


I d e n t .  No. ORNL-14 

APPLICATION FOR THE USE OF HUbW\'S As EXPERIMERTAL SUBJECTS 

To : COMEIITTJ2E ON l T u M A N  STUDIES 
Oak Ridge A s s o c i a t e d  U n i v e r s i t i e s  and 
Oak Ridge Na t iona l  L a b o r a t o r y  

04/22 /85  Date :  

P r i n c i p a l  I n v e s t i g a t o r s :  C h a r l e s  S. Dudney, Ph.D. 
Thomas G. Matthews, Ph.D. 

Co- I n v  e s t i ga t o r  s : W i l l i a m  G. D r e i b e l b i s ,  C.1.H 
Alan R. Hawthorne, Ph.D. 

T i t l e  of P r o j e c t :  Indoor  A i r  Q u a l i t y  S tudy  i n  60 Houses i n  t h e  
Tennessee  V a l l e y  

I. OBJECTIVES OF STUDY: 

The H e a l t h  and S a f e t y  Research  D i v i s i o n  of Oak Ridge N a t i o n a l  

L a b o r e t o r y  w i l l  be c o n d u c t i n g  a s t u d y  of i n d o o r  a i r  q u a l i t y  i n  60 houses  i n  

t h e  Tennessee  V a l l e y  unde r  the s p o n s o r s h i p  of s e v e r a l  f e d e r a l  a g e n c i e s .  ., 
'# 3 

There  w i l l  b e  two m a j o r  o p e r a t i o n a l  e l e m e n t s  of t h i s  s tudy .  One w i l l  

b e  t h e  c o l l e c t i o n  of d a t a  from a l l  of t h e  h o u s e s  i n  t he  s t u d y  and w i l l  

emphasize use  of r e l a t i v e l y  sma l l ,  p a s s i v e  sampl ing  d e v i c e s  t h a t  c a n  b e  

a n a l y z e d  t o  y i e l d  i n f o r m a t i o n  on t ime-weighted a v e r a g e  l e v e l s  of chemica l  

o r  n a t u r a l l y  o c c u r r i n g  r a d i o a c t i v e  s p e c i e s  i n  t h e  homes. The o t h e r  m a j o r  

e l emen t  w i l l  be  t h e  c o l l e c t i o n  of d a t a  i n  six of t h e  6 0  homes and w i l l  

emphasize t h e  x s e  of more e l a b o r a t e  sampl ing  d e v i c e s  f o r  one-week i n t e r v a l s  

i n  t h e  summer and w i n t e r  q u a r t e r s .  The six-home s u b s e t  w i l l  b e  l i m i t e d  t o  

houses  i n  t h e  a r e a  s n r r o u n d i n g  Oak Ridge.  

The o b j e c t i v e  of one a s p e c t  of t h e  s t u d y ,  a p p l i c a b l e  t o  a l l  o f  t h e  

houses  and d e f i n e d  by  t h e  TVA-scpported I A G  ($40-1459-84) which funds  t h e  

ma jo r  p a r t  of t h i s  s t u d y ,  i s  t o  d e t e r m i n e  t h e  mean and s t a n d a r d  d e v i a t i o n  

of t h e  l e v e l s  of r adon  and radon progeny i n  60 s e l e c t e d  homes d u r i n g  a one- 

y e a r  i n t e r v a l .  Exposure t o  t h e  s h o r t - l i v e d  r a d i o a c t i v e  progeny of r adon  

h a s  b e e n  a s s o c i a t e d  w i t h  i n c r e a s e d  i n c i d e n c e  of l ung  c a n c e r  among v a r i o u s  

uranium-mining p o p u l a t i o n s .  Var ious  p r o d u c t s  from t h e  phosphate-mining  

o p e r a t i o n s  i n  c e n t r a l  F l o r i d a  have been  shown t o  emanate r adon  a t  r a t e s  
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which a r e  h i g h e r  t h a n  normal background emanat ion r a t e s .  Bctwcen t b e  mid- 

1 9 3 0 ' s  and t h e  mid-1970's t h e  f e r t i l i z e r  r e s e a r c h  program a t  Muscle S h o a l s ,  

AI,, p r o c e s s e d  l a r g e  q u a n t i t i e s  of F l o r i d a  o r e  and s o l d  some of t h e  

r e s u l t i n g  s l a g  t o  l o c a l  c o n c r e t e  b l o c k  m a n u f a c t u r e r s .  Some 'of  t h o s e  b l o c k s  

were  s o l d  t o  g e n e r a l  c o n t r a c t o r s  who i n c o r p o r a t e d  t h e  b l o c k s  i n t o  d e t a c h c d  

s i n g l e - f a m i l y  d w e l l i n g s  w i t h  basements .  Only basement homes made from 

b l o c k s  t h a t  a r e  f r e e  of such  phospha te  s l a g  w i l l  be i n c l u d e d  i n  t h i s  s t u d y  

i n  o r d e r  to o b t a i n  an  e s t i m a t e  of background l e v e l s  i n  homes. A i r  exchange 

will be measured i n  a l l  60 houses .  

The o b j e c t i v e s  of  o t h e r  a s p e c t s  of t h e  s t u d y  i n c l u d e :  (1) 

d e t e r m i n a t i o n  of t ime-weighted ave rage  l e v e l s  of NO2 and formaldehyde  i n  

a l l  60  homes f o r  one week i n  each  of t h e  f o u r  c a l e n d a r  q u a r t e r s ,  ( 2 )  

de t a i l  ed t ime-depende n t ,  mu1 ti- l o c a  t i on measurements of  p a r t  i c u l  a t  e 

m a t e r i a l ,  n i t r o g e n  o r i d e s ,  formaldehyde ,  and a i r  exchange r a t e  i n  6 l o c a l  

homes, and ( 3 )  a n a l y s i s  of o c c a s i o n a l  samples  of room a i r  f o r  o r g a n i c  

c h e m i c a l s  i n  s e l e c t e d  homes. I n d o o r  exposures  t o  c o m b u s t i o n - r e l a t e d  

s p e c i e s  have  been  a s s o c i a t e d  w i t h  r e s p i r a t o r y  i l l n e s s e s  i n  e p i d e m i o l o g i c a l  

s t u d i e s  and l a b o r a t o r y  r a t s  exposed t o  formaldehyde  have  e x h i b i t e d  e l e v a t e d  

r a t e s  of n a s a l  tumors .  Indoor  a i r  q u a l i t y  h a s  been  shown t o  be a complex 

phenomenon t h a t  depends on many tempora l  and s p a t i a l  f a c t o r s ,  i n c l u d i n g  a i r  

exchange r a t e s ,  t e m p e r a t n r  e, humid i ty ,  occupan t  b e h a v i o r ,  consumer 

p r o d u c t s ,  b u i l d i n g  m a t e r i a l s ,  c o n s t r u c t i o n  p r a c t i c e s ,  and a r c h i t e c t u r a l  

s t y l e .  A d d i t i o n a l  i n f o r m a t i o n  on exposures  f rom t h e  i n d o o r  envi ronment  is 

r e q u i r e d  t o  a d e q u a t e l y  a s s e s s  t h e  impact  of i n d o o r  a i r  q u e l i t y  on human 

h e a l t h .  

A. A l l  Houses 

For  t h e  ma jo r  e l emen t  of  t h e  s t u d y  t h a t  a p p l i e s  t o  a l l  of t h e  houses ,  

t h e  f o l l o w i n g  e x p e r i m e n t a l  methods w i l l  be  u s e d :  
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1. Radon 

t .a 

Once each  q u a r t e r  t r a c k  e t c h  d e t e c t o r s  w i l l  be  p l a c e d  i n  t h e  houses .  

A t r a c k  e t c h  d e t e c t o r  i s  about  t h e  s i z e  and mass of a p a p e r  cup. T h e r e  i s  

a f i l t e r  a c r o s s  t h e  opening  t o  p r e v e n t  t h e  e n t r y  of p n r t i c l e s  on which most  

of t h e  r adon  progeny r c s i d e .  I n s i d e  i s  a p l a s t i c  d e t e c t o r .  Subsequent  

r a d i o a c t i v e  decays  w i th in  t h e  chamber g i v e  r i s e  t o  t r a c k s  t h a t  a r e  d e t e c t e d  

d u r i n g  a n a l y s i s .  The d e n s i t y  of t r a c k s  i s  p r o p o r t i o n a l  t o  t h e  time- 

we igh ted  ave rage  radon c o n c e n t r a t i o n .  

Once each  q u a r t e r  each  home w i l l  be  v i s i t e d  by a s p e c i a l l y  equ ipped  

van. Samples  of t h e ,  a i r  w i l l  be  a n a l y z e d  by h i g h  r e s o l u t i o n  a l p h a  

s p e c t r o s c o p y  t o  d e t e r m i n e  r adon  l e v e l s .  

2. Radon Progeny 

F o r  one week each  q u a r t e r  a r adon  p rogeny  i n t e g r a t i n g  sampl ing  u n i t .  

known a s  a MOD, rill b e  i n s t a l l e d  and o p e r a t e d  i n  each  house.  A MOD i s  a 

box a b o u t  t h e  s i z e  of a t a b l e  r a d i o  and  r e q u i r e s  60 Hz 120 VAC f o r  

o p e r a t i o n .  The d e v i c e  pumps a i r  ( -O.IL/min)  t h r o u g h  a f i l t e r  b e h i n d  which  

i s  a TLD c h i p  to d e t e c t  r a d i o a c t i v e  decay  e v e n t s .  S i n c e  r a d o n  p a s s e s  

t h r o u g h  t h e  f i l t e r  o n l y  decay e v e n t s  from progeny on p a r t i c u l a t e  m a t e r i a l  

a r e  d e t e c t e d .  

Dur ing  v i s i t s  by t h e  s p e c i a l l y  equipped  van ,  l e v e l s  of t h e  progeny 

w i l l  be  measured u s i n g  a l p h a  s p e c t r o s c o p y .  

3 .  A i r  Exchange 

I n  each  house, s o u r c e s  of p e r f l o n r o c a r b o n  g a s e s  w i l l  b e  i n s t a l l e d .  

Two d i f f e r e n t  k i n d s  of s o u r c e s  w i l l  be  i n s t a l l e d ,  w i t h  one k i n d  on t h e  

u p p e r  l e v e l  and a n o t h e r  k i n d  on  t h e  lower  l e v e l .  For one week each  

q u a r t e r ,  p a s s i v e  s a m p l e r s  w i l l  be i n s t a l l e d  i n  s e v e r a l  l o c a t i o n s  i n  each  

house  and s u b s e q u e n t l y  a n a l y z e d  t o  e s t i m a t e  t ime-weighted a v e r a g e  a i r  

exchange r a t e s .  T h i s  method was developed  by D i e t z  and Cote (1982) and h a s  

been  e x t e n s i v e J y  used t o  measure  a i r  exchange r a t e s  in homes. 

,* j 
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4 .  Formaldehyde 

For  one weck i n  t h e  summer and w i n t e r  q u a r t e r s ,  commerc ia l ly  a v a i l a b l e  

p a s s i v e  m o n i t o r s  w i l l  be  i n s t a l l e d  i n  each  house .  The m o n i t o r s  w i l l  be  

manufac tu red  and a n a l y z e d  by  e i t h e r  A i r  Q u a l i t y  Resea rch ,  DuPont o r  C r y s t a l  

D i  a g n o s t i c s .  

5 .  N i t r o g e n  Dioxide  

F o r  two weeks each  q u a r t e r ,  p a s s i v e  sample r s  w i l l  be  i n s t a l l e d  i n  each  

house .  The sample r s  c o n s i s t  of  a p l a s t i c  t ube ,  open a t  one end w i t h  f i b e r s  

impregna ted  w i t h  t r i e t h a n o l a m i n e  i n s i d e  n e a r  t h e  o t h e r  end. L a b o r a t o r y  

a n a l y s i s  of t h e  f i b e r s  y i e l d s  an e s t i m a t e  of  t ime-weighted ave rage  l e v e l s  

of n i t r o g e n  d iox ide .  These  s a m p l e r s  have  been  e x t e n s i v e l y  used  i n  homes 

(Palmes e t  a l .  , 1977; Ps lmes  e t  a l .  , 1979). 

6. House C h a r a c t e r i s t i c s  
C' < 

Pho tographs  w i l l  b e  t a k e n  of the h o u s e s  and t h e  sampl ing  l o c a t i o n s .  

I n f o r m a t i o n  w i l l  be  c o l l e c t e d  c o n c e r n i n g  house  c h a r a c t e r i s t i c s ,  i n c l u d i n g  

age,  s i z e ,  l a y o u t ,  i n s u l a t i o n  m a t e r i a l s ,  and combust ion  s o u r c e s .  

B. Six-House D e t a i l e d  S tudy  

In s i x  of t h e  s t c d y  houses, t h e  f o l l o w i n g  e x p e r i m e n t a l  methods w i l l  be  

used  i n  a d d i t i o n  t o  t h o s e  p r e v i o u s l y  l i s t e d :  

1. Radon 

V!renn chambers may b e  u s e d  i n d o o r s  t o  c o n t i n u o u s l y  m o n i t o r  r a d o n  

c o n c e n t r a t i o n s .  T h i s  i n s t r u m e n t  p r o v i d e s  h o n r l y  c o n c e n t r a t i o n s  of r adon  i n  

t h e  room a i r .  

1 0 4 8 2 3 2  
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2 .  A i r  Exchange. 

Cont inuous  measurements of t h e  a i r  i n f i l t r a t i o n  r a t e  w i l l  be  pe r fo rmed  

u s i n g  t r a c e r  g a s  decay  mcasurements .  Freon  12 w i l l  be  i n j e c t e d  i n t o  t h e  

i n d o o r  a tmosphere;  i t s  decay ing  c o n c c n t r a t i o n  w i l l  be  mon i to red  a s  a 

f u n c t i o n  of t ime  w i t h  a Miran i n f r a r e d  a b s o r p t i o n  s p e c t r o m e t e r .  T h i s  

i n s t r u m e n t  w i l l  b e  l o c a t e d  o u t s i d e  t h e  home i n  a n  i n s t r u m e n t e d  v a n  w i t h  an 

a i r  sampl ing  tube  r u n n i n g  indoor s .  The c o n c e n t r a t i o n  of t h e  t r a c e r  g a s  

w i l l  be  m i c r o p r o c e s s o r  c o n t r o l l e d  i n  a r a n g e  of a p p r o x i m a t e l y  1-10 ppm. 

When t h e  c o n c e n t r a t i o n  r e a c h e s  1 ppm, t h e  c o n t r o l  u n i t  w i l l  open a v a l v e  t o  

a Small  t a n k  of f r e o n  l o c a t e d  i n s i d e  t h e  home. The v a l v e  w i l l  s u b s e q u e n t l y  

be c l o s e d  a s  t h e  F reon  c o n c e n t r a t i o n  approaches  10 ppm. Fans  w i l l  b e  nsed  

d u r i n g  and a f t e r  f r e o n  i n j e c t i o n  t o  mix t h e  g a s  th roughou t  t h e  home. 

3 .  Formaldehyde 

Cont inuous  formaldehyde  vapor  c o n c e n t r a t i o n  measnrement s w i l l  b e  

pe r fo rmed  i n d o o r s  u s i n g  a E A  I n s t r u m e n t  I n c .  Analyzer .  T h i s  i n s t r u m e n t  

w i l l  b e  l o c a t e d  i n  an i n s t r u m e n t e d  van  o u t s i d e  t h e  home w i t h  an a i r  

s ampl ing  t u b e  runn ing  i n d o o r s .  

i 

4 .  H i t r o g e n  Oxides, N i t r o g e n  Dioxide  

T o t a l  n i t r o g e n  o x i d e s  and s p e c i f i c a l l y  n i t r o g e n  d i o x i d e  w i l l  b e  

mon i to red  c o n t i n n o u s l y  u s i n g  n N o n i t o r  Labs, I n c . ,  n i t r o g e n  o x i d e s  

a n a l y z e r .  This i n s t r u m e n t  w i l l  be  l o c a t e d  i n  a n  i n s t r u m e n t e d  van  o u t s i d e  

of t h e  home w i t h  an a i r  sampl ing  t u b e  runn ing  i n d o o r s  

5 .  Carbon Monoxide 

A I n t e r s c a n  e l e c t r o c h e m i c a l  a n a l y z e r  will be  used  t o  pe r fo rm 

c o n t i n u o u s  measurements of ca rbon  monoxide i n d o o r s .  T h i s  i n s t r u m e n t  w i l l  

be  l o c a t e d  i n  a n  i n s t r u m e n t e d  van  o u t s i d e  of t h e  hone w i t h  an a i r  s ampl ing  

t u b e  r u n n i n g  i n d o o r s .  
/* 1 
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6. Carbon Dioxide  

A Miran I n f r a r e d  a b s o p r t i o n  s p e c t r o m e t e r  w i l l  be used t o  c o n t i n n o u s l y  

m o n i t o r  i ndoor  c o n c e n t r a t i o n s  of c a r b o n  d i o x i d e .  T h i s  i n s t r u m e n t  w i l l  be  

l o c a t e d  i n  a n  in s t rumen ted  van  o u t s i d e  of t h e  home w i t h  an a i r  sampl ing  

t u b e  r u n n i n g  i n d o o r s .  

7 .  P a r t i c u l a t e s  

P a r t i c u l a t e s  w i l l  b e  sampled a n d / o r  mon i to red  w i t h  t h e  f o l l o w i n g  

i n s t r u m e n t a t i o n  l o c a t e d  i n d o o r s :  a C a l i f o r n i a  Measurements, Inc . ,  t e n  s t a g e  

c a s c a d e  impac to r ,  a GCA C o r p o r a t i o n  Miniram a e r o s o l  mon i to r ,  and a 

Harvard-developed  a i r  s ampl ing  u n i t .  

8. Organ ic  Vapors  

V o l a t i l e  o r g a n i c  v a p o r s  w i l l  be c o l l e c t e d  on s o l i d  s o r b e n t  (eg . ,  

Tenax)  t r a p s  f o r  s u b s e q u e n t  l a b o r a t o r y  a n a l y s i s .  Spot  sampl ing  w i l l  be  

per formed w i t h  a Photovac  p o r t a b l e  g a s  chromatcgraph .  

9 .  Air Face  V e l o c i t y  

The v e l o c i t y  w i t h  which a i r  moves i n d o o r s  w i l l  be c o n t i n u o u s l y  

mon i to red  u s i n g  hot -wire  anemometers 1 oca t ed i n d o o r s  . 

111. POSSIBLE HAZARDS AND 'IBEIR EXALUATION: 

A. Chemica ls  i n t r o d u c e d  i n t o  t h e  houses .  

A v a r i e t y  of f l u o r i n e - c o n t a i n i n g  conpounds will be used f o r  a i r  

exchange measurements .  The names of t h e s e  compounds, t h e i r  a s s o c i a t e d  

TLVs,  and i n f o r m a t i o n  o n  t o x i c  l e v e l s  a r e :  



Name TLV T o x i c i t y  

D i c h l o r o d i f  lnoromethane  ( F r e o n  12) 4 , 9 5 0  mg/m3 200,000 ppm/30 min 

TClo inha l /hnman 

P e r f  l no romethp lcyc lohexane  (PhlCK) NA 

Perfluorodimethylcyclohexane(PD(31) NA 

825 ppm/l4 h r .  

TClo i n h a l / r a t  

100 ppm/l4 hr .  

TClo i n h a l / r a t / g n i n e a  p i g  

Appendix A p r o v i d e s  c o p i e s  of  t h e  e n t r i e s  f o r  t h e s e  c h e m i c a l s  f rom t h e  

l a t e s t  i ssue of t h e  NIOSH R e g i s t r y  of Tox ic  E f f e c t s  of Chemicals .  

Under normal  o p e r a t i o n ,  t h e  m i c r o p r o c e s s o r - c o n t r o l l e d ,  F reon  i n j e c t i o n  

system rill l i m i t  F r e o n  c o n c e n t r a t i o n s  t o  a p p r o x i m a t e l y  1 0  ppm, which  i s  

one  p e r c e n t  o f  t h e  O c c u p a t i o n a l  S a f e t y  and H e a l t h  A d m i n i s t r a t i o n  t h r e s h o l d  

l i m i t  v a l u e  (TLV) f o r  e i g h t  h o u r s  of exposure  t o  Freon .  The a i r  i n s i d e  t h e  

homes a o d d  b e  mixed d u r i n g  and a f t e r  F reon  i n j e c t i o n  t o  p r e v e n t  a b n o r n a l l y  

h i g h  c o n c e n t r a t i o n s  from d e v e l o p i n g  n e a r  t h e  i n j e c t i o n  p o i n t .  The s o u r c e  

of F r e o n  w i l l  b e  l i m i t e d  such  t h a t  t o t a l  sys tem f a i l u r e ,  i n  which t h e  

F r c o n  w a s  r e l e a s e d ,  woEld r e s u l t  i n  c o n c e n t r a t i o n s  l e s s  t h a n  3 ,000  mg/m3 

( ~ 6 0 %  of TLV) f o r  a v e r y  t i g h t  ( i . e . ,  z e r o  a i r  exchange)  house  h a v i n g  750 

s q u a r e  f e e t  of f l o o r  space  and 8 f o o t  c e i l i n g s .  F o r  houses  t h a t  a r e  e i t h e r  

l a r g e r  or l e a k i e r  t h e  l e v e l s  would be  l e s s .  

I n  a l l  6 0  houses, t h e  p e r f l u o r o c a r b o n s  t r a c e r s  w i l l  b e  r e l e a s e d  

p a s s i v e l y  from p e l l e t s .  The r a t e  of r e l e a s e  i s  l e s s  t h a n  1 mgldny f o r  e a c h  

p e l l e t  and t h r e e  p e l l e t s  f o r  each  t r a c e r  w i l l  b e  u s e d  i n  each  house .  For a 

house  h a v i n g  750 s q u a r e  f e e t  of f l o o r  space  and 8 - foo t  c e i l i n g s  w i t h  an a i r  

1 )  exchange r a t e  g r e a t e r  t h a n  0 .2  h-l t h e n  t h e  l e v e l s  of PhlCR and of PDCE 

would be  l e s s  t h a n  0.00123 mg/rn3 ( l e s s  t h a n  0.0001 ppm). 
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B. E l e c t r i c a l  Hazards 

, .  .: i 
I 

A l l  e l e c t r i c a l  power c o r d s  w i l l  be  r o u t i n e l y  i n s p e c t e d  b e f o r e  each u s e  

for worn i n s u l a t i o n  o r  o t h e r  ev idence  of e r c e s s i v e  wear. 

MODS w i l l  b e  i n s t a l l e d  f o r  one week each  q u a r t e r .  These d e v i c e s  a r e  

f u s e d  t o  p r e v e n t  o v e r h e a t i n g .  They w i l l  b e  i n s t a l l e d  i n  a manner SO t h a t  

t h e y  a r e  u n l i k e l y  t o  be  knocked ove r .  

The i n s t r u m e n t e d  van  c o n t a i n i n g  i n s t r u m e n t s  and c h e m i c a l s  u sed  for 

measurement i n  t h e  s i x  h o u s e s  w i l l  be s e c u r e d  t o  p r e v e n t  u n a u t h o r i z e d  

e n t r y .  Over load  p r o t e c t i o n  f o r  AC power t o  t h e  t r a i l e r  r i l l  be  p r o v i d e d .  

G r o u n d f a u l t  i n t e r r a p t o r s  w i l l  p r e v e n t  a c c i d e n t a l  g rounding  of AC power t o  

t h e  m e t a l  c h a s s i s  of t h e  van. 

C. T r i p  Baza rds  

V. 

t h  

A l l  c o r d s  and sampl ing  l i n e s  p a s s i n g  t h r o u g h  t h e  l i v i n g  a r e a  w i l l  be 

t a p e d  i n  p l a c e  t o  p r e v e n t  t r i p p i n g .  

IV. RADIOISOTOPES AND NEK DRUGS 

None w i l l  b e  used.  

ESPONSIB ILITY OF PRINCIPAL INVESTIGATORS 

V o l u n t e e r s  w i l l  be s o u g h t  f o r  p a r t i c i p a t i o n  i n  t h i s  

i n i t i a l  v i s i t s  t o  p o t e n t i a l  homes, a p r i n c i p a l  inv  

s t u d y .  P r i o r  t o  

s t i g a t  r o r  one of 

t h e  c o - i n v e s t i g a t o r s  w i l l  d i s c u s s  w i t h  t h e  homeowner t b e  n a t u r e ,  pu rpose ,  

and e x t e n t  of t h e  s tudy .  These  d i s c u s s i o n s  w i l l  emphas ize  i n  l a y  te rms  t h e  

p o t e n t i a l  i n t r u s i o n s  and h a z a r d s  t h a t  w i l l  a f f e c t  t h e  home envi ronment .  

Appendix B p r o v i d e s  a copy of t h e  d r a f t  homeowner's agreement  t h a t  a l l  

p o t e n t i a l  p a r t i c i p a n t s  must  r e a d  and s i g n  b e f o r e  even p r e l i m i n a r y  

measurements  f o r  s t u d y  q u a l i f i c a t i o n  w i l l  be made. -*I 
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S a f e t y  w i l l  be c o n s i d e r e d  d u r i n g  t h e  housc  s e l e c t i o n  p r o c e s s .  For  

cxample, homes w i t h  young c h i l d r e n  w i l l  bo exc ludcd  u n l e s s  t h e  homeowner 

f e e l s  c e r t a i n  t h a t  t h e  c h i l d r e n  w i l l  n o t  b c  l e f t  u n a t t e n d e d  w i t h  t h e  

sampl ing  equipment and t h e  i n v e s t i g a t o r s  f c e l  t h a t  t h e  homeowner w i l l  

r e s p o n s i b l y  o v e r s e e  any r e s i d e n t  c h i 1  dren .  

The p r i n c i p a l  i n v e s t i g a t o r s  w i l l  follow t h e  p r o c e d u r e s  of t h e  

Committee on  Human S t u d i e s  i n  o b t a i n i n g  " in fo rmed  c o n s e n t "  from e a c h  of t h e  

s u b j e c t s  i n  t h e  s tudy .  The i n v e s t i g a t o r s  r e c o g n i z e  t h a t  t h e y  r e t a i n  t h e  

p r imary  r e s p o n s i b i l i t y  f o r  s a fe -gua rd ing  t h e  i n t e r e s t s  of t h e  p a r t i c i p a n t s  

i n  t h e  s t u d y .  Any s i g n i f i c a n t  changes  i n  t h e  s t u d y  p r o t o c o l s  o r  t h e  

development  of any unexpec ted  r i s k s  w i l l  be  b r o u g h t  t o  t h e  a t t e n t i o n  of  t h e  

Committee on  Human S t u d i e s .  

P r i n c i p a l  I n v e s t i g a t o r  

P r i n c i p a l  I n v e s t i g a t o r  

S t a r t i n g  Da te :  J u n e  1, 1985 

S i g n a t u r e s :  

/ '  

Co-Inv e s t  i ga t o r  

)( Co- I n v  e s t i ga t o r  

DIVISION PCEVIEW : 

The a p p l i c a t i o n  d e s c r i b e d  above  h a s  been  r ev iewed  and approved  f o r  
submiss ion  t o  t h e  ORAU/ORNL Committee on Human S t u d i e s .  

O f f i c i a l  s i g n i m  f o r  t h e  i n s t i t u t i o n :  

S i g n a t u r e  

T i t l e  

I n s t i t u t i o n  

Date 

1 0 1 1 8 2 3 1  
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HOMEOWNER ' S PE REEMENT 

In  t h i s  Agreement, made a s  of  p 1985, 
b e t u e e n  and spouse  
r e s i d i n g  a t  , County o f  

, S t a t e  of , and M a r t i n  
M a r i e t t a  Energy Systems, Inc . ,  a Delaware C o r p o r a t i o n  w i t h  a n  o f f i c e  a t  Oak 
Ridge ,  Tennessee  37831, a c t i n g  unde r  i t s  C o n t r a c t  DE-AC05-84OR21400 w i t h  the  
U n i t e d  S t a t e s  of America a s  r e p r e s e n t e d  by t h e  Department  of Energy w i t h  
r e s e a r c h  f a c i l i t i e s  a t  Oak Ridge N a t i o n a l  Labora to ry ;  

A c q u i s i t i o n  of a d d i t i o n a l  d a t a  on i n d o o r  a i r  q u a l i t y  i n  r e s i d e n t i a l  
s e t t i n g s  h a s  been  i d e n t i f i e d  a s  a r e s e a r c h  need. The H e a l t h  and S a f e t y  
Resea rch  D i v i s i o n  of  Oak Ridge N a t i o n a l  L a b o r a t o r y  w i l l  be c o n d u c t i n g  an 
i n d o o r  a i r  q u a l i t y  f i e l d  s t u d y  in t h e  Tennessee  V a l l e y  r e g i o n  d u r i n g  1985-86. 
The f i e l d  s t u d y  i s  suppor t ed  by s e v e r a l  a g e n c i e s  i n c l u d i n g  t h e  Department  of  
Energy (DOE), t h e  Tennessoe V a l l e y  A u t h o r i t y  ( T V A )  , t h e  Envi ronmenta l  
P r o t e c t i o n  Agency (EPA), and t h e  Consumer P r o d u c t  S a f e t y  Commission (CPSC). 
The p r imary  component of t h e  s t u d y ,  on which  o t h e r  a c t i v i t i e s  r i l l  b u i l d ,  rill 
i n v o l v e  measurement of radon and r adon  progeny i n  60  houses  i n  f o u r  s t a t e s .  
A d d i t i o n a l  p o l l u t a n t s  t h a t  w i l l  be moni to red  i n c l u d e  formaldehyde  and n i t r o g e n  
d i o x i d e .  Air exchange r a t e s  be tween i n d o o r  and o u t d o o r  a i r  w i l l  also be 
measured.  O the r  p a r a m e t e r s  t h a t  canno t  be measured  i n  a11 6 0  homes rill  be 
measured  i n  a s u b s e t  of homes. Examples i n c l u d e  measurement of v o l a t i l e  
o r g a n i c  compounds and p a r t i c u l a t e  m a t t e r .  The houses  r i l l  be  v i s i t e d  by a 
m o n i t o r i n g  team once o r  twice  each  q u a r t e r  f o r  one p e a r  t o  pe r fo rm sampl ing .  
Measurements a r e  t o  b e g i n  i n  t h e  summer of 1985.  The 60 houses  s e l e c t e d  f o r  
t h e  s t u d y  w i l l  be  chosen  from t h e  l i s t  of c a n d i d a t e  houses  based  on v a r i o u s  
s e l e c t i o n  c r i t e r i a .  

NOW, THEREFORE, t h e  p a r t i e s  a g r e e  a s  f o l l o w s :  

M a r t i n  M a r i e t t a  Energy Systems,  Inc. ri l l  

t 11 

I 2 1  

131 
41  

[51  

I61 

p r o v i d e  d a t a  c o l l e c t i o n  equipment  and i n s t a l l  s a i d  equipment on 
p a r t i c i p a n t s '  p r e m i s e s  and s u b s e q u e n t l y  remove it; 
m a i n t a i n  and s e r v i c e  such equipment  a t  i t s  expense d u r i n g  t h e  term of 
t h i s  agreement;  
p e r i o d i c a l l y  mon i to r  t h e  a i r  on t h e  p remises ;  
r e 1  e a s e  p e r f l n o r o m e t h y l c y c l o h e r a n e  and perfluorodimethylcyclohexane i n t o  
t h e  house  a l l o w i n g  c o n c e n t r a t i o n  no g r e a t e r  t h a n  0.0001 ppm ( t h e  lowes t  
known l e v e l s  a t  which t h e s e  c h e m i c a l s  a f f e c t  r a t s  i s  g r e a t e r  t han  

o c c a s i o n a l l y  r e l e a s e  F r e o n  12 ( i . e . ,  d i  ch 1 o r o d i  f 1 uor  ome t h  ane i n t o  6 
houses  i n  t h e  Oak Ridge a r e a  a l l o w i n g  c o n c e n t r a t i o n s  no g r e a t e r  t han  
600 ppm ( t h e  lowes t  known l e v e l  a t  which  Freon  a f f e c t s  humans i s  
200,000 ppm and o c c u p a t i o n a l  exposnre  i s  l i m i t e d  t o  900 ppm); 
make a v a i l a b l e  t o  t h e  P a r t i c i p a n t s  t h e  r e s u l t s  of  t h e  d a t a  c o l l e c t e d  
from t h e  P a r t i c i p a n t s  ' premises ;  

100 p p ) :  
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I n  t h i s  Agreement, made a s  of , 1985,  
b e  tween and spouse  
r e s i d i n g  a t  County of 

, S t a t e  of  , and M a r t i n  
h l a r i e t t a  Energy Systems, I n c . ,  a Delaware C o r p o r a t i o n  with a n  o f f i c e  a t  Oak 
Ridge ,  Tennessee  37831, a c t i n g  unde r  i t s  C o n t r a c t  DE-AC05-840PJ1400 w i t h  t h e  
U n i t e d  S t a t e s  of America a s  r e p r e s e n t e d  by ,  t h e  Department of  Energy w i t h  
r e s e a r c h  f a c i l i t i e s  a t  Oak Ridge N a t i o n a l  Labora to ry ;  

A c q u i s i t i o n  of a d d i t i o n a l  d n t a  on  i n d o o r  a i r  q u a l i t y  i n  r e s i d e n t i a l  
s e t t i n g s  has been  i d e n t i f i e d  a s  a r e s e a r c h  need. The R e a l t h  and S a f e t y  
Resea rch  D i v i s i o n  of Oak Ridge  N a t i o n a l  L a b o r a t o r y  w i l l  be  c o n d u c t i n g  an  
indoor  a i r  q u a l i t y  f i e l d  s t u d y  i n  t h e  Tennessee  V a l l e y  r e g i o n  d u r i n g  19S5-S6. 
The f i e l d  s t u d y  i s  s u p p o r t e d  by s e v e r a l  a g c n c i e s  i n c l u d i n g  t h e  Depar tment  of 
Energy (DOE), t h e  Tennessee  V a l l e y  A u t h o r i t y  ( T V A ) ,  t h e  Envi ronmenta l  
P r o t e c t i o n  Agency (EPA), and t h e  Consumer P r o d u c t  S a f e t y  Commission (CPSC) . 
The p r imary  component of t h e  s t u d y ,  on which o t h e r  a c t i v i t i e s  w i l l  b u i l d ,  w i l l  
i n v o l v e  measurement of r a d o n  and r a d o n  progeny i n  60  houses  i n  f o u r  s t a t e s .  
A d d i t i o n a l  p o l l u t a n t s  t h a t  w i l l  be mon i to red  i n c l u d e  formaldehyde  and  n i t r o g e n  
d i o x i d e .  A i r  exchange r a t e s  be tween indoor  and o u t d o o r  a i r  rill a l s o  be  
measured.  O the r  p a r a m e t e r s  t h a t  c a n n o t  be measured  i n  a l l  60 homes w i l l  be  
measured  i n  a s u b s e t  of homes. Examples i n c l u d e  measorement of  v o l a t i l e  
o r g a n i c  compounds and p a r t i c u l a t e  m a t t e r .  The h o u s e s  w i l l  be  v i s i t e d  by a 
m o n i t o r i n g  team once or t w i c e  each  q u a r t e r  f o r  one y e a r  t o  per form sampling.  
Measurements a r e  t o  b e g i n  i n  t h e  s p r i n g  of 1985. The 6 0  houses  s e l e c t e d  f o r  
the  s t u d y  w i l l  be  chosen  from t h e  l i s t  of c a n d i d a t e  h o u s e s  b a s e d  on v a r i o u s  
s e l e c t i o n  c r i t e r i a .  

NOW, 'DIEREFORE, t h e  p a r t i e s  a g r e e  a s  f o l l o w s :  

R a r t i n  M a r i e t t a  Energy Systems,  I n c .  w i l l  

[I] p r o v i d e  d a t a  c o l l e c t i o n  equipment  and i n s t a l l  s a i d  equipment  on 

[ 2 ]  m a i n t a i n  and s e r v i c e  such  equipment  a t  i t s  expense  d u r i n g  t h e  term of 

[ 3 ]  p e r i o d i c a l l y  m o n i t o r  t h e  a i r  on  t h e  p remises ;  
141 make a v a i l a b l e  t o  t h e  P a r t i c i p a n t s  t h e  r e s u l t s  of t h e  d a t a  c o l l e c t e d  

from t h e  P a r t i c i p a n t s '  p remises ;  
[SI assume r e s p o n s i b i l i t y  f o r  any damage t o  P a r t i c i p a n t s '  p r o p e r t y  d i r e c t l y  

caused  by i t s  r e p r e s e n t a t i v e s  m o n i t o r i n g  t h e  a i r  o r  by t h e  i n s t a l l a t i o n  
or removal of t h e  d a t a  c o l l e c t i o n  equipment ,  or f o r  c l a i m s  b r o u g h t  by 
t h i r d  p e r s o n s  f o r  p e r s o n a l  i n j u r y  o r  damage t o  p r o p e r t y  d i r e c t l y  r e l a t e d  
t o  t h e  i n s t a l l a t i o n  of t h e  equipment  o r  m o n i t o r i n g  of t h e  a i r  d u r i n g  t h e  
term o f  t h i s  agreement ,  s u b j e c t  to t h e  a v a i l a b i l i t y  of funds ;  

161 t o  t h e  e x t e n t  p o s s i b l e  by law, w i t h h o l d  from t h e  p u b l i c  t h e  name(s)  o f  
o c c u p a n t s  o r  owners  of r e s i d e n c e s  t h a t  a r e  s t u d i e d ;  

171 n o t i f y  P a r t i c i p a n t s  a t  l e a s t  2 4  hours i n  advance  of t h e  d a t e  a c c e s s  t o  
t h e  p remises  i s  d e s i r e d ;  and 

[SI pay P a r t i c i p a n t s  $ 5 0  upon a c c e p t a n c e  i n t o  t h e  f i n a l  g roup of 6 0  houses 
and $50 upon c o m p l e t i o n  of t h e  s tudy .  

p a r t i c i p a n t s '  p ren ; i s e s  and s u b s e q u e n t l y  remove i t ;  

t h i s  agreement;  

-?J 

IO4824b 
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d P a r t i c i p a n t s  w i l l  

[l] p e n n i t  r e p r e s e n t a t i v e s  of Mar t in  M a r i e t t a  Energy Systems,  I n c . ,  
r e a s o n a b l e  a c c e s s  t o  P a r t i c i p a n t s '  p remises  f o r  t h e  purpose  of sanipling 
a i r  i n d o o r s  and ou tdoor s ;  

[ 2 ]  a l l o w  t h e  i n s t a l l a t i o n ,  s e r v i c i n g ,  and removal of d a t a  c o l l e c t i o n  
e q u i pm en  t ; 

[3]  a l l o w  Mar t in  M a r i e t t a  Energy Systems, I n c . ,  r e p r e s e n t a t i v e s  t o  t ake  
pho tographs  a t  P a r t i c i p a n t s '  p remises ;  

[41 allow M a r t i n  M a r i e t t a  Energy Systems,  I n c . ,  t o  d i s s e m i n a t e  i n f o r m a t i o n  
c o l l e c t e d  t o  t h e  p u b l i c ;  and 

[SI p a r t i c i p a t e  f o r  t h e  f u l l  y e a r  of t h e  s t u d y  i f  a c c e p t e d  i n t o  t h e  f i n a l  
g r o a p  of  60 houses .  

PARTICIPANTS Mar t in  M a r i e t t a  Energy Systems,  I n c .  

BY 
Date  

BY 
T i t l e  
Date  

I O 4 8 2 4 1  
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ERATED BY MARTIN MARIETTA ENERGY SYSTEMS. INC 

POST OFFICE BOX X 

OAK RIDGE. TENNESSEE 37031 

October 8 ,  1986 

Ms. Lynn M. Reeves 
Secretary 
OWL Human Studies Committee 
Medical Division, Room DllO 
Oak Ridge Associated University 
Badger Avenue 
Oak Ridge, TN 37830 

Dear Lynn: 

Updated Copy of Homeowner's Agreement f o r  New Jersey Radon Study 

Enclosed is an updated copy of the Homeowner's Agreement for our New Jersey 
Radon Mitigation Study. This copy has been reviewed by the legal staff. 
Please substitute this latest version of the Homeowner's Agreement in your 
files on this project. 

Thank you for your assistance. 

A M :  lgj 

Enclosure 

Sincerely, 

A. R. Hawthorne, PhD 
Group Leader 
Measurement Applications Group 
Health and Safety Research Division 

cc: C. S. Dudney 
T. G. Matthews 
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HOMEOWNER'S AGREEMENT 
d 

In this Agreement, made as of , 1986, 
be tween and spouse 
residing at , County of 

, State of New Jersey, and Martin Marietta Energy 
Systems, Inc., a Delaware Corporation with an office at Oak Tennessee 
37831, under its Contract DE-AC05-840R21400 with the United States of 
America as represented by the Department of Energy with research facilities at 
Oak Ridge National Laboratory; 

Ridge, 
acting 

Whereas acquisition of additional data on time-dependent indoor radon 
levels in residential settings and evaluation of the effectiveness of various 
mitigation measures to reduce radon levels has been identified as research 
needs by state and federal agencies, the Health and Safety Research Division 
of Oak Ridge National Laboratory and the Center for Energy and Environmental 
Studies of Princeton University, as a subcontractor to Martin Marietta Energy 
Systems, Inc., are conducting a detailed study of seven New Jersey homes to 
address these needs. Other subcontractors may be engaged to implement a 
specific control measure. This study is supported by several agencies 
including the Environmental Protection Agency (EPA), the New Jersey Department 
of Environmental Protection (DEP), and the Department of Energy (DOE), and is 
a subset of a larger study managed by Lawrence Berkeley Laboratory (LBL). The 
primary study goals are: 

1. field evaluation and refinement of diagostic protocols for implementation 
of effective mitigation stategies, 7: .r 2. improved understanding of the physical processes leading to elevated 
radon levels in homes and the impact of mitigation measures on these 
processes, and 

3 .  systematic reduction of radon levels in the study homes via 
implementation of approved mitigation plans. 

The study will begin'in September 1986 and last for a period of one year. 

NOW, THEREFORE, the parties agree as follows: 
- 

Martin Marietta Energy Systems, Inc., and Princeton University will 

Ti 

provide monitoring equipment for radon and radon progeny, environmental 
parameters (such as temperature, relative humidity, and pressure 
differences), house characteristics (air exchange rates, house leakage, 
internal mixing), and other such equipment as might be needed, and 
inst'all said equipment on Participants' premises and subsequently remove 
it; 
maintain and service such equipment at their expense during the term of 
this agreement; 
shall pay for installation, monthly charges, and removal (upon 
completion of the study) of an additional telephone line for data 
transmission from monitoring equipment; 
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monitor the air on the premises; 
norify Participants in advance of the time access to the premises is 
desired; 
release perfluoromethylcyclohexane and perfluorodimethylcyclohexane into 
the house for air exchange rare measurements, allowing concentration no 
greater than 0.001 ppm (the lowest known levels at which these chemicals 
affect rats is greater than 100ppm); 
produce house specific mitigation plans for Participants' approval; 
attempt to reduce radon levels (one house will be a control and will not 
be mitigated until near the end of the study); if, however, reductions 
cannot be accomplished, then to ensure that levels will be no greater 
that in the unmitigated structure; 
provide mitigation measures that will become the property of the 
Participants upon completion of the study; 
conduct baseline testing of active mitigation measures (i.e., switch off 
the devices) to evaluate their effectiveness for radon control--levels 
will not be allowed to exceed values determined by EPA to be excessive; 
make available to the Participants the results of the data collected 
from the Participants' premises; 
assume responsibility for damage to Participants' property directly 
caused by their representatives monitoring the home or by the 
installation or removal of the data collection equipment, or for claims 
brought by third persons for personal injury or damage to property 
directly related to the installation of the equipment or in 
the home during the term of this agreement, subject to the availability 
of funds ; and 
to the extent possible by law, withhold from the public the name(s) of 
occupants or owners of residences that are studied. 

monitoring 

Participants will 

[l] permit representatives of Martin Marietta Energy Systems, Inc., and 
Princeton University reasonable access to Participants' premises for the 
purpose of monitoring radon and related parameters; 

[ 2 ]  allow the installation, servicing, and removal of data collection 
equipment; 

[ 3 ]  allow the installation and removal of an additional telephone line for 
data transmission from monitoring equipment; 

[ 4 ]  review and approve specific mitigation plan for Participants' home; 
[5] allow implementation, including modification o f  the house, of 

Participant approved mitigation plan; 
[ 6 ]  indemnify and hold harmless Martin Marietta Energy Systems, Inc., 

Princeton University, and/or the U.S. Government and/or the State of New 
Jersey for any injury to person or damage to property that may occur as 
a .result of the work done or omitted as part of this study, including 
without limitation, modifications to the house design and structure and 
the installation of mitigation devices. We have been advised that the 
process of installation and evaluation may result in a temporary 
increase in radon concentrations on the premises. 
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[ 7 ]  allow Martin Marietta Energy Systems, Inc., and Princeton University 

[ 8 ]  allow Martin Marietta Energy Systems, Inc., and Princeton University to 
representatives to take photographs at Participants' premises; 

disseminate information collected to the public. 

PARTICIPANTS Martin Marietta Energy Systems, Inc 

Date 

Bv 

Date 

BY 

Title 

Date 

Princeton University 

Title 

Date 

1 0 4 8 2 5  t 



HOMEOWNER'S AGREEMENT 

In this Agreement, made as of , 1986, 
between and spouse 
residing at , County of 

, State of New Jersey, and Martin Marietta Energy 
systems, Inc., a Delaware Corporation with an office at Oak Tennessee 
3 7 8 3 1 ,  under its Contract DE-AC05-840R21400 with the United States of 
America as represented by the Department of Energy with research facilities at 
Oak Ridge National Laboratory; 

Ridge, 
acting 

Whereas acquisition of additional data on time-dependent indoor radon 
levels in residential settings and evaluation of the effectiveness of various 
mitigation measures to reduce radon levels have been identified as research 
needs by state and federal agencies, the Health and Safety Research Division 
of Oak Ridge National Laboratory and the Center for Energy and Environmental 
Studies of Princeton University, as a subcontractor to Martin Marietta Energy 
Systems, Inc., are conducting a detailed study of seven New Jersey homes to 
address these needs. Other subcontractors may be engaged to implement 
specific control measures. This study is supported by several agencies 
including the Environmental Protection Agency (EPA), the New Jersey Department 
of Environmental Protection (DEP), and the Department of Energy (DOE), and is 
a subset of a larger study managed by Lawrence Berkeley Laboratory (LBL). The 
primary study goals are: 

1. field evaluation and refinement of diagnostic protocols for 
implementation of effective mitigation strategies, 

2. improved understanding of the physical processes leading to elevated 
radon levels in homes and the impact of mitigation measures on these 
processes, and 

3 .  systematic reduction of radon levels in the study homes via 
implementation of approved mitigation plans. 

The study w i l l  begin in September 1986 and last for a period of one year. 

NOW, THEREFORE, the parties agree as f o l l o w s :  

Martin Marietta Energy Systems, Inc., will 

111 provide monitoring equipment for radon and radon progeny, environmental 
parameters (such as temperature, relative humidity, and pressure 
differences), house characteristics (air exchange rates, house leakage, 
internal mixing), and other such equipment as might be needed, and 
install said equipment on Participants' premises and subsequently remove 
it; 

[2] maintain and service such equipment at their expense during the term of 
this agreement; 

[ 3 ]  pay for installation, monthly charges, and removal (upon completion of 
the study) of an additional telephone line for data transmission from 
monitoring equipment; 
monitor the air on the premises; [ 4 ]  
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notify Participants in advance of the time access to the premises is 
desired; 
release perfluoromethylcyclohexane and perf luorodimethylcyc lohesane  into 
the house for air exchange rate measurements, allowing concentration no 
greater than 0.001 ppm (the lowest known levels at which these chemicals 
affect rats is greater than 100 ppm); 
produce house specific mitigation plans for Participants' approval; 
attempt to reduce radon levels (one house will be a control and will not 
be mitigated until near the end of the study); if, however, reductions 
cannot be accomplished, then to ensure, within the available funding, 
that will be no greater than in the unmitigated structure based 
on pre- and post-mitigation measurements performed during the same 
seasonal conditions; 
make available to the Participants the results of the data collected 
from the Participants' premises; 
assume responsibility for damage to Participants' property directly 
caused by their representatives monitoring the home or by the 
installation or removal of the data collection equipment, or for claims 
brought by third persons for personal injury or damage to property 
directly related to the installation of the equipment or in 
the home during the term of this agreement, subject to the availability 
of funds; and 
to the extent possible by law, withhold from the public the name(s) of 
occupants or owners of residences that are studied. 

levels 

monitoring 

Participants will 

7 )  [l] permit representatives of Martin Marietta Energy Systems, Inc., and 
their subcontractors reasonable access to Participants' premises for the 
purpose of monitoring radon and related parameters; 

[ 2 ]  allow the installation, servicing, and removal of data collection 
equipment; 

[ 3 ]  allow the installation and removal of an additional telephone line for 
data transmission from monitoring equipment; 

[4] review and approve specific mitigation plan for Participants' home; 
[ 5 ]  allow implementation, including modification of the house, of 

Participant approved mitigation plan; 
[ 6 ]  indemnify and hold harmless Martin Marietta Energy Systems, Inc., 

Princeton University, and/or the U.S. Government and/or the State of New 
Jersey for any injury to person or damage to property that may occur as 
a result of the work done or omitted as part of this study, including 
without limitation, modifications to the house design and structure and 
the installation of mitigation devices. We have been advised that the 
process of installation and evaluation may result in a temporary 
increase in radon concentrations on the premises. 

[ 7 ]  allow Martin Marietta Energy Systems, Inc., representatives to take 
photographs at Participants' premises; 

[ 8 ]  allow Martin Marietta Energy Systems, Inc., to disseminate information 
collected to the public. 
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PARTICIPANTS 

BY 

Date 

RV 

3 Radon Mitigation Study 

Martin Marietta Energy Systems, Inc. 

BY 

Title 

Date 

Date 
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Ident. No. 

APPLICATION FOR D E  USE OF HUMANS AS, JZF'EBIMENTU SUBJECXS 

To : COMMIlTEE ON WMAN STUDIES 
Oak Ridge Associated Universities and 
Oak Ridge National Laboratory 

04 I 22 I 8 5  Date: 

Principal Investigators: Charles S. h d n s y ,  Ph.D. 
Thomas G .  Matthews. Ph.D. 

Co-Investigators: William G. Dreibelbis. C. 1.H 
Alan R. Hawthorne, Ph.D. 

Title of Project: Indoor Air Quality Study in 60 Houses in the 
Tennessee Val ley 

I. OBJEC?XVES OF STUDY: 

The Health and Safety Research Division of Oak Ridge National 

Laboratory will be conducting a study of indoor aix quality in 60 honses in 
the Tennessee Valley under the sponsorship of several federal agencies. 

There ail1 be two major operational elements of this study. One rill 

be the collection of data from all of the houses in the study and rill 

emphasize use of relatively small, passive sampling devices that can be 

analyzed to yield information on time-weighted average levels of chemical 

or naturally occurring radioactive species i n  the homes. The other major 

element rill be the collection of data in six of the 60 homes and rill 

emphasize the use of more elaborate sampling devices for one-week intervals 

in the summer and winter quarters. The six-home subset rill be limited to 

houses in t>e area surronnding Oak Ridge. 

3 

- 

The objective of one aspect of the study, applicable to a l l  of the 

houses and- def ined-by tba- IVA-supported IAG (#40-1459-84) which funds the 

major part of this study, is to determine the mean and standard deviation 

of the levels of radon and radon progeny in 60 selected homes during a one- 

year interval. Exposure to the short-lived radioactive progeny .of radon 

has been associated with increased incidence of lung cnncer among various 

uranium-mining populations. Various products f rom the phosphate-mining 

operations in central Florida have been shown to w a n a t e  radon a t  rates 

7' 
f 048255 
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1. Radon 

Once each q u a r t e r  t r a c k  e t c h  d e t e c t o r s  r i l l  be p l a c e d  i n  t h e  houses .  

A t r a c k  e t c h  d e t e c t o r  i s  about  t h e  s i z e  and mass of 6 pape r  cup. There  i s  

a f i l t e r  a c r o s s  t h e  opening t o  p r e v e n t  t h e  e n t r p  of p a r t i c l e s  on which most 

of t h e  radon progeny r e s i d e .  I n s i d e  i s  a p l a s t i c  d e t e c t o r .  Subsequent  

r a d i o a c t i v e  decays  w i t h i n  t h e  chamber g i v e  r i s e  t o  t r a c k s  t h a t  a r e  d e t e c t e d  

d u r i n g  a n a l y s i s .  T h e  d e n s i t y  of t r a c k s  i s  p r o p o r t i o n a l  t o  t h e  time- 

weigh t e d a v e r  age r adon c o n c e n t r a t i o n .  

Once each q u a r t e r  each home w i l l  be  v i s i t e d  by a s p e c i a l l y  equipped  

van. Samples of t h e  a i r  w i l l  be  ana lyzed  by h i g h  r e s o l u t i o n  a l p h a  

s p e c t r o s c o p y  t o  de te rmine  r adon  l e v e l s .  

2 .  Radon Progeny 

F o r  on4 week each  q u a r t e r  a r a d o n  progeny i n t e g r a t i n g  sampl ing  u n i t ,  

known a s  a MOD, rill be  i n s t a l l e d  and o p e r a t e d  i n  each house. A MOD i s  a 

box about  t h e  s i z e  of  a t a b l e  r a d i o  and r e q u i r e s  60 HZ 120 VAC f o r  

o p e r a t i o n .  The dcv ico  pumps a i r  (-O.IL/rnin) t h rough  a f i l t e r  beh ind  which 

i s  a TLD c h i p  t o  d e t e c t  r a d i o a c t i v e  decay  even t s .  S ince  r adon  p a s s e s  

th rough  t h e  f i l t e r  o n l y  decay e v e n t s  from progeny on p a r t i c u l a t e  m a t e r i a l  

a r e  d e t e c t e d .  

During v i s i t s  by t h e  s p e c i a l l y  equipped  van,  l e v e l s  of t h e  progeny 

x i 3  1 be  measured u s i n g  a l p h a  spec t roscopy .  

- 
3. A i r  Exchange 

In e i c h  house, s o u r c e s  of p e r f l o u r o c a r b o n  g a s e s  w i l l  be i n s t a l l e d .  

Two d i f f e r e n t  k i n d s  of s o u r c e s  w i l l  be i n s t a l l e d ,  w i t h  one k i n d  on t h e  

uppe r  l e v e l  and a n o t h e r  k i n d  on t h e  lower l e v e l .  For  one week each 

q u a r t e r ,  p a s s i v e  sample r s  w i l l  be i n s t a l l e d  i n  s e v e r a l  l o c a t i o n s  i n  each 

house and s n b s e q n e n t l y  ana lyzed  t o  e s t i m a t e  time-weighted ave rage  a i r  

exchange r a t e s .  T h i s  method was developed  by D i e t z  and Cote ( 1 9 8 2 )  and h a s  

b e e n  e x t e n s i v e l y  used  t o  measure a i r  exchange r a t e s  i n  homes. 

d, 

t04825b 
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2 .  A i r  Exchange. 

Cont inuous  measprcments of t h e  a i r  i n f i l t r a t i o n  r a t e  w i l l  be performed 

u s i n g  t r a c e r  gar  decay mcasnrements. Freon  12 w i l l  be  i n j e c t e d  i n t o  t h e  

indoor  atmosphere; i t s  dacay ing  c o n c e n t r a t i o n  w i l l  be moni tored  a s  a 

f u n c t i o n  of t ime w i t h  a Miran i n f r a r e d  a b s o r p t i o n  spec t romete r .  T h i s  

i n s t r u m e n t  w i l l  be  l o c a t e d  o u t s i d e  t h e  home i n  an i n s t r u m e n t e d  van  w i t h .  a n  

a i r  sampl ing  tuba runn ing  indoor s .  T h e  c o n c e n t r a t i o n  of t h e  t r a c e r  gas  

w i l l  b e  mic roprocesso r  c o n t r o l l e d  i n  a range  of approx ima te ly  1-10 ppm. 

When the c o n c e n t r a t i o n  r e a c h e s  1 ppm, t h e  c o n t r o l  u n i t  w i l l  open a v a l v e  t o  

a s m a l l  t a n k  of f r e o n  l o c a t e d  i n s i d e  t h e  home. T h e  v a l v e  will s u b s e q u e n t l y  

be c l o s e d  a s  t h e  Freon  c o n c e n t r a t i o n  approaches  10 ppm. Fans  rill  b e  used  

d a r i n g  and a f t e r  freon i n j e c t i o n  t o  mix t h e  gas  t h roughou t  t h e  home. 

3. Formaldehyde 

Cont inuous  formaldehyde vapor c o n c e n t r a t i o n  measurements  will be  

pe r fonned  indoor s  u s i n g  a QA I n s t r u m e n t  Inc .  Analyzer .  This i n s t r m e n t  

w i l l  be  l o c a t e d  i n  an in s t rumen ted  van o u t s i d e  t h e  home w i t h  an a i r  

sampl ing  tube running i ndoor s .  

4 .  N i t r o g e n  Oxides,  N i t r o g e n  Dioxide  

T o t a l  n i t r o g e n  o x i d e s  and s p e c i f i c a l l y  n i t r o g e n  d i o x i d e  w i l l  be  

mon i to red  c o n t i n u o u s l y  u s i n g  a Monitor  Labs, I n c . ,  n i t r o g e n  o x i d e s  

a n a l y z e r .  This i n s t r m e n t  w i l l  be l o c a t e d  i n  an i n s t rumen ted  van o u t s i d e  

of t h e  home w i t h  an a i r  sampl ing  t u b e  running  i n d o o r s  

- 

- 
5 .  Carbon Monoxide . 

A I n t e r s c a n  e l e c t r o c h e m i c a l  a n a l y z e r  w i l l  be used  t o  per form 

c o n t i n u o u s  measurements  of ca rbon  monoxide indoor s .  T h i s  i n s t r m c n t  w i l l  

be  l o c a t e d  i n  an i n s t rumen ted  van  o u t s i d e  of t h e  home w i t h  an a i r  sampling 

tube  runn ing  indoor s .  
7) 
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-i 

Name TLV T o x i c i t y  

Dich lo rod i f luo romethane  ( F r e o n  12) 4,950 m g / d  200,000 ppm/30 min 

TClo inhal /hnman 

P e r f  luoromethylcpc lohaxane  (PW(B) NA 825 ppm/l4 h r .  

TClo i n h a l / r a t  

P e r f  l u o r o d  ima t h y  l c y c l  oh c r a n e  (PDCH NA 100 ppm/l4 h r .  

TClo i n h a l / r a t / g u i n e a  p i g  

'B 

Appendix A p r o v i d e s  c o p i e s  of t h e  e n t r i e s  for t h e s e  chemica l s  from t h e  

l a t e s t  i s s u e  of t h e  NIOSH R e g i s t r y  of Toxic  E f f e c t s  of Chemicals .  

Under normal o p e r a t i o n ,  t h e  m i c r o p r o c e s s o r - c o n t r o l l e d ,  F reon  i n j  e c t i o n  

sys tem w i l l  l i m i t  F r e o n  c o n c e n t r a t i o n s  t o  approx ima te ly  10 p p b  which i s  

one  p e r c e n t  of t h e  Occupa t iona l  S a f e t y  and H e a l t h  A d m i n i s t r a t i o n  t h r e s h o l d  

l i m i t  value (TLV) f o r  e i g h t  h o u r s  of e r p o s n r e  t o  Freon. The a i r  i n s i d e  t h e  

homes would b e  mixed d u r i n g  and a f t e r  F reon  i n j e c t i o n  t o  p r e v e n t  abnormally 

high c o n c e n t r a t i o n s  from deve lop ing  n e a r  t h e  i n j e c t i o n  p o i n t .  The s o u r c e  

of F reon  w i l l  be  l i m i t e d  such  t h a t  total system f a i l u r e ,  in which t h e  

F r e o n  w a s  r e l e a s e d ,  lrpnld r e s u l t  i n  c o n c e n t r a t i o n s  less t h a n  3,000 mg/m3 

( ~ ( F J  of TLV) f o r  a v e r y  t i g h t  ( i . e . ,  zo ro  a i r  exchange)  house  hav ing  750 

square f e e t  of floor space  and 8 f o o t  c e i l i n g s .  For  houses  t h a t  a r e  e i t h e r  

l a r g e r  o r  l e a k i e r  t h e  l e v e l s  would be  l e s s .  

. 
In a l l  60  houses ,  t h e  p e r f l n o r o c a r b o n s  t r a c e r s  will be  r e l e a s e d  

p a s s i v e l y  from p e l l e t s .  The r a t e  of r e l e a s e  i s  l e s s  t h a n  1 mg/dny f o r  each  

p e l l e t  and t h r e e  p e l l e t s  f o r  each t r a c e r  w i l l  be  used  in each  house.  Fo r  a 

house  having  750 s q u a r e  f e e t  of f l o o r  space  and 8- foot  c e i l i n g s  w i t h  an a i r  

exchange r a t e  g r e a t e r  t h a n  0.2 h-1 t h e n  t h e  l e v e l s  of PMCE and of  PDm 

would be  l e s s  t h a n  0.00123 mg/m3 ( l e s s  t h a n  0 .0001 ppm) .  
7 )  ' 
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S a f e t y  rill  be c o n s i d e r e d  d u r i n g  t h e  house  s e l e c t i o n  p r o c e s s .  Fo r  

example, homes wi th  young c h i l d r e n  r i l l  be exc lndod unless t h e  homeowner 

f e e l s  c e r t a i n  t h a t  t h e  c h i l d r e n  rill  n o t  be  l e f t  una t t ended  w i t h  t h e  

sampl ing  equipment and t h e  i n v e s t i g a t o r s  f e e l  t h a t  t h e  homeowner r i l l  

r e s p o n s i b l y  ove r see  any r e s i d e n t  c h i l d r e n .  

The p r i n c i p a l  i n v e s t i g a t o r s  rill  f o l l o w  t h e  p r o c e d u r e s  of t h e  

Committee on Hnman S t u d i e s  i n  o b t a i n i n g  "informed c o n s e n t "  from each  of t h e  

s u b j e c t s  i n  t h e  s tudy .  The i n v e s t i g a t o r s  r e c o g n i z e  t h a t  t h e y  r e t a i n  t h e  

pr imary  r e s p o n s i b i l i t y  f o r  sa fe-guard ing  t h e  i n t e r e s t s  of t h e  p a r t i c i p a n t s  

i n  t h e  s tudy .  Any s i g n i f i c a n t  changes in t h o  s t u d y  p r o t o c o l s  o r  t h e  

development  of any unexpected risks rill be  b r o u g h t  t o  t h e  a t t e n t i o n  of t h e  

Committee on Human S t u d i e s .  

S t a r t i n g  Da te :  June 1, 1 9 8 5  -- c 

DIVISION REVIEW: 

The a p p l i c a t i o n  d e s c r i b e d  above has been  rev iewed and approved for 
submiss ion  t o  the ORAIJ/ORNL, Coumit tee  on Human S t u d i e s .  

O f f i c i a l  s i g n i n g  f o r  the i n s t i t u t i o n :  

. 

.. f .  . .  . 5, ..-*&:."JJ. c,.?. .--. .... -..I 

, ..... . .. . , I  ..- .- . . . *  .. .- , I . - -  * . ..- .- - . -. . '- . ,.,,.. ,, ' .  I n s t i t u t i o n  

Date # t  . * - .. . 

1 0 4 8 2 5 9  



Associated Post Office Box 11 7 
Universitics Oak Ridge, Tenncssce 37831 -01 17 

A p r i l  17. 1986 

ORAU/ORNL COMMITTEE ON HUMAN STUDIES 

To: D l j  Dudney += Matthews 

F M :  Lynn Reeves,  Sec re t a  
ORAU/ORNL Committee on 

SmSJBCT: PROGRESS REPORTS 

The g u i d e l i n e s  f o r  t h e  ORAU/ORNL Committee on Human S t u d i e s  r e q u i r e  t h a t  y e a r l y  
a l l  p r i n c i p a l  i n v e s t i g a t o r s  of ongoing  p r o p o s a l s  p r e s e n t  a p r o g r e s s  r e p o r t  t o  
t h e  commit tee  on t h e  s t a t u s  of t h e i r  p r o p o s a l s .  Each p r o p o s a l  must b e  rev iewed 
by t h e  Committee y e a r l y  for r e s e a r c h  p r o j e c t s  t o  c o n t i n u e .  P l e a s e  answer t h e  
q u e s t i o n s  below and add any  o t h e r  i n f o r m a t i o n  you f e e l  p e r t i n e n t  and r e t u r n  by 

( I f  a d d i t i o n a l  s p a c e  i s  needed,  p l e a s e  u s e  t h e  back of  t h i s  form 
or a t t a c h  e x t r a  s h e e t s . )  

T i t l e  o f  P r o j e c t :  

1986. 

Indoor  A i r  Qualitv Study i n  60 Houses in t h e  Tennessee 

Q 
53 
N 
00 

a 
c 
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P r o p o s a l  No. ORNT,- 14 

CLd&" t, 4?%diJ ,  

S i g n a t u r e  of P r i h d i p a l  I n v e s t i g a t o r S  
$2 $. 

at'e Signed 
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4. Do you wish t h e  pro'ect  t o  be continued? 

\hl-Q dk p?-L?-@ 
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d IIOMEOTNEX'S AGREEMENT 

I n  t h i s  Agreement, made as of , 1 9 8 5 ,  
between . 'and spouse 
r e s i d i n g  a t  , County of 

, S t a t e  Of , 3 and Mar t in  
h f a r i e t t a  Energy Systems, Inc . ,  a Delaware C o r p o r a t i o n  w i t h  a n  o f f i c e  a t  Oak 
Ridge, Tennessee 37831, a c t i n g  under  i t s  C o n t r a c t  DE-ACO5-840R21400 wi th  the  
U n i t e d  S t a t e s  of America a s  r e p r e s e n t e d  by t h e  Department  of Energy wi th  
r e s e a r c h  f a c i l i t i e r  a t  Oak Ridge N a t i o n a l  Labora tory ;  

A c q u i s i t i o n  of  a d d i t i o n a l  d a t a  on indoor  a i r  q u a l i t y  in r e s i d e n t i a l  
s e t t i n g s  has  been i d e n t i f i e d  a s  a r e s e a r c h  need. The H e a l t h  and S a f e t y  
Research  D i v i s i o n  of Oak Ridge N a t i o n a l  Labora to ry  w i l l  be conduc t ing  an  
indoor  a i r  q u a l i t y  f i e l d  s t u d y  i n  t h e  Tennessee  V a l l e y  r e g i o n  d u r i n g  1985-86.  
The f i e l d  s tudy  i s  s u p p o r t e d  by s e v e r a l  a g e n c i e s  i n c l u d i n g  t h e  Department of 
Energy (DOE) , t h e  Tennessee  V a l l e y  A u t h o r i t y  (TVA), t h e  Envi ronmenta l  
P r o t e c t i o n  Agency (EPA) ,  and t h e  Consamer P roduc t  S a f e t y  Commission (CPSC). 
The p r imary  component of t h e  s tudy ,  on which o t h e r  a c t i v i t i e s  rill b u i l d ,  W i l l  

i n v o l v e  measurement of r adon  and radon progeny in 60 houses  i n  fopr s t a t e s .  
A d d i t i o n a l  p o l l u t a n t s  t h a t  rill be  mon i to red  i n c l u d e  formaldehyde and  n i t r o g e n  
d i o x i d e .  A i r  exchange r a t e s  b e t r e e n  indoor  and o u t d o o r  a i r  rill  also be 
measured. Other p a r a m e t e r s  t h a t  canno t  be measured i n  a l l  60  homes rill be  
measured  i n  a s u b s e t  of homes. Ezamples i n c l u d e  measurement of  v o l a t i l e  
o r g a n i c  compounds and p a r t i c u l a t e  m a t t e r .  The houses  rill b e  v i s i t e d  by a 

\ m o n i t o r i n g  team once or t r i c e  each  q u a r t e r  f o r  one p e a r  t o  per form sampling.  
Measurements a r e  t o  b e g i n  i n  t h e  s p r i n g  of 1985. The 60 houses  s e l e c t e d  f o r  
t h e  s tudy  rill be chosen  from t h e  l i s t  of c a n d i d a t e  houses  based  on v a r i o u s  
s e l e c t i o n  c r i t e r i a .  

--+I 

NUW, ?BEREFORE, t h e  p a r t i e s  a g r e e  a s  follows: 

M a r t i n  M a r i e t t a  Energy Systems, Inc. rill 

[I] p r o v i d e  d a t a  c o l l e c t i o n  equipment and i n s t a l l  s a i d  equipment  on 
p a r t i c i p a n t s '  p r e m i s e s  and s u b s e q u e n t l y  remove it; 

[2 ]  m a i n t a i n  and s e r v i c e  such  equipment a t  i t s  expense d u r i n g  t h e  term of 
t h i s  agreement; 

[3]  p e r i o d i c a l l y  n o n z t o r  t h e  a i r  on t h e  premises:  
[ 4 ]  make a v a i l a b l e  t o  t h e  P a r t i c i p a n t s  t h e  r e s u l t s  of  t h e  d a t a  c o l l e c t e d  

from t h e  P a r t i c i p p n t s '  p remises ;  
[ 5 1  assmne r e s p o n s i b i l i t y  f o r  a n y  damage t o  P a r t i c i p a n t s '  p r o p e r t y  d i r e c t l y  

caused  by i t s  r e p r e s e n t a t i v e s  m o n i t o r i n g  t h e  a i r  o r  by t h e  i n s t a l l a t i o n  
or . remova1 of t h e  d a t a  c o l l e c t i o n  equipment ,  o r  f o r  c l a i m s  b r o u g h t  by 
t h i r d  p e r s o n s  f o r  p e r s o n a l  i n j u r y  o r  damage t o  p r o p e r t y  d i r e c t l y  r e l a t e d  
t o  t h e  i n s t a l l a t i o n  of t h e  equipment o r  m o n i t o r i n g  of t h e  a i r  d u r i n g  t h e  
term of t h i s  a g r e m e n t ,  s u b j e c t  t o  t h e  a v a i l a b i l i t y  of funds; 

[61 t o  t h e  e x t e n t  p o s s i b l e  by law, w i t h h o l d  from t h e  p u b l i c  t h e  name(s> o f  
occupan t s  o r  owners of r e s i d e n c e s  t h a t  a r e  s t u d i e d ;  

171 n o t i f y  P a r t i c i p a n t s  a t  l e a s t  24 hours  i n  advance of t h e  d a t e  a c c e s s  t o  
t h e  premises  i s  d e s i r e d ;  and 

IS1 pay P a r t i c i p a n t s  $50 upon a c c e p t a n c e  i n t o  t h e  f i n a l  group of  60  houses 
and 350 upon comple t ion  of t h e  stu*. 

t 0482bb 
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BOKEOFNERS AGREEMENT 6O-House Study 

d 

Participants rill 

[I] permit representatives of M a r t i n .  Marietta Energy Systems, Inc., 
reasonable access to Participants' premises for the purpose of sampling 
air indoors and outdoors; 

121 allow the installation, servicing, and removal of data collection 
e q u i p  ent; 

131 allow Martin Marietta Energy Systems, Inc. , representatives t o  take 
photographs at Participants' premises; 

141 allow Martin Marietta Energy Systems, Inc., to disseminate information 
collected to the public; and 

[SI participate for the full year of the study if accepted into the final 
group of 60 houses. 

PARTICIPANTS Martin Marietta Energy Systems, Inc. 

BY 
Date 

BY 
Title 
Date 



REVIEW AND ACTION 

ORAU/ORNL Committee on Human Studies 

- -  principal Investigator Charles S. Dudney & Thomas G.  Matthewddent. No. ORNL-14 . . -. 

...-.-::-... Project T i t l e  INDOOR AIR QUALITY STUDY IN 60 HOUSES IN THE TENNESSEE VALLEY 
. --.. . .  .. i . 
_. .- . . 

1. In the opinion of this committee the rights and welfare of the 
subjects i n  t h i s  project o r  ac t iv i ty  will be protected. 
committee s t a t e s  t h a t  adequate safeguards against any untoward 
e f fec ts  have been provided. 

The 

. , . . . . . . . . . . , . . . _ . . ; ,  . . . .  . .  . .  

2. In the opinion of the committee the informed consent procedures t o  
be used i n  this project will be both appropriate and adequate. The 
comi t t ee  a l so  f i n d s  t h a t  no inappropriate psychological o r  socio- 
logical r isks  will  e x i s t  f o r  the subjects involved i n  th is  project.  

-4 .< 

3. 

4. 

The comi t tee  seeks continuing communication w i t h  the inves t iga tor (s )  
on t h i s  project along the following l ines:  

Other cornmi t t e e  coments : / 

,. Approve 1/ 
Chairman of  Committee 

..",..4*<,y - a  - h 

May 6, 1985 1 0 4 8 2 b 6  - Disapprove 



P r o p o s a l  Xuxber and Title ORNL-14 I IWOOR A I R  QUALITY STUIIY I N  60 I!OUSISS IN 

TliE TENNESSEI: VALLEY -. 

VOTE OF COXMITTEE 

S i g n a  t u r  e Approve D i s a p p r o v e  C o m e n t  D a t e  

7 3  5 /6 /85  

7 - i  5 /6 /85  

13. 5 /6 /55  

14. 5/6 /85  

C h a i r c a n ' s  stztement o f  Committee consenscs: - 
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Associated Post Office Box 11 7 
Universities Oak Ridge, Tennessee 37831 -01 17 d 

May 1 7 ,  1985 

To : 

From: 

Subject : 

M E M O R A N D U M  

Dr. Charles S. Dudney 
Dr. Thomas G. Matthews 

Lynn Reeves, Secretar 
ORAU/ORNL Committee 

PROPOSAL ORNL- 14 
INDOOR AIR QUALITY STUDY IN 60 HOUSES 
IN THE TENNESSEE VALLEY 

This proposal was approved at the recent Committee meeting 
pending a change in the consent form saying what and how much 
will be released into the homes and the consent form should 
include a statement that the participant may withdraw from 
the study at any tine. 

Please submit a revised consent form to me and it will be 
reviewed within the Committee. When it has been approved, 
I will let you know. 

lmr 



May 3 1 ,  1985 

To : Lynn Reeves, Secretary ,  ORAU/OBNL Committee on Human S t u d i e s  

From : C. S. Dudney (6 -2712)  m 
Subjec t :  Proposal OWL-14: Revised Consent Form 

The consent  form has been r e v i s e d  and i s  be ing  reviewed by t h i s  committee a s  
w e l l  a s  by the  law department and purchasing. Attached i s  a copy of the  d r a f t  
consent  form. P lease  c a l l  me i f  there  are any ques t jons .  

CSD: 1 gw 

c c :  A. R. Hawthorne 
T. G. Matthew 

1 0 4 8 2 1 1  



BOKEOKh'EX'S AGREEKEhT 

d In this Agreeleent, made a s  of  , 1985,  - 
b e t r e e n  . - and spouse 
r e s i d i n g  a t  , County of 

, S t a t e  of , and M a r t i n  
M a r i e t t a  EnerOy Systems, I n c . ,  a Delaware  C o r p o r a t i o n  w i t h  an o f f i c e  a t  Oak 
Ridge ,  Tennessee 37831, a c t i n g  -der i t s  C o n t r a c t  DE-ACO5-840R21400 w i t h  t h e  
U n i t e d  S t a t e s  of America a s  r e p r e s e n t e d  by t h e  Deparboent  o f  E n e r n  w i t h  
r e s e a r c h  f B C i 1 i t i e S  a t  Oak Ridge N a t i o n a l  Labora to ry ;  

A c q u i s i t i o n  of s d d i t i o n a l  d a t a  on i n d o o r  a i r  q a a l i t y  i n  r e s i d e n t i a l  
s e t t i n g s  b a s  been  i d e n t i f i e d  a s  a r e s e a r c h  need.  Tbe B e a l t h  and S a f e t y  
R e s e a r c h  D i v i s i o n  of  Oak Ridge  N a t i o n a l  L a b o r a t o r y  T i l l  be c o n d u c t i n g  a n  
i n d o o r  a i r  q u a l i t y  f i e l d  s tudy in t h e  Tennessee V a l l e y  r e g i o n  d u r i n g  1985-86. 
T h e  f i e l d  s t u d y  i s  s u p p o r t e d  by s e v e r a l  a g e n c i e s  i n c l u d i n g  t h e  Depar tment  of  
Energy  (DOE), t h e  T e n n e s s e e  V a l l e y  A u t h o r i t y  ( n ' A ) ,  t h e  Env i ronmen ta l  
P r o t e c t i o n  Agency (EPA), and t h e  Consumer P r o d u c t  S a f e t y  Commission (CPSC).  
The p r i m a r y  component of t h e  s t u d y ,  on which  o t h e r  a c t i v i t i e s  r i l l  b u i l d ,  r i l l  
i n v o l v e  measurement of r a d o n  and r a d o n  progeny i n  60 hoases  in f o u r  s t a t e s .  
A d d i t i o n a l  p o l l u t a n t s  t h a t  r i l l  be m o n i t o r e d  i n c l u d e  f o r ~ a l d e h y d e  and n i t r o g e n  
d i o x i d e .  A i r  exchange r a t e s  b e m e e n  i n d o o r  and o u t d o o r  a i r  r i l l  a l s o  be 
measured .  Other p a r a m e t e r s  t h a t  c a n n o t  be measared  in a11 60 homes r i l l  be 
measured  i n  a s u b s e t  o f  homes. Examples i n c l u d e  messarcment o f  v o l a t i l e  
o r g a n i c  compounds and p a r t i c u l a t e  m a t t e r .  T h e  h o u s e s  will be v i s i t e d  by a 
m o n i t o r i n g  te rm once o r  t r i c e  each  q u a r t e r  f o r  one y e a r  t o  p e r f o r m  s u e p l i n g .  

-# Measarements  a r e  t o  b e g i n  i n  t h e  summer of 1985. The 6 0  houses s e l e c t e d  f o r  
t h e  s t u d y  r i l l  be chosen fran t h e  l i s t  of  c a n d i d a t e  houses b a s e d  on v a r i o u s  
s e  1 e c  t i on c r i  t e r i  a .  

NOR, ZHWEFORE, t h e  p a r t i e s  a g r e e  a s  f o l l u w s :  

K a r t i n  M a r i e t t a  Energy Sys tems,  Inc .  rill 

111 p r o v i d e  d a t a  c o l l e c t i o n  equipment  and i n s t a l l  r a i d  e q n i p e n t  on 

121 m a i n t a i n  and s e n i c e  such  e q u i p e n t  a t  i t s  expense  d u r i n g  t h e  te rm of 

131 p e r i o d i c a l l y  mon i to r  t h e  a i r  on t h e  p remises ;  
1 41 

p a r t i c i p t n t s '  p r m c i s e s  and s u b s e q u e n t l y  remove i t ;  

t h i s  agreement;  

r e l  e a  L e per f  l n o r a z  e t hy  1 cycl ohera  ne and p e r f  1 uorodime thy 1 c y c l  oh exane  i n t o  
t h e  house a l l o w i n g  c o n c e n t r h t i o n  no g r e a t e r  t h a n  0.0001 ppm ( t h e  l o w e s t  
h o r n  l e v e l s  a t  which  t h e s e  c h e m i c a l s  a f f e c t  r a t s  i s  g r e a t e r  t h a n  

[SI o c c a s i o n a l l y  r e l e a s e  Freon 12 ( i . e . ,  d i  c h l  or od i  f 1 u o r m e  t h  ane 1 i o t  o 6 
h o u s e s  i n  t h e  Oak Ridge a r e a  a l l o w i n g  c o n c e n t r a t i o n s  no g r e a t e r  t h a n  
600 ppu ( t h e  l o r e s t  b o a n  l e v e l  a t  which  Freon a f f e c t s  humans i s  
200,000 ppm a n d  o c c a p a t i o n a l  e x p o s u r e  is l i m i t e d  t o  900 ppm); 

[ 6 1  make a v a i l a b l e  t o  t h e  P a r t i c i p a n t s  t h e  r e s u l t s  o f  t h e  d a t a  c o l l e c t e d  
from t h e  P a r t i c i p a n t s '  p remises ;  

1 0 0  ppm); 



BOKEOKNEXS AGREEK?XT 2 60-Rouse  Study 

171  rsrrrme r e s p o D r i b i l i t y  f o r  amy daPcage t o  P a r t i c i p a n t s '  p r o p e r t y  d i r e c t l y  
c a u s e d  by i t s  r e p r e s e n t a t i v e s  m o n i t o r i n g  t h e  a i r  o r  by t h e  i n s t a l l a t i o n  
o r  removal of t h e  d a t a  c o l l e c t i o n  e q u i p e a t ,  or f o r  c l a i a r s  b r o n t h t  by 
t h i r d  p e r s o n s  f o r  p e r s o n a l  i n j u r y  o r  damage t o  p r o p e r t y  d i r e c t l y  r e l a t e d  
t o  t h e  i n s t a l l a t i o n  o f  t h e  e q u i p n c n t  o r  m o n i t o r i n g  of  t h e  a i r  d u r i n g  t h e  
term of t h i s  a g r c m e n t r  s u b j e c t  t o  t h e  a v a i l a b i l i t y  of  f u n d r ;  

[ 8 ]  t o  t h e  e x t e n t  p o s s i b l e  by l a w ,  r i t h h o l d  f r m  t h e  p u b l i c  t h e  n m e ( s )  o f  
o c c u p a n t s  o r  m n e r s  o f  r e s i d e n c e s  t b a t  a r c  s t u d i e d ;  

(91 notify P a r t i c i p a n t s  a t  l e a s t  2 4  h o u r s  in advance  of t h e  d a t e  a c c e s s  t o  
t h e  p r e m i s e s  is d e r i r e d ;  and 

(101 pay P i r t i c i p a n t s  $50 upon a c c e p t a n c e  i n t o  t h e  f i n a l  g roup  of 6 0  boarer  
and $ 5 0  upon c o m p l e t i o n  of t h e  s t u d y .  

P a r t i c i p a n t s  r i l l  

I13 p e r m i t  r e p r e s e n t a t i v e s  of X s r t i n  M a r i e t t a  Energy Systems,  Inc . ,  
r e a s o n a b l e  a c c e s s  t o  P a r t i c i p a n t s '  p r a m i s e s  f o r  t h e  pu rpose  of  s u u p l i n g  
a i r  i n d o o r s  a n d  o u t d o o r s ;  

[21  a l l o r  t h e  i n s t b l l a t i o n ,  s e r v i c i n g ,  and removal  of  d a t a  c o l l e c t i o n  
equipment;  

(31 a l l m  M a r t i n  M a r i e t t a  Energy %stems,  I n c . ,  r e p r e s e n t a t i v e s  t o  t a k e  
p h o t o g r a p h s  a t  P a r t i c i p a n t s '  p remises ;  

[ 4 1  a l l m  M s r t i n  M a r i e t t a  Energy Systems,  I n c . ,  t o  d i s s e e i n a t e  i n f o r e a t i o n  
c o l l e c t e d  t o  t h e  p u b l i c ;  

151 r e c e i v e  $50.00 if a c c e p t e d  i n t o  t h e  f i n a l  g roup  of 60  houses ;  and  
I61 r e c e i v e  $50.00  if they p a r t i c i p a t e  i n  t h e  study f o r  t h e  f u l l  y e a r .  

-4 

PARTI C I  P U T S  M a r t i n  M a r i e t t a  Energy Sys tems,  Inc. 

& 
D r t e  

BY 
T i t l e  
Da te  

De te  

I048213 



Associated Post Office Box 11 7 
Oak Ridge, Tennessee 37831 -01 17 

A p r i l  1 ,  1985 

M E M O R A N D U M  

To : D r .  C h a r l e s  Dudney 

From: Lynn Reeves, S e c r e t a r y  
O U U / O R X L  Committee on Human S t u d i e s  

S u b j e c t :  GUIDELINES FOR PREPARING PROPOSALS FOR SUBMISSION 
TO THE COMMITTEE ON HUMAN STUDIES 

I a m  e n c l o s i n g  s i x  documents which  s h o u l d  assist  you i n  p r e p a r i n g  
your  p r o p o s a l .  
i n  e a r l y  May. 

P l e a s e  n o t e  t h a t  t h e  n e x t  Committee m e e t i n g  is  

'If you have  f u r t h e r  q u e s t i o n s ,  p l e a s e  c a l l  m e  a t  6-3087 and I w i l l  
c r y  to g e t  the i n f o r m a t i o n  you r e q u i r e .  

Enc l o  sur  e s 
O u t l i n e  for s u b m i s s i o n  
Sample p r o p o s a l  
G u i d e l i n e s  
XIH n o t i c e  on in fo rmed  c o n s e n t  
__.- Code o f  F e d e r a l  R e g u l a t i o n s  ( c o n s e n t  form) 
Sample c o n s e n t  form f o r  blood p rocuremen t  
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Associated Post Office Box 1 1  7 
Universilies Oak Ridge. Tennessee 37830 

April 2 6 ,  1985 

M E M O R A N D U M  

4 

4 .  f 

To : Dr. Charles S. Dudney n 

From: Lynn Reeves, Secretary 2 G - G  
ORAU/ORNL Committee on Hum& Studies 

Subject: PROPOSAL ORNL-14 
INDOOR AIR QUALITY STUDY IN 60 HOUSES 
IN THE TENNESSEE VALLEY 

The Committee on Human Studies plans to meet May 6, 1985, in the 
second floor conference room of ORAU's Medical and Health Sciences 
Division, 140 Vance Road, Oak Ridge. Would you please plan to 
come to the Vance Road facility at approximately 2:30 p.m.? I 
estimate the Committee will be considering your proposal at ap- 
proximately that time. 

Please call me at 6-3087 so we can discuss the details of the 
meeting. 

cc: Committee Chairman 



Oak Ridge 

Universities Oak Ridge, Tennessee 37831 -01 17 
d Assxiated Post Office Box 117 

June 10, 1985 

M E M 0 R A N D U M 

To : Dr. Karl F. Hubner, Chairman 
ORAU/ORNL Committee on Human Studies 

From : Lynn Reeves, Secretary 

Subject: PROPOSAL ORNL-14 
INDOOR AIR QUALITY STUDY IN 60 
HOUSES IN THE TENNESSEE VALLEY 

. .  ., 4 , . . . .  . .  . .  

. , .  * . .  

Enclosed is a copy of the revised consent form submitted for this 
proposal. I have highlighted the portions which say what and how 
much will be released into homes. There is no specific statement 
that the participant may withdraw from the study at any time but 
it is clear from [6] under "Participants will" that withdraw1 is 
possible. 

Do you feel Mr. Koons should examine chis form because a specific 
statement is missing? 

I am also enclosing a copy of my letter to Drs. Dudney and Matthews. 
How much review of this form is needed? 

Enclosures 
LMR letter of May 17 
CSD letter of May 3 1  and attachment 

t 0 4 8 2 1 b  



Oak Ridge 
Associated Post Office Box 11 7 
Universities Oak Ridge, Tennessee 37831 -01 17 d 

July 12, 1985 

M E M O R A N D U M  

TO : Dr. Karl F. Hubner, Chairman 
ORAU/ORNL Committee on Human Studies 

FROM : Lynn Reeves, Secretary 

SUBJECT: HOMEOWNER' S AGREEMENT 

I believe the enclosed consent form now complies with the committee's 
request. 

d j  

Enclosure 
Homeowner ' s Agreement F o r m  

1 0 4 8 2 1 1  



Associated Post Office Box 1 1  7 
Universities Oak Ridge, Tennessee 37831 -01 17 

ORAU/ORNL Committee on 

To : D r .  C h a r l e s  Dudney 

From: Lynn Reeves,  S e c r e t a r y  

Date:  September 30, 1985 

SUBJECT: ORNL-14 INDOOR A I R  QUALITY STUDY I N  60 HOUSES IN THE 
TENNESSEE VALLEY 

Here is t h e  w r i t t e n  copy o f  t h e  a p p r o v a l  of your  r e q u e s t  
p r e s e n t e d  t o  t h e  ORAU/ORNL Committee on Human S t u d i e s  a t  it's 
May 6 ,  1985, meet ing .  Would you p l e a s e  s i g n  t h e  o r i g i n a l  and 
r e t u r n  it t o  me. 

I had no ted  t h e  a p p r o v a l  i n  my f i l e  and spoke  w i t h  you by phone 
you t o  l e t  you know, b u t  I d idn ' t  forward  t h e  paperwork t o  you. 
I'm sorry t o  send t h i s  t o  you a t  such  a l a t e  d a t e .  

c c :  Dr. K a r l  Hubner,  Chairman 



ORAU/ORNL COMMITTEE ON HUMAN STUDIES 

Date of A p p r o v a l :  July 2 9 ,  1985 Date of D i s a p p r o v a l :  

A c k n o w l e d g m e n t  of P r i  i p a l  I n v e s t i g a t o r :  

&?. 
S i g n a  t u r e  



Post Office Box 1 1  7 
I .  * I .  

. .  

- Universities Oak Ridge, Tcnncsscc 37831 -01 17 

ORAU/ORNL COMMITTEE ON HUMAN STUDIES 

TO : 

FROM: Becky Hawkins/Secretary, Committee on Human Studies 

Dr . Dudne y/ha t thews 

RE : Status Reports on Active Proposals 

DATE: May 1987 

The guidelines for the ORAU/ORNL Committee on Human Studies require that all 
principal investigators of ongoing proposals present a progress report to the 
Committee on the status of their proposals each year. Each proposal must be 
reviewed by the Committee yearly for research projects to continue. 
answer the questions below and add any other information you feel pertinent and 
return by May 1, 1987. (If additional space is needed, please use the back of 
this form or attach extra sheets.) 

Please 

Title of Project: OWL-14 Indoor Air Quality Study in 60 Houses in the 
Tennessee Valley 

Proposal No. ORNL-14 Date Approved: 1985 

.&2. A@!&, 
Signature of Principal Investistor 

+ h J / S Y 7  
Date igned 

+ 2. Report any complications. 

&LL 



3. Are t h e r e  any planned changes? 

- 2 -  

4 .  Do you wish t h e  project t o  be continued? 

IO48281 



Associated Post Office BOX 117 
Universities Oak Ridge, Tennessee 37831 -0 1 17 

-/ 

Medical 
Scierices 
Owision 

ORAU/ORNL COMMITTEE ON HUMAN STUDIES 

TO : Charles S. Dudney 
4500S, MS 61 13, ORNL 

Karl HubnerKhairman, Committee on Human Studies r# 
COMMITTEE ACTION ON YOUR PROPOSAL 

FROM: 

RE: 

DATE: July 15, 1991 

Your project number ORNL-14, "Indoor Air Quality Study in 60 Houses in the Tennessee Valley," 
was reviewed. It is my opinion that your project meets the criteria for expedited review and approval 
for reactivating this project is granted at this time. 

d 

Progress reports of all active proposals are reviewed yearly at our meeting usually held in June or 
July. 

bh 

I 0 4 8 2 8 2  



ORAU/ORNL COMMITTEE ON HUMAN STUDIES 

TO: Dr. Dudncy -. 

FROM: Marta V. Rivera/Secrelary, Comrnittce on  Human 

R E  

DATE: May 12, 1992 

Status Reports on Active Proposals 

The guidelines for thc ORAU/ORNL Committee on Human Studies rcquirc that all principal 
investigators of ongoing proposals prcsent a progress report to thc Committee on thc  status of 
their proposals each year. Each proposal must be rcviewcd by the Comrnittce ycarly for rcscarch 
projects to continue. Please answer the questions bclow and add any othcr information you fcel 
pertinent and return by May 26. (If additional space is needed, please use the back of this form 
or attach extra sheets.) 

d Title of Project: Final Review of Homeowncr's Contract for Radon Research in Homes 

Proposal No. ORNL-14 DATE APPROVED: 1991 (re-activated) 

AI 

Sgnature  of Principal Investigator d Datc Sign& 



-2- 

- . 4. Do you wish the project to be continued? - -  

5. Comments. - 



ORISE/ORAU/ORNL COMMITTEE ON HUMAN STUDIES 

TO: Dr. Dudncy 

FROM: Committee on  Human Studies 

RE: 

DA'I-E: April 2s. 1993 

Status Reports on Active Proposals 

T h c  guidelines for the ORISE/ORAU/ORNL Commiltee on  Human Studies rcquire that all 
principal investigators of ongoing proposals present a progress report to thc Committee on thc 
status of their proposals each year. Each proposal must be revicwcd by the Committec ycarly for 
research projects to continue. Please answer the questions below and add any othcr information 
you feel pertinent and return by May 14. (If additional space is needed, plcase use the back of 
this form or attach extra sheets.) 

Title of Project: 4' Final Review of Homeowner's Contract for Radon Research in Homes 

Proposal No. ORNL-14 DATE APPROVED: 1991 (rc-activatcd) 

17 rJI,/S93 
Signature of Principal Investigatdr Datc  Signcd 0 

1. Rcport progrcss madc in thc past ycar. 

X& 
-&& 

2. Rcport c'i ny corn pl ica t ions. 

P-f- 

P 0 BOX 117. OAK RIDGE, TENNESSEE 37831-01 17 

Monoged ond operated by Ook Ridge Asroclored Universities for the U S Deportment O! Energy 
1048285 



3. Arc therc any  planncd changcs'! 

4. Do you wish the project to be continued? 

5. Comments. 
/ 



Oak Ridge 
Associated Post Office Box 1 1  7 

-/ Uriversities Oak Ridge, Tennessee 37831 -01 17 

To: Dr. Chnfles Dudncy 

From: Dr. Karl Hubkcr, Chairman 
' +;i:* I).',, 

Committee on' Human Studies 

Date: August 5, 1992 

Rc: Committee Action on Active Proposals 

Your project numbcr ORNL-14 "Final Review of Homeowncr's Contract .for radon Research in 
Homcs" was revicwed and approvcd Tor continuation a t  our last meeting on July 31, 1992. 

Progress reports of all active proposals will again be reviewed at our next meeting to be held in the 
fall of 1992. 

Imvr 

I 0 4 8 2 8 1  



Associated Post Office Box 1 1  7 
.d Universities Oak Ridge, Tennessee 37831 -01 17 

Dr. Charles Dudncy . - .  TO: 

From: 
, ! ,.+;?.-' !:+ 

Dr. Williarti- Calhhun, Chairman 
Committec o n  Human Studies 

Date: June 29, 1993 

Re: Comniitlcc Action on Active Proposals 

Your project number ORNL-14 "Final Revicw ol  Homeowner's Contract for radon Rcsearch in 
Homcs" was reviewcd and approvcd lor continuation at our  last meeting o n  June 25, 1993. 

Progress reports of all active proposals will again be reviewed a t  our next mecting to be hcld in the 
fall of 1993. 

Jmvr 



PROTECTINGdb 
HUMAN SUBJECTSWF 

2. Principal Investigator 

- . -  
Office of Heatth and Environmental Research U.S. Department of Energy 

Tekphoe Number 

Policy: Research activities that involve human subjects and tbat arc funded by the U.S. Department of Energy 
D O E ) ,  conducted in DOE facilities, or conducted by DOE personnel must be approved or exempted &om review in 
accord with 10 CFR Pan 745. Failure to comply with these rtgulations may prevent DOE from authorizing or 
funding an activity. or may lead the Depamnent to suspend or terminate the project. 

Directions: Institutions must complete this form, pioviding the data listed below in the format indicated, 
for each research activity each year. Forms must be sent to the appropriate DOE Field Ofke, which will 
forward them to DOE Headquarters (Protection of Human Subjects, Mail Station ER-70, Office of Health and 
Environmental Research, U.S. Depanmcnr of Energy, Washington. DC 20585). 

-- 

I 1. Project Title 

3. Institutional Assurance Number (if issued)' 4. Project NumbeF 

ORNL- 14 
I 

5. Annual Funding: 
Give actual funding or check the arnouni closesr io the estimated toial for the current 
Federal fiscal year. whether requested or obtained. Include both direct and indirect costs. 

a l O , O O O  ~ ~ l o o , o o o  a~5w,ooo CIL s1,000,000 9 $5,000,000 

0 Acturl Funding 
$ 

6.  Funding Sources 
A .  Name DOE Program Office (see list in attachment). i f  applicable. 
B. Name non-DOE sources of funding (up to two). i f  applicable. 

A. DOE Program Oniw 

Contact Person Telephone Number 

8. Non-DOE Sour- 

U.S. P o s t a l  S e r v i c e  

Non-DOE Source 

U . S .  Navy 
~- 

I I CS Dudney I (615) 576-2712 

I )Idling A d d m  - Include ful l  name of perfomung inrutuoon. I 
H e a l t h  S c i e n c e s  R s e a  ch D i v i s i o n  

a Rldne Na t iona f  L a i o r a t o r y ,  PO Box 2008, Oak Ridge ,  TN 37831-6379 

I 

' Each projca must have a unique identification numbcr assigned by the institution-for example. ANL-941101. 

1 



1 

7. The Project has been mvktwed and .pprOv@d by tho Inrtltutlonal Revkw Board (IRB) 
as required under 10 CFR Part 7 4  

A. Typr of R o v h  

B. Type of Approval 

0 New Annual Renewal D Other 

C. IRB Approval Data 

6. This Project involves the following collaborating lnstltutions (list a maximum of two): r 
9. Vulnerable Populations 

This project does not involve vulnerable populations. 

0 7 ' h i s  project involves the following vulnerable populations: 

0 Minora 0 Montrlly D i u b k d  QPliwnmn . 
0 Fmtuaoa, Prognant Womon, In Vltro Foriiliution I 0 Economlully or Educationally Disadvantqpd 

10. Type of Research 
Check all categories that apply. 

% Using data collected directly from human subjects. 
idemiology(using personally identifiable data)- 

0 Using existing data. 

0 Diagnostic studies using radiation or chemical agents in tracer amounts. 

QTherapcutic studies using radiation or chemical agents. 

0 Studies of exposure. effects, health. or monitoring using human urine. blood, other body 
fluids. cells. or tissues- 

Specimens collected directly from human subjects for this project. 
0 Specimens obtained from secondary sources (e.g.. hospitals. laboratories). 

0 Instrument development and testing using human subjects. 

a Surveys that collect personally identifiable dab. 

Environmental studies using human subjects to evaluate weatherization options, habitat alteration, 
or similar. 

0 Other. Please identify 

2 



11. Abstract 

Provide a brief abstract that inclKdes the following information: 

A. Summarize the objectives and methodology of this research project. (Explain clearly why it belongs in 
the categories checked in Item 11). 

Indoor air quality (IAQ) research routinely involves (1) collection of 
questionnaire .data on building characteristics and (2) experimental ' 

measurement of air flow patterns (usually air exchange rate). Building 
questionnaire data usually include some indentifying characteristic such 
as address. Air flow measurement.; usually involve release of non-toxic 
tracer gases. 

B. Specify the number of human subjects involved each year. 

There is large fluctuation but in the last 10 years, air exchange 
measurements were made in about 500 locations and radon measurements 
in about 1,000 locations. 

C. Describe the involvement of human subjects and the risks, if any, to which they are exposed. 

The radon measurements are completely passive with no chemicals released 
or radiation of any form emitted in occupied spaces. 

The air exchange measurements have involved short-lived concentrations 
of up to (1) 1 ppm dichlorodifluoromethane or up to 0.1 ppm of either 
perfluorinated methylcyclohexane or perfluorinated dimethyloyclohexane. 
Review of data in NIOSAA RTECS indicates that laboratory animals are 
asphyxicted at concentrations below those that lead to toxic effects. 

D. List the chemical or radioactive materials, if any, that are used in the study, and identify 
the route of exposure. 

dichLazodifluoromethane 
perfluorinated meChylcjm3tehexane 
perfluorinated dimethyloyclohexane 

Exposure is by inhalatian. 

See rcversc for uppmval signatums. 



The official signing below ccmfics tha the i n f o m i o n  provided on &S fonn i s  c o m a  and thu Ihc insiiiuuon ~tcumcs rctponsibtlit) for 
future reviews. approvals. and subrmrrions of p q e a  s u m m ~ c s .  which uc Jl rcqumd .I 1-1 once a year 

Tdephone Number 

~ ~~ ~ 

Reason for Return 

DOE Reviewen 

W 

I I I 

For DOE Uw Only 

Date Received by ER-70 

1 0 4 8 2 9 2  
4 
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APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS 

TO: COMMITTEE ON HUMAN STUDIES 
Oak Ridge Associated Universities (ORAU) 
and Oak Ridge National Laboratory (ORNL) 

Date: January 5, 1987 

Principal Investigator: Michael R. Guerin. Ph.D. (ORNL) 

Co-Investigator: Rover A .  Jenkins. Ph.D. (ORNL) 

-1 Title of Project: MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE CONSTITUENTS '1 IN OCCUPIED SPACES 

I. Obiective of Experiment: 

The objective of this study is to determine whether analyticnl. 
chemical methods used to measure human exposure to eiivironnientiil 
tobacco smoke (ETS) by ambient air sampling are valid. This includes 
the quantitative reliability of both the sampling and measureiiient 
methods and a consideration of the physical state (particulnze o r  
vapor phase) of the marker chemical being measured. The results of 
this study will be analytical methods which can be used to determine 
human exposure to environmental tobacco smoke. 

11. Methods of  Procedure: 

Y 

. ,if 

Ambient air samples will be taken and/or instrumental measurements 
will be made at various locations over various periods of tirile in 
occupied spaces in the presence and absence of active smokers. 
Collected samples will be returned to the laboratory for a n a l y s i s .  
Smokers will smoke normally. No intervention is planned other thnn i i  

request to note the number of cigarettes smoked 01- to ssve t:he 
cigarette butts as R record. Spaces to be sampled include offices. 
conference rooms, eating areas, and public areas. 

1 0 4 8 2 9 3  
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REVIEW AND ACTION 

ORAU/ORNL Committee on Human Studies 

. -  __ . . - .. .. .- - .--*-.-.- - .  Project T i t l e  Measurement of Environmental Tombacco Smoke Constituents in 

. -  Occupied Spaces 
- -  

1. In the opinion o f  this committee the rights and welfare of the 
subjects i n  t h i s  project o r  ac t iv i ty  will be protected. 
committee s t a t e s  t h a t  adequate safeguards against  any untoward 
e f fec ts  have been provided. 

The  

, .  , .  . - _  

L .  . . .  

2. In the opinion o f  the committee the informed consent procedures t o  
be used i n  this project w i l l  be b o t h  appropriate and adequate. The 
corni t tee  a lso f i n d s  t ha t  no inappropriate psychological o r  socio- 
logical r isks will ex i s t  f o r  the subjects involved i n  this project. 

3. The cornit tee seeks continuing communication with the inves t iga tor (s )  
on th i s  project along the following l ines:  

4. Other committee comments: 

1 0 4 8 2 9 4  
Approve L L L  F* \ J 

Chai man of Committee 
.Tan. 7 0 .  1987 



\K RIDGE NATIONAL LABORATORY 
PO57 OFFICE BOX X 

OAK RIDGE. TENNESSEE 37831 

AERATED BY MARTIN MARlEnA ENERGY SYSTEMS. INC. 

January 5, 1987 

To: Committee on Human Studies 

Review of Proiect “Measurement of Environmental Tobacco Smoke Constituents 
in OCCUDfed SDaces” 

Research underway in my Section for the National Cancer Institute and the 
Council for Tobacco Research includes the development of analytical ne thods 
for the chemical characterization of environmental tobacco smoke (ETS). A n  
important components of this work involves sampling and monitoring of 
natural ETS. This requires that spaces occupied by smokers be sampled. 

It is not clear whether this work constitutes a “human study”. A n  
application form is included for your review. 

Please inform me as soon as possible if Human Studies Committee approval is 
not required. 4 

’ j  Sincerely, 

M. R. Guerin, Head 
Organic Chemistry Section 
Analytical Chemistry Division 

MRG : pmt 

Enclosure 

c c :  A .  S. Garrett, Jr., ORNL Medical 

I048295 



APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS 

TO: COMMITTEE ON HUMAN STUDIES 
Oak Ridge Associated Universities (ORAU) 
and Oak Ridge National Laboratory (ORNL) 

Date: January 5 ,  1987 

Principal Investigator: Michael R. Guerin. Ph.D. (ORNL) 

Co-Investigator: Roger A. Jenkins, Ph.D. (ORNL) 

Title of Project: MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE CONSTITUENTS 
IN OCCUPIED SPACES 

I. Obiective of Experiment: 

The objective of this study is to determine whether analytical 
chemical methods used to measure human exposure to environinental 
tobacco smoke (ETS) by ambient air sampling are valid. This includes 
the quantitative reliability of both the sampling and measurement 
methods and a consideration of the physical state (particulate o r  
vapor phase) of the marker chemical being measured. The results of 
this study will be analytical methods which can be used to cieter i~i in~!  
human exposure to environmental tobacco smoke. 

11. Methods of Procedure 

Ambient air samples will be taken and/or instrumental measurernent~; 
will be made at various locations over  various periods of tiine i i i  

occupied spaces in the presence and absence of nc . i ive  srnokc.~.:;. 
Collected samples will be returned t o  che laboratory for  n n n l : , . s i s .  
Smokers will smoke normally. No intervention is p1an:ierl o t h e r  L1i; i i - i  ;* 

request to note the number of cigarectes srnokcd 02- i.0 snvc: : ] I ( -  

cigarette butts as a record. Spaces to be sampled incEude officc8.s;. 
conference sooms, eating areas, and public a r e a s .  



- 2 -  

Sampling and monitoring will be carried out using pumps. collcctioi~ 
media and instrumentation common to industrial hygiene monitoring. 
Three types of study conditions will be involved. 

a) 

These are: 

area monitoring of occupied spaces under conditions of normal u s e .  

b) personal monitoring of individuals under conditions of noriiial 
activity, and 

c) area and personal monitoring of  smokers in a conference rooin which 
has been thoroughly characterized in terms of ventilation, 
temperature, and humidity. 

111. Possible Hazards and Their Evaluation: 

No health hazard is posed specifically by this study. Only current 
smokers are involved in the study and they are allowed to smoke their 
regular brand normally. 

IV. Radioisotoves and New DruPs: 

None. 

d V. Responsibility of PrinciDal Investieator: 

The principal investigator will follow the procedures of the Committee 
on Human Studies in obtaining informed consent from the subjects 
involved in this study. The investigator recognizes that he retains 
the primary responsibility for safe-guarding the interests o f  
participants involved in the study. Any significant changes in 
methods of procedure or che development of unespected risks will be 
immediately brought to the attention of the Committee on Human 
Studies. 

3 

Starting Date Janunrv 1 5 .  1 9 8 7  
\ 

1 0 4 8 2 9 1  
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DIVISION REVIEW: 

The application described above has been reviewed and approved. 

Official signing for the institution: 

Signature: 

Title: 

Institution : 

Date: 



I, Oak Ridge 
Associated Post Office Box 11 7 
Universities Oak Ridge, Tennessee 37831 -01 17 

January 13, 1987 

M E M O R A N D U M  

To : Dr. Karl Hubner, Chairman 
ORAU/ORNL Committee on Human Studies 

From : Becky Hawkins, Secretary 

Subject : O W L -  17 
MEASUREMENT OF ENVIRONMENTAL TOEACCO SMOKE CONSTITUENTS ' 
IN OCCUPIED SPACES 

I received the enclosed application for the use of humans as experimental 
d subjects last week from Dr. Michael Guerin. 

' ' j  Please let me know whether this application should go to the expedited review 
committee or be presented to the full committee. 

bsh 



Oak Ridge 
Associated Post Office Box 11 7 
Universities Oak Ridge, Tennessee 37831 -01 17 

I' 

January 20, 1987 

M E M O R A N D U M  

TO : Michael R. Guerin, Ph.D. 
Roger A. Jenkins, Ph.D. 

FROM : Dr. Karl Hubner/Chairman 
ORAU/ORNL Committee on Human Studies 

SUBJECT : ORNL- 17 
MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE CONSTITUENTS 
IN OCCUPIED SPACES 

4 I have reviewed your proposal for the use of humans in experiments to 
measure exposure to environmental tobacco smoke. Thank you for 
clarifying your statement "personal monitoring of individuals under 
conditions of normal activity." It is understood that you will attach 
a trapping device to humans to measure their exact exposure levels. 

According to the guidelines of the Committee on Human Studies, this 
proposal can be approved by the Expedited Review Process. Since there 
is no health hazard and no violations of privacy, you do not need a 
consent form to do these studies. 

The Committee needs to be notified of any new proposals and yours will 
be presented to the Committee for their comments at the next scheduled 
meeting early this spring. 

If you have any further questions or comments, please contact Becky 
Hawkins at 576-3086. 

KFH : bh 

Y 

i j  

1 0 4 8 3 0 0  



Oak Ridge 

Univcrsitics Oak Ridge, Tennessee 37831 -01 17 
-' Associated Post Office Box 11 7 

OEUU/ORNL COMMITTEE ON HUMAN STUDIES 

TO : Dr. Michael Guerin 

FROM: Becky Hawkins/Secretary, Committee on Human Studies /-- 
RE : Status Reports on Active Proposals 

DATE: May 1987 

The guidelines for the ORAU/ORNL Committee on Human Studies require that all 
principal investigators of ongoing proposals present a progress report to the 
Committee on the status of their proposals each year. Each proposal must be 
reviewed by the Committee yearly for research projects to continue. 
answer the questions below and add any other information you feel pertinent and 
return by May 1, 1987. (If additional space is needed, please use the back o f  
this form or attach extra sheets.) 

Please 

Title of Project: ORNL-17 MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE 
CONSTITUENTS IN OCCUPIED SPACES 

.7 

Proposal No. OWL-17 Date Approved: 1987 

Signature o f  Principal Investigator 
7 ! \ \  \?)T 
Date Signed 

1. Report progress made in the past year. 

Samples of ambient indoor air have been taken in several office and work areas 
and those samples have been analyzed for nicotine content by two methods. 
Results are appended as "Table 4" from a progress  report to our sponsor. 

.'r) 2.  Report any complications. 

No complications. 

I O 8 8 3 0  I 
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3 .  A r e  t h e r e  any p l a n n e d  changes?  

No changes a r e  p lanned .  

4 .  Do you wish  t h e  p r o j e c t  t o  b e  c o n t i n u e d ?  

Yes. A d d i t i o n a l  f i e l d  sampl ing  w i l l  be  r e q u i r e d  t o  v a l i d a t e  methods.  

5 .  Comments. 

None. 



O f f i c e  #1 

O f f i c e  #l 
( repeat)  

O f f i c e  #2 

O f f i c e  #3 

P r i n t  O f f i c e  
P r i n t  Room 

Labor Shack 
T r i a l  #1 

Labor Shack 
T r i a l  #2 

Labor Shack 
T r i a l  #3 

Labor Shack 
T r i a l  #4 

.. 
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Labor Shack 
T r i a l  #5 

Labor Shack 
T r i a l  #6 

O f f i c e  #4 
T r i a l  #1 

O f f i c e  #4 
T r i a t  #2 

O f f i c e  #4 
T r i a l  #3 

O f f i c e  #4 
T r i a l  #4 

O f f i c e  #5 
T r i a l  #l 

O f f i c e  #5 
T r i a l  92 

Machine Shop 
T r i a l  #l 

Machine Shop 
T r i a l  #2 

Hachine Shop 
T r i a l  #3 

C m n  Roan 
T r i a l  #l 

C m n  Room 
T r i a l  #2 

C m n  Roan 
T r i a l  #3 

M E T H O O  
Nicot ine,  u g / d  .-.--.---..----... 

9.8 +/ -  2.4 

21.0 + / *  3.9 

5.5 +/-  0.3 

6.9 +/-  0.6 

1.7 
2.2 

31.9 +/-  1.6 

58.7 +/- 2.2 

45.6 +/- 1.0 

23.4 +/- 0.3 

41.2 +/- 0.6 

12.8 + / -  1.3 

Table 4 
tomparison o f  Mean A d i e n t  N ico t i ne  Levels 
(Mean + / -  one standard dev ia t i on )  
T R E A T E D  F I L T E R  

2.8 +I- 0.6 

0.5 +/- 0.1 

0.9 +/- 0.3 

0.7 +/-  0.5 

0 . 4  +/-  0.3 

1.8 +/ -  0.7 

4.4 + / -  0.6 

2.4 +/-  0.2 

1.2 + / -  0.6 

1.2 + / -  0.7 

0.8 +/- 0.8 

0.5 +/-  0.5 

TEUAX 
METHOO 
Nicot ine,  u g / d  -..*-.......-.. 

14.0 */ -  0.5 

19.7 +/-  1.8 

5 . 4  +/-  0.5 

8.2 +/- 0.1 

4 .1  
0 

30.1 + / -  0.9 

60.3 +/- 2.1 

53.2 +/- 0.9 

23.3 +/- 2.9 

39.8 +/- 0.1 

12.6 +/- 1.3 

2.1 +/- 0.0 

2.8 +/- 0.0 

2.5 +/-  0.0 

2.8 +/- 0.1 

1.8 +/-  0.1 

0.9 + / -  0.1 

3.8 +/- 0.1 

2.3 + / -  0 . 9  

1.0 + / -  0.4  

2.4 +/-  0.1 

2.5 +/ -  0.0 

2.0 +/-  0.0 
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IJicotine, the major, unique component of the gas phase of environmental 

'It 
f 

tobacco smoke (ETS), has been employed as a marker for estimating esposure 

to ETS. A personal monitoring system for the determination of exposure to 

nicotine has been developed. The system consists of a sampling cartridge 

packed with 200 mg of Tenax GC (8 and a small, constant flow, personal 

sampling pump. After sampling, the cartridges are analyzed by 

triethylamine-assisted thermal desorption gas chromatography with nitrogen- 

selective detection. Collection and desorption efficiencies for the 

cartridges have been determined. The system has been evaluated in 

controlled-atmosphere chambers, and applied in a variety of work sites. and 

in 36 restaurants, where measured concentrations of nicotine ranged from 0.5 

to 37.2 pg/m3. 

Introduction 

One of the major public health concerns of the 1980s has been indoor air 

pollution and its effects on the individual. Environmental tobacco smoke 

(ETS), which is the diluted and aged misture of side-stream smoke emanating 

from the smoldering cigarette and main-stream smoke exhaled by the smoker, 

represents a potentially significanc contribution to this pollution. 

Concentrations of ETS respirable suspended particulates ( R S P )  have been 

reported to range from 0 to 700 pg/m3 in indoor environments (1). A number 

of procedures have been applied for estimating ETS concentrations based on 

( 2 - 5 ) ,  osides o f  nitrogen (NO,) (3-5), and particulate matter ( 4 - 9 ) .  

However, these constituents of tobacco smoke are also the products of other 
'7 
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colnb~ls:io11 ~ : ' o c ~ s s c s ,  .in aspect :;hich limits thcir utility as markers f o r  

csti~nstinj; LTS 1c:els. especially in complcs atmospheres such a s  those Khich 

exist in indoor en*.rirorxen:s. Estimates of personal exposurc to ETS have 

been made by measuring carboxyhemoglobin (COHb) (10-ll), urinary 

hydrosyprolinc (HOP) ( 1 2 ) .  and nicotine and cotinine (a metabolite of 

nicotine) in the blood, urine and saliva (10-11, 13). 

Several methods have been developed for determinating nicotine 

concentrations at fised sampling locations in industrial settings. The 

XIOSH method for nicotine u:ilizes a resin-filled cartridge (XAD-2) with a 

personal sampling pun? for collection of samples followed by solvent 

estraction and analysis by gas chromotogrnphy ( 1 4 ) .  However, this method's 

300 pg/m3 limit-of-detection (LOD) makes it unsuitable for measuring ETS 

because associated concencrations of nicotine are well below this LOD. 

Another indusirial method, also limiced by its relatively high LOD ( 4 0  

pg/m3), collects nicotine in a series of water-filled bubblers (15). 

Williams et al. (16) have reporied a method using a cold Petri dish as 

the means for colleciing nicocine. Although the reported nicotine 

concentration range associated with the method was low enough to be 

applicable for measuring ETS, the method had several deficiencies which 

would severely limit its value (17). Other methods repor:ed in the 

literature detail the use of untreated glass fiber filters ( 4 )  or diffusion 

1 I denuder tubes (18) for col1ec:ion of ambient nicotine. 

The development and testing of a number of personal monitoring systems 

which measure individual esposures to ETS as determined by ambient nicotine 

concentrations have been reported recently in che literature. Solvenc 

desorption-based systems include personal sampling pumps coupled with 

commercially available >AD-4 cartridges (19, 20, 21) and NatlSO, -treated, v 
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T e f l o i ? - c o a t c d  G l a s s  f i b e r  f i l t e r s  ( 2 2 ) .  and a p a s s i v e  szmpl ing  system 

u t i l i z i n g  t h e  t r e a t e d  f i l t e r s  ( 2 3 ) .  The l i m i t a t i o n  o f  u s i n g  s o l v e n t  

e x t r a c t i o n  of samples  i s  t h a t  o n l y  a s m a l l  f r a c t i o n  o f  t h e  n n s l y t e  is 

a c t u a l l y  a n a l y z e d .  T h i s  n e c e s s a r i l y  r a i s e s  t h e  t h e o r e t i c a l  LOD f o r  such 

methods r e l a t i v e  t o  t h o s e  such a s  t h e r m a l  d e s o r p t i o n ,  t h a t  u s e  a l l  o f  the 

a c q u i r e d  sample.  Two the rma l  d e s o r p t i o n - b a s e d  p e r s o n a l  m o n i t o r i n g  systems 

f o r  n i c o t i n e  have  been  r e p o r t e d ,  one by P r o c t o r  ( 2 4 )  t h a t  employs a n  

u n s p e c i f i e d  a d s o r b e n t  and a n a l y s i s  s y s t e m  and  a n o t h e r  by Muramatsu e t  a l .  

( 2 5 ,  2 6 ) ,  t h a t  u t i l i z e s  a n  ammonia p u r g e  of t h e  sample c a r t r i d g e  d u r i n g  

d e s o r p t i o n  i n t o  a g a s  chromatograph ( g c ) .  T h i s  method r e q u i r e s  m o d i f i c a t i o n  

o f  t h e  gc and d e s o r p t i o n  system by p l a c i n g  a n  ammonia b u b b l e r  i n - l i n e  w i t h  

t h e  c a r r i e r  gas. 

T h i s  p a p e r  d i s c u s s e s  t h e  deve lopmen t ,  e v a l u a t i o n  i n  c o n t r o l l e d  ETS 

atmospheres  i n  chambers and o f f i c e s ,  a n d  f i e l d  t e s t i n g  o f  a thermal  

d e s o r p t i o n - b a s e d  p e r s o n a l  m o n i t o r i n g  system f o r  n i c o t i n e  u s i n g  Tenax CC as 

t h e  a d s o r p t i o n  m a t a r i a l .  T h i s  sys t em is s imi l a r  t o  t h e  sys t em developed by 

Muramatsu; i t s  d i f f e r e n c e  - and a d v a n t a g e  - i s  t h a t  i t  l a c k s  t h e  mechanical  

c o m p l e x i t i e s  o f  t h e  ammonia pu rge  d u r i n g  d e s o r p t i o n .  

Methods and Material 

P e r s o n a l  Moni to r ing  Systems - A i r  s a m p l i n g  c a r t r i d g e s  were 1 6  cm s e c t i o n s  

of  k i n .  O . D .  b o r o s i l i c a t e  glass t u b i n g  which was t r e a t e d  w i t h  Xli ,OH 

(immersion i n  15% NH,OH o v e r - n i g h t ,  f o l l o w e d  by a i r - d r y i n g )  and t h e n  f i r e  

p o l i s h e d  on b o t h  e n d s  and packed w i t h  a p p r o s i i n a t c l y  200 mg o f  Tcnas GC, 35- 

60 mesh, a c q u i r e d  froin A l l t e c h  A s s o c i a t e s  ( D e e r f i e l d ,  IL) . Before  u s e ,  
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c a r t r i d g e s  v e r e  c o n d i t i o n e d  a t  250' C ,  i n  a s t r e a m  o f  N, f l o w i n g  a t  40 

InL/min. f o r  a t  l e a s t  two h o u r s .  A f t e r  t h e  c a r t r i d g e s  had c o o l e d ,  b o t h  ends 

were s e a l e d  w i t h  b i n .  p l a s t i c  c a p s  o b t a i n e d  from A l l t c c h  A s s o c i a t e s  

( D e e r f i e l d ,  I L ) .  The c a r t r i d g e s  were also r e u s e d  a f t e r  washlng ( w i t h  2 - 3  m L  

o f  me thano l )  and r e c o n d i t i o n i n g .  

Alpha-:! p e r s o n a l  s ampl ing  pumps, a v a i l a b l e  from DuPont ( K e n n e t t  Squa re ,  

P A ) ,  were used  f o r  sample c o l l e c t i o n  i n  most e x p e r i m e n t s  UP ?t P-4000 

pumps were used i n  a f e w  i n i t i a l  chamber e x p e r i m e n t s ) ,  a n d  w e r e  chosen  f o r  

t h e i r  l i g h t  we igh t  (410 g) and l o w - n o i s e  l e v e l  d u r i n g  o p e r a t i o n .  For 

e x p e r i m e n t s  performed i n  t h e  chambers and o f f i c e s ,  pumps were c o n n e c t e d  t o  

Tenax c a r t r i d g e s  w i t h  a s e c t i o n  o f  f l e x i b l e  t u b i n g ,  and a i r  from t h e  a r e a  

sampled w a s  drawn t h r o u g h  t h e  c a r t r i d g e .  For  s ampl ing  conduc ted  i n  

r e s t a u r a n t s ,  t h e  pumps were worn unde r  j a c k e t s .  A s e c t i o n  o f  Tygon@ t u b i n g  

c o n n e c t e d  t h e  pump t o  t h e  Tenax c a r t r i d g e ,  v h i c h  was c l i p p e d  to t h e  i n s i d e  

l a p e l  of t h e  j a c k e t  so t h a t  t h e  i n l e t  end was w i t h i n  25 c m  o f  t h e  mouth and  

n o s e  of  t h e  i n d i v i d u a l  c o n d u c t i n g  t h e  sampl ing .  All s a m p l e s  w e r e  c o l l e c t e d  

f o r  a t  l e a s t  one h o u r  w i t h  t h e  pump o p e r a t i n g  a t  a f l o w  rate  of  1 7 0  mL/min. 

Flow r a t e s  were checked  w i t h  a bubb le  me te r  b e f o r e  and  a f t e r  sample 

a c q u i s i t i o n .  Immedia t e ly  a f t e r  c o m p l e t i o n  o f  s a m p l i n g ,  Swagelok k i n .  

s t a i n l e s s  s t e e l  end  c a p s  f i t t e d  w i t h  T e f l o n  f e r r u l e s  were p l a c e d  on e a c h  end 

of t h e  c a r t r i d g e ,  and  t h e  c a r t r i d g e  was r e f r i g e r a r e d  a t  3'C u n t i l  a n a l y s i s .  

(D 'tl 
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A n a l y t i c a l  Method - N i c o t i n e  s t a n d a r d s  were p r e p a r e d  by d i l u t i n g  r e d i s t i l l e d  
.- - - .  

n i c o t i n e  ( 9 6 % )  o b t a i n e d  from Ensanan Rodak ( R o c h e s t e r ,  NY) i n  e t h y l  a c e t a t e  

which c o n t a i n e d  0.013 t r i e t h y l a m i n e  ( T E A ) .  ( I t  h a s  been  found t h a t  a d d i t i o n  

of b a s i c  m a t e r i a l  s u c h  a s  TEA ( 1 9 )  01- N H , O H  ( 2 7 )  t o  n i c o t i n e  s t a n d a r d s  
6, 

p r e v e n t s  a d s o r p t i o n ,  by t h e  g lass  of  t h e  c o n t a i n e r ,  o f  n i c o t i n e  from 

I 0 4 8 3 0 8  , 



s o l u t i o n . )  I n t c r n a l  s t a n d a r d s  cinploying q u i n o l i n e  !;ere prcpni-ed by d i l u t i n g  

q u i n o l i n c  i n  n s o l u t i o n  o f  echj.1 n c e t a t c / 5 %  TE:1. Fresh n i c o t i n e  and 

q u i n o l i n e  s t a n d a r d s  :;ere p r e p a r e d  e v e r y  1 5  d a y s .  

Ana lyses  were performed w i t h  a V a r i a n  Plodel 2700 gas chromatograph 

e q u i p p e d  w i t h  a n i t rogen /phosphorous  d e t e c t o r  (gc/NPD) and a 2 m x 2 mm 

i. d .  g lass  column packed w i t h  10% Carbowas 20:.1/26 KOH on 80-100 mesh 

Chromosorb W-AW ( o b t a i n e d  from A l l t e c h  A s s o c i a t e s ,  I n c . ,  D e e r f i e l d ,  I L ) .  

Flow r a t e s  were He ( c a r r i e r  g a s )  - 40 mL/min., H, - 4 . 5  mL/min., and  a i r  = 

1 7 5  mL/inin. Temperature  s e t t i n g s  were  i n j e c t o r  and d e t e c t o r  - 250°C; and 

coluinn oven i n i t i a l  t e m p e r a t u r e  = 7 0 ° C  f o r  S m i n . ,  programmed a t  a ra te  o f  

46"C/inin. co 175°C f o r  G min. A t  t h e s e  s e t t i n g s ,  n i c o t i n e  e l u t e s  a t  1 3 . 4  

m i n u t e s  and q u i n o l i n e  a t  14.0 m i n u t e s .  

td 

5& In  t h e  i n i : i s l  d e v e l o p n e n t a l  work f o r  t h e  method,  m u l c i - p o i n t  

7 c a l i b r a t i o n s  wich n i c o t i n e  s t a n d a r d s  were performed d a i l y .  For  t h e  f i e l d  

s a m p l i n g ,  a c a l i b r z c i o n  c u r v e  was g e n e r a t e d  from t h e  d e s o r p t i o n  of 9 

d u p l i c a t e  s e t s  of Tenax t r a p s  l o a d e d  w i t h  amounts o f  n i c o t i n e  r b n g i n g  from 

1 . 5  t o  700 ng and w i t h  250 ng o f  q u i n o l i n e  i n t e r n a l  s t a n d a r d .  Because t h e  

r e s p o n s e  o f  t h e  n i t r o g e n / p h o s p h o r o u s  d e t e c t o r  t e n d e d  t o  b e  n o n l i n e a r  a t  

h i g h e r  t r a p  l o a d i n g s  ( > l o 0 0  n g ) ,  d a t a  f rom t h e  a n a l y s e s  w e r e  f i t t e d  t o  a 

s e c o n d  o r d e r  polynomial  r e g r e s s i o n .  I n  p r a c t i c e ,  c h e r e  was no d i f f e r e n c e  

b e t w e e n  f i r s t  and s e c o n d  o r d e r  r e g r e s s i o n s  i n  t h e  0-700 n g  c o n c e n t r a t i o n  

r a n g e .  For  example,  t h e  f i r s t  and s e c o n d  o r d e r  c o r r e l a t i o n  c o e f f i c i e n t s  

(R2) f o r  one c a l i b r a t i o n  r u n  were b o t h  0 . 9 9 5 ,  and f o r  a n o t h e r ,  b o t h  were 

0 . 9 9 7 .  

- . -  e . -  - 

Response f a c t o r s  (RF) f o r  a l l  s t a n d a r d s  werc c a l c u l a c c d  wich  the f o r m u l a :  

d 

1 0 4 8 3 0 9  
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: lverages and s t a n d a r d  deviations computed froin ;he RF c!ata :.JPSC u s e d  t o  

a s s e s s  c o n t r o l  o f  t h e  inethod i n  day - to -c l ay  o p e r a t i o n .  I f  r e s u l t s  f o r  d a i l y  

c o n t r o l  s t a n d a r d s  were more t h a n  t r ~ o  s t a n d a r d  d e v i a t i o n s  from t h e  a v e r a g e  

f o r  t h e  c a l i b r a t i o n ,  t h e  method was j u d g e d  t o  be  o u t  o f  c o n t r o l ,  t h u s  

r e q u i r i n g  r e c a l i b r a t i o n .  C o n t r o l  v a s  o b s e r v e d  t h r o u g h o u t  t h e  s t u d y .  

Test Atmospheres - The i n i t i a l  e s p e r i m e n t a l  a tmosphe res  f o r  t h e  development  

of  t h e  Tenas  method were g e n e r a t e d  i n  two s t a i n l e s s  s t e e l  chambers w i t h  

voluincs o f  0 . 4  ana  1 . 4  111) ( o b t a i n e d  f rom Young and E e r t k e  Co. C i n c i n n a t i ,  

O H ) .  S i d e - s t r e a m  sinoke from a 2R1 Kentucky R e f e r e n c e  c i g a r e t t e  ( p r o c u r e d  

from che U n i v e r s i t y  of Kentucky Tobacco and  H e a l t h  Resea rch  I n s t i t u t e ,  

L e x i n g t o n ,  KY) s m o l d e r i n g  i n  a l a m i n a r  f l o w  sinoke g e n e r a t o r  ( 2 8 ) ,  w a s  p u l l e d  

i n t o  t h e  s m a l l e r  chamber a t  a r a t e  o f  30 L/min. and d i l u t e d  w i t h  a n  a i r  flow 

o f  250 t o  1000 L/min.,  t h e  e s a c t  r a t e  d e p e n d i n g  on t h e  c o n c e n t r a t i o n  o f  ETS 

Y 

-.l 

needed.  C o n c e n t r a t i o n s  f o r  t h i s  chamber r anged  from 700 t o  3500 pg/m’ 

p a r t i c u l a t e  m a t t e r  (PX) and 100-500 pg/m3 n i c o t i n e .  Low c o n c e n t r a t i o n s  o f  

ETS, 50-300 pg/m3 PPI and 10-70 pg/m3 n i c o t i n e ,  were g e n e r a t e d  by d i l u t i n g  a 

p o r t i o n  of t h e  atmosphere from t h e  s m a l l  chamber i n t o  t h a t  o f  t h e  l a r g e  

chamber. C o n c e n t r a t i o n s  o f  p a r t i c u l a t e  m a t t e r  i n  t h e  chambers w e r e  

m o n i t o r e d  w i t h  a TSI-5000 p i e z o e l e c t r i c  b a l a n c e  ( a c q u i r e d  from T S I ,  S t .  

P a u l ,  MN) and a n  U S - 1  l i g h t  s c a t t e r i n g  s e n s o r  ( p u r c h a s e d  from GCA 

I n s t r u m e n t s ,  Bedfo rd ,  tu), which was m o d i f i e d  i n  o u r  l a b o r a t o r y  t o  enhance 

i t s  s e n s i t i v i t y .  The n i c o t i n e  and P?l c o n c e n t r a t i o n s  u t i l i z e d  f o r  t h e s e  

e s p e r i i n e n t s  a r c  inuch h i g h e r  ~ h z n  -.,:hat would be t:;picall!T o b s e r v e d  i n  real 

l i f e  s i t u a t i o n s  and were used  o n l y  t o  deter ini i>e t h e  p o t e n t i a l  u t i l i t y  and 

t h e  u p p e r  a n a l y t i c a l  limits o f  t h e  inethod. A f t e r  developjnent e s p e r i m e n t s  



4 
in-:ol-:ing :he chr,z!bcr *.:ere c o n c l u d f d ,  o t h c r  e s p e r i m e n t s  r. :ere conduc ted  i n  nn 

un-occL1pied o f f i c e ,  EYS '..:AS proauccd by & e n c r a t i n g  s i d e s t r c n m  smoke f r c n  

1R4F !:entucky R e f e r e c c e  c i g a r e t r e s  smoked (one 35 niL p u f f  p e r  minu te )  on a n  

ADL-II machine ( o b t a i n e d  from A r t h u r  D .  L i t t l e  Co . ,  Cainbridse,  MA). 

Xa ins t r cam smoke vas  c o l l e c t e d  i n  s e a l e d  T e d l a r  bags  ( a c q u i r e d  from SKC 

I n c . ,  E i g h t y  Four ,  P A ) ,  and ETS c o n c e n t r a t i o n s  were v a r i e d  by a d j u s t i n g  t h e  

smoking r a t e  from 1 minute  of  smoking ( 2  second  p u f f ,  58 seconds  smolde r )  

p e r  10 m i n u t e s  e l a p s e d  t i m e  up t o  c o n t i n u o u s  c i g a r e t t e  smoking. PM levels  

v e r e  mon i to red  w i t h  a TSZ-5000 p i e z o e l e c t r i c  b a l a n c e .  

Additional 1abora:ory e v a l u a t i o n s  of  t h e  method 's  performance were 

conduczed i n  a n  13 m3 e n v i r o n m e n t a l  chamber ( 2 9 )  u sed  f o r  ETS s t u d i e s  and 

1oca:ed at i h e  R .  J .  Reynolds Tobacco Company's f a c i l i t i e s  i n  Winston-Salem, 

N .  C .  PY c o n c e n t r a z i o n s  i n  t h e  chamber were mon i to red  w i t h  a TSI-5000 

p i e z o - e l e c t r i c  b a l a n c e .  I n i c i a l  f i e l d  e v a l u a t i o n s  were conduc ted  i n  work 

' a r e a s ,  o f f i c e s ,  corrmon a r e a s ,  and d i n i n g  a r e a s  a t  Oak Ridge N a t i o n a l  

Laboracory .  

Sampling S i t e  S e l e c t i o n  - F i e l d  s a m p l i n g  w a s  conduc ted  i n  e s t a b l i s h m e n t s  

which w e r e  b o t h  l i s t e d  under  :he " R e s t a u r a n t "  h e a d i n g  i n  t h e  Yellow Pages o f  

t h e  K n o x v i l l e ,  TN t e l e p h o n e  d i r e c t o r y  a n d  l o c a t e d  i n  :he K n o x v i l l e ,  TN, 

S t a n d a r d  M e t r o p o l i t a n  S t a t i s t i c a l  .4rea (SXS.4) (Knox, B l o u n t ,  a n d  Anderson 

c o u n t i e s ) .  R e s t a u r a n t  s e l e c t i o n  was c o n d u c t e d  by a s s i g n i n g  each  r e s t a u r a n t  

a number and  t h e n  c h o o s i n g  4 3  o u t  o f  t h e  419 r e s t a u r a n t s  w i t h  a randoin 

' .. . 
- 

- ., 

number g c n e r a c o r .  Tllree o f  t h c s e  r e s  t a u r a n t s  were e l i m i n a t e d  because  t h e y  

because  t h e  persoi-ral s a f e t y  o f  t h e  s a m p l i n g  tcsiii was c a l l c d  i n t o  q u e s t i o n .  

The r e m a i n i n g  3 6  w e r e  sampled ,  and f o r  e a c h  s a m p l e ,  i n f o r m a t i o n  was r e c o r d e d  
4 

I 
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TABLS I11 

EESULTS FEO:.l DETEX.1 I !:AT I O S  S OF N I COT I ?:E 

E'i Ti2li.3; .L-SD Y-AD-4 IIETHODS 

b1EAN N I C O T I N E  CONCEitTEUTION, (pg,'f ) 

RUY pl.-- -_  , i c u l z t c  TE!!AX" O F J L b  R J R  ( A ) '  !?JR (E)' 

Conccnt rs  c i o n  

1 5 5  2 . 5  

2 14 1.8 

3 103 5 . 0  f -  

4 6 2  4 . 1  4 . 1  4 . 3  4 . 3  

5 16 2 . 1  2 . 1  2 . 2  2 . 3  

6 1 2  a 5 . 5  5 . 5  5.9 5 . 7  

(a) N - 3 d e t e r m i n a t i o n s  ( b )  Analyzed by t h e  auchor s  u s i n g  t h e  mathod 

deve loped  a t  R .  J .  Reynolds  Tobacco Co. N 2 d e t e r m i n a t i o n s .  ( c )  Analj'zeci 

at R .  J .  Reynolds  Tobacco Co ( 3 0 ) .  N - 2 d e t e r r n i n a c i o n s .  R J R  ( A )  a n a l y z e d  

u s i n g  0 . 5 3  ma i .  d .  c a p i l l s r y  column with d i r e c t  i n j e c t i o n .  RJI: (3) a:xil;:z=Li 

u s i n g  0 . 3 2  Ern i .  d .  c n p i l l z r y  column w i C h  s p l i t  i n j e c t i o n .  

. -  - -  - - .  
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TABLE IV 

? 
7 

AiIB1E:U’T .‘IICOTI.‘:E 
L O C A T I O N  LEVEL 

( P g/m3 1 

Offices 

4 . 2  2 0.1” 
4 . 0  t 3 . 5 ”  
4 . 5  t 0 . 5 ”  
6 . 7  t 0 . 9  
0.7 t 1.0 
1.1 2 1.5 
0.6 2 0 . 3  
0.G t 0.8 
0 . 6  -I- 0 . 9  
0.3 2 0 . 4  

3 i - Z -  ..A,.s Area 4 . 4  5 0.8 
2 . 3 b  

2 . 0  2 0 . 3  .. xoxk Area 

30 .0  t 0 . 9  
6 0 . 3  k 2 . 1  

2 3 . 2  2 2 . 9  
3 9 . 7  i 0 . 1  
1 2 . 6  2 1.2 

C c z o n  Area 5 3 . 1  t 2.8‘ 

Work Area 

Corrxon Area 

(a )  N - 3 determinations. 
determinations. 

3 . 8  2 0 . 1  
2.2 5 0 . 9  
1.0  t 0 . 4  

0 . 9  2 1 . 3  
1 . 7  ? 0.8 
0.8 ? 1.1 

(b)  N = 1. .411 others, N = 2 

1 0 4 8 3 1 3  



T"iBLE V 

SfL'.lPLE 
NUHBER 

3 4  
1 6  
2 4  
2 1  
10 
2 0  
3 1  
1 f& 
2 5  
1s 
1 9  
27  
2 9  
9 
2 
2 6  
2 2  
11 
1 2  
1 5  
35  
32 
33  
2 3  
7 
1 
6 
4 
5 
1 7  
28 
1 3  
3 0  
3 
8 
36  

EST I :.MT ED 
RESTAUK-IXT 

F S:IOk:ERS P CIGARS VOLU:.IE 
OESERVED = CIGARETTES OR PIPES (m3 1 

0 0 1 7 9  
0 0 59  5 
1 1 1 9 8  
1 1 41 
0 0 6 3 8  
7 3 227 
2 2 2 7 2  
1 2 2 8 3  
1 1 1 3 6  
2 2 1 2 0 4  
c) 0 4 5 3  
2 2 317 
(1 8 1 7 0 0  
e 9 510 
7 8 1 1 3  
6 7 2 1 3  
4 3 1 1 7 0  

1 2  14 2 0 4  
9 9 1 7 5 5  
4 5 19s 

1 0  11 6 2 3  
5 7 397 
6 1 0  1 0 6 3  
5 S 1 238 
8 11 2 3 6 0  

1 5  1 8  1 744 
6 5 3LO 
4 3 1 7 9  
4 3 1 7 9  

1 9  35 1 6 5 0  
10 1 5  2 O L  

9 1 0  1 7 7  
1 9  25 7 9 3  

1 6 6 6  3 3  43  
14  1 8  

30 272  

- 6 5 0  - - -  - 

C LO S EST 
S:IO::rR CO>!CE.'ITPLITIO!: 

?? I COT I S E 

(ft.) ( I'g/In' ) 

0 . 5  
0 . 5  

6 ' 0 . 7  
9 0 . 8  

1.1 
5 1 . 4  

1 2  1 . 5  
2 0  1.5 

S 1.6 
1 5  2 . 3  

2 . 3  
10 2 .G  
10 2 . 4  

5 2 . 5  
5 3 . 3  
2 3 . 3  
3 3 . 5  
5 4 . 1  
7 4 . 2  
5 4 . 3  
rc b . 5  
5 G.5 

14 4 . 8  
10 4 . 9  

5 5 . 6  
2 5 . 7  
2 5 . 3  
7 7 . 3  
7 7 . 4  
6 7 . 8  
5 5.0 
6 9 . 3  
4 1 2 . 1  
5 1 2 . 6  
5 1 3 . 5  
C 3 7 . 2  
V 



TABLE V I  

NICOTINE LEVELS IN FOOD COURTS 

NICOTINE P CLOSEST 

* S:.IOKERS * CIGiiRS S!.IOGER COECENTRATION 

S;;IPLE OESLXL'ED = CIGARETTES OR PIPES (ft.) ( I lg /m'  1 

37  G G 15 1.6 

38 16 16 4 '  1.6 

3 9  8 

40 7 

4 2  17 

4 1  34 

11 

? 

1 9  

34 

1 

1 048315 

4 

7 

15 

6 

2 . 1  

2 . 5  

I 

3 . 0  

3 . 1  

c 
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LIST OF CAPT1O:;S FGR FIGUP,ES 

F i g u r e  1. D i s z r i b u t i o n  o f  n i c o t i n e  levels f o r  work s i t e s  a t  CRXL. Kote 

t h a t  n i c o t i n e  c o n c e n t r a t i o n s  l i s t e d  a r e  t h e  m a s i m a  f o r  t h e  

i n d i v i d u a l  c e l l s .  

F i g u r e  2 .  D i s c r i b u c i o n  o f  n i c o t i n e  r e s u l t s  i n  s e l e c t e d  K n o x v i l l e ,  Tennessee  

area r e s t a u r a n t s .  Note t h a t  n i c o t i n e  c o n c e n t r a t i o n s  l i s t e d  a r e  

t h e  caxima f o r  t h e  i n d i v i d u a l  c e l l s  

(I 
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r e g a r d i n g  c!ie cumber o f  smokers ,  :hc number o f  c i g a r c t t e s ,  c i g a r s ,  and p i p s  

obser-:cd t o  ':izva bcct i  smol:cd. t he  d i s t z n c c  t o  t h e  c l o s e s t  obscr*/cd r;noker 

t h e  type  of meal s e r v e d  ( lunch  or d i n n e r ) ,  crowd densit::, and r c s c a ~ t r ~ ~ t  

volume. I n  a d d i t i o n  t o  t h e  samples  a c q u i r e d  i n  r e s t a u r a n t s ,  two samples 

were a c q u i r e d  on a S a t u r d a y  af:ernoon a t  each  of t h r e e  food c o u r t s  i : ~  

shopping  malls. 

Results ana Discussion 

W 
f 

R e s u l t s  of  i n i t i a l  e s p e r i m e n t s  w i t h  Tenas  c a r t r i d g e s  snowed evidence  o f  

incor;l.plcte d e s o r p t i o n  of n i c o t i n e ,  w i t h  up t o  10% of  t h e  n i c o t i n e  remain ing  

on :he c a r t r i d g e .  I n  o r d e r  t o  enhance n i c o t i n e  d e s o r p t i o n ,  an  i n t e r n a l  

s t a n d a r d  s o l u t i o n  w a s  p r e p a r e d  which i n c l u d e d  5 %  TEA. I n t e r n a l  s t a n d a r d  

s p i k e s  t h u s  c o n t a i n e d  a b o u t  200 pg o f  TEA, which ,  as a s t r o n g e r  b a s e ,  

d i s p l a c e d  n i c o t i n e  from a c i d i c  s i t es  w i t h i n  t h e  sampl ing  c a r t r i d g e  o r  

a n a l y s i s  t r a i n .  

Experiments  c o n d u c t e d  i n  t h e  0.4 and 1 . 4  m3 chambers were performed t o  

de t e rmine  t h e  f u n c t i o n a l  c a p a b i l i t i e s  o f  t h e  method and t h e  n i c o t i n e  

c o l l e c t i o n  e f f i c i e n c y .  Table  I g i v e s  t h e  r e s u l t s  f rom sampl ing  of b o t h  

d i l u t e  and c o n c e n t r a t e d  s i m u l a t e d  ETS e n v i r o n m e n t s  i n  t h e  l a r g e  and small  

chambers ,  r e s p e c t i v e l y .  The r a t i o s  o f  n i c o t i n e  t o  p a r t i c u l a t e  matter i n  
. .  

* .  . .  
. .  

t h e s e  e s p e r i m e n t s  a r e  s u b s t a n t i a l l y  h i g h e r  t h a n  what h a s  been  r e p o r t e d  i n  

t y p i c a l  indoor  e n v i r o n m c n t s  (30) .  T h i s  d i s c r e p a n c y  w a s  j u d g e d  o f  l i t t l c  

consequcncc s i n c e  i n v e s t i p t i o n  o f  n i coc i r i e  l c v c l s  tins r h c  s o l e  focus  o f  the  

s t u d y  . 

1 0 4 8 3 1 9  



E:;periccncs zo de te rmine  sample volumes a t  :;hich n i c o t i n e  brca’lrthroii!;h 

and sampl ing  from s i m u l a t c d  ETS envi ronments  i n  t h e  chambers .  Resu lc s  

i n d i c a t e d  n o t  more t h a n  1% b r e a k t h r o u g h  f o r  sample volumes r a n g i n g  from 20 

t o  45 L and n i c o t i n e  c o n c e n t r a t i o n s  r a n g i n g  from 70-250 pg/m3. A t  l o v e r  

sample volumes,  b r e a k t h r o u g h  p e r c e n t a g e s  a r e  e s p e c t e d  t o  b e  c o r r e s p o n d i n g l y  

lower .  q 
I n  Table  I1 are  l i s t e d  t h e  r e s u l t s  from sampl ing  o f  ETS i n  t h e  un- 

o c c u p i e d  o f f i c e .  T h i s  r a n g e  o f  n i c o t i n e  and PM l e v e l s  more c l o s e l y  

approximated  :hnt which would b e  e x p e c t e d  from sampl ing  i n  p u b l i c  p l a c e s .  

Agreement becwecn n i c o t i n e  and p a r t i c u l a t e  l e v e l s  was p a r t i c u l a r l y  good i n  

t h i s  e s p e r i r n r n t ,  w i t h  t h e  c o r r e l a t i o n  c o e f f i c i e n t  o f  0.976 f o r  a f irst  o r d e r  

r e g r e s s i o n  a n a l y s i s  o f  t h e s e  two p a r a m e t e r s .  

The d e t e c t i o n  l i m i t  o f  t h e  method w a s  de t e rmined  by s a m p l i n g ,  i n  

t r i p l i c a t e ,  a v e r y  d i l u t e  envi ronment  o f  ETS g e n e r a t e d  i n  t h e  o f f i c e  [ a i r  

changes  p e r  hour  (ACH) - 2.41 w i t h  one p u f f  and one minute  o f ‘  s m o l d e r i n g  

from a lRbF Kencucky r e f e r e n c e  c i g a r e t t e .  Fol lowing  a one h o u r  sampl ing  

p e r i o d ,  a n a l y s i s  o f  t h e  c a r t r i d g e s  showed a n  ave rage  o f  3 .0  k 0 . 3  ng p e r  

c a r t r i d g e ,  c o r r e s p o n d i n g  t o  0 . 3  pg/in3 n i c o t i n e ,  w i t h  a r e l a t i v e  s t a n d a r d  

d e v i a t i o n  (RSD) o f  1 0 % .  A second e x p e r i m e n t  conducted  a t  a s l i g h t l y  lower 

ETS c o n c e n t r a t i o n  gave a n  a v e r a g e  n i c o t i n e  l o a d i n g  p e r  c a r t r i d g e  of 2.3 5 

0 .6  ng  c o r r e s p o n d i n g  t o  a c o n c e n t r a t i o n  o f  0 . 2  pg/m3 and a n  RSD o f  26%.  

T h i s  l e v e l  o f  v a r i a t i o n  w a s  a r b i r r a r i l y  c o n s i d e r e d  t o  be  u n a c c e p t a b l e  f o r  

t h e  method, so t h e  d e t e c t i o n  l i m i t  w a s  d e f i n e d  as 0 . 3  pg/in’ for a 10 L 
. -  - .-. - 

sample .  I n  p r a c t i c e ,  rlic d e t e c t i o n  l i m i t  nay bc as low as 0.08 pK,/m’ 

a ssuming a sample voluiiie o f  40 L. 

would be i n s i g n i f i c a n t  evcn  a t  t h a t  r e l a t i v e l y  l a r g e  sample volume. 

Expcrilnencs i n d i c a t e d  t h a t  b s c n k t h r o u g h  

1 0 4 8 3 2 0  
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' I n  T a b l c  111 a r e  listed the  r ~ s u l t s  from sampli:.i;; cozciuctcd i n  tlic 18 

ms chamber a: R. J .  Reynolds .  -1.3 c \ * a l u a t i o n  o f  :?io rechot l  € o r  zmbicnt  

n i c o t i n e  deve loped  by Ogden e t  51. (21) was a l s o  b e i n g  condcc:cd a t  t h e  same 

f a c i l i t i e s .  Th i s  p r e s e n t e d  an  o p p o r t u n i t y  f o r  comparison o f  t h e  tvo  

methods.  I n  g e n e r a l ,  :he d a t a  i n d i c a c c d  t h a t  agreement between t h e  two 

methods was e x c e l l e n t .  The n i c o t i n e  l e v e l s  sampled f o r  c h i s  e x p e r i m e n t  a r e  

n e a r  t h e  mean o f  t h e  l e v e l  d e t e r m i n e d  i n  t h e  f i e l d  s t u d y  ( s e h  below) b u t  

r e p r e s e n t  o n l y  a f r a c t i o n  o f  t h e  r a n g e  e x p e c t e d  t o  be e n c o u n t e r e d  d u r i n g  

f i e l d  sampl ing  i n  g e n e r a l .  However, g i v e n  t h a t  :he g r e a t e s t  d i f f i c u l t y  

a s s o c i a i e d  u i t h  t h e  a n a l y s i s  of t r a c e  q u a n t i t i e s  o f  n i c o c i n e  i s  a d s o r p t i o n  

l o s s e s  i n  :he a n a l y t i c a i  sys t em,  a method which can  a c c u r a t e l y  d e t e r m i n e  

t h e s e  c o n c e n t r a t i o n s  should  a l s o  b e  a b l e  t o  c o r r e c t l y  assess h i g h e r  

c o n c e n t r a t i o n s .  

For  a l l  exper iments  where Pi-1 c o n c e n t r a t i o n  d a t a  were a v a i l a b l e ,  mean 

r a t i o s  of  n i c o t i n e  t o  P!4 were c a l c u l a t e d .  The r a c i o s  oh:ained from 

e s p e r i m s n t s  i n v o l v i n g  t h e  1 .4  and  0 . 4  m3 chambers were 0 . 5 2  2 0.67 and  0 . 3 9  

5 0.05,  r e s p e c c i v e l y .  The r a t i o  f o r  e s p e r i m e n t s  per formed i n  t h e  un- 

o c c u p i e d  o f f i c e  w a s  0 . 1 6  t 0 . 0 6 ,  and f o r  expe r imen t s  conducted  i n  t h e  18  m3 

chamber,  0.08 -C 0.04 .  The c o n s i d e r a b l e  d i f f e r e n c e s  among t h e  r a t i o s  is  

e x p e c t e d  i n  view o f  t h e  d i f f e r e n c e s  i n  ETS l e v e l s ,  a i r  h a n d l i n g  methods ,  and 

a i r  exchange r a t e s  and t h e  t h e o r y  t h a t  as ETS a g e s ,  n i c o t i n e  t e n d s  t o  be 

a d s o r b e d  by t h e  v a r i o u s  s u r f a c e s  p r e s e n t  ( 2 7 ) .  For t h e  two s m a l l e r  

chambers ,  a i r  exchange r a t e s  rr?n_ged from 2 1  t o  150 ACH.  a l l o w i n g  l i t t l e  

o p p o r t u n i t y  f o r  n i c o t i n e  a d s o r p t i o n  by t h e  chamber ~ a l l ~ .  The o f f i c e ,  w i t h  

- . -  - . -  

an  a i r  exchance of  5 .G k C i l  and n o n - r e c i r c u l n t c d  -.vcn:ilJcioii. e x h i b i t e d  LOKJCI-  

n i c o t i n e / P N  r a t i o s ,  and the  18 m3 chamber ,  w i t h  an  a i r  exchange ra:e o f  0 .05 

( 3 2 )  a n d  complc te  r e c i r c u l a t i o n  i n  a s t a t i c  s y s t e m ,  showed t h e  l o w e s t  l e v e l s  
4 b! z 
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of ’ : l icocil?c rc1a:ive t o  the  p a r t i c u l a t c  l e v e l s .  These c!.?t;l ;ippcnL- ;o 

suppo1-t t h e  above -mcntior.ed theory. 

L i s t e d  i n  Tab le  IV a r e  t h e  r e s u l t s  from samples  c o l l e c t c d  st Ozk Ridy,e 

i.!ationnl Labora to ry  f a c i l i t i e s .  The a r i t h m e t i c  mean and s t a n d a r d  d e v i a t i o n  

3 o f  n i c o t i n e  c o n c e n t r a t i o n s  f o r  a11 sample s i t e s  i s  1 0 . 5  5 1 7 . 2  pg/m . 
However, t h e  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  measured i n  t h e  f i r s t  coinrnon 

a r e a  ( 3 6 . 5  ?s 1 8 . 1  pg/m3) i n f l u e n c e  t h e  a v e r a g e  d i s p r o p o r t i o n a t f l y .  As c a n  

be s e e n  i n  F i g u r e  1, t h e  d a t a  appea r  to b e  d i s t r i b u t e d  i n  a l o g  normal 

p a c t c r n ;  t h u s  rhe  geomet r i c  mean o f  3 . 2  pg/m3 ( w i t h  9 5 %  conf idence  

boundar i e s  of 1.9 and 6 . 0  pg/m3) may b e  more a p p r o p r i a t e  f o r  t h i s  d a t a  se t .  

r; 

9 . - , e su l t s  froin t h e  f i e l d  d e t e r m i n a t i o n s  o f  n i c o t i n e  c o n c e n t r a t i o n s  i n  

r e s t a u r a n t s  a r e  shown i n  Tab le  V. Samples 2 8  and 29 were a c q u i r e d  

s i m u l t a n e o u s l y  froin t h e  same r e s t a u r a n t ,  w i t h  an RSD f o r  t h e s e  two samples  

of 1 % ,  s u g g e s t i n g  good r e p r o d u c i b i l i t y  f o r  <he  method. 

N i c o t i n e  c o n c e n t r a t i o n s  found i n  t h e  r e s t a u r a n t s  ranged f r o m  0 . 5  t o  3 7 . 2  

pg/m3 w i t h  an  a r i t h m e t i c  mean o f  5 . 4  k 6 . 4  pg/m3. As i n  che ibea tmen t  of  

t h e  d a t a  from t h e  i n - h o u s e  sampl ing ,  a p l o t  o f  t h e  d i s t r i b u t i o n  of  t h e  

c o n c e n t r a t i o n  d a t a  i n d i c a t e s  t h a t  it f i t s  a log normal  r a t h e r  t h a n  G a u s s i a n  

p a t t e r n  ( F i g .  2 ) .  The geomet r i c  mean of  3 . 5  p g / m 3 ,  w i i h  9 5 %  c o n f i d e n c e  

b o u n d a r i e s  on t h e  median o f  d i s t r i b u t i o n  of 2 . 5  and 4 . 8  pg/m3, is somewhat 

lower t h a n  t h e  a r i t h m e t i c  mean b u t  is  s t i l l  comparable  t o  d a t a  r e s u l t s  c i t e d  

by t h e  r e s e a r c h e r s  l i s t e d  below. 

Muramatsu e t  a l .  ( 2 5 )  r e p o r t e d  a r a n g e  o f  7 . 1  t o  2 7 . 8  p g / m 3  n i c o t i n e  w i t h  

a n  ave rage  o f  14.8 p g / d  f o r  e i g h t  samples  t a k e n  i n  f i v e  r e s t a u r a n t s .  Hinds 

and F i r s t  ( 3 3 )  ~ J V C  r c p o r t e d  a n  average. o f  5 . 2  pg/m3 tiicoti.iie f o r  four 

. -  - .I - - .  

samples  from r e s t a u r a n t s .  Oldakcr  e t  31. ( 2 1 )  r c p o r t e d  a r : lqe o f  0 - 2 4  

pg/rn3 n i c o t i n e  w i t h  a n  ave rage  o f  5 p g / d  for 170 samplcs  r tcquircd i n  
E 

I 
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r e s t z u r a n t s .  For a i r  s a r p l e s  :;;::en i n  o f f i c e s .  Haicmond e t  a l .  ( 2 2 )  have 

rcpor;cd 3-!,3 ,‘g/1n3 n i c o t i c e ,  ;;bile :,!ur.t:natsu e t  (11. ( 2 5 )  h a v ~  r e p o r t e d  3 - 3 2  

/ r g / m ’  and 6 -20  pg/11? n i c o t i n e  ( 2 6 ) .  For 156 o f f i c e  s smples ,  O l t l n k c r  e t  a l .  

( 2 1 )  r e p o r t e d  a n  a v e r a g e  of  5 pg/m3 n i c o t i n e  w i t h  a range  o f  0 -70  ,ig/m’. 

N i c o t i n e  C o n c e n t r a t i o n s  i n  p u b l i c  comnon a r e a s  such  as l o b b i e s  and v a i t i n z  

rooms were r e p o r t e d  t o  be  2-36 pg/m3 by h r a m a t s u  e t  a l .  ( 2 5 )  and 1-3 pg/m’ 

by Hinds and F i r s t  ( 3 3 ) .  For samples  t a k e n  i n  che smoking s e c t i o n s  o f  

a i r p l a n e s ,  Muramatsu e t  a l .  (26 )  have r e p o r t e d  14 ps/m3 and 6 - 2 9  pg/m3 w i t h  

1 

an ave rage  of 15 p g / d  ( 2 5 ) .  Oldaker  and Conrad (20)  have r e p o r t e d  0-112 

p%/in3 n i c o t i n e ,  w i t h  a n  ave rage  o f  9 pg/m3 i n  a i r p l z n e  smoking s e c t i o n s ,  and 

0 - h O  ,:g/m3 n i c o t i n e ,  w i t h  an  ave rage  of  6 pg/m3 i n  non-smoking s e c t i o n s .  

1-Isjor f a c t o r s  l i k e l y  t o  a f f e c t  n i c o t i n e  c o n c e n t r a c i o n s  i n  a r e s t a u r a n t  

a r e  t h o  number o f  c i g a r e t t e s  smoked, t h e  volume of  che room, :he p r o x i m i t y  

of smokers t o  t h e  sample  l o c a t i o n .  and t h e  a i r  exchange ra te  (da ta  r e l a t i v e  

t o  t h i s  l a s t  f a c t o r  were n o t  a c q u i r e d ) .  The P e a r s o n ’ s  c o r r e l a t i o n  

c o e f f i c i e n t s  ( r )  f o r  f i r s t  o r d e r  r e g r e s s i o n s  o f  n i c o t i n e  c o n c e h t r a t i o n  t o  

number of c i g a r e t t e s ,  number of smokers ,  r e s t a u r a n t  volume, and  d i s t a n c e  t o  

t h e  c l o s e s t  smoker are 0 . 6 6 9 ,  0 .783 ,  0 . 0 4 9 ,  and - 0 . 1 5 5 ,  r e s p e c c i v e l y .  The 

s i g n i f i c a n c e  l e v e l s  ( p )  ( a n  i n d i c a t o r  o f  t h e  p r o b a b i l i t y  o f  c o r r e l a t i o n  

between t h e  n i c o t i n e  c o n c e n t r a t i o n  and t h e  above-ment ioned  f a c t o r s )  f o r  t h e  

r e g r e s s i o n s  a r e  0.0001, 0.0001, 0 . 7 7 6 ,  and 0 . 3 9 6 ,  r e s p e c t i v e l y .  A 

a .  , c o r r e l a t i o n  is  t h u s  i n d i c a t e d  between n i c o t i n e  c o n c e n t r a t i o n  and  b o t h  t h e  

number o f  c i g a r e t t e s  a n d  number o f  smokers .  I f  sample 36 i s  e l i m i n a t e d  from 

t h e  r e g r e s s i o n  a n a l y s i s  f o r  n e a r e s c  smoker ,  t h e n  p 0 . 0 3 ,  indicating s 

C o r r e l a t i o n  between n i c o t i n e  c o n c e n t r a t i o n  and c h i s  pzrainetei-. AtteiaptS t o  

. -  - -  - - .  

i n c r e a s e  the d e g r e e  o f  c o r r e l a t i o n  by no r ina l i z ing  f o r  v a r i o u s  combina t ions  

o f  t h e s e  f a c t o r s  were  u n s u c c e s s f u l .  Xo d a t a  were a c q u i r e d  r e g a r d i n g  o t h e r  
i 
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In Table ?!I are listed the da:a froni szmples acquired in tlic food courts 

of the shopping malls. The range of zicotinc concentrations from the mall 

food court samples tias 1.6 to 3.1 pg/d with an arithmetic mean and s:nndard 

deviation of 2 . 3  t 0 . 7  pg/m3. Althoush use of the geometric mean could not 

be justified for chis sample set, it ..*as calculated for comparison purposes 

and is the same ;is the arithmetic value. The average nicotine concentration 

for :hcse sasples is lower than that from :he restaurant data 

(nor-At!xtanaiq the large number of cigarettes observed to have been 

smolzed) and is projably attributable ;o the much greater volumes of the food 

courts, which begin to approximate open-air restaurants. 

Conclusion 

A procedura for the detcrminacion of personal exposure to concentrations 

of nicotine in indoor environmenzs has been developed that has a  lo:^ 

detection limit and is unobtrusive in its use. Developmental studies have 

again pointed to the need for the use o f  a basic compound for sample 

modification or desorption enhancernenc, when trace quantities of nicotine 

are being processed or analyzed. The Tenax method has been applied to the 

determination of nicotine concentrations in a number of restaurants; 

results are comparable to those obczined by other researchers utilizing 

different methods for sanplinr: in res=Truran:s and o y h c r  public p l n c c s .  
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TABLE I 

N i c o t i n e  Par t i  c u l  a t e i4a t t e r 

( /%/In3 1 (pg/n3 ) 

34 EO 

42 E3 

43 79 

44 76 

282 

263 

302 

2 9 1  

238 

224 

271 

757 

667 

6&!, 

659 

705 

664 

6 4  3 

(a) A i r  changes  p e r  h o u r  (ACH) r a n g e d  from 2 1  to 150. 



TABLE I1 

CO:;CE>!TrL-tiTIO:!S O F  N I C O T I N E  A:!D P A R T I C U L A T E  IIATTER XEASURED 

IN AN UK-OCCUPIED O F F I C E  

T R I A L  

so . 

PARTICULATE 

I.MTTE!? 

N I COT I N E  

COSC E N T R 4 T  I OPT 

(pg/m3 1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 4 . 6  

2 3 . 2  

2 8 . 2  

15.2 

58.6 

59.6 

113.0 

115.4 

257.0 

248 ; 8 

1 . 8  

1 . 9  

2.1 

3 . 7  

4.5 

8 . 2  

2 1 . 7  

2 7 . 3  

4 8 . 3  

49 .0  

v 
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Universities Oak Ridge, Tennessee 37831 -01 17 
4 Associated Post Office Box 11 7 

ORAU/ORNL COMMITTEE ON HUMAN STUDIES 

TO : Dr. Michael Guerin 

FROM: Becky Hawkins/Secretary, Committee on Human Studies 

RE : Status Reports on Active Proposals 

DATE : June 1988 

The guidelines for the ORAU/ORNL Committee on Human Studies require that all 
principal investigators of ongoing proposals present a progress report to the 
Committee on the status of their proposals each year. Each proposal must be 
reviewed by the Committee yearly for research projects t o  continue. 
answer the questions below and add any other information you feel pertinent and 
return by June 17, 1988. (If additional space is needed, please use the back 
of this form or attach extra sheets.) 

Please 

'CT/ 

Title of' Project: OWL-17 MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE 
CONSTITUENTS IN OCCUPIED SPACES 

Proposal No. OWL-17 DATE APPROVED: 1987 

bQ (:(,,! ,.; & 

Signature of Principal Investigator 

1. Report progress made in the past year. 

Analyses for ambient nicotine in Knoxville area restaurants and for volatile 
organic components of environmental tobacco smoke in an investigators home 
were completed. A paper illustrating some of the work is appended. 

2 .  Report any complications. 

No complications. 
t/ 
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3 .  Are there any planned changes? 

No 

4. Do you wish the project to be continued? 

Yes 

5. Comments. 

None 
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June 30,  1988 

ORAU/ORNL COMMITTEE ON HUMAN STUDIES 

STATUS REPORTS ON ACTIVE PROPOSALS 

Investigator: Dr. Michael Guerin 

Title of Project: ORNL-17 MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE 
CONSTITUENTS IN OCCUPIED SPACES 

Date Approved: 1987 

1. Report progress made in the past year. 

Analyses for ambient nicorine in Knoxville area restaurants and for 
volatile organic components of environmental tobacco smoke in an 
investigator's home were completed. 
is appended. 

A paper illustrating some of thcwork 

2 .  Report any complications. u 
No complications 

3 .  Are there any planned changes: 

No 

4 .  Do you wish the project to be continued? 

Yes 

5 .  Comments. 

None 



Oak Ridge 

Universities Oak Ridge, Tenncssec. 37831 -01 17 
u Associated Posl Office Box 11 7 

ORAU/ORNL COMMITTEE ON HUMAN STUDIES 

TO : Dr. Michael Guerin 

FROM: Becky Hawkins/Secretary, Committee on Human Studies 

Fa: Status Reports on Active Proposals 

DATE: April 6, 1989 

The guidelines for the ORAU/ORNL Committee on Human Studies require that all 
principal investigators of ongoing proposals present a progress report to the 
Committee on the status of their proposals each year. Each proposal must be 
reviewed by the Committee yearly for research projects to continue. 
answer the questions below and add any other information you feel pertinent and 
return by @y 8 .  1989. 
this form or attach extra sheets.) 

Please 

(If additional space is needed, please use the back of 

Title of Project: ORNL-17 MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE 
1.I CONSTITUENTS IN. OCCUPIED SPACES 

Proposal No. ORNL-17 DATE APPROVED: 1987 

\\2Cu*.& 
Signature of Principal Investigator 

5 i ~ \  39 
Date Signed 

1. Report progress made in the past year. 
Field studies of ambient nicotine concentrations in public places were completed and the results 
published (reference attached). 
area- and personal breathing zone - sampling for nicotine exposure assessment. 
technology has been developed which shows promise f o r  determining nicotine in physiological 
fluids . 

A new agreement has been signed for related work to compare 
New analytical 

2 .  Report any complications. 

No complications. 

" 
.. IO48334 
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3 .  Are there any planned changes? 
No changes are planned for studies of ambient air nicotine exposure. 
environments are sampled. 

We plan to add a study of the applicability of our new analytical method to the determination 
of nicotine and cotinine in urine and blood. See coments. 

Normal public 
No intervention or human subject manipulation is required. 

4. Do you wish the project  to be continued? 
Yes. 

5 .  Comments. 

We are proposing to evaluate thermal desorption ion trap mass spectrometry for the rapid 
determimtion of nicotine and cotinine in urine and blood as part of our National Cancer 
Institute Smoking and H e a l t h  Research Program in FY 1990. 
if can be acquired from excess sample taken as part of routine physical examinations at 
ORNL or it is provided from excess sample taken by collaborating researchers addressing 
other issues using normal healthy adults. 
t o  which known quantities of nicotine and cotinine are added. 
manipulation is planned. 

Blood will be examined only if 

Urine and blood will only be used as a matrix 
No subject intervention or 
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as  thermal desorption that  use all of the acquired sample. 
Two thermal desorption based personal monitoring sys- 
tems for nicotine have been reported, one by Proctor (24) 
that employs an unspecified adsorbent and analysis system 

- 
* .  
I 
I 
I 

i 
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A Thermal Desorption Method for the Determination of Nicotine in Indoor 
Environments 

Cyrll V. Thompson,’ Roger A. Jenkins. and Cecil E. Higgins 

Organic Chemistry Section. Analytical Chemistry Division. Oak Ridge National Laboratory. Oak Ridge, Tennessee 3783 1 

Nicotine, the major. unique component o f  tlie gas p h s e  
of environmental tc~l~acco smoke (bX’S), has lxen employed 
as a marker for cstirnnting exposure to E1’S. A personal 
monibring system for the determitiatiori of exposure to  
nicotine has been developed. ?‘hc system consist.. o f  a 
sampling cartridge packed wi th  200 mg of Tenax GC and 
a small, constant-flow, personal sampling pump. After 
sampling, the cartridges are analyzed by triethylaminc- 
assisted thermal desorption gas chromatography with 
nitrogen-selective detection. Collection and desorption 
efficiencies for the cartridges h a w  been determined. I’hc 
system has been evaluated in  controlled-atmosphere 
chambers, and applied i n  a variety of work sites, and i n  
36 restaurants, where measured concentrations of nicotine 
ranged from 0.5 t o  37.2 pg/m3. . 

Introduction 

One of the major public health concerns of the 1980s has 
been indoor air pollution and its effects on the individual. 
Environmental tobacco smoke (ETS), which is the diluted 
and aged mixture of sidestream smoke emanating from the 
smoldering cigarette and mainstream smoke exhaled by 
the smoker, represents a potentially significant contribu- 
tion to  this pollution. Concentrations of ETS respirable 
suspended particulates (RSP) have been reported t o  range 
from 0 to TOO pg/m3 in indoor environments (I). A number 
of procedures have been applied for estimating ETS con- 
centrations based on the measurements ofconcentrations 
of particular ETS constituents, such as CO (2-5), oxides 
of nitrogen (NO,) (3-3, and particulate matter (4-9). 
However, these constituents of tobacco smoke are also the 
products of other combustion processes, an  aspect t ha t  
limits their utility as markers for estimating ETS levels, 
especially in complex atmospheres such as those esisting 
in indoor environments. Estimates of personal exposure 
to ETS have been made by nieasuririg carlrbosyhemoglobin 
(COHb) (IO. II). urinary hydrosyproline (HOP) (121, and 
nicotine and cotiiiiiie (it metabolite of nicotine) in the 
blood, urine, a i d  saliva (10, 1 1 .  13). 

Several nietliods trave 1)ccti developed for detcrniiiiirig 
nicotine concetit rations itt fised sampling lociitions i n  i t i -  

dustrial settings. The NIOSH method for nicotine utilizes 
a resin-filled cartridge (X.41)-2) with a personid sanipling 
p i m p  fo r  collection o f  snniples followed Ijy so lvent  cs- 
traction a d  nnalysis by z i ts  ct irornato~ra~~liy ( 1 4 ) .  H(J\\*- 
ever. this tiiCtliod’s NO pg/iii‘ Iiniit-of-detect ion (I.OII) 
makes it uiisuihl)lc for riiriisiiring E‘I‘S 1)ecause associiitccl 
coticcntr;itiotis of nic.olitii> itre \vel[ b c l o ~  this IdOD. !{ti- 
oilier industrial n i c t l i o d .  iilso liiiiitt*d I I ~  its relatively tiigli 
LO11 (-10 pg/tii”). ccittrcts riicot i i i r  i l i y i  series of iviiter-fiIIctI 
bubblers (15).  

\i’illiaiiis CL at. (I(;) Iiitr.c rq)ortc(l ;I tncthotl usirig :I col(l 
f’etri dish i l s  the 1tie;i1is for collcbctitig nicoline. . - ~ I t I i ~ i i i ~ I i  

itre reported nicotiirc (.~)tici.iitriiti(tti rzirigc nssociiitcd wi th  
the methtd \vas low i~iioiigli t o  I)e appIic;iI)Ic for nieiiswiilg 
El%, the ~netliod I i i ~ t i  xcvi:r;tI rjpl’iciericies t Ixit ~vuultl  sc- 
verely limit its viiltlc ( I T ) .  Other ~lieihtds reportrd i n  tlic 
literature dctnil [ l ie  USP ol‘ uiitrrntrd gli lss fiber filter> (.I) 
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Flgur. 1. Schemalic diagram of analytical syslem. 

a stream of N2 flowing at 40 mL/min through each car- 
tridge for a t  least 2 h. After the cartridges had been cooled 
with continued N2 flow, both ends were sealed with l/,-in. 
plastic caps obtained from Alltech Associates. 'l%e cur- 
tridges could be reused by first washing them with 2-3 niL 
of methanol and thermally reconditioning them according 
to the procedure given above. 

Alpha-2 personal sampling pumps, available from Du 
Pont  (Kennett  Square, PA), were used for sample collec- 
tion in most experiments (Du Pont P-4000 pumps were 
used in a few initial chamber experiments) arid were 
chosen for their light weight (410 g) and low noise level 
during operation. This  latter feature was especially im- 
portant for unobtrusive performance. For experiments 
performed in the chamber and work areas, in which oc- 
cupants were aware of the sampling being conducted, 
pumps were connected to Tenax cartridges with a section 
of flexible tubing, and air from the area sampled was drawn 
through the cartridge. For sampling conducted in res- 
taurants, in which the  occupants were unaware of the 
sample collection, the pumps were worn on belt clips under 
jackets. A section of l'ygon tubing was used to connect 
the pump to the Tenax cartridge, the latter being clipped 
to the inside lapel of the jacket so that  the inlet end of the 
cartridge was within 25 cm of the mouth and nose of the 
individual conducting the sampling. All samples were 
collected for at least 1 h with the pump operating a t  a flow 
rate of 170 mL/min. Flow rates were checked with a 
bubble meter before and after sample acquisition. Im- 
mediately after completion of sampling, Swagelok '/,-in. 
stainless steel end caps fitted with Teflon ferrules were 
placed on each end of the cartridge and tightened, and the 
cartridge was refrigerated a t  3 "C until analysis. 

Analy t ica l  Method.  Nicotine containing solution 
standards were prepared by diluting redistilled nicotine 
(98%) obtained frorn East rnan Kodak (Rocliestcr. NY) in  
ethyl acetate that contained 0.01 70 tricthylaniine (TEA). 
Internal standards employing qiiinoli~ie were prcpared t)y 
diluting quinoline in  a solution of ethyl a c e ~ ~ t c / l i %  TEA. 
Fresh nicotine and quinoline stii1id;irds were 1)rei)ared . .  
every 15 days. 

Analyses were pcdorincd with a 1::triaii hlotlcl ~ 0 0  gits 

chromatogriipti equipped with a Iiitrogen/pI~osl,ti[)r~is 
detector (GC/NI'I)) and il 2 in x 2 nnu i.d. ghss column 
packed with 10% CiirI)ow:ix 2OM/2% liOH on 80-100 
mesh Ch roniosor 1) \$'-A 11' (obtained f r o  i n  A 1 I tech Asso- 
ciates).  low rates were 13c (ciirricr Kits) 40 n~lA/mii i ,  142 

4.5 niL/iiiin, and itir 175 iii14/iiiin. 'I'enipernture seltinKs 
were injector and detector 250 "C and colutnn oven initial 
temperature '70 "C  for 9 inin. prograiiiniett i i t  n rate of -16 
"C/min to 175 "c for 4 niin. A t  t h e  settings, nicotiiie 
elutes a t  13.4 ni in  and  quinoline a t  14.0 niiii. 

i 

I I I  l:igttrt- I is I)ortriiyecI A scliciiiirtic diiIgrii1ii of the 
;itiiilyt.iciil cxlwriiiit*iiL;il r :cii if iK~rrri t ioii .  'I'hc systetli is de- 
sigiicd Io l ) ~  llidi;itli(~;illy silirliie i i i i t l  LO minirnizc t t r r  
oliportiiibity I'or tlie iiic.cititiv viiptrizctl Trow tJie 'f'cniix trill) 
t o  coiiIi1i.t iiiiy i i i ; i l(*rii i ts  l i r i o r  I O  ciitcririy: t tw  itn1iIytit:iil 
rolutiiir. 'I'Iie urrric-r giis is dirc-cted ~lirciugh a togglc V;I~VC 

so t.ti;rt i t  ciiii I)c iiitcrriipted \\*ticti ttic 'I'cniix cartridges 
;ire l)eiiig c:li;liigctl. (\\'tien the system is riot in use, it clcnn 
glitss IUIJC rcl)l;rccrs tltc ciirlridce.) 'Ilic uiialysis is per- 
fori i ict l  by Ioosciiiiig tlic fittings t i t  Iwth ends (if the de- 
sorptioii ovcii. itisrrtiiiK the cartridge, tightening  lie fit- 
tings, ;ind rcsuiiiiiig the ciirrier gas flow. Although the 
desori)tion oven rciiiiriris at  opcrii Ling temperature during 
this oiwrutioii, t.tie elapsed time for connecting the car- 
tridge is less  hen 5 s. 'I'hc desorption begins when the 
crirricr gas is turned on. 

Because the mariner in which the analyte is introduced 
into the gas chromatograph affects the peak shape and 
ultiniatcly the apparent quantitity of analyte present in 
the aliquot, it was criticnl that the analyte in the calibration 
stiiliditrtls IIC introduced i n  a manlier identical with tha t  
of those in the snmplcs. 'I'o accomplish this, clean Te-  
nax-filled cartridges were spiked with small aliquots of 
nicotine standard solutions (on the downstream end to 
simulate sample loading) by using a conventional 10-pL 
syringe. T h e  volume of the aliquots ranged from 1.8 to 
6 pL, depending on the desired amount of standard. Next, 
the cartridges were spiked with 5 pL of the ethyl acetate 
solution containing the quinoline internal standard and 
the T E A  desorption modifier on the upstream end so as  
to facilitate desorption of the entire cartridge. In order 
to maintain direct comparability, this was the same 
quinolinej'I'E.4 solution that was added to the ETS sam- 
ples. In the  initial developmental work for the method, 
mu1 t i poin t calibrations with nicotine stand a rds were 
performed daily. For the field sampling, a calibration curve 
was generated from the desorption of nine sets of duplicate 
Tenax traps loaded with amounts of nicotine ranging from 
1.5 to 700 ng and with 250 ng of quinoline internal 
standard prior to any sample analysis. T h e  first se t  of 
standards was run i n  one random order and the second set 
of standards was run i n  a different random order. Daily 
standards of 3. 100. and '700 rig of nicotine were analyzed 
during sample analysis to ensure anal>tical control. Field 
blank cartridges were analyzed periodically. 

Becilttsc the rcsponse of the nitrogen/phosptiorus de- 
tector tended t o  bc nonlinear a t  higher trap loadings (>- 
1000 ng). data  f r o m  the analyses were fitted to a second- 
order polynomial regression. I n  practice, there was no 
dirfercuce I)et\veeii first- and second-order regressions in 
the O-iOO-iig cotiwiitriition range. For example. the first- 
and secotid-order correl:it.ion coefficients (R') for one 
cnlil)riit i o i i  r u i i  w r u  I)otli O.'.Kl.i. niid for another, h)th were 
0.997. 

licsl)o~isr filct()rs ( l i p )  for  ;ill stardnrds were ciilculated 
wit t i  the I'tiriiiiilii 



I t i r ~ w ~ t i o i i t  t h e  unalysis o f  t h e  siiiiiplt*s f r c m  the  public 
arciis.  

Tcst Atmosphcrcs .  T h e  init ial  experinient;tl atiiio- 
sphvrrs for  the dcvclopincnt o f  the ‘I’cwix rire~licttl wcrc 
gcncriitetl in two stainlcss stcel chnni1)rrs with volurnrs of  
0 . 4  iiiid 1.4 ma (ol)tnined from You~rg und Uertke Co. 
Cincinnnti. Oli  1. Sidestream smoke from a 2f11 Kentucky 
licference cigiirctte (~)rocured from the Univcrsity of  
I<cntrrcky To1)ecco nnd Health Jiesearch lnst itiite. L e x -  
ington, !<)’), smoldering in n laminar flow smoke gcncm- 
t ion  (N), was j)ulled into the smaller cham1)cr at  n rete 
(If 30 L/min and diluted with an air flow of 250-1000 
L/min, the exact rate depending on the concentration of 
E‘S needed. Concentratioiis for this chamber ranged from 
700 to 3500 pg/m3 particulate matter (PM) and from 100 
io 500 p g / m 3  nicotine. Low concentrations of ETS, 50-300 
pg/m3 I’M and 10-70 pg/m3 nicotine, were generated by 
diluting a portion of the atmosphere from the small 
chamher into tha t  of the large chamber. Concentrations 
of particulate matter in  the chambers were monitored with 
ii ‘]’SI-5000 piezoelectric balance (acquired from TSI, St. 
Paul, M N )  and an  IIAS-1 light-scattering sensor (pur- 
chased from GCA Instruments, Bedford, MA), which was 
modified in our laboratory to  enhance its sensitivity. The  
nicotine and P M  concentrations utilized for these exper- 
iments are  much higher than what would be typically 
observed in real life situations and were used only t o  de- 
termine the potential utility and the upper analytical limits 
of the method. After development experiments involving 
the chamber were concluded, other experiments were 
conducted in an unoccupied office. ETS was produced by 
generating sidestream smoke from 1R4F Kentucky Ref- 
erence cigarettes smoked (one 35-mL puff/min) on an  
ADL-I1 machine obtained from Arthur D. Little Co., 
Cambridge] MA). Mainstream smoke was collected in 
sealed Tedlar bags (acquired from SKC Inc., Eightly Four, 
PA), and ETS concentrations were varied by adjusting the 
smoking rate from 1 min of smoking (2-s puff, 56s 
smolder) per min of elapsed time u p  to  continuous ciga- 
rette smoking. PM levels were monitored with a TSX-5000 
piezoelectric balance. 

Additional laboratory evaluations of the method’s per- 
formance were conducted in an  18-m3 environmental 
chamber (31) used for ETS studies and  located at  the R. 
J. Reynolds Tobacco Company’s facilities in Winston-Sa- 
Icm, NC. P M  concentrations in that  chamber were mon- 
itored with a TSI-5000 piezoelectric balance. Initial field 
evaliiations \vere conducted in work areas. offices, common 
areas. and dining areas a t  Oak Ridge National Laboratory. 

Ssmpling Site Select ion.  Field sampling was con- 
ducted i i i  establishments that were both listed under the 
’Restaurant‘ heading in the Yellow Pages of the I<noxville, 
‘1Y. teleplione directory and located in the Iinosville. T N ,  
Standard hletropolitan Statistical Area (Sh4SA) (Iinox. 
Hloi int .  and Anderson countics). Restaurant selection was 
cotidurted by assignill:: cacti restaurant a nuinlm and then 
choosing 43  out of the 4 19 restilurants wi th  a random 
tiurnlm gcrierator. ‘I‘hrce of thesc rcstmrants  were elim- 
illilted 1)cc:iuse they had gone out o f  business. three be- 
CRUSC they \\‘ere cilrry nut only, aiid-one because the per- 
~01ii11 safety of the SilIli~Jtillg tcam \ins called into question. 
I tic renri~iiiiiig 3G w r e  sniiipled, ;ind f o r  each sainple, 
itiformiiLitiii tvi1S rccortled rcgnrtliirg the ~i i i r r i l )cr  o f  
sinokers, the nutnl)c*r of cignrettcs, cigtirs, ; ~ n d  pil)cs oh- 
served to have been smoked, the distance to  the closest 
o1)senVcd srnokcr. the type of meal srn.cd (Iiirich or  dinner), 
crowd density. and rcstiiuriirit \diirne. All of t h c  itifor- 
nlatiorr W:IS recorded o n  a s:liripIii~g dat:l sl)c(Bt during the 

* .  

itienn f I SIP 40.8 f 4.G 
Zn:! 
263 
302 
2!) 1 
238 
224 
27 I 

79.0 f 3.7 
757 
GG7 
684 
659 
708 
684 
64 3 

0.518 f 0.072 
0.373 
0.394 
0.412 
0.442 
o.:l:i6 
0.328 
0.4 2 1 

mean + I  SD’ 267 f 28 686 f 36 0.391 f 0.047 

‘Air chnngcs per hour (ACH) rnnged from 21 to 150. ‘SD. 
shndnrd devintion. 

time of sampling. A unique sample number was assigned 
to each cartridge immediately following sampling. No 
attempt was made to assess air exchange within the facility, 
a s  this would have compromised the  unobtrusive nature 
of the  sampling. Also, no determination of the number 
of smokers smoking a t  any one time or smoker turnover 
was made. In addition to the  samples acquired in res- 
taurants, two samples were acquired on a Saturday af- 
ternoon a t  each of three food courts in shopping malls. 

Results and Discussion 
Results of initial experiments with Tenas  cartridges, in 

which the responses to standard quantities of nicotine 
spiked on to  the cartridges and  subsequently desorbed 
were compared with those of the same sized aliquot di- 
rectly injected on to  the head of the  GC column, showed 
evidence of incomplete desorption of nicotine, with up to 
10% of the nicotine remaining on the  cartridge. In order 
to enhance nicotine desorption, an internal standard so- 
lution was prepared that  included 5% TEA. I t  has been 
found tha t  addition of a strongly basic material such as 
TEA (19) or NH,OH (32) to nicotine standards prevents 
adsorption, by the glass of the container, of nicotine from 
solution. The  base probably functions by displacing nic- 
otine or other weaker bases from the adsorptive sites. 
Internal standard spikes thus contained about 200 pg of 
TEA, which, as a stronger base, displaced nicotine from 
acidic sites within the sampling cartridge or analysis train. 

Esperirnents conducted in the 0.4- and 1.4-m3 chambers 
were performed to determine the functioiial capabilities 
of the inethod and the nicotine collection efficiency. Table 
I gives the results from sampling of both dilute and con- 
centrated siniiilated ETS environments i n  the large and 
small chambers. resj~cctively. T h e  riitios o f  nicotine IO 
pi~rticulate inat ter in ttrese experiments are ~ \ i l ) ~ t i i ~ ~ ~ i a l l y  
hi$ier tlian what has been reported in typical i*idoor en- 
\.irontncnts (33). This  discrepancy was jiidgrd ol‘ little 
conseqiience since iriwstigatioii of nicotine levels wns the 
sole focits o f  thc study.  However, the consistriic.y o f  the 
riitios is al)orlt *I5% or less, which \vas judgid t o  I)c in -  
dicative of both ia coirs1;iiit atmosphere in the r1i:iriiI)er arid 
consistent iiicot itic iiiid particirliitc riiiiss coixwit r i i t iol i  

determinations. 
Experiments t o  det erriii ne sample volu nics :it whicli 

nicotine I)rcakthrori~h I~rciirne significant were cotrdirctcd 
by placing t w o  ‘J’ciins cnrtridgcs in series arid sattipling 
f rom sirniilated E‘I’S eiivirorinicnts i i r  tlic ch:ijiit)ers. J h -  
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7nblc  I I .  Cunccntrrtion* o f  h’icntinr nnd l’mrticulfile 
5 la t i cr  ( I ’ M )  hlcarurcd in an Unoccupicd Off ice  

tril l1 l’hl. nicotirlr. tr i r i l  I’X1. iiici’ttiw. 
ntr. PKfm’. rE/m’ 1111. P K f I l l ’  ” K / I l l ~  

I 14.6 1 .B 6 5!1.6 n ?  
2 23.2 1.9 7 113 ( I  L‘I 7 
3 28.2 2.4 8 1 I !’..I 27.3 
4 15.2 3.7 9 ?57.0 48.3 

10 w . n  WI 5 58.6 4.8 -_- 
- 

Table 111. Results from Determination of Nicoi inc by the 
T~~~~ Method in Minirnnl Air Exchanjic Cuntrollcd 
Atmosphcre Chnmbcr 

run PM. nicotine,’ run PM. nicotine: 
no. a / m a  rg/m’ no. rg/m3 r g / d  

1 55 2.5 4 62 4.1 
2 14 1.8 5 IG 2. I 
3 103 5.0 6 128 5.5 

N .IC 3 determinations. 

sults indicated not more than 1% breakthrough for sample 
volumes ranging from 20 to 45 L and nicotine concentru- 
tions ranging from 70 to 250 rg/m3. A t  lower sample 
volumes, breakthrough percentages are expected to be 
correspondingly lower. 

In Table I1 are listed the results from sampling of ETS 
in the unoccupied office. This range of nicotine and P M  
levels more closely approximated tha t  which would be 
expected from sampling in public places. Proportionality 
between nicotine and  particulate levels was particularly 
good in this experiment, with the correlation coefficient 
of 0.976 for a first-order regression analysis of these two 
parameters. 

T h e  limits of detection and quantitation were deter- 
mined according to published guidelines (34). These are 
comparable to 3 and 10 times the standard deviation above 
the mean value of a series of field blanks, respectively. 
Signal response of the  blanks (in microvolt seconds) was 
related to a series of calibration standards run within the 
lower quantitation region. According to these criteria, 
under the  sampling conditions described above, the limit 
of detection was equivalent to 0.07 rg/m3 nicotine, and the 
limit of quantitation was 0.17 rg/m3. This calculated level 
is in good agreement with experiences with sampling actual 
lo~r~-concentration ETS atmospheres in an office environ- 
ment. These experiments indicated that  within the range 
of 0.2-0.3 pg/m3, variation among multiple saniples ac- 
quired near the same point in space became unacccptnhly 
large. Presumably, the effective limit o f  detection could 
be lowered by simply increasin:: the sampling duration. 

In Table  111 are listed the results from sampling c m -  
ducted in an  16-m3 chamber at  R. J. Reynoltfs. ‘I’hc 
purpose of these experiments was to deterrninc the per- 
formance o f  the method in a clinmber whose ntmosphc~rc 
had been well characterized i n  a number of studics [If) ,  
311, especially nt low nicotine concentratioiis, and t o  coin- 
pnre nicotine with E‘I’S P A !  Ic\*eIs i n  ;I controlled cnvi- 
ronment tlrat hnd been contaminntccl with ITS only. ‘I’hc 
nicotine levels sampled fax  this cxp&rnc~nt arc w : i r  t lie 
niean of the Ic\*cl dcterinincd in the field study (see I)dow) 
but represent only 21 fraction of thc range cspcctccl t o  Iic 
encountered during ficld s:ilnpliiig in jicncriil. For t hi?: aiid 
all the experinicnts rrhcre t’h1 c~)riccrit rat i c i n  d i i t i i  nx*ri* 
available. niean ratios o f  nicotine t o  PA1 were calculntcd. 
The  ratios obtained from experiments involving tlw I . , I -  
and 0.4-mR chambers were 0.52 f 0.07 ilnd 0.:39 f 0.05. 
respectively. T h e  ratio f o r  eslicrinirnts prrfortnrd i n  tlw 

ol’ficeh 4.? f 0.1. 
1.0 f 3.5. 
125 f 0.5- 
6.7 f 0.9 
0.7 f 1.0 
1.1 f 1.5 
0.G f 0.6 
0.G f 0.8 
0.G f 0.9 
0.3 f 0.4 

dining area 4.4 f 0.8 
2.3’ 
2.0 f 0.3 work area 

ccrninion nrcn :KLO f 0.9 
60.3 f 2.1 
XI.1 f ?.8‘ 
?:I.? f 2.Y 
39.7 f 0.1 
12.6 f 1.2 

work orcn 3.8 f 0.1 
2.2 f 0.9 
1.0 f 0.4 

common nrea 0.9 f 1.3 
1.7 f 0.8 
0.8 f 1.1 

N = 3 determinations. * N = 1. All others. N = 2 determina- 
Lions. 

D 3 b * ,a 15 II n 2. a7 an u m n 42 6s M st Y s? m b1 
* c o w  c-m bn/-1) 

Figure 2. Distribution of nicotine levels for work shes at ORNL. Note 
that nicotine concentrations listed are Uie maximums for the individual 
cells 

unoccupied office was 0.16 * 0.06, and  for experiments 
conducted in the 18-m3 chamber, 0.0s f 0.04. T h e  con- 
siderable differences among the ratios are expected in view 
of the differences in ETS levels, air handing methods, and 
air eschange rates and the theory tha t  as ETS ages, nic- 
otine tends to be adsorbed by the various surfaces present 
(I8,26). For the two smaller chambers, air exchange rates 
ranged from 21 to 150 ACH, allowing little opportunity for 
nicotine adsorption by the chamber walls. T h e  office, with 
nn air eschange of 5.4 ACH and nonrecirculated ventila- 
tion, exhibited lower nicotine/PM ratios, and the  18-11? 
chainl)er, with an air exchange rate of 0.05 ACH (35) and 
conipletc recirculation in a static system, showed the lowest 
lcvcls of nicotine relative to the particulate levels. These 
data  appear  to support the above-mentioned theory. 

listed in  Table 11’ are the results from samples collected 
at O;\k Ridge Nntionnl Laboratory facilities. T h e  arith- 
iiictic mean iind standard devintion of nicotine c o ~ ~ c e n -  
trations for id1 sninple sites is 10.5 f 17.2 4 m 3 .  However, 
I tic whtivcly high conccnt rations rncnsurcd i n  the first 
c t i ~ i i i i ~ o ~ i  : i rw  (35.5 f 18.1 pg/nlR) influence the average 
c l i s l ) ro l ,o r t io i i~ t~ l~ .  As ciin be seen in Figure 2, the dntn 
:ll)pebilr to I)c distril)uteti it1 a log norrnnl pattern; thus, the 
gci)tiie.tric rne:iti of 3.7 pg/m:’ (with 95% cotlfidcnce 
I)ouii(i:irirs o f  1.P mid 6.0 pg/tn’) inny \,e more npproprinte 
for t his d:rt:i sct. For t t i c  lower nicotine level envirorimeuts. 
t h ( w  is consitlcrnMc viiriiitioti (*tloO%) witliin duplicatc 
s;~ir~plc*s t ; i k c ~ i  near the sninc point i n  spnce. For the en- 
viroiiiiicvits c-ont:iining higher jiicot.ine Icvels, t ] 1~  c<)efficic1;t 
o f  viirintion within diiplic;ite sarnples WAS osunllp nbollt 
& I t ) % .  
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Figure 3. Distribdon of nicotine resultsin selecled Knoxville. M. area 
reslcrvants. Note that nico~ine concenlratons listed are the maximums 
for the individual cells. 

Results from the field determinations of nicotine con- 
centrations in restaurants are shown in Table V. Nicotine 
concentrations found in the restaurants ranged from 0.5 
to 37.2 pg/m3 with an arithmetic mean of 5.4 f 6.4 pg/m3. 
As in the  treatment of the  data  from the  in-house sam- 
pling, a plot of the distribution of the concentration data  
indicates that  it fits a log normal, rather than Gaussian, 
pattern (Figure 3). The geometric mean of 3.5 pg/m3, with 
95% confidence boundaries on the median of distribution 
of 2.5 and 4.8 pg/mJ, is somewhat lower than the arith- 
metic mean but  is still comparable to data  results cited 
by the researchers listed below. 

Muramatsu et al. (25) reported a range of 7.1-27.8 pg/m3 
nicotine with an  average of 14.8 pg/m3 for eight samples 
taken in five restaurants. Hinds and First (36) have re- 
ported an  average of 5.2 pg/m3 nicotine for four samples 
from restaurants. Oldaker et al. (21) reported a range of 
0-24 pg/m3 nicotine with an  average of 5 rg/m3 for 170 
samples acquired in restaurants. For air samples taken 
in offices, Hammond et al. (22) have reported 3-48 pg/m3 
nicotine, while Muramatsu e t  al. (W) have reported 9-32 
and 6-20 pg/ms nicotine (26). For 156 office samples, 
Oldaker e t  al. (21) reported an average of 5 pg/m3 nicotine 
with a range of 0-70 pg/m3. Nicotine concentrations in  
public common areas such as lobbies a n d  waiting rooms 
were reported to be 2-36 pg/m3 by Muramatsu et al. (2.5) 
and 1-3 pg/m3 by Hinds and First (36). For samples taken 
in the smoking sections of airplanes, Muramatsu e t  al. (26) 
have reported 14 and 6-29 pg/m3 with an  average of 15 
4 m 3  (25). Oldaker and Conrad (20) have reported 0-112 
pg/m3 nicotine, with an average of 9 pg/m3 in airplane 
smoking sections, and 0-40 4 m 3  nicotine, with an average 
of 6 pg/m3 in nonsmoking sections. 

hlajor factors likely to affect nicotine concentrations in 
a public location include the number of cigarettes smoked 
and the time required for smoking, the volume of the room, 
the proximity of smokers to the sample location, and the 
air exchange rate. Under the conditions of the field Sam- 
pling validation for this study. not all of these parnmcters 
could be easily deterrnined, nor were they necessary to 
assess the  performance of the experimental personal 
monitor in a realistic situation. Hhvever, to assess the  
impact of the easily determined factors, the relationship 
between those factors ; ~ n d  ambient nicotine concentrations 
were determined. The Pearson's correlntion coefficielrts 
( r )  for first-order regressions of nicotine concentration l o  
number of cigarettes, number of smokers, restaurant 
volume, and distance to the closest smoker were computed 
to be 0.669, 0.753, 0.049, and -0.155, respectively. The 
significance levels (p) (an indicator or the probability of 
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correlation bctwccn tlic riiccitiiie coticcrntri~tion irnd tlic 
above-mentioned factors) for the regrcssioiis are  O.OO01, 
0.0001,0.776, and 0.396, respectively. A rcI:iti~i~iship is thus 
indicated hetween nicotine concentrntion and 1)otli the 
number of cigarettes and number o f  smokers. If sample 
36 is eliminated from the regression analysis for nearest 
smoker, then p = 0.03, indicating a corrcliit.ion hetween 
nicotine concentration and this parilmct.cr. Attempts to 
increase the degree of correlation hy nornializiiig for var- 
ious combinations of these factors were unsucccssrul. N o  
data were acquired regarding othcr fnct.ors that  coiild have 

.some impact on the  nicotine concentration, such as the  
history of the number of cigarettes slnoked prior to  sam- 
pling, and  the  direction of air flow in the restaurants. 

In Table  VI a re  listed the data from samples acquired 
in the food courts of the shopping malls. T h e  range of 
nicotine concentrations from the mall food court samples 
was 1.6-3.1 pg/m3 with a n  arithmetic mean and  standard 
deviation of 2.3 f 0.7 pg/m3. .4lthougli use of the  geo- 
metric mean could not be justified for such a small sample 
set ,  it was calculated for comparison purposes and  is the 
same as the  arithmetic value. The  average nicotine con- 
centration for these samples is lower than that from the  
restaurant d a t a  (notwithstanding the  large number of 
cigarettes observed to have been smoked) and is probably 
attributabe to the much greater volumes of the food courts, 
which begin to approsimate open-air restaurants. 

Conclusions 

A procedure and  esperimental arrangement for the de- 
termination of personal exposure to concentrations of 
nicotine in indoor environments has been developed tha t  
has a low detection limit and is unobtrusive in its IISC. 
Developmental studies have again pointed to the need for 
the use of a basic compound for sample niodificntion or 
desorption enhancement whcn trncc qunnt i t  irs (if nicotine 
are heing processed or analyzed. 'I'he T c w s  method tias 
been applied to the dcterminntioii of nicot iiic concent.ra- 
tions in a number of rcstauriinia: rcsriIt.s ;trc ccimparnI)Ie 
to those ohtained hy other rcscnrclicrs tititizing different 
~ i ie thods  for sanipling i n  rest;iiirniiis iiiid otlicr public 
places. 
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Aerobic and Anaerobic Microbial Dissolution of Toxic Metals from Coal 
Wastes: Mechanism of Action 

Aroklasarny J. Francis' and Cleveland J. Dodge 

Department of Applied Science. Brookhaven National Laboratory, Upton. New York 1 1973 

Arthur W. Rose and Arrnando J. Ramirer 

Department of Geosciences, The Pennsylvania State University, University Park, Pennsylvania 16802 

Microbial dissolution of toxic metals from two types of 
coal-cleaning wastes, one high in pyrite and  trace metals 
and low in organic carbon (fines fraction) and  a second 
lower in trace metals and  higher in organic carbon (filter 
cake), was studied. Under aerobic conditions, native au- 
totrophic bacteria solubilized varying amounts of As, Cr, 
Cu, Mn, Ni, Pb,  and Zn from the filter cake and fines 
fraction. Dissolution of the above metals was increased 
by severalfold when the inorganic nutrients N and P were 
supplemented. Under anaerobic conditions, concentrations 
of Fe, Cr, and  Mn increased due to native anaerobic 
bacterial activity from filter cake amended with carbon and 
nitrogen. Concentrations of soluble Ni and Zn in filter cake 
decreased, probably due to sulfate reduction and formation 
of insoluble metal sulfides. Selective chemical extractions 
of coal wastes indicate tha t  most trace metals were asso- 
ciated with pyrite, ferric oxides, and a soluble phase, 
possibly ferric sulfate. The  predominant mechanism of 
dissolution of metals from coal wastes under aerobic con- 
ditions is due  to bacterial oxidation of pyrite; under 
anaerobic conditions it is due to bacterial reduction of iron 
and manganese oxides and the release of trace metals 
coprecipitated with the osides. 

111 t roduct ion 
Over 3 billion tons of coal-cleaniirg residues have accu- 

niulated in the United States and the current  levcls of 
production exceed 100 niillion tons per year. Nearly 
one-third o f  the mined coal is discarded after pliysicnl 
cleming. This reruse varies in size and geiierally contains 
waste coal, slate. carboir;iceoiis and pyritic strides, clay. and 
other impirrities associated with a coal scan1 (I) .  Ciirrentlg. 
most coal-l)rcl)ariitioii I)li1lits dcwiitcr the fiiic refuse nitd 
dispose of it, along with coarse rcfusc. in Iandfills or dis- 
p c d  ponds. 'I'he types of contniiriri;iiits rcImsed froin the 
disposal areas iiicludc cirg;iiiic* co~irpou~itis, riiet31 i(iiis, and 
acidity pri riiarily d tic ttr clwin iciiI a t ~ d  tnicrobiolog icnl ac- 
tion. 

Bncterial ~ ~ i t l i i ~ i o r ~  of Ibgrite i111d n ~ e ~ ; i I  stlII'ide Ininrrnls 
by Tliiobncillir.9 /c*rroo.t idr1ti.G n ti(] ' I ' / ~ i ~ ~ / i o c i / / [ r s  L / Z  i ~ i i ~ i d t ~  iis 
has been estensively stutlied (2, 3) .  Althougli a vilrichtv o f  
other types of ~iricrocirgn~iisms hiive I)ecn found i n  coal 
waste (4 -7 ) .  ttwrc is liriiitcd iiifor11rntiorl 011 their vl'f'crts 

on dissolution of metals. In addition to  autotrophic mi- 
crobial activity, an increase in heterotrophic microbial 
activity due to biodegradation of organic compounds in 
the residue (6) also can have an appreciable effect on the 
dissolution, mobilization, and immobilization of toxic 
metals from the residues. However, the  extent and  
mechanisms of metal dissolution from coal refuse under 
the oxidizing and reducing conditions commonly encoun- 
tered in the field (9) are incompletely understood. 

I n  this study. two samples of coal-cleaning residue, one 
high i n  trace nietals and relatively low in organic carbon 
(fines fraction) and the second low in trace metals and 
relatively high in organic carbon (filter cake) were used to 
investigate the eslent and mechanism of microbial disso- 
lution of tosic metals hy the native microflora in the 
residue under aerohic and anaerobic conditions. 

Materials and hlethods 
S o u r c e  of Samples .  Coal-cleaning residues (fines 

fraction and filter ciike) were collected from active circuits 
of the conl-washirr,v plant of the Bradford Coal Co.. Bigler, 
Clearfield County. Pa, in July 1983. This plant processes 
a inisture of bitiiininous coals from central and north- 
western I ' C I ~ I W ~ ~ V ~ I I ~ ~ ~ .  'I'he simples were collected in clean 
5-gal polyelhylcne cont;iiiiers. sealed, and shipped to the 
Iaborat.ory i n  ii cooler cr.iLlr ice. Upon receipt a t  the Ial)o- 
rntory. ttre sainplcs were iiiiriiediatciy analyzed for mi- 
cro l)  i (I l og i ca l ai lid c ti e I 11 i c;i l c h a r:i c t e r is t ics. U II  u sed p o r  - 
tions o f  the  s;iiiil)lcs were stored in air-tight containcrs in 
a rcfrigerat.or. 

hl:icrobiolofiiciil .An;ilysis. 'I'he tot.irl nuinl)er of liiic- 
(eria in thc fiiies fraction :riid filter cnkc were criiriiicr;itcd 
1iy Acridine 0r;iiige t1ircc.t counts (.\OW) ( I O ,  I I) .  '1'11t:il 
vi:rhle ;i(!rol)ic itiid niiiicrol)ic 1inctcri;r :is colony-forririii~ 
~ i i i i t s  (CFU) \ vew drtcmiiiiwd hy u i i g  'l'rgpt.iciisc soy ;rg;ir 
(I)il'co) i i i d  :it)% tiilut.ctl I Irici~lycol:itc iiicdiun: (l>ift.tr). 
rcq)cctivcly ( 1 9 .  Sulrur-  :iwi iron-oxidizing Ixwteriii were 
cnuiiicrii~.cd Iiy tlic riiost ~ i r ~ i l i i i l i l e  nurul)er (MI 'N) tc.cti- 
niquc. lr(iii-osidixiiig 1iiicteri;i were detcrririneti I)y itsitig 
!fK niidiuiii ( I : ! ) .  Sulfur-cisitiizin:: I)nct.cri;t were dt-tcr- 
i i i i i i c d  Iiy risiiiy ~liiosuIl';ite inediuni contniiiing I he ftd- 
lowing: (NI-l,&SO,, l . : t  E;  K2f i  PO,, 0.23 g; MgS0,-7H,O, 
0.25 E: (::i('l.2-21i2(-). 0.07 g: ;iiid !)00 rnl. or (fist i l l d  v a t c r .  



ORAU/ORNL COMMITTEE ON HUMAN STUDIES 

TO : Dr. Michael Cuerin 

FROM: Becky Hawkins/Secretary, Committee on Human Studies 

RE: Status Reports on Active Proposale 

DATE: May 2, 1990 

The guidelines €or the ORAU/ORNL Committee on Human Studies require that all 
principal investigators of ongoing proposals present a progress report to the 
Committee on the status of their proposals each year. Each proposal must be 
reviewed by the Committee yearly for research projects to continue. 
answer the questions below and add any other information you feel pertinent and 
return by Mav 17. 
form or attach extra sheets.) 

Please 

(If additional space is needed, please use the back of this 

Title of Project: OWL-17 MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE 
CONSTITUENTS IN OCCUPIED SPACES 

Proposal No. ORNL-17 DATE APPROVED: 1987 

:.a, 

$:>: . .  c:,.*lr 1 A.  

Signature of Principal Investigator 
51% I r a  

Date Signed 

1. Report progress made in the past year. 

Area sampling has been compared with personal sampling for estimating exposure 
to environmental tobacco smoke (ETS). 
in various public and business environments. 
by sampling an office-like environment at ORNL experimentally contaminated with ETS. 

Samples have been taken using both methods 
Analytical methods have been compared 

2 .  Report any complications. 

There have been no complications. 

1 0 4 8 3 4 3  
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3. Are there any planned changes? 

None 

4. Do you wish the project to be continued? 

Y e s  

5. Comments. 

None 

113483411 



LJ June 28, 1990 
ORAU/ORNL COMMITTEE ON HUMAN STUDIES 

STATUS REPORTS ON ACTIVE PROPOSALS 

Investigator: Dr. Michael Guerin 

Title of Project: O W L - 1 7  MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE 
CONSTITUENTS IN OCCUPIED SPACES 

Date Approved: 1987 

1. Report progress made in the past year. 

Area sampling has been compared with personal sampling for estimating 
exposure to environmental tobacco smoke (ETS). Samples have been taken 
using both methods in various public and business environments. 
methods have been compared by sampling an office-like environment at ORNL 
experimentally contaminated with ETS. 

Analytical 

2. Report any complications. 

There have been no complications. 

3 .  Are there any planned changes: 

None. 

4 .  Do you wish the project to be continued? 

Yes 

5. Comments. 

None 

1 0 4 8 3 4 5  
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Oak Ridge 
Associated Post Office Box 11  7 
Universities Oak Ridge. Tennessee 37831 -01 1 7 u 

ORAU/ORNL COMMITTEE ON HUMAN STUDIES 

Medical 
Sciences 
Division 

TO : Dr. Michael Guerin 

FROM: Karl Hubner/Chairman, Committee on Human Studies 

RE: Committee Action on Active Proposals 

DATE : June 28, 1990 

Your project number ORNL-17 "MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE 
CONSTITUENTS IN OCCUPIED SPACES" was reviewed and approved at our last meeting 
on June 28, 1990. 

Progress reports of all active proposals will again be reviewed at our next 
meeting to be held in the spring of 1991. 

bh 



ORAU/ORNL COMMITTEE ON HUMAN STUDIES 

TO : Dr. Michael Cuerin 

FROM: Becky Hawkins/Secretary, Committee on Human Studies 

RE : Status Reports on Active Proposals 

DATE: April 22, 1991 

The guidelines for the ORAU/ORNL Committee on Human Studies require that all 
principal investigators of ongoing proposals present a progress report to the 
Committee on the status of their proposals each year. Each proposal must be 
reviewed by the Committee yearly fo r  research projects to continue. 
answer the questions below and add any other information you feel pertinent and 
return by Mav 17. (If additional space is needed, please use the back of this 
form or attach extra sheets.) 

Title of Project: ORNL-17 MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE 
CONSTITUENTS IN OCCUPIED SPACES 

Please 

d 
1 

Proposal No. ORNL-17 DATE APPROVED: 1987 

Signature of Principal Investigator Date signed 

1. 

Airborne nicotine concentrations in restaurants and other public access environments 
were determined and correlated with observed smoking patterns. Stationary area- 
samplers were compared with personal breathing zone samplers. 
were provided by a smoker associated with the program to test a new method f o r  
determininz nicotine and metabolites in physiological media. 
2 -  Report any complications. 
None 

Report progress made in the past year. 

Urine and saliva samples 

W 
? 
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3. 

None 

Are there any planned changes? 

4. Do you wish the project to be continued? , 
Yes. 
Institute and the Center for Indoor Air Research. 

Continuing related work is,expected to be funded by the National Cancer 

5. Comments. 

$/ A l l  samples taken under normal prevailing conditions. 
or subjects is carried out in this IJrogram. 

KO manipulation of environments 



ORAU/ORNL COhlhlITrEE ON HUMAN STUDIE3 

TO: Dr. Guerin 

FROM: 

RE: 

DATE: September 7, 1991 

Dr. Karl HubnerKhairman, Committee on Human Studies 

COMMITTEE ACTION ON ACTIVE PROPOSALS 

Your project number ORNL-20 "Measurement of Environmental Tobacco Smoke Constituents in 
Occupied Spaces" was reviewed and approved at our last meeting on June 6, 1991. The committee has 
no objection to the continuation of this project. 

Progress reports of all active proposals will again be reviewed at our next meeting to be held in the spring 
of 1992. 

Y 

bh 

W 
i 
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ORAU/ORNL COMMITTEE ON H JMA STUDIES 

TO: Dr. Michacl Guerin 

FROM: Marta V. Rivera/Secretary, Committee on Human Studie 

R E  Status Reports on Active Proposals 

DATE May 12, 1992 

Thc guidclines for the ORAU/ORNL Committee on Human Studics require that all principal 
investigators of ongoing proposals present a progress report to the Committee on thc status oE 
their proposals each year. Each proposal must bc reviewed by the Committee yearly for research 
projects to continue. Please answer the questions below and add any other information you fcel 
pertinent and return by May 26. (If additional space is needed, please use the  back of this form 
or  attach extra sheets.) 

Title of Project: MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE 
CONSTITUENTS IN OCCUPIED SPACES 

Proposal No. ORNG17  DATE APPROVED: 1967 

7 \ q-> 
Signature of Principal Invcstigator Date Signcd 

1. Rcport progrcss madc in thc past ycar. 
Experimental work in this period was limited to dptimizing instrument operating parameters for 
the gas chromatographic analysis of environmental tobacco smoke and for the mass spectrometric 
detemination of nicotine and cotinine. 
agencies review of previously generated data. 

Field studies of exposure were postponed pending sponsoring 

2. Report any complica~ions. 

There have been no complications. 
w 

3 
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3. Arc there any planned changes? 
Year three of the renewal proposal being considered by the National Cancer Institute includes soliciting 
volunteers who work in areas contaminated with environmental tobacco smoke to wear breathing zone air 
samplers and provide urine samples. This is to allow comparison between exposure assessed by air 
sampling with that assessed by nicotine/cotinine measures. 
activities. 

Volunteers will go about their normal 

- ’ 4. Do you wish the projcct to be continued? 

Yes. The National Cancer Institute has expressed interest in continuing work on nicotine exposure. 

5. Comments. 
Task 2 of the National Cancer Institute proposal is appended. 

Clarifying information provided earlier (memo of 11/1&/89, appended) remains correct. 
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W RAPID DEERMINATION OF MARKERS OF CHEMICAL EXPOSURE 

The objective of this work is to develop a rapid, costeffective method for the measurement 
of exposure-related chemicals in physiological media. T h e  approach is based on highly promising 
results of work conducted in the previous contract period that addressed the potential utility of Direct 
Sampling Ion Trap Mass Spectrometry for such applications. Nicotine and cotinine in urine as they 
relate to environmental tobacco smoke exposure will receive primary attention. T h e  simultaneous 
measurement of other nicotine metabolites and of creatinine will also be considered. T h e  general 
utility of the method will be surveyed by considering blood and saliva analysis for nicotine and 
cotinine and by considering its utility for measuring urinary and exhaled volatile organic chemicals. 

APPROACH 

We propose to develop a rapid, cost effect method for the measurement of exposure-related 
chemicals in physiological media, building upon our  progress to date on the applicability of ITMS for 
the rapid analysis of tract components in urine and other physiological fluids. The measurement of 
nicotine and cotinine in physiological fluids, which is widely used as a means of assessing human 
exposure to environmental tobacco smoke [14,15], will be our starting point. Several analytical 
methods have been developed for the determination of  nicotine and cotinine in physiological 
matrices. Typically, an extraction procedure is required to isolate the analyte from the matrix and 
to preconcentrate the sample prior to analysis. Analysis of the extracted samples is then performed 
by gas chromatographic separation and specific detection with a nitrogen detector (16,171 or a mass 
spectrometer [18,19]. Other analytical methods that have been used successfully include liquid 
chromatography [20,21] and radioimmunoassay [22,23]. T h e  major limitations of these methods are 
that they are labor intensive and/or time consuming and therefore have reduced sample throughput 
and/or and considerable expense for each analysis. 

“4/ 

As an alternative approach, direct sampling ion trap mass spectrometry Will be evaluated for 
the rapid and quantitative determination of nicotine and its metabolites in urine. Using a 
combination of chemical ionization and tandem mass spectrometry techniques, the IThIS can often 
selectively detect target compounds in a complex mixture without the need for chromatographic 
separation and with little o r  n o  sample cleanup steps. Eliminating these time-consuming procedures 
would translate into the ability to a n a l p  more samples in a more cost effective manner. Further, 
it opens the possibility of obtaining time-resolved exposure data. Previous studies using direct 
sampling lTh!lS have demonstrated the ability to detect nicotine and cotinine at levels of 0.010 
&mL in 1 UL of untreated urine in less than three minutes total analysis time. 

As a first step in the proposed work, this direct sampling ITMS technique will be optimized 
to establish the limit of detection for nicotine and cotinine in urine. Desorption conditions (Le., 
purge flow, quantity injected, and temperature) and different sorbent materials will be evaluated to 
maxim& the desorption efficiency of the analyte and to minimize contamination from the sample 
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matrix In the preliminary studies, only one microlitcr of raw urine was analyzed. It is possible that 
the quantity of urine analyted by thermal desorption ITMS could be increased to tcns of microliters 
to allow lower detection limits to be achieved without interfcrcnce from the sample matrix 

If i t  is not possible to inject more sample directly into the ITMS to lower the limits of 
detection into the range of low level passive smoking (C 5 ng/mL) [24]. rapid sample isolation stcps 
based o n  solid phase filtration will be evaluated. This approach has been recently demonstrated in 
our laboratory to allow larger sample volumes to be processed and to lower the achievable limits of 
detection. The  solid phase filters are  small fiberglass filter disks modified with different types of solid 
sorbents (Toxi-Labs, Irvine, CA). Preliminary work will focus on sample filtration followed by direct 
desorption of the analytes off the filter and into the ITMS. With this approach sample preparation 
times are  minimal because solvent elution and concentration steps are unnecessary. It is possible that 
some target compounds may be too polar to be desorbed directly from the filter disk. In these cases, 
the target analytes could be eluted from the disk with solvent and analyzed either by thermal 
desorption, o r  alternatively by electrospray ionization (see below). 

Urine will be the matrix studied initially because chemical markers of exposure and their 
metabolites are  often present in amounts proportional to the exposure dose. Once methods have 
been developed for urine, other fluids, such as blood and saliva, will be surveyed to determine the 
applicability of this analytical approach to  these matrices. Blood is the physiological matrix that 
typically shows the best correlation with the amount of exposure, but usually requires more extensive 
sample preparation than urine. I n  this case, solid phase filtration combined with depth filters to 
remove blood components may prove to be an effective means of preparing samples prior to analysis 
by ITMS. Saliva is also a fairly good indicator of blood levels and it has been demonstrated that this 
matrix can be analyzed by direct sampling ITMS with virtually no sample preparation. 

W 
As an extension of this work, the potential for rapid detection of volatile components in 

physiological fluids and even breath will be assessed. DS ITMS, as outlined in Task 1 of this 
proposal, has shown tremendous potential for the detection of trace volatile organics in solutions, 
where the volatile components a r e  purged from the solutions with a stream of helium and introduced 
directly into the instnrmnt. Trace organics have also been detected by direct introduction oE air into 
the lTMS in essentially an instantaneous analysis mode. This approach may be particularly relevant 
for the  detection of volatile organics in breath. 

As outlined above, initial studies conducted under this task Will focus on the quantitative 
determination of nicotine and cotinine in urine using deuterated nicotine or deuterated cotinine as 
internal standards. To investigate multiple chemical markers in a single profile, methods for 
multicomponent tandem m a s  spectrometry analysis will be established using the unique software 
capabilities of the nrUS. By monitoring multiple compounds in a single sample, it will be possible 
to determine sensitivity factors for the different analytes of interest and establish correlations for 
physiological dosimetry measurements. In addition, internal standards can be employed using this 
approach to increase the overall accuracy and precision of the quantitative measurement. 

In  addition to nicotine and cotinine, analytical methods for the detection of other nicotine 
metabolites, such as cotinine-N-oxide and trans-3-hydroxycotinine, and conjugates, such as 
glucuronides, will also be established. In a previously performed comparative study here of the 
thermal desorption rrUS method with RIA analysis, the values obtained by ITMS for nicotine and 
cotinine appeared to b:: somewhat high in some cases, suggesting that thermal degradation of nicotine 
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and/or cotinine conjugates into the free base may occur during the thermal desorption p r m s s .  
Desorption characteristics of these compounds will  be investigated to ascertain to what extent this 
degradation is occumng. 

It is likely that some nicotine metabolites and conjugates will be sufficiently polar (and/or 
thermally unstable) to make them unsuitable for analjsis by thermal desorption techniques. In these 
cases alternative samc’e introduction techniques such as electrospray will be evaluated for direct 
introduction of these compounds from solution into the ITMS. In this technique [25,26] solutions 
a re  introduced directly into the m a s  spectrometer through a needle which is held at a potential of 
several hundred or thousand of volts relative to ground. Under these conditions, the analyte 
compounds are ionized directly from solution and detected by the mass spectrometer. h a u s e  polar 
metabolites are  excellent candidates for efficient ionization by electrospray techniques, this approach 
Will be investigated for the direct detection of these compounds in urine. Solid phase extraction 
techniques will also be investigated for use with electrospray ionization if clean-up steps are required, 
especially in the case of analysis of blood. 

In the third year of this study, a pilot study will be conducted to determine whether detectable 
airborne concentrations of nicotine can be detected by the DSMS method in urine. Air samples will 
be collected from a variety of establishments (Le., restaurants, bars, and others) in which smoking is 
permitted to estabiish airborne levels of nicotine, for example. Physiological samples from volunteers 
working in these establishments will be collected for multicomponent analysis (nicotine, cotinine, 
creatinine, and others) by DSMS. Measurement of actual dose by analysis of physiological fluids 
should provide a much better indication of exposure and a better estimate of riSk than currently used 
personal air monitoring methods. T h e  DS lTMS analysis should offer rubstantial improvement over 
current analytical methodologies for the detection of compounds in urine with respect to speed and 
cost effectiveness. Because the technique is so rapid and requires small sample sizes, it also has the 
potential of allowing studies of time-resolved exposure. The developed technologies would have a 
wide range of potential applications in addition to monitoring exposure to environmental tobacco 
smoke. Other important chemical markers of exposure, for example, metabolites of vinyl chloride 
indicative of exposure to plastics could be investigated using the same TD IThfS methodology. As 
part of this work a literature survey will be conducted to identify other physiological metabolites that 
are  markers of chemical dosimetry and are possible candidates for study by direct sampling ITMS 
techniques. Markers of ETS exposure such as butyronitile and 3-vinylpyridine which may better track 
gas phase carcinogens will be especially sought. 

Standards: Samples for TD rrUS analysis will be prepared using standard reference 
chemicals spiked into reconstituted freeze-dried urine. Urinary metabolite lyophilizate from ’ 
human male urine wil: be obtained from Sigma Chemical Company, St. Louis, MO. Nicotine and 
cotinine standards are available Erom Aldnch, Milwaukee, WI. Standards of other nicotine 
metabolites, such as cotinine-N-odde and trans-3-hydroxycotinine, will either be obtained 
commercially o r  synthesized according to standard literature methods. Deuterated reference 
standards of nicotine and cotinine for use as internal standards will be obtained from Sigma. 

U 
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Thermal desorption: Sample introduction will be performed using a direct thermal 
desorptionhpillary restrictor interface. Rapid vaporization by flash thermal desorption can be 
achieved for samples trapped on sorbent t u b a  packed with an appropriate resin o r  by direct 
injection of liquid samples onto glass wool. The thermal desorption interface to be used in these 
experiments was described in detail in Task 1 of this proposal. 

- TTUS: A Finnigan MAT Ion Trap Mass Spectrometry (ITMS) will be used as a rapid, 
selective, and sensitive detector for the determination of chemical markers of exposure in 
physiological fluids. This instrument was described in detail in Task 1 of this proposal. 
Compound identification and specificity will be achieved through a combination of selective CI 
reactions and CID tandem mass spectrometry. Isobutane CI will be used to selectively protonate 
the nitrogenantaining target analytes, forming (M + H)', without interference from less basic 
urinary constituents. Collision induccd dissociation will be used to generate characteristic 
fragment ions which are used to identijl the analytes of interest. Quantification will be achieved 
by integrating the ion current for the characteristic ions from the analyte and an internal standard, 
deuterated cotinine, and comparing with acalibration cuwe. Quality assurance parameters will be 
established and valida[:d, including linearity of calibration, reproducibility, and limits of detection 
using spiked urine samples. 

Electrosurav Ionization: For non-volatile metabolites and conjugates of nicotine, 
electrospray ionization will be evaluated for direct analysis of physiological samples. A Vestec 
electrospray ionization source interfaced to the ITMS will be used in these experiments. 

SamDle Isolation Stem: Filter disks imbedded with various sorbents will be evaluated for 
effective isolation of the target analyte. These filter disks will be obtained from Toxi-Lab (INine, 
CA). It is possible that these disks can be directly desorbed into the ITMS for analysis, especially 
with relatively simple matrices, such as urine and saliva. For more complex matrices, such as 
blood, or for more polar analytes which d o  not thermally desorb, the isolated material may be 
eluted with a small amount of solvent prior to  analysis. 

w 

.- 

Detection of Airborne Nicotine h s u r e :  Personal air sampling pumps (Dupont Alpha 
2) will be used to introduce ambient nicotine onto triple sorbent traps (271 containing Tenax GC, 
Ca, and Ambersorb XE-340. T h e  traps will be thermally desorbed and analyLed by either GC/h.IS 
or DSITMS using m e h i s  described in Tasks 1 and 2. 

h 
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Subtasb Completed Project Month 

Optimize Limit of Detection for 
Nicotine/Cotinine in Standards 2 

Develop Methods for irlufticomponent Analysis 4 

Evaluate Direct Thermal Desorption of Urine 
for Detection of Nicotine/Cotinine 

Develop Rapid Isolation Methods for Nicotine/ 
Cotinine in Urine and Other Matrices 

Develop methods for detection of nicotine 
conjugatedmetabolites 

6 

12 

24 

Correlation of nicotine conjugates/metabolites 
as indicators of dosimetry 36 
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Internal Correspondence 

MARTIN MARIETTA ENERGY SYSTEMS, INC. 

July29, 1992 

W 

Marta V. Rivera, Secretary, Committee on Human Studies 

Pronosal Status Renon 

This is to request continuation of our Project ORNL-17 entitled "Measurement of Environmental Tobacco 
Smoke in Occupied Spaces" originally approved in 1987. 

I apologize for this very late submission. We only recently learned that the National Cancer Institute is 
interested in re-starting this work. 

M. R. Guerin, 4500S, MS-6120 (4-4862) 

MRG:pmt 

cc: M. V. Buchanan 

ornl- 
OAK RIDGE NATIONAL LABORATORY 
Managed by Martin Marietta Energy Systems. Inc.. lor the U.S. Department of EnerOy 



Internal Correspondence 
MARTIN MARIElTA ENERGY SYSTEMS. INC. 

W 

November 14, 1989 

Scaton Garrett, Human Studies Committee, 4500N, MS-6220 

Human Studies Committee 

You asked for further information on changes in workscope that might affect our  Human Studies 
Committee approval. T h e  work in question deals with human exposure to cigarette smoke and 
especially to environmental tobacco smoke (ETS). Studies are sponsored by the National Cancer 
Institute and by the Center for Indoor Air Research. 

We expect to continue studies previously reported to the  Human Studies Committee which involve 
ambient air sampling in ETS-containing environments. These involve area sampling (a stationary 
air sampling device in the room being studied) and personal sampling (a breathing zone ambient 
air sampler carried by an individual). T h e  samples are  subsequently returned to the laboratory for 
determinations of nicotine and/or other constituents of tobacco smoke. Natural indoor 
environments are sampled. No environmental nor subject manipulation is involved. 

't/ 

We propose two additional tasks (unrelated to one  another) that may require Human Studies 
Committee approval and/or guidance. These are as follows. 

1. W e  have recently found that a new analytical technique, Direct Sampling Ion Trap Mass 
Spectrometry (InvlS), might allow the rapid determination of nicotine and cotinine in 
physiological fluids. W e  wish to test this technique by comparing IThlS results with results 
generated by others using current methods. This would involve analyzing urine and/or blood 
samples provided by NIH or tobacco industry scientists from their excess samples taken in 
the course of their on-going studics. Prior to this study, however, i t  will b e  necessary to 
develop sample preparation and ITMS operating conditions for the analysis. This requires 
access to non-smoker urine and blood to selve as media for methods development. 
Analytical chemical gradc nicotine and cotinine will be added to the urine and blood at  
known concentrations to calibrate the instrument and to determine whether natural 
constituents of urine or blood interfere with the measurements of nicotine and cotinine. 
We propose to employ pooled samples of urine from at least three male and three female 
non-smokers who are working on this o r  related projects in the Organic Chemistry Section 
of the Analytical Chemistry Division. Provided we can arrange for the assistance of the 
ORNL Health Division, we propose IO employ blood samples donated by at least o n e  of 
the non-smoking staff members who are  involved in this project. 



W 

Seaton Garrett -2- November 14, 1989 

2. Current studies of ambient air sampling methods for nicotine and other measures of ETS 
contamination require that test atmospheres be generated under as realistic conditions as 
possible. W e  propose to generate natural levels of ETS contamination by machine-smoking 
of cigarettes in an unoccupied office-like room and an unoccupied conference room. 
Research staff engaged in machine-generation of cigarette smoke, in sampling the room air, 
or  in operating the monitoring instrumentation would require access to the room and thus 
be exposed to ETS at naturally occurring concentrations. 

Please contact me (4-4862) o r  Roger Jenkins (6-8594) if you have any further questions. 

M. R. Guerin, 4500S, MS-6120 (4-4862) 

Attachments 

cc: R. A Jenkins 
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PROTECTINGdb 
HUMAN SUBJECTSW? 

3. Institutional Assurance Number (if issued)' 

'4 

ORUL - /7 4. Project Numbe? 

ERD-88-812 

. Office of Health and Environmental Research US.  Depanment of Energy 

U' 

Policy: Research activities that involve human subjects and that arc funded by the U.S. Department of Energy 
(DOE), conducted in DOE facilities, or conducted by DOE personnel must be approved or exempted from review in 
accord with 10 CFR Part 745. Failure to comply with these regulations may prevent DOE from authorizing or 
funding an activity, or may lead the Department lo suspend of terminate the projccx 

Directions: Institutions must complete this form, providing the data listed below in the format indicated. 
for each research activity each year. Forms must k sent to the appropriate DOE field office, which will 
forward them to DOE Headquarters (Protection of Human Subjects, Mail Station ER-70, Office of Health and 
Environmental Research. U.S. Department of Energy, Washington, JX 20585). 

1. Project Title 

Determination of Human ExDosure to Environmental Tobacco Smoke 
2. Principal Investigator 
Roger A. Jenkins, Ph.D. 

Tok hocnNumkr 
161%-576-8594 

Michael R. Guerin, Ph.D. 1615-574-4862 
Mailing A d d m  - Include full name of p e d m n g  institution. 

Oak Ridge National Laboratory, P.O. Box 2008, 4500-S, MS-6120 

Oak Ridge, Tennessee 37831-6120 

I 

5. Annual Funding: 
Give actual funding or check the amount closesi to the estimated total for the cumnt 
Federal fiscal year. whether requested or obtained. Include both direct and indirect costs. 

a c t u . 1  Funding 
S . 000 

!JSl0,000 0~100,000 oss00,m 0 $1 ,oO0,o0o 0 $5,00O,MK) 

6. Funding Sources 
A. Name DOE Program Office (see list in attachment). i f  applicable. 
B. Name non-DOE sources of funding (up IO IWO). if applicable. 

A. DOE Program ottio 

N/A 
Tokphona Number Contad P r ~ o n  

0. Non-DOESoura 

Center for Indoor Air Research 
Non-DOE Soura  

' Under IO CFR Pur 745. insritutions M q u i r e d  io file UI ~ t s u n n a  of compli~~cc with the regulations with DOE or the Dcpanmnt of 

' Each pjea must have I unique identification number w i p e d  by thc inmution-for cxunplc. ANL-94101. 

H u l t h  and H u m  Serviw The Dcpanmni rnvolvcd my then issue an usurmcc number. 
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7. The Project has been reviewed and approved by the IllrtltutloMl RaVbw Board (IRB) 
at required under 10 CFR Part 745. 

h. Typa ot Roviow 

0 Full Board 
For a list of research not requiring IRB review. see Attachment. 

Expedited 
For an explanation of projects that qualify for expadited reviews. see Attachment. 

~~ 

6. Type of Approvrl 

New 0 Annual Renewal 0 Other 

C. IRB Approvrl Data 
February 22, 1993 1 

Bellomy Research, Inc. 

R. J. Reynolds Tobacco Company 

a This project does not involve vulnerable populations. 

8. This Project involves the following collaborating insthutions (Ilrt a maximum of two): 

9. Vulnerable Populations 

OThis project involves the following vulnerable populations: 

0 Minon 0 Mentally Dimbkd 0 P r i . O n m  . 
0 k t u m ,  Progmnt Womon, In Vrtro Fotliiization Ecwwnically or Educationrlly Diudvantagad 

10. Type of Research 
Check all categories that apply. 

OB Using data collected directly from human subjects. 
idemiology(using personally identifiable data)-- 

0 Using existing data. 

ODiagnostic studies using radiation or chemical agents in tracer amounts. 

DTherapeutic studies using radiation or chemical agents. 

a Studies of exposure, effects. health. or monitoring using human urine, blood, other body 
fluids, cells, or tissues- a Specimens collected directly from human subjects for this project. 
0 Specimens obtained from secondary sources (e.g.. hospitals. laboratories). 

0 Instrument development and testing using human subjects. 

Surveys that collect personally identifiable data. 

0 Environmental studies using human subjects to evaluate weatherization options, habitat alteration, 
or similar. 

OOther. Please identify 
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11. Abstracl 

Provide a brief abstract that inclcdes the following information: 

k Summanzc the ObjeCOVCS and methodology of dus research propct. (Explain clearly why i t  belongs in 
the categones checked in Item 1 1 ) .  

The objective of this study is a definitive determination of human exposure to 
environmental tobacco smoke (ETS). Exposure is assessed across a broad geographic 
region of the United States, and is conducted in such a manner as to determine 
exposure in the workplace and in private residences. Subjects wear sampling pumps, 
which collect a small sample of the air near their breathing zone while at work, and 
at home and during other activities. Exposure is determined to  both particle phase and 
vapor phase species through the use of chemical markers (respirable suspended 
‘particulates (RSP), ultraviolet absorbing and fluorescing particulate matter (UVPM and 
FPM), solanesol, and vapor phase nicotine and 3-vinyl pyridine). Confirmation of 
human subject smoking status is determined by acquiring a small sample of the 
participant’s saliva, and analyzing it for cotinine, a metabolite of nicotine. 

B. Specify the number of human subJects involved each y w .  

Approximately 100 subjects are recruited in each of 16 cities, for a total of 1600 
subjects 

C. Describe the involvement of human subjects and the risks. i f  any, to which they are exposed. 

Following telephone recruitment, subjects: 

1. Come to field service site, and are trained in the use of personal air sampling 
pumps. 

2. Provide a pre-test saliva sample. 

3. Wear a personal sir sampling pump as they go about their normal activities at 
home and at work. 

4. Return to  field service site and return pumps and questionnaires. 

5. Provide final saliva sample and exit the study. 
D. List the chemical or ndioactwe matcnals. if any, that are used in the snrdy, and identify 

the route of exposure. 

Not applicable. 

See rcrwse for appmval signatum. 
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Identification No. pf.dL-JL( 

To: 

APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS 

COMMITTEE ON HUMAN STUDIES 
Oak Ridge Associated Universities (ORAU) and 
Oak Ridge National Laboratory (ORNL) 

June 30, 1992 

Principal Investigator: Richard J. Carter (ORNL), 574-6454 ,  MS-6360 

Title of Project: Development of a Portable Driver Performance 
Data Acquisition System for Human Factors 
Research 

I. Objectives of Research 

The overall objective of the research is to develop a portable 
driver performance data acquisition system for the National Highway 
Traffic Safety Administration. The data acquisition system is to 
be used to evaluate new Intelligent Vehicle/Highway System 
technologies. The system will allow driver performance data to be 
collected using a large variety of vehicle types and that would be 
capable of being installed on a given vehicle within a short time 
frame . 

0 
3 c 

The proposed system will be developed and implemented in two 
phases. During the first phase a feasibility study of developing 
the data acquisition system will be conducted. Human factors 
research needs will be evaluated, and existing methods, measures, 
techniques, hardware, and software for evaluating 
driver]vehicle/environment in relation to crash avoidance research 
will be identified. In the second phase the prototype driver 
performance data acquisition. system will be constructed and 
evaluated. The evaluation will serve as a basis for developing a 
final set of design specifications that could be used to construct 
additional data acquisition systems. 

11. Methods of Procedure 

During Phase I1 of the research a pilot test of the driver 
performance data acquisition system will be conducted. Vehicles 
driven by humans will be part of the evaluation. The pilot test 
will evaluate the impact on driveability of the vehicle and 
obtrusiveness of the data acquisition system to the driver. O W L  
is to ensure that the data acquisition system does not compromise 
safety from the standpoint of vehicle handling and/or visibility. 
ORNL is also to ensure that the system is as unobtrusive to the LJ 

1 
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driver of the vehicle as.possible. All instances where either the 
operation of the vehicle or performance of the driver is 
unavoidably compromised by the data acquisition system are to be 
documented. At no time, however, is the safety of the driver to 
be compromised. 

An evaluation plan is to be prepared 17 months after the project 
begins (i.e., December 1993). At that time the methods to be 
employed in the test, number and types of participants, total 
number of sessions, etc., will be determined. 

The actual pilot test Will be completed within 3 months of 
initiation. The test is to be conducted both at a test track and 
on open road. 

0 

111. Possible Hazards and their Evaluation 

All possible hazards of the driver performance data acquisition 
system on the driver will be considered during the design and 
development of the system. By the time the data acquisition system 
is pilot tested all of the possible hazards to the human will have 
been identified and the system designed so that none of the hazards 
can or will occur. Invasive clinical procedures will not be 
applied. 

u IV. Radioisotopes and New Drugs 
P 

No materials of this kind will be involved in the research. 

V. Responsibility of Principal Investigator 

The rights of the participants in the pilot test will be protected. 
None of the testing procedures will violate the rights of the 
human. A form will be prepared asking for the consent of the 
drivers before they engage in the pilot test. 

V. Responsibility of Principal Investigator (Continued) 

The principal investigator will follow the procedures of the 
Committee on Human Studies in obtaining tlinformed consent" 
from the subjects under study. The investigator recognizes 
that he retains the primary responsibility for safe-guarding 

significant changes in methods of procedures or of the 
development of unexpected risks will be brought to the 
attention of the Committee on Human Studies. 

the interests of the participants under study. Any 

i Starting Date: March 1994 
i 
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Principal Investigator Signature: 
\ ut 

DIVISION REVIEW: 

The application described above has been reviewed and approved for 
submission to the ORAU/ORNL Committee on Human Studies. 

Official signing for the institution: 

Signature Robert C. Ward/D. E. Reichle 

Title Director, Enuineerinu Phvsics and Mathematics Division 

Institution Oak Ridue National Laboratorv 

Date June 30, 1992 

&c& 
David E. Reichle, Associate Director 
Oak Ridge National Laboratory 
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Engineering Physics and Mathematics Division 
OAK RIDGE NATIONAL LABORATORY 

CONSENT FOR RESEARCH STUDY 
u' 

T i t l e  of Project: Development of a Portable Driver Performance Data 

Principal Investigator: Richard J. Carter 

Acquisition System for Human Factors Research 

~ a m e  of Volunteer: Age : 

The Dumose of the studv: The objective of the study is to pilot test a 
driver performance data acquisition system for the National Highway Traffic 
Safety Administration. Volunteers will drive a vehicle (automobile or truck) 
on a test track and/or on the open road. While they are driving their 
behavior/performance will be monitored. The recorded data will be used to 
analyze and validate the data acquisition system. 

The Drocedures to be done are as follows: I will drive a vehicle during 
which time my driver behavior/perfomance will be gathered. My steering 
behavior, brake application, accelerator application, fidget index (movement 
in the seat), eye/head movement, vigilance, attention/distraction, speed 
maintenance, and headway/speed differential will be monitored. These 
measurements will be taken as unobtrusively as possible. 

U-Y: Since the intent of the proposed pilot test 
3 is test/validate an ORNL data acquisition system for human performance 
research, I understand that there are no anticipated benefits to me as an 
automobile or truck driver. I further understand that this pilot test is 
part of a research program and the data will be used to validate the driver 
performance data acquisition system. 

TO PERSONS WHO AGREE TO PARTICIPATE IN THIS STUDY: 

The information on this form has been given to me to inform me about this 
project and my participation in it. I have been asked to read this form 
carefully. All my questions about the study and the procedures required to 
do the study have been answered by Mr. Richard Carter at ORNL, (615) 574- 
6 4 5 4 .  

I understand the purpose of the study, the procedures involved, and the 
possible risks and potential benefits. 

I have been informed that I may decline to participate in the study. I 
freely and voluntarily choose to participate. 

Date 
Signature of Volunteer 

w 1 Signature of Witness 
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ORAU-ORNL COMMIlTEE ON fIUMAN STUDIES VOTING RECORD 

Proposal Number and Title 
Development of a Portable Driver Performance Data 0’ 

Acquisit ion System for  Human Factors Research 

Principal Investigator Richard J. Carter 

VOTE OF COMMI’ITEE 

1. 

2. 

3. 

4. 

5. 

8. 

9. 

10. 

11. 

12 

13. 

14. 

Signature Approve Disapprove Comment Date 

Chairman’s statement of Committee consensus: 

1 0 1 8 3 1 0  



I , ,  , 

REVIEW AND ACTION 

ORAU/ORNL Committee on Human Studies 

Principal Investigator Richard J. Carter Ident. No a 
Project Title DeveloDment of a Portable Driver Performance Data Acauisition Svstem for 
Human Factors Research 

1. In the opinion of this committee the rights and welfare of the subjects in this project or 
activity will be protected. The committee states that adequate safeguards against any 
untoward effects have been provided. 

2 In the opinion of the committee the informed consent procedures to be used in this 
project will be both appropriate and adequate. The committee also finds that no 
inappropriate psychological or sociological risks will exist for the subjects involved in this 
project. 

3. The committee seeks continuing communication with the investigator(s) on this project 
along the following lines: 

4. Other committee comments: 

Approve i /  

Disapprove 

L:LJ c *  LLu 
Chairman of Committee 



\ Associated Post Office Box 1 17 
d l  Universities Oak Ridge, Tennessee 37831-01 17 

Medical 
Sciences 
Division 

TO: 

MEMORANDUM 

Richard J. Carter 
Bill Knee 
ORNL MS 6360 

FROM: Dr. Karl Hubner, Chairman 
ORAU/ORNL Committee on Human Studies 

DATE: July 1, 1992 

RE: DEVELOPMENT OF A PORTABLE DRIVER PERFORMANCE DATA 
ACQUISITION SYSTEM FOR HUMAN FACTORS RESEARCH 

After reviewing the summary of your proposal, and after discussion of the subject with two other 
committee members, I have determined that the proposal should be reviewed by the full ORAU/ORNL 
Committee on Human Studies at its next scheduled meeting the last week of July 1992. I hope this does 
not inconvenience you or delay the start of your project. The starting date indicated on the bottom of 
page two of the application indicates that a delay of four weeks will not make a significant difference. 

I/ 
3 

Please submit 16 copies of your entire proposal, along with your proposed consent form, to Ms. Marta 
Rivera, ORISE/MSD, for distribution to the committee by the end of next week. You will be informed 
of the committee decision during first week of August 1992. 

If you have any questions, please contact Ms. Becky Hawkins (6-1725) who is assisting Ms. Gvera 
during the transition of the committee's secretarial duties. 

KFB:bh 
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Oak Ridge 
Associated Post Office BOX 117 

d'  Universities Oak Ridge, Tennessee 37831 -01 17 

Medical 
Sciences 
Division 

TO: 

MEMORANDUM 

Richard J. Carter 
Bill Knee 
ORNL MS 6360 

FROM: Dr. Karl Hubner, Chairman 
ORAU/ORNL Committee on Human Studies 

DATE: July 6, 1992 

RE: DEVELOPMENT OF A PORTABLE DRIVER PERFORMANCE DATA 
ACQUISITION SYSTEM FOR HUMAN FACTORS RESEARCH 

+.' I have discussed your proposal again with Mr. Me1 Koons, and have determined that your proposal does, 
in fact, meet the criteria for expedited review. Approval for this project is granted at this time with the 
understanding that it will be reviewed by the full committee at the time of our next meeting at the end 

.- 

of July. 

Please submit 16 copies of your proposal to Ms. Marta Rivera, ORISE/MSD, by the end of this week 
for distribution to the committee. 

KFB:bh 
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O A K  R I D G E  INSTITUTE F O R  S C I E N C E  AND E D u C A ~ I O N  

ORAU/ORNL COMMITTEE ON HUMAN STUDIES 

TO: Dr. Richard Carter 

FROM: Dr. William Calhoun w 
Chairman, Committee on Human Studies 

RE: COMMITTEE ACTION ON NEW PROPOSALS 

DATE : August 3 ,  1992  

Your project number OWL-24 I'Development of A Portable Driver 
Performance Acquisition System for Human Factors Research" was 
reviewed and approved at our last meeting held on July 31, 1 9 9 2 .  
The Committee feels that the consent form should be revised to keep 
confidentiality of the driver's record. 

Progress reports of all active proposals will again be reviewed at 
our next meeting to be held in the fall of 1 9 9 2 .  

mvr w 

P. 0 BOX 117. OAK RIDGE. TENNESSEE 37831-01 17 

itfonogrd and operated by Oak Rodgt Associated Uiilverrltoes for the U S Depmtnient of Energy 1 0 4. 8 3 



PROTECTING&% 
HUMAN SU-BJECTSW? 

~~ 

1. Project Tttk 
Develo ment of a Portable Driver Performance Data Acquisition System for 
Human F. actors Research , I 

2. Princtpal Investigator T.kphono Numbof 

Office of Heatth and Environmental Research U.S. Department of Energy 

contact PUm 

Policy: R t s w c h  activities that involve human subjects .Dd that arc funded by bre US. Dcplment of Eneqy 
(DOE). conducted in DOE frciiitia, or c o n d \ l c t b d  by DOE pasoanel must k approved or txcmptcd from =view in 
accord with 10 CFR Pat 745. Fdun to comply with these reguntions m y  prevent WE from authorizing or 
funding an activity, oc my l e d  tbc DepMmcot to srupard 01 tunti- ttre prow 

Directions: Institutions must completc this form, providing thc data listed below in the forma! indicated, 
for each rtstPcb activity each year. Forms must k sent to the approprbte DOE Field office, which will 
forward them to DOE Headquanus (prottction of HurmD Subjects, Mu7 Station ER-70. OfEct of Health and 
Environmental Rtsearch, US. Department of Energy, Washington, DC 20585). 

10lophorm Numbor 

l(615 574-6454 Richard J. Carter 
WlinO A d d m u  - lnclvdr full aune of p ~ r f o m ~ ~ ~  U~SOOIOQI. 

Oak Ridge National Laborator 
Building 6025, Mail Stop 6366: Oak Ridge, TN. 37831-6360 

I 

P. 0. Box 2008, Bethel Valley Road 

W 
DOE NO. 2088-FO77-Al 

4. ProjectNurnbeP I 3. Inrtltutional Asrutancc Number (.If issued)' I 
5. Annual Funding: 

Give actual funding or check the amount closcst to the estimated toul for the current 
Fujeral fiscal year. whether requested or obmmd. Include both dirtct and indirect cosu. 

Actual Funding 
S 

. Qs10,ooo 0s100,oO0 ~ s s o o , o o O  C I S 1  ,o0O,o0o 0ts,ooo,ooo 

National Highway Traffic Safety Administration 

Michael J. Goodman (202) 366-5677 
-DOE S o u r a  

' Under IO CFR Pm 745. anmtutions UI: q u i d  to hk an .IIWLIKT of compliance with thc I~~U~JIIOIIS wih DOE or Ihc Dcputmeni of 

' Euh m~ m w  haw i wiquc idcnt~ficruon nu- rrripd by the inrtlrutlon-for example. ANL-94101. 

Hufth and H w u n  Scniccr tht Dcpumcni mvdved my then issue M ~ssurmcc number. 

t Ob8315 



7. The Project h u  been reviewed and approvdby the InSthtJ'tiOMI Rovkw Baud (IRE) 
as requlred under 10 CFR Parl 74.5. 

A. lypedRavi .w 

X&&Full B o d  

0 Expedited 

For I list of research not requiring IRB review. see Attachment. 

For an explanation of projccu that qualify for cxpa%tcd reviews. sec Attachment. 

B. Typd Approral 

ONew 0 Annual Renewal xxautha 

Julv 31, 1992 

8. This Project Involves the following collaborating lnrtltutknr (list a mulmurn d two): 

None 

0. VulntrabkPopuktionr 

-This project docs not involve vulnerable populations. .. 

10. Typa of Research 
Check all categories that apply. 

idemiology(using personally identifiable dam)- 
Using data collected directly from human subjects. 
Using existing data. 

g3 

0 Diagnostic studies using radiation or chemical agents in tracer amounts. 

QThcrapcutic studies using radiation or chemical agents. 

a Studies of exposure. effects. health. or monitoring using human urine, blood. other body 
fluids. cells, or tissues- 

OSpecimens collecled directly from human subjects for this project. 
0 Specimens obtained from secondary sources (e.g.. hospitals, laboratories). 

x%XPfnsuument development and testing using human subjects. 

0 surveys that collect personally identifiable dam 

0 Environmenlal studies using human subjects to evaluate weatherization options, habitat alteration, 
or similar. 

Other. P l w t  identify 

804831b 2 



11. Abstract 

Provide a brief abstract that includes the foliowing information: 

A. Summarize the objectives and methodology of this research project. (Explain clearly why it belongs in 
the categories checked in Item 1 1 ) .  

The overall objective of the research is to develop a portable driver performance data 
acquisition system which will be used to evaluate new Intelligent VehicleMighway 
System Technologies. The system will allow driver performance data to be collected 
using a large variety of vehicle types and that would be capable of being installed on a 
given vehicle within a short time frame. The proposed system will be developed and 
implemented in two phases. During the first phase a feasibility study of developing the 
data acquisition system will be conducted. In the second phase the prototype driver 
performance data acquisition system will be constructed and evaluated. 

B. Specify the number of human subjects involved each year. 

2-4 The drivers will be either ORNL or NHTSA employees. 

C. Describe the involvement of human subjects and the risks, if any, to which they arc exposed. 

During Phase I1 of the research a pilot of the driver performance data acquisition system 
will be conducted. Vehicles driven by humans will be part of the evaluation. The pilot 
test will evaluate the impact on driveability of the vehicle and obtrusiveness of the data 
acquisition system to the driver. ORNL is to ensure that the data acquisition system 
does not compromise safety from the standpoint of vehicle handling and/or visibility. 
ORNL is also to ensure that the system is as unobtrusive to the driver of the vehicle as 
possible. All instances where either the operation of the vehicle or performance of the 
driver is unavoidably compromised by the data acquisition system are to be 
documented. At no time, however, is the safety of the driver to be compromised. 

D. List the chemical or radioactive materials, if any, that are used in the study, and identify 
the route of exposure. 

None 



., 
The oficid agnmp below ccmfia rh.r ihc infornution provided M rhrs fm IS coma and thU thc institution .csumes rtaponribility for 
futurr ~ V K W S .  approvds, and submissions of pro- s u m s .  which NC Jl nquind .t krst Once a y w  - 

Date 

I 

Telephone Number 

@6?I.r~ 
Signa 

Printed or Typed Name w 
D a v i d  E. Reichle I (61 5) 574-4333 - 

For DOE Use Only 

4 

D8te Received by ER-70 

I 

Reason for Return 

r 

DOE Reviewers 

1 0 4 8 3 7 8  
4 



Identification No. O&d&-tC 

u APPLICATION FORTHEUSEOFHUMANS AS EXPERIMENTALSUBJECTS 

To: COMMITTEEONHUMANSTUDIES 
OaJcRidge Associated Universities (ORAU) and 
Oak Ridge National Laboratory ( O W )  

Date: March 8,1993 

Principal Investigators: JoseDh H. Goldberg. Ph.D. ( O N 1  4-6198: 6025 MS-636Q 
(vishing scientist from Penn StateUniversity; ORAU Faculty 

JackC. Schrvver. Ph.D. (ORNL\4-4710: 6025 MS-6360 

Fellowship Program) 

Co-Investigators: (none) 

Titleof Project: 

I. Objective of Experiment: 

Discrimination of User Zoom Intent from Eve-Gaze 

This experiment will obtain empirical data on eye-gaze characteristicsjust prior to a 
decision of whether to zoom-in or zoom-out at a computer interface. This 
information is necessary to determine if cameras or process control simulations may 
be controlled by a user's real-time eye-gaze. If definable eye-gaze patterns do exist 
prior to such operations, then the zoom control aspects of these interfaces may be 
controlled by eye-gaze, freeing up the hands for routine interfaceand telerobotic 
control. New applications for those with certain disabilities may also bepossible. 

11. Methods of P r o d  ure: 

About 20 subjects will participatein this study ofeye-gazecharacteristicsjustprior 
to zoom-in or zoom-out decisions. During theexpenmental trials, each subject will 
participate in a single session for 30-60 minutes. Subjects will be recruited from 
ORNL employee volunteers, and possibly from local colleges and universities 
depending upon availability. 

Each subject, tested separately in aprivate office, will sit in front ofaUnix computer 
workstation, and asked to view and compare a series of 96 trials of stimuli on the 
screen. On each trial, an initial test stimulus will bepresented for thesubject to 
memorize. Following a short pause, a comparison stimulus will be presented. To 
express whether the test and comparison stimuli are the same, the subject will makea 
"same" or "different" response by pressing 'Is" or "d" keys on the computer 
keyboard. On most trials, the subject will need to zoom-in or zoom-out from the 
comparison stimulus, prior to making a response, to obtain additional information. 
The zoom-in and zoom-out are effected by pressing the left or right mousebuttons, 
respectively. The subject's eye-gaze locations on the screen during the trial will be 
collected by a commercial, non-invasiveeye-tracking system, as explained below. 
The camera from the eye-tracking system is not attached to the subject, and resides 
just under the computer display. The subject will rest his chin in a comfortablechin 
rest during these trials. 

1048314 



A calibration procedure for the eye-tracking system precedes the experimental trials 
described above. For this procedure, the subject places his chin in the chin rest to 
maintain a reasonably stationary head position, then looks into the infrared-sensitive 
eye-tracking camera with 75 mm lens. A computer-controlled sequence of circles 
presented on the display is then initiated. The subject fixates each of the 10 circles as 
they are displayed. The system repeats the calibration until acriterion accuracy is 
achieved. 

111. Possible Hazards and Their Evaluation; 

This study involves behavioral research with minimal risk to human subjects. 
Subjects will be tested individually in apnvateoffceenvironment, without invasive 
clinical procedures. Subjects will perform simplevisual scanning and comparison of 
displayed objects at a workstation. This will be done in a self-paced manner, without 
stress. The procedure includes no deceptiveor behavioral manipulations, and 
confidentiality will be ensured via numerical encoding of all subject identities. 

Theeye-tracking hardware, manufactured by LC Technologies, Fairfax, VA, mesa 
pupil-center/corneal-reflection algorithm to determine eye-gaze direction. A small, 
low-power, infrared light-emitting diode (LED) located at thecenter of thecamera 
lens illuminates the pupil of the eye. The LED generates both a bright pupil for 
cameraview enhancement and acorneally reflected light glint. The relative 
relationship of the glint to the modeled pupil is used by thecomputer software to 
infer gazepoint direction. The LED wavelength is 880 nm (near-infrared), and has a 
beam width of 20 degrees between half power points. The radiated power is 20 mW, 
over the 20 degree beam width; the safety factor is 5. At a range of 15 inches, the 
LED illumination on the eye is 20 % of the US Dept. of Health and Human Services 
maximum permissible exposure. The only noticeable effect of LED illumination is 
that prolonged exposure (i.e., several hours) sometimes dries the eye. In this study, 
subjects will be provided with several rest periods over the course of experimental 
testing. In addition, subjects will beinstructed to takea break whenever they feel it 
is necessary, as the taskis self-paced. 

IV. RadioisotoDes and New Drugs: 

No materials of this kind are involved in this study. 

V. Responsibilitv of Principal Investigators: 

The principal investigators will follow the procedures of theCommitteeon Human 
Studies. Theexperimental protocol has minimal risk, and visual search of computer 
displays is an accepted daily occurrence in office work environments. The eye 
tracking procedure is well-accepted and non-invasive. Informed consent will be 
obtained from all participants, as shown in an attached sample form, which also 
contains the explanation of study. 

The principal investigators recognize their primary responsibility for safe-guarding 
the interests of the participants under study. Significant changes in methods of this 
procedure, and development of unexpected risks will bebrought to the attention of 
the Committeeon Human Studies. 

1048380 



Engineering Physics and Mathematics Division 
OAK RIDGENATIONALLABORATORY 

Explanation of Research Study and Informed Consent Form 

Project: 

Principal Investigators: 

Discrimination of User Zoom Intent from Eye-Gaze 

Joseph H. Goldberg, Ph.D. (574-6198) 
JackC. Schryver, Ph.D. (574-4710) 

Participant * s Name: 

Participant Number/ID: 

EXPLANATION OF STUDY 

* pumseo fStudy; 

This study will obtain empirical data on eye-gaze characteristics just prior to a decision of 
whether to zoom-in or zoom-out at acomputer interface. This information is necessary to 
determine if cameras or process control simulations may be controlled by a user’s reat-time 
eye-gaze. If definable eye-gaze patterns do exist prior to such operations, then thezoom 
control aspects of these interfaces may becontrolled by eye-gaze, freeing up the hands for 
routine interfaceand telerobotic control. New applications for those with certain disabilities 
may also bepossible. 

W d v P  rocedu re; 
u 

During the study, you will need to place your chin in a chin rest. This will ensure that the 
head is relatively steady. The study will include the following procedures: 

1. Calibration to a workstation display to permit theeye-gaze hardware to accurately track 
your eye movements. You will lookinto thecamera toinitiate thecalibration, thenview 
small circles sequentially displayed on the computer display. Several calibration cycles 
may be required to achieve necessary accuracy. 

2. About 100 experimental trials will beconducted, during which you willview objects on 
thecomputer display, and determineif they represent the sameor different objects. You 
will respond using keys on the computer keyboard, and will zoom-in or zoom-out (when 
additional information is necessary) using buttons on the mouse. Several seconds will 
elapse between each trial, and you may takelonger rest breaks whenever required. You 
may also terminate the experiment at any timeby telling the experimenter. 

Study Duration: 

The entire study will take less than an hour, including instruction and practice. Several rest 
periods will beprovided, but if you become fatigued at any time, you may stop and rest. 

W *- 
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Discom forts. Inconveniences. or Risks; 

A camera with a very low power infrared light source will be used to track your eye position 
during the experiment. Prolonged exposure to this may cause somedryness in your eyes. If 
your eyes feel dry, please notify the experimenter so the study may be paused. 

Potential Benefits 

This study will determine if any discriminable eye movement patterns or characteristics 
precedea zooming-in or zooming-out operation at thecomputer interface. If such 
characteristics exist across many subjects, then a demonstration program will be written to 
perform thezooming-in or out in real-time, just from eye-gaze. Ultimately, many computer 
operations may becontrollable from eye-gaze. New applications may then bedeveloped for 
camera and robotic control, and for those with significant disabilities. Following the study, 
you may contact either of the principal investigators for follow-up information and published 
results. 

INFORMED CONSENT 

The information on this form has been given to me to inform me about this research project - 
and my participation in it. I have read it carefully, and all of my questions about the study, 
and its procedures, have been answered to my satisfaction. 

I have been informed of the purpose of the study and the procedures involved. I understand 
that confidentiality will beensured and that my name will not beassociated with any results 
from this study. I understand that any information gained in this study becomes the property 
of ORNL and may be published in the scientific literature or used for other purposes which 
ORNL deems proper in the interest of education, knowledge, or research. 

I am freely volunteering for this study. I understand that I may, at any time, withdraw from 
continued participation in this study without suffering any penalty orprejudice. I am freely 
and voluntarily choosing to participate. 

u 

Date: Signature: 



APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS 

INSTITUTIONAL REVIEW AND APPROVAL 

STARTING DATE: m c h  22.1993 C u  soon -pro ved) 

SIGNATURES: 
Principal Investigaldr 

DIVISION REVIEW: 

The application described herein has been reviewed and approved for submission to the 
ORAU/ORNL Committee on Human Studies. 

Signature: 

Title: Director. EnGneering Phvsics and Mathematics Division 

Institution: Oak R' idge Nat ional Lab0 ratorv 

Date: \ ? :  \943 

INSTITUTIONAL APPROVAL: 

The application described herein has been reviewed and approved for submission to the 
ORAU/ORNL Committee on Human Studies. 

Signatu re: &€k 
Title: 

Institution: 

Associate Director, Environmental. Life, and Social Sciences 

Oa k Rid3e National Laboratorv 

Date: 

March 12,1993 
I O 4 8 3 8 3  
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THE EYEGAZIE” DEVELOPMENT SYSTEM 

A TOOL FOR HUbfAY FACTORS APPLICATIONS 

ILC Technologies, Xnc. 

4415 Glenn Rose Street 
Faidax, Virginia 22032 

(800) 733-5284 
(703) 425-7509 

FAX: (703) 323-4752 

\ 



ORAU/ORNL COMMIlTEE ON HUMAN STUDIES VOTING RECORD 

Proposnl Number nnd Title: Discrimination of User Zoom Intent from Eye-Gaze 

Principal Inves t i p  tor: Joseph Goldberg, Ph.D.; ORNL 
Jack 6. Schwer. PbD.; ORNL 

w .  

VOTE OF COMMITTEE 

Signature Approve,, Disapprove Comment Date 

1. 

2 

3. 

4. 

5. 

6. 

7. 

u 
9. 

10. 

11. 

12. 

13. 

14. 

Chairman’s statement of Committee consensus: 

U 
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Date 
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2. Principal investigator 

Jack C. Schryver 

TECTINGdh 
HUMAN SUBJECTSWP 

Tekphom Number 

(615) 574-4710 

- _ -  

Office of Health and Environmental Research U.S. Department of Energy 

P. 0. Box 2008, Oak Ridge, TN 37831 
, . 

3. Institutional Assu rance  Number (il issued)’ 4. Projecl Numb& 
ORNL - 25 

Policy: Rescarch activities that involve human subjects and tha! art funded by the U.S. D e p m e n t  o f  Energy 
(DOE), conducted in DOE facilities, or conducted by DOE pusomel must be approvcd or exempted 6om review in 
accord with 10 CFR Part 745. Failure to comply with l b e  regulations may prevent DOE from authorizing or 
funding an activity, or may lead the D e p m t  to suspend qr taminale the project 

Directions: Institutions must complete this form. providing the &la l i d  below in the format indicated, 
for each m a r c h  activity each year. Forms must be sent to b e  approprbtt DOE Field Office, which wil l 
forward them to DOE Headquarters (Protection of Human subjects, Mail Station ER-70, Office of Health and 
Environmenul Research. U.S. D c p m c n t  of Erqy ,  Washington, DC 20585). 

Conbet Perron 

Harry Alter 
Tdophon Number 

(301) 903-3766 

I Mailinp A d d m  - Include full name of perfomung inwtunon. I 
Oak Rid e National Laboratory 
Bldg. 6825, Mail Stop 6360 

5. Annual Funding: 
Give aclual funding or chcck rhc amouni clorcrt to the estimated total for the cumnl 
Federal fiscal year. whether requesid or obtained. Include both direcl and indirect costs. 

3Sl0,Ooo ‘Is100,000 3ssoo,o0o 0 $1 loOo,oOo 0 SS,OOO,OOO 

@Actual Funding 

S 0.00 

’ E u h  plo)ca must h i v c  J m q u e  i dcn t i f i u i im  n u m k r  yrlgncd by the Inrutuilon--lor cxunplc. ANL-WIOI. W 
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7. The Projoel htu been revlowed and approved by tho l n r t l t u t l o ~ l  Rovkw Bord'(IRB) 
a8 quid under 10 CFR Part 745. 

ri Type of R w b  

0 Full B o w  

a Expedited 

FW a list ol rcscarch not requiring IRB review, w A m h m t .  

For an cxplanalron of projecu that qualify for expedited mviews. rce Anachmcnl. 

1. Type 01 Approvvl 
B New Annual Rencwd oother - 

C. IRb Approval L a u  
March 2 2 ,  1993 

8. This Project involves the following collaborating h8tltUtlOnS (lid r mulmum of two): 

~~~ ~ ~~~ 

0. Vulnerable Pot.~latront 

3 T h i s  project docs not involve vulnerable populations. 

a m i s  project involves h e  following vulnerable populations: 

3 Minors a Mintally O i u b k d  OPriromn 

3 htuwt  Pragnrnt Wornin. In Vllro For(ilhtiaa 0 Eoonomk.lly 01 Educationally Diradvantrgod 

10. Type of Research 
Check all categories that apply. 

= 3idcmiol Using de.!:] c o : l c c t d  directly h m  human subjects. 
-;,:,(u~ing personally identifiable datal- 

3 Using e x ;  s t ing  data. 

DDiagnostic studies using radiation or chemical agents in tncer amounts. 

3Therapeutic studies using radiation or chemical agents. 

DStridies of : QL;:. cffecls. health. or monitoring using human urine, blood, other body 
fluids. cells. c ..:j*cs- 

QSpecirnc.:. c o ! i c c t d  directly from human subjects for this project. 
3 Spccirnc;.) uwined from secondary sources (e.& hospitals, laboratories). 

a lnsmmcnt dcvclopment and testing using human subjects. 

9Surveys h i  -01; :;I personally identifiable d iu .  

c) Environn;,-..:,: s:s.!ics using human subjects to evaluate weatherization options, habitat alteration, 
or similar. 

2 
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11. A b 8 t m  

Provide 8 brici abstract that includes h e  following information: 

A. Sumn. ..I :.:. .. ; JbjcctiVcs and methodology of this research projecr. (Explain clearly why i t  belongs h 
the ca..:'t:.w:.: h c c k r d  in Item I ) .  

The objecti,..: . . this research was to develop methodologies to discriminate use' 
intent solei.. ::om eye-gaze. In this experiment, zoom intent was investigated 
for applicat..~~ to development of a natural interfacerfor camera zoom, pan, and 
tilt in tele.;,xratcd robotic platforms. Testing of human subjects occurred 
while participat;xi:ts were seated before a'computer workstation monitor. The 
participants r . :  . : xed  an eye tracker calibration procedure with the head 
supported i : i  :; ' . . . I I  rest. They were briefed on all phases of the procedure, 
and then pe:.i-:-.;..i a few practice trials. The participants completed 
approximate'.,: i:.J test trials. The trials were simple repetitive problem-solvii 
task8 complt-; . . .  i :it the workstation. 
used in whic.: i..Urcicipants were first shown a simple test stimulus and then a 
comparison s L ; i n u l u s .  The subject zoomed-In or zoomed-out from the comparison 
stimulus to I ~ , L I ~ L I  -. ' . G  same/dif ferent determination. Eye gaze measurements were 
recorded du:- i : i i .  .. '$4 zoom intent phase. Experimental sessions were approximatel: 
60 minutes ;.I :...: ..cion. 

A same/different comparison procedure was 

B. Spccif, L.': ...,. h c r  of human subjecrs involved each year. 

Eleven humar4 ?'8d~,:*cts participated during the FY-1993. 

C. Dtscnt'r:  thc i.!..:: icmcnt of human subjects and the risks. if my, to which they PTC exposed. 

The particis:::.;3 
performance K.... ricorded. The tasks were not significantly different from thost 
ordinarily I c.:: .. .:iiied 3 y  off ice worker8 on computers. 
recorded by . . I . .  :';,d-Caze System marketed by L. C. Technologies. Inc. of 
Falrfax, VA. :i1d eyetracker utilized an infrared LED source mounted on a 
camera lens L.; i,'Ii.,;ninate the pupil and generate a corneal glint. These 
phenomena we:-< ::e*.:.:trd and utilized by the eyetracker to calculate eye-gaze 
point-of-rei::+r : .  
15 inches i;. ::I!: ...' the HEW maximum permissible exposure according to vendor 
performance %..; .... i .'ications. 

~.:npleted tasks at a computer workstation while their 

Eye movements were 

; h d  amount of infrared illumination on the eye at a range of 

D. List th; - . . ~ . . b ;  .I radioactive m;licnals, if any, that are used in the study, and identify 
the f 0 L  : 1. I' ;..; * a l r c .  

NA 
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WK RIDGE NATIONAL LABORATORY 
' 4 A N A G E O  BY MARTIN MARiElTA ENERGY SYSTEMS. INC. 

FOR W E  US.  DEPARTMENT OF ENERGY 

POST OFFICE BOX 2008 
OAK RIDGE. TENNESSEE 37831 

June 22,1993 

Dr. William H. Calhoun, Chair 
ORNL,/ORAU Committee on Human Studies 
3 12 Austin Peay Hall 
Department of Psychology 
University of Tennessee 
Knoxville, TN 37996-0900 

Dear Dr. Calhoun: 

Enclosed you will find a review application for the proposed involvement of human 
subjects in a Native Hawaiian Ethnographic Survey for the Hawaii Geothermal Project 
Environmental Impact Statement. This environmental assessment is being prepared by 
ORNL staff under the direction of the Department of Energy. 

The enclosed application includes a rationale for obtaining informed consent and a 
sample informed consent document designed to meet the requirements described in the 
Committee's guidelines, "Assurance of Compliance with HHS Regulations for Protection 
of Human Research Subjects @. 6). 'I However, the document does not describe 
"discomforts" or "alternative procedures" because the study involves no human health 
risks and only minimal risks to individuals' well-being as described in the guidelines (p. 
17). The research involves neither "[manipulation of) subjects' behavior ... [nor] stress to 
subjects (p. 17)." ORNL staff therefore request approval of this modification on the 
basis of DOE'S regulations on Protection of Human Subjects [ 10 CFR Ch. IlI 745.116 
(d) (1)], which state that a review board may approve a consent procedure which does not 
include, or which alters, some of the basic elements of informed consent, provided the 
research involves no more than minimal risk to the subjects. Furthermore, since the 
study described involves no more than minimal risk to human subjects, we also request 
an expedited review, as outlined in the Assurance of Compliance guidelines (pp. 16-17). 

u 

We appreciate any comments the Committee may have on how best to safeguard the 
interests of participants in this survey. Any changes to the informed consent document 
recommended by the Committee, or that result from a concurrent review being conducted 
by DOE, will be adopted as necessary. 

Sincerely, 

James Saulsb 

1048390 



Application for the Use of Humans as Experimental Subjects 

w 
To: Committee on Human Studies 

Oak Ridge Associated Universities and 
Oak Ridge National Laboratory 

Principal Investigator: James Saulsbury- 

Title of Project: Native Hawaiian Ethnographic Survey, 
Hawaii Geothermal Project Environmental Impact Statement 

Oak Ridge National Laboratory ( O W )  is currently assisting the Department of 
Energy (DOE) in identifying and evaluating the potential environmental impacts of the 
500-megawatt Hawaii Geothermal Project (HGP), a project proposed to Congress by the 
State of Hawaii in 1990. To assist DOE in complying with federal and State legislation 
pertaining to the protection of cultural resources and Native Hawaiian cultural and 
religious practices, ORNL has subcontracted with a team of professional consultants 
located in Hawaii to conduct a Native Hawaiian ethnographic survey. This team, an 
unincorporated affiliation of individual consultants known as Community Action 
Network Developing Options (CANDO), consists of Dr. Lucian0 Minerbi, Dr. Jon 
Matsuoka, and Dr. Davianna McGregor. Their fields of expertise at the University of 
Hawaii include (respectively) planning, sociology, and ethnic studies. 

U 

I. Obiecti ves of Study 

To comply with various federal and State laws pertaining to the protection of 
Native Hawaiian culture, preparers of the environmental impact statement (EIS) need 
information from Native Hawaiians on their cultural resources and practices, and on 
potential impacts to those resources and practices. To obtain this information, the 
CANDO team will conduct a Native Hawaiian ethnographic survey in two stages. Tasks 
for Stage 1 include: identify all Native Hawaiian groups and individuals likely to consider 
themselves affected by the HGP, produce a background literature review using archival 
and other primary sources, prepare a letter report on Native Hawaiian concerns regarding 
archaeological investigation, develop procedures for maintaining confidentiality of 
sensitive information, and complete a research design study plan. 

Tasks for Stage 2 include: select participants for focus groups and ethnographic 
interviews; collect data (conduct group meetings and interviews), analyze data, and 
produce a final report. The report will include detailed analysis of traditional Native 
Hawaiian sites, and of cultural and religious values, practices, and beliefs associated with 
natural resources and prehistoric or historic sites. The report will also identify potential 
impacts from the proposed HGP to cultural practices and resources, and identify 
appropriate preservation measures or mitigation strategies. 

1 0 4 8 3 9 1  



W Methods of soliciting information on such topics as gathering practices, religious 
rituals, and sacred sites, and on Native Hawaiian concerns regarding their protection, will 
include focus group discussions, moderated by a facilitator, and in-depth directed and 
nondirected participant-observation interviews conducted by individuals with training in 
ethnographic interviewing techniques. 

Possible Haq& 

There are no potential human health hazards associated with this project. 
However, the use of informed consent documents is warranted according to DOE 
guidelines on the protection of human subjects [lo CFR Ch. III, prt. 745 (January 1, 
1992)] for the following reasons: First, it may be difficult to ensure complete 
anonymity for participants. Even if sources remain unnamed, traditional experts might 
still be identified by members of their communities based on the content of their 
information [745.101 (b)(4)]. Given the sensitive nature of information about gathering 
practices, sacred places, and burial sites, and given the lack of consensus among native 
people about the potential extent of impacts to some of those practices and resources, 
damage to individuals' reputations could occur [745.101 (b) (2) (i-ii)]. 

Second, some information is likely to be considered private rather than publicly 
identifiable[745.10 1 (b)(4)]. Survey information on gathering practices, sacred places, 
and burial sites could range from evidence of observable public behavior to individual 
opinion or private knowledge, with many gray areas in between. Native people 
sometimes refuse to speak for their community, tribe, or ethnic group, and maintain that 
their opinions are their own. Many express concern that they not be identified as 
spokespeople for the larger group. 

a 
.fL/ 

JV. RadioisotoDes a nd New Drug  

The study involves no use of radioisotopes or drugs. 
. .. . .  V. ResDonsibilitv of Principal h v e s w  

By approving the use of an informed consent document for this survey, DOE 
maintains the right to cite subjects who grant permission (pending review of their 
statements) for their names to be cited in a public document. DOE also builds evidence 
of a good faith effort to fully inform subjects of the nature and intent of the survey and to 
ensure the maximum possible confidentiality for those who indicate that they prefer to 
remain anonymous. The attached sample informed consent document provides basic 
elements of informed consent, as described in "Assurance of Compliance with HHS 
Regulations for Protection of Human Research Subjects @. 6)." However, because the 
study involves only minimal risks to individuals (p. 17), the document does not describe 
"discomforts" or "alternative procedures." 

The principal investigator will follow the procedures of the Committee on Human 
Studies in obtaining informed consent. The investigator recognizes that he retains the 
primary responsibility for safe-guarding the interests of the participants under study. Any 
significant changes in methods of procedure or the development of unexpected risks will 
be brought to the attention of the Committee immediately. i U  



AGREEMENT TO PARTICIPATE IN 

A Native Hawaiian Ethnographic Survey 
for the 

Hawaii Geothermal Project 
Environmental Impact Statement 

Sponsored by the U.S. Department of Energy 

Oak Ridge National Laboratory (ORNL) is currently assisting.the Department of 
Energy (DOE) in identifying and evaluating the potential environmental impacts of the 
500-megawatt Hawaii Geothermal Project (HGP), a project proposed to Congress by the 
State of Hawaii in 1990. To assist DOE in complying with federal and State legislation 
on the protection of cultural resources and Native Hawaiian customs and religion, ORNL 
has subcontracted with a team of professional consultants located in Hawaii to conduct a 
survey of Native Hawaiian customs and religion. This team of consultants, who use the 
name Community Action Network Developing Options, consists of Dr. Lucian0 Minerbi, 
Dr. Jon Matsuoka, and Dr. Davianna McGregor. Their fields of expertise at the 
University of Hawaii include (respectively) planning, sociology, and ethnic studies. 

These consultants request your participation in a survey to gather information on 
Native Hawaiian traditional and religious practices, and on potential impacts to those 
practices from the proposed geothermal project. They will conduct group meetings and 
individual interviews to gather the required information. Participation is completely 
voluntary, and you may withdraw from a group survey or interview at any time. You 
may also indicate, below, whether you wish to remain anonymous. 

I certify that I have been told of possible risks involved in this project; that I have 
been given satisfactory answers to my questions concerning project procedures and other 
matters; and that I have been advised that I am free to withdraw my consent and to stop 
my participation in the project or activity at any time. 

*u 

I wish my identity to remain anonymous. 

Signature of Individual Participant Date 

Given the opportunity to first review any statement attributed to me, I would 
allow citation in a public document. 

Signature of Individual Participant Date 

For more information about the survey, please contact Dr. Jon K. Matsuoka, University 
of Hawaii at Manoa, School of Social Work, 2500 Campus Road, Honolulu, HI 96822, 
(808) 956-6123. J W  

I O 4 0 3 9 3  
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APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS 

INSTITUTIONAL REVIEW AND APPROVAL 

STARTING DATE: 6/7/9? 

SIGNATURES: 

Principal Investigator 

DIVISION REVIEW: 

The application described herein has been reviewed and approved for submission -_. to the 
ORAU/ORNL Committee on Human Studies. 

Signature: 

Title: 

Institution: 

Date: b- z 9-93 

INSTITUTIONAL APPROVAL: 

The application described herein has been reviewed and approved for submission to the 
ORAU/ORNL Committee on Human Studies. 

Signature: 
David E. Reichlt 

Institution: Oak Ridge National Laboratow 

Date: GM93 
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ORNG26 
ORAUIORNL COMMITTEE ON IIUMAN STUDIES VOTING RECORD 

Proposrrl Number and Title 

4 
Native Hawaiian Ethnographic Survey, Hawaii Geothermal Projcct Environmental Impact Statement. 

PrincimI Investkalor: James Saulsbory 

VOTE OF COMMITI'EE 

1. 

2. 

3. 

4. 

5. 

6. 

:4n. 

Signature Approve Disapprove Comment Date 

// -/o 4;s 

a 

11. 

. (L )  

13. 

Chairman's statement of Committee consensus: 

I Q l r S 3 9 5  Date 



'AK RIDGE NATIONAL LABORATORY 
d A N A G E D  BY MARTIN MARIElTA ENERGY SYSTEMS. INC. 

FOR THE US. DEPARTMENT OF ENERGY 

POST OFFICE BOX 2008 
OAK RIDGE, TENNESSEE 37831 

June 22,1993 

Dr. William H. Calhoun, Chair 
O W O R A U  Committee on Human Studies 
312 Austin Peay Hall 
Department of Psychology 
University of Tennessee 
Knoxville, TN 37996-0900 

Dear Dr. Calhoun: 

Enclosed you will find a review application for the proposed involvement of human 
subjects in a Cultural Resources Survey for the Hawaii Geothermal Project 
Environmental Impact Statement. This environmental assessment is being prepared by 
ORNL staff under the direction of the Department of Energy. 

The study involves no human health risks and only minimal risks to individuals' 
,well-being as described in the Committee's guidelines, "Assurance of Compliance with 
BHS Regulations for Protection of Human Research Subjects @. 17). I' The research 
involves neither "[manipulation ofl subjects' behavior ... [nor] stress to subjects (p. 17)." 
ORNL staff therefore request an expedited review, as outlined in the Assurance of 
Compliance guidelines (pp. 16-17). 

r-/ 

We appreciate any comments the Committee may have on how best to safeguard the 
interests of participants in this survey. Any changes recommended by the Committee 
will be adopted as necessary. 

J w s : s g s  

Sincerely, 



Application for the Use of Humans as Experimental Subjects 

u 
To: Committee on Human Studies 

Oak Ridge Associated Universities and 
Oak Ridge National Laboratory 

Date 6 J d 7 3  

Principal Investigator: James Saulsbury 

Title of Project: Cultural Resources Survey, 
Hawaii Geothermal Project Environmental Impact Statement 

Oak Ridge National Laboratory (ORNL) is currently assisting the Department of 
Energy (DOE) in identifying and evaluating the potential environmental impacts of the 
500-megawatt Hawaii Geothermal Project (HGP), a project proposed to Congress by the 
State of Hawaii in 1990. To assist DOE in complying with federal and State legislation 
pertaining to the protection of cultural resources and Native Hawaiian cultural and 
religious practices, ORNL has subcontracted with a State-approved archaeological fm, 
International Archaeological Research Institute, Inc. (IARnc), located h~ Hawaii, to 
conduct Phase I surveys of cultural resources in two project areas on the islands of 
Hawaii and Maui. Cultural resources to be identified include prehistoric, historic, and 

L Obiectives of Study 

To comply with various federal and State laws pertaining to the protection of 
cultural resources, preparers of the environmental impact statement (EIS) must solicit 
information on cultural resources, determine the significance of those resources, and 
evaluate potential impacts to the resources from the proposed project. To obtain the 
necessary information for the HGP EIS, a cultural resources survey will be conducted in 
two stages. In Stage 1, IAFUI will develop two regionally-specific research designs 
resulting in a predictive model for a Phase I cultural resources survey of the Big Island 
project area and a general plan for a Phase I cultural resources survey of the Maui project 
area. These research designs will provide the basis for locating cultural remains in each 
of the two project areas and for determining their potential eligibility for listing in the 
National Register of Historic Places according to criteria listed in 36 CFR, Part 60, of the 
National Historic Preservation Act. In Stage 2, IARII will conduct a verification survey 
for each of the two project areas. Following completion of each survey and analysis of 
results, the subcontractors will produce a separate final report on the Phase I survey of 
cultural resources for each project area. 

W traditional sites. 

IT. Methods o f Procedure 

In Stage 1, I A W  will conduct a background literature review of previous 
archaeological research and other relevant documents (such as aerial photographs and 
environmental studies) that illuminate prehistoric and historic land use in the project area. 
IARII then will conduct a preliminary reconnaissance survey of each project area. The ‘r/ 
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reconnaissance surveys will consist o f  a helicopter survey of each project area to 
identify factors relevant to conducting the full verification survey; a windshield survey to 
identify access routes, potential survey problems, and major cultural resources; and a 
limited ground survey of easily accessible sample areas. These initial sweys  will 
familiarize personnel with the topography and vegetation of the project corridor, enable 
personnel to determine the best means of access for the survey crew, and identify 
problems that might be encountered during verification surveys. 

areas to provide data from a cross section of topographic and geological formations, soil 
types, and historic land use patterns. Field verification of the Big Island predictive model 
will consist of stratified sampling of an appropriate percentage of the total acreage, along 
with areas of probable density, to be determined by the predictive model. Field 
verification in the Maui project area will consist of a pedestrian reconnaissance survey of 
a 20-mile long, 200-foot wide corridor, following as closely as possible the proposed 
transmission corridor. 

archaeological procedures and a background literature review. However, LARIl staff may 
need to consult with local people on occasion. In the case of traditional Native Hawaiian 
sites, such as burial sites or sacred places, local informants' knowledge could be 
valuable. 

u 

In Stage 2, IARII will conduct a verification survey for each of the two project 

m 

Most of the infoxmation required for this study is collected by means of physical 

ble H& 

There are no potential human health hazards and only minimal risks of other kinds 
to human subjects associated with this project. In accordance with DOE guidelines on 
the protection of human subjects [lo CFR Ch. m, prt. 745 (January 1, 199211, the 
requirement for informed consent does not apply to this study for two reasons. First, in 
the case of sensitive cultural information concerning burial sites and sacred places, 
archaeological reports prepared for public release typically maintain strict confidentiality 
of locations and sources. Examples of federal regulations addressing confidentiality of 
sensitive cultural information include the Department of Energy's Implementing 
Procedures and Guidelines for the National Environmental Policy Act [lo CFR 1021.340 
(a-b) (April 24,1992)] and the National Historic Preservation Act of 1966, as amended in 
1992 [16 U.S.C 47Ow-3, Sec. 304 (a)]. Thus, it is reasonable to assume that anonymity 
of human subjects can be maintained, as required in [745.101 (b)(4)] of the DOE 
guidelines. 

0 

Second, in the case of non-sensitive cultural information, the risk of damage or 
stress to human subjects is small because the study emphasizes physical evidence about 
culturally significant sites and artifacts. With the exception of traditional cultural sites 
(many of which require confidential treatment), the evidence required for documentation 
is largely physical. Information gathered from local informants serves a supplemental 
role. Should such information assume an uncharacteristically prominent or controversial 
role in this study, an informed consent document could be modeled after the one 
currently proposed for a companion study, a Native Hawaiian Ethnographic Survey, that 
does require documentation of informed consent from participants in interviews and 
group meetings. However, due to the extensive protection afforded sensitive cultural 
information by existing regulations and by standard archaeological procedures which 
minimize attention to human subjects, damage to reputation or stress to subjects as 
defined in E745.101 (b) (2) (i-ii)] of the DOE guidelines is unlikely. 

l o b 8 3 9 8  
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JV, Radioisotone s and New Drugs 
W 

The study involves no use of radioisotopes or drugs. 

. . .  . .  V. Resp@ilitv of hncrga l  In vest- 

procedures of the Committee on Human Studies in obtaining informed consent. The 
investigator recognizes that he retains the primary responsibility for safe-guarding the 
interests of the participants under study. Any significant changes in methods of 
procedure or the development of unexpected risks will be brought to the attention of the 
Committee immediately. 

The principal investigator will follow, and will direct subcontractors to follow, the 



APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS 

INSTITUTIONAL REVIEW AND APPROVAL 

STARTING DATE: 6/7/92 
f *  

SIGNATURES: 

k%kt Q 
Principal Inveagator 

DIVISION REVIEW: 

The application described herein has been reviewed and approved for submission to the 
ORAU/ORNL Committee on Human Studies. 

Irt 

q 

Signature: &&&L 

Title: 

Institution: Oak Ri& N ationai Lab0 ratorv 

Date: &5-2,4-93 

INSTITUTIONAL APPROVAL: 

The application described herein has been reviewed and approved for submission to the 
ORAU/ORNL Committee on Human Studies. 

Signature: A 
# David E. Reichle 

Title: ~. and S m c e s  

Institution: Oak Ridge National Laboratom 

Date: /c/@ 



ORAUjORNL COMMI?TEE ON IIUMAN STUDIES VOTING RECORD 

Proposal Number and Title: 

W 
Cultural Resources Survey, Hawaii Geothermal Project Environmental Impact Statement. 

Principal Investigator: James Saulsbury 

2. 

3. 

4. 

VOTE OF C0MMI"EE 

Approve Disapprove Comment Date  

/ 1- I D  Q 3 

5. 

11. 

13. 

14. 

Chairman's statement of Committee consensus: 

Date  



Office of Heahhand Enwronmental Research U.S. Department of Energy 

c Oak Ridge National Laboratory 

P.O. Box 2008, Oak Ridge, TN 37831-6200 

Policy: Resuvch acnvitia that involve human subjects aod tht are funded by the U.S. Department of En- 
(DOE). conducted in DOE facilities. or conducted by DOE pasonnel must k approved or exempted from =view in 
accord with IO CFR Pan 745. Failure u) comply with tbese regdalions may prevent W E  fmm authorizing or 
funding an activity. or may I d  the Dcparnaent to suspend or tcrmiwe the project. 

Directions: institutions must complete this form. providing the dptp listed k l o w  in the format indicated, 
for each rcsurch activity u c h  year. Fomrs must be sent to the rppropriate DOE Field Office, which will 
forward them to DOE Headquantrr ( P r o d o n  of HIKIIM Sub&crs. Mu? Station ER-'IO, OSce of Health and 
Enwrnnmental Research. U.S. Dcparrmcnt of Washington. DC 20585). 

3. Institutional Assurance Number (if issued)' 'L/ 

'* Hawaii Geothermal Project Environmental Impact Statement 
(Cultural Resources Survey) 

R. M. Reed I (615) 574-5756 
2. Principal Investigator Tobphon Numkr 

4. ProjeetNumbd 
O m k -  26- 3345-3350 

I C o n u a  Person 
I 
I R. R. Kessler 

Tobphon Nurnkr 

(202) 586-8089 

Under IO CFR Pan 745. instiiutions at requimd to file M ~ ~ s u n n c c  of compliance with the regulations with DOE or the Dcpvlmcnt of 
H d t h  and H u m  Services Thc Dcpmmcnt involved m y  t k n  ILSUC an assurance number. 

IC/ . E y h  pmyn must b v c  a unique idenufiwiion number ysigncd by he institution-for cxmplc. ANL-94/101. 

1 



7. TM project has been revmwed ana approved by the InstItuUorul Review Boud (IRB) 
as  required under 10 CFR Part 7 C .  r A. Typo d R o v m  

2 F J I I  Board 

gExpcdltcd The p r o j e c t  has  been approved f o r  expedi ted  review,  but  t h e  

For I hst of mearch  no^ rtquinng iRB ~ V I C W .  see Attachment. 

For an expianaiion 01 projecrs that qua i ly  for expedited EVICWS. S e e  Attachment review is  not  complete. 

6. Typ. of Approval 

3 New 3 Annual Renewal CI Other 

C. IRU Approval 0.1. 

8. This Project involves the toilowing collabomtlng Institutions (list a mdmum of two): I 

3 T h i s  project docs not involve vulnerable populations. 

2 This project involves the following vulnerable popuiations: 

23 winon J y.nt.lly O i N b I d  3PrisOn.m . 
3 ktuua.  PmgnanI Womon. In Vitro Fodlht ion I I 3 Economiully or Eduutconally Diaadvantagod 

I J I/' 

10. Type of Research 
Check all catcgones that apply. 

3 Eqidcmiology( using personally identifiable datal- - J Using data collected directly from human subjects. 
Using existing data. 

2 Diagnostic studies using radiation or chemical agents in tracer amounts. 

3 Therapeutic studies using radiation or chemical agents. 

2 Studies of exposure. effects. health. or monitonng using human unnc. blood. other body 
fluids. cclls, or ussues- 
3 Specimens collected directly from human subjects for this project. 
3 Specimens obtained from secondary sources (e.g.. hospitals. laboratones). 

3 Insuument development and testing using human subjects. 

a Surveys that collect personally idenofiable data. 

3 Environmental studies using human subjects 10 evaluate weatherization options. habitat alteration. 
or similar. 

3 Other. Please identify 

t0481103  2 
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11. Abstract 

Provide a bnef abstract that includes the following information: 

A. hmmanze  the objccnves and methodology af ttus research pmjcct. (Explain clearly why it belongs I I~  

the categoncs checked m Item 1 1). 
See attached 

B. Specify the number of human subjects involved each year. 

Unknown 

C. Descnbe the involvement of human subjects and the rish. if my. to which they are exposed. 
Human subjects might be consulted on sensitive topics concerning 
Native Hawaiian sites (e.g., burial sites). They would not be 
exposed to any type of risk. 

D. List the chemical or radioactive matcnals. if any. that are used in the study, and identify 
the mutt of exposure. 

See rwcrse for appmval signatures. 

fO4B404 
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Date RKcivcd by ER-70 

Reason tor Return 

DOE Reviewem 
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Human Subjects Research, OFtNL 26A 

Title of Project: Cultural Resources Survey, 
W Hawaii Geothermal Project Environmental Impact Statement 

Oak Ridge National Laboratory (ORNL) is currently assisting the Department of Energy (DOE) in 
identifying and evaluating the potential environmental impacts of the proposed 500-megawatt Hawaii 
Geothermal Project (HGP). To assist DOE in complying with federal and state legislation pertaining 
to the protection of cultural resources and Native Hawaiian cultural and religious practices, ORNL 
has subcontracted with a stateapproved archaeological firm, International Archaeological Research 
Institute, Inc. QARII), located in Hawaii, to conduct Phase I surveys of cultural resources in two 
project areas on the islands of Hawaii and Maui. Cultural resources to be identified include 
prehistoric, historic, and traditional sites. 

The IARII team will collect information for ORNL staff to use in preparing sections of an 
environmental impact statement @IS) on cultural resources in the vicinity of the two project areas, 
;urd on potential impacts to those resources. To obtain this information, IARII will conduct a cultural 
resources survey in two stages. Stage I consists of developing two regionally-specific research designs 
resulting in a predictive model for a Phase I cultural resources survey of the Big Island project area 
and a general plan for a Phase I cultural resources survey of the Maui proj& area. Stage I1 consists 
of conducting a verification survey for each of the two project areas. IARII completed Stage I in 
November 1993. Fieldwork for Stage I1 began in December 1993 and is scheduled for completion in 
March 1994. Following the analysis of survey results, IARII will produce a separate final report on 
the Phase I survey of cultural resources for each project area. 

Most of the information required for this study is collected by means of physical archaeological 
procedures and a background literature review. However, in the case of traditional Native Hawaiian 
sites, such as burial sites or sacred places, local informants’ knowledge could be valuable and IARII 
staff might need to consult with them on sensitive topics. In such cases, IARII uses an informed 
consent form approved by DOE and the ORAU/ORNL Human Subjects Committee to determine 
whether participants wish to remain anonymous or will allow themselves to be cited in public 
documents. Research designs for both project areas indicate that access to confidential information is 
restricted. 



AK RIDGE NATIONAL LA8ORATORY 
d A W A O E 0  I V  UAI)TIN (AA;IElTA CNLRGY I Y I T E M I .  INC 

COR TMS U.6. DIPARTMINT OF l N I l Q Y  June 15,1993 

PO67 OCFlCL BOX 2008 
OAK RIDGE. TENNESSEE 37g31 

Dr. William H. Calhoun, Chair 
ORNUORAU Committee on Human Studies 
312 Austin Peay Hall 
Department of Psychology 
University of Tennessee 
Knoxville, TN 37996-0900 

Dear Dr. Calhoun: 

We are sending a research proposal to DOE on a collaborative project with 
the Thompson Cancer Suwivat Center (TCSC) on "Advanced Biomedical 
qagnostlcs and Therapy", which involves the development of laser- 
ih'dc;,-.- - ' .. ..:;lo autofluorescence detection of human tissue during routine 

u' e:';arsscopy performed at TCSC. 

The protocol has been approved by the TCSC Institutional Review Board 
(see emlosed letter on December, 1992 to Dr. M. Panjehpour). 

We are waiting for your review and approval in order to send the proposal 
to DOE. Please, FAX your reply at yi" sarliest convenience. 

Best regards 

Tuan Vo-Dinh, Ph. D. 
Group Leader 
Advanced Monitoring Development Group 
Tel: 574-6259 
FAX576-7651 

'tc/ w:st 
End. 

4- 
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)oE Form 61202 (P-a ? )  U.3 DEPARTMENT OP ENERGY 
1 2 4 7 )  OAK RlDOt OPERATIONS 1 I 

FIELD WORK PROPOSAL 
PROGRAM: KP - BIOLOGICAL AND ENVIRONMENTAL RESEARCH 

I 
-- 

1. WORK PROPOSAL NO. 12. REWSION NO. 13. DATE PREPARED 

The LIF study will include: i) In vivo laser-induced auto fluorescence analysis o f  
normal and dysplastic tissues in the esophagus and colon; and 1 1 )  spectral 
deeomposltion study to determine the origln o f  spectral characteristics o f  normal and 
dysplastic tissue; ( i i i )  fluorescence analysis o f  a drug (e .g. ,  PHOTOFRIN) In rat 
tissues. A unique aspect o f  this project is the development o f  a novel SL detection 
methodology for monitoring small changes in f l  uorescence prof f 1 es o f  normal and tumor 
tissues. The conventional laser-induced fluorescence (LIF) technique does not often 
provide the spectral specificity needed to provide clear “spectral fingerprints” of 
normal and tumor tissues. This novel SL detection scheme could lead to significant 
advances in effective detection of  tumors and tn the understanding o f  cancer therapy 
in general. Sensitivity and selectivity enhancement techniques will be evaluated. 
The potentlal of the new S t  diagnostic approach and the L I F  technique wlll be 
assessed for el lnlcal evaluations In collaboration with the Thompson Cancer Survival 
Center (M. Panjehpour, Ph.D.; 8, Overholt, M . D . ) .  An interdisciplinary approach to 
t h e  proposed research tasks will be pursued throughout the entire project. 

Keywords: Biomedlcal diagnostics: Cancer treatment, Laser F1 uorescence Spectroscopy 

ERKPS 0 5 I 0 I 04 - 22-93 I 08 
IS. BUDQET AND REPORTING CODE 4. WORK PROPOSAL T F N :  

One: I (Signature) (Oars) ---- ---- Slgn.brr.: 
20. DETAIL ATTACHMEMS: (5.. Lntbuc6on6 lor DUO 31 

6. WORK PROPOSAL TfAM PATENT STATUS 
Thir p t o p o i ~ ~  k being hrrrni((.6 In rdvanor of pafont ~ Y I O W  

lor ovaturdon pwp0r.s only. NO further diatom~nrtlon r r  
pubU01Urn o h d l  bo mods withOu1 pflor A O V O V d  Of I h l  
&somun( Oenaral Cauns.1 t4r h u n t &  DOC. 

Begin: - - End: OPEN 

Frazier, 0. (615-974-5577 j 
17. WORK PROPOBAL DESCRIPTION (Approach. anticipated bsrnfim in 260 w o r d  01 h) 

7. Ir Thlr work Plopoed 
Included In tb 
lnrtirutionpl Plm? 
O Y a s   NO 

The long-term objective of this research project i s  to develop novel and/or Improved 
spsctroscopic methods and instrumentation for cancer diagnostics and treatment. The 
specific aims of th is  research project are: (a) Investigation of the laser-induced 
fluorescence (LIF) technique for autofl uorescence and drug fluorescence, (b)  
development of a new approach based on synchronous luminescence (SL) for cancer 
diagnostics, (c) Development o f  it new SL prototype jnstrument, and (d) Evaluation in 
anlmal stud1 as and cl i ni cal appl  i cat i ons . 

18. CONTRACT02 WORK PROPOSAL MANAGER: (Nnrne and Rs No.) 
Barry A.  Berven (615) (574-5845)  - - 

‘19. OPERATIONS OFFICE REVIEW OFFICIAL 

. - .  1x1 I, F*ciliry Requirements CX] 4. Baokgmund Tx] g, Futurs sccompliahmntr j. Explanrtlon ot Mllmatanu a b, PuMicationt me. Approach h. Relallonshlpr to other p r o j m  cx] k. Other ( t p d i y ) :  
mc. Purpots f. technical propnm c] I. Environmental meement Budget 
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ORAUBORNL COMMITTEE ON HUMAN STUDIES VOTING RECORD 

Proposal Number and Tltk 

u 
Advanced Biomedical Diagnostic and Therapy. 

Principal Investigator: Tuan Vo-Dinh, Ph.D. 

VOTE OF COMMXTI'EE 

Signature Approve Disapprove Comment Date 

1. 

2 

3. 

4. 

5. 

6. 

\cy/* 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Chairman's statement of Committee consensus: 

Date 



OAK RIDGE NATIONAL LABORATORY 
U MANAGED av MARTIN MARIETTA ENERGY SYSTEMS, INC 

FOR THE U.S. DEPARTMENT O r  ENERGY 

POST OFFICE BOX 2008 
OAK IUDCE. TENNESSEE 37831 

February 7, 1994 

Dr. William H. Calhoun, Chair 
ORAU/ORNL Committee on Human Subjects 
Oak Ridge Asociated Universities 
P.O. Box 117 
Oak Ridge, T N  37831-0117 

Dear Dr. Calhoun: 

Per your request, please find enclosed the consent form used by the Thompson Cancer 
Survival Center for the project, "Advanced Biomedical Diagnostics and Therapy." 

n a n k  you for your assistance. 

Sincerely, vu _--- 

Tuan Vo-Dinh, Ph.D. 
Group Leader 
Advanced Monitoring Development Group 

TVD:jc 

Enclosure 

File - TVD 



THOMPSON CANCER SURVIVAL CENTER 

SPECIAL. PERHIT SHEET 

CONSENT FOR SPECTROSCOPY HEASURMENT 

PATIENT NAME: AGE: 

DATE: 19 - TIM E: 

ENiYSIClAN: PLACE 

d 

1, a patient of THOMPSON CANCER SURVIVAL 

. CENTER hereby give permission for spectroscopic measurement to be performed during 

my endoscopy and further release THOMPSON CANCER SURVIVAL CENTER from any 

leg4 or other responslbfltty for protectfng my rights In the release of use of the data 

obtained. 

Signature 

1048413 



WHAT IS FLUORESCENCE SPECTROSCOPY 3 

U S I ~ Q  Fluorescence to Detect Tumors 

When tissue is exposed to certain colors of light, it fluoresces similar to fluorescent 
markers under violet light. Fluorescence of normal and cancerous tissue are different. 
This fluorescence difference may be used to detect tumors without &king any biopsies. 

How is Tsssue Fluor escence Measured? 

fluorescence spectroscopy Is a technique that measures fluorescence of tissue. 
During the endoscopy procedure, a small fiber is lightly touched to the tissue to measure 
b fluorescence. The measurement is non-invasive (painless). Each measurement is 
"completed in less than two seconds. 

'I/ 

The Need For Volunteers 

Volunteers are needed to collect fluorescence of normal and tumor tissues to further 
develop this non-invasive technique. Development of this method, ultimately, will allow 
detection of tumors without taking any biopsies. 



Associated Post Office BOX 117 
Universities Oak Ridge. Tennessee 37831-01 17 

Dcccmhcr 30,1YY3 W 

Tban Vo-Dinh, Ph.D. 
Advanccd Monitoring Devclopmcnt Group 
Oak Ridge National Laboratory 
P.O. Box 2008 
Oak Ridgc, Tcnncssec 37S31 

Dear Dr. Vo-Dinh: 

I apologize for the dclay in getting this Ictter written. The OUU/ORNL Institutional Review Board met 
on November 10, 1993. I had approvcd your proposals for the Committcc as they qualified for w i t &  
review. Yet, the full commitlee does have to review the p r o ~ s a l s  a t  the next regular meeting and note 
any concerns. 

Somc gcncral conccrns applied to all proposals we reviewed that day. The Institutional Review and 
Approval Sheets werc often incomplete. These sheets must contain the title of the project and the project 
codc number. in your case ORNL-27. The secretary for the Committee assigns these numbers, and I will 
ensure that all proposals go first to her to ensure the Review and Approval sheet is complete and that she 
assigns a project code. In some cases the sheels did not include the signatures of all persons required to 
approve the projects. On future proposals, I will return them to the PI to obtain the full signatures before 
approving projecrs. 

The Committee asked that I writc you to obtain a copy of the a n s e n t  form which is used by the 
Thompson Cancer Survival Center for our files. OtheMise, there were no concerns regarding your 
proposal. 

\ 

'4 

I wish you success with your research projects. 

Sincerely yours, 

William H. Olhoun,  Chair 
ORAU/ORNL Committee on Human Subjects 

WHC:mvr 

t 0484 I 5  



. . . _  

2 Principd Investigator 

Tuan Vo-Dinh 

, c 

T.kphon- 

61 5-574-6249 

3. In8tlUbn.l Assurance Number (If i#md)' 

~ A ~ - . l a c l u d r f d l ~ d p r f a m o C i n r r i  
Oak Rtdae National Laboratorv. P . r B o x  2008, Blda. 4500s. MS-6101 

1. p r o i . C r N u ~  

O R N L - 2 7  

. -  I 

Oak Ridce, T N  37831-6101 

contact Pmmon 

Ger ry  Goldstein 
-- 
301 -903-5348 

1 
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C IRBA~proudD.ll  Letter from Thompson Cancer Survival Center ( 1  /20/94) and 
from Universitv of Tennessee Medical Center ( 2 / 1  l(94) 
8. This PmW Invokes the tonowing eothboratlng br_rtlhltlonn (Ibt maximum d two): 

Thommon Cancer Survival Center 
~~~~ 

University o f  Tennessee Medical Center 
.. 

.- 

ODiagnostic studies using radiation or chemical agents in flrca amounts. 

c3 merapeutic studies using radiation or chemical agents. 

@Studies of exposure. effects. health, or monitoring using human urine. blood, other body 
fluids. cells. or tissues- 

@pecimens collected dinctly from human subjectc for thit project. 
QSpecimens obtained from secondary sources (e.g.. hospitals, lpboratorits). 

#Instrument development and testing using human subjets. 

CI surveys that collect pasorrp~~y identifiable dn~. 
. I  

nEnvironmcntal studies using human subjects to evaluate weatheritation options. habitat al&& 
or similar. 

1 OOthcr. Pleaseidentify 

2 



Provide a brief ObsPIct that includes the following information: 

Sumnmizc 
tbtutegories checked in Item 11). 

obj&= md d o d o l o g y  ofthis restarch projea. c l d y  ,,+,,, jt belongs in 

This projkt' involves the development of novel or improved biomedical diagnostic and therapeutic 
technologies. A new diagnostic procedure based on laser-induced fluorescence is developed for direct in-vivi 
cancer diagnosis without requiring biopsy surgery. The methodology was applied to differentiate normal and 
malignant tumors of the esophagus. Endogenous fluorescence of normal and malignant tissues were measured 
directly using a fiberoptic probe inserted in an endoscope at the Thompson Cancer Survival Center (TCSC). 
The measurements were performed in-vivo during routine endoscopy. The fiber-optic probe was designed so 
that it could be inserted into the biopsy channel of an endoscope. The detector was an intensified photodiode 
array equipped for spectral dispersion. Detection of the fluorescence signal from the tissue was performed 
using laser excitation. This work involves the differential normalized fluorescence (DNF) procedure using the 
amplified spectral differences between the normalized fluorescence of malignant tumors and normal tumors. 
Another procedure consists of spectral analysis of body fluids (e.g.,blood, serum) for thrombosis biomarkers. 
These procedures could lead to the development of a rapid and cost-effective technique for early biomedical 
diagnosis, prevention and therapy. 

B. Specify the mrmbet of human subjects iwolvcd each y a r .  

More than fifty subjects 

I 

f? C Describe the bwhxncnt of human Subjects thc ifpay, which thy ue arpo 
Laser-induced fluorescence measurements are performed at TCSC on esop ageal tissues. 
Institutional review board approval is obtained for the study. Informed consent is also obtained on 
each patient. All measurements were conducted during routine gastrointestinal endoscopy. The 
fluorescence probe was passed through the biopsy channel of an endoscope. The excitation source 
was a pulsed nitrogen-pumped dye laser tuned to 410nm. During measurements the distal end of the 
fluorescence probe lightly touched the surface of the tissue being monitored. The LIF system was 
programmed to trigger the dye laser for 10 excitation pulses. The light pulses could be seen and used 
visually to determine proper contact with esophageal tissue. Each fluorescence reading was 
completed in approximately 0.6 second. The esophageal tissues examined included normal esophageal 
mucosa, squamous cell carcinoma, and adenocarcinoma. Another procedure will involve spectroscopic 
analysis of body fluids from patients provided by secondary sources (medical institutions) to monitor 
thrombosis biomarkers. -_ 

c- 

D. List the chemical or radioactive materials, if any, that are used in the study, and ider& 
the mute of exposure. 

N/A 

I 

1 O b 8 4  I 8  s 
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OAK RIDGE NATIONAL LABORATORY 
MANAGED I Y  MARTIN MARIE ITA ENERGY SYSTEMS. INC. 
FOR THE US.  DEPARTMENT OF ENERGY I/ 

P O S T  OFFICE BOX 2008 
OAK RIDGE. TENNESSEE 37831 

September 22, 1993 

Dr. William H. Calhoun, Chair 
ORNUOFMU Committee on Human Studies 
312 Austin Peay Hall 
Pepartment of Psychology 

' The University of Tennessee 
Knoxville, Tennessee 379964900 

W Dear Dr. Calhoun: 

Enclosed you wiIl iind a review application for the proposed involvement of human subjects 
in a proposai being submitted to the U.S. Environmental Protection Agency (EPA). This 
environmental assessment is being prepared by O W  staff under the direction of the 
Department of Energy. 

' The study involves no human health risks and only minimal risks to individuals' well-being 
as desmied in the Committee's guidelines, "Assurance of Compliance with HfIS Regulations . 
for Protection of Human Research Subjects." We believe that the research described in this 
application is exempted from the DOE Policy for the Protection of Human Subjects in 
accordance with locFR Part 745, Section 101(a)(2), due to'the protection of anonymity of 

' 

the'participmts in the surveys used in this research. 

We appreciate any comments the Committee may have on the human subject aspects of our 
proposed research. ' Any changes recommended by the Committee will be adopted as 
necessary. 



Dr. William H. Calhoun, Chair 2 

U 

September 22, 1993 

Because we are trying to submit a proposal to the EPA in a timely fashion, we would 
appreciate a pick response regarding this application. If you concur that the research is 
exempted, please sign the concurrence block below and telefax this letter to me at 576-8646. 
Please call me if you need any additional information. 

. 

Sincerely, 

Virginia Dale 

VHD:sjw 

Attachment 

cc;: .S. G. Hildebrand 
D. E. Reichle . 
M. Rivera (OR4U) 
D. S. Shriner 
R. I. Van Hook 

CONCURRENCE: 

W. H. Calhoun, Chair Date 
ORNUORAU Committee on Human Studies 



IDENTIFICATION NO.: 

n A R T I N G  DATE: J l a n u u q I ,  1974 
I/ 

d 

The principal investigator will follow the procedures of the Commiuce on Human Studies in obtaining "informed 
consent" from the subjecu under study. ?he invesugaux rrcogniztS occcprance of p h q  responsibility for sale- 
guarding the interests of the paniciprnu u n d a  study. The investigator is responsible for notifying h e  
ORAUDRNL Committee on Human Studies of any signifrant changes in methods of procedurt or of the 
developmtnr of unexpected risks. 

SIGNATURES: 9 4 4  YA 

DIVISION REVIEW: 
' 

The application described henin has been =viewed and approved for submission to the ORAU/ORM, 
Committte on Human Studies; - 

Date: 

INSTITUTIONAL APPROVAL: . 

The application described h m i n  has been xvicwcd and a p p v e d  for submission to the ORAU/oRNL 
Committee on Human Smdies. 

Signature: 
. David E. Rtichle 

Date: 

2 4 I8  PM 

I048422 



Identification No. - 
APPLICATION FOR THE USE OF H U M A N S  AS EXPERIMENTAL SUBJECI'S 

To: Committee on Human Studies Date: September 21, 1993 
u 

Oak Ridge Associated Universities 
Oak Ridge National Laboratory 

Principal Investigator: Virginia H. Dale 

Implant mailing address: Ms 6038, Building 1505, ORNL 

Telephone number: 6-8043 (fax 6-8646) 

Co-investigators: Carolyn Hunsaker and Glenn Suter, Environmental Sciences 
Division, ORNL 

Title of Project: 

Anticipated sponsor: 

Relating environmental indicators to societal values 

U.S. Environmental Protection Agency . .  

. btimated annual funding: $268,655 (first year) 
$544,819 (two years) 

. I. Objectives of experiment 

We propose to develop and test three alternative methods for conveying information 
about environmental indicators to members of the public (society) and for soliciting their 
rankings of combinations of those indicators that characterize different states of ecological 
systems. The particular systems and indicators used will be defined by our case-study region: 
the forests, surface waters, and integrated resources of the Southern Appalachian Man and 
Biosphere region. The data available for this region are extensive and include information 
on current status and some projections of changes over time for the Great Smoky Mountains 

' National Park and for the Oak Ridge Reservation and surrounding counties. 

11. Method of Procedure 

a. ,Identification of Relevant Indicators and Other Variables for Data Collection 

The examination of societal environmental values and the ways in which'they can best 
be assessed requires identifying the. relevant ecosystem indicators that best reflect these 
broader values and can be understood by the public and individual and research design 
characteristics that may influence the nature of responses. Decisions about elements within 
each of these categories that will be included in the data collection protocols will be guided 

9 



by several sources. These include reports of relevant research conducted to date, pertinent 
documents about the case study ecosystem, and intewiews of knowledgeable individuals, and 
focus groups comprised of both members of the public and active stakeholders in 
environmental debates and decisions. W 

b. Development and pre-testing of data collectjon protocols 

The major aim of our study is to examine the utility of three different data coUection 
strategies (a mail questionnaire, a telephone survey, and a video-based in-person 
questionnaire) for collecting public valuations of the case study ecosystem conditions (Table 
1). By keeping certain aspects of each constant (e.g., employing the same core set of 
questions) but manipulating the format, especially the use of visual infomation, and 
procedures for gathering the individual valuations, it should be possible to investigate the 
effectsof these data collection modes on responses [e.g., whether supplementing pure word 
questions (as in the phone survey) with static images (as in the mail survey) alters the 
distribution of value rankings, results in a higher level of individual confidence in their 
assessments, and/or decreases the proportion of "don't know" responses]. These results, in 
turn, should identify which approach(es) for assessing public societal values appear most 
promising in any future EMAP efforts. 

. 

- 

- 

c, Development of data collection protocols 
6 

The findings from the previously described activities wll be used to design three more 
formal protocols for data collection, each of which incorporates a distinct assessment strategy 

\c/ and methodology for obtaining public valuations. These are: (1) a telephone survey 
protocol that uses words to present the information (e.g., indicators and alternative system 
conditions), to pose questions, and to obtain responses and that will be administered to a 
probability sample of the target population; (2) a mail questionnaire that relies on both 
words and static images (e.g., graphs, drawings, and still photos) for distribution to another 
probability sample; and (3) a video and accompanying questionnaire that combine words, 
static illustrations, and moving images to be administered to a random sample of visitors to 
a shopping mall serving the target population, following the procedures used by Viscusi and 
his colleagues (e.g., Viscusi et al. (1991b). 

- 

' 

Each protocol will cover the same domains, indicators, demographic, and other 
variables, sharing a standard core of questions for obtaining data on: 

+ The individual's assessment of the overall relative value of the respective 
ecosystem and its alternative conditions; 

..- 

+ The person's judged level of confidence in hisher responses to each of the 
above sections; 

+ Respondent evaluations regarding the ease of answering the survey items (e.g., 
their clarity), length of the survey, and any other aspects of the procedure 
about which they wish to comment; and 

Y 



Table 1. Simllnritics and Differences h the Proposcd Data Collection Strategies 

391 

Words onty 

Prcnotifiatioa letter followcd 
by intervimer phone call 

In tervieweradministertd 

I Target population 

Sampling frame 

391 39 1 

Words and static images Words, static images, and 
sophisticated images and 
displays 

Face-&face request from a 
research staff person 

Mailed m e r  Mter 

Paperand-pencil Paperand-pencil (after 
instructions from a research 
staff persoo) 

Sampling strategy 

Expend period required 
for actual dam cdltction 

4 wecks 

Adult residents of a locale in 
the casc-6tudy re@ 

P u M i e d  residential telephone 
directory liming5 (reverst 
telephone directory) for the 
appropriate geographic area, 
i.c., county i.e., county 

Probability sample, using 
systematic sampling procedures 

Adult rcJidents of a locak in 
the W - t W d y  region 

Published residential tckpbme 
directory listings (rcversc 
telephone directory) for the 
appropriate geographic area, 

Probability sample, using 
systematic sampting procedures 

8-10 weeks 4 weeks 

Adult rwidenls of a locale in 
the cast-study region 

Visitors to a mall in the locale 
. during s p f i c d  lime periods 

Sampk sckaioa 
Xeming, supplies, assembly, 
and p t a g e  for pre-notification 
ktter 
Interviewer hiring, training, and 
supervision Interviewer pay 
xerardng of data collection 

Systematic sampling of visitors 
during randomty varied time 
periods and mall locations 

Sample selectim Sample scleaion and 
Xemxing, supplies, assembly, recruitment by rcscarch staff 
and postage for cover letter Preparatioo of video 
clerical staff for suwy Acquisition of video 
personalization techniques equipment 
Xercxing of data collection Payment of research staff for 
protocds and follow-up mailings r m i t m e n t  and participant 
Postage for initial mailing and instructions 

Total N in sample I 1,138 1 6 10 I ? 

Phone liaeJ and charges 

Expected completed 

Protocd fonnat 

P t m k  (W 

foiim-up mailing 
Research staff time for protocols 
telephone follow-up r q u t s t  

Xerming of data collection 

I Mode of recruitment 

Modc of admbi&tiw 

Elements used in 
calculations of actual data 
collection cost (excludes 
professional time required 
for development of core 
items, data entry, and 
analysis casu 



e Selected demographic and other characteristics that may potentially affect 
responses (e.g., rural vs. urban residence, educational attainment, and previous 
exposure to the case-study ecosystem). 

The study design will permit empirically-grounded comparisons of how the survey 
(especially the information transfer characteristics) contribute to the types and quality of 
data obtained. 

d. Exemption 

The study involves no human health risk and only minimal risks to individuals' well- 
being as described in the Committee's guidelines, "Assurance. of Compliance with HHS 
Regulations for Protection of Human Research Subjects." The research described in the 
application is exempted from the DOE Policy for the Protection of Human Subjectsi in 
accordance with 10 CFR Part 745 section 101 (a)(2), due to the protection of anonymity of 
the participants in the surveys used in the research. 

. 
. 

111. Possible Hazards and their Evaluation 

There are no potential human health hazards and only minimal risks of other kinds 
to human subjects zssociated with this project. Because this research is exempt from the 
W E  Policy on the Protection of Human Subjects, the requirement €or informed consent 
does not apply, as given in the 10 CFR Part 745, section 116. The anonymity of participants 
is this study will be maintained, which is the central basis for exemption from the Policy for * 

'cui this research. 

IV. Radioisotopes and New Dmgs 

The study invoIves no use of radioisotopes or drugs., 

V. Responsibility of Principal Investigator 

The principal investigator will follow, and will direct subcontractors to follow, the 
procedures of the Committee on Human Studies in conducting the research described in this 

. application. The investigator recognizes that she retains the primary responsibility for safe- 
guarding the interests of the participants under study. Any significant changes in methods 
of procedure or the development of unexpected risks will be brought to the attention of the 
Committee immediately. 

1 0 4 8 4 2 b  



ORAUdORNL COMMI'ITEE ON HUMAN STUDIES VOTING RECORD 

P r o p a l  Number and Title: 

W' 

Relating Ecological Indicators to Societal Values 

Principal Investigator: Virginia Dale 

VOTE OF COMMIlTEE 

Comment Approve Disapprove Date 
0 - 1 c)-  5 3  

1. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Chairman's statement of Committee consensus: 

Date 



. 

2. Principal Investigator 

V i r q i n i a  H. Dale 

PROTECTINGda 
HUMAN S U B J E C T S ~ I ~  

Tokphono Number 

615-576-8043 

-.- _ _  - 
Office of Health and Environmental Research U S .  Department of Energy 

Contact Person 

Policy: Rcsearch activities that involve human subjects and that are funded by the U.S. Department of Energy 
(DOE). conducted in DOE facilities. or conducted by DOE personuel must be approved or exempted from review in 
accord with 10 CFR Part 745. Failure to comply with these e o n s  may prevent DOE from authorizing or 
funding an activity, or may lead the Department to suspend or tuminate the project. 

Directions: Institutions must complete this form, providing ths data listed below in the format indicated. 
for each research activity each year. Forms must be sent to the appmpriatc DOE Field office, which will 
forward them to DOE Headquarters (protection of Human Sub& Mail Station ER-70, Office of Health and 
Environmental Research, US. D e p m e n t  of Energy, Washington, DC 20585). 

kkphom Number 

I OEnrL- 28 
5. Annual Funding: 

Give actual funding or check the amount closest to the estimated total for the current 
Federal fiscal year. whether rquested or obmncd. Include both dircci and indirect costs. 

0 Actual Funding 
5 268,655 

. 3s10,000 05l00,000 ~ s s o o , o o o  D 51,000,000 0 55,000,000 

U.S. Environmental P r o t e c t i o n  Agency 
Non-DOE Sourm 

1 

*- 

\c/ 

' Under 10 CFR Pan 745. institutions i l~c required to file an m u m c c  of compliance with the regulations with,DOE or the DepYtmcnt of 

' Each project must have a unique identificaiion number assigned by h e  institution-for example. ANL-BUI()R1. 

Health and Human Services The Dcpmnmcnt involved my then issue an assurance numkr. 

1 0 4 8 4 2 8  1 



7. The Project h u  been reviewed and qpmved by the Instltutlonrl Wkw Baud (IRB) 
as required under 10 CFR P.rt 745. 

A. T y p o f R w i m  

B. TypofApprov*l 

@New 0 Annual Renewal oothtr 
C. IRE Approval Dab 

9-28-93 

9 Full Board 

0 Expedited 

For a list of mwch not requiring IRB review. scc Attachment. 

For an explanation of projects that qualify for cxpdled  rrviews. set Anachment. 
I 

8. This Project involves the following colhbomting institutions (list 8 nwtlmum of two): 

Vanderbil t University 

~~~~ ~~~ ~ 

9. Vulnerable Populations 

anis project does not involve vulnerable populations. 

o n i s  project involves the following vulnerable populations: 

a Minora 0 MontaHy Diublod 0Pri8on.m . 
D -tu-% ~mgnant Wown, In vitro hrtiiimtion 0 Economically or Educationally Diudvantapd 

10. Type of Research 
Check all categories that apply. 

% Using data collected directly from human subjects. 
idemiology(using personally identifiable datal- 

OUsing existing data. 

a Diagnostic studies using radiation or chemical agents in tracer amounts. 

DTherapeutic studies using radiation or chemical agents. 

DStudies of exposure, effects, health. or monitoring using human urine, blood. other body 
fluids. cells, or tissues- 

3 Specimens collected directly from human subjects for this project. 
Specimens obtained from secondary sources (e.g.. hospitals, laboratories). 

0 Instrument development and testing using human subjects. 

0 Surveys that collect personally identifiable data. 

0 Environmental studies using human subjects to evaluate weatherization options, habitat alteration, 
or similar. 

mothcr. Pleastidentify Survey that collect data that cannot be identified to a 
person 

2 
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Provide a brief abstract that includes the following information: 

k Summarize the objecnves and methodology of thrs research project. (Explain clearly why it belongs m 
the categones checked m Item 11). 

We propose to develop and test three alternative methods for conveying information 
about environmental indicators to members of the public (society) and for soliciting 
their rankings of combinations of those indicators that characterize different states 
of ecological systems. The particular systems and indicators used will be defined by 
our case-study region: the forests, surface waters, and integrated resources of the 
Southern Appalachian Man and Biosphere region. Human subjects will be queried 
via phone, mail, and in-person surveys concerning environmental indicators. The 
identity of the persons surveyed will remain anonymous. 

B. Specify the number of human Subjects involved each ycar. 

About 2,200 surveys will be distributed; we anticipate about 1,200 will 
be completed and returned. 

C. Describe the involvement of human subjects and the risks, if any, to which they are exposed. 

Volunteer subjects will be asked to sign an informed consent form prior to 
participating in the survey. Information will be given to volunteers on the aquatic 
and terrestrial environment and environmental indicators. There is no risk to the 
persons involved in the survey. 

D. List the chemical or radioactive matenals. if any, that are  use^ in the study, and identify 
the route of exposure. 

None used. 

See rewerse for approval signatures. 

\Oh81130 
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The ofiaal signing belour arnf ics  rht the informtion providul on lhrr funn IS cOmQ and th.1 the u~si~iuuon A S S U ~ C S  rcsponsibllq for 
futurr ICVICWS. approvals. and rubnussions of W J C ~  Sununancs. which arc dl rrgurd U krrt once I yuf - 

Date 

I 

Printed or Typed Name Telephone Number 

D a v i d  E. Reichle (615)-574-4333 

For DOE Use o a l y  

Date Received by ER-n I Date 

.c 

W 

Reason for Return 

DOE Reviewers 

.. 

I . .  

f O h 8 4 3  1 4 



Ident. No. 

To: 

APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS 

COMMITTEE ON HUMAN STUDIES 
Oak Ridge Associated Universities and 
Oak Ridge National Laboratory 

Date 

Principal Investigator: Stephen J. Kennel. Ph.D. (ORNL Biolorrvl 

Co-Inves tigators: Scott Robertson. Student (Cell & Molecular Biolow Program. U. of TN) 

Title of Project: MONOCLONAL ANTIBODIES TO VASCULAR ENDOTHELIUM OF 

RENAL CELL CARCINOMA 

I. Obiective of Exoeriment: 

The objective of this study is to develop monoclonal antibodies (MAb) to blood vessels of 
renal carcinomas. I t  is hoped that some of these MAb will react selectively with tumor 
endothelium, providing a reagent for the specific targeting of cytotoxic agents to the tumor. 
Identification of the target molecules reacting with these MAb will extend our knowledge of 
the linings of blood vessels and their unique structure and functions at different anatomical 
sites. 

II. Methods of Procedure: 

Excess tissues from RCC patients, obtained during standard resection surgery, will be used 
in these studies. Extracts of membrane proteins from tumor tissue or from cultured human 
umbilical vein endothelial cells (from a commercial source) will be used to immunize mice in 
preparation for hybridoma production. Hybridomas producing MAb will be identified by 
ELISA on membrane protein preparations. Promising MAb will be tested in 
immunohistochemistry on frozen or fured sections of human tissue. MAb reacting specifically 
with endothelium or  tumor will be characterized further. Western blot and 
immunoprecipitation will be done on cell and tissue extracts to identify proteins for the 
MAbs. 

111. Possible hazards and their evaluation: 

These experiments will have no beaxing on the patients' diagnosis or treatment. Only excess 
tissues obtained at standard surgery will be used and the patients will not be identified by 
name. Precautions will be taken when handling and disposing of tissue. Gloves and lab coats 
will be worn at all times tissue is present. Extracts will be done in a chemical exhaust hood 
and centrifugation in capped tubes. All waste materials will be bagged and autoclaved before 
disposal. 

1048432 
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Title of Project: MONOCLONAL ANTIBODIES TO VASCULAR ENDOTHELIUM OF 
RENAL CELL CARCINOMA 

Ident. No. 

IV. Radioisotopes and New Drum: 

NIA 

V. Reswnsibility of the PnnciDal Investieator: 

Patients will not be affected by this project and will not be identified by name. The main 
concern of the P.L is the proper handling and disposal of tissue. Human samples will be 
treated as biohazardous materials. Gloves and lab coats will be worn and waste will be 
autoclaved in plastic bags before disposal. Any significant changes in these procedures will 
be brought to the attention of the Committee on Human Studies. 

Starting Date: 
,e 

Principal Investigator Signatures: 

-. &-Investigator 
I 

DMSION REVIEW 

The application d e s c n i  above has been reviewed and approved for submission to the 
ORAUIORNL Committee on Human Studies. 

Official signing for the institution: 

Signature 

Title 

Institution 

Date 

J 
I .- 

10118433 



POST OFFICE BOX 2009 
OAK RIDGE, TENNESSEE 37831 

July 21, 1993 

Dr. William Calhoun 
Committee on Human Studies 
Oak Ridge Associated Universities and 
Oak Ridge National Laboratory 

Dear Dr. Calhoun: 

In 1988 I spoke with Dr. Lushbaugh about this project. He indicated that it qualified for a waiver 
from getting approval of the Committee since the subjects were not affected or identified by name. 
I am submitting this brief application to insure that under current rules our project meets with your 
approval. Please contact me if more information is needed. 

Sincerely, 

Stephen J. Kennel, Ph.D. 
Biology Division 

S K s a  

Enclosure: Application 

cc: File - RC 

1 0 4 8 4 3 4  



Idcnt. No. 

To: 

APPLICATION FOR THE USE OF HUMANS As EXPERIMENTAL SUBJECTS 

COMMITTEE ON HUMAN STUDIES 
Oak Ridge Associated Universities and 
Oak Ridge National Laboratory 

Date 

Principal Investigator: SteDhen J. Kennel. Ph.D. (ORNL Biolowl 

Co-Investiga tors: Scott Robertson. Student (Cell & Molecular Bioloev Program. U. of TNJ 

Title of Project: MONOCLONAL ANTIBODIES TO VASCULAR ENDOTHELIUM OF 

RENAL CELL CARCINOMA 

I. Obiective of Experiment: 

The objective of this study is to develop monoclonal antibodies (MAb) to blood vessels of 
renal carcinomas. I t  is hoped that some of these MAb will react selectively with tumor 
endothelium, providing a reagent for the specific targeting of cytotoxic agents to the tumor. 
Identification of the target molecules reacting with these MAb will extend our knowledge of 
the linings of blood vessels and their unique structure and functions at different anatomical 
sites. 

".c/ 

II. Methods of Procedure: 

Excess tissues from RCC patients, obtained during standard resection surgery, will be used 
in these studies. Extracts of membrane proteins from tumor tissue or from cultured human 
umbilical vein endothelial cells (from a commercial source) will be used to immunize mice in 
preparation for hybridoma production. Hybridomas producing MAb will be identified by 
ELISA on membrane protein preparations. Promising MAb will be tested in 
immunohistochemistry on frozen or Fwed sections of human tissue. h4Ab reacting specifically 
with cndothelium or tumor will be characterized further. Western blot and 
immunoprecipitation will be done on cell and tissue extracts to identify proteins for the 
MAbs. 

111. Possible hazards and their evaluation: 

These experiments will have no bearing on the patients' diagnosis or  treatment. Only excess 
tissues obtained at standard surgery will be used and the patients will not be identified by 
name. Precautions will be taken when handling and disposing of tissue. Gloves and lab coats 
will be worn at all times tissue is present. Extracts will be done in a chemical exhaust hood 
and centrifugation in capped tubes. All waste materials will be bagged and autoclaved before 
disposal. 

1048435 
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Title of Project: MONOCLONAL ANTIBODIES TO VASCULAR ENDOTHELIUM OF 
RENAL CELL CARCINOMA 

Ident. No. 

IV. Radioisotows and New Drugs: 

NIA 

V. Resmnsibilitv of the Princiual Investigator: 

Patients will not be affected by this project and will not be identified by name. The main 
concern of the P.I. is the proper handling and disposal of tissue. Human samples will be 
treated as biohazardous materials. Gloves and lab coats will be worn and waste will be 
autoclaved in plastic bags before disposal. Any significant changes in these procedures Will 
be brought to the attention of the Committee on Human Studies. 

Starting Date: 

U 

+ J .  d Principal Investigator Signatures: -_ 

(+A J 03 -. Co-Investiga tor 
I 

DMSION REVIEW 

The application described above has been reviewed and approved for submission to the 
ORAU/ORNL Committee on Human Studies. 

Official signing for the institution: 

Signature 

Title 

Institution 

Date 

U 

104843b 



ORNL29 
ORAUIORNL C0MMITlT.E ON IIUMAN m D I E S  VOTING RECORD 

Proposal Number and Title: 

LJ 
Monoclonal Antibodies to Vascular Endothelium of Renal Cell Carcinoma 

Principal Investigator: Stephen J. Kennel, Ph.D. 

VOTE OF COMMITTEE 

I. 

2. 

3. 

4. 

5. 

6. 

- ,Ld 

8. 

9. 

10. 

5 

11. 

12. 

13. 

14. 

Cornmen t Date 

Chairman's statement of Committee consensus: 

Date 



08/02/93 10:29 

O A K  R I W E  I N S T I T U l t  F O R  S C I E N C . F  A N D  E D U C A T I O N  

P 0 2  

July 30, 1993 

Stephen J. Kennel 
ORNL 
Po B o x  2009 
Oak Ridge, TN 37831 

Dtar Dr. Kennel, 

I have reviewed your proposal titled "Monoclonal Antibodies to Vascular Endothelium 
of Renal Cell Carcinoma" and can approve the project by expedited review. 

Plcase inform the Committee of any changes in protocol and file an annual report of 
progress and any untoward effects you have observed. 

I wish you success on your research. 

Sincerely, 

William H. Calhoun 

/sa 

CC: Riveria 

.-LA 
P. 0. BOX 1 t7. OAK RIDGE,  TENNESSEE 37831-01 17 

Monogcd ond oporoted by O o h  Ridge Associakd Univerritior for the US. Depaflmant of Energy 

1048438 
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2. Principal Investigator 

Stephen J. Kennel 

PRQrECrING 
HUMAN SUBJECTS~IF 
Office of Health and Environmental Research U.S. Department of Energy 

fo&phono Numkr 

615-574-0825 

Policy: Research nctivitier that involve human subjects a d  tbat are funded by thc US. Department of Energy 
(DOE). conducrui in DOE fdities. or dd by DOE pasod  must k approved or cxempttd from review in 
accord with 10 CFR Part 745. Failure to comply with t h e  xeguhtions may prevent DOE from authorizing or 
funding an activity. OT m y  lead the Dcpamnent to susptnd OT terminate the p r o j e  

Directions: Institutions must complete this form. providing the data l i  below in the fahat indicated, 
for each research activity each year. F o m  must k sent to the qpmpmtc DOE Etld OfKcc, which will 
forward them to DOE Headquartus (protection of Hunun Sub- hkii Station ER-70, o&ce of Health and 
Environmental Rcsearch. U.S. DcpaRment of Errcgy, Washington, DC 20585). 

3. Institutional Assurance Number (if issued)' 4. Project Number) 

ORNL-29 

I 0 4 8 4 3 9  

. 
6. Funding Sources 

A Name DOE P r o p m  Office (see list In attachment). if applicable. 
B. Name non-DOE sources of funding tup IO two). if applicable. 

A. DOE Program Offia 

Coniact P r s m  Tolophono Numkr 

6. Non-DOESoura 

Jewish Hospital, Cincinati, OH 
Non-DOE S u r a  

1 



W 

W '  

L/ 

DFull  Board 
For a list of resevch not requiring IRB review. sce Attachment. 

Expedited 
For an explanation of projects that qualify for expedited reviews. see Attachment. 

B. Type Ot Approval a New Annual Renewal oothtr 

C. IRB Approval Om@ 
November 30, 1993 

8. This Project involves the following collrborating insthutions (lid r maximum of -1: 
University of Tennessee; Knoxville, TN 

9. Vulnerable Populations 

anis project does not involve vulnerable populations. 

h i s  project involves the following vulnerable populations: 
1 

. 3uinors a Montmlly Disablod O P r i - r s ~  

3 f i t u m .  Pngnant Women, In Vitro ~ . r t i ~ i i t i O n  0 Economically or Eduutionmlly Diudvmntapd 

- ~~~~ ~ 

10. Type of Research 
Check all categories that apply. 

3 pidemiologylusing personally identifiable data)- 
Using data collected directly from human subjects. 
9 Using existing data. 

9 Diagnostic studies using radiation or chemical agents in tracer amounts. 

3Therapcutic studies using radiation or chemical agents. 

3 Studies of exposure. effects. health, or monitoring using human urine, blood. other body 
fluids. cells. or tissues- 

DSpecimens collected directly from human subjects for this project. 
9 Specimens obtained from secondary sources (e+. hospitals. laboratories). 

a Instrument development and testing using human subjects. 

c)Surveys that collect personally identifiable data. 

0 Environmental studies using human subjects to evaluate weatherization options, habitat alteration. 
or similar. 

DOther. Please identify Excess tissue samples from non-identif ied individuals 
from secondary sources 

I 0 4 8 4 4 0  2 



11. Abstract 

Provide a brief abstract that includes the following information: 

A. Summarize the objectives and methodology of th~s research project. (Explain clearly why it belongs in 
the categories checked in I tan 11). 

The objective of this study is to develop monoclonal antibodies (MAb) to blood vessels of renal 
carcinomas. It is hoped that some of these MAb will react selectively with tumor endothelium, providing 
a reagent for the specific targeting of cytotoxic agents to the tumor. Identification of the target molecules 
reacting with these MAb will extend our knowledge of the linings of blood vessels and their unique 
structure and functions at different anatomical sites. 

Excess tissues from RCC patients, obtained during standard resection surgery, willbe used in these studies. 
Extracts of membrane proteins from tumor tissue or from cultured human umbilical vein endothelial cells 
(from a commercial source) will be used to immunize mice in preparation for hybridoma production. 
Hybridomas producing MAb will be identified by ELISA on membrane protein preparations. Promising 
MAb will be tested in immunohistochemistry on frozen or fixed sections of human tissue. MAb reacting 
specifically with endothelium or tumor will be characterized further. Western blot and 
immunoprecipitation will be done on cell and tissue extracts to identify proteins for the MAbs. 

B. specify the number of human subjects involved each year. 
._ 

10 

C. Describe the involvement of human subjects and the risks; if any, to which they arc exposed. 

Excess tissues obtained at surgery or autopsy are received from a secondary source. Individual patients 
are not identified. 

D. List the chemical or radioactive materials. if any, that are used in 1.x study, an1 
the route of exposure. 

NIA 

See reverse for apprvval signaruws. 

identify 

I O 4 8 4 4  1 



Date Received by ER-70 

I 

D8tc 
Q-.pt.d 

0 Rotumd to ~ i r u t o r  

DOE Reviewers 

1048442 



Identification No. O&J L- 30 

‘d 
APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS 

To: COMMI’ITEE ON HUMAN STUDIES 
Oak Ridge Associated Universities (ORAU) and 
Oak Ridge National Laboratory (ORNL) 

Date: July 2, 1993 

Principal Investigators: Jack C. Schryver. Ph.D. (ORNL) 4-47 10: 6025 MS-6360 

Co-Inves tigators: (none) 

Title of Project: Investigation of Cognitive Workload Measurement Techniques 

I. xneri men t; 

The objective is to identify techniques for cognitive workload measurement, 
develop criteria to evaluate these techniques, and perform an experiment to evaluate 
the techniques for measuring cognitive workload during tasks that require 
navigation through computer-based display networks. The workload measures to 
be compared include response latencies, errors, keystrokedmouse clicks, and eye- 
gaze scan paths. The results will be used to provide recommendations for review 
of computer-based operator workstations. 

;w 11. Methods of Procedure; 

About 12 subjects will participate in this study of cognitive workload metrics 
associated with navigating display networks. During the experimental trials, each 
subject will participate in a single session for 60-90 minutes. Subjects will be 
recruited from OFWL employee volunteers to include research staff and facility 
operators. 

Each subject, tested separately in a private office, will sit in front of a U n k  
computer workstation. The subject’s eye-gaze locations on the screen during the 
trial will be collected by a commercial, non-invasive eye-tracking system, as 
explained below. The camera from the eye-tracking system is not attached to the 
subject, and resides just under the computer display. The subject will rest his chin 
in a comfortable chin rest during these trials and will be asked to perform a series of 
simple tasks on the screen. On each trial, the subject will be requested to retrieve 
information from a computer display, navigate a display network with mouse 
clicks, and find a target display. The subjects will type in answers to questions 
based on the infoimation in a pop-up window. 

A calibration procedure for the eye-tracking system precedes the experimental 
trials described above. For this procedure, the subject places his chin in the chin 
rest to maintain a reasonably stationary head position, then looks into the 
infrared-sensitive eye-tracking camera with 75 mm lens. A compu ter-controlled 
sequence of circles presented on the display is then initiated. The subject fixates 
each of the 10 circles as they are displayed. The system repeats the calibration 
until a ci-iteiion accuracy is achieved. *w 



rrr. Possible Ha7 srds  and Their Evaluation; ii 

W 

This study involves behavioral research with minimal risk to human subjects. 
Subjects will be tested individually in a private office environment, without 
invasive clinical procedures. Subjects will perform simple visual scanning and 
manipuhtion of windows at a workstation. This will be done in a self-paced 
manner, without stress. The procedure includes no deceptive or behavioral 
manipulations, and confidentiality will be ensured via numerical encoding of a l l  
subject identities. 

The eye-tracking hardware, manufactured by LC Technologies, Fairfax, VA, uses a 
pupil-centerkomeal-reflection algorithum to determine eye-gaze direction. 
A small, low-power, infrared light-emitting diode (LED) located at the center of the 
camera lens illuminates the pupil of the eye. The LED generates both a bright pupil 
for camera view enhancement and a conically reflected light glint. The relative 
relationship of the glint to the modeled pupil is used by the computer software to 
infer gazepoint direction. The LED wavelength is 880 nm (near-infrared), and has 
a beam width of 20 degree beam width; the safety factor is 5. At a range of 15 
inches, the LED illumination on the eye is 20% of the US Dept. of Health and 
Human Services maximum permissible exposure. The only noticeable effect of 
LED illumination is that prolonged exposure (Le., several hours) sometimes dries 
the eye. In this study, subjects will be provided with several rest periods over the 
course of experimental testing. In addition, subjects will be instructed to take a 
break whenever they feel it is necessary, as the task is self-paced. 

N. Radioisotones and New Drugs; 

No materials of this kind are involved in this study. 

V. &pxvih i l i tv  of Princinal Investieators; 

The principal investigators will follow the procedures of the Committee on Human 
Studies. The experimental protocol has minimal risk, and manipulation computer 
displays is an accepted daily occurrence in office work environments. The eye 
tracking procedure is well-accepted and non-invasive. Informed consent will be 
obtained from all participants, as shown in an attached sample form, which also 
contains the explanation of study. 

The principal investigators recognize their primary responsibility for safe-guarding 
the interests of the participants under study. Significant changes in methods of this 
procedure, and development of unexpected risks will be brought to the attention of 
the Committee on Human Studies. 
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THE EYEGAZEm DEVELOPMENT SYSTEM 

A TOOL FOR HUhLW FACTORS APPLICATIONS 

LC Technologies, Inc. 

4415 Glenn Rose Street 
Faidax, Virginia 22032 

i” 

1048445 

(800) 733-5284 

(703) 425-7509 
FAX: (703) 323-4782 
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Engineering Physics and Mathematics Division 
Oak Ridge National Laboratory 

Project: 

Explanation of Research Study and Informed Consent Form 

Investigation of Cognitive Workload 
Measurement Techniques 

Principal Investigator: Jack C. Schryver, Ph.D. (574-47 10) 

Participant's Name: 

Participant Numb erm) : 

EXPLANATION OF STUDY 

.The objective is to identify techniques for cognitive workload 
measurement, develop criteria to evaluate these techniques, and perform an 
experiment to evaluate the techniques for measuring cognitive workload 
during tasks that requirt navigation through computer-based display 
networks. The workload measures to be compared include response 
latencies, errors, keystrokedmouse clicks, and eye-gaze scan paths. The 
results will be used to provide recommendations for review of computcr- 
based opera tor w orh tati on s . 

Procedure: 

During the study, you will need to place your chin in a chin rest. This will 
ensure that the head is relatively steady, The study will include the 
following procedures: 

1. Calibration to a workstation display to permit the eye-gaze hardware 
to accurately track your eye movements. 

2, About 50 experimental trials will be conducted, during which you 
will view computer displays which resemble a safety parameter 
display system for a Pressurized Water Reactor. You will retrieve 
information from the display, and then navigate to B target display 
using the mouse. You wjll respond to questions regarding the 
information using keys on the computer keyboard. 

W 
i 

1 0 4 8 4 C b  



Dear Dr. Schryvm, 

I have reviewed 
expeditd review. 

July 21, 1993 

Jack D. Schryver. Ph.D. - -  
ORNL 
PO Box 2008 
Oak ddgc, IIJN 57831 

your proposal and agree that it can be approved by 

F .3/3 

Pl-t file an annual progress report and notify the Committee if there ate 
any changes in the protocol, 

I wish you SUCCCSS on the project. 

William H, Calhoun, 
Chair, Human Subjects Committee 

/sa 

cc: Riveria 

1.0. BOX 117, OAK RIDGE, TENNESSEE 37831-01 17 

&no& ond optrohd by Oot Ridge krociotrd h i w r d t i i r  loc L a  U.S. D l p m n u n ~  01 E q y  

1 048487 



APPROVAL SEQUENCE 
[Type in names. When routing does not apply, type 
NA on that line. ] 

. .  

/L? f l .  APPROVAL SLIP 

DATE 
1)7/1)3/91 

\d c t  hm t, Typist/Telephone parion E. Hall 
Proof readerflelephone 
AuthorJack C. S c h r w e r  ‘07/02/93 

DeptJSect. Head R e i n h o l d  C. Mann 07/02/93 
Div. Dir.(s) Robert C.  Ward 07/02/93 

\d &Supervisor H. E. Knee. GrO%D L d r .  07/02/93 

Prog. Dir.(s) 

Fin. OffJMgr. 
Fin. & Mat. Div. Dir. 
Adm. Sew. Dir. 

Associate Dir. 
Deputy Dir. 
Laboratory Dir. 
Commitment System No. 
Delivered to  Lab Records on 

Programmatic Assoc. Dir. 6 p r  & A h  ,, Is& 

/Due Date - 
(Dare) 

7 -  1 9 9 1  For issue On A’y 
iDate of correrpondenca) 

For Signature &&R:h,[a o 

[Flag document($) on which final signature(s) 
is required.] Lro r k r :  %ttc Hrrc\r+* \ 

Type Style 

* Information Copy to Divisional Assoc. Dir. 

sent by (Name) (Date) 
on 

Dollar Level 
This Increment 
Cumulative 

** Concurrence(s) received: 

Responsibility of division office to send copy 10 divisional Associate Director in conjunction with forwarding document to 
Programmatic Associare Director. *xa.t]. LhrJvqf UCN-110*6 ** Responsibility of “hold posirion ” in concurrence sequence. (3 11-90) 

u 
I- 

1 0 0 8 4 4 8  



W 
APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS 

INSTITUTIONAL REVIEW AND APPROVAL 

STARTING DATE: Julv 7. 1993 (OR A S SOON A S  AP PROVEl2 1 

DIVISION REVIEW: 

THE APPLICATION DESCRIBED 
SUBMISSION TO THE ORAU/ORNL COMMI 

SIGNATURE: 

T1TLE:Director. Enaineerina Phvsics and Mathematics Division 

INSTITUTION: Oak Ridae National Laboratorv 

DATE: -_--__-_-_-- --__-_____-__ 

INSTITUTIONAL APPROVAL: 

The application described herein has been reviewed and approved for 
submission to the ORAU/ORNL Committee on Human Studies. 

TITLE: Associate Director. Environmental. Life. and Social Sciences 

INS TI TUTION : Pa k Ridw Natio ' n  al 1 aboratorv 

MARCH 12, 1993 
L 
,# - 



Engineering Physics and Mathematics Division 
Oak Ridge National Laboratory 

Explanation of Research Study and Informed Consent Form 

Measurement Techniques 

. .," .. . *.. 
Project: Investigation of Cognitive Workload 

Principal Investigator: Jack C. Schryver, Ph.D. (574-47 10) 

Participant's Name: 

Participant Number/ID: 

EXPLANATION OF STUDY 

Purpose of Study 

The objective is to identify techniques for cognitive workload 
measurement, develop criteria to evaluate these techniques, and perform an 
experiment to evaluate the techniques for measuring cognitive workload 
during tasks that require navigation through computer-based display 
networks. The workload measures to be compared include response 
latencies, errors, keystrokes/mouse clicks, and eye-gaze scan paths. The 
results will be used to provide recommendations for review of computer- 
based operator workstations. 

W 

Studv Procedure: 

During the study, you will need to place your chin in a chin rest. This will 
ensure that the head is relatively steady. The study will include the 
following procedures: 

1. Calibration to a workstation display to permit the eye-gaze hardware 
to accurately track your eye movements. 

*y/ 
.J - 

2. About 50 experimental trials will be conducted, during which you 
will view computer displays which resemble a safety parameter 
display system for a Pressurized Water Reactor. You will retrieve 
information from the display, and then navigate to a target display 
using the mouse. You will respond to questions regarding the 
information using keys on the computer keyboard. 



Studv D uration; 

The entire study will take from 60-90 minutes including instruction and 
practice. Several rest periods will be provided, but if you become fatigued 
at any time, you may stop and rest. 

‘W 

Discomforts. Inconveniences. or Risks: 

A camera with a very low power infrared light source will be used to track 
your eye position during the experiment. Prolonged exposure to this may 
cause some dryness in your eyes. If your eyes feel dry, please notify the 
experimenter so the study may be paused. 

Poten ti a1 Benefits : 

The study to determine the sensitivity and construct validity of various 
measures of cognitive workload while operators or users navigate a large 
display network. Ultimately, the results may allow new review procedures 
to be devised that will verify that computer display networks are not too 
difficult to use for operators. Following the study, you may contact either 
of the principal investigators for follow-up information and published 
results. 

INFORMED CONSENT 

The information on this form has been given to me to inform me about this 
research project and my participation in it. I have read it carefully, and all 
of my questions about the study, and its procedures, have been answered to 
my satisfaction. 

I have been informed of the purpose of the study and the procedures 
involved. I understand that confidentiality will be ensured and that my 
name will not be associated with any results from this study. I understand 
that any information gained in this study becomes the property of ORNL 
and may be published in the scientific literature or used for other purposes 
which ORNL deems proper in the interest of education, knowledge, or 
research. 

I am freely volunteering for this study. I understand that I may, at any 
time, withdraw from continued participation in this study without suffering 
any penalty or prejudice. I am freely and voluntarily choosing to 
parti ci p ate. 

Date: Signature 
4 
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PROTECTING&& 
HUMAN S U B J E C . T S ~ I ~ ?  

2. Principal Jnvestigrtor 
J. C. Schryver 

Mlice of heatth and Enwronmental Reseanh U.S. Department 01 EncrW 

Tekphonw Numkr 

(615j 574-4710 

Policy: Resurch rctivitits that involve human subjects a d  h t  axe funded by the U.S. Department of En= 
(DOE). conducted in DOE facilities, a conductal by DOE papolrod must be approval or cxernprcd from rrvicw in 
accord with 10 CFR Pm 74s. Flilute to coraply with rbese rrguktions m y  prevent DOE from authorizing of 
funding an activity. or m y  lead tbc Dcpvzmcot to susptnd or tmninatc the pjcct 

Directions: Institutions must complctc this form, providing the dru lined k l o w  in tbc format indicated, 
for each rcsarch activity each year. Forms must bc sat  to tbe appropriut DOE Field offrcc, which will 
forward thcm to DOE Headquarters (Rotaction of hmm Sub+, Mu? Sarion ER-70, Off~ct of Health and 
Environmental Research. U.S. Dcparrmcnt of Epugy, Wlshingtoa. DC 20585). 

~~ 

Mailing A b d w  - Include full M ~ C  d prrtmrvag IIIIDIYD~. 

Oak Ridge National Laboratory, Bldg. 6025, Mail Stop 6360 

p. 0. BOX 2008, Oak Ridge, TN 37831 

I 

3. Institutional Assumncc Number (H issued)' 4. ProjectNumber' 

ORNL-30 

5. Annual Funding: 
Give aciurl lundinp or check the amount closest to the criimaicd torr1 Tor the current 
Federal fiscal year. whether requested or obuined Include both drrcct and indirrct costs. 

@&tu41 Funding 
f 4 3  ,000 

3s10,OOo 3tloo.ooo 3tsoo.ooo 3 $1 .o0O,ooo 0 s5,o0O,o0o 
6. Funding Sources 

A hame DOE R o p m  Ofice (see list In atwchmeni). if applicable. 
B kame non-DOE sources of funding cup IO IWOL i f  applicable 

A. DOE Progrmm Onia 

l o k p h o n  Numbor Conrrd Pwum 

B. Non-DOESoura 

1. Project Title 
Investigation of Cognitive Workload Measurement Techniques 

U. S .  Nuclear Regulatory Commission 
Office of Nuclear Regulatory Research, Human Factors Branch 

N-WE Soura 

Under 10 CFR Pm 745. inriltuimns M rsquirrd io fik UI USVMOC of complirna nlh ihc rcgulauons wtth DOE or rhc Dcprnmnt of 
H u l I h  md H u m  Scrviar Thc Dcpmmcni involved m y  i k n  iuue UI ututmce numbcr. 

Each pmsn must have J uniquc i kn t i f iu im number ~ u i g d  by rhc inultution-for rxwnplc. ANL-PUIOI 

1 



7. The Project h u  been reviewed 8nd approved by th3 Indttutionrl Revkw Bwrd (IRB) 
I$ rsquimd under 10 CFR Part 745. 

A. 1ypodR.v- 

9 F u l l  Board 

88 Expedited 

For a list of fescarch IKH q u i r i n g  IRB rcview. see Anrchmcnt. 

For m explanation of projects that qualify for expadited reviews. = Amchmcnc. 

1 

1. Typo of Approvol 

Q N W  0 Annual Renewal OorhU 

c. tRb Appmnt Dot. 
July 21, 1993 

6. This Project involves the tollowing collabontlng inrtltution8 (IM a maximum of two): 

9. Vulnerable Populations 

%is projecl docs not involve vulnerable populations. 

a n i s  project involver the following vulnerable ppulrtions: 

3 Mtno" 3 MonUlly Dirrbkd 3PriOorn" 

.- 

.- 

3 htuur. Pngnant Womon. In Vbo Fortiliaation 

10. Type of Research 
Check all categories that apply, 

idemiology(using personatly identifiable data)- 
Using data collected directly from human subjects. 
3 Using existing data. 

3 Diagnostic studies using radiation or chemical agents in tracer mounts. 

3Therapcutic studies using radiation or chemical agents. 

3Studies  of exposure. effects. health. or moniionnp using human urine. blood. other body 
fluids. cells. or tissues- 

3Specimens collecied directly from human subjecu for this project. 
2 Specimens obuined from xconduy sources (e.g.. hospirals. laboratories). 

3 Instrument dcvelopmeni and tesung uslng human Subjects. 

3 Surveys that collect personally identifiable data. 

'2 Environmenul studies using human subjects to evaluate weatherization options. habitat alteration. 
or similar. 

3 Other. Please identify 

1 0 4 0 4 5 3  
2 



Provide a brief abstract that inclades the following information: 

A Summame the objecnves and methodology Of &us rcseuch project. (Explain c l d y  why it  belongs UI 

of this research was to validate proposed cogni.tive workload 

All human subjects testing occurred while 

. the caiegones cbecked rn Item 11). 
The objective 
metrics for regulatory review of display navigation tasks which may be performe 
in advanced digital control rooms. 
the participants were seated before a computer workstation monitor. The 
participants performed an eyetracker.calibration procedure with the head 
supported in a chin rest. 
on all aspects of the procedure. After performing a few practice trials, the 
participants completed approximately 50 test trials. The trials involved 
repetitive problem-solving tasks at the workstation. For example, a pop-up 
task window requested the participant t o  monitor data on the underlying window, 
and then navigate through a display network to a target window. Questions 
regarding the monitored data were then answered in a pop-up response window. 
~ 1 1  participants were debriefed. Experimental sessions were approximately 
90 minutes in duration. 

The participants were given instructions and briefed 

B. Specify the number of human subjects involved each y u r .  

Seven human subjects participated during FY-1994 

C. Describe the involvement of human subjects and the risks, if any, to which they arc exposed. 
The participants completed tasks at a computer ‘workstation while their 
performance was recorded. 
those ordinarily performed by office workers on computers. Eye movements were 
recorded by an Eye-Gaze System marketed by LC Technologies, Inc. of Fairfax, VA 
The eyetracker utilized an infrared LED sourced mounted on a camera lens to 
illuminate the pupil and generate a corneal glint. 
detected and utilized by the eye tracker to calculate eye-gaze point-of regard. 
The amount of infrared illumination on the eye at a range of 15 inches is 20% 
of the HEW maximum permissible exposure according to vendor performance 
specifications. 

The tasks were not significantly different from 

These phenomena were 

D. List the chemical or radioactive rmtcrials. if any, that are used in the study, and identify 
the route of exposure. 

NA 

See IIcvcrse for approval signarum. 
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Identification No. C?k b'C- .31 

APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS 

To: COMMITTEE ON HUMAN STUDIES 
Oak Ridge Associated Universities 
Oak Ridge National Laboratory 

'ai 

Date: 

Principal Investigator: Lee M. Hively (Engineering Technology) 

In-plant mailing address: 

Telephone number: 6 15-574-7 188 

K-1225. MS 7294 

Co-lnvestigator(s) N. E. Clapp (Instrumentation gL Controls) 
(Affiliation) 

. .  

C. S. Daw (Engineering Technology) 

W. F. Lawkins (Engineering Physics & Math) 

Chaos Analysis of EEG Data Title of  Project: 

Anticipated Sponsor: ORNL Seed Money 

Estimated Annual Funding 
(Current FY): S90K 

1. Obiective of  ExDeriment: 
Include statement why experiment must be done using human subjects, and describe the expected benefits 
from the knowledge. 

Human EEG data must be analyzed to find the onset of epileptic seizures. 

11. Methods of  Procedure: 
Briefly describe methods, all medications including name and dose range, number and types subjects 
anticipated, time for single session, total number of sessions, total duration of study, methods used to 
screen subjects, etc. Describe where the work will be done, including collaborative arrangements. 
lndicate if work will de done by subcontractor to ORNL. lndicate here if you consider your research to 
meet the requirements for exemptions. 

Existing clinical data for 12 patients (3 non-seizure. 10 seizure) will be procured from St. Mary's Medical 
Foundation. and analyzed via chaos tools. This work meew the exemption requirements. 

111. Possible Hazards and their Evaluaiion: 
None (see Attachment for details) 

IV. Radioisotopes and New Drues: 
If the study involves radioisotopes, indicate action of the Isotopes Comminee. If new drugs are involved. 
indicate that appropriate application to FDA has been made. 

None (see Anachmcnt for details) 

V. Responsibilitv of PrinciDal Investigator: 
Include statement of your procedures for protecting rights of the patients and for gaining informed consent. 

Standud protocols will be used to assure patient anonymity. Release of this data is covered by esisting 
St. Mary's patient release forms. A counterpart Human Studies application has been approved at SI. 
Mary's Medical Center. 

1 0 b 8 4 5 b  
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APPLICATlON FOR THE USE OF HURIANS AS EWERIMENTAL SULLJECI'S 

INSTITUTIONAL REVIEW AND APPROVAL 

PROJECT TITLE: 

IDENTIFICATION NO.: 

14' 

STARTING DATE: 1 1997 

The principal investigator will follow the procedures of the Committee on Human Studies in obtaining 
"informed consent" from the subjects under study. The investigator recognizes acceptance of priman. 
responsibility for safe-guarding the interests of the participants under study. Thc investigator is 
responsible for notifying the ORAU/ORNL Committee on Human Studies of any significant changes in 
methods of procedure or of the development of unexpected risks. 

r .3 ,/J; 
SIGNATURES: Lep VI HiY+ LJ ni L!>u,,*. 

Principal lnvestigator 7 Date 

Co-Principal Investigator(s) Date 

DIVISION REVIEW: 

The application desc 
on Human Studies. 

r submission to the ORAWORNL Cornminee 

LJ 
Signature: 

Title: ! / / '  
Institution: OaLEidy 

INSTITUTIONAL APPROVAL: 

The application described herein has been reviewed and approved for submission to the ORAU/ORNL 
Cornrnit~ee on Human Stud' . 

Signaturc: DdL& 
David E. Reichle 

Title: 

Insfitution: 

I 0 4 8 4 5 1  September 28, 1993 2 



NEW IDEA QUESTIONNAIRE 

LABORATORY DIRECTED RESEARCH AND DEVELOPMENT PROGRAM 
SEED MONEY FUND c 

Initiator's Name Lee M. Hivelv Phone 574-71 88 

Building K-1225 Mailstop 7294 Division Enaineerina Technolow 

Project Title: Chaos Analvsis of Electroencephaloaram (EEG) Data for EDilepsv Detection 

Brief Summary 

The DOE Office of Health and Environmental Research and the Office of Naval Research have 
expressed recent interest in brain research. We propose to apply nonlinear dynamics analysis 
to electroencephalogram data as a direct indication of brain function for detection of epileptic 
seizures. Three ORNL divisions (Engineering Technology, Engineering Physics and Mathematics, 
and Instrumentation and Controls) and St. Mary's Neuroscience Center will collaborate to: 

(1) acquire, screen, and digitize EEG data, 
(2) graphically and numerically analyze the data for seizure detection, and 
(3) document the work as publications and conference papers. 

Does your Division Directory agree with the development of the idea in your Division? Yes 
Does the proposed work conform with criteria in the ORNL guidelines for Seed Money Fund? Yes 
Does your Division have programmatic funding for which this request could be considered a 
supplement or substitution? No 

Author Signature(s) 

Principle Division D 

What other Division 

Supporting Division Directors' Signature@) 

Do any environment, safety, and health aspects of this proposal require special review? No 

Describe the status of any Technology actions, e.g., invention disclosure, patent application, 
patent waiver request (planned, submitted, or granted), etc. 

Give amount of money requested. (Include no Laboratory overhead) $1 20K 

Identify the DOE offices or other agencies that may supply future program support. 

None 

DOE/OHER, per letter from John C. Woolev to David Reichle (dated 16 June 1993) 

Office of Naval Research, per private communication from Mike Shlessinqer to Lee Hivelv (8/9/93) 

Submit 18 copies of the completed questionnaire with your proposal attached to the Laboratory 
Directed R&D Manager, Office of Planning and Management, Building 4500N, Rm 1205P, 
Mailstop 6251. Send a copy to each Division Director listed above. 
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BACKGROUND 

I/ The theo j  of chaotic nonlinear dynamics provides a basis for understanding and potentially 
controlling many complex physical and engineering systems. In paflicular, brain waves exhibit 
seemingly random, unpredictable behavior, that is characteristic of deterministic chaos [I]. This 
proposed research will analyze human neurophysiological functions from a chaos perspective 
with a long term goal of advanced clinical diagnostic/treatment techniques for brain pathologies. 
Examples of such disorders include sleep abnormalities, brain injury, stroke, cognition problems 
(memory, speaking, writing), and dementia. This proposal addresses epilepsy via chaos analysis 
of EEG data to characterize seizure precursors which present techniques cannot detect. 

ORNL staff members have actively developed and applied chaotic time-series diagnostic tools 
to engineering processes for several years. Indeed, ORNL work has provided leadership in 
translating theoretical concepts into technology applications. Simultaneously, Or. Michael 
Eisenstadt and colleagues at St. Mary's Neuroscience Center (NSC) have created a substantial 
database of EEG measurements while caring for many patients with neurophysiological disorders. 
The proposed work will build a collaboration between these two groups, combining the 
capabilities at St. Mary's (biomedical laboratory facilities, EEG and related diagnostic 
instrumentation and measurement database, knowledge of neurophysiological function and 
disorders) and ORNL (chaos theory, data analysis and modelling, chaos control techniques), Dr. 
Eisenstadt is eager to build a collaboration with ORNL by providing medical expertise, access 
to biomedical facilities, and EEG data for this project. 

We believe that good prospects exist for future funding of this (and related) work. The DOE Office 
of Health and Environmental Research recently solicited suggestions from ORNL for a Federal 
initiative on brain research. The Office of Naval Research is interested in chaos analysis of the 
brain for robotics applications. This proposed research may provide the framework for a practical, 
real-time, non-intrusive monitoring for epileptic seizure onset and for effects of stress, drug abuse 
and aging in key workers. These prospects are discussed further below. 

w 

The goals of this research are to: (1) demonstrate that EEG data can be meaningfully analyzed 
via chaotic time-series methods, (2) develop a nonlinear dynamic characterization of the transition 
from normal to abnormal neurophysiological function during an epileptic seizure, and (3) 
determine abnormality precursor(s) that are detectable by a practical out-patient sensor. The first 
goal is very generic and is valuable for the application of chaos tools to advanced diagnostics 
for other neurological disorders. The second goal is discussed under Task 2. The third goal is 
addressed in the last section of this proposal. 

RESEARCH TASKS 

We propose a focussed application of chaos analysis of electroencephalogram (EEG) data as 
a direct indication of brain function. Present techniques do not access all of the information in 
EEG signals, so more powerful tools are needed. Analysis tools for chaotic processes over time 
(chaotic time-series analysis) are appropriate because normal brain waves show strong evidence 
of chaos [l]. An important objective of this proposal is development of tools for systematic 
analysis of chaotic structure to distinguish normal function from epilepsy. Also, these tools must 
cope with the noisy data that is typical in biomedical diagnostics. The proposed work involves 
(1 ) acquisition, screening, and digitization of biomedical data with existing equipment, (2) 
graphical and numerical analysis of the ds!a, and (3) documentation of the work as publications 
and conference presentations. These tasks are described more fully below. 

w 
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Task 1 : Data acquisition and digitization 

d Our collaborators at St. Mary’s Neuroscience Center have an extensive library of 16-channe1, 
analog EEG data on VHS tapes. Typically, the data are recorded during long periods of normal 
neurophysiological function and have been carefully indexed by patient for artifacts. 
Representative data will be characterized for ‘normal’ neurophysiological function, as a baseline 
for identifying epileptic seizures and associated precursors. We note that this latter (abnormal) 
data constitutes only a small fraction of the total. ORNL will work with the Neuroscience Center 
to screen the data from this library and digitize selected segments for detailed analysis, as well 
as to acquire and digitize new data from patients as appropriate. Data screening also will involve 
a data quality assessment (e.g., minimal noise and availability of all 16 data channels). Automated 
(computerized) techniques will be studied for data screening. Dr. Eisenstadt will provide the 
medical expertise for this task; see Attachment 1 for more details. The product of this task will 
be carefully documented, representative segments of multichannel EEG data for detailed 
nonlinear analysis under Task 2. 

Task 2: Nonlinear dynamical analysis of data 

The proposed work will build on our extensive experience in chaos analysis of scalar, time-series 
data. The 16-channel data from Task 1 contains information about the temporal evolution of 
neurophysiological dynamics at different spatial loca!ions. Relative to previous work (e.g., Ref. 
l),  examination of the spatio-temporal data will be a unique feature of this research. In fact, 
spatio-temporal analysis is an important new problem in chaos research. 

Existing computational tools will be extended appropriately to analyze the spatio-temporal data 
graphically and quantitatively for its nonlinear dynamical structure. We foresee a straight-forward 
software implementation of improved algorithms. 4’ 
The first goal of this task is quantitative characterization of normal EEG signals which appear as 
chaotic and spatially uncorrelated brain waves. At the other extreme, we also will characterize 
epileptic seizures which appear as periodic and spatially correlated brain waves. The second goal 
of this task involves quantitative characterization of the transition from normal (chaotic) state to 
an epileptic seizure (periodic) state. We anticipate that this second goal will require detailed 
analysis of the evolution of the correlation between spatially separated data channels. 
Alternatively, the transition might be viewed as an evolution from higher dimensional chaotic 
dynamics to lower dimensional chaos or to periodicity. The third goal involves the earliest 
possible detection of this chaotic-to-periodic change for seizure mitigation and treatment, for 
which we will identify key parameter(s) that are most sensitive to the transition onset. 

Examples of the chaos analysis techniques 14-91 include: time-delay embedding; phase-space 
reconstruction; mutual information; singular value decomposition for principle components 
analysis; nearest-neighbor dimension; correlation dimension; correlation integral; Kolmogorov 
entropy; Lyapunov spectrum; noise filtering: and Poincarb return map. Various analyses are 
possible with these techniques to achieve the goals of the proposal. For example, if brain chaos 
is dissipative (non-energy-conserving), then the number of dominant degrees-of-freedom (e.g., 
as determined by the principle components analysis of Broomhead and King [2]) may be low, 
even if the chaos dimensionality of the full system is much larger. Characterization of !he 
dominant degrees of freedom is an important component of the first goal of the proposed 
research. Another example is construction of a Poincarb return map during chaotic-to-periodic 
transition as’ the intersection of the chaotic orbit with an appropriate multi-dimensional plane ” 

i 
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surface. This analysis may identify unstable periodic orbit(s) in the chaotic state, which become 
stable during seizure (periodic) state. u' 
Task 3: Documentation of the Work 

This task will document the work in technical publications and conference presentations. We will 
provide lucid textual descriptions and graphical (video if possible) displays of the work as a basis 
for seeking further work for ORNL. 

IMPLEMENTATION, COSTS, and PERSONNEL 

The proposed work will provide methodologies implemented via computer software and hardware 
for expert analysts' use on existing PCs, workstations, and high-performance computers, as 
appropriate, with corresponding documentation. Work will begin immediately after approval of 
this proposal. We expect to further utilize existing collaborations with University of 
Tennessee/Knoxville (Ke Nguyen), University of California at San Diego (Henry Abarbanel), 
University of Maryland (Ed Ott, Celso Gebogi, James Yorke), and Delft University/Netherlands 
(Prof. Takens). Literature searches can be performed through the ORNL library system. The costs 
and personnel for FYI 994 are shown in Table 1. The cost for Dr. Eisenstadt is for screening and 
selection of data under Task 1. Deliverables include algorithms, computer software, as well as 
technical reports and publications documenting the work. Task leaders are indicated by asterisks; 
Dr. L.M.. Hively is the principal investigator. 

FOLLOW-ON FUNDING 

L# As noted on the title page, John Wooley (DOE Office of Health and Environmental Research) sent 
a request to David Reichle on 16 June 1993, asking for brain research ideas. DOE is part of a 
federal initiative to understand the human brain and nervous system, and to treat its diseases. 
The federal sponsors of this initiative desire to support new research on anatomical and 
physiological mapping of the human brain and nervous system via real time physiological 
monitors, advanced computers, and modeling. Federal interest is motivated by a rising incidence 
in neurological and behavioral diseases, due to aging, drug abuse, and neuropathic involvement 
in other ailments such as AIDS. See Attachment 2 for detaifs. 

The Office of Naval Research has funded nonlinear dynamics research for many years, including 
chaos a'nalysis, synchronization of chaotic systems, and control of chaos. Mike Shlessinger (a 
Program Manager at ONR) informed Lee Hively that one of their current interests is chaos in 
biological systems. Brain research is particularly interesting to ONR for robotics applications. 

While the proposed research involves sophisticated computationally-intensive analysis, simplified 
methods might be developed for real-time analysis and seizure detection. A practical, out-patient 
implementation might be a hat or pair of glasses with biomedical sensors and a programmable 
computer chip that would alert a person to the onset of an epileptic seizure. The person then 
could stop any critical task (e.g., driving a vehicle) and request help or take medication. This type 
of diagnostic also might provide real-time, non-intrusive monitoring of key workers for extreme 
stress, drug abuse, or aging, A more advanced product might allow medical intervention into 
brain pathology via chaos control techniques [lo-1 11. 

Tasks 2 and 3 (without financial support form ORNL) of the proposed work. Based on his many 
-.- Dr. Eisenstadt has provided strong input to this proposal and wants to participate directly in 
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Attachment 2 

Department of Energy 
Washington, DC 20585 

JUN 1 6 1993 

Dr. David Reichle 
Oak Ridge National Laboratory 
P.O.  Box 2008 
Oak Ridge, TN 37831 

Dear Dr. Reichle: 

In the past few years, the Federal Government and the Department o f  Energy 
( D O E )  have developed an increasing interest in seeking new and innovative ways 
to apply the rapidly advancing computer and modelling technologies to 
understanding the human brain. The interest was sparked by rapid 
technological advances and a rising incidence of neurological and behavioral 
diseases affecting mill ions o f  people. 
several factors, including the changing demographics o f  an aging population, 
drug abuse, and increasing occurrences o f  neuropathic involvement in diseases 
such as AIDS. 

The rising incidence results from 

The Federal interest in understanding the brain and behavior led President 
Bush to declare the 1990s the "Decade o f  the Brain." Rapid scientific 
advancements coupled with that declaration led to the formation of an 
interagency committee on brain and behavior that issued a report entitled, 
"Maximizing Human Potential ." Following that report, a smaller group o f  
scientists from several Federal agencies agreed to form an informal consortium 
with a more focused goal o f  supporting new research efforts aimed at mapping 

For decades, the Office of Health and Environmental Research (OHER) has 
sponsored research to develop new radiological and other advanced technologies 
to study, treat, and understand diseases of the brain and nervous system. 
During this period, various other DOE Offices have sponsored development of 
high technologies, such as real time physiological monitors, powerful 
computers and complex computer models, networks, and so on. 
priorities o f  the past and meeting the needs of the future require change and 
creativity. 
changes. 
resources, technologies, and research potential can be brought together in new 
and creative ways to help understand the brain and its diseases. 

IL/ 

e the anatomical and physiological aspects o f  the human brain. 

But, altering 

OHER would 'like to help the Department benefit from these 
To do this, OHER i s  exploring the question as to whether its 

1 0 4 8 4 b 2  
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At t ac hmon t 2 

By this*letter, OHER i s  asking you and your colleagues in fields such as those 
named above, to give this question serious consideration. Please discuss the 
issues among yourselves and, with scientists in the relevant disciplines, and 
with your colleagues in other laboratories. 
interested in participating in this exploration and ask  your collcagues to do 
the same. After hearing from all interested parties, we will decide the next 
step. Tnis may include holding an informal meeting or a conference to 
exchange ideas and to develop future directions. If you are interested in 
joining OHER’s quest for finding new and exciting ways to bring high 
technology and brain research together to address very difficult national 
problems, write to James R. Beall, ER-72, U.S .  Department o f  Energy ( G T N ) ,  
Washington, D.C. 20585 or call (301)-903-4507. 

LJ 

Let OHER know if you are 

Sincerely, 

W 
John C. Mooley 
Deputy Associate Director 
Health and Environmental Research 
Office of Energy Research 



IAK RIDGE NATIONAL LABORATORY 
iCir W E D  BY W T I N  );ARIERA ENERGY SYSTEMS. INC 

POST OFFICE BOX 2003 
OAK RIDGE. TENNESSEE 37831 

December 30, 1993 

Dr. William H. Calhoun 
Professor, Psychology 
312 D Austin Peay Building 
855 West Woodchase 
Knoxville, TN 37922 

Dear Professor Calhoun: 

Please frnd enclosed a copy of our application for Human Studies Review. If you require any 
further information to complete the review, please call me at 615-574-7188. 

Sincerely, 

Lee M. Hively 

LMH:jbe 

Enclosure: Application for Human Studies Review 



If you hava any queations about this research project, don't 
hoeitate to call (615)-545=7539,or (615)-545-7527. We'll be happy 
to find answers for you. We are looking forward to your 
participation in t h i s  X B B ~ ~ C C ~ ,  as we feel it may be of great 
Importance. 

The BEG data we want to uee is already recorded on tape, so it 
will not be neceesary for you to return to St. Mery'a for UB to do 
any further tests.  Your 
help i r r  very important to the  6ucceos of the projeat. Thank you in 
advance if you agree to participatw, 

. 

Your name and picture will not be used. 

Plbase,  eign the snclormed consent form in the  pxesence of an 
adul t  and have t h a t  adult sign an t h e  l i n e  that reads r1Witn888.R 
This fora may be witne~sed by a family member, guardhn, Qr other 
adult. 

Sincerely, 

-- - 
Walter W. Holland, R-EEG T, 



vrm st Miyb 
St. Mary's Ic(W Cenbr, hc. 
900 E. Oak Hil Avenue 
Knoxv ih ,  Tennessee 37817-4556 
615.971 -6011 

laurodiagnostic Department 

We are starting a remarch project deal ing  with epileptic 
reizures. W e  would l i k e  to nae your BBG datu in U s  
important research atfort end would rppreciate your permlosion 
to do mo. Please sign 
tho attached consent form and -11 i t  to tho Neurodiagnoetlc 
Center at your oarlieat convenience. We feel  that t h i s  
projact may lead to advance5 in the diagnods of aelzures. 
Your cooperatlon in thirr offart is very much appreciated. 

Y o u r  name and image will not bo umed. 

t 0 4 8 4 b b  
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FAX COVER SHEET 

TO: Prof. Willaim Cafhoun 874-3423 
Department of Psychology 974-3330 fax 
Unlversity of Tennesse, Knoxville, Tn 

From: Dr. Lee M. Hively 574-71 08 
Engineering Technology Division, ORNL 
Oak Ridge, Tn 

574-8481 fax 

cc: Marta Rivera 576-34 80 
Oak Ridge Associated Universities 
Oak Ridge, Tn 

576-7903 fax 

Date: 24 January 1994 

Number of pages: 4 (including cover sheet) 

The answers to your questions are as follows: 

1) Patient identity will be preserved by St. Mary's Medical Center, which will identify 
each data set by a number. All references to the data set will be by number only. 

The patients were informed of the use of their EEG data by St. Mary's Medical 
Center. Copies of the cover letters and an unsigned release form (signed by each 
patient whose data is to be used) are enclosed. 

Ll 
, 2 )  

Please call Lee Hively (574-7188) about any questions. - Thanks. 



hereby give I-- ---- perniesion to-the Neuroaiagnoutic Department at St. ~ a r y ' s  
Medbal C e n t e r  to ube Video Taps for medical purposes and t h e  
slectroencsphalogrsm (EW) data for sciontlfia research 
purposes 

. ,  

Signature 

Witnees 

Date 
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Oak Ridge 
Associated Post Office BOX 117 

d Universities Oak Ridge, Tennessee 37831-01 17 

January 24, 1994 

Lec M. Hively 

Oak Ridge National Laboratory 
Oak Ridge, TN 37831 

K-1221, MS 7294 

Dear Dr. Hively: 

1 have reviewed your proposal for the analysis of EEG data using chaotic time-series 
methods. I will ask Marta Rivera to assign your project an I. D. number, and ask that you use 
that number in future communications about your project. Your project Seems to fit the category 
of projects which are exempt from review under 45 CFR 46 as follows: " Research involving 
the  collection or study of existing data, documents, records, pathological specimens, or 
diagnostic specimens, if these sources are publicly available or if the information is recorded by 
the investigator in such a manner that subjects cannot be identified, directly or through 
identifiers linked to the subjects." Yet, I will need 'some additional information for the 
Committee. 

I t  is not clear from your proposal how you plan to identify "subjects" to be included in 
your study. I assume you are using archival data maintained by St. Mary's Neuroscience 
Laboratory. There are two things you need to add to your proposal: (1) assurances that the 
persons from whom the EEG's were originally collected are aware that their data will be used 
by researchers, and how inform4 consent was obtained from those persons, and (2) how you 
will ensure that the identify of t he  persons will be protected. 

\L/ 

I beIieve you can satisfy point 1 by providing the Committee with a copy of the standard 
consent forms patients sign before the EEG's are recorded. I t  is standard practice for any 
hospital or laboratory to collect such approval. The second point merely reflects the need to 
ensure that no  persons will be identified by name. 

If you provide this information, your project is approved. You are expected to keep the 
Committee informed of any changes in protocol and to file an annual report of progress on the 
project. If you discontinue the project, please let me know. 

I wish you success with your research, 

Sincerely , 

William H. Cdhoun, Chair 
ORAU/ORNL Committee on Human Subjects 

10484bQ 



)AK RIDGE NATJONAL LABORATORY 
BY W n N  MARIETTA ENERGY SYSTEMS, INC. 

POST OFFICE BOX 2003 
OAK RIDGE. TENNESSEE 37831 

December 30, 1993 

Dr. William H. Calhoun 
Professor, Psychology 
312 D Austin Peay Building 
855 West Woodchase 
Knoxville, TN 37922 

Dear Professor Calhoun: 

Please find enclosed a copy of our application for Human Studies Review. If you require any 
further information to complete the review, please call me a t  615-574-7188. 

Sincerely, 
. .  

Lee M. Hively 

LMH:jbe 

Enclosure: Application for Human Studies Review 

t O 4 8 4 f Q  



PROTEGTINGdb 
HUMAN SUBJECTSW? 

2. Principal Investlgator 

-.- 
Office of Health and Environmental Research U.S. Department of Energy 

Tekphom Number 

Policy: Rtscarch activities that involve human subjects and thn! cue funded by the US. Department of Energy 
(DOE). conducted in DOE facilities, or conducted by DOE peroonnel must be appmved or exempted from review in 
accord with 10 CFR Pan 745. Failure to comply with these regulations may prevent DOE from aurhoriring or 
funding an activity, or may lead the Depamnent to suspend or terminate the project. 

Directions: Instinnions must complete this fonn, providing the data listed below in the f m a t  indicated, 
for each research activity each year. Forms must k sent to the ppppxiatc DOE Field Office. which will 
forward them to DOE Headquanus (Protection of Human Subjects, Msil Station ER-70, Office of Health and 
Environmental Research, U.S. Department of Eoegy, Washington, DC 20585). 

3. Institutional Arsunncc Number (tf issued)' 4. PmjectNumbefl 
O E U i - 3 1  

3210-0502 

D r .  Lee M. Hively I 615-574-7188 
Mailing A d d m  - Include full name of pcdomun8 msutution. 

Cont.ci Perron lohphona Numkr  



'W 

7. The Pmjaci h88 been r8vkw.d and mppr0v.d by thr I%t&ional Rwkw B o d  (IRB) 
8s mquimd under 10 CFR Part 745. 

A. 'TLpofRwim 

UFull Board 
Tor I list of research not requiring IRB Rvicw. c e ~  Attachment. 

0 Expedited 
For an explanation of projects that qualify for cxped~tcd reviews. see Attachment. 

e. ~ y p .  of A,PP~OVB~ I P N e w  P Annual Renewal amcr Exempt (Category 4) 

C. IRE APP~VBIDBW 

8. This Project Involves the following collabonting lnstltutkns (lid 8 mxlmum of two): 

S t .  Mary's Medical Center, Knoxville, TN 

University of Tennessee, Knoxville, TN 
Q. Vulnenblc Populations 

I QThis project docs not involve vulnerable popularions. .* 

OThis project involves the following vulnerable populations: 

9 Minors Montaly M-bkd am-,. 
0 Feluwr, Prmgmnt Wornon, In Vitro F~ l lb r l ion  ' 0 Economl~lly OI EducaUonrlly DiudvBnta0.d 

10. Type of Research 
Check all categories that apply. 

idemiology(using personally identifiable dau)- 
Using data collected directly from human subjects. 
Using existing data. 

0 Diagnostic studies using radiation or chemical agents in tracer amounts. 

OTherapeutic studies using radiation or chemical agents. 

OStudies of exposure. effects. health. or monitoring using human urine, blood, other body 
fluids. cells, or tissues- 

QSpecimens collected directly from human subjects for this project. 
0 Specimens obtained from secondary sources (e.g., hospitals, laboratories). 

0 Instrument development and testing using human subjects. 

QSurveys that collect personally identifiable data. 

0 Environmental studies using human subjects to evaluate weatherization options, habitat alteration, 
or similar. 

OOther. Please identify 



~ 

11. Abstract 

Provide a bncf abstract that incldes the following information: 

A. Summame the objectives and methodology of th~s research project. (Explain clearly why it belongs m 
, the categories checked in Item 11). 

Existing electroencephalogram (EEG) data is analyzed via nonlinear . 
dynamics tools as a direct indication of brain function for detection' 
of epileptic seizure onset. The tasks are: 

(1) screen and digitize EEG data, 
(2) graphically and numerically analyze the data for seizure onset 

detection, and 
(3) document the work as publications and conference papers. 

Only existing electroenchepalogram data is used, for which no risk 
exists. Therefore this project belongs in the exempt category. 

B. Specify the number of human subjects involved each year. 

.- 12 

C. Describe the involvement of human subjects and the risks, if any, to which they arc exposed. 

Only existing electroenchephalogram data is used, for which no 
risk exists. 

D. List the chemical or radioactive materials. if any, that are used in the study, rad identity 

Not applicable 

the route of exposure. 

See reverse for approval signatures. 

a 
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I Telsphons Number I I Printed 01 Typed Name 

I Dr. David E. Reichle I 615-574-4333 I 

For DOE Use Only 

Date Received by ER-70 

I 

Re8.ron tor Return 

DOE Reviewen 



STATEMENT OF WORK 

for 

PHYSIOLOGICAL RESPONSES OF ELECTRIC 
A N D  MAGNETIC FIELDS IN HUMANS 

The contractor shall furnish personnel, facilities, equipment, materials, supplies and services 
necessary to conduct the following research. 

TASK 1 60-Hz EMF Effects on Cardiovascular Activity : Analysis and Integration 

Subtask 1.1 

Conduct appropriate statistical analysis of the data obtained in the recent study sponsored by 
the U.S. Department of Energy investigating the effects of intermittent exposures on the heart 
rate of human subjects. 

Parameters measured in this study, and which are to be statistically analyzed, include: 
cardiac interbeat interval, pulse transit times, FFT of the heart period, blood pressure, 
alertness ratings, electrocardiogram, arterial oxygen saturation, sinus arrhythmia, and vital 
signs. Other measures including respiratory parameters and non-linear dynamics of heart rate 
may be analyzed as deemed appropriate by the investigators. 

u' 

Subtask 1.2 

Integrate the finding from the analysis of the recent study with data from other completed 
studies at Midwest Research Institute. 

Subtask 1.3 

Evaluate the significance and implications of the individual and combined studies at Midwest 
Research Institute with particular emphasis on: 

- dose-response relationships 
- relevant exposure parameters 
- mechanisms of any observed effects. 

1048475 



Subtask 1.4 
Y,’ 

Review the interpretations derived from the evaluations in Subtask 1.3 with other scientists 
and with the DOE quality control team for consensus regarding the conclusions. 

Subtask 1.3 

Prepare recommendations for future research on the basis of findings to date and submit to 
the ORNL project manager. 

Subtask 1.6 

Prepare a comprehensive report in protomanuscript format for review by the ORNL project 
manager and for submission for publication in the peer-reviewed scientific literature. 

TASK 2 60-HZ EMF Effects on Electrophysiological Measures of Brain Activity and 
Function : Relevant Exposure Characteristics and Dose-Response 
Relationships. 

Subtask 2.1 
W’ 

Conduct two studies using a common intermittent exposure protocol based on evaluation of 
previously obtained data.- In each study 18 male and 18 female volunteer human subjects 
shall be randomly assigned to three conditions: 

200 mG rotating magnetic field exposure 
100 mG rotating magnetic field exposure 
sham (no field) exposure 

Each test session shall consist of at least three periods: 

45 minutes pre-exposure period 
45 minutes of exposure at the assigned level 
45 minutes post exposure period 

Electroencephalographic (EEC) data shall be collected in the last 30 minutes of each test 
period. All sessions shall be conducted in the double-blind mode. 

Prior to initiation of this series representatives of the National Institute of Standards and 
Technology shall verify field levels and uniformity in the exposure facility. 

2 
.w 



All sessions shall be conducted in accordance with NIH guidelines for the use of human 
subjects and as approved by both the Midwest Research Institute and the ORNL committees 
on the use of human subjects. " 

Subtask 2.1.1 

Study 1 - Investigate 60-Hz EMI: Effects on Sensory Function and EEG Power Spectra. 

The following parameters shall be investigated in this study using standard procedures for 
recording EEG activity from head sites as defined by the International 10-20 electrode 
placement system. 

Brain Stem Auditory Evoked Potential. The seven distinct components within the 
BASEP waveform derived from the EEG allows noninvasive measurement of EMF 
effects on the auditory system. 

Pattern Reversal Visual Evoked Potential. 
the integrity of the visual system. 

This widely used technique is a measure of 

Somatosensory Evoked Potential. SEP will be elicited by presenting brief pneumatic 
pressure stimuli to the finger tips. Data can be used to differentiate peripheral from 
central effects within the somatosensory system. i.L/ 

EEG Power Spectra. Spectral analysis provides information about the bioelectric 
characteristics of the resting brain. Fast Fourier Transformation Analysis will be 
performed on the EEG data. 

Subtask 2.1 .? 

Study 2 - Investigate 60-Hz EMF Effects on Cognitive EEG Activity and Performance. 

The following parameters shall be investigated in this study using the same recording 
procedures as in Study 1. 

Auditory Evoked Potential. This widely used and standardized paradigm provides 
both physiological and performance data. 

Contingent Negative Variation. This is a measure of how the central nervous system 
prepares to respond to stimuli. 

w 

1048411 
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Visual/Spatial Memory Task. This is an analogy to the radial a rm maze technique 
used in animal studies and is a test of short term memory. 

0 Time Estimation Task. This is a computerized time estimation technique similar to the 
DRL task used in animal experiments. 

TASK 3 Reporting and Deliverables 

Subtask 3.1. 

Detailed, informative task progress reports shall be prepared and submitted to the ORNL 
project manager early in the 2nd, 3rd and 4th quarters of the contract year presenting 
progress, problems, etc., for the respective preceding quarters. 

Subtask 3.2 

A draft final report in protomanuscript format shall be prepared and submitted to the O W  
project manager for review and shall be submitted for publication in the peer-reviewed 
scientific literature. Two reports shall be prepared: 

i 

w 0 Results of Task 1 
0 Results of Task 2 

Investigators shall prepare and present appropriate reports at scientific meetings; for example, 
the Bioelectromagnetics Society, FASEB, Annual Review of Power Frequency Research, etc. 
The ORNL program manager shall review the submissions. 

4 
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O A K  Y I D C i t  I N S l l l U l t  F O R  J C I C N C C  A N 0  LDUC.ATION 

May 13, 1993 

Paul C. Gailcy 
F+rogram Manager 
0% Electric and Magnetic Fields 
Research Program 

Dear Dr. Gailey: 

I have reviewed the materials you submitted. Xt is clear that the Midwest Research 
Institute (MRI) understands the procedures to ensure safety of human subjects used in reswrch. 
X believe all you need for O W  to be in compliance with our Committee is to inform us of the 
research you actually undertake. This information should contain dates, numbers of subjects, 
and any outward observations. 

If you plan to conduct such rcsearih locally; a compliance procedure patterned after 
MRI’s would be nceded. 

I do not expect there will be any delays in your receiving expedited d e w  of such 
\ 

Proposals. u 
I trust this is satisfactory for your purposes. 

Sincerely, 

William H. Calhoun, Chair 
ORAU Numan Subjects Committee 

/sa 

cc: MartaRiveria 

l+ 
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ORAUlORNL COMMITI'EE ON IIUMAN STUDIES VOTING RECORD 

Proposal Number and Title: Physiological Responses of Electric and Magnetic Fields in Humans 

Principal Investigator: Dr. Paul Gailey, ORNL 

VOTE OF COMMI'XTEE 

Signature Approve Disapprove Cornmen t Date 

3. 

4. 

5. 

6. 

7. 

,d. 
\ 

9. 

10. 

11. 

12. 

13. 

14. 

Chairman's statement of Committee consensus: 

Date 
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2. Princlprl Investigator 
Paul Gaileyl 

( D r .  Charles Graham*) 

PROTECTING&& 
HUMAN SUBJECTSW? 

Tekphom Numkr 

* 816-753-7600 Ext 1161 

Off ice of health and Environmental Research U.S. Department of Energy 
.. 0 . -  

4 

%#gRm 3$f11'6&h?&%~8!8'f~~%!E 31 47,  MS6070, phone ( 6 1 5 ) - 5 74-04 1 9 

P.O. Box 2008, Oak Ridge,  Tennessee 
(Midwest %esearch Institute) 

(425 Volker B l v d . ,  Kansas C i t y ,  M i s s o i i i i  
- 

Policy: Research activities that involve human Subjects uuj tbat are funded by the U.S. D e p m e n t  of Energy 
(DOE), conducted ip DOE facilities. or conducted by DOE pnroonel must k approved or exempted born review in 
accord with 10 CFR Pan 745. Failure to comply with thcst regulations may prevent DOE from authorizing or 
funding an activiry, or may lead b e  Department to suspend or terminate the project 

Directions: Insumions must cornplete this form, providing the data listed below in tbe format indicated, 
for each nscarch activity each year. Forms must k sent to h e  appropri.te DOE Field Office, which will 
fotward them to DOE Headquaners (Protection of Human Subjects, Mail Station ER-70, Offtce of Health and 
Environrnenlal Research, U.S. Department of Enugy, Washington, DC 20585). 

LJ 
3. Institutional As8umncr Number (If issued)' 4. ProjectNumbeP 

M1051 (Health and Human Services) ORNL- 3Z . 
5. Annual Funding: 

Give rcrual funding or check the amount clorcsi to the estimated total for the current 
federal fiscal year. whether requested or obuintd. Include both direct and indircct costs. 

rzIs10,o0o Cltroo,ooo ~s500.000 D $1 ,Ooo,m 0 S5,OOo,OoO 

0 Actual Fundln~ 
S 

I 

6. Funding Sources 
A. Name DOE Program Office (ret list in attachment). i f  applicable. 
B .  Name non-DOE sources of funding (up to two]. if  applicable. 

A. DOE Proprom Ottia 

Energy Efficiency and Renewable Energy 

Cont.cl Person Wmphonm N u m b  
D r .  Imre Gyuk 202-586-1482 

1. Non-DOESourcr 

Non-DOE Soura 

' Under IO CFR Pur 74s. inslilu1ions ax muirrd to file YI UsunnCe of compliance with the rcgulruonr with DOE or thc Dcpurmcni of 

' Each pmpn must have r unique idcnufiutton number J U I ~ ~  by rhr inruiution-for exunpk. ANLSUIOI. 

Health nnd H u m  Services The Dcpurrnnt tnvolved may then issue u) LsIurancc number. 
-- 

1 
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7. The Project has beon revlewd and mppr0v.d by the Iwtltutlorul Review Boud (IRB) 
requimd under 10 CFR Part 745. 

QFull Board 
For I list of r u t u t h  not requiring IRB review. see A-hmcnt. 

Expedited 
For an explanation of projccrr thu qualify for expodrted reviews. rec Anrchmuu. 

1. Typoof Approval 

B N e w  0 Annual Renewal oothu 

c. IRD Approval Daw 
June 29, 1993 

6. This Project Involver the following tolkbonting inrtltuUon8 (Ikt murlmum of two): 

9. Vulnerable Popul8lions 
.- This project does not involve vulnerable populations. 

QThis project involves the following vulnerable populations: 

Q Minors 0 Mwntally Olubkd OPrkom" 

0 *turns. P-nt women, In vitro hrtitbtim 0 E- o( educ~ltima~~y Dimdvantmg.d 

~-~ ~ ~- 

10. Type of Research 
Check all categories that apply. 

%i Using data collected directly from human subjects. 

ODiapnostic studies using radiation or chemical agents in tracer amounts. 

0 Therapeutic studies using radiation or chemical agents. 

DStudies of exposure, effects. health. or monitoring using human urine. blood, other body 
fluids. cells. or tissues- 

idemiology(using personally identifiable data)- 

0 Using existing data. 

0 Specimens collected directly from human subjects for this project. a Specimens obtained from secondary sources (e.g.. hospitals, laboratories). 

0 Insmrment development and testing using human subjects. 

0 Surveys that collect personally identifiable data. 

D Environmental studies using human subjects 10 evaluate weatherization options, habitat alteration, 

S t u d i e s  of the effects of environmental levels  of 
magnetic fields on EEG and performance. 

or similar. 

B&her. p1-e identify 

2 
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11. Abstract 

Provide a brief abstract that inclutes the following information: 

A. Summarize the objectives and methodology of h s  research project. (Explain clearly why it belongs in 
the categories checked in Item 11). 

Human volunteers are briefly exposed to controlled 60 Hz magnetic 
fields while EEG and other performance measures are recorded. The 
field levels used are comparable to those which may be experienced 
while riding an electric commuter train or sleeping under an electric 
blanket. These studies are a critical component of a larger, national 
EMF Research Program to determine whether or not magnetic field 
exposures produce any measurable effects in humans. 

. 

8. Specify the number of human subjects involved each year. 
36 men 
36 women 

C. Describe the involvement of human subjects and the risks, if any, to which they are exposed. 

EEG data are recorded from human volunteers while they participate 
in simple performance tests. During one-half of a 45 minute period, 
the subjects are exposed to a 200 mG magnetic field which has been 
characterized by the National Institute of Standards and Technology. 
There are no known risks from these environmental levels of 60 Hz 
magnetic fields. 

D. List the chemical or radioactive materials, if any, that are used in the study, and identifjl 
the route of exposure. 

No chemical or radioactive materials are used in the experiments. 

See rrverse for appmval signatures. 

tOtr01183 
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For DOE Use Only  

Date Received by ER-IO I 
Reason for Return 

DOE Reviewers 
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