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Rats of b t h  sexes lmave heem exposed, mice p e r  week, for 13 weeks, 
to l o w  concentrations 0 . ~  a conaensatioa aerosol from d i e s e l  f u e l .  ~ h e s e  
i n l i d a t i o n  exposures were performed to determine whether there was any 
potent  l a 1  t o x i c i t y  from comparatively l o w  aerosol cancentrations A?nimaPs 
welre divlided i n t o  4 graaaps (29 per SEX i n  each group) and exposed to 
aerosol coaeentsabPons of 0, Os25, O,75 and 1.50 
for 4 hours p e r  day. A fd f th  group (12 pea se as vivarium 
cone. rols m 

he exposure per iod  there were some slight changes in s ta r t le  
er,  t h e s e  were a p p a r e n t l y  acute effaces, and there appeared t o  
t CNS involvement as measured by t h i s  endpoint. Changes in 
ry system were a lso  eonsfdared mSnor. A l so  during the 

exposure r e g h e n  these were no changes in r e s p i r a t o r y  Erequenry t h a t  were 
exposure related,  Immediately post-ex sure, the numbers of lavaged 
alveolar ~ a ~ ~ ~ ~ ? ~ a ~ ~ s  were s l i g h t l y  elevsnt in aerosol exposed animaks, but  
there  we^ no clear concentrat ion re fa t ed  effect. I n  the: pulmonary fun@- 
t l o n  tests there were some t r ends  towards: smaller lung volumes in animals 
e x p ~ ~ d  to diesel. fuel aerosoi; ~ O W ~ V E P  there significant c ~ ~ c e n -  
trat.bon-related effects  a Pan1 ary gas exchange and dynamEc lung tests 
were also appa ren t ly  unaffecte these low d i e s e l  fuel. aerosol exposures a 

Changes i n  t i s s u e  weights as a r e s u l t  ~f diesel f u e l  aerosol were 
mi.ncar, and the snPy histopathological l e s ions  recorded were minor and 
randomly s c a t t e r e d  amongst a l l  groups i ne lu  ed fn this study.  Thus these 
les lons are most likely age-related rather t h a n  r e s u l t i n g  from aerosol 
exposure 





FOREWORD 

In conducttrig the r e sea rch  descr ibed i n  this  r e p o r t ,  t h e  i n v e s t i g a t o r s  
adhered t o  t h e  '"Guide fo r  the Care and Uses of Laboratory Animals ,  '' 
prepared by t h e  C o d t t e e  on Care and Use of Laboratory Animals of the 
T n s t i t u t e  of Laboratory Animal R ~ S O L I ~ C E S ,  National  Research Counc-Ll (DHEW 
P u b l i c a t i o n  No. f M H >  78-23, Revised 1978>, 
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nec rops i e s ,  W i l l i a m  K l i m a  and Fred Stenglein who provided t h e  e s s e n t i a l  
t e e h i c a l  support, Richard Davis f o r  animal husbandary, and Vio le t  Wright 
f o r  p repa ra t ion  of h l s t o l o g y  slides 
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by Dr. Doug Goeringer,  Tom Gayle, and Jack Moneyhun. 
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INTRODUCTION 

B a t t l e f i e l d  smokes and obscurants  are used by t h e  armed f o r c e s  t o  
assist i n  defending men, material, and i n s t a l l a t i o n s  a g a i n s t  obse rva t ion  
and bombardment. Because of t h e i r  a b i l i t y  t o  degrade t h e  performance of 
t a r g e t  a c q u i s i t i o n  and guidance dev ices ,  conceal f r i e n d l y  ground maneuvers, 
dece ive  t h e  enemy, and provide a means of s i g n a l l i n g  and marking, smokes 
and obscurants  w i l l  be widely employed i n  t h e  event  of h o s t i l i t i e s ,  and are 
i n c r e a s i n g l y  being used i n  t r a i n i n g  i n  o rde r  to create realist ic b a t t l e -  
f i e l d  cond i t ions .  The U.S. Army Medical Bioengineering Research and 
Development Laboratory i s  a c t i v e l y  i n v e s t i g a t i n g  t h e  t o x i c  p r o p e r t i e s  of 
v a r i o u s  smoke/obscurant munitions and systems t o  estimate t h e i r  p o t e n t i a l s  
f o r  adve r se ly  a f f e c t i n g  t h e  performance c a p a b i l i t i e s  of s o l d i e r s  i n  combat, 
f o r  causing immediate o r  delayed h e a l t h  e f f e c t s  i n  t roops  exposed i n  
t r a i n i n g  and f o r  a f f e c t i n g  t h e  h e a l t h ,  s a f e t y ,  and comfort of persons 
engaged i n  the  manufacture of smoke muniticrns. 

One material widely used as a v i s u a l  obscurant  i s  an a e r o s o l  generated 
from d i e s e l  f u e l .  When i n j e c t e d  i n t o  t h e  exhaust manifold of a tactical 
v e h i c l e ,  d i e s e l  f u e l  i n s t a n t l y  vapor i zes ,  is expe l l ed  wi th  t h e  v e h i c l e  
exhaus t ,  and upon e x i t i n g  t h e  exhaust system condenses t o  form a dense 
wh i t e  "smoke" which r a p i d l y  provides  a l a r g e  and e f f e c t i v e  s c r e e n  f o r  t h e  
v e h i c l e  and suppor t ing  t roops.  Since t h e r e  is a p o t e n t i a l l y  l a r g e  
populat ion at r i s k ,  and because l i t t l e  information is a v a i l a b l e  on t h e  
p o t e n t i a l  h e a l t h  and performance e f f e c t s  of exposure t o  d i e s e l  f u e l  i n  t h i s  
form, a number of s t u d i e s  have been designed t o  expand t h e  a v a i l a b l e  d a t a  
base so t h a t  a p p r o p r i a t e  h e a l t h  p r o t e c t i o n  d e c i s i o n s  m y  be made a 

I n h a l a t i o n  exposures of rodents  have been conducted t o  determine t h e  
b i o l o g i c  e f f e c t s  o f  exposure t o  v a r i a t i o n s  i n  aerosol concen t r a t ion ,  
d u r a t i o n  of each exposure,  frequency of exposures and t o t a l  number ~f 
exposures. 

The f i r s t  phase w a s  a series of acu te ,  range-finding experiments t o  
e s t a b l i s h  t h e  maximum t o l e r a t e d  concen t r a t ion  fo r  a given exposure du ra t ion  
(1). Since both concen t r a t ion  ( C )  and d u r a t i o n  of exposure ( t )  were 
v a r i a b l e s ,  d a t a  on t h e  r e l a t i o n s h i p  of m o r t a l i t y  t o  t h e  Ct product were 
a l s o  acquired.  This  product of concen t r a t ion  of a i r b o r n e  contaminant and 
t i m e  of exposure has o f t e n  been used as an index of the "'dose" of material 
d e l i v e r e d  t o  t h e  body and t h e r e f o r e  t h e  exposure cond i t ions  r equ i r ed  f o r  a 
s p e c i f i c  e f f e c t  (2) .  This r e l a t i o n s h i p  is not always v a l i d  and must be 
used wi th  caut ion.  

Mor ta l f ty  w a s  found t o  be h igh ly  c o r r e l a t e d  with t h e  @t product during 
s i n g l e  exposures (p = O,OOOl), and 83 percent  of t h e  v a r i a t i o n  i n  m o r t a l i t y  
w a s  explained by t h e  C t  product (1). Under t h e s e  circumstances it w a s  
considered j u s t i f i a b l e  t o  u s e  t h e  C t  product t o  estimate maximum t o l e r a t e d  
exposure cond i t ions  t o  be used i n  repeated exposures.  A p r o b i t  a n a l y s i s  
(3) was used t o  relate m o r t a l i t y  t o  t h e  log  of the C t  product i n  o rde r  t o  
estimate t h e  C t  product which on t h e  average induces 1% m o r t a l i t y .  This 
e s t ima ted  value was 12.2  W*h/L and the 97.5% lower confidence bound of 
t h i s  va lue  was c a l c u l a t e d  t o  be 8.2 mg*h/L. 
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A -ahat.rix destgn of repeated exposurea w a s  used i n  Phase 2 ( 4 ) .  A Gt 
product of 8 mg"hr/X, was employed as a lover exposure regimen ana 

-hr/L a8 an upper level. at which some mrLality might be anticipated. 
ure v a r i a b l e s  were the CL product ,  frequency of exposures (1 or 3/wk), 

duratllon of exposum (2  or  6 kr), sex, and & I i n ~  a f t e r  l a s ~  ~ X ~ Q S M ~  (2 days 
or 2 wceka). All groups received a total of 9 exposures regardless of 
freqacncy of exposures. T h s  groups exposed orrce per week weye treated for 
9 weeks; those exposed 3 times per  week were assayed a f ~ c r  3 weeks of 
~ _ x p a ~ a r e ,  Assays performed on the animals were ehosen on Khe basis of 
anti c i  patsd effects I They included pulmonary free cell n~arnherr and 
phagocytic act I c y ,  pulironary functican, neuro toxic i ty ,  clinical chemistry-, 
bPood eel1 mu er, organ weight, and histopathology. All. assays were 

weeks wlthoiit expasure. 
performed W t t ' t n g I l  2 dayfs Z&fPfteK the exposure and af te r  2 SUbSeqU6?0.t 

A f t e r  exgastire, the p r h a ~ y  target organ was the  lungs. Focal 
aecumulatiaiis of pulmst-nary free cells were observed in Che lung parenchyma, 
associrrtcd with  tlri cketelng and hypercellularity o f  alveolar walls. The 
number of lavagcd pulreianarp f rec cells correlated well w i t h  h i s to logic  
o b s e r ~ a t l e n s ,  remaining elevated a E t e s  %wo weeks xithout exposure. Lung 
volumzs were altered by exposure with an increased funct Eonal resadrial 
capacjetp (FRC), decreased t o t a l  lung capacity (TU:), and decreased v i t a l  
capacity (VC). There was a lso  a decrease i n  carbon mnoxide diffusing 
capacity I n  a wumbcr of the expnsed groups. Frequeracy of exposure appeared 
to he the. doin"tant vsrdable over the range of parameters siudied, w t t i a  
~xprsaaires 3 t i m e s  p e r  week being more deleter iuas  than l/week, Vsriatiosr 
in auration of e x p o e ~ r e  appeared to have little effect and a 'dose'/  
respscrse WPC: often mi  apparent wd th differences i n  concentration. 

Iuforrr\ation tacqui~=ed during the first t b ~ ~  phases of t h i ~  imhalatiion 
s t d y  was used to d e s i g n  the exposure regime for the t h i r d  and final 
phase, a sob-chronic (13 week) study. T h e  purpose of the t h i r d  phase was 
t o  determine the ~ f f e e b  of ml t ip l e  ~ X ~ O S U T X S  to l o w  concentrations of 
diesel €tiel aerosol. The duration of exposure was set at 4 IIO~XTS, and all 

4-kLour duratllon of each exposure was chosen as ail average time between 2 
and 6 h i m  used in the  Phase 2 s t u d i e s  while  the ~urnber of exposuses/week 
was chosen in an aLtempt t n  relate io p o t e n t i a l  exposure pa$berns in 
humans. Exposeare vi3fiahles W C P T ~  concentratlon of a e r o s o l ,  S E X ,  and t i m e  
a f t e r  the last. exposure (within 5 days Of a f t e r  a recovery per iod o f  

animals were e ~ p ~ ~ e d  C W P C ~  per  week fo r  a total of 26 exposures. The 

2 t ~ ~ n t h s )  that the  animals were tee%& and s a c r i f l c e d .  This  repor t  
summarizes observar ione made durrirng exposure arid results obtained from 9 

batitpry of assays at the time o€ s a c r i f i c e ,  

Equal. rrurnbcrs o f  $ week old male and female Spragne-Dawley rats  were 
a c q u i r e d  From a CoijtfKe r c t a l  S Q U F C ~  (Charles Rfver Breedlng Laboratories, 
'Enc., b?Plmingtnn, HA). They were maintained i n  quarantine for two veeks t o  



ensure  t h a t  only e s s e n t i a l l y  hea l thy  animals w e r e  used i n  t h i s  s tudy.  A t  
t h e  end of t h e  qua ran t ine  per iod animals were randomly d iv ided  i n t o  4 
groups of 24 male and 24 female rats t o  s e r v e  as t h e  t h r e e  exposure groups 
and t h e  matched sham-exposed c o n t r o l  group. A f i f t h  group comprising 
12 male and 12  female rats was used as vivarium c o n t r o l s .  Exposures 
commenced when t h e  rats were 18 t o  21 weeks of age. A diagram of t h e  
exposure schedule  (Figure 1A) and t a b l e s  showing ages of the  animals at 
va r ious  po in t s  durPng t h e  s tudy  (Table 1A) and t h e  mul t fp l e  use of animals 
(Table 2A) are given i n  Appendix A. 

A 1 1  animals i nc lud ing  the vivarium c o n t r o l s  were housed i n d f v i d u a l l y  
i n  hanging, s t a i n l e s s  steel, wire mesh cages. Pur ina  rat chow was provided 
ad l i b i t u m  except  during exposures.  Water w a s  provided us ing  an automatic  
water ing  system. In orde r  t o  prevent  t h e  in t roduc t fon  of Pseudomonas 
aeruginosa  (an organism capable  of producing pneumonia i n  animals) by the 
w a t e r  supply,  it w a s  hyperchlor ina ted  t o  16 ppm as it en te red  t h e  bui ld ing .  
The a c t u a l  c h l o r i n e  concen t r a t ion  in t h e  w a t e r  t h e  animals received was  i n  
t h e  range of 3-5 ppm; a concen t r a t ion  range t h a t  is commonly used in animal 
f a c i l i t i e s  t o  prevent  t h e  growth of t h e  bac te r i a .  A 12 hr-on/l2 hr-off 
l i g h t  cyc le  w a s  maintained. 

Exposure Methods 

The exposure chambers and a e r o s o l  gene ra t ion  s y s t e m  have been previ -  
ous ly  descr ibed  ( 5 ) .  B r i e f l y  t h e  genera tor  was designed to  model t h e  
v e h i c l e  exhaust  system used by t h e  m i l i t a r y  t o  produce smoke from d i e s e l  
f u e l .  It cons i s t ed  e s s e n t i a l l y  of a 1-in.-O.D. s t a i n l e s s  steel tube about 
1 m long with a Vycor h e a t e r  f i t t e d  i n t o  me end. This  h e a t e r  w a s  main- 
t a i n e d  at 600OC. The d i s t a l  end of t h e  gene ra to r  was heated t o  350°C by a 
h e a t i n g  tape.  Nitrogen en te red  t h e  end near  t h e  Vycor h e a t e r  and e x i t e d  a t  
t h e  oppos i t e  end of the  tube. Diesel f u e l  w a s  metered onto  t h e  t i p  of t h e  
Vycor h e a t e r  where it w a s  f l a s h  vaporized and c a r r i e d  by t h e  hot n i t rogen  
out  of t h e  gene ra to r  and i n t o  t h e  cool supply a i r  e n t e r i n g  t h e  exposure 
chamber. Aerosol concen t r a t ion  in t h e  chamber was c o n t r o l l e d  by the rate 
of flow of f u e l  i n t o  t h e  gene ra to r  at a cons tan t  f low rate of a f r  through 
t h e  chamber. 

Exposures w e r e  whole-body and performed i n  1.5 m3 New Pork Univers i ty  
s t y l e  i n h a l a t i o n  chambers wi th  rats housed i n d i v i d u a l l y  i n  6 tiers wi th in  
t h e  chamber. Animals were housed in t h e  i n h a l a t i o n  chamber only f o r  t h e  
d u r a t i o n  of t h e  exposure. Within each chamber animals were r o t a t e d  on a 
preassigned schedule  so t h a t  dur ing  t.he course of t h e  s tudy  each animal was 
moved both i n  a v e r t i c a l  plane and la te ra l ly  from l e f t  to c e n t e r  to  r i g h t  
side of the  chamber. Chamber humidity and temperature  w e r e  maintained a t  
70% and 22OC t 2" r e s p e c t i v e l y ,  Aerosol concen t r a t ion  was monitored 
cont inuous ly  by i n f r a r e d  backsca t t e r  probes a t  t h e  top  and bottom of t h e  
chamber. Particle s i z e  w a s  determined by cascade impaction at random 
i n t e r v a l s  dur ing  the study. The mass median diameter was 0.43 - 0.75 pi 

w i t h  a geometr ic  s tandard  d e v i a t i o n  of 1.4 - 1.5. Actual s l z e  var i ed  
s l i g h t l y  wi th  a e r o s o l  concent ra t ion .  The percent  of f u e l  i n  t h e  vapor 
phase alsa varied slightly with  particle concent ra t ion  but  was on the orde r  
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of 10.3-13.6% f o r  t h e  eoncentrations employed i n  this study.  Aerosol 
d i s t r i b u t i o n  wi th in  t h e  chamber was urpifuIcm (5)  end t h e r e  was no evtdence 
of appreelable  p a r t i c l e  growth between t h e  t o p  and hottom of t h e  chamb@rs. 
Periodic. f i l t e r  samples were also taken f o r  gsavimet. r i c  de te rmina t ion  of 
concen t r a t ion  d n r i n g  each ~ X ~ Q S U E ~  Some of thesc f i l t e r  samples w m e  a l s o  
analyzed by high performance l i q u i d  chromatography and gas chromatography 
as p a r t  of rouLEne monitoring of s t a b i l i t y  05 the  fuel (5).  A l l .  file1 was 
from one shipment of a s tandard  blended f u e l  ( l%i l l i .ps  Petsoleurn Co,). T h e  
fuel was s t o r e d  i n  tlis Oak RIdge Nat ional  Labaratory chemical r e p o s f t s r y  a t  
50c. m e n  f r e sh  s ~ p p l y  W ~ S  requi red  for the inhai3ti011 s tuay  OP OIP. a 
monthly basis, 5 g a l l o n s  w a s  removed Prom the starage area, brought t30 
ambient temperature ,  and then d x e d  be fo re  use. During Che t i m e  a can of 
f u e l  w a s  i n  use i t  was held  at room temperature  i n  sealed f i reproof  o i l  
cans e 

Observat ions During Exposure 

Body Weight and Food Consumpt Fen 

Ind iv idua l  records were kept  for a 1 a ~ i m r a l s .  All animals w e r e  
weighed once per  week, on Monday. The  vfvarium c o n t r o l  group w a s  used 
i n i t i a l l y  LO compare ra te  of growth: wdfh t h a t  observed I n  t h e  sham-expose6 

t h e  weighlng of the sham exposed group. Food consumption w a s  delrcrmlnsd 
f o r  12 an-Lm.als ( 6  of each sex) i n  each t reatment  group. Food consumption 
wits  ~ S Q  determined i n  t h e  vivarium con t ro l  group; however, s i n c e  t h i s  had 
no t  been i n  t h e  o r i g i n a l  p ro toco l ,  the animals used were only s t a r t e d  i n  
t h e  feeding s tudy  past way through the experimental perhod,  A large slnpply 
of food f o r  each animal was kept i n  a 1-gallon plastic jar  wh-8cF-a WBR 
r e f i l l e d  as requi red .  Food was taken from these jars t o  supply a hopper on 
the  s i d e  of the an imal ' s  cage. Onre per  week, food i n  t h c  hopper was 
re turned  t o  t h e  jar  and weighed. 'i'hie methepd assumed that loss of food 
from t h e  hopper other  than by ea t lng  w a s  some cons tan t  f ra ie t lon of food 
consumed and uniform across all treatment. groups.. 

group. Thus, weighing of t h i s  con t ro l  group commen2ed atl the  same Time as 

Addi t iona l  experiments &sere perfocixed us ing  12 male and 12 female from 
each t rea tment  group ( n o t  v i v a r i m  c o n t r o l s )  t o  determine whether 
success ive  exposure io d i e s e l  f u e l  a e r o s o l  had any cumulatlve effes'b on 
brea th ing  frequency or s t a r t l e  r e f l ex .  The des igns  oE Lhese two assays  are 
descr ibed  below, 

Breathing Frequency 

Chronic exposure t o  an aerosol could have an effect  on she breathing 
frequency of alil exposed animal because s i g n i f i c a n t  lung daisage could 
r e q u i r e  t h e  animal t o  b rea th  more rap id ly  i n  order t o  maintain adequate  
oxygcndtion of t h e  blood, Each animal srlected f o r  this assay was tested 
prlar t o  the first exposure C O  obta in  a base l ine  f r ~ ? q i ~ e n ~ y ,  then  before 
t h e  14th and 26th expmuie ,  and a f t e r  0;1c and t w c  months recoveryn  Animals 
were confined i n  approximately 3 . 5 L  r i g i d  p l a s t i c  jars Litat were t i g h t l y  



capped bu t  had a i r  drawn through them a t  the  ra te  of lL/min. Af t e r  
30 minutes of acclimatization each jar w a s  s ea l ed  b r i e f l y  and t h e  b rea th ing  
frequency of t h e  anlmal w a s  recorded us ing  a barometr ic  technique ( 6 ) .  A i r  
i r n  the jar was: warmed and humidified during i n h a l a t i o n  by t h e  sat  SO t h a t  
t h o r a c i c  expansion was g r e a t e r  than t h e  volume of a i r  inha led  f r o m  t h e  J a r .  
The ne t  e f f e c t  was an i n c r e a s e  i n  p re s su re  w l t h t n  t h e  jar ,  which was 
measured using a differentfal t r ansduce r  (VaLidyne DP-45). 

S t a r t l e  Reflex Assay 

The s tar t le  ref lex a s say  w a s  used t o  test t h e  time t o  r e a c t i o n  and the  
force of response when rats were s t a r t l e d  by a sha rp  a u d i t o r y  s t imulus.  
R a t s  were placed 3.n a wire box wLthin a l a r g e r  sound-9nsulated box 
(Fig. 1). A cons tan t  white no i se  a t  85 dB wi th in  t h e  l a r g e r  box helped 
eldznknate o u t s i d e  noises .  Af t e r  an a c c l h a t i o n  per iod of PO m i t i . ,  rats 
received a series of f i v e  10 msec pu l ses  of n o i s e  a t  13,800 Mz and 110 dB 
sepa ra t ed  by 25 sec. Their  response,  o r  s tart le r e f l e x ,  w a s  monitored by a 
GouId load cell under the  w i r e  box. The e n t i r e  procedure, i nc lud ing  d a t a  
a c q u i s i t i o n  and a n a l y s i s ,  was c o n t r o l l e d  by an Apple microcomputer. 

A22 animals t o  be he ld  f o r  t h e  two month recovery pergod were assigned 
t o  be t e s t e d  f o r  s tart le response at  va r ious  time p o i n t s  du r ing  t h e  s tudy ,  
Both male and female animals were t e s t e d  p r i o r  t o  t h e  f i r s t  exposure t o  
o b t a i n  a b a s e l i n e  response f o r  t h e  i n d i v i d u a l  animal,  in orde r  t o  permit 
each animal t o  act as its own c o n t r o l .  T m e d i a t e l y  a f t e r  t h e  f i r s t ,  
f o u r t e e n t h ,  and twenty-sixth exposure, t h e  males only  were t e s t e d  t o  
determine whether, at t h e  low a e r o s o l  concen t r a t ions  used, t h e r e  were any 
a c u t e  e f f e c t s  and also,  i f  a c u t e  effects were e v i d e n t ,  whether t h e r e  was 
any evidence of t h e s e  being a d d i t i v e  with a s u b t l e  ch ron ic  e f f e c t ,  P r i o r  
t o  t h e  f o u r t e e n t h  and twenty-sixth exposure,  and after one and two months 
recovery both males and female animals were t e s t e d  t o  determine whether 
t h e r e  were any chronic e f f e c t s  t h a t  were resolved during t h e  postexposure 
period.  

Previous experience with t h i s  assay ( 4 )  has shown t h a t  the d a t a  can 
best  be analyzed as d i f f e r e n c e s  between pre-exposure and postexposure 
va lues  for each i n d i v i d u a l .  Thus each animal served as i t s  own c o n t r o l .  

Observations Following Exposure 

Pulmonary Free Cells 

Rats were a n e s t h e t i z e d  by i n t r a p e r i t o n e a l  i n j e c t i o n  of sodium pento- 
b a r b i t a l  (60 mg/kg), t h e  abdomen w a s  opened, and t h e  animal w a s  k i l l e d  by 
a o r f i c  bleeding.  The diaphragm was then c u t  t o  c o l l a p s e  t h e  lungs,  and t h e  
upper t r achea  was exposed 
Lungs w e r e  then Lavaged 
temperature;  volumes used 
v i c a l  c a p a c i t y ,  based on 

and cannulated with polyethylene tubing (PE205). 
w i t h  phosphate bu f fe red  saljlne (PBS) at room 
were approximately 36 percent  of t he  est imated 
body weight:. The f i r s t  lavage remained i n  the  
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Figure 1 

Schematic diagram of apparatus Used for start le reflex assay. 
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lung f o r  2 minutes before withdrawal;  five subsequent washes -were performed 
without wai t ing  &tween injection and withdrawal,  

Lavaged cells were kept on ice, cen t r i fuged  twice in refrigerated 
PES and resuspended in 6 niL of PBS. Tota l  alveolar cell and macrophage 
counts  were performed on a hemocytometer. Cell v i a b i l l t y  was deterrained by 
trypan blue  exc lus ion .  

C 1 i n i  ea 1 Chemi s try 

Before rats were used for lung lavages, blood was taken from them for 
c l i n i c a l  chemistry.  Blood was a l s o  taken from some of the a n i m a l s  used for 
pulmonary func t ion  tests  at t i e  of s a c r i f i c e .  Aor t i c  puncture  w i t h  a 22 g 
needle w a s  used to  draw the blood into both hepar in ized  neona ta l  sized and 
non-heparinized s t anda rd  s i z e d  vacurainers. The hepar in ized  blood was used 
imediate ly  for counts  of red and white blood cells an a F i s h e r  
Autocytometer. Non-heparinized blood was  allowed to c ot and was then 
cen t r i fuged .  The serum was removed, frozen i n  l i q u i d  nitrogen and then 
s t o r e d  a t  -S°C un t i l  it w a s  assayed f o r  d i n i c d  chemistry parameters 
3-5 days later, The fo l lowlng  were measured rou t ine ly :  

a l k a l i n e  phosphatase SGQT cholestero E 
t r i g l y c e r i d e s  u r i c  a c i d  urea tlitsogen 
glycose bi 1 I rub in  c r e a t i n i n e  
SQdTUiil po tass  iurn 

Pulmonary Funct ion T e s t s  

Terminal puletonary function tests w e r e  performed on I6 randomly 
prese l ec t ed  animals  ( 8  per sex)  from each treatment: group. A 1 1  tests were 
performed i n  a p l e x i g l a s s  body box which could be sea l ed  and used as a 
whole body plethysmograph ( F i g -  21, Three pres su re  t r ansduce r s  were used 
for various tests; they were connected to amplifSers on a mltichannel 
E l e c t r o n i c s  for Medrcine electronic recorder .  Tracings from these 
t r ansduce r s ,  a n i t rogen  ana lyze r ,  and an elect~onit: En teg ra t a s  were 
monitored on the o s c i l l o s c o p e  of t h e  recorder and recorded on l igh t  
sensitive paper. A11 ca l ibra t ions  were performed by st;sl?Aard ~ ~ i ~ ~ ~ a t ~ ~ ~ ~  
of the body box to  mimic condirtons dur ing  each test, 

Rats  were a n e s t h e t i z e d  wfth i . p .  injection of SO %/kg of pentobar- 
bital. The trachea was exposed and cannulated with. I 4 cfsl length o f  
polyethylene tub ing  (1.67 m PD and 2.42 IIB~ OD). The animal was placed on 
i ts  back i n  the box, The tracheal cannula  was d i r e c t l y  connected to  t h e  
o u t s i d e  of the box through a p l a s t i c  tubing adapter. An open-ended, water- 
f i l l e d  (1.3 rn I D  a d  2.0 wn OD) cannula was int roduced i n t o  the esophagus 
and flushed with water, aad its position w a s  ad jus ted  co o b t a i n  caaxlmal 
p r e s s u r e  deflections j .  

A f t e r  the box 19d was s e a l e d ,  respiratory flow was measured by a 
pneumotachograph and a V a l i d p a  W 4 5  dlffetential pressure t ransducer ,  
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Figure 2 

Body box used for pulmonary function t e s t s ,  
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Figure  3 

i> Body box conf igu ra t ion  during measurement of r e s i s t a n c e .  Mate 
esophageal cannula connected t o  d i E f e r e n t i a 1  p re s su re  t ransducer  on box t o  
measure a i r  flow through pneurnotachagraph. 

ii> Body box conf igu ra t ion  dur ing  m l t i b r e a t h  n i t rogen  washout maneuver. 
E i t h e r  a i r  o r  oxygen. f low p a s t  opening t o  t r a c h e a l  cannula and N2 analyzer .  
Lungs are i n f l a t e d  while  so lenoid  ( S )  is c losed .  

iii) Body box conf igu ra t ion  dur ing  measurement of s ing le-brea th  60 
d i f f u s i n g  capac l ty .  
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i l lustrated i n  P i g a r e  3 ( i ) .  Plow signals were e lectronical ly  integrated 
to provide a volume tracing. Changes Pn esophageal presstlre, w e r e  L-ecorded 
from a vater-fi l led Validyne ?IPS5 dffferential pressure  transduce^ also 
i l lus t sa ted  i n  Pigme 3( i 1 .  Esophageal pressure, respiratory flow, and 
t i d a l  v~l ixme WEE recorded during spontaoeoas breathing . Rests tarace was 
calculated from these recordings by the mthod of A d u r  and >%ad (73 ,  w3th 
subtraction of resistance i n  the Fracheal eanrrula and assoctnted Etnhing I 

Single-breath carbon mnsx€de diffustng cap,ac!.ry was the 'Lhird 
pulmonary functfa-m t e a t  performed. DPf Puah~g capacity sinply refers to the 
volume of gas wMeh can te exchanged across the lungs in  a gfvelz t h e -  An 
alr  mixcare eomtahing neon, acetylene, and carbm m3noxide was i n j ec t ed  
into the lungs and then rapidly withdram,  the last portion of it being 
kept for analysis o f  neon and casbsn monoxide cooacectratisns. Neon f.s used 
as an PnssPuble tracer to help establish the volume of  alr  in the lungs 
with which the hjeeered gas m€xed. Carban monoxide was used EO d&emIne 
the rate of d i f f u s i o n  a~ross the lung mrnbr;~tne3, wPth the assunptlon that  
the blood w a s  a sink for carbon monoxide ( in the coaceaitration range used). 
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Figure  4 

i) Body box conf igu ra t ion  dur ing  maximal forced  exhalation maneuver. 
Lungs are i n f l a t e d  by p r e s s u r e  r e s e r v o i r  at 30 un H20 and then connected by 
solenoid (S) to subatmospherics r e s e r v o i r  for d e f l a t i o n .  

ti) Plethysmograph conf igu ra t ion  dur ing  measurement of FRC. Opening (A) 
is  occluded at end-expirat ion.  Changes in  t r a c h e a l  p re s su re  and lung 
volume (plethysmograph p r e s s u r e )  are recorded as animal brea thes  a g a i n s t  
c losu re .  

iti) Plethysmograph conf igu ra t ion  during q u a s i s t a t l c  pressure-volume curve, 
Lung volume changes are recorded from p res su re  changes in plethysmograph as 
lungs are i n f l a t e d  and d e f l a t e d  by syr inge .  Transpulmonary pressure  is 
difference between esophageal  and tracheal p res su res .  Lungs are taken t o  
-30 cm H20 by pres su re  r e s e r v o i r  on oppos t t e  s i d e  of so lenoid  (S). 
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(10). In t h i s  procedure, the a n i m ; ~ l  WRS f ~ r c e d  t o  i n h a i ~  a i r  S O  a I ~ j ~ ~ b ~ ~ I  
i n s p i r a t o r y  pressure  of 30 em water and w a s  then coniiectrd t o  a r e s e r v o i r  
he ld  a t  -30 cm mte r  t o  achieve a mxlinal d e f l a t i o n  rate. The pressure 
r e s e r v o i r s  were 5-gallon glass jugs  so  that C Q ~ ~ ~ C ~ ~ O I I  t o  the  anlma4 did  
not  decrease tlaei z- pressure The csxnection to t he  nega t ive  pressure 
reservoir was a th ree-my so lenoid  shown j-n Figure & ( i r e  The s y s t e ~ , ~  was 
designed and t e a t e d  t o  asSui:p?. tba'; i t ;  was not U m i t i n g  f i sa  during forced  
exha la t ions ,  

Punct iona l  r e s i d u a l  capac i ty  (FRC) was t h e  next lung func t lon  tes t  
and w a s  measured by the Boy1e.s law technique (11). The trachea was 
occluded a t  t h e  end of exhalatllon ( F R C ) ,  and changes i n  t r a c h e a l  p re s su re  
and lung vo'eume were recorded as the rar Lrfed t o  breathe against t h e  
sea l ed  tracheal cannula. The canwru'3.a vas closed a t  FKG SO t h a t  air 
pres su re  wi th in  the lungs w3s equiva len t  t o  atmospheric p re s su re ,  Thus 
known values  irrckuded o r i g t a a l  pressure  i n  t h e  lungs,  change i n  pressure  
during attempted i n h a l a t i o n s ,  and change i n  lung volume a5 the animal 's  
lungs expanded. UsFng I3oyi.e'~ law the ortgginal volume or FRC can be 
calcul.ated. Atmospheric p r e s s u r e  was recorded d a i l y  from a merc~xry 
barilme?ter * 

The schematic  of t h e  system used f o r  PRC is shown i n  Figure ! t ( i i )"  A 
Stathain P231D pressure  t ransducer  w a s  connected by a three-way fitting 
directly to the tracheal cannula so that t h e  anima1 was breathing through 
the one open end, l abe led  A i n  P i g m e  4 . ( i i ) .  The body box was changed i n t o  
a plethysmograph a t  thEs poin t  by c los ing  t h e  valve 3x1 t h e  pneumotachograph 
t o  increase the s e n s i t i v i t y  of masureinerst 01 volunw changes, A t  t h e  end 
of an e x p i r a t i o n ,  opening A was occluded wlth a f inge r .  Three or more 
breaths were recorded and t h e  e n t i r e  procedure was repeared a t  least 
3 t i m e s .  

The baskc i n t e n t  of the  quasis ta t ic  pressure volume maneuver, the last 
test l a  t h i s  b a t t e r y ,  was t o  e s t a b l i s h  the  pressure-volume relationships i n  
t h e  lung i n  s i t u .  This  was done bn a semistatic o r  q u a s i s t a t i c  manner. 
"Elme lungs were i n f l a t e d  t a  a maximal lung volume and then deElated slowly 
(over 5-6 see) so that  there was adequate time for lung volume t o  
esscntlally equi l tbr ia te  v l t h  a continuous g rad ien t  of t ranspulmwary  
pressure .  Maximal i n f l a t i o n  was defined as lung volume at a eranspul.monary 
p r e s s u r e  of 30 e m  water,  a schemaiatic of the systeln i s  found i n  
Figure 4 (  iii) . one s i d e  of a a i f f e P e n t i a i  pt-essllk-c? trailsaucer was 
mnraecsed by a water f i l l e d  tube  t o  the tracheal cannula while the o the r  
sf de w a s  attached t o  the  esophageal cannula e Transpulmonary presstire was 
taken as the d i f  fe renee  between esophageal pressure  and tracheal pressure,  
The trachea was connected by a three-way va lve  to a 20-L springe. The 

-I___ 
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o t h e r  limb of t h i s  valve was connected t o  a so leno id  which i n  t u r n  w a s  
connected t o  a p re s su re  f l a s k  maintained a t  -30 cm of water pressure.  

The q u a s i s t a t i c  maneuver w a s  performed by I n j e c t i n g  a volume of a i r  
equ iva len t  t o  t h e  i n s p i r a t o r y  capac i ty ,  as def ined earlier, slowly i n t o  t h e  
tungs,  slowly withdrawing that volume of a i r  over approximately 5-6 
seconds,  qu ick ly  switching the three-way valve t o  c l o s e  off t h e  sy r inge  and 
connect t h e  animal t o  t h e  r e s e r v o i r  a t  a -30 c m  water pressure.  The body 
box was used as a plethysmograph during t h i s  maneuver. A 5-L f l a s k  was 
connected t o  t h e  plethysmograph t o  prevent l a r g e  p re s su re  f l u c t u a t i o n s .  
Lung volume changes w e r e  measured a t  increments i n  transpulmonary p res su re  
o f  5 a water over i n f l a t i o n  and d e f l a t i o n ,  Absolute lung volumes were 
c a l c u l a t e d  by combining FRC and t h e  pressure-volume curves.  Residual  
volume w a s  de f ined  as lung volume at a transpulmonary p res su re  of -30 c m  
water. 

Organ Weight and Histopathology 

The animals used i n  t h e  pulmonary func t ion  tests were subsequently 
k i l l e d  by a o r t i c  bleeding and s e v e r a l  t i s s u e s  w e r e  taken f o r  weighing and 
his topathology.  The r i g h t  mlddle lung lobe  w a s  t i e d  o f f  at t h e  bronchus, 
removed, and weighed immediately. It w a s  then d r i e d  at 95°C €or 2 days and 
reweighed f o r  d ry  weight. The remainder of the lung and t r a c h e a  were f i x e d  
f o r  24 hours under a cons t an t  t r a c h e a l  p re s su re  of 25 cm of bu f fe red  
formalin,  L i v e r ,  sp l een ,  kidneys,  ad rena l s  and testes were removed f o r  
weighing p r i o r  Lo prese rva t ion  i n  bu f fe red  formalin.  The ad rena l s  and t h e  
testes were weighed i n  pairs ,  while t h e  kidneys were weighed i n d i v i d u a l l y .  
Other t i s s u e s  removed and preserved i n  t h e  buffered formalin were l a rynx ,  
t r achea ,  h e a r t ,  a o r t a ,  tongue, p a l a t e ,  stomach, small. I n t e s t i n e ,  l a r g e  
i n t e s t i n e ,  b r a l a ,  n a s a l  t u r b i n a t e s ,  s p i n a l  cord (lumbar r eg ion ) ,  sc ia t ic  
nerve,  sternum and eye. Other t i s s u e  a v a i l a b l e  f o r  examinatton included 
g ross  s k i n  l e s i o n s  and i n  many cases pancreas ,  t hy ro id ,  pa ra thy ro id ,  
esophagus, p i t u i t a r y ,  Harderian gland,  t e e t h ,  ovary and u t e r u s ,  

A l l  t i s s u e s  were r o u t i n e l y  embedded I n  p a r a f f i n ,  s ec t ioned  and s t a i n e d  
wi th  hematoxylin and eos in .  Cross-sections oE t he  n a s a l  t u r b i n a t e s  were 
s t anda rd ized  us ing  palate landmarks (12). 

The t i s s u e  s e c t i o n s  from a l l  128 rats were coded before  his topatho-  
l o g i c  diagnosis .  The p a t h o l o g i s t  diagnosed and i n t e r p r e t e d  t h e  l e s i o n s  
without  knowledge of t h e  t reatment  groups t o  which t h e  animals belonged or 
of the  necropsy f ind ings .  A f t e r  t h e  h i s t o p a t h o l o g i c  diagnoses were 
recorded,  t h e  p a t h o l o g i s t  w a s  supp l i ed  wi th  t h e  necropsy f i n d i n g s  and 
reviewed t h e  microscopic f i n d i n g s  f o r  a l l  t hose  animals for which g r o s s l y  
v i s i b l e  l e s i o n s  had been reported.  The two d a t a  sets were determined t o  be 
compatible and no changes were made i n  t h e  h i s t o p a t h o l o g i c  diagnoses.  
Because fo re ign  material had been discovered i n  t h e  nasolacr imal  duc t s  of 
some of the  rats t h e  p a t h o l o g i s t  then reexamined t h e  h i s t o l o g i c  s e c t i o n s  
of nasolacr imal  d u c t s  f o r  a l l  t h e  rats. A s  t h e  last s t e p  i n  t h e  h i s t o -  
pa tho log ic  a n a l y s i s ,  t h e  code w a s  broken and t h e  incidence of l e s i o n s  w a s  
t a b u l a t e d  according t o  dosage of c o n t r o l  groups. 
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§sat i s  tlca1. Analysis 

Unlfke F h i S R e  11 Which e o n s l ~ t s  of itPccimplett? bl.oCk e ~ p e t * P ~ ~ n t s  
Phase EII consists of complete factorial experiments. Thus, the statis- 
t i c a l  aila‘kysis is f a i ~ l y  strafghtforward. For each endpoint ,  after routine 
elreckkng for outl iers ,  an analysis of var iance  (13) was performed on the 
da ta .  Since the data  is balanced treatment comparisons are deftned in t h e  
usual way, withoat ambiguity, Tables of mans were omputed,  and statldard 
~ K O O F S  were computed from t h e  analysis-”of--vak-iance man squared errors If 
not quoted in the results, statistical s i g n i f i c a n c e  w P l l  imply a signifi- 
cance level of 0.05. Furtlier statistical d e t a i l s  are included as results. 

Aerosol Coaeentration 

Continuous m o i t o r i n g  of the a e r o s o l  concentration was achieved for 
all. exposures usfng inf ra - red  backsca t t e r  d e t e c t o r s  .I Pad samples of 
chamber atmosphere were also taken at approximately the mid-point of 
exposure for gravimetric decermination of chamber aerosol concent ra t ion .  
T a b l e  1 provldes a summary of target concen t r a t ions  and the concentratdons 
a c t u a l l y  masarea. 

Measured Concentrat ions (mg/%) 

Grav P m e t  s i c  1Backscat;teer Probes 

Target  
Concent rat  ion  

Over  15 min Over 4 hour 
Interval E xp o s UP e 

0.25 mg/L 0.35 t- 0.011 0.19 C 0.004 0.17 t 0.004 

1.50 mg/L 1.71 * 0.018 1.57 k 0.022 1.58 2 0,023 
0.75 mg/L 0.88 t- 0.016 0.87 C 0.021 0.87 I: 0.012 

II - 

The grav ime t r i c  r e s u l t s ;  show that the concentrat L o a  vas s1ightl.y above 
target whereas at the 0.25 mg/L the backscatker probes indicatecl  that con- 
cent ra t ton  was lese than tlia2: targeted. It is bel ieved  that at extremely 
l o w  concent ra t i sm the vapor phase represents a more signlfieant percentage 
o f  the atmosphere and t h a t  diiring pad sampling this vapor recondenses 
within the matr ix  o f  the pad. To illuscrate t h i s  a l imi t ed  s tudy  on 
concen t r a t ion  of the vapor phase w a s  c a r r i e d  out and was found t o  be around 
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13 percent  i n  t h e  range of 0.26 t o  0.38 mg/L of d i e s e l  f u e l  aerosol and 
c l o s e r  t o  10 percent  when a e r o s o l  concen t r a t ion  was increased  to 1 mg/L* 
Aerosol concen t r a t ions  o v e r a l l  were t h u s  considered to  be close enough t o  
t a r g e t  concen t r a t ion  so  t h a t  t h e  s tudy  could be considered t o  have k e n  
c a r r i e d  ou t  i n  accordance wi th  experimental  design.  Furthermore s tandard  
errors are demonstrably small, i n d i c a t i n g  t h a t  v a r i a t i o n s  between exposures 
were not  Large. These d a t a  also i n d i c a t e  t h e  va lue  of cont inuous 
monitor ing f o r  the d u r a t i o n  of each exposure. 

P a r t i c l e  s i z e  w a s  measured for each exposure concen t r a t ion  wi th  mass 
median a e r o d y n a d e  diameter  (MMAD) varying between 0.43 pm and 
according t o  t h e  a e r o s o l  concen t r a t ion  and t h e  zone of t h e  chamber from 
which t h e  sample was drawn, It was  found t h a t  par t ic le  s i z e  increased  as 
chamber concen t r a t ion  inc reased  (0.43 pm at 0.25 mg/L versus  0.57 p a t  
1.5 mg/L) and t h a t  there w a s  some p a r t i c l e  growth as t h e  a e r o s o l  passed 
from t h e  top  to  bottom of t h e  chamber with an i n c r e a s e  o f  up to  
approximately 30 percent  i n  MMAD. Standard geometr ic  d e v f a t i o a  (crg) w a s  i n  
t h e  range of 1.4 t o  1.7. 

Mart a l  i t y 

Unlike t h e  Phase 2 work which w a s  a s tudy  us ing  a e r o s o l  concent ra t ion-  
t i m e  combinations t h a t  were a t  t h e  lower confidence bounds of 1 percent  
mor t a l i cy ,  t h e  concen t r a t ions  chosen f o r  t h i s  sub-chronic s tudy  were not  
expected t o  cause any mor ta l i t y .  During t h e  e n t i r e  13 weeks of exposure 
and 8 week recovery per iod no dea ths  were observed. 

C l i n i c a l  Signs 

During a e r o s o l  or sham exposures  animals,  that could Re observed, 
remained r e l a t i v e l y  i n a c t i v e  throughout t h e  exposure per iod.  O n  removal 
f r o m  t h e  chambers t h e r e  were no over t  c l fn l ica l  signs in the a e r o s o l  exposed 
animals t h a t  d i s t i n g u i s h e d  them from either t h e  sham exposed or t h e  
vivarium c o n t r o l  animals.  

Body Weight 

Mean cumulative body weight loss or ga in  f o r  males and females are 
shown i n  F igures  5 and 6 r e s p e c t i v e l y .  Each ind iv idua l  animal. served as 
its own c o n t r o l  and t h e  body weight recorded p r i o r  to t rea tment  was 
s u b t r a c t e d  from any recorded body weight t o  give o v e r a l l  weight l o s s  o r  
g a i n  dur ing  t h e  i n c l u s i v e  pe r iod ,  Actual  body weights are shown fn  
Tables  3A and 4A. It is obvious from these f i g u r e s  that t h e r e  was a loss 
i n  weight as a r e s u l t  of exposure. The loss w a s  most apparent  over the 
f i r s t  week and occurred i n  t h e  sham exposed group al though to  8 lesser 
e x t e n t  than i n  t h e  a e r o s o l  exposed groups .  Af te r  t h e  i n t t t a l  depress ion  I n  
body weight,  t h e  sham exposed c o n t r o l s  appeared t o  grow normally s i n c e  
t h e i r  cumulative weight ga in  curve parallels the vivarium c o n t r o l s  f o r  t h e  
remaining du ra t ion  of the experiment.  
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Cumulative weight change i n  female Sprague-Dawley rats exposed t o  diesel 
f u e l  aerosol.  
A, 0.25 mg/L; 

Unloaded c o n t r o l s ;  0, sham exposed c o n t r o l s ;  8 , 0.75 mg/L; (3, 1.50 mg/L. 
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s t a t l s t i c a l l y  sigiiif €cant  d i f f e r e n c e s  amongst t he  g roups ,  nor is t h e r e  any 
evidence f o r  t r e n d s  i n d i c a t i n g  concen t r a t ion  r e l a t e d  e f f e c t s .  

r e a t h i n g  Frequency 

Over t h e  course o f  the  experimental. and recovery period t h e  sham 
exposed male ra ts  showed a s t eady  decrease i n  b rea th ing  frequency 
(Table 8A) .  Simjilar decreases  w e r e  observed i n  a l l  males exposed t o  dfese3. 
f u e l  a e r o s o l ,  and t h e r e  were no s t a t i s t i c a l l y  s i g n i f i c a n t  
between exposed and c o n t r o l  animals e 

I n  t h e  females t h e  b rea th ing  f r equenc ie s  at the  d i f f e r e n t  t ime p o i n t s  
showed a more errat ic  p a t t e r n  (Table 9 A ) ;  however, t h e r e  were no s ta t i s t t -  
c a l l y  s f g n i f t c a n t  d i f f e r e n c e s  between the  exposed and control. groups a t  any 
of the  t i m e  p o i n t s  examined. 

Changes i n  b rea th ing  frequency were c a l c u l a t e d  by s u b t r a c t i n g  t h e  
pre-exposure va lue  f o r  each i n d i v i d u a l  animal fromn t h e  b rea th ing  frequency 
for t h a t  same antmal a t  t h e  t i m e  polnt  of i n t e r e s t .  There were no statis- 
t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  observed nor were t h e r e  any evident  t r ends  
r e l a t i n g  t o  exposure concentrat ion.  

Overa l l  I t  can be concluded t h a t  t h e r e  are no chronic  e f f e c t s  on 
b rea th ing  frequency r e s u l t i n g  from exposure of rats t o  low d i e s e l  fuel 
aerosol concen t r a t ions .  

S t a r t l e ,  Ref l e x  Assay 

Data derlved from t h e  s tar t le  r e f l e x  assay included r e a c t i o n  t i m e  
(msec from t h e  s ta r t  of t he  sound s t imu lus  t o  t h e  s t a r t  of t h e  response) ,  
peak time (msec from the  start of the  s t imu lus  to maximal response)  and t h e  
maximum f o r c e  exe r t ed  ( i n  g,wt and der-lved from t h e  magnitude of t h e  
maximum response by using t h e  c a l i b r a t i o n  f o r  t h e  s t r a i n  gauge). There 
were some 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  observed i n  s tar t le  r e f l e x  
i n  animals exposed t o  low concen t r a t ions  o€ d i e s e l  fuel. a e r o s o l .  A s  i n  t h e  
phase 2 s tudy,  pre-exposure values served as baseltne d a t a  and were 
s u b t r a c t e d  from obse rva t ions  made both during t h e  exposure cycle  and the 
recovery per iod t o  gFve a change i n  t he  effect being measured. I n  t h e  
f i r s t  phase of t h e  a n a l y s i s ,  r e a c t i o n  rimes of Less than 5; msec o r  g r e a t e r  
t han  40 m~ec were r e j e c t e d  as abnormal responses.  The basis f o r  t hese  
r e j e c t i o n  cri teria was t h a t  a response less than 5 msec or  greater than 
40 msec was most l i k e l y  to  be a spur ious  movement of t he  animal. r a t h e r  than 
a r e a c t t o n  t o  t h e  startling st imulus.  These c r i t e r i a  were e s t a b l i s h e d  
du r ing  phase 2 and r e s u l t  from studying over 2000 i n d i v i d u a l  responses.  

Out of a t o t a l  oE 3120 p o t e n t i a l  responses ,  t n  phase 3 ,  only 21 
responses ((0.7 p e r c e n t )  were r e j e c t e d  using t h e  cri terfa descr ibed above, 
The d a t a  were then examined f o r  e f f e c t s  of exposure OQ t h e  number of 
responses,  There were a t o t a l  of 624 animal trfals of which only 54 showed 
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less thaw 5 responses ,  A b ~ e a k d ~ h m  o f  number of responses i s  given i n  
"pblc 2. 

5 570 91.35 
4 42 6.73 
3 9 1.44 
2 1 0.16 
1 2 0.32 

_ ......... .................. .................. .........._.I_ 

There vas fio signfflcant d i f f e r e n c e  i n  nuinbe- of responses  betweera 
assays  p e ~ f ~ r i a e d  one day hefore  an exposure (i&a:Le and fewaale) oi 
i t m e d i a t e l y  af ter  an exposure (Tna'ber; only)  to low aoncent r a t i o n s  of d iese l  
f u e l  aerosol. Cueing the sewvcry period there were a l s o  no observable 
d i f  f erer~ee-s i n  t h e  n~imber of responses  e 

Xeaction Lime peak ttme and maximum force exe r t ed  (der ived  f r o m  
peak h e i g h t )  (F igure  7 )  were analyzed by looking  at changes from Che 
respee tdve  pre-treatment va lues  The r e s d e a  are summarized i n  Tables 1 0 A  
- 15A.  

10. mBe animals reaction t11w was significantly Increased Cp < 0.05) 
imicd-lately a f t t h r  exposure t o  1.50 mg/L at each ~ l c ~ e  poin t  stixdf.ed, a f ~ e t "  
rile 1st: and 14th exposure 311 animals exposed t o  0 . i 3  E ~ J L .  and a f t e r  tLe 
26th exposure i n  animals exposed to 0.25 mg./L, Although stat is t ical  l y  
significant d i f f e r e n c e s  w r e  observed, rheis  b lo log tca l  importance is  i n  
doub t ,  s l n c e  the changes observed in reac t i nn  tPme vct-e i n  the racgc of 1 
t o  2 msec. Previous ly ,  we have observed increascs i n  reae t ion  ttmes of 
17-20 KEPC ( i r n p b l i s h e d  observa t ions  ) when animala were exposed Lo 6 mg 
d i e s e l  aerosol /L  f o r  2 hours. Before srrposuree 14 and '26, and durlng t h e  
recovery pe r iod ,  no males showed arag s-lgixtf Pcahab evidence of residual 
e f f e c t s  as a resu l t  of exposure t o  d i e s e l  fue? aerosol;  hujnever, f e m l e  
ra t s  exposed to 0.75 mg/L showeL! s t a e h t i c a l l y  significant d i  Eferences 
prtor t o  t h e  14th and 26th exposure,  These longer  r e a c t i o n  times are agatn  
considered t o  be o f  small consequence, s i  nre elreg represent: increased  
r e a c t i o n  t i m e s  of less tinan 2 msec s o q a r e d  w i ~ l i  sham exposed c o n t r o l s .  

Pretreatment values f o r  the t i m e  ';o reach the mxlinuili ainpl.Ltnd.c of the 
response (peak t im)  vas staLi.sticaIIy sigitj f i c a n t l y  higher  i n  the  grcup 
des igna ted  as sham exposed con t ro l s  than i n  the o the r  gaoups i n  t1te males 
(Table 1 2 A ) .  Since a s i m i l a r  e f f e c t  was n o t  observed i n  t h e  feajnzles it  can 
be s ta ted  that t h i s  d i f f e r e n c e  was L-L all p r o b a b i l i t y  not  duc tca ,any 
prsbllcrn wi th  bhe equipment but  *as a r e a l  e f f e c t .  There i s  no explanation 
as t o  why this should OCCUK s ince a11 m i n d s  at this stage w r e  un t rea t ed  
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Figure 7 

A typical signal obtained from the load cel l  when an animal I s  responding 
to the acoustic stimulus. 
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and in appai-eant' good health.  Furthermore, s i n c e  t h e  increased ~ : P m e  t o  
reach peak t h e  i n  the c o n t r o l  m l ~ s  i s  not  reflected e i t h e r  In 1-eacrrii-sn 
t i m e  or tlir force exerted, it l a  hndicat ing tha t  the duratLon of respense 
was k i n g  altered by apprax€m&tely 2.5 w8ec withaue: ally corresponding 
alteration in the fo rce  whleh the animals are exertlag on thi! s t r a i n  gauge. 

Sfnce s u b s q a e n t  peak tlrnes are expressed as changes f ro= Lhe pre- 
treatrarnt values: if the sham exgased males ~'et33.c this d e v i a t t o n  then rlw 
u s e  OE diFFersnces negates i t ,  Coinparing the ehangcs i n  r e a c t i o n  t i m e  and 
peak t i m e  a f t e r  sham exposure shows Chat t h e s e  animale responded in such a 
way tha t  d i f f e r e n c e s  from pretreatmen; v a l i i w  f o r  both s e t s  o f  data 
rema'lned w%thin approximately 2 ms2c of each o ther ,  allow5ng us to c o n c ~ u d c  
that  tlw pretsratmcn: va lue8  observed f o r  peak t1m in thic shan exposed 
animals was not of any great btologtcnl importance. 

There wzrc S O ~ P  s ta t i s t1ca l I .y  s i g n i f i c a n t  changes i n  peak tS;m of  
males, particularly i n  the group exponcd to 1.5 mg/L, where every value 
tlirotrgh to the t i m e  of s a c r i f i c e  was differw-r t  ( p  < 0.05) from %he sham 
exposed con t ro l s .  Groups exposed to 0.25 and 0.75 q / L  both showed 
ststfatlcally signiflcanl: difference% for males (p  < 0.05) a f t e r  the  14th 
and 2 6 t h  ~ S ~ O S U T ~ S .  Actua l  dfffercnces v;arIed UP t o  5 ~ S W  and BO it is 
believed that here s o m  decrement i n  pcuforinancu wdws observed. IiI females 
these differences were a l so  observed in the 1.50 ng/L exposed groalp; 
however s t a t i s t i c a l  significance had been l o s t  a f t e r  2 months of recovery,  

- 

Changes i n  p a k  hsdght in m s t  cases vert? not  significantly altered by 
exposure t o  d:esek fuel aomsol (Tables 14A and 15A). 

Fulrnoiiary Free Cells 

Alveol-ar macrophages, lavaged from t he  lumgs of d i e s e l  aerosol exposed 
m a l a  rats s h o r t l y  ( 4  days) a f t c ~  the Bast exposure,  were elevated i n  
numbers over the sham exposed c o n t r o l s  (Table  1 6 A ) .  Sfnce the d a t a  wre  
skewed, the least  squares mans were calculated on a square root 
t ransformation of t h e  data (Table ]SA).  There was no concent~3tioa--rePated 
e leva t ion  i r n  c e l l  ninrub~r-s, but tlne elszzratlons observed for  the  0.25 
and 1.50 %/I, groups  W ~ W  s t a t i s t i c a P l y  difterent wh4n compared to sham 
exposed animals (p < 0.05). With the  females the elevations i n  alveolar 
macrophages as a r e s u l t  of diesel f u e l  a e r o ~ o l  exposure wcre less obvious 
and not one of the exposed groups showed a significant e l e v a t i o n .  After 
t w o  morai-hs of recovery there were no s i g n i f i c a n t  d i f f e r e n c e s  between 
treated and control groups i n  either male o r  fenixlr? anbmzls. 

Tota l  lavagcz cel ls  (Table 1 8 A )  showed a slmilar pat tenn to that  
O b S e F V s d  f o r  the alveolar macrophages. flow eve^, when the number of  cells 
o the r  than a lveo la r  macrophages were expressed by carrying nut a .sq~iase 
root  transformation OR t h e  skewd  data brfore c a l c u l a t i n g  least squares 
means and l eve ls  o f  s i g n l f i c a n c c  (Table l 9 A )  t h e r e  were rao s i g n i f i c a n t  
d i f f e r e n c e s  between the = m r P o m s  groaps in eithek the males or the females, 
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* Sign i f i can t  difference between %media t e ly  post  traatmi?nt and two 
nsntbs recovery gp < 0,OS). 

When t h e  data are col lapsed  acro~s group and eime, no s i g n i f i c a n t  
differences are observe between the sexes fn cell. numbers. F'inal'ey., 
co I B a p s  i ng the data across groups and se i t .  ilan be t h i s t  a1vetal.a~ 
macrsphagcs an ocher eel1 eypes are nth elevated i diat le ly post 
treatment c-ompared w i t h .  values obtained af ter  t w o  months of rceovet-y, 

Reeul.ts i"n t h i s  section are presented in the order 1.n whic.h the Lests 
were carried o u t ,  Resistance was tlie f lrst  tese: and reprc6;erits t h e  resfs- 
tancr? of the r e s p i r a t o r y  tract below the tracheal cannula ,  The results are 
sumrnasSzed I n  Table 20Aa No differences Pn resistance were observed that. 
could be related to ~ X ~ O S ~ I R ,  nor were there any sex: related d i f f e r e n c e s  
(Table, 4 ) ;  however, tlaere was a statist1cal.L-y significant Rifferenee 
( p  < 0,OOQ4) between anlinals t e s t e  at: the end of exposure and t h ~ s e  tes ted 
after 2 mnths recovery. 
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TABLE 4 .  LEAST SQUARE mcms OF LUNG ws~s*rmm VERSUS CONCENT 
A N D  TIME POSTEXPOSURE 

~ 

Concentrat  ton R e s  %s t ance 
(em I I ~ O / m L / S , e c )  

... ., .. - ~ ~ -  -~ - - - - - - - ~  ___I_ - ._ .. .- __  
con t TO P 0.21 + 0.03 
0.25 mg/L 0.18 ? 0.03 
0.75 m g / ~  0. i4  + 0.03 
1.50 %/E 0.16 i 0.03 

Sex 

M 0.16 0.02 I m x  e d P at (I! l y 0.12 i Q.02 
F 0.19 2 0.02 After 2 ma. 0.22 20.02a 

a, S i g n i f i c a n t  dtfference between imnedia te ly  p o s t  treal;men% and t w o  
I~ -- I I - --__1___1___ 

months recovery ( p  < 0.0004).  

Mulci.breath nftroger: waskl~put l  cat1 be analyzed in 3L T J Z i L " ~ t 2 t ~  of d i f f  erect 
weys. Each metliod attempts t o  deterin-Prxe how e f f  i c i e n t l y  the n i t rogen  
present I n  t h e  lungs is: removed over 9 s e ~ l e s  of breaths of  pure  oxygen, 
One method is €0 express  N2 c o n c e n t r s t i o i ~ s  i n  the expired a i r  a t  the end of 
exha la t ion  i n  terms of b rea th  nuinher when t i d a l  volume I s  asstarnaiad constant 
The nitreget1 concentrat ion at the end of exhalation is taken as the  best 
estimate of a l v e o l a r  concen t r a t ion .  TT; was found in the  phase 2 assays ( 4 )  
that  in order  t o  compensate for changes i.n the resting volvme o f  the lung 
( func t iona l  r e s i d u a l  capac i ty  cr FRC) as a ~ e ~ u l t  of t reatment  i t  is 
necessary t o  c a l c u l a t e  e n d - t i d a l  M2 concentcarion on the b a s i s  of the 
number o f  times that  FRC was d i l u t e d  by success ive  brea ths .  One a n a l y s i s  
performed on t h e  basis of c u m d a t i v e  d i lu t l a r r s  of FRC was the simple lineaar 
r eg res s ion  of the log percent N2 versus  d i l u t i o n s  of FKC. This a n a l y s i s  
assumes t h a t  t h e  lungs %gashed a n t  exponen t i a l ly  l i k e  a s i n g l e  eornpartiaaent e 

The co r re l a tbon  c o e f f i c i e n t s  a €  b e t t e r  than 0.98 a t t e s t  tcs the v a l i d i t y  of 
tlw one-compartment model, Thus the s lope of t he  r eg res s ion  eqraat-lon can  
be taken as ars index of the rate o f  clearance of N2 from the lung.  Data 
are summrixed i n  Table 21A. After two months of r e ~ o v e r y ,  animals t h a t  
had been exposed t o  0.25 mg/L or  0.75 mg/L were s i g n i f i c a n t l y  different 
f rom the cont ro l  animals.  This was %rue both in males and females, whereas 
i m e d i a l e l y  pos t  t reatment  the only group t h a t  W ~ S  signl-f Pcantly d i f f  erenL 
( p  < 0.05) from conLrols was t h e  males exposed io 0.25 I I ~ R / L .  Whew grosmgs 
W ~ P P  col lapsed across S ~ X  and t h e  p o s t e ~ p o s ~ r e  (Table 51, these same ~ W O  
exposure groups had s i g n i f i c a n t 1  y higher c learance  rater; than  d i d  the sham 
exposed c o n t r o l s ,  whi le  the  group exposed t o  1.50 mg/L was i n  fact 
marginally lower tlnm the controPs.  



TABLE 5. LEAST SQUARE MEANS OF NEGATIVE SLOPE OF THE L I  
EQUATION FOR NITROGEN WASHOUT CURVESa YERSUS C ~ ~ ~ ~ N T ~ T ~ ~ ~ ,  SEX 
AND TIME POSTEXPOSURE 

Concent r a t i o n  Megat i v e  Slope 

Control  0.12 .t 0.003 
0.25 mg/L 0.14 _t 0.003b 
0.75 mg/L 0.13 ? 0.003b 
1.50 mg/L 0.11 k 0.003 

- - 

sex Negative Slope 

_-.---_ --1-_1_ 

Time 
Pos texposure Negative Slope  

M 0.159 ?- 0,002 
F 0.093 ?I 0.002c 

:Emned int e fiy 
A f t e r  2 m, 

0.125 2 0.002 
0.126 k 0.002 

a. y J log (percent: N2). 
x = Cumulative d i l u t i o n s  of FRC. 

b. S i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l s  (p  < 0.002). 

e. Females s i g n i f i c a n t l y  d i f f e r e n t  from males (p < ~ " ~ ~ ~ 1 ~ .  

There is no exp lana t ion  r e a d i l y  a v a i l a b l e  f o r  t h i s  b i p h a s i c  
phenomenon, however, we had made similar  obse rva t ions  wi th  of t h e  
pulmonary f u n c t i o n  tests i n  the phase 2 work. 

By c o l l a p s i n g  d a t a  ac ross  exposure group and t i m e  postexposure i t  w a s  
p o s s i b l e  t o  show t h a t  n i t rogen  washout w a s  s i g n i f i c a n t l y  slower i n  females. 
This is not  a new findlng but r a t h e r  r e i n f o r c e s  information t h a t  is a l r eady  
a v a i l a b l e .  

The number of d i l u t i o n s  t o  reach n i t rogen  concen t r a t ions  of 10 percent  
and 5 percent  a t  t h e  end of exha la t ion  were c a l c u l a t e d  by e x t r a p o l a t i o n  of 
d a t a  poi.nts on e i t h e r  s i d e  of t h e s e  n i t r o g e n  concen t r a t ions  f o r  each 
animal. Data is summarized i n  Tables 22A and 23A. 

An estimate of the  e f f i c i e n c y  of gas exchange between the  lungs and 
t h e  c i r c u l a t i n g  blood was obtained by measurLng t h e  rate of d i f f u s i o n  of 
carbon monoxide from t h e  lung I n  a s i n g l e  b r e a t h  maneuver. R e s u l t s ,  
expressed as mL CO transferred/min/mmWg, are s u m z r i z e d  i n  Table 24A.  Two 
groups showed s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  f r om t h e  sham exposed 
c o n t r o l s ,  but t h e  b i o l o g i c a l  s i g n i f i c a n c e  of t h e s e  s ta t i s t ica l  d i f f e r e n c e s  
is probably of no consequence, A t r u e  p i c t u r e  of how sex ,  exposure 
concen t r a t ion  and tfme postexposure a f f e c t  d i f f u s i n g  c a p a c i t y  can not be 
obtained s i n c e  i t  was t e c h n i c a l l y  not poss ib le  to o b t a i n  r e s u l t s  for t h i s  
test for one of t h e  exposure groups immediately pos t  t reatment .  

37 



41.7 i? 1.2 
38.6 2 l . 2  
41.1 _+ 1.1 
41.8 i 1.2 

M 43.253 + 0.81 
F 38.39 9- 0,84a 

a. Fe.:nC3les s i g n i f i c a n t l y  d i f f e r e n t  from mlea  ( p  < 0.oOol) .  
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differences are observed. In the f irst  case a difference bemeern sexes 
mlght be expected, while Pn t h e  second case changes are m a t  probably age 
related s h c e  there vas no evidence of any pulmonary i n f e c t k o n  being 
endemic within the calony. 

Two t e s t a  were carried out to s tudy  the effects of the aercrssl on 
different lung volumes Functional. residual capacity (Pw) was ~ b ~ a i ~ i e d  
us ing  t h e  Boylegs Law method. Absolute lung voltrmes derLved by cornhflafng 
the the cont Lnwm of volumes obta ined  from the. quasiseatie pressix~-e-veslume 
curves with the calculated values  sf FRC i n c h  ung capaci ty  
(TLC), vital cnpacbty (VC), i n sp i r a to ry  capaci ty  (IC) and residual volume 
(RV)* Changes in these lung volumes can be imed as an i n d i c a t o r  of changes 
in the structural and/or elast2c properties of t h e  Lung. 

Values for t h e  different lung volumes mentioned above are given Bn 
Tables  278 - 31A. when TEC was analyzed oE least. square 
means It was found t h a t  anfmals exposed to 1.50 mg/L laad s i g n f f h x m t l y  
lower values  than the sham exposed controls.  Si l l l iParky females had 
statistically significantly lower T L C  thai fes but time gostexpssure had 
no inffuenc:e on TTX. These results iare B ized in Table 7. 

ConcentratLon TLC (mL) 

- ___._.Dll_ -_1__11 

M 20.30 0.30 'Em%diately 1Qa,B1 +_ 0,24 
F 13.82 5 r9.29b Etcer 2 m n t h s  17,3(9 2 0.30 

~ ~ . - I - - -  ---- I_ ~ .-__ _I- 

a. Significantly different from cont ro ls  (p  < 0.05). 

b. Females are s i g i i i f i c a t i t l y  different from males ( p  < 8,OO 

As expected, the males, beeaiase of their larger body s i z e ,  had greater 
TLC's; however, as in t h e  phase 2 study ( 4 )  when " L C  was re ferenced  t o  body 
welght, tt was the females that had the significarltly greater (p < O.OO0l) 
lung volumes in proportion t o  their  body weight (48.75 k 
28-83 f 0.09 pL/g)-  A comparison between t h e  different times postexposure 
showed t h a t ,  when referenced to body weight ?zC was 8 Ign€ficant. ly higher 
(0.02) in the animals tested immedia t e ly  postexposure than tn chose alBowed 
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t s  recover Tor two months. T h i s  dff fe re i r re  is  pcobably accoa:.nted f o r  by an 
i n c r e a s e  i n  body fat i n  the  OMFT anlaale. 

Vfta l  ca!zac-tty wai: not s i g n l f i c a w t l y  a l f e e t e d  by axposure or hy tine 
postexposure bu t ,  as mcglit bc e s p m t e d :  there TGS a s i g n i f i c a n t  szx 
difference (Table 8 ) .  

Conmwt rat i o n  vc (id>> 
Cent rol 15.55 2 0.40 
0.25 mg/TA 15.30 P 0.38 

1.50 nigrL 14.58 5 0.39 
0.75 KQ/L 14.36 2 0.3'1 

M 17.80 -t 0.24 
F 12,40 i 0.28a 

Imcdi  a';ely llL,?8 1 0.17 
A f t e r  2 moiaths 15.41 2 0 .24  

%en VC was reFereileed t o  b3dy caetght, as wPCh TLC, t h e  femal~.: shovzd 
proportionally Sreater volunnea f o r  their body v~!.gg'lrlt t i ian d i d  males 
(43.70 P 0.08 i~.L/,q vs 34,03 2 0.08 p.L/g). When comparisons vere m d e  
between Che v i t a l  capacities referenced t ( 9  h d y  w d g h t  at diff-rernl. i;$mnes 

e d i a t e l y  post--treatment vs t t < 7 0  mnths recovery), it vas found 
that again there w a s  a s t a t i s t f c d l y  s t g n i f i c a n t  d i f f e x n c e  ( p  < n,05) 
between the two t i m e  perlods, A s  wirh TLC, tinis can  probably be accounted 
For by increased body fat in the o l d e r  aii:aals wlthout the coiicsm%taat 
increase bw o v e r a l l  $oily size, 

I n s p i r a t o r y  c a p a c i t y  paralleled VC wgth a sj-gnif i c a n t  sex cliIference 
( p  < O.OOOl), but GO apparent  e€Eect on e x p o s x e  concentrati-on or  t h e  
postexposure (Table 9 ) .  



Control 14.56 t 8*36 

1.50 mg/L 

S e x  IC (mL) 
Time 

Postexposure IC (mL) 

M 16.49 9 0.24 
F 11.54 It 0.25a 

Imedlately 13.75 t 0,24 
After 2 months 14.29 I 0 . 2 5  

a. Females are significantly different from males (p  < 0.0001). 

Exposure of the animals t.0 l o w  concentrations o f  diesel f u e l  aerosol 
bad no affect  on FRC (Table 10). T h i s  is conrtrary t o  what had been 

in the phase 2 study ( 3 )  where exposure tn higher aerosol 
eoncentsat ions had caused an increase of lap to '15 percent in FRC. As w i t h  
the other lung volumes discussed t hus  Ear, a sex difference was observed, 

Concentration FRC (mL) 

Control  

-.m- 

Time 
Postexposure PRG (mL) 

Immediately 3 - 0 7  k 0.07 
- 

After 2 months 3.02 ? 0.07 
-- --a_ 

different from les  (p < 0*000l>. 

Restdual  volume f o l l o w e d  the same pattern as FRC; however, at an 
exposure coacentratioa @sf 1.50 mg/E, was significantly Power than  in the 
ean t ro l  animals ( T a b l e  11). Residual vo2ume was also inflluenced by sex 
w i t t i  the  females statistically significantly lower ( p  < S.OOOl>. 
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Time  
Pos texposuie  RV (mL) 

b. Fernales are s i g n i f i c a n t l y  different Proin mles ( p  < 0.0001). 

A least  squares means analysis of speeiflc compliance d id  not  S ~ O W  any 
sPgri115icant effects  as a resul t .  of exposum or the tine after exposure that  
the  mtmals were t ea ted ,  but there was a signlflcant sex effect wit11 €emales  
showirag significantly grc?ater s p e c i f i c  compliance L'tlasn m B C S  (Table 12 ) m 



Sex 
Time 

Pastexposure c,p 

4 3 



TABLE 13.  THE EFFECTS OF BEKOSOL CONCENTMTEON ON LEAST SQUARE NEAMS OF 
LIVER WIGHT AILTUSTED FOR flODY WEIGHT 

--I- 

Concentration LIver Weigh’l (%> 

Cont. ?-a1 10.41 2 0.39 

0.75 mglL 10.59 1 0.45 
1 .so mg/L 

0.25 mg/L 11.21 t- 0.42a 

11.80 P 0.44” 

a. Significantly d i f f e r e n t  from c o n t r o l s  ( p  < 0.021, 

Even after kidney weights were adjusted f o r  body weight ,  males had 
s i g n i f  i c a n t l y  heav ie r  kidneys than females ( p  < 0.0001) howcvcr, there 
wcrc no s t a t i s t i c a l l y  s i g n l f i c z n t  changes i n  kidney weight as a result of 
exposure t o  d i e s e l  f u e l  nor were there any effects r e l a t e d  eo time 
postexposure. On t h e  o ther  hand there were no sex OF exposure related 
e fEec t s  on s p l e e n  weight; however, sp leens  from animals immediately post-  
t r e a ~ m e n t  were s t a t f s t l c a l l y  s i g n i f i c a n t l y  ( p  < 0.002) heav ie r  (0.53 ? 0,03 
vs 0.57 P 0.03) than a f t e r  two months K E C O V ~ ~ Y .  

There were some s t a t i s t i c a l l y  signiCicaut changrs i n  ad rena l  wekght as 
evidenced 111 Table 14.  AS with the l i v e r ,  exposure t o  d i e s e l  f u e l  aerssal 
d i d  cause am increase i n  ad rena l  wedght with s i g n i f i c a n t  d i f f e r e n c e s  a t  
concen t r a t ions  of 0.25 mg aerosol/L and 1.50 rag aessssl/L. A d r e n d s  were 
heavier i n  t h e  Females than i n  the  mAes and a lso  heavier iiaPitncdiately 
postexposure than af ter  t w o  months recovery.  
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TABLE 14. LEAST SQUARE MEANS OF ADRENAL WElGNTS (mg), ADJUSTED FOR BODY 
WEIGHT, VERSUS CONCENTRATION, SEX AND TIME POSTEXPOSURE 

Adrenal Weight 
Concent r a t i o n  (mg 1 

Control  68.6 +_ 0.5 
0.25 mg/L 77 .2  ? O,r ja  
0.75 mg/L 71.6 t 0.6 
1.50 mg/L 7 9 . 3  -t. 0.66 

-. 
Adrenal Weight 

Sex (mg) 

I_-_ -- 
Time Adrenal Weight 

Postexposure 6%) 
~ --- 
M 51.9 t 0.5 Immediately 88.4 t 0 . 6  
F 96.4 t O,gb Afte r  2 months 60.0 t 0.sc 

__l___----ll_l 

a. S i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l s  (p  < 0.05). 

b. Females are s i g n i f i c a n t l y  d i f f e r e n t  from males (p < 0 , O O O l ) ,  

c. S i g n i f i c a n t l y  d i f f e r e n t  from va lues  immediately post- t reatment  
( p  < O.OOOl), 

There w e r e  no s i g n i f i c a n t  changes i n  the  weight of the testes as a 
r e s u l t  of exposure,  but  at: two months postexposure t h e  testes w e r e  smaller 
than Immediately post-treatment (p = 0.004). 

The w e t  weight of t h e  r i g h t  middle lobe of t h e  lung,  ad jus t ed  f o r  body 
weight ,  increased  wi th  inc reas ing  d i e s e l  f u e l  ae roso l  Concentrat ions i n  
both sexes (Table 3 8 A ) ,  When groups were col lapsed  ac ross  sex  and t i m e  
post- t reatment  t h e r e  is a clear concen t r a t ion  e f f e c t ,  a l though only the  
va lue  f o r  1.50 mg/L is s i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l s  (Table IS) .  
When comparisons are made on t h e  basis of t i m e  postexposure t h e  values  
a f t e r  t w o  months recovery are s i g n i f i c a n t l y  lower (p  < 0.0001) than those  
immediately after exposure.  Not s u r p r i s i n g l y ,  t h e r e  were no d i f f e r e n c e s  i n  
w e t  weight between the sexes. 

Although inc reases  i n  w e t  weight were observed as a r e s u l t  of ~ X P Q -  
s u r e ,  t h e  r a t i o  of w e t  weight t o  dry weight immediately a f t e r  t reatment  d id  
not  change s i g n i f i c a n t l y  (Table 39A). When w e t  weight i nc reases  as a 
r e s u l t  of exposure without  a corresponding change i n  wet/dry r a t l o ,  t h e  
change r e s u l t s  predominantly from i n c r e a s e s  i n  c e l l u l a r i t y  r a t h e r  than  
development of edema. Af t e r  a two month recovery per iod ,  animals t h a t  had 
been exposed t o  1.5 mg/L showed a s i g n i f t c a n t  ( p  C 0.000l) i nc rease  i n  t h e  
wet idry  r a t i o  (Table 16). This i nc rease  r e s u l t s  from a s i g n i f i c a n t  drop i n  
d ry  weight,  
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..I-. ..... _._I._.^._. 

Wetl W e i g h t  RKA Ti. nae 'dC!%Eh~ 
(mg ) Po3 t expos ure  6% 1 

. __ ___ ..... ___ ........... 

M 160 + 5 Imr a i  a% e l  y 1 7 1  L- 6 
P 161 2 10 A f t e r  2 monti-i,ij 150 k 

....... ......... ................... .................... ..............I .... 

,a* S i g n i f i c a n t l y  differei: t  Frsin cozntri~1.s ( p  < 0.05). 

b. S i g n i f i c a n t i y  d i f  fermi' from values i m i e d i a t n l y  psz t - t rea tment  
( p  < 0.0001). 

TABJ.,b. 15. LEAST SQUAME EEANS OF WET/DRY KATTO OF RLGli'Y MIDDLE LOBK OF LUNG 
(RML), ADJUSTED FOK BODY WIGHI, VERSUS CONCEN'J~QATHON, SEX AND 
T I  ME Y O  S TE XPCS UXE 

Contl I'o 1 
0.25 i=/L 
0.75 mg/T.& 
1.50 o g / L  

.. ..... ._. .- 

Sex Wet / D r y  Rat io 
.... -. ......... 

K 5.55 2 0.12 
F 5.49 I 0 - 2 3  

5.30 5 0,13 
5.21 ir: 0.15 
5.21 2 0.16 
6.36 k 0.15a 

Tim.. 
Pos tcxposure wet /Dry  Kat 1.0 

............ ................... ........... 

Imedia t  eay 5.43 I 0 . i 5  
Af te r  Z months 5.62 + 0.i3b 

a. S i g n i f i c a n t l y  d i f f e r e n t  from eoncreols ( p  < 0,0001). 



A t  time of sacrlfiee blood samples taken from SIX anlmalls pe r  sex 
per  exposure concentrafion. The whole blood w a s  tnsc..d LwediateEy $os 
rout ine  hematology (mG, WWC and hematocrit) whilst: the s e r m  was frozen 
and sent t o  the Clinical Chemistry Department wi th in  Oak Ridge National 

r a t o r y ,  Assays were carried out w i t h i n  4 days of sacrifice of  kilt. 
animals * 

There were no btologbcallg sbg i2 f i can t  charges in the clin-ical 
chemiskry parameters whleh could be re late eo diesel fuel. expQSIlr@, t h u s  
only l e a s t  square means f a r  sham exposed animals co1 kapsed across time 
po~t - t rea tment  shown (Table 4OA) t r J  i1Eanstrate t.hc lype  of data 
obtained. 'In females, dlfferenc s Prom C Q X I ~ P Q I S  t ha t  were statistically 
s-LgnIficant were observed for LD 9 potassium, cholesterol, uric acid and 
creatinine Wlth die exception of potasslum and uric ac id  these d i f f e r -  

treatment, For pstnssSurn, significant differences we 

po~t-treat~t~t whhlst for u r i c  aei me two exposure concentrations 
showed signif icant  di.EFerences af ter  ~ W Q  months recovery. The only 
s t a t b s t i c a 2 E y  s i g n i f i c a n t  change observed In males was an elevated LDH I n  
the group exposed t u  1.5 mg aerosol.82, after two months recovery, 

eIlCeS d.1 0dlW.T'red in aRli.YlHlS expos& LO 1.5 w/e and 5 

aerosol concentsathons of both 11; and 1.5 m g 1 ~  immediate ly  

Rescllts from the colurats of mc and c and t h e  measurement of hemaco- 
ct-it showed that ehere were no s i p f f i c a n t  h%olssgical effects aecurr-lng as 
a result caf expcrslng rats to  low concentrations of diesel Fuel aerosol,  
t eas t  square means of these parameters an sham exposed  animals (col lapsed 
across time post-treatment) are shorn i n  Table  4XA. 

R i a  topathology 
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The r tasul ts  of the h i s topa tho log tca l  evaluatiosi  are summa~i%zed i n  
Table  42A. For  c m p l e t e n e s s ,  the  summary table conta ins  a l l  diagnoses  
inc luding  those that. a f f w t  s i n g l e  a n h a l e ,  Tws a n a l y t i c a l  approaches were 
used. One was t o  search  fo r  l e s i o n s  that  might only cxct~r I n  exposed 
animn~s and WOUM ais0 be concentrat jnn relzted- TMS rqoplid imply  a C ~ U E C  
and e f f e c t  r e l a t i o n s h i p .  The o t h e r  approach w a s  t o  look, i n  exposed 
animals ,  for increased f requencies  o f  l e s i o n s  t h a t  are expected t o  occur 
spon tanmus ly  i n  rats of t h i s  strain and age. By usitig t h i s  latter 
a n a l y t i c a l  approach i t  w a s  hoped t o  learn wbether exposure t o  diesel  fue l  
aerosol e i t h e r  exacerbated o r  acce le ra t ed  the" ome; of n a t u r a l l y  occurr ing  
l e s i o n s  I 

Since  the  pr lmary  rou te  of exposure w a s  by i n h a l a t i o n ,  special  a r t e n -  
tPon w a s  dicected toward t h e  r t ~ ~ p t r a t o r y  tract- No s i g n i f i c a n t  l e s i o n s  
were found in the upper r e sp l r a ro ry  t ract  (one con t ro l  animal and one 
animal exposed t o  1.5 mg/L had small amounts of purulen t  exudate i n  the 
nasal c a v i t y )  but  tiny le s ions  were f m n d  i n  t h e  lungs of a few m t a  i n  
both conLrol groups and in f i v e  of the s tx  e x p m e d  groups. T h e  pulmonary 

per iphe ra l  a l v e o l a r  portions of the lung 33it i - i  no p a r t i c u l a r  relakionship t o  

diameter ,  were found i n  each a f f e c t e d  race Each f o c u s  eonststed sf  a loose 
collection o f  foamy wacrophages in a c l u s t e r  of adjacene a l v e o l i ,  soanetLmsra 
wdth f o c a l  th ickening  of the  a s soc ia t ed  a l v e o l a r  walls due t o  mild epithe- 
l i a l  hyperp las ia .  Tn e i g h t  of t i a ~  s i x t e e n  rats with pdlmonary lesions Y Q ~ W  

macrophages contained greenish  g ranu la r  p a r t i c u l a t e  matertal. Because che 
l e s i o n s  arc1 n o t  considered t o  be r e l a t e d  t o  the cxpesimer.ta8 procedure,  no 
attempts were made t o  i d e n t i f y  t i l e  forePga matertal. It; should be 
emphasized that t h e  pulmonary l e s i o n s  were few, t i n y ,  l o w  hn Incidence,  and 
found wi th  cornparahle frequency Pn c o n t r o l  and dosed rats. They are 
considered of ao consequence and probably represent c learance  o f  
ewwironmmtal p a r t i c l e s ,  poss ib ly  of food o r l g i n .  C r y s t a l l i n e  and 
p a r t f c u l a t e  phagocytized d e b r l s  was found i n  the nasolacr imal  d u c t s  o f  7/37. 

in f  lammation, hyperp las ia  or metaplasia of t he  duc ts  )I TI& f ind ing  was 
considered of no importance t o  t h e  s tudy ,  L t  was coneli.idcd by Ilae 
pa tho log i s t  that no l e s i o n  i n  t h e  r e s p b r a t o r y  t rac t  coiild be related t o  t h e  
expertmental  procedure. 

l e s i o n s  were follnd. i n  up to 4 rats per group (0  t o  25 percent )  i n  t h e  

bronchioles  or l a rge  vessels. TypPcally,  one or two f o c i ,  109 t o  200 \In ill 

(21.37;) COn~KO1 and 19/96 (19.3%) dosed T d t S ,  W d e h G t l t  eVidenCP O f  

Several. t y p e s  of l e s f o n s  cxpected i n  rats of t h i s  strain and age were 
found i n  t h e  kidneys: adrsnals and hearts. A 1 1  the  r a t a  had varying 
degrees of g lomerulosc le ros is  cha rac t e r i zed  by t1i-i ckened b a s r m n t  
membranes, occas iona l  adhes tons  of glormerdar I m p s  t o  Bowman's mnbrarae 
and occasional  glomerular atrophy. 711 exposed animals peranitted a recovery 
per iod after cessation! of exposure and in rhebr  corresponding c o n t r o l s ,  tXc 
renal l e s i o n s  w e r e   mor^ severe  i n  almur ha l f  the rars, wlth protc?i.iiie 

and foca l  Lubular. regenera t ion .  Thc increased  severity o f  renal l e s ions  
i n  these  groups  can be a t t r i b u t e d  'to t h e  age of Liieae rats aT rhe t i m e  of 
dea th  .I 

t ~ b u l a r  cast f o r m a t t o n ,  f o c a l  i n t e r s t i t i a l  i a f i l t i a t i o n  s f  lymphoid ce l l s  
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Small a d r e n a l  c o r t i c a l  adenomas were Eound in t h e  longer- l ived groups 
of rats (2/16 c o n t r o l s ,  3/16 0,25 mg/L, 3/16 0,75 mg/L and 0 / 1 4  1.50 mg/L) 
but not  i n  those  s a c r i f i c e d  immediately a f t e r  t he  end of the exposure 
per iod,  One rat i n  t h e  0.25 mg/L group had a c o r t i c a l  adenoma i n  each 
ad rena l .  Sepa ra t e  a n a l y s t s ,  t a k i n g  i n t o  account t h e  b i l a t e r a l i t y  OF 
adrenal. glands and s l i g h t  d i f f e r e n c e s  tn group s i z e s  due t o  t h e  amount of 
t i s s u e  a v a i l a b l e  f o r  e v a l u a t i o n  revealed no d i f f e r e n c e s  between exposed and 
con t ro l  groups 

Hn the tiearts of one t o  fou r  rats til each group, i nc lud ing  c o n t r o l s ,  
w e r e  t i n y  f o c i  of degenerat ion of s f n g l e  c a r d i a c  f i b e r s  w i th  a s s o c i a t e d  
l ~ ~ ~ h ~ m o n o c y t i ~  inflammatory i n f i l t r a t e s .  These l e s i o n s  of urnknown o r i g i n  
are commnly found s c a t t e r e d  widely through t h e  myocardium of Sprague- 
Dawley rats and are considered i n c i d e n t a l  and u n r e l a t e d  t o  t h e  experimental  
procedure.  One other f i n d i n g  w a s  i n t e s t i n a l  nematodiasis (pinworm) without 
enterltts i n  7 /32  (21,9%> c o n t r o l  and 13/96 (13,5%) dosed rats. No o t h e r  
l e s i o n s  occurre wi th  s u f f i c i e n t  frequency t o  deserve mention. Two 
i n c i d e n t a l  d i s o r d e r s  of growth were found, a focus of adenomatous 
'hyperplasia o f  t h e  r e n a l  c o r t e x  i n  a c o n t r o l  rat and a subcutaneous myxoma 
An the mammary area of i n  a rat exposed t o  0.75 mg/L; n e i t h e r  is of 
biol.og-l.cal or s ta t i s t tea l  s i g n i f i c a n c e .  The myxoma, a d i s c r e t e  2 mm 
diameter  nodule, may r ep resen t  an e a r l y  fibroadenoma but i t  contained no 
g l andu la r  elements.  

The conclusions of t h e  h i s t o p a t h o l o g t c  a n a l y s i s  are t h a t  no new 
l e s i o n s  were found t h a t  could be a t t r i b u t e d  t o  r n h a l a t i o n  of t h e  d i e s e l  
f u e l  a e r o s o l  and t h a t  t h e  incidence and s e v e r i t y  of n a t u r a l l y  occur r ing  
lesions were not changed by a & m i n i s t r a t i o n  of t h e  test material. 

DISCUSSION 

This  report. is the t h i r d  and Final r e p o r t  i n  8 series of s t u d i e s  
designed t o  examine t h e  po ten t i a l .  h e a l t h  hazard a s soc ia t ed  wi th  exposure t o  
an a e r o s o l  generated from d i e s e l  f u e l  f2. In previous r e p o r t s  t h e  e f f e c t s  
of? exposing rats once t o  high concen t r a t tons  of t h e  a e r o s o l  and exposing 
them a t o t a l  of 9 times to d i f f e r e n t  combinations of exposure t i m e ,  
d u r a t i o n  of exposure and frequency of exposure have been discussed.  I n  t h e  
series of s i n g l e  a c u t e  exposures it was observed t h a t  m o r t a l i t y  was h igh ly  
r e l a t e d  t o  t h e  C t  product (1). Thus t h i s  same expression of exposure 
'dose' was used i n  t h e  planning of t h e  exposure regime f o r  t h e  r epea t  
exposures.  I n  Phase 2 it w a s  found, i n  f a c t ,  t h a t  frequency of exposure 
w a s  t h e  dominant f a c t o r  i n  determining t h e  e x t e n t  of t h e  observed t o x i c i t y  
r a t h e r  than e i t h e r  a e r o s o l  concen t r a t ion  o r  d u r a t i o n  of exposure. The 
p r i n c i p l e  aim of the  f i n a l  series of experiments was t o  determine whether 
m u l t i p l e  exposures t o  low a e r o s o l  concen t r a t ions ,  t h a t  would not be 
considered a c u t e l y  t o x i c ,  would cause any evidence of t o x i c i t y  as a r e s u l t  
of t h e  m u l t i p l e  exposures. 

In t h e  exposures c a r r t e d  out  under t h e  a e g i s  of Phase 2 ,  t h e  lowest 
a e r o s o l  concen t r a t ion  used w a s  1.33 mg/L with 8 corresponding exposure 
d u r a t i o n  of 6 hours. I n  t h e  s tudy r epor t ed  he re  1.5 mg/L w a s  s e l e c t e d  as 
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Breathing freqibency i n  all the  ma::? groups d i d  appear 50 beco~cle slower 
during the course of P l t r ?  exposure and r eca~e ;y  periods but ,  s l n c c  the 
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control. and diesel f u e l  a e r o s o l  exposed groups were. almost i d e n t i c a l l y  
affected, it i s  evident  t h a t  t h e  ae roso l  caused no cumulatfve e f fec ts ,  
Resul t s  from t h e  female groups were more erratic,  but the o v e r a l l  
conclusion t h a t  t h e r e  were no d i e s e l  fuel aerosol related e f f e c t s  ha stlB1 
app l i cab le .  

E f f e c t s  on t h e  r e s p i r a t o r y  system were, as rdght  be expected,  not as 
marked dur ing  the Phase '3 study as those observed i n  the Phase 2 standy, 
Slight i nc reases  i n  lavagea alevolar maerephages were observed 1 n exposed 
anfmals immediately postexposure; however, t h e r e  dPd not appear  to be any 
concen t r a t ion  r e l a t e d  e f f e c t s  in e i t h e r  mle or female. Af t e r  a rwo m o n t h  
recovery period E lavaged a l v e o l a r  macrophage numhers were consistent wi th in  
each sex rega rd le s s  of t reatment .  Other cells Zavaged from the l u n g  showed 
a sltght depress ion  i n  femal-es exposed t o  e i t h e r  0,75 or  1.5 w7 diese l  f u e l  

s t a t i s t i c a l l y  signif icarxt Examination of h l s tn log ica l  s e c t i o n s  confirmed 
that  t h e r e  was na important: influx of any rype of f r e e  ce l l ,  

aerQSQhfk ~ ~ C ? d ~ ~ ~ ~ ~ y  pOStt?XpQSure,b h O W e V e r ,  t h i s  deprE?SS%Oll W a s  R O t  

Since aerosol particle s i z e  was less  than 1 p.m ( 1 no histolngf.cR1 
changes i n  the airways were e i t h e r  expected or observed. Res is tance ,  one 
sf  the primary pulmonary func t ion  tests t h a t  would demonstrate changes in 
airway pathology was not changed itmediarely post- t reatment  ; however, in 
males, there appeared t o  be a concentration r e l a t e d  e f f e c t  a f t e r  t h e  t w o  
month recovery per iod.  Highest res i s t a n c e  wad observed i n  &he shzam exposed 
antmals. This apparent  i nc rease  In r e s i s t a n c e  i n  control. araimaks may be an 
ar t i fact  totally unre l a t ed  t o  t h e  experimental  procedures stnee there was 
no evidence o f  i n f e c t i o n  i n  any af the animals: used in t h e  pulmotiary 
func t ion  tests, Overa l l ,  it is found t h a t  when groups are collapsed ac ross  
sex and aerosol concent ra t ion  resistance t s  stat  P s t i c a l l y  s i g n i f  i c a n t l y  
h igher  i n  a l l  a n t m l s  allowed t o  recover  f o r  two moriths. This  i nc rease  i . 9 1  

al.1 Xikelyhood fs r e l a t e d  t o  animal age or some s l i g h t  change In the  
pulmonary functkon apparatus r a t h e r  than impor t an t  change i n  airway 
physiology as a rescalt of exposure t o  d i e s e l  f u e l  aerosol, 

There appears  to be a t rend toward smaller lung volumes (TZIC, V@, IC, 
FRC and RV) i n  animals exposed t o  d i e s e l  fuel. a e r ~ o l .  There is no 
ewtdenee of any h i s  t opa tho log ica l  l e s i o n s  that would account f o r  this 
t r end ,  and body weight d i f f e r e n c e s  between the g r r ~ u y s  were probably 
s u f f i c i e n t  t o  account f o r  titiis v a r i a t i o n .  Gas exclzamge, as evidenced by 
both the nttrogen washout assay  and t h e  carbon monoxide d i f f u s i n g  capac i ty ,  
is not  affected in any manner t h a t  relates t o  concent ra t inns  of aerosol to 
whlch t h e  animals have been exposed, and this c l e a r l y  demonstrates t h a t  
there are no induced changes t o  gas exchange mechanisms as a r e s u l t  of 
exposure t o  low l e v e l s  of d i e s e l  f u e l  aerosol. Dynamic. l ung  Putlct-ion tests 
such as forced e x p i r a t o r y  f l o w  and s p e c i f i c  compliance clearly show t h a t  
exposure t o  low d i e s e l  f u e l  a e r o s o l  concentrations ts nc& afCectirag the 
e l a s t i c  p r o p e r t i e s  of t h e  lung i n  any way. 

The &nor f u n c t i o n a l  and volume chariges i n  the  lung are bgot supported 
by the  histopathology and t h u s  are not likely to r e p r e s e n t  1 r~evers ibEe  o r  
c l i n i c a l l y  s i g n i f i c a n t  events. Furthermore the  mtzgnftude sf the  
phys io log lca l  changes do not warrent  any morphometric studies II 
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Amongst the t i s s u e  wscights the changes observed i n  the adrenals ,  when 
ad jus t ed  f o r  body weight,  s tand  out  above a l l  o thers .  There is a very 
c l e a r  d i f f e r e n c e  between the sexes ,  w! th females having adrenals approxi- 
mately double t h a t  of males when data  is co l lapsed  across ae roso l  concen- 
t r a t i o n  a d  t i m c .  This is not an unexpected o h  v a t i o n  since in gene ra l  
i t  i s  known that females do have l a rge r  ad rena l s  when body weight i s  
factored in .  Col lapsing d a t a  across  sex and t i m e  postexposure,  wkL1e nor 
d e m o n s t m 3 n g  a clear c u t  ae roso l  concentrationlrespon~~ certal n ly  gives 
evtdencc t h a t  ae roso l  exposure daes increase adreeal welght . This  weight 
i nc rease  seems t o  l a r g e l y  d isappear  during the reco\rery per iod which 
saiggests that a stress f a c t o r  may be impl ica ted  i n  these  f i n d i n g s ,  Ct is 
not poss ib l e  t o  eva lua te  the  adrenals h i s t x l o g i c a l l y  t o  determine whether 
t h e r e  were any changes i n  the co r t l r a l / r ceda l l a ry  r a t l o  since the way i n  
which t h e  t i s s u e s  were cut made i t  impossible  t o  ensa~re a s tandard  s e c t i o n  
BCTCDSS t he  largest  dFamt?ter. 

The o the r  t i s s u e  t o  show s i g n i f i c a n t  w i g h t  gaPns was t h e  Bung (based 
on the  da t a  obtained from the right: middle lobe) ,  hmAedia te ly  postexposure 
tlre weight of RML (ad jus ted  f o r  body weighc) of b r h  males a d  females 
exposed t o  1.5 mg d i e s e l  fuel aerosol/L were s i g n i f i c a n t l y  elevated over 
those of the corresponding stlam exposed con t ro l  animals whf 1st a f t e r  the 
two ~ o n t h  recovery period these d i f  € ~ P C ; I G C R  wei-e 110 longer  in evCdences 
TJhen the we t /d ry  ra tdo  of  RML adjus ted  f o r  body w i g h t  are examined t h e  
converse is found with both males arid females i n  the  1.5 mg d i e s e l  f u e l  
aesosol /L  g r ~ i i p  being s i g n i f i c a n t l y  e l eva ted  over sham exposed con t ro l s  
a f t e r  &he two month recowry period.  It would appear t h a t  dry weight is 
the major fac tor  i n  this plienowenon, belng much lowcs than i n  t h e  other 
groups. The E i c s t  explana t ion  f o r  t h i s  unusual observa t ion  d g h t  be thaS. 
t h e s e  lungs  were d r i e d  more t h o r o ~ g h l y  than che other  groups ;  however, a l l  
parameters were c a r e f u l l y  controlled 11uring the ary ing  t o  constant weight. 
T h u s  2t would appea r  t h a t  the water content of these lungs my have been 
somewhat h lgher  than In o the r  groups- ‘fhe suggest ion is  that t h e r e  w a s  a 
mild edema; however, i t  should be emphasized t h a t  t hese  were PO evident  
changes i n  lung volumes or p ~ i l t ~ ~ ~ n a ~ y  func t ion ,  nor were t h e r e  any apparent  
s t r u c t u r a l  changes which would confirm t1al.s hypotlleais 

Liver  weights ,  ad jus ted  f o r  body weight,  of both sexes ,  In the group 
exposed t o  1.5 mg d i e s e l  f u e l  aerosol /L  and sacrificed immediately 
pastexpostire,  were s i g n i f i c a n t l y  e leva ted  over t h e i r  sham exposed counter  
p a r t s ,  This  w a s  con t r a ry  t o  observataons i n  the  Phase 2 s t u d i e s ,  howealer, 
results repor ted  here wt*re ad jus t ed  for body weight whereas those reporfed 
€or Phase 2 d i d  not have t h i s  adjustment mde. Since there were 
s i g n i f i c a n t  decrements i n  body weight as a r e s u l t  o f  d i e s e l  fuel  ae roso l  
exposure i t  is poss ib l e  ehat t h i s  alone would account For the l i v e r s  of 
exposed anlrraals appearing t o  be signi f i c a n t l y  l a r g e r .  This  liglrothesls i s  
t o  a certain extent supported by the  f a c t  t h a t  a f t e r  a two monrh recovery 
per iod a l l  l i v e r s ,  ad jus t ed  f o r  body weight,  appeared t o  he very comparable 
wi th in  sex gromps. 

There were f e w  s t a t i s t i c a l l y  s i g n i f i c a n t  changes i n  c l i n i c a l  
chemd,stry. O f  those that were observed a depress ion  i n  LDB, c h o l e s t e r o l  
and c r e a t i n i n e  l e v e l s  i n  females exposed t o  1.5 uig d i e s e l  f u e l  aerosol/L 
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and t e s t e d  immediately postexposure are p o t e n t i a l l y  of most b i o l o g i c a l  
s f g n i f l c a n c e .  A dec rease  i n  serum c h o l e s t e r o l  can be evidence of an a c u t e  
h e p a t i t i s  and s i n c e  t h e  decrease En females was a e r o s o l  concen t r a t ion  
dependent t h i s  might do much t o  exp la fn  t h e  observed dec rease  Fn sertim 
c h o l e s t e r o l .  There were, however, no a s s o c i a t e d  l i v e r  Pesi ne t h a t  would 
support  t h i s  hypothesls  and t h e  c h o l e s t e r o l  l e v e l s  can probably be a sc r ibed  
t o  decreased food i n t a k e  and lower body weight. There are no known causes 
for a dec rease  i n  e l t h e r  plasma creatinine or  LDPI l e v e l s ;  thus t h e  
dec reases  observed i n  t h e s e  experiments w l h i l e ,  having s ta t f s t ica l  signifi- 
cance, probably have no b i o l o g i c  importance. 

The o v e r a l l  aim of the  s t u d i e s  r epor t ed  h e r e  was t o  determ$ne whether 
t h e r e  was any evidenee t o  suggest  t h a t  multLpPe exposiires of rats to low 
concen t r a t ions  of d i e s e l  f u e l  aerosol l d  eallse an e 
t o x i c i t y .  Although tests were conduc a t  levels t Y 
weight, it is e v i d e n t ,  from t h e  d a t a  pretjented i n  t h i s  rep t ,  t h a t  t h e r e  
was no s i g n i f i c a n t  cumulative t o x i c i t y  t h a t  may be attribut t o  t h e  diesel  
f u e l  a e r o s o l ,  However, even a t  the concent r a t i o n s  use  
evidence t o  suggest: that a c u t e  CNS d i s tu rbance  may occurring which, I n  
an  experimental  s e t t i n g ,  is manifested by a s l i g h t  decrement Fn response t o  
t h e  s tar t le  r e f l e x .  Although no d i r e c t  e x t r a p o l a t i o n s  can be made from rat 
to man, and t h e s e  s t u d i e s  were not  designed t o  r e v e a l  efEects that would be 
manifested over a l i f e t i m e  of exposure. it m y  be concluded from these 
s t u d i e s  t h a t  t h e  i n h a l a t i o n  oE d i e s e l  f u e l  a e r o s o l  i s  probably an a c u t e l y  
i r r i t a t i n g  experience but t h a t  t h e r e  is l i t t l e  l i k e l i h o o d  ~f any l a s t i n g  
man i fe s t a t ions  provided t h a t  exposure i s  not an extremely f r equen t  and long 
t e r m  event .  

Should more work on t h e  t o x i c  p o t e n t i a l  of t h e  v i s u a l  obscurant  
generated from d i e s e l  f u e l  be considered,  t h e r e  are a number of avenues 
t h a t  might be explored. Since t h e r e  is same evidence of a t  least 
t r a n s i t o r y  e f f e c t  in t h e  CMS a more d e t a i l e d  s tudy  of t h i s  aspect might be 
in order .  Approaches might include t h e  eEfects of long term exposures an 
behavior parameters such as l e a r n i n g  a b i l i t y  and/or i n  v i t r o  s t u d i e s  of t h e  
CNS . 

A t  concen t r a t ions  used i n  a previous (Phase II) s t u d y ,  pulmonary 
e f f e c t s  were observed. Those e f f e c t s  were not noted du r ing  the 
s t u d i e s ,  however, i f  exposure had been more f r equen t  and longer  $a d u r a t i o n  
would changes have been i n  evidence after 13 weeks? This  is a ques t ion  
whose answer might be of va lue ,  
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Pre-exposure l8,5 k8*5 20,s 19*5 

Measurements (weight only)  
eighing #I> . 

F i r s t  Exposure 19 154 E l  20 
(Weighing W2) 

Fnurteerath 
Exposure - 25*5  27,s 26-5 

enty-s ixth 
Exposure - 31*5 3 3 - 5  3 2 , 5  

K i l l  Emmediately "32 3 2  34 33 
P i a  texposure 
(Weighing $11 5 1 

U41 After Two 40 40 42. 41 

17.5 

1.8 

24,s 

30.5  

31 

35 

39 



Time Point  Assay A n i m a l  Numbers 

Before exposure S l ,  
# I 4  and !I26 

A f t e r  exposure # l ,  
1/14 and #26 

After odd nilmbered 
exposures aizcl. weekly 
durPng the  recovery 
per iod 

AEter odd numbered 
exposures 

Af t e r  odd i-numbered 
exposures and weekly 

per iod 
during the  recovery 

Four days a f t e r  the 
las t  exposure 

Five and six days 
a f t e r  last exposure 

ztro m2nth post-  
expo 8 U  re 

Pi.ve and s i x  days 
a f t e r  last  exposure 

~reat’cafng Frequency and 13 - 24 X 
and Star t le  Reflex 

Body weight 

Body weight 

Food consumption 

13 - 24 M 
13 - 24 P 
(1 - 12 M p  
( 1  - 12 P p  

1 - 1 2 M  
1 - 12 P 

19 - 24 M 
19 - 24 P 
(1 - 6 MI’ 
(1  - 6 PI‘ 

Lung lavages and c l i n i c a l  9 - 12 14 
chemistry 9 - 1 2 F  

Pi~i1111otna1-y Punic t P can and 1 -  8 M  
necropsy €or his topathology.  1 -  8 F  
C l i n i c a l  chemtatry 1 -  4 M  

1 -  4 F  

Rreathing Frequency and 13 - 2& M 
S t a r t l e  Reflex 13 - 24 P 

Rreattnlng Frequency and 13 - 24 M 
S t a r t l e  Reflex 13 - 24 P 

Imng lavages and c l i n i c a l  2 1  - 24 N 
chem.1 s try 2 1  - 24 P 

~mimonary func t ion  ana 13 - 24 M 

C l i n i c a l  chemistry 13 - 20 M 
13 - 20 P 

necropsy fo r  his topathology.  13 - 24 P 

a. Groups used  i n  t h i s  study were designated i n  t h e  fol lowing way: !?.A 
( 1 . 5  rr.g/L>, SA (sham exposed c o n t r o l s ) ,  Tt l  (0 .75 mg/L>5 UP, (0 .25 mg/L). 
Groap VA (vivarium c o n t r o l s )  were not Iuaed Ln any of t h e  assays but  
were used in t h e  body wcdght and rood consumptlon s t u d i e s .  A t y p i c a l  
a n l m a i  i d e n t t f  €ca t  Ion  wotald have been R.A-CK2lr-P OK T.lA-CK08F. 

b. Group VA (vivarium controls? only.  

60 



TABLE 3A. BODY WEIGHT SUMMARY FOB MALE SPRAGUE-DAWLEY RATS OVER A PERIOD 
OF TWENTY-FIVE [JEEKSa 

---__ -_-I-____- x I I - - - - _ l l l l - - - ~ -  

Sham Diesel Fuel Aerosol Concent ra t ion  
--17111-.1.^-----1~ Vivarium Exposed 

Week Controls Cont rnls 0.25 mg/L 0,75 rnglL 1.5 mg/L 

1 
2 
3 
4 
5 

7 
8 
9 

10 
11 
12 
1 3  
14 

16 
na 
18 
19 
20 
21 
2% 
23 

158 

509.9 2 6.4 
517.6 1- 6.8 
529.2 t 7.3 
535.5 t 7.3 
545.6 2 7.1 
553.8 t 6.8 

565.5 t 7.6 
574.9 k 7.6 
581.0 ir 7.2 
588.0 k 7.4 
594.7 f: 7 * 5  
599 I. C 8.2 
606.3 -t 8.1 
406.9 2 8.4 
615.3 fr 8.5 

623.6 2 9.1 
624.6 i10.3 
639.6 t10.0 
637.6 ir10.6 
639.6 t10.7 
641.8 111.4 

558.8 t- 6.9 

6ia.o t 7.9 

5Q8.7 k 9.2 
498.5 5 8.9 
502.8 f 8 .6  
503.7 f. 8 . F  
514.8 k $.ec 
515.3 ? 8.8c 
521.8 ?1 8.9" 
525.7 rt: 8.9c 
534.8 k 9.8c 
540.5 t 0.lc 
548.1 +10.4c 
553.1 t10.8c 

562.6 C11,7' 
580.3 L12.2 
578.6 219.8 
586.5 t20.2 
593-4 f20.0 
593.8 t20.5 
605.3 221.5 
608.1 t21.8 
608.9 t22.5 
606.1 222.9 

559.8 + i i . 4 ~  

S I % , &  k 9 " 4  
485-1 k 9.0 
483.1 t: 9.2 
480.1 2 8.9 

487.6 t 8.7b 
489.7 'i- 9,4b 

499.6 ? l 0 . l b  
506.2 It 9.7b 
511.5 .t- 9.7b 
514.4 tlO.lb 
518.5 410.2b 
524.0 i:lO.!ib 

570.5 t12.9 
582.6 t12.5 
593.1 212.3 
590.6 1.12.0 
598.8 212.7 
604.6  k13.3 
608.8 2 1 3 . 4  
608.4 k13.9 

484,5 1- 8 9  

494.4 t10.0b 

543.7 It10.9b 

507.6 t 7.1 
483.3 t 6.6 

470,9 t 6.4b 
472.0 4 6,7b 
476.3 I f 1 . 8 ~  
476.8 +. 7,1b 
476.5 C 7,3b 

486.9 4: 7.7b 

495.9 ? 8.0b 
500.5 -?: 7.9b 

475.2 t_ 6.7b 

481.0 i 7.3b 

492,2 6 7.9b 

501.5 c 8.4b 
528.1 t 8.ab 
539.6 t-14.0 
559.1 tI14.4 
561.6 t15.0 
566.1 214.6 
577.6 k15.3 
585.6 215.5 
590.3 t16.6 
588.4 t-17.4 

510.3 t 11.7 
487.8 L 10.8 
479.2 -E- 10.9 
474.6 i 10.fIb 

435.3 t ll.Qb 
480.9 f. 11.4b 
483.1 rt: 11.7b 
485.9 k 11.3b 
488.9 k 11.9b 
492.0 t 11.ab 
493.2 & 12.Zb 
497.7 % 12.6b 

525.6 rt: 13.6b 
526.6 fr 18.6b 
538.5 1: 19.6b 
551.2 t 19.5 
551.7 i 19.5 
557.6 If: 20.1b 
562.4 t 19.7 
568.8 i 20.1 
570.0 -t- 20.7 

473.9 .t 11.0b 

498.9 3. 1 2 9  

I _ ~ -  .-I 

a. The weighing on week 1 w a s  c a r r i e d  aut b e f o r e  t h e  f i r s t  exposure.  The 
second weighing was a f t e r  one exposure. 

b. S i g n i f i c a n t l y  different E rom sham exposed con t ro l s  and vivar ium 
c o n t r o l s  (p  4 0.05). 

c. Significantly d i f f e r e n t  from vivarium c o n t r o l s  ( p  < 0.05). 

d.  The f o u r t e e n t h  weighing was c a r r i e d  out immediately a f t e r  t h e  25th  
exposure and the f i f t e e n t h  weighing w a s  casri.ed o u t  3 days after the 
26th. exposure. A l l  weighings after t h e  Eifteenth were c a r r i e d  out  on 
12 animals only. 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15“ 
16 
17 
18 
19 
20 
2% 
22 
23 

279.1 2 5.7 284.6 k 3.5 287.7 rt 4.0 
283.1 t 5,7 277.8 2 3.7 271.9 t 3.8 

287.5 :t 6.7 282.7 f 4,O 264.9 2 3.5$ 
293.3 1 6 . 6  288.0 4 4.3 267.5 0 3.7b 
296.4 + 6.7 291.9 P 3.8 267.4 ? 3 .gb  
301.7 k 7.1 295.5 4 3.9 269.9 i 3.4b 
304.2 t 6 - 5  298.9 I 4-1 272.6 i 3.bb 
306.6 !r 7.8 300.6 :t 4.6 275.5 f 3.7’ 
308.3 I 7.2 308.5 I 4.6 277.9 t 4.1b 
313.1 I 7.7 311.8 t 5.0 279.9 rt 4.b5 
317.7 -(I 7.6 315.0 2 5,3 279.1 t 4 . 4 b  
316.5 k 8.1 318.8 t 5.4 283.6 rf- 4.73 
317.8 t 8.6 322.1 t 5.5 286.6 k 5.0b 

324-3 + 9.5 330.6 t 8.9 303.1 + 8.1b 
325.6 18.1 335.6 ? 9.1 .310.4 2 8.5 
328.6 I 9.2 337.6 t. 9.5 320.3 t 1 O . h  
329.6 i 9.7 334.1 -t10.0 315.9 9.10.6 
337.5 P 9.3 342.0 t- 9.6 322.6 211.0 
338.8 ? 9.4 343.2 t10,l 330.4 k11.7 
339.2 t 1 O . Z  340.9 2 9.7 336.3 212.9 
336.8 !:10.0 336.5 :t 9.9 335.3 9.12.1 

289,2 P 5.7 279.9 4 3.4 266.4 i 3 9  

320.5 1- 9.3 331.5 :t 6.1 3011.3 4 5.lb 

266.0 t- 3.Tb 267.4 k 3,7b 
254.6 I 7 , 2 b  255.6 k 3.Tb 
350.1 -tl 3.2b 253.0 I 3,5b 
251.1 t 3,Zb 251.3 -b 3 .ab  
24’2.8 + 3.5b 252.7 ti 3.€ih 
251.4 I 3 , 3 b  254.5 i 3.Bb 
251.9 -tl 3.4b 2w.7 t 3.ab 
255.7 2 3.4b 257.2 i 3.7b 
255.8 2 3,2b 257.4 f 3,gb 
259.4 -k 3,3b 263.1 t 3.7b 
259.4 k 3.3b 253.2 Ir 3 .bB 
261.9 I 3 ,3b  266.1 ? 3,Tb 
262.9 t 3.6b 268.4 I 3,ab 
267.3 1- 3 9  290.6 2 4,3b  

284.1 5 6.5b 301.0 2 8 9  

779.4 t 4.2b 283.5 k 4,? lb  
281.6 2 6 .3b  290.1 2 6,gh 

291.5 rt 7 . Z b  302.1 2 8.Zb 
294,6 f 7.1b 302.6 + 7.gb 
297.1 1- 8.0b 314.1 t 9 , 2 b  
303.9 -k 9.Qb 316.7 + 9.3 
310.6 2 9.gb 323.0 t 9.2 
311.2 fI 9.4 331.4 t 9.7 

a. The weighing QLI week 1 was cai-r-ted out. before the first exposure. The 
second weighing Mas a f t e r  one expnsure, 

b. Sfgnif icantly d i f f e r e n t  from sham @ X ~ Q S &  coritrols and vivarium 
cont ro ls  ( p  < 0.05) .  

c. The fourteenth weighing w a s  carried out immediately after the  25 th  
e x p o s ~ r e  and the fifteenth weighing w a s  c-arr-ied silt 3 days af te r  the 
26th exposure. A l l  weighings af ter  the fifteenth were carrlcd out  on 
12 anima1.s only.  
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TABLE 5A. FOOD CONSUMPTION (g/day) SUMMARY FOR MALE SPWAGUE-DAWLEY RAT'S 
OVER A PERIOD OF TWENTY-ONE LTEEKS (Mean k SEMI 

Sham Diesel Fuel Aerosol Concentrat ion 
ll__lllll-ll____-l__pI Vivarium Exposed 

eek Cont ro ls  Cont ro ls  0.25 mg/L 0.75 %/IA 1-50 mg/L 

1" 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1s  
12 
13" 
14 
15 
16 
17 
18 
19 
20 
21 

* e . . 
e . 

30.49 rf: 0.94 
30.85 fi 0.69 
30.92 t 1.10 
30.57 t 1.43 
31.26 I 1.26 
31.36 t 1.24 
31.31 t 0.96 
31.10 t 0.94 
29.93 t 1.46 
31.69 f 1.85 
31.24 t 1.71 
32.31 f 1.28 
31.55 fi 1.37 
31.26 t 1.57 
32.00 k 1.81 

25.92 2 1.15 
25.73 t 1.09 
27.87 k 1.21 
29.69 k 1.68 
27.55 t 0.76 
29.83 t 1.28 
27.90 t 1.25 
30.40 2 1.50 
30.85 k 2.04 
30.33 t 1.52 
31.12 2 1.67 
33.26 If: 1.44 
30.83 t 1.25 
31.05 t 1.21 
31.90 t 1.35 
32.83 t 1.35 
33.33 t 1.22 
30.55 t 1.39 
31.19 & 1.17 
30.24 ? 1.65 
31.24 t 1.32 

27.60 t 0.84 
27.52 t 1.11 
27.48 t 0. 9 
29.42 t 0.52 
27.59 t 1.49 
27.40 k 2.69 
29.71 t 0.94 
30.92 fr 1.61 
31.33 1 1.05 
30.47 fi 0.66 
30.50 -t_ 0.32 
31.62 t 0.81 
30.26 k 0.47 
33.16 t 0.54 
34.31 C 0.59 
34.17 t 0.63 
33.48 t 0.42 
32.31 t 0.50 
32.45 t 0.75 
32.74 2 0.74 
35.04 k 2.29 

24.71 f 1.40 24.92 -t 1.43 
23.37 t 1.60 24.42 t 0.88 
24.19 rt 1.95b 26.02 C 0.74 
24.47 t 1.3!ib 26.43 t 0.61b 
25.26 t 1.58 24,5)1 t 0.86 
26.40 t 2.01 26.19 ? 0.81 
26.61 I 2 . 1 7  26.40 k 0.70 
26.35 k 1.74b 27.33 t 0.61 
26.21 t 1.69b 27.49 t 0.75 
27.26 t 2.52 27.97 I 0.81 
26.64 Itr 1,8fib 27.57 t 0.75b 
27.45 t 1.8Tb 27.52 % 0.85b 
29.71 2 2.59 28.48 t 1.07 
31.02 t 2.47 30.90 t 1.30 
32.90 t 2.46 32.88 C 1.23 
33.50 -t- 2.62 33.00 t 1.11 
31.85 t 2.31 33.57 t 1.34 
30.73 t 2.08 32.16 k 1.17 
31.14 t 2.25 32.17 t 1.21 
30.67 t 2.21 '33.14 k 1.70 
31.02 t 2.06 31.59 t 2.93 

a. The f i r s t  food consumption recorded was one week a f t e r  t h e  f i r s t  
exposure and t h r e e  days after t h e  second exposure. Food consumption 
w a s  always recorded on a Nonday. 

b ,  S i g n i f i c a n t l y  d i f f e r e n t  from sham exposed c o n t r o l  group (p  < 0.05). 

c. The t h t r t e e n t h  measurement of food eonsumption was tnade t h r e e  days 
a f t e r  t h e  last exposure. 
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TABLE 6A. FOOD CONSUMPTION (g/day) S M Y  FOR E M L E  SPPAGUE-DAWLEY RATS 
OVER A PERIOD OF TWENTY-ONE W E E K S  (Mean % SEM) 

Sham Diesel F u e l  Aerosol Concentration 
Vivarium Exposed 

Week Controls  Controls 0.25 mg/L 0.75 I%/L 1.50 n i g h  

la 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13" 
14 
15 
16 
17 
18 
19 
20 
21 

18-85 2 0.84 17.62 i 0.21 
17.85 i 0.94 17.30 t. 0,31  
19.37 ? 0.97 18.88 + 0.65 
19.50 rf. 0.90 18.25 ? 0.28 
20,29 * 0.91 18.59 .9- 0.33 
28.85 ? 1.20 19.50 6 0.57 

21.52 t 0.87 20.14 t 1.09 19.52 2 0.55 
21.21 t 0.84 21.90 k 1.40 20.14 9- 0,5? 
22-28 k 0.81 22.07 k 1.49 19.6'9 2 0.53 
22-11  k 0.33 2I.85 :t 1.19 19.27 rf. 0.45 
22.00 k 0.92 22.50 ? 1.30 19.90 + 0.48 
21.52 1 0 . 4 8  22.33 ? 1.36 20.59 3- 0.59 
22,40 h 0.57 22.23 2 1.64 20.09 k 0.83 
22,62 t 0.99 22.33 + 1.63 21.31 C 0.75 
23.12 :k 0.64 23.85 h 1.08 22.48 ? 0.93 
23.14 :!: 1.11 23,31 !: 1.09 23-38 t 1,18 
22.95 ? 0.93 24-48 rf. 1.67 24.52 + 1,35 
23.07 6 1.02 22.17 ? 0.84 22.64 :!I 1.18 
23.90 2 0.78 22.31 i 0.76 23.33 + 1.25 
23.36 :tl 0.96 22.43 i 1.06 2 3 . 7 2  1- 1.16 
23.43 k 0.71 23.38 ? 0.99 23-14 2 0.95 

18.37 2 0.33 17.43 + 0.52 
18.27 .!: 0.50 17.19 9. 0.63 
17.89 i: 0.72 17.61 :!: 0.73 
18.74 t 0.87 17.85 5 0.96 
18.02 k 0.95 
18.42 2 0.90 18.57 + 0.92 
18.57 t 0.67 1 8 3 5  :k 0.83 
19.40 1 0 . 5 3  18.87 k 1.01 
19.33 1 0.70 18.71 ? 1.03 
19.55 k 0.48 19.19 2 1.09 
19.60 t 0.77 19.52 :k 1.28 
20.26 :!: 0.67 19.55 k 1.35 
19.88 1- 0.52 18.90 4 1.03 
21.38 k 0.74 22.26 4 1.34 
21.78 4 0.69 22,90 ? 1.43 
22.76 -t 0.66 22.90 4 1 .45  
23.31 :!r 0.90 24.14 t 1.92 
23.55 C- 0.67 23.64 1. 1.70 
23.19 t 0.86 23.07 I- 1.64 
23.14 1 0.78 24.69 ? 1.66 
23.83 0.66 23,52 ?: 1.57 

17.19 C O.$$$ 

a. The first food consumption recorded was one week after the first 
exposure and three days af te r  the secornd exposure. Food consumption 
w a s  always recorded mi a Monday. 

b.  Significantly d i f f e r e n t  from slzam exposed control group ( p  < 0.05). 

c. The thirteenth masuremesat of food consumption was w d e  three days 
after t h e  l as t  exposure. 
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TABLE ?A, FOOD CONSUMPTION (g/day) SUMMARY FOR SPKAGUE-DAWLEY RATS (SEXFS 
COMBINED) OVER A PERIOD OF TWENTY-ONE WEEKS (Mean 2 SEM) 

Sham Diesel Fuel Aerosol Concentration 
Vivarium Exposed 

Week Controls Controls 0.25 mg/L 0.75 nrg/L 1.50 mg/L 

la 
2 
3 
4 
5 
6 
a 
8 
9 

10 
I I 
12 
13c 
I4 
1s 
16 
17 
18 
19 
213 
21 

. . 
26.01 2 1.48 
26.03 2 1.54 
26.60 t 1.46 
26,34 2 1.51 
26.63 t 1,58 
26.44 t 1.61 
26.86 F- 1.44 
26.86 k 1.43 
26.52 k 1.28 
27,42 k 1.65 
27.10 t 1.56 
27.69 2 1.60 
27.73 2 1,38 
27.31 2 1.48 
27.71 2 1.59  

22.39 C 1.27 
21.79 t 1.37 
23.62 k 1.48 
24.59 t 1.79 
23.92 5 1.23 
25,34 2 1.59 
24.02 ? 1,41 
26.15 4 1.61 
26.46 i- 1.79 
26.09 k 1,57 
26.81 t 1.65 
27.80 t 1.90 
26.53 4 1.63 
26.69 ?r 1.63 
27.88 -i. 1.47 
28.07 t 1.65 
28.90 i- 1.66 
26.36 4 1.48 
26.75 t 1.50 
26.33 k 1.50 
27.31 t 1.42 

22.61 t 1.56 
22.41 -t 1.64 
23.18 2 1.38 
23.84 t 1.71. 
23.09 j l  1.54 
23.45 2 1.77 
24.61 ? 1.62 
25.53 2 1.82 
25.50 +. 1.85 
24.87 2 1.73 
25.20 t 1.62 
26.11 t: 1.73 
25.18 t 1.60 
27.24 t 1,84 
28.39 It 1.86 
28.77 t 1.75 
29.00 i: 1.51 
27.48 t 1.58 
27.89 t 1.54 
28.23 t 1.51 
29.09 f. 2.15 

21.54 t 1.18 
20.82 t 1.11 
21.04 2 1.37b 
21.61 t 1.16b 
21.64 k l.40b 
22.41 f 1.60b 
22.59 ? l,63 
22.88 C 1.3hb 
22.77 k 1.3Sb 
23.41 F- 1,6gE” 
23.12 t 1.43b 
23.86 t 1.44b 
24.80 t 1.95 
26.20 t 1*9Q 
27.34 t_ 2.07 
28.13 ? 2.07 
27.58 * 1.75 
27.17 2 1.66 
26.90 t 1.59 
27.43 ? 1.50 

27.14 ? 1.50 

21.18 i: 1.34 
20.81 t 1.21 
21.82 If: 1.36 
22.14 2 1.40b 
21.05 2 1.30b 
22.38 k 1.29b 
22.38 t 1.32 

23.10 2 1.4tjb 
23.58 k 1.48 

23.54 2 1.42b 
23.69 1: 1.61b 
26.58 t 1.58 
27.89 f 1.75 
27.95 ? 1.75 
28.86 t 1.81 
27,90 k 1.62 
27.62 2 1,68 
28.92 -C 1.71 
27.56 t 2.00 

23.10 !c L39b 

23.54 t 1.41b 

The f i r s t  food consumption recorded was  one week after  the f i r s t  
exposure and three days a f t er  the second exposure. Food consumption 
was always recorded on a Monday. 

b, Signif icantly different  from sham exposed control  group ( p  d 0-05) .  

c .  The thirteenth measurement of food consumption was made three days 
after  the last exposure, 
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TABLE 8A. BREATHING FREQUENCY (nrirn...') OF M L E  RATS DURING 'IWE COURSE OF 
THE PHASE 3 DIESEL, FUEL AEROSOL STUDIES 

Time Period Control 0.25 mg/L 0.75 mg/L 1.50 mg/L 

Pretreatment 150.17+6.24 135.82+5.11 147.2546.13 146.25k6.68 
Before 14th Exposure 141.13t6.07 140.00+5,01 138,50+8.84 134.6Qk7.13 
Before 26th Exposure 140.00k4.12 132.54t7.09 138.75+%.37 135.0047.60 
One Month Recovery 132,2523.85 136.5025.76 133,67C5,54 126.7523.88 
Two Months Recovery 126.7525.21 128.50+7.12 126.75t6.42 125,00?4.82 

...... ............ - ..... 

TABLE 98. BKEKrHING FREQUENCY (min""') OF F'EHALE RATS DURING THE COURSE OF 
'THE PHASE 3 D I E S E L  FUEL AEROSOL STUDIES 

Time P e r i o d  

Aerosol Concentratfort 
--- 

c ont pro1 0.25 mg/L 0.75 mg/L I. .so mg/L 

Pretreatment: 118.1723.28 138,7545.44 126.75k 5.61 121.68k7.63 
BeSore 14th Exposure 133.8114.79 127.63k5.87 129.38110.26 129.1147.28 
Before 26th Exposure 131.75t4.96 129.0097.18 123,75k 8.02 13b,00+6.75 
One Month Recovery 128.3526.65 121.7595,16 122,002 7.95 116.25k6.42 
Two Months Recovery 108.7526.96 122.2545.52 l l l . , S O t  6.23 128.50+6.17 

TABLE 1OA. CHANGES FROM PRETREATMENT VALUES OF STARTLE WFI,EX REACTION 
TZm (msee) PN K4LES OVER THE COURSE OF THE PHASE 3 DIESEL 
FUEL AEROSOL STUDY (Mean L SEM> 

. ....-.. .. -- ..... 
Sham Diesel Fuel Aerosol Concentration 

Exposed ................ 

T i m e  Per iod Controls 0.25 mgJL 0.75 mg/L 1.50 mg/L 

Pret Featmenta 
After 1st Exposure 
Before 14th Exposure 
After 14th Exposure 
iSef ore 26th Expasure 
A f t e r  26th Exposure 
One Month Recovery 
Two Months Recovery 

16.57tO 43 16.26frO. 47 
1.0140,46 1,70trO,46 
O.07It_Oe 42 0.5520.43 
0.3220.42 1.13t-O,43 
0 .OO+O. 47 0.57kO 46 

0.6590.48 1.07k0.48 
1.00+0.49 0.87k.0 e 48 

0.50L-0.44 1.9640,45b 

16.82+_0,43 
2 e 3820.47 
0 c 23 t o  e 43 
1 78 20.44 
O.P9tO,S7 
1.0220.44 

-0.20-CO.47 
0.7920.49 

__I 

16.60 20 .4 3 

-.-0.12+0.43 

-0.74KI. 47 

-0.0 1 20 ,48 
-0.01 20 c 48 

2 62 +O 46b  

1.8020, 43b 

2.05 C 0  e 46' 

...... .- .- .- l__l.._._l 

ae Actual values obtained pretreatment a 

b. Significantly different from controls ( p  < 0.05). 
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TABLE 11A, CHANGES FROM PRETREATMENT VALUES OF STARTLE REFLEX REACTION 
TIME (msec) I N  FEMALES OVER THE COURSE OF THE P W E  3 DIESEL 
FUEL AEROSOL STUDY (Mean ? SEM) 

Sham Diesel Fuel Aerosol Concentrat ion 
Exposed -_ 
Cont r o  Is 0.25 mg/L 0.75 mg/L 1.51) mg/L 

_I - 
Pret reatrnenta 17,13+_0.43 17.04k0.43 16.15+_0.44 16,9510.43 
Before 14th Exposure -1,00+0.43 -0.6020.43 0.39+0,43 -0.08t0.43 
Before 26th Exposure -1.llk0.47 -0.10+0 I 47 0.3320 * 47b -0.06 kO. 47 
One Month Recovery -0.4920.47 0. S 9 t O .  47 0.80+0,48 -0.01 to. 48 
Two Months Recovery 0 e 2820.49 0.94k0.49 0.47i0.47 -0.05t0.49 

a. Actual values  obtained pre t rea tment .  

b, S i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l s  (p t 0.05). 

TABLE 12A. CHANGES EROM PRETREATMENT VALUES OF STARTLE REFLEX PEAK TIME 
(msec) I N  MALES OVER THE COURSE OF THE PHASE 3 DIESEL FUEL 
AEROSOL STUDY (Mean ? SEM) 

Sham Diesel Fuel  Aerosol Concentrat ion 
Exposed - 
Controls  0.25 mg/L 0.75 ug/L 1.50 mg/L 

Pretreatment  a 
Af te r  1st Exposure 
Before 14th Exposure 
Afte r  14th Exposure 
Before 26th Exposure 
Af t e r  26th Exposure 
One Month Recovery 
Two Months Recovery 

29,03+0.62 
0,65kO.81 

-0.93kO.78 
-1.58kO.68 
-1.3220.76 
-0.86k0.85 
-1.43k0.73 
-0,09+0.82 

26.52kO. 62b 
I. 17k0.82 
0.53k0.78 
0.60k0.68b 
0 6 3 tQ  e 76 
0.51t0.86 
1.73?0. 73b 
1.25t0.81 

26.45t0.62b 
2.7620.83 
1.04+_0.78 
3.51-t.O. 71b 
1.22?0.77b 
1 .I 61 t0 .85 
0.68kO. 73b 
1.7120.83 

26.22+0.63b 
2.5 3 10.82 
1.46+_0.79b 
1 .7 2 +O . 70b 
0.96?0. 7fib 
3.20tO. 8ab 
1 .44 +O . 73b 
2.70+0.81b 

a. Actual va lues  obtained pre t rea tment .  

b. S i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l s  ( p  < 0.05). 
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TABLE 13A. CHANGES FROM P R E T E A M N T  VALUES OF STARTLE REPIXX PEAK TIMI 
(msec) IN FEMALES OVER TltllE: COURSE OF ";PIE PHASE 3 DIESEL FUEL 
dlER0SOL STUDY (Mean t SEM) 

a, Actual values obrained pretreat-ment . 
b. SigniftcantPy different. f r m  conrro ls  (e, < 0.051. 

a ,  Actual  va lues  obtained pretspeatrweiiI:. 

b .  Significantly d i f f e r e n t  €ram controls  (p < 0.05). 
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TABLE 1SA. CHANGES FROM PRETREATMENT VALUES OF STARTLE REFLEX MAXIMUM 
FORCE EXERTED (g. w t ,  ) IN FEWES OVER THE G O U U E  OF THE PHASE 
3 DIESEL FUEL AEROSOL STUDY ADJUSTED FOR BODY WEIGHT (Mean t 
SEM) * 

I_ - -1_11- 

Sham Diesel Fuel  Aerosol  Concen t r a t ion  

Cant r o  1 s 8,25 mg/L 0.75 mg/L 1.50 mg/L 
Exposed 

Pret rea tmenta  2 6 P 1 1 7  300+113 202k134 243t131 
Before 14th  Exposure 110k131 -69C120 -106?13gb -40t137 
Before  26th Exposure 1782 157 581132 170+156 2381154 
One Month Recovery s8+138 -85+127b -225-151 75t149 
Two Months Recovery -1 13t127 -243+122b -2252144 - 19 1 k142 

a. Actua l  values ob ta ined  p re t r ea tmen t .  

b, S i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l s  (p < 0.05). 

T U L E  16A. MILLIONS OF ALVEOtAR MACROPHAGES LAVAGED FROM LUNGS DURING 
PHASE 3 ASSAYS (Mean t §EM) 

_I_. - 
Aerosol  Immediately Pos texposure  Two Months Bos t exposure  

cone " 
(mg/L) PI F PI. F 
I__ - - - 
0 1.66 t 0.07 1.60 -t 0.06 1.87 C 0.55 1.14 f 0.25 
0.25 2.87 k 0.67 2.18 k 0.69 '1.96 ? 0.42 1,70 ? 0.60 
0 * 7 5  2.12 t 0-28 1.54 * 0.36 1,74 t 0.12 1.07 * 0.09 
1.50 2-94 k 0.32 2.82 * 0.40 1.93 ? 0.27 

'EAFKLE 17A. LEAST SQUARE MEANS OF THE SQUaRE ROOT TRANSFORMATION OF THE 
NUMBERS OF ALVEOLAR MACROPHAGES (UIil l iQnS) LAVAGED FROM W E  
LUNGS DURING THE PHASE 3 ASSAYS (Mean t SEM) 

I 

Aerosol Immediately Postexposure  Two Months Postexposure 
Conc e 

(mg/L) M F M F 
- 

0 1.22 t 0.18 1.84 .i_ 0,28 1.23 t 0.22 1.68 t 0.30 
0.25 1.63 .! Q.15a 2.15 k 0,34 1.30 k 0,19 1.94 k 0.32 
0.75 1.38 f 0.18 2.03 f 0,37 1,25 i. 0.17 1,78 -t. 0.35 
1*5Q 1.44 ? 0.15a 2.24 o,3a 1.29 % 0.20 1*91 t 0.31 -- -- II_ --.- 

a. S i g n i f i c a n t l y  d i f f e r e n t  from ( p  < 0.051, 
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TABLE 18A. MTLI.,IONS OF PULMONARY FREE CELLS LAVAGED FROM LUNGS DURING 
PMSE 3 ASSAYS (Mean f SEM) 

0 2.59 Ir 0.29 2.13 t. 0 - 2 2  2.20 2 0.51 1.48 i 0.21 
2.74 2 9.61 2.50 f 0.49 2.75 k 0.58 0.25 3.64 Ir 0.92 

0.75 2.50 -1- 0.32 1.84 t- 9.36 1.87 t- 0.11 1.38 3- 0.12 
1.50 3.76 0.37 2.35 C 0.40 2.23  b- 0-21  1.89 0.25 

0 0.89 ? 0.22 0.43 t- 0.34 0.50 2 0.26 0.21 6 0.36 
0.25 0.82 f 0.18 0.41 4 0.41 0.56 fr  0.23 0.53 ? 0.40 
0.75 0.56 Ir 0.21 0.18 .fr 0.45 0.31 t 0.21 0.09 !: 0.42 
1.50 0.84 ?1 0.18 0.20 I 0.46 0,49 1 0.24 0.25 3 0.38 

TABLE 20A. PULMONARY RESISTANCE (CM B*O/RILJS~C) OF RATS I N  PHASE 3 OF 
D I E S E L  FUEL EXPOSURES (Mean Ir SEI%> 

I m e d i a  t i? 1.y Pos t exposure "70 Months Postexposure 
Exposure 

Concentration M F r, F 

Controls 0.14 t 0,06 0.08 t 0,05 0.28 10.06 0.34 t 0.06 
0.08 k 0.06 0.14 ? 0-04  0.25 1 0.06 0.22 k 0.06 

0.75 %/E 0.13 I 0.06 0.09 t Q,O4 0.14 1 0.05 0.21 t 0.06 
l"50 mg/L 0.16 Ir 0.06 0.14 k 0.05 0.11 i 0,06" 0.25 !c 0.06 __ ^ ..__.......-.I. ___I____ 

a. S i g n i f i c a n t l y  d i f f e r e r i c  from c o n t r o l  animals ( p  < O.OS>, 

70  



LE 21A. NEGATIVE SLOPES OF LINEAR REGRESSION FOR MULTEB ATH NITROGEN 
WASHOUT CURVESa I N  PHASE 3 OF DIESEL FUEL EXPOSUMS (Mean C SEEN) 

Immediately Postexposure Two Months Postexposure 
I 

Exposure __ -~.-pII .I .I---I  

Concentration M F N P 

Controls 0.15 k 0.01 0.09 .t- 8.01 0.14 Ir 0 ,OB 0.08 +_ 0.01 

.75 mglL 0.16 t 0.01 0.09 k 0.01 0-17 'r O.QIb 8.11 C 0.01 
1.50 mg/L 0.15 +_ 0.01 0.08 k 0,01 0.13 C 0,01 0.07 t 0.01 

0.25 mg/E 0,18 k O . O l b  0,09 2 0.01 0.17 c 0 . d  0.12 1: 0.09 

a. y= Log (pe rcen t  N 2 ) .  
x = Cumulative dilutions of FRC. 

b.  S i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l  animals ( p  < 0.051, 

LE 22A. DILUTIONS OF FRC TO OBTAIN 10 PERCENT NITROGEN EN EXPIRED AIR 
DURING MULTIBREATH NITROGEN WASHOUT IN PHASE 3 OF DIESEL FUEL 
EXPOSURES (Mean 1 SEM) 

.___.ll_ll _--____-I 

Immediately Postexposure Two Months Postexposure 
__-- -__p Exposure 

Concentrat ion M F w F 
--I 

Controls  4.90 5 0.38 8.64 It: 0.38 5.90 k 0.38 9.54 4 0-43  
0-25 m g / t  5.27 t 0.38 8.85 .t 0.38 4.79 ? 0.38 6 , 4 2  1 0 . 4 0 a  

4.96 ?: 0,38 8.07 k 0.38 4,56 +_ 0.38" 7.37 fi 0.38" 
5.40 t 0,38 8.42 ? 0.40 6.34 ? 0.38 10.97 ? 0.40" 

a, S i g n i f t c a n t l y  d i f f e r e n t  from cont ro l  animals (p  < 0.05>, 

TABLE 23A. DILUTIONS OF FKC TO OBTAIN 5 PERCENT NITROGEN I EXPIKED A28 
DURING MULTLBICEATB NITROGEN WASHOUT I N  PHASE 3 OF DIESEL FUEL 
EXPOSURES (Mean t SEMI 

TmediatreZy Pastexposure Two Months Postexposure 
-- I___m*----- Exposure 

Concentrat ion w F M F 

Controls  6.85 t 0,50 12.29 k 0.50 8.00 -f- 0.50 13.20 ? 0,58 
0,25 mg/L 7.02 + 0,50 12.12 t 0.50 6.53 t 0,50a 8.96 k 0,53" 
0.95 nng/L 6.69 1: 0.50 11.34 k 0.50 6.25 t 0.50" 10.14 t- Q,50a 
% A 0  mg/L 7.49 t 0.50 112.07 t 0,53a 8.61 -k 0.50 15.18 k 0.53" 

S i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l  an-fmals (a ,  < 0.05). 
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TABLE 24A, SINGLE BREATH CARBON MONOXIDE DIFFUSING CAPACITY (mL/aln/ 
FOR RATS XN PHASE 3 OF DIESEL FUEL EXPOSURES (Mean k SEN) 

I_s__- ........... . .--. --- . .--.- .......... .- - 

Zswmediately Pos texposure m o  Mont.i.ns Psa texposure 
~ _ I _ _ _ _ _ _ _ _ _  ........... .. ~ -__- Exposu ~e 

Concentration M F M F 
.......... .......... _._.__-.--I_._____ - 

Con t. r 0 1 s 0.705 P_ 0.045 0.350 2 0.@45 0.515 t- 0.045 0.420 5 9.050 
--a 0.765 2 3.045' 0.408 2 0.050 0.2s mg/L --a 

0.75 mg/L 0.560 t 0.04!ib 0.435 ? 0.04'; 0.565 2 0.045 0.365 3 0.045 
1.50 r g / L  0.640 2 0.045 6.380 'i 0.050 0.585 2 0.045 0.355 1 0 . 0 5 0  

a.  Ns data available. 

3. SfgnPflcantiy different from control antt~als (p < 0.05). 

'i"hBT,E 25A. PEAK FXOW (mL/sec) IN MAXIYAL POWCED EXPIRATORY P4ANEWEW AMONG 
RATS IN PHASE 3 QP DIESEL PIEL EXPOSURES (Hean 1 SEM) 

- ........ ~ ......... - m m e d i a t e l y  Postexposure Tz-sc Months P s s  texposlllre 
..... c___. .I-- -. Expos II re 

Csncent rat I o n  14 F M F 

Cont r o  P s 48,06 t 2.28 43.47 3 2.28 38.89 4 2 ,28  36.40 t 2,63 
0.25 mg/L 44.50 1- 2.28 40.91 I 2,2& 33.88 1- 2,27 33.29 +_ 2,43 
0.75 mg/L 48,44 4 2.28 39.64 2 2.28 37.80 ? 2,28 38.85 fi 2.28 
1.50 mg/L 4-7,79 t: 2,28 38-35  t 2 - 4 3  44.83 4- 2.28 36.25 ? 2,44 

TABLE 264. PEA?? EXPIEtATBRF PLOW (mL/sec> DURING A4NIMAT.A FORCED EXPIRATION 
MAMEUVKK REFERENCED TO VITAL CAPACX'I'Y (mL) (Wean !: sen> 

I.-- ___ I _ . ~  ..... __--_ I ....... .......... - 
ImeilPateTy Pos texposure Two Months Postexposure 

. _I .__ _..________-_____ Exposure 
Concentration M F If F 

Cont TO 1 s 2.61 2 0.17 3.47 t_ 0.16 2.13 ? 0.16 2,85 -9- 0.18 
0.2s mg/L 2,59 d- 0.16 3.35 2 0.16 1.97 ? 0, IS  2,50 1: 0.17 
0 * 7 5  n g / L  2.86 ? 0.16 3.44 I O . 1 4  2.18 0.16 2,92 +_ 0.16 
1.50 mg/L 2,79 t 0.15 3.55 t 0.17 2,53 C 0.16 2.97 2 0.17 

72 



__ -. ........ ....... -.-_-. 
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Csnt r o l s  3.77 + 0.21 2.19 2 0.20 3.72 + 0.20 2,19 2 0.27 
0.25 mgJL 4.29 C 0.20 2.33 2 0.20 3.98 t 0.20 2 , 7 1  t 0.21 
0.75 mg/L 3 " 8 4  k 0.20 2.26 k 0.20 3.74 i 0.20 2.27 t 0.20 
1.50 ng/L 3.71 ? 0.20 2.14 C 0.21 3.38 2 0.20 1.83 + 0.21a 

a. Sfgnfficantly different f r ~ ~  control animals ( p  = 0.OOS).  

TABLE 31A. RESHDUPL VOT,UKE (mE) OF RATS IN PKGE 3 OF DTESEE FUEL 
EXPOSURES (Meaa t SEN) 

Conl: r 0 P s  2.45 2 0.17 1.45 + 0.16 2.69 2 0.10 1.62 f 8,18 
0.25 mg/L 2 * 8 3  '- 0.16 1.56 4 0.16 2.33 + 0.16 1.73 f 0.17 
0.75 IllgJL 2,67 c- 0.16 1.46 2 0.15 2.28 $I 9.16 1.21 2 0 . 1 6  
1.50 mg/L 2.56 2 0.16 1.32 4 0.17 2.19 2 3.16" 1.09 k 0.17" 

a, Significantly d-%fferelat Erma c o n t r o l  animals  ( p  = 0.005). 

TABLE 32A, SPECIFIC COMPLIANCE (@.Z4Icill 9 2 0 / d A )  OF FLATS IN P k M E  3 OF D1ESE.L 
FUEL EXPOSURES (Hilean ? SEN) 

... ......... ........ __I_ ~- 
IllajJaedPately Postexposure! Two Months Postexposure 

__ ........ _ _ _ ~  ................... _____.............I Expos UT e 
Concentration 14 P M F 
- I ._.. -. . .__ I- 

Controls 1.21 9 0.09 1.32 4 0.08 1.15 ? 0.08 1.28 fr 0.09 

0.75 mg/L 1.11 2 0.06 1.40 k 0.08 1.05 2 0.08 1.20 t 0.08 
1.50 mg/L 1.23 4 0.08 1.38 2 0.09 1 .22  t. 0.08 1.26 4 0.09 

0.25 lllE/L 1.17 3 0.08 1.26 2 0.08 1.19 t 0.08 1.29 3 0.09 

I--_- .. ~ -. ......... -__-___.I-.- 



C O I l ~ ~ Q 1 . S  10.24 f 0.55 10.49 + 0.72 9.67 1- 0.60 11.63 t 0.65 
0.25 WBI, 10.82 + 0.49 11.12 I- 0.89 11.56 k 4.3a 11.38 k 0.47 

10.72 t 8,48 10.83 k 0.47 9.63 t 0.55 11.17 +_ 0.78 
13.18 I 0.5la 11. 8 E- 0.92" 10,61 2 0.57 11,41 t 0.74 

-I-- I .I- ~ . _ . . .  

a. Significantly different from con t ro l  animals (p C 0.005). 

ClaIlkl?XlS 1.52 2 0.07 1.09 I 0.09 1.39 I 0 . 0 7  1.18 t 0.08 

0,7s ag6L 1,53 f 0.06 1.06 +: 0.12 1.53 It: 0.07 1.13 I0.09 
1.55 ? 0.06 1.13 -t: 0.11 1.52 3. 0.07 1.13 + 0.09 

0*25 m g J z  1,64 I 0,06 1.14. t 0.11 1.53 I 0.05 1.15 4 0.08 

TABLE 35A, SPLEEN XGBT (mg), ADJUSTED FOR BODY WEIGHT, IN ANIMALS 
SACRIFICED I DIATELM AFTER TWENTY-SIX EXPOSTJKES TO DIESEL 
FUEL AEROSOL OR AFTER A TWQ MONTH RECOVERY PERIOD (Mean 4. SEM) 
-- .I . l _ ~ . _ . _  

I m e d i a t e l y  P o s t e ~ p o ~ u r e  Two Months Pastexposure 
~ - E xp 0 s u r e  

Concentration M F PI F 
I_-___- 

C.ont?Xls 677 k 40 618 C 53 574 +_ 44 578 ? 48 
564 ? 36 579 C 65 660 k 46 546 ? 49 

0.75 mg/L 642 f 35 566 -! 7 1  585 +_ 42 524 I 55 
1.50 mg/k 642 t 38 a a  -t- 67 585 t: 42 524 ? 55 



at e 1 y Pos z exp os lire T.Z Mofiths Pas C ~ A ~ O S U T ~  
~. ......... .......... ........ ____ 

Conccz'r rzc  ion 21 F H F 
..... ................... .......... F___ ~. ........... __ ......... 

CS2 t co 1 s 58 ? 0.7 108 k 1.0 30 ? 0.8 78 + 0.9 
0.25 KZIL 79 k 0 . i  114 !I 1.2 33 I 3.9 84 .?: 0.9 
0.75 litg/L 53 L 0.6 104 t 1.3 37 k 0.7 82 t 1.0 

._ 1.50 n g / L  1s t- 0.7 106 + 1 . 2  41 2 0.8 95 2 1.0" 
. ... .. ............ __ ............. .......... - ___ .......... - . .. ___ ......... ......... 

8 ,  SigEFfi.cantly d f f f e r e a t  from coat ro ls  ( p  < 0.05) .  

C m i -  r o 1 8 3.28 k 0.12 I 2.65 k 0.13 - 
0.25 K&!L 2.93 5 0.11 - 3.12 k 0.35 - 
0.75 E g d r .  3.20 t 0.11 7.80 L 0.17 
1.50 s s / L  3.15 I 0.12 - 3.09 t 0.13 - 

I 

..... .......... ....... _..___--_ ._ ___ .......... ..... 

I m d 5 a c t ? l y  P o s ~ e x p o s u r c  *rwo Ploii'bhs Pos t=.xg@eu 
.......... .......... __ll-l. I - ......... ...... _-- exposure 

c0neentra;:aa :1 P n P 



TABLE 398. LUNG WET/DRY RATIO, ADJUSTEI) BODY WKT.GHT, IN Atill 
SACRIFICED PMM3EDIATELY AFTER Y-SIX EXPOSUrnS TO DL 
FUEL AEROSOL OR AFTER A TWO MONTH ~ ~ ~ V E ~ Y  PERIOD (Mean k SEM) 

Innnpldiately Postexposure TWO MQnthS ??OSte#pOSUre 
EXp#SUre ----_ 

Cancent rat ion M F M F 
-I- --- Is 

Controls 5.64 t 0,19 5.53 J: 0.25 5.04 .b 0.2 4 , 9 9  & 0.23 
5.55 t 0.17 5.35 f 0.31 5.Q5 k 0.22 4.91 fI 0.23 
5.36 ? 0.16 5.15 + 0.33 S,3P I Q . 1 9  5,Ol t 0.27 

1.50 %/e 5.52 k 0.17 5.31 -t- 0,32 6.95 k 0.20a 7,67 ir_ 0 . 2 P  
I.-_-I -II-xI-------- 

a. Stgn-kfleantly different from controls (p < O.ocj01). 

TABLE 40A, LEAST SQUaRE MEANS OF CLT XCAL CHEMISTRY P TEKS FOR ALL 
SHAM EXPOSED ANIMALS IN PHASE 3 OF DIESEL FUEL EXPOSURE 
(Mean -t- SEM) 

MALE 

Alkab-kne Phosphatase 
SGQT 
LDH 
GPUCoSE? 
ChQleSterOl 
Triglyceride 
BUM 
U r B e  Acid 
i lirubin 

Sodium 
Potassium 
Creatinine 

13.41 * 1.16 
181.58 t 12-85 

67.42 f 3-74 
8.27 -t- O,%O 

17.25 k 0.68 

0.25 f 0.06 
140,17 t 0.63 

5.92 k 0.23 
0.67 It 0.06 

24,45 t 

12.80 -t 
143.55 t 

7 9 . 6 4  t 
7.85 ? 

18.55 2 
1.52 k 
0-52 3- 

138.18 +_ 

5.75 t 
0.74 f 

1.83 
0.49 
1,23 
4.51 
4 .98  
0,52 
Q.99 
0,12 
0.07 
0.48 
0.35 
0.05 

a. Groups collapsed across measurement time so that  results here represent 
values combined from immed1atel.y postexposure and two 
exposure. 
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2.70 k 0,iba 2 , 5 3  Î 0.19 
1.38 5 0.24 1 . 2 3  0.14 

50.13 + I.A? 48.25 tr 1.20 



-- 
SMXif i ced  Sacrificed 

Post: Treatment" Recovery" 
Immediately After 73x0 Months 

-_... 

Adrenal cortical adenoma 

Myocard i t i s ,  fecal 

I n t e s t i n a l  nematodiasis 

Thyroid, parakeratat i-c 

f o l l i c l e s  

~ y ~ ~ o ~ ~ p ~ ~ o ~ i ~  

Pyelonephritis 

Renal cyst 

Urfnlmry bladder, ey~tltis 

Urinary b ladder ,  hype rp la s i a  

Gloss 1 t is 
Met I; i t is 

Ovary, follicular cyst 

MZUQiTiafy lRyXQKE3 

1 1 

2 2 

2 I 

1 

1 

1. 

Renal adenomatous hyperplasia 1 

P r e p u t i a l  gland abscess  

Steatitis 

Pat necrosis 

D e r m l a t i t t s ,  suppura t ive  

Testis mineraLFzation 1 

2 3 2 

4 2 4 

1 

1 6  1 6  16 
2 

1 4 3 

1 5 

2 

1 1 

1 

1 

1 

1 

1 

2 1 
1 3  6 

16 16  1 6  

3e 3 0 

2 3  3 
2 3  3 

4 

1 

1 

1 1 

1 

1 

1 

1 
1 

a, 1 6  rats per group. 

b. Number of rats with the l e s i o n  indicated. 
e. One rat had an adenoma in each adrenal. 
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