVE
IN REDUCING LOST WORKDAY RATES, OSHA SAYS

DALLAS — (By a BNA Staff Correspondent) — Compao-
ies bave been able to reduce their lost workday rates by
p ripating in the voluntary protection programs instituted
by the Occupational Safety and Heaith Administration, Mar-
gare: Richardson, director of the program, told a session of
the American Industrial Hygiene Conference May 21, ‘

Workplaces operating any ooe of the agency’s three volun-
tary programs coosistently have demonstrated “oustand-
ingly” low lost workday rates, which more than justifies
operation of the program, she stated.

Statistics compiled by the agency indicate that partici-
pants in the “Try"” program “can be expected to have lost
workday rates 50 percent lower than the rate for their
Industry as a whole the first year, and 68 percent lower the
second year,” Richardson told the session.

“Star” program participants “can be expected to bave lost
workday rates 75 percent lower than the rates for their
Indusiry as a whole,” she furtber stated,

Although enforcement may be the key to improving the
safety and health records of employers that correct poten-

5-29-86
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BENEFITS DERIVED FROM ETO STERILANT USE

A.

INTRODUCTION
The arguments advanced in this section clearly establish that the
economic, social, and environmental benefits of EtO use significantly

outweigh the alleged risks. See 40 C.F.R. 162.1l(a)(5)iil). As fully

_discussed below, EtO is vital and often irreplaceable as a medical

device sterilant. Many essential health care items cannot otherwise be
sterilized, nor is it likely that new substitutes will be available in the
near future. Additionally, direct and indirect economic costs to the
public, the me’dica{ professions, and the industry mandate that no
further restrictive;regulatory controls be imposed. Furthermore,
without EtO sterilized devices, it would be more difficult to treat
illness and injury and countless lives would be lost that otherwise

might have been saved.

The data and information contained in this section of our response
establish EtO's indispensible role in maintenance of public health.
Similarly, numerous government agencies and officials have attested
to the essential nature of EtO sterilized products. For example, in the
FDA notice regarding EtQO residuals that appeared in the Federal
Register, January 27, 1978 (43 Fed. Reg. 3800), the Commissioner of
FDA stated that he "... believes that the current use of EtO as a
sterilant for certain drug products and medical ‘devices is necessary for

the delivery of required health care..."
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in 1976, Dr. Theodore Cooper, then the Assistant Secretary of Health
of DHEW, in a letter to the Administrator of EPA, stated:

We know of no suitable alternate to ethylene oxide for a
number of sterilizing procedures. (Cooper, 1976)

In 1977, Sherwin Gardner, then Acting Commissioner of FDA, stated in

a memorandum:

I wish to stress that precipitious actions which would, in
effect, severely limit the use of EtO for sterilizing
devices or drugs could have a serious impact on the
public's health. Many life~saving devices are sterilized
by EtO both by industry, as well as individual hospitals
or other similar facilities. The continuing availability
of such devices is vital. ' ‘

Acknowledgements similar to these may be found in a number of other

recent publications (e.g. Falk et 11.., 1977 and Glaser, 1977).

MEDICAL DEVICES AND SUPPLIES STERILIZED WITH ETO

Pursuant to the requirements of the Medical Device Amendments of
1976 to the Food, Drug, and Cosmetic Act, more than 25,000 medical
device products have thus far been registered by over 2100 medical

device firms.

It may not be possible to identify every type of medical device
sterilized with E1O in hospitals and industry. However, the Associa-
tion believes that it is important to understand the number and range
of medical products treated with EtO and the relationship of these

products to the medical and allied heaith professions.
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Attached to the testimony of Dr. Frank B. Engley (Appendix B-3) is a
list of representative items treated with EtO in hospitals. This list of
91 items is representative of the 'significant types of products
sterilized in hospitals for patient use. More importantly, the kinds of
items listed are key to many critical medical/surgical procedures. In
fact, Samuels (1978), estimated that 25 percent of items sterilized in

his 300 bed hospital were processed with EtO.

The Association has surveyed its members and developed a list, shown
in Appendix A-9, of 248 items that are industrially sterilized. The 248
high volume, essential produciics listed demonstrate the relative extent
and importance of this' sterilant's use to the medical device industry

and the American public.

SUBSTITUTE METHODS OF STERILIZATION

No_acceptable substitute methods exist for sterilization of heat-
sensitive evices ana su 1&8 now sterilized wit 0. ternative
Sterilization metnogs do naot"e"xis'_t Thai can be used Dy the medical
device industry WIIhOUl a ma)jor disruption Ol the health care system,

No substitute methods of sterilization are currently available to

industry or to hospitals that would not create unacceptable adverse

impacts on the quality of health care in the United States.
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Industry | _

.lndustry‘s position with regard to substitute methods for EtO
sterilization is somewhat different than that of*hospitals, but
no niore hopefﬁl because adequaté alternative methods are not

currently avaiiable.

To place the problem in proper prospective, one must realize
that the heaith care system requires a constant flow of tens of
billions of industry~sterilized items representing thousahds of
different product types. Even the threat of Vinterrdi:ting thé
flow of products has the potential to create al'chaotic sityation
and endanger thé lives of many people. The importance of EtO
sterilization processes for industrially sterilized goods cahnot
be overemphasized. As much as 80% of industriélly sterilized
medical devices rely on E.to in the sterilization procedure.
Finally, in evaluating methods to substitute for EtO, the factor
of higher costs, for the public and industry, must be consider-

ed.

An evaluation of alternate sterilization methods and the
reasons why each is not a viable replacement for EtQ is

-

presented below:
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Sterilization with steamn under pressure

This method, also known as autoclaving, is a reliable

and inexpensive sterilization procedure that is widely

used for the sterilization of fluids and heat-stable

items. Almest all preducts capable of being autoclaved

are presently sterilized in this manner. However, as

presently designed, virtually none of the products

sterilized with EtO could withst:-;md the conditions of

autoclaving. This is also true of much of the packaging

fbr these products. Re\design of products and packaging

to allow autoclaving would require years to achieve,

since the basié materials research necessary for

development of an array of new, heat resistant and non-

toxic materials would have to be conducted. Addition-

ally, the following ;ﬁroblems would still have to be

overcome:

- Acceptability to the medical community.

- Preclinical and clinical studies to prove safety
and efficacy.

- Possibie FDA approval.

- Cost of retirement of capital equipment no
longer useable.

- Cost and time for acquisition of new manufac-

turing and processing equipment.
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It should be empﬂasized that in addition to the costs of
retiring eﬁisting and acqﬁiring new sterilization equip~
ment, many types of 'molding., cutting, shépihg, assemb-
ling and packaging machinery would also be involved.
Obsolescence of a substantial portion of existing manu-
facturing equipment and purchase of new capital equip-
ment could potentially bankrupt established firms and,
at the very least, would create large cost increases for
industry‘, some of which would necessarily be paséed on

‘to the public.

These cost considerations, combinéd with technological
uncertainties and problems of new p;oduct approvals,
lead to the conclusion that industry would be unable,
extept in rare instances, to convert to steam steriliza-
tion in place ;;f EtO procedures.

Sterilization with dry heat

Sterilization with dry heat is frequently used for
production of sterile medical products. The tempera-
tures required, however, are higher than for autoclaving
and material degradation effects are—e\;en more severe.
Conversion to dry heat processes, therefore, are not

feasible for the same reasons applicable to autoclaving.
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Radiation sterilization

Sterilization by exposure to ionizing radiation has

potential utility and will perhaps see expanded use in

the future. However, substitution of radiation steriliza-

tion at this time for any more than a small fraction of

products presently processed by EtO is not possible for

the foliowing reasons:

Approval procedures and regulatory restrictions
for the use of radiation sterilization will be
severe and prohibitive for many products. Exist-
ing regulations, for example, require processing a
new drug application if radiation sterilization is
substituted for the present means of sterilizing a

drug already on the market. For some products,

. the clinical studies required would be very

extensive and would require years to complete.

Many products presently treated with EtO will
not withstand radiation treatment. Some poly-
mers, for example, are degraded by embrittle-
ment, discoloration, and loss of tensile strength.
Other possible effects have been incompletely
studied, including the formation of toxic sub-

stances that could exhibit iong-term or chronic

eifects in certain materials.
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- The same cost considerations and technological
reasons applicable to steam sterilization apply to
radiation. 7

- Even if radiation were a feasible a'iternate means
of sterilization, sufficient radiation equipment
will not be available in the near future. Pfeﬁmi-
nary estimates indicaté that existing radiation
sterilization plants have capacity to handle no
more than two to five peréent of the products
presently processed with EtO. _

- Finally, logistic problems exist which indicate
that long lead times are needed to obtain
permission to build radiation plants. Even if
permission 1is obtained from Federal and state
authorities, gaining permission of local commu-
nity. officials js often a lengthy and uncertain

-

process.

Clearly, immediate and widescale substitution of radiation
sterilization for EtQ processing is not possible. It is expected
that over time a greater array of sterilization methods will be
used or become availabie to the health care system. .However,
until these methods can be shown to i;n;—:-rove health care,

lower risks, or lower costs to the American pubiic, EtO use can

and must be permitted for sterilization purposes.
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2.

Hospitals

U.S. hospitals utilize approximately 10,000 EtO sterilization
devices and chambers of various sizes and types. An additional
unknown number are employed in medical clinics, in practice
of dentistry, and other situations related to health care. The
principle use of these devices is to-minimize infection through

effective product sterilization.

Although alternate methods of sterilization exist, including
radiation sterilization, formaldehyde gas treatment, and
chemical solution treatment, none of these methods are
currently available in hospita} settings as feasible replace-

ments for EtQ. *

The types of materials and devices sterilized are almost
without exception items whose physical condition and/or
composition is such that they would not withstand treatment
by other available sterilization methods (primarily steam under
pressure and dry heat). As previously discussed, such devices
or materials would melt, warp, become brittle or dull, or
otherwise be rendered unusable by heat treatment. In many
instances, the useful life of very expensive instruments would
be seriously reduced. Redesign of the vast array of items
sterilized in hospitals by EtO would require many years, and

#

would add tremendous costs to the health care system.
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Therefore, steam under pressure,and dry heat sterilization are

not practical substitutes for most materials presently treated

with EtO.

Radiation sterilization, using Cobalt~60 or accelerated elec-
trons, is not efficient for hospital use, since large processing
plants must be built which continuously _précess products.
Radiation sterilization installations of the size and type

needed by hospitals are not available, and even if they were,

the problems of certifying installations and control >f public

exposure to radiation sources render their use impractical.
Installing them in thousands of hospitals would require many

years and high increases in the annual cost of heaith care.

Formaldehyde gas exhibits sterilization properties and is used
to a limited extent in other countries. Formaldehyde
sterilization processes, however, are lesg efficient than EtO
processes primarily because of reduced volatility and perme-
ability. These deficiencies also create removal and accrual
problems for formaldehyde. Irrespective of this, formaldehyde
is not a viable EtO substitute for the following additional

reasons: _ *
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The lack of adequate instrumentation and processing.

Its potential toxicity. Formaldehyde, like EtQ, is an
alkylating agent and exhibits toxic properties. It would
require years for hospitals to learn how to déal with this
agent in its gaseous form and to achieve the same level
of safety as exists today with EtO. The final resuit
might well be a hazard leve! of unacceptable magnitude

with less efficiency in achieving sterility.

Chemical solution soaking is also unacceptable to hospitals for

the following- reasons: N

Chemical solutiqn soaks lack the. efficiency and the
assurance of sterility provided by EtO. Many materiais
cannot be soaked without damage. Items "sterilized" by
chemical soaks would probably be recontaminated by

the packaging process.

Widescale use of chemical soaks would probably create

numerous toxic and other hazards since many chemical
disinfectants are also alkylating agents and all have
toxic properties. The problem with residuals on soaked
products would be severe and widescale use would most
certainly result In accumulation of persistent toxic

chemicals.
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A report by the Center for Disease Contro! {Spaulding, 1971)
provides a review of potential substitute chemical disinfec-
tants in relation to their toxicological activities. It is clear
from this review, presented in Table 6.1, that all of the
candidate chemical substitutes for EtO are less effective and

are also toxic.

D.  DEPENDENCE OF THE HEALTH CARE SYSTEM ON ETO STERILIZED
PRODUCTS -

L General Health Care Statistics
The quality of U.S. health care is dependent on continued
hospital and industrial use of EtO. The following is an analysis
oi the health care servicer provided in 7,082 U.S. hospitals, as
reported by the American Hospital Association (1976). These
hospitals have a total of 1,433,515 hospital beds and admit
approximately 33,000,000 persons each year. The data
presented in Table 6.2 helps in understanding lthe overall
rﬁagnitude of patient care offered by hospitals. Table 6.3
presents a breakdown of those patient care procedures which

heavily rely on the use of sterile materials.
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TABLE 6.2

General Information on 7,082 U.S. Hospitals

1976

Beds K - 1,433,515

Admissions - 36,775,770

Surgical Operations - 17,603,529

Births - 3,067,063
Outpatient visits - 2,270,951,021
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TABLE 6.3

-

% of Hospitals Having

Facility or Service - ' Facility or Service
Operating Rooms Qvith Recovery Units 76.7
Cardiac ICU's T : Ny 32.6
Mixed ICU's ' 65.4
Open-heart Surgery Facilities 9.0
Organ Banks 2.5
Blood Banks ; - 60.4 .
Respiratory Therapy Units : - 72.6
Hemodialysis Services - inpatient 13.4
- outpatient 10.7

Burn Care Units . - 2.7
Emergency Units 78.3
Abortion Services - inpatient : 18.3

- outpatient 9.6
TB and Respiratory Disease Units . 4S5
Neonatal ICU's sl
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2.

The above figures on facilities or services, as substantial as
they are, do not include activities of private physicians,
clinics, nursing homes, etc. which also depend heavily on
sterile materials whose sterility is achieved and can only be
achieved by EtO. (We have illustrated in Appendix A-l0
specific lists of such materials.} They also do not indicate the
magnitude of health care products resulting from direct
purchase of sterile heaith care items by the American public
(e.g. bandages, disposable syringes, medical cotton, pipettes,

etc.)

Quantity Of EtO Sterili'zed Items
A basis for estimating the number of items sterilized by EtO in -
hospitals has been provided by Cobis (1977). From a survey
conducted in 173 VA hospitals (90,000 beds), he determined
that these hospitals rterilized approximately five million items
for patient use per year. This amounts to an average of almost
29,000 items per hospital per year or 55 items per hospital bed
per year. Another study in a private 300 bed hospital, reported
EtO sterilization of approximately 60,000 items per year or

200 items per hospital bed per year (Samuels, 1978).

Using the lower VA estimates, the total number of items

sterilized with EtO by all U.S. hospitals are:
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3.

55 items/hospital bed X I, 500 000 bed = 32,500,000
EtO sterilized items/year

The higher estimate yields a figure of 300 000,000
EtO sterilized 1tems};ear.

A conservative estimate would indicate the hospitals sterilize

at least 200 million items per year with EtO.

We {further estimate that use of EtO sterilized items by
private clinics, physicians, dentists, veterinarians, research

institutions, and the public in direct purchases equals tens of

billions of items per year.

It must be reemphasized that of these ‘billions of items
sterilized with EtO per year, most could not be sterilized by

-

other means.

Surgeons And Surgical Procedures

To understand the essent.1l nature of EtO relative to medical
care, it is necessary to appreciate the effect EtO's unavail-
ability would have on surgeons and surgical procedures.

Table 6.4 shows the estimated number of U:5. board-certified

surgeons for identified specialties as of 1978,
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TABLE 6.4

(Source: Surgery in the U.S., 1975)

Specialty Number of Surgeons
General surgery ' 15,638
Neurosurgery 1,779
Obstetrics-gynecology 12,523
Ophthalmology | | 7,156
Orthopedic surgery 7,637
Otolaryngoloy ' 4,333
Plastic surgery \; 1,177
Thoracic surgery ' 2,624
Urology - 3,959
Colon-rectal surgery 326

TOTAL 57,151

Of course, operations are performed by physicians who are not
certified surgeons. Therefore, the total number of licensed
physicians who perform surgical procedures is estimated to be
approximately 91,000, with each performing an average of 19!
surgical procedures per year. An estimated total of almost 18
million operations are performed yearly in the U.S. All require
sterile materials and sterile techniques, and virtually all

depend, to some extent, on EtO sterilized products.
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For example, open hear‘t surgical procedures, a medica!
achievement zmpossmle unnl reiatwely recentiy, has provxded
posxtwe beneixts to a sxgmflcant proportxon of the U.S.
popuianon. Approxxmate!y 50,000 to 60, 000 of these proce-'
‘dures are performed each year. They s:gmfncantly prolong the
life span of infar.xt's born with heart defects and save the lives:

of adult citizens of all ages.

The open heart surgical operatic_m is a result of éxpert anq
dedicated surgical training, but would not be possible withbut-
aseptic surgical techniques, life support mstrumenta mn, and_
literally hundreds of sterile items. Iilustratwe of sorme of the
EtO sterilized goods that must be readny available to the

surgical team in predicted and reserve quantities are the

following:

° Pharmaceutlcals and drugs whose productxon depends
on EtO

* Syringes -

[ Needles, hypodermic and specialty types

. Sponges

. Surgical drapes

] Surgical instruments

° Anesthesiology apparatus )

o LV. Infusion tubing and sets -

° Suction apparatus | _

. Blood reservoirs and associated equipment

3 Biood oxygenators

] Blood oxygenator tubing and accessdry equipment
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Open heart surgery is but one example from among hundreds of
life-saving and important medical procedures that could not be
performed without supplies and equipment rendered sterile by

EtQ.

Facts related to hemo (blood) dialysis provide a further

example. Patients with renal failure are maintained by

repetitive dialyzing procedures using instruments and equip-

ment capable of performing the approximate physiclogical

function of the human kidney. Approximately 30,000 U.S.

citizens are able to survive and function in society in spite of

inadequate renal functions. 'To do 50, “they rely on hemo

dialysis several times- eachﬁ'week. Tﬁe success of this

treatment depends absolutely on maintenance of sterile condi-

tions and use of sterile equipment, including:

. dialyzers — various types such as coil, flat plate, etc,

o ar;terial/vein insertion equipmént, such as various types
of cannula and cannula systems.

e tubing sets to deliver blood to be purified from the
patient to the machine and back to the patient.

. various monitors and control devices that provide
assurances of safe conduct of the procedure.

. pumps of various types to deliver the blood from the

body, through the dialysis unit and back to the body.
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Virtually ‘all ‘of ‘the above equipment is EtO sterilized. Any
cessation, interruption, or restriction placed on artificial
kidney service \;vould pose an immediate threat to the
increasing numbers of citizens whose health depends upon this

life-sustaining procedure.

Although many other essential medical, surgical, and life
sustaining procedures depend on EtO sterilized products, the
above examples are sufficient to illustrate the absolutely
essential and irreplaceable nature of EtO sterilized products in
the health care system. We have listed below the 24 most
frequently performed surgical procedures in the United States
(Surgery in the U.S., 1975). Without EtO sterilized products, in
ready and p!entift.f supply, few if any of these procedures

would be possible. ~ -

*

More specific information is presented in Appendix A-ll regarding estimates
of 1976 operations and non-operative procedures requiring sterile devices,
including patient survival estimates.
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TABLE 6.5

4
The 24 Most Frequently Performed Surgical Procedures
(dource: durgery in the U.3., 13/7))

Lo Delivery (vaginal)

2. Tonsillectomy with adenoidectomy
3. Dilation and curettage of uterus
b, Repair of inguinal hernia

5. Abdominal hysterectomy, total

6. Cystoscopy

7. Cholecystectomy

3. Appendecfomy

9. Extractibn of lens, intracapsular

10. Local excision of lesions, skin

Il Closed reduction witht;ut internal fixation
12, | Ligation of fallopian tubes

13. Tonsillectomy without adenoidectomy
4. Prostatectomy, transurethral

15. Delivery, caesarean section

6. .Mastectomy, partial

S 7. Vaginal hysterectomy, total and subtotal
18. Open reduction with internal fixation

19. Suture of skin

20. Hemorrhoidectomy

2L. Excision and ligation of varicose veins
22.  Biopsy of breast

23. Excision of intervertebral cartilage

24.  Resection of colon, segmental
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&, Contributions Of EtO Sterilized Devices Used In Surgical
Procedures: Mortality And Morbidity Data
The unique bggeiits provided by EtO sterilized products may
be .iurther demonstrated by comparing mortality and morbidity
.data over the past 25 years (Table 6.6). Of course, EtO is not
solely responsible for the improvements noted. Nevertheless,
the diagnostic, treatment, and prosthetic devices that have
contributed and continue to coﬁtribute to improved health care
are dependent upon EtO for sterilization purposes. .
TABLE 6.6
1945 179
U.S. Population 133.4 million : 203.8 million
Deaths per 1,000 people 10.6 ~ 9.5
Life Expectancy at birth )
years) -
males 63.6 67.1

females 67.9 74.6
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Changes in mortality and morbidity rates over the past several
decades, ‘as related to selected surgical procedures, highlight

the contributions made by EtO sterilized products.

- a. Mortality Data

Chronic Heart Blockage

During the period 1965 to 1970, a dramatic decrease in
deaths from heart blockage occurred due to improved
diagnosis and implantation in the body of sterile cardiac
pacemakers. fhese devices were introduced in the
early 1960's when the‘; death rate from heart blockage
was approximat.ely one per 100,000 population. From
1960 to 1967, the death rates rose steadily to almost | .
three per 100,000. However, as the medical profession
became familiar with new monitoring techniques and as
surgical implantation of pacemakers became more
frequent, a dramatic drop in the death rate due to
chronic heart blockage occurred.’ By 1970 the death
rate was reduced to less than 0.25 deaths per 100,000.

(Surgery in U.S., 1975). (See Figure 6-1)
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FIGURE 6.]

Mortality rate and number of deaths from heart biockage between 1958 and 1970.
(Source: Surgery in the U.S., 1975) -
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Chronié Renal Disease

In 1950, the death rate from Kidney disease in the
Unite:il States was approximately 13 per 100,000 or
approximately 20,000 deaths per year. As shown in
Figure 6.2, beginning in 1950 there was a steady decline
in the death rate and by 1970 the rate dropped 75
percent to approximately 3.5 per 100,000 population.
This reduction is due to a nurnbér of improvements in
health care, but primarily to kidney transplantation and
hemodialysis. The availabil@fy of low cost, reliable, and
sterile "artificial kidneys" to those with chronic nephri-
tis 1s made possible by EtO sterilization. Likewise,
kidney transplant procedures utilize many types of EtO
'sterilized equipment. It has been estimated that in a
single year, 1970, hemodialysis and .kidney transplanta-
tion saved 51,911 lives in the United States (Surgery in

u.S., 1975).
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FIGURE 6.2

Mortality rate and number of deaths from chronic 'néphr‘itis
between 1950 and 1970

(Source: Surgery in the U.S., 1975)
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Rheumatic Mitral Valve Disease

Use oE' open heart surgery and placement of EtO
sterilized artificial heart valves has yielded a signifi-
cant reduction in rheumatic heart valve disease deaths.
The "closed" surgical techniques use& in the 1950's for
correction of mitral and aortic stenosis were replaced
in the 1960's by mitral and aortic prostheses used in
"open heart" surgical techniques, As shown in Figure

. 6.3, the death rate due to this disease has steadily
‘ré;.‘iuced since 1950. This h‘as been possible not only
because of availability of stérile heart valves, but also
because of numerous other medical and surgical de-

vices, such as blood oxygenators, that can only be

sterilized with EtQ.
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FIGURE 6.3

Mortality rate and number of deaths from rheumatic mitral
valve disease between 1949 and 1970

(Source: Surgery in the U.S., 1975)
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Estimates of reduction in deaths due to a number of
new or improved surgical techniques, all requiring EtO
sterilized devices are significant. According to the
data collected by the American College of Surgeons and
the American Surgical Association (1975), 17 surgical
research contributions helped save 78,538 lives in 1570
alone. (See Table 6.7) While it is not possible to
exactly calculate the total number of lives saved
through 1977 by surgical improvements made possible by
EtO sterilized articles, estimates are that the proce-
dures listed in Table 5.6 have saved over one million
lives. In a society in which 50,000 surgical procedures
are performed each day of the year, the advantages and
essential nature of EtO sterilized materials is unques-

tionable. |




TABLE 6.7

Estimated reduction in deaths in 1970 for diseases
from congenital heart diseases between 1950 and 1970

(Source: Surgery in the U.S., 1975)

Disease

Tetralogy of Fallot

Ventricular septal defect

Atrial septal defect

Patent ductus arteriosus

Coarctation of aorta

Acute nephritis

Nephrotic syndrome

Chronic nephritis, nephritis unqualified,
renal sclerosis unqualified

Arteriosclerosis

Duodenal uicer

Disease of mitral valve (rheumatic)

Disease of aortic valve {rheumatic)

Accidents caused by fire, fiames,
hot substances

Heart block

Congenital hydrocephalus

Ulcerative colitis

Hypertensive renal disease

Base year
for

comgarison

1960
1959
1957
1957
1957
1950
1950

1950
1950
1960
1950
1961

1950
1967 .
1951
1950
1950
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Total
estimated
reduction

260
400
39
271
12%-
1,930
1,568

28,413
19,620
2,668
8,605
1,051

3,011
5,503
1,120
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Morbidity Data

Among the various indices of disease morbidity, avail-
able data relate mostly to length of hospital stay.
Various factors influence this measure but major contri-
butors to reduced morbidity include availability of

better devices, and new surgical techniques. These

have reduced the pain and suffering associated with

many diseases and have returned many patients to their
normal way of life faster and with a better assurance of
complete recovery. A comparison of total hospital days
from 1960 to 1972 for selected diseases establishes the
contributions made by new surgical procedures and
provision of sterile surgical equipment, supplies, and
prostheses. Table 6.8 sets forth a list of reductions in

hospital residence for selected diseases.
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TABLE 6.8

Reductions in hospital stay days for selected diseases

affected by surgical procedures, 1960 to 1972
(Source: Surgery in the U.S., 1975)

Diseases
e E—

Tetralogy of fallot
Artrial septal defect
Ventricular septual defect
Coarctation of aorta

Acute nephritis
Nephrotic syndrome
Chronic nephritis
Nephritis unqualified

Diseases of mitral valve
Diseases of aortic valve

Congenital hydrocephalus

Retinal detachment

Procedures

cardiopulmonary bypass

open correction procedures
closed correction procedures

Kidney transplantation
Hemodialysis

Prosthetic heart valves

Shunts for hydrocephalus

Photocoagulation and
retinal surgery
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Hospital

Daxs

38,038
905,30!

19,852

46,353
16,516



In some cases where surgical intervention is possible
statistics may be misleading because an increase in the
prevalence or diagnosis of the disease may have
resulted in increased hospital stays. The important
point, however, is that increased chronicity and mor-
bidity of disease, especially following surgical interven-
tion, have been effective in significantly lowéring
mortalities and allowing persons to remain alive and
useful. For example, replacement of arteries by
surgical grafts for treatment of arteriosclerosis result-
ed in an increase in total patient hospital stay of more
than one million days betwee: 1960 and 1972. However,
the mean stay per patient was reduced by 0.6 days and

the benefits to improved health were enormous.

The use of cardiac pacemakers provides another
example. Between 1960 and 1972, the prevalerlce of
heart blockage increased by more than ten cases per
1,000 population and the total patient hospital days
,increaséd by 144,000. However, the mean st.;:ly per

patient was reduced by 0.5 days and as a result of the

device, thousands of lives were saved.




| Another example 1is osteoarthritis, a painful and
crippling disease whose correction in many instances
has been made poésible by the surgicaf techniques,
equipment, and prostheses for total hip replacement.
The prevalence of this disease has increased substan-
tially over the past 25 years and total hip replacement
procedures have raised the total patient hospital stay
time by more than 66,000 days. However, without this
surgical procedure and hip prostheses, thousar“s of

individuals would be severely infirmed and bed-ridden

for life.

Finally, in assessing the importance of EtO sterilized
devices in surgery, it is appropriate to identify repre-
sentative devices that have playad an important roile in
making these health care advances possible. Consultat-
ion with surgical autherities indicates that almost all of
the 18 million surgical procedures performed annually in
this country require use of one or more items sterilized
with EtO. Such items include drapes, sponges, needles,

syringes, catheters, etc. .
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In their analysis of surgical research contributions
"between 1945 and 1970, the American College of
Surgeons and the American Surgical Association (1975)
listed a number of new and important procedures that
depend upon various devices and prostheses, most of

which are sterilized with EtQ. (See Table 6.9)

TABLE 6.8
(Source: Surgery in the U.S., 1975)

Prosthetic heart valves

Arterial grafts

Hemodialysis apparatus .
Cardiac pacemakers

Arterial blood gas and pH measuring apparatus
Shunts.for hydrocephaulus

Microneurosurgery equipment

Hip prostheses

Portocaval shunts

Silicone and silastic implants T
Fogarty balloon catheters

Continuous suction drainage equipment

Indwelling intravenous catheters

Myringotomy and ventilation tubes A

Abdominal wall prostheses ' .
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In summary, the practice of surgery in the "United
States today cannot be carried out with?'ut EtO steri-
lized devices and equipment. Development and avail-
ability of EtO sterilized surgical prostheses and life
support equipment has been responsible for saving
millions of lives and alleviating untold incapacitation

and suffering.

The Role Of EtO Sterilization In Infection Control
EtO plays a vital role in the general quality of health care with
regard to infectious disease contrel and control of hospital

associated infections.

Elimination or restriction of EtO would add millions of dollars
to national health expenditures and result in untold suffering,
disability, and increased death rates from nosocomial infec-
tions. This statement is fully supported by the affidavit of Dr.
Frank B. Engley, Jr., an expert in hospital infection control.
(See Appendix B-3.) It is Dr. Engley's opinion that EtO is
essential to control of hospital associated infections and there

are no suitable aiternate sterilization methods available.

- -
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In addition, Appendix B also contains statements by surgeons
and physicians regarding the benefits and essential nature of

EtO (see Appendices B~3, B-4, and B-5).

E. ECONOMIC IMPACTS OF ETO ELIMINATION OR RESTRICTION

L.

Impact Of Removal

It is clear that EtO's removal from the market would have
severe economic repercussions. One example of the possible
impact of ‘removal of EtO is illustrated by the analysis
submitted to EPA by one relatively small medical device
company which produces 83 EtO sterilized medical devices.
The results predicted by this firm would occur with many
similar companies that depend on EtO for production of sterile
products.

The firm devéloped data showing the financial impact resulting
from (1) substituting radiation sterilization where possible and
(2) the situation in which no sterilization substitutes were

possible.




TABLE 6.10

Impact From Using Substitute (Annual)

Increased Costs ’ .
Estimated Loss of Product

(due to unadaptibility) $1,000,000
Estimated Increase in Freight Cost 30,000 |
Estimated Increase in Labor

1o Handle Routing _ _ 20,000
Loss of Capital Equipment (Sterilizer)

{590,000 (new in '78) over 5 years) 1 18,000

DIRECT LOSS $1,008,000

TABLE 6.1l

Economic¢ Impact on Local Area

7 people directly involved in
manufacturing (10% of work force)

at $9,000 _ $63,000

Loss of 2 sterilizer operators

at $3,000 16,600
$79,000
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TABLE 6.12

Impact of Using No Substitute (Annual):

Company Loss of Product
Loss of Capital Equipment
Loss of Bldg. Utilization

13,000 sq. ft. at $42/sq. ft.
over 10-year cost ;

- SUBTOTAL

Econornic Impact on Area (Annual)

70 people at $9,000/ann. =

ANNUAL TOTAL IMPACT =

10,000,000
25,000

546,000

$10,571,000

630,000

$11,201,000




Another larger company has estimétéd that elirninatioﬁ of EtO
would result in lo#s to the health éare systemn of 18% (;f their
sterile products ha'ving a 1977 market value of almost $25
.million. Most of this firm's rernaining‘EtO steri‘lized products
would be unmarketable for one to four years for redevelop-
ment, at an approximate cost of $13.2 million. Disruptions and
economic impacts of this nature, when multiplied by the

hundreds of firms that use EtO, obviously would precipitate

disastrous and unfavorable economic situations. Clearly there

-~

would be:
° Substantial increases in health care costs.
. A rapid rise in foreign~-made EtO sterilized products to

fill the gap left by U.S. products removed from the
rﬁarket.

) A significant rise in unemployment in the medical
device industry.

. Financial hardships and/or bankruptcy for many

American medical device firms.

It is obvious from this and other analyses that elimination of
EtO would have a catastrophic effect on the economic well
being of a large segment of the medical device industry, as

well as significant corresponding economic effects on the

American public.
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2. Impact Of Severe Restrictions .

The American Industrial Health Council (1978) recently esti-
mated the cost to the health care industry of assuring a
workplace EtO exposure level of ten ppm and attempting to
reach levels of one ppm and less than one ppm. They
estimated that aithough the selling price of EtO is approxi-
mately $0.60/pound, the cost for the reductions would amount
to nearly $4.00/pound. The figures provided by the AIHMC study

are shown in Table 6.13.

TABLE 6.13

Equipment '

Cost Increase Estimates ($ millions)

Exposure Level .

10 ppm | ppm (attempt) Below | ppm (attempt)
Capital Costs 13 20 20
Annual Costs 50 51 : 92
Differential First Year 16 16 16

Operating Costs

We submit that, based on available data, this estimate is
conservative and that an increase of from $110 to $125 million

would be needed to attempt to achieve an exposure level below one ppm,

while an increase of $80 to $100 million would be necessary

to achieve the ten ppm level.




To reach exposure levels of ten ppm, industry would have to
either: (1) double or triple its investment i'nnla..r'ge sférilf'i;rs; or
(2) design and procure closed system aeration i::ui!dings and
equipment capable of holding millions of cubic feet of EtO-

treated products.

Currentljr, industry has available approximately 75,000 cubic
feet of ﬁterﬂizer capacity that is generally used on a "round-
the-clock" basis. After treatment, the goods ar§ l;emoved and
aerated in a quarantine area. If this procedure were .ﬁo lon_sr
possible, aeration would have to be done in the chamber which
would require purchase and instaliation of at least 75,000 sq.

ft. more sterilizer space.

The cost to purchase new sterilizers would be $10 million,
while new facilities and controls would cost $7 million. It
might cost industry in excess of $20 million to design and
install large closed system aerators for EtO stérilized goods.
The total economic impact of restrictions as low as ten ppm
for both hospitals and industry would be approximately $100

million for both capital and annual operating costs.
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F. MEDICAL IMPACTS OF ETO ELIMINATION

A HIMA membership survey has identified the types of products that
cannot presently be sterilized by any means other than EtO and those
that would be removed from the market (as sterile items) by the

manufacturer if EtO were not available.
Appendix A-l0 contains a list of the l5 specific medical items
manufactured by one or more HIMA member companies that can only

be sterilized by EtO.

Elimination of EtO would presumably remove most of these items

from the market. At the very least, most would be denied to the
health care system until the long process of redesign, testing, and
approval had been completed.

Tabie 6.4 lists those itemns which one or more companies have
already determined would no longer be sold as sterile if EtO were not

available as a sterilant.

We estimate that the overall effect of elimination of EtO would be
immediate removal of at least 50% of the sterile products currently

manufactured by the health care industry.

’
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LR

In conclusion, we submit that the unique and crucial benefits provided
by EtO for use in sterilizing medical devices clearly outweigh any

risks associated with its use and mandate reregistration.
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TABLE 6.14

Items No Longer Provided Sterile By One Or More
Companies If EtO Were Eliminated

Adaptors

Bandage, adhesive, backed
Bandages, Spray adhesive (aerosol can)
Balloons, intra-acrtic
Catheters, Foley

Catheters, intravascular subclavian
Collection systems, urinary
Connectors

Connectors, luer lock
Connectors, tubing

Containers, specimen

Cups, plastic urine collection
Dishes, petri

Drapes, OR, patient disposable
Drapes, surgical disposable
Gloves, examining

Gloves, procedural

Gloves, surgeons “
Kits, anesthesia

Kits, anesthesia epidural

Kits, blood gas sampling

Kits, catheter care

Pad, pulsatile assist device
Sets, anesthesia extension

Sets, injection paracervical
Sets, blood, arterial/venous
Sets, douche

Sets, Foley catheterization
Sets, irrigation

Sets, mid-stream specimen collection
Sets, urethral catheterization
Support, heart

Syringes, unit dose products
Trays, procedural w/drugs
Trays, catheterization

Trays, plastic surgery, disposabie
Tubes, endotracheal

Tubes, connecting I.V.

Tubes, urine

Tubing, drainage

Tubing, PVC

Valves, implantable

TOTAL OF ALL PRODUCTS: 42

-200-




i ll'rm’l*
i Yol l

N
i
1

- VIl. CONCLUSIONS e

1= The evidence, data, and information submitted in this response clearly

warrant dismiss‘al of the RPAR proceeding and reregistration of EtO.

1t has been conclusively established that:

* EPA lacks jurisdiction under the Federal Environmental Pesti~
cide Control Act of 1972 to control use of EtO as a medical
device sterilant. Additionally, other agencies (FDA and G_SHA)
provide adequate assurance of the safe use of EtO in th;';

health care field.

— o Assuming EPA nevertheless asserts jurisdiction, this response,
as supported by the attached materials and expert statements,.
conclusively rel.:outs‘ the alleged human mutégenic and repro-
ductive risks of E10. Likewise, the fact that EtO does not
accrue or persist in the environment makes ihe allegation of
risk to non-target populations even more remote. Thus, only
theoretical risks remain which are insufficient, "based on

current studies and data, to support further regulatory action.
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Appendix A-9

A List of Items Sterilized by

Health Industry Manufacturers

fccessories, pacemaker

Accessories, ventilator, respiratory
care

Adaptors

Adaptors, lead, implaniable
Adaptors, pacer to catheter
Adaptors, threshold

Airways, pharyngeal

Alarm, low level blood
Apparatus, suction and drainage
Applicators, metal and cloth
Assemblies, needle

Assembly, water safety

Bags, drainage

Bags, intestinal

Bags, OR, plastic, drainage
Bagé, urinary, leg

Balls, cotton

Balloons, intra-aortic
Bandages, adhesive

Bandages, adhesive, spray (aerosol can)
Bandages, gauze

Bells, circumsision

Bib, vaginal w/pouch

Blades, dermatome

Blades, knife, meniscus

A-59

Bottles, lotion

Bridgeé, ostomy

Brushes, surgical scrub, gérmdcidal
Burrettes, chambers (celluiosic)
Cannula, extracorporeal

Cannula, fiexible, aspiration
Cannula, flexible w/PVC hose
Cannula, infusion

Cannula, intravenous

Cannula, uterine aspirator

Caps, bottle

Caps, éontainer'

Catheter, central venous pressure
Catheters, cut down

Catheters, Foley

Catheters, intravascular
Catheters, intravascular, subclavian
Catheters, suction

Catheters, urological

Centrifuges

Circuits, breathing

Clamps, cord, disposable

Clamps, flow control (plastic)
Clamps, umbilical cord

Clamp, flow control (aluminum)



Appendix A-9 Continued

Clips, liggting, hemostatic
Clips, Raney

Clips, skin

Clips, wound

Closures, tape, skin
Collection systems, urinary
Collectors, wound drainage
Components, blood pump
Components, oral feeding
Components, plastic, dispensing
Connectors

Connectors, luer lock
Connectors, tubing
Connectors, urinary
Containers, specimen

Cover, Mayo stand

Covers, burr hole

Cups, plastic, urine collection
Curvette, biopsy

Devices, intrauterine
Dializers

'Diapers, nursery

Dilator, vessel

Dishes, petri

Domes, disposable, transducer,
blood pressure

Drape, aperture

Drapes, OR patient, disposable

A-60

Drapes, surgical

Drapes, surgical, disposable
Dressing, barrier, microporous
Dressing, surgical

Droppers

Electrodes, scalp
Electrodes, EKG

Electrodes, surgical
Equipmeﬁt, dialysis

Fabrics, cardiovascular
Film, surgical

Filter, biologic, gas line
Filter, blood

Filter, blood, dialysers
Filters, industrial

Filters, in-line, I.V.
Filters, laboratory

Filter, vena cava
Flashballs, latex
Generators, cardiac pacemakers
Gloves, examining

Gloves, procedural

Gloves, surgeons

Gowns, OR, disposable

Gowns, uniform

Guidewires, catheterization

Handles, plastic, uterine, aspirator
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Appendix A-9 Continued

Heartleads, pacemaker

Heart valves, prosthetic, ball
Heart valves, low profile
Hoses, gas-vacuum
Humidifiers, respiratory care
Incubators

Indicators, pacemsker
Injection sites, rubber
Implants, orthopedic
Implants, orthopedic, plastic
Instruments, suction

Jelly, lubricating

Kit, hyperalimentation care
Kit, I.V. care

Kits, anesthesia

Kits, anesthesia, epidural
Kits, blood gas sampling
Kits, catheter care

Kits, hand scrub and prep
Kits, intravenous placement
Kits, intubation, emergency
Lancets,bleod |

Leads, pacemaker

Leads, pacing, pacemaker
Magnets, test, pacemaker
Masks, surgical

Mattresses, infant, incubator

Napkins, hospital, maternity
Needles, dialysis

Needles, hypodermic

Needles, spiral

Needles, surgical
Nebulizers, respiratory care
Oxygenators, blood
Pacemakers

Packs, drape

| Packs, gown

Packs, throat

Pads, maternity care

Pads, cotton

Pads, foam

Pads, gauze

Pad, pulsatile assist device
Paks, instrument

Paks, shave-prep

Paks, transfer

Pencil, electrosurgery
Perforators, amniotic membrane
Pins, safety

Pipettes

Pouch, cellophane

Pouches, sterile 'products; hospital
Pouches, sterile porduct, industry

Power, Soyafluf



- Appendix A-9 Continued

Prostheses Sheets, bummn .
‘Prostheses, middle ear Sheets, nursery, basinet
Prostheses, vascular Shunts, dialysis
Protectors, wound Shunts, Thomas
Regulators, suction Snares, nasal
Reservoirs, blood Snares, tonsil
Reservoirs, cardiotomy Sponges, eye
Samplers, microbioclogical Sponges, cotton
Scalpels Sponges, gauze
Screws, bone, disposable Sponges, laparotomy ‘ ;g;‘:j;.
Sets, anesthesia, extension Sponges, surgical ,;-":-7'5.: )
Sets, injection, paracervical Stimulators, nerve ;* ;
Sets, blood, arterial/venous Stimilators, muscle '
Sets, blood administration Stimulators, neufologic ( .
Sets, chest drainage, underwater Stopcocks ¢
Sets, douche - Stoplocks
Sets, Foley, catheterization Stylers
Sets; irrigation ' Sutures, stainless steel, sur‘ ‘
Sets, I.V. administration Swabs, cotton
Sets, mid-stream specimen collection Syringes, hypodermic
Sets, premature, gauge Syringes, wumit Jose product f
Sets, suture removal Systems, autotransfusion, di y
Sets, tracheostomy care ‘ Systems, contraceptive, Intj " ;"!'
‘ progesterone u

Sets, tubing ) ‘ . |
Systems, in vivo kicdney pezgs,_n
i

Sets, tubing, cardiovascular ] R

Tape, skin ;l‘

Sets, urethral, catheterization L
Tips, electrode 2‘

Sheets, drape




Appendix A-9 Continued

Tips, pipette, plastic Tubing, PVC

Tips, surgical suction Tubing, silastic

Tips, wound irrigation Tubing, reusable
Towels, OR Tubing, silicone rubber
Trays Tubing, wound irrigation
Trays, catheterization Valves, implantable
Trays, irrigation 7 Valves, one-way silicone
Trays, microdilution Vessels, tissue culture
Trays, plastic surgery, disposable Vials

Trays, premie gavage Vials, plastic

Trays, surgical a Wrench, Allen, torque limited

Tubes, endotracheal

Tubes, airways - Total Products: 248

Tubes, aspirating
Tubes, connecting
Tubes, connecting I.V.
‘Tubes, culture

Tubes, infant feeding
Tubes, sampling
Tubes, tracheostomy
Tubes, urine

Tubes, ventitation, otological
Tubing, blood

Tubing, disposable
Tubing, drainage

Tubing, polyethylene
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APPENDIX A-10

Items Manufactured By One Or More Companies

That Can

Accessories, Pacemaker
Adaptors

Adaptors, lead, implantable
Applicators, cotton
Assemblies, needle

Bags, drainage

Bags, urinary, leg

Bags, OR, plastic, drainage
Balls, cotton

Bandages, adhesive
Bandages, gauze

Bib, vaginal w/pouch
Brushes, surgical scrub
Burrettes, Chambers (celluosic)
Cannula, intravenous
Catheter, central venous pressure
Catheters, cut-down
Catheters, Foley
Catheter-introducer
Catheters, intravascular
Catheters, suction
Catheters, urological
Circuits, breathing

Clamp, flow control (plastic)
Clips, wound

Collection systems, urinary
Components, blcod pump
Components, oral feeding
Components, plastic dispensing
Connectors

Connectors, luer lock
Connectors, tubing
Containers, specimen

Cups, plastic urine collection
Dialyzers

Diapers, nursery

Drape, aperture

Drapes, OR, disposable
Drapes, surgical, disposable

Dressing, barrier, microporous
Dressings, surgical
Electrodes, scalp

Electrodes, EKG

Film, surgical

Filter, blood, dialyzer

Filters, industriat

Fiiters, in-line, LY.

Only Be Sterilized By EtO

Filter, vena cava
Generators, cardiac pacemaker
Gloves, examining

Gloves, surgeons

Gowns, OR, disposable
Guidewires, catheterization
Heart valves, prosthetic, Ball
Heart leads, pacemaker
Heart valve, low profile
Humidifiers, respiratory care
Instruments, suction

Kit, hyperalimentation care
Kit, LV, care

Kits, anesthesia

Kits, anesthesia, epidural
Kits, blood gas sampling
Kits, catheter care

Kits, intravenous placement
Kits, hand scrub & prep
Leads, pacemaker

Leads, pacing, pacemaker
Nebulizers, respiratory care
Oxygenators, blood

Packs, drape

Pads, cotton

Pads, foam

Pads, gauze

Paks, shave-prep

Paks, transfer

Prostheses, {heart valves)
Protectors, wound

Resevoirs, blood

Resevoirs, cardiotomy
Scalpels

Sets, anesthesia extension
Sets, injection, paracervical
Sets, blood arterial/venous
Sets, blood administration
Sets, chest drainage, underwater
Sets, douche

Sets, Foley catheterization
Sets, irrigation

Sets, 1V administration

Sets, mid-steam specimen collection
Sets, tubing

Sets, tubing, cardiovascular
Sponges, cotton

Sponges, gauze




APPENDIX A-10 {Continued)

Sponges, surgical
Stimulators, muscle
Stimuiators, nerve
Stimulators, neurologic
Stopcocks

Stoplocks

Syringes, hypodermic
Tape, skin

Trays, catheterization
Trays, plastic surgery, disposable
Trays, surgical

Tubes, endotracheal
Tubes, connecting
Tubes, connecting, L.V.
Tubes, infant feeding
Tubes, tracheostomy
Tubes, urine

Tubing, blood

Tubing, disposable
Tubing, PVC

TOTAL PRODUCTS: 115
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Appendix B-7

FOR THE ADMINISTRATOR
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

WASHINGTOMN, D.C.

) _

-In Re: ) o
Rebuttable Presumption - EPA DOCRET NO. OPP-30000
Against Registration of ) :

Ethylene Oxide )
TESTIMONY OF

WILLIAM G. MAIETTE, M.D., F.A.C.S., F'.A.c.c., F.A.C.C.P.
I reside at 667 Parkwood Lane, Omaha, Nebraska 68132. . I received my
M.D. from Washington University St. Louis in 1953.
I am 2 Fellow of the American College of Surgeons, a Fellow of the
American College of Cardiology, and a Fellow of the American College of
Chest Physicians, I am liceased to p?actice medicine in the-states_of
Missouri, Kentucky, Florida, California and Nebraska.
I have ield professorships at the University of Kentqcky‘School of Medicine
and the University Hospital, Jacksonville, Florida. I am presently
Professor of Surgery at the Universitf of Nebraska College of Medicine
and Creighton University School of Medicine, Omaha, Nebraska.
I am a past president of the Association for the Advancewent of Medical
Instrumentation, and have beeniactive in the standards field for the .
past 12 years, both domestically and internationglly.
I have done research in surgery and aerospace medicine, supportad not
only by the Armed Services but by the National Institutes of Hzalth., I
have had a number of surgical residents go on to pradu;tive careers in

academic medicine, research and the military services,
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Arpendix B-7 Continued

I have been a Consultant to the United States Army and the United
States Public Health Service. As can be seen by my attached
curriculum vitae, I am a member of a number of other organizations,
and T have published a2 number of papers and produced scientific
ootion pictureﬁ. I have been 2 consultant in medical facilities
design for the past 15 years and have assisted in the design and
construction of one complete hospital.

It is my opinion that a safe substitute for Ethylene Oxide sterili-
zation hes not been found. By the ugse of this mode, numerous
advances in medical science have been possible. A glance at appendix
A of the Federal Register, Friday January 27, 1978, Part II1I, (entitled
Ethylene Oxide rebuttable presumption) will reveal that items listed
include a wide spectrum of medical‘and surgical apparatus that is
absolutely necessary to the practice of present day medicine and
surgery. 1 make particular reference to implantable prosthetic
devices. No examples aras given in this particular appendix; however,
these include such items as cardiac pacemakers. Without Ethylene Oxide
sterilization the electronic components, lithium iodide batteries and
connections to these pacemakers will not withstand amy other form of
sterilization. In this one item alone, many lives will be put in
jeopardy since pacemakers will not then be available. One could go

downt the entire list to include all manner of surgical supplies developed

by the plastics industry that will not stand heat or steam sterilization. o

I, furthermore, feel that the only constraints placed on Ethylene Oxide

in the medical field should be in the form of guidelines in its use.

At the prasant time it is obvious that there is no substitute for this

form of sterilization. I am certain that if all the items presently




Appendix B~7 Continued
starilized by this means a2ad not suitable fcf sterilization by any
other means were to disapp2ar from our armamentarium, we would have
stepped back 30 years in the practicz of madicine and surgery in this
country. Such action would be the most retrogressive act that could
be taken by any regulatory body:

8. It is recognized by all gancerned that Zthylene Oxide is a dangerocus
chemical. However, numerous other dangerous chemicals are used every
day without harm to the personnel using them, provided propar pre-
cautions ara taken. Gasoline itself is an extremely hazardous substance
that can quickly lead to los; of life. However, it is used every day
with only the realization of all individuals that precautions must be
taken in its handling.

9. Voluntary guidelines have been developed for the use of Ethylene Oxide
and its removal from any material by propeT aeration. With ﬁhe education
of personnel using this wmaterial and strict adhereuce'éo already known
guidelines this should be a safe method of sterilizaztion without undue
risk considering the benefits gained from its use,

10. I, therefore, recommend that no federal regulation be designed or enacted
which could interfere with the flow of surgical instrumentation to our
operating rooms and to our wards, It would seem to ze that the Environ-
mentai Protection Agency should exefcise its regulafory powars no farther
than to guarantee that equipment used in this method be properly constructed
and that personnel using it be educated to its hazards. Under no
cifcumstances should Ethylene Oxide sterilizatiom be eliminated gs a

sterilant at this time.

Respectfurly suybmitted,
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CURRICULIM VITAE
William G. Malette, M. D.

Veterans Administration Hospital
4101 Woolworth Avenue, Omaha, Nebraska 68105

PERSCHAL HISTCRY:

Date of bistk: March 27, 1922

Place of birth: Springfield, Missouri (Greene County)
EDUCATION:

Drury College, Springfield, Missouri

Fresno State College, Fresmo, Califermia
Washington University, St. Louis, Missouri

GRADUATE ROSPITAL CLIWICAL EXPERIENCE:

Intern, Letterman Army Hospital
Assistant Resident, Denver VA Hospital
Resident, Decver VA Hospital

-

ACADEMIC APPOINTMENTS:

Chief, Experimental Surgery Departzent
School of Aviation Medicine
Brooks Air Torce Base, Texas

Chief, Unit II, General Surgery Service
Wilford Hall USAF Hospital
Lackland Afir Force Base, Texas

Associate Professor of Surgary
University of Kentucky Medical Center
Lexington, Kentucky

Chisf, Surgical Service
VA Hospital
Lexington, Keatucky

Chief of Staff
VA Hospital, Cooper Drive Division
Lexington, Kentucky

Associate Dean for VA Affaixs

University of Rentucky Medical Center
Lexington, Kentucky '

R-T70

1940~1942
1947-1949
1953

1953-1954
1954
1958

1958-1961

1961-1963

1963-1972

1963-1973

1971-1973

1971-1973 .
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Professor of Surgery
University of Kentucky Medical Center
Lexington, Kentucky

Chairman, Exmergency Medical Services -

University Eospital of Jacksonville
Jacksonville, Florida

Professor of Surgery
University Eospital of Jacksonville
Jacksonville, Florida

Thoracic and Cardiovascular Surgery
Fort Myers, Florida

Director, Ezergency Medical Services
Rexrn Medical Centexr
Bakersfield, Califeornia

Chief, Surgical Service
VA Hospital
Czmaba, Nebraska

. Professor of Surgery
N Creighton University
School of Medicine
Cmaha, Nebraska

Professor of Surgery
University of Nebraska
School of Medicine
Omaha, Nebraska

LICENSURE:

State of Misscuri
State of Rentucky
State of California

State of Florida
S8tate of Nebraska

CERTIFICATYION:

American Board of Surgery
American Board of Thoracic Surgery
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1972~1973
1973-1974

1973-1974

1974-1976
1976

1977-present
1977-present

1977~present

1953
1963
1970

1973
1977

1964
1966
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Vice Chairzan, Biomedical Engineering Committeae .
Axmerican College of Chest Physicians

Membar, Madical Devices Committee
imarican College of Surgeons

Chaizman, AMMI Committee on Oxygenator Standards
(Azerican College of Cardiology Representative)

Chaizzazn, Intercationmal Standards Organization Subccmmittee
on Pacemaker Standards

MITITARY SERVICE:

U.S. Air Forze Training Command 19421944
U.S. Air Force Transport Command : 1944=-1945
U.8. Air Force Medical Corps 1953-1963
U.S. Navy Reserve Medical Corps 1964-present

HOSPITAL APPOINTCENTS:

Wilford Ball USAF Eospital
Lackland Air Force Base

San-Antornio, Texas 1961-1963
VA Hospital '
Lexingtorn, Kentucky ' 1963-1973

University of Keatucky Medical Center
Lexington, Kentucky 1963-1973

St. Joseph's Hospital
Lexington, Reatucky 1963-1973

Central Baptist Hospital

Lexington, Kentucky 1963-1973
‘Good Sgmaritan Bospital

Lexizgton, Keatucky 1963-1973
Tnivarsity Boapital of Jacksonville
Jacksonville, Florida 1973-1974 .
Fort Myers Coc—unity Hospital . ':._
Fort Myers, Florida 1974-197.6..£
Lee Memorizl Hospital ' :":
Tort Myers, Florida 1974-1916'@

Rern Medical Center
Bakersfield, California
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N HO0SPITAL APPOTNTMENTS (cont.):

VA Hospital :
Omazha, Nebraska 15977~present

University Hospital
University of Nebraska
Cmaha, Nebraska : 1977 -present

Creighton Mez=orial - St, Joseph's Eospital
Omaha, Nabraska 1977-present

SOCIETY MEMBERSHIZS:

Sociaty for Thoracic Surgery

American Medical Association

Fellow, American College of Surgeons
International Cardiovascular Society
Central Surgical Society

American Asscclation for Thoracic Surgery
Southern Thoracic Surgical Association
Fellow, American College of Cardiology
Pan-Pacific Surgical Association

Fellow, American Collega of Chest Physiciansg

“—(THER :
Consultant, General and Thoracic Surgery

Ireland Army Hospital
Fort Knox, Kentucky 1563-1973

Consultant, General and Thoracic Surgery
Public Bealth Service, Clinical Research Center
Lexington, Kentucky ' . - 1963-1973

Consultant, Medical Systems Technical Services, Inec. ' 1963-present
Los Angeles, Califormia

HONORS :

Past President, Association of VA Surgeors
Past President, Association for the Advazcement of Medical

Iostrumentation
LISTED TN:
Who's Who in the South and Southwest 1973
American Mea and Women of Science 1965
§  B-173
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FOR THE ADMINISTRATOR
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C.

IN RE:
Rebuttable Presumption
Against Registration of EPA DOCKET NO. OPP-30000
Ethylene Oxide

TESTIMONY OF
Kenneth L. Mattox, M.D, F.A.C.S.

T. I reside at 5142 Braesvalley, Houston, Texas 77096. ! received
my B.S. degree from Wayland Col'lége in Plainview, Texas in 1960 R .
and my M.D. from Bayloer Co11ege of Medicine in 1964, I finished g
my residency in General Surgery in 1871 aqd my residency in
Thoracic Surgery in 1973, both at Baylor College of Medicine in
Houston, Texas. In 1972 1 was certified by the American Board ) ;;
of Surgery and in 1974 I was certified by the American Board of '4§§
Thoracic Surgery. : ;éﬁ
I am a member of the American College of Surgeons, American College ‘
of Chest Physicians, American College of Cardiology, and the
American College of Emergency Physicians. In addition, I am
a member of multiple other professional organizations.
I am licensed to practice medicine in the state of Texas.

2. I am Assistant Professor of Surgery at Baylor College of Medicine,
a position I have held since 1974. My responsibilities include

being Director of the Emergency Surgical Service and Deputy Chief
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of Surgery at the Ben Taub General Hospital where Doctor Michael
E. DeBakey is Chief of Surgery. I am activeiy involved in the
surgery of patients who have cardiovascular, thoracic and trauma
problems.

I have been actively involved in the Association for the Advancement
of Medical Instrumentation since 1973. This association, deeply
involved in medical device Tegislation, in scientific sessions

as they relate to patient safety, is a unique interface of
physician users, paraphysician users, biomedical industry, bio-
medical engineering and representatives from F.D.A. The volun-
tary consensus standing committees of AAMI now number 28 and have
been very active in working with multiple organizations as ihey
relate to consumer safety. For the last three years I have been
Chairman of the Blood Filter Standards Committee, and for the
past year I have been Medical Co-chairman of the Board of
Standards. Virtually all of the standards committees .of AAMI

have some piece of equipment or their entire device requiring

.ster11ization. Many of these contain elements which make them

unacceptable for steam sterilization or high temperatures.

I have been the author of multiple scientific publications and
chapters in books and am on the editorial boafd of several
journals (see curriculum vitae). | _

1 have read the Federal Register, Friday, January ;7, 1978,
vol. 43, #19), pp 3800-3815. 1 am impressed with the ex-

extensive scientific material which is reported. As pointed
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out on pp. 3811, there are a large number of classes of items
that are presently sterilized with Ethylene Oxide within the
hospital or health care facilities. Many of these items are
of absolute necessity for both emergency and elective surgery.
To remove these items from the available 1ist of sterile
equipment would cripple the health care industry and result
in 1iterally millions of unnecessary deaths or complications
in patients annually. The non-availability of devices,
equipment, and instruments which can only presently be
sterilized Qith Ethylene Oxide would set medicine and surgery
back to the pre-antibiotic era an& would negate mast of the
advances which have been made in the last one-half century.
It is recognized that all advances in science carry a risk-
benefit ratic. Regardless of the medication or instrument,
a misuse of that equipment, device, drug, or chemical might
result in some injury. This statement applies to medications
as simple as aspirin or devices as complex as a totally im-
plantable artificial heart. The tabulation of metabolic,
oncogenic, teratogenic, hematologic, etc. effects of any
medication, device or chemical is important from a safety
standpoint and helps all of us develop standards for the
protection of personnel and patients. The mere stipulation
of a potential hazard should not, however, preclude its
safe use. To remove an item, drug or chemical, merely be-

cause it might at some time be used unsafely is ingoring
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the overwhelming evidence of its usefuliness and effica&y when
used within the safety and standard bounds which are set by
consensus among federal agencies, users ,and industry. Therefore,
logic as it applies to the removal of Ethylene Oxide from the
market, one must respond that yes, Eﬁhylene Oxide is good in
that it provides safe sterilization to items which are too
delicate to be sterilized by heat; yes, Ethylene Oxide does
have some hazards if used incorrectly; yes, there have been
reports of!some accidents or misuse. However, these latter
two statements become true, true and unrelated in regard to
conclusions in the Federal Registry that one must consider
withdrawal of Ethylene Oxide in order to protect consumers,
manufacturers and users from potential hazards.

I strongly support the ¢ontention ﬁhat until a suitable, efficient
reiiable, safe substituté_is found for Ethylene Oxide that we
should continue to use Ethylene Oxide in our hospitals for the
sterilization of equipment which cannot withstand the heat

of steam sterilization. 1 further strongly recommend that the
only constraints that should be placed upon the registration
of Ethylene Oxide should be in the form of guidelines on how |
and by whom it should be used.

Guidelines have been developed for the use of Ethylene Oxide
and require that products exposed to Ethylene Oxide have

proper aeration, and these guidelines can be made mandatory.

B-177



Appendix B-8 Continued

For the Administrator .
U.S. Environmental Protective Agency

Persons who are knowledgable in these guidelineé and have
demonstrably approved education and training skills should
be used for this method of sterifizatibn.
10. I, therefore, conclude with the strong recommendation that
absolutely NO federal regulation be designated or enacted
which would Timit the normal flow of surgical instruments
to our operating rooms, the normal availability of impiantabie
devices such as pacemakers, etc. or the normal availability
of items such as micropore filters, catheters, and the like
which are used in emergency centers around the country for.the
care of emergency and electively :treated patients. It is ‘ .
recommended that the Environmenta] Protection Agency, the _
Department of Health,Education and Welfare, and the Food
and Drug Administration work together to exercise in their
reguiatory powers no further limitations that to guarantee
that equipment used in this sterilization method (Ethylene
Oxide} be apprapriately constructed to conform to the gas
and to secure its proper venting. They could also responsibly
require that voluntary consensus guidelines for the use of
Ethylene Oxide become mandatory. Under absolutely no cir- ‘"”;
cumstances should the aforementioned agencies 1imit the present ‘

use of this tremendously important gas which is so vital to the

present care of our patients.
Respectfully submit

Dé?%?)*@

Kenneth L. Mattox, M.D., F.A.C.S.
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LICENSURE .

Texas State Board of Medical Examiners, August, 1964
American Board of Surgery, February, 1972
American Board of Thoracic Surgery, January, 1974

HONQRS AND AWARDS
Who's Who in American Colleges and Undiversities 1959 - 1960

Texas College Academy of Science 1959 - 1960
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American Medical Association

American Trauma Society
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Association for Academic Surgery
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Harris County Medical Society
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Student American Medical Association 1960-64

University Association for Emergency Medical Services
Program Chairman, 1976-79

International College of Angiology ¥

Southwestern Surgical Congress '

American College of Cardiology

International Cardiovascular Society, North American Chapter

Texas Medical Association

American Association for the Surgery of Trauma

Houston Surgical Association

Texas Surgical Society
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Society of Vascular Surgery

Southern Thoracic Surgical Association

Pan American Medical Association

MEMBERSHIP IN OTHER OQRGANIZATIONS

Texas Collegiate Academy of Science, 1956-60

Texas Academy of Science, 1959

Aerospace Medical Association
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TEACHING EXPERIENCE
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Crash Investigators School
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Baylor College of Medicine
Assistant Instructor Thoracic Surgery 1971 - 1973
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Assistant Professor Department of Surgery 1974 - present
Baylor College of Medicine
HOSPITAL AFFILIATIONS
Ben Taub General Hospital
Deputy Surgeon-In-Chief
Director, Emergency Surgical Services ‘ s

Texas Institute for Research and Rehabilitation, Houston, Texas
Surgical Consultant

Veterans Administration Hospital, Houston, Texas
Surgeon Attending

St. Luke's Hospital, Houston, Texas
Courtesy Staff

Methodist Hospital, Houston, Texas
Active Staff
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Emergency Medical Services Committee, Texas Medical Association

Research Committee, University Association for Emergency Medical Services -
Chairman, Long Range Planning Committee, American Trauma Society
Chairman, Community Services Committee, American Trauma Society, 1975-76

Robert Wood Johnson Grant ad hoc Committee, Baylor College of Medicine

Allied Health Manpower Development Committee, Baylor College of
Medicine

Program Committee, KOPPA Pulmonary Conference, 1974-present
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through surgical intervention. '
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€ N V I R O N ENVIRON Corporation

Counsel in Health and Environmental Science

January 13, 1987

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board
Attn: Ethylene Oxide

P.O. Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff:

ENVIRON Corporation is commenting on the "Draft Report to the Air
Resources Board on Ethylene Oxide Submitted to the Scientific Review
panel for Review" dated November 1986.

ENVIRON is a scientific and regulatory affairs firm that specializes
in the evaluation of actual and potential risks to humans and their
environment from exposures to substances in their environment. As
such, ENVIRON serves both government and industry in providing
‘expert and objective insight into complex scientific issues within a
requlatory context. A brochure describing our firm is attached
herewith. ,

Last year, ENVIRON was retained by McCormlck and Company, Inc. to
examine 1ndependently whether ethylene oxide (EtO) emissions from
McCormick's Shilling plant in Salinas, California, present any
threat to the health of individuals located in the vicinity of the
plant, and, if so, the magnitude of those health risks. That
evaluation was undertaken in several steps (with particular
attention to exposure assessment including our own exposure
modelling, and to risk estimation), the results of which were
presented to the Monterey Bay Air Pollution Control District, the
organization with regulatory jurisdiction over emissions from that

plant.

Recently, McCormick made available to ENVIRON the November 1986
Draft Report on EtQO and sought our impartial analysis of its
contents, and asked that our comments be communicated directly to
the Air Resources Board. Those comments follow. Because of the
brevity of the time period for public comment, our comments are
necessarily limited in scope.

The Flour Miil, 1000 Potomac St., N.W.
Washington, D.C. 20007 - (202) 337-7444



Mr. Loscutoff -2~ January 13, 1987

1. We have performed for McCormick evaluations of ethylene oxide

emissions and population exposure using two models widely-accepted

by the scientific community and using the most dependable

meteorological information for the Salinas area. We submit for the

?iglResource Board's consideration, those reports which are as
ollows:

o Modeling of Human Inhalation Exposures to Ethylene Oxide from
Air Emissions at McCormick & Co.'s Schilling Plant (Salinas
California). January 6, 1986. '

o} Assessment of Possible Health Risks Associated with Exposure to
Ethylene Oxide Released to the Atmosphere from the Salinas
Plant of McCormick and Company, Inc. January 15, 1986.

0 Supplement to Assessment of Possible Health Risks Associated
with Exposure to Ethylene Oxide Released to the Atmosphere from
the Salinas Plant of McCormick and Company, Inc. (January 15,
1986), June 27, 1986.

While the Board may have seen these reports previously, they may not
have been considered in the Draft Report with respect to comments
related to McCormick's operation.

2. The Draft Report presents an estimate of emissions from
McCormick's Shilling plant of 20 tons per year, a quantity that is
at least a threefold exaggeration of actual emissions. We bhelieve
that estimate is erronecus. To model the concentrations of EtO
surrounding the Shilling plant, ENVIRON requested and received the
same analytic, and all inclusive, data that had been submitted to
the Air Resources Board with which to carry out its exposure .
modelling. We were also provided detailed information about the
operating conditions of the plant, which appear compatible with
those referenced in the subject draft. Given this discrepancy, we
recalculated the total emissions. During normal operation,
McCormick measured average total emissions of EtO from all stacks
and vents of 0.349 g/second. Based on a 17-hour operating day, and
260 operating days per year, this emission corresponds to a total
annual emission of 6.1 tons, with a maximum of 8.6 tons per year if
operation occurs 365 days/year. These emission data, which were
developed by McCormick and submitted to the ARB and the local air
authority, differ substantially from the data described in the ARB
report (Appendix D, page D-10). The reason for this discrepancy is
unclear and should be investigated before any final decisions are
reached. Should the Board possess analytic information about
emissions rates and concentrations other than those supplied by
McCormick, we ask that they be provided to us so that we may
evaluate them fully to establish their consequence on our original
estimates of risk provided to the District and to McCormick.
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3. The evaluation of risks presented in the draft contains several
factors that are either incorrect or represent exaggerations of
conventional interpretations of data. Those factors are:

a. The exposure concentrations represent maximum rather
average concentrations. Since the cancer risk is related to
the lifetime average daily dose (as influenced for EtO by the
concentrations in inhaled air), the correct expression of
inhaled concentration is the daily average and not the maximum
concentration that represents only occasional excursions.

b. The interpretation of data about peritoneal mesotheliomas
in relation to the application of the trend test represents an
over-~interpretation of the results of a statistical test. A
significant outcome in the Armitage trend test indicates that
the slope of the best~fitting straight line through the data
points is significantly different from zero. It says nothing
about whether a straight line (i.e. a directly proportional
increase with dose), or some other curve, best represents the
dose-response relationship.

c. The epidemiological evidence is exaggerated in importance
with regard to establishing causation for EtQO carcinocgenesis in
humans. In only two studies (not five) was the excess cancer
incidence significantly different from controls. In two other
studies, the "excess" was each based on a single case, and in
no study was the excess based on more than three cases. Such
studies are limited in establishing causation, particularly in
light of the other chemicals to which the workers were exposed.

d. The unit cancer risk (upper 95% confidence limit, UCL)
cited in the draft is considerably (i.e., 8-fold) higher that
that determined by McCormick. That difference is the result of
the Board incorporating conservative assumptions that have
little scientific foundation. We recommend strongly that the
Board consider seriously the Risk Assessment for EtO submitted
by McCormick, one that relies on all available information
about the biological/carcinogenic properties of EtO (see
attached report). The result of such unjustifiably inflated
UCRs is to overestimate the risk, a condition that may lead to
inappropriate public health actions.

e. The draft report examines the application of the
Gaylor-Kodell model, but does so by restricting the dose groups
to which it is applied. The methodology developed by the
authors of that procedure involves applying a computer model to
the data from all of the dose groups to estimate the upper
confidence limit on the response at the lowest dose level; it
does not suggest using data from only the lowest dose group as
was done in the Draft Report.
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We trust that these comments will be of assistance in subsequent
revisions of the Board's draft. We would ask that future
communications seeking comments be sent directly to us.

Should you have any questions about our comments, we would be
pleased to respond to your ingquires by mail or by phone.

Sincerely,
A 7
) ' . ’(.A .‘{! ) [ I ;
Robert G. Tardiff, Ph.D.
Principal
RGT:we
Attachments

c¢¢! Dr. Richard Hall, McCormick & Company
Mr. James Schwefel of Noland, Hamerly, Etienne & Hoss




MODELING OF HUMAN INHALATION EXPCSURES
TO ETHYLENE OXIDE FROM AIR EMISSIONS
AT McCOBMICK & CO.'s SCHILLING PLANT

(SALINAS, CALIFORNIA)

Prepared for

McCormick and Company
Attn: Dr. Richard Hall
11350 McCormick Road
Hunt Valley, Maryliand 21031-1066

Prepared by
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I. INTRODUCTION

Presently McCormick and Company fumigates spices with ethylene oxide
(Et0). McCormick's Schilling plant at Salinas, California, conducts such
fumigations on a regular basis and, as such, releases into the ambient air

apprbximately 57 pounds of ethylene oxide daily.

The Monterey Bay Unified Air Pollution Control District, which has
regulatory jurisdiction over the plant, has proposed to limit ethylene oxide
air emissions from that plant to approximately one-tenth of the present daily
rate of release, The District's rationale for such action rests solely with
the tonclusion reached by the California Department of Health Services that
the present emissions constitute an unacceptable cancer risk to humans. That

conclusion, in turn, rests in part on an exposure evaluation performed by the

California Air Resources Board,

In view of the importance of the regulatory proposal and with knowledge
of the degree of uncertainty that often accompanies such assessments.
McCormick sought assistance in the evaluation of the scientific soundness of
the components of the State's risk assessment. McCormick retained Environ -
Corporation initially to review the State's exposure assessment which was
based on Qdispersion modeling of air emissions from the plant. After review of
the State's report, it became readily apparent that there was insufficient
documentation of the State's modeling procedures and supporting data to permit

a thoughtful and in-depth review. Subsequently, McCormick asked Eaviron to

0305W/010686



conduct a state-of-the-art exposure assessment using the same general approach

that the State had used.

Exposure was assassed for three scenarios: (1)‘under present operating
conditions, (2) with the addition of a DEOXX scrubber, and (3) with the
addition of a DEOXX scrubber and raising the height of the main stack to
approximataly 50 feet. This report pressnts in Section IV the results of
ENVIRCN's modeling of air concentrations in the areas surrounding the
Schilling plant and estimates the concentrations anticipated in neighboring
communities, with a description of the uncertainties that surround those
estimates. The model used to derive these estimates is described 1n.50ction

II; and the data used in the model are presented in Section III.

II. THE MODEL

The dispersion of EtO emissions from the plant was represented using a
mathematical dispersion model developed for the Environmental Protection
Agency (EPA). This is the Industrial Source Complex (ISC) model and was
salectad as a recognized and recent model capable of simulating the emission
sources of interest in this study (Bowers, et al., 1979). It consists of two
separate computer codes. The first (ISCST) is a short-term or sequential
model which uses hourly meteorological data for the site under study to
simulate hourly ambient air concentrations downwind of emission points. These
hourly values can also be aggregated to form averages over longer periods.

The second (ISCLT) is a long-term or climatological model which uses joint

£r§quency data of wind speed, wind direction, and atmospheric stability class
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to produce annual or seasonal ambient air concentrations around the emission
points. Since the annual average exposures to EtO emissions were of primary

importance in this study, the second long-term ISCLT code was usad.

The ISC model treats the dispersion of each emission source as a Gaussian
plume, in which the concentration of pollutants within the plume follows a
normal distribution, or "bell" curve in the vertical and hnrizoqtal.
crosswind directions. Volume sources, of interest here, are represented as
virtuai point sources, i.e., as if they are point sources gmitting at some
distance upwind of the actual point of emission. This distance depends on the
dimensions of the volume sources and atmospheric stability conditions.
Concentrations are calculated at specified points downwind as a function of-
meteorologiéal parameters, i.e., wind speed, atmospheric stability class,
mixing height, and as a function of downwind distance. In the long-term
version, ISC calculates concentrations at a given receptor for a complete
range of meteorological parameters and the results are then weighted according
ta the f:equenéy of occurrence of these parameters at the location under

study, thus forming an average concentration for the period of the frequeacy

data, e.g.. one year.
III. INPUT DATA

1. Meteorological and Topographic Data

The first set of input data required by the model are concernmed with

local meteorological and topographic conditions. The required meteorclogical
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joint frequency data were obtained from the National Climatic Data Centar.

The best frequency data readily available were for Salinas Airport, derived

from observations taken over the five year period 1960 to 1964, inclusive. .
Those data are attached to this report as Appendix A. An additional climatic

variable required by the model is the annual average afterncon mixzing height.

A value of 700 m was used, based on published data for the area (Holzworth,

1972). Variations in mixing height with wind speed and atmospheric stability

conditions were incorporatsd in the model simulation according to procedures

set cut in the model user's guide (Bowers, et al., 1979). No attempt was made

to validate this approach with local measurements. However, considering the

nature of the emission sources, i.e., c¢close to the ground with little or no

plume rise, the results are not expected to show significant sensitivity to

this factor. Topographic relief was not considered in the simulation. Since

the emissions are released close to ground level and there are no major

elevation changes in the vicinity of the plant, this is not considered to be a .

significant limitation of the analysis.

2. Emissions Data

The emissions sources were treated conservatively as two separate volume
sources, Since the heights and locations of the various vents are such that
emisgions would likely be downwashed and mixed into the building wakes under
some wind conditions. Exhaust from stacks 1 to 16 (Rice Mill, Mill Exhaust
and Cinnamosn Exhaust) was assumed to emanate from the first volume source of
height 37 ft. and an average cross-sectional dimension of 27 ft. The

affective releage height for this source was 18.5 ft., The sxhaust from all
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other stacks was assumed to emanate from the second volume source of height

22 fr. and an average cross-sectional dimension of 95 ft. The effective

release héight in this case was 11 ft. These two sources were modeled
separately, initially assuming a unit rate of emission (1 g/s) from each. In
a third simulation, only'emissions from stack 20 (aeration stack) were
considered assuming the stack height as raised. In this case, emissions from
the stack were treated as a single point source, i.e., unaffaected by building
downwash effects, at a height of 48 ft. above grade. It should be noted that,
in all simulaéions, no credit has been taken for any plume rise due to

buoyancy or momentum of the exhausts.

3. Receptor Data ' ' i

The final set of input data conceras the locations of the receptor points
at which ambient concentrations are to be calculated by the model. 1In ISC,
these must be specified by the user. To cover the potential impact area of
plant emissions, a polar grid of receptors was specified between 300 m (the
distance tc the closest residence) and 5 km from the plant. The distance
increments used were 100 m between 300 m and 2 km, and 500 m betyeen 2 km and
5 km. Receptors along each radial arc wre regularly spaced at 22.5 degree
intervals, corresponding to directions N, NNE, NE, ENE, E, etc. from the
plant., In addition, an additional receptor was included at 60 m from the

plant to represent the fenceline of the facility.
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IV. ESTIMATED EXPOSURES

1. Dispersion Factors

Using the ISCLT model the annual average patterna of concentrations at
ground level were estimated for a unit emisgion rate (1 ¢/s) from each of the
three source groupings identified above, i.e.., for stacks 1 through 16, 17
through 23, and for stack 20, if raised, regpectively. The maximum estimated
concentrations at distances of 60 m and 300 m™from the plant and the critical

receptors are identified below in terms of dispersion factor expressed in

pg/m] per g/s:

DISPERSION DISPERSION
FACTOR AT FACTOR AT
50m 300m DIRECTION TC
SCURCE GROUPING LPELEJ’S’S) ipgim’/g/s) CRITICAL RECEPTOR
1. Stacks 1 - 16 120 22.9 E
2. Staeks 17 - 22 310 42.5 ESE
3, Stack 20 (if raised) 15 14.2 E

It should be emphasized that the estimated concentrations at 60 m from the

plant are approximate only, since at such close distances the accuracy of the

model becomes less precise,

The highest concentrations, which are estimated to occur to the E and ESE
of the plant, reflsct the pradominance of W and WNW winds at Salinas. They
occur 19.3% and 16.8% of the time, respectively. Relatively high levels also

occur to the WNW, reflecting the 11.9% of the time when windsg blow from the
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ESE. However, it is important to note that these frequencieé. and the
frequency data available from input to the ISC model in this study, were based
on round-the-clock observations. Since the McCormick'plant operates only
between the hours of 7 a.m. and midnight, the use of these meteorological data

introduces the potential for bias in the modeling results.

The location of Salinas, in the Salinas River valley and only a few miles
from Monterey Bay, suggests that winds with a w#sterly component would be more
likely to occur in the day, and winds with easterly components would be more
likely to occur at night. This is the expected conseguence of'sea breeze and
valley fiow effects in this area. Although the necessary wind directioh
frequency analysis for Salinas, stratified by time of day, was not readily
available to confirm the presence-ot this phenomenon, such an analysié was
obtained for Monterey. This was based on seven years (1973 through 1979) of
observations at Monterey Peninsula Airport, about 15 mile§ WSW of Salihas. At
Monterey, E and ESE winds were particularly prevalent during.the night in all
seasons except summer, Typical frequencies of occurrence were between 10% and
20% for both these directions, even though they océurred only 3.1% and 2.2% of
the time, respectively, on an annual average, round-the~c1;ck basis (compared

with 15.3% and 22.5% of the time for WSW and W winds, respectively).

The above indicates that a significant correlation exzists between wind
direction and time of day at Salinas and, therefore, between wind direction
and plant emiss;ons. Since there are no emissions at times when a
disproportionate frequency of easterly winds would occur, use of.thg round;

the-clock wind data with the dispersion model would tend to overestimate
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concentrations to the west of the plant and undeéestimate concentrations to
the east. Thus, the maximum levels, which occur to the east, may be higher
than given in the above table, although this is cffset by the coaservative
idealization of the emission sources and the fact that better dispersion
conditions (greater atmospheric instability) are generally associated with
westerly winds. No attempt has yet been made to quantify the sensitivity of
the results to bias in the metsorological data. However, it is expected that
a factor of 1.5 applied to the maximum concentrations estimated by the model
would pravide reasonably conservative expogure aestimates. Further sxamination
of this question would be needed if exposurses calculated on this basis

approached or exceeded levels likely to have an adverse effect on human health.

2. Estimation of Ethylene Oxide Concentrations

To estimate the concentrations of ethylene oxide (Et0O) resulting from
actual plant emissions, a two step process was undertaken. First, for each
source grouping, EtQO concentrations were estimated at downwind receptor
locations by multiplying the unit emisgion dispersion factors (calculated from
the dispersion model) by the actual emissions from that source grouping.
Second, the contributions from each source grouping were combined to arrive at

a total EtO concentration.

The smissions of EtO were for two types consaidered in the modeling of
plant operation: plant ventilatioa emissions and chamber emissicns. Plant
ventilation emissions are continuous over the 17 hour operating day and occur

through stacks 1 through 19. Chamber emissions are associated with the
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fumigation process and include four exhaust systems: primary exhaust
emissions (stack 21); secondary exhaust (stack 23); auxiliary exhaust (stack
22):; and aeration exhaust (stack 20). In addition, consideration was also
given to changes in EtO chamber emissions that would occur with the addition

of a DEOXX system. Down wind EtO concentrations were estimated based on three’

releagse cases.

The first cage consisted of two source groupings: stacks 1-16 (effective
release height of 18.5 ft.) and stacks 17-23 (effective release height of 11

ft.). Emigsions in this first case did not include the reduction in emissions

due to the DEOXX system.

The second release case included the .same two source groupings as digd
case one, with modifications of the emissions due to the DEOXX system. The
DEOXX system would be designed to handle the EtO load from the aqueous
discharges generated in the fumigation process as well as the air emissions
from the primary and auxiliary exhausts. The system will pravide at least a

99,9% reduction in the EtO emissions from these sources.

The third release case consisted of three source groupiﬂgs: stacks 1-16
(effective release height of 18.5 ft.):; stacks 17-23 (effective release height
of 18.5 ft.):,stacks.17~23 (effective release height of 11 ft.) excluding
stack 203 and gtack 20 (effective release height of 48 ft.). Emission

reductions due to the DECXX system were also included in this case.
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The actual emissions from the plant ventilation system were determined
from hourly EtO emissions in lbs./hr. and extrapolated to lbs./day to reflect
a 17-hour operating day. This emission rate was converted to g/s for
multiplication by the appropriate unit emission factor. Aeration emissions
through stack 20 were determined by multiplying the pounds of EtO emitted per
chamber by four chamber emissions per day. Emission data for stacks 1 through

20 are presentad in Appendix B.

Chamber emissions due to the fumigation process were calculated based on
data obtained from a mass balance of EtD (conducted by McCormick and Company
in 1985) during a complete fumigation cycle. As fumigation in the chamber
occurs four ﬁimes during the operating day, the results from this test were
multiplied by 4 to obtain the pounds of EtO emitted per day. This amount was
converted to g/s for multiplication by the appropriate unit emission factor,

Emission results and mass balance data from this test are presented in

Appendix B.

The results of the analysis are prasented in Table 1 for downwind
distances of 60 m and 300 m in the easterly direction (i.e., that of the
highest concentrations). In addition. isopleths showing EtQ concentrations

out to 3.5 km from the plant are shown on Figures 1 through 3 for cases 1

through 3, respectively.

3. Population Exposures

In an effort to determine the significance of the predicted EtO

exposures., the population in the vicinity of the plant was estimated. The
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EtO Concentrations

Downwind Distance

TABLE 1

60 m 300 m
pg/m* ppm pg/m* ppm
Case 1 89.1 0.04 12.2 0.006
Case 2 17.0 0.008 2.34 0.001
Case 3 2.8 0.0013 1.0 0.000S
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arsa of concern was chosen to be that within the 0.11 pg/m3 isopleth in
Case 3. This is based on the belief that an EtQ concentration of 0.1l
pg/;n3 translates into an estimated cancer risk which is acceptable in a

requlatory context.

Based on a review of USGS topographic maps of the Salinas area and a
visual inspection, it was estimated that there are no more than 50 residential
homes within the area of concern. Based on an average of 3 persons per home,
this corresponds to a population of 150. In addition, it was estimated that
there are 140-150 industrial establishments in the area, which employ
approximately 2,100 to 2,200 pecple. This estimate is based on a visual
inspection and a review of the city's Industrial Guide.

A visual inspection of thé area also indicated two inactive and five
active migrant labor camps. Each of the five active camps contains 90

ocne-bedroom units, The two inactive camps each contain §0-100 one-bedroom

units.

Based on the above, it is conservatively estimated that between 3,000 to
3,500 people may be exposed to concentrations of EtQ in excess of J.1
pg/m’ due to emissions from the McCormick facility. The industrial
workers would be exposed for no more than 8 hours per day, S days per week.
The migrant workers are likely to be axpdsed for only a fraction of the year
and may not return in future years. Consequently, the number of individuals

who might be exposed continuously for extended pariods should be no greater

than 100 to 200.
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v. CONCLUSICONS

As. indicated in the discussion of unit emission rates, the pactérn of .
highest concentrations predicted by the air modeling is predominantly to the E
and ESE of the plant and to a lesser axtent to the WNW, There is, howaver,
very limited population to the east of the plant, so that, in general,
population exposure would be more of concern to the WNW of the plant where the
residential and commercial areas of Salinas are located. More specifically,

e

the following conclusions can be reached:

i. The average annual concentration of EtO predicted at the nearest
possible off-site receptor, i.e., the Eancel;ne of the facility
under current operating conditions is 89 pq/m at the eastern
boundary of the facility. Lower concentrations are predicted at the
fenceline for those pcints not located in the dominant wind

direction.
2. The pradicted annual average concentration at the nearest residence
wh:.ch is located approximately 300 m east of the plant, is 12 .

pg/m under current operating conditions.

3. Based on review of the USGS topographic map for the Salinas area, it
would appear that under current operating conditions the maximum
annual average EtO concentrations, to which the populated areas to
the WNW of the plant are expaosed, are in the range 1-2 pg/m .

4. The installation of the DEOXX system has the effect of reducing
exposures at a given point by approximately an order of magnitude.

S. The raising of the aeration stack after installation of the DEOXX
system has a limited effect on annual average concentrations, except
at distances very close to the plant. At 300 m from the plant, an
additional reduction in average annual concentration by a factor of
two is predicted, and this falls off rapidly with increasing
distance from the plant.

6. With the installation of the DEGXX gystem and raising of the
asration stack, the exposed population within an area encompassed by
the 0.11 mg/m’ 150 isopleth was estimated to be no greater than
3,000-3,500, with most individuals exposed for only part of the day
and some for only a few months in their life. At most, ouly a few
hundred individuals might be exposed continuously for long periods
of time.
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APPENDIX B

EMISSIONS DATA
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07771
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0.16

2.91

$2.37 -

93.5%
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ETUVLENS OXIDE AIR EMISSION BATA

STACKE :
WAER  SAMPLE Beo CONC. (ag/ad)  VOLWETBIC AIB VLOU (£03) B0 DISCRABGES (}1.) AEOUY ocb'f

21 (PRIMARY ZXBAUST VENT) : ' 22

ccLEl -1 165,385 6. 2% 0.49

-2 $92,168 72.34 2.67

-3 224,397 182.61 2.56

101AL 194,758 321.69 5.92
crelg 2 - 1 49,903 256.42 0.80
-2 10,012 237.87 PR
-3 42,450 92.20 0.2¢

s 41,407 92.20 a2

-5 37,907 92.20 - 0.12

TOTAL 3, 9420 760.91 1.66

crcie 3 - 1 1,789 315.67 0.82

-2 46,023 £1.85 6.13

-3 14,935 171,16 e.21

- & 7,358 90. 10 0.05

-3 6,380 : 169.06 0.07

TOTAL 23,4318 . 859.84 1.22

crcLz & - 1 6,966 _ 358.98 0.15

-2 5,170 18843 0.07

-3 1,210 110.71 0.05

-4 3.7 0.0 0.02

-5 1,696 23.56 0.02

ToTAL 6,493% 764.73 0.5
22 (AUXILLIARY ATR VENT) o 4

cveLe 1 5,212 5,055 1.66

cYCLE 2 233.3 8,59 0.13

cycLs 3 65.96 6,572 .03

CcYCLE & 106.8 5.089 0.0%

OURING RUN 14.65 76,863 9.07
13 : (SECOMDARY AIR VENT) : &

“ 0-6 min. 206.9 3,448 0.06

4-16 atn. 154.4 6,896 0.0

18-30 min. 150.8 .89 0.15

30-42 mto. 146.3 6,89 0.06

0.06

42-57 min. 48.29 10,144

*Calculated Average




Assessment of Possible Health Risks
Associated with Exposure tao Ethylene Oxide
Released to the Atmosphere from the
Salinas Plant of McCormick and Company., Inc.

Prepared by:

McCeormick and Company. Inc.
11350 McCormick Road
Hunt Valley, MD 21031

January 1S, 1986

For further information, contact Dr. Richard Hall, Vice President for
Research and Development, at 301-667-7331.



Draft

CONTENTS

Page
ACKNOWLEDG EMENT - . - * L L] - » - - - - - . - » L) - - - - L L] - » i i ’

I. INTRODUCTION . &+ & + & & & o « s & o s s s & s s o s s s s » 1l

II. OVERVIEW OF THE RISK ASSESSEMENT PROCESS . . . « + - « « + . 4

IXIZ. RISK ASSESSMENT FOR ETHYLENE OXIDE . . . . + + ¢ « » + = + & 8
A. Hazard Identification. . . « « o ¢ ¢ « o o « o o o o 8
Animal Data . « ¢ ¢« ¢ 4 ¢ 4 s s s s 8 s s e o s+ . 8

Human Data. « . «¢ o & o ¢ o s v a o » = s s s & = 9

Conglusion. .« « + ¢« ¢« v ¢« v o o 2 o & + s o= s s 10

B. Dose-Response Assessment . . . . « &+ ¢ 4 4 s s s o s 10

Conclusion., . . ¢ + ¢ v v v « v o« 2 s e s e 2w s 21
c. Exposure Assessment. . . . &+ &+ + & ¢ ¢ s s e s o s v s 21
Ethylene Oxide Concentrations . . . . . . . . . . 22
Population EXPOSULES. « + « « o + & » » s « = + 21
D. Risk Characterization. . . + . + « « ¢ v « & o« o« = « & 28

IV, CONCLUSIONS. . . + « « « & &+ o o o s s &+ &+ & o+ o o o = « = 31

REFERENCES. « + + v & o & o-%o o o o o o o s s 2 2 2 3 ¢ s « « o » 33



Draft

ACKNOWLEDGMENT

McCormick and Company gratefully acknowledges the technical assistance of some
of the Nation's technical leaders in toxicology, biostatistics, exposure
modelling, and health risk assessmant, Those contributors iaclude Mr. Carrol
Weil (recired from the Carnegie-Mellon Institute}, Dr. Robert éielken {Taxas
ASM University), Dr. Laon Golberg (Duke University), and the professional
staff of ENVIRON Corporation particularly Dr. Robert G. Tardiff, Dr. Catherine

St. Hilaire, Dr. Duncan Turnbull, and Mr. Michael Scott.

McCormick is also indebted to Dr. Norman Gravitz of the California Department
of Health Services and Peter Ventorini of the California Air Resources Board
for providing details of their own evaluation of the exposures and estimated

health risks from ethylene oxide at the Salinas Plant.




Draft

I. INTRODUCTION

The Monterey Bay United Air Pollution Control District, using an
agsessment performed by the California Department of Health Services. has
proposed to limit ethylene oxide air emissions from the Schilling plant of
McCormick and Company, Inc., which is located in Saliﬁas, California., This
assessment was made following the proposal by the federal EPA to list ethylene
oxide as a hazardous air pollutant (USEPA 1985a). In view of the regulatory
proposal and with knowledge of the degree of uncertainty that is inherent in
the performance of risk assessments for possible human carcinogens such as
ethylene oxide, McCormick and Company, Inc. has evaluated the scientific
soundness of the State's risk assessment and has prepared a parallel
assessment which is presented in this document. We note that our health
assessment contains numerous scientific and methodologic considerapions beyond
those incprporated in the State's. The limitations in the State's assessment
were no doubt occasioned in part by restrictions on time and resources. We
are confident that our evaluation encompasses the most scientifically
supportable conclusions and that these should form the basis for the
District's risk management decisions. Uncertainties remain as to the degree
of estimated risk from the air emissions of ethylene oxide. They derive from
our general scientific ignorance and are typical of those encountered in

estimates of cancer risk from virtually all compounds.

During the years that McCormick has operated the Salinas plant, it is

convinced that, based on prevailing scientific information, the air emissions
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of ethylene oxide have caused no harm or unreasonabje risk to the health of-
the surrounding population, and in fact that the risk is highly likely to have
been zero. As additional information ahout any possible health risks of
ethyleﬁe oxide exposures becomes manifgst. and to the extent that
technelogical processes are available to mitigate such exposures, McCormick is
committed to incorporate all reasonable processes to reduce air emissions to
lower even the appearance of unacceptably high health risks.

Despite differences in brofessional judgment as to the magnitude of
estimated risks from defined concentrations of ethylene oxide, McCormick has
identified technology to reduce air emissions of ethylene oxide by
approximately ten-fold and to incorperate those processes at the Salinas plant
in 1986. 1In light of such an initiative, one might reascnably gquestion the
utility of our analysis of the possible health risks. The main objective of
such an analysis is, in our view, to instill public confidence that the
District's regulatory initiative and the firm's technological modifications
were not in response to any real or imagined imminent threats to health and
that the descriptions of the health impacts were based on the soundest
scientific analysis that ocur country has to offer. In that spirit, we offer
our detailed and documented evaluation of the health impact of sthylene oxide

air emissions on the community surrounding the Salinas plant.

Throughout our comprehensive risk assessment for ethylene oxide released
from the Salinas plant, we highlight the differences between our approach to
assessing the risks of ethylene oxide and those used previously by the State

of California Department of Health Services and indicate the bases for those




Draft
differences. We follow the general outline and procedures for risk assessment
developed by the National Academy of Sciences (1983), because these procedures
have become the accepted standard approach most appropriate for developing and
presenting risk assessments. We begin with a description of the risk
assessment process and then apply it to the assessment of potential risks to

human health associated with ethylene oxide emissions from the Salinas plant.

-3 -
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II. OVERVIEW OF THE RISK ASSESSMENT PROCESS

The capacity of a substance to cause harm under specified conditions of
exposure is a function of several variablas: the toxicity of the substance,
the relationship between dose and toxic response, and the extent of human
exposure. Risk assessment integrates these factors to estimate the likelihood
that a substance will cause toxic effects within the exposed human
population. Risk assessment is digtinct from risk managment which is the
process of evaluating alternative managemeat actions {e.g. regulations) and

selecting among them (NAS, 1981).

A recent study of risk assessment in che federal government conducted by
a committee of the National Academy of Sciences (1581) describes risk
assessment as having four basic steps: hazard identification, dose-response

assessment, exposure assessment, and risk characterization,

Hazard Identification. All chemical substances, whether natural or

man-made., have the potential to cause some form of toxicity -- biological
injury, disease, or death -- under some conditions of exposure. The purpose
of the hazard identification phase of risk assessment is to collect and
evaluate information on the inherent toxic properties of chemicals of
interest. It should be noted that identifying the toxic properties of a
substance is not eguivalent to identifying its possible risk, because the
conditions of exposure -- dose and ﬁuration -- are important determinants of
whether or not an adverse affect will ocecur, Thus., all of the steps of risk

assessment must be completed before any statement can be made about risk.
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The two principal sources of information about the toxic properties of
chemical substances are: investigations of exposed human populations or
individuals.(apidamioloqical or clinical investigations), and experimental
studies involving laboratory animals or other biological systems. In
addition, knowledge of the molecular structure of a substance may be of value

in predicting certain of its toxic properties.

Dose-Response Assessment. After identifying the types of toxicity
associated with a substance, the next step is to describe doseqrespénse
relationships. For an exposure of a given duration, the risk (therfréquency
with which toxic effects appear in an exposed population and often the
rapidity with which they appear), increases with increasing exposure (or
dose). In many cases the types of toxic effects change as exposure increases,

becoming more severe and involving additional organs with increasing exposure.

The dose-response relationship is critical to risk asssessment, and so
must be well-defined. Generally, well-defined dose-response relationships for
toxic effects are not obtainable from epidemiological studies because of
uncertainty regarding the amount of exposure asscciated with a given
response. Thus, experimental animal data are the primary sources of

dose-response information for risk assessment.

For non-carcinogenic effects, the dose-response data from an animal study
are used to identify a no-observed-effect level (NOEL); i.e., under
appropriate experimentai design, the highest dose at which no adverse effect
is observed among the animals being tested. For carcinogens, because the

induction of cancer by some carcinogens is thought to have no threshold,

-5 -
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mathematical models are used to estimate the probability, or risk, of cancer
per unit of dose (unit carcinogenic risk, UCR} for the laboratory animals
under investigation, For both carcinogens and noncarcinogens, the unit
carcinogenic risks and NOEL values determined in experimental animals must be

converted to similar measures of toxic potential in humans.

Exposure Assessment. Two tasks are undertaken in an exposure
assessment: first, the determination of the amount, duration, and route of
expogure to a substance which a population is likely to receive, and second,
characterization of the population as to the disktribution of susceptibility to

the toxic properties of the substance.

Knowledge of the magnitude, duration, and route oflhuman exposure to
environmental agents and, most importantly, the dose that results from this
exposure, is an essential component of risk assessment. If the concentrations
of contaminants in each of the media through which exposure can occur and the
magnitude and frequency of human contact with, and intake of, the various.
media are known, the human dose of each of the contaminants can be estimated.
In addition, when systemic toxicity is of cancern, absorption rates into the

bloodstream may also be considered.

Characterization of the exposed population will usually result in
identification of the number of people who will be exposed. In some cases,
population groups with unigue sensitivity to the substance of interest may be
identified (e.g., pregnant women in the case of a tératoqen). Because a

single exposure level may injure different organs or have different potencies
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in individuals of different susceptibilites, more than one NOEL or UCR may be

derived.

Risk Characterization. Risk characterization for non-carcinogens takes
the form of determining the margin-of-safety (MOS): the numerical value
derived when the human NOEL is divided by the anticipated human dose. A
judgment is needed to determine whether the MOS is sufficiently iarqe to
protect most members of the exposed populati;h. (This judgment.‘becéﬁse it
usually involves more than a scientific interpretation. is largely a component
‘of risk management.) With this approach, the smaller the MOS, the larger the
probability that injury may occur. The actual degree of risk azsociatéd with
a given MOS is, however, not quantifiable and there is no currently known
method for making this determination. Provided the.tdxicity of a
noncarcinogen is well studiéd. a very large MOS provides virtually complete'

assurance that adverse effects will not occur.

"Risk characterization for carcinogens provides an estimate of risk for a
population by combining the estimated daily lifetime dose for the population
with the unit carcinogenic risk calcula ed for humans. Thus, risk is
estimated and takes a value between 0 (certainty.that adverse effeﬁﬁs will not
occur} and 1 (certainty that they will). Even for well-studied_carcinoqeﬁs.

this estimate of risk is uncertain, and the estimate can not be asserted to be

the true risk.

-7 -
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ITI. RISK ASSESSMENT FOR ETHYLENE OXIDE

A. Hazard I[dentification

Ethylene oxide is released from the Salinas plant as a consequence of its
use as a sterilizer/fumigant for spice products produced at the plant.
According to the EPA “[s]ignificant public health benefits are derived from

the use of ethylene oxide as a sterilizing agent™ (USEPA 1985a).

Ethylene oxide has been associated with several adverse health effects
based on studies in animals and on data collected in humans: “{rlespiratory.
ocular, dermal, systemic and neurological effects in humans have been
associated with acute and subchronic exposure to ethylene oxide" (USEPA
1688a). Ethylene oxide tested positive in two long-term animal bhiocassays:;
and, in humans, three epidemiologic studies have suggested a possible
association betweea exposure to ethylene oxide and subsequent development of

cancer.

Because the regulatory emphasis concerning the adverse effects of
ethylene oxide has focused on its cancer-producing properties, we shall

concentrate on the evidence for carcinogenicity of this compound in this risk

assessment.

Animal Data. Two lifetime inhalation studies in rats demonstrated that
ethylene oxide can cause cancer in laboratory animals (Snellings et al. 1981:

Lynch et ai. 1982).
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In the study by Snellings et al. (1981}, Fischer 344 rats were exposed to
100, 33, or 10 ppm ethylene oxide vapor, 6 hours/ﬁay. 5 days/week, for
approximately two years. Ethylene oxide produced significant increases in the
incidences of several tumor types -- mononuclear cell leukemia (female raté).
Eeritoneal mesothelioma (male réts), subcutaneous fibromas (male racs).and
brain tumors (male and female rats). In addition, EPA has suggested that
development of pituitary adenomas "appear[s] to be accéleratad in female rats
exposed to 100 ppm, although there was no statistically increased incidence of

these tumors."”

In the study by Lynch et al. {(1982), male Fischer 344 rats were exposed
to ethylene‘oxide at either 50 or 100 ppm for 7 hours/day, 5 days/week, for 24
months. These authors reported, in a preliminary analysis of the data, that
ethylene oxide appeared to increase the incidence of mononuclear cell
leukemia. When only animals examined at terminal_sacrifice were included in
the analysis, there was a statistically significant linear trend in the
incidence of this type of leukemia. [a addition, e;hylene oxide significantly
increased the incidence of peritoneal mesotheliomas, and mixed cell gliomas

were observed in low incidence in treated animals but not in untreated

controls.

Human Data. Three epidemiclogic studies of persans'exposed to ethylene
oxide in the workplace reported an association between ethylene oxide exposure |
and cancer incidence or mortality. Significantly increased mortality for
stomach caﬁcer and leukemia, and siéniticantly increased incidences of cancers
of all sites were observed in ethylene oxide production workers (Hogstedt et

al, 1979a, 1984). Hogstedt et al. (1979b, 1984) also reported significantly
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increased incidences of leukemia and caacer of all sites and significantly
increased mortality from leukemia among workers exposed to ethylene oxide as a
sterilizing agent. A major shortcoming of the epidemiology studies described
above is that the cohorts were exposed to other chemicals in addition to
ethylene oxide including methyl formate and two animal carcincgens, chylene
dichloride and bis(2-chloroethyl) ether. Consegquently, it ig not possible to
determine which if any of those suhstancés was causally related to the
observed increase in cancer incidence. In the third positive human study,
Morgan et al. (19813 reported increased mortality from pancreatic cancer and

Hodgkin's disease among workers exposed to echylene oxide.

Conclusion

There is sufficient evidence to conclude that ethylene oxide is an animal
carcinogen. The direct evidence in humans is equivocal; however, it is
reasonable to infer from the animal studies that ethylene oxide might cause
cancer in humans exposed to sufficiently high dose levels. According to the
EPA, "ethylene oxide is probably carcinegenic in humans" based on positive

chronic animal biocassays and limited human evidence (USEPA 198%a).

B. Dose-Response Agsessment

The risk estimate developed by the State of California was based on the
Hogstedt et al. (1979b, 1684) study showing an increased mortality from
leukamia in i#dividuals exposed to ethylene oxide in the workplace. On this
basis, the lifetime probability of dying from leukemia due to ethylene oxide

exposure was estimated by the State to be 3.6 x 10~ ' for lifetime inhalation

- 10 -
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exposure to ethylene oxide at 1 pq/m’. That is, the UCR was estimated to

be 3.6 x 107" (prm’)”"t.

There are, however, a number of defects with this approach:

. The mortality rate among exposed females in Sweden was compared to
the lifetime probability of dying of cancer with no or negligible
ecthylene oxide exposure for U.S. males (USEPA 1985b).

. Thera was a general lack of exposure information in the
' epidemiology studies.

. The Hogstedt investigation was based on a study population that was
exposed to a gas containing 50% ethylene oxide and 50% methyl

formate. Little is known about the adverse health effects of
methyl formate or the combination of ethylene oxide and methyl

formate.

. Extrapolation from the human leukemia data results in a highly
uncertain vrisk estimate due to the small numbers of leukemia cases

that were observed and expected.

Several of the above-mentioned limitations were highlighted in EPA's
Final Report of the Health Assessment Document for Ethylene Oxide (EPA
1985b). In that document, the human evidence for carcinogenicity of ethy;ene
oxide was categorized as "limited bordering on inadequate."” Similarly, we
conclude that the epidemiologic data are inadequate to derive an estimate of

cancer risk from exposure to ethylene oxide.

EPA developed an incremental UCR estimate for gthylene oxide of 1.0 x 10~°
(pg/m’)". This UCR indicates that if a persom was continuously exposed
to 1 microgram of ethylene oxide per cubic meter of air for 70 years, the 95%
upper confidence limit on the increased probability of gettinq‘cancer as a
result of ethylene oxide exposure would be 1 in 10,000 (i.e., the probability

in addition to the probability of developing cancer due to all other causes).

- 11 -
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EPA's risk estimate was developed using a linearized multistage model applied
to incidence data on total mononuclear cell leukemias and brain gliomas in
female Fisher 344 rats from the Snellings et al. (1981) study. The procedures
for deriving this risk estimate were generally consistent with the EPA's
carcinogen assessment guidelines (USEPA 1984) including:

o The 95% upper confidence limit on the extra risk (due to exposure to
test substance) is used to give an upper bound on risk.

~

L The data set (tumor dose-response information) that gives the highest
estimate of the lifetime carcinogenic risk, q*, is used to
develop the risk estimates. In cases where two or more significant
tumor sites are observed in the same study. the number of animals
with at least one of the specific tumor sites is used as incidence
data. (In fact, EPA erred in deriving these incidence data and
double-counted several animals that had both leukemia.and glioma.)
. The interspecies scaliné factor used to adjust doses used in animal
studies to equivalent doses in human§ is relative bedy surface area
or dose expressed per (body weiqht)a i
The methods used by EPA's Carcinogen Assessmeat Group (CAG) are extremely
congervative and tend to result in high estimates of risk which likely greatly
overestimace the true risk. Several factors contribute to this overestimation:
1) the selection of a linear, nonthreshold extrapolation model (the linearized
multistage model):; 2} the use of tumor incidence data from the most sensitive
but not necessarily most relevant, animal species/strain/sex; and 3) the use
of body surface area as an interspecies scaling factor which increases the
risk estimate by a factor of between 5 and 10 (for ethylene oxide, EPA's risk
estimates were increased by a factor of 5.5 for the males and 6.8 for the

females). Also, ignoring time-to-tumor information and relying on total

incidence data may distort the estimate of risk.
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We have performed a sensitivity analysis to determine the cumulative
impact of various combinations of assumptions made by EPA in its assessment.
We estimated UCR's and 95% upper confidence limits using two different models,
four sets of tumor incidence data, and fou; éssumptions regarding interspecies
equivalence in sensitivity, using data from the Snellings et al. (1981)

study. In all cases, the high-dose group was deleted because inclusion of
this group generally gave a poorer fit of the low-dose extrapolation models
than when the high dose group was.included due to the flattening out of the
dose-response curve at high-dose levels. By excluding the highest dose group.
. the fitted model more closely reflects the shape of the dose-response curve in
the low-dose region of the animal study. A wide range of UCR values is

obtained just by varying the following four choices:

1. The Response of Concern:
1.1) Brain Neoplasia in Male Rat
1.2) Peritoneal Mesothelioma in a Male Rat
1.3) Brain Neoplasia in Female Rat
1.4) Mononuclear Cell Leukemia in Female Rat
2. The Mathematical Model:
2.1) Multistage Model
2.2) Probit Model
3. The Value Representing the Mathematical Model:
J.1) Fitted Model Value {Maximum likelihood estimate)

3.2) Upper Bound (95%)

- 13 -
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4. Assumed Basis for Species Equivalance:
4.1) Air Concentration
4.2) Exposure Days per Week
4.3) Body Weight

4.4) Body Surface Area

The value of the UCR for each of the corresponding 64 combinations of
choices is shown in Table L. The ratio of the largest to the smallest UCR is
approximately 32,000. Thus the UCR for ethylene oxide vapor inhalation wvaries
over four orders of magnitude depending on those four choices alone. Even if
the mathematical model is limited to the multistage model, the UCR value
varies 2,006-fold over the three remaining choices. Furthermore, those

variations exclude the negative lower bounds on the UCR.

Unfortunately, the discussion of unit risks in the EPA Health Assessment
Document‘for Ethylene Oxide (USEPA 1985b) reports only the UCR values
associated with the upper bounds of the multistage model. The Health Assess-
ment Document does not report the UCRs estimated from the best fits of the
multistage model, nor those associated with the lower bounds on the multistage
model. Nor does it report UCR values for other models. Furthermore, the
Health Assessment Document refers to UCR values based on the upper bounds as
UCR estimates instead of bounds on the UCR. This terminology is misleading
and gshould not be used; & careful distincticn should be made between an
estimate of a UCR and a bound on a UCR. A similar distinction should also be
made with respect to other risk characteristics; for example, the distinction
should be made between an estimate of the wvirtually safe deose (VSD) and a

bound on the VSD.
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Response
Of Concern

Brain
Neoplasia
in Male Rats

Peritoneal
Mesothelioma
in Male Rats

Brain
Neoplasia ia
Female Rats

Mononuclear
Cell

Leukemia in
Female Rats

Ratio:

Effects of Different Choices of Data and
Procedures on Estimated Unit Risk

Model

Characteristic

Upper Bound

Fitted Model
Value

Upper Bound

Fitted Model
Value

Upper Bound

Fitted Model
Value

Upper Bound

Fitted Model
Value

Table 1

‘Multistage Model

Assumed Basis for

Species Equivalence

Air Concentration
Exposure Days/Week
Body Weight
Surface Area

Air Concentration
Exposure Days/Week
Body Weight
Surface Area

Air Concentration
Exposure Days/Week
Body Weight
Surface Areas

Air Concentration
Exposure Days/Week
Body Weight
Surface Areas

Air Concentration
Exposure Days/Week
Body Weight
Surface Areas

Air C ncentration
Exposure Days/Week
Body Weight
Surface Areas

Air Concentration
Exposure Days/Week
Body Weight
Surface Areas

Air Concentration
Exposure Days/Week
Body Weight
Surface Areas

Largest Unit Risk/Smallest Unit Risk
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Regponse
Qf Concern

Brain
Neoplasia
in Male Rats

Peritoneal
Mesothslioma
in Male Rats

Brain
Neoplasia in
Female Rats

Mononuclear
Cell

Leukemia in
Female Rats

Ratio:

Ratio:

Model

Characterigtic

Upper Bound

Fitted Model
Value

Upper Bound

Fittaed Model
Value

Upper Bound

Fitted Model
Value

Upper Bound

Fitted Model
Value

Table 1 {continued)

Probit Model

Assumed Basis for

Species Equivalence

Air Concentration.
Exposure Days/Week
Body Weight
Surface Area

Air Concentration
Exposure Days/Week
Body Weight
Surface Area

Alir Concentration
Exposure Days/Week
Body Weight
Surface Areas

Air Concentration
Exposure Days/Week
Body Weight
Surface Areas

Air Concentration
Exposure Days/Week
Body Weight
Surface Areas

Air Concentration
Exposure Days/Week
Body Weight
Surface Areas

Air Concentration
Exposure Days/Week
Body Weight
Surface Areas

Air Concentration
Exposure Days/Week
Body Weight
Surface Areas

Largest Unit Risk/Smallest Unit Risk

Largest Unit Risk Using Both Models

Smallest Unit Risk Using Both Models
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The variation in the UCR values.{both estimates and bounds) is even
greater if other choices are included. However, it may be more important to
emphasize that the UCR as well as the other risk characteristics (such as the
VSD) which do not reflect the.time-to-response information are limited in

their characterization of the risk of ethylene oxide wvapor inhalation.

As an alternative to the procedures used by California Department of
Health and EPA, we have used two procedures which are likely to give a more
precise indication of the actual risk, though even these procedures contain
gome conservative assumptions which likely overstate the risk. Both of the
procedures utilize animal carcinogenicity data since, as noted earlier, and as
EPA has agreed, the available epidemiologic data are inadequate for

quantitative risk assessment,

In our first approach, we have used the multistage model as EPA did, but

we have made three adjustments to improve the precision of the estimates:

. We have developed maximum likelihood estimates based on two
different data sets. The use of maximum likelihood estimates of
risk, rather than upper confidence limits, is more scientifically
justifiable, since that is the area where the dose-response curve

ig most likely to reside,
L We have selected body weight as the interspecies conversion factor,

because we are convinced that this procedure provides. on average,

a more precise estimate of the actual human risk (Crump et al.

- 17 -



Draft
1980) and., therefore, greater precision in the estimation of cancer

risk from ethylene oxide than those used by the State or EPA.

. We have used the number of animals with significant tumors rather

than the number of tumors, thus aveiding the error made by EPA of

double-counting animals that have both leukemias and gliomas.

In our second approach, we have used the Hartley-Sielken time-to-response
model (Hartley and Sielken 1977), a generalization of the multistage model to
include time-to-tumor data. This provides estimates of potential loss of

lifespan due to cancer,.

Applying the multistage model to the incidence data on only mononuclear
call leukemia in female rats (the most sensitive tumor type and sex), the UCR
is 8.5 % 10”° (ugs/m’)"' if all four dose levels are included and 1.3 x
10”% (ug/m’)”™" if the highest dose level is deleted. The difference
is due to the fact that the dose-response curve appears to flatten cut at
high-dose levels and does not fit the multistage model as closely if all four

dose groups are included.

As noted earlier, the incidence data used by EPA for combined menonuclear
cell leukemia and glioma in female rats were in error because four animals
(two in the 100 ppm group and one each ia the 33 and 10 ppm groups) had hoth
leukemia and glioma. These animals were double-counted by EPA in Table 9-33

of its final Health Assessment Document for Ethylene Oxide (USEPA 1985b). We
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have recalculated the UCR using the multistage model and the correct data set

as listed below.

Dose m) "Incidence of leukemia or glioma or_ both
0 237186
10 14/71
33 26/72
100 30/73

Based on these data, the maximum likelihood estimate (MLE) of UCR using
the multistage model is 9.5 x 10™° (ug/m’)~' if all four dose groups

are included, and 1.0 x 10~° if the highest dose level is omitted.

The 95{ upper confidence limit {(UCL) for each of these UCRs is 1.3 x
10°°. We use the higher MLE value of 1.0 x 10" (pg/m*)~"' in the
charactarization of risks presented later, since this estimate is derived
using all of the tumor types significantly associated with ethylene oxide
exposure in female rats and is likely to give a better estimate of the risk
than the use of an estimate based on mononuclear cell leukemia alone. The MLE

value is selected rather than the UCL since the former is more consistent with

the experimental data.

Using the Hartley-Sielken time-to-response model applied to female rat
survival data, the estimates of loss of expected lifespan shown in Table 2 are
obtained. Those estimates represent an added and valuable dimension to the
characterization of risk. Assuming humans and female rats have equivalent
time-to-response behavior on a dose;per-unit-hody-weight {mg/kg/Qay) basis,
these estimates can be used to estimate life shortening in humans exposed

continuously to ethylene oxide (Table 2).
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Table 2 l

Estimate of Decreases in the Average
Lifespan Based on Time-to-Response Modeling
of Survival Data From Snellings et al. (19381)'

; Decrease Percentage Corresponding
Dose {ug/m”) in Female Rat's Decrease in the Decresase in a
24 hr/day, Estimated Mean Rat's 25 Month Human 70 Year
7T days/week Survival Time {months) Experimental Period Period
233 0.03 0.12 1.0 month
54 0.007 0.027 1.0 week
7.8 0.001 0.003% 1.0 day
0.32 0.00004 0.00016 1.0 hour
0.11 0.000014 0.00006 20.0 minutes
! Assumes that rats and humans have equivalent time-to-response behavior on .

a dose-per-unit-body-weight (mg/kg/day} basis.
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For example, the air concentration of ethylene oxide that would reduce life
expectancy by just one hour is 0.32 pq/mj; a one-day reduction would

result from ethylene oxide concentrations of 7.8 pg/m’. A concentration

“of 1 pg/mJ would result in a decreased life expectancy of approximately 3

hours.

Conclusion

Two alternative analyses have been presented. Using the multistage
model, which inherently does not make use of the time-to-response information,
and using the increase in incidence of mononuclear cell leukemia and glioma in
female rats exposed to ethylene oxide, the estimate of UCR (based on the best

fit of the multistage model. with interspecies risk equivalence on a body

weight basis) is 1.0 x 10™° (ug/m*)~'.

Alternatively, based on the more appropriate Hartley-Sielken model, the
loss in average life expectancy from exposure to ethylene oxide at 1 pq/m’

would be estimated to be, at most, approximately 3 hours.
It is also possible that the risk of cancer or reduction in life

expectancy is much less, even zero. if ethylene oxide is not a human

carcinogen, or if it does not cause cancer at such low dose lavels,

cC. Exposure Assessment

An assessment of the magnitude and extent of exposure to ethylene oxide

emissions from the Salinas plant was undertaken for McCormick and Company,
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Inc. A detailed discussion of the methods used in this assessment have been
presented in a separate document (ENVIRON 1986). The results of that analysis

are summarized helow.

Ethvlsne Oxide Concentrations

The assessment of ethylene oxide emissions was performed using the same
general approach that the State had used for its axposure éomponent of tha
risk assessment; i.e., the dispersion of ethylene oxide. emissions from the
plant was represented using a mathematical dispersion model dgveloped for the

EPA -- the Industrial Source Complex (ISC) Model. '

Ethylene oxide concentrations were determined under three release

scanarios:

Case l: Present operating conditions;

Case 2: With the addition of a DEOXX scrubber:

Case 3: With the addition of DEOXX scrubber and raising the height of
the main stack to 48 feet.

From the model, it was possible to generate isopleths (lines on a map

joining points of equal concentration of athylene oxide) arcund the plant.

The highest ethylene oxide concentrations for all three release scenarios
are found at the eastern boundary of the plant tacility. They are: 89.1
ug/mJ (case 1), 17.0 {(case 2), and 2.8 }.tg/m3 {case 1), However, the
area to the east is virtually unpopulated, The most populated areas lie to

the west-northwest (WNW) of the plant. Under current operating conditions

- 22 -

——_—ﬁ




Dratt

(case 1), the maximum annual average ethylene oxide concentrations to which
the populated areas to the WNW of the plant are exposed are in the range of
1-2 pg/m’. Installation of the beoxx system {case 2), reduces ethylene

oxide concentrations by apéroximately 5-fold (0.11-0.38 pg(m’) and raising

of the aeration stack after installation of the DEOXX system (case 3), effects
an additional slight reduction (0.11 - 0.27 pg/m’). The concentrations
estimated for the WNW direction wil; be used in the development of risk

estimates in the risk characterization step which follows.

Isopleths showing ethylene oxide concentrations out to 3.5 km from the
plant were used to develop the WNW concentration ranges and are shown in
Figures 1 through 3 for cases 1 through 3, respectively. The ranges

themselves are listed in Table 3.

Population Exposures

The population residing within the 0.11 ug/m’ isopleth under case 3

~has been estimated. The 0.1l isopleth was chosen because, based on the unit

risk value for ethylene oxide (1.0 x 10°% (ugsm®)”'), exposures below

0.11 pg/m’ {in areas outside the 0.11 isopleth) would result in lifetime

risks of less than 1 x 10”° and would, hence, be insignificant or de

minimis. The population within the 0.1l isopleth is estimated to consist of
approximately 100-200 residents and 2,100-2,200 workers in industrial plants.
In addition, two inactive and five active migrant labor camps are located
within the 0.11 isopleth. The migrant worker population has been estimaﬁad at
650-1,150. Thus, it is conservatively estimated that between 3,000 and 3,500

people may be exposed to concentrations of ethylene oxide in excess of 0.11
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Table 3

Estimated Ethylene Qxide Concentrations

Concentrationfug/m') at:

. Eastarn Boundary Closes: Pogulation
Relezse Scenario cf Plant Area :
1 89.1 1-2
2 17.0 0.11-0.44
3 2.8 0.11-0.27

! See description in text.

? Located approximately 700-1400 meters to the west-northwest of the plant.
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ug/m’ due to emissions from the McCormick facility. The industrial
wﬁrkers would be exposed for no more than 8 hours/day, 5 days/week. The
migrant workers are likely to be exposed for only a fraction of the year and
may not return in future years. Consequently, the number of individuals who
might be exposed continuously far extended periods should ba no greater than

100-200 *

D. Risk Characterization

Baged on the rationale provided in the dose-response assessmant, we shall
use a UCR value of 1.0 x 10~° (ug/m’)”' for ethylene oxide.
Multiplying this value by the ethylene oxide concentrations estimated in the
exposure assessment results in the predictions of excess cancer risks
associated with estimated concentrations (Table 4). The lifetime risks
predicted for the populated area located west-nofthwest (WNW) of the plant
would be 2.0 x 10~° if exposure were to continue unchanged (usging the
maximum concentration for the closest populated area). but would be reduced to
about 3 x 10~°% after installation of the exhaust-treatment systems (under
case 3). Since only about 3,500 people are estimated to live or work within
the 0.11 pgsm’ isopleth (for case 3), and most of these are outside the
0.27 pg/mJ isopleth, the remediated emission of ethylene oxide from the

Salinas plant is estimated to produce no more than 0.0l excess cases of cancer

per lifetime in the surrounding population:

1 x 20°° (pg/m’)”™" x 0.27 pg/m’ x 3,500 - 0.01
(UCR) x (conceatration) x (population) = number of cases
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Table ¢

Estimated Maximum Excess Cancer Risks
Associated with Ethylene Oxide Emissions from
McCormick Salinas Plant

Estimated Lifetime Estimated Loss
Release Scenario EtO Concentration' Rigk : of Lifespan
Case 1 2 . 2x10°° 6.2 hours
Case 2 0.38 3.8 x 10”° 1.2 hours
Case 3 0.27 2.7 x 10 0.8 hours

t Values are the maximum concentrations for area between isopleths where
residences are located to the west-gorthwest of the facility,
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Because the UCR is basad on continuocus lifetime exposure, the number of excess .
cases of cancer in the population most likely to be exposed (the 100-200

residents) is estimated to be:
1 x 10" (pg/m¥)™! x 0.27 pg/m® x 200 ~ 0.0005

All exposures beyond the 0.11 isopleth would result in risks of less than

1 x 10™° and are, therefore, de minimis.

Further, the projected estimate of excess cancer cases per lifetime of
0.01 represents a conservative estimate and the actual risks are likely to be

even lower, possibly zaero, since:

(1) data from the most sensitive species, strain, sex and tumor site
were used to estimate low-dose risks;

(2) a conservative low-dose extrapolation model (the multistage model) .
is used to generate low-dogse risk estimates:;

{3) exposure is assumed to be continuous (24 hours/day, 365 days/year)
far 70 years, a highly unlikely situation; and

(4) the exposure estimate was based on a conservative estimate of the
number of individuals living or working in the vicinity of the
Salinas plant.
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IV. CONCLUSIONS

There is conclusive evidence that ethylene oxide is an animal carcinogen.
The evidence from epidemiologic studies is equivocal and is not adequate for
use in quantitative risk assessment. In the interest of public health, and in
the absence of substantial other evidence, it is frequently the practice for
regqulatory bodies to act as if ethylene oxide were a probable human
carcinogen. However, before taking action, a regulatory authority has the
responsibility of determining the magnitude of the risk and the likely health
consequences to affected citizens. To be credible, such an assessment must
avail itselfl of the state-of-the-art in scientific knowledge and understanding

to establish whether the risks are significant or trivial.

Experts in the field of risk assessment differ in their choice or
procedures for use in risk assessment. 1In our‘view, the procedures used by
the California Department of Health and the Eaviroamental Protection Ageacy
are not the most appropriate for use in the present case. Based on what we
conclude is the most appropriate procedire for risk assessment, installation
of the exhaust treatment system and raising the stack height will reduce any
potential risk to human health to a level of no more than approximately 0.3 in
100,000 (one in 370,000} even assuming lifetime exposure. This would be
equivalent to a loss of lifespan of, at most, approximately 3 hours. Based on
the estimate of population in the area, this corresponds to less than 0.01

cases of cancer per lifetime. For most of the surrounding population, the
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exposure, and hence the risk is even lower, and may even be zero. Such a risk .
level has been historically determined to be acceptable for the general

population.
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I. INTRODUCTION

In 1985, the Monterey Bay United Air Pollution Control
District became concerned that emissions of ethylene oxide (Et0)
from stationary sources such as McCormick's Salinas (i.e.

- shilling) plant might pose an unacceptable risk to the health of
the population surrounding such sources. The District sought the
assistance of California's Air Resources Board and the Department.
of Health Services, whose evaluations served to enlighten
understanding of EtO exposures and toxic properties.

To assist the District in structuring the basis for
recommendations to control emissions of EtO from the Salinas
plant, McCormick undertook a risk assessment. That original
. assessment, completed on January 15th of 1986 (McCormick, 1986)
and to which the present report is a supplement, concluded that
raising the stack height and adding the DEQXX process would yield

(a) a unit cancer risk of no more than one estimated cancer case
per 370,000 people exposed for a lifetime and (b), given the |
population size surrounding the plant, an estimated cancer
incidence of no more than 0.0l case in 70 years. Those
conclu<ions were based in part on average plant emission rates
and meteorological data over a 24-hour cycle, even though the
plant's actual operating cycle was only 17 hours in duration. To
address any potential underestimates of exposure and hence risk,
an uncertainty factor was introduced into the analysis.

The District, at the behest of California's Air Resources
Board, requested a re—analysis of the meteorological'data to
enhance the precision of the exposure estimates. This Supplement
describes the results of those recalculations and their impact on
the estimated risks of developing cancer among the population
surrounding the Salinas plant.



II. RISK ASSESSMENT FOR ETHYLENE OXIDE

The risks estimated from inhalation expaosures to EtO are
based in part on the hazard determination and dose-response
assessment in the original report. The reader is encouraged to
refer to those sections for some understanding of the toxic
properties of EtO and of the studies critical to estimating human
cancer risks. '

A. Exposure Assessment

The original exposure analysis had been carried out by
ENVIRON Corporation (ENVIRON, 1986) which provided estimates of
exposures to air concentrations of EtO in the areas surrounding
the Salinas plant. NVIRON also performed this supplemental
analysis.

In the present report, revised EtO concentration in air are
estimated using an alternative dispersion model (i.e., ISCST as
recommended by California's Air Resources Board) which, because
it simulates emissions on an hourly time step, is capable of
simulating the diurnal variation of EtO at the plant (there are
no emissions between midnight and 7 a.m.). Previously, the
modelling had not included this effect. Since a significant
correlation exists between wind direction and time of day at
Salinas, wind direction would be expected to impact exposures
from plant emissions. 8ince there are no emissions at times when
a disproportionate fregquency of easterly winds was expected to
occur, it was anticipated that the original (ISCLT) dispersion
model would tend to overestimate concentrations to the west of
the plant and underestimate concentrations to the east. Thus, it
was suspected that the maximum levels, predicted to occur to the
east, may be higher than estimated by the ISCLT model.

As in the original report, exposures are assessed for three
scenarios: (1) under present operating conditions; (2) with the
addition of a DEOXX scrubber; and (3) with the addition of a
DEOXX scrubber and raising the height of the main stack to
approximately 50 feet.




1. Dispersion Model

The dispersion of EtO emissions from the plant was
represented using the Industrial Source Complex (ISC) model, a
mathematical dispersion model recently developed for the
Environmental Protection Agency (EPA). It was selected for its
-capability of simulating the emission sources of interest in this
study (Bowers, et al., 1979). It consists of two separate
computer codes: the first, ISCST, is a short-term or sequential
model which uses hourly meteorological data for the site under
study to simulate hourly ambient air concentrations downwind of
emission points (these hourly values can also be agq#egated to
form avérages over longer periods); the second, ISCLT, is a
long-term or climatological model which uses joint frequency data
of wind speed, wind direction, and atmospheric stability class to
produce annual or seascnal ambient air concentrations around the
emission points. The original exposure assessment, reported in
January 1986, was based on the use of the ISCLT model. In the
present study, ISCST was used to calculate the annual average
concentrations which are of primary importance in the exposure
assessment. Unlike ISCLT, the ISCST is capable of simulating the
diurnal variations in EtO emissions at the plant.

The ISC model treats the dispersion of each emission
source as a Gaussian plume, in which the concentration of
pollutants within the plume follows a normal distribution, or
"bell,” curve in the vertical and horizontal. crosswind
directions. Volume sources, of in:erest here, are represented as
virtual point sources, i.e., as if they are point sources
emitting at some distance upwind of the actual point of
emission. This distance depends on the dimensions of the volume
sources and atmospheric stability conditions. Concentrations are
calculated at specified points downwind as a function of |
meteorological parameters, i.e., wind speed, atmospheric
stability class, mixing height, and as a function of downwind
distance. In the short-term version, ISC estimates _
concentrations at the required receptors for every hour over the
period for which meteorological input data are provided. 'Average



concentration can then be computed for a period, e.9., one year;
and a number of other statistical summaries of the hourly
concentrations can also be generated, .

2. Input Data

a. Meteorological/Topogqraphic Data. The first set of
input data required by the model are concerned with local
meteorological and topographical conditions. The hourly
meteorological data were obtained from the California Air
Resources Board in the required pre-processed format suitable for
direct input to the ISCST model. The data were derived from
measurements taken at Salinas Airport over the five-year period
1960 to 1964, inclusive. The model was run using each of the
five years of data separately. Topographic relief was not
considered in the simulation. Since the emissions are released
close to ground level and there are no major elevation changes in
the vicinity of the plant, that was not considered a significant

limitation of the analysis. .

b. Emissions Data. The emission sources were treated

conservatively as two separate volume sources, since the heights
and locations of the wvarious vents are such that emissions would
likely be downwashed and mixed into the building wakes under some
wind conditions. Exhaust from stacks 1 to 16 (Rice Mill, Mill
Exhaust and Cinnamon Exhaust) was assumed to emanate from the
first volume source of height 37 feet and an average
cross-sectional dimension of 27 feet. The effective release
height for this source was 18.5 feet. The exhaust from all other
stacks was assumed to emanate from the second volume source of
height 22 feet and an average cross~sectional dimension of 95
feet. The effective release height in that case was 11 feet. In
the third scenario, emissions from stack 20 (aeration stack) were
considered as being emitted from the stack raised to 48 feet. In
that case, emissions from the stack were treated as a single
point source, i.e., unaffected by building downwash effects. It .

*




should be noted that, in all simulations, plume rise due to
buoyancy or momentum of the exhausts has not been taken into

account.
_ TABLE 1.
Emission rates (g/s) of Et0O from the.
McCormick's Salinas Plant
Source Group Scenario
1 2 3

1 (Stacks 1 - 16) 0.0013 = 0.0013 0.0013

2 (Stacks 17 - 23) 0.348 0.0774 0.0091(2)

3 (Stack 20) : (1) (1) 0.0_683

Notes: (1) included in group 2
(2) excludes stack 20

The values in Table 1 are average hourly emission rates for
the 17 hours of operation of the plant and were derived in
the manner described in the January 1986 report.

The emission rates (g/s) used for the three source
groups identified above under the three scenarios (existing
conditions plus two emission control scenarios) are provided in

Table 1.

c. Receptoé Data. The final set of input data
concerns the locations of the receptor points at which ambient
concentrations are to be calculated by the model. In ISC, these
must be specified by the user. To cover the potential impact
area of plant emissions, a polar grid of receptors was specified
between 300 m (the distance estimated to the closest residence)
and 4.5 km from the plant. The distance increments used were 100
m between 300 m and 2 km, and 500 m between 2 km and 4.5 km.




Receptors along each radial arc were regularly spaced at 22.5
degree intervals, corresponding to directions N, NNE, NE, ENE, E,
etc. from the plant,

3. Ethylene Oxide Concentrations
Figures 1, 2 and 3 show the predicted annual average

patterns of concentrations at ground level for the three emission
scenarios identified above, i.e., (1) under present conditions,
(2) with the DEOXX scrubber, and (3) with the DEQXX scrubber and
a raised main stack. The results are given for the year of
meteorological data which gave the highest predicted
concentrations (i.e., 1961). (A summary of the data for each of
the five years is presented in the Appendix.] In all cases, the
~model predicted that the maximum concentration occurs 300 m from
the plant, although the direction to the receptor having the
highest potential exposure varies slightly (between E and ESE)
according to the emission scenario. In addition, concentrations
at a distance of 60 m from the plant, corresponding to the
approximate position of the plant property line, have been
crudely estimated by extrapolation of the model output. The
model does not provide reliable results at such short distances
from the emission source. The maximum concentrations are

summarized in Table 2.

As in the earlier study, the highest concentrations are
predicted to occur to the E and ESE of the plant, reflecting the
predominance of W and WNW winds at Salinas, even when the diurnal
effect is explicitly included in the modelling. Relatively high
levels also occur to the WNW. ' :

The highest ethylene oxide concentrations for all three
release scenarios are found at the eastern boundary (60 meters)
of the plant facility, and are virtually identical to the
estimates generated in the original report. They are 90
ug/m3 (scenario 1), 20 ug/m3 (scenario 2), and 3 Hg/m3
(scenario 3). However, the area to the east is virtually
unpopulated; and, therefore, no health risk is present at that

location,




| TABLE 2
Ambient Air Concentrations of EtO Surrounding
McCormick's Salimas Plant in 1961
(The Year between 1960 and 1964
that Yielded the Highest Estimated
Concentrations) Estimated Using the ISCST Model.

Maximum Maximum Direction
Scenario Concentration Concentration to Critical
at 60 m . at 300 m Receptor
(Kg/m3) (Fug/m3)
1 90 7.74 E
2 20 : 1.74 E
3 3 . 0.86 ' ESE

The populated areas lie to the west-northwest (WNW) of
the plant. Using isopleths derived from the dispersion model,
estimates were made of the concentrations of EtO to which
individuals might be exposed. The population group of concern
was that between the closest residences to the plant and the
farthest point from the plant at which the concentrations of EtO
would yield no greater risk than one per hundred 100,000
individuals per lifetime (the conventional threshold of risk
acceptability governing requlatory decisions in this country).
Under current operating conditions (scenario 1), the maximum
annual average ethylene oxide concentrations to which populatecd
areas to the WNW of the plant are exposed are in the range of
0.4-1.0 Pg/ma. Installation of tk: DEQXX system (scenario 2)
reduces ethylene oxide concentrations by approximately S-fold
(0.05-0.20 Pg/m?): and raising of the aeration stack after
installation of the DEOXX SYSTEM (scenario 3) effects no
additional measured reduction {(0.07-0,20 ug/ma). The .
concentrations estimated for the WNW direction will be used in
the development of risk estimates in the risk characterization
step which follows. '



Isopleths showing ethylene oxide concentrations out to
3.5 km from the plant were used to develop the WNW concentration
ranges and are shown in Figures 1 through 3 for cases 1 through
3, respectively. The ranges themselves are listed in Table 2.
A comparison of the present findings with the original exposure
estimates indicates little or no significance differences at 60
meters between those derived with the first model incorporating a
safety factor and the more precise estimates based on hourly
meteorological data. By contract, greater reductions in EtO

Table 3
Comparison of EtO Concentration
at 300 Meters from McCormick's Salinas Plant
Using Two Dispersion Models

Hg/m3
Scenario Model 1* Model 2+* % Reduction
1 12.2 7.7 37
2 2.3 1.7 28
3 1.0 0.9 10

* Model 1 uses meteorological data averaged over 24 hours; Model
2 uses hourly meteorological data for the 17 hours of
operation each work day.

concentrations were estimated at 300 meters from the plant,.
Table 3 presents both sets of estimates at 300 meters.
4, Population Exposures ,

The population residing within the 0.1 Pg/m3
isopleth under case 3 has been estimated. The 0.1 isopleth was
chosen because, based on the unit risk value for ethylene oxide
(1.0 x 1073 (Pg/m3)'1), exposures below 0.1 Ug/m3
(in areas outside the 0.1 isopleth) would result in lifetime
risks of less than 1 x 107 and would, hence, be insignificant
or de minimis. The population within the 0.1 isopleth is
estimated to consist of approximately 100-200 residents and
2,100-2,200 workers in industrial plants. In addition, two
inactive and five active migrant labor camps are located within
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the 0.1 isopleth. The migrant worker population has been
estimated at 650-1,150. Thus, it is conservatively estimated
that between 3,000 and 3,500 people may be exposed to
concentrations of ethylene oxide in excess of 0.1. l-lg/m3 due

to emissions from the McCormick facility. The industrial workers
would be exposed for no more than 8 hours/day., 5 days/week. The
migrant workers are likely to be exposed for only a fraction of
the year and may not return in future years. Consequently, the
number of individuals who might be exposed continuously for
extended periods should be no greater than 100-200.

D. Risk Characterization

Based on the rationale provided in the dose-response
assessment, we use a UCR value of 1.0 x 10 ° (Hc_:[/ms)_1
for Et0. Mulriplying this value by the Et0O concentrations
estimated in the exposure assessment results in the predictions
of excess cancer risks associated with estimated concentrations
(Table 4). The lifetime risks predicted for the populated areu
located west-northwest (WNW) of the plant would be 1.3‘:’('10*S
if exposure were to continue unchanged (using the maximum
concentration for the closest populated area). but would be
reduced to about 2.4 x 10~° after installation of the
exhaust-treatment systems (under case 3). Since only about 3,500
people are estimated to live or work within the 0.1 Pg/m3
isopleth (for case 3), and most of these are outside the
0.2 l-lg/m3 isopleth, the remediated emission of ethylene oxide
from the Salinas plant is estimated to produce no more than 0.007
excess cases of cancer per lifetime in the surrounding plantation:

-

1 x 1077 (kg/m°)"! x 0.2 Bg/m® x 3,500 = 0.007
UCR) x (concentration) x (population) = number of cases

Because the UCR is based on continuous lifetime exposure, the
number of excess cases of cancer in the population most likely to
be exposed (the 100-200 residents) is estimated to be:

1 x 107° (ug/m3)'1 x 0.2 Bg/m> x 200 = 0.0004



All exposures beyond the 0.1 isopleth would result in risks of
less than 1 x 10°° and are, therefore, de minimis.

Table 4
Estimated Maximum Excess Cancer Risks
Associated with Ethylene Oxide Emissions from
McCormick Salinas Plant

Release Estimated Life- Estimated Loss
Scenario EtO Concentrationl time Risk of Lifespan
Case 1 1.0 1.3 x 10-3 4.0 hours
Case 2 : 0.2 2.8 x 1076 0.9 hours
Case 3 _ 0.2 2.4 X 1076 0.7 hours

1 vValues are the maximum concentrations for area be:zween

isopleths were residences are located to the west-northwest
of the facility.

Further, the projected estimate of excess cancer cases per
lifetime (i.e., 70 years) of 0.007 represents a conservative
estimate and the actual risks are likely to be even lower,

possibly zero, since:

l. data from the most sensitive species, strain, sex and
tumor site were used to estimate low~dose risks;

2. a conservative low-dose extrapolation model (the
multistage model) is used to generaté low~-dose risk
estimates; whereas, equally plausible and apparently
more rational models indicate far lower risks;

3. exposure is assumed to be continuous (24 hours/day).
365 days/year) for 70 years, a highly unlikely

situation; and

~10-




4. the exposure estimate was based on a conservative
estimate of the number of individuals living or working
in the vicinity of the Salinas plant.

-11-



III. SUMMARY AND CONCLUSIONS

EtO has been identified by the State of California as a
public health concern because of its known toxicity (including
carcinogenicity) in laboratory anumals and because of its
widespread utilization. This report focuses on EtO dispersion to
ambient air surrounding McCormick's Salinas plant that uses the
substance to fumigate spices. An earlier report had estimated
the cancer risk to the community of residents surrounding the
plant, and found the risk to be de minimis. That assessment was
based in part on an estimation of inhalation exposure from the
dispersion of the compound into the atmosphere from the plant's
exhaust stacks. The estimation was performed by mathematical
model usin; meterorological data averaged over 24-hour days, and
-applying a safety factor to account for a daily discharge period
of only 17 hours and a shift in wind direction from day to night.

The California Air Resources Board requested a more precise
estimate of dispersion and ambient concentrations by using hourly
meterological data for only the 17 hours per day of operatlon.
McCormick performed, by contractor, such an analysis using the
three original operating scenarios: no chance in plant
operations; installing DEOXX to reduce emissions; and raising
stack height to 7 »proximately 50 feet with the installation of
DEOXX. This analysis found that, at the boundary of its plant
property (60 meters), the original EtO concentrations, using the
ISCLT model, are nearly the same as the estimates using the ISCST
model. This result is likely due to the relative lack of
sensitivity of the models at distances less than 100 meters from
the source. By contrast, the EtO concentrations «t 300 meters
from the plant are estimated by the ISCST model to be lower by
37%, 26%, and 10% for scenarios 1, 2, and 3, respectively, when
compared to the prior estimates. The estimations of cancer risk
are correspcndingly reduced by those changes in anticipated
lifetime exposures. Conseguently, continuing current emission
practices would lead to an estimated cancer risk to residents
living adjacent to the plant, of 1.3 x 107> and the addition of

_12_




DEOXX and increasing the height of the exhaust stack would lead
to an estimated risk no greater than 2.4 x 1078, Those latter
estimates are in the range of de minimis risks as defined by
current regulatory policies. The actual risks are possibly much
lower than the estimates would indicate. Given these risks, the
projected hypothetical incidence is 0.007 caées of cancer in 70
years of exposures. For individuals residing beyond the

0.1 isopleth, the risk estimates are correspondingly lower.

-13-~
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CASE
00, 0
O, 10273

. 5459
G. 865513
O, J5A24
0. 198934
(A=) -1
&L 0aGaT
O, 4o342
. 32307
U, 99539
i.2452%
1.24358
G, 5543
O, 39617
Q. 07815

L1412

\

LU £
ds5 LA

Ty

DERIL Y

1000, &

0.08714
0. 4548°
0. 55877
0. 30%0
0. 720
0, 23354
Q. 5514
0. 39724
0. 273%
0. BADILT
1. 05985
1.09587
0. 55814
0. 3231
0, 4511
0. 1203z
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Hah [ D
SGROU-3»
v e Llaee [ ) caMe peab A UM - TSC8T HODE exe

SR I ek beltd DI GIAME U1 METER Y €

PO TRTY I R DIS T T A ]
w Flie Jini REVEPTOR GRID =

FOMAK TMUHN YALUE B Lus 13, n103% AHD i1 JURREL AT 260.0- G0,.0) =

DIRECTION 7 R IMEIET i
{DEGREES)Y | RElEAg ] 1200, 0 Ll bSO, O 15C0.0 1700.0 1800.0 1960, G
a3, . d. 27455 0. Oode. O, 03021 0. 03&37 0. 03308 0. 03023
s, o Q. A2 Q. O, 21910 . 19882 0. 18143 0. 18830
292.5 7 LR AR . it E0BD Q, 235539 0, 21549 Q. 19739
O Q. 2h)8 . E G 14451 0. 13138 G, 11970 0. 16574
Y Y O, § 488 0. : WL e . OBOS0 0. 07350 0. 08713 0. 0elz1
oos RSP N O 1770 Y SmlE N S IR 4. 11489 Q, 10370 d. 09491 3. 06727
oLt O, 04410 L, e oL CUYAT 0. 02408 0. 021683 Q. 01991 [e ) Foda
Taas, [ E IR HEHTHEN AL e L X Q. 12372 " b.14387 G. 1485z
P o2 i34 O st 0.12744 0. 11543 8. 10513 0. 0F:20
[T 0. 7145 L . 40382 Q. 358481 . 33504 Q. 35752
[ P L RSy i, 45305 0. 45187 O, 431529 0. 37805
Sl o REEPNE L G, 53S0 Q. 43793 0. 408558 0. 37457
PR o A ia e . L 25110 0.23273 0. 2158 0.1573%
3.0 LR P | - G. 26108 Q. 15868 O, 19290
= e d e I G 0. 02495 0. 02536
o, [ | i T L GETER O, 55183 oL 04 FEE C. D873




DIRECTION
(BEGREES)

337. 5

=]
315.0
292. 5
270, 0
247. 5
2E@5.0
200, 9

190,
157,
135,
1ir,

i,

a4,

il $ L X

woap e

D

AN

o N N

.~ -

2000, 0

0.02793
0. 15359
Q. 149255
LUNS B By
0.0%73]3
0.Q8150
0. 0165
Q. LI
O, 9o
. 28550
G. 34573
Q. 345451
(ARl Y |

E MALIMUN vALuL
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ey
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O mGhEMS SCUb I METERDY

?0.0) #

N DA
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337. . D.01934 T K - Q54D
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292.9 Q. 128233 Q. . 04315

270.0 7 [ P T PR P e ) . GZ521
¢ 247, : O, D407}

225, Q. Q57
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DIRECTION
{OEOREES)

L I e . T

337.5
315.0
292.3
270.0
247. 5
225.0
202.5
180. 0
57.35
135.a
112. 5

90.0

&7. 5

45.0

-]
340.0

1.266%3
9. 46323
T.65972
S. 54764
1-87439
2.87272
1. 42573
3. 54758
3. &Z969
10. 63558
12, 22004
1. 77304
a.00413
5. DOsZH
1. 09344
0. 83184

L R L T R N N

s SAL INAT

= I4T-DPAY AVERACE TINCENTRAL JLN

CALTFLRNLA SHWDT -

S MAXLIMUN VALUE E@nLy

300, 0

0. 50995
2. 9220
4. 12650
2.27237
D, 93347
1. 0275
0. 72701
. 01900
1.93118
S. 921713
&. 55730
&, 25740
4. 63518
. 67358
0. 5H04S
O, 4911

0353343
1. 83394
3. 59618
1. 72816
D, SE272
0.7147%
. 44554
1.AZ726
1.214466
3. 77447
4. GHB49
3. 71804
2.87550
1-567351
by f“.‘m5
0. 27647

LONCENIRAL TON

& FRI¥ M L SOURCES
* FIR THE RFECEPFOR CRID «

12. 32054 AND UCCURRED AT (

0. (9173

0. 14257

~— ISCST MIDE ss»

(MICRUCRANS . CUNIC METER)

112.3) =

0. 09532
0.37018
0. D040
0. 378031
0. 17930
0. NI
0. 13953
0.47318
0.39192
1. 24974
5. 5210
1. 23817

0. 32470
0. 10233
0.0D841%

900.0

0.07630
0. 47482
0.48419
0. 47913
0. 18740
o.m’
0. 11508
0. 39773
0. 32381
1.03689
t. 03402
1.018m
0.72672
0. 93279
0. 08339
9. 07201

oy
vos DAY
SCRUFS

1000. 0

- o e A e b e e o e =

0. 04380
0. 40303
0. 38322
0. 40835
0. 1230
0. 22897
0.09772
0. 34070
0. 27593
Q. 88377
0. DABD7
0. B&bAT
0. 615651
0. 737
0.02046
0. 06216

1



I RECTION /
O EDQREES) /

o8 SALENAL -

CALLTIFORNIA Slilll'l(

CIMCENTRAT IS

——

ISCST MODE saw

* 36T -DAY AV RACE CONCENTRAT IV (MICRDCRANMS/CUNIC METER)

* RAXTMUN VALUE EOUAL S

- mm wm el e o . e ow e . w e = - a -

pt. €
1S,
-2, 9
=270.0
-247.3
=X25.0
202.3
A80. 0
a157.9%
4135.0
312.53 /

0.0 /

67.5 7/

45.0 /7

22.5% ¢/
6D 0/

- ]

L e L

0. Q5002
0.05347

0. 04599
0. 2995}
0. 43470
0. IeHD3
0. 09293
0. 16961
0. 07283
0. a%a9?
0. 20634
0. 66299
0. 64400
0. 64879
0. 43702
0. 27310
0. 05184
0. 046460

1LX0. 0

O, 0985
0. 26284
G. HA62
0.27012
0. 68145
0. 14973
0. 056801
Q, 22937
0. 1810
0. 50417
0. SHaB2
0. 56006
0. 400460
0. 2976
0. 08530
0.043108

* FRIN ML SOARCES »
* FOR IWF RECEPTOR ORID »

12. 32054 AND DCCURRED AT ¢

RAMNOE (METERS)

1400.9

O, 034970
0. 20267
0. 33198
D. 284024
0. 07243
0. 13334
0. 05680
0. 20492
0. 16150
. 51950
0. 50020
0. 30312
0. 35471
. 292446
0. 03998
0. 03650

1500. 0

0. 308>
0. 065
0. 25837
0. 06481
0. 11970
0, 03092
0. 19843
0. 14474
0. 44568
0. 44678
0. 45224
0. bbb
0. 18996
0. 0285y
0. 03273

0. 02955

132.5) »

0.25143
0. 17439
0. 02300
0. 09833
0.041%3
0. 15230
0. 11652
0.38178
0. 34404
0. 37007
0.3%772
0. 15472
0. 0dB8)
0. 024684

0. 02329
0. 15400
0. 22969
0. 36127
0. 048356
0. o897
0. 03787
0. 1393}

0. 10018
0. JaBsS
0. 31
Q.33775
0. 33459
0. 1 40Y2
0. 024617
0. 02451

DA¥y

1900.0

- o em e i o o o

0. 02025
0.54127
0.21087
0. 14799
0.0443%
0. 8252
9. 03470
0. 1285%
0.09920
0. 31974
0. J0338
0. 30974
0. 21453
0. 12900
0. 020688
0. 02250



-t B
eme SALINAS - (Al IFORMIA S0y CONCENTRATION  ——  ISCST ]

» 3hS5-DAY AVERACF CONCENIRASIUN (tHICROCANG/CUBIC FMETER) L g

s FRO! ML SIRRCES ¢
s FOR TIk RECEPIUR CRID &

= MALIMN VALLE EOQUALS 12. 92054 AND DLCURRED AT § 200. 0. 1nzZ.5 s

DIRECTIIEN / RAMCE tMETERSB)

IDEDREES) / 2000.0 25070, O 2W000. 0 3500, 0 800G, O 4300. 0
I37.3 /F 2. 01831 0.01248 Q. 0907 0. 0062S Q. 002DA 0. 004233
5.0 / 0. 13099 0. 09110 0. D&BL2 0. 03352 0. 0345 0.03621
292.5 / 0. 19919 Q. 12807 0. 30449 O. 08208 0. &7 0.03711
270.0 7 0. 13729 Q. 09707 0.07337 0. 05814 0. 04750 . 03994
247.9% / 0.041 11 0. 02907 0.0220% 0. 21730 0. 91437 9.01210
Z33%.0 / 0.07L673 0. 05432 0. 041356 0. 03290 O. 02697 9, 02268
202.3 7/ 0.03217 0. 02249 0.03707 0. 01354 0. 01103 0. 00924
180.0 / 0. 11982 0. DBsD2 ©. DEDEA 0. 05283 0. 08365 0. 03
1327.9 7/ 0. 09194 0. 06491 0, a8 0.038.77 G. 00169 0. 02036
135.0 / 0. 9709 O, 21045 0. 19937 0. 12601 0. 100 0.08722
12.9 7 0. 20011 0. §9373 0. $4435 o. 11529 0. 09377 o. 07827

90.0 / 0. 28638 0. 20193 0. 152286 Q. 12054 0. 09AS5s o. 0EIdh)
&7.9% 7 0. 1980% . § 3807 0. 0313 0. 280946 . BOHS70 0. 05471
45.0 / 0. 11932 0. 08353 a. D626t 0. 0490 . O8O0 0. 03I
22.5 / a. 02197 [ A JEIE] .20 0. 372 €. 00703 0. 00581
360.0 / Q. 020 D.0O1447 . 011068 9. 008/ b Q. 0070 b Q. 00600
\
ot
&£




DIRECTION
(DEGREES)

3¥A7.5
130
292. 3
e70. 0

247. %

223.0
202.3
180.0
157.3
135.0
Ha.s
0.0
&72.5
43.0
2.5
J60.0

R L T o R T T T T e e e

ser  SALIRAS - TAL IFORANIA Bty ( ~RIRATIIIN ~—~  ISCSF MODE sas

* 355-DAY AVERACE CONCENTRALILINN (HIZRUCRAMS/CUBIC FETER)

& MRRLOANM VALVE EGQUALS

0. 71547
3. 24748
8. 76919
4. 739340
2. 0097564
2. 71680
2. 46064
4. 00037
4. 45211
12. 376206
1. 59665
14. 2121
8. 963D
5. 24360
0.92849
0. /6101

0. 45093

4. 70960
2. 47418
1. 10447
1. 48919
1. 34736
3. 46700
&. 82468
6. 12146
7.41964
4. 53901
2.85408
0. 45843
0. Jv882

Q. 27100
1. 75402
2. 74578
1. 55728
Q. 70773
0. Y3335
0.85714
1. 40346
2. 185003
4. 6L
J.82278
4. 79245
2. 94293
1.81431
G. 27350
. 24848

* FRON ML SIRRCES «
# FOR THE RECEPVOR URID =

R4. 21721 AND OCCARAER AT (

RANCE
500. 0

0, 19255
1. 21342
2. 02944
1.078607
0. 49636
D.67197
0. 54000
1. 01402
1. 91357
3.03872
2. 54030
3.32146)
L. 9377
1. 27009
0. 18374
O, L7tha

{NETERE)
&0 O

0. 13327
0. 90800
1. 30292
0. 80303
0. 39029
0. 21397
0. 45548
0.77370
1. 13327
2. 2908%
1. 94308
2. 47750
1. 45990
0. 95531
0. 13488
0.12714

0. 10174
0. 67982
1.33727
0. 62333
0. 29877
0. 40333
0. %323
D. 60978
0. 87720
t. 7B3L?
t. 351987
9199
L 12779
0. 74421
0. 103271
0. 39836

0. 08057
0. 564003
O. 72184
0. 50023
0. 24204
0. 32647
0. XS99
0. 49430
0. 70200
1.437
1. 21700
1. 334647
0. 90009
0. 37858
0.00110
0.078:8

0. 654583
O. 46171
. 73501
0. 433500
0. 20244
0. 27318
0. 33810
0. 43329
Q. 37950
1. 19243
1. 00376
1. 26743
0. 74034
0. 99309
0. 0L584
0.06471

0.093%2
0. %219
0. 41248
0. X520
0. 17246
0. 332399
0. 20177
0. 3332
0. 49140
1.08972
0.83439
1. 07900
0. 42921
0. 47924
0. 05369
0.03327




sex  SAL INAS - (A IFURNIA Sy o HCEE 10M IS [, r i

® 353-DAY AVERACE COMCEHTRAL ION (NILROCRAMS /CUBIC NETFR) »

s FRIM ML SRENES »
® FOR THE AECEPTOR ORID +

* MAXIMES VALUE EQUALS 15. 21213 AND OCCURRED AT 200.0, 0.0) =
DIRECTION 7 RANCE (METERSIH
{DEQREES)Y / 1100.0 L200.0 3300.0 E500. O 1500, 0 1600, o 17100. 0 1800. 0 1900, O
x7.5 / 0.04734 0. 4093 0. 03581 0. 03148 0. 02820 0. 02533 0. 02290 O. 02082 Q. 01903
nso v/ 0.3964)% O. Iv242 Q. 25704 0. 22810 0. 20409 2. &9 2. 1 448D O. 133812 0. 13742
2W2.9 7 . 34048 0. 47304 0. 41737 . . 359465 Q. 33013 0. 29699 0. 26887 0. 24487 0. 22404
270.0 J 0. 30270 0. 25577 0. 13242 0. 20679 0. 18549 0. 18758 o. 13235 0. 4709 0. 13797
A47.93 ¢ 0. 14877 0. §29v3 0. 11472 a. 10218 0. 017 0.0B29s 0.073537 8. DaP2 0. 086330
235.0 ¢ 0. 20024 0. 17473 0. 134D a. 13713 0. 12299 0. 51104 0. 100%0 0. 09318 0. 0B
202.% / 0. 17333 0. 15088 0. §3T74 o. 13789 O. 105%h C. 09518 0. 08A37 0. 07880 0. 07225
180.0 s 0. JD4T0 0. 25639 Q. 23527 0. 20941 0. 18819 Q. 47010 Q. 13484 0. 14138 0. L v
137.5 /7 0.423103 0. 36938 0. J08s 8. J8AJ7 0. 25410 0. 23670 0. 0718 9. 18887 o. vrart
135.0 s .874)6 0. 74210 0.-571863 0.39746 0. 33575 4. 48378 0. 43933 0.40137 0. 368686
2.3 7 0. 73454 0. AYMY 0. 36333 0. 0823 Q. 44920 0., 408604 O, 36711 8. 3743 Q. 7100}
0.0 / 0. Y2669 0. Bhe4) 0. 70736 0. 63007 Q. 344480 0. 30708 O, 442048 0. 82149 0. 38A7?
s7.9% 1 0. 53943 O. 4468467 0. %1175 Q. 4922 0. 32663 o. 29422 0. 26671 0. 24319 0. 33277
49.0 .7 0. 35429 Q. M 761 0. 27993 0. 24900 0. 22327 - 0. 20160 0. 18314 0. 1a732 0. 133%9
22.9% /7 0.04770 0.D4)28 G.0381 o0.0m97 0. 0ap33 0. 02543 0. 028 0. 02109 o.01928
350.0 / 0.04755 Q.04138 0. 04652 0. 03248 a, 0291} 0. 034631 0. 023%0 0. 02184 0. 02003
\
\“,@ A




DIRECTION
{DECREES)

07.5
nMo
292.5
270.0
247.9
2.0
203. 3
1900.0
1372. 5
13%.0
112.5

80.0

&7.5

45.0

22.5
0.0

o, T M N e N e e

0.0173%
0. 1290%
0. 204680
Q. ;1883
0. 0%a98
0. 07089

0. 06724

0. 12098
0. 16008
0. 24239
0. 0734
<. e
0. 20407
O, 14238
0. 01775
0. 01854

o'®

o

ses  SALINAS —  “ALIFORNIA smnv( ~DNCENTRATION — ISCST WMODE ese

# J&5-DAY AVERACE CONCENTRAIION (MICROCHAMS/CAURLE METER) -

* FALIMMN VALUE EGUALS

0.01222
0. ONns
0. 18442
O. B4
0. 04203
0. 00610
0. 04782

0. oa&2L’

0. 11236
0. 24292
0. 204324
0. 29372
0. 14458
0. 10107
0.01313
0.01310

0. 009123
o008
0. 1000
0. 06433
0. 03202
0. D204
Q. 03611
0. 06337
0. DEA44
0. tBAZ7
0. 13324
0. 19096
0. 10872
0. 07529
a.009)7
0. 00989

& FROH ML SUARCES «
¢ FOR THE RECEPIOR CRID »

- . e o e wm am e — o am A em W = = o e e = e m e mm m — e m = = e e

14. 21210 AND OCCURRED AY 200.0, %.0) =
RANCE (NETERS)

I300. O 4000. 0 4500. 0
0. 00718 0. 00504 0. D0Ae7
0.03413 0.04427 0.03742
0.08484 0.06893 0.09747
0.03137 0. 04238 0. 03403
0. 023%8 0.02107 C.OVFTTY
0. 03402 0. 02798 0.023%
0. 02973 0.02361L 0.01985
0. 230 0. 04300 0. 02621
0. obsb4 0. 65403 0. 04342
Q. 144680 0. 12041 0. t0301
0. 12378 0. 10189 0. 083%)
0. 5120 0. 17380 0. 10387
0. 08581 0. 04996 0. 05849
0. D608 0. 0490% 0. 04193
a.00717 0. 00380 0. 00482
0. 00783 0. DOsAY 0. 00537

AVE
ra



6 DAYEB
aGRmes
asdn SALINAS - CALIFORMIA SIUDY - (AHCENIRATION -——-  [SCS5] MODE was
i
® 355-DAY AVEHACE CONMCENTRAT INH (MICROCRAMNG/CUBIC METER) .
s FROM ALY STARES .
» FOR THF RECEPTOR GRID &
* PAX MU YALUEF EQUAMLE 1812355 AND DCCARRED AT | 200. 0. 112.5) =

DIRECTION / RANCE (IMETERSG)

(REGREES) / 200.0 300.0 400.0 >00. D &00.0 700.0 a00. o 900.0 1000. O
37.% /7 1. 63363 O, B%g29 . 33088 0. 3L15D 0. 26460 Q. 20223 0. 15995 . 130t&6 0. 11028
N30 7/ 4_49921 2.36743 1. 47269 t. 01949 0. 750989 0. 29032 0. 462687 0. 238159 0. IN32
292.9% / 7. 25095 A 20 2. 464658 V71222 1. 27707 o.96%4 0. 79292 O. 43308 Q. 35689
270.0 / 8, 12203 2. 20071 5. 30464 a.95413 0. 70931 0. 34740 0. 43477 0. 3587 0. 471
247.9 / 1.54980 0. 82289 0. S16BR 0. 35907 0. 26832 0. 20008 0. V6833 @. 13949 - 11932
225.0 f 1. 84392 1. 02538 0. 66498 a. 47150 0. L0863 0. 20073 0. 23044 0. 17276 O, 16887
202.3% / 2, 76990 1. 52233 0. 96839 0. 67401 0. 30999 0. 395641 0.31820 0. 24428 Q. I7I8
180.0 7 J. v4d 1. 79409 1. 0878 0. 73453 0. 38021 0. 41264 D. 2&HTR Q. 26761 0. 44516
137.5 J 6. 799230 3. 74084 2. 82937 1. 70872 1. 30403 1. 02407 0. 933 0. AY334 O. 7174
133.0 / 10. 9R623 &. 06744 3. 71011 2. 75434 2. 08504 1.63106 E-Jibl9 1.0937) 0. 93868
112.% 7/ 14, 17383 7. 71911 4. 713T8 3. 43362 2. 37938 2. DOLFD 1.61223 1320817 1. 13663

90.0 / 12. 08697 &. 43164 4.02787 2. 70447 2. D87 1. 359348 V. AT7T292 1. 04565 0. 89133
&7.3 /7 &. BRE31A 3. 73887 2. INS0R 1. 640562 1. 72667 0. 95255 0. 76409 0. 53078 0. 33649
4%.0 7 2- L2929 5. 40338 «.800789 0. HDTTR 0. 4541} 0. 35138 0. 30078 0. ENN? 0. 19711
22.5 / 1. 29493 0. £BTI) 0. 43558 Q. 273 0. 22490 0. 17387 0. 13883 0. 53 0.09727
3&60.0 / 1. 12020 0. 60758 0. 38059 0. 258197 0. 19349 0. 14868 0. 118530 0. 0978 0. pa192




DIRECTION /
{DEOREES) /

_— e wm e e e — v e o

337.%
345-0
292. 5
270,40
247. 5
X230
202.5
1#0.0
£157.5
135.0
112.5

0. 0

&7.5

45.0

22.%
360.0

D T T N N O L T T T

A
v
V;ﬂﬂu

(x?‘

S wem SGAIHAS -

(

ol FFUORNLA Stuby VIMICLNTHATI(ON  ~—

« AAA-DAY A R CTWCENIRANIDN HITROICKAMS/CUBIC METER)

* MAXIIONT VALAE EGUALS

0.07108
0. 214487
0. 862
0. 19086
©. W18
0. 11018
0. 14442
Q. 144%0
0. 39496
. 52053
0.74964
6. 58619
0.35371
0. 12939
0. 04382
0. 04303

13000

RAMNGE (METERS)

1400, O

Q.OLP7S
Q. 190%5
Q.3257%
0. 174620
C. 07170
0. D982
0. 12957
0. 12799
0. 35220
0.55247
0. 46630
. 92009
d. 31638
0. 11485
0. 0%%564
0. 04580

* FRIN AL SAWRIEL *
& FOR It{W RECEPTOR QRID ~

14, 12355 AND OCCURRED AT {

15060, O

0. 05589
0.17126
0. 27182
0. 37351
0. Jb64E3
0. 08830
0. 11585
0. 11803
0. 315623
0. 495726
Q. &M
0. 45630
O, 200
0. 10279
&, D5068
0. D4160

154657 NODE aes

112.3}

G. 09238

. D. 26078

0. 40720
0. 48703
0.38311%
0. T327
0. 08400
0.04140
0.03393

AT
P

1900. 0

- o m e — o o owm = = —

0.04113
0. 126934
0. 21820
0. 11700
0. 04923
0. 06630
0. 085610
0. 08418
0. W29
0.37217
Q. 4644
0. 30007
0. 21243
0. 07641
0.03778
0. 03085

0. 03737
0. 11800
0. 227
9.10712
D.04344
0.06112
o.ao7a%4
0.07490
O.21932
0.34179
0. 40733
0.32010
0. y9498
©. 07020
0. 03458
0.0281 %



sar  5aK INAG - (50 TFLRBA Litde AR LHIEATION  -—  ISCS57 MODE sas

s DES—PAY AVERACH COMENTHALIIN iNELROSHAIS/CUBIC METERT .

& FROM AL STMIRES »

s FOR V£ RAECEP M SRID
£ PAXIMST VALUE Eqtia S5 14, 12355 AND DCCURRED AT ( 200, O sI2.3) »

DIRECY ION ’ RANCE HE FERS)

(DEGREES)Y # 2000, O 2500, 00D, O 00, O 003 O 4500. 0
IBT.H 7 0. 071437 a. U237 0.0 7T [N FI 0.01107 0. D091
5.0 /7 0. 107N 0.077231 0.03g78 0.045;8 0. 0300 0. 03238
292.5 ¢ 0. 16534 0. 13083 0. 09803 0.97835 0.045437 0. 05388
270.0 / 0. 09699 g. 06927 0. 03188 0. 04960 0. 93318 0.02767
287.3 / O.Dea2n 0. 0067 0. 02374 0. 019249 0. 01608 0.0:377
235.0 0. 05692 0. 08081 0, D301 Q. 02485 . 02027 0.01707
202.5% / 0. 07342 a. 0518995 0.9 0,038 0. 02557 0.02149
1680.0 7 0.07517 0. 04958 Q.07 0. D293 0. 0238v o.019%
197.9 7 0. 20442 0. 12457 01249 a. a2 0. D743 0. 06297
135.0 ;7 a.31748 0. 22554 0.153%2 O. 10 0. 11170 0, 09378
1nz.s s D.I?973 0. 25833 0. 20273 0. 15077 0. 101468 0. 11044

0.0 7 0. 29369 0. 30857 0. 15736 O. 12445 0.10372 0. 08328
b1.3 /4 0. 18088 0. 3775 O. DPESS . ATAHDHS 0., DAPLE 0. 03257
45.0 / D. DAAYY . 0. 04308 . 03424 0. 02710 0. 0209 0.01647
22.5 7 0. 0M93 O, 0229 (. 01674 A.Oes 0, DDA 0. 00890
Bai. 0 / 0. 02%99 0, 01600 6. 01038 0, D145 O, 0045 0.00701




DIRECTION /

{DEOREER)Y / 200.0
x37.5% / 0. JO341
218.0 7 1.34286
ava.5 / 1- 83030
270.0 / 0. BL1O27
2487.5% 7/ 0. 43941
Ia23.0 7/ D. 442392
202.% / 0. 28009
180.G / 1. 1BDO9
137.5 / 0. 78409
133.0 / 2. 38434
112.3 7/ 2.71611

99.0 / 2. 46289

H7.3 7 1. 37090

4%5.0 / 0. 93028

22.% /7 0. 2473C

340.0 / 0.30140
>

SP “’b‘\

wan  SAL INAS

- CALIFIRMNIA SIVDY -

(

CONCENTRAT HIN

—— B6CSY NODE sew

* 3AL-DAY AVERALE COMCENTRATION {NMICROCRANG/CUBIC METER)

0. £4750
0. 82439
0. 98472
0.481472
0. 1083
0. 2512
0. 15834
0. 67533
0. 20506
1. 404893
1. 45401
1. 304846
0.83745
0. 49371
0. 12670
0. 16200

- NAXIMAY VALUE EUALS

400. 0

0. 08793
0. 91703
0. 4493
0.25413
0. 15436
0. ZX204
0. 10259
0. 45281
0. 23374
0.89291
4. 713248
a. 8093y
0. 32646
8. 0790
0.07012
0. 10250

® FRIRS ALL GIURCES »
« FOM THE RECEFPTOR QRID @

2.71611 AND DCOMMRED AT

AANOE
00, O

0.05714
Q. 35790
0. 42795
O. 47313
0. 10824
0. §5399
€. 072363
4. 31493
0. 17850
0. 52Ah1
€. 43058
Q. 33386
0. 36498
6. 21198
0. 05355
0.07127

{FNETERS)
&00.0

0. 24194
0. 09810
0. 08397
0. 08983
0. 01386
0. 19009
0. 10372
0. 38352
0. 36090
0. 1376
0. 21303
0. 132055
0. 03036
0. 0410

112.3) &

-~ - =

0. 02637
0. 16473
0. 19299
0. 07804
0. 091523
0.07153%
0. 03534
0. 13423
Q. 08352
0. Iv200
0. 20803
0. I3158
2. 14804
Q. 09502
0. 024029
0.03314

MY
OAYE
BCROAFS

1



DIRECTION -
+LEGREES)

337.5 /
3i5.0 7/

292, 9
2700
247,
225,
0.
180,
157,
135.
112,

P

aT.

45. 90

22. 5
EETAE]

G W O OU T

2000, 0

0. 00659
0. 03358
a. 09112
O, 02252
Q. 01271
Q. 016835
O, GOIED
0. 03150
0. 02010
0. 0539
3. wFBTE
O, a7boa2
O. G182
0. Q3195
[N |
Tn, GO

* MAXTHUN

Tow s O T

Q. D433
Q. 003445
0. Owens
G.0181
RPRCOL) B

Melis

VL Lh

(U PR S

MO RAT T

TMITROGRAMS

L3
Gl e

QL GOUGL T

Q. 011

Al

cc ISCST MODE #xw

LIl METER?Y ®

200. & .0+

4500, O

0. 60172 ,
0. 0QA%99 -
Q,01155

0. 20550

G. 00392

0. 00541

2. 00104

0. 00958

0. 00571

G. 01904

O. 02257

G. 02281




e e i L R O S O T SR 1 - N O YN T PP I S e 15CST MUDE #x«

L LI ) SoRATiEAT LN ARG LB I HETER) -

I AL SihRITS o
 KECEFIGR ORIE «

L L T NN P S SR AND DUCURPE B AT G 2060, 0. 9.0 &
IRECTiON / RAME (METERS)
WDEGREES: - 11040, 0 FEQLL Pagde, o LIEN T A V508, O 1500. 0 L1700, 0 1800.0 1S5 G
337.5 ¢ 0, 0147y Q. 01459 OLGLD [S PR} Tele i) 0. 00905 Q. 00681% 3. 00745
=) BT I . 08949 LU e £ 3] . 05111 ; A, 04935 0. 04478 0. 04088
F2.8 T, 10729 Q. O53%: Q.07 0. 05374 0.05324 - 0.04853
270,90 1 0. 05970 T D5 4G ONE IV E G, 03503 0. 62958~ 0. 02498
247,95 - O, 035349 Q, O2HLS Q. 018622 0.01655 0. 01512 0.01389
2250 ¢ 0. 04550 0. DR V. 02555 0.02335 0.02138 G. 01350
202 s 0. GUFFY i Cay e DE G, 0GS32 0. 00453 0.00448 O. OG04
180,40 0.0774) Cou [SIEEE 1= i) Q. 04338 Q. 03980 0. 03845 Q. Q3354
157. 5 ; 0. 080 s b : 0. 02849 0. 52599 0. 02387 O. 02107
15,0 - O Loded T. 0F0F ) J. 09258 0. 07549 C. 08554
112, % O, T04es O.31213 0.10173 0. 09283 C.08%12
F0.0 0, 20329 T. 113126 Q. 10085 0. 09200 G. 084349
ST N 0, 10778 | C. 05880 0, G533} 0. 04852 G. 04458
4.0 - Q. 02l Ve g, 04528 0,.00759 C. 034445
a5 s LO12V0 ' G, DGag 0. 00540 . 00511
350. G 0. OR33E) '

O 10

0. 010857 0. OC%78



‘MDY
363 DAYS
sCAWS |
ser SALINAS - iA JFORNLA STUDY - CONCEMIRATION -- {SCS5T MIDE sew
® 365-DAY AVERACE CONCENTRATION (MICRDCRANS/CURIC METER) -
® FROM AL SOURCES +
« FOR TVE RECEFTOR ORID »
® BAX MM VALAE EQUALS 2. 77113 AND OCCURRED AT { 200. 0, 112.3) &
DIRECTION / RANDE (METERS)

(DEQREES) / 200.0 300.0 400. 0 300. 0 &£00.0 700.0 @00. 0 00. 0 1000.0

ar.5 7/ 0. 28429 0. 2612 0. 07744 ©.03214 0.03703 0.02767 0.0214% 0.017223 a. 01436
ans.o s 1. 220800 0. &5708 D.41330 . 20450 0. 211490 0. 1431 0.13013 0. 1067} a. %73 ]

292.% / 1.7287) 0. 726049 ©. 38402 0. 40495 0. 30120 0. 2373933 ‘0. 18690 O. 13403 Q. 232V

2706.0 / 1. 13707 0. 52347 0. 39533 0.27627 0. 20780 0. 16179 0. 13020 . 0799 0.0M"?

287.5 7/ Q. 42028 O. 20419 0. 13077 0. 08920 0. 045%0 0. 0300% 0. 0809 0. 03022 0. 02014

225.0 / 0. 33380 0. 31342 0.20073 0. 144607 9.15438 0. 05789 0. 07302 ©. 0997 0. 03063

202.5 / 0.31998 0. 16331 €. 10037 Q. O6BLY 0.051018 0.03933 0.03842 0. 02991 0. 02200

i80.0 / 0. 79724 0. 45397 0. 29935 0. 2373 0. 16300 0. 13066 a. 10437 0. 00738 0.076756

157.3 7/ 0, BAS39 0.434451 Q.22 N7 0. 1D770 a. 19179 0. 13002 0. 0882 0. 07284 0. 0A213

135.0 7 2.40433 1.33109 0.88077 . 0.959410 Q. 4480046 0. 4940 0. 28139 0. 23343 a, 19998
112.3 7 2. 79313 1.47423 0. 7550d Q. 2780 0. 46188 0.33443 - 0.28018) - e 23038 0. 193386 {
90.6 / 2. &965% 1.40710 0. PHOAS 0. 50821 0. 45139 0. 39000 0. 27873 8. I . 19311 H

67.% 1 1.97801L i.0419% O. ¢ %43 0. 48355 a. 32712 0. 3133 0. 17782 0. 16301 0. 13080

4%.0 7 1. 22433 0. #0088 O0.3/8627 0. 25958 0. L5273 0. 14844 0. 11859 0. 09743 Q. 0E275

22.3 / 0. 243864 0. 12601 D.07714 0. 05240 a. 038930 0. 02921 0. 0207 0.016877 Q. 01584

a50.0 ¢4 Q. 18704 o, ave27 0. eS20 0.4t b 0. O320% 0. 02486 0. 0197 0.015640 0. 01300




( (

pee SALINAS - CAl [FDRNTA S1UDY - CONCENTRASION -- ISCSBT RODE vas

2 3A5-DAY AVERACE CONLENTRATION (MICRDSRAMS/CUBIC METER)

® FROHM ALl SIAMCES &
* FOR THE RECEPTOR ORID »

* PAXIMUM VALUE EQUALS 2.79113 AND DCCURRED AT ( 200. 0.

OIRECTION / RANCE (NETERS)

(DEGREES) / 1100.0 1200.0 1300.0 1800, 0 1500. 0 15600.0
7.5 7 0. 01210 0. 05035 0. 008%7 0. 0D78h 0. a0L9D 0. 00419
315.0 7 0.02771 0. 06744 0.0M19 0. 05249 0. 04485 0.04218
292.3 1/ 0. 11297 0. 09831 0. DB6IY 0. 07699 0. 06901 Q. 06338
270.0 / 0.07918 0. 346903 0. 06083 . 0.034)10 0.046830 0.04379
247.5 / 0. 02410 O. D392 0. 01808 0. 01631 0.014%7 0.03319
225.0 7/ 0.04371 0. 03889 0. X371 0. 03003 0. 024693 0. 02434
202.9% / 0. 01887 2. 015480 0. 01841 0.01279 G.01344 0. 01031
100.0 / 0. 064631 0. 05833 0. 03040 0. 04615 Q. 04104 0. 03784
152.9 7 . 03 M1 0. 861 0. 04095 0. 03847 0. 03260 0. 07948
1:3.0 ¢ 0.17124 0. 14927 0. 1315% 0. t 1490 0. 10487 0. 09464
2.3 7 0. 18736 C. 143502 0. 12749 0. 11265 0. 100462 ¢. 09033

0.0 7/ 0. 167456 0. 1934% a. 12811 O. 14074 0. 10183 0.09182
b2.5 / Q. nare 0. 10294 Q. 07022 0. 07907 0.07134 + 8.06413
45.0 / 0. 07087 V. 0A1 51 0. 05398 0. 04764 0. 04274 0.03047
q2.0 /7 0. 81051 0.011467 0. 01000 0. 0O 0. 60R0Y 0. 00719
oD / 0. 01204 4. 01050 0. 00925 0. 00822 0, 00737 0. 0DLEDH
{962

qourcs (rg™

113.3) =

0. 03977
8.0119)
0.02214
0. 00933
0. 0340
0. 03646%
0.085%8
0. 00199
0. 08303
0. 05004
0. 03464
0. 0063%
0. 00H0D

a. 00202
Q. 03477
0.03171%
0. 03632
0. 01069
0. 02024
0. 008D
0.031%0
0.03437
0. 07853
0. 07468
0. 0808
0. 0%
0.03174
0. 00589
0. 00592

‘N~ DAY
365 DAYS
SOROUP &

19700.0

- o m a —

0. 00454
0.03182
0. 04748
0. 03034
0. 0093
0. 01859
0. 00702
O. 0892
0.02233
0.07206
0. 06838
0. 0H6978
0. 044334
O. 02905
0. 00538
0. 00307

1




ass SALINAE - CALIFORNIA SNAW - CUMCENTRAYIOW —— I1SCSY MIDE sse

s 363-DAY AVERADE CONCENTRAT ION (MICROORAME/CUBIC METER) =

« FRON AL SOURCES =
= FOR THE RECEPTOR GRID »

& MAXIMUN VALUE EQUALS 2. 79113 AMD OCCURRED AT | 200. 0. 112.3) =
DIRECTION / : _ RANCE (METENS)
{DEOREES)Y / 2000. 0
37z. % /7 0.00417
as.o /s 0. 02939
292.5 / 0. 04394
a70.0 / 0. 03092
247.5 / 0. 00926
223.0 / 0.0172%
202.% / 0. 00725
180.0 7 0. 02699
157.3 / 0. 02073
195.0 / 0. 06698
182.5 7 0. 046309
.0 / 0. 06433
&tl.3 i 0. 04442
45.0 7/ 0. 025887
2.5 / 0. 0DATS
a0 O / D. ODALY




-

DIREC 110N
(DEOREES)

a3z, o
15.0
292. 3
470.49
247. 3
24%.0
202.5
180, 0
137.95
195. 0
112.%

9.0

H7. 3

43.0

2.5
O

L e T T L R o L T T S )

sue  BAL INAS S AL IFORNIA '-.u-.n( SONCENIRATION  ~~  ISCST RODE sae

v JSS—PAY AV RACE CONCENTRAT N

* RAXIMHM VALUE EOUMS

0. 609/8
0. 502012
0. B840
L. 448607
2. 802¥9
€. 50550
3. VF7U9
1.90U059
1. 17810
0. 20851
0.17110

N\

o5

400. 0

G. DAOTS
0. I9460
0. H&250
G, 350214
Q. 118
O, 21449
0. 1705
0. 32229
0. 49514
0.92726
0.05947
1.02777
0. 63920
©. 40830
0. 056205
0. 06592

{NICROSRANS/CUBIC METFR)

& FRI# AL SURCES +

1 19319 AND UCCURRED AT (

RANGE (METERS)

o U

O.Gata7
0.21303
0. 45801
0. 24209
o.11213
O. 45112
0. 1.1491
0. 22918
0. 348
0. 6134
0. 57400
. 74729
0. 441569
0. 28571
o, 041D
0. QLA

s FOR TIE RiCEPTUR ORID &

oM. O

0. 02999
0. 20343
0. WIS
9. 180846
0. (BH89
0. 135560
0. 10242
Q. 174%)
Q. 25408
4. 31897
8.349173
Q. >%746
. isae)
Q. 21495
U, 03035
L Dt

200. O

0. 022%0
0. 157
0. 26043
0. 183032
BD.06724
0. 09074
0. 0799
0.13725
0. 19740
0. 40177
0. 34200
a. 3190
0. 25069
0. LATAT
0. 03312
0.02219

0.0t81%
0. 12607
0. 20749
0. 112360
0.03448
0.07347
0. 04434
0. 10027
0.15797
0. 32348
0. 27390
0. 3450%
0. 20254
0.13473
0.018246
0.01772

900.0

1000, 0

- e o i m w W Em o = -

0. 01480
0. 1039
O. 17028
0. 09318
0. 04337
0. 041 87
0.05338
0. 09306
0. 13044
0. 268483
0. 22393
0. 26333
0. 166464
0.31144
. 01483
. 0.014%9

4. 01250
0. OB
0. 14437
0. 07926
0. 03883
0. Y30
0. 04548
4. 07932
0. 11048
0. Z48b4
6. 19232
0. 24393
0. 141462
0. 039
a. 0159
0.01245



DEIRECTION
{DECREES)

7.5
ans.o
a2, 5
170.0
247.%
235.0
202.3
180.0
137.3
1335.0
112.3

90.0

&7.5

43.0

2.9
360.0

AL T A S T T T T T T T

0. D1078
0. 01071

cew  LALINAS -

FALIFDRMIA SEUny

- Ml NTHATTUN

-  1S5CS5T MDE =as

« 335-DAY AVERACE CONCENTRATIUN (MICADIRANS /CUBRE METER)

® MAXIHRRt VAL UE EOUALS

# FRU FLE SIMRCES »

= FOR VHE RECFPIDR CRID »

3. 1917 AND OCCURRED AT ¢

FWANCE (HMETERI)

0. 00713
0. 03137
. 08324
O. JALSF
0. 02301
0. 03087
0. 02654
0. 03720
0. 05302
9. 1451
0. 15204
0. 18193
O. 05222
0. 054607
0. D720
0.00732

130, 0

0. 00370
0.08142
a. Ob4H08
0.03774
0. 018BL7
0. 02301
0.021423
0. 0368530
0.03149
0. 10873
e.0M41
0. 11845
0. 06624
0. 04340
0. 0377
0. 00593

DA
363 DAYS
SCROLPS

0. 0D4A2Y
G.03140
0. 030456
0. 0083
0. 054256
0. 01903
0. 01637
4. 029235
0. 03887
Q. 08303
0. 04780
O.08712
003018
0.038%%9
0. 00454
0. 0D4%2




DIRECT TN /

(DEGREES)

b F )
20,0
2.0
270.0
Q47,5
2% 0
202. 5
1840. 0
137. 5
135. 0
1Has

90.0

&67. %

45.0

23. 5
340.0

o

¢

L T L L L A A

)

R

P LU )

q. 395
Q. 02900
Q. 0AL5Y
A 02677
0. 01320
G. 077
0.01519
0. 02725
0. 03403
0.07709
0. 06470
4. o0 ro
0. 08640
3. 032113
Q. D060
0. 00418

C S IFDRNEA i

enn  TiAL DR SN EHTAT N~ 5CST ODE ses
Bl MY SNBSS UG TR D BEed AREd NUi-’RAﬂ‘.’.iiClIII( METCR) L]
#OFRIME 1 GRS &

& MAXIMES S EGUSL G

0. 00275
0. 02047
0. 03203
0. D197
0, OO947F
0. 01253
a. 073
0. 01942
0. 42531t
0. 05470
0. 08398
0. (058697
0. 03257
0. 02277
0. 00278
£. 00295

0, 206
O, DIHAR
©- 01433
0. (1458
Q. 00721
0, (M 2h)
G. 0081 3
0.M478
0017902
0. 081
0. 03495
0. 08302
0. 02438
0. D173D
0. 00207
o D0

= FOR Fi RECEPHIWR ORITD o

Jo1t Y AND DCTAHRFE AT ( 200.0, 90.0) =
RANCL oM TR RY)

ABO), O FO04: 4500, 0
0, DO H2 (LML ] B} ] 0.00110
O, 1280 T L 0O o, QOU0s
0. 01912 0. 0133I a. 01293
0. 1K . 0599 O, a2
0, 00576 . D04 75 0. 00400
0. 037466 . 0060 0. 53}
0. 005638 0, 00HI2 0. 00447
0.01179 O, 6T C.00814
0. 01503 . 01224 0.01023
0. 03302 0.02752 0. 02262
0. 02787 0. 02293 0.01935
0. D408 0. 027g% 0. 02340
d. 01932 0. 1575 0.01317
a.0107t 0. 01124 9. 00745
0. 00181 0. 001N Q. 00109
0.00) /s 0.00148 0. 00124




366 DAYS
SCAQLUPE )
reae GALINAS - FAL LFURIIA ttuiee o IWEFRTRSTTON - 506 MODE s»e
& T166 -DAY AVENARE CONCENTRATION (PUCRENHANMS/CUBIC METER? -
aTRIM ALl SIAMCEL &
* FeR 119 HECEFPHIIR CRID =
& MAXTHNL VALUE EredliM G XA FH0E AND DECIHRI D AT 200. 0. 112.51 &

PIRECTION RANCE IR JERS)

(DECREES) 7/ 200, AN O AL, O “0d. O SO0, 0 700.0 300.0 900. 0 1000. O
337.3 7 0.3b716 Q. 19294 0. 117923 o, 0133 Q. 05549 O. D435) 0. 03500 0. 02930 0. 02482
LSO s 1.01138 8. 232723 &, D3I 0. 23026 . 1| 5899 0. 13058 O. 10441 0. 0839} Q, 07324
F92.0 / 1. h2V74 o, 37970 0. 35400 . 0. 854D Q. a7 0. 2277 . 17847 0. 14721 Q. 12337
270.0 7 6. 92630 a. 49455 o317 0. 21510 0. 1 199 0. 12710 0. 9800 0.080756 0. D680
247.9 / 0. 34798 0. 19489 0. 11616 Q. 08071 0. 6032 0. 045656 0. 03782 0. 034 34 0. 02687
22%.0 / 0. 45422 0. 23348 Do 1495) a. 10507 o. 113 0. 06309 0. 05186 0. 0423% 8.03711 '
202.9 / 0. 62159 0. 34185 0. 21725%F 0. 15150 0. 11845 0. 00%14 a. 07157 0. 0594> 0. 05027
180.0 ¢ 0. 77389 . 40273 0. 24437 0. 16508 0.12144 0. 07279 0. 07349 0. 06021 0. 03066
187.5 1 L. D2a%4 0. DASDE Q. 544562 0. I043% 0. 29335 0. 23142 0. 18670 Q. 136112 0, 1325
135.0 5 2. 44608 1.38422 0. 87946 0. 649/9 . 45919 0.346700 0. 29620 0. 284635 0.2104%
112.5 ;7 3.17408 i1. 73549 1, 10547 Q. 77254 0. J8H4e 0.43148 0. 35I90 . 0037 0. 29371

WO 7 2. 71748 1. 34448 0. NI 0. 628473 0. 45427 0. 35870 0. 28657 0. 239248 0. 20072
&7.5 7 L. 34704 0. BAKI0 o, 52977 [+ e o b 0.27607 0. 21441 0. 17201 G. 14304 . a. 121326
45.0 7 0. 59072 0. 31525 0, 19808 a. 13723 Q. 10718 0.07907 0. 06323 0. 03310 0. 084080
2.5/ O, 282382 o, 15460 © 09800 0. 06813 0. OL08D 0.03918 0.03126 9. 02367 0, 02190

AsD. 0 / 0, 25406 0. 13661 O, 0060 0. 0599% 0. 4358 ©. 83350 0. 028662 o.0NT D. 01644




( ( + sl

rex LAL [HAS Lo IFUHNIA Sl (R LIIEALTION  ——  15CS5T NODE s#s

& 348 DAY AVEPACE CONCEHIRATION {(HICHIW-RAMNG/CUBIC METER?Y L

s FROM A1 SMRET. o
s FOR 112 RICEPIIR GRID ¢

» MANIIRNS VALUE Fiamg 57101 AND DCCAUIRAT I AT o 200, 0, I112.%) &

DIRECTION - © RANGE {m 1VR%)

(DECREES) / 1I00. 0 1200. 0 10, G 1400, 0 1506, 0 1£00.0 1700.0 1800. 0 1900. 0
337.5 / 0.0251146 a. ey 0. U000 3.01%513 0. (1125% Q.01 129 0, 01020 0. 0027 0. 00846
a15.0 / O OL296 0. 05485 O, 64832 0. URTPT Q. 030d Q. 03483 0. 0N &b 0. 02894 0. 02639
292.9 / 0. 10772 0.09%378 . 0B25% 0. 07325 Q. 06571 0. 09920 0. 05302 0. 04914 0.04508
270.0 7 0. 050758 0. 05101 O.04A7H Q. D46 0.03547 0.0 93 0. 02693 0. 02635 0.02%13
247.% 1 . 02323 0. 02035 . MB02 0. 01L& 0.014%3 0.01019 0. 01205 0.01108 T 0.01021
22%.0 7/ Q. 63207 0. 02804 0. 02480 0.02212 . H1980 0. 08798 0. 014637 0. 014%8 . 0.01376
00,5 F a. 0dasta D.ON7AR o, 0729 0. 02N S 0. 02608 0. 02349 0. 02129 0.01940 0.01778
180.0 7 9. 04306 o, (2730 O, G326) 0. 02O 0. 02347 0. 022305 0. 02083 0. 01093 0.01732
197. 5% ¢4 . 10502 0. 10042 . 0890 0. 07930 0.02128 0. 0LADD 0. 05873 0. 03376 0. 04944
135.0 7/ Jd, 181432 0. 13837 0. 13973 0. 12441 0.11165 a, 10088 0.09171 0, DBOE3 0. 07569y
112.5 7 a. 22004 0. 19146% 0. 15080 0. 15004 0. 138473 0. 12130 0. 13013 0. 10033 0. 09234

90.0 / 0.17238 0. 15001 O. 13202 0.81727 0. L0%06 0. 07479 0. 0B&0L 0. 07038 0.07210
7.9 7 O. I0aA32 O, OVO92 O, 0001} 0.07124 0. 06387 0. 037466 0. 09238 0. 0AT78S 0. 04392
5.0 7/ o, 0D - 0, 03313 Q. 074 0. 025856 0.0201% 0. D2ORSL 0. 01992 0. 017323 0. D1%8L
22.5% / a. 01880 0. 0435 0. 01438 0.01274 0.01141 0. 01028 0. 00932 0. 608%0 0.0077%
a450.0 7 9. 01873 0. 01363 0.01194 0. 01054 Q. DOIAY 0. 00845 0. DD764 Q. 005693 0. 00433

>
A R
W ©



bt DAVE
: SOROUrS |
e GALINALG - (M HIREIA STy IV NIVYALIIIN ——  YSCST MODDE seas
£ 25-DAY AVEFRAGCE CONCEMTHALUON (IVHIMRANS CUBTC METER) -
o OFREST ALt SORIRILL. «
» FOR WP MECEP W CRIE o
s MAL{MHUM VALUF Eidin) 5 AL L FADL AR DETURIY AT o AL LI (N 112.3) &
DIRECTI(N 7 RANGL (MR 1R
COECREES) 2000_0 2500.0 Jinn, 0 i LY I FiMNL D AL,

A37.8 v . 00779 O. GOSl @ e 0. o010 0. 0N2ey Q. SO
Q5.0 / . oreat D.0) 745 O 032 0. 099 O, O0Hr4 0. 00728
2.5 D.09174 0. 0947 [ ON | AN Q.01 D 001845 0.01213
2I0.0 7 o. 02229 . 01 60 0.01189 O. Uy D.0n7A7 . Q08T
237.9 7 0. 0950 0. D065 O, (OB 0. 05 1 C_ 0351 ©. 00309 : :
235.0 7 Q. 202 QO 00904 O, DOAPE o, YUG5HS o, Opan 7 0. D004 ool
202.% 7 0. 01653 0.1 A8 . (iBAY Q. 00702 U 00D /s . 00484
1800 7 ¢. 01403 ©-01119 G, OON30 0. 00661 . QOS3IH 0. D050
157.5 /7 O. DANDY 0. 93302 O, 02024 0. 02026 0. 01878 0.01418
135.0 / 0. 07158 0. DHOBO Q. 4845 T 0. 03086 L O0251A 0.021146
12.5 /7 O, 08553 0. 06044 o, 04547 . N3I&ID O 02965 0.02380

N0 /7 0. ObbtS 0. 04698 0. 03542 L 02900 Q. Q2292 0. 01921

&9 7 0. 0A0e? 0. 0288 D.0217 ¢. 917248 - Q. 1Aty a. 01 185

49,0 7 Q. 01964 . 01029 W, DO77 4 0. 0061} . 00491 0.0041 8

LN S 0. 00739 0. 60500 [\ L ¥ 0. Q98 B, 002810 a. o201
LD, 0 S O, 0OSBS5 0. {0405 0, (GOM 0. 0205 0. 00190 0.00158




DIRECTION /
{DECREEB)} /

7.5
N30
292. 5
a270.0
7.5
a$25.0
202. 9
180.0
$57.95
135.0
112. 5

9.0

&7. 3

13.0

2.5
340.0

T T S R e T T N e T T

o.1217
0. 62297
0.71904
0. 25379
O.11104
0. L5495
0. 03603
0.24103
Q. 17053
Q. 72190
0.97782
0.91134
0. 47036
0. 303462
0.07478
0. 10490

#a88 BALINAS -

.

CaAl IFORNIA STUDY — CONCENTRATION

— 15CST NODE »&s

* 3646-DAY AVILRAGT CONMCENTRATION (AICROGRANS/CURIC METER)

¢ RALIMN VAL\E EQUAI S

0.074620
0. 44633
0.52332
0. 1B800S
0. 08452
0. yT208
0. 04239
0. 19473
0. §2390
0. 35720
0. 74108
0. 66973
a. 35359
0. 2370%
0.0%5482
0.07771

0.051326
0. 32500
0. 38253
0. 13079
0. 046794
0. 09611

0.03647

0. 168246
©. 10088
0. 436202
0. 35423

| O, #9059

0.27229
0. 1 7649
0. 02078
0. 03800

& FRONM ALL SOURCES #
& FOR N RECEPTIOR CRID »

0.97782 AND DCOCURRED AT ¢

RAMOE (FMETERS)

S00. O

G, 036468
0. 24610
0. 23906
0. 10003
0. 034632
0. 07835
0. 03200
0. 14732
0.08345
0. 33104
0. 42213
0. 37216
0. 21329
0. 13739
a. 031351
0. 04482

&HM. O

0.0275%
0. 19314
0. 22715
0. 07936
0.04732
0. 04552
0. 02030
0. 126%0
Q. 07334
0. 20042
0. 3328%
0. 29171
Q. 174562
0. 10842
0.02511
0.03570

200. 0,

a. 02154
0. 15534
0. 18265
0.056447
0. 04070
0.05315
0.02481
0. 31212
0. 06300
0. 2400
0. 26840
0. 23858
0. 14404
0. 08733
0. 02045
Q. 02908

112.5) &

0.01731
0.12775
0. 14790
0.03333
0.03431
0.0468)
0.02168
0. 07740
0.05429
0. 20227
0. 22119
0. 19256
0. 12092
0.07204
0.034693
0.02409

0. 01424
0. 10720
0. §239%¢%
0. 04497
0. 02963
0. 04028
0. 013080
0. 00933

. 0.04709

0. 172%0
0. 1853}
0. 14120
0. 1024%
0. 04D8
0. 01430
0. 02033

‘N —DAY
b DAYE
SEROUPS

0.01194
Q. 07153
0. 104697
Q. 03851
0. 0sae7
0. 03302
0. 0160%
0.07326
0. 08164
0. 14975
0. £ 23837
0. §3732
0. 08834
0. 03149
Q. 01226
0.01743




‘N DAY

a6 DAYS
p SOROAUEPS 1
sma SALINAG - (AL IFOANIA STUDY - CONCENIRATION — I6CST NODE #we
» 254-DAY AVERACE COMCFNIRAY 1IN (MICROUCRAMS/CUBIC METER) "
®» FRO¥Y AL SOURCES «
* FOR Ti RECEPTEM ORID =
* MAXTMUM VALAE EQUALS 0.97782 AND DCCA\RRFD AT 200. 0, 112.5) =
DIRECTION / RANDE. (METERS) 1
{DEOREES? /7 1100, 0O 1200.0 13006. 0 18400, 0 1500.0 1600. 0 1700.0 1800.0 19%00.0
- H
xxr.% / 0. 01024 0. 0089] ‘0. 00763 0. 00693 0. D622 0. 00560 0. DOS05B 0. 00443 0. 00424
315.0 7 o, 07931 2. 06704 O, 0493 0. 05537 a0, OA9HY 0.04317 . 0.09114 0. 83770 0.03448
92,5 /7 a. 09283 o.0B1A 0.07218 0. 046448 ‘O, 036002 0. 03254 0. 0784 0.0837% 0.080256 }
770.0 / 0. 03730 0. 02945 0.02410 0.02337 0. 02103 0.019707 0.01738 0. 03591 00,0143
2847.5 7 0. 020204 0.03034 0.01824 Q. 01644 0, D493 0. 01344 Q. pEI 0. 01131 0.01060
223.0 / 0. 02083 0.02739 0. 0245) 0. D23U8 0, 02001 0. 03823 0. 015668 0.81332 0.01410
202.5 J 0. D507 . 01333 0. 01721 o, 01309 0.01012 0. 00927 0. 00837 0. 00788 0.00731
180,.0 / 0. 08679 0. 06008 0.03414 . 04710 0. 04473 Q. DY OYSs 0. 0376% 0. 0480 0.03225
157.5 7/ 0. 03496 0. 03303 0. 02975 Q. 02693 0. 02452 0. 02343 0. 0206) 0. 01902 0.01741
£t3%.0 / 2. 170150 D. 1 14656D 0. 10819 9. 09374 0. 08490 0.07730 0. 07074 0. 04%03 0.08002
112.9 7 Q. 13752 0. 12081 0. 10717 9.09377 0. 0BLH23 0.0r812 0.07117 C. 08317 0. 5774
90.0 /7 0. 11916 0. 10459 0. 72568 0. oaz2ed 0. 074352 0. 06749 0. 06147 0. 05638 0.09175
&7 .5 7 a.07734 0. 0658 O. 05098 0.D05475 0. 04948 0. 04498 0.04310 0.03773 0.03477
45.0 / 0.04473 0. 0929 ©. 838873 0.02113 0. 02002 a. 0I>337 0.02331 0.02113 0.01944
22.5 7/ 0. 010469 0. 00942 0. 008 Q. 00751 0. 00677 0. 006135 0. 00341 0.00314 0.00473 .
0.0 / 0.01M9 0. 0139 0. 01190 0. 010658 0. DOLD 0. DOBY3 o, D07 ©0.007230 R.008T2

' %
S
K‘“O GdR

P




( ( (..

. Job DAYS
SOROLN*S
son SALINAS - CALIFORNIA STUDBY - COMCENIRATION -- 19CET MDE sas

& 366 -DAY AVERACE CONCENTRATION (MICROGRANMS/CUBRIC METER) .

¢ FRUN ALL SOURCES +
s FOR THE RECEPIOR ORID »

& PAXIIUNY VALLE EQUALS 0.97782 AND OCCURRED AT 200.0. 123 .
DIRECTION 7/ RANGE (METERS)
(DEOREEE) / 20000 :

7.3 0. 0031

315.0 # 0. 03205

292.5 ¢ 0.03718

270.0 s 0.01352

247.5 7 0.0o0ves

223.0 s 0.01314

202.5 / 0. 00680

180.0 7/ 0. 03002

157.5 ¢ 0. 01638

133.0 / 0. 05565

2.5 / 0.03538 .
90.0 / 0. 04761

67.5 / 0.03220

43.0 / 0.01796

22.5 4 0.00438 ,
360.0 / 0. 00627

»



DIRECTION
{LEGREES)

a37. 5
J15.0
292. 5
270.40
247.0
225.0
Q202.9
180, 0
157%. 5

o

5

| 38 PP
|
3. 0

L N

-

[ A

el

0. 08958
0. 50221
0. &0685
D.2I772
0. 10930
Q. 309%7
0. OLBTY
O, 1A
. 1370

b -

R YR (T

e EALied vAac i o LUALS

307G
O, psdl
0, 5730

9. 44543

Q. 19720 [ - e
O, DY [t
[ ¥

I N T

ERTETEERS 1) L £ ¥

R H L) TS
Fii=

1.17% 16 AND OCCuwED AT o

fink,

[N R |
e FOAL ]
J. 254%a

TR sl LI TIRER I R

L Seni ko

RANCE

IOROAL I

FOR 045 )

.
ik, RELEP iR it ow

0. GraH]
0. 18702
0. 2Ona
RIRCERE
003804

M TR

G, 02435
0. 13371
Q. 15423
c. 08138
. 010s
5, A9133
H. 01970
i, D143

o 3024
¢ 18072
L. 11334
<L audEs

o, TR8L3

M(GE F*F

0.02020
0.11233
0, 13530
. 05851
0, 03529
0. 04514
a, 012718
G. 07923
O, 05453
0.19123-
Q. 25831
. 24585
O, 13331
O, QYETO
O, G185
O, CE4Da

0, 01703
0, 09347
0. 11490
0. 05853
0, 03043
0.0399%
o, 01052
. 0a530
0.04722
0. 16017
O, 21382
0. 21023
0. 11252
. 03195
0.01358
Q. 8815a

Q. 0148
0. GB1LE
0. 03547
0. 050X

FHS

r

Thoae =
17
3

-l




[ it Yo .- ISR v - ECST MODE eee
L It I St O TR I P R T (MICRELKRAML. (LB METERS *

Le> ¥

R Gl =

LI N R

t Fuoiie TOF ooy EP

EORALIMUR VAl ob S B0 700 AlD OCCURREL AT | 200. G, 112.8) »
LIRECTION RAMOE (METERS
«LEGREES: ¢ 1100, O 200, LTI P, 0 \B0L. 0 . 1600, 0 1700.90 1800. 0 1560, i
s 2 3, 01273 Q.2 (SRR ) Q. MELR 0. 00725 0. G06s2 U. 0D&D& 2, OGH57
o s 0. 07081 o, 08215 Doan 0. 04454 Q. 03040 0. 03594 0. 00178 0.035107
b 0. 08575 Q. G754 : ARt L Tl aharg ¢.049)15 . 04484 0. 04510 0. 037349
(PRI 3. 04387 e oo} 77 O GoEE 7 0. 02319 Q. G23%7 O. 02204 . GZi3d
s Q. 0623081 R RN [T . T.Q4437 o.o01e 0.01218 G.Ol 2=
[ I Q.M 79 [ N L Qg g &7 {i. 01980 3. 01825 O, 01590 Cu 0 H
- (ORI e [ AR G, QG455 0. 00415 Q. QG330 O. G {:
o [ER T S Q. 03332 d. 03088 &, 02832 0.0
-] (S AL e Q. 02143 0. 01981 0.01823 a.0
0 . 11037 . 0. 08950 0.G8370 | 0. 05657 4.0
D O, 15943 VoA <, 0909} 0. 0H266 0. 0759) G. Qe
o Q. 19247 iTin 0, 08933 3. 08144 0. 07453 G, Oz
- O, 08414 . 0. 048432 0. 04418 O, 33052 0. 03
O QL OL2en 0. 035%0 0.03378 O, 03107 .07
S LOPcY Fr i o, 00072 a, 00520 0. 30475 P o
a . 01895 e K] o O, 00997 9. 00917 0. D845 T. 00




DIRECTION +

i{DEGREES

337. 5
aJ15.0
2v2. %9
270.0
247.%
225.0
202.5
180.0
1572.5
135, 0
112.5

0.0

57.5

45. 0

2. %

350,90

L L

[ WY

.~

2000. 0

0. 00514
0.02873
0. 03500
0.018485
0.01047
0.013423
0. 00323
O, 02445
0.015:2
Goolan
R
O U0l
Q. 14
a. 02
(O Tery

DL G0 Ts

<

sE S

[ AR

LIS ELE (T ]

250G, O

O, 00354
0. 02044
L 2473
o, (30T

(]
Do, LD DG
(ST DR e
PR D By B

oot sl

 MANIMUMN VALUE Futth &

b A3

L ERTRATLIH

PRiwl AL

BT L P B

SRR AN

HBEE (T B

TitE RECEF LR (R s

2500, G

v £F gty
LOlNs

e W10

(SRR TS S

1.172h8 ARDL TUURHRET: &1

EMETERDG

40040, O

QL OO17TS

V. MSS3
ARUORY
. 0529
U IO -T |

200. O

O, 0dl43
0, 00840
0, Q1030
0. 0057 4
@, Q029
Q. 00475
G. 0093
2.00785
5.00474
G, 524
(oM ey g1l
G- Q1830
G. 01326
0082
Q113

[¢]

R

G, o022

NLDE tre

112.5) «

-




( ( &

SRS 1
atr  SALINAS - M IFDHIMA S1EIY CONQ LI BUN - - 15051 MDDE sas )
n 355 DAY AWVE kAt CONCENTHAIL IDN {11 CRUCRARSCUBIC REIER) ]
a FROM ALL SIMRILS +
* FIM N¥ HECEPIOR OHID »
® FBAXIAUM VALUE EdUN S 1.03273 AND LWCURRED AT 10 200. 0. 112.%) »

DIRECTION / RANCE (I TERS) _

(DEOREES) / 200.0 3000 L T woo, 0 N, O 700.0 800. O 700. 0 1000, O
x37.% /7 O, 11089 0.0742) . Q209 . QA 0. 06 0. 02148 0.017%2 0, 01404 0.0L17D
315.0 / O, 4594 0. 33447 0. 24532 OB Y. O 14076 0. 12034 0.09929 0. 08344 0.07129
292.5 / 0. &R F05 0. 49913 0. 36473 0. 27645 0.21704 Q. 174886 0. 14384 0. 12062 0. 10294
270.0 / Q. 4120% 9. 29330 D, 2208 0. 17242 Q. 135809 0. 11318 0. 095321 0. 0BD?6 0. w979
247.9 / 0. 12998 0. 08856 0. 06e%s 0.05M 7 ©., 0aMm P 0. 03280 0.02729 0. 0307 0. 01984
24%.0 7/ 0. 8229 a. 11306 Q. 03%6 0. 020803 0, 0&H99 0.054613 . G. D4802 0.04198 . 03637
202.% /7 0.08%42 0. 046281 0. 04822 0. 03U42 0.03140 0, 025607 0. 02191 0.01871 0.014619
180.0 / 0. 18310 0, 1490 0. 12255 0, 10540 a. Oa8r 0.08071} . 0. 07016 0.061323 Q. 034935
157.5 + 0. 24520 Q. LOB6T 0. 4560 0. 1542 0. 09247 0. 07730 0. 06471 0. 09304 0. 04749
135.0 / 0. 48045 Q. 31858 . #7918 0. 33087 0.27393 0, 22945 0. 19419 0. VAhdsI 0. 14474
152.5 / 1.03274 0. 76423 Q. 36007 0. 42400 0. 33143 0. 286373 Q. 21768 0. 18174 0. 195430

0.0 7 0. Y6863 0. 71332 Q. 2764 . 40327 0. 31928 0.A371 0. 20217 0. 37825 0. 13292
&7.% / 0. 6448 0. 0132 O 37376 . 28497 0.2268) 0. 13137 a. 13109 0. 12480 0. 10822
45.0 ¢/ 0. 32904 0. 29453 0. 1¥37) Q. 194310 0. 12457 0. 10930 0. 086336 0. 07225 0.06219%
2.% / Q. BL6E8 0. 06391 O, 04660 0.03517 Q. Q2737 0.02184 0. 04784 0. 021404 0.01356
3460.0 / a. 072/ 0. 054P9 0. 04054 0, OORY Q. DFAI0 0. 01980 0.01861]3 0. 02334 0,.081556
1 %
\Q" [ 4



"
/
M- DAY
363 DAYS
BOROUPS )
spr Sl TNAL LAl IFORNIA 06y - CONCINIGAIION - J50ST MODE esa
« 365-DAY AV RACE COMENTRATHIN (MICROCRANS /CUBIC TRITER) @
® PRIV AL GIRURIES »
s« FPR MU RECEPIUR Uitip »
® PAXIME VALLE Eilwd 1.000074 AND DICURHER AT 200.0, 11Z2.5) #

DIRECTION / RANCE (W 1IR5S)

(DEGHEES) / 1100, 9 1200. 0 17400_ O 1300 0 1500, O 1600.0 1700.0 1800.0 1900. 0
337.9 / 0. 01001 0. 00BLHY Uiy O. (ERT 0. 30599 0. 00332 0. 00480 0. 00436 0. 009397
N0 / 0. 06198 0. 05448 G. 03830 o, 04 O. Gauv1 0. 0IT26 0.032)2 0. 02741 0. 0270%
292.5 / 0. 08944 0. 978%9 Q. 06973 0. 06204 N YT 0. p2anv 0. 044639 0. 04249 0. 03710
270.0 / 0.06107 0.05398 0. 04813 0. 0422 0. G504 0. PISS3 Q. 03247 0. 02982 9. 02750
247.% / 0.0173) 0.0132% ©.019%8 o.0t21 7 0. 01098 0. 009%7 0. 00910 0. 00835 0. 0D76%
22%.0 / 0.03219 O. 02872 0. 02301 0. 02333 0. 02122 0.0193% 0.017680 0. 015643 0.01518
202.5 / 0.01421 0. 01259 0.01129 O. 01012 0. 00917 0. DPB34 0. 00764 0. 00702 0. 005648
180.0 ¢ 0. 04848 0. 0831 Q. 03 0.03570 0. 03259 0. 02987 0.027353 Q. 02348 0. 02343
157.5 7 0.04162 0. 03601 0. 03284 0. 02954 0. 02672 0.02431 0.02223 0.020423 0. 01D8%
135.0 / 0.12743 0.313%7 8.10130 0.09120 0.09276 0.07343 0. 06909 0. 06357 0. 05872
1.5 7 0. 13383 018726 0. 10375 0. (9256 0. 0d348 0.07573 0.06844 0. 06258 0.03748

0.0 / 0. 13249 O. L1652 Q. 104D 0. 9254 0. ORIV 0.072962 0. 06uva 0.06318 0.05814
67.5 / 0. 09407 0. 08261 0.07324 0. DASAS 0. A5672 0. 05330 . 0. 044D 0. 4448 Q. 04089
43.0 7 0. 03430 0. D479 3, DAP6T 0. 03626 0. 03454 0.03138 0. 028565 0. 02626 0. 02420
22.5 7 0.01087 0. 0051 0. 00840 0. 00748 0. 00671 0. 00408 0. 0030 0. 00302 0. 00440
340.0 / 0.01006 0. 00DBs 0. 00787 0. 0O 1AS D. 00636 0.00577 0. 00528 0. 0DAB] 0. 00445

»
&
\:o,‘d




RIRECT (N
{DECREESE)

-— = e = = e e o wm m w -

xr. s
315.0
92. 35
are. 0
287.5
223.0
202.5
180. 3
157. 9%
133.0
2.3

0.0

67.9%

43.0

22.0
350. 0

e L T Y

¢

ses SALENAS - (AL IFMRNIA S1UDY - CURCENIRATION —-  I5CST MODE eoss

#* J45-DAY AVERACFE CONCENIRATIUN (MICROCRAMS/CUBIC NETER) [

*« FROM ALL SIURGCEES »
& FOR JHE RETEPTOR CRID »

s HAXITMM VALLE FQUALS 1.03274 AND OCCLRRED AY ( 200.0. 112.3) =

RANCE (FMETERS)



-
343 DAYE
ess  SALINAS - CALIFORNIA Sy - CONCFNIRAT I —— ISTCST MIDE ess

» 3LS-DAY AVE RACE CONCENIRAT (N (NICRUGRAIS/CURIC HETER) >

« FROMN AL SOURCES «
e FOR N4 WICEPTOR ORLD »

® MAXEMR VALUE EGUA S5 1.0240° AND DUCARRYD AT ¢ 200. 0, 20.0) »
DIRECTION / RANCE (METERS)

t{DEGREES) 7 20464, O 2500. 9 D000 2500 A © 4500. 0
anz.n / 0. 00338 0. 00239 O. o080 0. 00142 0. 00116 0. 00097
ai15.0 7/ 0. D406 0.01714 0. 01299 Q. L1001 0. DO S . DO709
a€e2.d 7/ ©. 03704 0. 02783 O. 02078 0. 016596 0. 013%1 Q.00 10
270.0 / 0. 02124 0. 01527 ¢. 01168 Q. 034 0. 00571 Q. ODL32
247.9% /7 0.01074 0.00786 0. 00&DS 0. 004nY Q. D040 0. 009
225.0 /7 0. 010399 0.01026 0. DT 0. 0064 0. 00531 0. 00451
202.3 7/ 0.01172 0. 00854 0. OD6SH 0. 00728 0. 00437 0. 00070
190.0 7 0.0219% 0. 01602 0. 03234 . rs 0. 0025 0. 00700
157.5 / 0.02917 0. G077 2. 015397 0.08273 0.0108> 0.00877
133.0 / 0. 06106 0. 04370 0. 003%8 0. Q2483 0.07208 0.01861
112.5 7~ 0.03027 0. 03579 0.07710 o.02153 0.01764 0.014B1
"w.0 7/ 0.06739 . 04831 0.006756 [+ M )] 0.02408 0. 2202¢

A7.S /7 0. 03803 0. DI700 0. 02049 0.01562% 0. 01329 0.01114

45.0 5 0. 02397 0. 018713 0. 01426 0.01140 0. 0038 0.00798

22.9 / 0. 00352 0. 00247 0. 001685 0.00145 0. 0118 0. 00078
asD.0 7 0. 00372 Q. D265 4. 00200 0. 0157 0. 60131 0. 001 10

’
)




DIRELCT U /
{DECREES) ~/

a32.95
as.0
292, %
27¢.9
28i, 9
225%5. 0
202.5
180, ¢
157.93
135.0
112.9

90.0

&7. 0

45,0

a2, 5
3A0.0

T T T R e e T T T T B T

%3

Scurte Grp

200, 0

0. 08977
O, 48219
0. 78258
0. %dis
0. 10di8
0. 41773
0.1 712
. 1A701
0.a7910
0.82512
0. 92789
1. 02485
Q. 58737
0. 37885
0. 07683
0. 07149

ran LAl DNAS

(

LAl BFIWAYS, SNy

- TR HIRA TN

-—  JSTST WODE ses

* S45-DAY AVI RAC] COICENTRATIIN (HICHOG:RAMS/CUBIC METFR?

* MAKTMUFT VALWUE FOUA S

300. 0

0. 0623
0. 3853
0. 54221
Q.25172
0. 08911
0. ofdzy
0. 08341
0. 14421
0. 20010
0. 61255
0. &66564
0. 77383
0. 45089
0. 235377
0. 05364
0. 0527§

K. 0

O, RN
O, 22607
. F9LI5H
0. 3800
. 9189
0. 07230
0. 06873
0. ¥ 2381
Q. 22050
0. 47383
O. 4R884
0. 5877
0. 34286
©. 20144
0. 04031
D. 03844

& FRIN ALI. SIURCLL »
e« Fixt U4 RECEPIUR G0

1. 02980 AND DECURRI L AT

RANGE (Mt FERL)

Gl Q

&, oW
0. 17364
0. 30205
0. 14047
0.0%:M
0. 046432
0. 05907
0. 100802
0. 1 7900
0. 36033
0. 377154
D. 46069
0. 26805
0. 156253
0.023011
0. (V7895

HOG. @

0.07217%
G, | 309
0. 7369
Do 11524
0. 0485 %
0. 05/2%
0. 0135
0. 0?47)
0. 14807
0. 21292
0. 29324
Q. 37089
0. 2130
0.133*1
0.072327]
0. 02250

2K O
f00. 0

0.01729
0.3112490
O 1FLTD
0. 09362
0. 0413D
0. 05042
0. 04451
0. 081923
0. 12431}
0. 26088
0. 909
0. 30433
0. 17584
0. 18141
0.01844
©.ClH1D

0.0} =

800. 0

0.01809
0. 09324
0. 15762
0.07901
0. 093572
0. 04917
0. 03857
0.07113
0. 10518
0. J2050
0. 17742
0. 25374
0. 14618
0.0v372
0.01498
0.014803

700. 0

[TV Y
dAYS
«APR

1000. 0

- eem e o m m e o = owm -

0.01174
0. 07a74
0. 13238
0.05713
0.03109
¢. 0onve
0.0373
0. 0628
0. 092
0. 180845
0. 16608
0, 21552
0. 12054
0. 08033
0. 01242
0. 01240

0. 00997
0. 06794
0. 11295
0.05787
0.02735
0. 03455
Q. 0297y
0. 03494
0.07832
0. 16341
0. 13206
0. 18514
0. 10605
Q. 06960
Q. 01030
0.010%6




e Y
" ~Day
363 DAYE
SCRAOLFS 1
cra SAL IMAS -« ALIFERHIA Sy CUNCLBIRAYTION  —~—  JRCST NODE ser
 363-DAY AVERAULC CONCEHTHAL ION (HICHUGCHAMS/CUREC METER) .
* FRINT A1 SIRACES »
» FDR, T4 RECEPTIOR CRID ®
® MAXNIMN VALLE EQUALS 1. 07 4HS AND OCCURRED AT 200, q, 90.0) &

PIRECVION RANCE {MCTERS)

(DEORELS) / 1500.0 12000 10, @ 13N O 1500G. 0 It 0 1700.0 45000 1900. 0
a7 / 0. 0oBs1 0.00753 0. 025465 0. 00593 0. 00532 0. 00481 0.00437 0. 00397 0.00347
a15.0 / 0. 0568 0.05184 0. UALDT a.0827 0. 83722 0.03378 0. 0308 0. 02625 0. 02601
292.% 7 0. 09807 0.08411 0.07532 . 0. 06820 0. 061 Q. 0555% 0. G062 0. 04633 0. 022560
2m.0 / 0. 050656 0.04479 0. 03993 ©0.00570 0. I47 0. 02954 0. 02703 0. 02463 0. 0q291
247.5 7 . 02422 0. 02163 0. 01949 0. 0176 0. 01807 0.01471 0. 04352 0. 01248 0.0115%6
229.0 7 0. 023964 0.03771 ©. 02304 0.02278 0. 02076 a. %03 0.04 752 . 0619 0.01502
2.5 7 0. 02440 0. 92362 0. 02128 0.01927 0. 01755 0.01605 0.01379% 0. 01341 0.01250
180.0 / 0. DABH? 0. 04381 0. 03950 0. 03582 0. 03265 0. 02990 0. 02750 0. 02537 0. 97353
137.5 7 0. 04887 0. 06109 0. 054462 0,04916 0. 04452 0.04054 0. 0370% 0. 03407 o.03146
135.0 7/ . 14345 0. 12744 O. 11395 0. 10261 0. 09I9% 0. 08448 0.07732 0.07129 0. 0&6582
1na2.5 s 0. 12380 0. 10873 0. 07634 0. 08640 ©0.07780 0.07063 0. 086441 0.0%904 Q. 05435

90.0 7/ 0. 16192 0. 14304 0. 12745 O. 11442 0. 10382 . 0930} 0. 00392 0. 07889 0.p7275
&7.5 7/ 0. 09257 0. 00144 0. 07253 0. 06511 0.0587% 0.03333 O. 04BbL7 0.04463 0.08110
45.0 7/ 0.05115 0. 03424 0. 0eBa% 0. 0%36Y 0. 03934 0. 03602 0.03297 ©.03032 0. 02799
2.5 7 O. 00908 0. 00791 0. 00598 0. o6t 0. OpSS7 0. 6D503 0. 00457 0.00817 0. 00382
380.0 / 0. 00737 0. ODRDG 0.00715 0. DDG6IY 0. OOS78 0. 00522 0.00878 0.00437 0.00402




( ( S

san  SALIHAS CAL IFORNIA S5IUDY -~ CINCENIRAVION ~—  JS05T NMODE sas

® 3466-DAY AVLRACE CONCENTRAL 1IN (RICROGRANS/CURIC METER) .

« JROM ALL SOURCES #
« FDR HWE¥ RECEPTOR CRID =

® MAXIMM VALLE EQUAL S 1.034&10 AND OCCARRED AT 200.0, 20.0)

DIRECTION / RAMDE (M TIRS)

(DECREES) ¢ 2000 2300. 0 400 0 Biy. O 500, 0 J00.0 a00. 0 F00.0 1000. 0
337.% / O. 1319 0. 0998 Q.07284 D. 05514 Q. 04298 0.03435 Q. 02803 0. 02335 0. 01980
313.0 / 0. 40428 O, F7063 0. 21138 0. 159956 O. 12471} 0. 100156 0. 00Z24 0. 06887 0. 03074
292.5 1 0. 20955 0. 43278 . 32181 Q. 29807 Q. 19727 Q. 16048 0. § 3289 G. 1207 0. 09605
270.0 7/ 0. 26683 0.2397% 4. 178432 0.19738 0. 10898 . 0.0NB4% . 07307 0. 06148 0. 03259
247.9 7/ 0. 12205 O. 08793 0. 04493 D.0497% D. O3%3h 0.018% 0. 02635 0.02219 Q. 01901
225.0 / 0. 10073 0.07710 . 083214 2.0%3713 0. 04453 0. 03900 0. D334 0.02915 0. 023568
202.5% 7 0. 31288 O0.081464 0, 06904 . 05062 D_. QuIA0 0.04&66D 0. 04041 0. 03343 0. 03145
180.0 / 0. 192730 0. 136%3 . 10MS 0. 08192 0. 0656597 0. 03540 0.04470 0. 0984 0. 03443
197.5 7 <. 33710 0.2552) 0. 21079 0. 17972 0. 15484 0. 1334% 0. 21319 Q. 10044 Q. 08833
133.0 7/ 0. L9498 ). 34806 0. 43528 9. 35384 0.2927% 0. 24525 ’ 0. 20732 0. y 7903 0. 134464
2.5 7 0. 99677 D. 75998 0. 368094 0. 4465087 0. 374812 0. 0989 0. 25978 0. 22333 D. 1910%

90.0 / 1.03613 o. 78323 0. 378086 0. 43707 0. 34388 0. 27620 0. 263 0. 18944 0.15130
&7.5 /f o.5111B D, 37592 0. 0229 0. 2379 Q. 19013 0. L5547 0. 12955 0. L0967 0.09426
a45.0 /7 0. 17934 .3 30971 o, 10754 0.08487H 0. 086839 O0,05861% 0. 08682 0. 83768 D.03414
25 7 0. 090914 0.07947 0. D&DLS 0. D468 0.03712 0. 03003 0.02474 0. 03074 0.01772
350.0 / 0.096)2 0.07047 0.05172 0. 0N 0. 0084 Q. 024984 0. 62039 0. 017086 0.0145%2
/]
> R




‘N -DAY
s DAYS
SCRIMFE 1
sas  Lal INASG - iAITURNIA Yihe CONENIRATHON - - 1RCST NODBF »sw
» AL4&-DAY AVIFACT CORCERIRAL LW (MICRIMRANS/CUBRTIC MEIER) -
4 FRIM AL SUIRRIES »
* FIR VR RECEPITUR RID «
® RAXIMUES VALLE Euln 5 1. IAE AND DECURRI D AT | 200, 0. 0.0 =

DIRECTIN / HAMNCE: itl IFRS)

{DECREES) / 11000 1200.0 130, 0 140, O 1ML 1500. 0 1700.0 1800. 0 1900. 0
337.5 1 a. 01712 0. 01497 0. 01502 (L O 0. 01058 Q, 00954 0. 0D8BL6 0. 007N 0. 00725
a13.0 ¢ 0, 05104 0. 04263 0. 03980 0. 0% 0.03211 a. 02713 0. D2437 0. D434 0.03z44
292.5 ¢ 0.08372 0. 07376 0. D&S57 2, 038/5 Q. 05300 0.04010 0. 04309 Q. 04024 0.03706
270.0 7 O.0457% 0, 08021 0. 03548 S ONY 0. 02878 0. 02504 0.02373 a. 02173 0.019%8
2U47.%9 / 0. 01654 0. 05459 0. 01297 0. 00142 O. 309 0. DO953 0. 00870 0. 00798 0. 00735
225.0 /7 a. 02268 0. 02027 0. DIBID3 0. 01650 0. 01502 0. 013748 0. 01262 0.011464 0. 01078
W25 7 0.0298 0. 0230 O. Q3257 0. Q2045 0. 01667 0.01704 0. 01566 0.01844 0. 01337
190.0 7 B0.0301> O. 0286465 0. 02376 . 02131 0. 01927 Q.01731 0.01597 0.01467 0. 01332
t157.5 7 0. D7p4) D.0704 6 0.06317 0.05722 0. 0511 0.04768 0. 04382 0. 04044 G.03745
135.0 ¢/ 0. 13544 0. 1 2093 Q. 10825 0. 09707 0.08047 0. OBO6S 0.0709 0. 06601 0.0467283
142.9 7 O. 16747 g. 14822 . 13237 0. 21890 0. 19737 0.0%787 0. 0874Y 0. D222 0. 07283

0.0 / 0. 13997 Q. 12205 ©. 109864 0. 09779 0. 08759 e, 02931 0. 07223 0. 06615 0. 063
&?2.5 7 0. 08243 0. 07280 0. 6485 0. D582 0. 052463 0. 04704 0, 04372 a.04015 0. 03702
45.0 ¢/ a. D298 0.02537 0. V2399 0. 02108 0. 01908 0. 01700 0. 01580 0.01431 a.01337
2.5 7/ . 01341 0.0135% 0. 01202 0. 010758 a. D074 0. DOB 7P 0. o080 2.00733 0. 00574
&0.0 1 0. 01259 0.01t04 0. 00977 0. 008712 0. DO7RS 0. 00709 O, 00HAS 0.00590 a.00542




DIRECTION /
{DECREES) /

B

337.3
315.0
292. 3
210.0
247.5
225.0
202. 5
180.0
137.3
13%.0
113.5

90.0

&7.9

45.0

22.5
J60.0

T T T U T T T T N

0.01847
0. 005681
0. 01002
0. 0 244
6. 01252
0. 03485
0. 053832
0. 07030
0. 05%622
0. 03429
0. 01270
0. 00423
0. 00500

#re SALINAG -

AL IFDRMIA SRy

(

- CONCLHIRATION

= 1SCS51 MODE ass

¢ 3AEH-DAY AVERACE CONCENTRATION (MECROGHANS/CUBIC METER) *

&® PAXINUN VALLE EOUALS

0. GOJ49
0. 01125
0. 0185)
0. 6097
0.00371
0.00562
0. 00897
0. 00478
0. 01939
0. 03222
0. 03840
0. 03007
0.01868
O. 08 71
0. 60333
0. 00262

& FROM ALL SMARCES »
* FOR It RECEPIDR ORID »

1. 03610 AND DCCURRED AT

RANGE

Q00473
0. 00e%s
0.01470
0. 00780
0. 096
O. 00452
0. 00560
0. D09
0. 01578
0. 02379
0. 03042
C. 02380
0. ann
. Q0530
0.0026)
0. 00207

VM VERS)

0. 00221
0. 00736
Q. 01205
Q. 00636
0. 002471
0. 00074
0. 00454
0. 00442
0. 0307
0. 02125
Q. 02%17
4. 01993
o, 01222
0. 00437
0.0021%
0. 00188

200, 0. 90.0) ¢

a.o0183
0. 004620
0-01012
0. 00232
0. 0020%
0.00316

© 0. 00392

0. 00371
0.01108
0.01773
0.02119
0.01A29
0. 01020
0. 003686
0.00179
0. 00140

-

W Ay
g. e
_— ]



J. Ethylene Oxide Industry Councii




The EOIC comments are attached, along with documents

referred to in the comments.

We would be happy to dlSCUSS any

of these issues further if you wish.

-Attachments

Very truly yours,

Lorsldins Ve

Geraldine V. Cox, Ph.D.
Vice President-Technical
Director

> Chemical Manufacturers

Association

/. g

Ronald Van My

Chairman

Ethylene Oxide Industry,
Council



Ethylene Oxide
1Industry Council

2501 M Street, N.W, » Suite 200 » Washington, D.C. 20037 «(202) 887-1 I&

January 14, 1987

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch

Air Resources Board

Attn: Ethylene Oxide

1102 Q Street

P. 0. Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff:

The Ethylene Oxide Industry Council (EOIC) wishes to
express appreciation for the opportunity to comment on the
California Air Resources Board Draft Report on Ethylene Oxide.

The EOIC was organized in July 1981, following
completion of an industry-funded rat inhalation study on EO
conducted at the Bushy Run Research Center. The primary .
objectives of the EOIC are to develop and to communicate
information regarding responsible industry programs to control
exposure to EO, to generate scientific and other information
regarding EO, and to work with governmental bodies considering
regulatory controls pertaining to EO to assure that any such
regulations are reasonable, scientifically sound, health
protective and economically effective,

The EQOIC operates as a special program of the Chemical
Manufacturers Association. The members of the EOIC account for
over 90 percent of domestic production of EO and cover a broad
spectrum of EO users, including companies that convert EO to
other products as well as companies that use EO in the
manufacture of food, pharmaceutical, cosmetic, medical and
health products. Industry trade associations, such as the
Health Industry Manufacturers Association, the Pharmaceutical
Manufacturers Association, the American Spice Trade Association
and INDA Association of Nonwoven Fabrics Industry, also belong
to the EQIC. A current list of members is attached,

The EQIC's brief comments will focus on Part B of the
draft report, which addresses the health effects of ethylene
oxide. We understand that others are addressing the accuracy
of the emissions estimates used in Part A.

A Special Program of the Chemical Manujacturers Association




Ethylene Oxide Industry Council

Membership

Abbott Laboratories
North Chicage, IL

American Spice Trade Assn.
Englewood Cliff, NJ

Andersen Products Inc.
Oyster Bay, NY

Balchem, Inc,
Slate Hill, NY

BASF Corporation
Parsippany, NJ

Becton Dickinson & Co.
Franklin Lakes, NJ

Canadian Res. Mfgrs.
Med. Devices
Weston, Ontario, Canada

Celanese Chemical Co.
Dallas, Tx

Dow Chemical U.S.A.
Midland, MI

Enron Chemical Company
Omaha, NE '

Ethox Corporation
Buffalo, NY

Griffith Micro-Science, Inc.
Willowbrook, IL '

Health Industry Mfg. Assn.
Washington, D.C. _

ICI Americas, Inc,
Wilmington, DE

Keller & Heckman
Washington, D.C.

McCormick & Co. Inc.
Hunt Valley, MD

Nalco Chemical Company

" Naperville, 1IL.

O0lin Chemical Group
Stamford, CT

Pharmaceutical Manufacturers
Washington, D.C.

PPG Industries Inc.
Pittsburgh, PA

Shell 0il Company
Houston, TX

SunOlin Chemical Company
Claymont, DE

3M Industrial Hygiene Service
St. Paul, MN

Texaco Chemical Company
Bellaire, TX

Travenol Laboratories
Deerfield, 1IL

Union Carbide Corporation
Danbury, CT

U. S. Chemicals Company
Rolling Meadows, IL

Vista Chemical Company
Houston, TX

Warren Chemicals Col, Inc.
Seabrook, MD

Zimmer, Inc.
Warsaw, IN



Ethylene Oxide
T-dustry Council

N~ 2501 M Street, N.W. ¢ Suite 200 » Washington, D.C. 20037 «(202) 887-1100

ETH?LENE OXIDE INDUSTRY COUNCIL COMMENTS
ON THE CALIFORNIA AIR RESOURCES BOARD
PRELIMINARY DRAFT REPORT ON ETHYLENE OXIDE

I INTRODUCTIQN , ’
In general, the Ethylene Oxide Industry Council
("EQIC") believes that the'quélitative discussion of health
effects contained in the Preliminary Draft Report on Ethylene
Oxide is basically thorough and in many respects sound. The
EQOIC does have reservations.regarding the analyses of certain
studies. 1In the area of quantitative risk assessment, however,
\_/ the EOIC believes that the Air Resources Board (ARB) should
integrate all of the data, including the modeling results, into
a comprehensive, scientific assessment of risk. The EOQIC also
believes that the results from the epidemiologic reports that
the ARB report has compared with numerical extrapolations from
animal data are not suitable for +hat purpose,

II ‘ ITATIV K A

A. rform iv ientifi isk
Assessment for EQ
The AﬁB report's method to quantify the potential
carcinogenic risk associated with exposure to EO consists
solely of two types of extrapolation -- one from -a rat
inhalation study and one used as a comparison from the

N epidemiologic case reports. Both of these extrapolations are

A Special Program of the Chemical Manufacturers Association



based on limited data and fail to consider all of the available
scientific information. ' .

As the ARB report acknowledges, extrapolation from
animal studies incorporates several sources of uncertainty.
Mathematical models for risk assessment have not been
bioclogically validated and are merely statistical procedures or
tools to agsist the scientist in assessing risk. Mathematical
models use only a limited portion of the available data and do
not incorporate relevant information such as biochemical and
biological mechanisms, metabolism and pharmacokinetics, and
tumor types and relevance to man. Recent developments,

including judicial decisions, illustrate the dangers of

over-~reliance on mathematical extrapolation and the need to
perform a complete, scientific evaluation.

Although extrapolations from human data do not present .
all of the uncertainties associated with animal studies, there
are still many difficulties in using epidemioclogic studies.
Studies must be carefully evaluated before they are used for
extrapolation to the general population. In this case, the ARB
report uses two studies in an effort to obtain a comparison of
the results of human and animal results for leukemia. One
study, by Hogstedt, et al, (JAMA (1986) 255:1575-1578) is
fraught with uncertainties, and is not credibly appropriate fo;
reguiatory decision making. Attached is a copy of a‘letter
submitted on behalf of the EOIC to the editors of the Journal

of the American Medical Association regarding the Hogstedt




report. The second study by Morgan, et al (1981), found zero
leukemias, yet is used to demonstrate that “statistically" the
animal and human results are compatible. |

Moreover, with regard to the Hogstedt teporf, the
estimation procedure for plant 1 (4.8 predicted deaths) appears
to he in error. Applying the lifetime ambient exposure of .63
ppm and using the model slope of .1l yields a lifetime

-.11 x .53)]" which

probability of leukemia of .07, [P = 1l-e (
when multiplied by the cochort size of 230 yields 15 exdess

- deaths., When this is compared with the expected number of ,09,
it is much greater than the 2 actual deaths reported by
Hogstedt and the 4.3 prediction in the draft report. The model
~ values used in the draft ére not consistent with the Hogstedt
report.

Further, as ARB itself has acknowledged, the
conservative assumptions that are made in performing the
modeling, including the use of a linearized multistaée model
and of upper limits of risk, render the results of only limited
use in assessing actual risk. A paper by Dr. E. Anderson, then
Director, Office of Health and Environmental Assessment, EPA,
presented at Harvard in 1984 included a chart shoﬁing that six
(6) of the assumptions can affect the results by a factor of as
much as 10,000. Indeed, a sensitivity analysis performed by
Dr. Robert Sielken, Jr., then of the Department of Statiétics,
Texas A&M University, demonstrated that variations range up to

a factor of 32,000. A copy of Dr. Sielken's paper is attached.



In order to assist the regqulators in making their .
decisions, it is necessary to present the best available
scientific characterization of the risk. The report issued by
OSTP “Chemical Carcinogens; A review of the Science and its
Associated Principles, February 1985* (50 Fed. Reg. 10372,
March 14, 1985) states (Principle 27) that the modeling data
that are used should be "expressed as an envelope of risk
estimates from a variety of plausible models." The “best

estimate” of risk and both the “upper" and "lower" bounds

should be presented and considered, along with any
uncertaiﬁties, assumptions and comments on the underlying data.

Further, the precarious nature of the use of the
mathematical extrapolations included in the ARB report is
highlighted by the fact that the animal data must be | .
extrapolated four (4) orders of magnitude, using a biologically
unvalidated model, to reach the estimated and unmeasured
ambient air concentration projected for the cancer risk
analysis.

The EQIC recognized the need for a valid, scientific
assessment of the potential hazards'posed by EO and requested
Dr. Leon Golberg to éupervise the preparation of a
comprenensive hazard assessment. The resulting EOIC Hazard
Assessment considers and discusses all of the relevant data and
presents Dr. Golberg's expert opinion on the hazards presented
by EO. Numerical exfrapolations are presented, but are used as

only one piece of data in the entire evaluation. The EQIC




approach has been supported by peer reviews of the Hazard
Assessment. A copy of Dr. Golberg's book is provided for the
ARB's use, We are also enclosing copies of letters from Dr.
Robert A. Squire, D.V.M., Ph.D. and Dr. J. W. Grisham, M.D.

commenting on the Golberg evaluation.



THE UNIVERSITY OF NORTH CAROLINA
AT
CHAPEL HILL

The School of Mediane The Umversuty of North Carobies a1 Chape! Hall
Depariment of Pathology ] Prechmvcal E¢ Bidg 22MH
Chapel Hill, N.C. 27854

June 24, 1983

Mr. Robert C. Barnard

Counsel

Ethylene Oxide Industry Council
2501 M Street, Suite 200
Washington, DC 20037

Dear Mr. Barnard:

Pursuant to the request, made in your letter of June 14, I have read and
ceritically evaluated the draft copy of the "Hazard Assessment of Ethylene
Oxide" (dated May 31, 1983), which was prepared under the auspices of the
Ethylene Oxide Energy Council by a working group led by Dr. Leon Golberg. In
evaluating this document I have also examined the Federal Register, Vol. 48, -—
No. 78, of Thursday, April 21, 1983, pages 17284-17319, which pertains to the
proposed rulemaking by the Occupational Safety and Health Administration
(0SHA) regarding occupational exposure to ethylene oxide. I have also read the
OSHA document "Preliminary Quantitative Risk Assessment for Ethylene Oxide®
(exhibit 6-18). I am pleased to have the opportunity to comment on the "Hazard
Assessment of Ethylene Oxide" by Golberg and associates.

The Golberg report reviews and cri:ically discusses the literature on the
chemical properties of ethylene oxide and on the metabolism of this chemical
in several animal species. The Golberg report also reviews and critically
discusses the experimentally determined acute and chronic toxic effects of
ethylene oxide in laboratory animals, the industrial hyglenic aspects of
ethylene oxide exposures, and reports of epidemiclogic studies on workers
exposed to ethylene oxide. Based on the reviews of all of the cited reports,
the Golberg document concludes by attempting to make a hazards assessment of
ethylene oxide for man.

I find the Golberg report to be a acholarly, well documented survey of -
the available literature pertaining to aspects of the chemical eharacteristices
and biological actions of ethylene oxide. The Golberg report critically
disczusses these data and interprets them thoughtfully and authoritatively. The
hazards assessxzent included in the Golberg report is a brief, but
cezprehensive, discussion of the complexity and ambiguity of risk assessment
frow studles in laboratory animals. It honestly presents and discusses variocus
approaches to risk assessment, including mathematical modeling based narrowly
on tumor production in rats, as is done in the OSHA riak assessment document
(document 6-18). 1 fully agree with the conclusion of the Golberg report that
precise hazard assessment for man of low levels (less than 10 ppm) of ethylene
oxide is largely judgemental. In my opinion, this is a realistic conclusion
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that should not be obascured by the apparent, but deceptive, precision of a
zathepatical extrapolation to man of data froa studies in genetically uniform
laboratory animals, data that have only limited direct biological relevance to
man. Unlike the OSHA hazard assessment, the Golberg hazard assessment attempts
to base judgements globally on all published information available, rather
than on only a limited number of studies. I fully agree that no data are
avallable that indicate that exposure to 1 ppm ethylene oxide presents any
apparent acute or chronic hazard for man.

Mathematical formulations of risk for man from data on tumorigenicity in
a species as biologically remote from man as the rat must be interpreted
cautiously, in my opinion. In developing risk assessments for man for a
chemical, such as ethylene oxide, one must attezpt to determine the active
dose that comes in contact with the tissues at risk (target tissues), as well
as the relative sensitivities of the target tissues in the two species
compared to the toxic actions of tHe active chemical. This means that not only
the toxic outcome must be quantitated (in the case of the studies used by
OSHA, the toxic outcome was mononuclear cell leukemia and peritoneal
pesothelioma}, but also the metabolism, transport to the target tisaues, and
excretion of the chemical and the repair rates of the initf{al cellular lesicna
zust be quantitated in the two speclies compared and must be utilized in risk
assessgent. Unfortunately, we do not know enough about the metabolism and
cellular action of ethylene oxide in the rat and man to accomplish that goal.
Hence, the results of mathematical modeling from disease outcomes (tumors) in
the rat cannot be used to quantitatively assess risk for man with known
precision. The studies utillized in the OSHA report do demonstrate the toxicity
of ethylene oxide for rats, and they can be interpreted to indicate a
qualititative risk for man, but they cannct be used, in my opinion, to
precisely quantitate the risk for man.

There iz no csubt that ethylene oxide is toxic for man, as for animals ot
other species. Certainly, workers should be protected from exposure to levels
of ethylene oxide that produce toxicity in man. In my opinion, there iz mo
aonclusive evidence that exposure to ethylene oxide in ccncentrations leas

than 10 ppx causes toxlelty in man. However, more data are needed for exposure

ranges of 5 to 10 ppm ethylene oxide to be confldent in this assesspent. The
proposed level of 1 ppm or less seems to me to be conservatively safe.

I wish to comment further on the OSHA propesal to screen for chromosomal
dapage as a medical survelllance procedure for workers sxposed tc ethylene
oxide (Appendix C-Medlical Surveillance Guidelines for Ethylene Oxide, Federal
Register, Vol. 48, No. 78, Thursday, April 21, 1978, page 17315). In my
epinion, this proposal has no merit. The technology for assessing chromosomal
damage 18 far from standardized, and the procedures are laborious and
cumbersome. The prevalence of chromosomal aberraticns in the general
pepulation, not known to be exposed to chemicals, is unknown. Some studles
suggest that this background rate may vary considerably and may be
episcdically increased by certain viral infecticns, unrelated to chemlcal
exposure. Most chemicals, including ethylene oxide, produce chromatld-type
aberrations, whose scoring is subjective apd difficult. Furthermore, chromatid
aberratiors are transitory, and most are lost at the first division of the
affected cell following exposure. Of most importance, there are no stucies of
which I a= avare that have evaluated the potential relationship of random,
acquired chromosomal aberrations in somatic cells and the subsequent
occurrence of any chronic disease, including cancer. Thus, the infermation
from chroncsomal analyses on a population of workers expased to ethylene oxide
could not be used to predict future risk of chronic disease, and the technique
does not provide a sensitive or necessarily precise dosimeter of chemical
exposure. Therefore, I conclude that analysis of chromosomal aberraticns Iis
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not pow a sclentifically valid or cost-effective means to screen populations
of workers for extent of exposure to ethylene oxide in the work place or for
assesspent of risk to future development of chronic disease.

The evaluation of sister chromatid exchange (SCE) is technically less
demanding and cheaper to perform than is the analysis of chromoscmal
aberrations. However, as with chromosomal aberrations, SCE has not been
correlated with any disease outcome and, indeed, there 1s evidence suggesting
that SCE may not represent a pathclogical (toxice) cellular reaction. Reported
evidence suggests that SCE evaluation might serve as a sort of biological
dosimeter for ethylene oxide exposure, but other analytical methods to
quantitate exposure would appear to be more sensitive and reproducible.

I hope these comments are useful. I regret that previous commitments
prevent me from participating personally as a witness at the OSHA hearing.
Please call me at (919) 966-4678 1f you have any questions.

Sincerely,
0t?4lh A&«—4¢L¢A-

J. W. Grisham, M.D.
Professor and Chair
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ROBERT A. SQUIRE ASSOCIATES, INC.
1515 LA BELLE AVENUE
RUXTON, MARYLAND 21204

TELEPHONE 301-821-0054

June 29, 1983

Robert C. Barnard

Ethylene Oxide Industry Council
Suite 200

2501 M Street, N.W.
Washington, D.C. 20037

Dear Mr. Barnard:

I have reviewed the draft document entitled "Hazard Assessment
of Ethylene Oxide" dated May 31, 1983 and find it to be a com-
prehensive and objective statement on the issues. Time permits:
me to respond only very briefly and my comments are limited to the
issue of extrapolation of animal data to human rlsk.

I agree with the position taken on page 153 of the document
that mathematical models ignore much of the biological information
necessary for interspecies extrapolations. They reduce the risk
assessment process to merely a consideration of dose-response
relationships, on the unwarranted assumptions that man and the
test animals will be equally susceptible, and that biological
effects will be the same at high and low exposure levels. Most
available biological and toxicological evidence contradicts both
assumptions. Risk assessment which takes into account the nature
and extent of all of the bioclogical evidence, not merely dose-
response data in the observable range, is more likely to lead
to an accurate hazard assessment.

The nature of the tumors identified to be treatment related
in the test animals in the ethylen. oxide study is particularly
important. Fischer rat mononuclear cell leukemia, and peritoneal
mesotheliomas are relatively unique tumors in this species and
strain and they have a high background incidence which contrasts
with the incidence in humans. The reported spontaneous incidences
for leukemia in this strain are approximately 107 in females and
12% in males.(1l) For mesotheliomas in males, the incidence is
approximately 2.3%. As compared to human tumor incidences at
any site, these are extremely high and one must acknowledge an
unusual susceptibility to these tumors in the test animals.

Spontaneous incidences as high as these at any tissue site

in test animals indicates a population of "initiated!" or latent
neoplastic cells which would be highly susceptible to enhancing

(1) Goodman, D.G. et. al. Toxicol. Appl. Pharm. 48:237, 1979.



or promoting stimuli associated with chronic tissue damage and
cellular replication. Among the known human and animal carcin-
ogens there is a high (80Z+) correlation of sites affected, so
the background tumor rates at specific sites are important
considerations in interspecies extrapolation. Induction of
tumors that have & high natural occurrence in the test animals
is less relevant to human risk than is the induction of tumors
that are normally rare - unless, of course, there is also a
high background incidence in humans at the site in question.

In this instance, there is no biological basis to assume that
humans would be as susceptible as the test rats at comparable
exposure levels, yet this is the assumption which is inherent
in the applications of mathematical models. The statement in
the report on page 136 "...the relevance to man of the tumorigenic
effects observed in F344 rats is uncertain,'" is, therefore,
clearly justified.

In summary, I agree with the theme of the report that it
is more appropriate to rely upon the weight of biological
evidence rather than the application of mathematical models in
hazard assessment when extrapolating the results of the ethylene
oxide animal study to humans. The use of mathematical models
alone would almost certainly provide a misleading estimate of
human risk, in my view.

Sincerely,
/‘ "‘\. . 4/ "_. /. - T

Robert A. Squire, D.V.M., Ph.D.

RAS/pn




A Sensitivity Analysis
~ of the Quantitative Risk Assessment

for Ethylene Oxide

Robert L. Sielken Jr.
Department of Statistics
Texas A&M University
College Station, TX 77843

June, 1985



EXECUTIVE SUMMARY

In keeping with the EPA Science Advisory Board's encouragement, this
paper explores some of the uncertainty and sensitivity of a quantitative

risk assessment for ethylene oxide. The emphasis is on the quantitative

impact of several of the choices made in the risk assessment,

The quantitative effects of the choices are considered separately
initially and then cumulatively later. The choices are not necessarily in
order of importance. While many of the important choices and areas of
uncértainty for an ethylene oxide risk éssessment are investigated, there

are other choices and areas.

Choice 1. The Definition of the Response of Concern

In the Bushy Run Research Center {BRRC) study and the NIOSH study of
ethylene oxide inhalation the carcinogenic events which have been most
frequently modeled are mononuclear cell leukemia, peritoneal mesothelioma,
and brain neoplasia. (The relevance of these experimental‘events to humans
is a very important biological issue; however, this issue is not addressed
herein, nor are any value judgements intended.) Dose-response and
time-to-response models were fit to tne BRRC experimental data for each of
the following six definitions of a response:

1} brain neoplasia in a male rat,

2) peritoneal mesothelioma in a male rat,

3) brain neoplasia in a female rat,

4) mononuclear cell leukemia in a female rat,

5) death of a male rat, and

6) death of a female rat.
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The last two responses represent the occurrence of a particular health
effect as opposed to carcinogenic events which might encompass highly
variable health effects. In addition these two responses combine ethylene
oxide's effects on all potential causes of death.

In general the estimated risks are smallest when the response of
concern is defined to be brain neoplasia in male rats and are greatest when
the response of concern is defined to be either mononuclear cell leukemia
in a female rat or the death of a female rat. The other three responses
(peritoneal mesothelioma in a male rat, death of a male rat, and brain
neoplasia in a female rat) have estimated risks relatively far away from
the extremes. The ranking of the estimated risks among these latter three
responses varies.

A1l of the numerical results are based on the BRRC experimental data
as opposed to the NIOSH data since the NIQSH data appears to be generally
consistent with the BRRC data and the BRRC data set contains more direct
experimental evidence on the low-dose behavior. The BRRC experiment
included both 10 ppm and 33 ppm whereas the lowest non-zero experimenta)

dose level was 50 ppm in the NIOSH study.

Choice 2. The Risk Characteristic

The risk associated with a particular exposure can be expressed in
terms of either (1) the probability of the specified response by a

specified time or (2) the expected amount of time (the mean free period)

without the response having occurred. The latter reflects when the
response might occur during a period instead of just the cumulative

probability at the end of the period. Using these two risk expressions,

the risk at a particular dose level can be described as either (1) the
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increased probability of the specified response by a specified time at the
particular dose level relative to that at the zero dose level (actually the
control level) or (2) the percentage decrease in the mean free period at
the particular dose level relative to fhe mean free period at the zero dose
level.

Table ES.1 contains estimated increases in probability and percentage
decreases in the mean free period for BRRC rats exposed to 10.0 ppm, 1.0
ppm, and 0.1 ppm. (These estimates correspond to the fitted
Hartley-Sielken model which is a multistage model extended to include each
animal's individual observation time.) These estimates indicate thai there
is at least a ten fold reduction in the estimated risk as the dose level
decreases from 10.0 ppm to 1.0 ppm and at least another ten-fold decrease
from 1.0 ppm to 0f1 ppm. The magnitude of the differences between the risk
characteristics for different definitions of the response of concern is
also apparent in Table ES.1, There each risk characteristic Qaries at
least 8-fold and at most 450-fold over the six definitions of the response.

The virtually safe dose (VSD) and mean free dose (MFD) are two
different definitions of a maximum gcceptab]e dose. The VSD corresponds to
a maximum increase in the probability of the specified response. The HfD
corresponds to a maximum decrease in the mean free period. The estimated
virtually safe dose for an increase in probability of 0.000001 (one in a |
_mi]lion) varies 450-fold over the six definitions of the response and
usually is 100-fold smallier than the VSD for an increase in probability of
0.0001 {one in a thousand). The estimated mean free dose for a decrease in
the rat's mean free period equivalent to one day in 70 years varies 43-fold

over the six definitions of the response and is between 5 and 30-fold

smaller than the MFD for a decrease equivalent to one month ih 70 years.
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Choice 3. The Time in the Risk Characteristic

For late occurring responses, such as those associated with ethylene
oxide inhalation, the time or length of time period used in the definition
of the risk chardcteristic has a substantial impact. 1If the VSD is defined
in terms of the increase in probability by the end of 18 months
(approximately 3/4 of an average rat lifetime) instead of the increase in
probability by the end of 25 months (approximately one average rat
lifetime), then the estimated VSD is 2-4 times larger. Similar increases

occur for the MFD,

Choice 4, The Mathematical Model

The current dose-response models are simplistic representations of an
unknown, highly compiex biological phenomenon. The existing biological
information is not sufficient to indicate which of the existing models, if
any, are appropriate. Nor are the statistical goodness-of-fit tests
sufficient to differentiate between existing models. Nevertheless, the
mathematical form of the model makes a many-fold difference in the
estimated risk. For instance, the estimated VSD for an increase of
0.000001 in the probability of a brain neoplasia in a male rat varies
84-fold over five quantal-response models (probit, logit, Weibull,
multihit, and multistage models}. For brain neoplasia in a female rat,
peritoneal mesothelioma in a male rat, and mononuclear cell leukemia in a
female rat the variations are 57-fold, 146-fold, and 48,000-fold

respectively.
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Choice 5, The Inclusfon or Exclusion of the Experimental Data at_100 ppm

The current quantal-response model families (multistage, Weibull,
etc.) do not contain curves capable of reflecting both the similafity
between the response rates at O ppm and 10 ppm and the gbserved behaviors
at 33 ppm and 100 ppm in the BRRC study. The limitations on the shapes in
the model families prevent the fitted models from passing close to the
observed response proportions at both 33 ppm and 100 ppm and, ihstead,
force the fitted models to try to “compromise" by passing below the
response rate at 33 ppm and above the response rate at 100 ppm.

Furthermore, such fitted models are very non-responsive to the experimental

data at 10 ppm. The “compromising” at high doses and non-responsiveness at
low doses can both be considerably 1essened'by fitting the models to only
the data at O ppm, 10 ppm, and 33 ppm. This was done in most calculations.
Excluding the 100 ppm data causes the VSDs and MFDs to decrease
roughly 2-fold when the response is defined to be mononuclear cell leukemia
in a female rat. On-the-other-hand, they increase by roughly 2-fold for
brain neoplasia in a female rat and pe.itoneal mesothelioma in a male rat

and increase 8-fold for brain neoplasia in a male rat.

Choice 6. The Fitted Model Value and Bounds

The fitted model value is the estimate most consistent with the
presumed family of models.
Upper bounds on a risk can be computed. In fact, there is more than

one way to compute an upper bound. The purpose of an upper bound is not to
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estimate a risk but to be large enough to exceed the risk. Not all values .
less than an upper bound are equally likely to be the true risk. The
values nearer to the fitted model value are more likely to be the true risk
uﬁén the true dose-response relationship is in the model family,

The same procédures used to generate upper bounds (upper confidence
limits) can also be used to generate lower bounds (lower confidence
limits). The difference between the upper and lower bound provides an
indication of how precisely the true location of the risk is being
identified. The farther apart the upper and lower bounds are, the less
1ikely the true risk is to being near either bound.

Using the multistage mode) and its usual bounding procedure, the upher
bounds on the increase in the probability of a response at 1.0 ppm, for

example, are approximately 17, 4, 3.5, and 1.5 times the fitted mode!

values when the response of concern is defined to be brain neoplasia in a
male rat, peritoneal mesothelioma in a male rat, brain neoplasia in a
female rat, and mononuciear cell leukemia in a female rat respectively.
Furthermore, the distance to the lower bounds from the fitted model value
i; even greater than the distance from the fitted model value to the upper
bounds. In fact, all of the corresponding lower bounds are negative which
implies that a decrease in the probability of a response is as
statistically consistent with the experimental data as the upper bounds afe‘
using the particular bounding criterion, Thus, an'exceeding}y wide variety
of dose-response relationships are not sufficiently inconsistent with the
experimental data to be recdgnized as bad fits using the statistical
criterion which serves as the basis for the computation of the bounds.

The bounds currently attainable for the other quanta]-responée models

and time-to-response models are not uniformly better. Part of the problem




£S-7

is the bounding procedures themselves, but a larger part of the problem is
the ambiguity in the model! family which often prevents the observed
dose-response behavior in the range of the non-zero experimental doses from
being strongly reflected in the low-dose behavior of the model, |
The fitted multistage model's estimates of several risk
characteristics were re-evaluated for several variations in the response
proportions at O ppm and 10 ppm in order to demonstrate the amount of
variability in the risk characteristic estimates that was due to the
statistical variability (randémness) in the experimental data. The
observed variability in the risk estimates was substantially less than that
suggested by the difference between the bounds and the fitted mode)
values, In particular, the upper bounds (computed from the original BRRC
data) on the increased probabilities of a response tended to be roughly
two times farther away from the fitted model values {computed from the
original BRRC data) than were the largest estimates obsefved among the
fitted model values corresponding to the variations of the original data.
Analogously, the lower bounds (computed from the original BRRC data) on the
VSD were approximately twice as far from the fitted model values (computed
from the original BRRC data) for the V3D as were the smallest estimated
VSDs observed among the fitted model values obtained from the variations of

the original data.

Choice 7. The Human Dose Levels Assumed to have the Same Response

Frequencies as the Rat Experimental Dose Levels

The relevance of experimental animal results depends on many factors
such as the similarities in exposure patterns, pharmacokinetics,

carcinogenic mechanisms, immune systems, repair systems, etc. Several
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different assumptions could be made about which dose levels for
“continuously” exposed humans would be equivalent (in terms of response
frequencies) to the experimental dose levels administered to the Fischer
344 rats for 6 hourslgay, 5 days/week, for almost an entire lifetime. The
quantitative impact of four different assumptions are explored. The four
assumptions presume that the frequency of response will be the same for
humans as it is for experimental rats if the exposures are equal on the
basis of
i) air concentration (ppm),
ii) exposure days per week (ppm times the number of exposure days per
week divided by seven),

{11} body weight (mg/kg/day), or

2/3lday).

Theoretically, if the dose-response relationships were linear, then

iv) surface area (mg/kg

the estimated risks for a human continuously exposed (all day, every day)
at a given ppm level compared to the risks for an experimental rat at the
same ppm level would be approximately
i} equal under the air concentration equivalence assumption,
ii) 1.4 times greater under the exposure days per week equivalence
assumption,
fii) 3.8 = (1.4)}{(2.7) times greater under the body weight eguivalence
assumption, and
iv) 20.8 = (1.4)(2.7)(5.5) times greater using male rats or 25.7 =
(1.8)}(2.7)(6.8) times greater using female rats under the surface
area equivalence assumption.
The dose-response models were fit to the observed frequencies of

response at 0 ppm, 10 ppm, and 33 ppm but with these dose levels converted
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to their assumed equivalent human dosages. For each definition of the
response of concern four fitted models were obtained {one for each
equivalence assumption). The risks estimated under the exposure days per
week equivalence assumption were approximately 1.4 times greater than the
estimated risks under the air concentration equjvalence assumption. The
estimated risks for a 1.0 ppm human exposure were 2-4 times greater under
the body weight eguiva!ence assumption than they were under the air

concentration equivalence assumption -- the differences were greater for
human exbosure leQels larger than 1.0 ppm and less for levels smaller than
1;0 ppm. The estimated risks for a 1.0 ppm human exposure were 15-200
times greater under the surface area equivalence assumption than under the
air concentration equivalence assumption and 7-50 times greater under the
surface area equivalence assumption than under the body weight equivalence
assumption. Using the multistage model, the estimated virtually safe
doses corresponding to an increase of 0.,000001 in the probability of a
response by the end of a lifetime were 1.2, 8.6, 11.4, and 19.5 times
smaller under the sﬁrface area equivalence assumption than under the air
concentration equivalence assumption when the reSponsé of concern was brain
neoplasia in a male rat, peritoneal rn.:sothelioma in a male rat, brain
neoplasia in a female rat, and mononuclear cell leukemia in a female rat
respectively. These same estimated VSDs were 6.0, 5.4, 6.7, and 6.7 times
greater under the surface area equivalence assumption than under the body
weight equivalence assumption.

Although the body weight and surface area equivalence assumptions may,

at first glance, appear reasonable, the amount of a carcinogen which
reaches its target site is not necessarily a simple function of either body

weight or body surface area due to the different pharmacokinetic processes
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involved. It is important to note that the equivalent human dose is
intended to be equivalent in the sense of causing the same frequency of
response as observed in the rats and ¥s not necessarily intended to be

equivalent on any other physical or biological scales.

The Cumulative Quantitative Impact of the Choices Made in a Quantitative

Risk Assessment

The cumulative impact of several of the choices made in the
quantitative risk assessment for ethylene oxide inhalation can be
schematically represented in the form of "choice trees" such as those shown
in Figures 33-62. (Choice trees are similar to decision trees.) Each
choice tree shows how the values of a particular pair of risk
characteristics such as a MFD and VSD (one charactefistic.emphasizing the
time to response and one not) change progressively with each choice made in
the risk assessment. There is one choice tree for each combination of one
of six responses and one of five pairs of risk characferistics.

Table ES.2 attempts to summarize much of the paper's discussfonlof
most choices by listing the options explicitly examined for each choice
along with the range of their quantitative effects on the estimated risks
at 1.0 ppm {the estimated increase in the probability of a response at 1.0
ppm and the estimated decrease in the mean free period at 1.0 ppm) and the
estimated VSDs for an increase of 0.000001 in the probability of a
response. Table ES.2 does not, however, bring out the importance of using
time-to-résponse data and time-to-response models not only to improve the
estimation of probabilities but, more importantly, to allow the risk to be

characterized in terms which reflect the time the response might occur,
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The Variation in the Unit Risk Values: An Example of the Cumulative Impact

of Even a Few of the Choices in a Quantitative Risk Assessment

A single number can not redlistically characterize the risk of a
chemical exposure. Nevertheless, a “unit risk” and its associated “potency
index“ are often considered. The unit risk is the increased probability of
a specified response at an exposure of onc unit relative to that at an
exposure of zery units. The unit of exposure is usually ppm or
ug/m3 or my/ky/day. For humans and ethylene oxide vapor inhalation,

. Unit Risk per ppm
1.9x10°

Unit Risk per ug/m3

Unit Risk per mg/kg/day

., Unit Risk per ug/m3
2.86x10™4

Unit Risk per ppm
(1.9x10%)(2.86x10"2

2 1.84 Unit Risk per ppm ;
) -

so that, a unit risk on one unit scale only differs by a known constant
from the unit risk on another unit scale. The “"potency index" is taken to
be the unit risk on the mg/kg/day scale times the molecular weight of
ethylene oxide (44.1).

Table ES.3 indicates the range of unit risk values that are obtained
just by varying the following four.choices:

1. The Response of Concern:

1.1) Brain Neoplasia in a Male Rat

1.2) Peritoneal Mesothelioma in a Male Rat
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1.3) Brain Neoplasia in a Female Rat
1.4) Mononuclear Cell Leukemia in a Female Rat
2. Tne Mathematical ﬂudel:
2.1) Multistaye Model
2.2) Probit Model
3. The Value Representing the Mathematical Model:
3.1) Fitted Model Value
3.2} ‘Upper Bound
4, Assumed Basis for Species tquivalence:
4.1) Air Concentration
4.2) Exposure Days per Week
4.3} Body Weight
4.4} Surface Area.
The unit risk value for each of the corresponding 64 combinations of
choices is shown. The ratio of the largest unit risk to the smallest unit
risk is approximately 32,000. Thus the unit risk value obtained for
ethylene oxide vapor inhalation varies over three orders of magnitude
depending on these four choices alone. Even if the mathenatical model fis
limited to the multistaye model, the unit risk value varies 1,300-fold over
the three remaining choices. Furthermore, these variations do not in¢lude
the fact that the lower bounds on the unit risk are negative.
Unfortunately, the discussion of unit risks in the £PA Hedlth
Assessment Document for Ethylene Oxide only reports the unit risk values
associated with the upper bounds on the multistage model. The Health
Assessment Document does not report the unit risk values associated with

the fitted multistage model values or those associated with the lower
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bounds on the multistage model. (Nor does 1t report unit risk values for
other models.) Furthermore, the Health Assessment Document refers to the
unft risk values bhased on the upper bounds as unit risk‘gigimgggg instead
of bounds on the unit risk. This misleading terminology should not be used
and a careful distinction should be made between an estimate of a unit risk
and a bound on a unit risk. (A similar distinction should also be made
with respect tu other risk characteristics; tor example, the distinction
should be made between an estimate of the virtually safe dose (VSD) and a
bound on the VSD.)

The variation in the unit risk values (both estimates and bounds) is
even greater if other choices are included. However, it may be more
important to emphasize that the unit risk as well as the other risk
characteristics (such as the virtually safe dose) which do not reflect the
time to response information are inadequately characterizing the actual
risk of ethylene oxide vapor inhalation.

The numbers emerging from any quantitative risk assessment of ethylene
oxide inhalation are not mathematical certainties but rather the results of
nwnerous choices which may be influenced by policy decisions, value
judgements, and assumptions. The consequences of several of these choices
have been quantified in the overall sensitivity analysis presented herein.

Unfortunately, in light of the particular risk characteristics
emphasized in the EPA Health Assessment Document for Ethylene Oxide and
the numerical sensitivities existing in the qugntitative risk assessment,
it is easy to see how the important similarity in the observed experimental
behavior of the BRRC rats at 10 ppm and the rats in the two BRRC contro)

groups does not emarge more strongly than it does.



Table €5.1 Estimated risk characteristics for six different definitions of the

response of concern

RESPONSE
oF
COMCERN

Brain Neoplasia
in a Male Rat

Brain Negplasia
in a Female Rat

Death in a
Male Rat

Peritoneal
Mesothelfoma
in a Male Rat

Mononucliear
Cell Leukemia
in a Female Rat

Death in a
Ffemale Rat

Ratio:
Largest/Smallest

frain Nepplasia
in a Male Rat

Brain Negplasia
in & Female Rat

Death in a
Male Rat

Peritoneal
Hesothelioma
in 2 Male Rat

Mononuclear
Cell Leukemia
in a Female Rat

Death in a
female Rat

Ratio:
Largest/Smallest

ESTIMATED RISKS

Decrease in
Mean Free Period
at Dose Level

10.0 ppm 1.0 ppm

0.13% 0.001%
0.15% 0.012%
0.3 0.002%
0.29% 0.02%
1.06% 0.j0%
1.031 0.10%
8 100

0.1 ppm
0.03

0.002%

0.0%

0.002%

0.013

0.01%

Increase in
Probability
at Dose Level

10.0 ppm 1.0 ppm 0.1 ppm

0.006 0.00007 0.000001
9.008  0.0006 D,.00006

0.012 0.0001 0.000001
0.014 0.0010 0.00010

0.048 0.0043  0.00043

0.041 0.0081 0.00041

8 61 439

ESTIMATED MAXIMUM ACCEPTABLE DOSES (PPM)

Mean Free Dose

fractional Decrease in

Mean Free Period

1 Month 1 Day
70 Years 70 Years
9.7 1.71
8.2 0.34
6.0 1.07
4.9 0.20
1.2 0.04
1.2 0.04
8 43

Virtyally Safe Dose

Increase in

Probability
0.0001 0.000001
3.93 0.08
0.18 0.002
0.92 G.09
0.10 0,01
0.023 0.0002
0.025 0.0002
1M 450



Table £5.2 Several of the choices 1nvolved 4n the quantitative Pite astesiment for ethylene Gutde Innalation as
well a3 some of the ayvpitable options and the range of their quantitative 1mpact on twe af the estimpted rygs

cheracteristics
CHOICE:
Options

Response of Cancern:

Bratn Necplasia tn a Male Rat

Peritpned! Mespthelioms 1n & Male Rat

Death of & Male Rat
Brain Mepplasia tn & Female Rat

QUANTITATIVE IMPACT
Larqest Estimated Risk
allest Estimated 5%
Rist ot 1.0 ppm VSO for an lncrease
in Probability of
0.000001

7l 382

Mononuciear Cell Leukemia in 3 Femaie Rat

Death of & Female Rat

Risk Characteristic:
Examples Emphasizing Probability:

Increased Probadility at 10,0 ppm
Incraased Probability at 1.0 ppm
Increased Probability at 0.1 ppm

Virtually Safe Qose for an
Incresased Probadility of 0.0001

Examples Emphasizing the
Time of the Response:

Decrease in Mean Free Period
at 10,0 ppm

Decrease in Mean Free Period
at 1.0 ppm

Decresse in Mean Free Pariod
at 0.1 ppm

Mean Free Dose for a Frattional
Decrease in the Mean Free Period
Equivalent to 1 Month in 70 Years
aor | Day in 70 Years

Virtually Safe Dose for an
Increasec Probability of 0.000001

Time Specified in Risx Characteristic:
Full Lifetime
3/4 Lifet1me

Mathematical Form of Quantal-Response Mogel:
Prapit
Logit
wWerouil
Myltinit
Mliistage

Quantal-Reszonse Model versus Time-to-Aesponse Model:
Mite1stage vs Hartley-Stelken

Jncluz+on or Exclusion of Experimental Data at 100 ppm:

Va'ue Representing the Matnematical Mooel:
Figted Model Value
Upyer ana Lower Bouncs

*eQanne is for [Fitted Mode! Value® ; {iower Bouncl for Myltiriaie Mogel,

Dose Lesels at Which Humars and Rats
are Assumes to Have fqual Response Frequenties:

Air Concentration
ixposure Uays Per Weer
8oy weygm

Su~frce Air

Range over Respaonses of
Largest Estimated Rysk
Smaliest Estimated Risa

Risk at 1.0 ppm  ¥50 for an [nc~ease
in Probability of

0.000001
2.5-4 1.6-4
84,4416 8448 ,007
1.0-2.1 1.5-9.6
1.1-5.9 1.1-8.2

[Ranges Tor Multistaue Mode!

1.4=00" 1,525
Lower Boursy are Upper Bours: are A1l
AVl Less trar Zers Grester tm2s 'C ppr

*Rance is for [Upper Boundl ¢ [Fitteq Model Value] for Multtstage Model,

21-112 b.2-20
[Ranges for Myltistage Model
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MulListaye Model

Bait Wask Per Potency
Inden

Respumye of Mude! Asvmed 3%y fuu Py uulu-’ ™y kg day

Conielfh Cherscter alie Spevics Lgquivelence

Weatn Uppet Bound Ave Lumentfatiun Z.th"‘ I.]-lu‘t l.hm'1 le'l

Tasl . - -

Tt Rets Ergusure Deys [ Weet e rmaet s o~k
Body Weiyht gaa0? aau?® st 12107t
surface Ares 5.6010°% 2.0 Loaw? ane®

Fitret Mugel Ar Cupientrativn 1.a-|u" 7™ ¢t hiw?

Value y g ged I | A e aned
tapasuie Uays / Wik ¢ V.o .06 FETT]
Uudy sebght s.oaw aae va? ai”?
surtace Aree e baaw™  2aae? 1x10”

Fel ttuned! Upper boauud A Leineblretien ].UIIU’J t‘.'.h.l\l.6 ].Uliﬂ-’ JIIU.:

Hesut hel 1ung -3 -6 -3 -l

1n Male Wats Lapusure Doyy / deer $.3110 TMal Y.ty LE]1]
Budy Velynt Law? 6wmiw® zasie nig?
Surfece Area 822107 a0 t.san07t 1a10?

Fitted Made] A Concentration 1.0n107? $.3x10" 1.bew’? s-_m'z
Value ¢ -3 .7 .3 -1
rgosurt Dags / Week 1.4al0 1.4210 2.6a10 1x10
body Veryht 22110 1200 a0 210t
Surtace Ares z.621072 Lanae™? s.8a107¢ 2aio
Brain Upper Buund Alr Coucentration 18003 R T e tau!
Neaplasia n ' -3 -6 Y -1
Female Rats Esposure Days / Wees 2.5:10 1.3510 4.6l 2x10
Budy waight 6.001072 3.2c107° 1aata? saqo™?
Surtace Aree a0 e yanw? aad?
Fitted Audel  Air Concentration a0t ! a0 ¢
Value ¢ -4 Y -3 -2
sposure Days / Meek 6.0210 3.2 [ Y]] Sald
80ay weignt Y011 T E T TRL AR WP S TAL mie?
Surface Area s 1ew® zasa? 1aio?

Munanuc tedr Upper Buund At Con.gniration 1. 6.aln™® PRI an?

Cell i . -

Levkemia 10 Eapusure Days [ Week 1.8x30 ? 9,5110 6 3 by 2 hwo

Female Rats .2 . - .2 0
Budy Meiynt 4.4x10 ¢.3110 §.lalv “@iw
Surface Ares 2ol 1saet szan? PRTY
Fitted Model  Atr Concentration 9.0007 0t L o]
Value -2 -6 2 2
Exposure Diys / Weck 1.2x10 & .10 2.2¢30° 110
Body Meignt 250107 l.hm"‘ 464102 2t
Surtace Area 182107 90 33a07! 110
Hatlo: Largest Unit Risk / SaalVest unit Risx 1,300 1,300 1,30

Yy

'-leug]
Trdea

0.7
~g.0
+0.2

v.?

k.Y
-l.b4
-1.4

0.}

U,

~0.4
u.o2
0.8

an!
-0.9
-0,1

0.3

-0.8
-0.7
-9.]

0.6

1.4

-0.1
-0.01
0.}

1.2
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Eapasure Gays / Ween 1.2:10 8.l I1.bw 1810 -1.9
Body Meiyht 3.kalg™ 2.miu! 7.0t gt -1.%
Surtace Area 15070 rmaw™® 2.ea0t? 1! 0.0
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USAN G. AUSTIN, SC.D.

N’ | 700 BREAKWATER DRIVE . _
FORT COLLINS, COLORADO 80525
(303) 223.9230 '

July 1, 1986

Editor :
Journal of the American Medical Association
§35 North Dearborn Street

Chicago, Illincis 60610

Dear Sir:

The Ethylene Oxide Industry Council recently engaged the service of myself
and two of my colleagues in reviewing an article which appeared in the
March 28, 1986 issue of your Journal. They subsequently asked if we would
be willing to submit it as a Letter to the Editor of JAMA, which we now do.

‘ The attached critique of the article by Hogstedt, "Epidemiologic Support

\w. for Ethylene Oxide as a Cancer-Causing Agent™ which appeared in the March
28, 1986 issue of JAMA by myself, Dr. Leon Golberg and Dr. Robert Morgan,
is being submitted in its entirety. We hope that its length will not
hinder its publication; if a shorter critique is required, we are prepared
to accommodate the Journal. However, we do feel that the length of this
letter is justified due to the fact that Professor Hogstedt reviews and
updates two previously published studies and has also included a third new
study.

Sincerely,

Seen G. (A&

Susan G. Aﬁstin, Sc.D.
Environmental Epidemiologist
Austin Health Consultants, Inc.



ON EPIDEMIOLOGIC 'PPORT FOR THE CARCINOGENICITY ~ ETHYLENE OXIDE

The article "Epidemiologic Support for Ethylene 0x1de as a8 Cancer-~Causing
Agent" by Hogstedt et al, (1) which appeared in the March 28, 1986 issue of JAMA
draws renewed attention to the potential carcinogenicity of Ethylene .0Oxide
(Et0). In this article, the authors review and update the experience of workers
at three Swedish plants where Et0 was used or produced, and conclude that
available evidence from these occupational groups provzdes support for an
increased risk of malignancy (leukemia and stomach cancer) in individuals with
extended and intermittent exposure to low concentrations of Et0. However,
careful reading of this article and the authors' previous two reports, (2,3)
rajises serious questions regarding the interpretation that the authors have
placed on this body of data.

The first major concern regards the appropriateness of combining the cases
of leukemia identified at Plant 1 with the results of the cohort studies
conducted at Plants 2 and 3. Plant { wds not studied epidemiologically, as the
autnors themselves acknowledge by their statement: “Our initial report of cases
in 1979 was not’an epidemiologic study;. . .“. Since Plant 1 was not a valid

" epidemiologic study, it is inappropriate to stat1st1ca11y combine it with the

results of the other two plants.

Second, the completeness of the cohort studied at Plant 2 (3) must be
questioned as this group of workers consisted of those who had been included
(perhaps voluntarily) in a 1960 hematologic screening study (4). To the extent
that this cohort may be incomplete, bias may have been introduced. The
appropriateness of combining maintenance workers with Et0 operators in reporting
five total leukemia cases at Plants 2 and 3 in Tables 5 and 6 must also be
questioned. One of the four cases at Plant 2 occurred in the maintenance group
and the single case at Plant 3 occurred in the maintenance group. Maintenance
workers commonly have had exposures to a wide variety of potentially hazardous
materials (including benzene-containing solvents); thus additional cancer cases
in this group do nothing to strengthen the evidence that Et0 is the responsible
agent. The allegation of a causal association between leukemia and Eto exposure
is based on three cases at a single location (Plant 2).

Third, there is no evidence of a dose-response relationship in the Swedish
data for EtO exposure and leukemia or stomach cancer. With respect to stomach
cancer specifically, three of the six cases at Plant 2 occurred in years 1 - 4,
resulting in a lower ratio of observed to expected for longer periods of
employment. Since length of employment is “raditionally employed as a surrogate
for dose, the Hogstedt data indicate a reverse  dose-response relationship,
a finding inconsistent with a postulated causal association. (It is curious
that the authors consider the six stomach cancers in Plant 2 to be “highly
significant", but do not mention any incidence or mortality from this cause in
the other plants.)

A fourth concern regards the manner in which the author has evaluated other
published EtO cohort studies. Despite the limitations of the independent studies
conducted by Thiess (5) and Morgan (6) of EtO exposed production workers, these
represent the only existing independent investigations by other authors and
their results do not provide support for any association between Et0 and
leukemia or stomach cancer.



In view of the at 2 described differences in met' dology, one can argue
that the three leukenua cases from Plant 1 offer [it..e in the way of valid
epidemiologic evidence and that the small excess of leukemia found among the
potentially biased group of 89 EtO cperators at Plant 2 (based on three cases)
is somewhat offset by the lack of any leukemia cases among 128 operators at
Plant 3. {We appreciate that the power of these studies was insufficient for the
detection of moderately elevated risks.) Therefore, this report does not appear
to offer any new evidence to strengthen the hypothesis of an association between
occupational exposure to Et0 and leukemia or stomach cancer risk.

Because of the many questions regarding the Swedish studies, it would be
most helpful if the authors could provide some additional information regarding
these investigations. For example, what proportion of all eligible Et0
cperators were included in the original hematologic study and subsequent cohort
mortality study conducted at Plant 2, and could bias have been introduced in the
selection process (particularly if this was a volunteer study)? What is the
total number of expected leukemia and stomach cancer cases at Plant 2 when no
Tatent-inductidn period 1is required in the analysis? What is the number of
observeq and exXpected stomach cancer cases at Plant 237

It is unfortunate that the title of this article and the conclusions within
are so poorly substantiated from the data, most of which have been previously
published. '
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Health Resources Institute

CENTER OF HEALTH RESOURCES
6666 Valjean Avenue
Van Nuys, CA 91406

January 13, 1987 (878) 988-6170

- Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch

Air Resources Board

Attn: Ethylene Oxide

P. 0. Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff,

Would you please substitute the enclosed letter dated January 12, 1987
(corrected version) for the one dated January 12, 1987 which was transmitted to

you earlier this week.

The original submission had several typographical errors including an important
one on the first page.

My apologies for this inconvenience.

Sincerely,

. g
Mol 4~ Kigiray
Malcolm G. Ridgway, Ph.D., CCE

Vice President
HRI Engineering Services

MGR/ jhe

CSS ENGINEERING SERVICES GROUP



" Health Resources Institute .
. CENTEROF HEALTH RESOURCES
6666 Valjean Avenue -
Van Nuys, CA 91406
January 12, 1987 (corrected version) - (a18) Qgs-sm

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch

Air Resnurces Board

Attn: Ethylene Oxide

P, 0, Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff,

Health Resources Institute (HRI) is.a wholly-owned subsidiary of the Hospital
Council of Southern California, whicdh 18 a not-Ffor profit Mospital association
with 232 member hospitals in‘six -southern-California counties. This subsidiary
which until very recently did business under the name Council “Shared ‘Setvices
(CSS) provides a number of services to the Council's member hospitals on a fee
for service basis. ‘One of ‘the "services that -we ‘have provided for a number of
years is ethylene oxide safety surveys and it is an area where we have become
well acquainted with the recent concern abgut the chemical's potentlal adverse
health effects. We started doing ethylene okxide safety surveys in 1978 and
have, to date, completed more than 600 site surveys at well over 200 sites in
about 160 hospitals. .

we have followed the progress of the work described in the draft report, which
was distributed for comment on December 4, 1986, with considerable interest and
would like to offer the following comments and ohservations for consideration
by both the Board and the Scientific Review Panel. :

1. We had been concerned about the accuracy of the method used to estimate
the amount of ethylene oxide discharged from the haspltals surveyed in the
inventory area because we believed that very few hospitals would really know
how many pounds of gas thelr sterilizers use per load. However it appears that
the staff has done a good job of crass checking for consistency with cylinder
usage, and the emission data presented in Table C-1 (page C-7) is reasonably
consistent with one or two spot checks that we made. For example, we know that
Kaiser Hospital-Sunset averages about two 8.8 cu. ft. loads per day. This
average workload would utilize about 0.55 lbs of ethylene oxide per day.

2. Although, as the report states, hospitals tend to be the major source
of ethylazne oxide emissions for most urban areas, the report's estimate of the
resulting ambient levels shows that the amount to which the general public may
be exposed is extremely small. The estimated ambient exposure level from
hospital-released ethylene oxide (8 parts per trillion) is about 125,000 times
lower than the 1 part per million concentration which is the occupational
exposure level currently permitted by both State and federal regulations. The
contribution of hospital-released ethylene oxide to the public's overall
exposure from ethylene oxide is estimated to be 32 times lower than the .
amount normally ingested from food and 443 times lower than the amount inhaled
from smoking one pack of cigarettes per day.

CSS ENGINEERING SERVICES GROUP




3. The estimated risk of additional cancer deaths attributable to
hospital-released ethylene oxide is correspondingly small. Using the report's
relatively conservative modelling technigue the added risk is about 5 ten-
thousandths of 1%. Suppressing or eliminating these emissions will therefore
have only a very small effect on the health of the citizens.

4, On the other hand there is another factor, which is also difficult to
quantitate, which could have an adverse effect on the public health. That
factor is the growing concern on the part of hospitals and other health care
providers about the risk of litigation alleging negligence on their part if
they continue to use ethyleme oxide sterilizers. Even though they may not be
found negligent in such cases, the diversion of resources required by such
suits is being taken very seriously. More and more hospitals are asking about
alternatives to gas sterilization. The adverse impact of such a trend is that
many of the alternative technigues using less potent disenfectants are much -
less effective in reducing microbiological burdens. At a time when we are
facing continued problems with hospital infections and increasing complications
from at least one major infectious disease (AIDS) we need to encourage not
discourage use of the most effective sterilization technigues. The
legislation defines a Toxic Air Contaminant as an air pollutant...."which may
cause or contribute to an increase in mortality or an increase in serious
illness, or which may pose a present or potential hazard to human health". Wwe
need to be mindful that the end result of this process is intended to be an
overall net benefit to the public health.

5. Although it has apparently not yet become a part of the study process,
it is our understanding that effective and reliable technology which will make
meaningful reductions in the amount of ethylene oxide released from the sizes
of sterilizer usually found in hospitals is not yet available, and not likely
to become available in the near future. The methods that have been developed
for the larger industrial-size sterilizers are awkward, expensive and not very
effective. FEven so we do encounter hospital architects already recommending to
hospitals that they start making provisions for roof top-mounted emissions
control devices of one kind or another. We are concerned that such
recommendations will become another "nail in the coffin® of hospital-based
ethylene oxide sterilizers. '

In summary, we believe that the draft report represents a thorough and
necessarily conservative analysis of the potential adverse effect of ambient
ethylene oxide on the public health. The perspective provided by the findings
should be a very valuable guideline to an appropriate response. We do not
believe that the severity of the hazard, as it is documented in the report, can
reasonably be used to justify placing additional onerocus obligations on current
healthcare users of ethylene oxide sterilizers. Indeed we would urge the Board
and the Scientific Review Panel to go one step further than this; we would like
to request that the Board and/or the Panel issue a finding, at this paint in
the process, that the estimated risk is so small that healthcare providers
using sterllizers with chambers of less than, say, 100 cu. ft. will be exempted
from any obligation to install an emissions control device until such time as
the total cost of installing such a device can be reduced to a reasonable cost,
say, 40% of the current replacement value of the sterilizer.




We believe that this positive reassurance would go a long way towards stopping
speculation that this process will eventually culminate In requiring expensive
control devices and thus eliminate one of the factors which is causing
hospitals to turn away from ethylene oxide sterilization.

Thank you for this opportunity to offer these comments on the draft report.

Sincérely;

Madubn G Rdquiny

Malcolm G. Ridgway, Ph.D., CCE
Vice President .
HRI Engineering Services

MGR/ jhc
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Mr., William V. Loscutoff, Chief
Toxic Pollutants Branch

Air Resources Board

Attn: Ethylene Oxide

P,O. Box 2815

Sacramento, California 95812

Dear Mr, Loscutoff:

Re: Preliminary Draft Report
on Ethylene Oxide

I have reviewed the report on ethylene oxide emissions and commend the
care with which these emissions were characterized for hospital opera-
tions. I would like to add a caution, however, in the use of the aggre-
gate nurber. Hospitals are, as a result of this study, being approached
with the suggestion that equipment can be purchased to control these
emissions. Unfortunately, although the aggregate may lock like something
to be controlled, equipment of the type being suggested cannot be effective
N’ for the individual hospital releasing undetectable levels of ethylene oxide
to the atmosphere.

On a second topic, I would like to suggest the Air Resources Board consider
an exemption level for small quantity generators. This state has promilgat-
ed many environmental laws and regqulations that are open-ended resulting in
internal chaos due to the unmanageable nature of the regulations. For
example, MSDS's are being sought and training being given regarding the
hazards of typewriter correction fluid. Since the risk factor is so small,
(.0005% in this case) it seems prudent to evaluate such an exemption.

Thank you for your attention to these icams. I would appreciate being kept
informed on further activity on this matter.

Sincerely,

W. Thomas Schipper, CCE, FASHE
Regional Director
Plant, Technolegy, and Safety Management

WTS/dh
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I1. A1r Resources Board Responses to

Part A - Related Comments



Comment: Chemrox, Inc. agrees that the use of water-sealed once-through
vacuum pumps on sterilizers results in fugitive ethylene oxide emissions.
However, it should be noted that a number of companies in California have
already installed closed-Toop systems and many others are in the process of
doing so. Such a closed-loop system would completely eliminate ethylene
oxide discharges to the sewer system and associated fugitive emissions of

ethylene oxide,

Response: Statements have been inserted into the report to the effect that
some companies recently installed closed-loop vacuum pump systems which can
eliminate ethylene oxide discharges to wastewater, with this Chemrox, Inc.

letter cited as the reference for this information,

Comment: Chemrox, Inc. states that their experimental data indicates that
the hydration of ethylene oxide to ethylene g]yéo] is a first-order process

with respect to ethylene oxide in the presence of excess water, and that the

rate constant is strongly dependent upon pH.

Response: The Chemrox experimental data is consistent with the information
provided in the report. The hydration of ethylene oxide to ethylene glycol
reported on Figqure II-3 of Part A of the report provides a rate constant
that is second-order., However, the rate shows a first-order dependence on
the ethylene oxide concentration if the hydrogen ion concentration is

fixed, Page 11-16 of Part A of the report includes a tabulation of
half-lives calculated for ethylene oxide at pH values ranging from 2 to 11,
and these times vary greatly relative to pH {(which is the negative logarithm
of the hydrogen ion concentration). Because the statements in this comment

are consistent with the information provided in the report, no change was

made in the report.



AIR RESOURCES BROARD STAFF RESPONSES TO PUBLIC COMMEMTS
ON THE DRAFT PART A REPORT ON ETHYLEME OXIDE

Comment: Sterile Design, Inc. states that their Sacramento fac1lity closed

1n December, 1985,

Response: As 1985 was the latest 1nventory year for which emissions
information could be collected for this report, Sterile Design was included,
ARR staff has footnoted Table III-1 (Emisston Estimates) to indicate the

closure,

Comment: Sterilization Services of California states that the SCAQMD permits
them to emit 40 1b/day of ethylene oxide which would be, at most, 7.3

tons/year, not 18 tons/year as reported 1n the preliminary draft report.

Response: ARB staff has revised the emission estimate in Table III-1 from 18

tons/year to 7.3 tons/year.

‘Comment: Botanicals Internaticnal reports changes in their process which,

since June 2, 1986, have reduced the emissions of ethylene oxide from their
fac1lity by 60%., He states this will have a sianificant impact on ethylene
ox1de concentrations in the Exposure Area'from all sources in the Inventory

Area.

Response: Table III-1 has been footnoted to reflect the information given

regarding reduced emissions in the future. However, because Rotanicals



International's facility 1n Lone Beach is not within the inventory area used
for the modeling study (see page I-3, Figure I-1, Map of Ethylene fNx1de .
Modeling Area), no mpact on the ethylene oxide concentrations 1n the

gexposure area would result,

Comment: Griffith Micro-Science (formerly Micro-Biotrol, Inc.) notes the
company's intent to 1nstall an emission contro] System and similar action or

intent on the part of other companies.

Response: Because the stated emissions are for 1985, no change was made 1n
the report, Actual reductions in emissions since 1985 by.other companies

have bteen footnoted i1n Table III-T.

Comment: Lioutd Carbonic Corp. states the estimate of less than 1/2% to 2%

fugitive losses 15 1n error. The company also notes APR staff's estimate .
that approximately 18% of the sterilant gas mixture 1s exhausted from

cylinders at repackaging plants, and believes the figure to be more in the

area of 10% or less,

Response: The fugitive loss estimate was developed by the Eraineerina
Division of the South Coast Air Quality Management District, This estimate
was based on i1nventory balancing by 1ndustry sources contacted. Ethylene

ox1de auantities were measured before and after processes such as transport,

storage, transfer, blending and drumming.




As stated on pages F-2 and F-3 of the report, the figure 18% for sterilant
gas mixture returned as restdual 1s based on actual measurements of sterilant
gas obtained from a recovery/recycle system by Union Cérb1de. ARPR staff
telephoned Liquid Carbonic on January 16, 1987 for any documentation
regarding estimates of fugitive loss percentages or sterilant gas returned,
but the company was unable to provide this. Shortly before th1s Final Draft
Report was completed, ARB staff was informed that documentation was now
avatlable. This new data will be analyzed by ARB staff, aﬁd any chanoes that

may be appropriate will be made before submission of the Final Report.

Comment: Liquid Carbonic Corp. states that the time period used as input to
the ISCST mode! for Liquid Carbonic Corp. (emissions between 6:30 A.M, and
3:00 PM. daily) is in error and cites a letter dated June 9, 1986 stating
that the scrubbing equipment at the Los Angeles facility was used a maximum

of four (4) hours per day.

Response: The Tetter from Liquid Carbonic Corp. dated June ¢, 1986 was not
recetrved 1n time to be used as input for the modeling study. ARB staff had
telephoned the lab manager at Liquid Carbonic on April 18, 1986, who
indicated facility operating hours were 6:30 A M, to 3:00 P.M, Althouoh
emissions can only occur for four hours, emissions can octur at any time

during this period. Therefore, the emissions were avéraged for the whole

period.

Because the modeling output was annual concentrations and exposures, little

change would be anticipated from re-running the model assumina that the same



emissions occurred over a period of four (unspecified) hours per dav rather

than between 6:00 A,M, and 3:00 P,M, dar1ly, Therefore staff made no change.

Comments: Liqurd Carbonic Corp. comments that the ARB staff statement that
"the two Li1quid Carbonic plants bubble the residual ethylene oxide aas
throuah water at neutral or near neutral pH" is 1ncorrect and cites the
fetter dated June 18, 1986, which states that the Los Angeles scrubber

solution uses 5% sulfuric acid by weight.

Response: When ARE staff first contacted the lab manager at Union Carbide's
Torrance plant aon April 4, 1986, he reported the pltant was using a scrubber
that bubbled the gas through a basic solution. He satd the solution was
composed of one liter of a 1M solution of sodium hydroxide in 50 gallons of
water, and was monitored for glycol buridup. After receiving the letter
dated June 18, 1986, staff called on July 10 to reconcile the discrepancies
hetween the content of the Tetter and the information previously provided,
In that conversation, the lab manager stated that they had changed the

scrubber solution from sltghtly basic to 5% acid, 1n May )986.

The modeling output is stated as 1985 concentrations and exposures.
Therefore, 1t was appropriate for ARB staff to use 1985 emissions data,
However, Table 1II-1 (Emission Estimates) has been footnoted to 1ndicate the

changes made 1n 1986,

Comment: Union Carbide's Linde D1v151on‘1n Torrance states that the 18%
return factor 1s true for cylinders of sterilant gas composed of 12% ethylene

oxide/88% 1nert gas but not for all ethylene oxide sold.




Besponse: Staff understood this to be the case, and that 15 how the return
factor was used 1n the calculations demonstrated on page F-4. The statement
attributed to Mr. Bolen of Union Carbide on page F-3 has been corrected to

more accurately express staff's understanding and use of the return factor.

Comment: Union Carbide states that Oxyfume 12 sold 1n bulk trailer

quantities, and pure ethylene oxide sold, both result in much smaller

residual amounts,

Response: Thi1s 1is consistent with the statement on page F-1 that residual
amounts are generally small for cylinders of pure ethylene oxide. For this
reason, ARB staff's calculations of emissions were based only on ethylene

oxide sterilant gas mixture sold in cylinders.

Comment: Union Carbide states “the 18% return figure 1s inflated by the fact
that often times full unused cylinders are returned for credit when they pass

their expiration date,”

Response: Full, unused cylinders are processed through a. recovery or
disposal system along with used cylinders. Any ethylene oxide which escaped
the control equipment would be emitted. Therefore, no change was made to the

report,

Comment: Union Carbide states that reference was made to their scrubber with
an efficiency rate of 90% which was retired in 1986, and indicates that the

new scrubber has a design effictency of 99,990%,



Response: The emission tnventory on distributors was for inventory year 1985
at which time the 20% efficient scrubber would have been in operation. ARR
staff has footnoted the report of Table III-1 to indicate the 1986
introduction of a more éff1c1ent scrubber, Staff noted on Page F-Z that the
f'nion Carbide plant 1n Torrance had applied to the SCAQMD for permission to
build a new scrubber., Staff 15 not aware of any source tests which would
establish the efficiency of Union Carhide Torrance’s new scrubber under
actual operating conditions, If ethylene oxtde is identified as a toxic air
contaminant, then new itnformation would be reviewed in the development of a

subseguent report ("regulatory needs report").

Comment: Unton Carbide Torrance states that no mention was made of the
recovery/recycling system at Torrance, and estimates that emissions from the
Torrance facility are less than 100#/yr, with both the recovery unit and

scrubber 1n operation.

Response: As a. result of this comment bringing the recovery/recycling system
at Torrance to staff's attention, emissions for the Torrance facility were
recalculated. 1985 process emissions were ohbtatned from a company

submission* to EPA 1n compliance with the Clean A1r Act. Fugitive emissions

for 1985 were also recalculated.

*  “pequested Information for Bulk Distributors, Repackagers, and Blenders
of Ethylene Oxide" submitted to EPA 1n its Clean Air Act, Section 114
Information Regquest, by Unmion Carbide Corporation, Linde TMvision,
Package Gas Cperations. .




The new emission estimate totals 740 1b/yr (0.37 tons/year). If ethylene
ox1de 1s 1dentifired as a toxic air contaminant, ARB may subsequently
investigate the level of emissions from sources subject to 1ts jurisdiction,
as part of the risk management process. At that time, emissions estimates
will be further refined, and the efficiency of control equipment will bhe

verified.

Comment: Health Industry Manufacturers Association (HIMA) recommends that
CARB coordinate with EPA and local California Air Quality Manacement
Districts in the analysis of emissions data for California facilities. CARR
was also asked to review HIMA's position paper submitted to EPA, which
emphasizes the reduction 1n number of ethylene oxtde emission sources, and
the use {and projected 1ncreased use) of ethylene oxide emission control

devices.

Response: ARB staff has been 1n contact with EPA, and obtained on January
31, 1987, a comparison of EPA's and CARB's ethylene oxide data bases. The -
emissions estimates in the Final Draft Report have been revised to reflect
this information as well as information obtained recently from the South

Coast Air Quality Management District.

ARB staff notes that emission reductions have occurred at various California
facilities, and that others have closed down, However, since the release of
the November, 1986 report, staff has also 1dentified other companies that

emit ethylene oxide. Overall, staff has revised downward the estimate of
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statewide emissions by about seven percent. Some closures and emission

reductions through improved controls have been noted,

Comment: ARC Chemical Division, Balchem Corporation suagest that APR staff's
original data on emisstons offered in the Draft Report may be 1n error, both
for reasons of assumptions made to arrive at them, and because facilities 1in
the State of California will shortly introduce further emission controls to

reduce present emission levels,

Response: In the Final Draft Report, ARB staff clarified that emission
estimates are for 1985, and has included footnotes to 1ndicate all more

recent changes of which staff 15 aware,

Comment: Based upon ARC's blending experiences outside California, and
"conversations with several California blenders," ARC "ouestion the fuoitive
emissions value of 1/2 - 2% as stated by Zwiacher (1983), and suogest that
the value (for blenders, at least) must be somewhat lower." ARC further
states that conversations with one unspecified California blending facility
Tead them to state that differences in return rates and scrubbing efficiency

"should alter your caiculation of emissions by a factor of 3-6 times.”

Responcr: ARB staff has had discussions with the two of the three known
distributors of ethylene oxide with blendina facil1ties 1n Californra, and
responses to their written comments are 1n this Part C of the Final Draft

Report. In particular, ARR staff suagested to one distributor the nature of

: .




additional documentation that would be appropriate to support their assertion
of lower emissions, and that information was provided to ARR just as this
report was being finalrzed. ARB staff w11l analyze this new information to

determine 1f further changes should he made to this report.

Comments: ARC attached articles on the health benefits of ethylene oxide

sterilization and on ethylene oxide emission control devices.

Response: ARC's attachments on health risk benefits of ethylene oxide
sterilization and ethylene oxide emission control devices are interesting,
but are more appropriate submissions during a possible subsequent risk

management phase, rather than during the present risk assessment phase.

Comment: Environ Corporation states that annual emissions from McCormick's
Sch11l1ing plant are 6.1 tons/year, not 20 tons/year as ARB presents in the
Draft Report. He derives this from McCormick's “measured average total

emissions of ethylene oxide from all stacks and vents of 0.349'g/second.“

It 1s also stated that "exposure concentrations represent maximum rather
average concentrations,” and that cancer risk is related to lifetime average

dose, not maximum concentration that represents only occasional excursions.

Response: ARB staff agrees that exposure concentrations should represent
average concentrations. The quft Report provides maximum annual
concentrations, not maximum excursions. Furthermore, public exposures were
obtained from the use of annual average isopleths 1n conjunction with census

tract data.

-9



Response: Because none of the reports provided by Environ Corp provides a
discussion on how the emissions were determined, ARE contacted Environ by
telephone regarding the derivation of the above stated emission rate.
Apparently, for a sterilizer chamber charged with 56 pouhds of ethylene
oxide, McCormick accounted for 11.48 pounds of emissions via the primary
axhaust vent, auxiliary air vent, and secondary air vent. McCormick also
determined that 24.79 pounds was accounted for in water, leaving 19,73 pounds

1n the spice products, drums, pallets, and unaccounted for.

ARB staff agrees that if the 11.48 pounds of direct air emissions were the
only emyssions to air, then the Schilling plant would emit 6.1 tons/year.
However, in the absence of documentation showing that the 19.73 pounds is not
subsequént1y emitted to the atmosphere, ARB staff believes 1t should be
included 1n total emissions. Also, ARE staff reports cited in the report
provide a somewhat lower figure for ethylene axide 1n water. Furthermore,
much of the ethylene oxide 1nitially accounted for 1n the water could be
re-emitted to the atmosphere near the facility. Therefore, ARP staff has not

changed the 20 ton/year emission estimate.
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I1I. Department of Health Services Pesponses to

Part B - Related Comments



Department of Health Services
Staff Besponses to Public Comments

(November 1986 Draft)

Three sets of public comments were submitted in response to part B of the
Draft Report to the Air Resources Board on Ethylene Oxide: November, 1986 A
(hereafter referred to 'as part B), one each by ARC Chemicai Division -
Balchem Corporation, Ethylene Oxide Industry Council (EOIC), and Environ

Corporation, a consulting firm.
1.) Comments from ARC, dated }/8/87.

a.) Comment. A copy of an unpublished epidemiologic study of a group of
male and female sterilizer workers from Johnson and Johnson was submittgd.
An increase in breast cancer incidence in women workers exposed to ethylene
oxide was demonstrated. Only one case of leukemia, which also occurred in a
woman but was not a statistically significant excess, was observed.

esponse. As stated by the authors of the Johnson and Johnson study,
the report is preliminary and has not been peer-reviewed. The paper is
interesting, however, since the association between breast cancer and
ethylene oxide exposure was not an a priori hypothesis. Case ascertainment
is still 1incomplete, thus the one case of leukemia (vs; 0.28 expected) may
or may mnot represent a chance finding. DHS staff also notes that the
analyses presented in this paper had no required minimum lenéth of

employment for inclusion in the cohort, and, in fact, the manuscript



contained no information on exposure. The preliminary results of this

investigation neither confirm nor refute previous studies.

b.) Comment. In the Snellings et al. (1984) animal carcinogenesis report,
only female rats exposed to 100 ppm ethylene oxide had a significant
increase in mononuclear cell leukemia relative to the contrels.

sponse. Experimental results summarized in Table 9-25 (EPA 1985) and
in Table 4.2 (part B) indicate that the increase at 33 ppm is also-
significant. Furthermore, the mere relevant analysis in which only the
animals that survived: to the time of first tumor (Table 7.1, part B) are
considered, shows that the incidence at 10 ppm is significantly different

from the controls (p = .0425 by the Fisher exact test).

c.) Compent. The NIOSH study of carcinogenesis (Lynch et al. 1984) in rats
at 50 and 100 ppm does not show a NOEL (No Observed Effect Level}. The data
of Snellings et al. indicate the existence of a NOEL between 0 and 10 ppm.
onse. As mnoted above, an effect is demonstrable even at 10 ppm.
More Importantly, DHS considers carcinogenesis to be a nonthreshold

process unless there 1s compelling evidence to the contrary (CDHS 1985).

d.) Comment. DHS and EPA use an overly cautious interspecies extrapolation
by neglecting to consider rats' higher breathing rates relative to humans
resulting 1in increased uptake of ethylene oxide at a given exposure

concentration.




Response. Tyler and McKelvey (1983) studied uptake of labelled ethylene
oxide to determine the doses actually delivered to the rats. The latter

numbers were used to calculate equivalent human dose.

e.) Comment. The 'animal carcinogenesis experiments were conducted at
ethylene oxide concentrations 20 to 200 times the OSHA "actioh level" of
0.3 ppm. The lowest dose of 10 ppm in the Snellings study is 20,000 times
higher than the estimated ambient level of 50 ppt.

Re nsel These observations are true. However, ethylene oxide reacts
directly with DNA. Because of the nonthreshold nature of carcinogenesis,
even very low exposures carry some risk, albeit small. Even a negative
study of several hundred rats of a single strain would not exclude
mutagenic/carcinogenic effects in a large, heterogeneous human population.
In fact there are several pogitive animal carcinogenesis studies. The DHS
risk assessment indicates that OSHA's “"action level” of 0.5 ppm may not

adequately protect workers against ethylene oxide’s carcinogenic effects.

f.) Comment. The studies by Hogstedt et al. (1986) do mnot provide
"convincing evidence that loy exposures to ethylene oxide" are associated
#ith an increased risk of leukemia. Divine and Amanollahi (1986) have
rebutted the association between ethyléne oxide and leukemia reported by
Hogstedt et al. (1986). |
Response. DHS staff notes that Divine and Amanollahi pointed out the
absence of cases of leukemia in exposure groups A and B at plant 3. The
expected number of cases in these groups is so small that even a risk ratio
of 6 (as was observed overall at plant 3) is not inconsistent with the zero
leukemia deaths observed. That is, the statistical power was extremely low

3



in the subcohort to which Divine and Amanollahi refer. In reply to the
letter of Divine and Amanollahi, Hogstedt (1986) notes that "cases could
only have been expected If ethylene oxide had outstanding carcinogeﬁic

properties at very low levels".

g.) Comment. Where no other carcinogens were found, no leukemias were
observed.

Regponse. This comment refers to groups A and B at plant 3, where not
only were the numbers small, but the exposures to ethylene oxide were also

very low.

h.) Comment. The plants studied by Hogstedt et al. involved d;fferent
processes and working conditions and therefore should not be combined in the
analysis.

Response. DHS staff notes that the excesses of leukemia were observed
even without combining the studies. The fact that an excess of leukemia was
observed in workers exposed to ethylene oxide under different conditions
strengthens, rather than weakens, the argument for causality. If conditions
ware identical, it would be more plausible that an alternative exposure
could be responsible for the increase, i.e., that the association between
ethylene oxide and leukemia was spurious due to a common confounder in the
three plants. Even so, the confounding exposure would have to be a strong
carcinogen, carrying a risk vratio of around six at the levels to which
workers 1In all three plants were exposed. While the existence of such an
unidentified carcinogenic exposure cannot be ruled out, this explanation is

not likely because of the variety of different chemicals in different




plants. ARC also 1invokes the data of Morgan et al. (1981), showing no
excess leukemias among ethylene oxide-exposed workers. As discussed in Part
B of the document, the exposures of these workers were much lower than those
in the studies of Hogstedt et al. The production areas were, in fact, out-

of-doors.

i.) Comment. The report of Hemminki et al. (1982) on the association bepween
ethylene oﬁide exposure and spontaneous abortion was found by OSHA to be
qualitative, not quantitative. Additional data are needed.

Response. We agree that additional data on this important endpoint are
needed; however, this 1Is no reason to exclude discussion of the original

report.

j.) Comment. The federal Occupational Safety and Heaith Administration
(0OSHA) stated that there was "no direct (epidemiological) evidence of an
excess risk of cancer at chronic exposure levels below approkimately 14
ppm." Subsequently, OSHA presumed "that a threshold value for exposure does
not exist."” This was improper because OSHA has the burden of proof

regarding the nonexistence of a threshold (citing Industrial Union

Department., AFL-CIO v, American Petroleum Institute et al., 448 U.5, 607,
653-54, 1980 |["benzene case"]). Thus, OSHA's earlier statement is still
valid.

Response: The weight of the evidence regarding ethylene oxide’s direct
action on genetic material and its carcinogenicity supports the notion that
its pgenotoxic and carclndgenic effects occur with no identifiable threshold

(summarized in Chapters 4 and 5 of part B). OSHA's initial statement on



this 1issue, while of 1interest, 1is irrelevant, because no epidemiologic
studlies 1involving ethylene oxide exposure contain enough subjeéts to
demonstrate the existence of a threshold. Judgement about the nonthreshold
nature of ethylene oxide’s carcinégenicity is b;sed on laboratory evidence,
not epidemiclogy. Furthermore, OSHA's initial statement was contained in a
brief supporting its denial of a petition to issue an emergency standard
regulating occupational exposure to ethylene oxide. In this case the court
held that O0SHA's refusal to lssue an emergency standard was arbitrary and
capricious and constituted an abuse of discretion (Public Citizepn Health
Regearch Group et a}l, v Auchter et al, 554 F. Supp. 242 (D.D.C. 1983)).
While the court did not rule specifically on the threshold issue, OSHA's
subsequent issuance of an emergency standard of 1 ppm clearly vitiates its
earlier assertion about the lack of evidence of a human carcinogenic effect
at exposure levels below 14 ppm. ARC’s claim about OSHA's burden of proof
with regard to the issue of a carcinogenic threshold is not only irrelevant
but misleading. If ARC’s claim were indeed valid, the revised occupational
exposure standard would have been successfully challenged by now. Justice
Stevens’ dictum in the benzene case refers to 0SHA's failure to document the
magnitude of the health risk of benzeﬁe aexposure and has nothing to do with

disproving the existence of a threshold.

k.) Comment. "Ethylene oxide has been used as a sterilant for over 40 years
now, often at exposures exceeding 50 ppm." OSHA's risk assessment would
predict an increase in cancer among these workers.

Response. DHS staff 1s unaware of any large cohorts of sterilizing

personnel whose exposures to ethylene oxide have been well-quantified, and




for which cancer mortality has been assessed in a methodologically sound
analysis which accounts for latency and confounding. We would be pleased to

consider any such studies.

2.) Comments from EOIC, dated 1/14/87.

a.) .Comment., The DHS staff’s extrapolation consists solely of two types -
‘one from a rat inhalation study and one from human "case reports".

Response. The EOIC appears to have misunderstood the methods used for
the quantitative risk assessment by DHS staff. No extrapolation was made
from human data. Extrapolation was from animal data only. The calculations
involving the epidemiologic data were to determine if the extrapolation
models provided predictions consistent with the available human data. The
conclusion was that the predicted risks based on the animal data were
consistent with the data from occupational epidemiologic studies, both

negative (Morgan et al. 1981) and positive (Hogstedt et al. 1986).

b.) Comment. The DHS staff has n.t conducted a "complete, scientific
evaluation”. Not all the available scientific information was considered,
particularly "biochemical and biolegical mechanisms, metabolism and
pharmacokinetics, and tumor typés of relevance to man."

gesponsé. DHS staff disagrees with this interpretation. (1) We have
incorporated the data of Tyler and McKelvey (1983) on target site doses.
(2) The consideration of metabolic and pharmacokinetic activity is not

relevant since ethylene oxide reacts directly with DNA, requiring no



metabolic activation. (3) The tumor types observed in animals correspond to
those observed iIn man. For these reasons DHS staff concludes that we must
use the available data, wvalidate our assessment based on all relevant
available information, and provide our best plausible estimate using current

scientifie methods.

¢.) Comment. Mathematical models for risk assessment are "statistical
procedures or tocls to assist the scientist Iin assessing risk."
es e. DHS staff agrees. This is exactly'fhe purpose for which they

have been used.

d.) omment . "There are still many difficulties in using epidemiologic
studies."

Response. DHS staff 'agrees. However, when observational studies use
sound data collection procedures and apply correct statistical methods of
analysis, the results can be illuminating. The Hogstedt studies provide the
best available epidemiclogic data. Newer studies will probably show smaller
risks since  occcupational exposures have been reduced by government

regulation.

e.) Comment. The 0.63 ppm ethylene oxide exposure in plant 1 of Hogstedt et
al, (1986) should have been applied to all the workers at the plant.

onse. The 1lifetime ambient exposure of 0.63 ppm was applied to the
69 employees who were exposed all day. This yielded the 4.8 cxXecss deaths
predicted, Applying this high dose to workers who only passed through the

area and thus received a much lower exposure is not appropriate. For all




three plants under study, using a lower, more appropriate, overall estimated
exposure, DHS staff predicted a total leukemia mortality of 9.0l which

agreed well with the observed number of 8.

f.) Comment. The various uncertainties associated with the process of risk
assessment may cause the risk to be overestimated by several orders of
magnitude.

Re se. DHS acknowledges that health-conservative (protective)
assumptions are used in the risk assessment. While it is true that data are
extrapolated over 4 orders of magnitude, there is no ethical or practiéal
way to directly obtain data on risks for doses closer to the predicted
ambient level. In addition, DHS staff found that the risk estimates derived
from the animal studies were consistent with the results of the occupational
epidemiologlic studies, which tends to diminish the concern that the risks
have been vastly overestimated. (".., while absolute and undisputed
scientific evidence may not be available to determine the exact nature and
extent of risk from toxic air contaminants, it is necessary to take action

to protect public health." H&SC 39650(e).)
3.) Comments from Environ Corporation dated 1/13/87
a.) Comment. The interpretation of the trend test for peritoneal

mesotheliomas was an overinterpretation of a statistical test. The test

only shows that the slope is significantly different from zero.



Response. The wording on p.28 in part B of the draft document only
states that an increased incidence of mesotheliomas correlates with ethylene

oxide exposure,

b.) Comment. The epidemiologic evidence is exaggerated in importance with
regard to astablishing the causation for Et0 carcinogenesis in humans.
Response. As implied above, there 1s seldom a "smoking pgun" in
epldemiology, a high exposure to a single chemical leading to high relative
risk, However, the Hogstedt studies strongly suggest an association of
leukemia with ethylene oxide exposure. The original excess observed in
first report of Hogstedt et al. (1979) was confirmed in further follow-up in
two plants and in a separate study in a third plant. While DHS staff
concurs with Environ that the epidemiologic studies are "limited in
establishing causation”, DHS considers animal carcinogens to be potential
human carcinogens. The £finding of leukemias, i.e., cancer in the same
tissue, 1in both rats and humans, strengthens the evidence from either

species alomne.

c.) Comment. "The epldemiologic data are inadequate to derive an estimate of
cancer risk from exposure to ethylene oxide."
Response. DHS staff agrees and did not use these data to derive an

estimate of risk. This is discussed in our response to comments by EOQIC.

d.) Gomment. The wunit cancer risk determined by DHS is eight-fold higher

than that determined by Environ for McCormick.
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Response. DHS followed the California Guidelines for Chemical Carcinggen
Risk Assessments and Their Scientific Rationale (1985). DHS staff used the

most sensitive sex, site and species, an interspecies conversidn based on
surface area, an upper confidence limit to determine the recommended unit
risk values, and tumor incidences from all four exposure levels (0, 10, 33,
and 100 ppm) of the Snellings et al. (1984) data. The values for
mononuclear cell leukemia in female rats were the same as EPA’'s Carcinogen
Assessment Group's numbers. On the other hand, Environ did not use the data
. from the 100 ppm dose group, used maximum likelihood gstimates and used body
welght as the interspecies conversion factor, Thu#, some of Environ’s
assumptions and procedures were different from those used by DHS staff.
However, Environ's methodology 1s not demonstrably more scientifically
valid. Furthermore, the McCormick document is a nénpublic document; we do

not know if it has been subjected to independent review.

e.) Comment. The Gaylor-Kodell model was not applied apprOpriateiy.

Response. DHS staff acknowledges that the value was calculated using a
95% UCL on. the actual incidence data at the lowest dose and thus was not
calculated properly. We also note that several p-values in Table 7.2 should
be lower than originally reported. The best fit was for the probit model,
vhich was slightly better than the logit model. The risk calculated using
the Gaylor-Kodell approach as suggested by Environ with all the data and the
probit model was 1.9 x 10'5 (for an ambient level of 50 ppt). It should be
noted that the Gaylor-Kodell model was used by DHS staff only for comparison

with the results obtained with the multistage model.
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IV. Air Resocurces Roard

Letters to Commenters



ATE OF CALUFORNIA GEORGE DEUKMENIAN, Governor
e e

IR RESOURCES BOARD
; STREET

ik 2815

CRAMENTO, CA 95812

April 10, 1987

Ronald Van Mynen

Chairman

Ethylene Oxide Industry Council
2501 M Street, N.W., Suite 200
Washington, D.C. 20037

Dear Mr. Van Mynen:

Thank you for your comments on Part B of the
Draft Report on Ethylene Oxide. Your comments have been
forwarded to the California Department of Health Services.
I understand their staff has prepared responses which
will be incorporated into Part C of the Final Draft Report,
N~ which should be released to the public within a month.

Sincerely,
Y. (cf wgf
William V. Loscutoff, Chief

Toxic Pollutants Branch
Stationary Source Division
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April 20, 198?

Dr, Malcolm G, Ridgway, Vice President
HRI Engineering Services

Center of Health Resources

6666 Valjean Avenue

Van Nuys, CA 91406

Dear Dr. Ridgway:

Comment on Preliminary Draft on Ethvlene Oxide

Thank you for your comments on the ethylene oxide
report. My staff appreciates your statement that it did "a good
job in developing emission data from hospitals.”

I note your comments that the amount cf ethylene oxide
to which the public may be exposed, and the risk of additional
cancer deaths attributable to hospital-releesed ethylene oxide, are
both "extremely small." The report includes numerical estimates
for exposure and risk. ARB staff does pot believe it is
appropriate to characterize these with adjectives. Such a

"’ judgement is appropriate for our Board.

Your comments regarding overall public heelth benefits
of alternatives to sterilization with ethylene oxide, costs of
control, and possible exemptions have been noted. However,
ethylene oxide is being considered now only for possible
identification as a toxic air contaminant, Your comments will be
appropriately considered during & possible subsequent risk
management phase,

Thank you for your inte-est, Please contact
Gary Murchison at (916) 322-8521, if you have additional questions,

Sincerely, \
C(fléﬁhz«l. Z%%:;égg;aptaﬁfé/’
William V. Loscitoff, Chief

Toxic Pollutamts Branch
Stationary Source Division
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April 27, 1987

Mr. W, Thomas Schipper, Regional Director
Plant, Technology and Safety Management
Kaiser Permanente, Walnut Center

Pasadena, CA 91188

Dear Mr. Schipper:

Comment on Preliminary Draft Report on Ethylene Oxide

Thank you for your comments on the ethylene oxide
report. We appreciate the commendation regarding hospital emission
characterization. :

Your comments regarding control equipment and possible
. exemptions from control requirements are noted. However, this
report only recommends the identification of ethylene oxide as a
toxic air contaminant. If ethylene oxide is s¢o identified by our
Board, your comments would be appropriately considered during a
subsequent risk management phase.

Thank you for your interest. Please contact
Gary Murchison at (916) 322-8521, if you have questioans regarding
our response.

Sincerely,
(ethai. Uy
William V. Loscutoff, Chief

Toxic Pollutants Branch
Stationary Source Division



STATE OF CALIFORNIA GEORGE DEURMENIAN, Govemor
e C TR T TR S et et bt

AIR RESOURCES BOARD
102 Q STREET

_BOX 2815
< RAMENTO, CA 95812

April 27, 1987

Mr. Paul Lewandowski
Assistant Product Mgr.
ARC Chemical Division
Balchem Corporatian
Box 180

Slate Hill, NY 10973

Dear Mr. Lewandowski:

Thank you for your January 8 letter with comments on
our Draft Report on Ethylene Oxide {November, 1986). Your
comments regarding the health effects data were forwarded to the
California Department of Health Services, which has prepared
responses that will be in the Final Draft Report on Ethylene
Oxide. All of your comments appropriate for this part of the
process have been considered, I have summarized our action
‘ below. Your comments on control or restrictions for the health
N industry will be considered if ethylene oxide is identified as a
toxic air contaminent and we start the risk management part of
the process.

Regarding your comments on our assumptions for
emissions from ethylene oxide blenders, my staff has had
discussions with two distributars of ethylene oxide with blending
facilities in California, and has prepared responses to their
written comments for the Final Draft Report. Also, my staff will
analyze newly obtained information to determine if further
changes should be made to the repo-t.

In your letter, you stated that, our original data on
emissions may be misleading because facilities will shortly
introduce further emission controls to reduce present emission
"levels, We agree that emissions are changing, therefore, our
Final Draft Report clarifies that emission estimates are for
1985, We have included footnotes to indicate all more receant
changes in emissions of which my staff is aware.



Mr. Paul Lewandowski -2- April 27, 1987 .

Your Attachment 1 concerning ethylene oxide coatrol,

- and Attachments 5 and 6 concerning benefits of ethylene oxide
use, will be considered during a possible subsequent risk
management phase. Your attachments 2, 3 and 4, concerning health
effects of ethylene oxide, were forwarded to the California
Department of Health Services for review.

Thank you for the valuable information. Please
contact Gary Murchison at (916) 322-8521, if you have questions
regarding our response,.

Sincerely, \

- : L/

' -1 -
ZQLilQQaﬁuv- C:7é;;(24fd%f/
William V. Losdutoff, Chflef

Toxic¢c Pollutants Branch
Stationary Source Division
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April 27, 1987

Dr. Robert G. Tardiff, Principal
Environ Corporation

The Flour Mill, 1000 Potomac St,, NW
Washington, DC 20007 :

Dear Dr, Tardiff:

Thank you for your comments on the Draft Report on
Ethylene Oxide (November 1986). Your submissions on assessment
of possible health risks associated with exposure to ethylene
oxide released to the atmosphere from the Salinas plant of
McCormick and Company, Inc. have been forwarded to the California
Department of Health Services (DHS). The DHS has prepared
responses to your health risk comments that will socn be nmade
available to the public in the Final Draft Report on Ethylene
Oxide.

We also appreciate your submitting copies of the three
" 1986 reports by Eaviron which evaluated McCormick emissions of

ethylene oxide and population exposure. ARB staff was earlier
provided copies of these reports, and considered them in the
Draft Report.

Because none of these reports provides a discussion of
how the emissions were determined, my staff contacted your staff
by telephone regarding the derivation of the 0.3498 g/second
average total emission rate which you provided in your letter,
Apparently, for a sterilizer chamber charged with 56 pounds of
ethylene oxide, MeCormick accountrd for 11.48 pounds of emissions
via the primary exhaust vent, auxiliary air vent, and secondary
air vent. McCormick also determined that 24.79 pounds was
accounted for in water; leaving 19.73 pounds in the spice
products, drums, pallets, and unaccounted for,

ARB staff agrees that if the 11.48 pounds of direct
air emissions were the only emissions to air, then the Schilling
plant would emit 6.1 tons/year. ARB had assumed, however, that
the 19.73 pounds was subsequent emitted to the atmosphere.
Because the reactivity of ethylene oxide is quite low, and no



Dr. Robert G. Tardiff -2~ April 27, 1987

other fates of ethylene oxide are known, ARB staff considers it
likely that virtually ell of the ethylene oxide accounted for in
spice products, drums, and pallets will off-gas at the facility,
Therefore, in the absence of documentation showing that the 19.73
pounds is not subsequently emitted to the atmosphere, ARB staff
believes it shouvld be included in total emissions, Also, ARB
staff reports cited in the Draft Report provide a somewhat lower
figure of ethylene oxide ia water. Furthermore, much of this
ethylene oxide could be re-emitted to the atmosphere near the
facility. Therefore, ARB staff has not changed the 20 tons/year
emission estimate.

With respect to your comment on page 3, 3.a., "...the
exposure concentrations represent maximum rather [than] average
concentrations.” the Draft Report on Ethylene Oxide always
provides annual average concentrations., Maximum annual
concentrations were provided, but only annual average isopleths
in conjunction with census tract data were used to estimate
public exposure. We agree with your subsequent statement, "the
correct expression of inhaled concentration is the daily average
and not the maximum concentration."”

Thank you for your comments.

Sincerely,

William V. Loscutoff, Chief
Toxic Pallutants Branch
Stationary Source Division
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April 27, 1687

Mr. James F. Jorkasky

Director, Environmental, Occupational
and Small Business Programs

Health Industry Manufacturers Assoc.

1030 Fifteenth Street, NW

Washington, DC - 20005-1598

Dear Mr. Jorkasky:

Comments on Preliminary Report on Ethvlene Oxide

Thank you for your comments on the ethylene oxide
report. We agree with your recommendation that the California Air
Resources Board (CARB) review EPA's database and conclusions on
ethylene oxide (ETO) use and emissions control. My staff has been
in contact with Mr, David Markwordt in EPA's Office of Air Quality
Planning and Standards. On Jan. 31, 1987, he sent me a comparison
of EPA's and CARB's ethylene oxide databases. My staff has had
follow-up discussions with his contractor for this work, Midwest
Research Institute, The emissions estimates in the Final Draft
Report on Ethylene Oxide have been revised to reflect this
information, which became available since the November 1986 release
of the Preliminary Draft Report.

My staff has also révised these estimates based upon
recent information obtained from the Socuth Coast Air Quality
Management District (SCAQMD).

We have also revised ouvr enission estimates based on the
fact that emission reductions have occurred at various Califorania
facilities, and note that others have closed down. However, we
have also identified companies that emit ethylene oxide. Overall
we have revised downward our estimate of statewide emissions from
almost 400 tons/year to about 370 tons/year, or about a seven
percent decrease,
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We trust that you will find that the data in our Final
"Draft Report reflects the most current data available on emission

sources, Please contact Gary Murchison at (916) 322-8521, if you
have additional questions.

Sincerely,

pittai U actyyf

William V. Loscutoff, Chief
Toxic Pollutants Branch
Stationary Source Division
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June 1§87

(Part C Addendum reflects the comments received from the public during the
April 28, 1987 to May 29, 1987 public review period for the Final Draft
Report. The responses of the Air Resources Board staff to those comments

are contained in Part C Addendum.)
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Il1. Air Resources Board Response to Chemrox, Inc.



III. Air Resources Board Letter to Chemrox, Inc.
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June 8, 1987

Pankaj R. Desai, P.E,.
Vice President

Sales and Marketing
Chemrox, Inc,

4695 Main Street
Bridgeport, CT 06606

Dear Mr, Desai:

Comments on Final Report on Ethylene Oxide

Thank you for submitting comments on ARB's Final Draft
Report on Ethylene Oxide.

In response to your first commen%, statements have been
inserted into the report on page 9 of the overview and on page II-5
of Part A, to the effect that some companies have recently’
installed closed-loop vacuum pump systems which can eliminate
ethylene oxide discharges to the wastewater. Your letter has been
cited as the reference for thig information, I trust that this
change satisfies your request for a note to be added to the report
N~ on this topic.

In response to your second comment, you are correct that
the rate constant for hydration of ethylene oxide to ethylene
glycol under acidic conditions reported in Figure II-3 suggests
that the reaccion follows second-order kinetiecs. 1In fact, the
reaction rate is dependent upon the concentrations of both ethylene
oxide and hydrogen ions. If the hydrogen ion concentration is
fixed (fixed pH), then the hydration would be a pseudo-first~order
reaction with respect to ethylene oxide as your data suggests.

Page 1I-16 of the report includes » tabulation of half-lives
calculated for ethylene oxide at pH values ranging from 2 to 11,
and these times vary greatly relative to pH. Because your comments
are consistent with the cited statements in the report, no change
was made in the report,

Thank you for your helpful comments. If you have
questions, please do not hesitate to call Gary Murchison of my

staff at (916) 322-8521.

Wllliam V. Loscutoff, Ch
Toxic Pollutants Branch
N Stationary Source Division

Slncerely,
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