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ABS TRACT 

The major o b j e c t i v e  of t h i s  study was to  r e l a t e  the r e s u l t s  of a 

series of f u n c t i o n a l  tests to  the  compositional and s t r u c t u r a l  ailtera- 

t i o n s  i n  the r a t  lung induced by subchronic exposure to  s i l i c a  dus t .  

To induce a f i b r o t i c  l e s i o n ,  Fischer-344 rats were exposed to  e i t h e r  0 ,  

2 ,  10, o r  20 mg Si02/m3 f o r  6 hours/day, 5 days/week f o r  s ix  months and 

then maintained i n  an animal room, equipped wi th  a laminar flow unit ,  

f o r  s ix  months p r i o r  t o  assessment of the  end po in t s .  

A series of r e s p i r a t o r y  physiology tests were performed on animals 

from each exposure group. The r e s u l t s  of t hese  tests d id  n o t  r e v e a l  any 

s i g n i f i c a n t  changes i n  those animals exposed to  2 o r  10 mg Si02/m3. 

However, a lmost  every s t a t i c  and dynamic parameter measured i n  those  

animals t h a t  had been exposed to  20 mg Si02/m3 was s i g n i f i c a n t l y  

a f f e c t e d ,  and the  changes observed were c o n s i s t e n t  wi th  a r e s t r i c t i v e  

lung les ion .  The minute volume of these  animals was increased  by 26% a s  

a r e s u l t  of decreased t i d a l  volume coupled w i t h  an increased  b rea th ing  

frequency. The d r i v i n g  t i d a l  p re s su re  was inc reased  over  t h a t  of the 

c o n t r o l s  w i th  a corresponding decrease  i n  dynamic compliance. However, 

no rma l i za t ion  of dynamic compliance t o  the  f u n c t i o n a l  r e s i d u a l  c a p a c i t y  

i n d i c a t e d  a dependence on lung volume f o r  t h i s  s i g n i f i c a n t  change. A l l  

subd iv i s ions  of lung volume were reduced i n  the  20 mg group wi th  the 

most pronounced r educ t ions  i n  the f u n c t i o n a l  r e s i d u a l  c a p a c i t y  and resi- 

d u a l  volume. The o v e r a l l  lung compliance was reduced i n  the  20 mg 

group. The d i f f u s i n g  capac i ty  f o r  CO was reduced i n  p a r t  because of the  

loss i n  lung volume, in  a d d i t i o n  the re  was s i g n i f i c a n t  r educ t ion  i n  the 

homogeneity of the d i s t r i b u t i o n  of v e n t i l a t i o n  i n  these  animals as  

measured by n i t r o g e n  washout. The 20 mg Si02/m3 animals a l s o  

-1- 



demonstrated s i g n i f i c a n t  a1 tera t i o n s  in  airway f u n c t i o n  as demons t ra  t ed  

by reduced maximal f lows  a t  h igh  lung volumes. 

The amounts of p r o t e i n ,  DNA, e l a s t in ,  and hydroxyproline,  as w e l l  

as the  water c o n t e n t  of the  lungs  of exposed an imals  were as ses sed ,  The 

animals which had been exposed t o  20 mg Si02/m3 had s i g n i f i c a n t l y  

heavier lungs than those rats from the  o t h e r  exposure groups. However, 

the  pe rcen t  dry weight w a s  s imilar  among a l l  of the  groups. There was 

g e n e r a l l y  a dose dependent increase observed i n  the t o t a l  amount of 

connec t ive  t i s s u e ,  b o t h  e l a s t i n  and co l l agen .  However, when expressed 

i n  terms of d ry  weight the e l a s t i n  c o n c e n t r a t i o n  of t he  2 and 10 

mgSi02/m3 groups  was similar to  t h a t  of the c o n t r o l s .  When expressed i n  

terms of amount pe r  u n i t  dry weight  a l l  of the  t i s s u e  components were 

reduced re la t ive to c o n t r o l s  i n  the  h igh  dose group. 

Microscopic examination of t he  r e s p i r a t o r y  t i s s u e s  of the  animals 

from the  10 and 20 mg Si02/m3 groups revea led  accumulations of h i s t i o -  

c y t e s  near the  end-airways i n  most animals. Small b i r e f r i n g e n t  c rys -  

t a l s ,  presumably phagocytized s i l i a  p a r t i c l e s ,  could o c c a s i o n a l l y  be 

seen in these  macrophages. Type I1 c e l l  hype rp la s i a  w a s  e v i d e n t  i n  

a l v e o l i  sur rounding  a f f e c t e d  end airways.  In  the  20 mg Si02/m3 group 

f o c a l  f i b r o s i s  with f i b r o t i c  aggrega te s  and mononuclear ce l l s  forming 

" s i l i c o t i c  nodules" were common. I n  a d d i t i o n ,  a l v e o l a r  p r o t e i n o s i s  w a s  

observed in  t h i s  group. Lymphoid p r o l i f e r a t i o n s  around b ronch io le s  and 

blood v e s s e l s  of ten conta ined  i n t r a l y m p h a t i c  macrophages. Genera l ized  

r e t i c u l o e n d o t h e l i a l  c e l l  hype rp la s i a  was e v i d e n t  i n  the  p e r i b r o n c h i a l  

lymph nodes. 

Radiographic assessment of t hese  animals demonstrated lungs of 

g r e a t e r  x-ray d e n s i t y  in those  animals which had been exposed to  20 mg 
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Si02/m3. 

the material  p re sen t  i n  the a l v e o l i  of these animals i s  n o t  known. 

Whether t h i s  x-ray d e n s i t y  was due to a f i b r o t i c  response o r  

App l i ca t ion  of s tepwise d i sc r iminan t  a n a l y s i s  to  the i n d i v i d u a l  

f u n c t i o n a l  and composi t ional  v a r i a b l e s  measured i n  the lungs of each r a t  

i nd ica t ed  which of these  v a r i a b l e s  had the g r e a t e s t  power to  d i s t i n g u i s h  

among the exposure groups. Among the composi t ional  v a r i a b l e s  DNA, 

p r o t e i n ,  and hydroxyprol ine a l l  expressed as a r a t i o  of dry weight  and 

the  t o t a l  lung weight were found t o  be the most d i sc r imina t ing .  
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INTRODUCTION 

The work reported here  i s  one p a r t  i n  a s e r i e s  of s t u d i e s  centered  

on a comprehensive comparison of morphologic and composi t ional  para- 

meters  to  the pulmonary func t ion  of r a t s  exposed to  tox ic  agents .  

Success fu l  a p p l i c a t i o n  of such func t iona l  t e s t s  t o  rodents  would permit  

a more comprehensive a p p r a i s a l  of the pulmonary t o x i c i t y  of inhaled 

chemicals a s  w e l l  a s  those adminis tered by o the r  rou te s  but  f o r  which 

the lung i s  the t a r g e t  organ. To test  the s e n s i t i v i t y  of the func t iona l  

measurements and to  determine how s t r u c t u r a l  and compositional changes 

are f u n c t i o n a l l y  manifested i n  the rodent ,  r a t s  were exposed to  a 

v a r i e t y  of t ox ic  agents .  The compounds which have been used a r e  ozone, 

a c r o l e i n ,  c h l o r i n e ,  s i l i c a  d u s t  ( r epor t ed  i n  p a r t  h e r e ) ,  cadmium chlo- 

r i d e  a e r o s o l ,  and a combination of tungsten carb ide  and c o b a l t  d u s t s .  

S i l i c a  was s e l e c t e d  a s  a tes t  compound to  produce a deep lung 

r e s t r i c t i v e  l e s ion  and provide an oppor tun i ty  t o  i n v e s t i g a t e  the r e l a t -  

ionship  of lung func t ion ,  s t r u c t u r e ,  and composition i n  animals with.  

such a pulmonary a f f l i c t i o n .  The ,sequence of p a t h o l o g i c a l  changes i n  

expe r imen ta l ly  induced s i l i c o s i s  has been reviewed by Hepp1eston.l 

b r i e f ,  the  s i l i c a  p a r t i c l e s  a r e  inges ted  by macrophages leading to  t h e i r  

dea th  and the r e l e a s e  of the s i l i c a  p a r t i c l e s .  Macrophages accumulate 

i n  the a reas  of s i l i c a  d e p o s i t i o n  and r e l e a s e  macrophage f i b r o g e n i c  

f a c t o r s  r e s u l t i n g  i n  the product ion of co l lagen  leading to  f i b r o s i s .  

The e f f e c t  of inhaled c r y s t a l l i n e  s i l i c a  on the human pulmonary 

system is  appa ren t ly  dependent upon the amount of d u s t  inha led ,  the per- 

cen tage  of f r e e  o r  uncombined s i l i c a  i n  the d u s t  p a r t i c l e s ,  and the dur -  

a t i o n  of e x p ~ s u r e . ~ ' ~  

In 

The pathology a s s o c i a t e d  w i t h  s i l i c a  i n h a l a t i o n  
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by humans mani fes t s  i t s e l f  i n  a v a r i e t y  of ways, depending on exposure 

condi t ions  and three  forms of the d i sease  have been descr ibed .  These 

d i f f e r  p r imar i ly  i n  the length  of exposure before  onse t  of symptsns and 

i n  the r a t e  wi th  which the d i sease  progresses ,  which may i n  p a r t  be 

dependent on the concent ra t ion  of r e s p i r a b l e  s i l i c a  i n  the inhaled a i r .  

The common form of s i l i c o s i s  has been recognized as an occupat iona l  

d i s e a s e  s ince  a n t i q u i t y .  It is gene ra l ly  a s soc ia t ed  wi th  exposure to 

d u s t  wi th  a s i l i c a  conten t  of less than 30% and more than 20 years  of 

exposure nay be requi red  before  a ches t  radiogram i s  p o s i t i v e .  There i s  

very  l i t t l e  r e s p i r a t o r y  impairment a s soc ia t ed  wi th  the e a r l y  s t a g e s  of 

s imple s i l i c o s i s  .2-3 

s h o r t e r  exposures to  h igher  concen t r a t ions  of s i l i c a  d u s t .  I n  

a c c e l e r a t e d  s i l i c o s i s ,  the t i m e  from f i r s t  exposure to the development 

of s i l i c o t i c  nodules ,  which appear i n  ches t  radiograms, is s h o r t e r  (5-15 

y e a r s )  than  i n  simple s i l i c o s i s .  The d i s e a s e  develops much f a s t e r  and 

o f t e n  advances to a p rogres s ive  massive f i b r ~ s i s . ~ ' ~  

the d i sease  i s  a l s o  acute and o f t e n  termed s i l i c o p r o t e i n o s i s .  In  humans 

Accelerated o r  acute s i l i c o s i s  develops a f t e r  

The t h i r d  form of 

it develops a f t e r  1-3 yea r s  of exposure and progresses  very quick ly .  

There i s  r a p i d  l o s s  of pulmonary func t ion  and i n v a r i a b l y  i t  i s  f a t a l .  

The d i s t i n c t i v e  c h a r a c t e r i s t i c  of t h i s  d i s e a s e  i s  the presence of a 

s u r f a c t a n t - l i k e  l i q u i d  i n  the a l v e o l i .  On a c h e s t  radiogram, few 

s i l i c o t i c  nodules a r e  ev iden t ,  and they a r e  r a t h e r  d i f f u ~ e . ~ ' ~  

Because the f i b r o s i s  expected upon exposure of ra t s  to s i l i c a  i s  a 

progres s ive  l e s i o n  r equ i r ing  some t i m e  to develop, pulmonary endpoin ts  

were i n v e s t i g a t e d  at .  t h ree  t imepoints  using d i f f e r e n t  subgroups of 

animals from each exposure chamber. Fischer-344 r a t s  were exposed t o  

e i t h e r  f i l t e r e d  a i r ,  2 ,  LO, o r  20 mg/m3 s i l i c a  d u s t  f o r  6 hourslday,  5 
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days/week. Pulmonary func t ion ,  lung composition, and h i s  topathology 

were assessed i n  subgroups of animals a f t e r  3 months and 6 months of 

exposure and i n  an a d d i t i o n a l  subgroup of r a t s  exposed f o r  6 months and 

then maintained under s p e c i f i c  pathogen f r e e  (SPF) c o n d i t i o n s  f o r  an 

a d d i t i o n a l  6 months. T h i s  r e p o r t  w i l l  p resent  only the f ind ings  i n  

Fischer-344 r a t s  exposed to  0 ,  2 ,  10, o r  20 mg/m3 s i l i c a  f o r  6 months 

and then maintained f o r  an a d d i t i o n a l  6 months before  assessment of 

endpoints.  

To enable comparisons of func t ion ,  composition, and s t r u c t u r e  i n  

i n d i v i d u a l  animals ,  each r a t  was f i r s t  subjected to  a s e r i e s  of 

pulmonary f u n c t i o n  tests and upon s a c r i f i c e ,  immediately a f t e r  t e s t i n g ,  

the l e f t  lung was f ixed  f o r  h i s t o l o g i c  examination and the r i g h t  lung 

s u b m i t t e d  f o r  compositional ana lys i s .  Stepwise d i s c r i m i n a n t  a n a l y s i s  

was then used to determine i f  any measured v a r i a b l e s  were s i g n i f i c a n t l y  

more s e n s i t i v e  to  the induced changes. To eva lua te  the  o v e r a l l  

pathology induced by the test  agent ,  subgroups of animals from each 

chamber were used s o l e l y  f o r  p a t h o l o g i c a l  examination.,  

Techniques have been developed to measure s e v e r a l  parameters of 

pulmonary f u n c t i o n  i n  rodents  and r ecen t  technologica l  developments have 

increased  the s e n s i t i v i t y  of these de t e rmina t ions  .4-8 Resp i ra to ry  

performance i n  these  s t u d i e s  was based on v e n t i l a t o r y  response to  C 0 2 ,  

a r t e r i a l  blood gas c o n c e n t r a t i o n s ,  and s t a t i c  and dynamic lung 

mechanics. 

The most d i r e c t  means of determining whether blood-gas exchange i n  

. the  lung i s  adequate i s  to measure the  concent ra t ions  of 02 and C 0 2  i n  



the  blood as we l l  as the blood pH. While systemic diseases and 

metabol ic  imbalances can o f f s e t  these  v a r i a b l e s ,  d a t a  from t h e i r  

c o l l e c t i v e  eva lua t ion  can gene ra l ly  be used t o  d i s t i n g u i s h  between 

r e s p i r a t o r y  and metabol ic ly  der ived ac id /base  abnorma l i t i e s .  I n  cases  

of prolonged hypercapnea, of ten  a complicat ion of chronic  lung d i s e a s e ,  

a l t e r e d  neura l  c o n t r o l  of v e n t i l a t i o n  and r e l a t e d  r e s p i r a t o r y  r e f l e x e s  

may become apparent .  This  cond i t ion  can be de tec ted  as impaired 

responsiveness  to  inha led  CO2, a cond i t ion  c u r r e n t l y  be l ieved  to be the 

r e s u l t  of p a r t i a l l y  r e f r a c t o r y  C02 chemoreceptors i n  the a o r t i c  a rch  o r  

the brainstem. Reduced v e n t i l a t o r y  response (measured as a percent  

change i n  minute volume (VE)) appears  to be d i r e c t l y  r e l a t e d  to the 

degree to  which the r ecep to r s  are r e f r a c t o r y  and to  the CO2 

concen t r a t ion  of the blood.9 

Other measures of r e s p i r a t o r y  performance q u a n t i t a t e  the ac tua l  

mechanical s t a t u s  of r e s t i n g  and dynamic lungs. I n  gene ra l ,  a l t e r a t i o n s  

i n  normal b rea th ing  parameters  ( t i d a l  volume (V,), frequency of 

brea th ing  ( f ) , d r i v i n g  pres  s u r e ,  and i n s p i r a t o r y  and e x p i r a t o r y  a i r f low)  

are observed only i n  the presence of ex tens ive  lung d isease .  While 

changes i n  airway r e s i s t a n c e  o r  t i s s u e  e l a s t i c i t y  during spontaneous 

normal brea th ing  can be s e n s i t i v e  i n d i c a t o r s  of lung i n j u r y  and may 

r e s u l t  i n  de te rmina t ion  of v e n t i l a t o r y  e f f i c i e n c y ,  d i s e a s e s  of the small 

airways o r  of the parenchymal i n t e r s t i t i u m  can e x i s t  wi thout  o v e r t  

impact on normal brea th ing  p a t t e r n s .  Sub t l e  changes i n  t i s s u e  

e l a s t i c i t y  can be de t ec t ed  by fo rc ing  the lungs to  a f u l l y  i n f l a t e d  

s t a t e  ( t o t a l  lung capac i ty  (TLC))  and c o n t r o l l i n g  the d e f l a t i o n  to 

minimal lung volume ( r e s i d u a l  volume (RV)). The r e s u l t i n g  curve of 

volume expired versus the p re s su re  induced by the e l a s t i c  proper ty  of 
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the lung t i s s u e  i s  known a s  the q u a s i - s t a t i c  compliance (OSC)  curve. 

Divergent s h i f t s  i n  the t y p i c a l  sigmoidal shape of the d e f l a t i o n a r y  

curve may r e f l e c t  degene ra t ive  a1  t e r a  t i o n s  of the i n t e r s  ti tium. These 

may include s c a r r i n g  o r  f i b r o s i s  i n  response to lung i n j u r y  o r  

p rogres s ive  t i s s u e  d e s t r u c t i o n  c h a r a c t e r i s t i c s  of emphysema. These 

changes i n  t i s s u e  e l a s t i c i t y  may a l s o  r e s u l t  i n  a l t e r e d  r e s t i n g  lung 

volumes due to  d is turbances  i n  the balance of the r e t r a c t i v e  forces  of 

the lung and ches t  wal l .  Such d is turbances  can, i n  t u r n ,  a f f e c t  the 

d i s t r i b u t i o n  of v e n t i l a t i o n  w i t h i n  the subcompartments of the lungs 

during t i d a l  b rea th ing .  Thus, by examining the washout c h a r a c t e r i s t i c s  

of r e s i d u a l  lung n i t r o g e n  while p u r e  oxygen i s  being breathed,  t he  

presence of poorly v e n t i l a t e d  reg ions  wi th in  the lungs can be de tec ted .  

I n  extreme cases ,  these imbalances e n t i r e l y  a l t e r  the i n t r o d u c t i o n  of 

oxygen i n t o  the a l v e o l i ,  r e s u l t i n g  i n  reduced concen t r a t ions  of oxygen 

i n  the a r t e r i a l  blood. 

I n  the absence of severe r eg iona l  v e n t i l a t o r y  a b n o r m a l i t i e s ,  t he  

a b i l i t y  of oxygen to  d i f f u s e  ac ross  the blood-air  membrane of the 

a l v e o l i  can be approximated by the d i f f u s i o n  of CO. Carbon monoxide has 

a lmost  the same d i f f u s i o n  c o e f f i c i e n t  a s  oxygenlo and because i t  binds 

almost i r r e v e r s i b l y  t o  hemoglobin, i t  func t ions  w e l l  a s  an index of  

d i f f u s i o n  l i m i t a t i o n s  ac ross  the a l v e o l a r  sur face .  Reduction i n  the 

d i f f u s i o n  of CO i n d i c a t e s  a thickening of the a l v e o l a r  e p i t h e l i a l -  

e n d o t h e l i a l  b a r r i e r .  Reduction i n  the a l v e o l a r  su r f ace  a rea ,  a s  seen in  

degenera t ive  emphysema, and mismatching of v e n t i l a t i o n  and perfusion can 

a l s o  reduce the diEfusion index. This  index, when considered i n  

conjunct ion wi th  o the r  tests, can serve  both as a d i a g n o s t i c  t oo l  and an 

index of r e s p i r a t o r y  e f f i c i e n c y .  
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Small airway d i sease  i s  c h a r a c t e r i s t i c  of many degenera t ive  pro- 

ces ses  i n  the lung. Because the small  d i s t a l  airways lack  an ex tens ive  

suppor t  s t r u c t u r e ,  they a r e  very s e n s i t i v e  to deformation o r  d e s t r u c t i o n  

of parenchymal t i s sue  o r  changes i n  a d j a c e n t  airways.  Lesions i n  any 

s t r u c t u r a l  component w i l l  a f f e c t  n o t  only the component d i r e c t l y ,  bu t  

the e n t i r e  in te rdependent  suppor t ive  framework of the small airways.  

Th i s  anatomical  and func t iona l  interdependency i s  r e f l e c t e d  i n  tests of 

small airway mechanics. The maximum e x p i r a t o r y  flow volume (MEFV) 

maneuver stresses these airways i n  a manner which r e s u l t s  i n  t h e i r  dyna- 

mic co l l apse ,  known as e f f o r t  independence. Once a c r i t i c a l  p re s su re  

drop along the airway is  e s t a b l i s h e d ,  the f r a g i l e  airways co l l apse  and 

the maximum a i r f l o w  i s  l i m i t e d ,  r e g a r d l e s s  of the increased  e f f o r t  o r  

imposed force .  This  po r t ion  of the MEFV maneuver i s  t h e r e f o r e  e f f o r t  

independent.  Whether o r  n o t  these  airways c o l l a p s e  prematurely,  which 

i s .  the case i n  some disease s t a t e s ,  can be de tec ted  upon inspec t ion  of 

the  MEFV curve.  By using helium, which i s  l e s s  dense bu t  more v iscous  

than a i r ,  the c h a r a c t e r i s t i c  conversion of the forced a i r f l o w  f ron  t u r -  

b u l e n t  to  laminar can be f u r t h e r  d i sec t ed .  The lower dens i ty  helium 

enhances a l l  a i r f l o w  which i s  tu rbu len t  i n  na tu re  ( a t  lung volumes a t  of: 

near  the t o t a l  lung capac i ty )  and as a i r f l o w  becomes laminar a t  

diminished lung volumes (where small airway c o n s t r a i n t s  dominate the 

c h a r a c t e r i s t i c s  of a i r f l o w )  the more v iscous  helium resu l t s  i n  reduced 

a i r f low.  Comparison of the lung volumes a t  which a i r  and helium a i r -  

flows a r e  converted from tu rbu len t  to laminar and a s s e s s n e n t  of the 

degree t o  which helium enhances the a i r f l o w  a t  increased  lung valurne 

y i e l d s  information r e l a t i n g  t o  the s i t e  of airway o b s t r u c t i o n  o r  pre-  

mature airway co l l apse .  
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Animal models have been developed t o  s tudy v a r i o u s  a spec t s  of s i l i -  

c o s i s ;  however, they a r e  l imi ted  i n  t h e i r  a b i l i t y  to  address  the ques- 

t i o n s  of s t r u c t u r e  vs. func t ion .  The ex tens ive  func t iona l  data  genera- 

ted i n  t h i s  study should provide g r e a t e r  i n s i g h t  on (1) how s t r u c t u r a l  

and compositional changes i n  the s i l i c o t i c  lung a r e  presented 

f u n c t i o n a l l y  and, ( 2 )  on the phys io log ica l  impact of these s t r u c t u r a l  . 

changes. 
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MATERIALS AND METHODS 

. A n i m a l  Procedures and Exposures 

The Fischer-344 r a t s  used  i n  t h i s  s tudy were obtained from Charles  

R ive r  Labora to r i e s ,  Inc .  (Kingston, NY) i n  two shipments. The animals  

were received from the s u p p l i e r  a t  5-6 weeks of age and held i n  our SPF 

f a c i l i t y  f o r  an a d d i t i o n a l  4-6 weeks before  exposure. 

Upon r e c e i p t ,  the  animals were ass igned  to  an exposure group as 

fol lows.  Rats of the same age and sex were i n d i v i d u a l l y  weighed and 

placed i n t o  holding b i n s ,  each b in  holding animals w i th in  a 5 gram 

weight range. When a l l  of the animals of a s i n g l e  age and sex had been 

weighed, the t o t a l  number of animals weighed was reduced to the t o t a l  

number of animals needed f o r  the experiment by removing equal  numbers 

(*l) of  animals from the b ins  holding the lowest and the h ighes t  weight 

groups.  A random number t a b l e  was used  to a s s i g n  each animal to a pa r -  

t i c u l a r  cage i n  a chamber ( the reby  determining i t s  endpoint  d e s t i n a t i o n )  

and randomization of the numbers 1 through 4 r e s u l t e d  i n  the random 

assignment of animals t o  exposure groups. Animals from the lowest 

weight  group were used  f i r s t  and randomly assigned to  the appropr i a t e  

p o s i t i o n s  i n  the four  chambers before  'using animals from the next  bin.  

This  system r e s u l t e d  i n  groups of animals wi th  the same mean weight i n  

each exposure group. Each exposure chamber contained th ree  subgroups of 

ra ts .  One subgroup of animals was exposed f o r  th ree  months. Af t e r  the 

exposure per iod,  24 animals from t h i s  subgroup i n  each exposure chamber 

were used f o r  assessment of lung func t ion ,  composition, and s t r u c t u r e  

and an a d d i t i o n a l  e i g h t  animals were used f o r  complete h is topa thology.  

A second subgroup a t  each exposure l e v e l  was exposed f o r  s i x  months and 

assessed a t  the end of t h i s  exposure per iod.  This  subgroup a l s o  
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inc luded  24 animals f o r  m u l t i p l e  pulmonary endpoin t  assessments and 

e i g h t  rats f o r  h i s topa thology.  I n  a d d i t i o n ,  each s ix  month exposure 

subgroup included e i g h t  male and e i g h t  female rats f o r  assessment of 

reproduct ion  p o t e n t i a l  and 10 male rats f o r  c y t o g e n e t i c  s t u d i e s .  A 

f i n a l  subgroup in  each chamber, composed of 24 m u l t i p l e  pulmonary end- 

p o i n t  and e i g h t  h i s topa tho logy  animals, were exposed f o r  s ix  months and 

then maintained i n  convent iona l  SPF animal q u a r t e r s  f o r  s i x  months p r i o r  

t o  'assessment of the  s p e c i f i c  endpoints.  

A l l  of the  animals were neck tagged to  provide permanent i d e n t i f i -  

ca t ion .  The rats were i n d i v i d u a l l y  housed i n  stainless s teel ,  wire-mesh 

cages  and provided a s t anda rd  l a b o r a t o r y  d i e t  (Pur ina  Chow) and water  - ad 

l ib i tum.  A 12-hour on/l2-hour o f f  l i g h t  c y c l e  was maintained i n  t h e  

animal room. 

During the  qua ran t ine  p e r i o d ,  10/285 and 10/310 rats from the f i r s t  

and second shipments,  r e s p e c t i v e l y ,  were sent to AnMed L a b o r a t o r i e s ,  

Inc. ( N e w  Hyde Park ,  N Y )  f o r  h e a l t h  assessment. The rats sent f o r  

h e a l t h  assessment were s e l e c t e d  from those  animals on the h igh  and low 

extremes of the  weight  range ( s e e  above). Th i s  service inc ludes :  (1) 

de te rmina t ion  of serum v i r a l  an t ibody s t a t u s  (Sendai V i rus ,  Pneumonia 

Virus  of mice, Reo Vi rus  Type 3 ,  T h e i l e r ' s  V i r u s ,  Kilham's R a t  Vi rus ,  

R a t  Corononavirus, and a zoonot ic  a r e n a v i r u s  which causes  lymphocytic 

c h o r i m e n i n g i t i s )  ; (2 )  c u l t u r e  of n a s o t u r b i n a t e  washings f o r  r e s p i r a t o r y  

b a c t e r i a l  pathogens and mycoplasma; ( 3 )  c u l t u r e  of oropharyngeal swabs 

f o r  Pseudomonas and K l e b s i e l l a ;  ( 4 )  examination of f e c a l  samples f o r  

b a c t e r i a l  pathogens and p a r a s i t e s ;  ( 5 )  p r e p a r a t i o n  of i l e a l  w e t  mounts 

f o r  pro tozoans ;  ( 6 )  i n s p e c t i o n  of the co lon  f o r  he lminths  and of t he  

b l adde r  f o r  Trichosomoides c ros s i cauda ;  and ( 7 )  scanning  of the p e l t  f o r  
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e c t o p a r a s i t e s .  S l i d e s  f o r  h i s t o p a t h o l o g i c a l  examination were prepared 

from the lung,  l i v e r ,  kidney, i l e u m ,  sp leen ,  and thymus. No murine 

v i r a l ,  b a c t e r i a l ,  o r  pa ra s i t i c  pathogens were i s o l a t e d  or otherwise 

de t ec t ed .  K l e b s i e l l a  oxytoca was i s o l a t e d  from a l l  of the animals  sub- 

mi t ted  from the f i r s t  shipment, b u t  from none of the animals  i n  the sec- 

ond l o t .  There i s  no evidence of t h i s  spec ie s  being a pathogen of lab-  

o r a t o r y  rats.ll Although t h i s  f i nd ing  was undes i r ab le ,  i t  was i n t e r -  

p re ted  as n o t  i n t e r f e r i n g  with the use of these animals i n  the proposed 

pro tocol .  The r e s u l t s  of the pre-experimental  h e a l t h  p r o f i l e s  of the 

animals  submitted f o r  eva lua t ion  have been provided i n  Appendix A .  

Following the s i x  month exposure per iod ,  sera from f o u r  animals ,  

one from each exposure chamber, were submitted t o  AnMed Labora to r i e s  t o  

assess the ant ibody s t a t u s  of these  animals.  A l l  four  animals  had ele- 

va ted  ant ibody t i t e r s  to pneumonia v i r u s  of mice (PVM) ( t i t e r s  ranged 

from 160 t o  320) (Appendix B ) .  Following the s i x  month holding period 

sera from e i g h t  a d d i t i o n a l  animals was s e n t  t o  AnMed Labora to r i e s  f o r  

v i r a l  ant ibody assessment.  Using the ELISA technique 6 / 8  of the animals  

were p o s i t i v e  f o r  PVM (Appendix B ) .  This v i r u s  produces s i l e n t  i n fec -  

tdons i n  mice and can produce severe i n t e r s  t i  t i a l  pneumonia' a f t e r  i n t r a -  

nasq l  i nocu la t ion  of mice. Although n e u t r a l i z i n g  a n t i b o d i e s  have been 

de tec t ed  i n  r a t s ,  c l i n i c a l  s igns  o r  l e s i o n s  have no t  been reported.12 

Experimental  and c o n t r o l  animals were placed i n t o  the appropr i a t e  

The animals  were then chambers the morning of t h e i r  i n i t i a l  exposure. 

cont inuously housed i n  the exposure chambers u n t i l  the morning fo l lowing  

t h e i r  f i n a l  exposure. Caging and l i g h t  cyc le  i n  the chambers were idem- 

t i ca l  t o  those i n  the holding rooms. The s t a i n l e s s  s tee l  cage u n i t s  

(each  holding 8 r a t s ,  2 rows of 4 )  were arranged i n  t h r e e  t iers  wi th  6 
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u n i t s  per  t i e r .  Water w a s  suppl ied  t o  the animals  l i b i t u m ;  however 

the  food w a s  removed during the  d a i l y  s ix  hour exposure per iod.  Each 

animal was weighed on t h e  morning of i t s  i n i t i a l  exposure and then bi-  

weekly, w i th  approximately one-half of the  ra t s  i n  each chamber weighed 

each week according t o  the  fol lowing schedule:  c o n t r o l  r a t s ,  Mondays; 2 

mg/m3 rats, Tuesdays; 10  mg/m3 rats,  Wednesdays; and 20 mg/m3 rats on 

Thursdays. During the  s ix  month holding per iod fol lowing exposure t o  

s i l i c a  the  animals  were weighed the morning fo l lowing  t h e i r  f i n a l  expo- 

s u r e ,  then monthly, and on the  morning of t h e i r  des igna ted  endpoint  

ass e s smen t . 
The animals  were b r i e f l y  examined each day p r i o r  t o  exposure,  when 

the  food troughs were removed and clean c a t c h  pans were provided, and 

a g a i n  when the  food t roughs were rep laced  fol lowing the  exposure 

per iod.  The animals  were a l s o  inspec ted  once d a i l y  on weekends. When 

t h e  rats were weighed, they were examined more c l o s e l y  and provided a 

c l e a n  cage. The cage-packs were r o t a t e d  through n i n e  p o s i t i o n s  ( 3  t i e rs  

wi th  3 cage pack p o s i t i o n s / t i e r )  by moving each pack one p o s i t i o n  a f t e r  

biweekly weighing of the  animals.  

Rats were exposed t o  e i t h e r  f i l t e r e d  a i r ,  2 mg/m3, 10 mg/m3, o r  20 

mg/rn3 s i l i c a  d u s t  f o r  six hourslday,  f ive days/week. The ra t s  exposed 

f o r  s ix  months were 

l a b o r a t o r y  h o l i d a y s  

animals were expose 

exposed f o r  127 weekdays wi th  ' the  except ion  of 

(which are included i n  t h e  127 days).  All of t h e  

f o r  a minimum of two days the  f i rs t  and f i n a l  wee cs 

of exposure.  In cases where the  endpoin t  tes t  procedures  were time con- 

suming, t he  s t a r t i n g  d a t e s . w e r e  s taggered whi le  s t i l l  adhering t o  the  

127 exposure day regime and the  minimum number of exposure days per  

week. Following exposures ,  t he  ra t s  were placed i n t o  a n  SPF animal room 
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f o r  s i x  months before  assessment of the s e l e c t e d  endpoints .  During t h i s  

per iod  the animals were i n d i v i d u a l l y  housed i n  suspended wire mesh cages 

i n  a laminar flow SPF f a c i l i t y .  A 12-hour on 12-hour o f f  l i g h t  cyc le  

was maintained. A s tandard  l abora to ry  d i e t  (Pur ina  Chow) and water were 

provided - ad l ib i tum.  The animals were inspec ted  twice d a i l y  on weekdays 

and once d a i l y  on weekends. They were weighed monthly and provided a 

clean w i r e  mech cage when weighed. 

C h a m b e r s  

Exposures were c a r r i e d  o u t  i n  s ta in less  s t e e l / L u c i  te chambers. 

Airf low through the  5 m3 chambers was 1 m 3 / m i n .  

and 20 mg/m3 s i l i c a  chambers was passed through e l e c t r o s t a t i c  pre- 

c i p i t a t o r s ,  p r e f i l t e r s ,  and HEPA f i l t e r s  before  being discharged.  

S i l i c a  d u s t  from the  2 rng/m3 chamber was n o t  e l e c t r o s t a t i c a l l y  

p r e c i p i t a t e d  before  the exhaus t  a i r  passed through the  f i l t e r  beds. 

Continuous monitor ing of the  temperature  i n  each chamber was under 

computer con t ro l .  The 0.5 h r  temperature  averages and the d a i l y  average  

temperature  dur ing  the  exposure of these animals was 22.5OC. The mean 

average  d a i l y  tempera t u r e s  ranged from 20 .O t o  24.6OC and the minimum 

and maximum 0.5 h r  averages  recorded were 17.7 and 26.9OC, r e spec t ive ly .  

T e s t  A g e n t  and A e r o s o l  G e n e r a t i o n  

Exhaust a i r  from t h e  10 

The c r y s t a l l i n e  qua r t z  used i n  these s t u d i e s  w a s  provided as a g i f t  

by Pennsylvania  Glass Sand Corporat ion (Berkeley Spr ing ,  WV) as  

Min-U-Si1 5 .  A powder d i f f r a c t i o n  scan of t h i s  material employing a 

goniometer i n d i c a t e d  t h a t  i t  was pure  u quar t z .  The d i f f r a c t i o n  peaks 
IJ 

observed a t  1.540, 1.819, 2.280, 2.457, 3.36, and 4.28 A (angstrom) were 

cons idered  w i t h i n  experimental  e r r o r  of the publ ished abso rp t ion  peaks13 

of  1.541, 1.817, 2.282, 2.458, 3.34, and 4.26 A ,  r e spec t ive ly .  
0 
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The d u s t  ladened atmospheres f o r  t h e s e  s -ndies  were produced us ing  

f l u i d i z e d  bed a e r o s o l  g e n e r a t o r s ,  products  o f  Thermo-Systems, Inc. ( S t .  

Paul ,  MN). A model 3400 was used t o  provide a chamber c o n c e n t r a t i o n  of 

2 mg/m3, while  t h e  10 and 20 mg/m3 chambers were each equipped w i t h  a 

model 9310 genera tor .  The automatic  feed systems of t he  g e n e r a t o r s  were 

n o t  employed because the  p h y s i c a l  cons is tency  of t h e  s i l i ca  powder w a s  

such t h a t  i t  tended t o  cake, render ing  the  feed mechanism ineffective.  

Instead, the  s i l i c a  powder was added d i r e c t l y  t o  the  bead beds a f t e r  i t  

was v igorous ly  mixed by shaking wi th  the  100 pm b r a s s  beads from the  bed 

matrix. During the  mixing process ,  the b r a s s  beads are coated with the  

s i l i c a  p a r t i c l e s .  To d i s p e r s e  the  p a r t i c l e s ,  d ry ,  f i l t e r e d  a i r  is  

in t roduced  through the  microporus s ta inless  s teel  suppor t  sc reen  a t  t h e  

bottom of the  bead. The a i r  s t r i p s  the  p a r t i c l e s  away from the  beads 

and carries the  r e s u l t a n t  a e r o s o l  t o  the  o u t l e t  of t he  genera tor .  The 

d e l i v e r y  l ine  between each g e n e r a t o r  and the  a i r  intake l i n e  of the  

exposure chamber was equipped wi th  a 60 m C i  Kr-85 n e u t r a l i z i n g  l i n e  

source  contained in a 2.4  mm O.D. n i c k e l  tube 30.5 cm long. 

Because these  f l u i d i z i n g  bed g e n e r a t o r s  use b r a s s  beads as the bed 

matrix, the a e r o s o l i z e d  material was sampled and analyzed by x-ray f luo-  

rescence f o r  t he  presence of metals found in  b r a s s .  This  a n a l y s i s  

q u a l i t a t i v e l y  revea led  t h e  presence of copper,  t in ,  and trace amounts of 

lead.  Atomic abso rp t ion  spectroscopy i n d i c a t e d  t h a t  copper and t i n  com- 

p r i s e d  approximately 1.1 and 0.1% o f  the  d u s t  by weight,  r e s p e c t i v e l y .  

No a t t e m p t  was made t o  q u a n t i t a t e  the  lead contaminant w i t h  atomic 

abso rp t ion  spectroscopy because of t he  extremely small amount i n d i c a t e d  

by the  x-ray f l u o r e s c e n c e  technique. Although contaminat ion of the  

s i l i ca  wi th  these  elements was n o t  d e s i r a b l e ,  the  c o n c e n t r a t i o n  of the  

m e t a l s  was considered so low as to  be innocuous. 
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The f l u i d i z i n g  bed u n i t s  provided the r e q u i r e d  a e r o s o l  concentra- 

t i ons  wi th  s a t i s f a c t o r y  concen t r a t ion  con t ro l .  The p a r t i c l e  s i z e  of the 

generated d u s t  gene ra l ly  increased  s l i g h t l y  throughout the l i f e  of the 

bed (F igure  1). The mean mass median aerodynamic diameter  (MMAD) and 

geometr ic  s tandard  dev ia t ion  (og) f o r  the a e r o s o l s  sampled  from the 

th ree  exposure chambers a r e  provided i n  Table 1. The mean MMAD of a l l  

the  cascade impactor ana lyses  performed was 2.4 pm w i t h  a mean crg of 

2 .O. 

Monitoring of Si l ica Concentrations in the Exposure Chambers 

The concen t r a t ion  of s i l i ca  d u s t  i n  each chamber was cont inuously 

monitored us ing  a RAM-1 a e r o s o l  mass monitor (GCA Environmental I n s t r u -  

ments, Bedford, MA) and the s t r i p  c h a r t  ou tput  from each u n i t  was used 

t o  c a l c u l a t e  the average. d a i l y  Concentrat ion.  During each exposure 

pe r iod ,  a g rav ime t r i c  f i l t e r  sample was c o l l e c t e d  and the chamber con- 

c e n t r a t i o n  during the c o l l e c t i o n  per iod ca l cu la t ed  by d iv id ing  the 

amount of m a t e r i a l  c o l l e c t e d  on the  f i l t e r  by the volume of chamber 

atmosphere sampled. The average d a i l y  concen t r a t ion  f o r  each chamber 

was then determined by mul t ip ly ing  the average concen t r a t ion  recorded by 

the mass monitor by a c o r r e c t i o n  f a c t o r  der ived by d iv id ing  the g rav i -  

. m e t r i c a l l y  determined chamber concent ra t ion  by the average mass monitor 

reading during the c o l l e c t i o n  per iod.  

The d i s t r i b u t i o n  of s i l i c a  dus t  i n  the exposure chambers was 

a s ses sed  and the r e s u l t s  a r e  provided i n  Appendix C. 

Respiratory Physiology 

Resp i ra to ry  performance , based on v e n t i l a t o r y  response to C 0 2 ,  

a r t e r i a l  blood gas concen t r a t ions  , and s ta t ic ldynarnic  lung mechanics , 
was evaluated i n  those animals designated f o r  such assessment.  For 
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Figure  1. Change i n  s i l ica  p a r t i c l e  s i z e  (MMAD) w i t h  increased  
o p e r a t i n g  t i m e  of t h e  f l u i d i z i n g  bed genekators  a s s o c i a t e d  
w i t h  each exposure chamber; 2 mg/m3 s i l ica  ( o ) ,  10 mg/m3 
s i l i c a  (A), and 20 rng/m3 s i l i c a  (H). 
us ing  an  Anderson Cascade Impactor.  

MMADs were determined 
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Table  1. Mass Median Aerodynamic Diameter (MPlAD) and Geometric Standard 
Dev ia t ion  (Up) of S i l i c a  P a r t i c l e s  i n  t h e  Animal Exposure 
C ha mbe r s 

n 

S i l i c a  Concent ra t ion  

2 mg/m3 10 mg/m3 20 mg/m3 

9 8 7 

MMAD (pm) 
mean 
s.e. 

2.43 2.32 2.46 
0.11 0.09 0.07 

2.02 2.05 1 .96  
0.05 0.03 0.04 
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d e s c r i p t i v e  convenience, these th ree  assessment procedures w i l l  be 

descr ibed  i n  the order  i n  which they were performed on each animal. 

Assessment of C02 respons iveness  under cond i t ions  f r e e  of ane- 

s t h e s i a ,  r e s t r a i n t ,  or  o t h e r  invas ive  procedures which may have imparted 

a r t i f a c t s ,  was achieved by whole-body barometr ic  de te rmina t ion  of VT 

and f .  A whole body plethysmograph was cons t ruc ted  from a 2.75 l i t e r  

g l a s s  jar  wi th  a screw cover (F igu re  2). The cover was provided wi th  

s e v e r a l  p o r t s  f o r  the i n t r o d u c t i o n  and e x i t  of s e l ec t ed  b rea th ing  

atmospheres, i n s e r t i o n  of a the rmis t e r  probe, and communcation wi th  a 

d i f f e r e n t i a l  p re s su re  t ransducer  probe, and communiation with a d i f f e -  

r e n t i a l  p re s su re  t ransducer  ' ( S e t r a  Systems 239: * 7.6 nm Hg, Nat ick,  

. MA). A Gould Brush (Cleveland,  OH) 2400 r eco rde r  was used  to ob ta in  

permanent t r a c i n g s  of t i d a l  b rea th ing  p a t t e r n s .  The plethysmograph was 

c a l i b r a t e d  using a c a l i b r a t e d  p i s  ton pump (1 cm3 displacement)  ; phase 

r e l a t e d  changes i n  the plethysmograph pressure  up t o  5 Hz were recorded 

f o r  use i n  f i n a l  ana lyses .  A l i n e a r  d i f f e r e n c e  of 20% i n  VT was noted 

between 1 and 5 Hz. A l l  VT d a t a  were co r rec t ed  f o r  t h i s  d i f f e r e n c e  on 

the  b a s i s  of f f o r  the f i n a l  de te rmina t ion  of VE. A 15 minute period 

during which brea th ing  a i r  (20% 02, 80% N2) provided a t  2 l /min was 

usua l ly  s u f f i c i e n t  f o r  the animal to ac l ima te  to the system and permit  

the  c o l l e c t i o n  of r e p r e s e n t a t i v e  t i d a l  b rea th ing  da ta  f o r  15-25 

seconds. These d a t a  were c o l l e c t e d  a f t e r  c l o s i n g  the i n l e t  a i r  p o r t ,  

a l lowing about  ten seconds f o r  atmospheric p r e s s u r e  e q u i l i b r a t i o n ,  and 

c losu re  of the o u t l e t  por t .  Next, a 10% C02, 20% 02,  70% N2 b rea th ing  

gas mixture was passed through the plethysmograph (2  l /min)  f o r  f i v e  

minutes. Previous t e s t i n g  had ind ica t ed  t h a t  t h i s  du ra t ion  and flow 

r a t e  were s u f f i c i e n t  to maximize the C02 response.  Af t e r  c l o s u r e  of the 
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gas  p o r t s  , the b rea th ing  p a t t e r n s  were monitored as descr ibed  above. 

The temperature  wi th in  the plethysmograph, the room temperature ,  and the . 

barometr ic  p re s su re  were recorded dur ing  a1 1 experiments  , a l though 

i n c l u s i o n  of these  da t a  i n t o  c a l c u l a t i o n s  t o  determine VT w a s  found 

n o t  t o  e f f e c t  these  volumes. Brea th ing  f r equenc ie s  were de termined 

d i r e c t l y  from chart  record ings .  Each VT was a l s o  determined d i r e c t l y  

from c h a r t  r eco rde r  d e f l e c t i o n s  and a long  w i t h  f w a s  used to  ca l cu la t e  

e s t ima ted  +E' s which could be used to  determine the  pe rcen t  change i n  

v e n t i l a t i o n  as fol lows:  

. (VT d e f l e c t i o n )  f i n  C02 - (VT d e f l e c t i o n )  f i n  a i r  
x 100 

(V d e f l e c t i o n )  . f i n  a i r  % V  = E . .  T 

Small d i f f e r e n c e s  i n  the  a c t u a l  V T ' S  due to  p re s su re  and temperature  

changes on a day-to-day b a s i s  d id  n o t  a f f e c t  the r e l a t i v e  va lues  of the 

VT estimates made from s t r i p  c h a r t  d e f l e c t i o n s .  Thus, c h a r t  

d e f l e c t i o n  estimates of VT were used to  determine the percent  change 

i n  "V," w i t h  no apparent  loss of accuracy i n  the o v e r a l l  de te rmina t ion  

of  C02- enhanced v e n t i l a t i o n .  

Ar te r ia l  blood gases  were analyzed i n  approximate ly  10 of the 24 

ra ts  des igna ted  as .mu l t ip l e  endpoin t  animals in each chamber. A l l  r a t s  

so des igna ted  were n o t  a s ses sed  f o r  blood gases  because of the t i m e  

r e q u i r e d  f o r  caudal  a r t e r y  cannula t ion  and recovery from anesthesia 

(2 -3% Ethrane ,  30% 0 2  i n  N 2 ) .  

en t i r e  s u r g i c a l  procedure,  t y p i c a l l y  10 t o  15 minutes .  Following cannu- 

l a t i o n ,  

t h e  i t s  t a i l  secured to  the res t ra iner .  Af t e r  a minimum recovery per iod  

of  15 minutes,  a 0.5 cm3 blood sample w a s  taken. 

Anesthesia appeared uniform through the  

the animal was placed i n t o  a modif ied B 0 1 l m a n ~ ~  res t ra iner  and 

This  blood loss d i d  
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n o t  have any apparent  e f f e c t  as judged by comparison of the  data 

obtained from bled animals and those t h a t  were n o t  bled.  The caudal  

a r t e r y  was l i g a t e d  and the  animal re turned  t o  i t s  cage. Blood gases  

(p02 and pC02) and pH were determined wi th  an I L  Model 113 pH/ Blood Gas 

dna lyze r  ( I n s t r u m e n t a t i o n  Laboratory,  Lexington, M A ) .  General ly ,  a t  

l eas t  one hour e lapsed  before  these  ra t s  were f u r t h e r  eva lua ted .  

A c o n s t a n t  volume plethysmograph (2.2 l i t e r )  was used f o r  t he  

measurement of lung mechanics. This  u n i t  was maintained i so thermal  by 

an a t tached  16 l i t e r  i n s u l a t e d  r e s e r v o i r  b o t t l e  f i l l e d  wi th  copper mesh 

(F igure  3 ) .  

Lung volume changes were measured i n  propor t ion  to pressure changes 

using a high. frequency response d i f f e r e n t i a l  p r e s s u r e  t ransducer  (Se tra 

System 239: * 7 . 6  mm Hg) re ferenced  t o  a 16 l i t e r  b o t t l e  f i l l e d  wi th  

copper mesh. This  t ransducer  was embedded d i r e c t l y  i n t o  the wal l  of t he  

plethysmograph t o  minimize frequency damping. I n t r a  t h o r a c i c  p r e s s u r e  

was'measured wi th  a second d i f f e r e n t i a l  p r e s s u r e  t ransducer  (Sanborn 

268B: * 40 nm Hg) via a w a t e r - f i l l e d  esophageal c a t h e t e r  '(PE-160) 

i n s e r t e d  t o  a depth o f  10 c m  from the  upper i n c i s o r  t ee th .  From t h e  

s i d e  of the 4 mm brea th ing  p o r t  of the  plethysmograph, a second 

w a t e r f i l l e d  c a t h e t e r  was connected t o  the  r e f e r e n c e  s i d e  of the  

i n t r a t h o r a c i c  t ransducer .  The e l e c t r o n i c  s u b t r a c t i o n  of the esophageal 

p r e s s u r e  (P,) from airway p r e s s u r e  (Pao) provided the  transpulmonary 

p r e s s u r e  (PL), the  so-cal led d r i v i n g  p r e s s u r e  of the lungs. 

animal t e s t i n g  , t he  l e n g t h s  of the  esophageal and airway c a t h e t e r s  were 

a d j u s t e d  to  ensure t h a t  a c o n s t a n t  phase r e l a t i o n s h i p  e x i s t e d  between 

transpulmonary p r e s s u r e  and plethysmographic pressure .  These p r e s s u r e s  

P r i o r  t o  
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Figure  3: Schematic diagram of t h e  plethysmograph and a s s o c i a t e d  
equipment used t o  access rodent  pulmonary func t ion .  
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were i n  phase to a frequency of 6 Hz, determined by using a p i s ton  pump 

of 1 c m 3  displacement.  

P r i o r  to the induc t ion  of s p e c i f i c  brea th ing  maneuvers, VT,  f ,  

PL, a i r  flow ( i )  a s  der ived from VT, pulmonary r e s i s t a n c e  (RL), 

and dynamic compliance (CDYN) were recorded. 

n a l s  were condi t ioned by HP-8805C car r ie r  p reampl i f i e r s .  

CDYN were c a l c u l a t e d  by an  analog computer (HP-8816A Resp i r a to ry  Ana- 

l y z e r ,  Waltham, MA) accord ing  to the method of Mead and Whittenberger.15 

Airflow, a s  der ived by the computer module, and C D y ~  were condi t ioned 

through a HP-8802A medium ga in  preampl i f ie r .  Three-lead e l ec t roca rd io -  

grams (EKGs) were obtained from each animal j u s t  p r i o r  to  i t s  being 

placed i n t o  the plethysmograph. .The lead (needle)  conf igu ra t ion  formed 

a t r i a n g l e  on the animal 's  ches t .  The i n d i f f e r e n t  e l e c t r o d e  Lead was 

a t t a c h e d  a t  the base of the l e f t  f r o n t  l eg ,  the nega t ive  e l ec t rode  was 

loca ted  a t  the base of the r i g h t  f r o n t  leg ,  and the p o s i t i v e  pole  was 

pos i t ioned  j u s t  below the an imal ' s  seventh r i b .  Heart r a t e  and i n t e r -  

The VT and PL s ig -  

The P.L and 

v a l s  of ca rd iac  e l e c t r i c a l  a c t i v i t y ,  (P-R and QRS i n t e r v a l s )  were 

measured from these  t r ac ings .  Permanent records  of a l l  the waveforms 

were made using an eight-channel  r eco rde r  (Gould, Brush 2800, Cleveland,  

OH). 

P r i o r  to  any measurements, each animal was anes the t i zed  wi th  7 5  

mg/kg p e n t o b a r b i t a l  (Nembutal). Re l i ab le  anes thes i a  was achieved by 

i n j e c t i n g  67% of the t o t a l  dose followed by the remaining 33% a f t e r  the  

l o s s  of r i g h t i n g  r e f l e x .  This  r e s u l t e d  i n  a r e l a t i v e l y  s t a b l e  l e v e l  of 

anes thes i a  f o r  a per iod of approximately two hours ,  s u f f i c i e n t  time f o r  

assessment and subsequent s a c r i f i c e .  
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A cannula ,  molded from t e f  l on  sh r ink  tubing,  was t r a n s o r a l l y  

i n s e r t e d  i n t o  the t rachea  of each rat to  be a s ses sed ,  by-passing the  

e f f e c t  of the nose on a l l  of the measurements made on these  otherwise 

o b l i g a t e  n a s a l  b rea the r s .  A shoulder  had been molded onto the tubing 

approximately 1 c m  from the proximal t i p  to ensure  an  a i r t i g h t  seal wi th  

the  g l o t t i s  upon i n s e r t i o n  of the tube. The r a t  was placed i n  the  

plethysmograph i n  a supine pos i t i on .  The dead space volume of the 

cannula,  inc luding  a l l  va lv ing  to  the g l o t t i s  i n s e r t ,  was manometrically 

measured. I n  a l l  c a l c u l a t i o n s ,  t h i s  volume was ad jus t ed  to BTPS (body 

temperature  p re s su re  s a t u r a t e d ) .  The volumes of the t r a c h e a l  cannulas  

used were between 1.55 and 1.90 cm3. 

the  mouth opening to  the d i s t a l  end of the b rea th ing  p o r t  was 0.71 cm3.  

The "e f f ec t ive"  dead space from 

To minimize the e r r o r  introduced by t h i s  l a t t e r  dead space on the para- 

meters of spontaneous b rea th ing ,  a b i a s  flow of b rea th ing  a i r  

(approximately 400 cm3/min) was introduced i n t o  the t r a c h e a l  cannula 

through a s i d e  p o r t  to  main ta in  f r e s h  a i r  in  t h a t  space.  The b i a s  flow 

was suspended dur ing  a l l  o t h e r  measurements. 

Before being assessed each r a t  w a s  al lowed to  s t a b i l i z e  w i t h i n  the  

plethysmograph chamber f o r  approximately 10 t o  15 minutes .  This  per iod 

was determined by the  s t a b i l i t y  of spontaneous b rea th ing  parameters  , 
RL and CDy~. When these  t r a c i n g s  had s a t i s f a c t o r i l y  s t a b i l i z e d ,  

t h e i r  average va lues  over  a 0.5 minute  per iod  were recorded. There- 

a f t e r ,  a series of v e n t i l a t o r y  maneuvers was performed on each animal t o  

a s s e s s  the fol lowing:  apport ionment  of lung volume, QSC, m u l t i b r e a t h  N2 

washout, and c h a r a c t e r i z a t i o n  of the ME-m curve wi th  a i r  and helium. 

The TLC and RV w e r e  def ined as those lung volumes corresponding to  a 

transpulmonary p res su re  of +25 crn H20 and -20 c m  H20, r e spec t ive ly .  
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I n f l a t i o n  and d e f l a t i o n  of the lungs f ron  the end of e x p i r a t i o n  ( t h e  end 

of a normal t i d a l  b rea th )  were achieved through the u s e  of l a rge  volume, 

cons tan t -pressure  r e s e r v o i r s  con t ro l l ed  by so lenoid  va lves .  

Q u a s i - s t a t i c  volume (V)/PL r e l a t i o n s h i p s  were determined i n  a 

s imilar  manner, b u t  were measured a t  a s p e c i f i c  i n s p i r a t i o n  r a t e  (-3 

cm3/sec) t o  TLC followed by a slow d e f l a t i o n  (-3 cm3/sec) t o  RV). 

r e s u l t i n g  volume-pressure curves were recorded on tape wi th  an HP-9825B 

desk top computer and l a t e r  p l o t t e d  wi th  a n  HP-9826A c a l c u l a t o r  

p l o t t e r .  Q u a s i - s t a t i c  compliance was est imated using the chord s lope  

(QSC,,) between 0 and 10 cm H20 PL of the d e f l a t i o n  limb of the V/PL 

curve. This  p re s su re  range was s e l e c t e d  because i t  i s  t y p i c a l  of the 

lower and upper l i m i t s ,  r e s p e c t i v e l y ,  of t i d a l  PL. Exponential  

a n a l y s i s  of the V/PL curve was performed to a s s e s s  the t h e o r e t i c a l  

e l a s t i c  p r o p e r t i e s  of the lung.16 

t o  5 cm H20 p res su re  decrements from 25 cm H20 t o  0 cm H20, were f i t t e d  

t o  the exponent i a  1 : V p  = Vo(l-exp P / h ) ,  where V o  r e p r e s e n t s  the ex t r a -  

po la t ed ,  t h e o r e t i c a l  lung volume a t  i n f i n i t e  p r e s s u r e ,  P i s  the p re s su re  

The 

D e f l a t i o n  lung volumes , corresponding 

(cm H2O) a t  the p a r t i c u l a r  lung volume (V,), and h i s  the pressure  (cm 

H20) which w i l l  d i s t end  the lung to  one h a l f  Vo. 

The f u n c t i o n a l  r e s i d u a l  capac i ty  (FRC) was measured by neon d i l u -  

t i o n  (FRCd) a s  descr ibed by Takezawa e t  a l . I 7  and the Boyle ' s  Law tech- 

n ique  (FRCb) .I8 

-- 
The "standard" gas used i n  the d i l u t i o n  measurements 

cons i s t ed  of 0.532% N e ,  0.497% CO, and 22.01% 0 2  i n  N2. The volume 

i n j e c t e d  was equal  to the plethysmographical ly  determined v i t a l  capac i ty  

(VC)  ad jus t ed  t o  ATPD (ambient temperature p re s su re  dry) .  From RV,  a 

volume equal  t o  the VC (ATPD) w a s  i n j e c t e d  from a syr inge  through a 

three-way valve.  The lungs were then v e n t i l a t e d  ten times i n  approxi- 
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mately t e n  seconds wi th  t h i s  s y r i n g e  using a s t r o k e  volume of 75% t h e  

VC. The c o n s t i t u e n t  gases  i n  the  l a s t  VC-volume withdrawn were assayed 

wi th  a gas chromatograph ( C a r l e  Basic GC 8700,  F u l l e r t o n ,  CA). 

p r o p o r t i o n a l  N e  d i l u t i o n  and t h e  VC (BTPS) were used to  c a l c u l a t e  t h e  

FRCd a f t e r  a d j u s t i n g  f o r  t he  dead space of t he  equipment and s u b t r a c t i n g  

the  measured i n s p i r a t o r y  c a p a c i t y  (IC).  

occ luding  the  airway a t  end-expirat ion and comparing APao t o  AV w i t h  

each i n s p i r a t o r y  e f f o r t .  

space,  y i e l d e d  the  FRCb. These c a l c u l a t i o n s  were done on- l ine  by an  

HP-9825 desk- top computer programmed f o r  breath-by-breath c a l c u l a t i o n  of 

t he  FRCb. Both FRCd and FRCb r e p r e s e n t  estimates of the  r e s t i n g  lung 

volume, inc luding  the  t rachea  up to the  naso-pharynx. The BTPS 

The 

The FRCb was determined by 

.Calculat ion o f  VP = V ' P ' ,  c o r r e c t e d  f o r  dead 

c o r r e c t i o n  was based on the  ambient barometr ic  p r e s s u r e  and a body 

temperature of about  34OC, a body temperature prev ious ly  recorded i n  

s i m i l a r l y  a n e s t h e t i z e d  ra ts .  

Di f fus ing  c a p a c i t y  f o r  CO (DLCOrb) w a s  determined i n  conjunct ion  

wi th  the  r e b r e a t h i n g  technique used t o  determine TLC by d i l u t i o n  (TLCd) 

as descr ibed  above. The e q u i l i b r a t e d  c o n c e n t r a t i o n s  of a l v e o l a r  gas  and 

the  time from i n s p i r a t i o n  ( g a s  i n j e c t i o n )  t o  the  f i n a l  e x p i r a t i o n  

( e x p i r a t e  c o l l e c t i o n )  were used i n  Krogh19 c a l c u l a t i o n .  

V e n t i l a t o r y  homogeneity was eva lua ted  by a s s e s s i n g  m u l t i b r e a t h  N2 

washout. 

gas  d i r e c t l y  i n  the  t r a c h e a l  tube us ing  a' MedScience N i t r o l y z e r  ( S t .  

Louis ,  MO) whi le  t he  animal w a s  b rea th ing  100% 02 which flowed by t h e  

t r a c h e a l  tube opening a t  approximately 400 c m 3 / m i n .  

b r e a t h s  were sampled f o r  each animal. The n a t u r a l  log of t h e  

end-expi ra tory  N2 concen t r a t ion  was p l o t t e d  a g a i n s t  the  d i l u t i o n  v a l u e  

T h i s  was accomplished by sampling end-expi ra tory  ( a l v e o l a r )  N2 

A t o t a l  of 50 
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(VT . breath/FRCd) f o r  each b rea th  by the HP-9825B computer using da ta  

c o l l e c t e d  on- l ine  during the maneuver. Moment a n a l y s i s  was then used to 

assess the degree of v e n t i l a t o r y  inhomogeneity. 

The MEFV curve,  used  to  assess small airway mechanics, was an  

imposed e x p i r a t o r y  maneuver. It  was d i r e c t l y  c o n t r o l l e d  by the  HP-9825B 

computer which a l s o  c o l l e c t e d  a l l  flow and volume da ta  on-l ine.  Three 

seconds a f t e r  slow i n f l a t i o n  t o  TLC, the t r achea l  p o r t  of the p le thys-  

mograph w a s  exposed to a p r e s s u r e  s ink  of -40 cm H20 by a c t i v a t i n g  a 

w i d e  bore so lenoid  va lve  (Skinner  Valve - V53DB2VAC2, 1/4"-3/32" o r i -  

f i c e ,  N e w  Br i t an ,  CN). The tubing from the s ink  to the va lve ,  as w e l l  

as between the va lve  and t r a c h e a l  p o r t ,  was as l a r g e  and r i g i d  as prac- 

t i c a l l y  poss ib le .  (With closed v i a l s  used to  r ep resen t  body mass, 10 

c m 3  of a i r  was i n j e c t e d  i n t o  the closed plethysmograph; the t i m e  to peak 

flow f o r  the system w i t h  the t r achea l  tube i n  place was 50 msec.) For 

each animal peak e x p i r a t o r y  flow (PEF), e x p i r a t o r y  flow a t  50,  25, and 

10% VC (EFR50, EFR25 , and EFRlO , r e s p e c t i v e l y ) ,  and the percent  expired 

VC a t  PEF were recorded. 

flow a t  25% VC above o r  below t h a t  flow est imated by a chord s lope drawn 

from EFR50 t o  EFRo. A p o s i t i v e  AEFR25 i s  a measure of the degree of 

convexi ty  (away from the  volume a x i s )  of the e f f o r t  independent po r t ion  

of the  MEFV curve and conversely,  a nega t ive  AEFR25 is  a measure of 

curve concavi ty  (toward the volume a x i s ) .  

The AEFR25 was measured as the d i f f e r e n c e  i n  

Using the MEFV and q u a s i - s t a t i c  compliance d a t a  , maximum-f low 

s t a t i c  r eco i  1 curves were der ived f o r  the de te rmina t ion  of "upstream" 

airway r e s i s t a n c e  (Rus) during the MEFV maneuver. The Rus of each 

animal was c a l c u l a t e d  as the s t a t i c  p res su re  (Ps't) d iv ided  by V a t  30% 

of i t s  lung volume (V30). The ex i s t ence  of airway o b s t r u c t i o n  and/ 
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o r  l o s s  of t i s s u e  e l a s t i c i t y  a s  the p o t e n t i a l  cause of the decreased 

flow could thereby be deduced. 

To t e s t  dens i ty  dependent changes i n  small airway mechanics, a 

MEFV curve was der ived a s  descr ibed  above, bu t  wi th  a 20% 02,  80% H e  

mixture  f o r  i n f l a t i o n .  Af t e r  br inging  the animal to  RV, i t  was i n f l a t e d  

t o  TLC with the  He:02 mixture  and then r a p i d l y  exposed to  the  -40 cm H20 

p res su re  s ink.  Rebreathing the He:02 mixture  o r  de r iv ing  mul t ip le  

experimental  curves  d i d  no t  s i g n i f i c a n t l y  a f f e c t  the enhanced Rus 

g e n e r a l l y  encountered i n  t h i s  maneuver. The d i f f e r e n c e  i n  flow between 

the He and a i r  MEFV curves a t  50 and 25% VC (AHEFRx=EFRx(He)-EFRx(air)) 

were used a s  the index of a l t e r e d  d e n s i t y - v i s c o s i t y  t r a n s i t i o n  i n  the 

small airways.  When p o s s i b l e ,  isof low p o i n t s ,  the  % VC where the He and 

a i r  curves overlapped o r  crossed were noted. 

Radiographic Techniques 

Following assessment of pulmonary func t ion ,  a s i n g l e  f r o n t a l  radio-  

graph was taken of each animal.  The x-rays were taken w i t h  a Westing- 

house, Newport 1958 por t ab le  x-ray system a t  32 keV/2O mil l iamp seconds 

a t  a f o c a l  d i s t a n c e  of 43 cm.  To s top  brea th ing  motions the r a t  to  be 

x-rayed was hype rven t i l a t ed  wi th  10 repeated i n t r a t r a c h e a l  i n j e c t i o n s ,  

v i a  the t r a c h e a l  cannula ,  of approximately 75% I C  to achieve  apnea. The 

r a t  was then i n f l a t e d  to TLC w i t h  a volume equal to i t s  I C  and held a t  

t h a t  volume f o r  the x-ray.  A 0.25 sec x-ray was taken with the animal 

i n  a supine p o s i t i o n  on a s h e e t  of p l e x i g l a s s  suspended 43 c m  above the 

Kodak Min-R c a s s e t t e  con ta in ing  Kodak Min-R f i lm (MR-1). 

then r e l eased  from T L V  and subsequent ly  necropsied.  The x-ray f i lm was 

developed using a Payro-Automatic Processor  and Eastman Kodak 

s o l u t i o n s .  Each x-ray f i lm was coded according t o  group of o r i g i n  f o r  

The r a t  was 
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b l i n d  eva lua t ion .  Evalua t ion  included d e s c r i p t i v e  record f o r  the  

i n d i v i d u a l  r a t  x-ray f i lms  and an a t tempt  to o rde r  the groups by 

exposure l eve l .  

Determination of Lung Composition 

The r i g h t  lung of each r a t  designated f o r  m u l t i p l e  pulmonary 

endpoint  assessment was weighed, homogenized i n  water using a Poly t ron  

Homogenizer (Brinkman Ins t ruments )  , and the t o t a l  volume br.ought to 10 

in1 wi th  water.  S u i t a b l e  a l i q u o t s  of the homogenate were then taken f o r  

de te rmina t ion  of dry weight by f r e e z e  drying i n  ta red  tubes ,  and f o r  

chemical analyses .  

Collagen con ten t  was determined and repor ted  as t o t a l  

hydroxyprol ine i n  the sample. Hydroxyproline was determined by the 

method of Bergman and Lox1ey2O a f t e r  hydro lys i s  of the a l i q u o t  i n  6 N 

H C 1  a t  105°-1100C i n  an evacuated tube f o r  22 hr .  E l a s t i n  was 

considered to  be the in so lub le  p r o t e i n  remaining a f t e r  t reatment  of an  

a l i q u o t  w i t h  0.1 N NaOH a t  9896 f o r  45 min.21 

p a n c r e a t i c  e las tase  (Sigma, Type 111) and determined by the method of 

Naum and Logan22 and compared wi th  a sample of bovine ligamentum nuchae 

e l a s t i n  (Sigma) a s  s tandard.  T o t a l  p r o t e i n  and e l a s t i n  were determined 

by the  Hartree m ~ d i f i c a t i o n ~ ~  of the  Folin-Lowry method. The method of 

Burton24 was used f o r  DNA de te rmina t ions  a f t e r  hea t ing  a sample i n  5% 

p e r c h l o r i c  ac id  a t  90°C f o r  12 minutes ( cond i t ions  found to g ive  

maximum c o l o r ) .  

Pathological  Examination 

It w a s  d i sso lved  wi th  

The animals designated f o r  pa tho log ica l  examination from each 

chamber were a n e s t h e t i z e d  wi th  p e n t o b a r b i t a l  and then exsanguinated v i a  

the  descending a o r t a .  The thorax was opened and the h e a r t  and lungs 
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were removed i n t a c t .  The t rachea  was detached a t  the larynx and the 

thymus, h e a r t ,  lymph nodes, e p i c a r d i a l  f a t ,  and esophagus were c a r e f u l l y  

removed from the r e s p i r a t o r y  t i s s u e .  The lungs were b l o t t e d  dry and 

weighed with the t rachea s t i l l  a t t ached .  The lungs were then infused  

wi th  2.5% g lu ta ra ldehyde  i n  0.1 M cacodyla te  b u f f e r  a t  a p re s su re  of 25 

cm water f o r  30 minutes.  Af t e r  the i n f u s i o n  per iod ,  the l e f t  lung of 

f o u r  randomly s e l e c t e d  animals from each exposure group was submerged i n  

t h i s  f i x a t i v e  f o r  3.5 hours ,  a f t e r  which s e v e r a l  t i s s u e  s l i c e s  w e r e .  

removed f o r  poss ib l e  f u t u r e  e l e c t r o n  microscopy s t u d i e s .  The t i s s u e  

remaining from the l e f t  lung was then placed i n  10% buffered  formalin.  

The r i g h t  lobes of these  animals were placed i n t o  10% buffered  formal in  

immediately a f t e r  the  30 minute in fus ion  per iod.  The fol lowing t issues  * 

were c o l l e c t e d  and s to red  ,in formalin:  eyes , p i t u i t a r y ,  t hy ro id ,  s a l i -  

vary g lands ,  b r a i n ,  c e r v i c a l  lymph node, la rynx ,  t r achea ,  thymus, p e r i -  

b ronch ia l  lymph node, h e a r t ,  esophagus, stomach, small  i n t e s t i n e ,  l a r g e  

i n t e s t i n g ,  cecum, l i v e r  pancreas ,  kidney,  ad rena l  g l ands ,  mesenter ic  

lymph node, u r i n a r y  b l adde r ,  gonads, seminal v e s i c l e ,  epididymus, pro- 

s t a t e ,  penis ,  sternum, diaphragm, r i b  j u n c t i o n ,  s k e l e t a l  muscle, p e r i -  

phe ra l  nerve ,  sk in ,  sp l een ,  and n a s a l  cav i ty .  A l l  pa tho log ica l  examina- 

t i o n s  were done under c o n t r a c t  by Experimental  Pathology Labora to r i e s ,  

Inc .  (Herndon, VA). Microscopic examination was conducted on hema- 

t o x y l i n  and eos in  s t a i n e d  s e c t i o n s  of lung, pe r ib ronch ia l  lymph node, 

n a s a l  t u r b i n a t e ,  b r a i n ,  kidney, l i v e r ,  sp leen ,  t e s t e s ,  and h e a r t  from 

e i g h t  animals from each exposure group. The animal numbers were coded 

by t reatment  group and the s l i d e s  were examined wi thout  knowledge of 

group. 

inc idence  t a b l e s  provided i n  the r e s u l t s  s e c t i o n  were p r in t ed  a f t e r  t h e  

the code was broken. 

The diagnoses  were en te red  i n t o  an  HP-1000 computer and the 



The l e f t  lung of the animals in  the mul t ip l e  pulmonary endpoint  

groups was submitted f o r  h i s t o p a t h o l o g i c  examination. This  provided 

pathology,  r e s p i r a t o r y  physiology, and lung composition d a t a  on 

i n d i v i d u a l  animals, and a l s o  served to  determine whether the r e s p i r a t o r y  

physiology t e s t i n g  b a t t e r y  i t se l f  induced pulmonary damage. These lung 

lobes  were infused through the t rachea  w i t h  2.5% g lu ta ra ldehyde  i n  

Sorenson 's  b u f f e r  f o r  30 minutes and then s to red  i n  10% buf fe red  

formal in  u n t i l  embedded. Microscopic examinat ions were made of  

hematoxylin and e o s i n  s t a i n e d  s e c t i o n s  of the l e f t  lung lobe,  t rachea  

and pe r ib ronch ia l  lymph node from these  animals. The examinat ions were 

conducted a f t e r  the s l i d e s  were coded as descr ibed  above. 

To provide  d a t a  s u i t a b l e  f o r  s t a t i s t i c a l  e v a l u a t i o n ,  numerical  

va lues  were generated from t h e  lung h is topa thology s e c t i o n s  by adding u,p 

the  va lues  which i n d i c a t e d  the  severity of the pulmonary l e s i o n s  

observed. The scored l e s i o n s  included lymphoid p r o l i f e r a t i o n s  , end 

airway c e l l u l a r  aggrega t ions ,  a l v e o l a r  h i s t i ocy tos i s , . .  type  I1 c e l l  

hype rp la s i a ,  i n t r a lympa th ic  microgranulomas, f i b r o s i s ,  a l v e o l a r  

p r o t e i n o s i s  and abnormal numbers of granulocytes  and monomuclear cel ls .  

Stat i s t ica l  Methods 

One-way a n a l y s i s  of va r i ance  (ANOVA) was used to  compare the means 

of a l l  s i n g l e  variables a c r o s s  exposure groups. When ANOVA i nd ica t ed  a 

s i g n i f i c a n t  d i f f e r e n c e  among group means, Duncan' s m u l t i p l e  range method 

of mul t ip l e  comparison25 was used t o  i n v e s t i g a t e  the source  of the  

d i f f e r e n c e s .  I n  these  cases, the exposure groups are repor ted  in  o r d e r  

of ascending means ( c o n t r o l ,  CN; 2 mg SiO2, LD; 10 mg Si02,  I D ;  20 mg 

S i B 2 ,  HI)); the  means of those groups jo ined  by a common underscore did 

n o t  d i f f e r  s i g n i f i c a n t l y .  
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I n  a d d i t i o n  to ANOVA, q u a s i - s t a t i c  compliance da ta  and flow-volume 

d a t a  were each analyzed as sets of v a r i a b l e s .  These s e t s  were compared 

among exposure groups by a m u l t i - v a r i a t e  a n a l y s i s  of var iance  (MANOVA). 

I n  each t a b l e  and f i g u r e  which r e p o r t  the r e s u l t s  of ANOVA and 

MANOVA, the p-value of the corresponding F - s t a t i s t i c  i s  a l s o  repor ted .  

This  va lue  i s  the minimum l e v e l  a t  which s t a t i s t i c a l  s i g n i f i c a n c e  would 

be ind ica t ed  . 
To i n v e s t i g a t e  d i f f e r e n c e s  among exposure groups based on h i s  to- 

pa thologic  d a t a ,  the va lues  were non-parame t r i c a l l y  ranked and were then 

analyzed by the Kruskal-Wallis non-parametric t e s t .  When a S i g n i f i c a n t  

d i f f e r e n c e  w a s  i nd ica t ed  among the groups,  non-parametric mul t ip l e  com- 

pa r i sons  were performed according to  the method of Dunn26 to i d e n t i f y  

the source of the d i f f e r e n c e s .  

For each of the above t e s t s ,  the p-value r epor t ed  i s  the minimum 

l e v e l  a t  which the r e l e v a n t  t e s t  s t a t i s t i c  would i n d i c a t e  s t a t i s t i c a l  

s i g n i f i c a n c e .  Those p-values less than o r  equal  t o  0.05 were taken t o  

i n d i c a t e  s i g n i f i c a n t  d i f f e r e n c e s  among group means f o r  the corresponding 

v a r i a b l e ( s ) .  

I n  order  to d i s t i n g u i s h  the fou r  t reatment  groups on the b a s i s  of 

e i t h e r  f u n c t i o n a l ,  composi t ional ,  o r  a l l  these v a r i a b l e s  combined, s t ep -  

wise d i sc r iminan t  a n a l y s i s  was employed. I n  gene ra l ,  the more ev iden t  

the d i s t i n c t i o n  a p a r t i c u l a r  v a r i a b l e  makes among the groups,  the more 

u s e f u l  t h a t  v a r i a b l e  i s  a p t  to be i n  dec id ing  t o  which group an a s  y e t  

u n c l a s s i f i e d  animal belongs. The d i sc r iminan t  func t ion ,  t h a t  l i n e a r  

c o r r e l a t i o n  of the o r i g i n a l  v a r i a b l e s ,  which y i e l d s  the h ighes t  poss ib l e  

t - r a t i o s  f o r  t he  d i f f e r e n c e s  among the groups is  a l o g i c a l  choice f o r  
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such a p p l i c a t i o n s .  Stepwise d i sc r iminan t  a n a l y s i s  ope ra t e s  i n  a 

s tepwise manner to  select  those v a r i a b l e  which make up the minimal s e t  

of v a r i a b l e s  whi h can d i s t i n g u i s h  among the dosage groups. A t  each 

s t e p ,  t h a t  v a r i a b l e  ( i f  one e x i s t s )  which most improves the a b i l i t y  t o  

d i s c r i m i n a t e  among the groups i s  included,  o r  t h a t  v a r i a b l e  ( i f  one 

e x i s t s )  which adds no d i sc r imina t ing  informat ion  i s  de l e t ed .  ( I n  t h i s  

s tudy  the s e l e c t e d  F to  e n t e r  and F t o  d e l e t e  were 4 . 0  and 3.996, 

r e s p e c t i v e l y .  ) This  procedure continued u n t i l  no s i n g l e  excluded 

v a r i a b l e  could s i g n i f i c a n t l y  improve the d i sc r imina t ion  among the 

groups. These v a r i a b l e s  are considered to  be the "most important" i n  

d i sc r imina t ing  among the exposure groups. It  should be noted however, 

t h a t  the v a r i a b l e s  are only s e l e c t e d  i n d i v i d u a l l y ,  and thus,  i f  two o r  

more v a r i a b l e s  each d i s p l a y  l i t t l e  a b i l i t y  to d i s t i n g u i s h  the groups,  

they w i l l  n o t  be s e l e c t e d  by the s t e p w i s e  a lgor i thm even i f  those 

v a r i a b l e s  as a s e t  are e f f e c t i v e .  

The e f f e c t i v e n e s s  of t h i s  d i sc r imina t ion  was measured by means of . 

c l a s s i f i c a t i o n  func t ions ,  which ca tegor ized  an animal i n t o  one of the 

fou r  dosage groups according to  i t s  va lues  €or  each of the reduced s e t  

of v a r i a b l e s .  For each animal,  the c l a s s i f i c a t i o n  func t ions  were 

es t imated  using the da t a  from a l l  o the r  animals.  Thus, these  func t ions  

were est imated s e p a r a t e l y  f o r  each animal,  and the estimates were 

independent of the da t a  f o r  any p a r t i c u l a r  animal. This  scheme, 

r e f e r r e d  t o  as "jack-knifed c l a s s i f i c a t i o n " ,  reduces the b i a s  i n  t h i s  

type of a n a l y s i s .  The c l a s s i f i c a t i o n  of animals was then compared w i t h  

the  actual  grouping of the animals to a s s e s s  the percent  c o r r e c t l y  

c l a s s i f i e d .  
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Most s t a t i s t i c s  were computed using the Biomedical Computer 

Programs s t a t i s t i c a l  package programs 7D, 8 D ,  2V, 4 V ,  3S, and 7M. 

N u l t i p l e  comparisons were ca l cu la t ed  by hand. A l l  t e s t s  were conducted 

accept ing  the 0.05 l e v e l  as  s i g n i f i c a n t .  
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RESULTS 

General Toxicology Parameters 

Exposure Conditions.  The mean d a i l y  c o n c e n t r a t i o n s  of s i l i ca  i n  

the  exposure chambers are provided i n  F igure  4 .  The mean d a i l y  concen- 

t r a t i o n  f o r  subgroups of animals which en tered  t h e i r  r e s p e c t i v e  chambers 

on d i f f e r e n t  days were 2.0 mg/m3 f o r  t h e  2.0 mg/m3 chamber, 10.2 mg/m3 

f o r  t he  10 rng/m3 chamber, and 19 .3  mg/m3 f o r  t he  20 mg/m3 chamber. 

Because the  exposure group averages  were w i t h i n  10% of the  t a r g e t  con- 

c e n t r a t i o n  f o r  any chamber, the  exposed animals w i l l  subsequent ly  be 

r e f e r r e d  t o  as belonging t o  t h e  2 ,  10,  o r  20 mg/m3 exposure groups. 

A n i m a l  Weights and Condition. Animals exposed t o  these  t h r e e  con- 

centrations of s i l i c a  d i d  n o t  show any outward s i g n s  of t o x i c i t y  o r  d i s -  

comfort. The mean weights  of the animals on the day of t h e i r  f i rs t  

exposure,  the  day fol lowing t h e i r  f i na l  exposure,  and the  day of end- 

p o i n t  assessment  are provided in  Table  2. Because the  endpoint  assess- 

ment of t hese  animals was time consuming, a ,  l i m i t e d  number of animals 

were assessed  each day. The rats were placed i n t o  the  chambers on a 

s taggered  schedule.  Therefore ,  the  s t a r t i n g  ages of the  ra t s  ranged 

from 10 t o  12 weeks. A t  t he  beginning of exposures none of the  groups 

d i f f e r e d  i n  weight  (Table  2 ) .  However, during the  s ix  month exposure 

per iod  a s i g n i f i c a n t  weight  differencedeveloped between the  groups of 

ra t s  exposed to  2 and 10 mg SiO2/m3. 

dur ing  t h e  s ix  month post-exposure per iod (Table 2 )  i t  was n o t  con- 

s i d e r e d  exposure r e l a t e d .  

Although t h i s  d i f f e r e n c e  p e r s i s t e d  
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Table 2. Weights of Control  and S i l i c a  Exposeda Fischer-344 Rats a t  
Se lec ted  Times.  

S i l i ca  Concentrat ion (mg/m3) p value  

0 2 10 20 ---- 
n 32 31 32 32 

Weight a t -  1 s t  exposure ( g )  
mean 212.1 204.4 212.5 213.6 0.3213 
s.e. 4.8 4.3 4.0 4.1 

Weight a t  f i n a l  exposure (g )  
mean 363.4 353.4 371.6 359.4b 0 .0355c 
s.e. 4.2 4.5 4.7 4.4 
m u l t i p l e  

comparison d LD HD CN I D  

Weight 6 months fol lowing exposure ( g )  
mean 387.0 372.7 395.1 382.8 0 .0094c 
s.e. 4.6 4.9 5.3 3.6 
mu1 t i p  le 

compari s ond LD HD CN I D  

a S i x  hours/day, 5 days/week f o r  6 months, then maintained i n  animal 
rooms f o r  6 months. 
n-31. 
S t a t i s c a l l y  s i g n i f i c a n t  a t  a = 0.05 l e v e l  us ing  ANQUA. 
P a i r  w i s e  comparison of means by the Duncan m u l t i p l e  range method. 
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Organ Weight and Organ-to-Body Weight Ra t ios .  The weights of s e l e c t e d  

organs  from those  rats des igna ted  f o r  p a t h o l o g i c a l  examination i n  each 

exposure group are provided i n  Table  3. Based on f r e s h  organ weights the 

lungs  from rats exposed t o  20 mg Si02/m3 were s i g n i f i c a n t l y  h e a v i e r  than 

those  from the  o t h e r  exposure groups (Table  3 ) .  

dose group weighed 2.3 times as much as the  lungs from c o n t r o l  animals. 

Th i s  i nc reased  lung weight  was maintained when lung- to-body weight r a t i o s  

were cons idered  (Table  4 1 ,  whi le  n e i t h e r  of t he  lower exposure groups demon- 

s t r a t e d  d i f f e r e n c e s  re la t ive t o  c o n t r o l s .  The volume displacement of the 

lungs from the  20 mg Si02/m3 group were s i g n i f i c a n t l y  inc reased  t o  125% of 

the  volume of c o n t r o l  lungs (Table 5).  

The lungs from t h i s  h igh  

The only o t h e r  change observed in  organ weights  was a d i f f e r e n c e  i n  

f r e s h  b r a i n  weight between the  c o n t r o l s  and the  s i l i ca  exposed animals 

(Table  3). However, th is  d i f f e r e n c e  was of marginal s t a t i s t i c a l  s i g n i f i c a n e  

( p  = 0.0468) and was n o t  maintained when examined on a brain-to-body weight  

b a s i s  ( p  = 0.3039, Table  4 ) .  Therefore ,  t he  f i n d i n g  was cons idered  an 

anomaly and n o t  exposure- re la ted .  

Respiratory Physiology 

Each set of r e s p i r a t o r y  physiology v a r i a b l e s  w i l l  be presented  i n  the  

o r d e r  they were der ived  dur ing  the  t e s t i n g  procedure. During assessment, an 

occas iona l  datum f o r  an animal could n o t  be r e l i a b l y  determined, thereby 

r e s u l t i n g  i n  a reduced sample s i z e  i n  the  presented  da ta .  I n d i v i d u a l  

pulmonary f u n c t i o n  d a t a  from a l l  animals t e s t e d  are provided i n  Appendix D. 

C07 Response and Blood-Gas Data. The C02-induced h y p e r v e n t i l a t i o n  

observed i n  s i l i ca -exposed  rats w a s  n o t  d i f f e r e n t  from t h a t  observed i n  con- 

t r o l  animals (Table  6). The range of the  h y p e r v e n t i l a t o r y  response i n  the  

f o u r  groups tested w a s  84 t o  107% t h e  VE recorded dur ing  exposure to  
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Table 3. Organ Weights of Control  and S i l i c a -  
Exposeda Fischer-344 Rats 

n 

LUNGS (g) 
mean 
s.e. 
mu 1 t i p  l e  

comparis onc 

HEART (g) 
mean 
s u e o  

SPLEEN (g)  
mean 
s.e, 

LIVER (g) 
mean 
s. e. 

KIDNEYS (g) 
mean 
s. e. 

S i l i c a  Concentrat ion (mg/m3) 

0 

ADRENAL GLANDS (8) 
mean 0 -06 
s.e. 0.01 

TESTIS (g) 
mean 3.22 
s.e. 0.10 

BRAIN (g) 
mean 1.90 
s.e. 0.03 
mu1 t i p l e  

comparisonC 

BODY WEIGHT (g) 
mean 379.8 
s.e. 9.1 

8 

1.32 
0 -05 

1.02 
0.04 

0.79 
0.07 

12.79 
0.72 

2.58 
0.10 

2 10 

7 8 

1.54 1.65 
0.05 0.04 

CN LD I D  HD 

1.05 
0.06 

o .a5 
0.08 

13.13 
0.41 

2.74 
0.11 

0.07 
(0.01 

3.18 
0.08 

2.02 
0.05 

1.07 
0.04 

0.86 
0.05 

13.37 
0.54 

2.76 
0.10 

0 .06d 
(0.01 

3.38 
0.07 

2 .oo 
0.03 

CN HD I D  LD 

20 p v a l u e  

8 

3.05 (0 .ooo l b  
0.10 

1.09 0.6836 
0.03 

0.80 0.7661 
0.04 

12.30 0.5465 
0.44 

2.85 0.3006 
0.10 

0 .06d 0.7411 
0.01 . 

3.12 0.1098 
0.06 

1.99 0 .0468b 
0.02 

389.2 411 .a 
16.1 9.9 

383.8 0.1610 
7.3 

~ 

S i x  hours/day, 5 days/week, f o r  6 months, then maintained i n  animal 
rooms f o r  6 months. 
S t a t i s t i c a l l y  s i g n i f i c a n t  ci = 0.05 level us ing  ANOVA. 

': Pai rwise  comparison of means by t h e  Duncan m u l t i p l e  range method. 
d n = 7 .  . 
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Table 4. Organ-to-Body Weight R a t i o s  (g /kg)  of Control  and S i l i c a -  
Exposeda Fischer-344 Rats. 

S i l i c a  Concent ra t ion  (mg/m3> 

0 

n 

LUNGS 
mean 
s.e. 
m u l t i p l e  

comparisonc 

HEART 
mean 
s.e. 

SPLEEN 
mean 
s.e. 

LIVER 
mean 
s.e. 

KIDNEYS 
mean 
s.e. 

ADRENAL GLANDS 
mean 
s. e. 

BRAIN 
mean 
s.e. 

TESTIS 
mean 
s.e. 

8 

3 047 
0.12 

2.68 
0.11 

2.11 
0.20 

33.56 
1.36 

6.77 
0.18 

0.16 
0.02 

5.01 
0.14 

8 -50 
0.32 

2 10 

7 8 

4 -00 4.01 
0.20 0.08 

CN LD ID HD 

2.72 
0.17 

2.17 
0 14. 

33.91 
1.17 

7 -08 
0.32 

0.18 
0.01 

5.23 
0.23 

8 - 2 1  
0.18 

2.60 
0.09 

2.10 
0.11 

32.42 
0.71 

6 -70 
0.18 

0. 14d 
0.01 

4.87 
0.12 

8.23 
0.14 

20 p v a l u e  

8 

7.96 <o .ooo 16 
0.33 

2.85 
0.06 

2.09 
0.10 

0.4575 

0.9817 

32.05 0.5682 
0.94 

7.43 0.1334 
0.27 

0 . 16d 
0.02 

0 . 5408 

5.21 ' 0.3039 
0.12 

8.13 0.6137 
0.14 

a S i x  hours/day, 5 days/week, f o r  6 months, then maintained i n  animal 
rooms f o r  6 months. 
S t a t i s t i c a l l y  s i g n i f i c a n t  a = 0.05 l e v e l  us ing  ANOVA. 
P a i r w i s e  comparison of means by t h e  Duncan m u l t i p l e  range method. 

d n = 7 .  
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Table 5. Displacement Volume of the Lungs from Cont ro l  and S i l i c a  
Exposeda Fischer-344 P,ats. 

s i  1 i c a  Concentrat ion ( mg /m3) 

0 2 10 20 p value -- 
n 7 7 8 8 

Displacement Volume ( cm3) 
mean 8.55 9 . 3 2  10.02 11.69 
s.e. 0.51 0.80 0.44 0.58 
mu1 t i p l e  

comparisonC CN LD I D  HD 

0 .005Bb 

a S i x  hours/day,  5 days/week, f o r  6 months, then maintained i n  animal 
rooms f o r  6 months. 
S t a t i s t i c a l l y  s i g n i f i c a n t  a = 0.05 l e v e l  us ing  AMQVA. 

C Pa i rwi se  comparison of means by the Duncan m u l t i p l e  range method. 
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Table 6. CO2-Induced Hyperven t i l a t ion  and Blood-Gas Data From 
Control  and S i l i c a  Exposeda Fischer-344 Rats .  

S i l i c a  Concentrat ion (mg/m3) 

0 2 10 20 p v a l u e  

e 
%A VE 

mean 
s.e. 

n 

100.8 100.9 106.6 83.6 0.2389 
8.2 7.9 10.4 6.1 

22 23 22 22 

pC02 (mmHg) 
mean 44.3 42.6 45.5 42.7 0.0536 
s.e. 0.6 1.3 0.6 0.5 

n 11 12 11 11 

p02 (mmHg) 
mean - 80.2 91.8 76.1 75.4 0 .0370b 
s.e. 2.8 5.1 3.7 5.3 

n 11 12 11 11 
mu1 t i p l e  

comparisonC HD I D  CN LD 

blood pH 
mean 7.40 7.40 7.40 7.42 
s.e. 0.01 0.01 0.01 0.02 

n 11 12 11 11 

C! .5611 

~~ ~ 

a S i x  hours/day,  5 days/week, f o r  6 months, then maintained i n  animal 
rooms f o r  6 months. 
S t a t i s t i c a l l y  s i g n i f i c a n t  a t  a = 0.05 level u s i n g  ANOVA. 

C Pa i rwi se  comparison of means by the  Duncan m u l t i p l e  range method. 
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normal b rea th ing  a i r  (C02CO.OX) w i t h  the 20 mg/m3 animals being l e a s t  

respons ive ,  a l though the d i f f e r e n c e  was n o t  s i g n i f i c a n t .  

Though s t a t i s t i c a l l y  s i g n i f i c a n t ,  exposure group d i f f e r e n c e s  among the 

a r te r ia l  blood-gas p a r t i a l  p re s su res  were marginal a s  wel l  a s  i n c o n s i s t e n t ,  

and d i d  n o t  appear t o  be exposure r e l a t e d  (Table 6 ) .  

n o t  d i f f e r  among the exposure groups. 

Blood pH va lues  d i d  

Parameters of Spontaneous Breathing. Severa l  measurements of normal 

t i d a l  b rea th ing  were taken on each animal. As l i s t e d  i n  Table 7 ,  v i r t u a l l y  

a l l  of the s tandard measures of b rea th ing  func t ion  were s i g n i f i c a n t l y  

a f f e c t e d  by exposure to  20 mg/m3, while  no a l t e r a t i o n s  were observed wi th  

the lower exposure concent ra t ions .  

decreased by 15%, bu t  was more than o f f s e t  by a 68% inc rease  i n  b rea th ing  

frequency; the product of these (V,) was increased  by 26%. Driving t i d a l  

p r e s s u r e  (APL) was increased  by 15% with a corresponding f a l l  of 32% i n  

C D Y ~ .  Pulmonary flow r e s i s t a n c e ,  however, was no t  s i g n i f i c a n t l y  a f f e c t e d  

by 3ny l e v e l  of s i l i ca-exposure .  Normalization of RL and CDYN to  FRCd 

(F igu re  5 )  d i d  no t  r evea l  s i g n i f i c a n t  d i f f e r e n c e s  among the exposure groups, 

T i d a l  volume f o r  the 20 mg/m3 group 

which could n o t  be accounted f o r  by the a l t e r e d  r e s t i n g  lung volume. 

E lec t roca rd iog raph ic  Data. Hear t  r a t e ,  as determined by EKG, was no t  

Because of e l e c t r i c a l  s i g n i f i c a n t l y  a l t e r e d  by s i l i ca -exposure  (Table  8).  

n o i s e  i n  the processing of the EKG s i g n a l ,  only the P-R and QRS temporal 

p a t t e r n s  could be r e a d i l y  d i s t ingu i shed .  A l l  s i l i c a  exposed groups 

exh ib i t ed  EKGs  which were s i m i l a r  to those of the c o n t r o l  group. 

Lung Volumes. The apportionment of lung volume was determined using 

d a t a  from the QSC curve  (VC, I C ,  and e x p i r a t o r y  r e se rve  volume (ERV)), the 

d i l u t i o n  der ived  TLC and FRC, and t h e i r  a r i t h m e t i c a l l y  computed components, 

ItV and IRV. The neon d i l u t i o n  method was the primary technique used f o r  the 
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Table 7. Parameters of Spontaneous Brea th ing  of Cont ro l  and S i l i c a  
Exposeda Fischer-344 R a t s  

S i l i c a  Concent ra t ion  (mpl/m3) 

n 

VT (cm3) 
mean 
see. 
mu1 t i p l e  

comparisonC 

APL ( c m  H2O) 
mean 
s.e. 
mu1 t i p  le 

comparisonC 

f ( b r e a  ths/min) 
mean 
s.eb 

VE (cm3/min) 
mean 
s.e. 
mu1 t i p  le 

comparisonc 

0 

22 

1.77 
0.06 

5.68 
0.22 

68 
4 

119.2 
5.9 

RL ( c m  H20/cm3/sec) 
mean 0.50d 
see, 0.09 

CDYN ( c m 3 / c m  H20) 
mean 0.3gd 
s.e. 0.02 
mu 1 t i p  le  

comparisonC 

2 10 

23 24 

1.72 1.74 
0 -04 0.03 

HD LD I D  CN 

5.24 5.77 
0.19 0.18 

LD CN I D  

65 68 
2 2 

LD CN . I D  

111 . 6 118 .3 
4.8 4.5 

LD I D  CN 

0.47e . 0.44 
0 -08 0.08 

0 .34e 0.37 
0.02 0.02 

HD LD I D  

HD 

HD 

HD 

CN 

20 p v a l u e  

23 

1.50 <0.0001b 
0.03 

6.53 
0.20 

0.0002 

10 0 <0.0001b 
4 

150 . 7 
7.2 

(0 . OOOlb 

0.47f 
0.09 

0.9595 

0.25f <0.0001b 
0.02 

a S i x  hours/day, 5 days/week, f o r  6 months, then maintained i n  animal 
rooms f o r  6 months. 
S t a t i s t i c a l l y  s i g n i f i c a n t  a t  CL = 0.05 level u s i n g  ANOVA. 
P a i r w i s e  comparison of means by the  Duncan m u l t i p l e  range method. 

d n = 21. 
e n = 22. 
f n = 20. 
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Figure  5: Pulmonary r e s i s t a n c e  (RL) and dynamic compliance (CDYN) 
normalized to  the  Funct iona l  Res idua l  Capaci ty  (FRCd) of  
Fischer-344 r a t s  exposed t o  Si02 f o r  6 months ( 6  hours/day,  5 
days/week) then maintained i n  animal rooms f o r  6 months. The 
number of ra t s  i n  the  0 ,  2 ,  10, and 20 mg/m3 group was 2 1 ,  
21,  23, 20, respect ively.  

a. . p  v a l u e  of the F - s t a t i s t i c  from one-way ANOVA = 0.5732. 
b. p Galue of t h e  F - s t a t i s t i c  from one-way ANOVA = 0.1541. 
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Table  8.  Analys is  of Elec t rocard iogram Waveform Time Intervals  of 
Control  and S i l i c a  Exposeda Fischer-344 Rats 

S i l i c a  Concentrat ion (mg/m3) 

n 

Heartbea ts/min 
mean 
s.e. 

P-R ( s e c )  
mean 
s.e. 

QRS ( s e c )  
mean 
s.e. 

0 

19 

3 12 
a 

0 .046b 
0.001 

0 .013d 
0.001 

2 

2 1  

3 40 
10 

0.046' 
0.001 

0.012c 
0.001 

10 

2 1  

3 13 
10 

0.046 
0.001 

0.013 
0.001 

20 

16 

303 
11 

0 .048d 
0,001 

0 .013d 
0.001 

p v a l u e  

0.0536 

0.1722 

0.5278 

~ 

a S i x  hours/day, 5 days/week, f o r  6 months, then maintained i n  animal 
rooms f o r  6 months. 
n = 18. 
n =  19. 

d n =  15. 
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determina t ion  of lung volume because i t  avoids  confoundment of the data wi th  

the  "trapped" a i r  space volume. 

a i r  space was considered i n  the  comparison of FRCd t o  FRCb. The l a t t e r  

measurement inc ludes  the t rapped a i r  volume i n  i t s  estimate of FRC (F igu re  

6 ) .  

However, the  concept  of non-communica t i n g  

No d i f f e r e n c e s  in trapped a i r  volume were observed among the groups. 

F igure  7 i l l u s t r a t e s  t he  impact of silica exposure on the subd iv i s ions  

a f  Lung volume. No s i g n i f i c a n t  changes re la t ive  t o  the c o n t r o l  group were 

observed f o r  e i t h e r  the  2 o r  10 mg/m3 exposure groups; however, those ra t s  

which had been exposed to  20 mg Si02/m3 c l e a r l y  exh ib i t ed  r e s t r i c t e d ,  i.e., 

reduced, lung volumes. On the average ,  approximately 1.6 c m 3  of t o t a l  lung 

volume (- 13%) was e f f e c t i v e l y  " l o s t "  in t h i s  group when compared t o  the 

mean c o n t r o l  lung volume. Although a l l  of the subd iv i s ions  of volume were 

s i g n i f i c a n t l y  a f f e c t e d  by t h i s  exposure regime, the apparent  loss of volume 

was due i n  most p a r t  t o  d i s p r o p o r t i o n a t e  l o s s e s  of the reserve volumes, FRC 

and RV (F igu re  8) .  

Parenchymal Behavior and DLco. The QSC, r epor t ed  as QSCcs o r  h was - 
n o t  a l t e r e d  i n  the 2 and 10 mg/m3 exposure groups when compared to c o n t r o l s  

(Table  9 ) .  

though only s l i g h t l y  (7%). M u l t i v a r i a t e  a n a l y s i s  of the QSC curves  

expressed  i n  terms of a b s o l u t e  lung volume ind ica t ed  the  s i g n i f i c a n t  impact  

of 20 mg/m3 on o v e r a l l  lung compliance (F igu re  9 ) .  

exposure group, which is  a volume normalized estimate of lung compliance,  

d i d  n o t  d i f f e r  from c o n t r o l s  o r  the  o t h e r  exposure groups. S i m i l a r l y ,  the 

volume (VC) a d j u s t e d  compliance curves d id  not  d i f f e r  among any of the  

groups when eva lua ted  by MANOVA (F igure  10). 

A t  20 mg/m3, however, t he  QSC,, was s i g n i f i c a n t l y  depressed ,  

The "h" va lue  f o r  t h i s  
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F i g u r e  6 :  Trapped a i r  i n  the  lungs of Fischer-344 ra t s  exposed to  
s i l ica  f o r  6 months ( 6  hours/day,  5 days/week) then 
maintained i n  animal rooms f o r  6 months. The da ta  r e p r e s e n t  
t he  means (* s.e.1 o f  22 c o n t r o l ,  22 2 mg Si02/m3, 123 10 mg 
Si02/m3, and 23 20 mg Si02/m3 ra t s .  

FRCb: Funct iona l  Res idua l  Capac i ty  by Boyle' s Law. 
FRCd: Func t iona l  Res idua l  Capacity by d i l u t i o n .  

a. p v a l u e  of F - s t a t i s t i c  from one-way ANOVA.= 0.8039. 
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F i g u r e  7 :  Div-sions of lung volume in  Fischer-344 ra ts  exposed to  
f i l t e r e d  a i r  o r  s i l i c a  f o r  6 months ( 6  hours /day ,  5 
days/week) then  main ta ined  i n  animal rooms' for 6 months. 
d a t a  r e p r e s e n t s  the  means of a t  l e a s t  22 control, 22 2 mg 
Si02/m3, '23 10 mg Si02/m3, and 23 20 mg S€02/m3 rats .  

The 

p va lue  

ERV: E x p i r a t o r y  reserve volume 0.0049 
m u l t i p l e  comparison HD I D  CN LD 

FRC: Func t iona l  r e s i d u a l  c a p a c i t y  <0.0001 
m u l t i p l e  comparison HD 

m u l t i p l e  comparison HD 

m u l t i p l e  comparison HD 

mu1 t i p l e  comparison HD 

m u l t i p l e  comparison HD 

m u l t i p l e  comparison HD 

m u l t i p l e  comparison HD 

IC :  I n s p i r a t o r y  c a p a c i t y  

IRV: I n s p i r a t o r y  r e s e r v e  volume 

RV: Residual  volume 

VC: V i t a l  c a p a c i t y  

VT: T i d a l  volume 

TLC: T o t a l  lung capac i ty .  

ID LD CN 

LD CN ID 

LD CW ID 

LD CN ID 

LD CW I D  

LD CM ID. 

LD CN ID 

t o  .0001 

<0.0001 

<0.0001 

<0.0001 

t o  .ooo 1 

<0,0001 
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Figure  8: Normalized lung volume of c o n t r o l  and s i l i c a  exposed 
F i s c h e r - 3 4 4 ' r a t s  ( 6  hours /day ,  5 days/week) f o r  6 months then 
maintained in  animal rooms f o r  6 months. The d a t a  r e p r e s e n t s  
the  mean (* s.e.) of 22 c o n t r o l ,  22 2 mg Si02/m3,,23 10 mg 
Si02/m3, and 23 20 mg Si02/m3 rats. . 

. 

FRC: Func t iona l  r e s i d u a l  c a p a c i t y  

TLC: Total lung c a p a c i t y  
RV: Res idua l  volume 

VC: V i t a l  c a p a c i t y  

p v a l u e  

aRV / TLCd 0.0013 

bl?RCd / m c d  0.0061 

'vC/TLcd 0.0013 

m u l t i p l e  comparison HD LD CN I D  

m u l t i p l e  comparison HD I D  LD CN 

m u l t i p l e  comparison I D  CN LD HD 
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Table 9. P h y s i l o g i c a l  I n d i c e s  of Parenchymal Damage i n  Cont ro l  and 
S i l i c a  Exposeda Fischer-344 Rats. 

S i l i c a  Concent ra t ion  (mg/m3> 

0 2 10 

n 22 22 24 

QSC,, ( c m 3 / c m  H2O) 
mean 0.94 0.93 0.97 
s.e. 0.01 0.01 0.01 
mu1 t i p l e  

comparisonC HD LD CN I D  

QSCc slFRcd 
mean 0.426 0.447 0 .481d 
s.e. 0.018 0.025 0.026 
mu1 t i p l e  

compa r i s on CN LD I D  HD 

h (cm H28) 
mean 3.05 2.90 3.07 
s.e. 0.10 0.09 0.10 

DLCO( rb) (cm3/mmHg) 
mean 0.180 0.173 0. 183d 
s.e. 0.005 0.006 0.005 
m u l t i p l e  

compari s onc HD LD CN I D  

DLCO( rb) /TLC 
mean 0.014 0.014 0.015d 
s.e. <0.001 <0.001 <0.001 
m u l t i p l e  

comparisonc HD CN LD I D  

20 

23 

0.87 
0.02 

0.544 
0.021 

3.01 
0.06 

0.130 
0.003 

0.012 
<0.001 

p va lue  

<o .ooo l b  

0.0022b 

0.5270 

~ 0 . 0 0 0 1 b  

e o  .0001b 

a S i x  hours/day, 5 days/week, f o r  6 months, then maintained i n  animal 
rooms f o r  6 months. 
S t a t i s t i c a l l y  s i g n i f i c a n t  a t  a = 0.05 l e v e l  u s ing  ANOVA. 
P a i r w i s e  comparison of means by the Duncan m u l t i p l e  range method. 
n=23. 
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Figure  9: Q u a s i - s t a t i c  compliance curves of Fischer-344 r a t s  exposed t o  
s i l i c a  f o r  6 months ( 6  hours/day,  5 days/week) then 
main ta ined  i n  animal rooms f o r  6 months. The da ta  r e p r e s e n t  
the means (* s.e.) o f  22 c o n t r o l  (a) ,  22 2 mg Si02/m3 (01, 24 
10 mg Si02/m3 ( A ) ,  and 23 20 mg Si02/m3 (P) ra t s .  
v a l u e  of the F - s t a t i s t i c  from one way MANOVA = <0.0001. 

The p 
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Fi,gure 10: Quasi-static compliance as a func t ion  of v i t a l  capac i ty  of 
Fischer-344 ra t s  exposed to  s i l i ca  f o r  6 months ( 6  hours/day, 
5 days/week) then maintained i n  animal rooms €or  6 months. 
The means and s.e. bars  of the 22 c o n t r o l  (e> 22 2 mg 
Si02/m3 (o), 24 10 mg S i02 /m3  ( A I y  and 23 20 mg Si02/m3 ( 6 )  
rats o f t e n  over lay  each o t h e r  and the re fo re  may appear as a 
s i n g l e  curve. The p va lue  of the F - s t a t i s t i c  from one-way 
MANOVA = 0.1070. 
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Dif fus ion  c a p a c i t y  f o r  CO was s i g n i f i c a n t l y  reduced only i n  the 20 

mg/m3 exposure group (28% r e l a t i v e  t o  c o n t r o l  (Table  9). 

of t h i s  depression could be accounted f o r  by the measured loss of lung 

volume, i.e., the reduced TLC (Table 9) .  ( A  comparison of the DLCO da ta  

from animals from which a r t e r i a l  blood was drawn f o r  blood gas 

de t e rmina t ions  to  s i m i l a r l y  t r e a t e d ,  bu t  unsampled animals,  i n d i c a t e d  t h a t  

the loss  of 0.5 t o  1.0 cm3 of blood d i d  no t  s i g n i f i c a n t l y  a f f e c t  the 

es tima t i o n  of DLco. ) 

Approximately 50% 

D i s t r i b u t i o n  of V e n t i l a t i o n .  Moment a n a l y s i s  of the d i s t r i b u t i o n  of 

v e n t i l a t i o n ,  es t imated  by the m u l t i - b r e a t h  N 2  washout f o r  50 t i d a l  b r e a t h s  

of oxygen, found s i g n i f i c a n t  impairment i n  washout e f f i c i e n c y  i n  the 20 

mg/m3 exposure group (Table  10). 

i n  t h i s  group i n d i c a t i n g  d i s t a l  lung d isease .  

The moment r a t i o ,  Ml/MO, was increased  35% 

Flow-Volume Dynamics. S i g n i f i c a n t  a l t e r a t i o n  i n  airway f u n c t i o n  was 

observed only i n  the 20, mg/m3 Si02 exposure group a f t e r  the flow d a t a  was 

expressed i n  terms of v i t a l  c a p a c i t y  (Table  11). 

augmentations were l i m i t e d  to  maximal flows a t  high lung volumes (F igure  

11). Exposure t o  s i l i c a  a t  lower concent ra t ions  d i d  n o t  r e s u l t  i n  

d e t e c t a b l e  airway e f f e c t s ,  r e g a r d l e s s  ‘o f  data  p re sen ta t ion .  Maximum 

e x p i r a t o r y  f lows,  i n  terms of a b s o l u t e  volume u n i t s ,  i.e., cm3/sec, were 

l a r g e l y  the  same f o r  a l l  exposure groups (Table  1 2 ) .  

i ncons i s t ency  i n  these  f ind ings  can be explained by the l a r g e  decrement i n  

VC t o  which the flows were ad jus ted .  Analysis  of the da t a  by MANOVA 

confirmed the presence of s i g n i f i c a n t  flow dynamic a l t e r a t i o n  i n  the 20 

mg/m3 exposure groups r e l a t i v e  to  the c o n t r o l s  and o the r  t reatment  groups,  

only when da ta  were expressed a s  volume a d j u s t e d  f lows (F igu re  11). 

The appa ren t  flow 

The appa ren t  
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Table 10. Moment Analys is  of Mul t ibrea th  N 2  Washout i n  Cont ro l  and 
S i l i c a  Exposeda Fischer-344 Rats  

- - 
s i  1 ica Concentrat ion ( m g / m 3 )  

0 .  2 10 20 

n 19  2 1  22  18 

7.87 7.66 8.64 . 10.43 m e  an 
s.e. 0.38 0.37 0 . 5 3  0.59 
mu1 t i p l e  

M d M o  

comparisonC LD CM I D  HD 

p va lue  

0 .0006b 

~ ~- ~~ 

a Six hours/day, 5 days/week, f o r  6 months, then maintained i n  animal 
rooms f o r  6 months. 
S t a t i s t i c a l l y  s i g n i f i c a n t  a t  = 0.05 l e v e l  using ANOVA. 
Pairwise ,comparison of  means by the  Duncan m u l t i p l e  range method. 
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Table  11. P o i n t s  from the MEFV Curve Normalized t o  the  V i t a l  Capac i ty  
of  Cont ro l  and S i l i c a  Exposeda Fischer-344 R a t s  

n 

Vmax(% vC) 
mean 
s.e. 
mu1 t i p  le 

comparisond 

PEF ( V C / s e c )  
mean 
s.e. 
mu1 t i p l e  

compari s ond 

EFR~o ( V C / s e c >  
mean 
s.e. 
mu 1 t i p  le 

comparisond 

EFR25 (VC/sec) 
mean 
s.e. 

EFRlO (VC/sec) 
mean 
s.e. 

Silica Concent ra t ion  ( m g / m 3 )  

2 10 20 p v a l u e  - 0 - 
22 21  23 23 

. 67.5b 72 .gb 70.5 67.1 
1.8 1.2 1.2 1.2 

HD CN I D  LD 

9.7e 10.2 10.1 11.1 
0.1 0.2 0.2 0.3 

CN I D  LD HD 

8 .3 8 02 8.3 
0.2 0.3 0.2 

LD CN I D  'HD 

9.4 
0.2 

4.9 5.1 5 .O 5.4 
0.2 0.2 0.1 0.2 

0 .0172c 

0.0001c 

0 . O O O l C  

0.1800 

2.1 2 04 2.2 2.2 0.2417 
0.1 0.1 0.1 0.1 

AEFR25 ( V C / s e c )  
mean 0.7 1.0 0.9 0.. 7 0.3929 
s.e. 0.2 0.1 0.1 0.1 

a S i x  hours/day, 5 days/week, f o r  6 months, then maintained i n  animal 

b 11-20. 
rooms f o r  6 months. 

S t a t i s t i c a l l y  s i g n i f i c a n t  a t  ~ 0 . 0 5  level u s i n g  ANOVA. 
Pa i rwi se  comparison of means by the  Duncan m u l t i p l e  range method. 

e n=21. 
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Figure 11 : Maximum expiratory f low-volume curves of  Fischer-344 ra t s  
exposed to s i l i c a  f o r  6 months ( 6  hours/day, 5 days/week) 
then maintained in animal rooms f o r  six months. 

0 Control, n = 22. 
o 2 mg sio2irn3 n = 21. 

El  

A 10 mg SiO2/m 3 , n = 23. 
20 mg Si02/m3, n = 23. 

The p value of the F - s t a t i s t i c  from one-way MANOVA = 0.0287. 
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Table 12 .  P o i n t s  from the  MEFV Curve of Control  and S i l i c a  Exposeda 
Fischer-344 Rats  

s i  l ica  Concen t r a  t i o n  ( mg/m3 

n 

PEF (cm3/sec) 
mean 
s.e. 

EFR50 ( cm3/ s ec )  
mean 
s.e. 

EFR25 ( cm3/ s ec )  
mean 
s.e. 

EFRlO (cm3/sec) 
mean 
s.e. 
mu1 t i p l e  

compari s ond 

0 

22 

110 . l b  
2.2 

92.9 
2 .o 

54.3 
2.2 

23 .a 
1.4 

2 

2 1  

113.3 
2.3 

91.5 
2.9 

56 .4 
1.9 

27 .O 
1.0 

10 

23  

113.5 
2.6 

93.6 
2 . 1 ,  

56.6 
1.5 

24 .a 
1.1 

HD CN I D  

AEFR25 ( cm3/ s ec )  
mean 7 .a 10.6 9.8 
s.e. 1.7 1.2 1.0 

LD 

.20 

23 

110.7 
2.9 

93.9 
2.0 

54.0 
1.8 

21.6 
1.1 

p v a l u e  

0.7058 

0.8784 

0.6624 

0 .0126c 

7 .1  0.1948 
1.3 

a Six hours/day, 5 days/week, f o r  6 months, then maintained in animal 

b n=21. 
rooms f o r  s ix  months. 

S t a t i s t i c a l l y  s i g n i f i c a n t  a t  a = 0.05 l e v e l  us ing  ANOVA. 
P a i r w i s e  comparison of means by the  Duncan m u l t i p l e  range method. 
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The c a l c u l a t i o n  of RUs, by r e l a t i n g  MEFV and QSC a t  po in t s  of equal  

volume, d id  n o t  r evea l  any s i l i ca - induced  d i s t o r t i o n  of the e f f o r t  

independent flow dur ing  maximum e x p i r a t i o n  (Table  13) .  Changes i n  abso lu te  

flow rate, Pst, o r  Rus were n o t  apparent .  Augmentation of the MEFV curve 

wi th  a low d e n s i t y  He:02 mixture  ind ica t ed  the same type of apparent  flow 

enhancement a t  high lung volumes as was revealed wi th  a i r  (Table  14). 

Roentgenographic Findings 

Evidence of s i l i ca - induced  lung d i sease  could be a s c e r t a i n e d  from the 

s i n g l e  f r o n t a l  c h e s t  x-ray only i n  animals from the h i g h e s t  exposure group, 

20 mg Si02/m3. 

g e n e r a l l y  exh ib i t ed  a d i f f u s e  "haziness",  b e s t  descr ibed  as a ground-glass 

appearance wi th  some' p e r i p h e r a l  s t r i a t i o n .  While n o t  a l l  of the rats i n  

t h i s  exposure group presented  t h i s  same impression,  as a group they were 

These radiograms, read wi thout  knowledge of group o r i g i n ,  

c l e a r l y  d i s t i n c t  from the o t h e r  exposure and c o n t r o l  groups. The c o n t r o l ,  2 

and 10 mg/m3 d id  n o t  e x h i b i t  n o t i c e a b l e  abnormal rad iographic  d e n s i t i e s  and 

they could n o t  be d i s t ingu i shed  on the basis of t reatment  regime. 

Lung Cornposi tion 

The r i g h t  lung lobes from animals  subjec ted  to  pulmonary func t ion  tests 

were assayed f o r  p r o t e i n ,  DNA, e l a s t i n ,  hydroxyprol ine (an index of 

co l l agen)  and water conten t .  The da ta  from the i n d i v i d u a l  animals  i n  each 

exposure group have been provided i n  Appendix E. 

Lung Weight and Water Content. Although the 20 mg S i 0 2 / m 3  exposed 

animals  d id  n o t  d i f f e r  i n  body weight from any o t h e r  group these  animals had 

s i g n i f i c a n t l y  heav ie r  lungs (Table  15). The f r e s h  lung weight  of these  high 

dose animals  was 189% of t h e i r  c o n t r o l  coun te rpa r t s  and the dry weight  w a s  

double t h a t  of the c o n t r o l s .  

animals  increased  markedly, the f r e s h  to  d r y  weight r a t i o s  d id  n o t  change 

(Table  1 5 ) .  

Although the lungs of the 20 mg S i02 /m3  
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Table 13. Analys is  of Upstream Airway Res is tance  i n  Cont ro l  and 
S i l i c a  Exposeda Fischer-344 Rats 

s i 1 ica Conc en tra ti on ( rng/m3 ) 

n 

i 3 0  (cm3/ sec )  
mean 
s.e. 

P s t  (cm H2O) 
mean 
s.e. 

Rus 
mean 
s.e. 

0 

21  

62.5 
2.5 

20.5 
1.2 

0.340 
0.026 

2 10 

2 1  2 1  

65.3 65.7b 
2.5 1.6 

19 .O 22.7 
1.2 1.4 

0.298 0.353 
0.020 0.027 

20 p value  

23 

64 .O 
1.7 

22.4 
1.3 

0.7151 

0 . 1545 

0.355 0.3074 
0.021 

a ‘Six hours/day, 5 days/week, f o r  6 months, then maintained i n  animal 
rooms f o r  6 months. 
n=23. 
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Table 14. Analysis of Density-Dependent (Helium) Maximal Flows for 
MEFV Curves for Control and Silica Exposeda Fischer-344 
Rats 

Silica Concentration (mg/m3) 

0 2 10 20 p value 

n 22 21 23 23 

AHEFR50 (cm3/sec) 
mean 17.9. 24.9 17.3 15.5 0.1095 
s.e. 1.8 5.4 1.1 1.3 

AHEFR50 (VC/sec) 
mean 1.6 2.3 1.5 1.5 0.1832 
s.e. 0.2 0.5 0.1 0.1 

AHEFR25 (cm3/sec) 
10.7 14.0 8.8 8,3 0.1989 mean 

s. e. 1.3 3.3 1.7 1.3 

AHEFR25 (VC/sec) 
mean 0.96 1.26 0.79 0,83 0.2978 
s.e. 0.12 0.31 0.15 0.13 

Isoflow (x VC) 
mean 7.4b 8.9= 8.1d 7.9 0.9757 
s.e. 1.5 2.9 2.2 1.8 

a Six hours/day, 5 days/week, for 6 months, then maintained in animal 
rooms for 6 months. 
n=19. 

C n=20. 
d n=22. 

-63- 



Table 15. Body Weight and Lung Weight Data from Con t ro l  and 
Silica-Exposeda Fischer-344 R a t s  

S i l i c a  Concent ra t ion  (mg/m3> 

0 

n 24 

BODY WEIGHT ( 8 )  
mean 389.3 
s.e. 5.3 
mu 1 t i p  l e  

compar i sond 

LUNG WEIGHT ( 8 )  
mean 1.40 
s.e. 0.02 
mu1 t i p l e  

comparison d 

LUNG-TOTAL DRY WEIGHT (mg) 
mean 301.6 
s.e. 7 03 
mu1 t i p l e  

comparisond 

LUNG-% DRY WEIGHT 
mean 21.57 
s.e. 0 -47 

2 10 20 p v a l u e  

23 23 23 

370.4b 389.5b 382 .gb 
4.1 5 . 8  4.2 

LD HD CN I D  

1.48 1.48 
0.02 0.02 

CN I D  LD HD 

319.6 324.9 
4.6 7.0 

CN LD I D  HD 

2.64 
0.08 

599.3 
18.6 

0.0229c 

<o .O0OlC 

<0.0001c 

21.54 22.09 22.74 0.1814 
0.23 0.52 0.46 

a Six hours/day, 5. days/week, f o r  6 months, then maintained i n  animal 
room f o r  6 months. 
n=24. 
S t a t i s t i c a l l y  s i g n i f i c a n t  a t  ci = 0.05 l e v e l  u s i n g  ANOVA. 
P a i r w i s e  comparison of means by the Duncan m u l t i p l e  range method. 
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Lung T i s s u e  Components. As would be expected w i t h  such s u b s t a n t i a l  

iaereases i n  lung dry weight,  i n  the high dose animals ,  s i g n i f i c a n t  

i n c r e a s e s  were a l s o  observed i n  a l l  of the t o t a l  amounts of the t issue 

components; p r o t e i n ,  DNA, e l a s t i n  and co l l agen  (Table  16) .  In  those animals  

exposed t o  10 mg Si02/m3 the amount of pulmonary DNA was a l s o  increased  to  

111% of c o n t r o l  l e v e l s  (Table  16) .  T o t a l  e l a s t i n  was increased  t o  108,  109,  

and 140% o f  c o n t r o l  e l a s t i n  l e v e l s  i n  the 2 ,  10 ,  and 20 mg Si02/m3 exposed 

animals, r e s p e c t i v e l y  (Table  1 6 ) .  T o t a l  lung co l lagen  increased  i n  a dose 

dependent manner i n  a l l  of the exposure groups (Table  1 6 ) .  The amount of 

co l l agen  i n  the lungs of rats exposed t o  20 mg Si02/m3 w a s  174% of the  

c o n t r o l  lungs. 

When the assayed t i s s u e  components were expressed i n  terms of d r y  

weight ,  the  20 mg Si02/m3 group c o n s i s t e n t l y  had the lowest  concent ra t ion  of 

each component (Table  1 7 ) .  This  i nd ica t ed  t h a t  a t i s s u e  component, which 

vas  n o t  analysed f o r ,  was d rama t i ca l ly  increased  by t h i s  exposure regime but  

n o t  by exposure t o  e i t h e r  2 o r  10 mg Si02/m3 (Table  1 7 ) .  

dose dependent i nc rease  observed i n  t o t a l  hydroxyproline was a l s o  seen when 

expressed on the b a s i s  of dry weight w i th  the except ion  of t he  20 mg Si02/m3 

group (Table  1 7 ) .  

Pa tho logy 

The s i g n i f i c a n t  

Se lec t ed  tissues from two groups of animals were submitted to EPL f o r  

pa tho log ica l  examination. The f i r s t  group cons i s t ed  of e i g h t  male rats from 

each chamber which were des igna ted  f o r  pathology. The second group was com- 

posed of animals  from which r e s p i r a t o r y  physiology da ta  had been c o l l e c t e d  
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Table 16. Lung Composition of Control  and Silica-Exposeda 
Fischer-344 Rats 

s i l i ca  Concentrat ion (mg/rn3) 

0 

n 24 

TOTAL PROTEIN (mg) 
m e  a n  189.5 
s.e. ’ 4.6 
mu1 t i p l e  

comparisonC 

TOTAL DNA (mg) 
mean 6.2 
s.e. 0.2 
m u l t i p l e  

comparisonC 

TOTAL ELASTIN (mg) 
mean 7.7 
s.e. 0.2 
mu1 t i p l e  

comparisonC 

TOTAL HYDROXYPROLINE (mg) 
mean 2.88 
s.e. 0.07 
mu 1 t i p  1 e 

comparisonC 

2 10 20 p value 

2 3  23 23 

200.5 202.6 294.3 (0 .ooo 1b 
3.0 4.6 10.1 

CN LD I D  €ID 

6.7 6.9 9.6 <0.0001 
0.1 0.1 0.3 

CN LD I D  HD 

8.3 8.4 
0.1 0.2 

CN LD I D  HD 

10.8 <o .0001b 
0.2 

3.19 3.47 5.06 <o .0001b 
0.06 0.09 0.14 

CN LD I D  HD 

a S i x  hours/day, 5 days/week, f o r  6 months, then maintained in  animal 
rooms f o r  6 months. 
S t a t i s t i c a l l y  s i g n i f i c a n t  a t  CY = 0.05 level. 
Pa i rwise  comparison of means by t h e  Duncan m u l t i p l e  range method. 

-66- 



Table 17.  Lung Composition Expressed as a Funct ion of Dry Weight of 
Control  and Silica-Exposeda Fischer-344 Rats  

S i l i c a  Concent ra t ion  (mg/m3) 

0 2 10 

ll 24 ' 23 23 

PROTEIN (mg ) /DRY WEIGHT (g ) 
mean 631.9 627.3 623.3 
s.e. 4.7 2.6 3.3 
mu 1 t i p  l e  

comparis onc .HD I D  LD CN 

DNA (mg)/DRY WEIGHT (9 )  
mean 20.8 20.9 21.3 
s.e. 0.1 0.1 0.2 
mu1 t i p l e  

comparisonC HD CN LD I N  

ELASTIN (mg) /DRY WEIGHT ( g  ) 
mean 25.8 26 .O 25.7 
s.e. 0.2 0.2 0.2 
mu1 t i p l e  

comparisonc HD I D  CN LD 

HYDROXYPROLINE (mg) /DRY WEIGHT ( g)  
mean 9.6 10 .o 10.7 
s.e. 0.1 0.1 0.1 
mu1 t i p l e  

comparisonC HD CN LD I D  

20 p va lue  

23 

491.0 <o . 000 l b  
7 .O 

16 .O <0.0001b 
0.2 

18.3 <o .0001b 
0.4 

8.5 <o .0001b 
0.1 

a S i x  hours/day, 5 days/week, f o r  6 months, then maintained i n  animal 
rooms f o r  6 months. 
S t a t i s t i c a l l y  s i g n i f i c a n t  a t  a = 0.05 l eve l .  
Pairwise comparison of means by the  Duncan mul t ip l e  range method. 
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and from which the r -gh t  lung was submitted f o r  lung composition a n a l y s i s .  

These were s t u d i e d  t o  provide pathology d a t a  on the same animals used f o r  

pulmonary f u n c t i o n  and lung composition a n a l y s i s .  Submission of lung t i s s u e  

from these  animals a l s o  provided an oppor tun i ty  to  determine whether the 

pulmonary f u n c t i o n  test regime r e s u l t e d  i n  s t r u c t u r a l  changes observable  a t  

the  l i g h t  microscopic level. 

Pathology of  t h e  Lungs and P e r i b r o n c h i a l  Lymph Nodes. The pathology 

observed i n  the  lungs and p e r i b r o n c h i a l  lymph nodes from the  animals des ig-  

n a t e d  f o r  pathology and m u l t i p l e  endpoin ts  was n o t  d i f f e r e n t .  Microscopic 

examination of t hese  t i s s u e s  revea led  minimal to  moderately severe accumula- 

t i o n s  of h i s t i o c y t e s  near the  end a i rways  ( a l v e o l a r  duc t s )  i n  the lungs of 

most of t he  tinimals i n  t h e  10 and 20 mg Si02/m3 group (Tab les  18 and 19). 

These a l v e o l a r  macrophages had foamy cytoplasm i n  which s m a l l  (1 t o  2 p) 

b i r e f r i n g e n t  c r y s t a l s ,  presumably phagocytized s i l i c a  p a r t i c l e s ,  could 

o c c a s i o n a l l y  be seen. The r e a c t i o n  seen around the end airway was o f t e n  

accompanied by an i n f i l t r a t i o n  of mononuclear cells  and granulocytes .  Type 

I1 c e l l  h y p e r p l a s i a  was e v i d e n t  i n  a l v e o l i  sur rounding  the  a f f e c t e d  end a i r -  

ways. 

aggrega te s  and mononuclear c e l l s  forming " s i l i c o t i c  nodules" were more 

common as w a s  a l v e o l a r  p r o t e i n o s i s .  Lymphoid p r o l i f e r a t i o n s  .observed around 

b ronch io le s  and blood vessels of ten conta ined  i n t r a l y m p h a t i c  microgranulomas 

composed of aggrega te s  of e o s i n o p h i l i c  macrophages. B i r e f r i n g e n t  c r y s t a l s  

could be seen in  some of these.  Presumably these  par t ic les  ascended t h e  

pulmonary lymphoid cha ins  t o  the  p e r i b r o n c h i a l  lymph nodes where eosino- 

p h i l i c  microgranulomas were abundant. A g e n e r a l i z e d  r e t i c u l o e n d o t h e l i a l  

c e l l  hype rp la s i a  was a l s o  e v i d e n t  i n  the  per ibronch ' ia l  lymph nodes i n  

a d d i t i o n  t o  similar e o s i n o p h i l i c  macrophages forming microgranulomas, 

In  a d d i t i o n ,  in  the  20 mg Si02/m3 group f o c a l  f i b r o s i s  w i th  f i b r o t i c  
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sometimes wi th  in t racytoplasmic  b i r i f r i n g e n t  c r y s t a l s .  Sec t ions  of the 

t rachea and nasa l  t u r b i n a t e s  contained no s i g n i f i c a n t  changes. 

Most of the lungs from animals i n  the 2 mg Si02/m3 group contained a 

few pulmonary microgranulomas while l a r g e r  numbers were observed i n  the 

p e r i b r o n c h i a l  lymph nodes (Tables  18 and 19).  The end-airway r eac t ion  was 

nega t ive  t o  s l i g h t .  

I n  the c o n t r o l  group no pulmonary microgranulomas o r  end-airway reac- 

t i o n s  were observed. One lung tumor was observed i n  the s t u d y  and i t  was i n  

a c o n t r o l  animal (Table 19) .  

To g r a p h i c a l l y  examine the s e v e r i t y  of the scored l e s i o n s  i n  animals 

from the mul t ip le  endpoint subgroups, the s e v e r i t y  va lue  f o r  each lung 

l e s i o n  observed i n  t h e  ind iv idua l  animals (from Table 17) was summed to pro- 

vide a pathology score.  The score  f o r  b i r e f r i n g e n t  c r y s t a l s  was not  

included. The frequency of each score  w i t h i n  the four  exposure groups has 

been i l l u s t r a t e d  i n  F igu re  12.  S t a t i s t i c a l  assessment of these scores  using 

the  Kruskal-Wallis non-parametric t e s t  i nd ica t ed  a s i g n i f i c a n t  d i f f e r e n c e  (H 

= 28.31, p < 0.0001) among the groups. Dunn's rank sum mul t ip le  comparison 

method ind ica t ed  t h a t  the scores  from the LO and 20 mg Si02/m3 groups were 

s i g n i f i c a n t l y  higher  than those of the c o n t r o l  groups. 

Patholopy of Non-Respiratory Tissues .  The changes observed i n  the 

p e r i b r o n c h i a l  lymph nodes have been reported above. The changes observed i n  

the b ra in ,  kidneys,  l i v e r ,  h e a r t ,  spleen and t e s t i s  (Table  18) were con- 

s ide red  i n c i d e n t a l  o r  spontaneous l e s ions  of the labora tory  rodent  and no t  

r e l a t e d  t o  s i l i c a  exposure. 
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HISTOPATHOLOGY INCIDENCE TABLE 

Control Group (L) Table 18 
Mu1 ti pl e Endpoint Animal s 

Key. P-Present N - N o  Section A- Autolysis X - Not Remarkable 
1 -Minimal 2 -Slight 3 -Moderate 4 -Moderately SeverelH~gh 
5-SeverelHigh I -Incomplete Section 

E P L  

Experimental Pathology Laboratories, Inc. 
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HISTOPATHOLOGY INCIDENCE TABLE 

Table 18 
Multiple Endpoint Animals 

A N  
N U  
I W  
M E  
A E  
L R  

lUNG 
Broncho/Alveolar Carcinoma 

~ 

- _- 
Lymphoid Pro1 iferations 
End Airways Cellular 

_ _  - 

Agqreqates 
Alveolar Histiocytosis, Focal 

~~ ~ ~~ 

Type I1 Cell Hyperplasia 
Intra1 vmDhatic Microaranul OmaS 

_--___ 

Mononuclear Cell s 

Fibrosis 
___- - 

Granulocytes 
Birefringent __ Crystals - ... 

Alveolar Proteinosis 
... - 

- - ___. _ _  __ 

TRACHEA _______ 
-Chronic Tracheitis 

___ _.__ 
PERIBRONCHIAL LYMPH NODE 
Lymphoid Hyperplasia 
Reticuloendothelial Cell 

__.-- 

Hyperplasia _ _ _  _ _ _ _  
Pigmentation 
Congestion 
Microgranulomas . 

Birefringent Crystals 

- - _ _  . . - - - -_ - 
.- .__.__ - 

....... 

........... __ . .- 

.............. - ._ ..... 
NASAL TURBINATE 
.... __ ......... . ____ ..... - 

. Su bmucg sal.. Lmph0-j d-_I n f i  1 tra t e  

Control Group (L) 

I .  I 
.. 

, ,  

.. _____ ............... ..-, .... -- .... .. 
, ,  

I ... .+. .. __..... . _ _  ... 
~ _ _ _ _  , i . .  -A- ' 

E P L  Key. P- Present N - Nu Sestisri A- Au!olysis X -- Not Remarkable 
1 -Minimal 2 -Slight 3 -Moderate 4 .-Moderately Severe'High 
5 - Severe/Hir$ I - Incomp'de Sectmon Experimental Pathology Laboratories. Inc. 
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HI STO PATH 0 LOGY I t4 CI D EN C E TAB LE 

Table 18 
Multiple Endpoint Animals 

E P L  Key. P-Present &-No Section A- Autolysis X-No1 Remarkable 
3 -Moderate 4 -Moderately SevRrelHigh 1 -. Kinirna! 

5 - Se'ierdtiigh 
2 .- Shghf 
I -1nconiD:ete Section Experimental Pathology Laboratories, Inc. 
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Table 68 
Mu1 ti pl e Endpoint Animals 

HISTOPATHOLOGY INCIDENCE TABLE 

3 2 mg Si02/m Group ( A )  

- E P L  

Experimental Pathology Laboratories, Inc 
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Table 18 
Multiple Endpoint Animals 

E P L  

H I STO PATH 0 LO G Y I N CI D EN C E TABLE 

Key: P- Present N - No Section A -  Autolysts X-Xs: Remarltable 
1 -Minimal 2 -Slight 3 -Moderate 4 -Ms~-ateIy SaverelHlgh 
5 -Severe/Htgh I -Incomplete Section Experimental Pathology Laboratories, Inc. 

______ 
Lymphoid. - - __ Proliferations __ . - ._ - 

End Airways Cellular 

Alveolar Histiocytosis, Focal 

I ntral ymphati c Mi crogranul-omas -- 
Mononuclear Cell s 

Fibrosis 
Granulocytes 

Aggregates 

- ~ _. _-- 
Type I1 Cell Hyperplasia - 

__-- _ . _ ~  

- 

..__ __-. . . -- 

~ -~ ~ -~ 

Birefringent Crystal s 
A1 veo 1 ar Protei nos i s 

__ __ - __ - - . - ._ 

. __ - - -. -_ - - __ . -- . - 

- 
TRACHEA 
. Chronic Tracheitis 

__ _ _ - -. _- - __ - - - 
-. - -. - 

. - _ .. .- - 
PERIBRONCHIAL LYMPH NODE 
Lymphoid Hyperplasia 

___. -. 

Reticuloendothelial Cell 
.- - .-___ 

Hyperpl as i a __ ._ _. - .- ._ . - -. - . -- 
Pi gmen ta t i on 
Congestion 
Mi c rogra nu 1 oma s 

Birefringent Crystals 

_. - ._ . __ . _ _  ._ -. . . .__ . . .. - .. . 

, - _. - . . . - -. - - . _ _  - - -. ... _-- 
.. - - .  . .. ---- 

_ _ _ ~  ._ - . __ . .. ._ -- . 

3 10 rng Si02/m Group ( W )  
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HISTOPATHOLOGY INCIDENCE TABLE 

lable 18 
Mu1 ti pl e Endpoint Animals 3 10 mg S i 0 2 / m  Group (GI) 

i ! I  ___ 1 1 ' .  : I ; : , /  I '  

31 31 3 
, I! 1 ' 1  

Lymphoid Pro1 iferations 
End Airways - ._ Cell ul ar 

Alveolar Histiocytosis, Focal 2 1 I[ I !  2 i  21 21 2 
Type I1 Cell Hyperplasia ___ 1, 2 I /  1) 2 j  2 i  2 j  2 2 

7 31 3 2 ,  21 2 ;  3 j  11 
I ~ j i  

, /  
! '  Tj-- 

! ' I  i I ; i  
-____ ___ __. 

+ i I I  
Aggregates 3: 2 1 2 1 2 1 3 ! 3  2 1 2  2 2 4 2 ;  ~ 1 

* ; : ,  __ . . 

2 2 i  j ; 1 1 , , - - 
I ' : 2  ?I---? 

Key f - Present N - Nu Section A -  Autolysis X-Not Remarkatre 
1 -Mlnlmol 2 -Slight 3 - h4oderate 4 ,-hluricrately Sevsre /Hqh 
5 - SeverdHiI;Ii I -j Incomplete Sect:ori Experimental Pathology Laboratories. Inc. 
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HISTOPATHOLOGY INCIDENCE TABLE 

E P L  

Table 18 
I Multiple Endpoint Animals 

Key: P- Present N - No Sectlm A Autolys;~ X-* Not Remarkable 
1 -Minimal 2 -Slight 3 --Moderate 4 - hloderalely Severe/H!gh 
5 -Scve!e/Htgti I -Incomplete Section Experimental Pathology Laboratories. Inc. 

A I  
N I  
I f  
M I  
A 
L I  

LUNG 

-- Broncho/Alveolar Carcinoma 

Lymphoid Pro1 iferations 
End Airways Cellular 

~- 
-- 

Aqqreqates 
Alveolar Hi stiocvtosis , Focal 

~~ ~~ 

- Type I1 Cell Hyperplasia 
Intralymphatic Microgranulomas 
Mononucl ear Cell s 

--- 
___-- 

Fibrosis 
Granulocytes 
Birefringent Crystals 
Alveolar Proteinosi s 

____--__._.I-. . - 

- -. - ._ - - - - -- ___-. 

- . - ___ ..... - 
_. -- - ..-- 

. --__- 
TRACHEA 
- ...... . ........ -. -_ 

Chronic Tracheitis __ - __ .. __ . _. - . . _ - - 

~ ~. 

PERIBRONCHIAL LYMPH NODE 

Lymphoid Hyperplasia 
Reticuloendothelial Cell 

__ -. - - -- 

- 
- __ - - - __ - - - .- 

Hyperpl as i a 
.. - ........ - . . . .  ........... 

Pi gmen ta t i o n 
Congestion 
Microgranulomas 
Birefringent Crystafs- 

- . - 

.. - ............ ... -- 

.. _ _  .. . . . . . . .  - 

.............................. 

. . . . . . . . . . . . .  -- . 

3 20 mg Si02/m Group ( N )  

. .  .--f- .. _/______.&..___ .... . . . .  ... -.- ... C-C.... 

j 2 1  3 ,  

. 

' 2 :  21 j j :  ........... __ .............. ._ ........ _._ . ......... - ..... - _r . .  
23 ' j 31 4; 2 ' 3  3 4 ;  I i . . .  .. .... ................... _r .. ... 

. / .  : .  
- , __ ._...----- 

$ p l  ! p ; I i  ....................... , :  __ -.- ............ - L ...... ... +- __. 

I I  ; !  

# I  

! I  : !  

! :  ' / .  

. .  : . . . . . .  1.. . . .  ! 
...... 

! 
....... 

i .  N-: N hi !N.-fl..! N J L N . .  A. . N LN Ad. . .-:. .... i -  ....... +__ L___ 

; '- T- -- 
. .  1 ,  I 

, I  
A , _ _ -  _ . . - .  ---  ............................... 

i I  I i  
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HISTOPATHOLOGY INCIDENCE TABLE 

Table 18 
Mill t i  p l  e Endpoint Animals 

A I  
N I  
I f  

M I  
A 
L l  

-- -_ LUNG 
-. 

Broncho/Alveolar __ Carcinoma 

Lymphoid Pro1 i f e r a t i o n s  
End Airways Cell ul a r  

A1 veol a r  Hi s t i ocytos i s , Focal 
Type I1 Cell Hyperplasia 

____ - - - - - - __- __ - 
.- ___ 

Aggregates - __ -- __ __ ._ _ _ _  

__ _- 

Intra1 ymphat i c  Microgranul omas 
Mononuclear Cell s 
Fib ros i s  
Granulocytes 
B i re f r ingen t  Crystal  s 

A1 veol a r  Protei  nos i s 

____ 
- . -. --_I_ __ .. -_ - . . - .. 

_ _ _ _ _ _  - ._ _ _ _ _  - 
-. - - - . - . - .- . ._ _. .- - 

_ .- - - __ -. . -- - _ - . . _- . -. . . __ -. 

. - . __ -. 
TRACHEA 

. _. - _- . . . . . - . .- . __ - - _. - .. 

Chronic Trache i t i s  , 

-. -_ 

. -~ 
PERIBRONCHIAL LYMPH NODE 

Lymphoid Hyperplasia 
Ret icu loendothe l ia l  Cell 

~ 

_ _ _ _ _ _ ~ _ _  - _ _ _  

. . - - - .. - - __ - __ 
Hyper p 1 a s i a 

. - - . __ __ . .- __ - - - - - _-_ . _ -. . 

P i  gmen t a  t i  on 
Congestion 
Microgranulomas 
B i re f r ingen t  Crystal s 

. - .- - . -. _ . - _. _ . __- - - - _ . -. . 
- .- _- . -. . _ _  - _ _  -. _. 

.. - - -- - - .- - -. -- - . ._ - . . . .. - - - - .. 

.- - . - . . . - . - -. - . - - . . __ . . 

. . .- - _ . - . __  - . . . - - . ._ . - 

NASAL TURBINATE .. -. . .. . - . . - .- - - -. - . . -. . 

Submucosal . __ Lm&oi-d_. I.n.fi1 t.t-3t.e- 

3 20 mg Si02/m Group ( N )  - 
. . ,  

i '  1 :  
N N N N N I N : N : N N ; N N ! N  i , : ~ 1 :  

1 1 :  I .  

I 

4 4 4 4 6 1 6 / 6 1 6  6 . 7  7 i J i  i i :  I I  . .  
1 1  5 6 7 8 :  5 i  6 i  7 1  8 ,  9 . 0  l i 2 i  , I , 

E P L  K e y  P-Prslsenl N-No SeCllon ' A- AulolystS X-Not Remarkdble -~ 1 - Minimal 2 .-Slight 3 - hloderote 4 -Moderately SeverelHigh 
5 - GeverelHigh Experimental Pathology Laboratories. Inc. I - lnconiplete Secton 
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Table 19 
Pathology Animals 

HISTOPATHOLOGY INCIDENCE TABLE 

Control Group (L) 2 mg Si02/m3 Group ( A )  

Key: P- Present N =-No Section A -  Autolysis X-Not Remarkable . 1 -M!nimal 2 -Slight 3 "'Moderate 4 -Moderately SeverelHigh 
Experiniental Pathology Laboratories, Inc. 5 - SevedHigh I -Incomplete Section 
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HISTOPATHOLOGY INCIDENCE TABLE 

Table 19 
Pathology Animal s 

A N  
N U  
I N  
M i l  
A €  
L R  

NASAL TURBINATE 
Submucosal Lymphoid I n f i l t r a t e  - - ___ -. - - . -- - --- - 

KIDNEY 
Chronic Nephri t is  
Tubular Casts 

LIVER -______ __- 
Chronic Perichol angi tTs 
Necrotic Hepati t i s  
Neoplastic Nodule 

- - -- 
-_ -- - ._ __ - - ._ ._ -. . ... 

. . - - . . -. ._ - - __  . - _. - 

- ___- 
Chronic Myocarditis, Focal 

Myocardial Degeneration 
_. - - . - . - -. _ _  ___ -_ . - . - - - 
- . . ~ - 

_. . .. . .. . . . - . __  . - - __ 

3 Control Group ( L )  2 mg Si02/m Group ( A )  

E P L  1 
1 Experimental Pathology Laboratories. Inc 

Key . P - Present N -No Sectlm* A - A u l o ! y ~ i ~  X-Not Hemarhnbie 
1 -Minimal 2 -Slight 3 - Modcrate 4 ' i Modrratply SoverelHqh 
5 - Ssvere/H!gk I - InconlpWr Sectlcn 
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H ISTO PATH 0 LOGY INCIDENCE TABLE 
Table 19 
Pathology Animals 

A N  
N U  
I M  
M B  
A E  
L R  

LUNG 
Broncho/Alveolar Carcinoma 

~ -___ __ 
Lymphoid Pro1 iferations 
End Airways Cell ul ar 

____ ___ 

_ __ 
Aggregates 

A1 veol ar Histiocytosis, Focal 
Type I1 Cell Hyperplasia 
Intralymphatic Microqranulomas 
Mononuclear Cell s 
Fi bro s i s 
Granulocytes 
Birefringent Crystals 
Alveolar Proteinosis 

__ -_- - - _- 
- -_-. - ._ ._ . -. _ 
______. --_ ........ 
_____ . . . . . . .  

__.__ ....... -- ....... ..... 

_ _  .______. - . __ . - . 
TRACHEA 

._ 
PERIBRONCHIAL LYMPH NODE 

Lym p ho i d Hy perpl as i a 
Reticul oendothel ial Cell 

___-. 

____ 

. 

___ . . . - - ._ - - - ___ Hyperplasia 
Pigmentation 
Congestion 
Microgranulomas 

. __ .- 

- _. -- - - . ___ .............. - 

..... - . . . . . . . . . . . . . . . . . . . .  -. . - . 
... Birefringent Crystals - __ .. , .... - - ........ ..... 

............ . . .  _- ... _ ..... - . 

__ __ -. . . . . . .  ........... _ 
.- - -__ .. ._ . . . . . . . . . . . . . .  

3 10 mg Si02/m3 Group ( W )  20 mg S i 0 2 / m  Group (N )  

~ - . -  ......... .. -.I.-...--- . __ ....... L ... _- - . 
' 4  

- - -. 
2 '  i 

,------ .- . . .  ... . . . . . . . . . . .  ...... 
2 ;  5 :  5 :  5 5 5 i 5  4 4 5 . 5  4 . 5  3 4 

P I P  P P P / P  P P : pi p ;  p '  P P i P  
. . . . . .  ... .... ~ - -  - _--_ ~ ~ _ _  _ _  
, . . . ... - ..... ..... ... _- --I. - - ~  . .- . . I  

.- 

' ! ,  
. I .  - ................ __ - __  ..... - ... _ . _-_ . - . ._ -. ..... - . -- _____ .. ... 

. . .  
.. :.. ..... 4 . __ -_ 4- -+ :_. 2 2.. ....... 

_ ... . ; I  - . .  . .......... _ . . .  . . . . . . . .  __ ... - 

Key: P- Present N = No Sec!ion A -  Auloiysis X - Not Remarkah!- - 1 - Mlnlmdl 2 - Sllght . 3 - Moderate 4 -Moderately Severel Hish +- Experimental Pathology Laboratories, Inc. 5 - Sewere:H!gti I - lnconiplete Section 
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Table 19 
Pathology Animal s 

H ISTO PATH 0 LO GY I N CI DEN C E TAB LE 

3 20 mg S i 0 2 / m  Group ( N )  3 10 mg S i 0 2 / m  (Group (W) 

E P L  Key P-t'rcsent N-No Section . A -  Autolysis X--Not Remarkablg 
1 -hlinimal 2 -5Iiyht 3 -Moderate 4 - Moderalely SPverKHigh 
5-Severe'tligh I -1 Incomplete Snctmn Experimental Pathology Laboratories. Inc 
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Figure  12: Frequency of lung pathology scores  of Fischer-344 r a t s  
exposed t o  f i l t e r e d  a i r  o r  s i l i c a  d u s t  f o r  6 months ( 6  hours/  
day, 5 days/week),  and then maintained i n  animal rooms for 6 
months ( s e e  t e x t  f o r  d e t a i l s ) .  
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S t a t i s  t ica l  Relationships Among Pulmonary Measurements 

Discr iminant  Analysis.  Stepwise d i sc r iminan t  a n a l y s i s  was used to  

i d e n t i f y  those raw and normalized pulmonary func t ion  and lung composition 

v a r i a b l e s  which b e s t  d i s t i ngu i shed  among the fou r  exposure groups. This  

technique s e l e c t e d  and l i n e a r l y  combined a minimal set of v a r i a b l e s  which 

caused the exposure groups to  appear as d i s t i n c t  as poss ib l e .  The s e t  was 

s e l e c t e d  such t h a t  the a d d i t i o n  of any o t h e r  s i n g l e  v a r i a b l e  t o  the set  

would n o t  s i g n i f i c a n t l y  improve the d i s t i n c t i o n  among the groups. When com- 

p l e t e d ,  the e f f e c t i v e n e s s  of the der ived d i sc r imina t ing  func t ion  was checked 

by means of c l a s s i f i c a t i o n  func t ions ,  which c l a s s i f i e d  the o r i g i n a l  animals 

s tud ied  i n t o  one of the fou r  groups according t o  i t s  va lues  f o r  each of the  

v a r i a b l e s  considered.  The c l a s s i f i c a t i o n  thus obtained was compared wi th  

the t rue group o r i g i n  of the animal and used t o  assess the e f f e c t i v e n e s s  of 

the c l a s s i f i c a t i o n  func t ions .  

The lung composition da ta  used i n  these  ana lyses  were en te red  as t o t a l  

amount of each component i n ,  the lungs as w e l l  as the amount p e r  u n i t  dry 

weight  (Table  20).  S i m i l a r l y ,  many of the pulmonary func t ion  v a r i a b l e s  were 

expressed as a func t ion  of another  v a r i a b l e  on which they were dependent 

(Table  20) .  

When s t e p w i s e  d i sc r iminan t  a n a l y s i s  was app l i ed  to  the lung composition 

d a t a ,  f o u r  v a r i a b l e s  i n  t h i s  set had d i sc r imina t ing  power. These were DNA/ 

dry weight,  p ro t e in /d ry  weight,  hydroxyprol ine/dry weight ,  and t o t a l  lung 

weight. The c l a s s i f i c a t i o n  func t ions  based on these  v a r i a b l e s  were 73.1 

pe rcen t  s u c c e s s f u l  i n  i d e n t i f y i n g  the tes t  animals as belonging to  t h e i r  

a p p r o p r i a t e  exposure groups (Table  2 1 ) .  The c l a s s i f i c a t i o n  func t ions  pe r -  

formed b e s t  i n  i d e n t i f y i n g  the 20 mgSi02/m3 animals ,  being 100% c o r r e c t .  
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Table  20. V a r i a b l e s  Used in S tepwise Discriminant Analys is  of Pulmonary 
Funct ion and Lung Composition Data 

PULMONARY FUNCTION VARIABLES 

Parameters  of Spontaneous Brea th ing  

D i v i s i o n s  of Lung Volume 

DLCO,I, 
DL co r b  /TL cd 
h 

W M o  
P s t  . .  

QSCc s 

QSC volume a t  x cm H20 p r e s s u r e  
QSC volume/VC a t  x c m  H20 pressure/VC (x = -10, -5, 0, 5, 10, 15, 20, 25). 

Qsccs/FRcd 
(x = -10, - 5 ,  0, 5, 10, 15, 20', 25). 
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Table 20, cont inued  

P o i n t s  on t h e  MEFV Curve 

EFR, 
EFRx/VC ( x  = 50, 25, or  10% VC) 
AEFR25 

( x  = 50,  25, o r  10% VC) 

A E F R ~ ~  /VC 
AHEFR25 
AHEFR25/VC 
AHEFR50 
AHEFR50IVC 
Isof low 
PEF 
PEF/VC 

Rus 
Vmax 
$30 

CO7 Response 

LUNG COMPOSITION DATA 

Lung Weight 
Dry Weight 
% Dry Weight 
Hydroxyproline ( t o t a l )  
Hydtoxyproline/Dry Weight 
P r o t e i n  ( t o t a l )  
Pro te in /Dry  Weight 
DNA ( t o t a l )  
DNA/Dry Weight 
Elast in  ( t o t a l )  
E la s  t in /Dry  Weight 
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Table  21. Jackkn i fed  C l a s s i f i c a t i o n  of Fischer-344 Rats Exposed t o  0 ,  2 ,  10, 
o r  20 mg Si02/m3 by C l a s s i f i c a t i o n  Func t ions  Derived from Stepwise 
Discriminant .Ana lys i s  of S e l e c t e d  Var i ab le s .  

Lung Composition Data 

Number of Cases C l a s s i f i e d  i n t o  Group 

P e r c e n t  D is  cr imina  t i n g  
0 2 10 20 C o r r e c t  Var iab  les --- Group 

' 0  17 7 0 0 70.8 DNA/ d ry  weight 
2 7 12 4 0 52.2 P r o  t e i n / d r y  weight  
10 0 7 16 0 69 .6 Hydroxyproline/dry weight  
20 0 0 0 23 100 i o  Lung weight  

Total 24 26 20 23 73.1 

Pulmonary Funct ion  Data 

Number of Cases C l a s s i f i e d  i n t o  Group 

P e r c e n t  D i sc r imina t ing  
0 2 10 20 C o r r e c t  V a r i a b l e s  - - - -  Group 

0 
2 
10 
20 

0 6 5 3 0 .o 
2 9 6 0 52.9 DL CO 
3 4 10 0 58.8 F 
0 . l  . 0 14 93.3 

To ta 1 5 20 21 17 5 2 . 4  

Lung Composition and Pulmonary Funct ion  D a t a  

Number of Cases C l a s s i f i e d  into Group 

P e r c e n t  D i scrim ina t i n g  
0 2 10 20 Cor rec t  V a r i a b l e s  - - - -  Group 

0 11 3 0 0 78.6 P r o t e i n l d r y  weight  
2 4 9 4 0 52.9 DNA/dry weight  
10 0 6 11 0 64.7 . Hydroxyproline/dry weight  
20 0 0 0 15 100 00 Lung weight  

T o t a l  15 i a  15 15 73 .o 
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The pulmonary func t ion  v a r i a b l e s  with d i s c r i m i n a t i n g  power i n  these 

s t u d i e s  were DLCOrb and f .  When the animals were ca tagor ized  using the 

c l a s s i f i c a t i o n  func t ions  based on these v a r i a b l e s  only 52.4 percent  of the 

animals were c o r r e c t l y  c l a s s i f i e d  (Table 2 1 ) .  I n t e r e s t i n g l y ,  none of the 

c o n t r o l  animals were c l a s s i f i e d  a s  c o n t r o l s  while 93 percent  of the 20 mg/m3 

group were c o r r e c t l y  c l a s s i f i e d .  

When the pulmonary func t ion  and lung composition da ta  were combined 

only lung composition v a r i a b l e s  surfaced a s  having s i g n i f i c a n t  d i s c r i -  

minating power. Overa l l ,  73 percent  of the animals were c o r r e c t l y  c l a s s i -  

f i e d .  

The success  r a t e  vari.ed s l i g h t l y  from t h a t  observed when only the 

composition v a r i a b l e s  were considered because a l l  animals included i n  the 

Again 100 percent  of the 20 mg/m3 group was c o r r e c t l y  c l a s s i f i e d .  

a n a l y s i s  must have complete sets of data .  I f  a l l  of the v a r i a b l e s  t o  be 

considered were not  a v a i l a b l e ,  the animal was de le ted  producing a s l i g h t l y  

d i f f e r e n t  r e s u l t .  
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D I S  CUSS I O N  

This s tudy  w a s  conducted as p a r t  of a series of experiments t o  

examine the  r e l a t i o n s h i p s  among pulmonary s t r u c t u r e ,  composition, and 

f u n c t i o n  dur ing  the  development of s i l i c o t i c  l e s i o n s  i n  the lungs of 

rats. The exper imenta l  p r o t o c o l  provided f o r  the  assessment of these  

endpoin ts  a f t e r  rats had been exposed t o  silica d u s t  f o r  t h r e e  months, 

s i x  months, and a f te r  exposure f o r  s i x  months followed by a s ix  month 

hold ing  pe r iod  p r i o r  t o  assessment. The s t u d i e s  r epor t ed  h e r e  a d d r e s s  

the  d a t a  from those  animals exposed f o r  s i x  months and then he ld  f o r  s i x  

months wi thou t  f u r t h e r  s i l i c a  exposure be fo re  being a s ses sed .  

The mean lung we igh t s  of the animals exposed t o  20 mg Si02 /m3  were 

greater than those of the  c o n t r o l s  and the lower exposure groups  (Tab les  

3 and 4). 

s i g n i f i c a n t l y  inc reased  f r e s h  lung weights ,  lung- to-body weight  r a t i o s ,  

or t o t a l  lung d ry  weights.  

a f f e c t  t hese  r a t h e r  crude i n d i c a t o r s  of pulmonary t o x i c i t y .  

Exposure t o  2 and even 10 mg Si02/m3 d i d  n o t  r e s u l t  i n  

Exposure to  20 mg Si02/m3 w a s  necessa ry  t o  

The d i s p a r i t y  between the mean weights of rats in  the  2 mg/m3 and 

10 mg/m3 groups was n o t  cons idered  to  be exposure r e l a t e d .  

response  t rend  was n o t  evident and the  f i n d i n g  t h e r e f o r e  cons idered  

spur ious .  Also a relevant exp lana t ion  f o r  the inc reased  b r a i n  weights  

of a l l  s i l i c a  exposure groups is  n o t  a v a i l a b l e .  Again t h e r e  was n o t  a 

dose-dependent t r end  and the  d i s p a r i t y  is eliminated when the data a re  

cons ide red  on an organ- to-body weight b a s i s .  

A dose 

There is a pauc i ty  of da t a  a v a i l a b l e  on the effects  of i nha led  

s i l i c a  d u s t  on the  c o n s t i t u e n t s  of the ra t  lung. I n  t h i s  s tudy  dose 

dependent increases were g e n e r a l l y  observed i n  t o t a l  lung DNA, e las  t in ,  

and hydroxyproline.  However, when these  lung components are expressed  
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i n  terms of lung dry weight the responses  were no longer  dose-depen- 

dent.  In s t ead  the amount of p r o t e i n ,  DNA, e l a s t i n ,  and hydroxyprol ine 

pe r  u n i t  dry weight decreased d rama t i ca l ly  i n  the  animals which had been 

exposed t o  20 mg Si02/m3. 

which was n o t  being assessed  increased  r a t h e r  markedly as a r e s u l t  of 

t h i s  exposure, regime (20 mg Si02/m3, f o r  6 hours/day,  5 days/week, f o r  

s i x  months, then maintained f o r  s i x  months wi thout  exposure p r i o r  to 

assessment) .  

accounted f o r ,  the fol lowing assumptions were made, (1) t h a t  5% of  the 

t o t a l  hydroxyprol ine measured by the assay  employed comes from t i ssue  

components o t h e r  than co l l agen(27)  and - t h a t  co l l agen  is  13% 

hydroxyprol ine by weight.(28 929) 

DNA, p r o t e i n ,  e l a s t i n ,  and co l l agen  accounted f o r  75% of the dry lung 

weight  i n  the  0 ,  2, and 10 mg Si02/m3 groups whi le  on ly  59% of the dry 

weight  of the 20 mg/m3 group could be accounted fo r .  

of the dry weight i n  the high dose group was appa ren t ly  the r e s u l t  of a 

unique i n c r e a s e  of an unmeasured t i s s u e  component i n  t h i s  exposure 

group. It a p p e a r s  t h a t  increased  amounts of l i p i d  i n  these  animals may 

have produced the observed r e s u l t s  since increased  pulmonary l i p i d  has 

‘been noted i n  animals exposed to s i l i c a  d u s t  both by i n h a l a t i o n  and 

i n s t i l l a t i o n .  (30-40)  

u s u a l l y  the  r e s u l t  of very high s i l i c a  dosage by i n s t i l l a t i o n  o r  acute 

i n h a l a t i o n  exposure. The inc rease  i n  l i p i d  con ten t  proposed here  would 

i n d i c a t e  t h a t  exposure of SPF ra ts  to  20 mg S i02 /m3  f o r  s i x  months wi th  

an equal  amount of time f o r  l e s i o n  development resul ts  i n  a d i s e a s e  

s t a t e  which more c l o s e l y  resembles acu te  s i l i c o s i s  i n  man r a t h e r  than 

c l a s s i c a l  s i l i c o s i s .  

These d a t a  ind ica t ed  t h a t  a t i s sue  component 

To determine what po r t ion  of the lungs was n o t  being 

Using these  assumptions the t o t a l  

The a d d i t i o n a l  16% 

Although t h i s  i s  an i n c o n s i s t e n t  f i n d i n g ,  i t  i s  
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Morphologically,  a l l  exposure groups exh ib i t ed  s i l i c a - i n d u c e d  

l e s i o n s  o r  depos i ted  b i r e f r i n g e n t  pa r t i c l e s  s u f f i c i e n t  t o  i d e n t i f y  the  

groups i n t o  t h e i r  c o r r e c t  exposure c a t e g o r i e s  when eva lua ted  wi thou t  

knowledge of ra t -group o r i g i n .  Patchy th ickening  of the a l v e o l a r  i n t e r -  

s t i t i u m  w i t h  concomitant development of f i b r o t i c  nodules was charac- 

t e r i s t ic  p a r t i c u l a r l y  i n  the  h i g h e s t  dose group. The coex i s t ence  of 

l i p o p r o t e i n o s i s  and nodule format ion  c o n f l i c t s  w i th  the e a r l y  hypothes is  

of H e p p l e s  ton(41) t h a t  these  h i s t o p a t h o l o g i c  phenomena a r e  mutually 

exc lus ive .  Sone evidence of granulomata formation w a s  appa ren t  i n  the  

high-dose group most no tab ly  in lymphoid t i s s u e s  and i n  a s s o c i a t i o n  wi th  

s i g n i f i c a n t  accumu'la t i o n s  of b i r e f r i n g e n t  p a r t i c l e s .  B i r e f r i n g e n t  par-  

t ic les  were a l s o  r e a d i l y  d i s c e r n i b l e  w i t h i n  the t i s s u e  mass and the 

c l u s t e r e d  h i s  t ocy te s .  

The a b r u p t  lung t i s s u e  response to  s i l i c a  which d i f f e r e n t i a t e d  t h e  

20 from the  10 mg/m3 group w a s  p a r a l l e l e d  by s i g n i f i c a n t  decrement i n  

the  former group's ove ra l l .  phys io log ic  competency. However, un l ike .  the  

measures of t i s s u e  composition which revea led  r e l a t i v e l y  minor, though 

s t a t i s t i c a l l y  s i g n i f i c a n t ,  a l t e r a t i o n s  i n  the amounts of lung t issue and 

s t r u c t u r a l  components a t  both 2 and 10 mg/m , no clear  evidence of 

gene ra l i zed  dysfunct ion  in  lung mechanics o r  gas exchange was d e t e c t e d  

i n  a n i F a l s  exposed to  less than the  20 mg Si02/m3. 

Si02/m3 r e s u l t e d  in  a f u n c t i o n a l  l e s i o n  which w a s  l a r g e l y  res t r ic t ive  i n  

na tu re .  Lung volumes were reduced, as w a s  DLco, wi thout  remarkable 

a i r f l o w  abnormality.  Only the  moment a n a l y s i s  of v e n t i l a t i o d d i s t r i -  

b u t i o n  suggested a mild o b s t r u c t i v e  component of the d i s e a s e  which 

3 

Exposure to 20 mg 

o the rwise  exh ib i t ed  c lass ica l  " f i b r o s i s - l i k e ' '  dysfunct ion .  

t h a t  the presence of a l v e o l a r - f i l l i n g  l i po -p ro te inaceous  material d i s -  

I t s  p o s s i b l e  
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rupted vent i la t ion-homogeni ty  which r e s u l t e d  i n  impaired N2 displacement 

with t i d a l  b rea th ing  of pure 02. 

Previous s t u d i e s  on the func t iona l  impact of s i l i c a  on the rodent 

lung have u t i l i z e d  i n t r a t r a c h e a l  i n s  t i l l a t i o n  a s  the primary means of 

exposure. (40 ,42 ,43) I n  genera l ,  the r e s u l t s  repor ted  here  agree with 

these e a r l i e r  s t u d i e s  which r e l a t e  ,to considerably higher  lung t i s s u e  

doses  of s i l i c a  than could  have been obtained with the i n h a l a t i o n  

exposures u t i l i z e d  i n  t h i s  study. I n  a d d i t i o n ,  FRC and RV i n  these 

e a r l i e r  r e p o r t s  g e n e r a l l y  increased(40 ,42 

complicat ions i n  end-stage d i sease  i n  man and l e s s  c h a r a c t e r i s t i c  of the 

pure s i l i c o t i c  d i sease  ~ t a t e . ( ~ , ~ ~ )  

decrease i n  these volumes was observed a f t e r  exposure to  concent ra t ions  

more comparable to  those experienced b y .  human workers. (44) I n  f a c t ,  

the  t issue composition a l t e r a t i o n s  and the coexis tence of the 

a l v e o l a r - f l u i d  and nodular responses s u p p o r t  the u t i l i t y  of the r a t  as  a 

reasonable  spec ie s  f o r  the s tudy of the human d isease .  The r e l a t i o n s h i p  

of the r a t  model of s i l i c o s i , s  t o  human d i sease  appears even s t ronge r  i f  

more t y p i c a l  of 

I n  the present  s tudy a c o n s i s t e n t  

appl ied  t o  the more a c c e l e r a t e d  form of human s i l i c o s i s ,  which has a 

s i g n i f i c a n t  component of l i po -p ro te inos i s  (2 945) 

While the f u n c t i o n a l ,  biochemical,  and morphologic endpoints  i n  the 

20 mg/m3 r a t s  a r e  f u l l y  compatible with one another  and show s i g n i f i c a n t  

c o r r e l a t i o n ,  a t  the lower exposure l e v e l s  only the compositional and 

morphological ana lyses  were e f f e c t i v e  i n  d iscern ing  and c h a r a c t e r i z i n g  

d i sease .  A t  the lower concent ra t ions  inna te  compensation by the 

r e s p i r a t o r y  system appears to have been adequate to  f u n c t i o n a l l y  mask 
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the  slowly p rogres s ive ,  d i f f u s e  f ib rogenes i s .  Thus, no s i g n i f i c a n t  

a l t e r a t i o n  i n  lung mechanics o r  i n t e r f e r e n c e  with normal gas exchange 

was ev ident .  

accumulated l ipo-pro te inaceous  m a t e r i a l ,  the lung was a b l e  t o  supply the 

r e s t i n g  animal w i th  s u f f i c i e n t  gas exchange as  i n d i c a t e d  by normal 

blood-gas l e v e l s  i n  the presence of s i g n i f i c a n t l y  diminished d i f f u s i n g  

capac i ty  f o r  CO. 

Even a t  20 mg/m3, when much of the lung appeared to  have 

Though g e n e r a l l y  c o n s i s t e n t  w i th  i n f i l t r a t i v e  d i s e a s e ,  the hazy 

p a t t e r n  and occas iona l  s t r i a t i o n s  i n  the x-rays of the 20 mg/m3 rats 

were l a r g e l y  non-spec i f ic .  Whether t h i s  increased  x-ray d e n s i t y  w a s  due 

to  increased  connec t ive  t i s s u e  o r  the material p r e s e n t  i n  the a l v e o l i  

could n o t  be d i sce rned .  

The d i f f e r e n c e  i n  the s e n s i t i v i t y  of the lung composi t ional  analy-  

sis and pulmonary func t ion  tests was ev iden t  when the measured v a r i a b l e s  

were a s ses sed  using s tepwise d i sc r iminan t  a n a l y s i s .  While fou r  of the  

composi t ional  v a r i a b l e s ,  DNA/dry weight,  p ro t e in /d ry  weight,  hydroxypro- 

l i n e / d r y  weight and t o t a l  lung weight ,  had s i g n i f i c a n t  d i s c r i m i n a t i n g  

power, only two of the 63  f u n c t i o n a l  v a r i a b l e s  en tered  had s i g n i f i c a n t  

d i s c r i m i n a t i n g  power, DLCO and F. In a d d i t i o n  the composi t ional  v a r i -  

a b l e s  c o r r e c t l y  c l a s s i f i e d  73% of the animals by exposure group while 

52% were c o r r e c t l y  c l a s s i f i e d  using only the f u n c t i o n a l  v a r i a b l e s .  

Overall, the f u n c t i o n a l  c h a r a c t e r i z a t i o n  of the an imals ,  a f t e r  

exposure t o  20 mg Si02/m3, sugges ts  t h a t  the l e s i o n  was a lmost  

e x c l u s i v e l y  parenchynal,  with restricted lung volumes, reduced DLco, 

and minimally a f f e c t e d  airways.  l n t e r e s  t i n g l y ,  what appeared to be con- 

s i d e r a b l e  changes i n  lung composition a f t e r  exposure to 2 and 10 mg 

Si02/m3, p a r t i c u l a r l y  increased  connect ive t i s s u e ,  d t d  n o t  r e s u l t  i n  

impa’ired pulmonary func t ion .  
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SUMMARY PAGE 

INTRODUCTION 

Ten (LO) adolescent male rats w e r e  presented f o r  pre-experimental health prof i les .  
The report  below describes the r e su l t s  and interpretat ion of screening examinations 
on t h i s  group of rats. Serum samples drawn from the animals a t  the t i m e  of 
necropsy w e r e  evaluated f o r  antibodies t o  murine viruses. 

FINDINGS AND INTERPRETATION 

The r e su l t s  are summarized i n  T a b l e  1 and the attached serologic report. I t  w i l l  
be seen t h a t  the rats were i n  an excellent s ta te  of health. No murine pathogens 
of the helminth, v i r a l ,  arthropod, bacter ia l ,  protozoan o r  mycoplasmal groups 
were i so la ted  o r  otherwise detected. 

Klebsiella oxytoca w a s  i so la ted  from 100 percent of the animals i n  the qroup. 
There i s  no evidence of t h i s  species as a pathogen of laboratory rats. 

In  summary, the group should be interpreted as f r e e  of common murine diseases 
and en t i re ly  su i tab le  f o r  any chronic study, including inhalation projects  i n  
ba r r i e r  faci l i t ies .  
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1 Summarized Findings of Screening Examinations: Table 

c I i en t Organization Date Necropsied l2 January 1982 BNL--Dr - Kutzman 
G~~~~ ~ ~ ~ i ~ ~ ~ t i ~ ~  Date Completed l2 February lgB2 NO identification 

Species(d) rat (lo) Serum Nos. 

Accession No. 

l-l0 

3s77 Date Received 11 January 1982 

Examinations Findings 

‘ I )  Physical examination: 

A group of 10 male albino rate (mean wt-87.5g) was examined. They appeared 
in good health and no discharges from the nares, conjunctiva or anus were 
seen. 

2) Necropsy dissection: 1O/lO NGL. 

3) FecaR flotation: 10/10 No helminth ova or protozoan forms. 

4) Fecal culture: 10/10 No Salmonella. 

5 )  Direct cecum: 10/10 No helminths. 
6) Intestinal wet mount: 10/10 No enteric protozoa. 

7) Oropharyngeal culture: 10/10 No Pseudomonas, 3/3 (+) Klebsiella oxytoca. 

8) Nasopharyngeal culture (PPLO): 10/10 No Mycoplasma. 

9) Nasopharyngeal culture (BA): 10/10 Variably with Staphylococcus and - K. oxytoca, 
No pathogens. 

101) Nasopharyngeal culture (30% serum): 10/10 No Streptobacillus. 

11) Middle ear: 10/10 No exudates. 

12) Urinary bladder: 10/10 No helminths. 
13) Blood film: 10/10 No hemoprotozoa. 

14) Pelt: 10/10 No arthropods. 

15) Liver (histopathology): 10/10 NML. 

16) Lung (histopathology): 10/10 NML. 

17’) Kidney (histopathology): 10/10 NML. 

18) Ileum (histopathology): 10/10 NML. 

19) Other (list): 

See Reverse Side for Explanation of Examinations and Abbreviations PILI Form 1081 
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Abbreviations: 

ABBREVIATIONS, EXPLANATIONS 

NGL = no gross lesion ( - )  = ind i ca ted  p a t h o g e n ( s )  not  

NML = no microscopic lesion detected 

NA = not appl icable 

TNP = Test not performed 

(+) = indicated pathogen(s) detected 

(Z) = group mean or average 

Physical examination involves clinical examination for exudates or abnormal discharges 
from body orifices, character of hair coat, posture, and attitudes of animals in diagnostic 
group- 

Gross necropsy examination includes complete necropsy dissection of each animal in group 
with emphasis on observation of gross lesions. 

Fecal flotation is performed using either pooled samples from shipping boxes or feces col- 
lected from the colon at necropsy. It is used to detect helminth ova and coccidia amenable to 
this procedure. 

Fecal culture is oriented to screening for Salmonella and Citrobacter only, unless otherwise 
indicated. 

Direct cecal examination' under the microscope is used to supplement fecal flotation for 
helminth detection. 

Intestinal wet mount examinations are performed by microscopy of small intestine contents 
for detection of intestinal protozoa, e.g. Hexamita, Giardia, etc. 

Oropharyngeal culture is performed primarily to detect Pseudomonas and Kle'bsiella. Throat 
swabs are cultured in broth for 24 hours, then subcultured to differential media. 

Nasopharyngeal culture (PPLO) is performed with nasoturbinate washings collected asep- 
tically by pipette. When indicated, pulmonary culture is performed on selective media of pul- 
monary tissues collected aseptically from each animal at necropsy and ground in tissue 
mortars. Left side lobes are used. Mycoplasmas are determined on the basis of colonial, 
,cultural and immunologic criteria. 

Nasopharyngeal culture (BA) is performed by culture on blood agar (BA) of nasopharyngeal 
washings collected as in #8 above, for detection of bacterial pathogens. 

Nasopharyngeal samples as collected in #8 above are cultured on 30% serum agar for 
detection of Streotobacillus moniliformis. 

Middle ears are examined by puncture of tympanic membrane and aspiration of middle ear 
contents. Exudates, if any, are noted and cultured separately. 

Urinary bladder mucosa of laboratory rats is examined under the dissection microscope for 
Trichosomoides crassicuada. 

Giemsa-stained blood films are examined microscopically for hemoprotozoan forms, e.g. 
Hemo bartonel la. 

Pelts are examined under direct low power microscopy' for arthropod parasites. This pro- 
cedure may be supplemented with Scotch tape examinations. 
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SEROLOGY REPORT 

Accession No. 3577  plient Organization 

!species 

Brookhaven National Laboratory 

Date Received 11 January 1982 r a t  s e r a  

Group Designation Dr- Kutzman Date Completed February 1982 

1 2 3 4 5 6  7 8  9 10 ArnMed Ident: 

See IReverse For Abbreviations and Explanations A,- 7. ALI Form 1008 
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.......... 

ABBREVIATIONS AND EXPLANATIONS 
I Test Method 
I 

MVM . . . . . . . . .  (Minute Virus of Mice). A parvovirus of rodents. ITD = 1:20 ...................................... HI 

PVM ......... (Pneumonia Virus of Mice), A paramyxovirus of rodents. ITD = 7:20 ............................. HI 

REO-3 ....... (ReovirusType3). A reovirus of rodents. ITD = 1:20 ............................................ HI 

MHV . . . . . . . . .  (Mouse Hepatitis Virus). A coronavirus of mice. ITD = 1:lO ..................................... CF 

KV . . . . . . . . . . .  (K Virus). A papovavirus of the mouse. ITD = 1 : l O . .  ............................................ HI 

GDVll . . . . . . . .  (Theiler's Virus, Murine Encephalomyelitis). A picornavirus of rodents. ITD = 1:20 . . . . . . . . . . . . . . . . .  HI 

RCV . . . . . . . . .  (Rat Coronavirus). A coronavirus of rats. ITD = 1:lO ........................................... CF 

SEN . . . . . . . . .  (Sendai Virus). A paramyxovirus of rodents. ITD = 7:70.. ....................................... HI 
LCM . . . . . . . . .  (Lymphocytic choriomeningitis). A zoonotic arenavirus. ITD = 1 : l O  ............................. .FA 

MAV . . . . . . . . .  (Mouse Adenovirus). An adenovirus infection of mice. ITD = 1:lO ............................... CF 

ECTR ......... (Ectromelia). A poxvirus of the mouse. ITD = 1:lO ............................................. CF 

POLY . . . . . . . .  (Polyoma). A papovavirus of mice. ITD = 1:40 ................................................. HI 

KRV . . . . . . . . .  (Kilham's Rat Virus). A parvovirus of rats. ITD = 1:20 . , .......................................... HI 

THI . . . . . . . . . .  (Toolan's H-1). A parvovirus of rats. ITD = 1:20 ................................................ HI 

SDAV . . . . . . . .  (Sialodacryoadenitis Virus). A coronavirus of rats. ITD = 1:20 .................................. CF 

SV5 . . . . . . . . . .  (Simian Virus 5). A simian paramyxovirus infection of guinea pigs and hamsters. ITD = 1 :20 ........ HI 

EDlM . . . . . . .  .(Epizootic Diarrheaof Infant Mice). An unclassified mouse virus. ITD = 1 : l O  ..................... .FA 

LDV . . . . . . . . .  (Riley's Lacticdehydrogenase Virus). A virus causing elevation of serum LDH. 

Presence of the virus is inferred from elevations of serum LDH. 

MYCO . . . . . . .  (Mycoplasma pulmonis). A mycoplasma of rodents. ITD = 1:lO ................................. .EL 
ECUN . . . . . . . .  (Encephalitozoon cuniculi). A protozoan of rodents and rabbits. ITD = 1:25 ...................... .IIR 

PMUL . . . . . . . .  (Pasteurella multocida). A bacterial pathogen of rabbits. ITD = 1:20.. ........................... .FA 

TREP . . . . . . . .  (Treponema cuniculi).A bacterial pathogen of rabbits. ITD = 1:lO .............................. RPR 

HI . . . . . . . . . . .  Hemagglutination Inhibition EL . . . . . . . . . . .  Enzyme Linked lmmunosorbent Assay 

CF ........... Complement Fixation 

FA . . . . . . . . . . .  Fluorescent Antibody RPG . . . . . . . . .  Rapid Plasma Reagin 

IIR . . . . . . . . . . .  India Ink lmmunoreaction 

ITD . . . . . . . . . .  Initial Test Dilution 

NSA . . . . . . . . .  Non-Specific Agglutination, *, **, ***, **** = Tested negative at dilutions 1 :20, 40, 80, 160 respectively, 
but NSA at lower dilutions 

AC . . . . . . . . . . .  Anticomplementary factors in the serum. *, **, ***, **** = Tested negative at dilutions 1:20,40, 80, 160 
respectively, but AC at lower dilutions. 

TC . . . . . . . . . . .  Serum reacts with tissue control (medium used to propagate antigen). 
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(2lient Organization: BNL--Dr* Kutman Date Necropsied: 28 January 1982 

(jroup g)esignation: . No i d e n t i f i c a t i o n  Date Completed: 19g2 

Species (N): r a t  (10) Accession Nos.: 3606 

Date Received: 

Services Performed: 

28 January 1982 

T e s t  120: F u l l  ba t t e ry  diagnostic screen 

INTRODUCTION 

Ten (10) adolescent male and female rats were presented €or pre-experimental hea l th  
p ro f i l e s .  . The r epor t  below describes t h e  r e s u l t s  and i n t e r p r e t a t i o n  of screening 
examinations on t h i s  group of rats. Serum samples drawn from the  animals a t  t h e  
time of necropsy w e r e  evaluated f o r  antibodies t o  murine viruses. 

FINDINGS AND INTERPRETATION 

The r e s u l t s  are summarized i n  Table 1 and t h e  attached serologic  report .  I t  w i l l  
be seen t h a t  t h e  rats were i n  an exce l l en t  s t a t e  of health.  N o  murine pathogens 
i n  t h e  helminth, v i r a l ,  arthropod, bac te r i a l ,  protozoan o r  mycoplasmal groups were 
detected o r  isolated.  

I n  summary, t h e  group should be in t e rp re t ed  a s  f r e e  of common murine diseases and 
e n t i r e l y  s u i t a b l e  f o r  any chronic study, including inhalat ion p ro jec t s  i n  b a r r i e r  
f a c i l i t i e s .  
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A I l l h k d  Laboratories, Inc. - 
1804 Plaza Avenue 

New Hyde Park, N.Y. 11040 
(516) 775-0033 

Summarized Findings of Screening Examinations: Table 

Date Necropsied 28 

Species ( N )  r a t  (10) Serum NOS. 1-10 

Examinations Findings - 
1) Physical examination: 

A group of 8 m a l e  and 2 female a lb ino  rats (mean wt.=90 and 68g) was examined. 
They appeared i n  good hea l th  and no discharges from t h e  nares,  conjunctiva o r  
anus were seen. 

2) Necropsy dissection: 

3) Fecal flotation: 

4) Fecal culture: 

5) Direct cecum: 

10/10 NGL. 

10/10 No helminth ova o r  protozoan forms. 

10/10 No Salmonella. 

l.0/10 No helminths. 

6) Intestinal wet mount: 10/10 No e n t e r i c  protozoa. 

7) Oropharyngeal culture: 10/10 No Pseudomonas o r  Klebs ie l la  

8) Nasopharyngeal culture (PPLO): 10/10 No Mycoplasma. 

9) Nasopharyngeal culture (BA): l O / I l O  Variably with Staphylococcus, E. c o l i ;  
No pathogens. 

10) Nasopharyngeal culture (30% serum): 10/10 NO S t r ep tobac i l l u s  

11) Middle ear: 10/10 No exudates. 

12) Urinary bladder: 10/10 No helminths. 

13) Blood film: 10/10 No hernoprotozoa. 

14) Pelt: 10/10 No arthropods. 

15) Liver (histopathology): 10/10 NML. 

16) Lung (histopathology): 10/10 NML. 

17) Kidney (histopathology): 10/10 NML. 

18) Ileum (histopathology): l0/10 NML. 

19) Other (list): Thymus: 10/10 NML. 
Spleen: 10/10 NM 

See Reverse Side for Explanation of Examinations and Akbreviations ALI Form 1001 



Abbreviations: 

ABBREVIATIONS, EXPLANATIONS 

NGL = n o  gross lesion ( - )  = ind icated p a t h o g e n ( s )  not  

NML = no  microscopic lesion detected 

NA = not applicable 

TNP = Test not performed 

(+) = indicated pathogen(s) detected 

(Z) = group mean or average 

Physical examination involves clinical examination for exudates or abnormal discharges 
from body orifices, character of hair coat, posture, and attitudes of animals in diagnostic 
group. 

Gross necropsy examination includes complete necropsy dissection of each animal in group 
with emphasis on observation of gross lesions. 

Fecal flotation is performed using either pooled samples from shipping boxes or feces col- 
lected from the colon at necropsy. It is used to detect helminth ova and coccidia amenable to 
this procedure. 

Fecal culture is oriented to screening for Salmonella and Citrobacter only, unless otherwise 
indicated. 

Direct cecal examination under the microscope is used to supplement fecal flotation for 
helminth detection. 

Intestinal wet mount examinations are performed by microscopy of small intestine contents 
for detection of intestinal protozoa, e.g. Hexamita, Giardia, etc. 

Oropharyngeal culture is performed primarily to detect Pseudomonas and Klebsiella. Throat 
swabs are cultured in broth for 24 hours, then subcultured to differential media. 

Nasopharyngeal culture (PPLO) is performed with nasoturbinate washings collected asep- 
tically by pipette. When indicated, pulmonary culture is performed on selective media of pul- 
monary tissues collected aseptically from each animal at necropsy and ground in tissue 
mortars. Left side lobes are used. Mycoplasmas are determined on the basis of colonial, 
cultural and immunologic criteria. 

Nasopharyngeal culture (BA) is performed by culture on blood agar (BA) of nasopharyngeal 
washings collected as in #8 above, for detection of bacterial pathogens. . 

Nasopharyngeal samples as collected in #8 above are cultured on 30% serum agar 'for 
detection of Streptobacillus moniliformis. 

Middle ears are examined by puncture of tympanic membrane and aspiration of middle ear 
contents. Exudates, if any, are noted and cultured separately. 

Urinary bladder mucosa of laboratory rats is examined under the dissection microscope for 
Trichosomoides crassicuada. 

Giemsa-stained blood films are examined microscopically for hemoprotozoan forms, e.g. 
Herno bartonella. 

Pelts are examined under direct low power microscopy for arthropod parasites. This pro- 
cedure may be supplemented with Scotch tape examinations. 

A- 12 - 
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SEROLOGY REPORT 
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X 

X 

X 

X 

.. 

MVM 

PVM 

REO-3 

MHV 

KV 

GID-7 

RCV 

SEN 

LCM 

SV5 

MAV 

ECTR 

POLY 

KRV 

TtiI 

SDAV 

MYCO 

ECUN 

PMUL 

TREP 
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An Aed Laboratories, Inc. 
Diagnostic Services and Consultation in Laboratorv Animal Medicine. 

1804 Plaza Avenue 
New Hyde Park. N.Y. 11040 

(516) 775-0033 

. - . . . . . . . .  -. ... - 

ABBREVIATIONS AND EXPLANATIONS 
Test Method 

MVM . . . . . . . . .  (Minute Virus of Mice). A parvovirus of rodents. ITD = 1:20. ..................................... HI 

PVM . . . . . . . . .  (Pneumonia Virus of Mice). A paramyxovirus of rodents. ITD = 1 :20 

. . . . . . .  (Reovirus Type 3). A reovirus of rodents. ITD = 1:20 ............................................ HI 

MHV . . . . . . . . .  (Mouse Hepatitis Virus). A coronavirus of mice. ITD = 1:lO.. ................................... CF 

KV ........... (K Virus). A papovavirus of the mouse. ITD = 1:lO.. ............................................ HI 

GDVll . . . . . . . .  (Theiler's Virus, Murine Encephalomyelitis). A picornavirus of rodents. ITD = 1:20 . .  .'. . . . . . . . . . . . . .  HI 

RCV . . . . . . . . .  (Rat Coronavirus). A coronavirus of rats. ITD = 1:lO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CF 

SEN . . . . . . . . .  (Sendai Virus). A paramyxovirus of rodents. ITD = 1:lO.. ....................................... HI 

LCM . . . . . . . . .  (Lymphocytic choriomeningitis). A zoonotic arenavirus. ITD = 1 : l O  ............................. .FA 

MAV ......... (Mouse Adenovirus). An adenovirus infection of mice. ITD = 1:lO ............................... CF 

ECTR . . . . . . . .  (Ectromelia). A poxvirus of the mouse. ITD = 1:lO ............................................. CF 

POLY . . . . . . . .  (Polyoma). A papovavirus of mice. ITD = 1:40 ................................................. HI 

THI .......... (Toolan's H-1). A parvovirus of rats. ITD = 1:20 ................................................ HI 

............................. HI 

REO-3 

SV5 . . . . . . . . . .  (Simian Virus 5). A simian paramyxovirus infection of guinea pigs and hamsters. ITD = 1:20 . . . . . . . .  HI 

KRV . . . . . . . . .  (Kilham's Rat Virus). A parvovirus of rats. ITD = 1 :20 ........................................... HI 

SDAV . . . . . . . .  (Sialodacryoadenitis Virus). A coronavirus of rats. ITD = 1:20 .................................. CF 

EDIM . . . . . . . .  (Epizootic Diarrheaof Infant Mice). An unclassified mouse virus. ITD = 1:lO ..................... .FA 

LDV . . . . . . . . .  (Riley's Lacticdehydrogenase Virus). A virus causing elevation of serum LDH. 

Presence of the virus is inferred from elevations of serum LDH. 

MYCO . . . . . . .  (Mycoplasma pulmonis). A mycoplasma of rodents. ITD = 1:lO.. ............................... .EL 

ECUN . . . . . . . .  (Encephalitozoon cuniculi). A protozoan of rodents and rabbits. ITD = 1:25 ...................... .IIR 

PMUL . . . . . . . .  (Pasteurella multocida). A bacterial pathogen of rabbits. ITD = 1:20.. ........................... .FA 

TREP ........ (Treponema cuniculi).A bacterial pathogen of rabbits. ITD = 1 :10 .............................. RPR 
- - -  -- - __ - - - - - 

HI . . . . . . . . . . .  Hemagglutination Inhibition EL . . . . . . . . . .  .Enzyme Linked lmmunosorbent Assay 

CF ........... Complement Fixation 

FA ........... Fluorescent Antibody RPR . . . . . . . . .  Rapid Plasma Reagin 

I IR . . . . . . . . . . .  India Ink lmmunoreaction 

ITD . . . . . . . . . .  Initial Test Dilution 
NSA . . . . . . . . .  Non-Specific Agglutination. *, **, ***, **** = Tested negative at dilutions 1:20, 40, 80, 160 respectively, 

but NSA at lower dilutions 

AC . . . . . . . . . .  .Anticomplementary factors in the serum. *, ... ***, **** = Tested negative at dilutions 1 :20,40, 80, 160 
respectively, but AC at lower dilutions. 

TC . . . . . . . . . . .  Serum reacts with tissue control (medium used to propagate antigen). 

p -  14 



APPENDIX B 

POST-EXPOSURE SEROLOGY P R O F I L E  OF S U B J E C T  ANIMALS 
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The serology r e p o r t  bear ing  access ion  number 3 9 5 5  presen t s  the 

f ind ings  from four  animals s a c r i f i c e d  s i x  days a f t e r  t h e i r  f i n a l  

exposure. 

NY) f o r  a n a l y s i s .  

The se ra  were submitted to AnMed Labora to r i e s  (New Hyde Park,  

The serology r e p o r t  bear ing access ion  number 4 3 3 4  presen t s  the 

f i n d i n g s  from e i g h t  animals s a c r i f i c e d  s i x  months fo l lowing  t h e i r  f i n a l  

exposure. 

The microbiology r e p o r t  p re sen t s  the f ind ing  a f t e r  c u l t u r i n g  swabs 

taken from the t rachea of r a t s  s a c r i f i c e d  s i x  months fol lowing exposure 

'to Min-U-Sil.5. These procedures were conducted a t  Brookhaven. The 

swabs were cu l tu red  on blood aga r  p l a t e s ,  inarbuted a t  3 6 O C  i n  a 5% C 0 2  

atmosphere,  o r  on MacConky agar  p l a t e s ,  i n  a i r  a t  35OC. 

examined f o r  growth a f t e r  18 t o  2 4  hours of incubat ion .  

The p l a t e s  were 
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AnMed Laboratories, fnc. 1804 Plaza Avenuo 
New Hyde Park. N.Y. 11OJJ 

Diagnostic Services and Consultation in Laboratory Animal Medicine. (516) 775-OG33 
i 

ABBREVIATIONS AND EXPLANATIONS 
Test Method 

HI .................................... MVM ......... (MinuteVirusof Mice). A parvovirus of rodents. ITD = 1:20.. 
PVM ......... (PneumoniaVirus of Mice). A paramyxovirus of rodents. ITD = 1:20 ............................. HI 

MHV ........ .(Mouse Hepatitis Virus). A coronavirus of mice. ITD = 1:lO ..................................... CF 

KV ........... (K Virus). A papovavirus of the mouse. ITD = 1:lO .............................................. HI 

GDVll ........ (Theiler's Virus, Murine Encephalomyelitis). A picornavirus of rodents. ITD = 1:20 ................. HI 

............................................ REO-3 ....... (Reovirus Type 3). A reovirus of rodents. ITD = 1:20 HI 

........................................... RCV ......... (Rat Coronavirus). A coronavirus of rats. ITD = 1 : l O  CF 

SEN ......... (Sendai Virus). A paramyxovirus of rodents. ITD = 1:lO HI 

LCM (Lymphocytic choriomeningitis). A zoonotic arenavirus. ITD = 1:lO .FA 

......................................... 
......... ............................. 

SV5 .......... (Simian Virus 5). A simian paramyxovirus infection of guinea pigs and hamsters. ITD = 1:20 ........ HI 
MAV ........ .(Mouse Adenovirus). An adenovirus infection of mice. ITD = 1:lO ............................... CF 

ECTR ........ (Ectromelia). A poxvirus of the mouse. ITD = 1:lO ............................................. CF 

POLY ........ (Polyoma). A papovavirus of mice. ITD = 1:40 ................................................. HI 

KRV ......... (Kilham's Rat Virus). A parvovirus of rats. ITD = 1:20 ........................................... HI 

THI .......... (Toolan's H-1). A parvovirus of rats. ITD = 1:20 ................................................ HI 

SDAV ........ (Sialodacryoadenitis Virus). A coronavirus of rats. ITD = 1:20 .................................. CF 

€DIM ........ (Epizootic Diarrheaof Infant Mice). An unclassified mouse virus. ITD = 1 : l O  ..................... .FA 

LDV ......... (Riley's Lacticdehydrogenase Virus). A virus causing elevation of serum LDH. 

Presence of the virus is inferred from elevations of serum LDH. 
MYCO ....... (Mycoplasma pulmonis). A mycoplasma of rodents. ITD = 1:lO.. ............................... .EL 

ECUN ........ (Encephalitozoon cuniculi). A protozoan of rodents and rabbits. ITD = 1:25 ...................... .IIR 

PMUL ........ (Pasteurella multocida). A bacterial pathogen of rabbits. ITD = 1 :20. ............................ .FA 

TREP ........ (Treponema cuniculi).A bacterial pathogen of rabbits. ITD = 1:lO .............................. RPR 

HI ........... Hemagglutination Inhibition EL ........... Enzyme Linked lmmunosorbent Assay 

CF ........... Complement Fixation 

FA ........... Fluorescent Antibody 

IJR ........... India Ink lmmunoreaction 

RPR ......... Rapid Plasma Reagin 

ITD .......... Initial Test Dilution 

NSA ......... Non-Specific Agglutination. *, **, ***, **** = Tested negative at dilutions 1 :20, 40, 80, 160 respectively. 
but NSA at lower dilutions 

AC .......... .Anticomplementary factors in the serum. *, **. *.*, **** = Tested negative at dilutions 1 :20,40. 80. 160 
respectively, but AC at lower dilutions. 

TC ........... Serum reacts with tissue control (medium used to propagate antigen). 

_ _  
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MICROBIOLOGY REPORT 

Culture 
No. (Rat No. ) Date Source Organisms Cultured - 

1089C 2-8-83 Trachea Viridans s t r e p  tocc i  
Streptoccus group D 
Staphylococcus s p .  
Staphylococcus aureus 

109 1c 

1094c 

1095C 

1289 

1290 

129 I 

1489 

1498 

149 1 

1698 

149 1 

1689 

1690 

1293 

149 2 

1293 

2-8-83 

2-8-83 

2-8-83 

2-9-83 

2-9-83 

2-9-83 

2-9-83 

2-9-83 

2-9-83 

2-9-83 

2-9-83 

2-9-83 

2-9-83 

2- 10-83 

2-10-83 

2- 10-83 

Trachea 

Trachea 

None 

Streptococcus group D 
C i  t robac ter f r eund i i  

Trachea 

Trachea 

Trachea 

Trachea 

Trachea 

Trachea 

Trachea 

Trachea 

Trachea 

Trachea 

Trachea 

Trachea 

Trachea 

Trachea 

Viridens s t rep tococc i  

None 

Staphylococcus aureas  
Viridans s teptococci  

Vir idans s t rep tococc i  

Viridans s t rep tococc i  
Staphylococcus s p  . 

. Viridans s t rep tococc i  
Streptococcus group D 
Staphylococcus aureas  

Viridans s t rep tococc i  

Viridans s t rep tococc i  
S t r ep  tococcus group D 
Staphylococcus aureas  

Pseudommas aeruginosa 

Viridans s t rep tococc i  

Viridans s t rep tococc i  
Staphylococcus sp. 

Viridans s t reptoccoci  
Staphylococcus aureus 

Staphylococcus sp. 

Viridan s t r e p  tococci 
S taphyloccus aureus 

1492 2- 10-83 Tr-achea Staphylococcus sp. 

169 1 2- 10-83 Trachea Viridans s t rep tococc i  

1693 2- 10-83 Trachea Staphylococcus aureus 
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APPEbDIX C 

CHAMBER DISTEIBUTIO~! OF SILICA DUST 
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To c h a r a c t e r i z e  t h e  d i s t r i b u t i o n  of s i l ica  d u s t  i n  t h e  chambers 

employed i n  t h i s  s tudy ,  two of the  chambers were f i t t e d  wi th  tuh ing  t o  

permit  sampling of 27 s t a t i o n s  throughout t h e  chambers. The  27 s t a t i o n s  

sampled were loca ted  on 3 l e v e l s  i n  the  chamber wi th  9 sampling s t a t i o n s  

on each l e v e l .  The 3 l e v e l s  sampled corresponded t o  the  f i r s t  ( top-  

most),  t h e  3 r d ,  and t h e  4 t h  (bottom-most) t iers  i n  the  chamber. During 

the  a c t u a l  animal exposures ,  however, o n l y  t h e  uppermost t h r e e  tiers 

were u t i l i z e d .  

The va lues  provided i n  F igures  C-1 and C-2 are t h e  decimal f r a c t i o n  

(*s.e.) a t  each s t a t i o n  of t he  average concen t r a t ion  throughout t h e  

chamber f o r  a s i n g l e  d i s t r i b u t i o n  expei-iment . 

c- 2 



1.17 1.05 1.13 

0 .?6 1.03 1.02 
(0 .OS) 

/ 
0.90 0.86 0.90 
(0.15) (0.17) (0.03) 

1.08 0.95 0.98 

/ O  
0.80 1.08 P.87 

/0*08)  

(0.31) (0.06) 

0.91 
/ / 

0.90 0.79 
(0.03) (0.15) (0.08) 

0.92 1.39 1.34 
(0.19) 

/ 
1 .o i  1.12 . 0.96 

(0.19) 
/ 

' 0.95 1.06 0.89 
(0.03) ( 0 . 4 7 )  (0.13) 

Figure  C-1: S i l i c a  d i s t r i b u t i o n  i n  exposure chamber 5-Cy t h e  chamher 
used t o  expose animals t o  10 mg Si02/m3. 
r e p r e s e n t s  t he  mean (*s.e.)(n=3) decimal f r a c t i o n ,  a t  a 
sampling s t a t i o n ,  of the  average concen t r a t ion  throughout 
t h e  chamber. 

Each va lue  
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1.2- 1.15 0.91 
(0.22) 
/ 

-1 .os 1.06 0.96 
(0.13) 
/ 

1.23 1.12  1 .oa 
(0.14) (0 .07)  (0.04) 

0 .90  1.09 . 0.78 

/'O *07 / ( 0 * 2 3 )  
. 0.8k 1.04 1 .oo 

(0 .07 )  (0.13) ( 0  .OS) 
/ 

1.07 
/ 

0.91 
/ 

0.91 
(0 .07)  (0 .07 )  (0.32) 

1-06. 0.95 1,01 

0.89 0.76 0 .P7 
(0 .09 )  

/ 
(0.15) 

/ o .si 0 .Sl 1 .21  
(0 .07 )  (0 .07 )  (0.24) 

F igure  C-2: S i l i c a  d i s t r i b u t i o n  i n  exposure chamber 5-D, t he  chamher 
used to expose animals t o  20 ng Si02/m3. 
r e p r e s e n t s  t h e  mean (*s.e.)(n=3) decimal f r a c t i o n ,  a t  a 
sampling s t a t i o n ,  of t he  average c o n c e n t r a t i o n  throughout 
t h e  chamber. 

Each v a l u e  

c-4 
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Pulmonary Function Data from Ind iv idua l  Fischer-344 Rats  
Abbreviat ions Used i n  Appendix D 

Text Appendix 
Abbrevia t i o n  D e f i n i t i o n  Abbrevia t i o n  

percent  change i n  minute volume when'  
b rea th ing  10% C02, 20% 0 2  i n s t e a d  of 
a i r  

CO2RESP 

CDY N dynamic compliance (cm3/cm U20) . CDYN 

EFR, 

d i f f u s i n g  capac i ty  of the lung f o r  CO DL CO 
measured by a rebrea  th ing  technique 
( cm3 /mmHgmmin) 

exp i r a to ry  flow r a t e  a t  x% v i t a l  
capac i ty  ( cm3/min) (where ~ 5 0 ,  25,  o r  

E h x  

10 1 

f frequency of brea th ing  ( b r e a t h s  per  min) F 

FRCb f u n c t i o n a l  r e s i d u a l  c a p a c i t y  ( cm3) FRCB 

AHEFR, d i f f e r e n c e  . in the flow a t  x% VC i n  the DHERFx 
MEFV curves when helium r a t h e r  than a i r  
was the gas  breathed (where x = 50 o r  25) 

UR h e a r t  r a t e  (bea ts/min) HR 

I C  i n s p i r a t o r y  capac i ty  (cm3) I C  

isof low p o i n t s  ( a s  % VC) where the a i r  ISOFLOW 
and He MEFV curves over lap  

Ph 

PL 

P-R 

animal number 
50 

j=1 C b j * X / z o  j j=1 X j 

LABEL 

M l M O  

p a r t i a l  p ressure  of C02 (mmHg) PC02 

ph of a r t e r i a l  blood PH 

transpulmonary pressure  (cm HzO) PL 

p a r t i a l  p ressure  of 02 (mmHg) PO2 

EKG wave i n t e r v a l  PR 

D- 2 



Text 
Abbrevia t i o n  

P s t  

PEF 

VT 

v30 

vc 

Vmax 

Appendix 
D e f i n i t i o n  Abbrevia t i o n  

s t a t i c  pressure (cm H20) PST 

peak exp i r a to ry  flow (cm3/sec> PEF 

EKG wave i n t e r v a l  QRS 

quas i - s  t a t i c  compliance determined by QSCCS 
chord s lope  (cm3/cm H20) 

pulmonary r e s i s t a n c e  (cm 1 - 1 ~ 0 1 ~ ~ 3  sec-1) RL 

t o t a l  lung capac i ty  determined by 
d i l u t i o n  (cm3> 

t i d a l  volume (cm3> 

a i r f l o w  (cm3/sec> a t  30% VC 

v i  t a l  capac i ty  

lung volume (cm3) a t  x cm ~ 2 0  
pres su re  (N s t a n d s  f o r  - >  
percen t  of VC a t  which peak exp i r a to ry  
flow occurs  

TL CD 

VT 

V30 

vc 

VOLNX 

VMAX 

D- 3 



CONTROL GROUP 

C A S E  
NO. L A R E L  

1 1817  
2 1D18 
3 1819 
.1 1 0 2 8  

G 1822  
7 1 2 2 3  
8 lU2.1 

U 5, 1841  
I 1W 1842 
F- 11  1843  

1 2  1844 
1 3  1 8 4 5  
14 1846  
15 1047  
16 1U4B 

' 17 18G5 
19  1866 
19  1U67 
ZIT 1868  

2 2  1 1 7 8  
2 3  l g 7 1  
2.1 1872  

_ _ _ _ _  -------- 

5 i a z i  

2 1  l a 6 9  

1 3  14  15  17  1 0  19 2 8  21  
R L  CDVN IC VC FRCB TLCD D L C O  

11 12  . 
V T  P L  

MISSING 
1 . 7 3 0  
1 . 6 1 0  
2 
1 . 7 9 8  
1 . 6 0 8  

1 . .I 4 jY 
1.5DB 
1 . 3 8 0  
1 . 4 7 8  
1 . 3 0 0  
1 . 92.0 
1 . 6 6 8  
2 .  5 8 0  

2.3.cJ0 
1.82Ll 
1 . 5 9 8  
I .R2I 
1 .ODB 
1 . 6 7 0  

M I S S I N G  

.I . g a g  

L 

2 . 1 5 8  

M1 SS I NG 
6 . 5 8 8  
6 
6 . 5 8 0  
6.58U 
5 . 7 5 8  

MISSING 
4 
4 . 3 0 8  
4 . 5 8 0  
4 . 2 5 8  
4 . 2 5 0  
6 . 8 3 0  
5 
6 . 1 7 1  
5 . 5 1 8  
5 .  17.0 
5 
6.3315 
6 
5 .  67JY 
5 .  G78 
7 
8 

M I SS I NG 
57 
5 3  
6 3  
53 
G7 

MISS I NG 
71 
56 
9 2  
5 3  

188  
66  
69  
7 3  
5 3  
E 9 
5 1  

187  
7 8  
57  
72 
59 
€ 3  

I4 I S S I N G 
. 7 3 8  

1 . 8 1 8  
. 2 7 8  
.78JY 

1 . 8 4 8  
MISSING 

. 2 4 8  

. 1 1 8  

. 3 2 8  

.17B 

.73w 
MI SS I N G . t80 

1 . 1 4 6  
.388 . 698 
. 1 9 8  . 1.00 
. 1 7 8  . 2 7 8  
.43u 
,32.a 

. i6.a 

MISSING 
.3711 
. 2 3 a  
. 3 7 8  
. 3 4 8  
.2  4 0  

M 1 s s I I4G 
.458 
. 4 2 a  
a338 
. 6  1 8  
. 3 1 8  

MISSING 

MISSING 
lIY.180 
I D .  858  
1 1 . 8 4 8  

. 1 1 . 1 6 8  
1 8 . 8 3 8  

MISS I K G  
9 . 7 2 8  
0 . 8 3 8  
9 . 7 6 8  
9 . 7 5 0  
9 . 3 7 0  

I 1  .BGn 

MISSING 
1 1 . 1 9 0  
11.5411 

1 2 . 2 3 0  
1 1 . 2 a 0  

i i . i a 0  
MISSING 

1 1 . 1 9 8  
1 0 . 2 0 8  
11 .1G0 
11.1815 
111.958 
1 1 . 9 6 0  

MISSING 
3 . 3 4 0  
3 .1158 
3 . 3 6 0  
3 . 7 7 8  
3 . 2 5 8  

2 .  8 8 0  
3 . 4 4 8  
3 . 6 2 8  
3 . 2 9 8  
2 . 6 4 0  
2 * 7 9 0  

MISSING 

MISS I NG 
1 2 . 5 9 0  
1 2 . 4 7 0  
12 .46f l  
1 3 . 4 8 8  
1 2 . 2 2 8  

MISSING 1 2 . 2 2 0  

1 1 . 3 6 8  
1 2 . 4 6 0  
1 2 . 1 1 0  
1 2 . 1 8 0  
1 3 . 4 9 0  

MISSING 
. 1 7 7  
.194  
.173 
.19G 
.159 

.163 

. 139  

.154 

. 196  

.161  

. 2 2 6  . 

MISSING ' 

. 4 3 8  10 .41H 1 1 . 3 1 0  3 . 1 6 0  . 4n.n 1 8 . 6 6 0  1 1 . 6 3 0  2 . 7 2 0  

. 4 ? 0  9 . 6 2 0  

. 3 7 8  18 .75B 

.48fl 1 1 . 3 4 8  

.39u 8.98O . 1'C.D 1 8 .  5411 

. 4 4 0  9.57Ll 

. 3  ;a 9.5213 

. 5 5 0  la. 5QD . " 5 9 0  18.15iY 

8 . 6 1 0  4 . 6 6 8  
2 . 2 1 8  2 . 7 2 0  

1.558 3 . 4 ~ 0  
8.81D 3 . 5 9 a  

2 .  G00 3 . 3 6 8  
9 . 8 9 8  3 . 5 1 8  

Lf. 2 5 8  3.89cl 
1 . 9 3 8  3 .55B 
1 . 2 1 8  3 . 7 0 1 ~  

2 . 4 1 0  .286  
2 . 7 4 0  . 1 8 5  
1 . 7 6 0  .1G8 
3 . 3 5 8  .167  
3 . 3 7 8  .174  
1 . 3 6 0  . 1 5 3  
2.9D0 .1Y6 
2 . 0 3 8  . 1 6 5  
1 . 2 9 0  . .103 
3 .19N 
2 . 3 1 8  .?14  



CONTROL GROUP 

C A S E  
NO. L A B E L  

22 
PST 

23  
v 3 0  

24 3 2  
QSCCS V M A X  

26 
P E F  

27 2 8  29  3 0  
EFR58 EFR25 EFRl0 M 1 M8 

3 3  
HR 

1 
7 
3 
4 
5 
6 
7 

9 
10 
11 
1 2  
1 3  
14 
15  
1G 
17 
1 8  
19 
2 8  
21 
2 2  
2 3  
2-2 

n 

1017 
1018 
1019 
1 0 2 8  
1821 
1822 
1823  
1024 
1041 
1842 
1043  
1844 
1045 
1846 
1847 
I 8 4 8  
1865 
l8GG 
1067 
1068 
1069 
1070 
lU7l  
1072 

MISSING 
1 6 . 2 8 8  
1 6 . 2 8 0  
27 
1 8 . 9 8 0  
28 .930  

1 5 . 5 3 8  

1 3 . 5 8 0  
1 4 . 8 5 8  
1 4 . 8 5 8  
1 5 . 3 8 8  

2 0 . 9 3 0  
1 4 . 8 5 8  
2 8 . 3 3 0  
2 6 . 3 3 0  
2 2 . 9 5 8  
2 7 . 6 3 8  
2 5 .  G 5 U  

MISSING 

MISS I IIG 

31 .ma  

2 4 . 3 8 8  
1 4 . 8 5 0  
27 

M I SS I NG 
5 4 . 5 5 0  
4 8 . 2 3 0  
6 2 . 4 5 1  
5 1 . 8 2 0  
6 0 . 5 5 0  

6 8 . 1 8 8  

6 5 . 4 5 0  
7 7 . 4 5 0  
6 2  . 8 5 0  
7 1 . 7 3 a  
G7.64Ll 
6 1 . 3 6 8  
75  
7 5  
3 7 . 0 9 8  
G9.558 
7 4 . 7 3 8  
7 3 . 0 9 0  
55.36U 
4 0 . 5 4 0  
t l  . G 4 8  

MISS I N G  

MISSING 

MISSING 
. 8 7 8  
. 9 4 0  
. 9 3 8  

1 . 0 4 0  
1 .02B 

. 9 2 8  

. 7 7 0  

. 9 4 0  

. 9 4 0  

.I348 
1 . a 3 8  

1 . a 1 8  
.9W8 
. 9 7 0  

1 . a 4 0  
. 8 8 0  
. 9 7 8  
. 9 7 0  
. a 8 8  
.95u 
. 9 8 8  

MISSING 

. 9 3 a  

MISSING 
6 7 . 3 8 0  
72.6LI0 
6 5 . 2 0 8  
7 0 . 0 0 8  
7 2 . 3 8 8  

7 8 .  CMB 

6 8 . 1 IYB 
59.31Ju 
7 4 .  8MB 
G9.3UB 
6 0 .  4 k7.q 
7 8 . 7 8 8  
73 .98B 
6 0 . 9 8 8  
8 3  
GO. 7 0 8  
43  * 7 8 8  
6 4 . 4 8 0  
7 0 . 4 8 0  
6 2 . 4 B 0  

M I S S I NG 

MISS I NG 

M I S S  I PIG 

El I SS I NG 
189  
189.10Kl 
181  
1 1 6 . 8 U 0  
1 0 6 . 4 8 0  

llZ.lJ?CrB 

1 1 3 . 6 8 0  
97.7u.u 

11  1 .ZQf.f 
123 .1U3 
1 0 8 .  GBU 

1 1 5 . 7 3 8  
129.9RB 

9 3 . 8UD 
9 5 . 4 n n  

181  . 9 0 D  
1 0 2 .  IDLI 

1 1 1 . 3 0 n  

MISSING 

MISSING 

1 1 4 .  agu 

i z z . 4 u a  

i 2 4 . 4 o a  

M I SS I NG 
9 3 . 5 n n  
77  
9G. 481J 
9 8  
9 0 . 5 8 8  

MISSING 
9 3 . 6 0 0  
9 3 . 5 0 0  
3 5 .  BUD 
9 5 . 6 0 8  
9 1 . 78J7 

185  
90 
9 4 . 3 0 8  
9 9 . 2 0 a  

1 15. G 0 J Y  
69 .5B8  
E 9 . 5 8 f l  
9 5 . 4 0 8  
9 5 . 7 5 a  
7 8 . 8 0 0  
9 3 .  Inn 
9 2 . 2 0 0  

MISS I NG 
47.2D0 
3 5 . 9 0 0  
4 9 . 6 0 0  
4 2 . 6 8 8  
5 1 . 2 8 0  

GB. 988  
5 5 . 6 8 8  
5 6  
6 6 . 5 8 0  
5 2  
6 5 . 5 8 0  
50 
5 3  
6 6 . 1 0 0  
6 1 . 3 8 0  
2 6 . 1 0 8  
6 2 . 3 8 0  
6 8 . 8 8 8  
6 3 . 2 8 8  
51.888 
45  
5 5 . 7 8 0  

MISS I NG 

MISS I NG 
2 1 . 5 0 0  
1 7 . 2 8 8  
15 
2 3  
23 .200  

MISS I NG 
3 1 . 3 0 0  
2 4 . 5 8 8  
26  
28  
1 2 . 3 8 8  
27.7fl.U 
3 3  

24.9UlJ  
2 3 . 7 0 5  

5 . 4 8 0  
3 1 . 9 8 8  
3 2 . 7 0 8  
2 3 . 3 8 8  
2 1 . 8 8 8  
2 4 . 7 0 8  
2 5 .  88.0 

2 6 . 8 n a  

MISS I NG 
MISS1 NG 

8 . 8 0 1  
12  

9 
6 . 8 8 8  

MISS I NG 
MISS! NG 

5. a m  
6 . 2 0 0  
6 . 4 8 8  
6 
8 
8 .180  

MISSING 
7 . 9 0 0  
7 
9 . 1 8 B  
6 . 8 8 8  
G . 7 0 0  
6 . 7 0 8  

la. 1 8 0  
8 

l a .  2 8 8  

3 0 3  
3u'3 
3 3  1 
358  
289 
296 

MISS I NG 
MISSING 

258 
3 8 8  
273  
343  
340 
3 4 3  

MISS I NG 
255 
2 9  1 
2 8 9  
348 
298  
3 4 8  

MISS 
M I  s s  

3 6 6  

NG 
14 G 



C A S E  
NO. LAOEL _ _ _ _ _  -_- - -  --- 

1 11117 
2 la18 
3 la19 
4 1820 
5 11721 
ti 11122 
7 1823 
8 1024 
9 1641 
10 1042 
1 1  1M43 
12 1344 
13 1845 
14 1846 
15 1847 
16 1848 
17 1865 
18 1066 
15 1Q67 
20 11768 
21 1869 
22 1870 
23 1871 
24 1872 

CONTROL GROUP 

.0450 

..0413 

.8463 

.0475 

.a425 
-8475 

MISS I NG- 
M I S S I FIG 

.04 88 

. 0 4 2 5  . 8 4  50 

.11438 

.a548 

.A7425 

.OS25 

.8538 

.0475 

.0400 

.0475 

MISSI NG 

M I S S I M G 

M I S S I El G 
MISSING 

.Or188 

.8138 

.a125 
- 0 8 8  E 0  
.8138 
.8113 
.!if113 

MISSI NG 
MISS I NG 

.0160 

.8125 

.HI25 
.08888 

. 8 1 5 8  
.80980 

.if125 
,8175 
.#I15 

.8113 

.Dl38 

MISSING 

M I S S I NG 

MISS 1 NG 
MISSING 

.8125 

MISS I NG 
0 
8 

B 
0 

MISS I NG 
8 
0 
0 
0 
fl 
0 
B 
0 
1 
0 .  
B 
fl 
0 
d 
0 
0 
0 

a 

MISSING 
.10B 
.190 

.278 
0 

* 158 

.278 
.07118 
fl 

MISS I NG 

I .M588 . 10.v . 188 
.798 

0 
0 
a 
.168 
.zag 

.140 

.238 . B588 . U980 

8 

14 I SS I NG 
.950 
.398 

.370 

.158 

.320 

.328 

.2U8 

.2gM . 188 . ZJJls 

.790 

IJ 

MISSING 

0 
B 
1.218 . 1 G 0  
.458 

. 2 4 0  

. 2 3 8  

.15M 

.19u 

0 

MISSING 
I 

. 6 9 B  

.2411 
1 .878 
1.15n 

1.470 
1.370 
1.48fl 
1.358 
1.588 
.988 
.a911 

. 1.060 
.998 

1.46I7 
1.268 
.98M 
1.018 
1 .240 
.730 

1.358 
1 .I398 

MISS I NG 

MISS I NG 
8.55.0 
7.990 
U .  Z9M 
8 . 8 7 0  
8.608 

9.020 
7.570 
8.150 
8.050 
8.038 
8.650 
8.590 
18.360 
9.190 
18.710 
8.8611 
8.150 
10.960 
8.090 
7.481 
8.588 
7.640 

MISSING 

MISS I NG 
9.91T0 
10.190 
10.B40 
10.870 
18.850 

10.170 
9.170 
9.9JY.0 
9.851 
9.688 
18.680 
10. 198 
11.168 
9.990 
11.5GLl 
11.168 
9.188 
11.210 
9.548 
9.130 
18.550 
9.698 

MISSI NG 

MISS I NG 
10.610 
10.890 
10.740 
11.570 
10.600 

10.770 
MISS I NG 

1fiJ.550 9.778 

la. 358 
115.280 
11.258 
10.790 
11.410 
18.290 
ll.9GB 
11.910 
9.608 

1 1  .368 
10.098 
9.880 

1 1  . 25.Q 
10.390 

MISS I NG 
1 1  
11.290 
1 1  .040 
11.070 
10.950 

11.070 
18.170 

MISS I NG 

1 1  
18.950 
10.78U 
11.780 
11.8911 
11.460 
18.590 12.M68 

12.2GW 
9.9M8 
11.410 
10.6411 
18.138 
11.758 
10.891 



CONTROL GROUP 

1 1817  
2 1818  
3 1819 
4 1 8 2 8  
5 11121 
6 1822  
7 1B23 
8 1824 
9 1041 

I 8  1842  
11 1843  
12 1044 
1 3  !U45 
1 4  1U46 
15  1047 
1G 1 0 4 8  
17 1P65 
18 1866 
19 1867 
28  1U6R 
21 lDG9 
22 !870 
2 3  1071 
24 i 5 7 2  

M I SS I NG 
1 1 . 2 5 8  
1 1 . 4 4 8  
1 1 . 2 4 0  
1 2 . 3 2 8  
1 1 . 1 5 0  

1 1 . 1 9 0  
1 8 . 2 0 0  
1 1 . 1 5 0  
1 1 . 1 8 8  
1 8 . 8 3 8  

11.3178 
1 1 . 5 6 8  
1 0 . 6 1 0  
12.21W 
1 2 . 5 1 8  

9 . 3 8 8  
1 1 . 5 1 8  
117.740 
113.258 
1 1 . 8 5 f f  
11 .I390 

MISS I NG 

i i . 9 u a  

MISSING 
10.5U8 
21.5118 
1 4 . 6 0 0  
1 2 . 8 0 0  
18.68!if 

2 4 . 7 0 8  
23.38U 
2 7 . 4 8 0  
2 2 . 7 0 0  
18 

9 .808 
1 4 . 3 0 0  

4 . 7 8 0  
2 5 . 9 5 8  
- 4 . 4 8 8  
2 1 . 9 8 8  
1 1 . 3 8 Q  
2 1 .  lki8 
317.5Dfl 
1 5 . 9 8 0  
19.ZOU 
29.80D 

MISS I r4G 

MISSING 
13.7811 

7 . 3 8 8  
8 .  188 

12  
1 4 . 8 0 8  

MISSI NG 
2 5 . 2 8 8  
1 8 . 9 0 8  
10'. 7 0 8  

8 . 4 8 0  
1 2 . 8 8 8  
12.6WU 

6 . 5 ~ 1 0  
9 .  6UEl 

14.8QU 
8 . 8 8 8  
1 . 6 8 0  

-2 .588  
1 . 2 0 u  

1 5 . 4 0 0  
8 . 1 8 0  

12 .980  
15  

MISSING 
1 3 . 1 8 8  
18 .2U8 
15 .988  

1.5118 
1 1 . 6 0 8  

MISS I NG 
3 .  7 8 8  

MISSING 
7 . 9 8 8  
9 .  
2.18J7 

! , 5 0 8  
1 1 . 9 0 q  

1 . G 8 8  

7 .  6ITB 
2 5 . 6 8 ~ 7  

8 200  
5 8GIB 
2 8BU 

MISS NG 
8 

MISSING 

i .5a i3  

MISSING 

M I SS I 13C 

M I S S  I NG 
14 I S S  I NG 
M I SS I NG 

4 2 . 8 8 8  

4 1 . 8.03 

44 .8D8  
41.1LJ8 
4 3 . 8 8 8  
4 8 . 2 8 8  
45.78U 

4 4 , 9 0 8  

45.4fl.Q 
4 3 . 3 0 0  

M I  SS 1 NG 

M I S S  I 14G 

M I SS I NG 
MISSII4G 
M I s s I FIG 

M I S S  I NG 
M I S S  I N G  
M I S S I NG 

4 5 . 4 n 5  

54  
P 02  

MISSI NG 

MISSING 

MISS I NG 
' 14 I S S I N G 
MISSING 

79.3uJY 

74 .58B 

7 8 . 5 8 8  
9 8 . 6 8 8  
8 1 . 2 0 8  
6 8 . 7 0 8  
9 4 .  3QJJ 

7 3 . 1 8 0  

9 1 . 1 8 8  
8 5 . 9 8 8  

MISS I NG 

M I S S  I FIG 

M I SS I NG 
M I SS I NG 
MISSING 

P1 I ss I ItG 
MISSING 
I4 I S S  1 NG 

7 5 . 1 8 8  

MISSING 

MISS I NG 

MISSING 

7 .417  

7 . 4 2 8  

MISSING 
MISS I NG 

7 . 4 8 3  
7 * 3 9 0  
7 .  4 a a  
7 .374  
7 .351  

7 . 3 9 8  

7 . 4 2 0  
7 .429  

MISSI NG 

MI S S  I rIG 

MISSING 
MISS I NG 
MISSING 

MISS MISSING I NG 

MISSING 

7 .422  

9 3 . 9 0 8  
9 6 . 3 8 8  
9 2 . 5 0 8  
5 5 . 7 8 8  

1 4 4 . 5 8 8  
1 7 8 . 2 8 8  

7 8 . 6 0 8  
1 2 3  

MISSING 
3 9 . 7 8 8  
9 4 . 1 0 8  
81 
71 .4U8 

143.2.LT8 
37 .10B 

183 .  500 
125  
1 2 3 . 2 0 8  
I87 

185.4138 
187  

85.6811 
6 8 . 7 8 8  

MISSING 



3 2 mg Si02/m GROUP 

U 
I 
03 

C A S E  
NO. LACEL 

25 1217  
2 6  1219 
27 1219 
2 8  1'28 

_ _ _ _ _  -___-_--  

2 3  1221 
3a 1222 
31 1223  
3 2  1224  
3 3  1241 
3 4  1242 
3 5  i 2 4 3  
36 1241  
37  12-15 
38  1246 
39 1247 
4 0  1248  
4 1  1265  
42 1 2 6 6  
4 3  1267  
44 1ZGR 
45 1269 
46 1 2 7 0  
47 1271 
4 8  1272 

11 12 1 3  
VT P L  F 

1 . 5 5 8  
1 . 8 7 8  
1 . 7 4 8  
1 . 9 1 0  
1 . 8 2 0  
2 - 8 7 8  
1 . 5 5 0  
2 . 1 1 6  
1 . 7 1 0  
1 . 6 8 8  
1 . 5 0 8  
1 . 5 5 0  
1.5R0 
1.75U 
1 . 6 7 8  
1 . O G 8  
1 .068 
1 . 7 6 8  
1 . 5 5 8  
1 . 6 9 8  

1 . 5 7 0  
1 . 6 7 8  
1 . 5 7 0  

MISSING 

5 . 5 0 8  
5 
3.848 
5.580 
5 . 5 0 0  
4 
5 .170  
4 .830  
Ti. 25U 
4 
5 
5 
5 . 6 7 8  
5 . 0 1 U  
4 . 6 7 0  
7 
5 . 7 5 8  
5 . 3 3 8  
4 * 588 
5 

MISSING 
5 . 3 3 8  
5, 588 
7 

6 8  
84  

. 64  
79  
48 
7 0  
57  
4 3  
7 8  
5 8  
5 6  
G G  
6 2  
8 3  
6 0  
7 8  
7 0  
56  
62  
59 

MISS I NG 
76 
6 2  
71 

.888fl 
. 8 7 8  
. 5 9 0  

1 . 8 1 8  
. 8 8 8  

1.4717 
. 1 8 0  

1 . 2 3 9  
. 2 7 8  
. 1 4 8  
. 3 8 8  
* 30.0 
.3G8 

. 3 5 0  

. 1 7 8  

. 4 3 8  

. 3 8 8  

. 2 9 0  

. 5 4 8  

. 2 5 a  

. 1 9 0  
. 0 7 8 8  

MISSING 

MISSING 

. 28.0 

. 2 7 8  

. 3 8 8  

. 2 7 8  

. 2  1B 

. 2 2 0  

. 3 5 0  

.358 

. 2 9 a  

. 4 7 8  

. 3 9 8  

. 3 5 6  

. 4 8 B  

. 4  1 8  

. 3 7 8  
, 4 8 8  
. 3 7 8  
. 3 7 8  

. 3 4 8  

. 3 6 8  

. 2 6 8  

.,27fl 

MISS1 NC 

MISSING 

9.9611 
9 . 2 6 6  
3 . 3 3 8  

1 U .  6 8 0  
18 .02R 
1 8 . 3 5 8  
1 0 . 2 1 8  

9 . 5 0 8  
1 8 . 3 8 8  
1 0 . 4 7 8  

MISS I NG 
1 8  

9 . 3 5 8  
8 .77U 

1 8 . 9 3 8  
18.8617 
l f l . 2 3 8  
1k7.348 

9 . 9 4 8  
9 .07f l  

1 8 . 3 6 0  
10.69JY 

9 . 9 5 8  

MISSING 

11  
11  
1 0  
1.0 
11 
11 
11 
11  

MISS 
1 0  

1 0 . 6 3 0  
1 8 . 7 1 0  

7 6 0  
9 1 8  
8 1 8  
6 88 
2 5 0  
2 38 
4 60 
7 0 8  
NG 
80'8 

10. 6f l8 
1 0 . 3 8 8  
1 2 . 2 1 0  
1 8 . 9 5 0  
1 1 . 3 0 8  
1 2 . 0 1 0  
11  
1 0 . 1 8 0  

MISS I NG 
1 1 . 5 9 8  
1 1 . 3 8 8  
1 8 . 3 1 0  

3. 888. 
3.50!3 
3 . 9 7 8  
3 . 1 5 0  
3 . 4 2 0  
3 . 2 8 8  
3 . 7 2 8  
3.3flJJ 
3 . 7 6 8  
2 . 7 1 8  

3 . 3 6 8  
3.388 

4 . 3 7 8  
4 . 2 7 0  
2 . 9 3 0  
3 . 4 5 0  
3.358 
3 . 7 3 0  

3 . 4 4 0  
2 . 7 8 0  
3 . 0 6 0  

MISS I NG 

3 .  a 4 8  

MISS I NG 

1 1  
12  
11  
11  
12  
11  
12 
1 3  

MISS 

1 1 . 7 5 0  
1 1 . 8 2 8  

9 8 8  
8 6 0  
6 7 8  
4 915 
1 7 0  
9 4 8  
5 20 
3 2 0  
NG 

1 1 . 8 2 8  
1 2 . 1 5 8  
1 8 . 9 8 8  
. . 

11 * 9 3 0  
1 2 . 4 3 8  
1 3 . 8 8 8  1 1 . 6 6 8  

1 1 . 1 3 0  

1 2 . 7 7 0  
1 2 . 5 4 8  
1 2 . 3 3 0  

MISS I NG 

. 2 0 8  

. 2 1 2  

. 1 5 7  

. 2 2  1 

. 1 3 9  
- 1 8 8  
.155. 
.111 
. 2 0 0  
. 1 3 5  

. 1 7 5  

.178 

.189  

. 1 7 5  

.1G7 

.189  

. 1 6 7  

. 1 6 8  

.159  

. 1 8 5  

. 1 8 2  

. 1 4 7  

MISSING 

MISSING 



2 mg sio2/m3 GROUP 

U 
I 
u3 

2 5  
2 G 
2 7  
28 
2 9  
3.” 
3 1 
3 3  
3 3  
3 4  
35  
36 
37 
3 c  
3’3 
4(3 

1217 
1 Z 1 E  
1219 

3 2 . 4 0 0  

i 7 . 5 5 0  
M I  SSI NC 

1 2 2 8  27 
1221 215.250 
1222 1 3 . 5 8 8  
1 2 2 3  1 7 . 5 5 8  
1 2 2 4  1G.ZB8 
1 2 4 1  2 1 . 2 6 8  
1242 1 4 . 8 5 8  
1243  MISSI NG 
1’144 1 5 . 5 3 8  
1 2 4 5  1 3 . 5 3 8  
1246 21 .G88 
1247  1 8 . 9 0 8  
1248  18.08U 

2 ua 
1 5 8  
9 5 0  
05.0 

4 1  1265  1 6 .  
42 12G6 1 2 .  
4 3  1‘67 2 2 .  
4 4  176; 31 
45  1 2 6 9  MISS 
46 1 2 7 8  16 
47 1271 2 8  
48 1272 1c  

8 7  
MISSING 

51 . 8 2 0  
7 2 . 9 5 0  
4 2 . 9 5 8  
73.6411 
‘33.45u 
4 9 . 8 9 8  
6 7 . 5 8 8  
6 9 . 8 2 0  

G7.640 
7 8 . 3 6 8  
74 .4G8 
6 4 . 7 7 8  
6 9  
49 . 8 9 8  
7 1 . 7 3 0  
711.3GO 
64.3611 

MISSI NG  
84  
64 .119g 
5 2 , 3 6 8  

MISS I NG 

. a 3 0  

. 8 1 0  

. 9 3 8  
, . 3 9 8  

. 9 5 8  

. 9 7 0  

. 9 4 8  

. 9 5 0  

. 9 9 0  

. 9 5 8  

.9211 

. 9 2 0  

.85M 

. 9 3 0  

. 9 2 0  

. 9 9 8  
1 . 8 6 8  

. 9 5 0  

. 9 2 0  

. 3 5 0  

. 8 9 0  

. 9 1 8  

M I SS 1 N G 

M I ss r rdG 

MISS I NG 
MISSING 

7 a .  8 8 8  
6 4 . 4 8 0  
OLr.  188 
7 1 . 1 0 0  
6 8 . 4 8 0  
03.3flu 
7 6 . 3 0 0  
7 3 . 2 0 8  

6 8 .  9U11 
G0.9D0 
72.10B 
7 6 . 7 8 6  
7 7 . 5 8 8  
6G.78GI 
69 .  6Lr8 
71.9f l8  
77 

MISSING 
6 6 . 7 0 0  
6 7 . 9 8 8  
7 9 . 3 8 8  

MISS I NG 

1 1 9 . 0 0 8  

181.46D 
124.2811 
1 0 2 . 7 8 8  
1 1 8 .  G 8 f l  
182.5flU 
89. $88 

185.3UU 
126  

lkTl.2118 
1 1 4 . 9 0 0  
1 1 6 . 7 8 8  
1 2 2 .  l11U 
122.3UD 
109  
113.9118 
174.90CJ 
1 8 8 .  500 

1 2 9 . 3 5 8  
122.9811 
112  

M I S S I NG 

MISSING 

MISSI NG 

M 
1 1 . 3 0 1  
SSING 
80.2011 
1 1 . 7 8 8  
6 7  
94.78fl  
80.80lY 
G1 .GUD 
89.5lJR 
97.881T 

G9.588  
98 .380’  
97.91117 
66.3Lr8 
9 4 .9flJY 
89.58JY 
97.40pl 

108.7013 
8 4 . 3 8 8  

1 1P .  58Q 
99.2118 
78.111H 

MISSING 

MISSING 

65.6012 

4 5 . 9 8 8  

3 8  
6 2 . 7 0 0  
511. 6118 

MlSS I NG 

5 9 . a ~ ~  

4 3  ~ 

5 4 .  
6 3 .  

MISS 
62 
62 
G4 
5 8  
GU 
4 2  
6 5  

2 00 
sa0 
1 8 0  
NG 
5 88 
7 00 
1 8 8  
580 
9a0 

4 08 
5 4 . 1 8 8  
5 7 . 2 8 8  

MISSING 
6 9 . 6 0 0  
55 .  
4 7 . 9 0 8  

M 

3 1 . 1 0 8  

25 .  GBP 
2 7 . 7 8 8  
1 6 . 1 8 0  
2 9 . 2 0 0  
23.5H8 
2 8 . 1 8 8  
2 1  
3 1 . 4 8 8  
SS I NG 
25.9H0 
3 4 . 6 0 8  
30.2n11 
2 7 . 4 0 8  
26 .98B 
2 2 . 3 8 8  
27.3118 
24.9UB 
3 2 . 4 8 8  

2 8 . 6 0 0  
3 1 . 4 8 0  
2 2 . 3 0 8  

MISSING 

MISS I NG 

1 0 . 1 8 0  
5 . 7 8 0  
7 

1 8 . 3 8 8  5 . 2 0 0  

18.100 

6 . 8 8 0  
8 . 1 8 8  
5 . 6 0 0  

9.3110 
5.908 
8 . 4 8 8  
5 . 1 8 0  
3 . 1 8 0  
7 . 7 8 8  
5 . 8 8 0  
8 . 7 8 8  
7.98D 

7 . 3 0 0  
9 . 7 0 8  
7 . 1 8 8  

M I S S  I NG 

MISSING 

MISSING 

442 
3 5 3  
338 
33.2 
397  
32  1 

3 3 8  
437 

297 
3 4 0  
207 
4 08 

2 8 8  
27 1 
344 
312 
343  
383  
345  
344 
2 R 4 

MISS I NG 

MISS I NG 

MISS I NG 

. .  



3 2 mg Si02/m GROUP 

C A S E  
NO. L A G E L  

2 5  1217  
26 1218 
27  1219 
2 8  1220' 
2 9  1221 
3a 1222 
31 1223  
3 2  1224 

u 3 0  1241 I 
0 35 1243  

3 6  1244 
37 1245 
3 8  1246 
3 9  1247 
4 8  1248 
4 1  1265  
42  1266 
4 3  1267 
44 1268  
45  1269 
46 1 2 7 8  
47 1271 
48 1272 

_ _ _ _ _  __------ 

+ 34 1242 

.a438 

. 8 4  5 0  

. 8 4  95  

. 0 4 7 5  

. 8 4  50 

. 8 4 3 8  

M I SS I NG 

M I SS I NG 

MISSI NG  
M I S S I NG 

.8588 

. 8 4 3 8  

. 0 4  5 0  

. a 4 2 5  

.!a475 

. a 4 2 5  

.a475 

. 8 4 2 5  . a4 7 5  

.El475 

.a480 

..C488 

.a168 

MISS I NG 

. fl'm0 88 
. 8 1 5 0  

.or00 

. a 1 7 5  
..0875M 

. 8 1 8 0  

MISSING 

MISSI NG  

M I S S I NG 
MISSING 

. 0113  

. i J l l 3  

. a 1 6 0  

.n1mn 

. 8 1 8 8  

. 8 1 6 3  

.818!Y 
, 8 1 8 8  
.8175 
. a 1 3 8  
. a 1 8 8  
.8125 
. a 1 3 8  

M I SS I N G  

0 
8 
0 
0 
0 
0 
B 
8 
0 
8 

MISSING 
0 
8 
0 
8 
8 
0 
8 
0 
I3 

MISSI NG 
8 
0 
8 

38 3 9  4 0  41  42 43  44 
vo L N 1 8 VOLN5 V O L 0  VOL 5 VOL 1 0  VOL15 VOL 2 0  

. 3 8 8  

. 6 6 8  
1.2GU 

.62Ll . H20B . .u7nu 
0 
.8588 
.16.UU 
. 0 3 8 8  

MISS I NG 
JY 
.8588 

. 3  I 8  
8 
8 

8 
. 1 7 0  

0 

MISSING 
. 3 1 8  

. 8 3 0 D  . BBBG 

. 4 8 8  
1 . 4 8 0  
1 . 4 3 8  

. 7 2 8  . 15.u 

. 1 2 0  
8 
.358 

1 . a 1 0  
. 1 0 0  

. 1M.U 

. 1 5 8  

.5 1 8  

MISSING 

0 
U . 3 7 0  

. 8 6 0  

.G11  

.Ll88M 

8 

M I S S 1 NG 

, 4 3 8  
. 3 6 8  

. 7 8 8  
1 . 4 6 8  
1 . 0 3 8  
1 . 3 2 0  

. 7 9 0  

. 3 2 8  
1 . 8 4 8  
1 . 6 5 8  
1 . 1 6 8  
1 . 2 3 8  

. 6 8 0  
1 . 2 5 8  
1 . 6 1 0  
1 . 2 8 8  

. 8 9 8  
1 -878 
1 . 0 7 8  
1 .OGa 
1 . 1 1 8  

1 . 2 3 8  

.4GIJ 

MISS1 NG 

MISS I NG 

. G D R  

M I  

7 . 8 3 0  
7 .  G60 
9 .980  
8 . 9 7 1  
7.838 
7 . 9 7 8  
8 . l r lB  
8 . 2 8 0  
8 . 6 6 0  
8 . 6 8 8  
SING 
8.308 
8 . 3 0 0  
7 . 1 1 0  
9 . 3 0 8  
8 . 4 8 0  
8 . 7 7 0  

1 8 . 7 7 0  
1M.810 

8 . 4 1 0  

8 . 3 3 8  
7.G30 
7 . 9 1 8  

MISS I NG 

9 . 3 0 0  
9 .  5 6 0  

1 8 . 8 3 8  
1 0 .  7 2 0  

9 . 4 6 0  
9..628 

1 0 . 6 4 8  
1 8 . 1 5 0  
10 .2G0 
1 8 . 6 3 0  

9 .  OB8 
9 . 6 5 0  
9 . 1 1 8  

1 1 . 1 8 0  
1 8 . 1 9 8  
1 0 . 2 7 0  
1 1 . 4 7 8  
1 8 . 5 6 0  

9 . 7 1 0  

1 8 . 3 3 8  
9 . 9 8 8  
9 . 7 6 0  

MISSING 

MISSING 

1 0 . 0 8 8  
1 8 . 1 6 0  
1 1 . 1 3 8  

' 1 1 . 3 7 8  
1 0 . 2 2 8  1 8 . 2 2 8  

1 0 . 9 4 0  
1 8 . 6 5 0  
1 8 . 9 1 8  
1 1 . 2 8 0  

10'. 2 5 0  
1 0 . 1 0 0  

9 . 7 1 8  
1 1 . 6 3 0  
1 0 . 6 4 0  
10 .828  
1 1 . 7 2 0  
1 0 . 8 1 8  
9.9G8 

1 8 . 9 8 8  
1 0 . 7 3 8  1 8 . 2 6 8  

MISSING 

MISSING 

1 8 . 5 8 8  
1 0 . 4 6 0  
1 1 . 4 3 0  
1 1 . 7 2 0  
10.5138 
1 0 . 5 2 8  
1 1 . R 4 8  
1 1 . 0 5 8  
1 1 . 1 6 8  
1 1 . 6 3 8  

10'. 6iJfl 
1 8 . 4 5 0  

' 1 8 . 0 1 0  
1 2 . 0 8 8  1 8 .  8 9 8  

1 1 . 0 7 8  
1 1 . 8 7 0  
18. 8 6 0  
IO. 1 1s 

1 1 . 4 3 8 .  
11  .880 
1 0 . 7 6 8  

M I S S  I ~G 

MI SS I NG 



2 mg sio2/m3 CROUP 

C A S E  4 5  
NO. LABEL V O L 2 5  ____-  ____-__ -  ----__---- 

2 5  1217 18. 7 8 0  

27  1219 11 .838  
26  1 2 1 8  1 8 . 7 1 8  

28  1 2 2 0  1 1 . 8 2 8  
29  1221 1 8 . 7 8 0  
3!3 1222 1 8 . 5 7 8  
3 1  1 2 2 3  1 1 . 2 9 0  
3 2  1224 1 1 . 1 5 0  
3 3  1241 11  
3.4 1242 11  
35 1 2 4 3  MISS 
36 1244 1 u 
3 7  1245 
38 1246 

41J 1248 
4 1  i265 

3 9  1247 

1 8  
1 8  
1 2  
IW. 
1 1 .  

4 1 0  
7 3 8  
14 G 
8.08 
580 
3 6 0  
2 1 8  
9 5 0  
3?U 

. Q 1  Q 4 2  1266 1 2  

4 4  1 2 6 8  i 1 ~ . 1 n g  
4 3  1267 11 .DGQ 

45 12G9 M I S S  I NG 
4 G  1 7 7 8  1 1 .  4OIJ  
4 7  1 2 1 1  1 1 . 4 3 8  
4 8  11'72 11J.91,o 

1 2 1 ~ . a m  

a .  680 
MISSING 

-'I. 4 0 0  
2 1  
1 2 . 1 8 8  
38.300 

5 , 9 8 0  
3 3 . 9 8 8  
21 .6D8 

1:.700 
9.4EI8 

28.28U 
3 3  
33.38U 

6 . 6 8 8  
27.28EJ 
2 7  
1 4 . 6 8 8  

M I S S I H G  
2 u .  7 8 8  
26 
3 7 . 7 0 0  

MISS1 NG 

7 2 .  El00 

117. 6 8 0  
1 5 . 6 8 8  
11  

6 . 4 8 8  
12.7U8 
- 7 .  GOB 
1 9  9JY8 

MISSING 

14 a m  
MISS PIG 

1 2  2 8 8  
6 .  GOD 
3 . 4 0 8  

19..lDU 
22 .73D 

8 . 8 U 8  
13.2DQ 
1 6 . 7 8 8  

6 . 1 8 0  

7.5JJW 
. 2DU 

2 1 . 1 u o  

M I S S I IJG 

MISS I NG 
MISSING. 

. 5 u u  
59 .58U 

7 
1 1 . 1 0 0  
3. GLIB 
5 . 4 U 8  
8 
5. G08 

MISS I NG 
a 

14.GDU 
12.4BQ 
12.5BB 

4.7fJQ 
1 
0 
5 .8UIJ  

19.98JY 

1.51JiJ 
G. 7ou 
5 . 3 0 8  

MISSING 

4 3 . 2 8 8  
3 8 . 2 8 8  

M I SS ? IlG 
14 I S S  I NG 
MISS1 NG 
M 1 s s I rlc 

4 2 . 4 8 8  
4 5 .  I U V  
4 8 . 2 U U  
3(, . 7oa 
45.4OW 

MISSING 
M I S S  I NG 

4 3 . 1 8 8  
42.iBU 

M 1 SS I RC 
MISSIKG 
1.1 I S S T N G 
14 I ss I NG 

MISSING 

MIS? I NG 

37. aao 
5 3 .  lfln 

4 3 . 1 a 3  

122.7ffff 
9 2 . 9 8 8  

MISSING 
MISS I NG 
MISSING 
MISS I NG 

83.888 
82.48ff 
9 6 . 3 0 8  

1 0 9 . 1 0 0  
6 1  

MISSING 
M I  SSl NG 

99.2817 
1 8 2 . 7 8 8  

MISS I NG 
MISS I I.IG 
M I S S I N G 
MISS I NG 

7 3  
MISS I NG 
72. o f f 0  

MISS I NG 
1 8 5 . 7 0 8  

7 . 3 5 3  
7 . 4 2 0  

MISSING 
MISS I NG 
MISSING 
MISSING 

7 . 3 8 8  
7 . 4 1 1  
7 . 3 7 5  
7 . 4 4 4  
7 . 3 3 8  

MISSING 
MISS I NG 

7 . 3 0 5  
7 . 4 8 9  

MISS I NG 
MISSING 
1.1 I S S I N G 
MISSING 

MISSING 

MISSING 

7 . 4 4 7  

7 . 3 7 6  

7 . 4 2 6  

7 9 . 6 8 0  
0 8 . 8 0 8  

135.2170 
3 9 . 7 0 0  
4 8 . 4 8 0  

1 1 3 . 5 8 0  
7 4  

1 1 9.3Ofl 
9 5 . 2 0 0  

183.58IJ 
1 1 4 . 8 8 8  

74.78D 
133.8U8 

6 7 .  RIJU 
1 7 9 .4DD 

86.18JY 
1 1  4 . 5 8 8  

1 8 8 .  308 

MISSING 
98.708 

121.11ru 
1 o 5 . 4 a a  

3 3 . 8 U 8  
1 8 5 . 1 8 8  



! 

C A S E  
NO.  L A B E L  _ _ _ _ _  -_------  

49 1417 
58 1418 
51 1419 
5 2  1428 
53 1 4 2 1  
5.1 1422 
55 1123 
56 1424 
57 1 4 4 1  
5 6  1542 
59 1443 
6 8  1444 
61 1445 
62 1446 
63 1447 ’ 

6 6  1448 
65 1665 
66 1466 
67 1467 

69 1469 
75 1470 
71 1471 
72 1472 

68 14E8 

~ . .  . _ .  

i o  mg sio2lrn3 GROUP , 

I .  900 
2 .R50 
1.741 
1.740 
1.91B 
1.688 
1 .HOB 
1.458 
1.638 
1.588 
1.678 
1 .460 
1.790 
1.620 
1.7~78 
1 .E2P 
1.780 
1 .a30 
1.768 

6 
7.25~7 
7.338 
5.508 
4 
5 
G .  588 
5.258 
5.75M 
7 
G 
5.258 
4 . 2 5 Q  
5.511d 
5.920 
5.5M0 
6.178 

5.5MB 
3 

72 
80 
86 
73 
59 
6 2  
09 
67 
68 . 
62 
64 
63 
52 
61 
76 
66 
65 
63 
6G 

1.888 5 64 
1.829 G 85 
1.628 5.580 G8 
1.700 7.338 64 
1.730 5.920 71 

,480 
1.798 
.648 
.168 
. 1 6 D  
. 2 9 8  . 378 
.33a 
.378 
.478 
.458 
.544 
.27D 
.228 
.748 
.158 
. 2 5 8  
.138 
.I78 

.318 

.220 

. 2 8 8  

.338 

. 4 9 1  

.13w . 2 AD 

.29M 

.298 

.330 

.2DM 

.398 

.418 

.39D 

. 2 9 8  

.398 

.788 

.488 

- nm .3uu 

10.468 
10.0313 
18.478 
9.668 
I). 63U 
10.89J7 
I 8.83JY 
9.5713’ 
9.398 
9.9E8 
9.478 
10.6813 
18.788 
18.670 
1B. 20g 
1 1  
10 
1 1  
18 

.2 18 .548 11 
1.468 . 5 8 8  I 0  
.170 . 3 8 0  18 
. 2 2 8  .3 18 18 
.2 18 .388 1 1  

18.980 
11.568 
10.938 
10.450 
I S .  758 
11.218 
18.488 
10.260 
18.448 
10.748 
18.350 
1 1 . 6 6 0  
11.718 
11.850 
11.148 

3.97LT 
2.918 
3.43LY 
2.540 
3.088 
3.170 
3.340 
2 .888  
3.890 
3.990 
2.858 
3.588 
3.778 
3.15B 
4.758 

11.758 2. E i 0  
3.668 11.290 88H 

53D 12.640 3.680 
E 40 11.811 3.228 
540 12.680 3.450 
4611 11.298 3.358 
G 08 11.5110 3.190 
56D 11.950 3.680 
1 BJ3 11.758 2,670 

11.928 
12.898 
12.120 
11.280 
11.488 
12.358 
11.G3U 
11.170 
11.141 12.380 

11.160 
13.040 
13.fl80 
14.388 
12.058 

12.888 
13.968 
13.108 
14.688 
12.49M 
12.630 
13.558 
13.270 

MI SS I 14 G MLSS 

.182 

.183 

.195 

.198 

.1G8 

.193 

.‘166 
161 
145 
197 
157 
155 
143 
192 
288 
13 G 

.179 

.210 

.197 

.22 1 

.193 

.200 

.200 * 

.195 



C A S E  
N O .  L A B E L  _ _ _ _ _  --_----- 

49 1417 . 

5 1  1419 
5 2  1 4 2 0  
53 1421 
5 4  1422 
55 1423  
5 6  1424 
i 7  1441 
5 8  1442 
5 9  1443  
6 8  1444 
6 1  1445  
62  1446 
6 3  1447  
64 1448 
65 1465  
6 6  1466 
67  1467 
66  1468  
6 9  1469 
7 8  1 4 7 8  
71 1471 
7 ;  1.172 

5 0  1 4 1 8  

10 mg Si02/m 3 GROUP 

1 3 . 5 0 8  
2 8 . 3 5 P  
2 1 . 6 8 8  
1 3 . 5 8 8  
1 6 . 2 8 8  
2 1 . 2 5 3  
1 6 . 2 8 8  
2 4 . 3 8 8  
1 8 . 9 8 0  
21 .6SP  
27 
3 9 . 1 5 0  
2 8 . 2 5 0  

MISSI I IG 
MISSING 
MISSI NG 

16.2U8 
2 8 . 3 5 0  
21.6U8 
3 1 . 7 3 8  
3 8 . 1 1 0  

2 4 . 3 u u  
2 1  .GFE 

2 1  .Gnu 

6 7 . 6 4 6  

4 9 . 6 4 8  
7 2 . 2 7 0  

6 2 . 7 3 0  

6 8 .  5 5 0  
5 4  
5 9 . 4 6 8  
6 0 . 2 7 8  
5 1 . 5 5 8  
75.68.0 
6 0  

6 8 . 1 8 8  

7 5 . 8 2 8  

5 a . 9 1 0  

l i s .  8 2 0  
M I S S I NG 

6 9  
7 4 . 7 3 8  . 
6 9 . 5 5 8  
71Y. 3 6 8  
7 1 . 7 3 0  
7 4 .  1 8 8  

6 4 . 3 6 0  
7 a . 2 3 8  

. 9 9 0  

. 9 2 0  
1 . a 1 0  

. 9 5 8  

1 . 8 1 0  
.94B 
.988 
. 9 3 0  
. 9 2 8  
. a 0 0  
. 9 5 0  

1.01D 
. 9 5 8  
. 9 4 8  

1 
1 . 8 4 8  
1 . 0 3 8  
1 
1 . 1 0 0  
1 . 0 1 8  
1 . 0 3 0  

. 9 3 0  
1 

. a 5 0  

6 4 . 7 0 0  
7 3 . 3 0 8  
72.48111 
6 0 . 3 8 0  
6 5 . 2 8 0  
6 3 . 3 8 0  
7 7 .  a m  

! 7 8 . 1 0 8  
71 
€.a. A 8 8  
7 2 .  1 8 8  
77  
7 2 . 6 8 8  
6 7 . 3 8 8  
76.50.U 

GF;.9t?8 
71.3610 
6 7 .  GBU 
74.1u.U 
6 5  
68.98D 
7 9 . 9 0 0  
7 5 . 3 8 0  

M I S S  I NG 

l l l . iLY8  
1 0 7 . 9 8 8  

1 8 1 . 9 8 8  
1 1 8 . 2 8 8  
105  
1 8 4 . 9 8 9  
1 0 6 .  88U 
110.5kY8 

9 3 . 9 8 8  
1 8 8 . 9 8 8  
1 0 8 .  l a 8  
1 3 4 . 4 0 8  
1 2 8 . 2 8 8  
185  

i 1 0 .  0.98 
132.5061 
1 2 8 . 7 8 0  
1 2 7 . CUB 
113.G88 
l i l l . 1 8 0  
119.IBU 
137.1.0fl 

a 8 . 7 0 0  

M I S S I FIG 

27 
E F R 5 8  --------- 

9 1 . 2 8 8  
3 6 .  3 8 4  
6 9 . 9 8 0  
9 3 . 3 8 8  

106.7fJ.U 
9 6 . 3 8 8  
a 7  
a i  . 9 8 n  

a 7 .  GOD 
8 2 . 5 8 0  

9 1 . 3 0 8  
7 5 . 5 0 8  

1 8 4 . 2 8 8  
9 7 .  1M.U 
95  

MISSING 
9 4 . 2 8 0  

186  
189.28.U 

99 
1 0 2 . 8 8 8  
1 0 4 . 2 8 0  

92  
8 9 .  2 8 s  

5 7 . 1 0 0  
5 7 . 9 0 0  
3 9 . 8 0 0  
60 .500  
6 9 . 7 0 0  
5 6 . 1 0 8  
5 1 . 8 8 0  
5 3  
5 8 . 9 8 0  
5 0 . 3 0 8  
4 9 . 7 8 8  
48 
6 8 . 3 0 0  
5 3 . 2 8 0  
5 6 . 9 0 0  

6 1 . 9 8 8  
6 6 . 2 8 0  
5 7  
4 9 . 4 0 8  
55.7861 
64 .7U8 
64.7618 
59.3.U8 

MISS I NG 

3 2 . 7 8 8  
2 3  
2 8  
2 9 . 3 0 0  
2 4  
2 7 . 2 8 8  
25  
2 6 . 6 8 8  
25  
22 
18  
21  
28  
23  
16 

MISS 

688 
3 08 

7 88 

308 
7 0 0  
NC 

a 80 

3 1 . 3 8 8  
2 7 . 2 8 8  
25.98.61 
11 .88D 
2 2 . 3 8 8  
3 1 . 5 8 8  
3 2 . 2 0 0  
2 4  

1 3 . 9 0 0  

1 1 . 3 0 0  1 0 . 7 0 8  

8 . 4 8 0  
7 . 1 8 0  

9 . 4 0 8  
9 . 7 0 0  
5 . 9 8 0  

7 
8 
4 . 5 0 0  

1 0 .  7 8 8  

1 3 . 9 0 8  
7 . 1 8 0  
8 . 9 0 0  
5 . 3 0 8  
9 .78B 
9 .  388  
6.5ATU 

6 

M I S S I I4 G 

a .  3 8 0  

MISSING 

a .  4 u u  

331  
257 

345  
234 
293  
378 
378  
2 4 5  
389  

MISS 
364 
3 2a 
2 8 2  

MISS 
31 1 

3813 

333  
352 

364 
258 
3 3 5  

245 

328 

MISSI NG 

NG 

NG 



. . . .  _ _  . . . . . . . . . . . . . . . . . . . . . . . .  
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c( 

0 1  
> I  

I 

. . . . .  
f f l  I . . . . . .  . . . . . . . . . . .  ' , . . .  v ) .  

a1 E I 11 

v) 
l-4 

v? 
CI 

6-J 
3 

Csm I 
el 

I 

D-14 



3 10 mg SiO,/m GROUP 

C A S E  
NO. L A D E L  

4 9  1 4 1 7  
58 1 4 1 8  
51 1419 
5 2  1 4 2 8  
5 3  1 4 2 1  
54 1422 
55 1 4 2 3  
5 6  1624 
5 7  1441  
58 1442 
‘59 1 4 4 3  
6 0  1444 
6 1  1 4 4 5  
6 2  1446 
G3 1 4 4 7  
G 4  1 4 4 s  
6 5  1 4 6 5  
6 6  1466 
6 7  1 4 6 7  
6 8  1 4 6 0  
6 9  1 4 6 9  
7 0  1 4 7 0  
71 1471  
i ?  1-17? 

_ _ - _ -  --...--- 
4 5  

V O L 2 5  -- ---- - - - -  
1 0 .  9 4 0  
1 1 . 5 3 8  
1 8 . 9 6 0  
1 0 . 2 9 0  
1 8 . 6 2 0  
1 1 . 1 3 8  
1 0 . 4 6 0  
1 8 . 1 9 0  
18 .3D0 
1 8 .  7 6 8  
lu.3Ua 
1 1 . 4 8 0  
1 1 . 7 8 8  
1 1 . 9 3 0  
l l . i 4 0  
1 2 . 2 5 0  
1 1 . 2 9 8  
12 .64D 
1 1 . 7 2 0  
1 2 . 6 8 8  
11 .29D 

1 1 . 8 9 0  
1 I . (,bM 
i i . 5 n 0  

4 9  
DHEF R 50 ---------- 

1 8 . 7 0 0  
1 1 . 1 0 0  
2 %  
1 2 . 9 0 0  

4 * U8B 
1 3 . 5 0 0  
1 0 . 9 0 0  
14.4D0 
23 .40D 
19.7fYu 
2 6 . 9 0 8  
2 8 .  808 
1 9 . 4 0 0  
18.10lY 
21.9UD 

23.88D 
1 6.40l-f 
2 2 . 8 0 0  

7.28P; 
1 6 .  138il 
19.2D8 
17.10U 
I ‘J.. lUU 

MISS I NG 

5 8  5 2  
D H E F R 2 5  ISOFLOW _-__----_- ---__--_-_ 

17.900 3.20IJ 
1 6 . 4 0 0  8 
1 7 . 2 0 8  1 2 . 8 8 8  

1 e GDU . 2 2 . 9 0 0  
- 4 . 1 8 8  MISSING 
1 4 . 2 0 8  15.G0U -. 108 2 5 .  G 8 8  

6 . 2 0 0  2.3Er0 
17.2irD 4 .  G Q 8  
1 4  1 .  i 8 0  
1 0 .  6 8 0  8 
1 1 . 6 0 0  0 

3 .480  1 1 . 7 0 8  
12.6f70 2.50U 
8.608 0 

MISSII4G MISSING 
1 3 . 2 0 8  13 
6.2Q8 U 

1 7 . 1 8 0  4 . 9 0 0  
-1 4 . 7 0 0  3 8 . 2 0 8  

1 5 . 1 8 0  5 
9 . 5 0 0  0 
8.4011 

I . 3o i J  D 
14.70U 

53 
P C O 2  ---------- - 

4 8 . 7 0 8  
MISSING 
MISS I NG 

M I SS I NC 
41  .800  

4 3 . 5 D 8  
4 6 . 3 0 8  

4 5 .  4 8 8  

4 6 .  5DM 

M I S S I N G 

M I S S I NG 

MISSING 

MISSING 
46  
4 4 . 2 0 8  

4 5 . 9 Q 8  

4 3 . 9 8 8  

4 8  

M I S S I NG 

M I S S  I N G  

MISSING 
I4 I SS I NG 
El I S S  I NG 
1.1 I s s I N G 

5 4  
P O 2  _____- - - -  

66.70JT 
MISSI NG 
1.1 I SS I NG 

MISSING 
6 9 . 1 8 8  

7 1 . 5 0 0  
6 3 .  I D 0  

7 9 . 3 0 0  

7 8 . 5 8 8  

7 5 . 1 0 0  

9 2 . 8 0 n  
64 .98H 

7 2 . 4 8 1  

103.3DlJ 

MISSING 

MISSING 

MISSING 

M I S S  I N G 

Ci I S S  I NG 

MISS I NG 

MISSI NG 
1.1 I S S I NG 
I4 I SS I NG 
MISSING 

5 5  
P H  ---------- 

7 . 4 2 2  
MISS I NG 
MISSING 

7 . 4 8 5  
MISS I NG 

7 . 4 0 1  
7 . 4 8 3  

7 . 3 8 5  

7 . 3 7 1  

7 . 3 6 1  

7 . 3 4 1  
7 . 4 8 8  

7 . 4 0 5  

7 . 3 9 1  

M I SS I H G 

MISS I NG 

M I S S  I NG 

MISS I NG 

MISS I NG 

MISSING 

MISS I NG 
MISS I NG 
MISSING 
MISSING 

5 G  
C O Z R E S P  - _ _ _ _ _ _ _ _ _  

2 4 4 . 7 8 0  
1 0 2 . 1 8 8  
1 7 7 . 1 0 0  
U G  ..700 
69.7D15 
9 4 . 6 0 8  

1 3 5 . 8 0 0  
5 9 . 7 0 0  

173.88D 
9 5 . 5 0 0  

MISS I NG 
1 2 7  
1 4 9 . 8 0 0  

3 5 . 7 0 8  
84.1BB 
53. RD0 
62.2815 
7 6 . 3 8 8  

9 5 . 2 8 0  
5 9 . 2 0 8  

114.5UW 
1 3 6 . 9 0 8  

M I S S  I NG 

i u ~ 1 . 9 a u  



7 3  
7 1  
7 5  

’ 7 6  
77  
78 
79  

8 1  
82  
0 3  
0 4  

t? JY 

617 
610 
619 
6 2 8  
621  
6 2 2  
6 2 3 
I, ? 4 
6 4  1 
642 
643  
644 

E5 1645  
06  1645  
8 7  1647 
8 6  iG48 
8 9  1665 
9 0  1666 
9 1  1667 
97 16GO 
9 3  1 6 6 9  
9 4  1 6 7 0  
95  1671 
9 5  1672 

1.3J7P 
1 . 6 6 8  
1 . 3 9 0  

1 . 4 4 8  
1 . 5 ! i l  

- - 1.srln 
1 .  2 7 d  
1 . 4 7 8  
1 . 4 9 8  
1 . 4 0 8  
1 . 3 4 0  
1 . S I B  
1 . 3 9 0  
1.501J 
1 . 7 5 8  
1 . 4 9 8  
I .  3 8 8  

I .5ZI 
1 . 4 6 0  
1 . 6 5 d  
1 . 7 4 8  
1.C38 

MISS I NG 

i . 4 a c 1  

6 . 2 5 8  
5 . 5 0 0  
8 

MISSING 
7 . 3 3 8  
6 . 6 9 8  
7 -  

7 . 5 1 8  
6 . 0 2 8  
7 . 3 1 0  
7 
7 . 5 1 0  
7.8117 
5 . 8 3 8  
5 
7 . 1 9 8  
4.358 
5.E4fl 
4 . 8 0 6  
6 . 2 5 8  
6 
5 . 9 3 8  
7 .  5’8 
7.58B 

8 3  
113 
82  

MXSSI NG 
84 
9 3  

- 79 
1 80 
1 5 8  
1 2 0  
121  

8 2  
0 3  

1 1 2  
7 5  

1 0 3  
184 

117  
1 1 3  
58 

1 1 8  
117  
1 3 8  

99 

3 20 mg Si02/m GROUP 

14 1 5  17 18 19  2 0  21  
R L  CDYlJ I C  vc F R C B  TLCD DLCO 

. 7 5 8  

.54lY 
,3211 

1 . 4 7 8  

. 7 5 0  

MISSING 

. 2 9 a  

‘ . 4 l 8  

. 130 

. 3 7 8  

.568 

. 5 7 8  

. I 8 8  . loa  
1 . 5 % 8  

. 2 3 d  

. 2 6 8  

.1GB 

. 1 3 8  

. 1 3 u  

MISSING 

M I s’s I N G  

MISSING 

.36a 

. 1 7 0  

. 2 5 0  

. 1 6 0  

. 1 3 0  

2211 

MISS1 NG 

. 2 9 a  

MISS 

MISS 

MISS 

NG 
2 7 0  
NG 
2 5 8  
2 4 8  
2 3 0  
NG 
.140 
. 2 9 8  
.38.3 
. 2 6 8  
. I  E 8  
, 1 ‘jn 
. 4 3 8  
. 3 2 0  
..290 
.3?8 

9.0413 
9.66U 
8 .46U 

9.8611 
8.171Y 
9 . 1 I ~ J  
9 . 82lJ 
8.921J 
8.3811 
8 .88H 
0.231J 
9.871J 
9 . 1 8 8  
9.42B 
9.55I3 
9 . 7 6 8  
9 . 1 o n  

18. 15H 
8 . 5 6 8  

18.5411 
9 . 5 6 8  
9.2GJJ 
0.4111 

MISS I NG 

9 
l a  

9 
11  
la 

9 . 5 4 8  
1 0 .  3 9 0  

9 . 3 4 0  

9 . 8 1 0  
9 . 1 6 8  

. l-ff.. 1 G:CJ 
9 . 4 4 0  
9 . 9 6 8  
9 . 1 3 8  
9.0110 
9 . 4 9 8  

1 0 . 4 5 8  
1 8 . 2 3 0  
1 0  0 9 0  
18 9 1 0  
1 0  4 6 0  

0 30 
8 6 0  
3 1 0  

MISSING 

3 0 0  
6 8 0  

111.0U1T 
9 . 5 6 8  

2 . 8 7 8  
2 . 3 9 8  
2 . 3 6 8  

2 . 5 1 8  
3 . 8 4 8  
3.270 

3 . 8 9 0  
2 . 3 0 0  
2 .140  
2.7118 
4 .8?8 
3 . 1 7 0  
2 . 0 8 0  
3.540 
2 . 9 1 8  
2 . 7 9 0  
2 . 7 8 0  
2 . 6 7 8  
3.718 
2 . 8 5 8  
3.1UB 
2 . 2 5 0  

.M I SS I NG 

2 . 8 ~  

11  
I 8  
11  

9 
1% 
11  

1 0 . 3 3 0  
1 1 . 2 3 8  
10.1780 

1 8 . 5 1 0  
1 8 . 1 3 8  
l!3.G88 
1W. 468 
1 0 . 3 3 8  

9 . 5 3 0  
1 0 . 6 0 8  
1 0 . 1 0 0  
1 1 . 1 0 8  
1 0 . 9 6 0  
11  158 
1 1  8 2 8  

5 8 0  
4 6 0  
7 5 0  

4 4 0  

MISS I N G  

9 4 0  

8 8 0  
1 8 . 6 6 8  
1 0 . 3 4 8  

. a 9 9 0  . 124 
.124  

. 1 2 1  

.138 

. 1 2 0  
- . I 1 0  - 

. 134  

.185  

. 1 1 3  
e147 
.14E 
.148 
. 136  
- 1 2 3  
.124 
.136 
. 145  
.112  . 151 
. 1 4 3  
. I 3 8  ’ 
. 139  

MISSING 



3 
20 mg Si02/m GROUP 

U 
I 

C A S E  
NO. L A G E L  

7 3  1617 
7.1 1618 
7 5  1619 
76 1628  
7 7  1621 
7 8  1622 
79  1623 

_ _ _ _ _  _----- 

aB 1624 
a t  1 ~ 4 1  

a: 1643  
8 2  1642 

E4 1644 
8 5  1645 
8 6  1G46 
8 7  1647 
8 8  1640 
8 9  1665 
9'J 1666 
9 1  1G67 
92  1G68 
3 3  1669 
3 4  1 5 7 8  
515 1671 
9G 1672 

22  
PST -- ----_----- 

27 
1 8 . 9 8 8  
1 4 . 9 5 0  

2 1 . 6 8 8  
1 7 . 5 5 8  
1 6 . 2 8 8  
2 9 . 7 8 0  
2 8 . 3 5 0  

1 8 . 6 3 8  
27.. 2 0 0  
28.358 
2 4 . 3 a 3  
2 2 . 9 5 0  
3 3  .U88 

29.7WB 
3 3 . 7 5 8  
1 4 . 1 8 0  
16.2179 
14.6'1.U 
2 7  
27 

MISSING 

1 6 .  zrm 

1 3 .  SJTP 

6 3 . 2 7 8  
6 3 . 5 4 0  
6 2 . 0 5 8  

4 6 . 9 1 0  
49 . a 9 0  
7U. 3 6 8  
7 0 . 2 3 0  
5 5  .89D 
7 0 . 9 1 8  

5 6 . 1 8 0  
66  
6 4 . 9 1 0  
6 5 . 4 6 8  
7 5 . 8 2 0  
Sd 
G8.73iY 
7 3  .89R 

8U.85M 
G O .  1 8 8  
5G.180 
6 % .  d60  

M I S S I NG 

5 a . i r w  

t 5 . i a ~  

MISS 

8 88 
9 2 0  
7 9 8  
NG 
878  
7 78 
9 2 0  
8 2 0  

. a i 8  

. 7 7 0  
o r  . O J 0  

. 7 5 0  

. 9 2 0  . .  ~ 

. 9 2 8  . a 4 0  

. 9 7 8  

.940 

.92w 

. 9 7 0  

.87W 
1 . 8 1 8  

. 9 2 8  

. 8 1 0  

. 8 2 0  

68.60D 
5 4 . 8 0 8  
6 5 .  0 0 8  

62.2U.U 
76 .FIB8 
G G .  88Kl 
63.7UIJ 
6 6 . 7 8 8  
6 4 .  1 8 0  
6 3 , 7 8 8  
61  . 5 8 D  
71 .1@8 
6 3  
6 0  
7 1 . 9 8 a  
69  
69.5UD 
62.1B8 
63.78U 
71 .4G8  
7 9 . 3 0 0  
76 
74 .1D8 

M I S S  I N.G 

1 8 5 .  8 8 0  
108.4WB 
1 1 8 . 9 8 8  

93 .8&4 
01.20!3 
18 
1 2 . 1 n 0  
05.6fiU 
0 9  

M I SS I NG 

3 a . 9 0 0  
~ l i  . a m  

9 u . 4 u ~ r  

1 8 . 2 8 8  
D4 .4Lr8  

I ' t . G U f l  
87.1CU 
5 3 . 1 8 8  
2 8 . 5 8 8  
28.2,@0 
Z G .  4m 
21.40rrl 

1 84 .580 
100.9flfl 

110  
99  

183  
1 .w 1 

8 i  
95 

91.68fJ 
9 1 . 3 0 0  
9 3 . 8 8 1  

75.90J3 
84 .48f l  
97.2ufl  

101  .90H 
87.10!Y 
9 3 . 7 0 0  
8 3 .  9 0 1  
9 0  
94 .3D8 
95.58U 
88. 50 f l  
96 .  %00 
9 2  6011 

117 80yI 
1 80 
8.UU 
90JY 

MISSING 

GBQ 
9 8!J 
1 BJ3 

58  
47 
5 3  

MISS 
34 
4 1  
54 
61  

9 80 
588 
5 88 
NG 
3 8 8  

3 0 0  
5 B8 

4 6 , 2 0 8  
58. 2 0 0  
5 2 . 6 @ D  
4 5 . 9 0 0  
5 4 . 9 8 0  
5 5 . 9 8 0  
68 .  E80 
6 7 . 9 8 8  

71 . 8 8 8  
5 7 . 5 0 8  
52 .  2 8 8  
6 M . 2 0 8  
5 9 . 4 0 8  
4 6 . 4 8 0  
5 3 . 7 8 8  

r1a.888 

23 .3D8 1 9 . 4 0 8  

2 3 . 7 0 0  
MISSING 

8 
10.4110 
2 4 . 5 0 0  
2 4  
17.RR8 
2 4 . 9 8 0  
2 2 . 5 0 8  
20.9R.D 
2 5 . 9 8 8  
2 3 .  En8 
21 .4 f l 8  
24 .5 f i 8  
1 8 . 5 0 0  
3 2 . 4 8 8  
28.2WG 
22.7D0 
19.GffU 
2 8 . 2 0 8  
23 
1 8 . 3 n 0  

15  

MISSING 
MISSING 

9 . 3 0 8  

9 . 2 8 0  
8 . 1 8 8  

MISSING 
MISSI NG 

12  
1 3 . 5 8 8  

7 . 7 8 8  
8 . 2 8 0  

MISS I NG 
MISSING 

1 0 . 3 0 0  
7 . 9 8 8  
8 . 1 8 8  

1 3 . 9 8 6  
1 1 . 1 0 u  
1 3 . 3 0 8  
1 0  

7 . 7 8 8  
1 3 .  680  

8 . 8 8 8  

3 3  
HR 

279 
261 
239 
327  

MISS I NG 
M I SS I FIG 
MISSING 
MISS I N G  
MISSING 

282 
3 0 4  
356  

MISSI NG 
M I  SS I NG 
MISS I NG 

27'5 
306  
3 0B 
337 
333  
247 
276 
316 
414 



- .  . .  . 

U 
I 
co 
c.' 

20 mg s ~ o , / ~ ~  GROUP 

7 3  
74 
75 
76 
7 7 -  
7E 
79 
F P 
81 
0 2  
8 3  
84 
I3S 
86 
8i 
88 
r;9 
9f l  
91 
92 
93 
94 
95 
96 

1G17 
!GIE 
1619 
I6217 
1 6 2 1  
1622 
1 G23 
1 6 2 4  
1G41 
1642 
1643 
1644 
I C 4 5  
1646 
IC 4 7  
164fJ 
1665 
1 SCG 
1667 
1662 
1669 
1!<7.u 
1671 
1672 

. a 4 6 3  

.0580 

.a475 
MISSING 
MISSING 
MISSING-- 
M I S S I N G 
MlSSIlu~; 
t!ISSI NG 

.Kf513 

. u 5 2 5  

.5l5IJB 
M I S S I r4 G 
M I S s I PI i; 
MISSING 

.8A96 
,0463 
.u475 
.64 5.u 
.LfErF '?a 
.c14 50 
.8458 
.a475 

. ~ - I C J U  

.I1 25 

.0108 

.B15B 
MISSI NG 
M I S S  1 N G  
MISSING 
El I S S  I NG 
MISS 1 NG 
M I ss 1 NG 

. 0130  

.017S 

.0175 
MISS I NG 
MISSING 
bl I S S I NG 

. 8 1 2 5  

.17125 

.8138 

.BIBB 

.8138 

. a 1 2 5  

.0150 
.08080 
.8113 

8 
II 
0 

MISSING 
0 
-8 
8 
IT 
17 
rr 
0 
0 
a 
a 
a 
8 
0 
a 
a 
0 
0 
0 
rr 
rr 

.18fl 

.30n 
.8llCl.l3 

MISS I NG 
' L J  

- -. 0 1-08 . LlGBR . 120 
n 
.2ZB 

B 
.8688 
.fl8.08 

. 2 4 u  
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Lung Composition Data from I n d i v i d u a l  Fischer-344 R a t s  

I 

Appendix Heading . D e f i n i t i o n  

DNA 

DRYWT 

ELASTIN 

LABEL 

OHPR 

PROTEIN 

t o t a l  lung  DNA (mg) 

t o t a l  d ry  weight  of the  lungs (mg) 

t o t a l  lung e l a s t i n  (mg) 

anima 1 number 

t o t a l  lung hydroxyprol ine (mg) 

t o t a l  lung p r o t e i n  (mg) 
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2 mg SiO2/m 3 GROUP 
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