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I. Comments Received by 

January 14, 1987 



A. Sterile Design. Inc. 



Sterile Design, Inc. 
CORPORATE OFFICES 

P.O. BOX 1W77 
15 S. LINCOLN 

CLEARWATER. FL 33517-8077 
(813) 442-3131 

F e b r u a r y  2 ,  1987  

Mr. W i l l i a m  V .  L o s c u t o f f ,  C h i e f  
T o x i c  P o l l u t a n t s  B r a n c h  
A i r  R e s o u r c e s  B o a r d  
P.O. Box 2 8 1 5  
S a c r a m e n t o ,  CA 95812  

ATTN: E t h y l e n e  O x i d e  

D e a r  Mr. L o s c u t o f f :  

S u b j e c t :  E t h y l e n e  O x i d e  D r a f t  

b Thank  you  f o r  k e e p i n g  u s  i n f o r m e d  o f  t h e  C a l i f o r n i a  e m i s s i o n s  
s t a t u s  o f  e t h y l e n e  o x i d e .  A s  S t e r i l e  D e s i g n  no l o n g e r  o p e r a t e s  
a n  E t O  s t e r l i z e r  i n  C a l i f o r n i a ,  we w i l l  n o t  be  mak ing  a n y  com- 
m e n t s  a t  t h i s  t ime.  F o r  y o u r  i n f o r m a t i o n ,  we d i s c o n t i n u e d  a l l  
m a n u f a c t u r i n g  o p e r a t i o n s  a t  o u r  S a c r a m e n t o  f a c i l i t y  i n  December ,  
1 9 8 5 .  

S i n c e r e l y ,  

QL 0 .A@-- 
J o h n  C. Hoffman 
D i r e c t o r  
Q u a l i t y  A s s u r a n c e  a n d  
R e g u l a t o r y  A f f a i r s  



B. Sterilization Services of California 



Sierilization Services 
of 

v California Georgia Tennessee 

January 9, 1987 

Nr. William V. Loscutoff, Chief 
Toxic Pollutants Branch 
Air Resources Board 
Attention: Ethylene Oxide 
P.O. Box 2815 
Sacramento, California 95812 

Dear Mr. Loscutoff: 

We have reviewed the "Preliminary Draft Report on Ethylene Oxide" and we 
question the emission level reported for our company in Table 111-1. We 
are permitted by the South Coast Air quality Management District for a 
maximum daily emission of 40 lbs. 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. 

'- 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, 

i A ? z  /L 
Patterson Adams 
General Manager 

cc: Russell Skocypec 

CALIFORNIA 
1611 South Sunklst 

Anaheim. CA 92806 
(714) 937-5349 

GEORGIA 
6005 Boatrock Blvd. 
Atlanta. GA 30336 

(404) 344-8423 

TENNESSEE 
2396 Florida St. 

Memphis. TN 38109 
(901, 947-2217 



C. B o t a n i c a l s  I n t e r n a t i o n a l  



botanicals international 
Division of Zueilig Botanicals. InC. 

2550 El PresidioILong Beach. California 90810 

January 9, 1987 

r .  William V. Loscutoff, Chief 
TOXIC POLLUTANTS BRANCH 
AIR RESOURCES BOARD 
Attn: Ethylene Oxide 
P.O. Box 2815 
Sacramento, CA 95812 

Dear llr . Luscutof f , 
Having recently received a copy of the "Preliminary Draft Report 
on Ethylene Oxiden, I read through if completely and noticed one 
piece of data that is no longer accurate. On page IU-6, table 
IlI-1, under "Fumigation (Food/Spice)" you list Botanicals Inter- 
national's EtO Emmissions as 25 tons per year. 

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 
objectives-'when we initiated our change in procedures. Firstly, 

L we wanted to reduce the potential for worker exposure to EtO during 
the product off-gassing period immediately after sterilization. 
SeconBly, 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 ~roducts. 

From June 2, 1986 through November 28, 1986, Botanicals International 
used exactly 10,000 pounds of Ethylene Oxide (25 drums @ 400 lbs ea). 
This is a 26 week period and our sterilization requirements are 
constant throughout the year, therefore, by doubling the quantity 
of EtO used during this time perird 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 1983 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 negociatinq 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%). 

L 

Phone: (213) 637-95fh Cable: BOTANCKSN 



Air Resources Board (2) 

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

Sincerely, 

BOTANICAM INTERNATIONAL 
8' 

' . -. 

dwiqht B. Shaulis - 
~roduction Manager 

DBS: jh 



D. Grifflth M~cro-Science, Inc. 



GRlFFlTH MICRO SCIENCE, INC. 
7775 QUINCY STREET, WILLOWBROOK, IL 60521 3121325-6999 

JOHN A. KJELLSTRAND 
Vlce Resident - Technical 

January 13, 1987 

Mr. William V. Loscutoff, Chief 
Toxic Pollutants Branch 
Air Resources Board 
1102 Q Street 
P; 0. 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. 

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 unjt, 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, 

'- cc: Donald E. Alguire, Griffith Micro Science, Inc. 
James S. Legg, Griffith Micro Science, Inc. 



E. L i q u i d  Carbonic Corp. 



LIQUID CARBONIC 
SPECIALTY GAS CORPORATION 

767 INDUSRllAL ROAD . S4N CARLOS, CALIFORNIA 910m 

AREA CODE 415 592592TJm I 
January 13, 1987 

Mr. 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: 

L 
Page 111-4 Distribution Facilities 

"Fugitive losses of leas 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 
0.12 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 recurred to the manufacturer and is not 
disposed of. 

"Based upon discussions with distributors, ARB staff estimates that 
approximately 18% of the sterilant gas mixture is exhausted from cylin- 
ders at repackaging plants. 

Response: Our experience indicates 18X to be high. We believe the figure 
to be more in the area of 10% or less. This is based on fifteen ( 15) 
years experience of handling returned scerilant cylinders. 

Page D-2 Non-Pesticidal Sources 

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

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



Mr. William V. Loscutoff, January 13, 1987 0 

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 52 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 99% 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, 

&' . . . Pa~ne 
Regional Manager 
LIQUID CARBONIC 
SPECIALTY GAS CORPORATION 



LIQUID CARBONIC 
SPECIAUY GAS CORPORATION 

m? WWS17111IC RMD . SLN URLO& CIURlANU srmO 

June 18; 1986 

Carol McLaughlin 
Stationary Source Division 
Air Resources Board 
P.O. Box 2815 
Sacramento, Calif 958 12 

Re: Survey of Ethylene Oxide Use 

In re.sponse to your request, the following bformation is submitted 
as requested: 

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

. . San Carlos. ......... ;.. ................ 207,850 lbs. 
Los Angeles.. .......... :..............619,040 lbs. 

2. Quantity of pure ETO packaged for sale during 1985. 

San Carlos ......... ; . . . . . . . . . . . . . . . . . . . .1,600 lbs. 

Los Angeles .............................. 13,640 lbs. 
Majority of this material is resold as purchased and therefore 
not repackaged. 

3. Quantity of ETO purchased for processing. 

San Carlos... .......................... 26,400 lbs. 
. . 

> .,. . . Los Angeles .........?................... 86,400 lbs. 

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

San Carlos -4 

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

..................... a) Rate of Input. 10 CFM 

................. b )  Hours of Operation 14 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) Rate of Input . . . . . . . . . . . . . . . . . . . . . .  CFM 

b) Hours of Operation . . . . . . . . . . . . . . , .4  per day 

C) 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 D i v i s i o n )  



Union Carbide Corporation 
Linde D~v~siori 
19200 Hawthorne Boulevard 
rorrwce. Calilornra 90503 

January 13, 1987 

Mr. William V. Loscutoff, Chief 
Toxic Pollutants Branch 
Air Resources Board 
P.O. 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 "18% of Ethylene Oxide(ET0) 
sold, was returned in used cylinders." While this number is accurate for 
ETO sold in cylinders as Oxyfume 12 (12% ETO, 88% Halocarbon-12) it is not 
true of all ETO sold. 

Our facility sells ETOinseveral 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 u~~loaded 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 2%) is returned. Further, 
the 18% return number was inflated by the fact that often times full, unused 
cylinders are returned for credit when tl.ay pass their expiration date. 

Generally, product returned from hospital users tend to have a higher 
residual content than industrial users. Product returned from industrial 
users tends to be less than5 or 6% of the product sold. 

Combining all forms of product sold, recovered product represents a 
very small fraction of the total ETO sold. I estimate that this percentage 
would be less than 2%. 

On page F-3 of this same section a reference is made to our scrubber 
unit with an efficency rate of 90%. 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 use. There was no mention, however. 
of the recovery/recycling system (the same as the South San Francisco 

ji system) used at our facility. 



With both the recovery unit and scrubber in operationouremissions 
are limited to fugitive emissions. For normal operation, I estimate that 
emissions from our facility are less than 100Wlyr. 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. 

,. 
Cleo Bolen 



G. Hea l th  Indust ry  Manufacturers Associat ion 



1030 fifteenth street. nw woshlnqton. dc 20005-1 598 
(202) 452-8240 

January 13, 1987 

Mr. William V. Loscutoff 
Chief, Toxics Pollutants Branch 
Air Resources Board 
Attn: Ethylene Oxide 
P.O. Box 2815 
Sacramento, California 95812 

Re: "Draft Report to the Air Resources Board on Ethylene oxide," 
Nwember 1986. 

'u 
Dear Mr. Loscutoff: 

The Health Industry Manufacturers Association is a trade group representing 
approximately 300 medical device and diagnostic product manufacturers. A 
number of H I M  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 Oxiden (referred to herein as the "CARB Report"). We, therefore, 
are pleased to submit our Association's cornments on the CARB Report. 

1. EPAActivities 

The CARE Report refers extensively to the hvironmental Protection Agency's 
notice of intent to list EtO under Section 112 of the Clean Air Act, 
"Assessment of Ethylene Oxide as a Potentially Toxic Air Pollutant," (50 
Federal Re ister 40286, October 2, 1985). HIN submitted comprehensive 
connnents *December 3, 1985) to EPA on the proposal. These comments are 
attached. 

or ussoclorlon represenrinq rhe medical dev~ce and diagnorric protlucr ~ndusrry 



we urge CARB to review HIMA'S 1985 position paper since it corrects several 
assumptions made by EPA in its proposal. Specifically, our comments emphasize 
that: 

Sources of EtO emissions have decreased in number as 
some manufacturers have ceased 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. 

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 
infmmation. In February 1986, HIMA submitted to EPA the results of a 
comprehensive survey of member companies regarding EtO use. EPA subsequently 
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 reconunend CRRB review EPArs 
database, since it reflects 1985-1986 EtO use and control. 

In surmnary, we believe CARB will benefit frcm 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 EPA1s database and EPA1s most 
current conclusions on EtO use and emissions control. This would enhance the 
accuracy of the CRRB report consistent with the goals of public health and 
safety. Mr. David Markwordt, an Environmental mgineer in EPA1s 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. 



u 2. California Activities 

The south Coast Air Cuality Management District, and, most recently, the Bay 
Area Air Quality Management District, have a permit process for facilities 
using E~O. We have been informed by our members that the SCAQHD 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. 

m e  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 reconmend that CAR0 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 c m n t s ,  please contact me. 

b $IeS F. ~orfkky 
rector, En ironmental, Occupational 

and Small Business Programs 

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



December 3. 1985 

Central Docket Section [A-1301 
Environmental Protection Agency 
Docket No. A-85-10 
401 M Street, S.W. 
Wuhington. D.C. 20460 

Ra: Docket No. k85-10. kseasmeat of 
Ethylene Oxide A. a Potentially Toxic 
Air Pollutant (SO PA. . 4286 .  
October 2. 1985) 

Dear Sir/Wam: 

The Health Industry hnufacturera kaoc ia t ion  (HIM). a trade h # = i a t i o n  
repreeent ing  300 medical device and diagnostic product manufacturers. is 
pleaaed t o  submit the attmhed preliminary c-nte t o  EPA in connection with 
t he  Notice of I n t e n t  t o  L i s t  Ethylene Olida (Eta) .  k diilcusaed i n  the 
rubmiaaion. RIM is cu rnn t ly  conducting a u j o r  survey of our induatry t o  
deternine the u t e n t  of EtO amiasione u w a l l  aa the degrea to  which airborne 
EtO is already controlled. 

HIMA anticipate. providing more axtenrive comments t o  EPA in l a t e  
January. 1986. 

Preaidmt 

cc: Ha. Nancy Pate. EPA 
M r .  Robert Scholl. EPA 
Ur. D ~ i d  Harkwordt. @A 



BEFORE THE 
UNITED STATES ENVIRONKENTAL PROTECTION AGENfX 

kreaam.nt of Ethvlene Oxide 1 
a s  a ~ o t m t i a l l y  koxic  it j 
Pollutant: 50 Fed. Rng. 40286 1 
(Oct. 2. 1985) 1 

Doaket No. 
A-85-10 

PRELIMINAKY COMENTS OF 
HEALTH INDUSTRY MMUFAClIJRERS ASSOCIATION 

ON THE NOTICE OF INTENT TO LIST 
ETHYLENE OXIDE UNDER SECTION 112 

OF THE CLEAN AIR ACT 

Health Industry Hnnufacturera Aaiociation 
1030 15th Street .  N.W.. Sui te  1100 
Washington. D. C. 20005 
Frank E. Samuel Jr., Preaidant 

December 3. 1985 
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I. Executive Summaq 

RIMA submits theae prdiminarg comments t o  t he  Environmental Protection - - - - . -. 
Agency (PA)  in r ~ s ~ o n s a  t o  t he  Agency's Notice of In ten t  To L i e t  
E thy lene  Oxide (EtO) Under Sect ion 112 of the  Clean Air Act and 
So l i c i t a t i on  of Information published October 2. 1985 (50 FR 40286). 

RIMA's preliminary comments focus on the  q e d i c a l  Supplies hau fac tu ren  
category described in EPA1s notice. H I M 1 #  c-ants a r e  p d h h r y  in 
that  the  &sociation i a  current ly  conducting a comprehensive survey of 
industry  t o  d e t e d e  EtO a d a s i o n s  and the extent of .missions control  
equipment a l r eady  in place.  H I M  a n t i c i p a t e s  providing fur ther  
cmmeats t o  EPA in l a t e  Jurmry.  1986.' 

RIMA makes the  f o l l w i n g  points i n  these preliminary comments: 

1. EtO is an essen t ia l  s t e r i l u r t  f o r  t h e  medical device industry. It 
is used t o  sterilize 60-70% of i n d u s t r i r l l j  s t e r i l i z e d  medical 
devices mid ia the oaly method t o r  s t e r i l i z i n g  cer ta in  materials 
tht a r e  sens i t ive  t o  heat. moisture. o r  radiation. Less t h n  
0.5% of EtO produced ia used in all s t e r i l i z a t i o n  operatioaa. 
i n c l u d i n g  d w i c e  manufacture. hospitals.  c l inics .  a d  contract  
s t e r i l i z a t i o n .  u well  u food processing urd fumigation. 

2. Sources  of E t O  emiss ions  have  decreased  i n  number a s  some 
manufacturen have ceased t o  use EtO. consolidated operations. 
i n c r e u e d  the w e  of E t O  cont rac t  s t e r i l i z e r s ,  used a l t e rna t ive  
methods of s t e r i l i z a t i o n .  and  i n s t r l l e d  E t O  emission control  
dwices .  

3. EtO miamion control  devices a n  current ly  i n  use i n  the  "Uedical 
Supplies Ikaufacturew crtegorp. These devices include chmica l  
conversion units.  scrubbers. incinerators .  and reclamation units.  

4. C o w i d e n t i o m  t o  be made in t h e  cos t  mia lysu  of EtO .miasions 
c o n t r o l  d e v i c e s  i n c l u d e  t h e  s i z e  of s t r r i l i z e r ( a )  t o  be 
controlled.  the  frequency of use  t he  s t e d i z e r .  the  g u  used 
(100% EtO o r  a mixture with FPZONSf o r  Carbon Dioxide), the  rated 
capaci ty  of the  control  unit .  and the engineering. i n s t d l a t i o n .  
and umurl operating costs.  



11. Introduction 
w 

The Health Industry Manufacturea Association is plessed t o  submit the 
following preliminary cauments t o  the  Environmental Protection Agency 
@PA) i n  response t o  the  Agency's Notice of I n t e n t  To L i s t  Ethylene 
Oxide Under Sec t ion  112 of the Clean Air kt aad Sol ici ta t ion of 
Information. published October 2. 1985 (50 PR 40286). 

R I M A  is a t r a d e  a s s o c i a t i o n  r e p r e s e n t i n g  almost  300 domestic 
m a n u f a c t u r e r s  o f  m e d i c a l  d e v i c e s  and  d i a g n o s t i c  p r o d u c t s .  
Approximately 100 XIMA members u s e  o r  depend upon E t O  f o r  t h e  
s t e r i l i z a t i o n  of medical products. k docunmted herein. EtO io an 
e s s e n t i a l  s t e r i l a u t  f o r  our indwtzy  8nd its continued use i n  c ruc ia l  
t o  the  heal th  care  system. 

HMA8s preliminary comments focru on the "Medical Supplier MAnufacturen 
category described i n  EPA's not ice  of iatent t o  list EtO. 

The cmments are preliminary in that  HIMA is current ly conducting a 
survey of the  i d u s t r y  t o  determine t h e  extent of EtO miss ions  and 
t h e  number of EtO emirsions control device. current ly in place in 
member f a c i l i t i e n .  A copy of BIHA'8 surpey fozm is attached a s  
Appendix A. This murrrey is being conducted in cooperation with KPA. 
spec i f i ca l ly  the  Emi~sions Standard. aad Engineering Divbion of the  
Office of Air Quality Planning aod Standards. 

I n  t h i s  present prelimiuazy subnjrsion. ?EMA prwides  information on 
our  i n d u s t r y ' s  u s e  of EtO. c u r r e n t  t r e n d s  in s t e r i l i za t ion .  and 
emission control  devices current ly in use. Additionally. ccmmnts on 
major issws raised by the  not ice of in t en t  t o  list a r e  provided. a s  
well a s  responses t o  the  questions posed by EPA in the  information 
so l i c i t a t ion .  

BM aa t ic ipa tea  p rwid ing  more extensive commants on EPA's in ten t  t o  
l is t  e t h y l e n e  ox ide  a t  t h e  completion of our survey. tentat ively 
scheduled f o r  late January. 1986. 

111. Background Infomation on Ethylene (hide 

HMA hu previously presented 6 r i g n i f i c m t  amount of infoxmation on 
the medical product industzy's use of EtO in regulatory submissions t o  
EPA 111 and OSHA 12-51. The following is a br ie f  st l l~m~ry of the are- 
of EtO use m d  a l t e r r u t i v e s  t o  EtO s t e r i l i za t ion .  

A. Use of EtO - General 

There are t h a e  basic  groups of EtO wars throughout industry in 
general. The f i r a t  group. the  converters, consumes over 99% of 
the EtO produced. Thin group conoists of companies tha t  produce 
or  purchase the  c h d c a l  a s  m intermediate o r  raw material f o r  
t h e  manufacture of other  products. Almost 90 percent of the  EtO 



produced is  converted i n t o  o t h e r  products by the f i m  tha t  
produce it. The second group i s  hea l th  product manufacturers and 
heal th  care prlviders t h a t  use E t O  t o  s t e r i l i z e  medical devices 
and supplies. The th i rd  group cons i s t s  of companies tha t  use E t O  
t o  fumigate miscellaneous items. including spices. black walnut 
meats. b i rd  seed. books. furni ture .  t u t i l e s ,  empty bee equipment. 
empty cargo holds. cosmetic packaging. a d  daisy ,packaging. EtO 
i n  a l s o  used as  a  ripening agent. The second and th i rd  groups 
c a b i n a d  account f o r  l e s s  thm 0.5% of t o t a l  EtO consumption. 

B. Health Cara Uses of E t O  

Cur ren t ly ,  E t O  s t e r i l i z a t i o n  in t h e  only available method f o r  
e f f ec t ive ly  s t a r i l i z i n g  ce r t a in  mater ia ls  tb t  a r e  sensi t ive  t o  
hea t .  mois ture ,  o r  radiation. Approximately 60-70 percent of 
i ndus t r i a l l y  s t e r i l i zed  medical devices use E t O  as  a  s t e r i l a u t  
[61. HIMA a s t i r a t e s  t h a t  its mombera s t e r i l i z e  10-12 b i l l i on  
it- par  year v i t h  EtO. I 

t 

C o n s e ~ a t i v e l y ,  h o s p i t a l s .  c l i n i c s .  a d  doctors s t e r i l i z e  m 
addi t iona l  200 mill ion i t o w  per  year  v i t h  E t O  171. Wany c-on 

I 
s u r g i c a l  procedures  could n o t  b e  s a f e l y  undertaken vithout 
E t k t e r i l i z e d  equipment [8]. 1 
For mny  medical devices. no su i t ab l e  s u b s t i t u t e  f o r  EtO h u  been 
ident i f ied .  A 1977 NIOSB report  191 on EtO noted tbt "altemte 
methods [ f o r  s t e r i l i z a t i o n  of madical  s u p p l i e r ]  o f t e n  a r e  
i m p r a c t i c a l .  hazardous. undependable. o r  uneconomical" and 
concluded tht "the continued use of E t O  u a gaeaaus s t e r i l m t  in 
h i g h l y  d e s i r a b l e  i n  many s i t u a t i o n s . "  The Food and Drug 
Admin i s t r a t i on  (FDA). i n  p u b l i s h i n g  a proposed rule on EtO 
residues [10]. a l so  s t a t ed  its be l ie f  tbt "the currant use of EtO 
as a  s t e r i l m t  f o r  ce r t a in  drug products a d  medical devices is 
necessary f o r  the delivery of required hea l th  care.. ." In  1977. 
Sherwin Gardner. then Acting Commissioner of the  FDA. s t a t d  in a 
m.moraducn: 

I wish t o  rtrwr tbt precipi tous  = t ion  
which would. in effect .  severely limit the 
u s e  of e thy lene  ox ide  f o r  s t e r i l i z i n g  
dev ices  o r  drugs could have a  s e r i o u s  
i m p a c t  on t h e  p u b l i c ' s  h e a l t h .  Many 
life-saving devices a r e  s t e r i l i z e d  by EtO 
b o t h  by industxy, u w e l l  as individual  
hospi ta ls  o r  other s imi la r  f a c i l i t i a e .  The 
continuing ava i l ab i l i t y  of such devices ia 
v i t a l .  



C. Alternatives t o  E t O  

Alternatives t o  EtO s t e r i l i z a t i o n  include radiat ion (both gamma 
and e l e c t r o n  beam). d r y  heat .  steam, f i l t r a t i o n ,  and use of 
other  chamicals. such as formaldehyde and glutar ldehyde.  

Although gamma r a d i a t i o n .  u s ing  a r a d i a t i o n  source such as 
cobalt-60, ia a s u b s t i t u t e  f o r  EtO. i t  is not acceptable f o r  a 
l a r g e  number of  p roduc t s  becausa i t  affect .  t h e  molecular 
s t ruc tc re  of sono materials and thus dunages productr c q o a e d  of 
such aubstauces. Additionally. the  supply of Cobalt-60 is limited 
since there b only one major suppl ier  in North America (Atmic 
Energy of Canada. Ltd). there  current ly a r e  only 30-40 cobalt-60 
r a d i a t i o n  s t e r i l i z a t i o n  f a c i l i t i e s  i n  t h e  country.  and the  
coaatruction of such f a c i l i t i e s  is a lengthy and costly process 
s u b j e c t  t o  r e g u l a t i o n  by t h e  Nuclear Regulatory Cmmiasion. 
Seve ra l  gamma r a d i a t i o n  c o n t r a c t  s t e r i l i z e r s  a r e  c u r r e n t l y  
i n v e s t i g a t i n g  t h e  u s e  of cesium f o r  s t e r i l i z a t i o n ,  but  a 
s t e r i l i z a t i o n  methodology f o r  t h i s  rad ia t ion  source muat still  
be validated. 

I 

Wet/dry .heat is o f t e n  unacceptable  due t o  t h e  hea t - l ab i l e  
p r o p e r t i e .  o f  many p l a s t i c  formula t ions .  Other chemical 
s t e r i l an t s .  such u fornuldahyde. which is frequently u ~ d  in high 
l e v e l  dis infect ion.  a r e  a l s o  subjoct t o  regulatory concern with 
r e s p e c t  t o  workplace and environmental  h e a l t h  and sa fe ty .  
Additionally. then h u  been l i t t l e  exploration of using theae 
other  chrmicil. f o r  l a r g e  sca le  i n d w t r i i l  s t e r i l i za t ion .  

I n  rummary. EtO s t e r i l i r a t i o n  is t h e  only  a v a i l a b l e  method f o r  
s t e r i l i z i n g  a l a r g e  number of medical devices ccmposed of cer ta in  
~ t e r i a l s  that  a n  heat. moisture o r  radiation sensi t ive.  

Current Trends in EtO S t e r i l i z a t i o n  

R e g u l a t o r y  i n i t i a t i v e s  a t  r h e  Occupational Safe ty  and Heal th 
Adminis t ra t ion  (OSHA) and i n d u s t r y  t r ends  in general have had a 
s igni f icant  impact on the current  love1 of use of EtO in industry. 

A. Use of EtO/Use of Contractors 

Even before OSBA b a w d  its advance not ice of propoaed rulemaking 
concerning EtO. HIMA momber companies were voluntar i ly  maintaining 
i n t e r n a l  exposure t a rge t s  well b e l w  the  then - current Om 
standard. OSHA's revis ion of the  workplace Pemiasible  Exposure 
Limit d-ard t o  a 1 ppm eight-hour t imere ighted  average haa 
resul ted i n  u n u f a c t u r e r s  modifying t h e i r  use of EtO. Several 
manufacturen.  rea l iz ing  they could not meet the  nnr exposure 
s t a n d a r d .  c e a s e d  s t e r i l i z a t i o n  o p e r a t i o n s ,  consol ida ted  
s t e r i l i z a t i o n  o p e r a t i o n s ,  o r  sent  t h e i r  products t o  contract 



s t e r i l i z e r s  t o  be 
Evaluation Report 
use of EtO and the 

processed. FDA. i n  i ts  1982 Compliance Program 
[ I l l ,  achowledged the overal l  decrease i n  the 
increased use of contract  firms: 

The t r e n d s  i n  s t e r i l i z a t i o n  and i t s  
a t t e n d a n t  technology aver  the  past  four 
years indicate  t h a t  fewer firms a r e  using 
e t h y l e n e  oxide a s  a s t e r i l a n t  f o r  t h e  
devices a d  tha t  more fi- a r e  n w  using 
contract  s t e r i l i z e r s .  

As a resu l t .  t he  n~nnber of E t O  eminaions sources h u  declined and 
w i l l  continue t o  decline u s t e r i l i z a t i o n  operations become more 
cen t ra l ized  or  consolidated. 

In  HIMA'S 1983 Submission t o  OSHA on the Agency's proposal t o  
reduce the Permissible Exposure Limit f o r  EtO [ Z ] .  BMIL estimated 
the re  were 132 s t e r i l i z a t i o n  s i t e s  reprenenting 351 s t e r i l i z a t i o n  
u n i t s .  These un i t s  vary i n  s i z e  from. small (one cubic foot)  
research s t e r i l i z a t i o n  un i t s  t o  l a rge  (1000 cubic f ee t )  i n d w t r i a l  
s t e r i l i z a t i o n  u n i t s .  HIMA's c u r r e n t  eumey of E t O  use w i l l  
ind ica te  t o  w h a t  extant t h i s  amber  h.s changed over t he  past  two 
years. 

B. Increased Use of Altemst ive8 

FDA's Canpliurce Program Evaluation Report [Ill a l so  .cknwledgas 
the  increased use of s t e r i l b a t i o n  methodologies other than EtO. 
p a r t i c u l a r l y  r a d i a t i o n  s t e r i l i z a t i o n .  Advances i n  t h e  
s t a b i l i z a t i o n  of p l a s t i c s  and changes in the  dosage of radiation 
t o  which products a r e  q o s e d  h.ve i n c r e u e d  the  use of cobalt-60 

i 
as  an a l t e rna t ive  t o  EtO. Although cobalt-60 i r rad ia t ion  in still 
l imi ted  somewhat by mater ia .  e f fec t s .  ava i l ab i l i t y  of f a c i l i t i e s  
and the  supply of Cobalt-60. it has gained increased acceptance 
a t  t h e  expense of EtO s t e r i l i z a t i o n .  I 

I 

C. I n s t a l l a t i o n  of k i s s i o n s  Control Devices i 
Haay hea l th  care manufacturers. in response t o  s t a t e  regulatory 
a c t i v i t i e s ,  have i n s t a l l e d .  ordered. or  plan t o  order highly 
e f f e c t i v e  control  devices thnt s ign i f i can t ly  r d u c e  E t O  emissions 
frcln s t e r i l i z a t i o n  units. A. resul t .  a portion of the "Medical 
Suppl ies  Manufacture" category already has EtO eminsions under 
cont ro l  (See Section Vl. ARU's current  survey w i l l  indicate t o  
what e x t m t  emissions a r e  already under control  in thin category. 

In.summam. a number of fac tors  have acted t o  reduce the mount of EtO I . - 
used md. therefore. decrease the E tO  emissions sources in the heal th  
care  manufacturing industry. These fac tors  include: I 

I. 



cessat ion of use of EtO; 
consolidation of s t e r i l i z a t i o n  operations; 
increased use of EtO contract  s t e r i l i z a t i o n  f a c i l i t i e s ;  
increased use of a l t e r n a t i v e  methods of s t e r i l i z a t i o n :  and 
i n s t a l l a t i o n  of EtO emission control  devices; 

V. E t O  Emission Control Devices in Place 

Although IiIU w i l l  be p rwid ing  f u r t h e r  i n foma t ion  on E t O  emission 
control  devices i n  its fu ture  submission t o  t he  Agency, t h i s  sec t ion  
w i l l  b r i e f l y  discuss t h e  devices cur ren t ly  in use. 1 

i 
Due t o  s t a t e  regulatory i n i t i a t i v e s .  a number of KINA mambea h e  
ins ta l led .  ordered. o r  plan t o  order  highly e f f ec t ive  control  devices 
t h a t  w i l l  significantly reduce E t O  emissions from s t e r i l i z a t i o n  units. 
Chamrux. Inc.* a ~ n u f a c t u r e r  of a highly e f fec t ive  chemical conversion 
c o n t r o l  device.  h u  estimated t h a t  by the  end of 1986. 3 5 4 0 %  of 
s t e r  a t i o n  f a c i l i t i e s  w i l l  have i n s t a l l e d  o r  committed t o  i n s t a l l  a 
mOpYA.systea f o r  i s  con t ro l  llII. 

HIHA members have indicated t h a t  t h e  Eta  emissions control  processes 
t h a t  cur ren t ly  ex i a t  ia t he  %edical Supplies Manufacture" category 
include : 

Chemical Conversion - In t h i a  process. a weak acid so lu t ion  
is used t o  convert EtO gru t o  ethylene glycol l iquid.  which 
is than so ld  of f  t o  reprocessors o r  disposed. The device is 
grea t e r  than 99% ef fec t ive ;  

Scrubbing - I n  t h i s  process. t he  E t O  exhaust stream is passed 
through water. producing a l imited conversion t o  ethylene 
glycol. The systcm is minimally e f fec t ive ,  in the  10-20% 
ef f ic iency  range; 

Inc inera t ion  - I n  t h i s  proce#s. EtO is burned t o  complete 
combustion by us ing  a cammon f u e l  such a s  propane. The 
process is grea t e r  than 35% ef fec t ive ;  and 

l Reclamation - I n  t h i s  process. re f r igera t ion  is used t o  
l i q u i f y  t h e  EtO g a s  f o r  reuse. The system is spec i a l ly  
designed f o  we in s t e r i l i z a t i o n  by a gas mixture of 12% EtO 54 - 88% PREON . The s y s t m  is g rea t e r  than 95% effect ive.  

*Chemrox. Lnc. i s  m example of one such company. The DEOXX~' system is 
Chemrox's brand of c h m i c a l  comrarsion rrystm. 

L 
9 



The v a r i o u s  E t O  emission control  devices d i f f e r  i n  the degree of 
e f f i c i e n c y  i n  which they  remove E t O  vented from the s t e r i l i z e r .  
Add i t i ona l ly .  t h e  t ype  of con t ro l  devices used and the attendant 
engineering depends on the s i z e  of t h e  s t e r i l i z e r  un i t  (cubic fee t  of 
s t e r i l i z e r  capacity),  t h h t y p e  of gas mixture used (100% of E t O  or  
an EtO mixture with PREON o r  Carbon Dioxide). frequency of use of the 
s t e r i l i z e r .  and h w  many s t e r i l i z a t i o n  un i t r  may 'be manifolded in to  the 
control  dmice.  

VI. Comments on Major Issues  Rained by the Notice of Intent To L i s t  

Th. Ethylene Cxide I n d w t r g  Council (EOIC) hrs commented a t e n a i v e l y  t o  
EPA [I31 regarding the Hazard hasessment Document and the Exposure 
&aesrment. The EOIC a l so  presented t h u e  comaants a t  the 
October 3-4, 1984 meeting of EPA's Science Mvirory B a r d  (SAB). We 
rhra  EOIC1s concerns about there  documents m d  support its c-nts 
regarding t h e  s c i e n t i f i c  va l id i ty  of t he  a r r e s s m t r .  

A Hazard Ilsessmant Document 

With respect  t o  t he  Bazard hasarmtent Docuamnt. we concur with thm 
EOIC that  EPA has not  complied wi th  t he  recommen&tions of the  
Science Advisory Board regarding t h e  document. EPA h u  f a i l e d  to:  

present maximum l ikelihood e r t h t u  of the  extrapolated 
r i s k  u pa r t  of a diacrusion of t he  range of plausible  
estimates: 
prepare a s e n s i t i v i t y  analyr i r :  and 
uoe t h e  e n t i r e  d a t a  base  t o  quantify t he  po ten t ia l  
carcinogenic  r i s k  (almost all of t he  rink msociated 
w i t h  expomure t o  E t O  c o n s i s t s  of a mathematical  
a t r a p o l a t i o n  from r a t  inha la t ion  studies) . 

EOIC h a s  s u b m i t t e d  t o  EPA and  OSRA a s c i e n t i f i c  r i s k  
charac te r iza t ion  f o r  EtO. conducted by Dr .  Leon Golberg. 
D r .  Golberg'o ass rssment  of t h e  hazards posed by E t O  rdies 
p r i m ~ r i l y  upon h i s  s c i e n t i f i c  evaluation of the  t o t a l i t y  of t h e  
ava i l ab l e  data. Although numerical u t r a p o l a t i o n s  from the Bushy 
Rna r a t  inhalat ion study ruults a r e  presented. they a r e  used by 
Dr. Golberg u only one component of the w e r d l  u renmen t .  

Th. Hazard Assessment discusses extensively the  uncer ta int ies  in 
t h e  eva lua t ion .  D r .  Golberg cona ide ra  t h e  q u a l i t a t i v e  and 
q u a n t i t a t i v e  ampacts of the  various phenomena reported t o  be 
a s r o c i a t e d  w i t h  exposure t o  EtO and characterizes the  hazard 
a a r o c h t e d  v i t h  E t O  exposure. using three  quanti tat ive zonw of 
einht-hour t i m ~ e i a b t e d  crposure: 



The Zone of Increased Probabili ty f o r  Potent ia l  
Adverse Health Effects.  I n  Dr .  Golberg's judgment. 
i t  is hiehly probable t h a t  adverse hea l th  e f f e c t s  - - 
would occur oniy a t  l e v e l s  abwe  10 ppm. 

Zone of Unce r t a in  Conseauence. Dr. Golberg has 
judged t h a t  exposure between 1 and 10 ppm represent 
t he  zone in which t h e  occurrence of adverse hea l th  
e f f e c t s  i n  uncertain. 

Zone of Ins ign i f ican t  Exposure. Exposures 
a t  o r  be low 1 ppm a r e  cons idered  by 
D r .  Golberg t o  b e  i n s i g n i f i c a n t  and t o  
present no apparent h e a r d .  

Although D r .  Golberg ls  evaluation was made in t h e  context of 
employee exposure t o  EtO, it is a l s o  applicable t o  t h e  public. 

B. Exposure Assessment 

EPA indicated in the  Notice of In t en t  t o  L i s t  t h a t  information on 
t h e  mount  of EtO used, t h e  loca t ion  of use. and procedures f o r  
u se  a d  disposal  of EtO in t h e  h e a l t h / s t e r i l i z e r  industry  were 
' h o t  as w e l l  characterizedn as in t h e  producer indmtry.  

I n  a r r iv ing  a t  t h e  exposure assessment, EPA har made assumptions 
a s  t o  aggregate EtO m i s s i o n s  and locat ions  of f a c i l i t i e s .  EPA 
has taken the  t o t a l  mount  of EtO emissions (estimated a s  4.5 
mi l l ion  pounds, with no account an t o  emission control  d w i c e s  
a l ready in place) f o r  t he  "Medical Supplies Uaaufacturan Category 
and d i s t r i b u t e d  i t  o v e r  t h e  30-40 major population centers. 
Although HIM does not  have spec i f i c  data on all of t h e  s t e r i l i z e r  
l o c s t i o n a .  we a r e  g e n e r a l l y  aware t h a t  most s t e r i l i z a t i o n  
f a c i l i t i e s  a r e  n o t  l o c a t e d  i n  major popu la t ion  c e n t e r s .  
The re fo re .  t h e  e s t i m a t e s  f o r  exposure would be s ign i f i can t ly  
decreased .  We can only r e i t e r a t e  t h a t  our current  survey of 
EtO use  w i l l  more accurately iden t i fy  t he  number and loca t ion  of 
E t O  emissions sources. 

VII. Responseo t o  EPA1a Que#tionr 

1. Are the re  m y  adverse h e r l t h  e f f e c t s  o ther  than those presented 
in t h e  Health Assessment Document (HAD) associated with  exposure 
t o  e t h y l e n e  ox ide  v i a  t h e  ambient a i r  and i f  so. st what 

I 

I 

concentrations exposure timas a r e  these e f f e c t s  observed? i 
EPA1s  H a z a r d  A s s e s s m e n t  Document (HAD) and  o t h e r  
publications,  cuch a s  t h e  Preamble t o  OSHA's Ethylene Oxide 
Standard (29 CFR 1910.1000). have reviewed a number of hea l th  1 
e f f e c t s  s t u d i e s  and w e  a r e  not  aware of any o the r  such I 



s tudies .  HIMA. i n  past  submissions t o  the  EPA [I]  and OSHA 
[2-51 has  p r e s e n t e d  comments quest ioning the  s c i e n t i f i c  
v a l i d i t y  of s t ud i e s  presented by the  Agencies t o  support 
regulatory action.  Likewise t h e  BOIC has submitted extensive 
comments t o  EPA (131. EPA has f a i l ed  t o  not only respond t o  
EOIC's  concerne, but has a l s o  no t  raeponded in the  HAD t o  the  
recommendations ra i sed  by the  Science Advisory Board. 

2. Are t b e r e  any avai lable  ambient air monitoring techniques f o r  
e thylene axidel  

I n  1983 comments t o  OSBA on t h e  then - proposed EtO s tmdard  
121. R M A  presented comprehensive commonts on ambient a i r  

monitoring techniques f o r  EtO. Since t h a t  time. l i t t l e  ham 
c h a n g e d  r e g a r d i n g  me thodo logy  except  t h a t  i nc rea sed  
s e a a i t i v i t y  in g u  chromatographic methods haa l w e d  the  
l e v e l  of detect ion of EtO t o  under 0.5 ppm. and there is 
c u r r m t l y  a standardized charcoal tube monitoring method. 

Four types of methods f o r  meuuring EtO concmntrationr a n  
curzant ly  being used f o r  personal and a r ea  monitoring. These 
a r e :  c h a r c o a l  tubes .  pa s s ive  dif fusion samplers. d i r ec t  
reading tubes. and d i r e c t  reading instnmeats. Prefarences 
f o r  t h e  var ious  monitoring techniques varp from cmpmy t o  
company. depending i n  p a r t  upon in-house monitoring m d  
a n a l y t i c a l  capabi l i t i es .  Currm@. charcoal tubes a r e  most 
f r e q u e n t l y  employed. T e d l a r  p l a s t i c  bags and a c i d  
impingerm can be used t o  measure EtO. but a r e  not in general 
w e .  

Charcoal Tubes 

Monitoring with charcoal tubes involves the  use of 
a ca l ib ra ted  sampling pw attached t o  a charcoal 
tube by a piece of Tpgon tubing. A knan volume 
of a i r  ia drawn through the  charcoal tube, and E t O  
is adsorbed onto t he  charcoal. The sampling pump 
and charcoal tube a r e  placed on the  employee. a s  
clome u possible t o  the  breathing zone. 

Through the  use of appropriate methods. charcoal 
tube samples can meuure  dovn t o  1 ppm+ 20% in the  
laboratozy and. under optimal conditions. 0.5 p p  
o r  b e l a  a t +  50%. Gas chrcmutographic equipment 
w i t h  f lame ';;r p h o t o i o n i z a t i o n  de t ec t i on  is in 
general use a t  a number of l a rge r  companies. Fie ld  
use of t h i a  method r e q u i r u  t h a t  sk i l l ed  personnel 
b e  u sed  t o  o b t a i n .  p r r s e m e  and ana lyze  t h e  
samples. Careful a t t a t i o n  must be paid t o  t he  
analysis  methodology. 

The c h a r c o a l  t u b e  method o f f e r s  a number of I 



advantages: (1) the sample device is small and 
portable. (2) interferences a r e  minimal: (3) sample 
:ollection does not involve l iquids ;  and (4) two or  
more organic substances suspected t o  be present i n  
t h e  a i r  can u s u a l l y  be analyzed from the  same 
sample. The, charcoal  tube method is. however. 
s u b j e c t  t o  cer ta in  r e s t r i c t ions  and limitations.  
Bigh temperatures and humidities i n t e r f e r e  with the 
col lect ion and deaorption of EtO. Breakthtough can 
o c c u r  d u e  t o  l i m i t e d  a d s o r p t i o n  s i t e s .  
n e c e s s i t a t i n g  t h a t  tubes be changed frequently. 
The f l a  rate is c r i t i c a l  t o  allw time f o r  the 
EtO t o  adaorh onto the  charcoal. therefore charcoal 
is n o t  s u i t a b l e  f o r  short  (generally less than 
f i f t e e n  &utea) ampling periods. Care must be 
taken  t o  prevent  channeling. aad migration can 
occur i f  only one tube is used. Tubes must be 
refr igerated w h i l e  transported and stored. 

The American Socie ty  f o r  Testing and Haterials 
(ASTX) has  i s sued  a standardized charcoal tube 
monitoring method (MTM D4413-85). which h u  been 
f i e l d  v a l i d a t e d  by C l a y t o n  E n v i r o n m e n t a l  
Consultants.  Inc.. under c o n t r a c t  t o  the  EOIC I 

114-151. I 

Passive Diffusion Monitors 

A number of companies a r e  c u r r e n t l y  marketing I 
different  types of passive diffusion monitors. The 
b a s i c  p r i n c i p l e  f o r  these devices is diffusion. 

I 
the  gradual spread of substances from an area of 
h i g h e r  c o n c e n t r a t i o n  t o  a r e a s  of  l o v e r  I 
concen t ra t ions .  The devices  a r e  designed to 
measure time-weighted averages over a measured time 

i 
in te rva l  of e i  -ht hours o r  less .  

Passive diffusion monitors o f f e r  many advantages. 
The i n i t i a l  cost is l w  and no hoses.' tubes, o r  1 
pumpr a r e  requi red .  The devices  a r e  compact. I 
lighnoeight. and convenient t o  wear. and the  method ! 
is simple and easy t o  use. I 

I 
Bwever. an analyt ical  technique s imi lar  t o  t h a t  
used f o r  charcoal tubes is required. t h a t  is. a 
deso rp t ion  of t h e  badge and analysis  using gee 
chromatography o r  colorimetric methods. Presently 
most c c m p d e s  a r e  not analyzing the  badges but 
returning them t o  the manufacturer f o r  analysis. 

P a s s i v e  d i f f u s i o n  m o n i t o r s  have  s u f f i c i e n t  
gens i t i v i t y  t o  perform eight-hour sampling, but 



they a r e  l imited i n  sho r t  term sanrpling ( l e s s  than 
15 minutes). 

l Direct  Reading Equipment 

D i r e c t  read ing  equipment comes i n  t h r ee  basic 
types: (1) infrared analyzers: (2) organic vapor 
analyzers:  and ( 3 )  gas chromatographic equipment 
w i th  f lame ion iza t ion  o r  e lact ron capture. The 
i n f r a r e d  analyzer m e u u r u  dovn t o  1-2 ppm, but 
rome models a r e  s u b j e c t  t o  i n t e r f e r e n c e  from 
chlorof luorocarbons.  hydrocarbons. nnd humidity. 
The more srpenaive modela reportedly have warcane 
t h i a  problem. The por table  organic vapor analyzer 
is accurate t o  about 1 ppm. prwided t h a t  there  a r e  
no organic  interferences.  Thia device. hwwer .  
measures dl organicr and is not spec i f i c  f o r  EtO. 

There a r e  a va r i e ty  of continuous a i r  monitors t h a t  
cons i s t  of a gas chromatographic u n i t  v i t h  flame 
ionizat ion o r  e lec t ron  capture  capabi l i t i es .  The 
l o v e r  detect ion l i m i t  is around 0.3 ppm. These 
i n s t r u m e n t s  are l a r g e .  expensive,  n o t  e a s i l y  
trnnrportable.  m d  a r t  be careful ly  ca l ib ra ted  and 
validated.  

l Other Methods 

The ~ e d l a r ~  bag and ac id  imping methods a r e  not 
i n  g e n e r a l  use. In the  T e d l a p  bag method. a 
c o n s t a n t  f l w  of a i r  is pumped i n t o  an empty 
p l a s t i c  (polyvinyl f luor ide)  bag f o r  a spec i f ic  
per iod.  After t he  sampling period. t he  pump ir; 
turned off and the  bag i a  sealed. , Analysis is  do^ 
by gas chromatography. The advantages of Tedlar 
bags are tbt they a r e  reusable and no t  aubject t o  
in te r fe rence  by tamperature and htnnidity. Problem 
with t h i a  method a r e  t h a t  t he  bags a r e  bulky and 
can be penetrated by aharp objects. 

In  t he  acid  b p i n g e r  method. a knovn volume of a i r  
i r  bubbled through a s u l f u r i c  acid aolut ion i n  an 
impinger. vhere EtO is converted t o  ethylene glycol 
and analyzed by gar chromatography. The impingar 
i s  weighed bo th  b e f o r e  and a f t e r  sampling t o  
cor rec t  f o r  any evaporation loss .  Thia method has 
a l o v e r  d e t e c t i o n  l i m i t  of about  1 ppm. i s  
unaffected by temperature and humidity problem and 
can be used over a v ide  r a g e  of f l w  ra t 'b  and 
sampling s i z e s .  Rovaver. t h e  impinger method 
i n v o l v e s  a cumbersome appa ra tu s .  t h e  r i s k  of 
a p i l l r .  t he  hazard t o  perronnel. and requirer a 



d i f f i c u l t  ana ly t ica l  method. 

These methods and t h e i r  app l i cab i l i t y  t o  E t O  have 
b e e n  d e s c r i b e d  i n  g r e a t e r  d e t a i l  i n  H I M A  
publications [16-181. 

3. A r e  there sources other  than those l i s t e d  t o  Table 1 t h a t  a r e  
l i k a l y  t o  -it ethylene oxide i n t o  the  a i r 7  

I n  Section I11 A. HIM described a variety of i n d w t r i e s  tha t  
u s e  E t O  a s  a s t e r i l a n t / f m i g a n t .  The MITRE Corporation. 
under contract  t o  EPA. spec i f ica l ly  the  Office of Pest ic ide 
Progrmn. has prepared a number of reports  describing the  
s ter i l .nt / fumigant  sources of EtO emissions [19]. 

4. What a r e  t h e  l o c a t i o n s .  emission r a t e s  and c u r r e n t  control 
equipment f o r  ethylene oxide sourcan7 

k previously discussed. HIHA plans t o  submit t o  EPA in ear ly  
1986. more s p e c i f i c  information on EtO m i s s i o n s  in the  
9Iedic.l Supplies Manufacturen category. 

5. What is the quant i ty  of ethylene oxide being emitted from each 
ethylene oxide source category. including autcmobile azbwt and 
Publicly-owed treatment work. (POlUs). 

L 
HIMA is current ly  conducting a survey t o  reapond t o  t h i s  
question. 

V I I I .  Costs of Control 

RIXA does not current ly have spec i f i c  data on the  capital '  and annual 
operating cos ts  of EtO amissions control devices. We undemtand tha t  
EPA hu preliminary da ta  from eeveral manufacturers of such equipment. 
It is impor tant  f o r  EPA t o  no .e  i n  c o s t  ana lyses  t h a t  f a c t o r s  
associated with control  devices include: 

the  s i z e  of a t e r i l i z e r ( s )  (cubic f e e t ) .  the  control  device 
rill semic.: . the rated capacity of the control .unit; 
frequency of w e  of t h e  s t e r i l i t e r :  
t he  engineering/installation costs: 
u s o c b t e d  material  cos t s  (e.g. innulation):  and 
annual operating cos t s  (manpower and materials).  

HIXA represents a membeahip t h a t  is primarily d l  companies. 50% of 
H I M ' s  membership have s a l e s  of leas  than $5 million. 66% have s a l e s  
less than $10 mil l ion and 75X have sa l e s  l e s s  than $30 million. The 
majority of the  HIHA members potent ia l ly  affected by a requirement f o r  
cont ro l  equipment a r e  s m a l l  e n t i t i e s  and much of the  f inancia l  impact 



would be on there companies. The economic burden on small companies 
may be especially severe as they are generally less able t o  shi f t  or 
par8 along significant cost incramas. 



IX. Conclusion 
w 

Although HIMA w i l l  be providing fu r the r  information t o  EPA on the 
extant  of EtO emissions and the  control  devices currently i n  place i n  
the  "Medical Supplies Manufacturen category, these preliminary Comments 
have concluded that: 

1. Ethylene Oxide is .n e s s e n t i a l  s t e r i l a n t  f o r  the  medical device 
indus t ry .  It is used t o  s t e r i l i z e  60-702 of i n d u s t r i a l l y  
s t e r i l i z e d  medical devices and is the  only available method f o r  
s t e r i l i z i n g  c e r t a i n  m a t e r i a l s  t h a t  are s e n s i t i v e  t o  hea t .  
moisture. o r  radiation. 

2. Sources of EtO emiss ions  have decreased  i n  number as some 
manufacturaa have ceased the  use of EtO. consolidated operations. 
i n c r e u e d  the use of EtO contract  sterilizes. used a l t e rna t ive  
methods of s t e r i l i z a t i o n ,  and i n s t a l l e d  EtO embeions control 
devices. 

3.  EtO emission control devices a r e  current ly in use in the  "Medical 
Supplies I4anufacturam categorp. These dwicee  include chemical 
c o m e r s i b  units.  sc ruhbea .  incinerators ,  and reclamation unite. 
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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. 

U 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 glycol. 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 gasIETO 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 
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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 simil'arly 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 (112-2% of 400 pounds) of ETO to the 
atmosphere per drum filled. We, therefore, must question the 
fugitive emissions value of 112-2% 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 a; 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 111-1 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. l . ,  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 

'w 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. 

'L 
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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 pprn). 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. a]., study confined itself to levels of 
50 pprn 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 pprn (already lower 
than the Lynch Study), but effects at 10 ppm were questionable, at 
least. Thus, a level between 0-10 pprn 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 mucli 
ETO as man. Therefore, at the 33 pprn level in the Snellings study, 
the translation to human exposure would be in the range of 130-250 
ppm. The 10 pprn 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. 



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, 

L 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 

L quantitative one. A "Current Report" in Occupational Safety and 
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Health Report, points out that preliminary results in a State 
University af New York study of hospitals in western New York State 
(Attachment 4) showed "no statistically significant increase in 
spontaneous abortions when compared to a matched group of non- 
exposed workers." Therefore, the question of spontaneous abortion 
in exposed female workers remains unsolved, pending 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 EO), 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 pprn TWA8 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 

L 
burden of proof that one exists on employers. Therefore, the OSHA 
statement that there is no excess cancer risk at levels below 
approximately 14 pprn 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 pprn (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 devicelhospital 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 andlor 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. 



One example of public harm already 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 amve 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 

L TWA8). 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 tlags 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, 

Paul ' Lewandowski 
Ass't. Product Mgr. 

PLJbrs 
L Attachments 
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rcnllj awr  the prknng. A mist eltm- 
inMw m thc lop 01 the packed bed 
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ndicals belo= the cthylcnc ndicals in 
Nm iOllX ~ I h y i c n ~  glycol. BcCwSC M I S  
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I 
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and pH-lo de lminc  how cffeoiwly 
the M i s  being hydmlizcd inwahylrac 
dYmL -. 

Alterthe EIO is m w n d  lo glycol. h 
bairn rr m antifreeze w keep the 
Wldm syacm opruion.l lhmughnn ; 
Ihc wimsr. Whm the holding unk s h w r  
evidence of urrn glyml. a dispoul 
company is called to r c m m  the by- 
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to m n d i c r l  maintenance. Thc system 
is taken apan tn chccl: Ihr m e n <  and 
makc wrc l h a  they arc nm clopgcd wilh 
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May 13, is86 

Pl:. G eo~ge i. Renschel 
Office of the Solicitor 
Department of Labor, 5-4004 
200 Constitution Avenue, B.U. 
Washington, DC 20210 

RE : BUFFALO ~~EALT. APPP2.X SAX. FROJELT, 
April 25, 1986 Preliminary Repose - 
of Cancer InciGcnce in q Group of 
Workers Potentially Exposed to 
Ethylene Oxide 

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

This Preliminary Report deals with cancer incidence in vorkers 
previously employed at the Buffalo, New York plant, formerly 
operated by Extracorporeal (Plant I11 in previous Johnson & 
Johnson reports to OSHA) and yas prepared under the general 
supervision of Paul Stolley, M.D. of the Clinical Epidemiology 
Unit of the University of Pennsylvania School of Medicine. 

The report fa based on data drvelopc# durlxry the ecurba of the 
Bealth Appraisal Project k i n g  conducted for Johnson & Johnson at 
the Millard Fillmore Ro~pital In Buffalo. The Bealth Appraisal 
Project was established in March 1982 to provide health 
evaluation for vorkcrs formerly employed during the period 
ethylene oxide vas used at this Buffalo plant. 

Sincerely. 

Charles A. Barris 

PP 
Encl. 
cc: w/encl. -- Dr. R. Lcmen, HIOSH 

Mr. J. A. bore, EPA 



SCHOOL OF MEDICINE 

L 

Dr-mr of Medidnc 
Room 229L NEBm 

PhilsdelphL. Fkmsylnni. 19104 

PAUL D. S~LLEY. M.D. M P X  
Esb.=n C. Rmo Roiessor of Medical So'encu 

Co-Dircncr. ULU'nl Epidcmidopy Unit 

Anthony A. Herrmann. X.D. 
Director.  m l o y e e  Baalth  6 Safe ty  Af fa i r s  
One Johnson 6 Johnson P l u n  
UE-6G38 
Hew Brunmick. B.J. 08933 *.. 

Dear Dr .  B c r r ~ m n :  

I have enclosed 8 r epor t  prepared by tbe Clinic81 Epidemiology 
Unit of t h e  University of Pennsylvania School of Zlcdicine. This  

L repor t  presents  r e s u l t s  of t h e  employee bcal th  study being conducted 
i n  Buffalo. Hew York. rtre t i t l e  of t he  report  is "A Preliminary 
Report of Cancer Incidence i n  l Croup of Workers Poten t ia l ly  &posed 
t o  Ethylene Oxide". 

Yours t ruly .  

laup& 
PDS:mgb. 
Enclosure 



A Prellmlnary Report of  
Cancer Incfdence l n  a 6roup o f  Workers 
Potent ia l ly  Exposed t o  Ethylene Oxide 

C l in ica l  Epidemiology Uni t  
University o f  Pennsylvania 

School of  Medlcinc 

Apr i l  25. 1986 



I. JNTRODUCTION 
L 

In Harch of 1982. a prellmlnary report of a pilot research chromosome study 

of workers at sites where ethylene oxide (ETO) gas uas utilized as a sterilant 

uas foruarded to the Occupational Safety and Health Adnlnlstratlon by Johnson & 

Johnson. In the letter Of transnittal. It uas stated that .all previous 

employees at the Plant I11 (HRE)* location (see Preliminary Report for 

description), datlng back to the initiation there of ETO sterllizatlon. will be 

contacted and invited to participate in a prospective program of health 

evaluation..:. The following preliminary report Is the first report of this 

health evaluation analysis of the above mentioned Plant I11 (Yorksite 111) 

cohort. Hereinafter. .ln thls report. this health evaluation activity 1,1111 be 

referred to as the Health Appraisal Project (HAP). 

The HAP cohort is defined as a11 persons who uorked at Yorksite I11 at any 

time during the interval July 1. 1974 to September 30. 1980. the perfod during 

uhlch ethylene oxlde was used at the plant. The present report relates to cancer 

incidence in that cohort up to the present. Speclfically, observed numbers of 

cancers are compared wlth those expected ln this cohort based on age- and 

sex-speclflc cancer incidence rates from the National Cancer Institute's 

Surveillance. Epidemiology. and End Results (SEER) Program (Horn et al.. 1984). 

llecause data collection 1s ongolng. an, follw-up of the cohort to the 

present 1s not complete. these preliminary analyses have been performed in 

several w y s .  wlth different assurrptlons about c ~ l e t e n e s s  of follow-up entering 

into each computation. In this m y .  a range of possible results can be 

examined. As vlth all epidemlologlcal wrk. there are llaltatlons inherent to 

the methods employed. The type of approach described belou may suggest possible 

associations. but cause and effect conclusions do not necessarily follou. 

L * High Relative Exposure 



11. METHODS 

A. The HAP Cohort 

The HAP cohort consists of all individuals who were employed at 

.Yorksite 111 at s a w  time during the period July 1. 1974 to September 30, 1900. 

It can be further subdivided along two dlrmnslons: 

1. whether an employee was a regular wrqloyee or a temporary 

m l o y e e .  or. In s w  cases. held both classlflcations at different t i m s .  

2. whether an employee partlclpated In an HAP wdlcal examination or 

lnterviw (participant) or did not participate (non-participant). 

In general, regular employees tended to remain cmployed at the plant 

for longer periods than temporary tmployees. and thus as a group m y  be thought 

to have had more potential for exposure to ETO than did the group of temporary 

employees. Employees who held both classlflcatlons at different t l w s  are 

consldered to be regular ~ l o y e t s  fn the analysis. 

8 .  Pbserved Cancers In the HAP Cohort -. 
At present. a11 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 lork State Cancer Registry. Sfnce about 95% of the 

non-partlclpants are thought to reside in New York State. the New lork State 

Cancer Reglstry data was consldered to be instrumental In identifying additional 

cases of cancer among 1 tving non-participants. The names of a11 non-partlclpants 

as of July, 1985. were submitted to the Hew York State Cancer Registry on July 9. 

1985. Approval for access to the N ~ W  York State Cancer Registry data was granted 

on DecNaber 9 .  1985. and lnltlal Registry reports on the non-particfpants were 

rcceived on December 23. 1985. The Reglstry has been most cooperative. and t w  

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

However. the Registry has indicated that its computerized records arc not 



complete f o r  1985 o r  1984. and t h e  records f o r  1983 a r e  considered prel iminary.  

U n t l l  t h e  informdtlon on t h e  non-participants i s  c u r r e n t ,  a l l  prel iminary , . 
L 

analyses  in  which non-part icipants  a r c  included m y  underestlmatc t h e  incidence 

of  cancer  i n  t h e  HAP cohort .  

The analyses r epor t  below a r c  based upon inc iden t  cancers  occurr ing 

a f t e r  Ju ly  1. 1974 ( s t a r t  of ETO use).  l o  i a t i n c y  period has been assumd f o r  

t h e s e  analyses.  nor  a  minimum exposure period.  

C. C O I I I D ~ ~ ~ ~ U  Observed and Fxoected Rates of OIseare 

1. Jncfdencc 

An incldencc r a t e  1s t h e  'number of  n w  cases  of d i sease  pe r  u n l t  

of populat ion pe r  u n l t  of time. (Honson. 1980). I n  t h e  HAP study. Incldcncc i s  

c a l c u l a t e d  from t h e  number of observed events  I n  t h e  numerator and t h e  number of 

person-years of fo l lov-up  i n  t h e  denominator. Incldcnce r a t e s  a r e  based on t h e  

assumption t h a t  t h e  risks of developing d l seasc  In  each of t h e  years  cont r ibuted  

by an individual  a r c  Independent of each o ther .  
L 

2. Person-Years 

Person-years of fol lou-up f o r  a  ~ l v e n  Individual  In  a  cohort  

s t u d y  r e f e r s  t o  t h e  number of  yea r s  f r o a  s t a r t  of  exposure t o  e i t h e r  death. 

occurrence of t h e  event  of I n t e r e s t .  t o  t h e  end of t h e  s tudy o r  u n t i l  t h e  m s t  

r e c e n t  con tac t  with that lndfvldual .  The t o t a l  person-year's f o r  a  s tudy c o n s i s t  

of  t h e  sun of t h e  person-years over a11 Indiv iduals ,  and w i l l  Increase over  t ime 

a s  follow-up continues.  I n  ccmputlng person-years. one person f o l l w e d  f o r  5 

yea r s  con t r ibu te s  t h e  same number of person-years as f l v e  people uho a r c  followed 

f o r  one year  (Honson, 1980). 

Person-year calculations a n  f u r t h e r  re f ined  t o  give t h e  number 

o f  person-years of follow-up wi th in  a  c e r t a i n  age range. say. 4 0 4 4 .  A given 

pcrson In  a  cohor t  s tudy usua l ly  con t r ibu te s  person-years t o  more than one age 



range. For d iseases  such as  cancer.  in  vhich incidence r a t e s  vary g r e a t l y  w i t h  

age. i t  i s  important t o  know t h e  t o t a l  number of person-years of follow-up within 

narrow age ranges. 

3. fxpected Number of Cancers i n  Cohort 

Cancer r a t e s  from a comparison population a r e  applied t o  t h e  

number of person-years of observation i n  t h e  HAP cohort.  This provides an 

e s t l w t e  of t h e  number of expected cancers  i n  t h e  HAP group, assurnlng t h a t  r i s k  

of d i sease  i n  t h e  HAP cohort i s  t h e  same a s  t h a t  In t h e  comparison pbpulation. 

Slnce cancer r a t e s  d i f f e r  by age and sex. age- and sex-specif ic  

r a t e s  a r e  applied t o  t h e  appropr ia te  number of person-years In t h a t  age-sex 

s t r a tum In t h e  HAP cohort.  The t o t a l  expected number of cancers ln  t h e  cohort  i s  

obtained by sunning t h e  stratum-speci f  i c  expected numbers. 

For t h i s  s e r i e s  of ana lyses ,  t h e  average annual age- and 

sex-spec i f ic  SEER cancer incidence r a t e s  f o r  t h e  period 1978-1981 were used t o  

.. 
-.- c a l c u l a t e  expected numbers of cancers.  Data from the  Western New York Tm5r  

Regis t ry  and t h e  New ~ o r k  S t a t e  Cancer Regis t ry  a r e  a l s o  ava i lab le  and give 

approximately t h e  same r e s u l t s  a s  t h e  SEER da ta  used. 

A comnunity cont ro l  group m s  considered and re jec ted  because t h e  

lnc ldence  r a t e s  a r e  too low f o r  t h e  d i seases  under conslderatlon f o r  such a 

c ~ m w n i t y  cont ro l  group to .provide  r e l l a b l e  comparative ra tes .  

4.  Relat ive Rates of Disease i n  t h e  HAP and tom~ar i son  Grouos 

Of i n t e r e s t  i s  t h e  r a t i o  of t h e  observed cancer incidence r a t e  i n  

t h e  HAP cohort  t o  t h e  expected cancer Incidence r a t e  In  t h a t  cohort,  o r  t h e  

r e l a t l v e  r a t e  of d lsease .  The observed lncldence r a t e  is  given by: 

10 = number of observed cancers 
t o t a l  number of person-years of observa t ion  



The expected incidence rate is: 

IE = number of expected cancers based on SEER rates = E 
total number of person-years of observation Pltotal 

L 
By deflnltion. the total number of person-years is the same In 

both cases. Therefore. the relative rate of dfsease,is O/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 m a n s  of the Poisson probability dlstrlbutlon. 

D. plternatlve Methods Of C m u t i n a  Observed and Expected Rates of Disease 

A health-tracking project of this type usually employs several 

dlfferent 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. n u s  it is customary 

t o  present several analyses using different assumptions to help clarify 

relatlonshfps and to facilitate a better understanding of the data. The 

assumptions for various analyses are as follows: 
L 

1. Analvsis Conf lned to Partici~ants 

Def lnftlons: 

a) Observed nurabers of cancers are based on data obtalned only 

from participants in HAP ~ d l c a l  examination or intervlcv. 

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

(start of ETO use). vhichever is later. 

C )  Fo110~-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. 



2. Analvs is  Includes P a r t i c i p a n t s  and Won-Participants: End o f  

Follow-up D i f f e r e n t  f o r  P a r t i c i p a n t s  and Won-Participants 

D c f i n l t l o n s :  

a )  Observed nunbcrs o f  canccrs a r c  bascd e i t h e r  on data 

obta lncd from HAP medical examination o r  I n te rv iew .  from death c e r t i f i c a t e s .  o r  

from New York S ta te  tanccr  Reg ls t ry  data. 

b )  Follow-up begins a t  s t a r t  of employmnt o r  Ju l y  1. 1974 

( s t a r t  o f  E l 0  use), whichever I s  l a t e r .  

c)  Follow-up cnds a t  l a t e s t  examination o r  i n te rv l cw  date. a t  

death. o r  a t  t h e  f l r s t  occurrcnce o f  the  d iagnosis  o f  l n t c r e s t  f o r  pa r t i c i pan ts .  

For  non-par t ic ipants.  follow-up cnds a t  dcath, a t  t h e  f l r s t  occurrence o f  t h e  

diagnosis o f  I n t e r e s t .  ... o r  a t  Occnabcr 31. 1985. 

d)  Person-years o f  observat ion begln a t  s t a r t  o f  fol low-up 

( s t a r t  of p o t c n t l a l  exposure) and cont inue t o  end o f  fo l lou-up.  

3. pna lvs l s  Includes P a r t l c l ~ a n t s  and Non-Particloants w i t h  End o f  

Follow-up Same f o r  Both 6 r o u ~ s  

Def l n i t l o n s :  

a )  Observed nucabers o f  canccrs a n  bascd e i t h e r  on data 

ob ta lncd from HAP mcdlcal examination o r  I n te rv iew ,  from dcath c e r t i f i c a t e s .  o r  

from t h e  New York Sta te  Cancer Reg is t ry  data. 

b) F o l l w - u p  begins a t  s t a r t  o f  employment o r  Ju l y  1. 1974 

( s t a r t  of CTO use). uhlchcver  I s  l a t e r .  

c) F o l l w - u p  ends a t  death, a t  t h e  f i r s t  occurrence o f  t h e  

dtagnosfs o f  l n t c r e s t .  o r  a t  Dccrmber 31. 1985. f o r  pa r t l c fpan ts  and 

non-participants r l l k c .  

c.  mollc cations o f  the Methods o f  Ans lvs ls  

T h e o r e t i c a l l y .  when conrparlng observed and expected events. the  pe r iod  

over  which canccrs a rc  obscrvcd should co inc ldc  u l t h  t h e  f o l l w - u p  per iod  used t o  



compute person-years. The f i r s t  method of a n a l y s l s  i s  t h e  only one s a t l r f y i n g  

'- this c r i t e r i o n .  and i s  t h e  conventional method used f o r  an i n i t i a l  a n a l y s i s  of . . 
t h l s  type of d a t a .  However. it is l imi t ed  t o  p a r t i c i p a n t s  only (about 77% of t h e  

cohor t )  and f o l l w - u p  could have ended a s  e a r l y  a s  1982. I t  thus w i l l  

underest imate t h e  t o t a l  person-years f o r  t h e  cohort  and produce t h e  f m s t  

expected numbers of canccrs.  The f i r s t  method. a s  a r e s u l t .  my overest imate t h e  

r e l a t i v e  r a t e  of dlscasc.  

The second method of a n a l y s i s  inc ludes  both p a r t i c l p a n t s  i nd  

non-par t ic ipants  f o r  ca l cu la t ion  of person-years but  requi res  t h e  unl ike ly  

assumption t h a t  t h e r e  a r e  no unknown cases  of cancer  among t h e  non-part icipants .  

The above b i a s  i n  ca l cu la t ing  person-years is addressed. but  t h e  number of cancer  

c a s c s  m y  be incomplete. which would r e s u l t  i n  an u n d e r e s t l w t e  of t h e  r e l a t i v e  

r a t e  of d isease .  

The t h i r d  method of a n a l y s l s  t a k e s  i n t o  account t h a t  follow-up i s  

* on-going, and uses an end - of - follow-up d a t e  of 12/31/85 f o r  both part ic ' ipants  

and non-participants.  This represents  t h e  l a r g e s t  poss ib le  number of 

person-years f o r  t h e  study. For t h e  t h i r d  method of ana lys is .  I t  i s  assured t h a t  

no canccrs  i n  addi t ion  t o  those  discovered t h u s f a r  from death c e r t i f i c a t e s  o r  t h e  

New York S t a t c  Cancer Rcglstry e x i s t  i n  t h e  non-participant group o r  i n  

p a r t i c l p a n t s  who were l a s t  examined or i n t c r v i m d  up t o  severa l  years  

previous ly .  This  assumptlon m y  lead t o  underest imation of t h e  number of 

canccrs ,  s i n c e  HAP cxpcrlcnce has s h m  t h a t  t h e  major i ty  of t h e  cancers uc re  

repor ted  only when persons were contacted f o r  rou t ine  f o l l o r u p  of t h e  cohort .  

Together these  t h r e e  methods of  a n a l y s i s  provide a range f o r  

c a l c u l a t i o n  of person-years and r e l a t i v e  r a t e  of d i s e a s e  under a v a r i e t y  of 

rssumptlons. As data from t h e  N w  York S t a t e  Cancer Registry become complete. 

t h e  d i s t l n c t l o n  bctuecn p a r t i c i p a n t s  and non-part icipants  w i l l  b c c w  l e s s  

c r i t i c a l .  
L 



F. Cancers Included I n  Analysls 

There a rc  26 l n d l v l d u a l s  w l t h  cancer known t o  date i n  the  HAP cohort .  " 

Four o f  the cancers are  s k l n  cancers. s p c c l f l c d  as basal c e l l  c a r c l n m  i n  

three.  Slncc basal c e l l  c a r c l n m s  are  no t  repor tab le  canccrs f o r  the  SEER 

Program. and thus do n o t  en ter  i n t o  ca l cu la t l ons  o f  expected nu~nbers o f  canccrs. 

t h e  HAP s k l n  cancers have been excluded f r o a  t h e  analys ls .  One o f  the  cancers 

w s  an I n  s l t u  cancer o f  t h e  ce rv l x .  I t  I s  inc luded I n  the analys ls .  al though 

I t s  c l a s s l f l c a t l o n  as a cancer i s  debatable. Ten o f  t h e  26 canccrs A r e  breas t  

canccrs. The analyses dcscrlbed below focus on observed and expected numbers o f  

b reas t  canccrs. canccrs o f  a l l  s l t c s .  and canccrs o f  a11 s l t e s  except breast.  

111. RESULTS 

Table 1 presents t h e  number o f  persons and person-years en ter lng  i n t o  t h e  

cunputat lon o f  expected cancer ra tes .  The data  a r c  subdivided by employment 

c i t e g o r y  - regu la r  o r  tcmporary - and by p a r t l c l p a n t  s ta tus  a t  t h e  t lmc t h i s  

ana lys i s  w s  begun. 8ecausc the  HAP I s  ongoing. w l t h  cont lnua l  e f f o r t s  t o ' f o l l o w  

t h e  cohort. some non-par t lc lpants have r e c e n t l y  become pa r t l c i pan ts .  The change 

I n  s ta tus  I s  n o t  r e f l e c t e d  i n  t h l s  repor t ,  due t o  t h e  t ime necessary t o  c a r r y  ou t  

t h e  analys is .  The c losc -ou t  date f o r  t h e  d c t e m l n a t l o n  o f  p a r t l c i p a n t s '  s ta tus  

a s s l g n m n t  f o r  t h l s  p rc l lm lna ry  r e p o r t  was December 31. 1985. 

F m l e s  comprlse t h e  m a j o r i t y  (82%) o f  the  HAP cohort  o f  1132 persons. 

Forty-two percent  o f  t h e  e l l g l b l e  f m l c s  were r c g u l a r  employees. and 581 were 

t m p o r a r y  employees. The p a r t l c l p a t l o n  r a t e  among females ws hlgher  f o r  regu la r  

employees than f o r  temporary employees (86% vs 71%). 

S i x t y  percent  o f  t h e  m l c s  were r e g u l a r  employees. and 4M were temporary. 

As w s  t h e  case w l t h  t h e ' f m l e s .  t h e  p a r t i c l p a t l o n  r a t e  w s  h igher  among regu la r  

employees than among tcmporary employees (85% vs 63%)- 



Informatior: needed f o r  t h e  c a l c u l a t i o n  of person-years of follow-up. and 

thus  of expected numbers O f  cancers .  w s  a v a i l a b l e  f o r  a l l  of the  p a r t i c i p a n t s  

'L and f o r  91% of t h e  non-part lclpants .  

Table 2 1 l s t s  t h e  26 cancers  observed t o  d a t e  In t h e  HAP cohort .  S l t e  of 

t h e  cancer. sex. yea r  and age a t  d lagnos ls .  p r i o r  cancers and dates .  and 

p a r t l c l p a t l o n  s t a t u s  a r e  shorm. Twenty-one of t h e  cancers  occurred i n  t h e  

r egu la r  employees. and 5 In t h e  temporary employees. A desc r lp t ion  of t h e  

pathology s tudy deslgned t o  v e r l f y  t h e  dlagnoses of  cancer  is provided t n  t h e  

appendix. 

Ten of t h e  twenty-slx cancers  were b r e a s t  cancers.  For each of t h e  

lndfv lduals  v l t h  b r e a s t  cancer. Table 3 diagrams t h e  d a t e  of d lagnos is  i n  

r e l a t l o n  t o  t h e  length of employment and t h e  perlod of ETO use. Table 4 conta ins  

addf t lona l  i n f o m t l o n  about t hese  t e n  b r e a s t  cancer  cases. Rough es t l laa tes  of 

du ra t lon  of p o t e n t l a l  exposure t o  ETO and l a t ency  of b r e a s t  cancer  d lagnos ls  from 

s t a r t  of potentfa1 exposure can be m d e  from t h e s e  t a b l e s .  As discussed In. 

prevlous c m u n l c a t l o n s .  ETO m n l t o r l n g  a t  t h e  p l a n t  durlng t h e  perlod of ETO use 

uas  in t e rmi t t en t .  Thus, more accura t e  s ta tements  about  dose o r  dura t lon  of 

exposure cannot be made ( S t o l l e y  rt rl.. 1984). 

Tables 5 and 6 provlde l n f o n w t l o n  on person-years of follow-up a s  a 

func t lon  of age f o r  r egu la r  and temporary employees. respec t ive ly .  The r egu la r  

feraale employees were. on t h e  h o l e .  d d e r  dlrrlng t h e  follow-up period than t h e  

r e g u l a r  male employees. These w r e n  w r e  a l s o  o l d e r  than t h e  male o r  female 

temporary naployecs. 

me age d l s t r l b u t l o n  of non-part iclpant  person-years d l d  not appear  t o  

d f f f e r  s u b s t a n t i a l l y  from t h a t  of t h e  p a r t l c l p a n t  person-years. except. perhaps. 

f o r  t h e  laale r egu la r  employees. For t h l s  group. t h e  p a r t l c f p a n t s  a re  somvhat 

younger than t h e  non-part lclpants .  Uhen follow-up t o  l a s t  fntervlew and 



fol low-up t o  12/31/85 are compared. I t  can be seen tha t  w l t h  the longer fol low-up 

( t o  12/31/85) the number of person-years of follow-up increases, thus increas ing  

t h e  number o f  expected cancers w l t h  longer  follow-up. 

Observed and expected numbers of cancers are  compared I n  Tables 7.  8 and 

9. The ana lys is  i n  Table 7 r e l a t e s  t o  p a r t i c i p a n t s  only, w l t h  fol low-up t o  

o j t h e r  date o f  l a s t  i n te rv iew ,  da te  o f  t h e  diagnosis o f  i n t e r e s t ,  o r  death. 

Expected numbers o f  cancers i n  Tables 8 and 9 der ive  f r ~  follow-up of bo th  

p a r t l c l p a n t s  and non-participants. For  Table 8. fol low-up f o r  p a r t l c l p a n t s  ends 

a t  date o f  l a s t  i n t e r v l e v .  a t  t h e  dlagnosfs o f  In te res t .  o r  death. For 

non-par t lc lpants,  fol low-up ends e l t h e r  a t  t h e  date o f  the  diagnosis o f  i n t e r e s t .  

a t  death. o r  a t  12/31/85. For  Table 9. fol low-up ends a t  t h e  date o f  t h e  

d lagnosls  o f  i n t e r e s t ,  a t  death, o r  a t  12/31/85 f o r  a l l  individuals and assumes 

t h e  longest  fol low-up f o r  t h e  cohort.  I n  a l l  cases the  date o f  t h e  d lagnosls  o f  

I n t e r e s t  r e f e r s  t o  the  f l r s t  occurrence o f  t h a t  diagnosis w i t h i n  the  fol low-up 

. per lod .  - 
For  Tables 7. 8 and 9. data are  presented f o r  regular  and temporary 

employees and f o r  the  two groups combined (Tota l ) .  For fcraales. observed and 

expected numbers of breast  cancers. a l l  cancers except breast  cancer, and a11 

cancers a r e  compared. There were o n l y  2 cancers i n  m l e s ;  thus the ana lys i s  f o r  

m l e s  1s presented f o r  a l l  cancers. 

The observed number o f  b reas t  cancers was s l g n l f i c a n t l y  g rea ter  than 

expected f o r  t h e  regu la r  female employees I n  a l l  three analyses. The r a t i o  of 

observed t o  expected breas t  cancers va r led  from 2.55 (Table 7) t o  2.31 (Table 8) 

t o  2.11 (Table 9). dependlng on t h e  d e f l n l t l o n  o f  t h e  study group and the  l eng th  

o f  fol lou-up. The corresponding P-values associated w l t h  t h e  comparisons Of  

observed and expected breas t  cancers were 0.02 (Table 7) .  0.03 (Table 8) and 0.04 

(Table 9). P-values remained s t a t l s t l c a l l y  s l g n i f l c a n t  f o r  the  t o t a l  group of 



r e g u l a r  and temporary f e m l e s  combined. Observed breas t  cancers were n o t  

~ I g n l f i c a n t l y  e levated above expected i n  t h e  temporary group. 
'W 

I n  none o f  t h e  comparisons o f  observed and expected numbers o f  a11 cancers 

as a group was t h e  observed number o f  cancers s i g n i f i c a n t l y  greater  than - .  

expected. The r e s u l t s  f o r  a l l  o the r  cancers except b reas t  cancer i n  f e w l e s  were 

obta ined by sub t rac t i ng  t h e  observed and expected breas t  cancers frm the 

corresponding values f o r  a l l  cancers. The observed number o f  a l l  o ther  cancers 

except b reas t  cancer vas approximately equal t o  o r  lower than expected i n  a11 

comparisons. 

Considered together .  t h e  tuo cancers tn laales n r e  n o t  s i g n i f i c a n t l y  

d i f f e r e n t  from expected i n  m y  analysis.  Tables 1 0  and 11 compare observed and 

expected cancers f o r  m l e s  and females respectively f o r  a l l  o f  the  s i t e s  

descr ibed i n  t h e  SEER report .  As can be seen i n  Tables 1 0  and 11. a t  t h e  t ime 

t h i s  preliminary r e p o r t  w s  prepared. no s t a t i s t i c a l l y  s i g n i f  i c a n t  increase was 

observed i n  l la les  o r  f c w l e s  f o r  m y  o f  t h e  neoplasms suggested as associa&d 
t 

w i t h  ETO based on prev ious aniraal and human publ ished studies (leukemias. stomach 

cancer. and b r a i n  neoplasms) (Lynch e t  al.. 1984; Hogstedt tt 81.. 1979 a and b. 

1986; Morgan e t  al.. 1981; Sne l l lngs  e t  al.. 1984). 

The tuo cases o f  cancer n o t  inc luded I n  Table 10 and 11 were i d e n t i f i e d  b y  

t h e  i n i t i a l  r e p o r t  o f  t h e  New York Sta te  Cancer Regist ry .  They were bo th  i n  

women. One vas an I n  s l t u  cancer o f  the  c e r v i x  and t h e  o ther  vas a a u l t i p l e  

a y e l o w .  Cases received a t  t h e  #tu York S t a t e  Cancer Reg is t ry  through March o f  

1985 have been computerized. b u t  because o f  de lays  in repor t lng .  the  1984 and 

1985 f i l e s  a r e  Incomplete. 

IV. pISCUSSION 

Comparison o f  observed numbers o f  cancers t o  da te  w i t h  those expected i n  

t h e  HAP cohor t  has demonstrated a s t a t i s t i c a l l y  s l g n l f l c a n t  e levat fon o f  b reas t  



cancer cases over t h e  number expected I n  t h e  regu la r  f m l e  employees. This 

f i n d i n g  was obtained w i t h  several  d i f f e r e n t  methods o f  computing the expected 

numbers o f  cancers. No s t a t i s t i c a l l y  s i g n i f i c a n t  excess o f  breast  cancer was 

noted f o r  the  temporary fcraale cpployees. U n t i l  data frm the Wen York State 

Cancer Reg is t ry  on cancers i n  t h e  non-par t ic ipant  group are  complete. a11 o f  the  

analyses u s t  be considered p r e l l a i n a r y .  

$to minimum t im per iod  f o r  the  development o f  de tec tab le  cancer a f t e r  ons.et 

o f  p o t e n t i a l  ETO exposure ( l a tency  per lod)  has been assumed f o r  t h e  ca l cu la t i ons  

presented i n  t h i s  repo r t .  Studies o f  cancer c e l l  growth and r a d i o l o g i c a l  

evidence suggest t h a t  the  t ime frm tumor i n i t i a t i o n  t o  de tec t i on  can sometimes 

be lengthy. b u t  t h i s  i s  h l g h l y  v a r i a b l e  ,(8uchanan e t  11.. 1983). With s p e c i f i c  

reference t o  b reas t  cancer. i t  has been s ta ted  t h a t  t h e  average breast  carcinoma 

takes about t e n  years t o  become one cent imeter  I n  dlarocter (Ha l l .  1986). That i s  

t h e  s l z e  genera l l y  accepted as c l i n i c a l l y  detectable. A review o f  t h e  l i t e r a t u r e  

- on t h i s  subject  suggests t h a t  a p p r o x i w t e l y  30 doubl ings o f  t h e  number o f  c e l l s  

-0 
occur between t h e  t ime a c e l l  t u rns  cancerous and the  time a clinically 

detec tab le  s i z e  o f  one cent imeter  i s  reached. The est imated doubl ing t i v s  f o r  

b reas t  cancer c e l l s  have been repor ted t o  range from 30 t o  more than 200 days 

(Fisher. 1984). Thus, t h e  estiarated range around the  above mentioned ten  year 

t s t i w t e d  average cou ld  be frm a p p r o x i w t e l y  2.5 t o  20 years f o r  a cancer t o  

develop t o  a c l i n i c a l l y  de tec tab le  s i z e  from t h e  onset o f  a b n o m l  growth. 

Reviewing t h e  t e n  observed breas t  cancers. t h e  date o f  onset o f  ethylene 

ox ide  exposure and t h e i r  da te  o f  diagnosis. and app ly ing  t h e  est imated average o f  

t e n  years t o  achieve a c l l n l c a l l y  de tec tab le  s l z e  o f  one cent imeter  suggests t h a t  

t h e  onset o f  each o f  these t e n  cases cou ld  have predated t h e  onset of t h e i r  

e thy lene ox lde exposure. The a p p l i c a t i o n  o f  a l a tency  pe r iod  u t i l i z i n g  the  

concept o f  a doub l ing  t i m e  t h a t  r e l i e s  on ex t rapo la t i on  and mathematical modellng 



and vh l ch  r e s u l t s  i n  such a broad range (2.5-20 years) o f  p o s s f b l l f t l e s  f o r  the  

' u s t l m a t c d  t ime of t u m r  de tec t i on  has obvious l l n l t a t i o n s .  I f  one assumes t h a t  

t h e r e  i s  a causal r c l a t l o n s h i p  between CTO exposure and breas t  canccr and t h a t  

t h e r e  I s  a mlnimum l a t c n c y  per iod.  f o r  cxanrple. tuo ycars. between exposure and 

t h e  d iagnosis  o f  b rcas t  cancer. then i t w u l d  be appropr ia te  n o t  t o  count cases 

o f  b reas t  canccr u n t i l  two ycars a f t e r  t h e  s t a r t  of p o t e n t i a l  exposure. I f  t h i s  

assumgtion i s  c o r r e c t ,  analyses t h a t  use a l a tency  pe r iod  w i l l  be m r e  s e n s l t l v c  

than analyses t h a t  assume no l a t e n c y  per iod.  The t lmc  elapsed from presumed 

exposure t o  b reas t  canccr d iagnos is  I n  a t  l e a s t  one o f  t h e  cases I s  t o o  b r i e f  (12 

months) t o  be cons i s ten t  w f t h  a poss ib le  ETO e t f o l o g y  i n  a l l  p r o b a b t l f t y .  An 

e x p l o r a t o r y  ana lys i s  I nco rpo ra t i ng  a two-year l a t c n c y  p c r i o d  de le ted  t h i s  case 

w h i l e  reducing t h e  t o t a l  person-years a t  r t sk ,  and produced s i m l l a r  r e s u l t s  t o  

those repor ted above. 

An assoc la t l on  between ethy lene ox ldc  exposure and breas t  canccr w s  n o t  

Vhypothesized i n  advance of t h i s  study. Thus. i n f o r n a t i o n  on t h e  standard i i s k  

f a c t o r s  f o r  b rcas t  canccr was examined f o r  t h e  t e n  l n d l v l d u a l s  w i t h  b rcas t  cancer 

I n  t h e  HAP cohor t  t o  see i f  o t h e r  f a c t o r s  n l g h t  account f o r  t h e  f i n d i n g s  (Kelsey. 

1979). Yo unusual distribution o f  r i s k  f a c t o r s  f o r  b reas t  cancer was noted and. 

I n  f ac t .  t h e  group as a whole appeared t o  be  l a r g e l y  f r e e  of t h e  known r i s k  

f a c t o r s  f o r  b reas t  cancer. There was no increase i n  a11 o the r  cancers except 

b reas t  cancer as a group in  e i t h e r  t h e  r e g u l a r  o r  tenporary feinalc cnrployccs. 

A t  t h e  t lmc  t h i s  p r c l i a l n a r y  r e p o r t  was prepared. no s t a t i s t i c a l l y  

s i g n i f i c a n t  increase was observed i n  e i t h e r  males o r  females f o r  any o f  t h e  

neoplasas suggested as assoclated w i t h  ethy lene ox ldc  based on prev ious  animal 

and human publ ished s tud ies  ( l e u k n i a s .  stomach canccr. and b r a i n  neoplasms). 

The New York S ta te  Cancer R e g l s t r y  has i d e n t i f i e d  one case o f  u l t i p l c  myeloma. 



The findlng of an increase of observed breast cancer cases over expected in : 

the females classlfled as regular tmployees at Uorkslte 111 requlres further 

lnvestlgation. Because the data are prellmlnary and because i n f o m t l o n  about 

presumed ETO exposure Is sparse. one u s t  carefully evaluate this finding and 

conslder it lnconcluslve at thls tlme. 

The question as to whether or not there Is a causal relatlonshlp between 

ethylene oxlde exposure and these breast cancers is a dlfflcult one. ' The answer 

Is unknaun at present. The histopathologlca1 appearance of the tumors Is not 

unlque, nor is there an appearance c m n  to a11 tumors. The data have a variety 

of llmltatlons related to latency perlod, length of follow-up. lack of accurate 

hlstorieal exposure Infomation and statlstlcal considcratlons. The posslbillty 

of a statistically slgniflcant finding rrlslng by chance must always be 

consldered. particularly when rtatlstlcal tests are done for m n y  types of 

. . . cancers. The cases have. by and large. no other irportant rlsk factors for'thls 

particular tumor. such as a strong family history. nulllparlty. etc. 

Regarding the cancers previously hypothesized as assoclated with ETO 

exposure - leukemia. stomach cancer. and brain cancer - It is noteworthy that no 
slgniflcant lncrcase In leukemia has been found and no cases of stomach or braln 

cancer have been observed to date in this cohort. 

Steps to pursue this Initial observation vlll include continuing searches 

for any possible additional cancer cases using the Nev York State Cancer 

Registry; contlnulng ascertalnnwnt of cases through lntenlew and examination of 

f o m r  Yorkslte 111 employees; contlnulng efforts to recruit non-participants; 

and contlnulng death certificate searches. In additlon. cytogenetlc data on 

sister-chromatid exchange and aberration rates for the indtvlduals ulth breast 

cancer. m e r e  avatlable, 1411 be examlned to detemlne vhether there 1s any 



relationship between CYtOgenetiC factors and these cases. Numbers of observed 

and expected cases of cancer will be projected over time. Flnally. Studies such 
t 

as the NIOSH cohort mrtality study of workers exposed to ETO at sltes throughout 

the Unlted States aay shad some rddltlonal Information about the possible 

relationship of fT0 to breast cancer a m n g  populations thought to be 

occupatfonally exposed to Em i n  the past. 



-1 6- 

REFERENCES 

Buchanan, J.B., Spratt. J.S. and Heuser. L.S. Tumor grovth, doubling times. 

and the lnabllity of the radlologistr to diagnose certain cancers. 

Radlol. Clln. Worth Am. 21:115-126. 1983. 

Fisher. E.R. The impact of pathology on the biologic. dlagnostic. prognostlc. 

and therapeutic considerations in breast cancer. Suru. Clin. north. Am. 

64:1073-1093. 1984. 

Hall. F.M. Soundlng Board. Scrcenlng m a m g r a p h y  - potentldl problems on the 
horizon. New Enal. J. Wed. 314:53-55. 1986. 

nbg~tedt. C . .  Malmquist. I. and Madman, 8. Leukemia In wrkars exposed to 

? ,  . . ethylene oxlde. J .  Am. Wed. Assoc. 241:1132-1133. 1979a. 

Hogstedt. C.. Rohlen, 0.. Bcrndtsson. B.S.. Axelson. 0. and Ehrcnberg. L. A 

cohort study of mortality and cancer lncldence In ethylene oxide 

productlon workers. Br. J. Tnd. Wed. 36:276-280. 1979b. . 

Hogstedt. C.. Aringer. L. and Gustavsson. A. Epldemlologlc support for 

ethylene oxide as a cancer-causing agent. J. Am. Wed. Assoc. 

255:1575-1578. 1986. 

Horn. J.Y.. Aslre. A. J.. Young. J.L. Jr. and Pollack. E.S. (eds). 

Prosram: Cancer Incldence and Wortalltv In the United States. 1973-81. 

WIH Publication No. 85-1837. Natlonal Instftutes of Health. Bethesda. NO, 

1984. 



Herrmann. A.A. (1982). Report Prepared f o r  t h e  Occupatlonal Safety and Hea l th  

L Adminis t rat ion.  submitted by  Johnson 6 Johnson. New Brunswick. New Jersey. 

Warch 30. 1982. 

Kelsey. J.L. A r e v l e u  of t h e  ep ldcn io logy  o f  human breast  cancer. 

Jpfdemiol.  Rev. 1:74-110. 1919. 

Lynch. D.W.. Lewis. T.R.. !loorman. Y.J.. Burg. J.R., Groth. D.H.. Khar. A. .  

A c k e m n .  L. J. and Cockre l l .  0.7. Carclnogenlc and tox l co log i c  e f f e c t s  of 

inha led  ethy lene oxlde and propylene ox lde  i n  F344 ra ts .  Toxfcol.  A D P I .  

Pharmacol. 76:69-84. 1984. 

... 
Wonson. R.R. Occuoatlonal Eoldcmioloav. CRC Press, Inc., Boca Raton. 

FL. 1980. 

L 
Morgan. R.W.. Claxton. K.Y.. Devine. B.J.. Kap lm.  S.D. and Harr is.  V.B. 

I l o r t a l l t y  among ethylene ox lde  workers. 5. Occuo. Med. 23:767-770. 1981. 

Sne l l lngs .  Y.M.. Well. C.S. and Maronpot. R.R. A tuo-year I n h a l a t i o n  study o f  

t h e  carcl.nogenic p o t e n t l a l  o f  e thy lene ox lde i n  Ffscher 344 ra t s .  

Tox l co l .  Aool. Pharmacol. 75:105-117. 1984. 

S t o l l e y .  P.D.. Soper. A .  6alloway. S.W.. Nichols. Y.W.. Nonnan. S.A. and 

Wolmn. S.R. S l s t e r  c h r o m t l d  exchanges i n  association w l t h  occupat ional  

exposure t o  ethy lene oxide. Mu ta t i on  Rcs. 129:89-102. 1984. 

















'ma*l tamers L- A l l  Cancan l m ~ t  8 m t a  c , ~ ~ r  
i e u l e c  A l l  Canten Females f r r l e s  

111 Carers 
N I e c  

O l l e w  8 8 

I m l a r  tlmtd I 6  3.41 
1 

I w l o w e s  1.31 1a.W 
*-Bled 0.01 t.m 8.46 

OM 
@.a 0 . 1  

8.31 . I .m 1.48 0.48 
t1.18 ta  4.s4)b 

( * l a m (  2 ? 0 
txmte4 1.40 I r-rrrt 

t e l o y r l  3.11 4.91 
) - V a l 4  0.41 0. I 8  0 . 0  

OM 
8 . U  

1.41 0 . U  8.64 r.n 1 . n  

Otrrvd 10 I 0  

1 e t r l  I r m t ~  )O 4.81 10.48 IS.)$ 1 

P-Valn* .0.01 2.81 0 . w  

OM 

0.15 
t.05 0.18 0.91 1.10 0.10 

(1.12 to  3 . I IJb  

P-valrar are one-rldrd to r t s  b a r d  the ?olcson dlrtrlbu1l.n. 

b C r l l d r n r r  I n t r r v a l l  l o r  t h  n l a l l v r  r b t r  are 95s t r - s l d r d  l n l n w l r  c a l r ~ l b t *  bv t* ,I,,* & , r r ~ ~  , 
Y k n l 0 6  l l 9 M ) .  





TABLE 1 0  

OBSERVED AND EXPECTED NUMBER OF CANCERS BY SITE 

MALES 
PARTICIPANTS AN0 NON-PARTICIPANTS' 

s x  QBSERVED EXPECTED 

8uccal cavity and pharynx 0 0.17 

S t o w c h  0 0.08 

0 Co 1 on 0.23 

Rectum 0 0.13 

Pancreas 1 0.07 

Larynx 0 0.08 

Lung and bronchus ... 
Melanoma of skin 

Breast 

Prostate gland . 
Urinary bladder 

Kldney and renal pelvls 

Brain and CNS 

Hodgkln's disease 

lo"-~odgkln~r l y m p h m s  

Leukmias 

The follw-up period Is the same as that spcclfied In Table 8. For 
participants, follw-up ends at the date of last intervlcw, or at death. or 
a t  the first occurrence of the diagnosis of interest. For non-participants, 
follw-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. 



-dm- 

l. 
TABLE 11 

OBSERVED AND EXPECTED NUMBER OF CANCERS BY S I T E  
a 

FEMALES 
PARTICIPANTS A I D  ION-PARTICIPANTSa 

mL 98SERVED CXPCCTED P- VALUE^ 

Buccal cav i t y  and pharynx 0 0.37 1.0 

Starach 0 0.19 1.0 

Colon 2 1.06 0.29 

Rectum 0 0.45 1 .O 

Pancreas lc 0.26 0.23 

La lynx 0 0.10 1 .o 

Lung and bronchus 0 1.49 1 .O 

Melanoma of sk in  0 0.63 1 .O 

~ r c a s t d  10 4.87 0.03 

Cervix u t e r i  1 0.78 0.54 

- Corpus u t e r i  lc 1.36 0.74 

Ovary 0 0.80 1 .O 

Ur inary bladder 1 0.24 0.21 

Kidney and renal pe lv is  1 0.20 0.18 

Bra in  and C I S  0 0.26 1 .O 

Hodgkln's disease 0 0.19 1 .O 

Ron-Hodgkin's lymphoms 0 0.40 - 1 .O 

Leukcalas 1 0.28 0.24 

The follow-up period i s  the same as t h a t  speci f ied I n  Table 8. For 
par t ic ipants .  follou-up ends a t  the date of l a s t  intervlcu. o r  a t  death. o r  
a t  the f i r s t  occurrence of  the diagnosis o f  interest .  For non-partlcipants, 
follow-up ends a t  death, o r  a t  the f i r s t  occurrence of the diagnosis of 
In terest .  o r  a t  12/31/85. 

P-values are one-sfded tests  based upon the Poisson d is t r ibu t ion .  

Confinnation o f  the p r f m r y  s i t e  came from the i n i t i a l  report o f  the New 
Yo& State Cancer Regtstry. 

See Table 8 f o r  a more deta i led analysis of the breast cancers. 



APPC W D l X  

Patholoqv Review 

Health A ~ ~ r a i ~ a l  Projec t  

The ob jec t tve  of t h i s  s tudy was t o  obta ln  an independent pathology 

revied  of t h e  cancers a r t s i n g  i n  t h e  Health Appraisal Project  (HAP) cohort 

after Ju ly  1. 1974. t h e  s t a r t  of ETO use a t  Uorkslte 111. 
'.. 

: Of t h e  24 t n m  cancers  i n  th is  cohort  a t  t h e  tlaw t h e  pathology study 

was conducted*. 10 were cancers  of t h e  breas t .  Thus. two separa te  s t u d i e s .  

were l n l t l a t e d  - a b r e a s t  cancer  s tudy and a review of t h e  o the r  cancers.  
L 

The ob jec t ives  of t h e  b r e a s t  cancer study were to: 

1) Verlfy t h e  d laqnos ls  of.  b reas t  cancer. 

2) Examine t h e  d l s t r l b u t l o n  of hfs to logfc  types t o  detenntne u h t t h e r  

an unusual grouplng of c e l l  types was present.  

The Ucu York S t a t e  Cancer Regls t ry  data. received a f t e r  t h e  pathology review 
ws conpleted. I d e n t i f i e d  2 additional cancers.  one u l t i p l e  myeloma and one 
I n  s i t u  c e w l c a l  cancer.  



The objective of t h e  review O f  t h e  r c m l n i n g  14 cancers was t o  v e r l f y  

the  diagnosis of cancer. 

11. Breast Cancer Study 

A. kthod 

Dr. V l r g l n l a  L IVo ls i .  D i r e c t o r .  Department o f  Surgical  pathology, 

Hosp i ta l  o f  the  University o f  Pennsylvanla. performed the s l i d e  review. 

Upon receiving w r l t t e n  consent from each o f  the  lnd lv idua ls .  t h e  

pathology repo r t s  and ... s l i d e s  f o r  a l l  t e n  o f  the  HAP breast  cancers were 

requested by t h e  HAP o f f i c e  and sent  t o  t h e  C l i n l c a l  Epldemfology U n i t  a t  t h e  

~ n l v e r s i t y  o f  Pennsylvanla. Ten se ts  o f  c o n t r o l  b reas t  cancer sl ldes. along 

w i t h  pathology repor ts .  were obtalned from a Philadelphia hospl ta l .  The 

c o n t r o l  se r i es  was chosen t o  be s l n i l a r  I n  age d l s t r l b u t l o n  and I n  diagnosis 

t o  t h e  breas t  cancers f rom the  HAP cohort.  The purpose o f  the  con t ro l  ser ies  

uas t o  m s k  t h e  o r l g l n  o f  t h e  s l l d e s  t o  prevent  overreadlng o f  s l l d e s  from the  

HAP. 

Each s e t  o f  s l l d e s  was randomly asslgned a code number from 1 t o  

20. I d e n t i f y l n g  h o s p i t a l  l n f o r m t l o n  on each s l i d e  was covered. and t h e  

s l l d e s  were l d e n t l f l e d  on l y  by  t h e  randomly assigned code number. a long w i t h  a 

l e t t e r  o f  t h e  a lphabet  t o  l n d l c a t e  t h e  o r d e r  o f  s l l d e s  w l t h l n  a set. 

The p ro toco l  used by Dr. L I V o l s l  t o  descr lbe the  pathology i s  

at tached (Attachment A). A f t e r  a l l  o f  t h e  s l l d e s  were read. t h e  code was 



broken. The hospital dtagnoses. as obtalned from the pathology reports. and 

Or. LlVolsl's readings vere compared. 
w 

8. Results 

Table 1 shows the source of the slides. the hospital diagnoses and 

the results of the pathology r c v l ~ .  The dlagnosls of cancer was confirncd in 

each case. For all indtviduals except Code #11. the results of the &thology 

r e v l w  and the original dlagnesis were in agreement. Terminology differences 

for Code #13 and Code $18 were considered by Dr. LIYolsi Inconsequential for 

'this review. No unusual clustering of atypical cells or tissue suggestive of 

r particular action of a toxin was found. 

Or. LIVolsi reviewed the sltdes for Code #ll 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 #llts 

'cancer was a breast priaary. This diagnosis w s  in agreement with the autopsy 

report. 

Receptor assays were available for five of the ten HAP breast 

cancers. Three were posltive and tvo w r e  negative. 

Or. LIVolsl's report 1s attached (Attachment 8). 



Table 1 - 
Breast Cancer Patholoqv Review 

Source 

Control 

Hosvltal Dlaonosls patholouy Review 

Inflltratlng duct Infiltrating duct 
carcinoma carcinoma 

HAP Inf iltratlng lobular Inflltratlng lobular 
c r r c l n m  carcintm 

Control Inflltratlng ductal 
c a r c i n w  

Inflltratlng duct 
carcinoma 

Infiltrating duct Infiltrating 
adcnocarcinm carcinoma with 
q r w l n g  in udullary features of atypical 
pattern medullary carcinoma 

HAP 

HAP Moderately diffcrentlated 
ducta1 carcinoma of 
right breast 

Inflltrating duct 
carcinoma 

.. 
Control Infiltrating duct 

carcinoma 
Inflltratlng duct and 
Intraductal carclnoma 

Infiltrating duct 
carcinona 

Infiltratlng duct 
carcinoma 

Control 

HAP Inflltrating duct 
cell carcinoma of 
breast 

Infiltratjng duct 
cart inoma 

Inflltrating duct 
carclnotaa 

Inflltratlng duct 
carcinol~ 

Inflltratlng duct 
carcfnoma 

Infiltrating ductal 
carcinom of brcast 

HAP No wallgnancy in brcast. 
Retastattc poorly 
differentiated' 
adcnocarcinm In 
axillary lymph nodes 

Inf lltrating duct 
carclnoma all over 
nodes and perinodal 
soft tissue. Only 
focal intraductal in 
breast 

Infiltrating duct 
carci n o w  

Control 

Control 

Inflltrating duct 
carcinoma 

Carclnoid tumor 
of breast 

Infiltrating duct 
carcinoma wlth funny 
trabecular pattern 



Table 1 (contlnued) 

L Source 

14 HAP 

Control 

Control 

control 

HAP 

,.. 
HAP 

Breast Cancer Patholoov Revfew , , 

Hosoi tal Dlaonosl~ Patholoqv Review 

Infiltrating duct Infiltrating duct 
carclnona, of mixed carcinoma 
.edullary and sclrrhous 
t n e  

Ibsslve infiltrating Infiltrating duct 
ductal carcinoma of breast carclnoma 

Infiltrating ductal Inflltratlng duct 
carcinoma of breast carcinoma 

Infiltrating carcinoma. Infiltrating duct 
predominantly ductal. with carclnolaa 
lobular features 

C a r c l n m .  undlfferenttated Inflltratlng duct 
carc l n m  

Inflltratlng duct Inf iltratlng duct 
carcinoma c a r c l n m  

Inf lltrattng duct Inflltratlng duct 
carcinoma c a r c i n m  



111. R e v i e w  o f  O t h e r  Cancers 

A. n* 

There were 14 cancers o thc r  than breast  canccr. Pathology r cpo r t s  

e r e  ava i l ab le  f o r  n lnc  o f  these. and s l i d e s  f o r  e igh t .  The one canccr u l t h  a  

pathology repor t  b u t  no s l l d e  uas a  basal c e l l  cp i thc l ioma o f  the  s k l n  o f  t h e  

noJs. 

Of the  f i v e  l nd l v ldua ls  u l t h  no pathology rcpor ts ,  f o u r  n r c  

deceased. The canccr s l t cs .  as s ta t cd  on t h e  death c c r t l f l c a t c ,  f o r  these 

f o u r  were lungs and l l v c r ;  lung; pancreas; and acute myclogenous lcuknnia.  A t  

present. no dec is ion  has been made about contac t lng  ncx t -o f -k ln  f o r  permission 

t o  access medical records. From In format ion  obtafncd from the New York Sta te  

Canccr Registry.  It uas dctcnnfncd that .  f o r  the  person uhosc dcath 

c c r t l f l c a t c  s ta tcd  lungs and l l v c r ,  the  pr imary s l t c  was corpus u t e r i .  For 

t h e  o thc r  three deceased lnd fv idua ls ,  t h e  s l t c s  s ta ted  on the dcath 

c c r t l f l c a t c  agreed w i t h  the  N e w  York S ta te  Cancer RegIs t ry  repo r t .  The f l f t h  

l n d l v i d u a l  w l t h  no pathology repo r t  d i d  no t  s lgn  a  re lease o f  In fo rmat ion  

because t h e  cancer ( sk ln )  was f i r s t  diagnosed before s t a r t  o f  nnploymcnt a t  

Worksi te 111. 

The available s l i d e s  were n o t  masted and were g lvcn t o  Dr. L I V o l s I  

a long w i t h  l n f o m t l o n  on t h e  s l t c  o f  the  blopsy o r  t h e  assumed primary.* 

A t  t h e  t i m e  o f  w r i t i n g  t h i s  repor t ,  a  s l i d e  f o r  another basal c c l l  carcinoma 
w s  received. Th is  w s  a second canccr f o r  one o f  the  i nd l v ldua ls  w l t h  
b reas t  cancer. Dr. L i v o l s l  confirmed the  dfagnosfs o f  basal c c l l  carcinoma. 
Thus. her  repo r t  r e f e r s  t o  n ine  p a t i e n t s  w i t h  non-manmary cancers, M i l e  t h i s  
r e p o r t  s ta tes  t h a t  s l t d e s  uere  r c v l w e d  f o r  8 persons. 



0 .  Results 

Table 2 s h w s  the rtte Of each Of the elght cancers revfeued. the 

hospital diagnosis and the results of the pathology revleu. The diagnosfs of 

cancer ws conffnwd in each case. 



Code 8 w* 
2 1 Bladder 

22 Colon 

23 Colon 

24 Skin ... 

(lower 
rlght 
eyelid) 

25 Skin 
(face) 

Renal 
pelvis 

Table 2 

Review of Other HAP Cancers 

Hos~Ital Diasnosir Patholouv Review 

Paplllary transltlonal Papillary transitional 
cell carcinoma cell carcinoma 

~arclnoid of colon Adenocarclnm 
compatible wlth 
colonic prlmary but 
there was no evldence 
of pre-exlstlng 
lesions or colonic 
u c o s a  in the four 
slides 

Markedly inflltratlng Moderately 
moderately dlfferentiated differentiated 
primary papillary adenocarcinoma 
adenocarclnow 

Basal cell carcinoma Basal cell carclnoma 

Basal cell carclnoma Basal cell carcinoma 

Wetastatlc moderately Moderate to poorly 
differentiated dlfferentlated 
adenocarcinoma adenocarcinom. 

compatible wlth 
pancreatic or blliary 
orlgln or posstbly 
stomach or other sites 

Papillary transltlonal Transltlonal cell 
cell cancer of renal cartinom. partially 
pclvls papillary 

Undlfferentlated Poorly differentlated 
carcinoma of vaginal rquamous cell 
apex. undlfferentlated carclnrnna; can't tell 
carclnoma of trlgone of exact site of primary 
urlnary bladder. and from slides. 
poorly differentiated Cmpatlble with 
rdenosquamous c a r c l n m  cervical primary 
of anentun, appendix 
vermiformis and abdonlnal 
wll following adenosquamous 
carcinoma of c e w i x  

*Site of the biopsy or the assumed primary 



k : t d c h n e n t  A 
p : ~ ; ~ s e d  ?rococo1 f o r  ZsChologic Var l r .> les  - B r u s :  Cancer . ] i d e s  
(Joh?.so:: i Johsnon .cud?) - 
c r o s s  f e a r u r e ~  - 

1 .  Size - 2. Borders  (c i rc .~mscr ibed .  I n f i l  c rac ive )  

8 : ~ c o l o ~ i c  f u r u r o  . 
I .  Tumor type (or  t ypes  i f  c o e t i n e t  f e a c c r e s )  
2. Tumor border  ( c l r c u n s c ~ i b e d ,  i n f i l t r a r i v e )  
3. C e l l  r eac r lon  t o  cumor 

a l i g h t  - none 
moderace 
ma ?Led 

. T u o r  nec ros i s  
p re sex r  
absent  

5. Tucor scram 
s l l g 3 t  
m 0 C e ~ a t e  
narked 

6. B i s c o l o g : ~  grade 
1. 2. 3 

7. Nucl r s s  g-ade 
1. 2. 3 . 

8. Ly,?ha:',: i n v o l v o e n r  
9. Perinerrr.1 i n v o l v c a t  
10, SiZa i:volvae-: 
? 1'. Tascfa?  invo?vese=: 
I .  h ' t?ple  lavclveme~: - - -1;. 1::rac'-cral crr::=or 

i n  vzo:  
a v i y  f : ~  c z a r  

1 L .  L~bu1.r ca:ci;ioca-f=-~l=:: 
preserrc 
absen: 

i5 .  Associaterl  l e s i o = s  
e y s c s  - yes  o r  no  - . 
a ~ o c r i = e  cSange - yes  o r  no 
sclcrosirrg a6eaos f s  - yes  c r  no 
pa ail la::^ duc t  chasges - yes c: n o  
l c c u l a r  h y 7 e r i l a s i a  - ycs o r  z: 
1~:raduc:al p s p i l l o t s  - yes  c: no 
f i b r o s i s  - y e s  o r  no 
a t rophy - y e s  o r  n o  

1 6 .  Lyaph nodes 
nor a v a i l a b l e  
~ v a i l l b l e  

nuzber 
mecascas%s - y e s  o r  no  
sinrts his : ioc7rosis  
f o l l i c u l a r  hyper idas ia  
f a c r y  x s > l a c c ~ c r r c  - 
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SUBJLCT: Johnron i Johnron Study - --------------- ----- . .. 

I e x u i n e d ' t o d a d  microscopic r l i d e r  frw ten  ca re r  f r m  t h e  Johnson i 
.Johnson u p o a e d  popula t ion  i n t c r r p c r r e d  v i t h  t e n  u r e r  of con t ro l8  from 
?annsylvania l!orpital obta ined  v i a  the  aurp ieer  of Dr. Milea H. Ilc?rrland. 
Before t h e  onset  of the  s tudy  and during my review of the  r l i d e r  I b d  no idea  
vhich  c a r e r  were the  c o n t r o l r  and vhich were the  Johnson 6 Johnron p a t i e n t s .  

1 examfried the  s l i d e r  and f i l l e d  out a f o r r  on u c h  of t hea  ( t h i s  forr: 
l i s t e d  u n y  g r o r r  and e r p e c i a l l y  microrcopic parameterr vhich were evaluated;  
copy enclored).  Except f o r  u s e  #11 i n  which the p r i n r q  n ice  n r  not  
o b r l o u r l ~  p r o e a t  i n  the  b r a a r t ,  1 c o n f i r u d  the caacr r  diagnoair  i n  a l l  ca re s  
and i n  w r t  u r e a  agread e x a c t l y  v l t h  the  o r i g i n a l  diagnoria.  ( h e  exception 
war the  c a r e  t h t  b d  been c a l l e d  carc inoid  tumor of the brearc  Pennsylvania 
B o r p i t a l  which I thought v a s  m ~ u r u l  t r r b e c u l a r  t r n o r  of the breas t .  but  
r i n c a  I don' t  u k c  the  d i a g a o a i r  of carc inoid  twnor I j u s t  included i t  a s  an 
i n f i l t r a t i n g  u r c i n o u . )  

The d i f f i c o l t  u s e  n r  u s e  #11 i n  A i c h  the p a t i e n t  presented 
appa ren t ly  v l t h  an a x i l l a q  node vhich  war biopaied and f e l t  t o  be cons i s t en t  
v i t h  a b r e a s t  p r i r r r y .  She then underwent a mastectomy and h d  nuoerous lp;5 
nodes p o s i t i v e  i n  t h e  a x i l l e  and, in the numerous aec t ionr  of b r e a s t  which were 

2 h n u g b y r 1  probably d i agnorab le  a r  i a t r a d u c t a l  u r c i n o l ~ a ;  however, t h e r e  was 
m i nva r lve  eancrr .  My quea t ion  w r ,  o a ~ l u S t i K l ' r a v 1 e v  of the  r l i d e r ,  - 
whether or ooc t h e  l e r i o a  r ep re ren ted  i n  a l i d e  K of the coded r l i d c r  war indeed 
t b c  biopsy r i t e  and had been t h e  p r i a a q  o r  vhether  the pa t i en t  had had cancer 
o n  t h e  o p p o r i t e  r i d e .  f e l t  t b t  t h i r  tumor reprerented a b reas t  cancer s i r .c r  
t h i r  is s t a t i r t i e a l l y  o o r t  l i k e l y  i n  a v o u n  who prerents  with an a x l l l ~ r y  
m e t a r t a r i s .  I r t rev icwed t h e  c a r e  on October 19 ,  1985, a f t e r  decoding of 
r l l d e r :  i n i t i a l  biopry ahovr m e t a r t a t i c  poorly d i f f e r e n t i r t e d  c a r c i n o m  i n  
node ( r e a l l y  a node).. & ~ t e C t o m ~  of 80 help;  no' d e f i n i t e  p r i u q .  I n  one 



w -. I 

r l l d e  of a i l l a r y  d e a  S83-2751C an ext ranodal  foeua l r  p resen t ,  b u t  no b r r r r t  
t i a s u e  l a  preaent .  f t  11 poar ib le  t h r  p r i u ~  was high i n  t h e  axil]., and 
1 .  h t o p a y  e l i d e a  urrr obta inrd  (% a l i d r a  l o r w e l l  Park # ~ 1 5 2 5 9 )  and 
r e v i e v r d .  Yidcapread tumor 1 i * i l a r  Lo t h a t  i n  ~ ~ i l l a r y  nodes vaa found in 
bones, Xungr, brain.  8tc.: -0 o the r  ob*foua prfmar). s i t e  n a  found. Hence, 1 
r ~ n c l u d c  t h i a  a  b r e a s t  p r i a a r r .  

 he aecosd important  f inding  t o  my o l n d  n s  t h a t  d e r p i t e ' t h t  f a c t  th.t 
f had t h e  oppor tuni ty  t o  look b t  . a r y i n ~  8-berm of r l i d e a  on each of t h e s e  
carer, S t  appeared t o  r t h a t  X could wt d e t e c t  ( e i t h e r  fro. the,gr.de of the  
tumor. the type  of t h e  cubor. or t he  r u r r o u n d i ~  breaar  t i a a u e )  any chawec 
which  - re  ou t  of the  ord inary  and would h v e  u d c  r 8 u a p t c t  t h a t  t h e r e  e r e  
4a f a c t  t h e  c a r e s  which had cow f r o .  Indiv idual8  uho had k e n  exposed 
p r t i e n t a .  But t h i a  l a  true l n  the  e r d i a a v  day-to-day p r a c t l e e  of r u r g i c a l  
p r t h o l o t y  and there  vaa ao th ina  ur.arua1 t h a t  i n d i c r t 8 d  to.me t h a t  1 could t e l l  
the  d i f f c r a n c e  betwren t h e  test and the  c o n t r o l  user .  

1 aubaequrnt ly e x ~ a l n e d  unmarked e l i d e s  from nine  p a t i e n t s  e t h  
0 0 n m a ~ ~ Y  cancrra  of Varihla sites. Xa u c h  i n s t ance ,  the t a r e i n o m  d iagnos i s  
was tonfi-ed. 
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E d i t o r  
George D. Lundberg, M.D. 
J;rMA 
535 N. Dearborn S t .  
Chicago, IL 6 0 6 1 0  

I n  t h e  March 28,  1 9 8 6  a r t i c l e  by C .  Hogstedt .  L. Aringer and 
A. Gustavsson e n t i t l e d  "Epidemiology Support  f o r  Ethylene Oxide 
as a Cancer-Causing Agent" I ,  t h e  a u t h o r s  a s s e r t  t h a t  t h e r e  is a 
s t r o n g  i n d i c a t i o n  t h a t  e t h y l e n e  o x i d e  is a carcinogen even a t  
low-level  exposures.  The ev idence  p re sen ted  i n  t he  a r t i c l e  t o  
s u b s + a n t i a t c  t h i s  claim i s  very weak and c e r t a i n l y  leads  no 
c redence  t o  t h e  a u t h o r s '  t heo ry .  

The major p i e c e  of suppor t ing  ev idence  f o r  t h i s  claim appears t o  
b e  t h e  r e s u l t s  o f  t h e  s tudy  a t  p l a n t  3, where t h e r e  was one 
leukemia d e a t h  ve r sus  0 . 1 6  expec ted .  The s i n g l e  case  of leukemia 
f o r  p l a n t  3 occurred i n  group C, where workers had q p l t i p l e  
chemica l  exposures  and t h e  lowest  e t h y l e n e  oxide exposures. What 

L/ does  s t a n d  o u t  as s i g n i f i c a n t  is t h e  f a c t  t h a t  f o r  a l l  t h r e e  . 
p l a n t s  t h e  leukemia ca ses  were observed i n  i nd iv idua l s  with 
m u l t i p l e  chemical  exposure and t h a t  no leukemia vas  observed i n  
exposure  groups A and B a t  p l a n t  3 ,  where exposure was l i m i t e d  t o  
e t h y l e n e  oxide.  Fu r the r ,  i f  a t r u e  dose resppnse re la t ioxiship  
e x i s t s ,  then it would seem l o g i c a l  t h a t  ca ses  f o r  s imi l a r  causes  
of  d e a t h  i n  t h e  higher  exposure c a t e g o r i e s  f o r  p l an t  3 would be 

, 
observed.  The au thors  o f f e r  as an explana t ion  t h a t  "a s t r i c t  
a p p l i c a t i o n  of exper imenta l ly  well-deizned s i n g l e  exposures would 
i n v a l i d a t e  most epidemiologic  s t u d i e s . "  What is apparent ly  
over looked i s  t h e  lack  o f  leukemia c a s e s  and o v e r a l l  m o r t a l i t y  
f o r  workers i n  groups A and B a t   plan^ 3 .  Also overlooked i n  
t h i s  s tudy  i s  t h e  lack  o f  leukemia and o v e r a l l  mor t a l i t y  a t  t h e  
p l a n t  s t u d i e d  by Morgan et p l a n t ,  which is s i m i l a r  t o  p l a n t  3 
i n  t h a t  exposures were g e n e r a l l y  l i m i t e d  t o  e thylene oxide. 

There were o t h e r  noteworthy i n c o n s i s t e n c i e s  and quest ionable  
methodologies i n  t h e  a r t i c l e .  The au tho r s  combined leukemia 
r e s u l t s  from t h r e e  very d i f f e r e n t  p l a n t s .  The exposures f o r  
p l a n t s  1 and 2 a r e  cons iderab ly  h i g h e r ' t h a n  p l a n t  3,  which would 
normally preclude comparisons between t h e  p l a n t s  f o r  s i m i l a r  
causes  of adverse  hea l th .  I n  a d d i t i o n ,  t h e  types  of exposure a r e  
ex t remely  d i f f e r e n t  due t o  t h e  d i f f e r e n t  chemicals and processes  
u t i l i z e d  a t  each loca t ion .  F i n a l l y  p l a n t s  1 ,  2 ,  and 3 a r e  n o t  



comparable  from a method o f  o p e r a t i o n  s t a n d p o i n t .  P l a n t  1 i s  a  
non-product ion  f a c i l i t y ,  p r i m a r i l y  i n v o l v e d  i n  s t e r i 1 i z a t i . c n  o f  
equipment .  P l a n t s  2 and 3 u t i l i z e  e n t i r e l y  d i f f e r e n t  produc . t ion  
methods ,  one  p r o c e s s  i s  based  on e p i c h l o r o h y d r i n  and t h e  o t h e r  
p l a n t  u t i l i z e s  d i r e c t  o x y g e n a t i o n .  Y e t ,  g i v e n  t h e s e  d i s c r e p a n -  
c i e s  and  obv ious  d i f f e r e n c e s  t h e  f a c i l i t i e s  a r e  grouped t o g e t h e r  
a s  a n a l o g o u s .  

I f  c o m ~ a r i s o n s  a r e  t o  be  made be tween s i n i l a r  f a c i l i t i e s  t h e n  i t  
would be a p p r o p r i a t e  t o  compare p l a n t  3 and t h e  e t h y l e n e  o x i d e  
p l a n t  i n  t h e  Morgan r t  a l l  s t u d y .  I f  t h e  leukemias  frcm t h e s e  
t w o  p l a n t s  a r e  c o r n b i z t h e r e  is  one  leukemia  d e a t h  v e r s u s  0.86 
e x p e c t e d .  Although t h e  s m a l l  numbers p r e v e n t  one from drawing 
any c o n c l u s i o n s ,  t h i s  r e s u l t  d o e s  n o t  i n d i c a t e  an  excess .  I n  
c o n t r a s t  t o  p l a n t  2 ,  t h e r e  were no s tomach c a n c e r  d e a t h s  a t  e i -  
t h e r  o f  t h e s e  p l a n t s  n o r  was t h e r e  a n  i n c r e a s e  o f  m o r t a l i t y  ove r -  
a l l .  The a u t h o r s  have  s t a t e d  t h a t  the low o v e r a l l  m o r t a l i t y  a t  
t h e  Morgan p l a n t  . i n d i c a t e s  s e l e c t i v e  employment schemes." I t  is 
n o t  c l e a r  what t h e  s t a t e m e n t  i m p l i e s  o t h e r  t h a n  t o  r e f e r e n c e  t h e  
b r l e f  preemployment p h y s i c a l  e x a m i n a t i o n  r e q u i r e d  o f  a l l  new 
e n p l o y e e s .  

I n  summary, t h e  a u t h o r s  p r o v i d e  no e v i d e n c e  t h a t  exposures  t o  
e t h y l e n e  o x i d e  e i t h e r  a t  t h e  p r o d u c t i o n  p l a n t s  u s i n g  t h e  oxyqena- 
t i o n  p r o c e s s  o r  a t  low exposure  l e v e l s  c a u s g s  any i n c r e a s e d  r i s k  
o f  d e a t h .  

B. J. D i v i n e ,  Ph.D. 
P r o j e c t  Epidelr. iologist  
X. S. Amanollahi  
S r .  I n d u s t r i a l  H y g i e n i s t  
Texaco I n c .  
P .  0. Box 1404 
Houston ,  TX 77251 

' ~ o g s t e d t  C, A r i n g e r  L,  Gus tavsson  A. :  Epidemiologic  s u p p o r t  f o r  
e t h y l e n e  o x i d e  as a  c a n c e r - c a u s i n g  a g e n t .  JAW 
1986;255:1575-1578. 

lMorgan RW, Clax ton  KW, D i v i n e  BJ, e t  a l :  M o r t a l i t y  among 
e t h y l e n e  o x i d e  workers .  J O c c u ~  Med 1981;23:767-770. 





Ethylene Oxide Technical Report 
1978 Suhnission to the Envimmmtal Pmtectim Aspmcy 

G. Briggs Phillips, Ph.D. 
Vice President for Scientific 

and Technical Affairs 

Ward Y. %lstein, E2q. 
dsistant General Counsel 

Lawrence J. Wrden, M.P.A. 
Manager of Cum'amications and Raining 

Health Industry Manufacturers Associaticn 
1030 15th Street, N.W. 
Washington, D.C. 20005 



VI. BENEFITS DERIVED FROM ETO STERILANT USE 

The arguments advanced in this section clearly establish t ha t  t h e  

economic, social, and environmental benefits of EtO use significantly 

outweigh the  alleged risks. See 40 C.F.R. 162.11(a)(5)(iii). As fully 

discussed below, EtO is vital and of ten irreplaceable as a medical 

device sterilant. Many essential health c a r e  i tems cannot otherwise be  

sterilized, nor is it likely t h a t  new substitutes will be available in t he  

near future. Additionally, direct  and indirect economic costs t o  t he  

public, the  medic< professions, and the  industry mandate t h a t  no 

further restrictive,:,regulatory controls be  imposed. Furthermore, 

without EtO sterilized devices, i t  would be more difficult t o  treat 

illness and injury and countless lives would be lost tha t  otherwise 

might have been saved. 

1 

The da ta  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 a t t es ted  

t o  the  essential nature of EtO sterilized products. For example, in t h e  

FDA notice regarding EtO residuals that  appeared in t he  - Federal 

Register, January 27, 1978 (43 Fed. Reg. 38001, t he  Commissioner of 

FDA sta ted tha t  he  "... believes tha t  t he  current  use of EtO a s  a 

steri lant for certain drug products and medical devices is necessary for 

t he  delivery of required health care..." 



in 1976, Dr. Theodore Cooper, then the Assistant Secretary of Health 

of DHEW, in a letter to  the Administrator of EPA, stated: 

W e  know of no suitable alternate t o  ethylene oxide for a 
number of sterilizing procedures. (Cooper, 1976) 

In 1977, Sherwin Cardner, 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 a r e  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 t o  these may be found in a number of other 

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

8. MEDICAL DEVlCES AND SUPPLIES STERILIZED WITH ETO 

Pursuant to  the requirements of the  Medical Device Amendments of 

1976 t o  the Food, Drug, and Cosmetic Act, more than 25,000 medical 

device products have thus far  been registered by over 2100 medical 

device firms. 

I t  may not be possible t o  identify every type of medical device 

sterilized with EtO in hospitals and industry. However, the Associa- 
- - 

tion believes that it  is important t o  understand the number and range 

of medical products treated with EtO and t h e  relationship of these 

products to  the medical and allied health professions. 



Attached t o  the  testimony of Dr. Frank B. Engley (Appendix 6-31 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 a r e  key t o  many critical medical/surgical procedures. In 

fact ,  Samuels (19781, estimated that  25 percent of i tems sterilized in 

his 300 bed hospital were processed with EtO. 

The Association has surveyed i ts  members and developed a list, shown 
. . 
~. in Appendix A-9, of 248 items that  a re  industrially sterilized. The 248 

c 
high volume, essential products listed demonstrate the  relative extent  

\k 

and importance of this sterilant's use t o  the  medical device industry 

and the  American public 

C. SUBSTITUTE METHODS OF STERILIZATION 

.--. - .-  - -  .~~~ 

cter111zatlnn metnods do not exlst that can be us< 

No subszitute methods of sterilization a re  currently avaiiable to 

industry or  t o  hospitals tha t  would not c rea te  unacceptable adverse 

impacts on the  quality of health care in the  United States. 



1. Industry 
. ~. 

Industry's position with regard to substitute methods for EtO 

sterilization is somewhat different than tha t  o f  hospitals, but 

no more hopeful because adequate alternative methods are  not 

currently available. 

To place the problem in proper prospective, one must realize 

tha t  the  health care system requires a constant flow of tens of 

billions of industry-sterilized items representing thousands of 

different product types. Even the threat of interr;pting t h e  

flow of products has t h e  potential to create a chaotic situation 

and endanger the  lives of many people. The importance of EtO 

sterilization processes for industrially sterilized goods cannot 

be overemphasized. As much as 80% of industrially sterilized 

medical devices rely on E ~ O  in the sterilization procedure. 

Finally, in evaluating methods t o  substitute for EtO, the  factor 

of higher costs, for t h e  public and industry, must be consider- 

ed. 

An evaluation of alternate sterilization methods and the 

reasons why each is not a viable replacement for EtO is 

presented below: - - 
. .. . . . - . . . . 



Sterilization with steam under pressure 

This method, also known as autoclaving, is a reliable 

and inexpensive sterilization procedure tha t  is widely 

used for  the  sterilization of fluids and heat-stable 

items. Almost all products capable of being autoclaved 

a r e  presently sterilized in this manner. However, as 

presently designed, virtually none of t h e  products 

sterilized with EtO could withstand the  conditions of 

autoclaving. This is also true of much of t h e  packaging 

for  these products. Redesign of products and packaging . 
t o  allow autoclaving would require years t o  achieve, 

since t h e  basic materials research necessary for 

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

toxic materials would have t o  b e  conducted. Addition- 

aliy, the  following problems would still  have to be 

overcome: 

- Acceptability t o  the medical community. 

- Preclinical and clinical studies t o  prove safety 

and efficacy. 

- Possible FDA approval. 

-- Cost of retirement of capital equipment no 

longer useable. 

- Cost and time for acquisition of new manufac- 

turing and processing equipment. 



It should be emphasized that in addition t o  the costs of 

retiring existing and acquiring new sterilization equip- 

ment, many types of molding, cutting, shaping, assemb- 

ling and packaging machinery would also be involved 

Obso~escmce of a substantial portion of existing manu- 

facturing equipment and purchase of new capital e q u i p  

ment could potentially bankrupt established firms and, 

at the very least, would create large cost increases for 

industry, some of which would necessarily be passed on 

.to the public. -, 

fhese cost considerations, combined with technological 

uncertainties and problems of new product approvals, 

lead t o  the conclusion that industry would be unable, 

except in rare instknces, t o  convert to  steam steriliza- 

tion in place of EtO procedures. - 

Sterilization with dry heat 

Sterilization with dry heat is frequently used for 

production of sterile medical products. The tempera- 

tures required, however, a re  higher than for autoclaving - 
and material degradation effects are-even more severe. 

Conversion to  dry heat processes, therefore, are not . 
feasible for the same reasons applicable t o  autoclaving. 



Radiation sterilization 

Sterilization by exposure t o  ioniring radiation has  

potential  utility and will perhaps see expanded use in 

t h e  future. However, substitution of radiation steriliza- 

tion at this t i m e  f o r  any more  than a small fraction of 

products presently processed by EtO is not possible f o r  

t h e  following reasons: 

-- Approval procedures and regulatory restrictions 

fo r  the  use of radiation sterilization will b e  

severe and prohibitive fo r  many products. Exist- 

ing regulations, fo r  example, require processing a 

new drug application if radiation sterilization is  

substi tuted fo r  t h e  present means of sterilizing a 

drug already on t h e  market. For some products, 

the  clinical studies required w o ~ l d  be  very 

extensive and would require years t o  complete. 

- Many products presently t r ea ted  with EtO will 

not  withstand radiation treatment.  Some poly- 

mers, for example, a r e  degraded by embrit t le-  

ment,  discoloration, and loss of tensile strength. 

Other  possible e f fec t s  have been incompletely 

studied, including t h e  formation of to r i c  sub- 

s tances  t h a t  could exhibit long-term o r  chronic 

e f fec t s  in cer ta in  materials. 



- The same cost considerations and technological 

reasons applicable t o  steam sterilization apply to  

radiation. 

- Even if radiation were a feasible alternate means 

of sterilization, sufficient radiation equipment 

will not be available in the near future. Prelimi- 

nary estimates indicate that existing radiation 

sterilization plant. have capacity to  handle no 

more than two to  five percent of the products 

presently processed with EtO. 

- finally, logistic problems exist which indicate 

that  long lead times a re  needed t o  obtain 

permission to  build radiation plants. Even if 

permission is obtained from Federal and state 

authorities, gaining permission of local commu- 

nity officials is often a lengthy and uncertain 
- 

process. 

Clearly, immediate and widescale substitution of radiation 

sterilization for EtO processing is not possible. It is expected 

that over time a greater array of sterilization methods will be 

used or become available to  the health care system. However, 
- - 

until these methods can be shown to improve health care, 

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

and must be permitted for sterilization purposes. 



2. Hospitals 

U.S. hospitals utilize approximately 10,000 EtO sterilization 

devices and chambers of various sizes and types. An additional 

unknown number a r e  employed in medical clinics, in practice 

of dentistry, and other situations related t o  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 a r e  

currently available in hospital settings as feasible replace- 

ments for EtO. :\ 

The types of materials and devices sterilized a r e  almost 

without exception items whose physical condition and/or 

composition is such tha t  they would not withstand t rea tment  

by other available sterilization methods (primarily steam under 

pressure and dry heat). As previously discussed, such devices 

o r  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 t h e  vast array of i tems 

sterilized in hospitals by EtO would require many years, and 
4 

would add tremendous costs t o  the  health care system. 



--- .. - . . , . .  . 
Therefore, st?am 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 process 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 health care. 

Formaldehyde gas exhibit? sterilization properties and is used 

t o  a limited extent in other countries. Formaldehyde 
- 

sterilization processes, however, are  less 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 t h e  following additional 

reasons: - - 



The lack of adequate instrumentation and processing. 

I ts  potential toxicity. Formaldehyde, like EtO, is an 

alkylating agent and exhibits toxic properties. It  would 

require years for hospitals t o  learn how t o  deal with this 

agent in i t s  gaseous form and to achieve the same level 

of safety as exists today with EtO. The final result 

might well be a hazard level of unacceptable magnitude 

with less efficiency in achieving sterility. 

Chemical solution soaking is also unacceptable t o  hospitals for 
- 

t h e  following reasons: 

• Chemical solution soaks lack t h e  efficiency and the 

assurance of sterility provided by EtO. Many materials 

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 a r e  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. 4 



A report by the Center for   is ease Control (Spaulding, 1971) 

provides a review of potential substitute chemical disinfec- 

tants in relation t o  their toxicological activities. It is clear 

from this review, presented in Table 6.1, that  all of the 

candidate chemical substitutes for EtO a r e  less effective and 

are also toxic  

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

1. General Health Care Statistics 

The quality of U.S. health care is dependent on continued 

hospital and industrial use o f  EtO. The following is an analysis 

of the health care services 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 bed; and admit 

approximately 33,000,000 persons each year. The data 

presented in Table 6.2 helps in understanding the overall 

magnitude of patient care offered by hospitals. Table 6.3 

presents a breakdown of those patient care prbcedures which - - 
heavily rely on the use of  sterile materials. 

- 



TABLE 6.2 

General Information on 7,082 U.S. Hospitals 

1976 - 
Beds si 

Surgical Operations - 17,603,529 

Births - 3,067,063 

Outpatient visits - 2,270,951,021 



. . . . . . .  ..... . .  . , .  . . . . .  - . . . . . .  

. . . . . .  . . . .  TABLE 6.3' . . . . . .  . 
Facility or Service 

Operating Rooms with Recovery Units 

Cardiac ICU's 

Mixed ICU's 

Open-heart surgery Facilities 

Organ Banks 

Blood Banks 

Respiratory Therapy Units 

Hemodialysis Services - inpatient 

- outpatient 

Bum Care Units 

Emergency Units 

Abortion Services - inpatient 

- outpatient 

TB and Respiratory Disease Units 

Neonatal lCU's 

% of Hospitak Having 
Facility or Service 



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. ( W e  have illustrated in Appendix A-10 

specific lists of such materials.) They also do not indicate the  

magnitude of health ca re  products resulting from direct 

purchase of sterile health care  items by the American public 

(e.g. bandages, disposable syringes, medical cotton, pipettes, 

etc.) 

2. Quantity Of EtO Sterilized 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: 



55 iterns/hospital bed X l,~00,000 bed = 82,500,000 
EtO sterilized itemslyear 

The higher estimate ields a figure of 300,000,000 
EtO sterilized items 7 year. . 

 c conservative estimate would indicate the hospitals sterilize 

at least 200 million items per year with EtO. 

W e  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. 

- 
3. Surgeons And Surgical Procedures 

To understand the essenthl nature of EtO relative t o  medical 

care, it is necessary t o  appreciate the  effect EtO's unavail- 

ability would have on surgeons and surgical procedures. 

Table 6.4 shows the estimated number of US. board-certified 

surgeons for identified specialties as of 1978. - 



TABLE 6.4 

(Source: Surgery in the  US., 1975) 

Specialty Number of Surgeons 

General surgery 

Neurosurgery 

Obstetrics-gynecology 

Ophthalmology 

Orthopedic surgery 

Otolaryngoloy ' 

Plastic surgery 

Thoracic surgery 

Urology 

Colon-rectal surgery 

. 
TOTAL 57,151 

Of course, operations a r e  performed by physicians who a re  not 

certified surgeons. Therefore, t h e  total number of licensed 

physicians who perform surgical procedures is estimated t o  be 

approximately 91,000, with each performing an average of 191 

surgical procedures per year. An estimated total of almost 18 

million operations a r e  performed yearly in the  U.S. All require 

s te r i le .  materials and sterile techniques, and virtually all 

depend, t o  some extent,  on EtO sterilized products. 



For example, open heart surgical procedures, a medical ... . . . . .  
achievement impossible until relatively recently, has provided . . . . . . . . . . . . . . .  .... . . .  . . 
positive benefits t o  a significant proportion of th; U.S. . . .  . . .  . . . - --.. . . . . . . . .  - . ... ... 
population. Approximately 50,000 to  60,000 of these proce- . 
dures are  performed each year. They significantly prolong the 

life span of infants born with heart defects and save the lives 

of adult citizens of all ages. 

The open heart surgical operation is a result of expert and 

dedicated surgical training, but would not be possible without 

aseptic .surgical techniques, life support instrument~'ion, and 
., .- , 

literally hundreds of sterile items. Illustrative of some of the 

EtO sterilized goods that must be readily available to  the 

surgical team in predicted and reserve quantities are  the 

following: 

Pharmaceuticals and drugs whose production depends 
on EtO 

Syringes - 
Needles, hypodermic and specialty types 

Sponges 

Surgical drapes 

Surgical instruments 

Anesthesiology apparatus 

1.V. Infusion tubing and sets - - 
Suction apparatus 

Blood reservoirs and associated equipment 

Blood oxygenators 

Blood oxygenator tubing and accessory equipment 



Open heart surgery is but one example from among hundreds of 

life-saving and important medical procedures tha t  could not be 

performed without supplies and equipment rendered sterile by 

EtO. . 

Facts  related t o  hem0 (blood) dialysis provide a further 

example. Patients with renal failure a r e  maintained by 

repetitive dialyzing procedures using instruments and e q u i p  

ment capable of performing the  approximate physiological 

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

citizens a r e  able t o  survive and function in society in spite of 

inadequate renal functions. To do so, they rely on hem0 
.\ 

dialysis several t imes. each week. The success of this  

t rea tment  depends absolutely on maintenance of sterile condi- 

tions and use of sterile equipment, including: 

a dialyzers - various types such as coil, f lat  plate, etc. 

a arteriallvein insertion equipment, such as various types 

of cannula and cannula systems. 

' tubing sets t o  deliver blood t o  be purified from t h e  

patient t o  the  machine and back t o  the  patient. 

a various monitors and control devices t h a t  provide 

assurances of safe conduct of t h e  procedure. 

a pumps of various types t o  deliver the  blood from t h e  

body, through the  dialysis unit and back t o  the  body. 



Virtually all 'of the  above'equi~ment is EtO sterilized: AG 
cessation, interruption, or  restriction placed on artificial 

kidney service would 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 a r e  sufficient to  illustrate the  absolutely 

essential and irreplaceable nature of EtO sterilized products in 

the health care system. W e  have listed below the 24 most 

frequently performed surgical procedures in t he  United States 

(Surgery in the U.S., 1975). Without EtO sterilized products, in 

ready and plentiful 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. 



TABLE 6.5 

The 24 Most Frequently performed Surgical Procedures 
(bource: burgery In the US., 19 7>) 

1. Delivery (vaginal) 

2. Tonsillectomy with adenoidectomy 

3. Dilation and curettage of uterus 

4. Repair of inguinal hernia 

5. Abdominal hysterectomy, total 

6. Cystoscopy 

7. Cholecystectomy 

8. Appendectomy 

9. Extraction of lens, intracapsular 

10. Local excision of lesions, skin 
.I 

11. Closed reduction without internal fixation 

K. Ligation of fallopian tubes 

13. Tonsillectomy without adenoidectomy 

14. Prostatectomy, transurethral 

15. Delivery, caesarean section 

16. .Mastectomy, partial 

' 17. Vaginal hysterectomy, total and subtotal 

18. Open reduction with internal fixation 

19. Suture of skin 

20. Hemorrhoidectomy 

21. Excision and ligation of varicose veins 

22. Biopsy of breast 

23. Excision of intervertebral cartilage 

24. Resection of colon, segmental 



4. Contributions Of EtO Sterilized Devices Used In Surgical 
Procedures: Mortality And Morbidity Data 

. . .  . . . .  . . . .  ' .  . . . . . . . . . . . . . . . .  21 . . _. i.. .- . . . . .  - . ... . . - 
The unique benefits provided by EtO sterilized products may . . 

be further demonstrated by comparing mortalityand morbidity 

data over the past 25 years (Table 6i6). Of course, EtO is not 

solely responsible for the improvements noted Nevertheless, 

the diagnostic, treatment, and prosthetic devices that have 

contributed and continue t o  contribute to  improved health care 

are dependent upon EtO for sterilization purposes. 

TABLE 6.6 

U.S. Population 

Deaths per 1,000 people 

Life Ex ectancy at birth 
Gears) 

males 

females 

1945 - 1970 - 
133.4 million 203.8 million 

10.6 - 9.5 



Changes in mortality and morbidity rates over the past several 
4 

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. These devices were introduced in the  

early 1960's when the death rate from heart blockage .. 
was approximately one per 100,000 population. From 

1960 t o  1967, the death rates rose steadily t o  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 ra te  due t o  

chronic heart blockage occur red./^^ 1970 the death 

rate was reduced t o  less than 0.25 deaths per 100,000. 

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



Mortality rate and number of deaths from heart blockage between 1958 and 1970. 
(Source: Surgery in the U.S., 1975) 



Chronic Renal Disease 

In 1950, the  death ra te  from kidney disease in the  
4 

United 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 r a t e  and by 1970 the  r a t e  dropped 75 

percent t o  approximately 3.5 per 100,000 population. 

This reduction is due to a number of improvements in 

health care, but primarily t o  kidney transplantation and 

hemodialysis. The availability of low cost, reliable, and ,. 

ster i le  "artificial kidneys" t o  those with chronic nephri- 

tis is made possible by EtO sterilization. Likewise, 

kidney transplant procedures utilize many types of EtO 

sterilized equipment. I t  has been estimated tha t  in a 

single year, 1970, hemodialysis and kidney transplanta- 

tion saved 31,911 lives in the  United Sta tes  (Surgery in 

U.S., 1975). 



FIGURE 6.2 . . 

Mortality rate and number of deaths from ~hronic.n;~hritis 
between 1950 and 1970 

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



Rheumatic Mitral Valve Disease . 

Use of 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 used in t h e  1950's for 

correction of mitral and aort ic  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 r a t e  due t o  this disease has steadily 

reduced since 1950. This has been possible not only .. 
because of availability of sterile heart valves, but also 

because of numerous other medical and surgical de- 

vices, such a s  blood oxygenators, tha t  can only be 

sterilized with EtO. 



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) 



Estimates of reduction in deaths due t o  a number of 

new or improved surgical techniques, all requiring EtO 

sterilized devices a r e  significant. According t o  t h e  

da;a collected by t h e  ~ m e r i c a n  College of Surgeons and 

the American Surgical Association (19751, 17 surgical 

research contributions helped save 78,538 lives in 1970 

alone. (See Table 6.7) While it  is not possible t o  

exactly calculate t h e  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 pillion 

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 

Disease - 

Estimated reduction in deaths in 1970 for dise&;s 
from congenital heart diseases between 1950 and 1970 

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

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 

i w Duodenal ulcer 
Disease of mitral valve (rheumatic) 
Disease of aortic valve (rheumatic) 
Accidents caused by fire, flames, 

hot substances 
Heart block 
Congenital hydrocephalus 
Ulcerative colitis 
Hypertensive renal disease 

Base year Total 
for estimated 

comparison reduction 



b. Morbidity Data 

Among the  various indices of disease morbidity, avail- 

able da ta  relate  mostly t o  length of hospital stay. 

Various factors influence this measure but major contri- 

butors t o  reduced morbidity include availability of 

bet ter  devices, and new surgical techniques. These 

have reduced the  pain and suffering associated with 

many diseases and have returned many patients t o  their 

normal way of life faster  and with a bet ter  assurance of 

complete recovery. A comparison of to ta l  hospital days 

from 1960 t o  1972 for  selected diseases establishes t h e  

contributions made by new surgical procedures and 

provision of s ter i le  surgical equipment, supplies, and 

prostheses. Table 6.8 sets forth a list of reduction; in 

hospital residence for selected diseases. 



. 
TABLE 6.8 

Reductions in hospital stay days for selected diseases 
affected by surgical procedures, 1960 t o  1972 

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

Diseases - Procedures 

Reduced 
Hospital * 

Tetralogy of fallot , cardiopulmonary bypass - .  
Artrial septa1 defect open correction procedures 
Ventricular septual defect dosed correction procedures 38,038 
Coarctation of aorta 

Acute nephritis 
Nephrotic syndrome Kidney transplantation 

L 
905,301 

Chronic nephritis Hemodialysis 
Nephritis unqualified 

Diseases of mitral valve Prosthetic heart valves 19,852 
Diseases of aortic valve 

Congenital hydrocephalus Shunts for hydrocephalus 46,853 

Retinal detachment Photocoagulation and 16,516 
retinal surgery 



In some cases where surgicai 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 lowering 

mortalities and allowing persons t o  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 between 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  prevalence of - 
heart blockage increased by more than ten cases per 

1,000 population and the total  patient hospital days 

increased by 144,000. However, the mean stay per 

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

device, thousands of lives were saved. 



Another example is osteoarthritis, a painful and 

crippling disease whose correction in many instances 
i 

has been made possible by the  surgical 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  tota l  patient hospital stay 

time by more than 66,000 days. However, without this 

surgical procedure and hip prostheses, thousap-1s of 
. - 

individuals would be severely infirmed and bed-ridden 

for life. 

Finally, in assessing the  importance of EtO .sterilized 

devices in surgery, i t  is appropriate t o  identify repre- 

sentative devices t ha t  have playtd an important role in 

making these health care  advances possible. Consultat- 

ion with surgical authorities 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. 



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 tha t  

depend upon various devices and prostheses, most of 

which a r e  sterilized with EtO. (See Table 6.9) 

TABLE 6.8 

(Source: Surgery in the  US., 1975) 

Prosthetic heart valv& 

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 

Fogarty balloon catheters 

Cont~nuous suction drainage equipment 

Indwelling intravenous catheters  

Myringotomy and ventilation tubes 

Abdominal wall prostheses 

-190- 



In summary, the practice of surgery in the United 

States today cannot be carried out without EtO steri- . . . 
lized devices and equipment. Development and avail- 

ability of EtO sterilized surgical prostheses and l i e  

support equipment has been responsible for saving 

millions of lives and alleviating untold incapacitation 

and suffering. 

5. 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 control and control of hospital 

associated infections. 

Elimination or restriction of EtO would add millions of dollars 

t o  national health expenditures and result in untold suffering, 

disability, and increased death rates from nosocomial infec- 

tions. This statement is fully iupported by the affidavit of Dr. 

Frank 8. Engley, Jr., an expert in hospital infection control. 

(See Appendix 8-3.) It is Dr. Engley's opinion that EtO is 

essential to  control of hospital associated infections and there 

a re  no suitable alternate sterilization methods available. - - 



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 

1. 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 t o  EPA by one relatively small medical device 

company which produces 8 3  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 developed 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 t o  unadaptibility) 

Estimated Increase in Freight Cost 

Estimated Increase in Labor 
to  Handle Routing 

Loss of Ca ital Equipment (Sterilizer) 
($90,000 ! new in '78) over 5 years) 

DIRECT LOSS 

TABLE 6.11 

Economic Impact on Local Area 

7 people directly involved in 
manufacturing (10% of vr ork force) 
a t  $9,000 

Loss of 2 sterilizer operators 
a t  $8,000 



TABLE 6.12 

Impact of Using No Substitute (Annual): 

Company Loss of Product 10,000,000 

Loss of Capital Equipment 25,000 

Loss of Bldg. Utilization 
13,000 sq. ft .  at  $42/sq. ft. 
over 10-year cost 

- SUBTOTAL $10,571,000 

Economic Impact on Area (Annual) 

70 people at  $9,00O/ann. = 630,000 

ANNUAL TOTAL IMPACT = $11,201,000 



Another larger company has estimated that elimination of EtO 
-. 

would result in loss to  t he  health care  system of 18% of their 

sterile products having a 1977 market value of almost $25 . 
million. Most of this firm's remaining EtO sterilized products 

would be unmarketable for  one t o  four years for redevelop- 

ment, a t  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 A rapid rise in foreign-made EtO sterilized products t o  

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

market. 

A significant rise in unemployment in the medical 

device industry; 

Financial hardships and/or bankruptcy for many 

American medical de\.ice f irms. 

I t  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. - 



2. Impact Of Severe Restrictions 

The American Industrial Health Council (1978) recently esti- 

mated the cost t o  t h e  health c a r e  industry of assuring a 

workplace EtO exposure level of ten pprn and attempting t o  

reach levels of one pprn and less than one ppm. They 

estimated that  although t h e  selling price of EtO is approxi- 

mately $0.60/pound, the cost  for the  reductions would amount 

t o  nearly $4.00/pound. The  figures provided by the  AlHC study 

a re  shown in Table 6.13. 

TABLE 6.13 

Equipment 

Cost Increase Estimates ($ millions) 

Exposure Level 

1 pprn (at tempt)  Below 1 pprn (attempt) 

Capital Costs 18 20 20 

P.nnual Costs 50 51 92 

Differential Firs t  Year 16 
Operating Costs  

W e  submit that,  based on available data, this est imate is 

conservative and that  an increase of from $110 t o  $125 million 

would be needed to a t tempt  t o  achieve an  exposure level below one ppm, 

while an increase of $80 t o  $100 million would be necessary 

t o  achieve the  ten pprn level. 



To reach exposure levels of ten ppm, industry would have to  
- - 

either: (1) double or triple its investment in large sterilizers; or 

(2) design and procure dosed system aeration buildings and . 
equipment capable of holding millions of cubic feet of EtO- 

. treated products. 

Currently, industry has available approximately 75,000 cubic 

f ee t  of sterilizer capacity tha t  is generally used on a "round- 

the-dockw basis. After treatment, the  goods are  removed and 

aerated iri a quarantine area. If this procedure were no Ion-zr " 

possible, aeration would have t o  be done in the chamber which 

would require purchase and installation of a t  least 75,000 sq. 

ft. more sterilizer space. 

The cost to  purchase new sterilizers would be $10 miflion, 

while new facilities and controls would cost $7 million. It 

might cost industry in excess of $20 million to  design and 

install large dosed system aerators for EtO sterilized 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. 



F. MEDICAL IMPACTS OF ETO ELIMINATION 

A HIMA membership survey has identified the types of products tha t  

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-10 contains a list of the U5 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. 

Table 6.14 lists those items 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 a t  least 50% of the  sterile products currently 

manufactured by the health care industry. 



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. 



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-aortic 
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 
Cloves, examining 
Cloves, procedural 
Cloves, 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, disposable 
Tubes, endotracheal 
Tubes, connecting 1.V. 
Tubes, urine 
Tubing, drainage 
Tubing, PVC 
Valves, implantable 

TOTAL OF ALL PRODUCTS: 42 



'y VII. CONCLUSIONS , . . . .  
.. ~.. -. 

.- . - The evidence, data, and information submitted in this response dearly 

warrant dismissal of the RPAR proceeding and reregistration of EtO. 

It has been conclusively established that: 

EPA lacks jurisdiction under the Federal Environmental Pesti- 

cide Control Act of 1972 t o  control use of EtO as a medical 

device sterilant. Additionally, other agencies (FDA and OSHA) 

provide adequate assurance of the safe use of EtO in the-' 

health care field. 

Assuming EPA nevertheless asserts jurisdiction, this response, 

as supported by the attached materials and expert statements, 

conclusively rebuts the alleged human mutagenic and repro- 

ductive risks of EtO. Likewise, the fact that EtO does not 

accrue or persist in the environment makes the allegation of 

risk t o  non-target populations even more remote. Thus, only 

theoretical risks remain which a re  insufficient, ' based on 

current studies and data, to  support further regulatory action. 



Appendix A-9 

A L i s t  of  Items Sterilized b 
-Industry Fbnufacturer); 

t'~ccessories, pacemaker Bottles, lotion 

Accessories, ventilator, respiratory Bridges, ostomy 
care 

Brushes, surgical scrub, germicidal 
Adaptors 

Burrettes , chambers   cellulosic) 
Adaptors, lead, implantable 

Cannula, extracorporeal 
Adaptors, pacer t o  catheter 

Cannula, flexible, aspiration 
Adaptors, threshold 

Cannula, flexible w / W C  hose 
Airways, pharyngeal 

Cannula, infusion 
Alarm, low level blood 

Cannula, intlilvenous 
Apparatus, suction and drainage 

Cannula, uterine aspirator 
Applicators, metal and cloth 

Assemblies, needle 

Assedly, water safety 

Bags, drainage 

Bags, intest inal  

Bags, OR, plast ic,  drainage 

Bags, urinary, leg 

Balls, cotton 

Balloons, intra-aortic 

Bandages, adhesive 

Cans. bottle . . 
Caps, container 

Catheter, central venous pressure 

Catheters, cut down 

Catheters. Folev 

Catheters, intravascular 

Catheters, intravascular , subclavian 

Catheters. suction 

Catheters, urological 

Centrifuges 
Bandages, adhesive, spray (aerosol can) 

Circuizs, breathinp 
Bandages, gauze 

Clamps, cord, disposable 
Bells, circumsision 

C l m ~ r ,  flow w n t m l  (plastic) 
Bib, vaginal w/pouch 

Clamps, umbilical cord 
Blades, dermatome w Clamp, flow control (aluminum) 
Blades, knife, meniscus 
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Clips, ligating, hemostatic 

Clips, Raney 

Clips, skin 

Clips, wound 

Closures, tape, skin 

Collection systems, urinary 

Collectors, wound drainage 

Drapes, surgical 

Drapes, surgical, disposable 

Dressing, barrier, microporous 

Dressinp, surgical 

Droppcrs 

Electrodes, scalp 

Electrodes, EKG 

Components, blood pump Electrodes, surgical 

Cqonents  , oral feeding 

Components, plastic, dispensing 

Connectors 

Connectors, luer lock 

Connectors, tubing 

Connectors, urinary 

Containers, specimen 

Cover, Mayo stand 

Covers, burr hole 

Equipment, dialysis 

Fabrics, cardiovascular 

Film, surgical 

Fi l ter ,  biologic, pas l ine 

F i l t e r ,  blood 

F i l t e r ,  blood, dialysers 

Fil ters ,  industrial 

Fil ters ,  in-line , I.V. 

F i l ters ,  laboratory 

Cups, plast ic,  urine collection F i l t e r ,  vena cava 

Curvette, biopsy 

Devices, intrauterine 

Dializers 

Diapers, nursery 

Dilator, vessel 

Dishes, pet r i  

Flashballs, latex 

Generators, cardiac pacemakers 

Gloves, examining 

Gloves, procedural 

Gloves, surgeons 

Cams, OR, disposable 

Domes, disposable, transducer, Gowns, uniform 
blood pressure 

Guidewires, catheterization 
Drape, aperture 

Handles, plastic, uterine, aspirator 
Drapes, OR patient, disposable 
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b 
Heart leads, pacenraker 

Heart valves, prosthetic, bal l  

Heart valves, l'ow profile 

tioses, gas-vacuum 

Humidifiers, respiratory care 

Incubators 

Indicators, pacemaker 

Injection s i t e s ,  rubber 

Implants, orthopedic 

Implants, orthopedic, plast ic 

Instnnnents, suction 

Je l ly ,  lubricating 

K i t ,  hyperalimentation care 
L 

Kit, I.V. care 

Kits, anesthesia 

Kits, anesthesia, epidural 

Kits, blood gas s w l i n g  

Kits, catheter care 

Kits, hand scrub and prep 

Kits, intravenous placement 

Kits , intubation, emergency 

Lancets ,blood 

Leads, pacemaker 

Leads, pacing, pacemker 

Magnets, t es t ,  pacemaker 

k s k s  , surgical 
L ~. 

. . 
bkttresses , infant, incubator 

. -  .- - -. .. 
... - - --. - -=:-- 

Naukins, hospital, maternity 

Needles, dialysis 

Needles, hypodermic 

Needles, spiral 

Needles, surgical 

Nebulizers, respiratory care 

Oxygenators, blood 

Pacemakers 

Packs, drape 

Packs, g m  

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, anmiotic membrane 

Pins, safety 

Pipettes 

Pouch, cellophane 

Pouches, s te r i l e  products, hospital 

Pouches, s te r i l e  porduct , industry 

Poxer, Soyafluf 
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Prostheses 

Prostheses, middle ear 

Prostheses, vascular 

Protectors, wound 

Regulators, suction 

Reservoirs, blood 

Reservoirs, cardiotomy 

Samplers, microbiological 

Scalpels 

Screws, bone, disposable , 

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, I .V. administration 

Sets, mid-stream specimen collection 

Sets, premature, gauge 

Sets, suture removal 

Sets, tracheostomy care 

Sets, tubing 

Sets, tubing, cardiovascular 

Sets, urethral, catheterization 

Sheets, drape 

Sheets, burn 

Sheets, nursery, hasinet 

e 
Shunts, dialysis 

Shunts, Thomas 

Snares, nasal 

Snares, tonsil 

Sponses, eye 

Sponges, Cotton 

Sponges, gauze 

Sponges, laparotomy ,,S% 
.P .. g: 

Sponges, surgical !i+ ;.. .:. .. c.. . . a', . 
P. 

Stimulators, nerve z$. 

8- 

Stimilators, mcle J 

8 
Stimulators, neurologic 

Stopcocks 

e 
Stoplocks 

Stylers 

Sutures, stainless steel, Sur 

Swabs, cotton 

Syringes, hypodermic i' 
Syringes, unit 30% produe 

Systems, autotransfusion, di 

Systems, contraceptive, in 
pmgesterone 

Systems, in vivo kidney pel ..,.. 
8. .\ 

Tape, skin f ..., 

Tips, electrode \ 
i? 

$ e 
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L 
Tips, pipette, plastic 

Tips, surgical suction 

Tips, wound irrigation 

Towels, OR 

Trays 

Trays, catheterization 

Trays, irrigation 

Trays, microdilution 

Trays, plastic surgery, disposable 

Trays, premie gavage 

Trays, surgical 

Tubing, Pl'C 

Tubinp, silastic 

Tubing; reusable 

Tubing, silicone rubber 

Tubing, wound irrigation 

Valves, implantable 

Valves, one-way silicone 

Vessels, tissue culture 

Vials 

Vials, plastic 

Wrench, Allen, torque limited 

Tubes, endotracheal 

Tubes, airways L Total Products: 248 

Tubes, aspirating 

'Tubes, connecting 

Tubes, connecting I.V. 

'Tubes, culture 

Tubes, infant feeding 

Tubes, sampling 

Tubes, tracheostomy 

Tubes, urine 

Tubes, ventilation, otological 

Tubing, blood 

Tubing, disposable 

Tubing, drainage 

Tubing, polyethylene 
L 



APPENDIX A-LO 

Items Manufactured By One Or More Companies 
That Can Only Be Sterilized By EtO 

Accessories, Pacemaker 
Adaptors 
Adaptors, lead, implantable 
Applicators, cotton 
.4ssemblies, needle 
Bags, drainage 
Bags, urinary, leg 
Bags, OR, plastic, drainage 
Balls, cotton 
Bandages, adhesive 
Bandages, gauze 
Bib, vaginal wlpouch 
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, blood pump 
Components, oral feeding 
Components, plastic dispensing 
Connectors 
Connectors, luer lock 
Connectors, tubing 
Containers, specimen 
Cups, plastic urine collection 
Dialyzers 
D~apers, nursery 
Drape, aperture 
Drapes, OR, disposable 
Drapes, surgical, disposable 

Dressing, barrier, microporous 
Dressings, surgical 
Electrodes, scalp 
Electrodes, EKC 
Film, surgical 
Filter, blood, dialyzer 
Filters, industrial 
Filters, in-line, I.V. 
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Filter, vena cava 
Generators, cardiac pacemaker 
Cloves, examining 
Cloves, surgeons 
Gowns, OR, disposable 
Cuidewires, 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 
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Sponges, surgical 
Stimulators, muscle 
Stimulators, nerve 
Stimulators, neurologic 
Stopcocks 
Stoplocks 
Syringes, hypodermic 
Tape, skin 
Trays, catheterization 
Trays, plastic surgery, disposable 
Trays, surgical 
Tubes, endotracheal 
Tubes, connecting 
Tubes, connecting, 1.V. 
Tubes, infant feeding 
Tubes, tracheostomy 
Tubes, urine 
Tubing, blood 
Tubing, disposable 
Tubing, PVC 

L 

TOTAL PRODUCTS: 115 
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FOR THE ADXNISTRATOR 

U N I E D  STATES ENVIROXE?ITAL PROTECTION AGENCY 

L?ASHISGTO?l, D. C. 

- 

I n  Re: 
1 
) 

Eebuttable Presumption EPA DOCKET AD. OPP-30000 
Against Regis t ra t ion of 
Ethylene Oxide \ 

TESTIXONY OF 

WILLUlM G. MAIETTE, M.D., F.A.C.S., E.A.C.C., F.A.C.C.P. 

I res ide  a t  667 Parkuood Lane, Omaha, Nebraska 68132. I received my 

M.D. from Washington University St. Louis i n  1953. 

I an a Fellow of t he  Amsrican College of Surgeons, a Fellow of t he  

American College of Cardiology, and a Fellow of the American College of 

Chest Physicians. I am licensed t o  pract ice  medicine i n  the  s t a t e s  of 

Missouri, Kentucky, Florida, California and Nebraska. 

I have :1el3 professorships a t  the University of Kentucky School of Xedicine 

and the University Hospital, Jacksonville, Florida. I a m  presently 

Professor of Surgery a t  the University of Nebraska College of Eedicine 

and Creighton University School of Med~cine, Omaha, Nebraska. 

I am a past  president of the Association f o r  the Advancement of :.ledical 

Instrumentation, and have been act ive i n  the  standards f i e l d  f o r  the 

past 12 years,  both domestically and internat ional ly .  

I have done research i n  surgery end aerospace medicine, supporied not 

only by the Armed Services but by the National I n s t i t u t e s  of Health. 1 

have had a number oE surgical  res idents  go on t o  productive careers i n  

academic medicine, research and the mi l i t a ry  services. 



Appendix 8-7 Caqtinuerl 

5. I have been a Consultant t o  the United S t a t e s  :'.my and the United 

S t a t e s  Pub l i c  Health Service. A s  can be seen by a' a t t ached  

curricu1;lm v i t a e ,  I am a member of a number of o the r  organiza t ions ,  

and I have published a number of papers and produced s c i e n t i f i c  

n o t i o n  p ic tu res .  I have been a consul tant  i n  medical f a c i l i t i e s  

des ign  f o r  t h e  pas t  15 years  and have a s s i s t e d  i n  the  des ign  and 

c o n s t r u c t i o n  of one complete hosp i t a l .  

6. It i s  my opinion t h a t  a s a f e  s u b s t i t u t e  f o r  Ethylene Oxide s t e r i l i -  

z a t i o n  has no t  been found. By t h e  use o f  t h i s  mode, numerous 

advances i n  medical science have been poss ib le .  A glance a t  appendix 

A of t h e  Federa l  ~ e g i s t e r ,  Friday Januazy 27, 1978, P a r t  111, ( e n t i t l e d  

Ethylene  Oxide r e b u t t a b l e  presumption) w i l l  r evea l  t h a t  i t e s s  l i s t e d  .+ .* I 
i nc lude  a wide spectrum of medical and s u r g i c a l  apparatus t h a t  i s  

a b s o l u t e l y  necessary t o  the  p r a c t i c e  o f  present  day medicine and 

surgery .  I make p a r t i c u l a r  reference t o  implantable p r o s t h e t i c  I 
devices .  No examples a r e  given i n  t h i s  p a r t i c u l a r  appendix; however, 

''T> .. .-. 
t h e s e  inc lude  such items a s  ca rd iac  pacemakers. Without Ethylene Oxide . .. , - ... .... a :,. . .. 

, , :y; 
s t e r i l i z a t i o n  t h e  e l e c t r o n i c  components, l i t h ium iodide  b a t t e r i e s  and . , -.-.. ., .. ..jr. 

.z ::,we : s.* 
.j.* 

connect ions t o  these  pacemakers w i l l  n o t  withstand any o t h e r  form of . . .-.. . -. q.. . . . . . 

s t e r i l i z a t i o n .  I n  t h i s  one i tem a lone ,  many l i v e s  w i l l  be put i n  .. L. -,-.1 
. . 

jeopardy s i n c e  pacemakers w i l l  no t  then  b e  ava i l ab le .  One could go 
. .  ..- 

down t h e  e n t i r e  l i s t  t o  include a l l  manner of s u r g i c a l  s u p p l i e s  developed ..::g+ .... 1 
. .:-,. -.,..,. 

-7 

by t h e  p l a s t i c s  indus t ry  t h a t  w i l l  not s tand heat  o r  steam s t e r i l i z a t i o n .  --.- ..< -. - - 
' 

I, furthermore,  f e e l  t h a t  t he  only c o n s t r a i n t s  placed on Ethylene Oxide -.:G.*? . .-.w?.J -- 
. ......;.. - - . .. w-' . .. 

i n  t h e  medical  f i e l d  should be i n  the  form of gu ide l ines  i n  i t s  use.  
, . .-*L - , . -- ..=-& - .  

I-.- 

7. A t  t h e  p rcsen t  time i t  is obvious t h a t  t h e r e  i s  no s u b s t i t u t e  f o r  t h  

form of  s t e r i l i z a t i o n .  I am c e r t a i n  t h a t  if a l l  the i tems present ly  

U-16I1 
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s t e r i l i z e d  by t h i s  means aod not s u i t ~ b l e  for  sterilization by any 

other means were t o  disappzar from our arna3entari.m. we would have 

stepped back 30 years i n  the practice of m?dicine and surgery i n  t h i s  

country. Such act ion would be the most retrogressive a c t  t h a t  could 

be taken by any regulatory body. 

8.  It i s  recognized by a11 cancerned that  Ethylene Oxide is a dangerous 

ct;emical. However, numerous other  dangerous chemicals a r e  used every 

day without harm t o  the personnel using them, provided propsr pre- 

cautions a r e  taken. Gasoline i t s e l f  is an ex t ramly  hazardous substance 

t h a t  can quickly lead t o  loss  of l i f e .  However, i t  i s  used every day 

with only the rea l iza t ion  of a l l  individuals t h a t  precautions must be 

taken i n  i t s  handling. 

9 .  Volrrntary guidelines have been develope.' f o r  t he  use of Ethylene Oxide 

and i t s  raaoval from any mater ia l  by proper aeration.  With the education 

of personnel using t h i s  mater ia l  and s t r i c t  adherence t o  already known 

guidelines t h i s  should be a sa fe  method of s t e r i l i z a t i o n  without undue 

r i s k  considering rho benef i t s  gained from i ts  use. 

10. I, therefore,  recommend t h a t  no federal  regulation be designed o r  enacted 

which could i n t e r f e r e  with the flow of surgical  ins t rmentac ion  t o  our 

operating r o w s  and t o  our wards. It would sees  t o  ae t h a t  the Environ- 

mental Protect ion Agency should exercise its regulatory powers no f a r t h e r  

than t o  guarantee that  equipment used i n  t h i s  method be properly constructed 

and tha t  personnel using i t  be educated to  i ts  hazards. Under no 

circumstances should Ethylene Oxide s t e r i l i z a t i o n  be eliminated a s  a 

s t e r i l a n t  a t  t h i s  time. 
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l J i l l i a n  G. Malette,  M. D. 
Veterans Administration Bospital  

4101 W o o h r t h  Avenue, maha ,  Nebraska 68105 

?EXSC?UL BTSTCR'I: 

Date of  b i zc i :  Xarch 27, 1922 

Place  of b i t t :  Springfield, Missouri  (Greene County) 

EDUCATION : 

Dmry College, Spr ingf ie ld ,  Missouri  
Zresno S t a t e  College, Fresno, Ca l i fo rn i a  
Washington Dcivcrs i ty ,  St. Louis, Missouri  

GRADUATE: ROSPITXL CLIISICAL WDCT-n'CE: 

Inte-m, L e t t e n a u  Amy Bospi ta l  
Assiscant  Resident, Denver VA Hospi ta l  
Resident, Decver VA Hospi ta l  

XCADZ.l?.C APPOI?Tf-EXTS : 

Chiaf, k p e r J a e n t a l  Surgery Departsent 
School of Aviation Medicine 
Brooks A i r  Force Base, Texas 

Chief, Unit  11, General Surgery S e r d c e  
Wilford H a l l  USA2 Hospi ta l  
~ a c k i a n d  A i r  Force Base, Tesas 

Associate  Professor  of Surgery 
Univers i ty  of Kentucky Xedical  Center 
Lexington, Kentucw 

Chief, Surg ica l  Service  
VA Hospi ta l  
Lexington, Keztucky 

Chief o f  S t a f f  
VA i iosp i ta l ,  Cooper Drive Division 
Lexington, Kentucky 

Associate  Dean f o r  VA Af fa i r s  
Univers i ty  of Kentucw Xedical  Center 
Lexington, Kentucky 
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Professor of Surgery 
University of Kentucky Medical Center 
Leufagton, Kentucky 

Chair;~an, Eiergency Medical Services ' 
University Eospital of Jacksonville 
Jacksone l le ,  Florida 

Professor o f  Surgery 
University Easpital  of Jacksonville 
JacksonvFlle, Florida 

Thoracic sad Cardiovascular Surgerp 
Fort Myers, Florida 

Director, Ee rgmcy  Medical Services 
Kern Medical Center 
Bakersfield, California . 

Chief, S u r g i d  Service 
VA Hospital 
h a h a ,  Nebraska 

Professor of Surgery 
Creighton University 
School of Medicine 
-a, Nebrash' 

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

Sta te  of Missouri 
Sta te  of Kentucky 
Sta te  of California 
Sta te  of Florida 
State of Nebraska 

Amezican Board of Surgery 
American Board of Thoracic Surgery 
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Vice Chat--2, Bioaedical  Engineering Comaittee 
k e r l c a n  College of Chest Physicians 

X P s e t ,  Xedical  Devices Committee 
!..er',ca3 College of Surgeons 

CPa;ai?a, LLXI C-ittee on Gxygenator Standards 
( h e ? - c a  College of Cardiology Representative) 

C S a i z = r ,  >ter=ational Standards O r p n i z a t i o n  Subc-ittee 
on P a c e d c e r  Standards 

U.S. A k  Tor t e  Training Comaad 
U.S. A i r  F o r t e  Transport  Comand 
U.S. A i r  Force Xedical  Corps 
U.S. Navy X a e n e  Kedical  Corps 

Wilford %I1 US= Hospi ta l  
Lackland Air Force B a s e  
San .Antodo,  Texas 

VA Hospi ta l  
L e ~ h g t o n ,  Kenr~cky  

U n i v e r s i q  of Kentucky Medical Center 
L d n g t o n ,  Kentucky 

St. Joseph 's  Hospi ta l  
L a h g t o n ,  Kentuckp 

Centzal B a p t i s t  Hospi ta l  
Lesbgton, Kentucky 

Cn ive r s i t y  Eosp i t a l  of J acksonv i l l e  
Jac!a on+?lle, F lo r ida  

Fo;: Xyers C o r u n i t y  Hospi ta l  
Fo r t  Hyers, F lo r ida  

Lee Y e o r i a l  Hospi ta l  
l o r e  w e n ,  F lo r ida  

Z e n  Medical Center 
a a k e r s f i e l d ,  Ca l i fo rn i a  
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VA Hospital 
Omaha, Nebraska 

Universit7 Bos p i t a1  
Univezsiq  of Neotaska 
*ha, Xebraska 

Creighton il-rial - St. .iosep'n8s Eospi:aL 
-ha, Nebras'k 

SOCIETY tlEmrn~,T: 

Society f o r  Thoracic Surgery 
Asaeriean Xedical Assochtion 
Fellow, Aneztcan College of Surgeore 
International  Cardiovascular Society 
Central Surgical Society 
American AssocFation f o r  Thoracic Surgery 
Souehern Thoracic Surgical Association 
Fellow, Apadcau College of Cardiology 
Pan-Pacific Surgical Association 
Fellow, American College of Chest Physic4has 

Consultant, General and Thoracic Surgerp 
Ireland A a y  Bospital 
Fort Knox, Kentuckp 

Consultant, General and Thoracic Surgery 
Public Eealth SerpLce, Clinical  Rcsearctr Center 
Leuhgton, Kentucky 

Consultant, Medical S y s t e u  Technical Se-%es, Inc. 
Los Angeles , California 

Past President, Association of VA Surgeocr 
Past President, Association for  the Advacena t  of Medical 

Ins tnamcntation 

L I S m  

k h ' s  Who in the  South and South~eot  
h e r i c a n  Hen and Women of Science 



FOR THE ADMINISTRATOR 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, D.C. 

IN RE: 
Rebuttable Presumption 
Against Registration of 
Ethylene Oxide 

EPA DOCKET NO. OPP-30000 

TESTIMONY OF 

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

1. I reside at 5142 Braesvalley, Houston, Texas 77096. I received 

my B.S. degree from Wayland College in Plainview, Texas in 1960 

and my M.D. from Baylor College of Medicine in 1964. I finished 

my residency in General Surgery in 1971 and my residency in 

Thoracic Surgery i n  1973, both at Baylor College of Medicine in 

Houston, Texas. In 1972 I was certified by the American Board 

of Surgery and in 1974 I was certified by the American Board of 

Thoracic Surgery. 

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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For the Administrator " U.S . En-- Protebdon A- 

of Surgery a t  the Ben Taub General Hospital where Doctor Michael 

E. DeBakey i s  Chief of Surgery. I am actively involved in the 

surgery of patients who have cardiovascular, thoracic and trauma 

pro bl ems. 

3. I have been actively involved in the Association for  the Advancement 

of Medical Instrumentation since 1973. T h i s  association, deeply 

involved in medical device legislation, in scientifi  c sessions 

as they re la te  t o  patient safety, i s  a unique interface of 

physician users, paraphysician users, biomedical industry, bio- 

medical engineering and representatives from F.D.A. The volun- 

tary consensus standing comnittees of AAMI now number 28 and have 

been very active in working w i t h  multiple organizations as they 

re la te  to consumer safety. For the l as t  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 a l l  of the standards comnittees of AAMI 

have some piece of equipment o r  their  entire device requiring 

s ter i l iza t ion.  Many of these contain elements which make them 

unacceptable for  steam sterilization or high temperatures. 

5. I have been the author of multiple scientific publications and 

chapters in books and am on the editorial board of several 

journals (see curriculum vitae). 

6. I have read the Federal Register, Friday, January 27, 1978, 

vol . 43, 819), pp 3800-3815. I am impressed with the ex- 

extensive sc ient i f ic  material which i s  reported. As pointed 
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For the Administrator 
U.S.  Environmental Protection Agency 

out on pp. 3811, there are a large number of classes of items 

t h a t  a r e  presently s te r i l i zed  w i t h  Ethylene Oxide within the  

hospital o r  health care f a c i l i t i e s .  Many of these items are 

of absolute necessity for both emergency and elect ive  surgery. 

To remove these items from the avai lable  l i s t  of s t e r i l e  

equipment would cr ipple  the  health care  industry and r e su l t  

i n  l i t e r a l l y  millions of unnecessary deaths or complications 

in pat ients  annually. The non-availabil i t y  of devices, 

equipment, and instruments which can only presently be 

s t e r i l i z e d  with Ethylene Oxide would s e t  medicine and surgery 

back t o  the pre-antibiotic era and would negate most of the  

advances which have been made i n  the l a s t  one-half century. 

7 .  I t  i s  recognized tha t  a l l  advances i n  science carry a r isk-  

benef i t  ra t io .  Regardless of the  medication or  instrument, 

a misuse of t ha t  equipment, device, drug, o r  chemical might 

r e s u l t  in some injury. This statement applies t o  medications 

a s  simple as aspirin or  devices a s  complex as a t o t a l l y  i m -  

plantable a r t i f i c i a l  heart.  The tabulation of metabolic, 

oncogenic, teratogenic, hematologic, e tc .  e f fec t s  of any 

medication, device or  chemical is important from a sa fe ty  

standpoint and helps a l l  of us develop standards fo r  the  Y;..  .- ... . . . .. . - . . .:.+ - . 
protection of personnel and pat ients .  The mere s t ipulat ion . .. . .-. . -- .. .. .-.- .. . . . , - . ". 

of a potential  hazard should not, however, preclude i t s  
..-a> . .. ... -.X7 .. . . ,;, .- . . "L.*-.7 

safe  use. To remove an item, drug o r  chemical, merely be- .- . ,.< ,& *. .. 
. .  . -&.;$.. 

cause i t  might a t  some time be used unsafely i s  ingoring 
-.- .....- . ... . , . ;.- 
. -  A W i .  

;; ..-:;7-- .- 
'. eL- 

n i 7r .. . .+% . .. .. 
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'- For the Administrator 
U.S. Envi,ronmental Protective Ageney 

the overwhelming evidence of i t s  usefulness and efficacy when 

used within the safety and standard bounds which are s e t  by 

consensus among federal agencies, users ,and industry. Therefore, 

logic as i t  applies to  the removal of Ethylene Oxide from the 

market, one must respond that yes, Ethylene Oxide is good i n  

that i t  provides safe sterilization t o  items which are t o o  

delicate t o  be s te r i l  ired by heat; yes, Ethylene Oxide does 

have some hazards i f  used incorrectly; yes, there have been 

reports of .some accidents o r  misuse. However, these l a t t e r  

two statements become true, true and unrelated i n  regard t o  

conclusions in the Federal Registry that one must consider 
L 

withdrawal of Ethylene Oxide in order to protect consumers, 

manufacturers and users from potential hazards. 

8. I strongly support the contention that until a suitable, efficient 

reliable, safe substitute i s  found for Ethylene Oxide that  we 

should continue to  use Ethylene Oxide in our hospitals for the 

steri l izat ion of equipment which cannot withstand the heat 

of steam steri l izat ion.  I further strongly recommend that the 

only constraints that should be placed upon the registration 

of Ethylene Oxide should be i n  the form of guide1 ines on how 

and by whom i t  should be used. 

9. 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. 
ii 



For the  Admin i s t ra to r  
U.S. Environmental P ro tec t i ve  Agency 

Persons who are  knowledgable i n  these gu ide l ines  and have 

demonstrably approved education and t r a i n i n g  s k i l l s  should 

be used f o r  t h i s  method o f  s t e r i l i z a t i b n .  

10. 1, t he re fo re ,  conclude w i t h  the  st rong recommendation t h a t  

abso lu te l y  - NO federal  regu la t i on  be designated o r  enacted 

which would l i m i t  the  normal f l ow  o f  surg ica l  instruments 

t o  ou r  opera t ing  rooms, t h e  normal a v a i l a b i l i t y  o f  implantable 

devices such as pacemakers, etc.  o r  the  normal a v a i l a b i l i t y  

o f  i tems such as micropore f i l t e r s ,  catheters,  and the  l i k e  

which are  used i n  emergency centers around the  country  f o r  t h e  

care o f  emergency and e l e c t i v e l y  t rea ted  pa t i en ts .  It i s  

recommended t h a t  the Environmental P ro tec t i on  Agency, t h e  

Department o f  Heal th,Education and Welfare, and the  Food 

and Drug Admin i s t ra t i on  work together  t o  exerc ise  i n  t h e i r  

r e g u l a t o r y  powers no f u r t h e r  l i m i t a t i o n s  t h a t  t o  guarantee 

t h a t  equipment used i n  t h i s  s t e r i l i z a t i o n  method (Ethylene 

Oxide) be app rop r ia te l y  constructed t o  conform t o  the  gas 

and t o  secure i t s  proper vent ing. They could a l so  r e s p o n s i b l ~  

r e q u i r e  t h a t  vo lun tary  consensus guidel ines f o r  the  use o f  

Ethylene Oxide become mandatory. Under abso lu te ly  no c i r -  

cumstances should the aforementioned agencies l i m i t  the present - 
use o f  t h i s  tremendously important gas which i s  so v i t a l  t o  the  . . ...-. . .. . ."... .. - - - - .. . .. .... 

presen 

KLN:mka 

t care o f  our pa t i en ts .  

R - 1  

- 
Kenneth L. Mattox, M.D., F. 
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CURRICULUM VITAE 

KENNETH L. MAlTOX, M.D. 

NAME 

ADDRESS 

OFFICE ADDRESS 

B IRTHDATE 

BIRTHPLACE 

CIVIL STATUS 

EDUCATION 
L 

Col 1 ege 

Medical School 

Internship 

Residency 

Kenneth Leon Elattox 

51 42 Braesval 1 ey 
Houston, Texas 77096 

1200 Moursund Avenue 
Houston, Texas 77030 

October 25, 1938 

Orark, Arkansas 

Married 
One Child 

Wayland Coil ege 
Plainview, Texas 
B.S. Degree 

Baylor College of Medicine 
Houston, Texas 
M.D. Degree 

Ben Taub General Hospital 
Houston, Texas 

Baylor College of Medicine 
Affiliated Hospitals 
Houston, Texas 
General Surgery 
Thoracic Surgery 

MILITARY SERVICE U.S. Army Medical Corps 
Flight Surgeon, Captain 
Assigned: U.S. Army Board 
for Aviation Accident Research 

Special Appointment: Aeromedical Consultant 
b Department of Army 

Natick Laboratories 



LICENSURE 

Texas State Board of Medical Examiners, August, 1964 
American Board of Surgery, February, 1972 
American Board of Thoracic Surgery, January. 1'974 

HONORS AND AWARDS 

Who's Who in American Colleges and Universities 

Texas College Academy of Science 
Northwest Regional Director 

Certificate of Proficiency 
Texas Academy of Science 

Alpha Chi National Collegiate Honorary Society 

Signa Tau Delta National Writer's Society 

Citizenship Award 
Outstanding Graduating Senior 
Way1 and College 

Participant - NATO - Advisory Group 
for Aerospace Research and Development 

Legion of Merit - Presidential Citation 
Outstanding Young Men of America 

Outstanding Personalities of the South 

Vice President, Baylor College of Medicine 
House Staff Association 

Citation of Achievement, Wayland College 

Two-Thousand Men of Achievement 

Dictionary of International Biography (England) 

AM Physician Recognition Award 

AMA Physician Recognition Award 

American College of Chest Physicians' Most 
Outstanding Motion Picture 

Certificate of Appreciation, American College 
of Emergency Physicians 



'u' MEMBERSHIP - PROFESSIONAL ORGANIZATIONS 
American College of Surgeons 
American College of Emergency Physicians 

Board of Directors, Texas Division 
American Medical Association 
American Trauma Society 

Founding Member; Secretary (1 974). Vice President (1 975) - Harris Unit 
President, Texas Division, 1975-76; State Board of Directors 
National Board of Directors 

American College ot Chest Physic~ans 
Association for Academic Surgery 
Association for the Advancement of Medical Instrumentation 
Harris County Medical Society 
National Association of Residents and Interns 1964-1 975 
Student American Medical Association 1960-64 
University Association for Emergency Medical Services 

Program Chai man, 1976-79 
International Coll ege of Angiology .& 
Southwestern Surgical Congress 
American Col 1 ege of Cardiology 
International Cardiovascular Society, North American Chapter 
Texas Medical Association 
American Association for the Surgery of Trauma 
Houston Surgical Association 
Texas Surgical Society 
Pan Pacific Surgical Association 
Michael E. Deaakey International Cardiovascular Society 
Society of Thoracic Surgery 
Society of Vascular Surgery 
Southern Thoracic Surgical Association 
Pan American Medical Association 

MEMBERSHIP IN OTHER ORGANIZATIONS 

Texas Collegiate Academy of Science, 1956-60 
Texas Academy of Science. 1959 
Aerospace Medical Association 
Disaster Physician, Harris County Sheriff's Department 

TEACHING EXPERIENCE 

Instructor 

u Lecturer 

Way1 and Col 1 ege 
Biology 

Mechanisms of Crash Injury 
Flight Safety Foundation 
Crash Investigators School 



Lecturer 

Lecturer 

U.S. Army, Aviation Safety 
Officer's Course 

U.S. Army Aircraft Accident 
Investigator's School 

"Physiologic Aspects of Aircraft Accidents" 
"The Flight Surgeon in Aircraft Accident Investigation" 
"Crash Safety Concepts" 
"Mechanism of Crash Injury" 

Fl ight Safety Foundations, Aviation 1966 - 1967 
Safety Engineering Research 

Lecturer 

"Mechanism of Impact Injury" 

Assistant Instructor General Surgery 1967 - 1971 
Department of Surgery 
Baylor. College of Medicine 

Assistant Instructor Thoracic Surgery 1971. - 1973 
Department of S~rgerY 
Baylor College of Medicine 

Instructor Department of Surgery 1973 - 1974 
Baylor College of Medicine 

Department of Surgery 1974 - present 
Baylor College o f  Medicine 

Assistant Professor 

HOSPITAL AFFILIATIONS 

Ben Taub General Hospital 
Deputy Surgeon-In-Chief 
Director, Emergency Surgical Services 

Texas Institute for Research and Rehabilitation, Houston, Texas ,.:,,:a 
Surgical Consultant . . -. 

. -1: 
A?. 

Veterans Administration Hospital, Houstor~, Texas 
Surgeon Attending 

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

Methodist Hospital, Houston. Texas 
Active Staff 

B-182 



ADDITI0:lAL BIOGWPHICAL DATA 

Member, Editorial Advisory Board fo r  EMERGENCY MEDICINE 1976 - Present 

Disaster Medical Care Zone One Coordinator, State of Texas, 1976 - Present 
Governor's Division of Disaster Emergency Services 

Editorial Consul tant ,  JOURNAL OF. TRAUMA 

Editorial Consultant, CHEST 

Associate Editor- Thoracic Trauma, CURRENf CONCEPTS 
IN TRAUMA CARE 

North American Vice President of Pan American Medical 
Association's SECTION ON TRAUMATIC SURGERY 

w 

1976 - Present 

1976 - Present 

1977 - Present 
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COMMITTEES 

Emergency Department Design and Function, The University Association for 
Emergency Medical Services , 1974-75 

Emergency Medical Services Committee, Harris County Medical Society 

Chairman, Hospital Subcornittee, Emergency Medical Services, 
Harris County Medical Society 

Disaster Subcommittee, Emergency Medical Services Committee, 
Harris County Medical Society 

Emergency Care Committee, The Greater Houston Hospital Council 

qedical Students Admissjon Comnittee. Baylor College of Medicine 

Chairman, Emergency Room and Outpatient Committee. 
Harris County Hospital District 

Transfusion Committee, Harris County Hospital District I 

Chairman, Clinical Department Heads Comittee, Harris County Hospital District 

Utilization Review Committee, Harris County Hospital District 1974-75 I 
Nurse-Physician Committee, Harris County Hospital District I 

Infectious Disease Colanittee, Harris County Hospital Distr;ct I 
Research Comnittee, American College of Emergency Medicine I 

Chairman, Program Committee, University Association for Emergency Medical Services 

Chairman, American College of Surgeons South Texas Committee on Trauma 

Emergency Medical Services Comittee, Texas Medical Association 

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

. .. 
Chairman, Comnunity Services Comnittee, American Trauma Society, 1975-76 

' ::. . -- ... 
i.-- . .. 

i .L  .-- 
Robert Wood Johnson Grant ad hoc Committee, Baylor College of Medicine ..,... . .. 

. ;:.3 
Allied Health Manpower Development Comnittee, Baylor College of 

:. :xi? 
:- "- 

Medicine 

Program Comnittee, KOPPA Pulmonary Conference, 1974-present 

Executive Committee, American Trauma Society,l975 - present . . .. .. 
- .". '...<..C%W 
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COi.:liITTEES (C0;:TII;UCD) 

'ci 

AMROC Comnittee. Baylor College of Medicine 

American Association of Medical College's Education Review Comnittee 

Curriculum Comittee. Baylor College of Medicine 

Medical Advisory Board, Occupational Therapy, Texas Womens University 

Chairman. Blood Filter Standards Comnittee, Association for the 
Advancement of Medical Instrumentation 

Comittee on Pulmonary Surgery, American College of Chest Physicians 

Chairman, Categorization Subcomnittee, EMS Comnittee of Houston-Galveston 
Area Council 

Budget and Finance Committee. Southwestern Surgical Congress 

Executive Committee, University Association for Emergency Medicine 

Medical Co-Chairman, Board of Standards Comnittee for Association for 
the Advancenent of i.ledical Instrumentation 

Utilization Review Committee, Texas Institute of Rehabilitation and - Research 

Steering Committee, American College of Chest Physicians 

PUBLICATIONS: 

73 articles on surgical procedures, techniques, cardio- 
vascular devices and treatments, operative management of 
pathological conditions, and treatment of traumatic conditions 
through surgical intervention. 
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E N V I R 0 N ENWRONCorpadfion 
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: 

W I R O N  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 
regulatory context. A brochure describing our firm is attached 
herewith. 

Last year, ENVIRON was retained by McCormick and Company, Inc. to 
examine independently 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 EtO 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 Mill. 1000 Potornac St.. N.W. 
Washington. D.C. 20007 - (202) 337-7444 
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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 
Air Resource Board's consideration, those reports which are as 
follows : 

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. 

o 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 believe 
that estimate is erroneous. 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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V 
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 EtO carcinogenesis in 
humans. In only two studies (not five) was the excess cancer 

L~ 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. 

L 
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I. INTRODUCTION 

u Presently McCormick and Company fumigates spices with ethylene oxide 

(EtO). McCormick's Schilling plant at Salinas, California. conducts such 

fumigations on a regular basis and. as such, releases into the ambient air 

approximately 57 pounds of ethylene oxide daily. 

The Monterey Bay Unified Air Pollution Control District, which has 

regulatory jurisdiction over the plant, has fioposed 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 konclusion reached by the California Department of Health Sqrvices 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 dispersion 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 Environ to 



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

that the State had used. 

Exposure was 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 U1. height of the main stack to 

approximately 50 feet. This report presents in Section IV the results of 

EMIIBOll's modeling of air concentrations in the areas surrounding the 

Schilling plant and estimates the concentrations anticipated in neighboring 

connunities, with a description of the uncertainties that surround those 

estimates. The model used to derive these estimates is described in Section 

111 and the data used in the model are presented in Section 111. 

11. 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 

selected 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-termor climatological model which uses joint 

frequency data of wind speed, wind direction, and atmospheric stability class 



to produce annual or seasonal ambient air concentrations around the emission 

points. Since the annual average exposures to EtO emissions were of primary 

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

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 interest 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 long-term 

version, ISC calculates concentrations at a given receptor for a complete 
'L 

range of meteorological parameters and the results are then weighted according 

to the frequency of occurrence of these parameters at the location under 

study. thus forming an average concentration for the period of the frequency 

data, e.g., one year. 

111. INPUT DATA 

1. Meteorolosical and To~oqravhic Data 

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

local meteorological and topographic conditions. The required meteorological 



joint frequency data were obtained from the National Climatic Data Center. 

The best fI%quency 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 afternoon mixing height. 

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

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

conditions were incorporated in the model simulation according to procedures 

set out 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., 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 

emiseions 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 ft. and an average cross-sectional dimension of 27 ft. The 

effective releane height for this source was 18.5 ft. The exhaust from all 



other stacks was assumed to emanate from the second volume source of height 

22 it. and an average cross-sectional dimension of 95 ft. The effective i 
release height 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.. unaffected by building 

downwash effects, at a height of 48 ft. above grade. It should he noted that, 

in all simulations, no credit has been taken for any plume rise due to 

buoyancy or momentum of the exhausts. 

3. Receptor Data 

T ~ B  final set of input data concerns the locations of the receptor points 

'-bd 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 to 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 between 2 km and 

5 km. Receptors along each radial arc w-re 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. 



IV. ESTIMATED EXPOSURES 

1. Dispersion Factors 

Using the ISCLT model the annual average patterns of concentrations at 

ground level were estimated for a unit emission rate (1 q/s) from each of the 

three source groupings identified above, i.0.. for stack6 1 through 16. 17 

through 23, and for stack 20, if raised, respectively. The maximum estimated 

concentrations at distances of 60 m and 300 m'from the plant and the critical 

receptors are identified below in terns of dispersion factor expressed in 

pq/m3 per g/s: 

DISPERSION DISPERSION 
FACTOR AT FACTOR AT 

6Om 300111 DIRECTION TO 
SOURCE GROUPING ~pg/m'/u/s) ~p~/m'/q/~) CRITICAL RECEPTOR 

1. Stacks 1 - 16 120 22.9 E 

2. Stacks 17 - 23 3 10 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. reflect the predominance 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 he, reflecting the 11.9% of the time when winds blow from the 



ESE. However, it is important to note that these frequencies, and the 

frequency data available from input to the ISC model in this study, were based 

L 
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 westerly component would be more 

likely to occur in the day, and winds with easterly colnponents would be more 

likely to occur at night. This is the expected consequence of sea breete and 

valley flow effects in this area. Although the necessary wind direction 

frequency analysis for Salinas, stratified by time of day, was not readily 

available to confirm the presence of this phenomenon. Such an analysis was 

obtained for Monterey. This was based on seven years (1973 through 1979) of 

L observations at Monterey Peninsula Airport. about 15 miles WSW of Salinas. At 

Monterey, E and ESE winds were particularly prevalent during the night in all 

seasons except swnner. Typical frequencies of occurrence were between 10% and 

20% for both these directions, even though they occurred only 3.1% and 2.2% of 

the time. respectively, on an annual average. round-the-clock basis (compared 

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

The above indicates that a significant correlation exists between wind 

direction and time of day at Salinas and. therefore. between wind direction 

and plant emissions. Since there are no emissions at times when a 

disproportionate frequency of easterly winds would occur. use of the round- 

the-clock wind data with the dispersion model would tend to overestimate 



concentrations to the west of the plant and underestimate 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 offset by the conservative 

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 meteorological data. However. it ia expected that 

a factor of 1.5 applied to the maximum concentrations estimated by the model 

would provide reasonably conservative exposure estimates. Further examination 

of this question would be needed if exposures calculated on this basis 

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

2. Estimation of Ethylene Oxide Concantrations 

To estimate the concentrations of ethylene oxide (EtO) resulting from 

actual plant emissions, a two step process was undertaken. First. for each 

source grouping, EtO concentrations were estimated at downwind receptor 

locations by multiplying the unit emission 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 emissions of EtO were for two types considered in the modeling of 

plant operation: plant ventilation emissions and chamber missions. Plant 

ventilation emissions are continuous over the 17 hour operating day and occur 

through stacks 1 through 19. Chamber emissions are associated with the 



fumigation process and include four exhaust systems: primary exhaust 

emissions (stack 21): secondary exhaust (stack 23): auxiliary exhaust (stack 

b 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 

release cases. 

The first case 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.). Emissions 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 did 

case one, with modifications of the emissions due to the DEOXX system. The 

D E m  system would be designed to handle the EtO load from the aqueous 
L 

discharges generated in the fumigation process as well as the air emissions 

from the primary and auxiliary exhausts. The system will provide at least a 

99.99 reduction in the EtO emissions from these sources. 

The third release case consisted of three source groupings: stacks 1-16 

(effective release height of 18.5 it.): stacks 17-23 (effective release height 

of 18.5 ft.): stacks 17-23 (effective release height of 11 ft.) excluding 

stack 20; and stack 20 (effective release height of 48 ft.). Emission 

reductions due to the DEOXX system were also included in this case. 



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 q/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 presented in Appendix 8. 

Chamber emissions due to the fumigation process were calculated based on 

data obtained from a mass balance of Et0 (conducted by McCormick and Company 

in 198s) during a complete fumigation cycle. As fumigation in the chamber 

occurs four times 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 gls for multiplication by the appropriate unit emission factor. 

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

Appendix 8. 

The results of the analysis are presented 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 EtO concentrations 

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

through 3, respectively. 

3. Population Exuosures 

In an effort to determine the significance of the predicted EtO 

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



TABLE 1 

E t O  Concentrations 

Downwind Distance 

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 0.0005 



area of concern was chosen to be that within the 0.11 pg/m' isopleth in 

Case 3. This is based on the belief that an EtO concentration of 0.11 

pg/m' translates into an estimated cancer risk which is acceptable in a 

regulatory 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 people, This estimate is based on a visual 

inspection and a review of the city's Industrial Guide. 

A visual inspection of the area also indicated two inactive and five 

active migrant labor camps. Each of the five active camps contains 90 

one-bedroom units. The two inactive camps each contain 80-100 one-bedroom 

units. 

Based on the above, it is conservatively estimated that betveen 3.000 to 

3,500 people may be exposed to concentrations of EtO in excess of 0.1 

pq/m1 due to emissions from the McCormick facility. The industrial 

workers w u l d  be exposed for no more than 8 hours per day, 5 days per 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 to 200. 









V. CONCLUSIONS 

As. indicated in the discussion of unit emission rates. the pattern of 

highest concentrations predicted by the air modeling is predominantly to the E 

and ESE of the plant and'to a lesser extent to the WNW. There is, however. 

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 comercia1 areas of Salinas are located. More specifically, 

-. 
the following conclusions can be reached: 

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

2. The predicted annual average concentration at the nearest residence 
which is located approximately 300 m east of the plant. is 12 
pg/ml under current operating conditions. e 

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 pldnt are exposed. are in the range 1-2 pg/m3. 

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

5. 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 DEDXX system and raising of the 
aeration stack, the sspossd population within an area encompassed by 
the 0.11 mg/m3 150 isopleth was estimated to be no greater than 
3.000-3.500, with most individuals aposed for only part of the day 
and some for only a few months in their life. At most, only a few 
hundred individuals might be exposed continuously for long periods 
of time. 
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I. INTRODUCTION 

The Monterey Bay United Air Pollution Control District, using an 

assessment 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 Salinas, 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 sue-h as 

ethylene oxide. McCormick and Company, Inc. has evaluated the scientific 

soundness of the State's risk assessment and has prepared a parallel 

'v assessment which is presented in this document. We note that our health 

assessment contains numerous scientific and methodologic considerations beyond 

those incorporated 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 McConnick 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 unreasonable risk to the health of 

the surrounding population, and in fact that the risk is highly likely to have 
e 

been zero. As additional information about any possible health risks of 

ethylene oxide exposures becomes manifest. and to the extent that 

technological 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 professional 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 incorporate those processes at the Salinas plant 

in 1986. In light of such an initiative. one might reasonably question 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 our country has to offer. In that spirit, we offer 

our detailed and documented evaluation of the health impact of ethylene 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 



differences. We follow the general outline and procedures for risk assessment 

is 
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. 



XI. OVERVIEW OF THE RISK ASSESSMENT PROCESS 

The capacity of a substance to cause harm under specified conditions of 

exposure is a function of several variables: 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 distinct from risk managment which is the 

process of evaluating alternative management actions (e.g. regulations) and 

selecting among them (NAS. 1983). 

A recent study of risk assessment in the federal government conducted by 

a committee of the National Academy of Sciences (1983) 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 equivalent to identifying its possible risk. because the 

conditions of exposure -- dose and duration -- are important determinants of 
whether or not an adverse effect will occur. 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 

L 
chemical substances are: investigations of exposed human populations or 

individuals (epidemiological 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 dose-response 

relationships. For an exposure of a given duration. the risk (the frequency 

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, 

u 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 expqsure associated 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 experimental design. the highest dose at which no adverse effect 

is observed among the animals being tested. For carcinogens, because the 

L induction of cancer by some carcinogens is thought to have no threshold. 
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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 

exposure to a substance which a population is likely to receive. and second, 

characterization of the population as to the distribution of susceptibility to 

the toxic properties of the substance. 

Knowledge of the magnitude, duration, and route of human 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 concern, 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 unique sensitivity to the substance ot interest may be 

identified (e.g., pregnant women in the case of a teratogen). 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 

L 
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 large to 

protect most members of the exposed population. (This judgment. because 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 czsociated with 

a given MOS is. however, not quantifiable and there is no currently known 

method for making this determination. Provided the toxicity of a 

'L/ noncarcinogen is well studied. a very large MOS provides virtually complete 

assurance that adverse effects will not occur. 

Risk characterization for carcinogens provides an estimate of risk tor 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 effects will not 

occur) and 1 (certainty that they will). Even for well-studied carcinogens, 

this estimate of risk is uncertain. and the estimate can not be asserted to be 

the true risk. 
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111. RISK ASSESSMENT FOR ETHYLENE OXIDE 

A. Hazard Identification 

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 "[slignificant 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: "[r]espiratory. 

ocular, dermal. systemic and neurological effects in humans have been 

associated with acute and subchronic exposure to ethylene oxide" (USEPA 

198Sa). Ethylene oxide tested positive in two long-term animal bioassays; 

and, in humans, three epidemiologic studies have suggested a possible 

association between 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 al. 19821. 
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In the study by Snellings et al. (19811, Fischer 344 rats were exposed to 

L 100. 33, or 10 ppm ethylene oxide vapor. 6 hours/day. 5 days/week, for 

approximately two years. Ethylene oxide produced significant increases in the 

incidences of several tumor types -- mononuclear cell leukemia (female rats), 
peritoneal mesothelioma (male rats). subcutaneous fibromas (male rats) and 

brain tumors (male and female rats). In addition, EPA has suggested that 

development of pituitary adenomas "appear[s] to be accelerated 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 daysheek, for 24 

months. These authors reported. in a preliminary analysis of the data, that 

ii 
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. In addition. ethylene 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 epidemiologic studies of persons exposed to ethylene 

oxide in the workplace reported an association between ethylene oxide exposure 

and cancer incidence or mortality. Significantly increased mortality for 

stomach cancer and leukemia. and significantly increased incidences of cancers 

of all sites were observed in ethylene oxide production workers (ilogstadt et 

t a1. 1979a. 1984). Hogstedt at al. (1979b. 1984) also reported significantly 
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increased incidences of leukemia and cancer of all sites and significantly 

increased mortality from leukemia amonq 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 carcinogens, ethylene 

dichloride and bis(2-chloroethyl) ether. Consequently, it is not possible to 

determine which if any of those substances was causally related to the 

observed increase in cancer incidence. In the third positive human study, 

Morgan et al. (1981) reported increased mortality from pancreatic cancer and 

Hodgkin's disease among workers exposed to ethylene 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 carcinogenic in humans" based on positive 

chronic animal bioassays and limited human evidence (USEPA 1985a). 

0 .  Dose-Response Assessment 

The risk estimate developed by the State of California was based on the 

Hogstedt et al. (1979b. 1984) study showing an increased mortality from 

leukemia in individuals 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 lo-' for lifetime inhalation 
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exposure to ethylene oxide at 1 vg/m'. That is. the UCR was estimated to 

L 
be 3.6 X lo-' (IA/~')-'. 

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 
ethylene oxide exposure for U.S. males (USEPA 1985b). 

There 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 risk 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 

198533). In that document, the human evidence for carcinogenicity of ethylene 

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 ethylene oxide of 1.0 x lo-' 

( g / m ) .  This UCR indicates that if a person was continuourly 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 getting cancer as a 

result of ethylene oxide exposure would be 1 in 10.000 (i.e.. the probability 

L 
in addition to the probability of developing cancer due to all other causes). 
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L 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 Pisher 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: 

The 95% upper confidence limit on the extra risk (due to exposure to 
test substance) is used to give an upper bound on risk. - 
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 1eukemia.and glioma.) 

The interspecies scaling factor used to adjust doses used in animal 
'studies to equivalent doses in humans is relative body surface area 
or dose expressed per (bodv weight) "" . 

The methods used by EPA's Carcinogen Assessment Group (CAG) are extremely 

conservative and tend to result in high estimates of risk which likely greatly 

overestimate 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 LO (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 

u 
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 four assumptions regarding interspecies 

equivalence in sensitivity. using data from the Snellings et dl. (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 Eollowing 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: 

3.1) Fitted Model Value (Maximum likelihood estimate) 

3.2) Upper Bound (95%) 
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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 1. The ratio oE the largest to the smallest UCR is 

approximately 32,000. Thus the UCR for ethylene oxide vapor inhalation varies 

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 2,000-Eold over the three remaining choices. Furthermore. those 

variations exclude the negative lower bounds on the UCR. 

Unfortunately, the discussion oE 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 should not be used: a careful distinction 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 virtually safe dose (VSD) and a 

bound on the VSD. 
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Table i 

Effects of Different Choices of Data and 
Procedures on Estimated Unit Risk 

Multistage Model 

Response Model Assumed Basis for 
Of Concern Characteristic Species Equivalence UCR (uq/m3) -' 
Brain Upper Bound Air Concentration 1.3 x lo-' 
Neoplasia Exposure Days/Week 1.8 x lo-' 
in Male Rats Body Weight 4.3 x lo-' 

Surface Area 2.9 x lo-' 

Fitted Model Air Concentration 7.4 x lo-" 
Value Exposure Days/Week 1.2 lo-' 

Body Weight 2.7 x lo-' 
Surface Area 8.4 x loe6 

Peritoneal Upper Bound Air Concentration 2.0 x lo-' 
Mesothelioma Exposure Days/Week 2.8 x lo-' 
in Male Rats Body Weight 6.8 x lo-' 

Surface Areas 4.3 x lo-' 

Fitted Model Air Concentration 5.3 x lo-' 
Value Exposure Days/Week 7.4 lo-' 

Body Weight 1.2 x lo-' 
Surface Areas 1.4 x LO-' 

Brain Upper Bound Air Concentration 9.5 lo-' 
Neoplasia in Exposure Days/Week 1.3 x lo-' 
Female Rats Body Weight 3.2 x lo-' 

Surface Areas 2.6 x lo-' 

Fitted Model Air C ncentration 2.1 lo-' 
Value Exposure Days/Week 3.2 x lo-' 

Body Weight 4.2 x lo-' 
Surface Areas 7.9 x lo-' 

Mononuclear Upper Bound Air Concentration 6.8 x lo-' 
Cell Exposure Days/Week 9.5 x lo-' 
Leukemia in Body Weight 2.3 x lo-' 
Female Rats Surface Areas 1.5 x lo-' 

fitted Model Air Concentration 4.7 x lo-' 
Value Exposure Days/Week 6.3 x lo-' 

Body Weight 1.3 x lo-' 
Surface Areas 9.4 x 10-I 

'w 
Ratio: Largest Unit Risk/Smallest Unit Risk 



Table 1 (continued) 

Probit Model 

Response Mode 1 Assumed Basis for 
OC Concern Characteristic Species Equivalence 

Brain Upper Bound Air Concentration 
Neoplasia Exposure Days/Week 
in Male Rats Body Weight 

Surface Area 

Fitted Model Air Concentration 
Value Exposure Days/Week 

Body Weight 
Surface Area 

Peritoneal Upper Bound Air Concentration 
Mesothelioma Exposure Days/Week 
in Male Rats Body Weight 

Surface Areas 

Fitted Model Air Concentration 
Value Exposure DayslWeek 

Body Weight 
Surface Areas 

Brain Upper Bound Air Concentration 
Neoplasia in Exposure DayslWeek 
Female Rats Body Weight 

Surface Areas 

Fitted Model Air Concentration 
Value Exposure DaysIWeek 

Body Weight - 
Surface Areas 

Mononuclear Upper Bound Air Concentration 
Cell Exposure Days/Week 
Leukemia in Body Weight 
Female Rats Surface Areas 

Fitted Model Air Concentration 
Value Exposure Days/Week 

Body Weight 
Surface Areas 

Ratio: Largest Unit Risk/Smallest Unit Risk 

Ratio: Larqest Unit Risk Usinq Both Models 
Smallest Unit Risk Using Both Models 

1 - I  UCR (pq/m ) 
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The variation in the UCR values.(both estimates and bounds) is even 

L 
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 vapor 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 

some conservative assumptions which likely overstate the risk. Both of the 

procedures utilize animal carcinogenicity data since. as noted tarlier, 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 

is most likely to reside. 

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. 



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 avoiding 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 

cell leukemia in female rats (the most sensitive tumor type and sex). the UCR 

is 8.5 a (pg/mJ)-L if all four dose levels are included and 1.3 x 

lo-' (pq/m3)-' if the highest dose level is deleted. The difference 

is due to the fact that the dose-response curve appears to flatten out 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 mononuclear 

cell leukemia and glioma in female rats were in error because four animals 

(two in the 100 ppm group and one each in the 33 and 10 ppm groups) had both 

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 

L as listed below. 

Dose (uom) 

0 
10 
3 3 

100 

Incidence of leukemia or qlioma or both 

23/186 
14/71 
26/72 
30/73 

Based on these data, the maximum likelihood estimate (MLE) of UCR using 

1 - 1  the multistage model is 9.5 x lo-' (pg/m ) if all four dose groups 

are included, and 1.0 x lo-' if the highest dose level is omitted. 

The 95% upper confidence limit (UCL) for each of these UCRs is 1.3 x 

1 - 1  lo-'. We use the higher MLE value of 1.0 x lo-' (pg/m ) in the 

characterization of risks presented later, since this estimate is derived 
L 

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-body-weight (mg/kg/day) basis, 

these estimates can be used to estimate life shortening in humans exposed 

i continuously to ethylene oxide (Table 2). 



Table 2 

Estimate of Decreases in the Average 
Lifespan Based on Time-to-Response Modeling 

of Survival Data From Snellings et al. (1981)' 

Decrease Percentage Corresponding 
Dose (pg/m3) in Female Rat's Decrease in the Decrease in a 
24 hrlday. Estimated Mean Rat's 25 Month Human 70 Year 
7 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 0.0039 1.0 day 

1.0 hour 

20.0 minutes 

I 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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 or example. the air concentration of ethylene oxide that would reduce life 

L 
expectancy by just one hour is 0.32 pg/m3: a one-day reduction would 

result from ethylene oxide concentrations of 7.8 pg/mJ. A concentration 

of 1 pg/ml 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 

b weight basis) is 1.0 x LO-' o&g/mJ)-'. 

Alternatively, based on the more appropriate Hartley-Sielken model, the 

loss in average life expectancy from exposure to ethylene oxide at 1 pq/mJ 

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 levels. 

C. 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 below. 

Ethylene Oxide Concentrations 

The assessment of ethylene oxide emissions was performed using the same 

general approach that the State had used for-its exposure component of the 

risk assessment; i.e,, the dispersion of ethylene oxide emissions from the 

plant was represented using a mathematical dispersion model developed for the 

EPA -- the Industrial Source Complex (ISC) Model. 

Ethylene oxide concentrations were determined under three release 

scenarios: 

Case 1: 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 ethylene oxide) around the plant. 

The highest ethylene oxide concentrations for all threa release scenarios 

are found at the eastern boundary of the plant facility. They are: 89.1 

vg/ml (case 1). 17.0 (case 2). and 2.8 pq/m3 (case 3 ) .  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 



(case 1). the maximum annual average ethylene oxide concentrations to which 
L 

the populated areas to the WNW of the plant are exposed are in the range of 

1-2 pg/mJ. Installation of the OEOXX system (case 2 1 ,  reduces ethylene 

ozide concentrations by approximately 5-fold (0.11-0.38 pg/m3) and raising 

of the aeration stack after installation of the DECJXX system (case 3). effects 

an additional slight reduction (0.11 - 0.27 pq/m3). 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 Eor cases 1 through 3, respectively. The ranges 

themselves are listed in Table 3. 

L 

Population Exposures 

The population residing within the 0.11 Nq/mJ isopleth under case 3 

has been estimated. The 0.11 isopleth was chosen because. based on the unit 

J - L  risk value for ethylene oxide (1.0 x lo-' (pg/m ) ) .  exposures below 

0.11 pq/mJ (in areas outside the 0.11 isopleth) would result in lifetime 

risks of less than 1 x lo-' and would. hence. be insignificant or @ 

minimis. The population within the 0.11 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 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 0.11 



Estimated Ethylene Oxide Concentrations 

Release ~cenario' 

1 

Table 3 

~oncentration~ug/m') at: 
Eastern Boundary Closest Po ulation 

of Plant Area P 

' See description in text. 
Located approximately 700-1400 meters to the west-northwest of the plant. 
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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 tor extended periods should be no greater than 

100-200. 

D. Risk Characterization 

Based on the rationale provided in the dose-response assessment. we shall 

use a UCR value of 1.0 x 10-I (pg/mJ)-' 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-northwest (WNW) of the plant 

would be 2.0 x lo-' if exposure were to continue unchanged (using the 

maximum concentration tor 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 ace estimated to live or work within 

the 0.11 pg/m1 isopleth (for case 3). and most of these are outside the 

0.27 pg/m3 isopleth, the remediated emission of ethylene oxide from the 

Salinas plant is estimated to produce no more than 0.01 excess cases of cancer 

per lifetime in the surrounding populationr 

1 x lo-' m 3  x 0.27 pg/m3 x 3.500 10.01 
(UCR) x (concentration) x (population) = number of cares 



Table 4 

Estimated Maximum Excess Cancer Risks 
Associated with Ethylene Oxide Emissions from 

McCormick Salinas Plant 

Estimated Lifetime Estimated Loss 
Release Scenario EtO concentration' Risk of Lifes~an 

Case 1 2 2 x 10" 6.2 hours 

Case 2 0.38 3.8 x 1.2 hours 

Case 3 0.27 2.7 x lo-' 0.8 hours 

' Values are the maximum concentrations for area between isopleths where 
residences are located to the west-northwest of the facility. 
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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: 

All exposures beyond the 0.11 isopleth would rsault in risks of less than 

1 = lo-' and are, therefore, 9 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 zero. 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-dose risk estimates: 

(3) exposure is assumed to be continuous (24 hours/day. 365 dayslyear) 
for 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. 



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 assess,ment. In the interest of public health. and in 

the absence of substantial other evidence. it is frequently the practice for 

regulatory 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 itself 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. In our view. the procedures used by 

the California Department of Health and the Environmental Protection Agency 

are not the most appropriate for use in the present case. Based on what we 

conclude is the most appropriate procedtre 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 



exposure, and hence the r i sk  is  even lower, and may even be zero.  Such a r isk 

l e v e l  has been h i s t o r i c a l l y  determined t o  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 (EtO) 
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 D E O a  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 

L population size surrounding the plant, an estimated cancer 
incidence of no more than 0.01 case in 70 years. Those 

conclusions 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. 



11. RISK ASSESSMENT FOR ETHYLENE OXIDE 

The risks estimated from inhalation exposures 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. WIRON 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 hdd 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. Since there are no emissions at times when 
a disproportionate frequency 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 oE a 
DEOXX scrubber and raising the height of the main stack to 
approximately 50 feet 



1. Dis~ersion Model 

w 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 aggregated to 
form averages 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 seasonal'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 

,U concentrations which are of primary importance in the exposure 
assessmer:t. 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 ir.: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 

L period for which meteorological input data are provided. Average 



concentration can then be computed for a period, e.g., one year; 
and a number of other statistical summaries of the hourly 

concentrations can also be generated. 

2. Invut Data 

a. Meteoroloqical/Topoqraphic 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. g$is_s.ions Data. The emission sources were treated 
conservatively as two separate volume sources, since the heights 
and locations of the various 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 1 8 . 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 4 8  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 
L account. 

TABLE 1 

Emission rates (g/s) of EtO from the 
McCormick's Salinas Plant 

Source G r o u ~  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) 0.0683 

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. Receptor 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 DEOXX scrubber and 
a raised main stack. The results are given for the year of 
meteorological data which gave the highest predictcd 
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 

3 rg/m3 (scenario I), 20 Pg/m (scenario 2), and 3 rg/m3 

(scenario 3). However, the area to the east is virtually 
unpopulated; and, therefore, no health risk is present at that 

locat ion. 



TABLE 2 
Ambient Air Concentrations of EtO Surrounding 

McCormick's Salinas 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 
( rg/m3 ) ( rug/m3 ) 

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 

'L 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 regulatory decisions in this country) 
Under current operating conditions (scenario l), the maximum 
annual average ethylene oxide concentrations to which populate(' 
areas to the WNW of the plant are exposed are in the range of 

3 0.4-1.0 Pg/m . Installation of tt? DEOXX system (scenario 2) 
reduces ethylene oxide concentrations by approximately 5-fold 

3 (0.05-0.20 Pg/m ); and raising of the aeration stack after 

installation of the DEOXX SYSTEM (scenario 3) effects no 
3 additional measured reduction (0.07-0.20 Pg/m ) .  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 incorporati'ng 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 
~g/m3 

Scenario Model l* Model 2 *  % Reduction 

- -. .- - -  -- -- - -- . - - . - . . . - - . . . - .- - . - - . . . - - .- . 
* Model 1 uses meteorological data averaged over 24 hours; Model 

2 uses hourly meteoroloqical 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 E x u o s u ~  
The population residing within the 0 . 1  IJg/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 10 3 -1 -'' (Pg/m ) ) ,  exposures below 0 . 1  Pg/m 3 

(in areas outside the 0 . 1  isopleth) would result in lifetime 
risks of less than 1 x 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 









the 0.1 isopleth. The migrant worker population has been 

estimated at 650-1.150. Thus, it is conservatively estimated 
L that between 3,000 and 3,500 people may be exposed to 

concentrations of ethylene oxide in excess of 0.1. pg/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 
exrended periods should be no greater than 100-200. 

D. Risk Characterization 
Based on the rationale provided in the dose-response 

3 -1 assessment, we use a UCR value of 1.0 x (Pg/m ) 

for EtO. Multiplying this value by the EtO 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 ared 

located west-northwest (W) of the plant w9.1ld be 1.3 x lo-' 
u iE exposure were to continue unchanged (usir~g the maxirn<~m 

concentration for the closest populated area), but would be 
reduced to about 2.4 x 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 pg/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 lo-' (~g/m~)-~ x 0.2 pg/m3 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: 

3 1 x lo-' (pg/m3)-l x 0.2 Pg/m x 200 = 0.0004 



All exposures beyond the 0.1 isopleth would result in risks of 
less than 1 x 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 concentrat ion1 time Risk of Lifespan 

Case 1 1.0 1.3 x 10-5 4.0 hours 

Case 2 0.2 2.8 x 10-6 0.9 hours 

Case 3 0.2 2.4 x 10-6 0.7 hours 

1 Values are the maximum concentrations for area b~tween 
isopleths were residences are located to the west-northwest 
of the facility. 

Further, the projected estimate of excess cancer cases per 
liEetime (i.e., 70 years) of 0.007 represents a conservative 

estimate and the actual risks are likely to be even lower, 
possibly zero, 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-dose risk 
estimates; whereas, equally plausible and apparently 
more rational models indicate far lower risks; 

3. e:cposure is assumed to be continuous (24 hours/day). 

365 days/year) for 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. 



I 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 anumais 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 perEormed by mathematical 
model usinj 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 operation. 
McCosmick performed, by contractor, such an analysis using the 
three original operating scenarios: no change in plant 
operations; installing DEOXX to reduce emissions; and raising 
stack height to i>proximately 50 feet with the installation of 
DEOXX. This ar.alysis 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 tt 300 meters 
from the plant are estimated by the ISCST model to be lower by 
37%. 2 6 8 ,  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. Consequently, continuing current emission 
practices would lead to an estimated cancer risk to residents 

living adjacent to the plant, of 1.3 x and the addition of 



DEOXX and increasing the height of the exhaust stack would lead 

L to an estimated risk no greater than 2.4 x 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 . 0 0 7  cases of cancer in 70 

years of exposures. For individuals residing beyond the 
0 . 1  isopleth, the risk estimates are correspondingly lower. 
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V The EOIC comments are attached, along with documents 
referred to in the comments. We would be happy to discuss any 
of these issues further if you wish. 

Very truly yours, 

Vice President-Technical 
Director 

' Chemical Manufacturers 
Association 

Ronald Van MY&,? 
Chairman 
Ethylene Oxide Industry 

L Attachments 



Ethylene Oxide 
Industry Council 

2501 M Street, N.W. Suite 200 Washington, D.C. 20037 *(202) 887-1 1 

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 EOIC 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 EOIC. A current list of members is attached. 

The EOIC'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 Manufacturers Asroc~at~on 



Ethylene Oxide Industry Council 

Abbott Laboratories 
North Chicago, 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 

Membership 

Griffith Micro-Science, Inc. 
Willowbrook, IL 

Health Industry Mfg. Assn. 
Washington, D.C. 

ICI Americas, Inc. 
Wilmington, DE 

Keller & Heckman 
Washington, D.C. 

Nalco Chemical Company 
Naperville, It. 

Olin Chemical Group 
Stamford, CT 

Pharmaceutical Manufacturers 
Washington, D.C. 

PPG Industries Inc. 
Pittsburgh, PA 

Shell Oil Company 
Houston, TX 

SunOlin Chemical Company 
Claymont, DE 

3M Industrial Hygiene Service 
St. Paul, MN 

Texaco Chemical Company 
Bellaire, TX 

Travenol Laboratories 
Deerfield, IL 

Union Carbide Corporation 
Danbury, CT 

U. S. Chemicals Company 
Rolling Meadows, IL 

Vista Chemical Company 
Houston, TX 

Warren Chemicals Co., Inc. 
Seabrook, MD 

Zimmer, Inc. 
Warsaw, IN 

L 
McCormick & Co. Inc. 
Hunt Valley, MD 



Ethylene Oxide 
r~dustry Council . 
L 2501 M Street, N.W. Suite 200 Washington, D.C. 20037*(202) 887-1 100 

ETHYLENE OXIDE INDUSTRY COUNCIL COMMENTS 
ON THE CALIFORNIA AIR RESOURCES BOARD 

PRELIMINARY DRAFT REPORT ON ETHYLENE OXIDE 

IINTRODUCTION 

In general, the Ethylene Oxide Industry Council 

("EOIC") believes that the qualitative discussion of health 

effects contained in the Preliminary Draft Report on Ethylene 

Oxide is basically thorough and in many respects sound. The 

EOIC does have reservations regarding the analyses of certain 

studies. In the area of quantitative risk assessment, however, 

u 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 EOIC 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 that purpose. 

11 EOIC co 

A. ARB Should Perform a Com~rehensive Scientific R . . isk - 
The ARB 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 

L epidemiologic case reports. Both of these extrapolations are 

A Special Program of :he Chemical Manufacturers Arrociation 



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 

biologically validated and are merely statistical procedures or 

tools to assist 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 epidemiologic 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 for 

regulatory 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 a1 (1981), found zero 
L 

leukemias, yet is used to demonstrate that "statistically" the 

animal and human results are compatible. 

Moreover, with regard to the Hogstedt report, the 

estimation procedure for plant 1 (4 .8  predicted deaths) appe.ars 

to be in error. Applying the lifetime ambient exposure of .63 

ppm and using the model slope of .ll yields a lifetime 

probability of leukemia of .07, [P = 1-e (-el1 x .6311, which 

when multiplied by the cohort size of 230 yields 15 excess 

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 4.8 prediction in the draft report. The model 

values used in the draft are not consistent with the Hogstedt 

b report. 

Further, as ARB itself has acknowledged, the 

conservative assumptions that are made in performing the 

modeling, including the use of a linearized multistage 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 showing 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 Statistics, 

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 regulators 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 m. m. 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 "uppern and "lower" bounds 

should be presented and considered, along with any 

uncertainties, 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 EOIC recognized the need for a valid, scientific 

assessment of the potential hazards posed by EO and requested 

Dr. Leon Golberg to supervise the preparation of a 

comprehensive 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 extrapolations are presented, but are used as 

only one piece of data in the entire evaluation. The EOIC 



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. 



T H E  UNIVERSITY OF NORTH CAROLINA 
AT 

CHAPEL HILL 

June 24, 1983 

. Robert C. Barnard 
Counsel 
Ethylene Oxide Industry Council 
2501 U S t r e e t ,  S u i t e  200 
Washington, DC 20037 

Dear Hr. Barnard: 

Pursuant to the  r eques t ,  made i n  Your ie t ter  o f  June 14, I have read and 
c r i t i c a l l y  evaluated the  d r a f t  EopY o f  the  "Hazard Assessment o f  Ethylene 
Oxide" (dated May 31, 1983). which was prepared under t h e  auspices  o f  t h e  
Ethylene Oxide Energy Council by a working group l e d  by Dr.  Leon Colberg. In 

L e v a l u r t i n g  t h i s  document I have also examined t h e  Federa l  Regis ter ,  Vol. 48, -. 
No. 78, o f  Thursday, Apr i l  21, 1983, pages 17284-17319, which p e r t a i n s  to t h e  
proposed rulemaking by the  Occupational Sa fe ty  and Health Administration 
(OSHA) regarding occupational  exposure to ethylene  oxide. I have a l s o  read the  
OSHA document "Preliminary QUant i t a t ive  Risk Assessment f o r  Ethylene Oxide" 
( e x h i b i t  6-18),. I am pleased to have t h e  oppor tuni ty  to comment on t h e  eHazard 
Assessment o f  Ethylene Oxiden by Colberg and as soc ia t e s .  

The Colberg r epor t  reviews and c r i t i c a l l y  d i scusses  t h e  l i t e r a t u r e  on t h e  
cheu ica l  p rope r t i e s  o f  e thylene  oxide and on the  metabolism o f  t h i s  chemical 
i n  seve ra l  animal species .  The Golberg r e p o r t  also reviews and c r i t i c a l l y  
d i scusses  the experimental ly determined acu te  and chronic  t o x i c  e f f e c t s  of 
e thylene  oxide i n  l abora to ry  animals ,  t he  i n d u s t r i a l  hygienic  a s p e c t s  o f  
e thylene  oxide exposures, and r e p o r t s  o f  epidemiologic s t u d i e s  on workers 
exposed to ethylene oxide. Based on t h e  reviews o f  a l l  o f  t h e  c i t e d  r e p o r t s ,  
the  Colberg document concludes by a t tempt ing  to make a hazards  assessment of 
ethylene oxide f o r  man. 

I f ind  the  Colberg r e p o r t  to be a scho la r ly ,  wel l  documented survey of 
the  a v a i l a b l e  l i t e r a t u r e  p e r t a i n i n g  to aspects  o f  the  c h e a i c a l  c h a r a c t e r i s t i c s  
and  b io log ica l  a c t i o n s  o f  e thylene  oxide. The Colberg r e p o r t  c r i t i c a l l y  
d i scusses  these  da ta  and i n t e r p r e t s  them thoughtfu l ly  and a u t h o r i t a t i v e l y .  The 
hazards assessment included i n  t h e  Colberg r e p o r t  is a br ' ief ,  but 
ccrprehensive,  d iscuss ion  o f  the  complexity and a ~ b i g u i t y  o f  r i s k  assessment 
from s t u d i e s  i n  l abora to ry  animals.  It honest ly pre3er.t.s and d i scusses  var ious  
approaches to r i s k  assessment,  i nc lud ing  mathematical modeling based narmwly 
on tumor produc:ion i n  r a t s ,  a s  is done i n  the  OSHA r i s k  assessment document 
(document 6-18). I f u l l y  a g r t e  wi th  t h e  conclusion o f  t h e  Golberg r e p o r t  t h a t  

' p r e c i s e  hazard assessment f o r  man o f  low l e v e l s  ( l e s s  than 10 ppm) o f  ethylene 
oxide is l a rge ly  judgemental. In my opinion,  t h i s  i s  a r e a l i s t i c  conclusion 



t h a t  should not be obscured by the apparent ,  but decept ive ,  prec is ion  o f  a  
mathematical ex t rapola t ion  to man of da ta  f r v m  s t u d i e s  i n  gene t i ca l ly  uniform 
laboratory a n i m l s ,  d a t a  t h a t  have only l imi ted  d i r e c t  b io log ica l  relevance to 
man. Unlike the OSHA hazard assessment, the Golberg hazard assessment at tempts 
to base judgements g loba l ly  on a11 published information a v a i l a b l e ,  r a the r  
than on only a  l imi ted  number Of s tud ies .  I f u l l y  agree  tha t  no da ta  a r e  
ava i l ab le  tha t  i n d i c a t e  t h a t  exposure to 1 ppm ethylene  oxide presents  any 
apparent acute o r  chronic hazard f o r  man. 

Hathematical formulat ions o'f r i s k  f o r  man rrom da ta  on tumorigenicity i n  
a  species  a s  b i o l o s i c a l l y  remote from man a s  the  r a t  must be in t e rp re ted  
caut ious ly ,  i n  my opinion. I n  developing r i s k  assessments  f o r  man f o r  a  
chemical, such a s  e thylene  oxide, one must a t t e a p t  to  determine the  ao t ive  
dose tha t  wmes i n  contac t  with the  t i s s u e s  a t  r i s k  ( t a r g e t  t i s s u e s ) ,  a s  we l l  
a s  the r e l a t ive  s e n s i t i v i t i e s  of the t a r g e t  t i s s u e s  i n  the  two species  
compared to the t o x i c  a c t i o n s  of tHe a c t i v e  chemical. This means t h a t  not only 
the toxic  outcome must be quan t i t a t ed  ( i n  the  case  o f  the  s t u d i e s  used by 
OSHA, the  toxic outcome was mononuclear c e l l  leukemia and pe r i tonea l  
mesothelloma) , but a l s o  the  metabolism, t r anspor t  t o  the  t a r g e t  t i s s u e s ,  and 
excret ion of the chemical and the  r e p a i r  r a t e s  o f  the  i n i t i a l  c e l l u l a r  l e s i o n s  
must be quanti tated i n  the  two spec ies  compared and m u s t  be u t i l i z e d  i n  r i s k  
assessment. Unfortunately, we do not know enough about  the  metabolism and 
c e l l u l a r  action o f  e thylene  oxide i n  t h e  r a t  and man t o  accomplish t h a t  goal.  
Hence, the r e s u l t s  OF mathematioal modeling from d i sease  outcomes (tumors) i n  
the  r a t  cannot be used to q u a n t i t a t i v e l y  a s s e s s  r i s k  f o r  man w i t h  known 
precision.  The s t u d i e s  u t i l i z e d  i n  the  OSHA repor t  do demonstrate the  t o x i c i t y  
of ethylene oxide f o r  r a t s ,  and they can be i n t e r p r e t e d  to i n d i c a t e  a  
q u a l i t i t a t i v e  r i s k  f o r  man, but they cannot be used, i n  my opinion,  to 
prec ise ly  quan t i t c t e  the  r i s k  f o r  man. 

There is no c;ubt t h a t  ethylene oxide is tox ic  f o r  man, as f o r  animals of  
o the r  species. Cer t a in ly ,  ~ r k e r s  should be protected from exposure to l e v e l s  
of ethylene oxlde t h a t  produce t o x i c i t y  i n  man. In my opinion,  the re  is no 
conclusive evidence t h a t  exposure to  ethylene oxide i n  ccacent ra t ions  l e s s  
than 10 ppm causes t o x i c i t y  i n  man. However, more d a t a  a r e  needed f o r  exposure 
ranges of 5 to 10 ppm ethylene  oxide to be confident  i n  t h i s  assessment. The 
proposed level o f  1 ppm o r  l e s s  seems to me to be conservat ive ly  safe .  

I wish W coment  f u r t h e r  on the  OSHA proposal te screen f o r  chromosomal 
damage as  a  medical su rve i l l ance  procedure f o r  workers exposed t o  ethylene 
oxide (Appendix C-Medical Survei l lance  Guidelines f o r  Ethylene Oxide, f e d e r a l  
Register ,  Vol. 48, No. 78, Thursday, April  21, 1978, page 17315). In my 
opinion,  t h i s  proposal has no merit .  The technology f o r  a s sess ing  chromosomal 
damage is far  from s tandardized ,  and the procedures a r e  labor ious  and 
cumbersome. The prevalence o f  chromosoizal abe r ra t ions  i n  t he  genera l  
p o p u l a t i ~ z ,  not known to be exposed ta chemicals, is unknown. Some s t u l i e s  
suggest fht t h i s  background r a t e  may vary considerably anO may be 
episodical ly increased  by c e r t a i n  v i r a l  i n f e c t i o n s ,  unrelated t o  chemical 
exposu-e. %st c h e ~ c i c a l s ,  including ethylene oxide,  produce chromatid-type 
aberrations, whose s c o r i n g  i s  subJect iva and d i f f i c u l t .  Furthermore, chmnat id  
abe r ra t io t a  a r e  t r a n s i t o r y ,  and most a r e  l o s t  a t  t he  f i r s t  d iv i s ion  of the 
af fec ted  ce l l  Following exposure. Of =st importance, t h e r e  a r e  no s t u l i e s  o f  
which I az avare t h a t  have evaluated the  p o t e n t i a l  r e l a t i o n s h i p  o f  rand?m, 
acquired cbmmosomal a b e r r a t i o n s  i n  somatic c e l l s  and the subsequent 
occurrence of any chronic  d i sease ,  including cancer. Thus, t he  information 
from chmmsonal ana lyses  on a population of w r k e r s  exposed to ethylene oxide 
could m: be used to p r e d i c t  fu tu re  r i s k  o f  chronic d i sease ,  and the  technique 
does not prnvide a  s e n s i t i v e  o r  necessa r i ly  p rec i se  dosimeter o f  chemical 
exposure. fherefore ,  I conclude t h a t  ana lys i s  o r  chromosomal aberra t ions  is 



Page Three 

not a s c i e n t i f i o a l l y  v a l i d  o r  c o s t - e f f e c t i v e  means to screen  populat ions 
o f  w r k e r s  f o r  e x t e n t  of exposure to e thy lene  ox ide  i n  the  work p lace  o r  f o r  

'w assessment o f  r i s k  to fu tu re  development o f  ch ron ic  d isease .  
The eva lua t ion  of s i s t e r  chromatid exchange (SCE) 1s t e c h n i c a l l y  l e s s  

demanding and cheaper t o  perform than is the  a n a l y s i s  o f  chromosomal 
abe r ra t ions .  However, a s  with chromosomal aberrations, SCE has no t  been 
c o r r e l a t e d  with m y  d i sease  outcome and,  indeed,  t h e r e  is evidence sugges t ing  
t h a t  SCE may no t  r ep resen t  a p a t h o l o g i c a l  ( t o x i c )  c e l l u l a r  reac t ion .  Reported 
evidence sugges ts  t h a t  SCE e v a l u a t i o n  might s e r v e  as a s o r t  o f  b io log ica l  
dosimeter  f o r  e thylene  oxide exposure,  but  o t h e r  a n a l y t i c a l  methods to 
q u a n t i t a t e  exposure would appear to be more s e n s i t i v e  and reproducible.  

I hope t h e s e  comments a r e  u s e f u l .  I r e g r e t  t h a t  previous commitments 
prevent  me from p a r t i c i p a t i n g  pe r sona l ly  a s  a w i t n e s s  a t  t h e  OSHA hearing. 
P lease  call  me a t  (919) 966-4678 if,'you have any quest ions.  

S i n c e r e l y ,  

J. W. Grisham, U.D. 
Professor  and Chair  
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ROBERT A. SQUIRE ASSOCIATES. INC. 
1515 LA BELLE AVENUE 

RUXTON. MARYLAND 21 204 - 
TELEPHONE 301-821 -0054 

June  29 ,  1983 

Robert C. Ba rna rd  
E thy lene  Oxide  I n d u s t r y  Counci l  
S u i t e  200 
2501 M S t r e e t ,  N.W. 
Washington,  D.C.  20037 

Dear Mr. Barnard :  

I have  reviewed t h e  d r a f t  document e n t i t l e d  "Hazard Assessment 
of  E t h y l e n e  Oxide" d a t e d  May 31 ,  1983  and  f i n d  i t  t o  b e  a com- 
p r e h e n s i v e  and o b j e c t i v e  s t a t e m e n t  on t h e  i s s u e s .  Time p e r m i t s  
m e  t o  r e s p o n d  o n l y  ve ry  b r i e f l y  and my comments a r e  l i m i t e d  t o  t h e  
i s s u e  o f  e x t r a p o l a t i o n  of animal  d a t a  t o  human r i s k .  

I a g r e e  w i t h  t h e  p o s i t i o n  t a k e n  on page  153 of t h e  document 
t h a t  ma thema t i ca l  models i g n o r e  much o f  t h e  b i o l o g i c a l  i n f o r m a t i o n  
n e c e s s a r y  f o r  i n t e r s p e c i e s  e x t r a p o l a t i o n s .  They reduce  t h e  r i s k  
assessment  p r o c e s s  t o  merely a  c o n s i d e r a t i o n  of dose-response 

' r e l a t i o n s h i p s ,  on t h e  unwarranted a s sumpt ions  t h a t  man and t h e  
test  a n i m a l s  w i l l  b e  e q u a l l y  s u s c e p t i b l e ,  and t h a t  b i o l o g i c a l  
e f f e c t s  w i l l  be  t h e  same a t  h i g h  and l o w  exposure  l e v e l s .  Most 
a v a i l a b l e  b i o l o g i c a l  and t o x i c o l o g i c a l  e v i d e n c e  c o n t r a d i c t s  b o t h  
assumpt ions .  Risk assessment  which t a k e s  i n t o  account t h e  n a t u r e  
and e x t e n t  o f  a l l  o f  t h e  b i o l o g i c a l  e v i d e n c e ,  no t  merely dose- 
r e sponse  d a t a  i n  t h e  o b s e r v a b l e  r a n g e ,  is more l i k e l y  t o  l e a d  
t o  an a c c u r a t e  haza rd  assessment .  

The n a t u r e  o f  t h e  tumors  i d e n t i f i e d  t o  be  t r ea tmen t  r e l a t e d  
i n  t h e  test an ima l s  i n  t h e  e t h y l e n -  o x i d e  s tudy  is p a r t i c u l a r l y  
impor tan t .  F i s c h e r  r a t  mononuclear c e l l  leukemia,  and p e r i t o n e a l  
mesothel iomas a r e  r e l a t i v e l y  un ique  tumors  i n  t h i s  s p e c i e s  and 
s t r a i n  and t h e y  have a h igh  background i n c i d e n c e  which c o n t r a s t s  
w i t h  t h e  i n c i d e n c e  i n  humans. The r e p o r t e d  spontaneous i n c i d e n c e s  
f o r  leukemia i n  t h i s  s t r a i n  a r e  app rox ima te ly  10% i n  females  and 
125 i n  m a l e s . ( l )  Fo r  mesothel iomas i n  ma le s ,  t h e  i nc idence  is 
approximate ly  2.3%. A s  compared t o  human tumor inc idences  a t  
9 s i t e ,  t h e s e  a r e  ex t remely  h i g h  and one  must acknowledge an 
unusua l  s u s c e p t i b i l i t y  t o  t h e s e  tumors  i n  t h e  t e s t  animals .  

Spontaneous i n c i d e n c e s  a s  h i g h  a s  t h e s e  a t  any t i s s u e  s i t e  
i n  test a n i m a l s  i n d i c a t e s  a  p o p u l a t i o n  o f  " i n i t i a t e d "  o r  l a t e n t  
n e o p l a s t i c  ce l l s  which would be  h i g h l y  s u s c e p t i b l e  t o  enhanc ing  

L 
(1) Goodman, D.G. e t .  a l .  Tox ico l .  Appl. Pharm. 48:237, 1979. 



o r  promoting s t i m u l i  a s s o c i a t e d  w i t h  c h r o n i c  t i s s u e  damage and 
c e l l u l a r  r e p l i c a t i o n .  Among theknown  human and animal c a r c i n -  
ogens t h e r e  i s  a  high ( S O X + )  c o r r e l a t i o n  of sites a f f e c t e d ,  s o  
t h e  background tumor r a t e s  a t  s p e c i f i c  s i t e s  a r e  impor tan t  
c o n s i d e r a t i o n s  i n  i n t e r s p e c i e s  e x t r a p o l a t i o n ,  Induc t ion  o f  
tumors t h a t  have a  high n a t u r a l  o c c u r r e n c e  i n  t h e  t e s t  an imals  
is less r e l e v a n t  t o  human r i s k  than  is t h e  i n d u c t i o n  of tumors 
t h a t  a r e  normal ly  r a r e  - u n l e s s ,  o f  c o u r s e ,  t h e r e  is a l s o  a  
high background inc idence  i n  humans at  t h e  s i t e  i n  q u e s t i o n .  
I n  t h i s  i n s t a n c e ,  t h e r e  is no b i o l o g i c a l  b a s i s  t o  assume t h a t  
humans would be a s  s u s c e p t i b l e  a s  t h e  test  r a t s  a t  comparable 
exposure  l e v e l s ,  y e t  t h i s  is t h e  assumption which is i n h e r e n t  
i n  t h e  a p p l i c a t i o n s  of mathemat ical  models. The s t a t e m e n t  i n  
t h e  r e p o r t  on page 136 " . . . t h e  r e l e v a n c e  t o  man of t h e  tumor igen ic  
e f f e c t s  observed  i n  F344 r a t s  is u n c e r t a i n , "  is, t h e r e f o r e ,  
c l e a r l y  j u s t i f i e d .  

I n  summary, I a g r e e  w i t h  t h e  theme o f  t h e  r e p o r t  t h a t  it 
is more a p p r o p r i a t e  t o  r e l y  upon t h e  weight of  b i o l o g i c a l  
ev idence  r a t h e r  t han  t h e  a p p l i c a t i o n  o f  mathemat ical  models i n  
hazard  assessment  when e x t r a p o l a t i n g  t h e  r e s u l t s  o f  t h e  e t h y l e n e  
ox ide  animal  s tudy  t o  humans. The u s e  o f  mathemat ical  models 
a l o n e  would almost  c e r t a i n l y  p rov ide  a  mi s l ead ing  e s t i m a t e  of 
human r i s k ,  i n  my view. 

S i n c e r e l y ,  

Robert  A .  S q u i r e ,  D.V.M. ,  Ph.D. 

RAS /pn 
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EXECUTIVE SUMMARY 

I n  keeping w i t h  t h e  EPA Science Advisory Board's encouragement, t h i s  

paper exp lores  some o f  t h e  u n c e r t a i n t y  and s e n s i t i v i t y  o f  a q u a n t i t a t i v e  

r i s k  assessment f o r  e thy lene  ox ide.  The emphasis i s  on t h e  q u a n t i t a t i v e  

impact o f  several o f  t h e  choices made i n  t h e  r i s k  assessment. 

The q u a n t i t a t i v e  e f f e c t s  of  t h e  choices are  considered separa te ly  

i n i t i a l l y  and then cumu la t i ve l y  l a t e r .  The choices are  no t  necessa r i l y  i n  

o rder  o f  importance. Whi le many of t h e  impor tan t  choices and areas of  

u n c e r t a i n t y  f o r  an e thy lene  ox ide  r i s k  assessment are i nves t i ga ted ,  t h e r e  

are  o the r  choices and areas. 

Choice 1. The D e f i n i t i o n  o f  t h e  Response o f  Concern 

I n  t h e  Bushy Run Research Center  (BRRC) study and t h e  NIOSH study o f  

e thy lene ox ide  i n h a l a t i o n  t h e  carc inogen ic  events which have been most 

f requen t l y  modeled are mononuclear c e l l  leukemia, pe r i t onea l  mesothel ioma, 

and b r a i n  neoplasia. (The re levance of these experimental events t o  humans 

i s  a very important  b i o l o g i c a l  issue;  however. t h i s  i ssue i s  not  addressed 

here in,  nor  a re  any va lue  judgements intended.) Dose-response and 

t ime-to-response models were f i t  t o  t n e  BRRC experimental  da ta  f o r  each o f  

t h e  f o l l o w i n g  s i x  d e f i n i t i o n s  o f  a response: 

1 )  b r a i n  neoplas ia i n  a male r a t ,  

2) p e r i t o n e a l  mesothelioma i n  a male r a t ,  

3) b r a i n  neoplas ia i n  a female r a t ,  

4 )  mononuclear c e l l  leukemia i n  a female r a t ,  

5 )  death o f  a male r a t ,  and 

6 )  death o f  a female r a t .  



The l a s t  two responses represent the  occurrence o f  a p a r t f c u l a r  h e a l t h  

e f f e c t  as opposed t o  carc inogenic events which might encompass h i g h l y  

v a r i a b l e  h e a l t h  e f f e c t s .  I n  addi t i o n  these two responses combine e thy lene 

ox ide ' s  e f f e c t s  on a l l  p o t e n t i a l  causes o f  death. 

I n  general the  est imated r i s k s  are smal les t  when t h e  response of 

concern i s  def ined t o  be b r a i n  neoplas ia i n  male r a t s  and are  greates t  when 

t h e  response o f  concern i s  def ined t o  be e i t h e r  mononuclear c e l l  leukemia 

i n  a female r a t  o r  t h e  death o f  a female r a t .  The other  t h ree  responses 

( p e r i t o n e a l  mesothelioma i n  a male r a t ,  death o f  a male r a t ,  and b r a i n  

neoplas ia i n  a female r a t )  have est imated r i s k s  r e l a t i v e l y  f a r  away from 

t h e  extremes. The ranking o f  t h e  est imated r i s k s  among these l a t t e r  t h r e e  

responses var ies.  

A l l  o f  t h e  numerical  r e s u l t s  a r e  based on t h e  BRRC experimental  data 

as opposed t o  t h e  NIOSH data s ince  t h e  NIOSH data  appears t o  be genera l l y  

cons fs ten t  w i t h  t h e  BRRC data and t h e  BRRC data set  conta ins more d i r e c t  

experimental  evidence on the  low-dose behavior.  The BRRC experiment 

inc luded both  10 ppm and 33 ppm whereas the  lowest  non-zero experimental  

dose l e v e l  was 50 ppm i n  t h e  NIOSH study. 

Choice 2. The Risk C h a r a c t e r i s t i c  

The r i s k  associated w i t h  a p a r t i c u l a r  exposure can be expressed i n  

t e n s  o f  e i t h e r  (1) the  p r o b a b i l i t y  o f  the  s p e c i f i e d  response by a 

s p e c i f i e d  t ime o r  (2 )  the  expected amount o f  t ime ( the  mean f r e e  pe r iod )  

w i thou t  t h e  response having occurred. The l a t t e r  r e f l e c t s  when the 

response might occur  dur ing  a pe r iod  ins tead o f  j u s t  the cumulat ive 

p r o b a b i l i t y  a t  t h e  end o f  the  per iod.  Using these two r i s k  expressions, 

t h e  r i s k  a t  a p a r t i c u l a r  dose l e v e l  can be described as e i t h e r  (1) the 



increased p r o b a b i l i t y  of the spec i f ied  response by a  spec i f ied time a t  the 

p a r t l c u l a r  dose l e v e l  r e l a t i v e  t o  t ha t  a t  the  zero dose l eve l  ( ac tua l l y  the 

cont ro l  l e v e l )  o r  ( 2 )  the percentage decrease i n  the mean f ree per iod a t  

the p a r t i c u l a r  dose l eve l  r e l a t i v e  t o  the  mean free period a t  the zero dose 

leve l  . 
Table ES.l contains estimated increases i n  p robab i l i t y  and percentage 

decreases i n  the mean f ree per iod f o r  BRRC ra t s  exposed t o  10.0 ppm, 1.0 

ppm, and 0.1 ppm. (These estimates correspond t o  the f i t t e d  

Hart ley-Sielken model which i s  a mul t is tage model extended t o  include each 

animal ' s  ind iv idua l  observation time.) These estimates i nd i ca te  that  there 

i s  at  l eas t  a  ten f o l d  reduct ion i n  the estimated r i s k  as the dose leve l  

decreases from 10.0 ppm t o  1.0 ppm and a t  l eas t  another ten- fo ld  decrease 

from 1.0 ppm t o  0.1 ppm. The magnitude o f  the differences between the r i s k  

u charac te r i s t i cs  f o r  d i f f e r e n t  d e f i n i t i o n s  o f  the response o f  concern i s  

also apparent i n  Table ES.l. There each r i s k  character is t ic  var ies at  

leas t  & f o l d  and at  most 450-fold over the s i x  def in i t ions o f  the response. 

The v i r t u a l l y  safe dose (VSD) and mean f ree dose (MFD) are two 

d i f f e ren t  d e f i n i t i o n s  o f  a  maximum acceptable dose. The VSD corresponds t o  

a  maximum increase i n  the p r o b a b i l i t y  of the specif ied response. The MFD 

corresponds t o  a  maximum decrease i n  the mean free period. The estimated 

v i r t u a l l y  safe dose fo r  an increase i n  p robab i l i t y  o f  0.000001 (one i n  a  

m i l l i o n )  varies 450-fold over the s i x  de f in i t ions  of the response and 

usually i s  100-fold smaller than the  VSD for an increase i n  p robab i l i t y  of 

0.0001 (one i n  a  thousand). The estimated mean free dose f o r  a  decrease i n  

the ra t ' s  mean f ree per iod equivalent t o  one day i n  70 years var ies 43-fold 

L over the s i x  de f i n i t i ons  of the response and i s  between 5 and 30-fold 

smaller than the MFD f o r  a  decrease equivalent t o  one month i n  70 years. 



Choice 3. The Time i n  t h e  Risk C h a r a c t e r i s t i c  

For  l a t e  o c c u r r i n g  responses. such as those associated w i t h  e thy lene 

ox ide  i n h a l a t i o n ,  the  t ime o r  length  o f  t ime  p e r i o d  used i n  the  d e f i n i t i o n  

of t h e  r i s k  c h a r a c t e r i s t i c  has a subs tan t i a l  impact. I f  t h e  VSD i s  de f i ned  

i n  terms o f  t h e  increase i n  p r o b a b i l i t y  by t h e  end o f  18 months 

(approx imate ly  314 o f  an average r a t  l i f e t i m e )  i ns tead  o f  t h e  increase i n  

p r o b a b i l i t y  by the  end o f  25 months (approximate ly  one average r a t  

l i f e t i m e ) ,  then t h e  est imated VSD i s  2-4 t imes l a rge r .  S i m i l a r  increases 

occur f o r  t h e  MFO. 

Choice 4. The Mathematical Model 

The c u r r e n t  dose-response models a re  s i m p l i s t i c  representa t ions  o f  an 

unknown, h i g h l y  complex b i o l o g i c a l  phenomenon. The e x i s t i n g  b i o l o g i c a l  

i n f o r m a t i o n  i s  not  s u f f i c i e n t  t o  i n d i c a t e  which o f  t h e  e x i s t i n g  models, i f  

any, a re  appropr ia te .  Nor are the  s t a t i s t i c a l  goodness-of- f i t  t e s t s  

s u f f i c i e n t  t o  d i f f e r e n t i a t e  between e x i s t i n g  models. Nevertheless, t h e  

mathematical  form o f  the  model makes a many-fold d i f f e r e n c e  i n  the  

est imated r i s k .  For instance, the est imated VSD f o r  an increase o f  

0.000001 i n  t h e  p r o b a b i l i t y  o f  a b r a i n  neoplas ia i n  a male r a t  va r i es  

54 - fo ld  over  f i v e  quantal-response models (p rob i  t, l o g i t .  Weibull . 
m u l t i h i t ,  and mu l t i s tage  models). For b r a i n  neoplas ia i n  a female r a t ,  

p e r i t o n e a l  mesothelioma i n  a male r a t ,  and mononuclear c e l l  leukemia i n  a 

female r a t  the v a r i a t i o n s  are 57-fold, 146- fo ld .  and 48,000-fold 

respec t i ve l y .  



Choice 5. The Inc lus ion  o r  Exclusion o f  the  Experimental Data a t  100 ppm 

The current  quantal-response model fami l i e s  (multistage. Wei b u l l ,  

etc.) do not contain curves capable o f  r e f l e c t i n g  both the s i m i l a r i t y  

between the response rates a t  0 ppm and 10 ppm and the observed behaviors 

a t  33 ppm and 100 ppm i n  the BRRC Study. The l i m i t a t i o n s  on the shapes i n  

the model f am i l i es  prevent the f i t t e d  models from passing close t o  the 

observed response proport ions a t  both 33 ppm and 100 ppm and, instead, 

force the f i t t e d  models t o  t r y  t o  "compromise" by passing below the  

response r a t e  a t  33 ppm and above the  response ra te  a t  100 ppm. 

Furthermore, such f i t t e d  models are very non-responsive t o  the experimental 

data a t  10 ppm. The "compromising" a t  high doses and non-responsiveness a t  

'U low doses can both be considerably lessened by f i t t i n g  the models t o  only 

t he  data a t  0 ppm. 10 ppm, and 33 ppm. This was done i n  m s t  ca lcu la t ions.  

Excluding the 100 ppm data causes the VSDs and MFDs t o  decrease 

roughly 2 - fo ld  when the  response i s  defined t o  be mononuclear c e l l  leukemia 

i n  a female ra t .  On-the-other-hand, they increase by roughly 2 - fo ld  f o r  

b ra in  neoplasia i n  a female r a t  and pe:itoneal mesothelioma i n  a male r a t  

and increase 8- fo ld  f o r  bra in  neoplasia i n  a male r a t .  

Choice 6. The F i t t e d  Model Value and Bounds 

The f i t t e d  model value i s  the estimate most consistent wi th the 

presumed fami ly  o f  models. 

Upper bounds on a r i s k  can be computed. I n  fact, there i s  more than 

one way t o  compute an upper bound. The purpose of an upper bound i s  not t o  
V 



es t lma te  a r i s k  bu t  t o  be l a rge  enough t o  exceed t h e  r i s k .  Not a l l  values 

l e s s  than an upper bound are  equa l ly  l i k e l y  t o  be the  t r u e  r i s k .  The 

values nearer  t o  t h e  f i t t e d  model value a r e  more l i k e l y  t o  be the t r u e  r i s k  

when the  t r u e  dose-response r e l a t i o n s h i p  i s  i n  t h e  model fami ly .  

The same procedures used t o  generate upper bounds (upper conf idence 

l i m i t s )  can a l s o  be used t o  generate lower bounds ( lower confidence 

l i m i t s ) .  The d i f f e r e n c e  between t h e  upper and lower bound prov ides an 

i n d i c a t i o n  o f  how p r e c i s e l y  the  t r u e  l o c a t i o n  o f  the  r i s k  i s  being 

i d e n t i f i e d .  The f a r t h e r  apar t  the  upper and lower bounds are, the  l ess  

l i k e l y  t h e  t r u e  r i s k  i s  t o  being near e i t h e r  bound. 

Using t h e  m u l t i s t a g e  model and i t s  usual  bounding procedure, t h e  upper 

bounds on t h e  increase i n  the  p r o b a b i l i t y  o f  a response a t  1.0 ppm, f o r  

example, a re  approximately 17. 4 ,  3.5. and 1.5 t imes the  f i t t e d  model 

values when the response o f  concern i s  de f i ned  t o  be b r a i n  neoplasia i n  a 

male r a t ,  p e r i t o n e a l  mesothelioma i n  a male r a t ,  b r a i n  neoplasia i n  a 

female r a t ,  and mononuclear c e l l  leukemia i n  a female r a t  respect ive ly .  

Furthermore, t h e  d is tance t o  the  lower bounds from the  f i t t e d  model va lue  

i s  even g rea te r  than the d is tance from t h e  f i t t e d  model value t o  the  upper 

bounds. I n  f a c t ,  a l l  o f  t h e  corresponding lower bounds are negat ive which 

i m p l i e s  t h a t  a decrease i n  the p r o b a b i l i t y  o f  a response i s  as 

s t a t i s t i c a l l y  cons i s ten t  w i t h  the experimental  data as t h e  upper bounds are 

us ing  the p a r t i c u l a r  bounding c r i t e r i o n .  Thus, an exceedingly wide v a r i e t y  

o f  dose-response r e l a t i o n s h i p s  are not s u f f i c i e n t l y  i ncons i s ten t  w i t h  t h e  

experimental  data t o  be recognized as bad f i t s  us ing the  s t a t i s t i c a l  

c r i t e r i o n  which serves as the basis  f o r  t h e  computation o f  the  bounds. 

The bounds c u r r e n t l y  a t t a i n a b l e  f o r  t h e  o the r  quantal-response models 

and time-to-response models are not  un i fo rm ly  b e t t e r .  Pa r t  o f  the  problem 



i s  t h e  bounding procedures themselves, bu t  a l a r g e r  p a r t  Of  t h e  problem i s  
L 

the ambigu i ty  i n  t h e  model f a m i l y  which o f t e n  prevents t h e  observed 

dose-response behav ior  i n  t h e  range o f  the  non-zero exper imenta l  doses from 

being s t r o n g l y  r e f l e c t e d  i n  t h e  low-dose behavior o f  t h e  model. 

The f i t t e d  m u l t i s t a g e  model 's  est imates o f  several r i s k  

c h a r a c t e r i s t i c s  were re -eva lua ted f o r  several v a r i a t i o n s  i n  t h e  response 

p r o p o r t i o n s  a t  0 ppm and 10 ppm i n  o rde r  t o  demonstrate t h e  amount of 

v a r i a b i l i t y  i n  t h e  r i s k  c h a r a c t e r i s t i c  est imates t h a t  was due t o  t h e  

s t a t i s t i c a l  v a r i  ab i  1 i t y  (randomness) i n  t h e  experimental  data. The 

observed v a r i a b i l i t y  i n  t h e  r i s k  es t imates  was s u b s t a n t i a l l y  l e s s  than t h a t  

suggested by t h e  d i f f e r e n c e  between t h e  bounds and the  f i t t e d  model 

values. I n  p a r t i c u l a r ,  t h e  upper bounds (computed from t h e  o r i g i n a l  BRRC 

data)  on t h e  increased p r o b a b i l i t i e s  o f  a response tended t o  be rough ly  

L two t imes f a r t h e r  away from t h e  f i t t e d  model values (computed f ra  t h e  

o r i g i n a l  BRRC data)  than were t h e  l a r g e s t  est imates observed among t h e  

f i t t e d  model values corresponding t o  t h e  v a r i a t i o n s  o f  t h e  o r i g i n a l  data. 

Analogously, t h e  lower bounds (computed from t h e  o r i g i n a l  BRRC data)  on t h e  

VSD were approximate ly  t w i c e  as f a r  from t h e  f i t t e d  model values (computed 

from the o r i g i n a l  BRRC data)  f o r  t h e  130 as were t h e  smal les t  est imated 

VSDs observed among t h e  f i t t e d  model values obtained from t h e  v a r i a t i o n s  o f  

t h e  o r i g i n a l  data. 

Choice 7. The Human Oose Leve ls  Assumed t o  have t h e  Same Response 

Frequencies as t h e  Rat Exper imenta l  Oose Levels 

The re levance of exper imenta l  animal r e s u l t s  depends on many f a c t o r s  

such as t h e  s i m i l a r i t i e s  i n  exposure pa t te rns ,  pharmacokinetics, 
L 

carcinogenic mechanisms, immune systems, r e p a i r  systems, e tc .  Several 



d i f f e r e n t  assumptions cou ld  be made about which dose l e v e l s  f o r  

*cont inuous lyu  exposed humans would be equ iva len t  ( i n  t e n s  o f  response 

f requencles)  t o  t h e  experimental  dose l e v e l s  adminis tered t o  t h e  F ischer  

344 r a t s  f o r  6 hourslday. 5 dayslweek, f o r  almost an e n t i r e  l i f e t i m e .  The 

q u a n t i t a t i v e  impact o f  four  d i f f e r e n t  assumptions are explored. The fou r  

assumptions presume t h a t  the '  frequency of response w i l l  be t h e  same f o r  

humans as i t i s  f o r  experimental  r a t s  i f  t h e  exposures a r e  equal on t h e  

bas i s  o f  

i ) a i r  concent ra t ion  (ppm) . 
i i )  exposure days per  week (ppm times t h e  number o f  exposure da js  per  

week d i  v ided by seven). 

i i i )  body weight (mglkglday), o r  

i v )  sur face area (mglkg2'3/day). 

T h e o r e t i c a l l y ,  i f  t h e  dose-response r e l a t i o n s h i p s  were l i n e a r ,  then 

t h e  es t imated r i s k s  f o r  a human cont inuously  exposed ( a l l  day, every day) 

a t  a g iven ppm l e v e l  compared t o  t h e  r i s k s  f o r  an exper imenta l  rat a t  the  

same ppm l e v e l  would be approximately 

i )  equal under t h e  a i r  concentrat ion equivalence assumption, 

i i )  1.4 t imes greater  under t h e  exposure days per  week equivalence 

assumption, 

l i i )  3.8 = (1.4)(2.7) t imes greater  under t h e  body weight equivalence 

assumption. and 

i v )  20.8 = (1.4)(2.7)(5.5) t imes greater  us ing  male r a t s  or  25.7 = 

(1.4)(2,7)(6.8) t imes greater  us ing female r a t s  under the sur face 

area equivalence assumption. 

The dose-response models were f i t  t o  the  observed frequencies o f  

response a t  0 ppm, 10 ppm, and 33 ppm but w i t h  these dose l e v e l s  converted 



t o  t h e i r  assumed e q u i v a l e n t  human dosages. For each d e f i n i t i o n  o f  t h e  

response o f  concern four  f i t t e d  models were obta ined (one f o r  each 

equivalence assumption). The r i s k s  es t imated under the  exposure days p e r  

week equivalence assumption were approx imate ly  1.4 t imes g rea te r  than t h e  

est imated r i s k s  under t h e  a i r  c o n c e n t r a t i o n  equivalence assumption. The 

est imated r i s k s  f o r  a 1.0 ppm human exposure were 2-4 t imes g r e a t e r  under 

t h e  body weight  equivalence assumption than they were under the' a i r  

concent ra t ion  equivalence assumption -- t h e  d i f f e rences  were g r e a t e r  f o r  

human exposure l e v e l s  l a r g e r  t han  1.0 ppm and l ess  for l e v e l s  sma l l e r  t han  

1.0 ppm. The est imated r i s k s  f o r  a 1.0 ppm human exposure were 15-200 

t imes g rea te r  under t h e  su r face  area equivalence assumption than under t h e  

a i r  concent ra t ion  equivalence assumption and 7-50 times g r e a t e r  under t h e  

sur face area equivalence assumption than  under t h e  body weight equ iva lence 

assumption. Using t h e  m u l t i s t a g e  model, t h e  estimated v i r t u a l l y  safe 

doses corresponding t o  an i nc rease  of 0.000001 i n  the  p r o b a b i l i t y  o f  a 

response by the  end o f  a l i f e t i m e  were 1.2, 8.6. 11.4, and 19.5 t imes 

smal ler  under the  su r face  area equ iva lence assumption than under t h e  a i r  

concent ra t ion  equivalence assumption when t h e  response of concern was b r a i n  

neoplasia i n  a male r a t ,  p e r i t o n e a l  fi :sothelioma i n  a male r a t ,  b r a i n  

neoplasia i n  a female r a t ,  and mononuclear c e l l  leukemia i n  a female r a t  

respect ive ly .  These same es t imated VSDs were 6.0, 5.4, 6.7, and 6.7 t imes 

greater  under the  su r face  area equ iva lence assumption than under t h e  body 

weight equivalence assumption. 

Although the  body weight and su r face  area equivalence assumptions may, 

a t  f i r s t  glance, appear reasonable, t h e  amount o f  a carc inogen which 

reaches ' i t s  t a r g e t  s i t e  i s  no t  n e c e s s a r i l y  a simple f u n c t i o n  o f  e i t h e r  body 

weight o r  body sur face area due t o  t h e  d i f f e r e n t  phannacokinet ic processes 



i nvo lved.  It I s  Important  t o  no te  tha t  t h e  equ iva len t  human dose 1s 

Intended t o  be equ iva len t  I n  t h e  sense o f  causlng t h e  same frequency o f  

response as observed i n  the  r a t s  and i s  not  necessa r i l y  intended t o  be 

equ iva len t  on any o the r  phys i ca l  o r  b i o l o g i c a l  scales. 

The Cumulative Q u a n t i t a t i v e  Impact of t h e  Choices Made I n  a Q u a n t i t a t i v e  

Risk Assessment 

The cumulat ive impact o f  several  o f  t h e  choices made i n  the  

q u a n t i t a t i v e  r i s k  assessment f o r  e thy lene o x i d e  i n h a l a t i o n  can be 

schemat ica l ly  represented i n  t h e  form of "choice t rees "  such as those shown 

I n  Figures 33-62. (Choice t r e e s  are  s i m i l a r  t o  dec i s ion  trees.) Each 

choice t r e e  shows how t h e  values o f  a p a r t i c u l a r  p a i r  o f  r i s k  

c h a r a c t e r i s t i c s  such as a MFO and VSD (one c h a r a c t e r i s t i c  emphasizing t h e  

t ime  t o  response and one n o t )  change p rog ress i ve l y  w i t h  each choice made i n  

t h e  r i s k  assessment. There i s  one choice t r e e  f o r  each combination o f  one 

o f  s i x  responses and one o f  f i v e  p a i r s  o f  r i s k  c h a r a c t e r i s t i c s .  

Table ES.2 attempts t o  summarize much o f  t h e  paper 's d iscussion o f  

most choices by l i s t i n g  t h e  op t ions  e x p l i c i t l y  examined f o r  each choice 

along w i t h  t h e  range o f  t h e i r  q u a n t i t a t i v e  e f f e c t s  on the  est imated r i s k s  

a t  1.0 ppm ( t h e  est imated increase i n  t h e  p r o b a b i l i t y  o f  a response a t  1.0 

ppm and t h e  est imated decrease i n  t h e  mean f r e e  pe r iod  a t  1.0 ppm) and t h e  

est imated VSDs f o r  an increase of 0.000001 i n  t h e  p r o b a b i l i t y  o f  a 

response. Table ES.2 does not ,  however, b r i n g  ou t  the  importance of us ing  

time-to-response data and time-to-response models not  on ly  t o  improve t h e  

est imat ion o f  p r o b a b i l i t i e s  but ,  more impor tan t l y ,  t o  a l l ow  the r i s k  t o  be 

character ized i n  terms which r e f l e c t  t h e  t ime t h e  response might occur. 



L The V a r i a t i o n  i n  t h e  U n i t  R i sk  Values: --- An Exalnple o f  t h e  Cumulative Impact 

o f  Even a Few o f  t h e  - Choices i n  a q u a n t i t a t i v e  -- R isk  Assessment --- 

A s i n g l e  n(1111ber cdn no t  r 6 d l i s t i c a l l y  c t ~ a r a c t e r l z e  the  r i s k  ut a 

chell l ical exposure. Ncver theless,  a " u n i t  r i s k "  and i t s  associated 'potency 

index'' are o f l e n  coosidered. The u n i t  r i s k  i s  the  increased p r o b a b i l i t y  o f  

a s p c i f i e d  response a t  an exllosure o f  one u n i t  r e l a t l v e  t o  tha t  a t  a11 

ezpojnre of zero u r ~ i t s .  The u n i t  o f  exposure i s  u s u a l l y  pp111 o r  

3 pg/m o r  mglkylday. For hun~ans and e thy lene  ox ide  vapor i nha la t i on .  

3 - U n i t  Risk per  pp111 
U n i t  Risk per  r g l m  - 

1 . 9 ~ 1 0  
3- 

U n i t  R isk  per  mg/kg/day 

- - U n i t  Risk per  rrg/mJ 

2.86~10- 4-- 

so tha t ,  a u n i t  r i s k  on one u n i t  sca le  on ly  d i f f e r s  by a known constant 

f r o ~ n  the  u n i t  r i s k  on another u n i t  scale. The "potency index" i s  taken t o  

be t h e  u a i t  r i s k  on the  mg/ky/day sca le  t imes t h e  molecular  weight o f  

e thy lene o x i d e  (44.1). 

Table ES.3 i n d i c a t e s  t h e  range o f  u n i t  r i s k  values tha t  are obta ined 

j u s t  by va ry ing  t h e  f o l l o w i n g  fou r  choices: 

1. The Response o f  Concern: 

1.1) B r a i n  Neoplasia i n  a Male Rat 

1.2) Pe r i t onea l  Mesothelioma i n  a Male Rat 



1 s - l l  

1.3) B r a i n  Neoplasia i n  a Female Hat 

1.4) Manonuclear C e l l  Leuke~nla i n  a Felndle Rat 

2. The Phthe~ilat i c a l  Model : 

2.1) M u l t i s t a g e  Model 

2.2) Probi  t Model 

3. lhe  Vdlue Represent iny t l le  Mdtllell~at i c a l  Mddel : 

3.1) F i t t e d  Model Value 

3.2) Upper Bound 

4. Assuk~~ed Oasis f a r  Species Equivalence: 

4 .1 )  A i r  Concentrat ion 

4.2)  Exposure Days per Week 

4.3)  Body Wciyht 

4 .4 )  Surface Ared. 

The u n i t  r i s k  value f o r  each o f  the  correspondiny 64 combinations o f  

a 
choices i s  shown. The r a t i o  o f  the  l a r y e s t  u n i t  r i s k  t o  the  slnal lest u n i t  

r i s k  i s  approximate ly  32.000. Thus t h e  u n i t  r i s k  value obta ined f o r  

ethylene ox ide  vapor i n h a l a t i o n  v a r i e s  over t h ree  orders o f  magnitude 
. . 

depending on these four choices alone. Even i f  the tadthematical model i s  

l i m i t e d  t o  t h e  mnultistaye model. t h e  u n i t  r i s k  value va r ies  1,300-fold over 

the  three remaining choices. Furthermore, these v a r i a t i o n s  do not inc lude 

the  fact t h a t  the lower bounds on t h e  u n i t  r i s k  are negat ive.  

Unfor tunate ly ,  the  d i s c u s ~ i o n  o f  u n i t  r i s k s  i n  the EPA Ned l th  

Assesstwnt Document f o r  Ethylene Oxide on l y  repo r t s  the u n i t  r i s k  values 

associated w i t h  the  uQper bounds on the  mu1 t i  stage model. The Hedl th 

Assessment Doculnrr~t does not repo r t  t h e  u n i t  r i s k  values associated w i t h  

t h e  f i t t e d  t l lu l t i s tage model values o r  those associated w i t h  the lower 



L bounds on t h e  i n u l t i s t a ~ e  r ~ o d e l .  (Nor does i t  r e p o r t  u n i t  r i s k  values f o r  

o the r  models.) Fu r then~ lo re ,  t h e  Hea l th  Assessment Docu~nrnt r e f e r s  t o  t h e  

u n i t  r i s k  values based on t h e  upper bounds ds u n i t  r i s k  e s t i n ~ a t e s  instead 

o f  bounds on t h e  uc l i t  r i s k .  Th is  in is lead ing  terminology s l ~ o u l d  not & used 

and a c a r e f u l  d i s t i n c t i o n  Should be mdde between an e s t i ~ ~ ~ d t e  o f  a u n i t  r i s k  

and a boc~nd on a u n i t  r i s k .  (A s i l n i l a r  d i s t i n c t i o n  should a l s o  be n jde  

w i t h  respect t o  o the r  r i s k  c t ~ d r d C t ~ r i s t i ~ S ;  tor  e a i  the  d i s t i l , ~ t i o n  

should be 111irde hetween an es t i lna te  o f  t h e  v i r t u a l l y  safe dose (VSD)  and a 

bound on t h e  VSD.) 

The v a r i a t i o n  i n  t h e  u n i t  r i s k  values (bo th  est i lnates and bounds) i s  

even greater  i f  o ther  choices are  included. However, i t  nlay be more 

important  t o  c?lnyhasire t h a t  t h e  u n i t  r i s k  as w e l l  as t h e  o the r  r i s k  

L-i c h a r a c t e r i s t i c s  (sucll as the  v i r t u a l l y  safe dose) which do no t  r e f l e c t  t h e  

t ime t o  response i n f o n ~ i a t  i o n  are  inadequate ly  cha rac te r i z i ng  t h e  actaal  

r i s k  o f  e thy lene ox ide  vapor i n h a l a t i o n .  

The numbers emerging froin any q u a n t i t a t i v e  r i s k  assessment o f  e thy lene 

ox ide  i n h a l a t i o n  are not  mathematical  c 2 r t a i n t i e s  but r a t h e r  the  r e s u l t s  o f  

nuinerous choices which may be i n f l u e n c e d  by p o l i c y  decis ions,  value 

judgements, and assumptions. The consequences o f  several o f  these choices 

have been q u a n t i f i e d  i n  the  o v e r a l l  s e n s i t i v i t y  ana lys is  presented here in.  

Unfor tunate ly ,  i n  l i g h t  o f  t h e  p a r t i c u l a r  r i s k  c h a r a c t e r i s t i c s  

emphasized i n  the LPA Hea l th  Assess~nent Ooculnent f o r  Ethy lene Oxide dnd 

t h e  nuinrr ica l  s e n s i t i v i t i e s  e x i s t i n y  i n  the  q u a n t i t a t i v e  r i s k  assess;rient , 

i t  i s  easy t o  see how t h e  impor tan t  s i m i l a r i t y  i n  the observed experimental  

behavior  o f  the BRRC r a t s  a t  10 ppm and the  r a t s  i n  t h e  two BRRC con t ro l  

L 
groups does not  emerge Inore s t r o n g l y  than i t  does. 



Table ES.1 Estimated r t s t  characteristics for  s i ~  dtf ferent def in i t ions o f  the 
response o f  concern 

RESPONSE 
w 
CONCERN 

Decrease t n  Increase i n  
Mean Free Period Probabil i ty 
a t  Dose Level a t  Dose Level 

10.0 ppn 1.0 Ppn 0.1 Ppn 10.0 ppn 1.0 ppn 0.1 ppn 

Brain Neoplasia 
i n  a Male Rat 

Brain Neoplasia 
i n  a Female Rat 

oeath i n  a 
R l e  Rat 

Peritoneal 
Mesothel i w 
i n  a Male Rat 

Mononuclear 
Cell Leukemia 
in  a Female Rat 

oeath i n  a 
Female Rat 

ESTIMATE0 MXIMUM ACCEPTABLE WSES (PPII) 

Mean Free Dose V i r tua l l y  Safe Dose 

Fract ional  Oecrease i n  Increase i n  
Mean Free Period Probabil i ty 

1 Month 1 Day - 0.0001 0.000001 
70 Years 70 Years 

Brain Neoplasia 
i n  a Male Rat 

Brain Neoplasia 
i n  a F m l e  Rat 

Death i n  a 
R l e  Rat 

Peritoneal 
wsothel  i m a  
i n  a M l e  Rat 

 non nuclear 
Cell Leukemia 
i n  a Female Rat 

b a t h  i n  a 
Female Rat 

Ratio: 
Larges t lka l  les t  



Table CS.1 Several o f  the choices Involved I n  the q ~ a * t l t a t ~ v e  ?Is& assessment f o r  ethylene onlde l n n a l a t ~ ~  as 
nll 1% son* of  1be r r a l l a O l r  opt lo"^ m d  the rrnw o f  the t r  q u a n t l t a t l r e  t r ~ a c t  on 1.0 o f  in. est laatea ,((, 
c h a r a c t r r l r t l c s  

Largest f s t l n & t @ a  Rlsr 
h . l l * s t  Cst!natrd 11111 

R l tL  a t  1.0 p p  YSO fo r  an l n t w a s e  
I n  P r o a a b l l l t ~  of 
0.000001 

mespon~e of  Concern: 71 362 

Ilrrtn ~ o p l a s t a  I n  r Male R.1 

P ~ . I ~ O ~ ~ I I  mso tne1m.a  i n  I  ale n1c 

oeatn o r  I male a r t  

Brain Neoolas1a r n  a F m a l e  Rat 

nononuclear Ce l l  Leukmla i n  1 f m i l e  ear 

Death o f  a Female Rat 

n l s r  C h a r a c t ~ r l s t l C :  

Enmpl*s fnphasl l lng P robab l l l t y :  Examles Lmpnaslzlng the  
TI- o f  the Response: 

lncrrasea Probaa l l t t y  aI 10.0 ppn O~crease I n  Man  F r n  Per iod 
a t  10.0 p p  

~ n c r a a r d  P r o Q a ~ i i l t y  i t  1.0 ppn Oecraase i n  -an f ree  Perfcd 
a t  1.0 opn 

~ n c ~ ~ a s a a  ProDID i l l t y  ~t 0.1 PP oecrease In  man  Free P e r l M  
a t  0.1 ppn 

V i n u a l t y  Sale Dose for an mean FVCC 00% for  a Fractional 
~n r reascd  P ~ o b ~ b l l 1 t y  o f  0.0001 Decrease I n  the M a n  F m  Perlod 

Equivalent t o  I Month I n  10 'tears 
V ~ ~ t u a l l y  Safe Dose for an 01 1 0.y i n  70 l ~ r s  
]ncmated ProDaDlI l ty 01 0.000001 

Range over Relpanses 01 
Largest Estimated R ~ s k  
k a l l e r t  t s t t na tca  R?sa 

Risk at  1.0 ppn vs0 for  an in:.rasc 
I n  Prooabl l l t ,  d l  
O.OOWO1 

TIM S p e c ~ l t e a  I"  R i s l  Cnr rac te r l s t i c :  2.5-4 1.6-4 

e 
ru t !  L ~ f e t l m c  

3 1 4  L I ~ C ~ I ~ C  

M a t n r u t r c a l  Form of  Ourntal-Rrsponsl l o o e l :  4.4-16 54-48.00: 

Prooic 

LOO't 

U~IJYII 

M y l t l n t t  

Wpl:lstage 

~uan ta l4~s ;onse  nodel re-rus Tlme-to-Response Model: 1 .O-2.1 1.5-9.6 

Ybl-.lstage v s  H.r: ley-Slcl len 

1 n r l ~ r . m  or  Exc lunon  of Exp r r i ncn ta l  Data a: 1W pm: 1.1-5.9 1.1-8.2 
li(mgr5 l o r  rlv1:lSragf Mooel' 

~ a l ~ e  aeo-ese?:,ng the Matnmatnrdl *aoe1: 1.P-11. I .5-25.. 
Lower 83s:: 8.e Upprl  go>*:: 1.1 41 1 

C l t t r ?  l h l e ?  Value A i l  ~ e r s  :?.ap Zer: Greste- :.,€. : C  07 
 UP)^, 11.3 Lowe- Bodnos 

.Ran?, i r  rcr [Ubcer Bounc] ' [C i t t ea  I b d e l  value] f o r  k!:in*:e Ho3e:. 

..Ranor i s  for [ f i t t e d  Mode1 Value] ; [lower ~ o u n o ]  fo r  Ilu!:~!:i:e %a-1. 

0.w L~,cI., a t  ul\(n llma*l an0 Rbts 
arc 4rrumcg t o  Hare Equal Rrs2onrr rrequrnrncs: Zl-112 6.2-10 

L l r  k.n:cntration (Ranges l o r  Multistage Model 

i s o o ~ u r ~  Jays Per Yee- 

B a y  re? gnt 
SU-ILC~ A i r  

& 
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L 700 ~AEAKWATER DRIVE . 
FORT COLLINS. COLORADO 80525 

(303) 223-9230 

July 1, 1986 

Editor 
Journal of the' American Medicar Association 
535 North Dearborn Street 
Chicago; Illinois 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 
L/ for Ethylene Oxide as a Cancer-Causing Agent" which appeared in the March 

28, 1966 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, 

sicd~.Lk 
Susan G.  ist tin, Sc.D. 
Environmental Epidemiologist 
Austin Health Consultants, Inc. 



ON EPIDEMIOLOGIC 'PPORT FOR THE CARCINOGENICITY ' ETHYLENE OXIDE 

The article "Epidemiologic Support for Ethylene Oxide as a 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 . Oxide 
(EtO). In this article, the authors review and update the experience of workers 
at three Swedish plants where EtO was used or produced, and conclude that 
available evidence from these occupational groups provides support for an 
increased risk of malignancy (leukemia and stomach cancer) in individuals with 
extended and intermittent exposure t o  low concentrations of EtO. However, 
careful reading of this article and the authors1 previous two reports, (2.3) 
raises 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 1 wds not studied epidemiologically, as the 
at?thors themselires acknowledge b j  their statement: "Our initial report of cases 
in'1979 was not'an epidemiologic study;. . .". Since Plant 1 was not a valid 

' epidemioloiic study, it is inappropriate to statistically 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 cohol-t may be incomplete, bias may have beon introduced. The 
appropriateness of combining maintenance workers with EtO 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 

L 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 EtO 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 Yaditional ly employed as a surrogate 
for dose. .the Hogsteat 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 EtO and 
leukemia or stomach cancer. 



In view of the at ? described differences in met' dology, one can argue 
that the three leuken~la cases from Plant 1 offer 1itc.e in the way of valid 
epidemiologic evidence and that the small excess of leukemia found among the 
potentially biased group of 89 EtO operators 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 EtO 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 EtO 
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 
ritent-inductidn period is required in the analysis? What is the number of 
observed and expected stomach cancer cases at Plant 3? . .. - 

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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ii Health Resources Institute 
CENTER OF HEALTH RESOURCES 
6666 Valreen Awnue 

January 13, 1987 

Mr. William V. Loscutoff, Chief 
Toxic Pollutants Branch 
Air Resources Board 
Attn: Ethylene Oxide 
P. 0. Box 2815 
Sacramento. CA 95812 

Dear Mr. ' Loscutof f , 
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. 

L Sincerely, 

Malcolm G. Ridgway, Ph.D., CCE 
Vice President 
WI Engineering Services 

MGR/ jhc 

CSS ENGINEERING SERVICES GROUP 



- - -  - - w .. 
Health Resourcolnstltute 
CENTER OF HEALTH RESOURCES 
8666 Vabeen Avenue 
Van Nuys, C4 91406 

January 12, 1987 (corrected version) (aisj osa.siiu 

Mr. William V. Loscutoff, chief 
Toxic Pollutants Branch 
Air Resources Board 
Attn: Ethylene Oxide 
P. 0. Box 2815 
Sacramento, CA 95812 

Dear Mr. Loscutof f , 
Health Resources In s t i t u t e  (HRI) i s  .a..wholly-owned subsidiary of the Hospital 
Council of Southern CaXiPornia; -whfdh.: .a hot-tor p r o f i t  'Wospital association 
wi th  232 member hospi'tals i n f s i x  'souhern2Ca'lifcirnfa count ies .  T h i s  subsidiary 
which u n t i l  very recently did business under the  name CouncT1 'Shared -SeW'ices 
(CSS) provides a number of s e r v i q ~  @ , t h e  :.Councila.s member hospi ta ls  on a fee  
for  service  basis. One o f  t h e  . se rv tcesd tha t  -we 'hate 'provided'Pbr a nuniber -of 
years is ethylene oxide safety surveys and it is an area where -we have become 
well acquainted wi th  the recent concern about the  chemical's potent ia l  adverse 
health e f f ec t s .  We s ta r ted  doing ethylene-biide sa'fety surveys inAT978 and 
have, t o  date,  completed more than 600 s i t e  surveys a t  well over 200 s i t e s  i n  
about 160 hospitals.  

We have followed the progress of the work described i n  the draf t  report ,  which 
was dis t r ibuted for  comment on December 4, 1986, wsth considerable i n t e r e s t  and 
would l i k e  t o  of fe r  the following comments and observations for consideration 
by both the Board and the Sc ien t i f ic  Review Panel. 

1. We had been concerned about the accuracy of the method used t o  estimate 
the  amount of ethylene oxide discharged from the hospi ta ls  surveyed i n  the 
inventory area because we believed tha t  very few hospi ta ls  would rea l ly  know 
how many pounds of gas t he i r  s t e r i l i z e r s  use per load. However it appears tha t  
the s t a f f  has done a good job of cross checking for  consistency with cylinder 
usage, and the emission data presented i n  Table C-1 (page C-7) is reasonably 
consistent wi th  one or  two spot checks t h a t  we made. For example, we know that  
Kaiser Hospital-Sunset averages about two 8.8 cu. f t .  loads per day. Th i s  
average ~o rk load  would u t i l i z e  about 0.55 lb s  of ethylene oxide per day. 

2. Although, a s  the report s t a t e s ,  hospi ta ls  tend t o  be the major source 
of ethylene oxide emissions for most urban areas,  the r e p o r t ' s  estimate of the 
resul t ing ambient l eve ls  shows tha t  the amount t o  which the general public may 
be exposed is extremely small. The estimated ambient exposure level from 
hospital-released ethylene oxide (8 par ts  per t r i l l i o n )  is about 125,000 times 
lower than the 1 par t  per million concentration which is t h e  occupational - 
exposure level  currently permitted by both S ta te  and federal  regulations. The 
contribution of hospital-released ethylene oxide t o  the publ ic ' s  overall  
exposure from ethylene oxide is estimated t o  be 32 times lower than the 
amount normally ingested from food and 443 times lower than the amount inhaled 
from smoking one pack of c igaret tes  per day. 

CSS ENGINEERING SERVICES GROUP 



W 3. The estimated risk of additional cancer deaths attributable to 
hospital-released ethylene oxide is correspondingly small. Using the report's 
relativdy conservative modelling technique 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 ethylene 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 techniques 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 techniques. 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 healthw. We 
need to be mindful that the end result of this process is intended to be an 
overall net benefit to the public health. 

L/ 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. Even 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 coffinn 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 onerous 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 point in 
the process, that the estimated risk is so small that healthcare providers 
using sterilizers 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 redl~ced to a reasonable cost, 
say, 40% of the current replacement value of the sterilizer. 

L 



We be l i eve  t h a t  t h i s  p o s i t i v e  reassurance would go a long way towards stopping 
specula t ion  t h a t  t h i s  process w i l l  eventual ly culminate i n  requi r ing  expensive 
c o n t r o l  devices and thus  e l imina te  one of t h e  f a c t o r s  which is causing 
h o s p i t a l s  t o  turn  away from e thylene  oxide s t e r i l i z a t i o n .  

Thank you f o r  t h i s  opportunity ta o f f e r  these  comments on t h e  d r a f t  r epor t .  

S incere ly ,  

Malcolm G. Ridgway, Ph.D., CCE 
Vice Pres ident  
H R I  Engineering Services  



L. K a i s e r  Permanente 

(Kaiser  Foundation ~ o s p i t a l s )  
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January 13, 1987 

M r .  William V. Loscutoff, Chief 
Toxic Pollutants Branch 
Air Resources Board 
Attn: Ethylene Oxide 
P.O. Box 2815 
Sacramnto, California 95812 

Dear M r .  Loscutoff : 

Re: Preliminary Draft Report 
on Ethylene Oxide 

I have reviemd the report on ethylene oxide emissions and c m n d  the 
care with which these emissions were characterized for  hospital opera- 
t ions.  I would like t o  add a caution, however, i n  the use of the aggre- 
gate n h r .  Hospitals are, as a result of this study, being apprmched 
with the  suggestion tha t  equipnmt can be pmchased t o  control these 
emissions. Unfortunately, although the aggregate may look like sarething 
to be controlled, equipnent of the type being suggested cannot be effect ive 

L fo r  the individual hospital releasing undetectable levels of ethylene oxide 
t o  the atmosphere. 

On a second topic, I would like t o  suggest the Air Resources Board consider 
an exemption level  for  m a l l  quantity generators. This state has prcmlgat- 
ed m y  e n v i r o m n t a l  laws and regulations that  are open-ended resul t ing in 
internal chaos due t o  the unnnnageable nature of the regulations. For 
-let MSDS's are being sought and training being given regarding the 
hazards of typewriter correction fluid.  Since the r i s k  factor  is so  mll, 
(.0005% in t h i s  case) it seem prudent t o  evaluate such an exemption. 

Thank you for  your attention t o  these icwrrs. I muld appreciate being kept 
i n f o m d  on further ac t iv i ty  on t h i s  matter. 

Sincerely, 

W. Th- Schippr, CCE, FASHE 
Regional Director 
Plant, Technology, and Safety Management 



11. A i r  Resources Board Responses t o  

P a r t  A - Related comments 



Comment: Chemrox, Inc. agrees t h a t  t h e  use o f  water-sealed once-throuqh 

L vacuum pumps on s t e r i l i z e r s  r e s u l t s  i n  f u g i t i v e  e thy lene ox ide  emissions. 

However, i t  should be noted t h a t  a number of companies i n  C a l i f o r n i a  have 

a l ready  i n s t a l l e d  closed-loop systems and many o the rs  a r e  i n  the  process o f  

do ing  so. Such a closed-loop system would complete ly  e l i m i n a t e  ethy lene 

ox ide  discharges t o  t h e  sewer system and associated f u g i t i v e  emissions of 

e thy lene oxide. 

Response: Statements have been i n s e r t e d  i n t o  t h e  r e p o r t  t o  the  e f f e c t  t h a t  

some companies r e c e n t l y  i n s t a l l e d  c losed- loop vacuum pump systems which can 

e l i m i n a t e  e thy lene ox ide discharges t o  wastewater, w i t h  t h i s  Chemrox, Inc. 

l e t t e r  c i t e d  as t h e  reference f o r  t h i s  in format ion.  

Comment: Chemrox, Inc. s ta tes  t h a t  t h e i r  experimental  data i nd i ca tes  t h a t  
L 

t h e  hyd ra t i on  o f  ethylene ox ide t o  e thy lene g l y c o l  i s  a f i r s t - o r d e r  process 

w i t h  respect  t o  ethylene oxide i n  t h e  presence o f  excess water, and t h a t  t h e  

r a t e  constant  i s  s t r o n g l y  dependent upon pH. 

Response: The Chemrox experimental data i s  c o n s i s t e n t  w i t h  the  i n fo rma t ion  

prov ided i n  the  repor t .  The hydra t ion  o f  ethy lene ox ide  t o  ethy lene g l yco l  

repor ted  on F igure  11-3 o f  Par t  A o f  t h e  r e p o r t  prov ides a r a t e  constant  

t h a t  i s  second-order. However, t h e  r a t e  shows a f i r s t - o r d e r  dependence on 

the  e thy lene ox ide  concentrat ion i f  t h e  hydrogen i o n  concent ra t ion  i s  

f ixed.  Page 11-16 o f  Par t  A o f  t h e  r e p o r t  inc ludes  a t a b u l a t i o n  o f  

h a l f - l i v e s  c a l c u l a t e d  f o r  ethy lene ox ide  a t  pH values rang ing  from 2 t o  11, 

and these t imes va ry  g r e a t l y  r e l a t i v e  t o  pH (which i s  t h e  negat ive  l oga r i t hm 

L o f  the  hydrogen i o n  concentrat ion).  Because the  statements i n  t h i s  comment 

a r e  cons i s ten t  w i t h  the  in fo rmat ion  prov ided i n  t h e  r e p o r t ,  no change was 

made i n  the  repor t .  



A I R  RESOURCES POARD STAFF PESPOF'SES T@ PUBLIC CDPWF'TS 
OM THE DRAFT PAPT A REPORT ON ETHYLENE OXIDE 

Comment: S t e r i l e  Desion, Inc. s ta tes  t h a t  t h e i r  Eacramento f a c i l i t y  c losed 

i n  December, 1985. 

Response: As 1985 was the  l a t e s t  i n v e n t o r y  yea r  f o r  which emissions 

i n f o r m a t i o n  cou ld  be c o l l e c t e d  f o r  t h i s  repo r t ,  S t e n l e  Design was included. 

ARE! s t a f f  has footnoted Table 111-1 (Emission Est imates) t o  i n d i c a t e  t h e  

c losure.  

Comment: S t e r i l i z a t i o n  Services o f  C a l i f o r n i a  s ta tes  t h a t  t h e  SCP.Ot'@ permi ts  

them t o  emi t  40 l b l d a y  o f  ethy lene ox ide  which would be, a t  most, 7.3 

tons lyear ,  n o t  18 tons lyear  as repor ted  i n  t h e  p r e l i m ~ n a r y  d r a f t  repor t .  

L 
Response: ARP s t a f f  has rev ised t h e  emtssion es t imate  i n  Table 111-1 from 18 

t o n s l y e a r  t o  7.3 tonslyear.  

Comment: Botan ica ls  I n t e r n a t i o n a l  r e p o r t s  changes i n  t h e i r  process which, 

s ince  June 2, 1086, have reduced t h e  emissions o f  e thy lene ox ide  from t h e i r  

f a c i l i t y  by 60%. He s ta tes  t h i s  rill have a s i ~ n i f i c a n t  impact on e thy lene 

ox ide  concent ra t ions  i n  t h e  Exposure Area from a l l  sources i n  t h e  Inventory  

Area. 

Response: Table 111-1 has been footnoted t o  r e f l e c t  t h e  i n fo rma t ion  a iven 

rega rd ing  reduced emissions i n  t h e  fu tu re .  However, because Rotan ica ls  



I n t e r n a t i o n a l ' s  f a c i l i t y  i n  Lon@ Peach i s  n o t  w i t h i n  t b e  i n v e n t o r y  area used 

f o r  t h e  model ing s t u d y  ( s e e  page 1-3, F i a u r e  1-1. Pap o f  E t h y l e n e  Cx ide 

Modelin! Area),  no impac t  on t h e  e t h y l e n e  o x i d e  c o n c e n t r a t i o n s  i n  t h e  

exposure area would  r e s u l t .  

Comment: G r i f f i t h  P i c r o - S c i e n c e  ( f o r m e r l y  i r i c r o - e i o t r o l  , Inc.  ) no tes  t h e  

company's i n t e n t  t o  i n s t a l l  a n  e m i s s i o n  c o n t r o l  system and s i m i l a r  a c t i o n  o r  

i n t e n t  on t h e  p a r t  o f  o t h e r  companies. 

Response: Because t h e  s t a t e d  emiss ions a r e  f o r  1985, no change was made i n  

t h e  r e p o r t .  A c t u a l  r e d u c t i o n s  i n  emiss ions  s i n c e  19P5 b y .  o t h e r  companies 

have been f o o t n o t e d  i n  Tab le  111-1. 

Comment: L i o u i d  Carhon ic  Corp. s t a t e s  t h e  e s t i m a t e  o f  l e s s  t h a n  1 /27  t o  2% 

f u g i t i v e  l o s s e s  i s  i n  e r r o r .  The company a l s o  no tes  FPP s t a f f ' s  e s t i m a t e  

t h a t  a p p r o x i m a t e l y  l P %  o f  t h e  s t e r i l a n t  gas m l x t u r e  i s  exhausted f r o v  

c y l i n d e r s  a t  repackaq ing  p l a n t s ,  and b e l i e v e s  t h e  f i o u r e  t o  be more i n  t h e  

area o f  10% o r  l e s s .  

Response: The f u g i t i v e  l o s s  e s t i v a t e  was deve lop€? by tCe E n p l n e ~ r l ~ o  

D i v i s i o n  o f  t h e  Sou th  Coast Air Q u a l i t y  Panagement D i s t r i c t .  T h i s  e s t i m a t e  

was based on i n v e n t o r y  b a l a n c i n g  by i n d u s t r y  sources con tac ted .  E thy lene  

o x i d e  q u a n t i t i e s  were measured b e f o r e  and a f t e r  processes such as t r a n s p o r t ,  

s to rage ,  t r a n s f e r ,  h l e n d i n g  and drumming. 



As s ta ted  on pages F-2 and F-3 o f  t h e  repo r t ,  t h e  f i q u r e  1PX f o r  s t e n l a n t  - gas mix tu re  re tu rned  as res idua l  i s  based on a c t u a l  measurements o f  s t e n l a n t  

gas obta ined from a recovery l recyc le  system by Union Carbide. APP s t a f f  

telephoned L i q u i d  Carbonic on January 16, 1987 f o r  any documentation 

regard ing  est imates o f  f u g i t i v e  l o s s  percentages o r  s t e r i l a n t  gas returned, 

b u t  t h e  company was unable t o  p rov ide  t h i s .  S h o r t l y  be fo re  t h i s  F i n a l  D r a f t  

Report was completed, ARB s t a f f  was in formed t h a t  documentation was nor  

a v a ~ l a b l e .  Th is  new data w i l l  be analyzed by  ARB s t a f f ,  and any chanoes t h a t  

may be app rop r ia te  w i l l  be made before  submission o f  t h e  F i n a l  Peport. 

Comment: L l q u i d  Carbonic Corp. s t a t e s  t h a t  t h e  t ime  pe r iod  used as i n p u t  t o  

t h e  ISCST model f o r  L i q u i d  Carbonic Corp. (emissions between 6:30 A.P. and 

3:00 P.M. d a i l y )  i s  i n  e r r o r  and c i t e s  a l e t t e r  dated June 9, 1986 s t a t i n g  

t h a t  t h e  scrubbing equipment a t  the  Los bngeles f a c i l i t y  was used a maximum 
'ci 

o f  f o u r  (4)  hours per  day. 

Response: The l e t t e r  from L iqu id  Carbonic Corp. dated June 3, 13P6 was n o t  

rece ived i n  t ime  t o  be used as i n p u t  f o r  t h e  model ing study. APE s t a f f  had 

telephoned t h e  l a b  manager a t  L i q u ~ d  Carbonic on A p n l  18, 1986, who 

i n d i c a t e d  f a c i l i t y  opera t ing  hours were 6:30 A.P. t o  3:00 P.M. Althouoh 

emissions can o n l y  occur f o r  f ou r  hours, emissions can occur  a t  any t lme  

d u r l n g  t h i s  penod.  Therefore, t h e  emissions were averaged f o r  t h e  whole 

p e n  od. 

Because t h e  model ing output  was annual concent ra t ions  and exposures, l i t t l e  

change would be an t i c i pa ted  from re-running t h e  model assumino t h a t  t h e  same 



emiss ions o c c u r r e d  o v e r  a  p e r i o d  o f  f o u r  ( u n s p e c i f i e d )  hours  p e r  day r a t h e r  

t h a n  between 6:00 P.P. and 3:00 P.P. d a i l y .  T h e r e f o r e  s t a f f  made no change. 

Comments: L i q u i d  Carbonic Corp. comments t h a t  t h e  ARB s t a f f  s ta tement  t h a t  

" t h e  two L i q u i d  Carbnn lc  p l a n t s  bubb le  t h e  r e s i d u a l  e t h y l e n e  o x i d e  oas 

t h r o u a h  w a t e r  a t  n e u t r a l  o r  n e a r  n e u t r a l  pHn i s  i n c o r r e c t  and c i t e s  t h e  

i e t t e r  da ted  June 18, 1986, wh ich  s t a t e s  t h a t  t h e  Los Anaeles s c r u b b e r  

s o l u t i o n  uses 5% s u l f u r i c  a c i d  by  weight .  

Response: IJhen ARE s t a f f  f i r s t  c o n t a c t e d  t h e  l a b  manaqer a t  Un ion C a r b i d e ' s  

To r rance  p l a n t  on A p r i l  4, 1 x 6 ,  he r e p o r t e d  t h e  p l a n t  was u s i n p  a  sc rubber  

t h a t  bubb led t h e  gas t h r o u c h  a  b a s i c  s o l u t i o n .  He s a i d  t h e  s o l u t i o n  was 

composed o f  one l i t e r  o f  a l V  s o l u t i o n  o f  sodium h y d r o x i d e  i n  50 a a l l o n s  of 

water ,  and was m o n i t o r e d  f o r  g l y c o l  bu i l dup .  A f t e r  r e c e i v i n g  t h e  l e t t e r  

d a t e d  June 18, 19P6, s t a f f  c a l l e d  on J u l y  10 t o  r e c o n c i l e  t h e  d i s c r e p a n c i e s  

between t h e  c o n t e n t  o f  t h e  l e t t e r  and t h e  i n f o r m a t i o n  p r e v i o u s l y  p r o v ~ d ~ d .  

I n  t h a t  c o n v e r s a t i o n ,  t h e  l a b  manager s t a t e d  t h a t  t h e y  had cbanped t h e  

s c r u b b e r  s o l u t i o n  f rom s l r q h t l y  b a s i c  t o  52 ac id ,  i n  Pay 1986. 

The mode l ing  o u t p u t  i s  s t a t e d  as 1985 c o n c e n t r a t i o n s  and exposures.  

Therefore,  i t  was a p p r o p r r a t e  f o r  ARB s t a f f  t o  use 19@5 emiss ions  data.  

However, T a b l e  111-1 (Emiss ion  E s t i v a t e s )  has been f o o t n o t e d  t o  i n d i c a t e  t h e  

I 
changes made i n  1986. 

Comment: I l n i o n  C a r b i d e ' s  L i n d e  D i v i s i o n  i n  Tor rance s t a t e s  t h a t  t h e  18% 

r e t u r n  f a c t o r  i s  t r u e  f o r  c y l i n d e r s  o f  s t e r i l a n t  aas composed o f  12% e t h y l e n e  

ox ide /88% i n e r t  gas b u t  n o t  f o r  a l l  e t h y l e n e  o x i d e  so ld .  



Response: S t a f f  understood t h i s  t o  he the  case, and t h a t  i s  how t h e  r e t u r n  

~ 4 '  f a c t o r  was used i n  t h e  c a l c u l a t i o n s  demonstrate$ on page F-4. The statement 

a t t r i b u t e d  t o  Nr. Bolen o f  Union Carhide on page F-3 has been co r rec ted  t o  

more accu ra te l y  express s t a f f ' s  understanding and use o f  t h e  r e t u r n  fac to r .  

Comment: Union Carbide s ta tes  t h a t  Oxyfume 12 s o l d  i n  b u l k  t r a i l e r  

q u a n t i t i e s ,  and pure ethy lene ox ide  sold,  bo th  r e s u l t  i n  much sma l l e r  

res idua l  amounts. 

Response: Th i s  i s  cons i s ten t  w i t h  t h e  statement on page F-1 t h a t  res idua l  

amounts a r e  g e n e r a l l y  small f o r  c y l i n d e r s  o f  pure e thy lene  oxide. For t h i s  

reason, ARB s t a f f ' s  ca l cu la t i ons  o f  emissions were based o n l y  on ethy lene 

ox ide  s t e r i l a n t  gas m ix tu re  so ld  i n  cy l i nde rs .  

L 
Comment: Union Carbide s ta tes  " the 184 r e t u r n  f i g u r e  i s  i n f l a t e d  by the  f a c t  

t h a t  o f t e n  t imes f u l l  unused c y l i n d e r s  a r e  re turned f o r  c r e d i t  when they  pass 

t h e i r  e x p i r a t i o n  date." 

Response: F u l l ,  unused cy l i nde rs  are  processed through a recovery o r  

d isposa l  system along w i t h  used cy l i nde rs .  Any e thy lene ox ide  which escaped 

t h e  c o n t r o l  equipment would be emitted. Therefore, no change was made t o  t h e  

repor t .  

Comment: Union Carbide s ta tes  t h a t  reference was made t o  t h e i r  scrubber w i t h  

an e f f i c i e n c y  r a t e  o f  90% which was r e t i r e d  i n  1980, and i n d i c a t e s  t h a t  t h e  

new scrubber has a design e f f i c i e n c y  o f  99.090%. 



Response: The emission i nven to ry  on d i s t r i b u t o r s  was f o r  i nven to ry  year 1PA5 

a t  which t ime the  "OR e f f i c i e n t  scrubber would have been i n  operat ion. PPP 

s t a f f  has footnoted the r e p o r t  o f  Table 111-1 t o  i n d i c a t e  the  1936 

i n t r o d u c t i o n  o f  a  more e f f i c i e n t  scrubber. S t a f f  noted on Paae F-7 t h a t  t h e  

I t l r ion Carbide p l a n t  i n  Torrance had appl' ied t o  the  SCAOPD f o r  permission t o  

b u i l d  a  new scrubber. S t a f f  i s  no t  aware o f  any source t e s t s  which would 

e s t a h l i s h  the  e f f i c i e n c y  o f  Union Carbide Torrance's new scrubber under 

ac tua l  opera t ina  condi t ions.  I f  e thy lene ox ide  i s  i d e n t i f i e d  as a  t o x i c  a i r  

contaminant, then new in fo rma t ion  would be rev~ewed i n  the  development o f  a  

subsequent repo r t  ( " regu la to ry  needs r e p o r t " ) .  

Comment: Union Carbide Torrance s ta tes  t h a t  no mention was made o f  the  

recove ry l recyc l i ng  system a t  Torrance, and est imates t h a t  emissions from t h e  

Torrance f a c i l i t y  are l e s s  than 100dlyr .  w i t h  both the recovery u n i t  and 

scrubber i n  operat ion. 

Response: As a  r e s u l t  of t h i s  comment b r i n g i n g  the  recovery l recyc l  in! system 

a t  Torrance t o  s t a f f ' s  a t ten t i on ,  emissions f o r  t h e  Torrance f a c i l i t y  were 

reca lcu la ted .  1985 process emissions were obta ined froe a  company 

s u ~ m l s s i o n *  t o  EPA i n  compliance w i t h  t h e  Clean A i r  Act. F u g i t i v e  emissions 

f o r  1985 were a l so  recalculated.  

* "Requested In fo rmat ion  f o r  Bulk D i s t r i b u t o r s ,  Repackagers, and Plenders 
of Ethylene Oxide" sube i t ted  t o  EPA i n  i t s  Clean A i r  bc t ,  Sect ion I14 
I n fo rma t ion  Request, by Union Carbide Corporat ion, Linde P i v i s i o n ,  
Package Gas Operations. 



L The new emission est imate t o t a l s  740 l b l y r  (0.37 tons lyear ) .  I f  e thy lene 

ox ide  i s  i d e n t i f i e d  as a  t o x i c  a i r  contaminant, ARB may subseauently 

i n v e s t i g a t e  t h e  l e v e l  o f  emissions from sources suh jec t  t o  i t s  j u r i s d i c t i o n ,  

as p a r t  o f  t h e  n s k  management process. A t  t h a t  t ime,  e r i s s i o n s  est imates 

w i l l  be f u r t h e r  re f ined,  and t h e  efficiency o f  c o n t r o l  equipment w i l l  he 

v e r i f i e d .  

Comment: Hea l th  Indus t r y  ~ a n u f a c ' t u r e r s  Assoc ia t ion  (HIPA) recornends t h a t  

CARE coord ina te  w ~ t h  EPA and l o c a l  C a l i f o r n i a  A i r  Q u a l i t y  Management 

O ~ s t n c t s  i n  t h e  ana lys is  o f  emissions data f o r  C a l i f o r n i a  f a c i l i t i e s .  CPRP 

was a l so  asked t o  review HIPA4s p o s i t i o n  paper submit ted t o  EPA, whlch 

emphasizes t h e  reduct ion  i n  numher o f  ethy lene o x ~ d e  emission sources, and 

t h e  use (and p ro jec ted  increased use) o f  e thy lene ox ide  emlssion c o n t r o l  
w 

devices. 

Response: APR s t a f f  has been i n  con tac t  w i t h  EPA, and obta ined on January 

31, 1987, a  comparison o f  EPA4s and CARP'S e thy lene ox ide  data bases. The 

emissions est imates i n  t h e  F ina l  D r a f t  Report have been rev ised t o  r e f l e c t  

t h i s  i n f o r m a t i o n  as we l l  as i n f o r m a t i o n  obta ined r e c e n t l y  from t h e  South 

Coast A i r  Q u a l i t y  Management D i s t r i c t .  

PPB s t a f f  notes t h a t  emission reduct ions have occurred a t  vanous  C a l i f o r n i a  

f a c i l i t i e s ,  and t h a t  o thers  have c losed down. However, s ince  t h e  re lease o f  

the  November, 19e6 repor t ,  s t a f f  has a l s o  i d e n t i f i e d  o t h e r  companies t h a t  

emi t  ethy lene oxide. Overa l l ,  s t a f f  has r e v ~ s e d  downward t h e  es t imate  o f  



statewide emissions by about seven percent. Some c losures and emission 

reduct ions through improved con t ro l s  have been noted. 

Comment: ARC Chemical D iv is ion ,  Balchem Corporat ion suggest t h a t  APR s t a f f ' s  

o n g l n a l  data on emissions o f fe red  i n  t h e  D r a f t  ~ e ' p o r t  may be i n  e r ro r ,  both 

f o r  reasons o f  assumptions made t o  a r r i v e  a t  them, and because f a c i l t t i e s  i n  

the  S ta te  o f  C a l i f o r n i a  w i l l  s h o r t l y  i n t roduce  f u r t h e r  emission con t ro l s  t o  

reduce present  emission leve ls .  

Response: I n  t h e  F ina l  D r a f t  Report, ARR s t a f f  c l a r i f i e d  t h a t  emission 

est imates a r e  f o r  1985, and has Inc luded foo tno tes  t o  i n d i c a t e  a l l  more 

recent  changes o f  which s t a f f  i s  aware. 

Comment: Based upon A R C ' S  b lendlng experiences outs ide  C a l i f o r n i a ,  and 

"conversat ions with several C a l i f o r n i a  blenders," APC "ouest ion the  f u p i t i v e  

emissions value o f  1/2 - 2% as s ta ted  by Zwiacher (1983), and supgest t h a t  

the value ( f o r  blenders, a t  l e a s t )  must be somewhat lower." ARC f u r t h e r  

s ta tes  t h a t  conversat ions w i t h  one unspeci f l e d  Cal i f o r n i a  b lending f a c i l i t y  

lead them t o  s t a t e  t h a t  d i f f e rences  i n  r e t u r n  ra tes  and scrubbing e f f i c i e n c y  

"should a l t e r  your  c a l c u l a t i o n  o f  emissions by a f a c t o r  o f  3-6 times." 

Responcrd: ARE s t a f f  has had discussions w i t h  the two o f  the  th ree  known 

d i s t r i b u t o r s  o f  ethy lene ox ide w i t h  b lend ino  f a c ~ l i t i e s  i n  C a l i f o r n l a ,  and 

responses t o  t h e i r  w r i t t e n  comments are  i n  t h i s  Par t  C o f  the F ina l  D r a f t  

Report. I n  p a r t i c u l a r ,  ARI! s t a f f  s u y e s t e d  t o  one d i s t r i b u t o r  the natctre n f  



a d d i t i o n a l  documentation t h a t  would be a p p r o p n a t e  t o  support  t h e i r  a s s e r t i o n  

L o f  lower  emissions, and t h a t  i n fo rma t ion  was prov ided t o  ARP j u s t  as t h i s  

r e p o r t  was being f i n a l i z e d .  ARB s t a f f  w i l l  analyze t h i s  new i n f o r m a t i o n  t o  

determine i f  f u r t h e r  changes should he made t o  t h i s  repor t .  

Comments: ARC at tached a r t i c l e s  on t h e  h e a l t h  b e n e f i t s  o f  ethy lene ox ide  

s t e r i l i z a t i o n  and on ethy lene ox ide emission c o n t r o l  devices. 

Response: A R C ' S  attachments on h e a l t h  r i s k  b e n e f i t s  o f  e thy lene ox ide  

s t e n l i z a t i o n  and e thy lene ox ide  emission c o n t r o l  devices a r e  i v t e r e s t i n g ,  

b u t  a re  more appropr ia te  submissions d u n n g  a poss ib le  subsequent n s k  

management phase, r a t h e r  than d u n n g  t h e  present  r i s k  assessment phase. 

Comment: Env i ron  Corporat ion s ta tes  t h a t  annual ev iss lons  from k C o m i c k ' s  
L 

S c h i l l i n g  p l a n t  a re  6.1 tons/year, n o t  20 tons l yea r  as PRR presents i n  t h e  

Dra f t  Report. He der ives t h i s  from b!cCormick's "measured average t o t a l  

emissions o f  ethy lene ox ide from a l l  s tacks  and vents o f  0.369 g/second." 

I t  i s  a l so  s t a t e d  t h a t  "exposure concent ra t ions  represent  maximum r a t h e r  

average concentrat ions," and t h a t  cancer r i s k  i s  r e l a t e d  t o  l i f e t i m e  average 

dose, n o t  maximum concent ra t ion  t h a t  represents o n l y  occasional  excursions. 

Response: ARB s t a f f  agrees t h a t  exposure concent ra t ions  should represent 

average concentrat ions.  The D r a f t  Report p rov ides  maximum annual 

concentrat ions,  no t  maximum excursions. Furthermore, p u b l i c  exposures were 

obta ined from the  use o f  annual average i s o p l e t h s  i n  con junc t i on  w i t h  census 

L 
t r a c t  data. 



Response: Because none o f  the  repo r t s  provided by Environ Corp provides a 

d iscussion on how the  emissions were determined, ARP contacted Environ by 

telephone regardinq the  d e r i v a t i o n  o f  the  above s ta ted  emission rate. 

Apparently, f o r  a s t e r i l i z e r  chamber charged w i t h  56  pounds o f  ethylene 

oxide, VcCormick accounted f o r  11.48 pounds o f  emissions v i a  the  pr imary 

exhaust vent, a u x i l i a r y  a i r  vent, and secondary a i r  vent. McCormick a l so  

determined t h a t  24.79 pounds was accounted f o r  i n  water, l eav ino  19.73 pounds 

i n  the  sp ice  products, drums, p a l l e t s ,  and unaccounted for .  

ARB s t a f f  agrees t h a t  i f  t h e  11.48 pounds o f  d i r e c t  a i r  emissions were t h e  

o n l y  emissions t o  a i r ,  then the  S c h ~ l l i n g  p l a n t  would emi t  6.1 tonslyear.  

However, i n  the  absence o f  documentation showing t h a t  the 19.73 pounds i s  no t  

suhsequently emi t ted  t o  the  atmosphere, ARB s t a f f  be l ieves  i t  should be 

inc luded i n  t o t a l  emissions. Also, ARP s t a f f  r epo r t s  c ~ t e d  i n  the  r e p o r t  

prov ide a somewhat lower f i g u r e  f o r  ethy lene oxide i n  water. Furthermore, 

much o f  the  ethy lene ox ide i m t i a l l y  accounted f o r  i n  the water could be 

re-emit ted t o  t h e  atmosphere near t h e  f a c i l i t y .  Therefore, PUP s t a f f  has no t  

changed t h e  20 ton l yea r  emission estimate. 



111. Department o f  Health Services Pesponses to 

Part C - Related Comments 



Pe~artment of Health Services 

Staff Remonses 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 

(hereafter referred to as part B), one each by ARC Chemical Division - 
Balchem Corporation, Ethylene Oxide Industry Council (EOIC), and Environ 

Corporation, a consulting firm. 

1. ) Comments from ARC, dated 1/8/87 

Y 
a.) Commenf. A copy of an unpublished epidemiologic study of a group of 

male and female sterilizer workers from Johnson and Johnson was submitted. 

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. 

pes~onse. 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 noc an oriori hypothesis. Case ascertainment 

is still incomplete, thus the one case of leukemia (vs. 0.28 expected) may 

or may not represent a chance finding. DHS staff also notes that the 

analyses presented in this paper had no required minimum length of 

employment for inclusion in the cohort, and, in fact, the manuscript 
L 



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 controls. 

BeS~onSe. Experimental results summarized in Table 9-25 (EPA 1985) and 

in Table 4.2 (part 8 )  indicate that the increase at 33 ppm is also 

significant. Furthermore, the more 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 - .Oh25 by the Fisher exact test). 

c.) Comment. 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. 

Bes~onse. As noted above, an effect is demonstrable even at 10 ppm. 

?lore importantly, DHS considers carcinogenesis to be a nonthreshold 

process unless there is 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 in increased uptake of ethylene oxide at a given exposure 

concentration. 



Besuonse. Tyler and McKelvey (1983) studied uptake of labelled ethylene 

oxide to determine the doses actually delivered to the rots. The latter 

numbers were used to calculate equivalent human dose. 

e.) Conunent. The animal carcinogenesis experiments were conducted at 

ethylene oxide concentrations 20 to 200 times the OSHA "action level" of 

0.5 ppm. The lowest dose of 10 ppm in the Snellings study is 20,000 times 

higher than the estimated ambient level of 50 ppt. 

Resuonse. 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 neeative 

study of several hundred rats of a single strain would not exclude 

mutagenic/carcinogenic effects in a large, heterogeneous human population. 
t 

In fact there are several positivq 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.) Coment. The studies by Hogstedt et al. (1986) do not provide 

"convincing evidence that low exposures to ethylene oxide" are associated 

with an increased risk of leukemia. Divine and Amanollahi (1986) have 

rebutted the association between ethylene oxide and leukemia reported by 

Hogstedt et al. (1986). 

pes~onse. 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 

L 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 carcinogenic 

properties at very low levels". 

g.) Comment. Where no other carcinogens were found, no leukemias were 

observed. 

Res~onse. 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.) -c. The plants studied by Hogstedt et al. involved different 

processes and working conditions and therefore should not be combined in the 

analysis. 

pes~onse. 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 

were 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 ratio of around six at the levels to which 

workers in all three plants wore 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 



b plants. ARC also invokes 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.) Commenc. The report of Hemrninki et al. (1982) on the association between 

ethylene oxide exposure and spontaneous abortion was found by OSHA to be 

qualitative, not quantitative. Additional data are needed. 

Lesuonse. We agree that additional data on this important endpoint are 

needed; however, this is no reason to exclude discussion of the original 

report. 

L 
j.) Commea. The federal Occupational Safety and Health Administration 

(OSHA) stated that there was "no direct (epidemiological) evidence of an 

excess risk of cancer at chronic exposure levels below approximately 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 

peuartment. Am-CIO v. American Petroleum Institute et al. , 448 U.S. 607, 

653-54, 1980 ["benzene case"]). Thus, OSHA's earlier statement is still 

valid. 

Resoonse: The weight of the evidence regarding ethylene oxide's direct 

action on genetic material and its carcinogenicity supports the notion that 

its genotoxic and carcindgenic effects occur with no identifiable threshold 

(summarized in Chapters 4 and 5 of part B). OSHA's initial statement on 
L 



this issue, while of interest, is irrelevant, because no epidemiologic 

studies involving ethylene oxide exposure contain enough subjects to 

demonstrate the existence of a threshold. Judgement about the nonthreshold 

nature of ethylene oxide's carcinogenicity is based on laboratory evidence, 

not epidemiology. Furthermore, OSHA's initial statement was contained in a 

brief supporting its denial of a petition to issue an emergency standard 

zegulating occupational exposure to ethylene oxide. In this case the court 

held that OSHA's refusal to issue an emergency standard was arbitrary and 

capricious and constituted an abuse of discretion (Public Citizen Health 

Research Group et al. 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 OSHA's failure to document the 

magnitude of the health risk of benzene exposure and has nothing to do with 

disproving the existence of a threshold. 

k )  m e n .  "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. 

pes~onse. DHS staff is unaware of any large cohorts of sterilizing 

personnel whose exposures to ethylene oxide have been well-quantified, and 



b 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". 

pesuonse. 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 

L 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 nut conducted a "complete, scientific 

evaluation". Not all the available scientific information was considered, 

particularly "biochemical and biological mechanisms, metabolism and 

pharmacokinetics, and tumor types of relevance to man." 

Res~onSe. 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 

L 



metabolic activation. (3) The tumor types observed in animals correspond to 

those observed in man. For these reasons DHS staff concludes that we must 

use the available data, validate our assessment based on all relevant 

available'information, and provide our best plausible estimate using current 

scientific methods. 

c.) Comment. Mathematical models for risk assessment are "statistical 

procedures or tools to assist the scientist in assessing risk." 

Besoonse. DHS staff agrees. This is exactly the purpose for which they 

have been used. 

d.) Eomment. "There are still many difficulties in using epidemiologic 

studies. " 

Besvonse. 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 epidemiologic data. Newer studies will probably show smaller 

risks since occupational 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. 

m o n s e .  The lifetime ambient exposure of 0.63 ppm was applied to the 

69 employees who were exposed all day. This yielded the 4.8 cxcns?; c1c:lr.h:: 

predicted. Applying this high dose to workers who only passed rhrough the 

area and thus received a much lower exposure is not appropriate. For all 



V three plants under study, using a lower, more appropriate, overall estimated 

exposure, DHS staff predicted a total leukemia mortality of 9.01 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. 

Res~onse . 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 practical 

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 
L 

epidemiologic 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. 



moouse. 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 establishing the causation for EtO carcinogenesis in humans. 

pes~onse. As implied above, there is seldom a "smoking gun" in 

epidemiology, 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, in both rats and humans, strengthens the evidence from either 

species alone. 

c.) Comment. "The epidemiologic data are inadequate to derive an estimate of 

cancer risk from exposure to ethylene oxide." 

8-e. DHS staff agrees and did not use these data to derive an 

estimate of risk. This is discussed in our response to comments by EOIC. 

d.) Comment. The unit cancer risk determined by DHS is eight-fold higher 

than that determined by Environ for McCormick. 



pesvonse. DHS followed the California Guidelines for Chemical Carcinoeen 

Risk Assessments and Their Scientific Rationale (1985). DHS staff used the 

most sensitive sex, site and species, an interspecies conversion 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 a1. (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 estimates and used body 

weight as the interspecies conversion factor. Thus, some of Environ's 

assumptions and procedures were different from those used by DHS staff. 

However, Environ's methodology is not demonstrably more scientifically 

valid. Furthermore, the McCormick document is a nonpublic document; we do 
iu 

not know if it has been subjected to independent review. 

e.) Comment. The Gaylor-Kodell model was not applied appropriately. 

Res~onse. 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, 

which 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 

- 5  
probit model was 1.9 x 10 (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. 



REFERENCES FOR DHS RESPONSE TO PUBLIC COMMENTS 

CDHS (1985) Guidelines for Chemical Carcinogen Risk Assessments and their 
Scientific Rationale. State of California, Health and Welfare Agency. 

Divine BJ, hanollahi KS (1986) Ethylene oxide and cancer (Letter to the 
editor). JAMA 256:1726-1727. 

EPA (1985) Health Assessment Document for Ethylene Oxide. Final Report. U.S. 
Environmental Protection Agency, Washington, DC. 

Heminki K, Mutamen P. Saloniemi I, Niemi ML, Vainio H (1982) Spontaneous 
abortions in hospital staff engaged in sterilizing with chemical agents. Br 
Med J 285:1461-1463. 

Hogstedt C (1986) Reply to letter of Divine and Amanollahi. JAMA 256:1727 

Hogstedt C, Aringer L, Gwtavsson A (1986) Epidemiologic support for 
ethylene oxide as a cancer-causing agent. J Am Med Assoc 255:1575-1578. 

Hogstedt C, Malmvist N, Wadman B (1979) Leukemia inworkers exposed to 
ethylene oxide. JAMA 241:1132-1133. 

Lynch DW, Lewis TR, Mooman WJ, Burg JR, Groth DH, Khan A, Ackerman L7, 
Cockrell BY (1984) Carcinogenic and toxicologic effects of inhaled ethylene 
oxide and propylene oxide in F344 rats. Toxicol Appl Pharmacol 76:69-84. 

Morgan RW, Claxton KW, Divine BJ, Kaplan SD, Harris VB '(1981) Mortality 
among ethylene oxide workers. J Occup Med 23:767-770. 

OSHA (1984) Occupational exposure to ethylene oxide (29 CFR Part 1910). Fed 
Reg 49:25734-25809. 

Snellings WM, Weil CS. Maronpot RR (1984) A two-year inhalation study of the 
carcinogenic potential of ethylene oxide in Fischer 344 ratws. Toxicol Appl 
Pharmacol 75:105-117. 

Tyler TR, McKelvey JA (1983) Dose-dependent disposition of I4C labeled 
ethylene oxide in rats. Carnegie-Mellon Institute of Research, Pittsburgh, 
PA. 



IV. Air Resources Board 

Letters t o  Cornenters 
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IP RESOURCES BOARD 
, STREEI 

2815 
CRAMENTO. CA 95812 

Apr i l  10, 1987 

Ronald Van Mynen 
Chairman 
Ethylene Oxide Indus t ry  Council  
2501 M S t r e e t ,  N.W., S u i t e  200 
Washington, D.C. 20037 

Dear M r .  Van Mynen: 

Thank ybu f o r  your comments on P a r t  B of t h e  
D r a f t  Report on Ethylene Oxide. Your cormnents have been 
forwarded t o  t h e  C a l i f o r n i a  Department of Health Services .  
I understand t h e i r  s t a f f  has  prepared responses which 
w i l l  be incorpora ted  i n t o  P a r t  C of the F ina l  Dra f t  Report, 

%U 
xhich should be r e l e a s e d  t o  t h e  pub l ic  wi th in  a month. 

S incere ly ,  
n 

William V. L ~ s c u t o f  f ,  "Chief 
Toxic Po l lu t an t s   ranch 
S ta t i ona ry  Source Division 



STATE OF U L I K I N I A  GEORGE DRIIMUUII, ^ - 
AIR RESOURCES BOARD 
'-v o r n w  

, YM 2815 
U A M E N T O .  CA 95812 

A p r i l  20,  1987 

Dr. Malco lm G .  Ridgway,  V i c e  P r e s i d e n t  
H R I  E n g i n e e r i n g  S e r v i c e s  
C e n c e r  o f  H e a l t h  R e s o u r c e s  
6666 V a l j e a n  Avenue 
Van Nuys,  CA 91406 

Dear Dr. Ridgway:  

Comment on P r e l i m i n a r y  D r a f t  - on  E t h v l e n e  O x i d e  

Thank  you f o r  y o u r  comments  on  t h e  e t h y l e n e  o x i d e  
r e p o r t .  My s t a f f  a p p r e c i a t e s  y o u r  s t a t e m e n t  t h a t  i t  d i d  "a good 
j o b  i n  d e v e l o p i n g  e m i s s i o n  d a t a  f r o m  h o s p i t a l s . "  

I n o t e  y o u r  comments  t h a t  t h e  amount  o f  e t h y l e n e  o x i d e  
t o  w h i c h  t h e  p u b l i c  may b e  e x p o s e d ,  a n d  t h e  r i s k  o f  a d d i t i o n a l  
c a n c e r  d e a t h s  a t t r i b u t a b l e  t o  h o s p i t a l - r e l e a s e d  e t h y l e n e  o x i d e ,  are 
b o t h  " e x t r e m e l y  s m a l l . "  T h e  r e p o r t  i n c l u d e s  n u m e r i c a l  estimates 
f o r  e x p o s u r e  a n d  r i s k .  ARB s t a f f  d o e s  n o t  b e l i e v e  i t  i s  
a p p r o p r i a t e  t o  c h a r a c t e r i z e  t h e s e  w i t h  a d j e c t i v e s .  S u c h  a 

L/ j u d g e m e n t  i s  a p p r o p r i a t e  f o r  o u r  Board.  

Your comments  r e g a r d i n g  o v e r a l l  p u b l i c  h e a l t h  b e n e f i t s  
o f  a l t e r n a t i v e s  t o  s t e r i l i z a t i o n  w i t h  e t h y l e n e  o x i d e ,  c o s t s  o f  
c o n t r o l .  a n d  p o s s i b l e  e x e m p t i o n s  h a v e  b e e n  n o t e d .  However .  
e t h y l e n e  o x i d e  i s  b e i n g  c o n s i d e r e d  now o n l y  f o r  p o s s i b l e  
i d e n t i f i c a t i o n  as  a  t o x i c  a i r  c o n t a m i n a n t .  Your comments  w i l l  b e  
a p p r o p r i a t e l y  c o n s i d e r e d  d u r i n g  a p o s s i b l e  s u b s e q u e n t  r i s k  
management  p h a s e .  

Thank you f o r  y o u r  i n t e . e s t .  P l e a s e  c o n t a c t  
G a r y  M u r c h i s o n  a t  (916) 322-8521.  i f  you h a v e  a d d i t i o n a l  q u e s t i o n s .  

S i n c e r e l y ,  r? 

udL& @LUy/ 
x i l l i a m  V .  L o s c u t o f f .  C h i e f  
T o x i c  P o l l u t a n t s   ranch 
S t a t i o n a r y  S o u r c e  D i v i s i o n  
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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 Revort 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 

'u 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 so 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 questions regarding 
our response. 

Sincerely. n 

Toxic Pollutants Branch 
Stationary Source Division 
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April 27, 1987 

Mr. Paul Lewandowski 
Assistant Product Mgr. 
ARC Chemical Division 
Balchem Corporation 
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 

L industry will be considered if ethylene oxide is identified as a 
toxic air contaminant 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 distributors 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 recent 
changes in emissions of which my staff is aware. 



Mr. Paul Lewandowski -2- April 27, 1987 

Your Attachment 1 concerning ethylene oxide control, 
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 
effacts 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, r: 
&&G U & d h % $ y  
William V. Loscutoff. Ch ef 
Toxic Pollutants Branch 
Stationary Source Division 
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A p r i l  27,  1 9 8 7  

D r .  R o b e r t  G. T a r d i f f ,  P r i n c i p a l  
E n v i r o n  C o r p o r a t i o n  
T h e  F l o u r  M i l l ,  1000 P o t o m a c  S t . .  NW 
W a s h i n g t o n ,  DC 20007 

Dear Dr. T a r d i f f :  

Thank you f o r  y o u r  comments  on t h e  D r a f t  R e p o r t  on  
E t h y l e n e  O x i d e  (November 1 9 8 6 ) .  Your s u b m i s s i o n s  on a s s e s s m e n t  
o f  p o s s i b l e  h e a l t h  r i s k s  a s s o c i a t e d  w i t h  e x p o s u r e  t o  e t h y l e n e  
o x i d e  r e l e a s e d  t o  t h e  a t m o s p h e r e  f r o m  t h e  S a l i n a s  p l a n t  o f  
McCormick a n d  Company. I n c .  h a v e  b e e n  f o r w a r d e d  t o  t h e  C a l i f o r n i a  
D e p a r t m e n t  o f  H e a l t h  S e r v i c e s  (DHS). The  DHS h a s  p r e p a r e d  
r e s p o n s e s  t o  y o u r  h e a l t h  r i s k  comments  t h a t  w i l l  s o o n  b e  made 
a v a i l a b l e  t o  t h e  p u b l i c  i n  t h e  F i n a l  D r a f t  R e p o r t  on  E t h y l e n e  
O x i d e .  

We a l s o  a p p r e c i a t e  y o u r  s u b m i t t i n g  c o p i e s  o f  t h e  t h r e e  
1 9 8 6  r e p o r t s  by E n v i r o n  w h i c h  e v a l u a t e d  McCormick e m i s s i o n s  o f  
e t h y l e n e  o x i d e  a n d  p o p u l a t i o n  e x p o s u r e .  ARB s taff  was ear l ier  
p r o v i d e d  c o p i e s  o f  t h e s e  r e p o r t s .  a n d  c o n s i d e r e d  t h e m  i n  t h e  
D r a f t  R e p o r t .  

B e c a u s e  n o n e  o f  t h e s e ,  r e p o r t s  p r o v i d e s  a d i s c u s s i o n  o f  
how t h e  e m i s s i o n s  were d e t e r m i n e d ,  my s t a f f  c o n t a c t e d  y o u r  s t a f f  
by t e l e p h o n e  r e g a r d i n g  t h e  d e r i v a t i o n  o f  t h e  0 .3498 g / s e c o n d  
a v e r a g e  t o t a l  e m i s s i o n  r a t e  w h i c h  you p r o v i d e d  i n  y o u r  l e t t e r .  
A p p a r e n t l y ,  f o r  a s t e r i l i z e r  c h a m b e r  c h a r g e d  w i t h  5 6  p o u n d s  o f  
e t h y l e n e  o x i d e ,  McCormick a c c o u n t r d  f o r  1 1 . 4 8  p o u n d s  o f  e m i s s i o n s  
v i a  t h e  p r i m a r y  e x h a u s t  v e n t ,  a u x i l i a r y  a i r  v e n t ,  a n d  s e c o n d a r y  
a i r  v e n t .  McCormick a l s o  d e t e r m i n e d  t h a t  24 .79  p o u n d s  was 
a c c o u n t e d  f o r  i n  w a t e r ;  l e a v i n g  1 9 . 7 3  pounds  i n  t h e  s p i c e  
p r o d u c t s ,  d rums ,  p a l l e t s ,  a n d  u n a c c o u n t e d  f o r .  

A R B  s t a f f  a g r e e s  t h a t  if t h e  11 .48  p o u n d s  o f  d i r e c t  
a i r  e m i s s i o n s  w e r e  t h e  o n l y  e m i s s i o n s  t o  a i r ,  t h e n  t h e  S c h i l l i n g  
p l a n t  would  emit 6 . 1  t o n s / y e a r .  A R B  had a s s u m e d ,  h o w e v e r ,  t h a t  
t h e  1 9 . 7 3  p o u n d s  was s u b s e q u e n t  e m i t t e d  t o  t h e  a t m o s p h e r e .  
B e c a u s e  t h e  r e a c t i v i t y  o f  e t h y l e n e  o x i d e  is  q u i t e  l o w ,  a n d  no  
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o t h e r  f a t e s  o f  e t h y l e n e  o x i d e  a r e  known, ARB s t a f f  c o n s i d e r s  i t  
l i k e l y  t h a t  v i r t u a l l y  a l l  o f  t h e  e t h y l e n e  o x i d e  a c c o u n t e d  f o r  i n  
s p i c e  p r o d u c t s ,  d r u m s ,  and  p a l l e t s  w i l l  o f f - g a s  a t  t h e  f a c i l i t y .  
T h e r e f o r e ,  i n  t h e  a b s e n c e  o f  d o c u m e n t a t i o n  showing  t h a t  t h e  19.73 
p o u n d s  i s  n o t  s u b s e q u e n t l y  e m i t t e d  t o  t h e  a t m o s p h e r e ,  ARB s t a f f  
b e l i e v e s  i t  e h o a l d  b e  i n c l u d e d  i n  t o t a l  e m i s s i o n s .  A l s o ,  ARB 
s t a f f  r e p o r t s  c i t e d  i n  t h e  D r a f t  R e p o r t  p r o v i d e  a somewhat l o w e r  
f i g u r e  o f  e t h y l e n e  o x i d e  i n  w a t e r .  F u r t h e r m o r e ,  much o f  t h i s  
e t h y l e n e  o x i d e  c o u l d  b e  r e - e m i t t e d  t o  t h e  a t m o s p h e r e  n e a r  t h e  
f a c i l i t y .  T h e r e f o r e ,  ARB s t a f f  h a s  n o t  c h a n g e d  t h e  20 t o n s l y e a r  
e m i s s i o n  e s t i m a t e .  

11 With  r e s p e c t  t o  your  comment on p a g e  3, 3 . a . ,  ... t h e  
e x p o s u r e  c o n c e n t r a t i o n s  r e p r e s e n t  maximum r a t h e r  [ t h a n ]  a v e r a g e  
c o n c e n t r a t i o n s . "  t h e  D r a f t  R e p o r t  on E t h y l e n e  Oxide  a l w a y s  
p r o v i d e s  a n n u a l  a v e r a g e  c o n c e n t r a t i o n s .  Maximum a n n u a l  
c o n c e n t r a t i o n s  w e r e  p r o v i d e d .  b u t  o n l y  a n n u a l  a v e r a g e  i s o p l e t h s  
i n  c o n j u n c t i o n  w i t h  c e n s u s  t r a c t  d a t a  were u s e d  t o  e s t i m a t e  
p u b l i c  e x p o s u r e .  We a g r e e  w i t h  y o u r  s u b s e q u e n t  s t a t e m e n t ,  " t h e  
c o r r e c t  e x p r e s s i o n  o f  i n h a l e d  c o n c e n t r a t i o n  is t h e  d a i l y  a v e r a g e  
and  n o t  t h e  maximum c o n c e n t r a t i o n . "  

Thank  you  f o r  your  comments.  

S i n c e r e l y ,  r: 

I.'d'.u%f/ 
William V. L o s c u t o f f .  C h i e f  
T o x i c  P o l l u t a n t s  Branch  
S t a t i o n a r y  S o u r c e  D i v i s i o n  
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Mr. James F. J o r k a a k y  
Direc tor ,  E n v i r o n m e n t a l ,  O c c u p a t i o n a l  

a n d  S m a l l  B u s i n e s s  P r o g r a m s  
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1030 F i f t e e n t h  S t r e e t ,  NW 
W a s h i n g t o n ,  DC 20005-1598 

D e a r  Mr. J o r k a s k y :  

Comments on P r e l i m i n a r ~  R e p o r t  on E t h r l e n e  O x i d e  

Thank you f o r  y o u r  comments  on  t h e  e t h y l e n e  o x i d e  
r e p o r t .  We a g r e e  w i t h  y o u r  r e c o m m e n d a t i o n  t h a t  t h e  C a l i f o r n i a  A i r  
R e s o u r c e s  B o a r d  (CARB) r e v i e w  EPA's d a t a b a s e  and  c o n c l u s i o n s  on  
e t h y l e n e  o x i d e  (ETO) u s e  a n d  e m i s s i o n s  c o n t r o l .  My s t a f f  h a s  b e e n  
i n  c o n t a c t  w i t h  Mr. D a v i d  Markword t  i n  EPA's O f f i c e  o f  A i r  Q u a l i t p  
P l a n n i n g  a n d  S t a n d a r d s .  On J a n .  31, 1987, h e  s e n t  me a c o m p a r i s o n  
o f  EPA's  a n d  CARB's e t h y l e n e  o x i d e  d a t a b a s e s .  Yy s t a f f  h a s  h a d  

L f o l l o w - u p  d i s c u s s i o n s  w i t h  h i s  c o n t r a c t o r  f o r  t h i s  w o r k ,  M i d w e s t  
R e s e a r c h  I n s t i t u t e .  The  e m i s s i o n s  e s t i m a t e s  i n  t h e  F i n a l  Draft 
R e p o r t  on E t h y l e n e  O x i d e  h a v e  b e e n  r e v i s e d  t o  r e f l e c t  t h i s  
i n f o r m a t i o n ,  w h i c h  became a v a i l a b l e  s i n c e  t h e  Rovember 1986 r e l e a s e  
o f  t h e  P r e l i m i n a r y  D r a f t  R e p o r t .  

My s t a f f  h a s  a l s o  r e v i s e d  t h e s e  e s t i m a t e s  b a s e d  upon 
r e c e n t  i n f o r m a t i o n  o b t a i n e d  f r o m  t h e  S o u t h  C o a s t  A i r  Q u a l i t y  
Management D i s t r i c t  (SCAQMD). 

We h a v e  a l s o  r e v i s e d  o u r  e m i s s i o n  e s t i m a t e s  b a s e d  on t h e  
f a c t  t h a t  e m i s s i o n  r e d u c t i o n s  h a v e  o c c u r r e d  a t  v a r i o u s  C a l i f o r n i a  
f a c i l i t i e s ,  a n d  n o t e  t h a t  o t h e r s  h a v e  c l o s e d  down. However ,  we 
h a v e  a l s o  i d e n t i f i e d  c o m p a n i e s  t h a t  emit e t h y l e n e  o x i d e .  O v e r a l l  
we h a v e  r e v i s e d  downward o u r  e s t i m a t e  o f  s t a t e w i d e  e m i s s i o n s  f r o m  
a l m o s t  4 0 0  t o n s l y e a r  t o  a b o u t  370 t o n s / y e a r ,  o r  a b o u t  a s e v e n  
p e r c e n t  d e c r e a s e .  
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We t r u s t  t h a t  you w i l l  f i n d  t h a t  t h e  d a t a  i n  ou r  F i n a l  
D r a f t  R e p o r t  r e f l e c t s  t h e  most c u r r e n t  d a t a  a v a i l a b l e  on e m i s s i o n  
s o u r c e s .  P l e a s e  c o n t a c t  Gary Murchison a t  (916)  322-8521, i f  you 
have a d d i t i o n a l  q u e s t i o n s .  

S i n c e r e l y ,  

k / i  U&LUy[ 
Wil l iam V.  L o s c u t o f f .  Chief  
T o x i c  P o l l u t a n t s   ranch 
S t a t i o n a r y  Source D i v i s i o n  
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P a n k a j  R .  D e s a i ,  P.E. 
V i c e  P r e s i d e n t  
S a l e s  and  M a r k e t i n g  
Chemrox. I n c .  
4 6 9 5  Main S t r e e t  
B r i d g e p o r t ,  CT 06606  

D e a r  Mr. D e s a i :  

Comments on F i n a l  R e p o r t  2 E t h y l e n e  O x i d e  

Thank you f o r  s u b m i t t i n g  comments on A R B ' S  F i n a l  D r a f t  
R e p o r t  on E t h y l e n e  O x i d e .  

I n  r e s p o n s e  t o  y o u r  f i r s t  comment, s t a t e m e n t s  h a v e  been  
i n s e r t e d  i n t o  t h e  r e p o r t  on p a g e  9 o f  t h e  o v e r v i e w  a n d  on p a g e  11-5 
of  P a r t  A ,  t o  t h e  e f f e c t  t h a t  some c o m p a n i e s  h a v e  r e c e n t l y  
i n s t a l l e d  c l o s e d - l o o p  vacuum pump s y s t e m s  w h i c h  c a n  e l i m i n a t e  
e t h y l e n e  o x i d e  d i s c h a r g e s  t o  t h e  w a s t e w a t e r .  Your l e t t e r  h a s  b e e n  
c i t e d  a s  t h e  r e f e r e n c e  f o r  t h i s  i n f o r m a t i o n .  I t r u s t  t h a t  t h i s  
c h a n g e  s a t i s f i e s  y o u r  r e q u e s t  f o r  a n o t e  t o  b e  a d d e d  t o  t h e  r e p o r t  

*v on t h i s  t o p i c .  

I n  r e s p o n s e  t o  y o u r  s e c o n d  comment, you a r e  c o r r e c t  t h a t  
t h e  r a t e  c o n s t a n t  f o r  h y d r a t i o n  o f  e t h y l e n e  o x i d e  t o  e t h y l e n e  
g l y c o l  u n d e r  a c i d i c  c o n d i t i o n s  r e p o r t e d  i n  F i g u r e  11-3 s u g g e s t s  
t h a t  t h e  r e a c i i o n  f o l l o w s  s e c o n d - o r d e r  k i n e t i c s .  I n  f a c t ,  t h e  
r e a c t i o n  r a t e  i s  d e p e n d e n t  upon t h e  c o n c e n t r a t i o n s  o f  b o t h  e t h y l e n e  
o x i d e  a n d  h y d r o g e n  i o n s .  I f  t h e  h y d r o g e n  i o n  c o n c e n t r a t i o n  i s  
f i x e d  ( f i x e d  pH), t h e n  t h e  h y d r a t i o n  would b e  a  p s e u d o - f i r s t - o r d e r  
r e a c t i o n  w i t h  r e s p e c t  t o  e t h y l e n e  o x i d e  as y o u r  d a t a  s u g g e s t s .  
P a g e  11-16 o f  t h e  r e p o r t  i n c l u d e s  P t a b u l a t i o n  o f  h a l f - l i v e s  
c a l c u l a t e d  f o r  e t h y l e n e  o x i d e  a t  pH v a l u e s  r a n g i n g  f rom 2  t o  11, 
and  t h e s e  t i m e s  v a r y  g r e a t l y  r e l a t i v e  t o  pH. B e c a u s e  y o u r  comments 
a re  c o n s i s t e n t  w i t h  t h e  c i t e d  s t a t e m e n t s  i n  t h e  r e p o r t ,  no c h a n g e  
was made i n  ' t h e  r e p o r t .  

Thank you f o r  y o u r  h e l p f u l  comments. I f  you h a v e  
q u e s t i o n s ,  p l e a s e  do n o t  h e s i t a t e  t o  c a l l  Gary  M u r c h i s o n  o f  my 
s t a f f  a t  ( 9 1 6 )  322-8521.  

S i n c e r e l y ,  f l  

T o x i c  P o l l u t a n t s  B r a n c h  
S t a t i o n a r y  S o u r c e  D i v i s i o n  
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