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RESEARCH SERVICES AGREEMENT 

BETWEEN 

MARTIN MARIETTA ENERGY SYSTEMS, I N C .  

AND THE 

CHILDREN'S HOSPITAL NATIONAL MEDICAL CENTER 

P e r t a i n i n g  t o  
"Organ Dose i n  P e d i a t r i c  D iagnos t i c  Radiology" 

(DOE P r o j e c t  No. ERD-86-574) 

THIS AGREEMENT, entered i n t o  e f f e c t i v e  June 1, 1986, by and between MARTIN 
MARIETTA ENERGY SYSTEMS, INC.  (Energy Systems), a co rpo ra t i on  d u l y  organized and 
e x i s t i n g  under the  laws of t h e  S t a t e  o f  Delaware and hav ing an o f f i c e  i n  Oak 
Ridge, Tennessee 37831, a c t i n g  under i t s  Con t rac t  No. DE-AC05-840R21400 w i t h  
t h e  UNI7ED STATES OF AMERICA (Government), as represented by t h e  UNITED STATES 
DEPARTMENT OF ENERGY (DOE), and t h e  CHILDREN'S HOSPITAL NATIONAL MEDICAL CENTER 
(Sponsor), a n o t - f o r - p r o f i t  c o r p o r a t i o n  organized and e x i s t i n g  under t h e  laws o f  
t h e  D i s t r i c t  of Columbia, and hav ing i t s  p r i n c i p a l  o f f i c e  a t  111 Michigan 
Avenue, N.W., Washington, D.C. 20019. 

WITNESSETH THAT: 

WHEREAS, pursuant t o  i t s  a fo resa id  Cont rac t  No. DE-AC05-840R21400 w i t h  t h e  
Government, Energy Systems operates severa l  f a c i l i t i e s  o f  t h e  DOE, i n c l u d i n g  t h e  
OAK RIDGE NATIONAL LABORATORY (ORNL) a t  Oak Ridge, Tennessee; and 

WHEREAS, t h e  Sponsor i s  conduct ing a research  p r o j e c t  i n v o l v i n g  "Organ Dose i n  
P e d i a t r i c  D iagnost ic  Radiology", and t h e  Hea l th  and Safe ty  Research D i v i s i o n  of 
ORNL has unique c a p a b i l i t y  t o  a s s i s t  t he  Sponsor i n  the  research a c t i v i t y  a fo re -  
sa id;  and 

WHEREAS, t h e  Sponsor has acco rd ing l y  requested t h a t  DOE, through ORNL, p r o v i d e  
c e r t a i n  se rv i ces  more p a r t i c u l a r l y  descr ibed hereinbelow; and 

WHEREAS, DOE has agreed t h a t  i t s  con t rac to r ,  Energy Systems, may p r o v i d e  such 
se rv i ces  pursuant t o  t h e  terms and c o n d i t i o n s  h e r e i n a f t e r  s e t  f o r t h ;  

NOW, THEREFORE, Energy Systems and t h e  Sponsor agree as fo l lows:  

1. SCOPE OF WORK 

Energy Systems pursuant t o  i t s  a fo resa id  Con t rac t  No. DE-AC05-840R21400 s h a l l  
per fo rm f o r  t he  Sponsor t h e  serv ices  descr ibed i n  Appendix '1A18, Statement o f  
Services,  which i s  a t tached he re to  and hereby made a p a r t  o f  t h i s  Agreement. 
Such s e r v i c e s  w i l l  be performed through t h e  use o f  f a c i l i t i e s ,  equipment, and 
personnel  i n  the  ORNL Hea l th  and Sa fe ty  Research D i v i s i o n .  



2. COSTS AND PAYMENT 

A. Energy Systems will retain its employees assigned to this work on its pay- 
roll and will be reimbursed by the Sponsor, f o r  the account of DOE, in 
accordance with DOE's pricing policy which provides fo r  full cost recovery 
(except ORNL depreciation and DOE added factor, which are waived) and in- 
cludes, but is not limited to: 

(1) Cost of materials, labor, utilities, travel, and other direct costs; 

(21 A proportionate percentage o f  Energy Systems' current overhead of 

plus 

item (11, above, which is recomputed monthly. 

8. The Sponsor has authorized the sum of $194,953 for the services to be pro- 
vided under this Agreement, which sum is the maximum amount that Energy 
Systems is authorized to expend or have comnitted for such services. When 
and i f  the amount paid and payable to Energy Systems f o r  the services under 
this Agreement shall equal such authorized sum, as set forth in Section 4 of 
Appendix "A" to this Agreement, Energy Systems shall incur no further costs 
for the services hereunder unless and until the Sponsor shall increase such 
authorization, but Energy Systems may consider the Sponsor's failure to in- 
crease such authorization as a termination pursuant to Article 12 of this 
Agreement. It is expressly understood and agreed that in no event shall 
Energy Systems be required to incur costs or expenses in excess of any 
applicable limitation upon Sponsor's reimbursement obligations under this 
Agreement. 

C. Energy Systems will invoice the Sponsor at the end of each month in which 
work was performed hereunder f o r  all services .and expenses as stated i n  Sub- 
article A, hereinabove, in accordance with DOE's accounting policies, and 
such invoice shall be paid promptly by Sponsor upon receipt of  invoice in 
accordance with instructions furnished therewith. 

0. Payments received by Energy Systems more than 30 days following the date of 
any invoice described in Subarticle C, next above, shall be subject to in- 
terest at the applicable rate established and published by the United States 
Secretary of the Treasury and to an administrative charge established by 
DOE, both pursuant to United States Code, Title 31, Section 3717 (the Debt 
Collection Act of 19821, or other applicable law. In addition, a penalty 
charge of not more than six percent (6%) per year, or other rate established 
by law, will be assessed on any portion of said invoiced debt which is more 
than 90 days past due, also as provided in the statute cited above. In the 
event of partial payments of any delinquent amounts described above, the 
amount received by Energy Systems will first be applied to accrued interest, 
then accrued penalties, then accrued administratiqe charges, and finally to 
payment of the principal debt outstanding. 

E. The provisions of Subarticle 0, next above, shall not apply to this Agree- 
ment if Sponsor is an agency of the United States Government, o f  a State 
government o f  the United States, or o f  a unit of general local government in 
the United States. 

-2- 



F. 

6. 

Energy Systems shall maintain such records as are normally maintained for 
DOE-supported work. The records o f  Energy Systems shall not be subject to 
audit by the Sponsor; however, Energy Systems shall make available upon re- 
quest by Sponsor, where reasonably necessary for the Sponsor to evaluate its 
expenditures or where otherwise considered appropriate, cost data and audit 
reports concerning the services performed under this Agreement, together 
with any related findings and all reasonably necessary explanations or 
discussions. 

The rights and responsibilities of each party pertaining to costs and pay- 
ment shall be subject to any additional terms and conditions set forth in 
Section 4 of Appendix "A" of this Agreement. 

LI AB I1 IM 

A. 

B. 

C. 

0. 

4. 

Neither the Government, the DOE, Energy Systems, nor persons acting on their 
behalf will be responsible for any injury to or death of persons or other 
living things or damage to or destruction of property or for any other loss, 
damage or injury of any kind whatsoever resulting from the performance of 
services or furnishing of materials hereunder. 

NEITHER THE GOVERNMENT, THE DOE, ENERGY SYSTEMS, NOR PERSONS ACTING ON THEIR 
BEHALF MAKES ANY WARRANTY, EXPRESS OR IMPLIED, (1) WITH RESPECT TO THE 
MERCHANTABILITY, ACCURACY, COMPLETENESS, OR USEFULNESS OF ANY SERVICES, 
MATERIALS, OR INFORMATION FURNISHED HEREUNDER, ( 2 )  THAT THE USE OF ANY SUCH 
SERVICES, MATERIALS, OR INFORMATION MAY NOT INFRINGE PRIVATELY OWNED RIGHTS, 
( 3 )  THAT THE SERVICES, MATERIALS, OR INFORMATION FURNISHED HEREUNDER WILL 
NOT RESULT IN INJURY OR DAMAGE WHEN USED FOR ANY PURPOSE, ( 4 )  THAT THE 
SERVICES, MATERIALS, OR INFORMATION FURNISHED HEREUNDER WILL ACCOMPLISH THE 
INTENDED RESULTS OR ARE SAFE FOR ANY PURPOSE, INCLUDING ANY INTENDED OR 
SPECIAL PURPOSE, OR (5) THAT MATERIALS, IF ANY, ACCEPTED FOR ANALYSIS OR 
OTHER SERVICE WILL NOT BE CONSUMED, DESTROYED, DAMAGED, LOST, OR OTHERWISE 
ALTERED IN PHYSICAL OR CHEMICAL PROPERTIES. 

Energy Systems will use reasonable efforts to provide the services under 
this Agreement in the manner indicated in Appendix "A" ,  Statement of Ser- 
vfces, but neither. the Government, the DOE, Energy Systems, nor persons 
acting on their behalf will be responsible, irrespective o f  causes, for 
failure to perform the services or furnish the materials or information 
hereunder at any particular time or in any specific manner. 

The Sponsor agrees to indemnify and hold harmless the Government, DOE, 
Energy Systems, and persons acting on their behalf from all liability, in- 
cluding costs and expenses incurred, resulting from the Sponsor's use or 
disclosure of the materials or information,, in whatever form, furnished, 
supplied, or provided the Sponsor by Energy Systems under this Agreement. 

SPONSOR'S MATERIAL 

In the event any material is to be supplied by the Sponsor pursuant to this 
Agreement, it is recognized that such material may be damaged, consumed, altered 
or lost as a necessary result o f  the work to be performed or services to be pro- 
vided under this Agreement. Any such material (including residues and/or other 
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contaminated material) remaining after performance of the work or analysis wi 1 1 ,  
upon Sponsor's request, be returned in its then condition to the Sponsor at the 
Sponsor's expense. 

5. PERMITS AND LICENSES 

Except as otherwise directed by Energy Systems, the Sponsor shall procure all 
applicable permits or licenses necessary for the performance of the services 
under this Agreement, and shall abide by and comply with all applicable laws, 
regulations, and ordinances of the United States and of the State, territory, 
and political subdivision in which the work under this Agreement is performed. 

6. RIGHTS IN TECHNICAL DATA (NON-PROPRIETARY) 

A. Definitions 

1. *Technical Data* means recorded information, regardless of form or char- 
acteristic, of a scientific or technical nature. It may, for example, 
document research, experimental, developmental, demonstration, or engi- 
neering work to be usable or used to define a design or process or to 
procure, produce, support, maintain, or operate material. The data may 
be graphic or pictorial delineations in media such as drawings or pho- 
tographs, text in specifications or related performance or  design type 
documents, or computer software (including computer programs, computer 
software data bases, and computer software documentation). Examples of 
technical data include research and engineering data, engineering draw- 
ings and associated lists, specifications, standards, process sheets, 
manuals, technical reports, catalog item identification and related 
information. Technical data as used in this subpart does not include 
financial reports, cost analyses, and other information incidental to 
contract administration. 

2. "Proprietary Data" means technical data which embody trade secrets de- 
veloped at private expense, such as design procedures or techniques, 
chemical composition o f  materials, or manufacturing methods, processes, 
or treatments, including minor modifications thereof, provided that such 
data: 

a. Are not generally known or available from other sources without 'ob- 
ligation concerning their Confidentiality, 

b.  Have not been made available by the owner to others without obliga- 
tion concerning their confidentiality, and 

c. Are not already available to the Government without obligation con- 
cerning their confidentiality. > 

3. "Unlimited Rights'' means rights to use, duplicate or disclose technical 
data, in whole or in part, in any manner and-for any purpose whatsoever, 
and to permit others to do so. 
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B. The Sponsor agrees to furnish to DOE or Energy Systems those data, if any, 
which are (1) essential to the performance of work by DOE or Energy Systems 
personnel or ( 2 )  necessary for the health and safety of such personnel in 
the performance of the work. Any data furnished to DOE or Energy Systems 
shall be deemed to have been delivered with unlimited rights. 

C. It is understood and agreed that no "proprietary data" of the Sponsor is to 
be disclosed, transferred, furnished, or delivered under this Agreement. 

0. Except as otherwise provided in this Agreement, Energy Systems, DOE, the 
Government, and the Sponsor shall have the right to use f o r  any purpose, 
without payment of any compensation to any party, any Technical Data gener- 
ated, developed or acquired by Energy Systems in the course of or under this 
Agreement, including the right to separately and independently publish or 
disclose any such Technical Data. However, in order that public disclosure 
of such information will not adversely affect the patent interests of the 
Sponsor and the Government, as set forth in Article 7, hereinbelow, patent 

. approval for release or publication shall be secured from Energy Systems 
prior to any such release or publication. 

E. The Government retains a nonexclusive, royalty-free license in and to any 
, copyright obtained by arfy person or party covering any Technical Data gener- 
ated or developed by Energy Systems or its employees, solely or in conjunc- 
tion with others, in the course of or under this Agreement, to publish or 
reproduce the published form of such Technical Data, or to allow others to 
do so, for government purposes only and not for resale. 

7. PATENT RIGHTS - USE OF FACILITIES (CLASS WAIVER) 

A. Definitions 

1. nSponsorn means the person or entity with which this Agreement is made. 

2. "Subject Invention" means any invention or discovery of Energy Systems 
or, to the extent the Sponsor is performing any work under this Agree- 
ment, of  the Sponsor, conceived in the course of or under this Agree- 
ment, or, in the case of an invention previously conceived by the 
Sponsor, first actually reduced to practice in the course of or under 
this Agreement. An invention conceived by Energy Systems outside this 
Agreement, but first actually reduced to practice in the course of or 
under this Agreement, may also be considered a "Subject Invention" if 
specifically identified as such in this Agreement. "Subject Invention" 
includes any art, method, process, machine, manufacture, design, or com- 
position of matter, or any new and useful improvement thereof, or any 
variety of plants, whether patented or unpatented under the Patent Laws 
o f  the United States of America or any foreigrl country. 

3. "States and domestic municipal governments" means the States of the 
United States, the District of Columbia, Puerto Rico, the Virgin 
Islands, American Samoa, Guam, the Trust Territory of the Pacific 
Islands, and any political subdivision and agencies thereof. 
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4. "Government agency" includes an executive department, independent com- 
mission, board, office, agency, administration, authority, Government 
corporation, or other Government establishment of the Executive Branch 
of the Government of the United States o f  America. 

5 .  "Energy Systems" means the operating contractor which manages and oper- 
ates the Government-owned, contractor-operated facility where the work 
under this Agreement is to be performed. 

6. "Patent Counsel" means the DOE Patent Counsel assisting the procuring 
activity. 

B. Rights of the Sponsor. 

1. Election to retain riqhts - Subject to the provisions of paragraph C.(2)  
of this clause with respect to any Subject Invention reported and 
elected in accordance with paragraph D. of this clause, the Sponsor may 
elect to obtain the entire right, title and interest in any patent 
application filed in any country on a Subject Invention and in any re- 
sulting patent secured by the Sponsor. Where appropriate, the filing of 
patent applicatlons by the Sponsor is subject to DOE security regula- 
tions and requirements. 

2. Minimum license - The Sponsor reserves an irrevocable, nonexclusive, 
Daid-uD license in each patent amlication filed in any country on a 
Subject Invention and any 'resulting' patent in which the Sponsor does not 
elect to retain title or in which the Government acquires title. The 
license shall extend to the Sponsor's domestic subsidiaries and affili- 
ates, if any, within the corporate structure of which the Sponsor is a 
part and shall include the right to grant sublicenses o f  the same scope 
to the extent the Sponsor was legally obligated to do so at the time 
this Agreement was entered into. The license shall be transferable only 
with approval o f  DOE except when transferred to the successor o f  that 
part of the Sponsor's business to which the invention pertains. 

C. Rights to Government. 

1. Assignment to the Government - The Sponsor agrees to assign to the 
Government, upon request, the entire right, title, and interest in any 
country to each Subject Invention of the Sponsor and to each Subject 
Invention of Energy Systems to which the Sponsor has acquired title, 
except to the extent that rights are retained by the Sponsor under para- 
graph B.(2) of this clause, where the Sponsor: 

a. Does not elect pursuant to this clause to retain such rights; or 

b.  Fails to have a patent application filed in that country on the 
Subject Invention or decides not to continue prosecution or not to 
pay any maintenance fees covering the invention; or 

c .  At any time, the Sponsor no longer desires to retain title. 
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2.  Terms and Cond i t ions  o f  Waived Rights.  

a. To preserve the Government's r e s i d u a l  r i g h t s  t o  Subject Invent ions ,  
t h e  Sponsor s h a l l  take  a l l  ac t i ons  i n  repor t ing ,  e l e c t i n g ,  f i l i n g  
on, p rosecu t ing  and m a i n t a i n i n g  i n v e n t i o n  r i g h t s  promptly, b u t  i n  
any event, i n  s u f f i c i e n t  t ime  t o  s a t i s f y  domestic and f o r e i g n  s ta tu -  
t o r y  and r e g u l a t o r y  t ime  requirement, or, i f  the Sponsor decides n o t  
t o  take  approp r ia te  steps t o  p r o t e c t  the  i nven t ion  r i g h t s ,  i t  s h a l l  
n o t i f y  DOE i n  s u f f i c i e n t  t ime  t o  pe rm i t  the  Government t o  f i l e ,  pro- 
secute and ma in ta in  pa ten t  a p p l i c a t i o n s  and any r e s u l t i n g  pa ten ts  
p r i o r  t o  t h e  end of such domestic or f o r e i g n  s t a t u t o r y  or r e g u l a t o r y  
t ime  requirements. 

b. The Sponsor s h a l l  convey or assure t h e  conveyance of any executed 
instruments necessary t o  v e s t  i n  t h e  Government the  r i g h t s  se t  f o r t h  
i n  t h i s  clause. 

c. The Sponsor hereby g ran ts  t o  t h e  Government a nonexclusive, non- 
t r a n s f e r a b l e  paid-up l i c e n s e  t o  make, use, and s e l l  each Subject 
I n v e n t i o n  throughout  t h e  wor ld  b y  or on behal f  of t he  Government of 
t h e  Un i ted  States ( i n c l u d i n g  any Government agency) and States and 
domestic mun ic ipa l  governments. 

d. The Sponsor s h a l l  p r o v i d e  the  Government a copy o f  any a p p l i c a t i o n  
f i l e s  on a Subject I n v e n t i o n  prompt ly  a f t e r  such a p p l i c a t i o n  i s  
f i l e d ,  i n c l u d i n g  i t s  s e r i a l  number and f i l i n g  date. 

e. The Sponsor agrees t o  g r a n t  t o  respons ib le  app l i can ts ,  upon request 
o f  t he  Government, a l i c e n s e  t o  waived invent ions  on terms t h a t  a re  
reasonable under the  circumstances: 

Unless t h e  Sponsor, i t s  l icensee, or i t s  assignee demonstrates 
t o  t h e  Government t h a t  e f f e c t i v e  steps have been taken w i t h i n  
t h r e e  years a f t e r  a pa ten t  issues on such i n v e n t i o n  t o  b r i n g  
t h e  i n v e n t i o n  t o  t h e  p o i n t  o f  p r a c t i c a l  app l i ca t i on ,  or  t h a t  
t h e  i n v e n t i o n  has been made a v a i l a b l e  f o r  l i c e n s i n g  r o y a l t y -  
f r e e  or on terms t h a t  a re  reasonable i n  t h e  circumstances, or 
can show cause why t h e  p r i n c i p a l  or exc lus ive  r i g h t s  should be 
r e t a i n e d  f o r  a f u r t h e r  p e r i o d  o f  time; o r  

(2 )  To t h e  ex ten t  t h a t  t h e  i n v e n t i o n  i s  requ i red  for p u b l i c  use by 
governmental r e g u l a t i o n s  or as may be necessary t o  f u l f i l l  
p u b l i c  heal th,  s a f e t y  o r  we l fa re  needs, or f o r  o the r  p u b l i c  
purposes s t i p u l a t e d  i n  t h i s  Agreement. 

f. The Sponsor s h a l l  submit w r i t t e n  repo r t s  a t  reasonable i n t e r v a l s  
upon request  of t he  Government du r ing  the  term of t he  pa ten t  on t h e  
Subject  I n v e n t i o n  regard ing :  

(1) The commercial use t h a t  i s  being made or i s  intended t o  be made 
o f  t h e  invent ion ;  and 
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( 2 )  The steps taken by the Sponsor or its transferee to bring the 
invention to the point of practical application or to make the 
invention available for license. 

g. The Sponsor agrees to refund any amounts received as royalty charges 
on any Subject Invention in procurements f o r  or on behalf of the 
Government and to provide for that refund in any instrument trans- 
ferring rights to any party in the invention. 

D. Invention identification, disclosures, and reports. 

1. The Sponsor shall furnish the Patent Counsel a written report containing 
full and complete technical information concerning each Subject Inven- 
tion of the Sponsor within 6 months after conception or first actual re- 
duction to practice, whichever occurs first, in the course of or under 
this Agreement, but in any event prior to any on sale, public use or 
public disclosure of such invention known to the Sponsor. The report 
shall identify the agreement and inventor and shall be sufficiently 
complete in technical detail and appropriately illustrated by sketch or 
diagram to convey to one skilled in the art to which the invention per- 
tains a clear understanding of the nature, purpose, operation, and to 
the extent known, the physical, chemical, biological, or electrical 
characteristics of the invention. The report, should also include any 
election of patent rights under this clause. When an invention is re- 
ported under this paragraph D., it shall be presumed to have been made 
in the manner specified in Section (a)(l) and ( 2 )  of 42 USC 5908. 

2. Energy Systems' contract with DOE requires that Subject Inventions of 
Energy Systems will be reported to DOE. In addition DOE shall direct 
Energy Systems to disclose t o  the Sponsor any such inventions promptly 
upon conception or first actual reduction to practice, and the Sponsor 
shall notify DOE promptly thereafter o f  any election of patent rights 
under this clause. 

E.  Limitation of rights. 

Nothing contained in this patent rights clause shall be deemed to give the 
Government any rights with respect to any invention other than a Subject 
Invention except as set forth in the Facilities License of paragraph F. 

F. Facilities License. 

In addition to the rights of the parties with respect to inventions or dis- 
coveries conceived or first actually reduced to practice in the course of or 
under this Agreement, the Sponsor agrees to and does hereby grant to the 
Government an irrevocable, nonexclusive paid-up license in and to any inven- 
tions or discoveries regardless of when conceived or actually reduced to 
practice or acquired by the Sponsor, which at any time through completion of 
this Agreement are owned or controlled by the Sponsor and are incorporated 
in the facility as a result of this Agreement to such an extent that the 
facility is not restored to the condition existing prior to the Agreement 
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(1) t o  p r a c t i c e  or  t o  have p r a c t i c e d  by o r  f o r  t h e  Government a t  t h e  f a c i -  
l i t y ,  and ( 2 )  t o  t r a n s f e r  such l i cense  w i t h  t h e  t r a n s f e r  o f  t h a t  f a c i l i t y .  
The acceptance o r  exe rc i se  by  t h e  Government o f  t h e  a fo resa id  r i g h t s  and 
l i c e n s e  s h a l l  no t  p revent  t h e  Government a t  anytime f rom c o n t e s t i n g  the  
en fo rceab i l i t y ,  v a l i d i t y  or scope o f ,  or t i t l e  to, any r i g h t s  o r  patents  
he re i  n 1 i censed . 

8. LIMITED PATENT INDEMNITY 

The Sponsor s h a l l  indemni fy  t h e  Government and Energy Systems and t h e i r  o f f i -  
cers, agents, and employees aga ins t  l i a b i l i t y ,  i n c l u d i n g  costs, f o r  i n f r i n g e -  
ment of any Un i ted  Sta tes  pa ten t  a r i s i n g  ou t  of any ac ts  r e q u i r e d  o r  d i r e c t e d  by 
the Sponsor t o  be performed under t h e  Agreement t o  t h e  ex ten t  such ac ts  are not  
normal ly  performed a t  ORNL. Fur ther ,  t he  foregoing indemni ty  s h a l l  n o t  apply  
un less  t h e  Sponsor s h a l l  have been informed i n  a reasonable t ime by Energy 
Systems o r  the  Government o f  t h e  s u i t  o r  a c t i o n  a l l e g i n g  such in f r ingement ,  and 
such indemnity s h a l l  n o t  app ly  t o  a claimed in f r ingement  which i s  s e t t l e d  w i th -  
o u t  t h e  consent of t h e  Sponsor un less  requ i red  by. a c o u r t  o f  competent j u r i s -  
d i  c t  i on. 

9. LEGAL NOTICE 

The fo l l ow ing  l e g a l  n o t i c e  s h a l l  be a f f i x e d  t o  each r e p o r t  f u r n i s h e d  t o  t h e  
Sponsor under t h i s  Agreement and t o  any r e p o r t  r e s u l t i n g  f rom t h i s  Agreement 
which may be d i s t r i b u t e d  by  t h e  Sponsor: 

"DISCLAIMER NOTICE 

"This  r e p o r t  was prepared by t h e  Oak Ridge Nat iona l  Laboratory, 
operated by M a r t i n  M a r i e t t a  Energy Systems, Inc. (Energy Systems) on 
behalf of t he  U.S. Department o f  Energy (DOE), as an account of work 
sponsored by (Sponsor's Name) 
Ne1 t h e r  Energy Systems, Dot , t h e  U.S. Government, o r  any person a c t i n g  
on t h e i r  beha l f :  ( a )  makes any warranty o r  representa t ion ,  express o r  
implied, w i t h  respec t  t o  t h e  in format ion contained i n  t h i s  repo r t ;  o r  
(b) assumes any l i a b i l i t i e s  w i t h  respect  t o  t h e  use of ,  or damages 
r e s u l t i n g  f rom t h e  use of any i n fo rma t ion  contained i n  t h e  repo r t . "  

10. PUBLICITY 

No a d v e r t i s i n g  o r  p u b l i c i t y  ment ion ing the  Sponsor w i t h  regard t o  t h e  serv ices 
prov ided under t h i s  Agreement s h a l l  be used by Energy Systems w i t h o u t  w r i t t e n  
approval by t h e  Sponsor. 

11. EMPLOYMENT PRACTICES 

Energy Systems represents  tha t ,  pursuant t o  i t s  a fo resa id  P r i n c i p a l  Cont rac t  
w i th  t h e  Government, as represented by DOE, i t  i s  sub jec t  t o  t h e  p rov i s ions  o f  
Execut ive  Order No. 11246 of September 24, 1965, p e r t a i n i n g  t o  Equal Employment 
Opportunity, and Sect ion 503 of t h e  R e h a b i l i t a t i o n  Act o f  1973, r e l a t i n g  t o  Em- 
ployment o f  t h e  Handicapped. 

1 0 1 8 1 0 4  
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12. TERM AND TERMINATION 

A. Unless otherwise provided in this Agreement, the term of this Agreement 
shall be concurrent with the period of performance set forth in Section 3 of 
Appendix "A", Statement of Services, unless extended by written agreement o f  
the parties or sooner terminated pursuant to other provisions of this Arti- 
cle 12. 

6.  Either party hereto may terminate .this Agreement for any reason at any time 
by giving not less than thirty (30) days prior written notice to the other 
party. 

C. Energy Systems reserves the right to immediately cancel, without regard to 
the aforesaid written notice, this Agreement (1) In the event the Sponsor's 
1 icense (where applicable) is suspended, cancelled, or revoked pursuant to 
the Atomic Energy Act of 1954, as amended, or (2) when cancellation of this 
Agreement is determined to be necessary to the national defense and security 
o f  the United States. 

0. Any such termination under any provision o f  this Agreement shall only affect 
the term of this Agreement, and shall otherwise be without prejudice to the 
rights of the parties hereunder which may have accrued prior to the time of 
termination. Upon any such termination by either party, Energy Systems 
shall be compensated, for the account of DOE, i n  accordance with Article 2, 
hereinabove, for work performed or services rendered for which Energy 
Systems has not previously been compensated. 

13. COVENANT AGAINST CONTINGENT FEES 

The Sponsor warrants that no person or selling agency has been employed or 
retained to solicit or secure this Agreement upon an agreement or understanding 
for a comnission, percentage, brokerage, or contingent fee, excepting bona fide 
employees or bona fide established commercial or selling agencies maintained by 
the Sponsor for the purpose o f  securing business. For breach or violation of 
this warranty the Government shall have the right to annul this Agreement with- 
out liability or in its discretion to deduct from the Agreement price or con- 
sideration, or otherwise recover, the full amount of such comnission, percentage 
brokerage or contingent fee. . 

14. OFFICIALS NOT TO BENEFIT 

No member of or delegate to Congress, or resident commissioner, shall be ad- 
mitted to any share or part of  this Agreement, or to any benefit that may arise 
therefrom; but this provision shall not be construed to extend t o  this Agreement 
if made with a corporation f o r  its general benefit. 

15. CERTIFICATION 

The Sponsor certifies that the capability to perform the work, provide the ser- 
vices, or furnish the materials covered by this Agreement is not available in 
domestic private facilities and laboratories, or state facilities and labora- 
tories if Sponsor is a state instrumentality, on an independent, convenient and 
timely basis, and at a reasonable charge. 



16. ENTIRE AGREEMENT 

, I  

It i s  expressly agreed by the parties hereto that this Agreement constitutes the 
entire and only contract between the parties hereto; that there are no agree- 
ments, understandings, or covenants between the parties hereto o f  any kind, 
nature or description, express or implied, oral or otherwise, which have not 
been set forth herein; and that this Agreement cannot be modified, altered, 
amended, or changed, nor any provision thereof waived or abrogated, except by an 
instrument in writing and duly executed on behalf of each of the parties hereto 
by the duly authorized representatives or officers of each party who have been 
expressly authorized in writing to execute such an instrument. 

BY: 

17. STATUS OF ENERGY SYSTEMS 

h h  L BY: 

It is understood and agreed that this Agreement i s  entered into by Energy 
Systems for and on behalf o f  the Government; that Energy Systems is authorized 
to and will administer this Agreement in other respects for the DOE, unless 
otherwise specifically provided for herein; that administration of this Agree- . 
ment may be transferred from Energy Systems to the DOE or its designee, and in 
case of such transfer and notice thereof to the Sponsor, Energy Systems shall 
have no further responsibilities hereunder. 

18. APPROVAL BY DOE 

This Agreement and any extension, revision or modification thereof shall be sub- 
ject to the written approval of DOE, and shall not be binding until so approved. 

' IN WITNESS WHEREOF, the parties hereto have executed this Agreement effective as 
o f  the date first above indicated. 

MARTIN MARIETTA ENERGY SYSTEMS, INC. CHILDREN'S HOSPITAL 
NATIONAL MEDICAL CENTER 

n 

Director, Oak Ridge National Laboratory NAME (typed): Donald P. Schmiqel 

TITLE: Director, O f f i c e  of  Sponsored Programs 

APPROVED ON BEHALF OF THE 
UNITED STATES DEPARTMENT OF ENERGY 

BY: &Ma 
'NAME (typed)biIIim R.  Rah, n f rpxtor 

TITLE: Research & wt.~ Ma-nt D ivision 

DATE: Iahc ,  

l O l 8 t O b  
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APPENDIX "A" TO 
RESEARCH SERVICES AGREEMENT 

BETWEEN 
MARTIN MARIETTA ENERGY SYSTEMS, INC. 

AND THE 
CHILDREN'S HOSPITAL NATIONAL MEDICAL CENTER 

Pertaining to 
"Organ Dose in Pediatric Diagnostic Radiology'' 

(DOE Project No. ERO-86-574) 

STATEMENT OF SERVICES 

Pursuant to the attached Agreement between Martin Marietta Energy Systems, Inc. 
(Energy Systems) , acting under its Contract No. DE-AC05-840R21400 with the 
United States Government (Government), and the Children's Hospital National 
Medical Center (Sponsor), Energy Systems, utilizing the facilities and personnel 
of the Oak Ridge National Laboratory (ORNL), shall perform the following ser- 
vices for the Sponsor: 

1. SCOPE OF WORK 

Energy Systems (ORNL) wi 1 1  develop an anatomical/mathematical model of the 
"standard" child based on CAT scan data supplied by Sponsor. Models repre- 
senting newborn, 1-, 5-, lo-, and 15-year olds will be implemented in a com- 
puter code using Monte Carlo methods to perform calculations of the absorbed 
dose for common pediatric X-ray diagnostic procedures. Energy Systems 
(ORNL) will supply to Sponsor a data base of organ tissue-air ratios as a 
function of incident photon energy for each radiation projection and each 
phantom. 

2. KEY PERSONNEL AND COORDINATION 

A. Coordination between Energy Systems designated representatives and the 
Sponsor's Project Manager will be maintained during the period of per- 
formance. Briefings on the progress of the work, in addition to the 
reporting schedule listed elsewhere in the Agreement or Appendix "A" ,  
will be provided as required. 

. B. Dr. Thomas C. Fearon is the Sponsor's designated Project Manager for the 
services to be provided under this Agreement. Reports and other com- 
munications of a technical nature shall be directed to the Project 
Manager at the following address: > 

Dr. Thomas C. Fearon, Professor 
Department of Radiology 
Children' s Hospital National Medical Center 
111 Michigan Avenue, N.W. 
Washington, D.C. 20019 

1 0 1 8 1 O l  h-1 



C. D r .  K. F. Eckerman i s  t h e  des ignated Energy Systems P r i n c i p a l  I n v e s t i -  
g a t o r  and Drs. M. Cristy and M. G. Ya l c in tas  a re  the  des ignated Co- 
P r i n c i p a l  I n v e s t i g a t o r s  f o r  t h e  se rv i ces  t o  be f u r n i s h e d  under t h i s  
Agreement. 

E i t h e r  p a r t y  s h a l l  p rompt l y  n o t i f y  t h e  o the r  o f  any change i n  designa- 
t i o n  of Sponsor's P r o j e c t  Manager o r  Energy Systems' Person I n  Charge o r  
Co-Pr inc ipa l  I n v e s t i g a t o r s  under t h i s  Agreement. 

0. 

3. PERIOD OF PERFORMANCE 

The p e r i o d  of performance f o r  t h e  work t o  be performed o r  s e r v i c e s  t o  be p ro -  
v i d e d  under t h i s  Agreement s h a l l  commence on June 1, 1986, and end on March 31, 
1989, un less  extended b y  w r i t t e n  agreement o f  t h e  pa r t i es .  

4. COSTS AND PAYMENT - ADDITIONAL PROVISIONS 

A. AS s e t  f o r t h  i n  S u b a r t i c l e  2.8 o f  t h e  Agreement, t h e  maximum cos t  t o  t h e  
Sponsor f o r  t h e  work t o  be performed or serv ices  t o  be prov ided under 
t h i s  Agreement s h a l l  n o t  exceed 8194,953 w i t h  es t imated  breakdown by  
ca tegory  as fo l l ows :  

ESTIMATED BUDGET 

F i r s t  Second T h i r d  
P r o j e c t  P r o j e c t  P r o j e c t  

P e r i o d  Per iod  Per iod  
(6/1/86-3/31/87) (4/1/87-3/31/88) (4/1/88-3/31/89 1 

S a l a r i e s  ( i n c l u d i n g  
f r i n g e  b e n e f i t s )  - $25,000 25,266 26 ;430 

Techn ica l  Services - 19,000 22,200 16,250 
T r a v e l  - 2,000 2,000 2,000 
Other  - 2,400 3,090 3,183 

Subto ta l  : 48,400 52,556 47,863 
ORNL G&A/GPS - 15.,004 16.293 14,837- 

TOTAL: $63,404 $68,849 $62,7 00 

B. Any d e v i a t i o n  between a c t u a l  charges t o  t h e  Sponsor under each ca tegory  
and t h e  est imates s e t  f o r t h  above s h a l l  no t  a f f e c t  t h e  bas i s  on which 
Energy Systems s h a l l  be paid,  as s e t  f o r t h  i n  A r t i c l e  2 o f  t h e  Agree- 
ment. 

C. I f  Energy Systems has expended o r  committed l e s s  than  t h e  cumula t ive  
amount au thor ized  f o r  these s e r v i c e s  b y  the>Sponsor as  o f  t h e  l a s t  day 
o f  t h e  p a r t i c u l a r  P r o j e c t  P e r i o d  invo lved,  as se t  f o r t h  i n  t h e  Est imated 
Budget i n  Subsection 4 . A ,  above, then the  d i f f e r e n c e  between t h e  amount 
so expended o r  committed by Energy Systems and t h e  cumula t ive  amount so 
au tho r i zed  t o  such da te  b y  Sponsor may be c a r r i e d  over and added t o  any 
f u r t h e r  amount au thor ized '  f o r  these serv ices  by Sponsor f o r  any subse- 
quent P r o j e c t  Period(s1, p rov ided  t h e  t o t a l  author ized sum o f  $194,953. 
i s  no t  exceeded. 
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0. A I 1  travel under t h i s  Agreement will be reimbursed by Sponsor only on 
the basis o f  travel policies approved by Energy Systems for travel by 
ORNL staff members in the performance o f  DOE-supported work, which 
includes coach/second class air transportation. 

5. SCHEDULE 

Energy Systems shall use its reasonable best efforts to complete all ser- 
vices described i n  Section 1 o f  this Appendix "A"  and to furnish all re- 
quired reports or models to Sponsor on or before March 31, 1989. 

A-3 



Internal Correspondence 
MARTIN MARIETTA ENERGY SYSTEMS. INC. May 19, 1986 

E. R. Bowers 

Information requested by E. It. Boner's in May 8, 1986 memo to 
It. Y. Poteat regarding WFO Agreement with Children's Hospital 
(DOE NO. ERD-86-574) 

In your memo to Poteat, DOE-OR0 OPC, you identified some specific 
information needs which are addressed below. If I can be of any further 
assistance in meeting your information needs on this matter and thus 
facilitating the implementation of the WFO agreement please give me a 
call (4-6251). The prompt attention you have given this matter is 
greatly appreciated. 

1. Abbreviated work statement appropriate for the agreement. 

ORNL will develop an anatomical/mathematical model of the "standard" 
child based on CAT scan data supplied by Children's Hospital. Models 
representing newborn, 1-, 5-, lo-, and 15-year olds will be implemented 
in a computer code using Monte Carlo methods to perform calculations of 
the absorbed dose for common podiatric X-ray diagnostic procedures. 
O W  will supply to Children's Eospital a data base of organ tissue-air 
ratios as a function of incident photon energy for each radiation 
projection and each phantom. 

2. Estimated budget breakdown. 

A detailed budget was presented within the WFO request (see attachment). 
The ORNL subcontract is for 64, 70, and 63 K in each of the three years. 

3. Anticipated performance period. 

The proposed period of performance is 4/86 through 3/89. The ending 
date is reasonably fixed; ORNL will start work when approval is 
obtained. 

4. Titles of ORNL. Personnel. 
The proposal, as written for DBHS, lists all ORNL personnel under 
contract to Children's Hospital as consultants. The principal 
investigator is Dr. Thomas Fearon of Children's Hospital with 
Mr. James Vucich of Children's Hospital as co-investigator. Within the 
ORNL contract list Dr. Eckerman as principal investigator with 
Drs. Cristy and Palcintas as co-principal investigators. 



E. R. Bowers 2 May 1 9 ,  1986 

Phone No. (202)  745-4021 

7 .  Legal status of Children's Hospital. 

Children's Eospital National Medical Center is a not-for-p 
tion incorporated in the District of Columbia. 

K! F. Eckerman, € 3 . 2 ~ .  7509,  ORNL (4-6251) 

W E  : bpw 

ofit 

5. Children's Hospital Technical Representative. 

Dr. Thomas Fearon, Professor 
Department of Radiology 
Children's Hosptial National Medical Center 
111 Michigan Avenue, N.W. 
Washington, D.C. 20019 

Phone No. (202)  745-5079 

6. Children's Hospital Contract Contact. 

Yr. Donald P. Schmigel 
Asst. Controller for Sponsored Programs 
Children's Eosptial National Medical Center 
111 Michigan Avenue, N.W. 
Washington, D.C. 20019 

Enc 1 osure 

cc:wo/enc: Y. J .  Bolinger, Bldg. 4500N, K-246, ORNL (4-4191) 
R. 0. Chester, Bldg. 7509,  ORNL (6-2100) 
M .  Cristy, Bldg. 7509,  OBNL (4-6253) 
S .  V.  Kaye, 4500S, S-108, ORNL (4-5845) 
R. M .  Poteat, DOE-OR0 OPC (6-1070) 

4. S. Waddle, DOE-OR0 EMB (6-0729) 
M. G .  Yalcintas, Bldg. 7503,  ORNL (6-2078) 
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M E M O R A N D U M  

TO: R. M. Poteat,  DOE-OR0 OPC 

M FROM: E. R. Bowers, Energy Systems OGC 

DATE: May 8, 1986 

RE: UFO Agreement w i th  Ch i ld ren 's  Hosp i ta l  Nat iona l  Medical Center 
cover ing  "Organ Dose i n  P e d i a t r i c  D iagnost ic  Radiology" 
( DOE NO. ERD-86-574 

\ 

Please r e f e r  t o  t h e  enclosed ORNL request t o  per form t h e  captioned work, 
w i t h  OR0 approval noted thereon, and advise whether you w i l l  approve use 
o f  the  DOE Class Waiver patent  p rov is ions  i n  our implementing agreement. 

Since ORNL expenses i n  performing t h i s  work w i l l  be reimbursed under a 
DHHS grant  t o  t h e  Medical Center, I expect t o  encounter t h e  usual d i f -  
f i c u l t i e s  i n  n e g o t i a t i n g  an agreement w i t h  t h e  sponsor ing organizat ion.  
I there fore  hope you w i l l  cont inue your e f f o r t s  - d e s p i t e  the recent  
demise of our intended p r o j e c t  f o r  t h e  U n i v e r s i t y  o f  P i t t s b u r g h  under an 
N I H  grant  t o  P i t t  - t o  o b t a i n  guidance from DOE-HQ regard ing  the  impasse 
between DOE and DHHS p o l i c i e s  and regu la t ions ,  which i m p e r i l s  a l l  p ro -  
posed ORNL work f o r  DHHS-af f i l ia ted agencies. 

Your e a r l y  a t t e n t i o n  t o  t h i s  mat ter  w i l l  be appreciated. 

ERB: bdp 

Enclosure - as s t a t e d  

cc w/o enc: 6. S. Waddle, DOE-OR0 RMB 
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OAK RIDGE NATIONAL LABORATORY 
OPERATED BY MARTIN MARIElTA ENERGY SYSTEMS, INC 

CONCURRENCES 
POST OFFICE BOX X 

OAK RIDGE TENNESSEE 37831 

SPRADLEN 
April 16, 1986 

Mr. Joseph A. Lenhard, Assistant Manager 
Energy Research and Development 
Department of Energy, Oak Ridge Operations 
Post Office Box E 
Oak Ridge, Tennessee 37831 

Dear Mr. Lenhard: 

DUNAWAY 

Grant Application by Children's Hospital National Medical Center 
to the Department of Health and Enman Services, Public Eealth 
1 an Dose in Pediatr ic D-stic Ra-av t l  (DOE 

Enclosed for your review and approval is a grant application prepared by 
Children's Hospital National Medical Center, Department of Radiobiology, 
based upon discussions between Dr. T. C. Fearon of Children's Hospital 
and Dr. K. F. Eckerman of Oak Ridge National Laboratory. The 
application requests a total funding level of $351,241 over a period of 
three years, $197,684 of that amount to be subcontracted to Oak Ridge 
National Laboratory. 

The following information is provided to assist you in your review and 
approval 

(1) 

( 2 )  

(3) 

(4) 

of this proposal: 

This type research is described in the approved ORNL 
Institutional Plan for FY 1986-1991 on pages 32-34 and 67 under 
'Department of Eealth and Human Services. " The personnel 
required for this research are available. 

The principal investigators for this research subcontract will 
be Dr. K. F. Eckerman, Dr. Y. Cristy, and Dr. Y. 6. Yalcintas 
of Oak Ridge National Laboratory. 

Existing space and resources are available to support this 
research without interfering with DOE activities. 

The proposed subcontracted research to ORNL would result in the 
development of an anatomical model for "standard" child 
phantoms from X-ray CT images for the following classes of 
patient: newborn, 1 year, 5 year, 10 year, and 15 year. The 
results will be input t o  detailed Monte Carlo calculations of 
radiation transport in the body to be undertaken with 
Children's Eospital. The calculations will be used to estimate 
organ absorbed doses for common pediatric X-ray diagnostic 
project ions. 
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2 April 16, 1986 DOE, J. A. Lenhard 

The Metabolism and Dosimetry Research Group of ORNL has 
developed the computational models for the anatomy of man 
presently used world-wide in radiation protection dosimetry. 
OWL'S past experience and leadership role represents a unique 
resource and capabilities that do not exist elsewhere. 

Specific programs that will benefit include DOE HA 02 01 01 0 
(FTP/A 004582), HA 02 04 03 0 (FTP/A 000717), NRC 41 35 55 06 7 
( F I N  No. Bo834), and EPA 42 01 54 90 1 (IAG N o .  40-1549-851). 
Based on these above programmatic relationships, approval is 
requested to perform this work at actual cost with depreciation 
and DOE added factor waived. 

If you approve this request, please complete the approval block and 
return one copy to me. 

Technical questions concerning this proposal should be addressed to 
Dr. K. F. Eckerman, extension 4-6251; administrative questions should be 
addressed to J. E. Carr, Work for Others Coordinator, 
extension 4-6062. 

Sincerely, 

Associate Laboratory Director for 
Biomedical and Environmental Sciences 

CRR: bpw 

Enclosure 

cc: E. R. Bowers 
J. E. Carr 
R. 0. Chester 
K. F. Eckerman 

APPROVED : 

G. W. Horde 
S. V. Kaye 
E. Postma - RC 
C. S. Travaglini 

APR 2 2 1986 
J. A. Lenhard, Assistant Yanager 
Energy Research and Development 

Date 
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Organ Dose in Pediatric Diagnostic Radiology 

Thomas Fearon, Ph.0. Principal Investigator 
James  Vucich,  M.S. NIH; Co-Investigator 

Consul t an  ts: 
K e i t h  Eckerrnan, Ph.D.; ORNL 
Mark Cristy Ph.D.; ORNL 
M. Guven Yalcintas, Ph.D.; ORNL 
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1 1  , , 

ACTIV ITY TYPE 
PUBLIC H E A L T H  SERVICE 

REVIEW GROUP GRANT APPLICATION 

NUMBER 

FORMERLY 

FOLLOW INSTRUCTIONS C A R E F U L L Y  

1 I 

1 .  TITLE OF APPLICATION (Do nor exceed 56 rypewr/rer spaces/ 

Orzan Dose i n  P e d i a t r i c  D iaRnos t i c  Radio loav  
2. RESPONSE TO SPECIFIC PROGRAM ANNOUNCEMENT NO 0 YES (If "YES,"sfare RFA number and/or announcement r d e /  

I 

COUNClL!BOARD (Month. year) DATE RECEIVE3 

3. PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR 

3a. NAME (Last, first. middle)  

7. DIRECT COSTS REQUESTED 

GET PERIOD lfrompage 4) 
FOR FIRST 12-MONTH BUD- 

$14 7,773 

Fearon. Thomas. C h a r l e s  
3c. POSITION T ITLE 

8 .  DIRECT COSTS REQUESTED 
FOR ENTIRE PROPOSED 
PROJECT PERIOD (from page 51 

$351,241 

A s s i s t a n t  P r o f e s s o r  of Radio logy  
3e. DEPARTMENT, SERVICE, LABORATORY OR EQUIVALENT 

SIGNATURE O f  PERSON NAMED I N  3a 
\ (In ink. "Per" signature nor accepreblel 

Department of Radio logy  
3f. MAJOR SUBDIVISION 

DATE 

'Tone 
* 4. HUMAN SUBJECTS 

Kl Exemption 5 
U N O  U Y E S  I OR 

\ 0 Form HHS 596 enclosed 
6. DATES OF ENTIRE PROPOSED PROJECT PERIOD 

From: 4 /1 /86  Through: 3/31/89  

9. PERFORMANCE SITES IOrgantzarions and addresses) 

C h i l d r e n ' s  H o s p i t a l  N a t i o n a l  Y e d i c a l  Cen te r  
11 1 Nichigan  Avenue, N .IJ. 
Washington, D . C .  30019 

Oak Ridge N a t i o n a l  L a b o r a t o r y  
H e a l t h  and S a f e t y  Research  D i v i s i o n  
P.O. Box X 
Oak Ridge,  Tennessee 37830 

12. TYPE OF ORGANIZATION 

0 Public. Specify 0 Federal 0 Sta te  0 Local 
a Private Nonprofi t  
0 For Profi t  (General) 
0 For Prof it (Small Business) 

15. OFFIC IAL  I N  BUSINESS OFFICE TO BE NOTIFIED IF  A N  AWARD 
IS MADE (Name, title, address and telephone number.) 

* Donald F .  Schmigel 
A s s i s t a n t  C o n t r o l l e r  f o r  Sponsored Programs 

C h i l d r e n ' s  H o s p i t a l  N a t i o n a l  Pledical  Cen te r  
111 Michigan Avenue, N . W .  

~ d ~ & j n c r p  " n c  7nn1 n < 7 n 7 ) 7 4 5  - 4071 
17. PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR ASSURANCE: 

I agree to accept responsibility for the scientific conduct of the project 
and to  provide the required progress reports if a grant i s  awarded as a re 
sult o f  this application. Wil l ful  provision of false information is a crimina 
offense IUS.  Code, Title 18. Section 10011. 

18. CERTIFICATION AN0 ACCEPTANCE: I cert i fy that the statements here 
in are true and complete to the best of m y  knowledge, and accept the ob  
ligation t o  comply wtth Public Health Service terms and conditions i f  i 
grant i s  awarded as the result of this application. A wil l ful ly false cert i f i  
cation is a criminal offense (U.S. Code, Tirle 18, Section 1 0 0 1 1 .  

-L 

0 
2 
0 
c 

c 

F 

1  
3d. MAIL ING ADDRESS (Street, cify, state, zip couei 

: h i l d r e n ' s  Hosp. N a t l .  Pled. Center  
Iepar tment  o f  Radio logy  
111 Michigan Avenue, N.W. 
Jash ington ,  D.C .  20010 

39. TELEPHONE (Area code, number and extension) 

(202)745-5079 
5. RECOMBINANT D N A  

Congr. D i s t .  099 

I 
, SIGNATURE OFRERSON NAMED I N  16 I OAT€ 

PHS 398 (Rev. 5/82) 



Thomas C. Fearon, 2h.D. .. 

??lms Fexon, ?h.D. 

Joseph Hoe, R.T. 

Jaiies Vuc Ich , M. S . 
PaTela Getson 

mincipal Investigator 

Research Assistant 

Co-Investigator 

Statistician 

Keith Eckennan, m.D. Consultant 
Mark Cristy, Fh.D. I1 

M. Gwen Yalcintas, R . D .  11 

_ _  - 
Ceparbent of FGdio1ogi.r 
Children' s Hospital National 
Medicai Center 

II 

Cepartinent of Rsdiolqy 
Nationai Institutes of Healt 

Research Bpartinent 
Chiidren's Hospital National 
Medical Center 

Metabolism & Dosimetry Group 
Health & Safety Research Div 
Oak Ridge Natl. Laboratory 

Eadiation exposure as a consequence of diagnostic and therapeutic radiological 
procedures to the child involves a significant proportion of the pediatric ppula- 
tion. ?he potential risk associs.ted with radiation exposure is significantly 
greater in children than adults (i.e.; leukemogenesis and carcinogenesis of the 
breast). Accurate knowledge of the absorbed dose in an organ sensitive to radia- 
tion damage is critical in the evaluation of the risk-benefit ratio. &k Ridge 
National Laboratory has pioneered e€ forts to quantitate organ-absorbed dlxe based 
on calculational models that use Monte Carlo radiztion transport codes and mathe- 
matical models of the human body. h'nile computational and experimental methodolo- 
gies have been developed and performed in order to estimate organ dose in adults, 
relatively little effort has been devoted to similar estimates for children based 
upon actual physical measurements. Pediatric organ doses have been estimated using 
transformed adult phantms. These phantoms suffer from geometrical limitations in 
their portrayal of the human child. These limitations are critical in the estima- 
tion of active bone marrow dose. 

This proposal is a collaborative effort between Children's Hospital National 
Medical Center and Oak Ridge National Laboratory. The objective is the developnent 
of anatmical child phantoms from computerized axial tomography scans of pediatric 
patients and cadavers for the following classes of patients: newborn, 1 year, 5 
year, 10 year and 15 year. These digital phantoms will be input to detailed Monte 
Carlo radiation transport calculations resulting in calculated organ-absorbed doses 
for cannon pediatric diagnostic examinations. Fdditionally, normalized organ-ab- 
sorbed doses for pediatric sized patients for camon diagnostic x-ray projections 
will be measured in anthropcxnorphic phantms. These measurements will be used to 
verify the accuracy of the calculational model. 

. . -  . -~ 
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1 1  , , 

DETAILED BUCGET FOR FIRST 12 MONTH BUDGET PERIOD 
DIRECT COSTS ONLY 

FROM THRGbGH 

0/+/01/86 ' 03/31/87 
3 0 L L A R  AMOUNT REQUESTED IOrnir cenrsl 

NAME 

JoseDh Hoe, l 1 . T .  

Week 
POSITION T ITLE 

Pri nciDdl I nvpsiioaior ! 25 1 10 l o  , : B O 7  I , 1 j 5 9  1 3  ! 96 
R a d i u l o ~ i c a l  Tech ! 25 1 10 I i 1 0 1 5  / ; & I 1  

EOU IPMENT IIrernrrei 
Humanoid anthropomorphic  phantoms: newborn ( $ 7 , 0 0 O ) , l y r  ( $ 6 , 0 0 0 ) , 3 y r  ($6,000) 
Harshaw A t l a s  Automated TL Analyzer  System w i t h  p r i n t e r , ( $ 2 3 , 5 0 0 )  

High t e m p e r a t u r e  a n n e a l i n g  oven ($1,000) 
Low t e inpe ra tu re  a n n e a l i n g  oven ($500) 

l i n e  s p i k e  s u p p r e s s o r  and t empera tu re  c o n t r o l  u n i t  

, 0 

I 

CONSORTI UM/CONTRACTUAL COSTS 
Oak Ridge N a t i o n a l  L a b o r a t o r y  C o n t r a c t  

i i 

c 

a Telecommunications ($250.00) P u b l i c a t i o n s  - r e p r i n t s  ($300),  Computer u s e  
2 f e e  ($2,000), d a t a  e n t r y  ($600).  D u p l i c a t i o n ,  media,  m a i l  ($300) 
03 

OTHER EXPENSES lltemrze by category) 

c. 

c 

TOTAL DIRECT COSTS (Also enref on page I ,  item 71 8 

! 

44,000 

S'JBTOTALS -- I 1 [ ,C]L,  

0 

; n?q 

69,160 

T R A V E L  

PATIENT CARE COSTS 

3,450 

1 4 7 , 7 7 3  

DOMESTIC one m e e t i n g l y r  P I .  2 t r i D s  v r  t o  Oak Ridoe P.I. 

INPATIENT Cadaver s c a n s  $200 ea x 20 c a d a v e r s  = $4,000 
FOREIGN 

OUTPATIENT 
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CONSULTANT COSTS 

EOUIPMENT 

SUPPLIES 

1 

DOME ST IC 

T R A V E L  
FOREIGN 

p A T I E N ~  INPATIENT 

CARE 

0 0 0 

4 2 , 0 0 0  1 0 0 

3,000 3 , 0 0 0  i 3,000 1 
I 

\ 
300 1 300 4 , 4 4 0  I 

0 0 0 

4 , 0 0 0  1,000 0 

1 3 , 8 0 4  OTHER EXPENSES i 3 , 4 5 0  1 3 , 6 2 0  
1 

o !  0 1  0 ALTERATIONS AND 
R E NOV A T  IONS 

CONSORTI Uh11 1 17,160 I 18,503 i n d i r e c t  
, d i r e c t  

Or. Fearon, a board cer t i f ied diagnostic physicist, will organize and conduct a l l  
anthropomorphic dosimetry experiments  a s  detailed in this proposal. He  will b e  assisted 
by Joseph Hoe, R. T. who is a highly t ra ined and very competent  special  procedures and 
quality assurance technologist. In addition, J a m e s  Vucich, M.S., a board cer t i f ied 
diagnostic physicist, f rom NIH will also assist in these measurements.  Mr. Hoe will run 
t h e  thermoluminescent analyzer  system and perform all annealing operations. 

Cadaver  CT scans will b e  performed by Dr. Fearon and Mr. Hoe including d a t a  t ransfer  
f rom disk t o  tape. Mr. Hoe will t ransfer  clinical CT data  t o  tape  for  delivery t o  Oak 
Ridge. 

The final phase of the  calculations of organ absorbed dose for pediatric diagnostic 
projections for various sized pediatr ic  pat ients  will b e  conducted by Dr. Fearon wi th  
assis tance from Mr. Hoe and Mr. Vucich on Children's Hospital's VAX 11-750 system. 

-L 

0 
-.! 
cm - 

TOTAL DIRECT COSTS 1 4 7 , 7 7 3  1 1 0 3 , 0 8 5  
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Fearon, Thomas, Charles  

13r. Pamela  Getson,  3 statist ician.  :viii g rovide  s t a t i s t i ca l  analysioj for  each of the  major 
seqrnents of th i s  project .  It is anticiDaEed t h q t  this  w i i l  require  about 5'/0 o f  Dr. Setson 's  
',i:ne. 

 

Equipment: 

The major equipment  cost  is t!iat for  th ree  anthrooomoruhic  pediatric phantoms. These 
9hantoms will be  specifically !nanufactureu for  t h i s  project  by Yumanoid Systems, 
.,.xson California. The es t imated  cos t  o f  these t h r e e  phantoms is $19,000.00 based on 
the  cu r ren t  cost of $5.950.03 fqr  t h e  s ix  year  oid phantom currently available f rom 
i-lumanoid Sys tems (Appendix 5).  
The second major  equipment 2urchase is an au tomated  therrnoiuminescent analyzer 
sys tem with printer.  The cur ren t  t o t a l  pr ice  for  t h i s  sys t em is $23,500.00 available froin 
Harshaw Chemica l  Company, Salon Ohio. This equipment  is  not available within the  
hospital  and t h e  volume of work required (i.e., TLD batching, calibrations, phantom 
Teasurements )  f o r  these exoeriments  makes i t  imoossible t o  use the svstem a t  t h e  
.,enter for  Dzvices  and iiadioloqic=ll Heal th  sine- that system is used 7rimariiy for 
Bureau work. 

c 

- 

Supplies: 

Required supplies and expenses a r e  a s  follows: 
-CaF2 and Li F TLD dosimeter chips (800 of e a c h  type  each  $1.50=$2400.00) 
-expendables (e.9.; nitrogen gas, x-ray film, so lvents  for cleaning TLD's) ($300.00) 
-magnet ic  t apes  (30 BAS7 high quality tapes ,  $26.00 each  f o r  a total  of $780.00). 
The tapes  will be used for  CT scan  da ta  t r ans fe r  2nd s torage  ts Oak Ridge and for  
da t a  base t ransfer  t o  Children's Hospital. 
-1ucite TLD holders a re  required t o  sor t  and identify ch ips ,  each holder will b e  
capable  of  storing 100 c h i p .  

Travel: 

Travel  expenses include one t r ip  t o  a scient i f ic  meet ing  per year for  the  principal 
invest igator  fo r  t h e  purpose of presentat ion o f  t h e  resu l t s  of  this project. The es t imated  
expense f o r  this  t r i p  is $1,000.00 (including $550.00 for  a i r fare ,  5 days o f  perdiem a t  
$22.00 pe r  day, ho te l  for  4 nights a t  $70/night $280 and  ground transportation $60.) 

In addition, t h e  principal investigator will make  two  t r ips  per  year t o  Oak Ridge (each for  
one  week) for  personal contac t  and consultation wi th  personnel involved in the project a t  
Oak Ridge. The principal investigator will b e  b e t t e r  able  to  oversee the  project 's 
progress as a resul t  o f  these trips and to  discuss problems, a l ternat ives  and fu ture  
direct ions f o r  t he  project. These t r ips  a r e  expec ted  t o  cos t  $1,000.00 each a s  es t imated 
above. 
Pa t i en t  C a r e  Cost: 

CAT scans for  research  purposes a r e  charged a t  66% of  normal clinical scans to  cover 
depreciation, machine maintenance and operat ing expenses.  The normal charge f o r  a 
body scan is $314.00. At  66%0 this resul ts  in $200/scan. Approximately 20 whole body 
cadaver  scans  will be performed in the  f i r s t  year  of the  proposal and the  remaining 5 in 
t h e  second year. The f i r s t  year charge  is therefore  $4,000.00. This charge is considered 
reasonable in t h a t  we  will be  doing a comple te  body scan  (head to  toe) on each  cadaver  
with repea ted  scans  a t  thinner sl ice thickness for  areas of particular interest  (i.e., 
t rabecular  bone). 

PHS 398 (Rev. 5/82) PAGE 0 



Fearon,  Thomas, C h a r l e s  I
Contrac tua i  Cost: 
.A major portion of the proposed research  will be performed a t  the  Heal th  and Safety 
Xesearch Division of Oak Xidqe Nat ional  Laboratory under t h e  direct ion of Or.. Keith 
Eckerman. Dr. Eckerman will b e  assis ted by Dr. Mark Cristy and Dr. Guven Yalcintas as  
well as a computer  programmer.  The  Oak Xidge group has  been t h e  primary source in 
t h e  development (since the  late 1960's) of internal and ex terna l  dosimetry based on 
mathemat ica l  descri2tions o f  t h e  human body and Monte Car lo  radiat ion transport  
calculations.  The work per formed by the  Oak Ridge group will be  performed under a 
cont rac tua l  agreement  and >Ni l1  include the  following: 

-develop and test so f tware  necessary to  implement slab-geometry phantoms based 
on CT scans  of  pedia t r ic  cadavers  and clinical patiefi ts  provided by Children's 
Hospi ta!. 
-develop slab-geometry phantoms for  age classes of newborn, one  year ,  f ive year,  
t en  yea r  and f i f teen yea r  old pedia t r ic  patients.  
-perform Monte Car lo  rad ia t ion  transport  calculations fo r  t h ree  views of each 
phantom (AP, PA and la te ra l )  based on a grid network (approximately 160 grids per 
view) with monoenerget ic  normallv incident photons for  U D  t o  seven energies in 
each grid. Approximately 60,030 phanton histories wil l  be  reqired for  each grid 
calculation result ing in a d a t a  base of tissue-air ra t ios  as a function of energy and 
location fo r  a given view f o r  e a c h  phantom. 
-develop and test so f twarz  compatible  with the  VAX 11-750 located a t  Children's 
Hcspital  t h a t  will enable  t h e  t ransformation of thd t issue-air  r a t io  da t a  base into 
organ doses fo r  input pa reme te r s  relevant to  common pediatr ic  diagnostic 
radiographic examinations.  Input da t a  will include the  following: projection and 
view, pat ient  weight and height ,  x-ray field size a t  t he  image planes, x-ray field 
location relat ive t o  ana tomica l  landmarks, en t rance  exposure free-in-air a t  the skin 
surface,  beam quality i.e., HVL or peak kilovoltage and f i l t ra t ion,  or incident x-ray 
spectrum, source-to-image r ecep to r  distance. 

The cont rac tua l  cos t  a r e  de ta i led  separately.  

Other:  

-Telecommunications expenses arp es t imated  on the  basis of one te lephone ca l l  per week 
t o  Oak Ridge a t  a r a t e  of $5.00 per  call (15 minutes) for  a to t a l  yearly expense of 
$2 50 .OO. 
-Publications and reprint  cos t s  are es t imated  as $300.00. 
D a t a  entry fees a r e  based on a rate of $7.50 per  hour for  a research  assis tant  for a to ta l  
o f  80 hours in t h e  f i rs t  year  f o r  a to ta l  of $600.00. The d a t a  will be  t h e  resulting 
anthropomorphic phantom dos imet ry  raw data.  
-Computer  use fees are based on a fixed fee of $2,000.00 per  year fo r  unlimited use of 
t h e  VAX 11-750 system. Compute r  t i m e  will be  used t o  analyze t h e  anthropomorphic 
dosimetry da t a  and t o  implement  organ dose calculations using the  Monte Carlo transport  
code  resul ts  for  pediatr ic  phantoms. 
-Duplication, printing, media work and postage a re  es t imated  as $300.00 per  year. 

PHS 398 (Rev.  5/82) PAGE- - 



1 1  
;etJ;Lad Oaic Zic1ge ~ ~ ~ n o r a t o ~ ~ :  iGncr-cc 

rhonas C. rearon ,  3 5 . 2 .  r'R I NC I P 4 L I NV EST i G AT OR /PR OG R A hl D I R F C 
' FRO'vl THROLGr l  

DETAILED BUDGET FOR FIRST i 2  MONTH BUDGET PERIOD 1 0 4 / 0 1 / 8 6  ! 0 3 / 3 1 i S 7  
DIRECT COSTS ONLY I 

DOLLAR AMOUNT REOUESTEZ ' 2 3 n i r  cents) 
PERSONNEL fApplrcJnr urqmiLnf ion ni?/vl i TIXlEiEFFORT I 

I Hcurs Week per :I SALARY 

I 
NAME 1 POSITIO>.J T ITLE 

I I ! i 

TOTALS 
FRINGE 

BENEFITS 

1 Princio.11 invpsr ioator 

i q  ' 'Lei th Eckerman . Ph . D . I Groui, 1.escier , ,O I s 

EQU I PhlE NT Ilfernrrel 
I 

! 
i 

I 

I 
Sl0,000 I 7 . 7 0 0  1i.m 

SUPPLl ES (lrernrze oy category) 

I 

DOMESTIC 2 t r ips  t o  h 'ash ington/vr .  one s c i e n t i f i c  m t o i v r  I 3.000 
I 

T R A V E L  
FOREIGN 

I 
I 
I 

INPATIENT I 
i 

PATIENT CARE COSTS 

ALTERATIONS AND RENOVATIONS Ilternrre b y  caregoryj 

OUTPATIENT 

! 

CONSORTIUM/CONTRACTUAL COSTS i 

OTHER EXPENSES (Itemize b y  category) 

I n d i r e c t  c o s t s  ( (333% = $17,160)  CPU t i m e  ($1,000) 
Labora to ry  A d m i n i s t r a t i o n  (12% of s a l a r i e s  $2400) 
Graph ic  ar ts  and l i b r a r y  s e r v i c e s  ($1,000) Computer Programmer ($18,000) 

I 
1 397560 

I 
~~~ ~ ~ 

I TOTAL DIRECT COSTS (Also enter on page 1, item 7) ) I  s 69,160 
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1 1  , , 

1st  BUDGET 
2ERIOD 

(from m g e  41 

BUDGET CATEGORY 
T O T A L S  

PERSONNEL (Salarv and 
fringe benefits.! 
(Apprrcanr organrzat~on on ly )  

26,600 

Thomas C. F e a r o n ,  Ph .3 .  Oa!i Sidce h n t  rnct PRINCIPAL INVESTIGATOR~PROGRAM OIREL ,A: 

I3UDGET FOR ENTIRE PROPOSED PROJECT PERIOD 
DIRECT COSTS ONLY 

ADDIT IONAL YEARS SUPPORT REQUESTED 

2nd 3rd 4th I 5th 

27,398 I 28,219 

i E QU I Pkl  E N T 

SUPPLI ES 

3,000 DOME ST I C 

T R A V E L  - 
FOREIGN 

CONSULTANT COSTS I I I I I 

I 
I I I I 

I 

3,000 3,000 

PATIENT I INPATIENT 
CARE ' 

/OUTPATIENT 

A L T E R A T I O N S  A N D  
R E N O V A T I O N S  

CONSORTIUM/ 
C O N T R A C T U A L  COSTS 

I I , 

JUSTlF ICATION (Use continuation pages if necessary) Describe the specific functions o f  the  personnel and consultants. I f  a recurring annual increase 
in personnel costs i s  anticipated. give the percentage. For all years, justify any costs for which the need may not  be obvious, such as equipment, foreign 
travel, alterations and renovations, and consortium/contractual costs. For any additional years of  support requested, justify any significant increases in 
any category over the first 12 month budget period. In  addition. for COMPETING CONTINUATION applications, justify any significant increases over 
the current level of support. 

ersonnel : 

1 39,560 1 44,175 OTHER EXPENSES 

TOTAL D I R E C T  COSTS 
69,160 74,573 

Ilxtor Keith Eckerman will direct the work to be performed by the Oak 
Ridge Group under a contractual agreement &tween Children's Hospital and Oak 
Ridge National Laboratory as delineated in the budget justification. Dxtor 
Mark Cristy, a research associate will work with Emtor Eckerman on this pro- 
ject each devoting 20% effort for each of the three years proposed for this 
project. Wtor Guven Yalcintas will work as a consultant to the project. 
The Oak Ridge Metabolisn and lbsimetry Group is a unique resource and Wtors 
Eckerman and Cristy have extensive experience in dose estimation based on 
Monte Carlo radiation transport calculations. 

36,564 

- 67,783 

Travel : 

TOTAL FOR ENTIRE PROPOSED PROJECT PERIOD /A/so enteron page I, item 8)- 

The travel budget includes two trips to Washington, D.C. each year for 
consultation and one trip to a scientific meeting to be attended by either 
bctor Eckerman or m t o r  Cristy. The estimated expense is $l,OOO/trip. 

S 211,516 
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- I n d i r e c t  costs are c a l c u l a t x i  as 332 of "liraxs ccsts. 

- Labora tory  a d m i n i s t r a t i o n  ,?xnenses are charged  .at t h e  rate of 12% of 
to ta l  salary per y e a r .  

- Graphic  a r t s  and l i b r a q  s e r v i c e s  a r e  os t ima ted  to cost S1,OOO F e r  yea r .  

- CPU t i m e  is e s t i m a t e d  to cost S1,OCO f o r  tiie f i r s t  y e a r  of t h e  p r o j e c t  
s i n c e  t h i s  phase  o f  t h e  p r o j e c t  *.vi11 invoive  m a i n l v  p r q r m i n g  develcn-  
T e n t  and o n l y  i n i t i a l  i -bn te  Carlo c a l c u l a t i o n  t ime.  

I n  t h e  second  and t h i r d  year product ion  r u n s  o f  t h e  Monte Carlo 
r a d i a t i o n  t r a n s p o r t  codes w i l l  be undertaken.  Based on o u r  ex- 
p e r i e n c e  w i t h  t h e  p r e s e n t  Monte Carlo Code we a n t i c i p a t e  approx- 
i m a t e l y  1 4  h o u r s  o f  C?U t h e  on an I B Y  3033 will be  r eg i r ed  
d u r i n g  e a c h  of t h e  s e c c n a  and t h i r d  Tears. This estirnate assumes 
i n  a y e a r  t h e  c a n p l e t i o n  o f  c a l c u l a t i o n s  f o r  t m  age  g roups ,  
t h r e e  v iews ,  160 gr id  p o i n t s  per view, and s e v e n  photon ener-  
g i e s .  W e  p r e s e n t l y  have  no expe r i ence  w i t h  d i g i t a l  phantans  i n  
Plonte Carlo t r a n s p r t  z d c s  and thus  o u r  esti iate o f  C X I  t h e  
migh t  be i n  error. A t  t h e  end of t h e  f i r s t  y e a r  o f  t h e  c o n t r a c t  
it shou ld  be possible to  deve lop  a reliable e s t i m a t e  o f  CW 
t i m e .  A t  a rate of $3OO/CPU hour  it is estimated t h a t  CPU t h e  
w i l l  cost $4,200 p e r  y e a r  i n  t h e  second and t h i r d  y e a r s  of t h e  
c o n t r a c t .  Some s a v i n g s  w i l l  be  a n t i c i p a t e d  by u s i n g  off hours  
f o r  p r o d u c t i o n  runs. 

- A major cost of t h e  c o n t r a c t  is t h a t  a s s o c i a t e d  w i t h  necessa ry  computer 
p r o g r m i n g .  For example,  codes w i l l  be required to  man ipu la t e  t h e  CT 
data ,  produce g r a p h i c  v iews  o f  cross s e c t i o n s  and to superimpose t h e s e  
cross s e c t i o n a l  images. In  a d d i t i o n ,  it w i l l  be n e c e s s a r y  to develop  
t h e  software such  t h a t  t h e  i n v e s t i g a t o r  can  i n t e r a c t  w i t h  t h e  system to 
d e f i n e  r e g i o n s  of i n t e r e s t  t h a t  may no t  be  d i s t i n g u i s h e d  by t h e  CT 
numbers ( e . g . ,  o v a r i e s ) .  Commercial software w i l l  be examined f o r  its 
u t l i t y  i n  t h i s  a p p l i c a t i o n .  Following satisfactory d e f i n i t i o n  of t h e  
d ig i ta l  ana tomic  phantoms U Y P  (FORTAN Iv code) w i l l  be modified to 
u s e  t h e  d i g i t a l  phan tans .  Cons iderable  t e s t i n g  of t h e  code w i l l  be 
n e c e s s a r y  t o  e n s u r e  t h a t  i t  is error free. I t  is a n t i c i p a t e d  t h a t  
t e s t i n g  o f  t h e  code w i l l  b e  cornple ted  i n  t h e  s e c o n d  y e a r .  I n  t h e  
s e c o n d  and t h i r d  y e a r s ,  p roduct ion  runs  w i l l  be i n i t i a t e d  a s  w e l l  as 
f i n a l i z a t i o n  o f  phan tans  for t h e  older age  classes. 

Oak R i d g e  w i l l  d e v e l o p  a n d  implement  s o f t w a r e  c o m p a t i b l e  w i t h  t h e  
VAX-11-750 a t  C h i l d r e n ' s  Hosp i t a l  t h a t  w i l l  e n a b l e  t r a n s f o r m a t i o n  o f  
t h e  t i s s u e - a i r  rat io data base  i n t o  absorbed-organ dose for cannon 
x-ray p r o j e c t i o n s  i n  pediatric d i a g n o s t i c  radiology. I t  is a n t i c i p a t e d  
t h a t  t h i s  phase  o f  t h e  p r o j e c t  w i l l  be i n i t i a t e d  n e a r  t h e  end of t h e  
second y e a r .  

A f u l l  t h e  computer p r o g r a m e r  is r e q u i r e d  f o r  t h e  f i r s t  and second 
y e a r s  ($18,00O/yr) and  6 6 %  e f f o r t  is required i n  t h e  t h i r d  y e a r  of t h e  
proposed c o n t r a c t  ($12,000).  
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A . B .  1 1969  P h y s i c s  
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Lm?lovment 

1970-1972: Laboratory Assitant - Radiat ion Physics Laboratory, Univ. of Roches te r  

1975-1980: Scientific Staff  Assistant - National Council on Radiation Pro tec t ion  and 
Measurements 

1980-present: Medical Physicist, Assistant Professor of Radiology, Dept. of Radiology, 
Children's Hospital National Medical C e n t e r  and Depts. of Radiology and Child Heal th  and 
Development, George Washington University School of Medicine. 

Publ icat ions Fearon, T., Maillie, H. D. and Kremer,  W. A. (1974). 
"Ca1ib:ation of LiF dosimeters  f o r  in vivo 14 MeV neutron dosimetry." 
(abstract)  Health Physics 27, 656. 

-- 

Fearon, T., Maillie, H. D. and Kremer,  W. A. (1975). "Energy spec t ra  and 
fractional absorbed dose distributions in LET for 1 4  MeV neutrons: Heal th  
Physics 28, 443. 

Published reports  of the  National Council on Radiation Pro tec t ion  and 
Measurement for  which I provided full scientific staff  support: 

Report  No. 45: Natural  Background Radiation in the  
United S t a t e s  

Report  No. 48: Radiation Protect ion for Medical and 
Allied Health Personnel (1976) 

Report  No. 49: Structural  Shielding Design and 
Evaluation for Medical Use of X-rays and G a m m a  
R a y s  of Energies Up to  10 MeV (1976) 

Report  No. 54: 

Report  No. 56: 

Medical Radiation Exposure fo Pregnant  

Radiation Exposure from Consumer 

and Potentially Pregnant Women (1977) 

Products  and Miscellaneous Sources (1977) 
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Fearon,  T!iomas, Charles  I
i i epor t  No. 61: Radiation Safz ty  Training Cri ter ia  for 

Industria1 Fiadioqrspny (1978) 

l ienor t  No. 62: Tritium in the  Enviroment  (1?79) 

3 e p o r t  No.  64:  Influence of Dose and Its Distribution 
in Time on Dose i iesponse Relationships f o r  Low 
LET Radiations (1980) 

n e p o r t  No. 66: Mammoqraphv (1980) 

Repor t  30. 68:  Radiation Pro tec t ion  in 2edia t r ic  Radiology (1981) 

Repor t  No. 73: Protect ion in Nuclear  Medicine and Ultrasonoc 
Diagnostic Procedures  in Children (1983) 

Repor t  No. 74: Biological E f f e c t s  of U1 trasound: Mechanisms and 
r" , tii~icai irno!ications (1983)  

Repor t  No. 75: Iodine-129: Evaluation of Releases from Power 
Generation (1983) 

Fearon, T., Vucich, J. Hoe, J.; McSweeney, W. J. and Pot te r ,  6. M. (1985). 
"A comparat ive evaluation of  r a r e  e a r t h  screen film systems. Part I. 
System speed, contrast ,  sensitometry,  RMS noise and square-wave response 
function." (Submitted Investigative Radiology). 

Fearon? T.; Vucich, J.; Hoe, J.; McSweeney, W. J. and Pot te r ,  B. M. (1385). 
"A comparat ive evaluation of  r a r e  e a r t h  screen film systems. P a r t  11. 
Contrast-  de t a i 1 -dose an a 1 y si s .'I (S u b m i t t e d Invest  i g a t  i v e R ad i o 1 o cj y 1. 

Fearon, T.; Vucich, J.; Hoe, J.; McSweeney, W. J. and Fot te r ,  3. M. (1985). 
"A comparat ive evaluation of rare  e a r t h  film screen systems. P a r t  I11 Free 
response operating character is t ic  analysis." (Submitted Investigative 
Radiology). 

Fearon, T.; Vucich, J.; McSweeney, W. J.; McIlhenny, 3.; Markle, B. and 
Tepper,  J. "A comparative evaluation of ra re  ear th  screen film 
systems. Part IV. Anatomic Criteria.  (Submitted Investigative Radiology). 

(1985). 

Fearon,  T. and Vucich, 3. (1985). "Pediatric patient exposures f rom 
computed tomography examinations from a General  Electr ic  CT/T 9800 
scanner." American Journal of Roentgenology. 144:805-809. 

Fearon T. and Luban N. (1985). "Pract ical  dosimetr ic  aspects  of blood and 
blood product irradiations", (Submitted Transfusion). 
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c txperience:  

FIELD OF STUDY 

P h y s i c s  

R a d i a t i o n  H e a l t h  
P h y s i c s  

11 /23/81-present 

PuSli cations: 

Special  Projects  Off icer ,  Division of  Training and Medical 
Applications. Bureau of  Radiological Health,  Rockville? 
Maryland. 

Medical Physicist, Diagnostic Radiology Department ,  National 
Inst i tutes  of Health,  Bethesda, Maryland. 

Vucich, J. J.; Quality Assurance--P\ Fundamental  Whose T i m e  Has  Come;  Proceedings of 
SPIE/SESE Symposium--Application of  Optical  Instrumentation in Medicine IV; September  1975. 

Bunge, R. E,; Gross, R. E.; Vucich, J. J.; and M. Barnet t .  
Diagnostic Radio1 
Society;  k ebruary 

The  Need for  Quality Assurance in 
Proceedings o f  the  Ninth Midyear Topical Symposium of the  Health Physics 

Goldman, L. W.; Vucich, 3. J.; Beech, S.; and L. W. Murphy. Automat ic  Processor Quality 
Assurance: Impact  on a Radiology Department;  Radiology 125:591-595, (1977). 

Vucich, J. J.; The Role  of Anatomic Cr i te r ia  in the Evaluation of  Radiographic Images;. In The  
Physics o f  Medical Imaging: Recording System Measurements  and Techniques; Ed. A. G. Haus; 
American Ints i tute  of  Physics Press ,  New York, New York (1979). 

Vucich, J. J.; A Survey of En t rance  Skin Exposure Values f o r  Two Radiographic Projections;  
Proceedings of SPIE/SPSE Symposium--Application of Optical  Instrumentat ion in Medicine VIII; 
April 1980. 

Vucich, J. J.; Goodenough, D. J.; and Lewicki, A. M.; et al. Use of  Anatomic Cr i te r ia  in 
Screen/Fi lm Select ion f o r  Por tab le  Ches t  X-ray Procedures;  Proceedings of Symposium on 
Optimization of C h e s t  Radiography; DHEW Publication No. (FDA) 80-8124; June  1980. 

Miller.  D. L: O'Leary T.; Vucich, J. J.; et  al. Ex er imenta l  Evaluation of. Five Liver-Spleen 2 J Comput  Assist T o I & . V  L -  L ,  e e  
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Fearon, Thomas. Charles I
biiiier, i-j. L.; 'Yucicn. J. 2.: Cape. L.: A 7 iexiole 5hielri t o  A a d u c c  s ca t t e r  Uurina interventionai 
Procedures;  (In press) Radiology, l ?S5 .  

Fearon,  T. C. and Vucich, J. 3.; Ped ia t r i c  ?a t ien t  Exposures From ComDuted Tomoaraphv 
Examinations: GE CT/T 4800 Scanner:  1985:144:%l5. 

Fearon. T. C.: Vucich. J. J.: I-loe, J.: st al. 4 Comparat ive Evaluation of Rare-Earth Screen-Film 
Svstzms: !-Svstem Speea, Contrast .  Sensicomecrv, Ablb Noise ana Ijauare :'./ave t?esoonse 
Function: (Submitted Invescigative Radio!oqy) 1985. 

Fearon,  T. C.; Vucich, J. J.: Hoe, J.: et  al. 4 Compara t ive  Evaluacion of Rsre -ca r th  Screen-Film 
Svsterns: I I -Cont ras t -Dose-~e ta i :  Analvsis: (Suomitted Investigacive Radioloay) 1985. 

Fearon,  T. C.; Vucich, J. J.; Hoe, J.; A Compara t ive  Evaluation of Rare-Earth Screen-Film 
Systems: III-Free-Response Opera t ing  Charac t e r i s t i c  Analysis; (Submitted to  Investigative 
Radiology) 1985. 

- 

- 
Fearon,  T. C.: Vucich. J. J.: kiioe. 2.; A Co-nmrat ive Evaluation of Rar+r_artn Ecreen-Film 
Systems: 1'4 Anatomic Zi'itxia; ;Submit tea  t o  Investigative iiadioiogy] ,385. 
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T I T L E  B I H T H D A T E  m o ,  DW, f r  I 

R e s a r c h  S t a t i s t i c i a n  I 

Exoerience: 

1969 

1969-1970 

1974-1175 

1975 

1975-1976 

1976 

1976-1977 

1977 

1974-1977 

1977-1979 
c 

Q 
J 

Research Assis tant  - University of Illinois, Children's Research 
Cen te r  (Ritalin Therapy and Hyperactivity) Champaign, Illinois. 

Instructor - HEED School f o r  t he  Emotionally Disturbed, Champaign, 
Illinois. 

Evaluation Specialist  - An Analysis o f  Grading and Reporting, 
Campbell  County Public Schools, Rustberg,  Virgiria. 

E v d u  a ti on S p ec i a1 i s t - R u r a1 Coop era t i v e  P ro jcc t , LV i ns t on-S a le  m 
University / A ppal ach i an S ta t  e University . 

Associa.',e Evaluator  - !VVPT Util ization/Impact Analysis, Virginia 
S t a t e  Depar tmen t  o f  Education, Division of Educational t i esearch  
and Stat is t ics ,  Richmond, Virginia. 

Evaluator - Teache r  Cen te r  Util ization and Development Campbel 
County School System. 

Research Direc tor  - Campbell  County Study o f  Student  Retent ion,  
Campbell  County Public Schools, Rustberg,  Virginia. 

Pro jec t  Associate  - Campbel l  County Cit izen Survey o f  Educational 
Issues, Campbel l  County Publ ic  Schools. 

Research Associate  - University of  Virginia, Bureau o f  Educational 
Research,  Charlottesvil l ,  Virginia. 

Research Specialist  - Division of Research and Evaluation, MSSD, 
Gallaudet College 
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Research  Scient is t  

Associate  Professor - Gallaudet Coileqe. Graduate  Schooi? 3eGt. of  
Ecccai ional  Foundations and Research 

Resea rch  Stat is t ic ian - Children's Hospital  Nat ionai  Medical Center ,  
Washington, D.C., and Assistant Professor,  The  George Washington 
University School of Medicine and Heal th  Sciences, Department  of 
Child Heal th  and Development. 

tern de tec t ion  techniques. J. Educ. S ta t i s t ics  19805213 

te Car lo  investigation of seven t im bias de tec t ion  techniques. 3. Educ. 

Rudner L, Getson P, Dirst  R. Interpreter  competence.  RID J. 1981: 1 : l O  

Leatherbury, L., Zuckman,  R., Friedman, J., Deitchman, D., Soyka, L., Getson, P. Acute 
hemodynamic effects of bucindolol in patients (children) with a c u t e  congestive hear t  
failure,  Journal of Pediatr ics ,  1984. 
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I N S T I T U T I O N  A N 0  L O C A T I O N  

2 / 9 / 4 0  
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Xo r tiiwes t e r n  Un i v  . Evans t o n ,  I1 1 i n o  i s  *Ph.D. 1 9 7 2  
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Experience: 

1962-1966 

1966-1957 

1967-1970 

1970-1972 

1972 -1 974 

1973-1978 

1979-present 

Hat hema t i c s  
P h y s i c s  
Health P h y s i c s  

Instructor ot  mathematics ,  physics and chemistry,  Warren High School, 
Warren, Illinois. 

%search 3t Oak Ridge Insti tute of Nuc!oar Studies, Oak Ridge, Tennessee. 

Graduate  Student ,  Northwestern University, Evanston, Illinois. 

Guest and Argonne National Laboratory Fellow, Argonne National 
Laboratory,  Argonne, Illinois. 

Envirornental Scientist ,  Argonne National Laboratory, Argonne, Illinois. 

Senior Radiological Physicist, U.S. Nuclear Regulatory Commission, 
Washington, D.C. 

Leader o f  Metabolism and Dosimetry Xesearch Group, Oak Ridge National 
Laboratory,  Oak Ridge, Tennessee. 

Selected Relevant Publications: 

Crawford DJ, Eckerman KF. Modifications of the IC%P Task Groups lung model t o  reflect age  
dependence. Rad. Protect .  Dosimetry 1983;2:209. 

Coocher DC, Eckerman KF. Electron dose-rate conversion factors f o r  externa l  exposure of  the  
skin. Health Phys. 1981;40:467. 

Legget t  RW, Eckerman KF, Williams LR. Strontium-90 in bone: A case study in a g e  dependent 
dosimetric modeling. Heal th  Phys. 1982;43:307. 

Eckerrnan KF, Cristy M. 
marrow. Proc. V I  Intl. Cong. of t h e  Intl. Rad. Prot. Assoc. May 1984. 

c 

a 
A Computational method for realistic es t imates  of the  dose t o  act ive 
c3 
c 

bJ 
w 

Legget t  RW, Eckerrnan KF. 
Proc. V I  Intl. Cong. of t h e  Intl. Rad. Prot.  ASSOC., May 1984. 

A model for t h e  age dependent skeletal  re tent ion of Plutonium. 

Numerous publications and presentation. 
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L'niv. of Tennessee, Knoxvil le ,  Tennessee B.2, 1969 
L'niv. of Oregon,  Eugene, Oregon -\m 1976 
U.S. Xatl. Eye I n s t i t u t e ,  Univ.  of B r i t i s h  p o s t  3oc. 1976-1977 

INSTITUTION A N 0  LOCATION 

Phys i cs  
3 io loo ,y  

Evoerience: 

1977- Visiting instructor in 3iology, "'Jestern Washingcon j t a t c  L h i v e x i t y ,  
3 e 1 1 in g i> a m W ash ing t on. 

:??7 - p r c s x t  Researz'l Scientist  Health and Research Division, Oak Ridge Nationa 
Laboratory,  Clak Ridge, Tennessee. 

Selezted Xelevant Publications: 

Cristy M. 
G m  . Co m p . End o c r in o logy . 1.9 7 4 ; 2 3 : 5 8. 

E f f e c t  of proiactin and thyroxin on the visual pigments o f  trout,  salmagairdneri 

C;.isty P A .  
Vision Res. 1976;16:1225. 

Allen OM, Cristy M. 
Vision Res. 19783183859. 

Coffee JL, Cristy M, Warner GG. Specific absorbed fractions for  photon sources uniformly 
distributed in t h e  h e a r t  chambers  and hear t  wall o f  a heterogeneous phantom, J. Nucl. Med. 
1981;22:65. 

Cristy ivl. Representat ive brease size of reference female.  Heal tS Physics 1982;33:930. 

Cristy M. Applying t h e  reciprocal dose principle to  heterogeneous phant0ms:Practical 
experience f r o m  Monte Carlo studies. Phys. Med. Siol. 1983;28:1289. 

Cristy M. 
breast  a s  an explicitly represented tissue. Health Phy. 1984;46:283. 

E f f x t s  of ternpsrature  and light intensity on t he  visdal pigments of rainbow trout. 

Thiourea does not block visual pigment responses t o  prolactin in trout.  

Calculation of annual l imits  of intake of raionuclides by workers: Significance of 
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Univ. of Ankara,  Ankara,  Turkey 9.S. 
Univ. of Roches t e r ,  Roches t e r ,  New York 11.s. 
Univ. of Roches t e r ,  Roches t e r ,  New York _-T' h . iX 
.-irgonna N a t l .  Labora to ry ,  Argonna, Ill. P o s t  Doc. 
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ExDerience: 

1 F IELD OF STUDY YEAR 
C O N F E R R E D  

1965 1 Phys ics  
1971 I H e a l t h  P h y s i c s  
1374 1 Radia t ion  a i o l o g y  

2974-1975 Human Radiobio logy  
I 

1975-1976 D i rec to r  o f  Med ica l  Physics, EGE Univers i ty  Medical School, I zmi r ,  
Turkey. 

1976-1977 C m p o r s t e  Health Physicist,  Zesearch and Devlo?ment, EM1 Medical 
Inc., Northbrook, I l l inois. 

1977 -present S ta f f  ivlember, Metab l i sm and Dosimetry Group, Hea l th  and Safety 
Research Division, Oak Ridge Nat ional  Laboratory, Oak i i idge, 
Tennessee. 
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PuSlicstions: 

* 1981 

* 1983 

1980 

* 1980 

* 1980 

* 1979 

c%) 1979 
c 

Lnd 

s *  1979 

"Experimental Val idat ion o f  ivlonte Car lo  Calculations fo r  Organ Dose 
Procedures ,It Radio p h a r m ace u t i c a 1 S y m p o s i u m , 19 8 0 0 a k R i d g e. 

"Comparison o f  Risk Associated w i t h  Doses f r o m  Computerized 
Tomography and o ther  Diagnostic Procedures," Hea l th  Physic 39, 
1051, 1980. 

"An Index o f  Re la t i ve  Hea l th  Hazard f rom Selected Radionuclides," 
Hea l th  Physics 39, 1042, 1980. 

"Measurement and Dose Reduction in Diagnostic C T  Scanning 
Procedures," H e a l t h  Physics, Midyear Symposium, 1980 Hyannis. 

"Est imat ion o f  Dose due t o  Accidental Exposure to a Co-60 Therapy 
Source," Hea l th  Physics 38, 187, 1980. 

"Est imat ion o f  Dose and Risk Associated w i th  Co-60 Accident," 
Hea l th  Physics 37, 846, 1979. 

"Dosimetr ic  and H e a l t h  E f f e c t s  Analysis fo r  Airborne Radioact ive 
Pollutants," H e a l t h  Physics 37, 816, 1979. 

"A Method .for Oose Determinat ion  in Computerized Tomography," 
Hea l th  Physics 37, 543, 1379. 
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c 1979 "Estl-nating t h e  Risk Associated w i t h  i:ornputzriz?a I o.n;grpah. 
Doses," Proccedinas o f  the  American Nuciear S x i e t y ,  November 
1379. 

4. 1979 

1978 

1978 

* 1978 

t 1977 

"Curriculum and Laboratory Experirnents for T;sining in y e a l t ?  
Physics and Medical Physics," Procesdinqs 3 f  H?a!th Physics !Aidyear 
Symoosium, Decembzr 1979. 

"An Analysis of the Radiological Impact o f  Tharium Mining anc 
Milling," Nuclear Safety 20, No. 3 ,  1979. 

"Thorium Mininq and tvlilling: An Analysis of  Potential  Radiologica. 
Impact," Health-Physics 35, 902 (1378). 

"Evaluation of  P a t i e n t  Dose in Computerized Tomography," Health 
Physics 35,887 (1978). 

"!In Accident durint t h e  Transfer oT Co-60 Theraov Source," S e a l t r  
?hvsics 33, 675 (1977). 
1- 

Numerous presentations at Scientif ic  Meetings. 

* Indicates Or. Yaicintas  is principal author. 
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P R I N C I P A L  I N V E S T I G A T O R / P R O G R A M  DIR 1 R : T W s  f ' p u w  - 

OTHER SUPPORT 
(Use continuation pages if necessary) 

For each of the professionals named on page 2, list, in three separate groups: ( 1 )  active support; (2) applications and proposals 
pending review or funding; (3) applications and proposals planned or being prepared for submission. Include all Federal, non- 
Federal, and institutional grant and contract support. If none, state "none." For each item give the source of support, identifying 
number, project t i t le,  name of principal investigatoriprogram director, time or percent of effort on the project by professional 
named, annual direct costs, and entire period of supporr. ( I f  part of a larger project, provide the t i t les  of both the parent projem 
and the subproject and give the annual direct costs for each.) Describe the contents of each item listed. If any of these overlap, 
duplicate. or are being replaced or supplemented by the present application, delineate and justify the nature and extent of the 
scientific and budgetary overlaps or boundaries. 

PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR: 
( 1 )  ACTIVE SUPPORT: 

1. Research  Founda t ion  of CHNMC g r a n t  f o r  t h e  "Exper imenta l  v e r i f i c a t i o n  of 
c a l c u l a t e d  organ-absorbed d o s e s  f o r  p r o j e c t i o n s  common i n  p e d i a t r i c  
r a d i o l o g y . "  Thomas Fearon ,  10% e f f o r t ,  c u r r e n t  d i r e c t  c o s t s  $7,430.00;  
p r o j e c t  p e r i o d  5 / 1 / 8 5  - 4 /31 /86 .  

2 .  A p p l i c a t i o n s  pending:  None 

3 .  A p p l i c a t i o n s  b e i n g  p repa red  f o r  submission: None 
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PRINCIPAL INVESTlGATORlPROGRAM D l R t  )R: _______ Thomas Fea ron ,  Ph.. 

RESOURCES AND ENVIRONMENT 

FACIL IT IES hlark the facilities to  oe used a t  the applicant organization and b:iefly indicate their capacities, pertinent caPaollittes, relative prox imi ty  
,nd  Pxfent ot avdilabilitv to the project Usc "other" to descrioe the facilities at any other performance sites listed in I t em 9. PJge I and at sites for 
f i e l d  : IUO;PS.  Usirlq continuation pages if necessary, include an explanation ot anv consortium arranqements wi th  other orqJnlzations 

7 
E ~ ~ b o r d t o r v :  Labora to ry  space has been r e q u e s t e d .  I t  i s  a n t i c i p a t e d  t h a t  300 E t '  of 

0 Animal :  

Q computer 

a Office: 

space i n  a modern l a b o r a t o r y  w i l l  be p rov ided  c o n t i n g e n t  upon a p p r o v a l  of 
t h i s  p r o p o s a l .  The space will be used f o r  t h e  thermoluminescent  a n a l y z e r  
s y  s t e m .  

G E  C T / T  9800 s c a n n e r ,  Department of Radiology 

VAX 11-750 w i t h  4 Nbyte c o r e  memory l o c a t e d  a t  Ch i lLzen ' s  H o s p i t a l  
I B X  3033 a t  Oak Ridge X a t i o n a l  L a b o r a t o r i e s  

Located w i t h i n  t h e  Department of Fad io logy  

MAJOR EQUIPMENT: List the most important equipment items already available for this project, noting the location and pertinent capabilities o f  

each. G e n e r a l  Electr ic  CT/T 9800 s c a n n e r ,  C h i l d r e n ' s  H o s p i t a l ,  D e p t .  of Radiology 
V A X  11-750 Computer, C h i l d r e n ' s  H o s p i t a l ,  Department of Radiology 
IBhl  3033 Computer, Oak Ridge N a t i o n a l  L a b o r a t o r y  
P h i l i p s  Maximus M-100 x-ray g e n e r a t o r / N a c h l e t t  (0.3mm f o c a l  s p o t )  x-ray t u b e ,  

- 

a n g i o  s u i t e ,  C h i l d r e n ' s  H o p s i t a l ,  Department of Radiology 

A D D I T I O N A L  INFORMATION: Provide any other information describing the environment for the project. Identi fy support services such as 
consultants, secretarial, machine shop, and electronics shop, and the extent t o  which they will be available to the project. 
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A. Specific Aims 
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Althouqh the t e  ex is t s  a substantial  volume of information for  t h e  est imat ion o f  absorbed 
dose from internal  and ex terna l  radiation exposures t o  t h e  adul t ,  the  Fauci ty  of similar 
da t a  for the  child is striking. Radiation exposure as a consequence of  diagnostic and 
therapeut ic  procedures  to  the  c!7ild involves a s ignif icant  f ract ion o f  t he  pediatr ic  
population. In order  t o  properly evaiuate  t h e  risk-benefit  r a t io  of diagnostic radiologic 
examinations,  a c c u r a t e  knowledge o f  the  absorbed dose t o  specif ic  organs is necessary. 
3 u r  proposal has  t h e  follcrding major objectives: 

1. Develop an anatomical  model for "standard" child phantoms from X-Tay CT 
images for  the  following classes of pat ient :  newborn, 1 year ,  5 year ,  10 year ,  
and 15 year.  The results will be input t o  detai led Monte Carlo calculations 
of  radiat ion transport  in t h e  body t o  b e  undertaken in collaboration with Oak 
Ridge National Laboratory. The calculat ions will b e  used t o  e s t ima te  organ 
absorbed doses fo r  common pediatric X-ray diagnostic projections. 

2. Provide measured normalized organ-aasoroed doses for pediatric sized 
pa t ien ts  for common diagnostic projections mom antnropomorphic phantoms 
represent ing an average newborn, 1 year  old, 3 year  old and 6 year  old 
patient.  These da t a  wi l l  be  utilized t o  verify the  Monte Carlo calculations 
of organ-absorbed dose in pediatric pa t i en t s  undergoing diagnostic X-ray 
examinations.  

'W. 
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8. Sianificance 
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One o f  t he  most difficult  9roblems encounter23 in radiation protect ion is t h e  estirnatioq 
o f  absorbed dose d2livered t o  various organs from internal and ex terna l  irradiation. 
Zxtensive review o f  the  re levant  radiobiological d a t a  over the past  decade has  revealed 
tha t  f o r  both internal and e x t e r n a l  irradiation, carcinogenesis i s  t h e  major biological 
effect of concern overshadowing genet ic  eff3cts (UNSCEAR 1977; NAS 1990: NCRP 
1980: ICRP, 19771, and all t issues  of t h e  body -mst  b e  considered a t  cancer  risk.  in order 
t o  properly evaluate  the  risk-benefit ra t io  of diagnostic radiologic examinations,  
accura te  knowledge of t h e  absorbed dose t o  specific organs is necessary. The ideal studv 
of toxic effects of  any agent  requires  a knowiedqe of the  dose delivered t o  each of  a 
number o f  individuais and a gradat ion of s u c h  doses among individuals and t h e  cr i t ical  
organ of interest. Therefore,  t h e  ca lcu la t imal  model used to a r r ive  a t  an  est imated 
organ absorbed-dose must b e  reasonably accura te  in order  t o  assess t h e  associated risk of 
cancer  production in the  organ of interest .  

Realization of the  imoortance of a c c u r a t e  dosimetric information resulted in the  
develooment o f  theoret ical  ;nethoaoloqies tor  tne estimarion o i  organ doses (Warner 
- al. 1968; Jones T. - -  et. al. 1973), accompanieo by an awareness of t h e  need t o  ensure 
experimental  verification of t h e s e  e s t i m a t e s  and t o  provide guidance on t h e  l imitations 
of the methodologies (Loewinger and Berman, 1968; Snyder et. al. 1975; NCRP, 1985). 
\-Vhile computational and experiment31 msthoaolctgies have b e e n d e v e l o p e d  t o  e s t i m a t e  
organ dose in adults (Fisher and Snyder 1966, 1967), relatively little e f f o r t  has been 
devoted t o  similar es t imates  f o r  children based upon actual  physical measurements.  In 
order t o  es t imate  organ absorbed dose in children, transformed adul t  phantoms have been 
used (Atkinson, 1962; Ellis, 1961; Snyder and Cook 1971; Hilyer, Snyder and Warner, 1972; 
Snyder and Ford 1973). These simili tude phantoms were obtained by transforming the 
adult standard man phantom by choosing three  orthogonal scaling fac tors  for  each body 
section such tha t  t h e  body dimensions would approximate t h a t  o f  a child of a given age  
(Jsnes - -  et. 31. 1975; F!\.vang - -  E t .  31. 1975 a,b,c;. Those phantoms represent  a reference 
newborn, one, five, t en  and f i f teen  year  old child. 

The major problem with this  procedure is t h a t  t h e  volumes, shapes,  and positions of t h e  
internal organs a re  a l l  determined by scaling factors  tha t  may not b e  appropriate  for  a 
particular organ. Geometr ical  considerations in phantom design a r e  cri t ical .  Large 
differences between the shape and orientation of an organ in t h e  phantom and t h e  
corresponding shape and size o f  t h e  corresponding organ in t h e  human can  lead to 
significant errors, particularly f o r  low energies. Another serious problem with the  
scaling technique is t h a t  active bone marrow distribution is not  accurately described 
(Atkinson, 1962; Ellis, 1961). This is a most crucial flaw when one considers t h a t  children 
may be more sensitive t o  radiation-induced leukemogenesis by a f a c t o r  of approximately 
two (Beebe et. al. 1978). Cristy (1981) has  addressed each of these concerns in his series 
of  pediatric phantoms; however,  h e  still notes t h e  lack of detai led cross-sectional 
anatomy for children, which h e  judges crucial  t 3  t h e  development of phantoms. 

The Center  for Radiological Devices and Health (CRDH) has made e s t i m a t e s  o f  t h e  doses 
delivered t o  specific organs in a s tandard man for most x-ray studies (Rosenstein, 1976). 
This information has  been used to determine the  risk of cancer  rendered by such 
examinations (Laws and Rosenstein,  1978). Others have made use o f  average tissue doses 
(Gregg, 1977) or area-exposure products (Bengtsson, 1978) t o  e s t i m a t e  t h e  cancer  risks of  
various x-ray examinations. All of  these  studies assume a pat ient  of  a given size 
(standard man approach). The C R D H  extended the i r  Monte Carlo calculations t o  include 
the  pediatric population (Rosenstein - -  et. al., 1979; Beck and Rosenstein, 1979) through use 
o f  sirniltude phantoms (Hwang - et. aJ., 1976 a, b, cy Jones -- et. al., 1976). 
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This approach is ammenable  t o  ser ia l  slab-geometry phantoms. The resolution of t h e  
problem involved consideration of t h e  radiation transport  of secondary radiations along 
Ni  th  probability distributions of pathlengths ttirzugh the t rabecular  laminae and marrow 
cavities.  The approach has  been used in t h e  dosimetry of internally deposited 
radionuclides, but i t  is independent o f  the  origin of t h e  primbry radiation and thus would 
be applicable t o  ex terna l  dosimetry.  

A dosimetric study utilizing an  anthropomorphic phantom (Alderson Rando phantom) and 
thermoluminescent dosimetry (Gray et. g., 1981) has demonstrated reasonable 
agreement  with absorbed-organ doses calculated by means of t h e  Monte Carlo method 
for t h e  adult sized model. No verif icat ion of t h e  pediatric dose calculations has been 
car r ied  out  and only sparse  e s t i m a t e s  of radiation exposures to  pediatric pat ients  exist in 
t h e  l i terature  (e. g., Wesenberg -- et. al., 1977; Aspin, 1965, Webster -- et. al., 1974; Bushong, 
1978; Spach and Capp, 1962; Mallie - et. &., 1985). 

Our f i r s t  objective is t h e  compilation of computed tomography (CT) scanner images of 
pediatr ic  patients undergoing C T  examinations of t h e  head and body. In addition, to ta l  
body ser ia l  scans will be performed on pediatric cadavers  for  each of  the  following age  
classes: newborn, 1 year ,  5 year ,  10 year and 15 year old. This d a t a  will allow the  
construction of  a th ree  dimensional "average" digital  serial  slab-geometry phantom for 
each age  class. Since t h e  d a t a  will b e  obtained from actual  patients,  this representation 
will be an improved approximation t o  ac tua l  body and organ dimensions and organ 
location. The digital phantoms will then be used as  input t o  Monte Carlo radiation 
t ransport  calculations fo r  externa l  irradiation from common pediatric diagnostic x-ray 
procedures. Normalized organ absorbed doses for standardized radiographic 
examinations will b e  tabulated.  
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2. Preiiminarv Studies 

The develmmenta l  e f for t s  a t  Oak Ridge 'Vatlorla1 Laboratory associated with detailed 
m q a n  dose estimation for in te rna l  and external  irradiation of man da tes  bacx t o  t h e  
i3Sa's and the  work of Waltzr Snyder and his research group. The development and 
r2finement of these calculations cont inues today as  these calculations a r e  cr i t ical  to  t h e  
revision of our understanding of t h e  risk associated with radiation exposure both from 
dccupational and medical exposure.  These calculations a r e  cr i t ical  t o  such  standards 
se t t ing  bodies a s  t h e  National Council  on Radiation Protect ion and Measurements, t he  
International Commission on Radiological Protection, t h e  United Nations Scientific 
Commission on t h e  Effec ts  of  Atomic  Xadiation. and the  Medical Internal Radiation Dose 
C o m m i t t e e  of  t h e  Society of Nuclear  Medicine. Accurate knowledge of t h e  absorDed 
dose in an  organ sensitive t o  radiat ion damage (i.e., act ive bone marrow, and mammary 
tissue) in children is cr i t i ca l  in t h e  evaluation of t h e  risk-benefit ratio. The potential  
risk associated with radiation exposure is significantly grea te r  in children than in adults 
(Beck et. &., 1978, Shore et. al., 1977; Boice and Monson, 1977; Baral -- et. al., 1977). 

The use o f  C T  images o f  a c t u a l  pa t ien ts  will 7reattv improve our understandinq of  the 
dosimetr ic  aspects  of medicai  radiat ion exposure. I he joint project  proposea has  in i a c t  
already begun. W e  have obtained t h e  appropriate source codes from GE t h a t  will allow 
us t o  t ransfer  CT images b e t w e e n  Children's Hospital National Medical Center  and Oak 
Ridse  National Laboratory. D a t a  t ransfer  has Seen accomplished successfully. An 
agreement  with Dr. Keith Eckerman of Oak Fiidge National Laboratory has been reached 
in which Oak Ridge will develop f r o m  t h e  CT scans a ser ies  of digital phantoms, modify 
their  existing Monte Carlo t ransport  codes t o  use such phantoms and will perform an  
extonsive set of calculations in this  phantom series. W e  a r e  beginning to  make 
dosimetric measurements f o r  comparison with actual  pat ient  measurements  (i.e., s k u l l  
examination with s c a t t e r  dose t o  t h e  thyroid and abdomen examination with s c a t t e r  dose 
t o  t h e  testes).  In addition, w e  have  obtained a commitment  f rom Humanoid Systems for 
t he  production of three year, 3r.e year  and newbwn anthropomorphic Fhantoms (Appendix 
A). 

- 

The Depar tment  of Pathology of Children's Hospital and the  Department  o f  iiadiology 
have both granted approval t o  do C T  examinations of pediatric cadavers  as  par t  of  the  
d a t a  collection required for  th i s  project.  

Previously, we have conducted a n  extensive dosimetry project  involving pediatric 
pat ients  undergoing CT examination. Copies of t h e  reprint  a r e  enclosed as Appendix B. 

The Research Advisory and Awards C o m m i t t e e  of Children's Hospital has  provided a pilot 
g ran t  t o  begin clinical and anthropomorphic phantom dosimetry studies. The grant has 
provided an  Humanoid Systems six year  old anthropomorphic phantom. Personnel a t  the  
C e n t e r  for Devices and Radiological Health will provide, on a l imted basis, t h e  use of 
the i r  thermoluminescent ana lyzer  system. 
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0. Methods 

1 A. Serial Slab - Geometry  Phantoms 

The d a t a  collection phase of this  s egmen t  of th i s  2roposal will involve the  compilation of 
rout ine CT examinations f x m  pediatr ic  pa t ien ts  in eacn of  t h e  following age  classes: 
newborn. one, f ive,  ten,  and f i f teen year old patients.  The da ta  f rom t h e  CT 
examinat ions will be obtained f o r  C T  examinat ions conducted under normal ciinicai  
protocois. No additional radiation is required,  no discomfort  t o  the  pat ient  is involved 
and t h e  intear i ty  of t he  examinat ion is not jeooardized in any respect.  2 a t i e n t  
ident i f icat ion information will remain confidential .  Three to five pediatric cadavers  
within each  age  class will dsci be  serially scanned f rwn  head to  toe in 10 mm slit%. 

These scans  will provide a basis set f o r  t h e  phantom in each  nominal age  class. Phantom 
classification will be  based primarily on pat ient  s ize  and mass. Clinical scans will b e  
used t o  address the  question of t h e  impact  t h a t  death may have on t h e  placement ,  
composition and shaoe of t h e  orqans. Normal slices of the aDprooriate s ize  will rep lace  
abnormal  slices as a resuit  o i  oacnoloqy or o ther  cnanqes noted in the cadaver  scans. A l l  
scans  will De periormeo on a Generai  c i e c t r i c  CT/T  3800 wnole body scanner iocatea in 
the Depar tment  of  Radiology. Standard pedia t r ic  technique fac tors  wil l  be used. 
Scanner  performance pa rame te r s  (resolution, l inearity,  slice thickness and noise) will be 
checked periodically. In addition, a l inearity scan will be psrforrned with each cadaver  
scan. The contrast  scale conversion from CT number to  linear a t tenuat ion coeff ic ient  
will be  investigated as a possible addition t o  a t tenuat ion  and spectral  calculations. The 
e r ro r  associated with volume averaging e f f e c t s  on t h e  quantitative determinat ion of the  
l inear a t tenuat ion caef ficient for  this  application will be investigated. However, t h e  
possibility of increased accuracy in determining absorbed dcse does exist in using the  
ac tua l  a t tenuat ion c o e i  Ficient r a the r  than  lumping tissue into three  categories  of so f t  
tissue, lung and bone. This d a t a  may prove t o  be  of particular value in the  determinat ion 
of t h e  ac t ive  bono !narrcw absorbed doses. 

The resul ts  of ti:e da t a  collection scheme  will be  used to tabulate  organ size and 
a t tenuat ion  character is t ics  in a ser ia l  slab-geometry configuration for  each  age class and 
sex. I t  is  anticipated tha t  it will require  approximately two years to  accumula te  t h e  
required number of cadaver  scans. The Depar tmen t  of Pathology handles approximatley 
160-180 cadavers  per year  with about  70% of these  being newborns to  1 year  old. The 
remaining cadavers a r e  uniformly distributed up t o  a g e  16. Therefore, t he  older cadaver  
scans  will require a longer t ime  period for  accumulation. 

Radiat ion Transport  Calculat ions 

The Monte Carlo radiation t ransport  calculat ions will be  carried out  using a revised 
version of  the  codes (wr i t ten  in FORTRAN IV)  developed by the  Metabolism and 
Dosimetry Research Group, Heal th  and Safe ty  Research Division a t  Oak Ridge National 
Laboratory led by K. F. Eckerman. The codes  will be modified and run on a cont rac tua l  
basis with Oak Ridge on an  IBM 3033 located a t  Oak Ridge National Laboratory. D a t a  
t ransfer  will be accocnplished with magnet ic  tape.  The sof tware needed t o  read C T  
images has  already been developed with the  cooperat ion of  General Electr ic  Co. 

The desired base quant i ty  is t h e  t issue-air  ra t io  for  each ta rge t  organ of interest .  The 
t issue-air  ra t io  is defined as the  ra t io  of t he  absorbed dose a t  a given point of in te res t  in 
a tissue-equivalent phantom t o  t h e  absorbed dose measured at  t h e  same  point in a i r  
within a volume of t issue equivalent  mater ia l  just  large enough t o  provide maximum 
e lec t ronic  build-up a t  t h e  re ference  point (ICRU 1973). For ease in application t h e  t issue 
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a i r  r3 t io  rnav have the  denominatar expressed as exposure frze-in-air a t  the '131nc o f  
in te res t  s ince t h e  exposure can be  readily calculated from a knowleage of the  photon 
enerqy and fluence.  The fact t h a t  the  tissue-air r a t io  is only a function of the depth o f  
the  point of in te res t  and the  field s ize  a t  t he  plane of the  point of interest  ana is 
independent  of t h e  source image dis tance (SID) permi ts  a divergent beam t o  be simulated 
by a plane parallel  beam f o r  t he  purposes of determining sca t t e red  radiation. This 
3ssumes t h a t  the  intensity and field size of t h e  parallel beam a r e  the same as the  
divergent  beam at the  point of interest .  The concept  can be  extended t o  volume 
d e m e n t s  such a s  organs. The Monte Cario radiation transport  techniques will be applied 
with e a c h  phantom descriFtion a s  input t o  genera te  a da t a  base of tissue-air ratios from 
,vhich organ tissue-air ratios can be  obtained for a large variety of pediatric diagnostic 
x-ray projections. 

For e a c h  ser ia l  slab-geometry phantom a rectangular  coordinate  system will be  
gene ra t ed  with t h e  origin located a t  t h e  center  of t h e  sl ice a t  the  base of t h e  torso. A 
sys t em of grid e lements  will be  superimposed on t h e  x-z midplane of the  phantoms for  
AP and P A  projections and in t h e  y-z plane for la te ra l  orojections. Advantaae of bodv 
symmet ry  is uti l ized in order to  reduce tne numDer o i  gria eiernents for which photon 
his tor ies  a r e  required. For each  grid e lement  within eacn slao a ivlonte Cario transport  
calculat ion is  carr ied out  for  a large number o f  photon histories (approximately 60,000 1. 
The  number of photon histories required is determined by the  required s ta t is t ical  
accuracy  desired. Fcr volumes of in te res t  within t he  Seain the  s tandard deviation should 
be  of  t h e  order  of 2%0. For a given rnonoenergetic photon normally incident within a grid 
e l emen t  t he  point of interact ion is randomly selected.  The path of the photon is t raced 
by simGlating t h e  successive interactions.  The energy a t  each point of interaction is 
tabulated.  A da ta  base of organ tissue-air-ratio as a function of incident photon energy 
is thus  genera ted  for  each grid e lement  f o r  each projection and each phantom. 

Tissue-air ra t ios  will be calculated for  each grid e lement  (approximately 160 elements  
per  vie*.v) for  an  A P ,  ?;A. and !atera1 view o f  each pnantorn for up t o  seven monoeoergetic 
energies  per view. The pi-ogramming required t o  implement and run the  phantom da ta  
will b e  car r ied  out  a t  Oak Ridge. I t  is anticipaied tha t  the  newborn, one year, and f i v e  
year  old phantom calculations will be  completed within the f i rs t  two years  and the  
remaining two phantoms will be  completed in t h e  final year of t he  proposed project 
period. 

Organ Dose Estimation f rom Common Pediatr ic  Diagnostic ?rejections 

Calculat ion of organ dose e s t ima tes  f o r  common pediatric diagnostic projections will be  
car r ied  ou t  collaboratively on a combination of the  Oak Ridge IBM 3033 and the  VAX 11- 
750 a t  Children's Hospital. Oak Ridge will develop the sof tware  tha t  will allow 
calculat ion of organ doses f rom common pediatric projections. The sof tware  will be  run 
on the  VAX 11-750 a t  Children's Hospital. This segment  of the project  should commence 
in t h e  second year  of t he  project. 

The dose t o  a specif ic  organ f rom a specified x-ray examination is calculated using the  
tabula ted  tissue-air-ratios and examinat ion parameters.  The width and height o f  the  
x-ray field a t  the  image receptor  is converted to  the  width and height at  the plane of the  
organ o f  interest .  The cen te r  and per imeter  of t h e  field a t  t h e  organ plane of  reference 
is loca ted  on the grid array,  and the  tabulated tissue-air-ratios a r e  summed for each 
incident  monenerget ic  energy. Frac t ions  of grids a r e  taken into account  by utilizing the  
f rac t ion  of the  grid covered t imes  the  tissue-air ra t io  for  t h a t  grid element. An 
appropr ia te  x-ray spectrum consis tent  with the kVp and HVL used in t h e  examination is 
selected.  The tissue-air-ratio contributions a re  weighted as a function of the  exposure 
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7zr energy ranqe. Interpolation bet:veen measarea enerqy vaiues is requirt3d t o  eornplete 
the spectrum. The organ tissue-air-rat.io is converted to  an  absorbed dose using t h e  
specific en t rance  exposure free-in-air ccrrecc2d by inverse square t o  the  re ference  plane 
2f interest .  Absorbed dose t o  tes tes .  ovaries, ac t ive  bone marrow, thyroid, breast ,  and 
oyes will be  calculated for  the  pediatr ic  diagnostic x-ray examinations listed in Table 1. 

2. Anthropomorphic Phantom Measurements and Calculation Verification 

Four anthropomorhpic pediatr ic  phantoms Ii iumsnoid Systems; Carson, California) 
representing a newborn, 1 year ,  3 year  and 6 year aid child wil l  be  used in cmjunct ion  
with thermoluminescent dosirnetrv t o  measure normalized orqan doses per unit en t rance  
exposure in a i r  fo r  projections common in pediatric radiology. Standard positioning will 
be  used for  each  examination. A Philligs Maximus M-100 1200 mA t h ree  phase generator  
with a Machlet t  x-ray tube  (0.3mm, 1.0 mm nominal focal  spot  sizes) will be  used for  all  
exposures. The calibration of t he  x-ray generator  will be  verifed with a Machlet t  
Dynalyzer I1 and t h e  half value layer  of the  x-ray beam will b e  adjusted t o  a t  least 3.0 
m m  of aluminum at 90 kVo bv the  addition of added aluminum. I-i F (Harshaw TLO-100) 
and CaF, (i larshaw TLD2[33) thernoiurninescenc dosimeters  wil l  be  ca l ibra tea  aaainst  an 
MDH x-Fay monitor (Model lUX5-6; Kadcal Corporation, Monrovia, California) using a 
luci te  tank ( 3 0 x 3 0 ~ 2 0  cm)  filled with water.  T h e  TLD's will be  positioned within the  
prirnary x-ray beam for  prirnary 7lus backscat ter  and primary plus forward s c a t t e r  
calibrations. Sca t t e red  m e r q y  spec t ra  calibrations .:/ill be  carr ied out  with TLD's 
positioned 90 degrees  to,  and outside of, t h e  primary x-ray beam. The dis tance from t h e  
x-ray t a r g e t  t o  t h e  f ront  sur face  of t h e  lucite tank will be 100 cm. The TLD's will be  
batched such tha t  t h e  s tandard  deviation of the response of the  TLD's in each  batch is 
less than 3%, for a uniform exposure of about lR(6,258mC/kg) for  each  of the  energy 
spectra .  A standard annealing process  of 1 hour a t  300°C followed by 1 hour a t  100' C 
will be followed fo r  t h e  TLDs. Pr ior  to  reading, t h e  chips will be  preannealed a t  100°C 
for  15  minutss  t o  deplete  the  low energy electron t raps  in the  crystal  s t ruc ture  and 
tlicreby suppress !s,.v t c m p e r a t x e  pcaks and s tabi l ize  the  response of t h e  TLD's. This is 
particularly important  fo r  t he  CaF? TLD's since they demonst ra te  marked fading of 
response as a function of  t ime  due  to t h e  response of t he  low energy e lec lon  traps. The 
TLD chips will be  read ou t  on a therrnoluininescent analyzer  (Model 2000 6 
Thermoluminescent,  Analyzer System, Harshaw Chemical  Co., Solon, Ohio) under a 
nitrogen atmosphere.  The thermoluminescent output  of t he  TLO-100 dosimeters  will be  
intergrated between 15OoC and 24OoC. The thermoluminescent output  of t he  TLD-ZOO 
dosimeters  will be  integrated be tween 100°C and 285OC. Thermoluminescent response 
will b e  converted t o  absorbed dose by means of the  following equation: 

LV h e r e : 

O=fRC 

D=absorbed dose in tissue, rad 
f=Roentgen t o  rad conversion f ac to r  for  tissue 
R=therrnoluminescent response of i r radiated TLD, Coulombs 
C=cal ibrat ion factor ,  R o e n t g e d u n i t  thermoluminescent 
response in Coulombs 

The anthropomorphic phantoms t o  be  used in these studies will be  obtained f r o m  
Humanoid Systems (Carson, California). The phantoms mimic t h e  a t tenuat ion  and energy 
absorption properties of human pat ients  at  diagnostic energies  for newborn, one year ,  
th ree  year,  and s ix  year  old children. 
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Absorbed dose t o  t h e  testes, ovaries,  thyroid, uterus. eyes, breast  and ac t ive  bone 
marrow will be measured f o r  t h e  common diaqnostic projections listed in  Table 1. The 
pnantoms will be positioned such t h a t  s c a t t e r  is minimized. Collimation of the  beam will 
b e  t o  t h e  a rea  of interest  and to t h e  fi lm size. A screen-film system will b e  used t o  
record t h e  a rea  exposed. The dis tance f rom t h e  ver tex  of the  head of the  phantom t o  t h e  
c e n t e r  of t h e  screen-film system will b e  recorded along with film size  t o  accurately 
loca te  t h e  beam entrance.  

Table 1. Common Pzdiatric Oiagnostic Y-Rav ?ro:ect iom to be  Used in tnis Stuay 

Examination 
Rejection 

Aateroposterior Posteroanter ior  Later21 

Ches t  
Lumbar Spine 
Cervical Spine 
Rznal 
GI 
Ear 
?elvis and Hip 
Skull 
Gal lbladder 

x 
X 
X 
X 
X 
X 
x 
X 
X 

x 
X 

x 

x 
X 

x 
:< 
x 

x 
x 
x 
X 

After  each exposure for a given projection, the  phantom will be removed and an MDH 
model 10x5-6 ionization chamber (Radcal  Corp. Monrovia, CA) will be positioned in a i r  a t  
t h e  location where t h e  cent ra l  beam impinged on t h e  phantom. An exposure in f ree  air is 
measured a t  this position a t  t h e  s a m e  technique factors  as used for t h e  phantom 
measurement.  From this measurement  t h e  organ absorbed dose can be normalized t o  t h e  
en t rance  exposure free in air. 

The absorbed dose t o  act ive bone marrow will b e  determined from the  sum of weighted 
sampled measurements of ac t ive  bone marrow sites. The weighting fac tors  a r e  derived 
from t h e  active bone marrow distribution in t h e  skeleton for the appropriate age. 

The experimental  norlnalized absorbed doses will b e  compared with e s t i m a t e s  derived 
from calculations provided by Rosenstein - -  et. al. (1979) and those derived from t h e  
revised es t imates  tha t  will be  derived f rom t h e  s lab geometry model developed here. 

I t  is anticipated t h a t  t h e  anthropomorphic dosimetry will be completed within the  first  
two years  of t h e  three year project  period. All  experirnents will be conducted a t  
Children's Hospital. 
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' OAK RIDGE NATIONAL LABORATORY 
3PEQ&TEO 9, UARTIN MAqiETTA EUERGY SYSTEMS INC 

June 27 ,  1,085 

Thomas Fearon .  M.D. 
Department of Radio logy  
C h i l d r e n ' s  H o s p i t a l  
N a t i o n a l  Medical  Cen te r  
111 Michigan Avenue, N.W. 
Washington, D.C. 20010 

Dear Tom: 

:;ation31 I n s t i t u t e s  of  Z e a i t h  Proposal 

I am p l e a s e d  t o  h e a r  of your  i n t e r e s t  i n  improving t h e  d o s i m e t r i c  
i n f o r m a t i o n  of  d i a g n o s t i c  r a d i o l o g y  i n  p e d i a t r i c s .  We look  f o m a r d  t o  
c o l l a b o r a t i n g  w i t h  you and your  s t a f f  i n  deve lop ing  t h i s  i n fo rma t ion .  
The a r e a s  you o u t l i n e d  i n  t h e  d r a f t  p r o p o s a l  t o  NIH a r e  a n a t u r a l  
e x t e n s i o n  of our  r e s e a r c h  i n t e r e s t s  and t h e  c o l l a b o r a t i v e  e f f o r t  between 
o u r  s t a f f s  which pe rmi t  a c c u m u l a t i o r  and a n a l y s i s  of  t h e  b i o l o g i c a l  d a t a  
so n e c e s s a r y  f o r  improving d o s i m e t r i c  i n f o r m a t i o n  f o r  t h e  p e d i a t r i c  
p a t i e n t .  

S i n c e r e l y ,  

Keilth F. Eckerman, Leader  
bietabolism and Dosimetry Research Group 
H e a l t h  and S a f e t y  Research  D i v i s i o n  

KFE: bpw 

c c :  R. 0 .  Ches te r  ( O W L )  
S. V. Kaye (ORNL) 
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May 14, 1985 

Dr. Tom Fearon 
Medical Physicist  
Department of Radiology 
Chi  1 dren' s Hospital 
11 Michigan Avenue, N.W.  
Washington, D.C. 20010 

Dear Dr. Fearon, 

I t  was a pleasure speaking t o  you again,  and I look forward t o  receiving 
your order f o r  a Pediatr ic  Radiation Therapy Phantom. 

As requested, a catalogue and price l i s t  a r e  enclosed. 

If  your i n s t i t u t i o n  could providf>  a newborn skeleton,  i t  would indeed be 
f e a s i b l e  f o r  us t o  manufacture a "newborn" P e d i a t r i c  Radiation Therapy 
Phantom. 

A ballpark pr ice  would be $7,500.00, w i t h  a ballpark del ivery time of 6-8 
weeks a f t e r  our rece ip t  of the skeleton. 

Please do not hes i ta te  t o  contact me i f  you require fur ther  information. 

Sincerely,  
h 

Vice President - 7 
Marketing and Sales 

DW/mm 

Enclosure 

I 0 1 8 1 5 3  



1 HUMANOID SYSTEMS 
DIVISION OF HUMANETICS, INC. 

17C22 MONTANERO STREET 

CARSON, CALIFORNIA 90746 

(213) 537-7851 TELEX 69-1186 

April 3, 1935 

Tom Fearon, Medical Physicis t  
Department of Radiology 
CHILDREN'S HOSPITAL 
11 Michigan Avenue, N.W. 
Washington, D.C. 20010 

Dear Mr. Fearon, 

Thank you f o r  your phone c a l l  and i n t e r e s t  i n  our Pedo-RT Pedia t r ic  
Radiation Therapy Phantom. 

Regarding the 6-year old Pedo, the January 1 ,  1985 Radiological Phantoms 
Price List i s  s t i l l  current .  
weeks a f t e r  receipt of order.  

Shipment time i s  cur ren t ly  r u n n i n g  2-3 

We would indeed be in te res ted  i n  making a l-year old Pedo-RT. 
the 1 year having the same spec i f ica t ions  a s  the  6-year old ( d i f f e r i n g  
o n l y i n  size), a ballpark s e l l i n g  pr ice  would be $6,000.00, w i t h  a 4-8 
week delivery.  We would be gald t o  send a formal quote when you are 
ready t o  proceed w i t h  the project .  

Based on 

Please remember t h a t  a 3-year old Pedo-RT i s  cur ren t ly  ava i lab le  as a 
standard item a t  a cos t  of $ 750.00 over the equivalent model 6-year old 
standard Pedo- RT. 

I f  you require any further information, please do not h e s i t a t e  t o  contact 
me d i r e c t l y .  

DAVID WEINER, RT, CNMT 
Vice President 
Marketing and  Sales 
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TABLE 1 : CTDl Determined Using UF Thermoluminescent Dosirnet- 
~~ 

CTDl 

Top centel Phantom Type: Tehnque E- 
(m) (kVplmAls1 

rad (&y) mrad (lodoy)/mAs rad (CGy) 

Head (diameter = 16 cm): 
120/200/2. . . . . . . . . . .  10 5.3 13.3 5.2 
120/200/2. . . . . . . . . . .  5 5.3 13.3 5.1 
120/200/2 . . . . . . . . . . . .  3 5.5 13.8 5.1 
120/200/2, 1.5 5.1 12.8 5.0 
a0/200/2 . . . . . . . . . .  1 o 2.5 6.3 2.2 

120/200/2 . . . . . . . . . .  10 2.6 6.5 1.4 ' 

120/200/2.. . . . . . . . . . .  5 2.6 6.5 1.4 
120/200/2.. . . . . . . . . . .  3 2.6 6.5 1.5 
120/200/2. . . . . . . . . . . .  1.5 2.5 6.3 1.5 

. . . . . . . . . . .  

Body (diameter = 32 cm): 

mad m-W/mAs  

13.0 
12.8 
12.8 
12.5 
5.5 

3.5 
3.5 
3.8 
3.8 

31, 1984 amending 21 CFR 1020 [17] to require manufactur- 
ers of CT equipment to furnish dose-profile information with 
their equipment, using the phantom and CTDl concept defined 
by Shope et al. [16]. The changes to the standard became 
effective on November 29.1984. The CTDl is a figureof-merit 
that reflects the dose efficiency of a CT scanner. However, 
direct comparison to patient exposures may be somewhat 
misleading, particularly in the case of infants and children, 
since the size of the standardized phantoms and, therefore, 
their attenuation characteristics do not closely represent the 
pediatric patient. 

We provide CTDl values for typical pediatric CT examina- 
tions for a GE CT/T 9800 scanner operating under typical 
clinical technique factors and compare them with measure- 
ments of entrance absorbed dose of pediatric patients under 
clinical situations. 

Materials and Methods 

All dosimetry measurements were conducted on a General Electric 
CT/T 9800 scanner, using typical clinical technique factors for pedi- 
atric patients. 

Dose Profiles 

Two cylindrical Lucite (1.19 & 0.01 g/cm3) phantoms were used 
for head and body dosimetric measurements as required in 21 CFR 
1020.33(c) (2). Each phantom was 14 cm long, which provlded an 
adequate scatter source for the central part of the phantoms. The 
body phantom was 32 cm in diameter, with holes drilled parallel to 
the axis at locations lying along eight radii of 0, 5.3. 10.6. and 15.0 
cm. The head phantom was 16 cm in diameter, with holes drilled at 
locations lying along eight radii of 0, 4.95, and 7.0 cm. Singlescan 
dose profiles perpendicular to the scan plane were measured at the 
central and top position in each phantom by means of arrays of 40 
LiF thermoluminescent dosimeter (TLD) chips. The TLDs were held 
in position in special holders so that the major planar surface of each 
chip was parallel to the scan slice. The distribution of chips allowed 
for a higher sampling in the peak region of the scan profile. The 
maximum average dose was also measured using three calibrated 
MDH 1050 radiation exposure meters with model 10x5-10.3 CT 
pencil ionization chambers (Radcal COrp., Monrovia, CA). All dosi- 
metry holes not containing dosimeters were filled with solid Lwte 

rods. The chamber exposure readings were corrected for the actual 
area of the chamber volume exposed and converted to abmbed 
dose in tissue: f = 0.92 rad/R (35.7 Gykg/C). 

The UF TLDs used in this study were provided and processed by 
the X-Ray Calibration Laboratory of the Center for Devices and 
Radiological Health. Food and Drug Administration. About 1300 TLD- 
100 chips (0.32 x 0.32 x 0.09 cm) in three batches were used in the 
study. The standard deviation of the response of the TLDs in each 
batch was about 3%, for a unifcfm exposure of about 1 R (0.258 
mC/kg). After standard annealing. the response of the TLDs was 
calibrated relative to the response to about 1 R (0.258 mC/kg) of x- 
rays generated at 100 kV constant potential (5.04 mm AI half-value 
layer. 0.72 homogeneity factor). Calibration exposures were moni- 
tored with a secondary ionization chamber (k 3% calibration uncer- 
tainty). Due to a lack of specific information, the effective energy of 
the x-ray photons to which the TLDs were exposed at various points 
in the phantoms was assumed to be between 50 and 70 keV. In 
order to account for this variation in photon energy, the response of 
the TLDs was corrected for differences between calibratton and 
phantom dosimetry measurements (1.10 & 0.13) [15]. 

Clinical Measurements 

Clinical dosimetry measurements were carried out using small 
heat-sealed plastic packages each containing five UF TLDs posi- 
tioned in a linear may. One package of dosimeters was positioned 
in the Center of the central s l i i  of the area of the patient to be 
scanned, with the l i r  dimension of the dosimeters aligned with the 
scan slices. This orientation was chosen so that the dose at the 
center of the central slice would be obtained. Positioning of the TLDs 
was accomplished by means of the table location information pro- 
vided by the scanner gantry and the laser alignment hghts. It was 
thought that this positioning of the TLD arrays would be less suscep 
tible to systematic variation than if the TLD linear arrays were 
positioned perpendicular to the s l i i  plane, thereby including the 
effects of dose f a l l 4  at the edge of each s l i .  The dosimeter 
package was left in place for one complete series of adjacent s l i s  
and was removed if a second series of scans of the same anatomic 
area was required (e.g., scans with and without contrast agent). 
Typical pediatric dynamic scan technique factors as used m our 
department were used for each examination. 

Sixtyeight pediatric patients, ranging from newborn to 20 years. 
undergoing CT examination of the head, chest, or abdomen were 
used in the study. Infant head examinations were defined as those 
examinations on children 6 months of age or under. No restnctrons 
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systems operating under clinical 
situations; however, phantom absorbed-dose measurements 
are not necessarily the same as those that may be encoun- 
tered in actual patient examinations. 

Our results suggest that for pediatric patients, typical en- 
trance skin absorbed doses on a GE CT/T 9800 scanner 
using clinical technique factors for examinations of the chest 
and abdomen are in the range of 1 .O-2.4 rad (cGy). Similarly, 
entrance skin absorbed doses for pediatric scans of the head 
are in the range of 2.0-3.4 rad (cGy) and 3.2-4.2 rad (cGy) 
for infant (I 6 months) head examinations. 

It is of interest to compare pediatric absorbed doses from 
CT examinations with those used in radiographic examina- 
tions. The maximum absorbed skin dose for biplane cerebral 
angiography has been estimated to be about 16 rad (cGy) for 
a 5-year-old and about 23 rad (cGy) for a 15-year-old [18]. 
Similarly, a four-film excretory urogram delivers a maximum 
skin dose of about 0.3 rad (cGy) in a 5-yeardd and about 
0.8 rad (cGy) in a 15-year-old [18]. Abdominal angiography 
(30 films with magnification and 5 min fluoroscopy) delivers 
about 10 rad (cGy) for a 5-year-old and about 30 rad (cGy) 
for a 15-year-old [18]. Of course these doses will vary de- 
pending on the screen-film system used, the length of fluo- 
roscopy. and other technical factors used in the study. 

A comparison of entrance skin absorbed doses with ab- 
sorbed-dose measurements in the head and body cylindrical 
phantoms (tables 1 and 2) when adjusted for mA differences 
demonstrates that the head phantom more closely predicts 
actual patient doses to within about 5% for abdomen and 
chest examinations and to within about 15% for head exam- 
inations. The correspondence is not exact, since the atten- 
uation properties of the phantom do not exactly mimic those 
of the human body (e.g., attenuation inhomogeneities such 
as lung, bone, etc.1 and the fact that patient exposures are 
measured as entrance skin exposures and phantom meas- 
urements are at a depth of 1 cm. The ratio of the dose at a 
depth of 1 cm to that at the center of the head phantom (8 
cm) is 1.1, indicating that the dose across a pediatric patient 
would be fairly uniform except for the anatomic inhomogene- 
ities. Due to the dimensions of the head phantom, infant head 
doses are underestimated. The body phantom predicts lower 
actual patient absorbed doses and also predicts more non- 
uniformity of the dose across a patient. Moreover, it is virtually 
meaningless for comparison with all pediatric patients except 
nearly fullgrown adolescents. 

Image noise is the ultimate limitation in the accuracy of low- 
contrast resolution. Image noise, as a result of x-ray photon 
flux variation at the detector, consists of two components: (1) 
photon flux variations in the x-ray source and (2) photon flux 
variations attributable to object size and internal structure 
density variations [19]. Small patients or body parts (e.g., 
infant heads) offer low attenuation of the incident primary x- 
ray beam and, therefore, the variation of photon flux at the 
detector is decreased relative to larger patients or body parts. 
so that the dose used can be decreased without reduction of 
the signal-to-noise ratio. The limit to dose reduction with 
increasing noise is a complex function of the clinical imaging 
task and the observers' internal noise or contrast threshold 

[20]. Scans of the head require good lowcontrast resolution; 
therefore, dose reduction may be limited to some extent, 
except in infant head examinations, in which case the de- 
creased size of the skull may allow a decrease in entrance 
exposure while still providing a clinically acceptable scan. As 
a result of this study, our technique for infant heads has been 
decreased from 120 mA to 70-1 00 mA depending on the size 
of the patient's head, with no clinically apparent degradation 
of the image due to an increase in noise. 

In summary, although the use of the CTDl concept is useful 
in comparing the dose efficiency of various CT scanners 
operating at clinically relevant factors, the doses obtained 
may not be directly comparable to those in clinical practice. 
Our results suggest that the head phantom proposed by the 
FDA more closely predicts typical doses for pediatric patients 
than the body phantom. The doses for infant head CT ex- 
aminations, however, are underestimated. 
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