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samples were collected. 
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EX E CUT I V  E S UMNARY 

The Department o f  Defense i s  concerned t h a t  a changeover of mobi l i ty  
f u e l  sources  from petroleum t o  a l t e r n a t e  o r  s y n t h e t i c  crude oils may be 
accompanied by a g r e a t e r  o r  d i f f e r e n t  t ox ico log ica l  hazard t o  m i l i t a r y  
personnel  exposed t o  f u e l - r e l a t e d  emissions such as d i e s e l  engine 
exhaust  and f u e l  l i q u i d s  and vapors .  The purpose of  t h i s  p r o j e c t  
o r i g i n a l l y  w a s  t o  compare t h e  organic  chemical composition of the  
exhaust  of d i e s e l  engines fue l ed  wi th  petroleum and s h a l e  o i l - d e r i v e d  
DF-2. The f a i l u r e  of another  DOD c o n t r a c t o r  t o  prepare  s h a l e  oil- 
der ived  DF-2 f o r  Army t e s t i n g  and the  r e a l i z a t i o n  of t h e  c u r r e n t  lack 
of knowledge of t h e  f u e l - r e l a t e d  contaminants p r e s e n t  i n  the  m i l i  t a r y  
workplace atmosphere l e d  t o  a r e d i r e c t i o n  o f  t he  focus of  this p r o j e c t .  
The o b j e c t i v e  w a s  modified t o  inc lude  ii d e t a i l e d  organic  chemical 
c h a r a c t e r i z a t i o n  of d i e s e l  engine exhaust  and the  petroleum-derived 
d i e s e l  f u e l - r e l a t e d  contaminants i n  the workplace atiiiosp'trere t o  which 
m i l i t a r y  personnel  a r e  exposed the  most f r equen t ly  and at t he  h ighes t  
levels I 

This  o b j e c t i v e  was approached by two sampling and a n a l y s i s  campaigns. 
The first sampling t r i p  t o  Fort: Carson, CO c o l l e c t e d  p a r t i c u l a t e  and 
vapor- phase samples of  d i e s e l  engine exhaust  from a v a r i e t y  of  v e h i c l e s  
and dynamometer stand-mounted d i e s e l  engines .  A l i m i t e d  number of 
d i e s e l  f u e l ,  crankcase o i l ,  and workplace atmosphere samples from t-hree 
motor p o o l  garages a l s o  were c o l l e c t e d  f o r  compositional comparison. 
The second sampling t r i p  focused upon the  c o l l e c t i o n  of  workplace 
atmosphere samples f o r  d e t a i l e d  s tudy .  The sampling s t r a t e g y  included 
m u l t i p l e  l o c a t i o n s  wi th in  t h r e e  motor pool garages.  Both time averaged 
( T A ,  3 t o  8 h r s . )  and time reso lved  (TR, 1 t o  3 h r s )  c o l l e c t i o n s  of 
p a r t i c u l a t e  phasc and vapor phase organic  compounds were conducted. 
O n - s i t e  measurements included t o t a l  suspended p a r t i c u l a t e s  (TSP) , 
p a r t i c l e  s i z e  d i s t r i b u t i o n ,  and s e l e c t e d  gases .  The p a r t i c u l a t e  
samples  w e r e  analyzed i n  t h e  l abora to ry  f o r  t h e  major chromatographable 
organic  compounds, and s e l e c t e d  samples were analyzed f o r  & -  t o  6 - r i n g  
po lycyc l i c  aromatic  hydrocarbon (€'AH) dermal tumorigens.  The vapor 
phase t r a p s  were analyzed f o r  maj o r  organic  c o n s t i t u e n t s  , i . e .  , 
n-a lkanes  and a l k y l  benzenes.  Q u a l i t a t i v e  inven to r i e s  of organic  
compounds i n  the  p a r t i c u l a t e  and vapor phases of s e l e c t e d  samples were 
made  usfng GC-MS. 

Dlesel engine exhaust  w a s  found t o  con ta in  a h igh ly  complex mixture of 
organic  compounds, inc luding  many f u e l  and crankcase o i l - r e l a t e d  
components. The composition o f  t h e  motor p o o l  workplace atmosphere 
r e f l e c t e d  t h e  major c o n t r i b u t i o n  o f  d i e s e l  engine exhaus t ,  b u t  a major 
obse rva t ion  w a s  t h a t  t he  l a t t e r  i s  n o t  an  accu ra t e  chemical su r roga te  
o r  model f o r  t he  former,  and would no t  be appropr i a t e  as the  s o l e  
medium f o r  t o x i c o l o g i c a l  s t u d i e s  of the  former.  TSP concen t r a t ions  i-n 
t h e  motor pool  workplace atmosphere ranged from 1 2  t o  300 p g / m 3 ,  and 
were bimodally d i s t r i b u t e d  with a s m a l l  p a r t i c l e  mode a t  0 . 4 - 0 . 5  p m  
( m a s s  median aerodynamic d iameter ,  MMAD) and a l a r g e  p a r t i c l e  mode a t  
3 - 4  pm (MMAD).  T o t a l  C,-C, hydrocarbons ranged over 4 t o  7 ppm. The 
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major chromatographable particulate organic compounds were a series of 
n-alkanes ranging from C,, to at least C,, at levels up to 37 i ig/m3 
(corresponding to 190 p g / g  in the TSP) in the most contaminated motor 
pool surveyed in thi.s study. The PAII in that motor p o o l  also were 
relatively highly concentrated. Benzo[a]pyrene (BaP) was present at 13 
ng/m3 (or 65 p g / g  in the TSP) . The  major chromatographable organic 
vapor phase coinpounds were a series of n-alkanes from C, to at least 
C,, , benzene, and benzenes with alkyl-substitution to C, . Benzene and 
tol.uene were determined at ca. 6 and 45 pg/m3 respectLively, in one 
motorpool. The concentrations of organic compounds in the workplace 
atmosphere were found to vary by factors o f  ca. 2 to 7 at a si-ngle 
location or among different locations withi.1~ the same motor p o o l .  A 
somewhat greater variability was observed froin motor pool to motor 
p o o l .  The highest variability was in the trace level. constituents such 
as B a P ,  where factors ranged up to ea. 50. 

This characterization provides an important input for health risk 
assessment and for the design of animal t1oxicology stuoli-es of the fuel- 
related contami.nation in the workplace atmosphere from current 
petroleum-derived diesel fuel. It also provides a database for 
comparison with future studies of atmospheric contamination from 
al.t:ernate or synthetically-derived inobility fuels. 

2 



Table 

1. 

2 

3 

4 

5 

8 

9 

10 

7. z 

1 2  

Samples Obtained i n  F o r t  Carson Expedi.tsLon of 
Sept-crriber 2 1 - 2 6 ,  1984 . . . . . . . . . . . . . . . .  1 2  

Par t icu l -a te  ~ Vapor ,  and Gaseoxs Nyduocarhon Sampling 
Data, - For t  Carson, Colorado, Sepiiember 2 3  - 
October I.,  1986 . . . . . . . . . . . . . . . . . . .  16 

Summary o f  To ta l  Par t iculate  Matter ~ Cas-bon Dioxide,  
and Y n r t i c l e  S i z e  D i s t r i b u t i o n  Measurements  o f  
Diesel Engine Exhaust and A r e a  Samples  . . . . . . .  26 

S e in i q u a n t  i t ii t ive D e  t:e r m in, t i on o f M a j  o r P a r  t i CUI. a t e 
Phase 0rgani.c COInpo imdS  i n  Exhaust of M- 60 Tank 
(Samp1.e 25-a-1) . . . . . . . . . . . . . . . . . . .  29 

Comparison of P a r t i c u l a t e  Organic i n d i c a t o r  Compounds 
in the Exhauscs o f  14-69 and APC Engines Mounted i n  
Vehic les  attd Dynamometers . . . . . . . . . . . . . .  3 3  

Comparison o f  Eenzo[ a]l:yrene and 1 - N i .  t-uopyrene 
Determinations wi th  L i t e r a t u r e  [)at a . . . . . . . . .  34 

Comparison o f  Vapor Phase Organic Compotmrtds i n  Engine 
Exhaust, Motor P o o l  Workplace Atmospheres, and tlic 
Ambient Outside Atmosphere i n  September, 1984 . . . .  37 

Comparison of Major Pax- t : ieulate Phase Organic Compounds 
i n  the  Motor P o o l  Workplace Atmosphere and Ambient 
Ou%side Background i n  September, 1984 . . . . . . . .  33 

Corilparisons o f  Ptenzo [ alpyrene and I -Nitropyrene 
Determinations i n  Workplace and Ambient Outzsidtl A i r  
wi th  L i t e r a t u r e  Data f o r  h h i e n t  Rural and Urban A i r  41 

Inventory of P a r t i  culal-e Organir, Coriipounds I d e n t i f i e d  
i.n the  Workplace Atmosphere i n  I)TSCOM on 
September 2.4, 1386  . . . . . . . . . . . . . . . . .  47 

Q u a l i t a t i v e  Izwentory o f  Vapor Plrnse Organic Compounds 
I d e n t i f i e d  i n  the Workplace Atmosphere a t  DTSCOM on 
September 24,  1986 . . . . . . . . . . . . . . . . .  50 

Time Weighted Averages o f  Vapor P h a s e  Organic Compound:; 
i ~ i  T i m e  Resolved Saiiiples Col lec ted  i n  the  Workplace 
Atmosphere a t  DPSCQM on September 2 3  and 2 4 ,  1 9 8 6  . 50 

3 



..___ List of 'Tables ...... (Cont'd) 

1 3  Comparison of Contamination indicators €or Three 
Motor Pool Workplace Atmospheres, Outside Ambient Air, 
and Diesel Engine Exhaust . . . . . . . . . . . . . .  5 3  

14 Comparison of the Organic Compound Composition o f  
Settled and Suspended Particulates, Die-sel Engine 
Exhalist. and Outside Ambient Air . . . . . . . . . .  5/1- 

1 5  Spatial Variation of Workplace Atmospheric Contamination 
Indicators for L)ISGOM and the Fourth Engineering Bn 
Motor Pools . . . . . . . . . . . . . . . . . . . . .  5 h  

16 H o u r l y  Temporal Variations in Workplace Atmospheric 
Contamiantion Indicators at Single Locstions in the 
D I S C O M  and Fourth Engineering Bn Motor Pools . . . .  5 /  

17 Day- to-Day Teqoral Variations in Workplace Atmospheric 
Contamination Indicators at Three Locations in t x h e  
DISCOM Motor Pool . . . . . . . . . . . . . . . . . .  58 

4 



LIST OF FIGURES- 

Page F igu - re 

1 

2 

3 

4 

5 

R 

9 

Photograph of  Equipment Used to Sample Dynamometzer 
Exhausts on Top of  DOL F a c i l i t y  . . . . . . . . . . .  10  

Col1ecl;ion of Diesel Exhaust Samples from I d l i n g  
5-Ton Truck at Fort Carson, Co, September, 1986 . . .  11 

C o l l e c t i o n  a €  IJorkplace A i r  Samples I n s i d e  the  
4/68th Armored Brigade Motor Pool Equiptilerit Repair 
Bay F o r t  Carson, C O ,  September, 1384 . . . . . . . .  1 3  

Central. ("Mid") Sampling S t a t i o n  on the  F loor  o f  t he  
Wheeled Vehicle  Repair Bay of the  DISCOM F a c i l i t y ,  
F o r t  Carson, C O ,  September, 1986. T ime  Averaged 
Samples are Being Col lec ted  by the  Sampling Equipment 
t o  t h e  L e f t  of t he  P i l l a r .  T i m e  Resolved Samples  A r e  
Being Co l l ec t ed  by Equi-pment t o  the  Right of t f i e  
P i l l a r  . . . . . . . . . . . . . . . . . . . . . . .  15 

Cap i l l a r y  G a s  Chroma togram o f  t he  Chroma t o  gr  aphable 
Major Organic P a r t i c u l a t e  Phase Compounds i n  the 
Exhaust o f  an  M-60 Tank (See  Table 4 f o r  compound 
i d e n t i f i c a t i o n  and quarit if  i c a t i o n )  . . . . . . . . .  28 

Comparison of  Maj o r  Chromatographable Organic Compounds 
i n  GOER Engine Exhaust,  DF-2 Weathered on a F i l t e r ,  
and GOER Crankcase O i l  . . . . . . . . . . . . . . .  31 

Comparison of  t h e  Major Chromatographable Organic 
P a r t i c u l a t e  Phase Organic Compounds i n  M-60 Engine 
Exhaust from a Vehicle  and a Dynamometer T e s t  Slxind . 32 

Comyari son of  t he  Major Vapor Phase Organic Compounds 
i n  Ambient Outside A i r  (28  L ) ,  Workplace A i r  a t  the 
4/68th Armored Brigade ( 2 3  L )  and For th  Engineering 
Bn ( 2 5  LA) Motor P o o l s ,  and M-60 Tank ( 0 . 9  L )  and 
Dyriamometer T e s t  Stand Exhaiist (1 .0  L,) . . . . . . .  36 

Comparison of t h e  Major Chromatographable Organic 
P a r t i c u l a t e  Phase Compounds i n  Ambient A i r  and the  
Workplace Atmosphere a t  t he  4/68th Armored Bri.gsde 
Motor Pool  . . . . . . . . . . . . . . . . . . . . .  40 

5 



............. Figure ._ Pa-F& 

10  Comparison of the  GC-PIS Total  I o n  Current  Chromatograms 
of &Iic Major P a r t i c u l a t e  Phase Organic Compoiinds i n  
T i m e  Resolved and Time Averaged Samples o f  t he  
Workplace Atmosphere a t  D I S C O M  (See Table 10 f o r  
compound i d e n t i f i c a t i o n  and q u a n t i f i c a t i o n )  . . . . .  45 

11 Comparison of  the  G C - M S  Tota l  I o n  Current  Chromatograms 
of the  Major Vapor Phase Organic Compounds i n  Outside 
Ambient A i r  ( 4 . 6  I.> and the  Workplace A t i n o s p h e r e  a t  
DISCOM ( 4 . 6  L) (See Table 11 f o r  compound 
i d e n t i f i c a t i o n .  B i n d i c a t e s  compound found i n  
blank sample.)  . . . . . . . . . . . . . . . . . . .  49 

1 2  Comparison of the  Chromatographable Major Organic 
P a r t i c u l a t e  Phase Organics from the  Workplace 
Atmospheres at: the Fourth Engineering Bn, D I S C O M ,  
and DOT, Motor Poo l s  . . . . . . . . . . . . . . . . .  52 

1.3 Comparison o f  t he  Chroinatog~aphnble Major Organic 
P a r t i c u l a t e  Phase Organics i l l  Ti  me Resolved S a m p l e s  
ai a Single  Location i n  the  DISCOM Motor P o o l  on 
September 2 4 ,  1 9 8 6  . . . . . . . . . . . . . . . . .  56 

6 



INTRODUCTION 

Considerable  ques t ions  remain rvgarding the p o t e n t i a l  t o x i c i t y  o f  
d i e s e l  engine exhaust  t o  humans ( 1 - 3 ) ,  al though thf: presence in  diesel  
engine exhaust  of  t o x i c ,  mutagenic, and carc inogenic  compounds i s  we l l -  
documented ( 1 , 4 ) .  Ext rac t s  of p a r t i c u l a t e  matter From d i e s e l  engine 
exhaust  have been found t o  e x h i b i t  mutagenic a c t i v i t y ,  and h igh  
concen t r a t ions  of d i e s e l  exhaust p a r t i c u l a t e  matter have induced lung 
cancers  i n  inlialat-ion s t u d i e s  wi th  ra ts  ( 2 ) .  

The Department o f  Defense i s  concerned t h a t  a changeover o f  f u e l  
sources  from petroleum t o  a l t e r n a t e  o r  s y n t h e t i c  crude o i l s  might be 
accompanied by an inc rease  o r  change i n  the  na tu re  of the f u e l - r e l a t e d  
h e a l t h  h z a r d s  t o  m i l i t a r y  personnel .  Such concerns are j u s t i f i e d  from 
r e p o r t s  ( c ? . g . ,  5 , s )  t h a t  t o x i c  compounds ( e . g . ,  PAH) i n  d i e s e l  f u e l  
(DF) are c a r r i e d  over i n t o  the  engine exhaus t ,  and compositional 
d i f f e r e n c e s  e x i s t  ( 7 - 9 )  between petroleum-and s y n t h e t i c a l l y - d e r i v e d  
mob i l i t y  f u e l s .  The mutagenic emmissions froiii a diesel .  engine have 
been r epor t ed  (10)  t o  be g r e a t e r  f o r  a shale o i l - d e r i v e d  marine d i e s e l  
fuel  (DFM) than  f o r  a petroleum-derived DF- 2 .  

The o r i g i n a l  o b j e c t i v e  of t h i s  p r o j e c t  was t o  c h a r a c t e r i z e  the  organic  
chemical composition of d i e s e l  engine exhaust  from m i l i t a r y  vehic1t.s 
f u e l e d  on petroleum-derived DF-2 a t  For t  Carson, C Q ,  2nd t o  compare 
the  exhaust  composition with t h a t  from t h e  same v e h i c l e  t y p e s  and under 
the  samc opera t ing  condi t ions  a f t e r  t he  e n t i r e  pos t  had converted t o  a 
s h a l e  o i l - d e r i v e d  DF-2. However., the  DOD c o n t r a c t o r  which w a s  to  
provide  hydro t r ea t ed  s h a l e  o i l  f o r  r e f i n i n g  i n t o  DF-2 and a the r  
 nobility €uels  experienced severe  d i f f  i c u l t i  e:; with c h e i r  o i l  s h a l e  
r e t o r t ,  and t h e  s h a l e  o i l  was not  produced. Because of  t h i s  d i f f i c u l t y  
and the  r e a l i z a t i o n  of  t h e  l a c k  o f  knowledge concerning t h e  exposure of 
m i l i t a r y  personnel  t o  exhaust  arid o t h e r  f u e l -  r e l a t e d  cont;+mlnants, t h i s  
p r o j e c t  w a s  r e d i r e c t e d  toward a c h a r a c t e r i z a t i o n  of t:ha organic  
chemical eomposit i on o f  the  workplace atmosphere i n  which m i l i t a r y  
personnel  a r e  exposed t o  c u r r e n t  petroleum-derived f u e l -  r e l a t e d  
contaminants t h e  m o s t  f r equen t ly  arid a t  t h e  h ighes t  concen t r a t ions .  
This  c h a r a c t e r i z a t i o n  included a comparison wi th  rou t ine  i n d u s t r i a l  
hygiene measiirPments t o  determine i f  those atmospheric contaminants 
covered by  r e g u l a t i o n s  could serve t o  i n d i c a t e  that  t h e r e  i s  a l i k e l y  
contaminat ion by the  t r a c e  hazardous c o n s t i t u e n t s  wi th  which t h i s  s tudy  
was concerned. 

'The fol lowing s e c t i o n s  r e p o r t  t he  c o l l e c t i o n  and organic  chemical 
c h a r a c t e r i z a t i o n  of  d i e s e l  engine exhaust  and workplace atmosphere 
samples from four  motor pool  garages at: F o r t  Carson, CO. The f ind ings  
of  t h i s  p r o j e c t  supplemented those  of  a companion p r o j e c t  ~ "Synthe t ic  
and Al t e rna te  Fuels C h a r a c t e r i z a t i o n , "  Army P r o j e c t  Order N o .  8 1 P P 1 8 1 3 ,  
which focused upon B chemical and t o x i c o l o g i c a l  comparison of DF 
de r ived  from petroleum, s h a l e  o i l ,  and tar sands.  The r e s u l t s  o f  the  
l a t t e r  p r o j e c t  a r e  be ing  r epor t ed  s e p a r a t e l y  (11). Together ,  the 
f ind ings  w i l l  f a c i l i t a t e  t he  r i s k  assessment of  a conversion t o  
s y n t h e t i c a l l y - d e r i v e d  o r  a l t e r n a t e  souzces o f  mob i l i t y  fue l s ,  and the  
des ign  of exposure condi t ions  f o r  animal toxicology s t u d i e s  o f  t he  
fue  1 - re 1 a t  e d a t  mo s phe r e c o t i t  arriina t ion .  
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SAMPLING ..OF AIRBORNE DTLSEL EXHAUST AMP, THEQT.ORPOOL 
WORKPLACE ATMOSPHERE AT FORT CARSON. COLORADO 

Sa mD 1 i ng S t r.3 t e g y - 

Because the  p r o j e c t  had been conceived as a compari-son of the 
composi.tions of t h e  a i rbo rne  d i e s e l  exhaust: e n t e r i n g  the  ssorkpl-ace 
atmosphere be fo re  and a f t e r  the  p ro jec t ed  changeover t o  s h a l e  o i l -  
der ived  d i e s e l  f u e l  a t  Fo r t  Carson, Colorado, the primary focus of the  
f i r s t  v i s i t  was t o  o b t a i n  b a s e l i n e  information on the  cornpositi.on of 
exhaust  generated from the  l a r g e  d i e s e l  engines  used by the Army. 
(There e x i s t s  a considerah1.e body of l i t e r a t u r e  on t h e  composition of 
exhaust  from s m a l l ,  passenger v e h i c l e  eng ines . )  With guidance from 
U .  S . Army Biomedical Kesearch and Development Laboratory (USABRDL) 
p r o j e c t  management, a sampling s txategy w a s  developed w h i c h  involved 
the  c o l l e c t i o n  of pa r t i cu l . a t e  and vapor phase exhaust sarngl~es from 
i d l i n g  1.arge v e h i c l e s .  I d l i ~ n g  veh ic l e s  were chosen f o r  two reasons .  
F i r s t ,  tihe l o g i - s t i c s  involved wi.th sampling exhausts  from vehicl .es i n  
motFon would have requi red  resources  beyond those a v a i l a b l e .  More 
impor tan t ly ,  it w a s  be l i eved  t h a t  the  g r e a t e s t  magnitude t roop 
exposures would occur when the  veh ic l e s  were s t a t i o n a r y .  For purposes 
of comparison, a few exhaust sampl-es wou1.d be acqui red  from veh ic l e  
engi.nes be ing  run through dynamometer t e s t  c y c l e s .  These engines  were 
considered t o  be i n  the  h ighes t  s t a t e  of tune ,  and because samples were 
acqui red  dur ing  a f u l l  t e s t  c y c l e ,  should he more ind i -ca t ive  o f  
v e h i c l e s  a c t u a l l y  i.n motion. A few a d d i t i o n a l  samples w e r e  taken of 
the  atmosphere i n  encl-osed veh ic l e  r e p a i r  bays.  This  was thought t o  be 
an  a d d i t i o n a l  exposure medium because the  exhaust might undergo 
cons iderable  aging before  i t  was a c t u a l l y  inhal.ed. A l a r g e r  number of 
samples wa-s c o l l e c t e d  i n  the  f i e l d  than cou1.d be cha rac t e r i zed  i n  the  
l abora to ry  t o  allow soiile f l e x i b i l i t y  i n  the  choice o f  t h e  b e s t  sampJ.es 
f o r  a n a l y s i s  and t o  provide f o r  l a t e r ,  addi t ional .  ana lyses  ( i f  
necessary)  t o  confi.rm unexpected observa t ions .  

The r e s u l t s  ob ta ined  from a n a l y s i s  of t he  workplace atmosphere samples 
from the  f i r s t  v i s i t  formed the impetus for the second v i - s i t .  I t  became 
c l e a r  tlhat Fort: Carson would not  soon be converted tx:, ope ra t ion  on 
s h a l e  o i l - d e r i v e d  di.esel  fuel. as o r i g i n a l l y  planned. Also ,  comparison 
o f  the  workplace atmosphere sarnpl-es with the f r e s h l y  c o l l e c t e d  exhaust 
froin i d l i n g  engines ind ica t ed  t h a t  t he  f r e s h  exhaust hsd a considerably 
d i f f e r e n t  composition from t h a t  o f  the  workplace atmosphere. Combined 
wi th  [:lie observa t ion  t h a t  exhaust l e v e l s  were much h igher  i n  enclosed 
a r e a s ,  these  findi-ngs suggested t h a t  the second sampling e f f o r t  shou1.d 
focus on the  determinat ion of t he  composition of those atmospheres i n  
wlii-ch the  g r e a t e s t  exposures were 1ikel.y t o  occur:  enclosed 
workplaces.  A s  i n  t he  f i r s t  sampl-irig expediCi.nn, a f a r  g r e a t e r  number 
of saroples were c o l l e c t e d  than could he fiil1.y character i -zed i n  t h i s  
e f f o r t .  
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Sarnr,linp. T r i p s  

The f i r s t  sampling t r i p  was conducted September 19-28,  1 9 8 4 .  Actual 
sample a c q u i s i t i o n  accured on September 2 1  and 2 4 - 2 6 .  The rcmainder o f  
time w a s  r equ i r ed  f o r  travel I equipment 1-oeding and unloading, m d  
sample packaging and shipment. Sampling was conduztcd a t  thr-ee 
l o c a t i o n s :  The c i v i l i a n - r u n  Building 8000, r e f e r r e d  t o  as t:Ele 
D i r e c t o r a t e  of  L o g i s t i c s  ( D O L ) ,  t h e  motor pool b u i l d i ~ ~ g  o f  the Four th  
Engineer ing Bn, and the  motor pool b u i l d i n g  o f  t hc  4/68th Armored 
Brigade I S p e c i f i c  d e t a i l s  of  t he  sampling equipinerit a r e  given below. 
In  g e n e r a l ,  the  DOL was t he  f a c i l i t y  where the dynamometer t e s t  m t i s  
w e r e  conducted. I n  order  t o  acqui re  exhnust samples from these  rims, 
it was necessary  t o  sample the exhaust s t a c k s  on the  roof  of  the 
b u i l d i n g .  The l o g i s t i c s  of  sampling a t  t h i s  l o c a t i o n  w e r e  somewhat 
complex, s i n c e  t h e  open end of  t he  s t a c k  f o r  t h e  dytinrriometer used for 
most of the  runs w a s  l oca t ed  approximately 3 . 5  f e e t  out from the  sit%? 

of  t h e  b u i l d i n g ,  and about 10 f t .  above the roof l e v e l .  Fl.exibLe 
aluminum p ipe  (ca. 4f‘ 0. d .  ) proved t o  be too  f l e x i b l e  t o  be suppazt-ed 
near  t h e  exhaus t .  Thus, i t  was necessary  fo make t h e  p ip ing  less  
f l e x i b l e  by f a s t e n i n g  aluminum rods t o  the  pFpe wi th  duet  rape.  1’31st 
sampling arrangement is i l l u s t r a t e d  i n  Figure 1. A s  descr ibed  b e l n w ,  
out-side a i r  w a s  mixed wi th  t h e  exhaust  such t h a t  a t  no time d i d  the  
temperature  of t h e  stream ac txa l ly  being c o l l e c t e d  exceed 5 2 ° C .  

Sampling o f  the  v e h i c l e  exhaus t:s was conducted a t  t he  i . nd iv idua l  moto r  
pools  where the v e h i c l e s  were loca ted .  Again, f lexiblt .  aluminum oms 
used t o  channel t h e  d i l u t e d  exhaust  t o  the samplinp, equipment. ‘rhis i s  
i l l u s t r a t e d  i n  Figure 2 .  Typ ica l ly ,  t h e  v e h i c l e  would be maintained at 
i d l i n g  speed f o r  one hour ~ Workplace atmosphere samples were coilec.trcl 
on t h e  first t r i p  by l o c a t i n g  the  sampling equipment ahoutr head he igh t  
i n  each o€ t h e  two motor pool  b u i l d i n g s ,  u s u a l l y  i n  the r e p a i r  bay w i t h  
t h e  m o s t  a c t i v i t y .  A t y p i c a l  sampling s i t e  i s  por t rayed  i n  Z;’igure 3 .  
Background samples were obta ined  f o r  the o u t s i d e  arnbient a i r  b y  
c o l l e c t i n g  p a r t i c u l a t e  and vapor phase samples on the  upwind s ide oE 
the roof  o f  t he  DOL f a c i l i t y ,  

The samples acqui red  dur ing  t h i s  f i r s t  v i s i t  are l i s t e d  in l’ahle 1. 

The second f i e l d  t r i p  t o  For t  Carson was conducted over  a two week  
pe r iod ,  from September 2 1  through October 3 ,  1956 .  Sampler; were 
ac tua l ly  c o l l e c t e d  an September 2 3 - 2 6  and September 29  . Octiober 2 .  h 
t h i s  t r i p ,  t h e  samples acqui red  were predominantly area samples.  No 
d i r e c t  v e h i c l e  exhaust  samples were t aken ,  a l though i t- was o b s e r v ~ d  
t h a t  the engine exhaust  w a s  the  predominant con t r ibu to r  t o  t h e  samples  
which were acqui red .  Three l o c a t i o n s  w e r e  sampled: rhe wheeled 
v e h i c l e  r e p a i r  bay o f  the  Div is ion  Support Coriuiiand motor pool  tDISCC8>1> 
t he  primary i n s i d e  overhaul  area of  t h e  DOL f a c i l i t y ,  and one of  the 
r e p a i r  bays of  t h e  Fourth Engineering Bn motor poo l .  Primary a t t e n t i o n  
w a s  g iven  t o  t h e  DISCOM f a c i l i t y ,  because i t .  was a t  t h i s  l o c a t i o n  chat  
p a r t i c u l a r l y  h igh  l e v e l s  o f  contaminants had been idcnt  i f i e d  i n  t b c ?  
workplace a i r  i n  prev ious  i n d u s t r i a l  hygiene surveys .  Three locations 
were sampled wi th in  the  DISCOM e A primary sampl ing l o c a t i o n  was 
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F i g u r e  1. Photograph of E q u i p e n t  Used t o  Sample Dynamometer Exhausts 
on Top of DOL Facility 
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Table 1. Samples Obtained in Fort ,Carson Expedition Se2tember 21-26, 1984 

Sample 
Designation Descriptiona 

Bi-Vol Yembrane Tenax Gas Cascade Crankcase Fuel 
Particulates Filter Trap Bulb Impactor Oil Sample 

21-D-1 
21-D-2 
24-Area E-: 
24-5-2 
24-E-3 
24-E-4 

24-E-5 

24-D-1 
24-D-2 
25-Area 3-1 
25-A-1 
25-Area E - ?  
25-E-2 
25-E-1 
25-Area A - i  
26-Area D - 1  
26-Area A - 1  
28-A-2 
26-A-3 
3F-2-1 
0 7 - 2 - 2  
DF-2-3 

Dynamometer-M-60 Engine 
3ynsnoneter-APC Engine 
Area-Engineering Mtr. Pool 
Vshicle-MBl3 @. Eng. Mtr. Pool 
Vehicle-Truck I Eng. Mtr. Jool 
Vehicle-Tank Retriever 0 Eng. 

Mtr. Fool 
Vehicle-Chevy Blazer @ Eng. 
Mtr. Pool 

Dynamometer-Tank Engine 
D n amo m e L e : - APC En g in e 
Area-Top D10 3lc. (Bkgrnd) 
Vehicle-M60 Tank 
&4rea-Eng. Etr . Pool 
Vehicle-Small Bull Dozer 
Vehicle-APC 
Area-4/6Bth Armored Mtr. Pool 
Area-Top D10 Bldg. (Ekgrndl 
Are-4J68th A r .  Mtr. Pool 
Vehicle-2 1/2 Ton Truck 
Vehicle-SOER Ammo Hauler 
DF-2-DI3 
D P - z - ~ I E ~ ~ ? ,  Ai-. t.l-,r. P O O ~  

DF-2-Engr. Htr. Pool 

X 
X 
X 
X 
x 

x 

x 
X 
X 
x 
x 
x 
X 
x 
X 
X 
X 
x 
x 

X 
X 
X 
X 
x 

x 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
x 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
x 
x 
x 
X 
X 

X 

X 
X 

x 

X 
X 

X 

X 
X 

X 
X 

x 
X 

X 
X 
X 

aAPC = armored personnel carrier 
M6O = M - G O  tank 
Ekgrnd = "background" ambient air sample 



ORNL-PHOTO 8278-84 

Figure 3 .  Collection of Workplace A i r  Samples Inside t h e  4fb8th Armored Brigade Motor Pool 
Equipment Repair Bay Fort Carson, CO, September, 1984 



e s t a b l i s h e d  about halfway ac ross  the  wi.dth of  the south s i d e  o f  the 
r e p a i r  bay,  near  t he  c e n t r a l  support  p a r t i t i o n s .  A t  t h i s  "mid" 
l o c a t i o n ,  both s h o r t  du ra t ion ,  so-cal.l.ed "time resolved" sampl.i.ng, and 
t h e  longer  tzerm, "time averaged" sampling was conducted. The time 
averaged sampling s t a t i o n  cons i s t ed  of a S tap lex  High volume sampler 
f o r  p a r t i c u l a t e s ,  and a l a r g e  volume vapor co l l . ec t ion  system, the  core  
of  which was a l a r g e  Tenax c a r t r i d g e .  The time reso lved  s t a t i o n  
cons i s t ed  o f  a heavier  duty h igh  volume p a r t i c u l a t e  col lectot : ;  a l o w  
volume vapor c o l l e c t i o n  apparatus  , which used a t r i p l e  sorbent  
c a r t r i d g e  backed wi th  a 'Pedlar gas sampling bag,  and a real time 
continuous e lec t rochemica l  carbon monoxide ( C O )  monitor.  I n  a d d i t i o n ,  
a cascade impactor was used i n t 5 r m i t t e n t l y  i:o c o l l e c t  samples f o r  
p a r t i c l e  s i z e  determi.nati.on. The sampling equipment was l oca t ed  about 
5 . 5  f t  above the  su r face  o f  t he  f l o o r .  This c e n t r a l  sampling s t a t i o n  
i s  dep ic t ed  i n  Figure 4 .  I n  the  south-west  corner  of t h e  r e p a i r  bay 
and on the  top  of an i n s i d e  roof a t  t h e  east  end of  t he  r e p a i r  bay 
( r e f e r r e d  t o  as the  mezzanine l e v e l )  about 20 f t .  above the  l e v e l  of 
t h e  main f l . 0 0 ~  were loca ted  time averaged sampling s t a t i o n s ,  I n  t h i s  
c a s e ,  the sampling equipment was l oca t ed  about 3 f t .  above the 
suppor t ing  su r face  ~ and, t he  tirue averaged sarnpl.es were c o l l e c t e d  with 
the S tap lex  h igh  volume p a r t i c u l a t e  sampling systems and the l a rge  
Tenax vapor phase sampling c a r t r i d g e s .  

Time reso lved  and time averaged sampling w a s  a l s o  conducted i n  the 
Fourth Engineering B n  motor bu i ld lng .  Both r e p a i r  bays (designated 
no r th  and west)  were sampled. In  tzhese c a s e s ,  one set of time averaged 
and time reso lved  sampl-cs were acqui red  OR one s i d e  of the  bay,  while a 
time averaged sample s e r i e s  was acquired ac ross  Srom the  f i r s t :  se t  o f  
samplers .  ,4t the  DOL f a c i l i t y ,  only t i m e  averaged samples were 
acqui red .  One s e t  were acquired from a p o s i t i o n  loca ted  on top o f  a 
s m a l l  s t o rage  bu i ld ing  loca ted  on the  w e s t  c e n t r a l  locat i -on o f  the  main 
f l o o r ,  about 1 5  f t .  above the  l e v e l  of  t he  m a i n  f l o o r .  The o t h e r  s e t  
w a s  taken near  t he  middle of the  main f l o o r .  I n  both c a s e s ,  the 
sampling equipment was posi-t ioned about 2 . 5  f t .  above i t s  base o f  
support  I n  order  t o  ob ta in  background sarnpl-es which were 
r e p r e s e n t a t i v e  of  t he  ou t s ide  a i r ,  t i.riie averaged samples were acquired 
immediatedly ou t s ide  lihe west s i d e  of t he  DOL f a c i l i t y .  A 1 1  samples 
acqui red  on  t h i s  sampling expedi t ion  a r e  l i s t e d  i n  Table 2 .  

I t  should be noted t h a t  on  the  second t r i p ,  simu1.t:aneous sampling w a s  
conducted by the  s t a f f  o f  t he  Army Environmental- Hygiene Agency. Most  
samples taken were of t he  conven'tional i n d u s t r i a l  hygiene type.  
M s .  Susan McGlothlin coordinated those e f f o r t s .  Resu l t s  from t h a t  
e f f o r t  have been publ ished by the  Army ( 3 6 ) ,  and w i l l  no t  be discussed 
i n  t h i s  r e p o r t .  
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Figure 4, Central ("Mid") Sampling Station on the Floor of the Wheeled Vehicle Repair 
Bay of t h e  DISCOM Facility, Fort Parson, CO, September, 1986. 
Samples are Being Collected by the Sampling Equipment to the Left of the 
Pillar. 
of the Pillar 

Time Averaged 

Time Resolved Samples are Being Collected by Equipment to the Right 
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S aiiip 1 irig Ecluipinerit and Procedures 

Sampling systems are descr ibed  i n  d e t a i l  below. 

I .  Vapor Phase Sampling 

A. S p e c i f i c  ,4nalyzers f o r  Carbon Monoxide (CO) 

Two cont inuous monitoring instruments  were employed t o  measure carbon 
monoxide ( G O )  l e v e l s  a t  t h e  va r ious  f i e l d  l o c a t i o n s ,  

- Ecolyzer - The Model 2106 Ecolyzer (National Draeger,  I n c . ,  
P i t t s b u r g h ,  PA) is  a s e l f - c o n t a i n e d  u n i t  wi th  sampling pump, f low 
i n d i c a t o r ,  meter readout ,  analog vo l t age  outrput €or record ing  and 
provid ing  dual  ranges of 0-50 and 0-100 ppm GO f u l l  s c a l e .  The 
u n i t  may be opera ted  from i t s  Lnternal  rechargeable  b a t t e r i e s  o r  
froiii 120 vac l i n e  power. The measuring element is  an 
e lec t rochemica l  c e l l  i n  which CO is  e l ec t roox id ized  t o  carbon 
d toxide  a t  a c a t a l y t i c a l l y  actFve c o n t r o l l e d  p o t e n t i a l  e l e c t r o d e .  
The c u r r e n t  becoines a p ropor t iona l  measure of  60 concen t r a t ion .  
The u n i t  is reasonably immune t o  i n t e r f e r i n g  gases  except  f o r  
e thy lene  (C2H,  ) and high concen t r a t ions  o f  hytlr-ogen (H2) and 
hydrogen s u l f i d e  (HZS)  ~ Reproduc ib i l i t y  of the inst rument  is  
b a s i c a l l y  & 1% of f u l l  s c a l e  (f.s.) and response time i s  25 
seconds f o r  90% f . s .  The instrument  as used a t  F o r t  Carson on t:he 
second t r i p  w a s  c a l i b r a t e d  twice d a i l y  and/or a t  t he  beginning and 
end of each run a t  a given l o c a t i o n  us ing  a b o t t l e d  gas s tandard  
of 60 ppm CO i n  a i r .  Continuous recording of  t h e  CO l e v e l  at: 
s e v e r a l  l o c a t i o n s  w a s  made by feeding  the vo l t age  output  o f  the  
Ecol.yzer t o  a Linear  Instrument  Model 156 minia ture  f l a t - b e d  
r eco rde r  (Linear  Instrument  Corp. ,  Reno, W V ) .  

- MSA I n d i c a t o r  - The MSA Model V MiniCOT" Carbon Nonoxide Ind ica to r  
(b lLne  Sa fe ty  Appl ica t ions  Co. ,  P i t t s b u r g h ,  PA) i s  A s m a l l  b a t t e r y  
opera ted  hand held u n i t  f e a t u r i n g  d i g i t a l  readout  t o  the n e a r e s t  
ppm up t o  a maximum o f  2000 ppm. Access t o  the  sens ing  element i s  
via an  opening i n  t h e  face o f  t h e  instrument  and atmospheric CO 
d i f f u s e s  t o  the  sensor  through t h i s  opening, The instrument  uses  
an  e lec t rochemica l  polarographic  c e l l  Fn which the  CO d i f f u s e s  
through a permeable po ly t e t r a f luo roe thy lene  (PTFE) membrane on the  
senso r  f a c e .  The u n i t  is q u i t e  s t a b l e  and accu ra t e  b u t  suff-ers  
s e r i o u s  i n t e r f e r e n c e s  from hydrogen s u l f i d e  (11, S )  , ni t rogen  
d ioxide  ( N O , ) ,  n i t r i c  oxide ( N O ) ,  su lphur  d ioxide  (SO,) arid a few 
o t h e r  p o l l u t i o n  r e l a t e d  compounds. Where t h i s  unlt w a s  used f o r  
d a t a  c o l l e c t i o n ,  sampling f o r  major i -n t e r f e r ing  gases  w a s  made 
us ing  chemical i n d i c a t o r  (Draeger) tubes i n  o rde r  t o  in su re  
accu ra t e  CO readings .  Response time i s  30 seconds f o r  90% of  full 
s c a l e .  The u n i t  w a s  c a l i b r a t e d  a t  60 ppm us ing  a b o t t l e d  gas 
s t anda rd  a t  t he  beginning o f  each s e r i e s  of  measurements and/or 
t w i c e  a day as necessary .  The u n i t  w a s  used l i b e r a l l y  t o  check 
wide areas in and around t h e  f i x e d  monitoring s i t e s  and t o  augment 
the continuous CO measurements provided by t h e  EcoEyzer. 



B .  Adsorption ' h a p s  f o r  Major Organics & Toxic Compounds 

1. Tenax Traps - %OK long terin sampling and c o l l e c t i o n  o f  
v o l a t i l e  c o n s t i t u e n t s  a large t r a p  previous ly  coiistruct:ed a t  
ORNL f o r  the source sampling of  a coa l  g a s i f i e r  ( 1 2 )  was 
employed. It.  consist:s o f  a glass p i p e ,  c a .  1 7 . 5  cm long x 
2 cm o . d .  f i l l e d  with approximately 3 g o f  3 5 - 6 0  iiiesh 
Tenax-GC, 

2 .  Combination Traps - The t rapping  system employed f o r  the time 
resolved c o l l e c t i o n  o f  organic  vapor phase c o n s t i t u e n t s  was a 
t r i p l e  sorbent  t r a p  developed at: ORNL. The t r a p  c o n s i s t s  o f  
a s t x i n l e s s  steel tube ,  2 0 . 5  cm long  x 0 . 4 6  cm i . d . ,  packed 
with th ree  sorbent  materia1.s. Approxi.inately 1 . 7  mL of  3 5 - 6 0  
mesh Tenax-GC (Alltcch/Applied Science) i s  backed with 
approxiha te ly  0 . 8  mL of  20-40 mesh Carbotrap (Supelco, Inc. ) , 
an u.ncoat:ed carbon molecular si.eve, d i i c h  i s ,  i n  t u r n ,  backed 
by 0 . 3  rnL o f  Ambersorb XE-340 (20 -60  mesh, Rohm & Haas).  
Afeer conventtonal r e s i n  clearling procedures p r i o r  t o  
const:ruction, the mate r i a l  is  packed i n  the  s t a i n l e s s  s t ee l  
tubes ,  separa ted  by small plugs of s i l y l a t e d  g l a s s  w o o l ,  and 
desorbed f o r  s eve ra l  hours a t  2'70°C wi th  helium a t  a f l o w  of 
20 mL p e r  minute. Desorption fl.ow is  al.wa.ys i n  the  d i r e c t i o n  
of  t he  Ambersorb being the  upstream end, while  c o l l e c t i o n  
f l o w  is  i n  the reverse  d i r e c t i o n .  I n  t h i s  manner, 
c o n s t i t u e n t s  breaking through tihe Tenax are r e t a i n e d  by the  
Cairbotrap, and s o  f o r t h .  

C .  G a s  Collection f o r  Carbon Dioxide (CO, ) Determination 

Co l l ec t ion  of  r ep resen ta t ive  volumes o f  gas a t  var ious  loca t ions  f o r  
both time averaged and poin t  source determinat ion w a s  made using small  
sampling pumps (desc r ip t ion  follows) and Tedlar  gas sampling bags.  The 
con ten t s  of  Ti.IJ.ed bags were p rompt ly  t r a n s f e r r e d  i:o g las s  gas sampl-ing 
bulbs  f o r  reP:um t o  ORNL and ana lys i s  f o r  CO, determi-nation usi-ng GC 
wFth a thermal conduct iv i ty  d e t e c t o r "  Gas samples were t r a n s f e r r e d  
from the  bags t o  the  gas bul.bs using a small  diaphragm pump t:o pu1.J. a 
vacuum on the  gas bulb while i t  .is connectled t o  t he  bag. 

Bag contents  were a l s o  iiIet7sured o n - s i t e  f o r  CO, us ing  Draeger i n d i c a t o r  
tubes ( d e s c r i p t i o n  follows) a s  a c ros s  check and/or back up t o  l a t e r  GC 
determinari  011s. 

D. L o w  Flow Sampling Pumps 

Sampling ths v o l a t i l e  organic  compounds using the  3 gram Tenax t r a p s  
and the  smaller  combi.riation r e s i n  adsorp t ion  craps w a s  c a r r i e d  out  
us ing  the  DuPont Model 1'-4000 Cons~Lmt Flow A i r  SainpIing Pumps ( E .  1" 
13uPont de Neinours & C n .  ~ Inc .  Kennett; Square,  P A ) .  Frequently the  
d ischarge  of  these  pumps was connected t o  a Tedlar  gas bag f o r  gas 
sample c o l l e c t i o n  (See  previous d iscuss ion  on gas c o l l e c t i o n . ) .  
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These pe r sona l  a i r  sampling pumps f e a t u r e  automatic  f l o w  c o n t r o l  o f  
I -t- 5% over a range of 20 cc/minute t o  4.0  l i t e r s / m i n u t e .  The uni-ts 
employ a diaphragm a c t u a t e d  by a motor d r iven  a c e n t r i c  c ranksha f t  t o  
c r e a t e  a i r  f l o w .  Pressure  drop r e s u l t i n g  from air  flow across an 
i n t e r n a l  needle  va lve  i s  used t o  modulate a se rvo  a m p l i f i e r  t o  r egu la t e  
motor speed and thus a f f e c t  flow r a t e  i n  a c losed  loop c o n t r o l  mode. 
The s t a t e d  & 5% c o n t r o l  accuracy i s  v a l i d  f o r  an  e x t e r n a l  p re s su re  drop 
(across t h e  abso rp t ion  t r a p s )  o f  no more than 25 inches water  column 
( w . c . )  up t o  2 . 0  liters/minute and 10 inches  W . C .  f r o m  2 . 0  
l i t e r s / m i n u t e  t o  4.0  l i t e r s / m i n u t e .  Operat ion a t  g r e a t e r  p re s su re  
drops than  these  is p o s s i b l e  wi th  a s a c r i f i c e  i n  c o n t r o l .  

The 3 gram Tenax t r a p s  o f f e r e d  l i t t l e  f l o w  r e s i s t a n c e  and sampltng 
rates of ca. 300 mL/min could be au tomat i ca l ly  maintained by t h e  pumps. 
The p r e s s u r e  drop through t h e  combination t r a p s  exceeded t h e  con t ro l  
limits cf t h e  pumps, however, and the  pumps were simply opera ted  a t  
maximum capac i ty  f o r  t h e  h ighe r  p re s su re  drops involved.  Flow r a t e  
c a l i b r a t i o n s  o f  t h e  pumps used f o r  t h e  3 gram Tenax t r a p s  w e r e  made 
p e r i o d i c a l l y  t o  i n s u r e  t h e  au tomat i ca l ly  c o n t r o l l e d  r a t e s  w e r e  being 
maintained.  Flow r a t e  c a l i b r a t i o n  involv ing  t h e  combination t r a p s  was 
made a t  the  beginnlng and end of each sample i n  o rde r  t o  accu ra t e ly  
document the  t o t a l  volume involved.  Typ ica l ly ,  t h e  f l o w  r a t e  through 
the  combination t r a p s  was ca. 150 mL/min, 

Flow measurements were made us ing  e i t h e r  a thermal mass flowmeter o r  
less f r e q u e n t l y ,  a convent ional  soap f i l m  voLumetric s t anda rd .  The 
thermal mass flowmeter used was the  Kurz Model 581 Pocket Flow 
C a l i b r a t o r  (Kurz Ins t ruments ,  I n c , ,  Carmel Val ley ,  CA) with dual  ranges 
o f  0 - 0 . 5  and 0-5 l i t e r s / m i n u t e .  The manufacturer s t a t e s  an o v e r a l l  
accuracy of 3% and s u p p l i e s  an NBS t r a c e a b l e  c a l i b r a t i o n  c e r t i f i c a t e .  
The meter readings  were p e r i o d i c a l l y  v e r i f i e d  a t  F o r t  (:arson us ing  the  
soap f i l m  f low s tandard  and found t o  be wi th in  the  s t a t e d  accuracy ,  

E ~ Chemical I n d i c a t o r  Tubes 

Commercially a v a i l a b l e  c o l o r i m e t r i c  chemical i n d i c a t o r  tubes were used 
f o r  s p o t  de te rmina t ions  of  carbon monoxide (CO) hydrogen s u l f i d e  
(H2S)  su lphur  d ioxide  ( S O 2 ) ,  carbon d ioxide  (C02) ,  oxides  o f  n i t rogen  
(NO,) and petroleum hydrocarbons.  The most  s e n s i t i v e  a v a i l a b l e  Draeger 
tubes  (Nat iona l  Draeger,  I n c . ,  P i t t s b u r g h ,  PA) w e r e  gene ra l ly  used f o r  
each p a r t i c u l a r  gas. The Draeger Model. 31 gas d e t e c t o r  hand puiiip was 
used t o  draw t h e  r equ i r ed  volumetr ic  sample through the tubes a s  
r equ i r ed .  The tubes were d i r e c t  reading  i n  p a r t s  pe r  m i l l i o n  (ppm) and 
t h e  manufacturer s t a t e s  r e l a t i v e  s t anda rd  d e v i a t i o n s  f o r  each tube 
group. For t h e  tubes  used i n  t h e s e  t es t s ,  t h e  r e l a t i v e  s tandard  
d e v i a t i o n s  v a r i e d  f r o m  5 t o  1 5 % .  

F. Personal  D i f fus ion  Dosimeter Tubes 

S m a l l  d i f f u s i o n  type  dosimeter tubes  f o r  CO, H,S and SO, were provided 
t o  be worn by ORNL personnel  i n  the  work a r e a s  surveyed on t h e  second 
t r i p .  The s p e c i f i c  tubes used were Sensidyne (Sensidyne,  Inc., Largo, 
FL) u n i t s  a s  fo l lows:  Type 1D f o r  GO (50-1000 ppm'hr),  Type 5D f o r  SO, 
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(2 -100  pp~n*hr)  and Type k D  f o r  H,S (10-200 ppm-hr) . A s  can be seen 
from these  time in t eg ra t ed  ranges ,  t he  tubes a r e  n o t  p a r t i c u l a r l y  
s e n s i t i v e  to low concent ra t ion  1.evels. They a r e ,  however, u se fu l  i n  
d e t e c t i n g  unexpected "hot  s p o t s "  o r  pockets o f  h igh  t:oxic gas 
concent ra t ions  acci-dental ly  encountered by a worker. 

11. P a r t i c u l a t e  Phase Sampling Apparatus 

A .  High Volume SampLing 

1, F i l t e r s  

Fi.1. t:.ers f o r  both integraiied exposure sampling and t ime-resolved 
exposure sampling were polytal~rafl.uoroethylene (PTFE) coated g l a s s  
sub-micron f i b e r  type .  The ma te r i a l  i s  commercially a v a i l a b l e  a s  
P a l l f l e x  F iber f i lm Type T 6 0 A 2 0  ( P a l l f l e x  Coi-p. , Putnain,  CT) . Both  
8"xlO" rec tangular  f i l t e r s  and 4" diameter f i l t e r s  were used i n  
appropr ia te  ho lders  a s  d i -c ta ted  by the  vol.ume requirements of the  
p a r t i c u l a r  measurement. On the  second t r i p ,  a l l  f i l t e r  samples 
were weighed o n - s i t e  immediately before  and promptly a f t e r  
sampling t o  a l l o w  the  t o t a l  suspended p a r t i c u l a t e  mat ter  
concent ra t ion  t o  be c a l c u l a t e d .  A S a r t o r i u s  Model 1205 E lec t ron ic  
Laboratory Balance (Sa r to r ius  GmbH, Goettingen, Wes i: Germany) was 
used t o  determi.ne f i l t e r  weight: changes.  

Af te r  pos t  exposure weighing, each f i l t e r  was c a r e f u l l y  fo lded  and 
wrapped i n  pre-c leaned  aJuminum f o i l  f o r  t r a n s p o r t  t o  ORNL f o r  
anal y s  i s .  

2 .  Sampling Puinps 

Two b a s i c  pump types were used f o r  a11 high volume sampling. 
Ei.ther o f  t he  u n i t s  could be f i t t e d  with an 811x10ii f i- l t ier  holder  
or a 4" (normal) f i l t e r  hol.der a s  requi red  by the  experimental  
design.  

a. ORNL Ei-Vol Sampling Pump 

TWO ORNL designed hi.& volume pumps were used where the  
h ighes t  sampling volumes were needed. Flow r a t e s  up t o  about: 
2 4 0 0  l i t e r s /minu te  were possib1.e using the  8"xI.O" P a l l f l e x  
f i l t e r .  Each pump cons i s t ed  o f  a b a s i c  Ametek-Lamb E l e c t r i c  
Vacuum Motor Model I . S .  1 4 5 8 6  (Lamb E l e c t r i c  Div is ion ,  AMETEK 
Corp., Kent, OH) which i s  e s s e n t i a l l y  a two-shage moto r  
tiriven turb ine  unit: designed f o r  hazardous se rv ice  (explosive 
p r o o f ) .  An explosion proof  housing was f a b r i c a t e d  a t  ORNL 
which included the  indus t ry  s tandard  !+'I screwed i n l e t  f o r  
l a r g e  f i l t e r  ho lders  and a l s o  s u i t a b l e  s t a b l e  support  l egs  
f o r  f i e l d  use .  
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F i l t e r  ho lde r s  used wi th  these  pumps included the  StapLex 
Model SH4 (S tap lex  Company, A i r  Sampler D iv i s ion ,  Brooklyn, 
NU) f o r  4" round f i l t e r s  and t h e  Model Slit320 f o r  811x10!f 
f i l t e r s  ~ 

A n  OWL designed ex tens ion  system w a s  Enbricatcd i n  o rde r  t o  
permit  sampling inaccess ib l e  o r  hard-  t o - r e a c h  a r e a s  such as 
t h e  Building 8000 roof  exhaust  €or dynamometer engine t r s  1:s , 
the e leva ted  e x h a u s t  of veh ic l e s  such as the 5 ton  t r u c k ,  
ammunition h a u l e r  (GOER) , etc. This  ex tens ion  c o n s i s t e d  of  
f o u r - f o o t  s e c t i o n s  of 4" diameter  s t a i n l e s s  steel f l e x i b l e  
tub ing  cornbfned wi th  s e c t i o n s  of r i g i d  tub ing .  An adap te r  
w a s  f a b r i c a t e d  o f  s t a i n l e s s  s t e e l  to couple these  i n l e t  
s e c t i o n s  t o  the  upstream si de o f  an  8"xlO" f i l t t .  r ho lder .  
The tub ing  i s  quick ly  Qoincd i n  t h e  f i e l d  t o  provide t h e  
d e s i r e d  l e n g t h ,  up t o  about twelve f e e t  rnaximum, 

b .  S tap lex  Sampling Pump 

Four S t a p l e s  Model TFIA A i r  Sampling pumps were cmployetl 
ex t ens ive ly  f o r  'linediuin" h igh  volume p a r t i c u l a t e  s m p l i n g  
us ing  both the  8"xl.O" and the 4" f i l t e r  ho lde r s  and f i l t e r s .  
Maximum f l o w  rates i n  the  v i c i n i t y  of 1800 l i t e r s / m i n u t e  were 
poss ib l e  us ing  these  u n i t s  wi th  t h e  8"xlO" f i l t e r s .  

c .  Ca l ib ra t ion  

One of t h e  problems a s soc ia t ed  wi th  e i t h e r  of t he  sampling 
pumps descr ibed  (as we l l  as a l l  commercially a v a i l a b l e  high 
volume u n i t s )  is t h e i r  flow rate dependence on l i n t .  vo l tage  
as w e l l  a s ,  t o  n lesser e x t e n t ,  t o  f i l t e r  loading .  F i l t e r  
loading  w a s  no t  considered t o  be a major problem i n  thc  Fort- 
Carson s t u d i e s ,  b u t  l i n e  vo l t age  Eluc tua t ions  were seen as 
somewhat more s e r i o u s  I Coupl.ed wi th  unknown l i n e  vo l t ages  <it 
each p a r t i c u l a r  sampling l o c a t i o n  a t  For t  Carson was t he  
vo l t age  drop a s s o c i a t e d  with extens ion  cord  l eng ths  i n  excess 
of two hundred f e e t  i n  some cases. 

Accordingly,  i t  w a s  decided to c a l i b r a t e  each pump, wirh a 
blank f i l t e r  i n  pl-ace,  and c a r e f u l l y  p l o t  l i n e  vol-cage versus; 
f low r a t e .  Each sampling pump w a s  connected .t:o a v a r i a b l e  
vo l t age  source (au to t ransformer)  and the  vo l t age  vari.ed from 
90 vo1.ts t o  120 v o l t s  while  t he  flow rat-e  w a s  c a r e f u l l y  
measured. The i n l e t  of each f i l t e r  holder used was f i t t e d  
wi th  a temporary s t r a i g h t  tub ing  s e c t i o n  ( c n . ,  4" diameter)  
approxiinately four  f e e t  long such t h a t  an a ~ i t  imometer t r a v e r s e  
could be  made t:o provide a v e l o c i t y  p r o f i l e  Cor f l o w  r a t e  
c a l c u l a t i o n ,  An. Alnor Type 8500 Therino -Anerrmine tsr ( A l n c r  
Instrument  Co. I N i l e s ,  PLj  w a s  u s e d  f o r  t h i s  purpose a f t :ev  i t  
had been c a l i b r a t e d  a g a i n s t  an MBS t r aceab le  s t anda rd .  
Measurements were a l s o  made on the  i n l e t  o f  t h e  f i l t e r  
ho lde r s  without  t h e  i n l e t  t.ube and similar flow f i g u r e s  were 
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obtained by c a r e f u l  Ccaverse measurements Three d i g i t a l  
vo l tameters  were used t o  me=isure vo l t ages  a t  F o r t  Carson, 
Each o f  tliese meters was c a l i b r a t e d  a g a i n s t  an a c .  volLage 
s tandard  by the  ORNL E l e c t r i c a l  Standards Laboratory p r i o r  t o  
t hese  t e s t s  and t h e i r  use a t  F o r t  Carson. During all t e s t s  
a t  F o r t  Carson, t he  vol tage  a t  the high volume sampling puirips 
was rioted before  and a f t e r  each sampling run and used t o  
c a l c u l a t e  the volume. 

B .  Low Volume Part icul .a te  F i l r s s r  Col lec t ion  

The i n l e t  o f  each of the  aforementioned Tenax o r  combination t r a p s  was 
preceded by a f i l t e r  t o  prevent  p a r t i c u l a t e  mat te r  from contac t ing  the  
t r a p  media. I n  many c a s e s ,  a 4.7 mm diameter P a l l f l e x  Type T60A20 
f i l - t s r  was used i n  a BG-1 Type F7 metal hol-der ( R E I  I n c . ,  Waltharn, M A ) .  
The f i l t e r s  were preserved a f t e r  use a s  a poss ib l e  re ference  o r  back u p  
t o  hi.gh volume p a r t i c u l a t e  sampling. I n  cases  (predominant1.y on the 
f i r s t  t r i p )  where s p e c i f i c  c o l l e c t i o n  of  small  quan t i e i e s  o f  
p a r t i c u l a t e s  were t o  be collectred f o r  rnetrals a n a l y s i s  ~ G7 mm diameter 
Teflon membrane f i l t e r s  (Mi l l ipore  Type FH, 0 . 5  micron) were 
s u b s t i t u t e d .  

C .  P a r t i c l e  S ize  D i s t r i b u t i o n  Using a Cascade impactor 

A small low volume cascade impactor ( IN- ' I 'OX Type 02-100 Mercer 
Impactor,  IN-TOX Products ,  Albuquerque, NM) was employed t-o provide a n  
approximate s i z c s  d i s i  r ibuc ion  o f  c o l l e c t e d  p a r t i c u l a t e  mat ter  a t  
va r ious  loca t ions ; .  Col lec t ion  on g l a s s  s u b s t r a t e s  was used and 
r e l a t i v e  dens i ty  r a t i o s  were est imated by o p t i c a l  comparison to  
determine s i z e  r e l a t i o n s h i p s .  

The f l o w  r a t e  requi red  f o r  t h i s  p a r t i c u l a r  impactor was 1 . 0  
l i t a r /minu te  and t h i s  flow r a t e  bras maintained i n  the  f i e l d  by using an 
ORNL designed sampler I n  t h i s  sampler a Neptune 4 K  diaphragm pump 
(Nept-urre Products ,  I n c . ,  Dover, NJ) i s  used as  a vacuuin source and a 
Moore Model 63BD f l o w  c o n t r o l l e r  (Moorc Products,  Co Spring Ilousc, 
PA) i s  employcd t o  maintain a cons tan t  f l o w  r a t e  a s  s e t  on the panel 
mounted needle  valve and rotameter .  Flow c o n t r o l  wit-hin 5 2 %  i s  
r o u t i n e l y  obta ined .  
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A s  desc.rihed i n  the  previ-ous s e c t i o n ,  the  f i r s t  sampling t r i p  t o  .Fort; 
Carson, CO focused mainly upon the  c o l l e c t i o n  o f  exhaust sarnp.1.e~ from 
di.esel engines  mounted i n  veh:i.cl.es and i n  dynamometer t e s t  s t ands  , and 
to ii lesser e x t e n t ,  workplace atmosphere saiiip1-e~ from t:wo iliotor pool. 
garages .  This  sec:t:ion p re sen t s  the  r e s u l t s  o f  the  charac.t:eriz3.ti~OIl 0.E 
those samples. 

'The g ross  c1iaract:erist:ics of t.o t:al susiiended p a r t i c u l a t e  mat ter  ( T S P )  
concentrat i .on,  carbon d ioxide  conclerit:l-~~tri(,n, zirid p;?.rti.c,Ile s i z e  
d i s t r i b u t i o n  are 1.i.sted i n  Table 3 f o r  t.he .sanp:Lt~s collected from 
diesel engine exh;iusC arid workpl.ace atmospheres i n  the  Sept:e!nber, l98Lc, 
sampli.ng t r i p  t o  F o r t  Carson. The filters u:;c?d i n  the f i r s t  sarnpl.i.rig 
t r i p  cnuLd not: be accura.te1.y weighed i n  the f i e l d  ~ Merice, t he  unioac!c..d 
f:i.l:t:er weights were estimated at: OK.WI, f r o i i i  the a v e r a g e  wei.ght o f  t h ree  
unsampled f i1 t :e rs  remaining from the  same l o t .  The stctndartf deviation 
o f  those t h r e e  weights w a s  &O Ilig, a r i d  t:his unce r t a in ty  i n  the  i n i t i a l .  
fi1tt.r WE Lghts m u s t  be considered in c.orijutic:t:i.ori w-i.t:I-1 t:hs esti .mated 
TSP .  The TS? coricerrtrati.ons ranged from c a .  1. '7 t o  1 2  r;ig/m" T h e  TSP 
i n  und i lu t ed  exhausr f r o m  a 5 . 7  L experimental  d i e s e l  engi.ne under 
Federal  Test Procedure cond.i.t:i-orx is  reported (13j  t o  he 115 rng/m2 , 
which sugges ts  a ca .  1 0 - f o l d  d i l u t i o n  of t:be exhaiis t; oo1.l.ectec-l at Fort: 
C a r s o n .  The range o f  TS? va lues  i s  a res1.1.l.t: not: on1.y of  the different: 
engine sizes and ope ra t ing  cond i t ions ,  but: a l s o  the d i .  Efereri-t: dil1.it.i.oxis 
o f  che r a w  exhaus t .  T h e  carbon dioxide coricer~.l_ratFon!; ( :k t : c i rminec l  hy 
gas cl-irumatag-r~iI:hy ( G C )  ranged from 0 .  18  t o  3 ~0106, and a..Lso arc: 
affected by erigiric: ope ra t ion  condi t ions  and exhaust  di.I.i.ition, The 
carbon d ioxide  conccr,..ritrati.c)ri'; cic r d r i e d  f o r  t he  P,:P(C exhaust  do i - ~ ~ t  

appeai: t o  t r a c k  the  TSP concentlratioris , pe111aps from cli f:rererit- s:rig:i ne 
ope-i:~~ t ir ig conditioris . The m o s r  concentrated exhaus t  was the  s a m p l e  no .  
2 1 - D . - 1  co1Icct:eci f r o m  t h e  dynamometer t e s t  s t and  exhaust: st:ack when an 
M-60 tank engine w a s  being t e s t e d  over  an RP1.I range of- 750 t o  22hOr3 
( see  Appendix Table A - 6 ) .  1111 s p i t e  of the d i f f e r e n t  sampling arid 
cngine opera t ing  cond i t ions ,  t:he p a r t i c l e  .c; i.ze t l i  .c;trj.but:.i.oix were c p i . t t ?  

si[ni.l.ar. The  ~nass median aerodynamic partic1.e :; i.ze i:angc:tl Erorn 0 .  2 t.0 
0 . 5  p i n ,  with geometric s tandard  dev ia t ions  o f  2 t o  6 .  'These very  
f i n e l y  s i z e d  part:i.c:le:; are i n  l i n e  wi th  the r e s u l t s  of' other stu.dies 
(14 j o f  d i l u t e d  'YtiW exhaus t .  'l'l-ius, the d i e s e l  engine exhaust  w a s  found 
t o  c o n s i s t  of a f a i r l y  concent ra ted  aet:(::;oJ. nf respi . rable ,  stih -,urn 
p a r t : i . c l e s .  
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Table 3 .  S m m r y  o f  To ta l  ? a r t i c u l a t e  k t t e r ,  Carbon Dioxide, and P a r t i c l e  Size D i s t r i b u t i o n  
Neasurments  o f  3iesel Engine Exhacst ar\d Area Samples 

c02 Concentration, Particle S ize  
Vol. % D i s t r i b u t i o n .  urn 

F i l t e r  N o .  Sample Type TSPa, ng/Fil t e r  mg/m 3 Draeger Tube' GC" kPL4Dd GSDe 
Estimated TSP Concentration, 

21-D-1 M-68-Dynamometer 950 
24-D-1 M-60-Dynamometer 530 

24-D-2 A X  - Dynarnorne ter 410 
21-0-2 A X  - Dyriamome t e r  290 

25 - A -  1 
24-E-2 
24-E-3 

u\ 24-E-4 
24-E-5 
25-E-2 
25-E-1 
26 -A- 2 
26-A-3 

N 

M- 6c) 
M813 
Truck 
Tank Ret, 
Blazer 
Dozer 
APC 
Truck 
GOER 

24-Area E - l  EMP 

25-Area D-l Bkgcl 
25-Area A-1 M P  
26-Area D-l 3kgd 
26-Area  A - 1  AMP 

2 5 - A ~ e a  E - 3  EMP 

260 
2 50 
270 
170 
120 
633 
853  
350 
460 

350 
203 
140 

25 
70 

170 

1 2  3 . 3  3 . 0  
5 .8  0.42 0 . 4  4 
2 . 4  0 . 6  0 " 4 4 
3 . 7  0.13 

2 .8  
2 . 6  
3 .7  
1.3 
1 . 7 
6 . 7  
9 . 1  
3 .7  
4 .9  

0.44 
0.23 
0 . 3  
0.04 
0 . 1 3  
0.22 

0.24 
6.57 
0.62 

0.42 
0 . 3 0  
0.41 
0 . 1 8  
0 . 8 1  

0 . 2 3  0 . 5  
0 .68  0 .5  

0 . 3  
0.22 0 . 3  
0.30 0 .2  
0.93 0.2 
0.32 0 .4  
0.23 0.4 
0.97 0 . 4  

aTSP = t o t a l  suspended  p a r t i c u l a t e  mat ter  c o l l e c t e d  by t h e  f i l t e r .  
bC02 concentrat ion est imated o n - s i t e  by co lor imet r ic  de tec tor  tube ,  
'C02 concenrrstior,  esZirnated st 5KLL by GC a n a l y s i s  o f  gas bulb sample. 
%!Ai3 = zass mcdlan aerodynamic diameter .  
eGSD = geometric: s tandarc i  d e v i a t i o n .  

(2 40 mg) 



system, s p l i t l e s s  injec.t:or, and flame i o n i z a t i o n  d e t e c t o r  was used f o r  
a l l  p a r t i c u l a t e  extract;  ana lyses .  The column was temperature 
programmed from 80" C ( 5  min isothermal. ho ld)  tio 200" C a t  3 .  S"C/min, and 
t-lieri t.o 280°C a t  2 .  8"C/min wi th  c^l hydrogen carr-i.e-tr gas flow r a t e  of 
1 . 3  mL/inin. A hydrogen l.eak d e t e c t o r  shu t  o f f  the instrument: power i f  
hydrogen was de t ec t ed  i n  the  chromatograph oven. The i n j e c t o r  
temperature was 270O C and the  detector: temperature was 290'C. Sam-ple 
a l i q u o t s  of 2. p L  were i n j e c t e d  using the  solvent.  f l u s h  technique.  The 

c t i o n  was c a .  0 . 1  mg/g i n  the  TSP ,  a r i d  preci.si.ori was 
es t imated  a t  f. 10% K S D .  Accuracy was d i f f i c u l t  t o  de f ine  without 
s tandard  re ference  materi.al.s, bu t  probably was wi th in  A 1 0 % .  Figure 5 
s h o w s  t he  chromatogram f o r  sample 2 . 5 - A - 1 ,  which was c o l l e c t e d  from the  
exhaust  of an M - G O  tank.  The numbered major peaks are i d e n t i f i e d  i n  
Table 4 ,  arid approximate concent ra t ions  a r e  c a l c u l a t e d  as mg/g of  
p a r t i c u l a t e  matt:er arid /ig/iii3 of d i l u t e d  exhaust .  The major components 
were a s e r i e s  o f  n -a lkanes  ranging f L - o r n  C,, through a t  l e a s t  C,, a t  
concent ra t ions  f rom <O .1 t o  7 .  IC mg/g . I n  a d d i t i o n ,  p r i s t a n e ,  phytane,  
and numerous a l k y l a t e d  2. - and 3 - r i n g  polycycl ic  aromatic hydrocarbons 
(PAH) were found a t  much lower 1.evel.s r e l . a t ive  t o  the  n-a lkanes .  A l l  
of t hese  compounds have been confirmed i n  d i e s e l  engine exhaust ( 1 5 ) ,  
and there  i s  evidence (1.6) t h a t  t he  hydrocarbon d i s t r i b u t i o n  extends t o  
at l e a s t  C,, . Ten t a  t i ve i c l e n t  i. f i.c a t  ions of  f l u o  r e  none , 
dibenzothiophene a i d  t w o  methyl dibe.nzothiophenes a l s o  were made, bu t  
tihe l a t t e r  t w o  a r e  d i f f i c u l t  t o  d i s t i n g u i s h  f r o m  C,- and C,- 
naphthalenes ( respec . t ive ly)  by mass s p e c t r a  al.one , 'rhc sum of these  
i d e n t i f i e d  spec.ies t o t a l e d  6 .  R w t 8  o f  t i h e  par t icu la t ies  I Atlii.i.t:i.onal 
organic  inat ter  was p re sen t  b u t  was n o t  r e a d i l y  i d e n t i f i a b l e .  Tnis 
was i-ndicatied i n  the rernt1:i.n i.ng pen.ks and a l s o  i.n the  basel.ine r i s e  i.n 
t he  chromatogram. The l a t t e r  ~ wli'lc.1-i w i t s  not  found i n  the b l a n k s ,  
probably was con t r ibu ted  by po la r  compounds which do no t  chromatograph 
w e 1 1  , arid by t:he p i leup  of numerous t r a c e - l e v e l  c o n s t i t u e n t s .  

r ,  Ihese chromatograms of t he  1113 j o r  0rgani.c cornpourids i n  t:he crude 
p a r t i c u l a t e  e x t r a c t s  a r e  h ighly  use fu l  f o r  comparing the  p a r t i c u l a t e  
organic  composition o f  exhaust from d i f f e r e n t  veh ic l e s  and a l . s u  sources 
c o n t r i b u t i n g  t:o t:he organic: 1iiat:ter i n  the exhaust:. Figure 6 compares 
two p o t e n t i a l  sources  o f  organic  compounds t o  the  d i e s e l  engine 
exhaust .  The chromatogram a t  the  t o p  o f  t he  f igu re  i s  almost i d e n t i c a l  
i.n i t s  major organic  compounds t o  those of t he  GOER engi-ne exhaust.  
The foritier was generat:ed by p i p e t t i n g  a few pL o f  [IF'-2 onto a f i l t e r  
pad and drawing a i r  through the  f i l t e r  a t  the same l i n e a r  v e l o c i t y  and 
du ra t ion  as f o r  the  exhaust sampling. The f i l t e r  was then ex t r ac t ed  
and analyzed as were the  exhaust p a r t i c u l a t e  f i l t e r s .  Comparison o f  
tlhe chromatograms s t rong ly  suggests  t h a t  unburned fuel. (5 ,13 ,15 ,16 )  
c o n t  r i b  tlt e s much o f t he  c'n r o mi l  t o g r a phab 1. e u i a  j o r  o r gar1 i. E: (: o mp ound s fourid 
i n  the exhaust  p a r t i c u l a t e  ma t t e r .  The b a s e l i n e  r i s e ,  o r  "hump'" 
appears  a s soc ia t ed  with h igher  molecular weight m a t e r i a l ,  such as the  
crankcase o i l  from the  GOER engine ,  shown a t  t he  bottom o f  the  f i -gure.  
G e l  permeation chromatography s t u d i e s  (1.3) of  the molec:ril.ar weight 
dist .r ibuti .oris of exhaust pnrticu1at:es and crankcase oi.1. support  this 
contiention. Although some o f  t h i s  mat ter  may a r i s e  from leaking  p i s ton  
o i l  ri-rigs, some al.so may be con t r ibu ted  by The combustion process 
i t s e l f .  Add i t iona l ly ,  t he  chromatograms show ind ica t ions  of f u e l  
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Table 4 

Semiquontitative Determination of Major Particulate Phase Organic Compounds in Exhaust 
of M-60 Tank (Sample 2 5 - A - 1 )  

Peak Concentration', 
 NO.^ Identi f icationb msrg ,a/m3 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
14 
1 5  
1 6  
1 7  
18 
19 
2 I1 
2 1  
2 2  
23 
2 4  
2 5  
2 6  
27  
28 
29 
3 0  
31 
3 2  
3 3  
34 
35 
3 6  
37 
38 
3 9 
40 
41 
42 
43 
4 4  
45 
46 
47 

49 
5 0  

4 8  

C3-Naphthalene 

H32 
FLuorene 

n-C16 H34 
Hydrocarbon 
Hydrocarbon (Maybe 2-blethyl C16) 
Hydrocarbon 
Hydrocarbon 
CZ-Acenaphthalene/Cp-Fluorene 
C2-Acenaphthalene/C1-FLuorene 
"-'17 H 3 C  
Pr 1 s t ane 
F luorenone 
Dibenzothiophene (C4-Naphthalene? ) 
Hydrocarbon 
Hydrocarbon (Maybe 3-Methyl C179 
Phenanthrene 
Anthracene + Hydrocarbon 
Phytane 
C1-Dibenzothiophene (C5-Naphthalene?) 
Hydrocarbon 
C1-Dibenaothiophene (C5-Naphthalene?) 
C1-E'henanthrene 

"-'lQ H4Q 
2-Methyl Phenanthrene 
C6-Naphthalene 
Hydrocarbon 

C2-Phenanthrene 
C2 -Phenanthrene 
C2-Phenanthrene 
F l u o r  an thene 
C, -Naphtha 1 en e 
Hydrocarbon 
C2-Phenanthrene 

Pyrene 
C3-Phenanthrene 
C3 -Phenanthrene 

"-'a2 '46 
Benzo(b)fluorene 

"-'23 '48 
"-'24 H50 
"-'25 H52 
n-C26 ' 5 4  
""27 H5b 
"-'25 * S 8  
"-'2Q H60 
n-C30 '62 

n-Cl8 H38 

n-czo H42 

n-C21 H4 41 

< 0 . 1  
0 . 1 7  

< 0 . 1  
1.0 
0 . 2  
0 . 2  

0.1 
0.1 

c 9.1 
< 0.1 

5 . 3  
1 . 2  

< 0.1 
0.5 
0.2 
0.1 
1 . 5  

c 0 . 1  
6 . 5  
1.0 
1 
0.4 
0.7 
0.7 
6 . 9  
2.2 
0.7 
0 . 7  
7 . 4  
2 
2 
0.9 
0 . 6  
0.9 
0 . 3  
0 . 3  
7 . 0  
1.1 
3 
1 
4.9 
0.5 
3.1 
1.5 
1.0 
0.35 
0.15 
0.1 

-= 0.1 
c 0.1 

I: 0.3 
0 . 4 8  

c: 0.3 
2 . 8  
0 . 5 6  
0 . 5 6  
0.3 
0.3 
0.3 
0.3 
15 
3.4 

L 0 . 3  
1 
0 . 6  
0 . 3  
4.2 

'C 0 .3  
13 
2.8 
3 
1 
2 
2 
19 
6.2 
2 
2 
21 

6 
6 
3 
2 
6 
0 . 9  
0.8 

3.1 

3 
1 4  
1 

4.2 

0 . 9 8  
0.42 

20 

a 

a .  7 

2 . 5  

< 0.3 
c 0.3 
< 0.3 

aSee Figure 5 .  
'Generic identiflcaitons are tentative and other ~ s o m e r s  a r e  possible. 
'Concentration estimates should be considered semiquantltstive becaues of lncomplste 
resolution and baseline rise. However, data for n-paraffins shouLd be more accurate 
( 5  10-202) because of their high r relative concentrations. Units are m g  p e r  g o r  
particualte matter and fig per IU' of diluted exhausL. 
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components i n  t h e  crankcase o i l ,  a s  would occur from leaking  p i s t o n  o i l  
r i n g s .  These r e s u l t s  suggest  t h a t  t h e  d i e s e l  engine exhaust 
p a r t i c u l a t e  organic  component o f  t h e  workplace atmosphere cons i s t  s o f  
combustion products  and unburned f i ie l  and crankcase o i l .  

Comparison o f  Figures  5 - 7  shows t h a t  t h e  rnaj o r  organic  particulate 
compounds i n  t h e  exhausts  o f  t h e  M-60 t ank ,  t h e  14-60 tatik engine 
mounted i n  a dynamometer, and a GOER are highly  simil.ar q u a l i t a t i - v e l ~ y .  
They a l l  sha re  t h e  same major compounds. Thi.s i s  expectzed because they 
a l l  were d i e s e l  engines and a l l  were operaking on d i e s e l  fuel. a t  Fo r t  
Carson. Di f fe rences  i n  t h e  running cyc les  i n  a d d i t i o n  t o  engine 
c o n d i t i o n  were t h e  main v a r i a t i o n s  between samples c o l l e c t e d  from t h e  
M-60 engines mounted i n  t h e  v e h i c l e s  versus  t h e  dynamometers. The APC 
had a d i . f f c ren t  engine.  The main di-Eferences i n  the p a r t i c u l . a t e  
organics  were q u a n t i t a t i v e .  The d i - s t r i b u t i o n  o f  t h e  b a s e l i n e  r i s e  i n  
t h e  chromatogram and t h e  absolu te  amounts of t h e  vari-ous components 
v a r i e d .  Table 5 compares q u a n t i t a t i v e  measurements o f  f o u r  major 
organic  compounds, c a l c u l a t e d  as mg/g i n  t h e  TSP and pg/m3 i n  t h e  
exhaust .  I t  i s  ev ident  t h a t  t h e  dynamometer samples do n o t  reproduce 
b7el.1. c a l c u l a t e d  eitzher a s  par::i.culate o r  air c o n c e n t r a t i o n s .  The 
v e h i c l e  samples are much more concentrated than  t h e  dynamometer samples 
f o r  t h e  A P C ,  and l e s s  so  f o r  t he  M-60 tank.  These r e s u l t s  show t h a t  
t h e  d i f f e r e n t  d i e s e l  engines present  i n  a motor pool garage can 
c o n t r i b u t e  t h e  same organic  compounds, b u t  i.n d i f  f e r c n t  amounts and 
r a t i o s  t o  t h e  workplace atmosphex-e I 

Two hi.ghly tumorigenic and mutagenic c o n s t i t u e n t s ,  herizo [ a ]  pyrene (Rat') 
and 1.-nitropyrene (I-NPy),  were i s o l a t e d  from two o f  t h e  exhaust 
particul.ai;e e x t r a c t s  by semipreparat ive s c a l e ,  normal phase high 
performance l i q u i d  chromatography, and were nieasured us ing  c a p i l l a r y  
column GC-mass spectrometry with sei-ected ion  monitoring and t h e  method 
of  i n t e r n a l  s tandards  ( 1 7 ) .  The r e s u l t s  f o r  two p a r t i - c u l a t e  samples 
c o l l e c t e d  f r o m  t h e  exhaust of an M-60 t a n k  and an M-60 tank engine 
mounted i n  a dynamometer t e s t  s t a n d  a r e  liscetl i n  Table 6 i n  comparison 
wi th  d a t a  taken from t h e  l i t e r a t u r e .  For these  much morn t o x i c  
components, t h e  concent ra t ions  are i n  t h e  low p g / g  and ng/rn3 
concent ra t ion  ranges I The r e s u l t s  a r e  consi-stzent wi th  t h e  l . i t e r s t u r e ,  
because of t he  cons iderable  v a r i a b i l i t y  which could be a t t r i b u t e d  t o  
such f a c t o r s  a s  engine s i z e ,  f u e l ,  c o n d l t i o n ,  and running c y c l e  a s  wel l  
as sampling and a n a l y t i c a l  v a r i - a b i l i t y .  A r e c e n t  s tudy repor ted  ( 2 8 )  
a n  o r d e r  o f  magnitude d i f f e r e n c e s  i n  the  p a r t i c u l a t e  concent ra t ions  o f  
BaP and I-NPy from autolnotive engines as a functi.on of f u e l  cornpositi~on 
and i n j e c t i o n  t iming.  As f o r  t h e  rnaj o r  organic  compounds, t h e  v e h i c l e  
sample was more concent ra ted  than the  dynamometer sample. 

The vapor phase organic  compounds from d i e s r l  enzine exhaust were 
determined as a c o n t r i b u t o r  t o  i:he workplace atmosphere. The organic  
compounds c o l l ~ c t e d  i n  Tenax t r a p s  w e r e  determined by thermal 
desorp t ion  c a p i l l a r y  column GC ( 2 9 )  . A p o r t j  on of t h e  homogenized 
Tennx uiiloaded from a t r a p  was thermally desorbed a t  250'C f o r  30 
minutes i n  a 1 . 5  mIJmin flow o f  hcliurn, and t h e  compounds l i b e r a t e d  
were focused a t  t h e  head o f  tlle c a p i l l a r y  column before  c ryogenica l ly  
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F i g u r e  6 .  Comparison of Major Chromatographable Organic Compounds i n  
GOER Engine Exhaust, DF-2 Weathered on  a F i l t e r ,  and GOER 
Crankcase O i l  ( F o r  GC cond i t ions ,  see Figure  5 )  
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Tab1.e 5 . Compa.rison o f  P a r t i c u l a t e  Organic Ind ica to r  Compotrntls 
i n  the  Exhausts of M-GO Tank and APC Engines Moimted i n  the 

Veh i,c 1 es  and Dynamome ters 

Cons t i t u  en t 

k 

-_i_l_cI- Const i tuent  

c, 

c19 

c2 0 

‘1 8 

Concentrat ion i n  TSP ,  mg/g 

- 14-60 Tank 
V eh i c 1 e Dynn . Djrna. 
25 A - 1  2 4  0-1 21 D - 1  

5 . 3  
4 . 5  
4 . 9  
7 . 4  

3 . 2  
2 . 6  
:3 . 2 
2 . 6  

5.5 
4 . 5 
3.6 
2 . 4  

Vehicle  
25 E - 1  

10.8 
5.9 
5.5 
3 . 9  

A i r  ConcenVrat.i Gn, pg/1n3 

Dyna. 
24 D - 2  

0 . 4  
0.5 
1.1 
1.0 

I) yna . 
.-__I 21 D-2 

1.8 
2 . 2  
2 . 4  
1 . 8  

PI-60 Tank 
_I- 

V e h  i c 1 e I)yna. Dyiia . 
-- 25  A - 1  .lll 2 4  0-1 2 1  D - 3  

1 5  
13 
19 
21 

18 
1 5  
L8 
1 5  

6 . 9  
5 . 7  
4 . 5 
3 . 0  

V e h  i c: 1 e Dyna . Dyna. 
25 E - 1  24 D - 2  21 B - 2  

99 
54 
51 
3 5  

0 . 7  
2 . 2  
[+ . 1 
3 . 8  

0 . 4 
0,s 
0.6 
0 . 4  
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t h e  coluinn oven w a s  temperature programmed. A Perkin-  Elmer Sigma I1 
gas chromatograph equ.ipped with a fused s i l i c a  c a p i l l a r y  column, 60 m x 
0.3'2 nim ID x l . 0  pi11 fi.1.m DB-I. bonded phase,  a flame i .onfzat ion 
d e t e c t o r  ~ and an  HP-3390 report i -ng i n t e g r a t o r  were used w i t h  this set: 
o f  so rben t  t r a p  samples.  The column oven w a s  temperature  programme.d 
from ainb'ient ( c a .  2 5 O C  he1.d i so thermal ly  for 10 mi.n) t o  250OC a t  
2°C/mi.n and h e l d  at 250'1: f o r  6 0  i n i n .  The helium carrier gas flow r a t e  
was 1 . 5  mL/min. Externa l  s tandards  app l i ed  t o  a so rben t  t r a p  and 
analyzed i n  t h e  same manner a s  t he  sampl .es  were used fOK c a l i b r a t i o n .  
The abso lu te  s e n s i t i v i t y  of the a n a l y s i s  w a s  i n  t he  range of ca. 1 t:o 
PO ng p e r  compound. Reproducib i l i ty  was ca.  & 10 t o  20% RSD, and 
accuracy was expected t o  be i n  a similar range.  The vapor phase 
organic  compounds c o l l e c t e d  Erorr i  the  ex'riaus t of an M- 60 tank  engine 
mounted i n  a v e h i c l e  and i n  a dynamometer t e s t  s t a n d  are shown a t  the 
bottom of  Figure 8 ,  The compounds range from the  e ,  through a t  l e a s t  
t.he C,, n-a lkanes  and inc lude  benzene arid a s e r i e s  o f  al.ky3. benzenes 
( 3 0 - 3 2 ) .  The observa t ion  o f  some over lap  i n  composition with the  more 
v o l a t  i.1.e compounds j.n t he  p a r t i c u l a t e  phase (compare wi th  Table 3 )  
confirms e a r l i e r  work (16) .  T h i s  over lap  i s  probably a r e s u l t  o f  the 
v a p o r - p a r t i c l e  p a r t i t i o n i n g  of  these  compounds as well 3s t h e i r  
subl imat ion  from the f i l t e r  during t h e  sarnp1.e c o l l e c t i o n .  Quant i ta t i .ve  
de te rmina t ions  o f  t hese  compounds a r e  l i s t e d  i n  Table 7 .  As I s  evident  
a l s o  i n  t h e  f i g u r e  , t he  n-a lkanes  a r e  the  major compounds, a l though 
benzene and to luene  also a r e  r e l a t i v e l y  concen t r a t ed .  The aiel: 

concer1t:rations o f  t h e s e  vol.ati . le organic  compounds a r e  approximately an 
o rde r  o f  magni. t x t l r ?  h ighe r  than  those of the pa r t i cu la t : e  organics  
(Table  4 )  . 

Comparing the  r e s u l t s  f o r  t he  -vapor phase organics  frow v e h i c l e  a.nd 
dynamometer-mounted N-60 tank engines w i t %  those ( T a b l e  5) f o r  the  
pnrticu1.atre phase organics  shows s imi l a r  v a r i a b i l i t y  i n  the 
d i s t r i b u t i o n s  of- cornporients . The vapor phase organics  a l s o  were 
gene ra l ly  more concent ra ted  i n  the  v e h i c l e  sample than  i n  the 
dyrinrnoiiieter sample, as i s  g r a p h i c a l l y  cvi.dent i n  Figure 8 .  The 
d i f f e r e n c e s  i.n composition can be a f f e c t e d  by f a c t o r s  such as engine 
cond- i . t io r i ,  degree of warm-up, speed,  and load .  These r e s u l t s  r e i n f o r c e  
the e a r l i e r  observa t ion  t:hat t he  d i e s e l  engine exhaust  component of the 
workplace atmosphere i s  a h igh ly  complex and also v a r i a b l e  source .  

Compar ison  of  the-&!nposition o f  Diese l  Enzjj-ne Exhatlst wi th  the  Motor 
P o o l  Workplace Atmosphere and the Ambient Outside RackEround 

This ques t ion  o f  the  sirni1.arit.y of d i e s e l  engine exhaust: t o  t h e  motor 
pool. workplace atmosphere and i t s  relevance a s  a su r roga te  f o r  the 
l a t t e r  i n  the  des ign  of animal toxicology s t u d i e s  can be examined by 
cornpari.ng the  a n a l y t i c a l  r e su l . t s  f o r  d i e s e l  engLne exhaust with  those 
f o r  m e a  sampling conducted a t  the 4/68t:h A.rmored arid Fourth 
Engirieering Div is ion  motor  p o o l s .  hs regards  the  phys ica l  
c h a r a c t e r i s t i c s  o f  t he  aerosols, the  major g ross  d i f f e rences  
determined were i n  the  TSP (Table 3 ) .  A s  expected,  t h e  TSP w a s  a t  
l e a s t  I O -  f o l d  inore concent ra ted  i n  t h e  d i l u t e d  exhaust. (1. 7 - 1 2  mg/m3 
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Figure 8. Cowparison of the Major Vapor Phase Organic Compounds j n  Ambient Outside A i r  
(28 L), Workplace A i r  at the 4/68th Armored Brigade (23 L )  and Fourth 
Engineering Bn (25 L )  Motor  Pools, a n d  W-SQ Tank (0.9 L )  and Dynmomater 
Test S t a i d  Exhaust (1.0 L )  (60 m DB-l capillary column temperature programed 
from 25OC [ l o  min i 5 0 t h e P i d  hold)  to 250°C at ZO/min and bold  isothermally 
at 250°C for 60 min) 
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Table 7. Comparison oE Vapor Phase Organic Compounds in Engine Exhaust, 
Motor Pool Workplace Atmospheres, and the Ambient Outside Background in September, 1984 

Concentrat io i i ,  pg/m 3 

M-60 Tank Enpine 
Dynamometer Tank 4/68th Armored Motor Pool Engineerinn Motor Poo l  Background - 

rcmpound 2 4 - D - 1  25-A-1 26 Area A-l 25 H V A - A - l  24 E - 1  26 TA-A-1 

W 
v 

n-Pentane 
n-Hexane 
Benzene 
n-Heptane 
Toluene 
n- Oc t ane 
Ethyl Benzene 
rn - Xy i ene 
n-Noi-iane 
n - Dec ane 
n-Undecane 
n-Dodecane 
n-Tridecane 
n-Tetradecane 
n-Pentadecane 
n - Hexadecane 

6 . 6  

6.3 
9 1  

50 
15 

27 
4 8  

2 10 
460 
230 
130 

7 8  
8 1  

3 . 5  

< 430a 

9 . 5  
2 2 0  

15 
120 

29  
34 
81 
69  

170 
280  
270 
290 
290 
360 
160 

4 . 2  
5 . 5  
6 . 0  

5 . 6  
7.1 

2 4  

33. 
33 
43 
30 

7 . 0  
2 .9  
2.1 
1 . 5  
0 . 6  

0 . 8  
1 . 5  
0 . 6  
3 . 3  
0 . 7  
0 . 4  
1.6 
1 . 3  
1.7 
1 . 6  
1.2 
0 .8  
0 . 8  
0 . a  
ND 

0 .4  
2 .7  
1 .4  
1.9 
6 . 4  
2 . 8  
1 . 4  
6 .4  
4 . 4  

27 
86  
27 

7 . 4  
5 . 6  
4 . 4  
2 . 6  

1 . 3  
0 . 9  
0 . 8  
3 . 9  
0 . 6  
0 . 3  
1.7 
1.1 
10 
33 
19 

8 . 0  
2 . 7  
0 . 9  
0 . 4  

"Interference prevented accurate measurement. 



than  i n  t h e  workplace atmospheres ( 0 . 0 4 - 0 . 4 4  mg/m3 ) . The latter were 
much more s imilar  t o  the  es t imated  ou t s ide  background l e v e l s  (0 .13 -0 .3  
mg/in') determined f o r  samples  taken on  the  roof o f  t he  DOL motor pool.  
There a l s o  appear t o  be d i f f e rences  i n  the  est:i.mated partic1.e s i z e  
d i s t r i b u t i o n s .  The MMAD of the  raw, d i l u t e d  exhaust  ranged from 0 . 2  t o  
0 . 5  p n ,  whi.1.e t he  p a r t i c l e  s i z e  d i s t r i b u t i o n  measured a t  JjWI,, DISCOM, 
a r i d  Fourth Engineering Bn motor pool.^ during the  3~986 sampling t r i p  ( s ee  
next  s e c t i o n )  wers found t o  be bimodal, wi th  a s i n a l l  p a r t i c l e  mode a t  
0 . 4 - 0 . 9  pm, and a l a r g e  p a r t i c l e  mode ai: 3-4 prn. Although the  l a t t e r  
inode could r ep resen t  a d d i t i o n a l  sources  o f  p a r t i c l e s  t o  the  workplace 
atmosphere,  coagula t ion  o r  agglomeration o f  the d i e s e l  exhaust 
parti .cl .es con t r ibu te s  t;o such l a r g e r  p a r t i c l e  modes (33)  . 
' 1 3 1 ~  o rganic  c,omponents of t h e  workplace atmosphere al.so were found t o  
d i . f f n r  from those o f  d i e s e l  engine e x h u s t  and a l s o  the ainbient ou t s ide  
background I Figure 9 compares the  maj o r  chromatographable pa r t i - cu la t e  
organics  i n  the  4/68th Armored Divis ion motor pool. a i r  and i n  ambient 
ou t s ide  a i r .  Those can be compared wi.t:h 14-60 tank exhaust i n  Figure 5 .  
Quantitatzive d a t a  f o r  the major p a r t i c u l a t e  organics  a r e  I.j.sted i n  
Tables  4 ,  5 ,  and 8 .  The d i e s e l  engine exhaust  i s  ~n obvious major 
c o n t r i b u t o r  t o  the  p a r t i c u l a t e  organics  i n  the  workplace atmosphere, 
b u t  t h e r e  a l s o  a r e  major q u a n t i t a t i v e  d i f f e r e n c e s  i.n the  d i s t r i b u t i o n s  
o r  r e l a t i v e  rai;tos o f  components. The m o s t  obvious d i f f e r e n c e  i s  t h a t  
the  d i s t r i b u t i o n  i n  the d i e s e l  engine exhaust peaked a t  C,, o r  C,, , 
while  i n  the motor pool gasages,  t he  peak was a t  C,, t o  C,, . This 
s l i g h t l y  hi-gher d i s t r i b u t i o n  f o r  t he  workplace atmosphere may i n d i c a t e  
addi t ional-  sou rces .  However, i.?: a l s o  could be an a r t i f a c t  of t he  
1-onger sampling t h e  requi red  f o r  ti'ric? c o l l e c t i o n  o f  the  workplace a i r  
samples,  which would cause more subl imat ion o f  semivola t5 le  organic  
compounds. The concenti-allions o f  the  organics  c a l c u l a t e d  as both 
pa r t i . cu l a t e  and a i r  concent ra t ions  are h ighe r  i n  the  exhaust  than i n  
t h e  T S P ,  except  f o r  t he  p a r t i c u l a t e  concent ra t ions  i n  the  Armored motor 
pool  sample 25 - A -  1. .In gene ra l ,  t h e  p a r t i c u l a t e  organics  
concent ra t ions  were up Lo 20 - fo ld  g r e a t e r  i n  the  exhaust  than  i n  the  
workplace a i r ,  bu t  the  d i f f e rences  do not  appear as g r e a t  f o r  the  
h ighe r  molecular wei-glit (and l e s s  prone t:o sul:,I.irnation) organics  
inc luding  the  BaP and 1 - N P  (Tables  G and 9 ) .  This observa t ion  aga in  
sugges ts  t h a t  some o f  the q u a n t t t a t i v e  d i f f e r e n c e s  could be a sampling 
a r t i f a c t .  The rnaj o r  organic  compounds i n  the  workplace atmosphere were 
more concent ra ted  than those i n   he ambient ou t s ide  a i r  by f a c t o r s  of 
e a .  2 t o  1-00, i n d i c a t i n g  the  acc-umulation of organic  mat te r  i n  the 
former.  For these  two types of samples,  t he  sampli.ng volumes were 
s i -milar  ~ and d i f f e rences  i n  composition a r e  more conf iden t ly  
i n t e r p r e t e d .  

Figure 8 and Tab1.e 7 compare the  correspondi-ng ( la ta  f o r  the  vapor phase 
organic  compounds. 'The con t r ibu t ions  of t he  di.eseJ. engine exhaust  t o  
'ihe workplace atmosphere a r e  ev ident  i n  the  h ighe r  molecular weight 
range (> C R .  C l l )  of  the  workplace air. However, the  workpJ.ace air  
conta ined  a more complex and more concent ra ted  ( r e l a t i v e  t o  the  o the r  
c o n s t i t u e n t s )  mixture o f  components below c a .  C, ,  . The d i e s e l  engine 
exhaust  contained organics  l e v e l s  up t o  l O O - t i i n e s  h ighe r  than f o r  the  
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Table 8 .  C o m p a r i s o n  of Major Particul.at:e Phase Organic Compounds 
i n  the Hotor- Po01 Workplace Atmosphere and  Ambient Olttside Background 

i n  September, 1984 

ConcetiCration, p g / g  TSP 
I 

4168th A r m o r e d  Engineering BXlcgrOunLi 
Ntr. P o o l  Mtr. P o o l  (1):rO EJ,om.________ 

2s -D-1 e O U ~ P  outld 2 6 - A - 1  2 5 - A - 1  24-E-1 2 5 - E - 3  26- .D--1 

c:, 9 47 
62 0 75 
c2 1 230 
c:, 380 
e2 3 370 

c:, 5 160 
‘ 2  4 1 9 0  

c2 6 7 8  
‘2 7 - 40 
c:2 8 - 50 
cz 9 110 

c:, I 110 
e3 0 86 

4,000 
4 , 8 0 0  
4,200 
3 ,100 
2,100 
1 ,200 
920 
420 
3 10 
270 
260 

5 2  
72 

140 
2 LO 
220 
150 
130 
SO 
35 
30 
3% 
24 
26  

6 0  
100 
130 
1 6 0  
180 
150 
1.40 

6 3 

54 

30 
4 1 
60 
4 8  
5 4 
37 
4 2 
20 
3 3 
2 2  
63 
30 
59 

17 
2 3  
26 
20 
17 
11 

G-.:.icen%rat i o n ,  ng /m3  
1- 

4/68th A r m o r e d  Engineering Eackground 
M t r .  P o o l  M t r  I .Ponl--- -([)IO RooU 

C oiiip ound 2 G - A -  1. 25 -A-  1 2 L i p E - 1  25-E-3 26-1 ) -1  25-D-I .  

c19 

‘2 4 

‘2 5 

c3 0 
c3 1 

10 
17 
51 
85 
8 2  
42 
3 6 
1 . 7  

- 10 
1 2  
24 
1 9  
24 

160 
188 
170 
120 

82 
47 
37 
1 7  
1 2  
11 
10 

2 3  
31 
6 1  
9 1  
94 
65 
56 
2 2  
15 
13  
1 6  
10 
1.1. 

1.4 
2 3  
38 
3 6  
43 
36 
3 1  
1 5  

13 

3 “  7 
5 . 2  
7 .5  
6 . 0  
6 . 8  
4 . G 
5.2 
3.5 
4 . 2  
2.8 
7.9 
3.8 
7 . 4 

4 .6  
6 . 1  
7 . 0  
5 . 3  
4 . 6  
3 . 0  

1 D 4 
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c 2 2  
6 nq/m3 

\ 

c 2  

WORKPLACE AIR 

n 

0 2 0  40 
TIME (mid 

50 80 

F i g u r e  9 .  Comparison of the Major Chrsmatographable Organic Particulate 
Phase Coinpounds in Ambient A i r  and the Workplace Atmosphere 
at the 4/6%th  Armored Brigade Motor Pool ( F o r  GC conditions, 
see F i g u r e  5)  
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workplace a i r ,  and p a r t i c u l a r l y  f o r  the aromatic  compounds and t h e  less 
v o l a t i l e  o f  the  vapor phase compounds. The l a t t e r  would be l e s s  
s e n s i t i v e  t o  d i f f e rences  i n  the  sampling cond i t ions ,  and they suggest  
a d d i t i o n a l  sources  such as f u e l  vapors .  We have i d e n t i f i e d  these  
compounds i n  the  vapors  o f  d i e s e l  f u e l  ( 7 ) .  Benzene, a t o x i c  aromatic 
compound, was found a t  concent ra t ions  of 9 1  and 220 ps/tn3 i n  t he  engine 
exhaust, versus  1 . 4  t o  5 . 5  pg/1n3 i n  the  workplace and 0 . 9  pg/m3 i n  the  
ou t s ide  a i r .  

The main conclusions of t h i s  p o r t i o n  of  t he  s tudy are t h a t  the 
p a r t i c u l a t e  and vapor phase organics  i n  the motor pool workplace 
atmosphere a r e  cons iderably  more concent ra ted  than  i n  t h e  ambient 
oui:side a i r ,  and t h a t  d i e s e l  engine exhaust i s  a major c o n t r i h u t e r  t o  
t he  former.  The composition of engine exhaus t ,  and hence i t s  
toxicology and t h a t  of  the workplace atmosphere may be a f f e c t e d  by 
engine l u b r i c a n t s  and f u e l  as w e l l  as the  engine cond i t ion ,  speed and 
load .  Addi t iona l  sources  and chemical t ransformat ions  o f  t h e  organics  
a l s o  a r e  possih1.e con t r ibu to r s  t o  the chemistry o f  t h e  ruorkpl.ace a i r  ~ 
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DETAILED ORGANIC CHEMICAL CHARACTERIZATION OF 
THE MOTOR POOL WORKPIACE ATMOSPHERE 

A second sampling t r i p  t o  For t  Carson, CO was c a r r i e d  ou t  i n  September 
and October of  1986 t o  c o l l e c t  samples f o r  a more d e t a i l e d  a n a l y s i s  o f  
t h e  workplace atmospheres i n  th ree  motor pool garages:  DISCOM, DOL, 
and t h e  Fourth Engineering En. Both time reso lved  (TR) and t i m e  
averaged {TA) samples w e r e  c o l l e c t e d  a t  rnul t iple  l o c a t i o n s  i n  these  
f a c i l i t i e s  t o  a l low a n  assessment o f  t h e  teiiiporal and s p a t i a l  
v a r i a b i l i t y  of t h e  workplace atmospheric composition. In t h e  same time 
frame, t he  U .  S . Army Environmental Nygiene Agency {AEHA, Aberdeen 
Proving Ground, MD) conducted sampling and o n - s i t e  measurements f o r  
contaminants recommended by t h e  Occupational Sa fe ty  and Health 
Adminis t ra t ion  (OSHA) and the  hrnericari Conference of Coverrmental 
I n d u s t r i a l  Hygienis t s  (ACGIH). The d e t a i l e d  r e s u l t s  of  t h e  OKNL study 
a r e  conta ined  i n  the  Appendix. The AEHA r e s u l t s  were repor ted  
s e p a r a t e l y  (36) . The g r o s s  phys ica l  c h a r a c t e r i s t i c s ,  o rganic  chemical 
composition, and t h e  v a r i a b i l i t y  of  t he  concentrat- ions of these  
parameters  i n  t h e  workplace atmosphere a r e  needed t o  d e f i n e  the  
composition and l i m i t s  of  exposure of  t he  personnel  and t o  serve as an 
inpu t  t o  the  des ign  o f  exposure cond i t ions  f o r  animal toxicology 
experiments .  

Gross  Phys ica l  Charac t e r i za t ion  

A d e t a i l e d  l i s t i n g  of  t h e  gross  physical  c h a r a c t e r i s t i c s  of TSP 
Concentrat ions and p a r t i c l e  s i z e  d i s t r i b u t i o n s  p l u s  t h e  t o t a l  C,-C, 
hydrocarbons ana lyses  is included i n  Appendix Table A - 2 .  Except f o r  
one source sample  ( p a i n t i n g ,  2 1  mg/1n3), a11 the  TSP measurernents were 
<550 pg/1n3, and most were <300 pg/m3 I DISCOM had t h e  h i g h e s t  TSP 
l e v e l s  dur ing  t h i s  s tudy ;  t he  TA samples ranged from 155 t o  385 pg/m3 
and the  TR samples  v a r i e d  froin 109  t o  370 pg/m3. The cont:ribution of 
work ac t iv i t ies  is  ev ident  from the  much lower values of  1 6  t o  70 pg/m3 
found i n  overnight: sample c o l l e c t i o n s .  The 'TSP i n  an ambient ou t s ide  
air sample c o l l e c t e d  a t  DOL dur ing  a daytime workshi f t  w a s  4 8  pg/m3, 
The c a .  hour ly  TR samples  tended t o  be h i g h e s t  dur ing  t h e  ear ly  morning 
hours when v e h i c l e s  were be ing  moved i n t o  t h e  garages and t h e i r  engines 
were be ing  warmed up ,  In gene ra l ,  v e h i c l e  exhaust  c o l l e c t i o n  devices  
were not  used i n  the  garage ,  and t h e  main v e n t i l l a t i o n  was by opening 
the motor pool garage doors .  

The TSP a t  DOL w a s  l o w e r  than  a t  DISCOM, and s l i g h t l y  above t h a t  a t  the  
Fourth Engineering Bn. A t  DOL,, t h e  TSP i n  TA samples ranged from 2 1  t o  
148 pg/m3 dur ing  workhours, and 1 5 - 3 4  pg/m3 overn ight .  A t  t h e  Fourth 
Engineers ,  t h e  TSP w a s  very  l o w  on the  f i r s t  day o f  sampling, September 
30 (TR wi ts  25 -67  pg/m3 atid TA w a s  12 -36  pg/rn3 ) .  This undoubtedly w a s  a 
r e s u l t  of no v e h i c l e s  be ing  run i n  the  garage on t h a t  day. T h e  'CK TSY 
concen t r a t ions  decreased s e r i a l l y  during t h e  day ( t h e  TSP i n  t h e  TR 
samples was 67 [0859-1005 h r s ] ,  6 1  [1009-1109 h r s ] ,  6 1  [1110-1217  h r s ] ,  
37 11219-1319 h r s ] ,  and 25  p g / m 3  [1323-1536 h r - s ] ) .  The a i r  sampling 
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r a t e  was too  low t o  have s i g n i f i c a n t l y  removed particula-t:e mat ter  f rom 
the  atmosphere. The decay i n  TSP propably r e f l e c t s  bu i ld ing  
v e n t i l a t i o n  and the  l.ack o f  running veh ic l e s  t h a t  day.  The m u c h  higher  
TSP (TR was 97-546 pg/m3 and TA was J.55-220 pg/rn”)  on the  second day o f  
sampling r e f l e c t s  normal opera t ing  a c t i v i t y  i.n the garage.  

The tirrie weighted average (TWA) ca l cu la t ed  f o r  two s e t s  of TK samples 
c o l l e c t e d  during tihe same time interval .  a s  were the  TA samples tended 
t o  be s l i g h t l y  h i g h e r ,  bu t  no t  unreasonab1.y more, than the  TA r e s u l t s .  
The TGJA c a l c u l a t e d  f o r  the TR TSP a t  t he  DISCOM midd1.e sampli-ng 
l o c a t i o n  on September 24 was 274 pg/in3, while t he  TA samp1.e was 197 
p g / m 3 ,  S i m i l a r l y ,  f o r  t he  Fourth Engineering nor th  wheel bay, the  TWA 
o f  t he  TR samples c o l l e c t e d  i n  the no r th  corner was 46 pg/rn3 versus the 
TA sampLes o f  36 ( e a s t  corner )  and 18  (west corner )  p g / m 3 .  The 
d i f f e r e n c e s  probably r e f l e c t  t he  l o c a l i z e d  na tu re  of t he  11iaj o r  emission 
sources  (veh ic l e  exhaust plumes) and the d i f f i c u l t i e s  i n  c o l l e c t i n g  
exac t ly  iden t i ca l .  samples. 

The par-t:Lcle s i z e  d i - s t r ibu t ions  o f  t he  samples were found t o  be 
bimodal,  and no s i g n i f i c a n t  d i f f e rences  were detsectcd among the  th ree  
moto r  p o o l s  sampled (Appendix Table A-4) .  The small  par t : ic le  mode 
was 0 . 4 - 0 . 5  pm MMAD, and the  l a r g e  -par t i .c le  mode was 3 - 4  pm fQlraD. The 
small  p a r t i c l e  mode i s  very s i m i l a r  t o  the  MMAD 0 . C  r a w  diesel .  engine 
exhaust ( s e e  previous s e c t i o n ) ,  i nd ica t ing  that  the l a t t e r  i s  a majo-c 
source o f  p a r t i c u l a t e s .  The l a r g e  mode probably r ep resen t s  coagulat ion 
o r  agglomeration o f  the  raw engine exhaust ( 3 3 )  as wel l  a s  other- SOUKCe 
c o n t r i b u t i o n s .  

To ta l  gas phase C, -C, hydrocarbons were determined by g a s - s o l i d  
chromatography of gas bulb samples re turned  t o  the  l abora to ry .  The 
r e s u l t s  were very  narrowly spread over 4 . 3  t o  6 . 6  ppm (vol~/vol )  
(Appendix Table A-2), and were not  p a r t i c u l a r l y  e l eva ted  over the 2 . 3  
ppm measured i n  an ORNL 1-aboratory a i r  sample. TZlere w a s  no apparent  
cor r re l .a t ion  o f  t he  t o t a l  gas phase hydrocarbons wi th  the  TSP.  This 
f ind ing  may be a r e s u l t  of  t he  d i f f e r e n t  d i f f u s i o n  r a t e s  and r e s u l t i n g  
d i spe r s ion  o f  gases versus  p a r t i c l e s .  

Deta i led  Organic Chemical Charac te r iza t ion  o f  t he  Workplace Atmosphere 
a t  DISCOM 

The p a r t i c l e  phase f i l t e r s  and vapor phase so1.i.d sorbent  t r a p s  were 
subjec ted  t o  the  same a n a l y t i c a l  procedures a s  were used f o r  the  f i r s t  
s e t  o f  samples, except t h a t  a g r e a t e r  number o f  PAH dermal tumorigens 
was measured by the  GC-MS. N i t r o - s u b s t i t u t e d  PA11 a l s o  were measured; 
however, t he  agreement between the  measured -value and the c e r t i f  Led 
va lue  f o r  1-NPy i n  NBS SlU4 1650 Diesel  Exhaust P a r t i c u l a t e s  (Appendix 
Table A - 2 4 )  was not  good, and those da t a  a r e  n o t  considered v a l i d .  A 
d e t a i l e d  c h a r a c t e r i z a t i o n  o f  t he  p a r t i c u l a t e  phase organic  compounds 
p resen t  i n  the  D I S C O M  workplace atmosphere a t  t he  rniddJ.e sampling 
1.ocation on September 2.4 (sample DIS-34-TA-3) i s  presented  by the  GC-MS 
t o t a l  ion  cu r ren t  chromatogram shown a t  t he  bottom of Figure 1 0 ,  and i n  
t_he inventory Tab1.e 3.0. The d a t a  i n  the  t a b l e  include those f o r  the  TA 
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Comparison of the GC-MS Total Ion Current Chromatograms of 
the Major Particulate Phase Organic Compounds in Time 
Resolved and Time Averaged Samples of the Workplace 
Atmosphere at DISCOM (See Table 10 for compound identification 
and quantification) (For GC conditions, see Figure 5, except 
He instead of H, carrier gas) 
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sample DIS-24-TA-3 (0855-1559 hrs) and the TWAs calculated for the TR 
samples DIS-24-TR-I through -TR-5 (0854-1611 hrs) . The workplace 
atmosphere was found t o  b n  a very complex mi-xfiure of both  aliphatic and 
aromatic compoun.ds ~ The n-alkanes were the most concentrated spaci-es” 
They ranged from C,, to at least C,, and were found at concentrations 
up to 190 pg /g  of TSP (corresponding t o  a concentration o f  37 ng/m3 in 
the workplace air) in the TA sample. Prist:ane and phyliane a l s o  were 
identified. These two distinctive branched alkanes also were among the 
alkanes identified in the diesel engine exhaust (see l as t  section) and 
in t:hc diesel fire]. (7). O f  greater toxicological- import:ance is the 
finding of relatively high concentrati.ons of  P A H .  Quantitative 
measurements of several 4 -  to 6-ring PAH dermal tumorigens are included 
in Table 9. The concentrations of many of these ?All were as high as 
those of the n-alkanes. BaP w a s  65 pe/g  (13 ng/m3), and 
benzo[  ghilperyl-ene was 150 p z / g  ( 3 2  11g/d 3 in.  the TA sample.  Most oE 
the other PAH measured were at least as concentrated as BaP, The 
relatively high concentrations of these PAH allowed them to be detected 
readi1.y in the qual.itative GC-MS of the crude filter extracts; their 
chromat:ographi-c peaks in Figure  10 are idenLiEFed by retentZion time and 
listed in Table 1 0 ,  This situation is considerably different from that 
o f  the ambient outdoor air sample, in which the PAH were ea. 10-fold 
lower i.n concentration than the al.kanes. A s  will be descrtbed i.n the 
following subsect i o n ,  these relatively high levels of PAIl were not 
found at the two other motor pool garages. 

A curious observation was that the concentrations of the small-er 
(< ca. C Z 5 )  alkanes in the TR particulate samples W ~ K E  higher than 
those in the corresponding TA particulatt: sample for DISCOM on 
Septeinloer 2 4 ,  1986. The alkanes are more prominent versus the PAH in 
the TK sample shown at the top of  Figure 10 (DIS-24-TW-5) than in the 
T.4 sample at  he bottom of the Figure, The quantitative data (Tab1.e 
10) bear this out. The data show that below C,, , the TWA of the TR 
samples is higher, but for larger (less volatile) alkanes and PAH, the 
differences are minimal. This suggests that some preferential loss of 
the lower alkanes occurred duri-ng the longer TA sampling. The P,W are 
more po1arizahI.e than the nonpolar alkanes, and their losses by 
sublimation from the filter medi.a may be less than those f o r  alkanes 
with similar boiling points and vapor pressures in their pure solid 
s t a t e  (not sorbed on particulates), i.e., the PAH may be sorbed more 
strongly to the particulates than are the al.kanes. We have obselrvcd 
this preferential sorption of  aromatics versus aliphatics with coal 
corn1xrst:ion stack ash (37). To our knowledge, this is the first report: 
of a comparison of the results o f  organic anal-yses o f  short- and long- 
term air sampling in this type of workpl.ace atmosphere. It illustrates 
the problems associated with particulate organics sampling by 
filtration, and the potential bias in data  based upon long-term 
sampling periods. In some cases, however, such long sampling times are 
required to provide sufficient sample for analysis. 
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Table 10. Inventory of Particulate Organic Compounds Identified 
in the Workplace Atmosphere in DISCOM in September 24, 1986 

Conc entrat iond 

TA TWA of TR 
Re t,ent i on 
Time, min.a m f z  Identification' Mg/a n K ~ m 3  sa /a  n g ~ m 3  

b 

12.2 
26.3 
26.7 

29.9 
30. L 
32.0 
33.0 
33.3 
35.5 
36.0 
37.6 

39.0 
33.3 
40.0 
4 0 . 6  
41.4 
41.6 
42.0 
44.4 
47.1 
48.3 
49.0 
49.9 
50.1 
5 0 . 7  

28.3 

3 8 . 8  

57 
149 
57 
99 
71 
71 

57 
57 
180 
73. 
149 
57 
194 
196 
2 0 2  
202 
2 0 2  
71 

206 
71 
71 
149 
22 6 
71 

234 
228 
228 
240 
230 
57 

191 

14 'J 
242 
24 0 

5 7  
71 
149 
252 
252 
71 

252 
252 
252 
252 

178 

n-Dodecane 
Die thy lph thala t e 
n -Hexadec ane 
Tributylphosphate 
n-Heptadecane 
Pr is t ane 
Phenanthrene 
n-Octadecane 
Phytane 
C2-hcenaphthene 
11 -Nan ad e c an 8 

Dihutylphthalote 
n-Eicusane 
C 2-F 1x.o r ene 
C5-Naphthalene 
Fluoranthene 
A c eph B n an th r y 1 en e 
Pyrene 
n -Henei c o s  ane 
C - Ph en an thr en e 
n-Docos axle 
1-1 - Tr i c o s an e 
Dibutylbenzylphthalata 
Benzo(ghi)fluoranthene 
11 - T e  t rn c o s an e 
C4-Phenanthrene 
Benz(a1anthracene 
Chryssne' 
C1-Eenzo(ghi)flixoranthene 
C2 - Pyran e 
n- Pant acos ane 
2,2 ' -Met hy le neb1 s ( 4 - e t  h y 1, 

Oc ty Lph thalate 
C1-Chrysene 
Cyc lopentachrys ene 
n- H exa c o s an e 
n-Heptacosane 
Phthalate 
Benzo [ b / j  ) fLuoranthenes 
Eenzo (k 1 fluor anthenee 
n-Octacosane 
Benzo(a1fluoranthene 
Eenzo(e)pyrene 
Benzo(a)pyrene 
Perylene 

f 6-t-butylphenol) 

G.8 

4.9 

2.8 
4.7 

17 

62 
19 

57  
5 9  

140  

150 

- 

- 

5 

16 

- 

4.7 - 
14 
15 

34 
- 

3.8 
- 

25 
- 

14 
24 

23  

51 

- 
5 . 7  

10 38 

- 

- 

150 

190 
130 

30 

37 
26 - - 
23 

13 
2 0  

77 

77 
50  

- 291 

300 
190 

- 
120 

68 
100 

- 110 

59 
107 

- 28 

16 
26 

- 
19 

5 0 . 8  
51.8 
52.6 
52.5 

53.6 
5 4 . 1  
5 4 . 7  
55.2 
57.8 
5 8 . 6  
58.8 

59.6 
59.6 
6 0 . 6  
6 0 . 9  
61.5 

84 70 17 

a0 
62 

140 
2 8  
42 
24 

65 
48 

17 
12 

27 
6 
8.3 
5 
9 
13 

52 
61 

14 
17 

17 
4 
7.7 
6 
14 
2 0  

73 
18 
29 
2s 
57 
a3 

aFigure 10. 
bBase ion o r  apparent molecular i o n .  
'GC-MS o f  DIS-24-TA-3. 
kancentration in DIS -24-TA-3 (0855-1559 hrs 1 and TWA of DIS-24-TR-1 through -TR--5 
(0854-1611 hrs) except for PAH (-TR-2 mlssinp). 

'Identified in s e p a r a t e  GC-MS analysis spscific for PAH. 
fTentative identification from spectral matching. 
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Table 10. Inventory of Particulate Organic Compounds Identified 
in the Workplace Atmosphere in DISCOM in September 24, 1986 

(Cont' d )  
..... -..- .... -. ..... -.. 
Concentrationd 

TA TWA of Ti? 

3 Ret ention 
Time, m i n . a  m l z  Identification' v 8 1 8  n g t m  nglm b 

.... . ....... .......... 
62.8 57 n-Nonacosane 99 20 75 21 
63.5 
64.2 
64.4 
65.1 
65.9 
67.4 

67.8 
68.3 
68.7 
69.2 
69.8 
70.8 
72.8 
74.7 

- 

2613 
254 
264 
57 
191 
57 

276 
276 
276 
278 
57 

276 
276 

288 

C1-Benzopyrene 
CZ-Bonzo(ghi)fluoranthene 
Alkyl-PAH 
n . - T - '  Liacontane 
He t c r  o cyc 1. i c 
n-Henetriacontane 
Dibenz(a,j)anthracene' 
Indeno(l23-cdlpyrene 
Dibenz(a,cJa,h)anthracenes 
PAH 
n-Dotriacontane 
Benzo(ghi)perylene 
Anthanthrene ( ? )  
n-Tritriacontana 
Alkyl- PAA 

- 
5 0  

130 
16 
70 

5 

47 
160 

44 

- 

- 

- 

10 33 

2 5  84 
3 11 
14 140 
1 10 

9.2 34 
32 120 

8.6 35 

- 

- 

10 

23 
3 

34 
2 

9 . 0  
26 

9.1 

The vapor phase organic  compounds c o l l e c t e d  a t  t he  DTSCOM mezzantne on 
September 24, 1986 (DIS-24-TA-2) a r e  q u a l i t a t i v e l y  compared wi th  those 
from the  ambient ou t s ide  background i n  Figure 11. The compounds are 
i den t i f i - ed  i n  Table 11. A s  observed previous ly  (Figure 8 )  f o r  t he  
d i e s e l  engine exhaust and o the r  motor pool workplace atmosphere samples 
c o l l e c t e d  in 1984,  t he  major c o n s t i t u e n t s  were n-alkanes froin C, 
through C,, , benzene, and a s e r i e s  o f  a l k y l  benzenes extending through 
C4 - s u b s t i t u t i o n .  Naphthalene a l s o  w a s  de t ec t ed .  The workplace a i r  
sample was more enriched i n  these  cons t i - tuents  than was the  ou t s ide  a i r  
sample. The TWA a i r  concent ra t ions  o f  s eve ra l  vapor phase organic  
compounds c a l c u l a t e d  from TK samples c o l l e c t e d  Septxmber 23 and 24 a t  
the  DISCOM middle l o c a t i o n  a r e  l i s t e d  i n  Table 1 2 .  The thermal- 
desorp t ion  GC a n a l y t i c a l  methodology f o r  t he  combination t r a p s  was very 
s i -ni- lar  t o  t h a t  used f o r  the  Tenax t r a p s  from the f i r s t  F o r t  Carson 
t r i p ,  except  t h a t  a Tekmar thermal-desorpt ion u n i t  was employed, and 
the c a p i l l a r y  column had a DB-5 bonded phase.  The range o f  compounds 
desorbed with this equipment was l i m i t e d  t o  t he  xylenes ,  while  h igher -  
b o i l i n g  c o n s t i t u e n t s  were desorbed i n  the  e a r l i e r  a n a l y s i s .  Benzene 
was found a t  5 . 5  t o  6 . 0  pug/m3, and even h igher  concent ra t ions  o f  
to luene  ( 3 6  and 49 pg/m3) and o the r  aromatics  were measured. These 
concent ra t ions  a r e  somewhat higher  than those determined previoiis1.y f o r  
t w o  o t h e r  motor pool garages a t  F o r t  Carson (Table 7 ) ,  i n d i c a t i n g  the  
g r e a t e r  contamination o f  t h i s  workplace atmosphere a t  t he  time of  
sampling. 

T h e  degree of v a r i a b i l i t y  i.n t he  concent ra t ions  o f  t he  c o n s t i t u e n t s  
comprising the  workplace atmosphere must be determined t o  def ine  the  
l i m i t s  of p o t e n t i a l  workplace exposure ~ The s p a t i a l  and trcmporal 
v a r i a b i l i t y  were eva lua ted  i~i  t h i s  s tudy .  
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Figure 11. Comparison of the G€-MS T o t a l  Ion Current Chromatograms of the Major Vapor 
Phase Organic Compounds in Outside Ambient Air (4.6 L) and the Workplace 
Atmosphere at DISCOM ( 4 . 6  L) (See Table 11 for compound identification. 
B indicates compound found in blank sample. GC conditions: 
fused  silica with 0.25 wn DE-5 bonded phase, temperature programmed from 25OC 
[ZO min isothermal hold] to 250°C at ZO/min.) 
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Table 11. Qualitative Inventory of Vapor Phase Organic Compounds 
Identified in thr Workplace Atmosphere at DISCOM on September 24, 1987 

Retent ion Retention 
Time, min.a I d e n t  i f i c at ionb Tiiiie, inin. ldentification 
__ ._...- ~ .-....... .. 

16.8 n-Pentane 43.0 C4-Renzene 
17.4 n - A e x an e 43.5 Alkano 
18.3 Benzene 44.0 C4-Benzene 
19.3 n-Heptane 44.6 C4-Benzene 
19.8 C7-Olsf in 45.7 Cl1-O1efin 
21.7 Toluene 46.0 C,+-Benzene 
22.2 C -0 L B f in 46.4 n-Undecnne 
23.7 n - 0 c  tans 46.9 C4-Benzene 
27.2 Ethyl Benzene 47.2 C4-Benzene 
27 " 7 an- andjot p--Xylene 48.3 Cll-Olefin 
28.3 Alkane 51.4 Alkane 
29.3 o -Xylene 51.6 Naphthalene 
30.4 
31.7 C -Ben z en e 54 ~ 4 Alkane 
32.9 Cg-Olef in 55.1 Alkane 
33.0 Alkane 58.5 Alkans 

ALkme 
34.7 C3 -B en z ene 5 9 "  1 Alkane 
35.2 C3-Benzene 60.8 n-Tridecane 
35.4 Alkane 62.0 Alkane 
36.0 C -Benzene 64.9 Alkane 
37.1 C3-Benzene 65.6 Alkane 
38.3 n -Dec ane 67.2 
39.3 C3-B enz ene 71.3 Alkane 
40.1 Alkane 73.7 Alkane (n-C15?) 
40.8 Alkans 79.6 n - H exads c an e 
40.9 Alkane 
41.9 C4-Benzene 
42.5 C4-Bonzone 

n- Non ane 54.2 n-Dodecane 

34.0 Cg-Benzens 58.9 

n- Te tr adec ane 

_1_._-.1 -. -. 

aSee Figure 11. 
'In sample DIS-24-TA-2. 

Table 12. Time Weighted Averages of Vapor Phase Qrganic Compounds 

at DISCOM on September 23 and 2 4 ,  1986 
in Time Resolved Samples  Collected i n  the  Workplace Atmosphere 

__I-....__ . .. . ..-- ...- ..... -....... _. 

Compound 
Concentration, pg/m3 

AM, 9/23/86" PK, 9/24/87b 

Hexane 
BeIXene 
Heptane 
Tsl1.1ene 
Octane 
Ethyl Benzene 
m/p -Xylenes 

13  

11 
49 

1 9  
220  

5 . 5  

6 . 9  

1 3  
5 . 0  
9.9 

4 .1  
9 . 3  

36 

71 

'0907-1242 hrs calculated from DIS-23-TR-1 through - T R - 3 .  
b1120-1611 hss calculated from DIS-24-TR-3 through -TR-5. 
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SDatial Variation in Composition 

Spatial variability in the composition of the workplace atmosphere w a s  
investigated by collecting and analyzing air samples at different 
motor pool facilities (ie, DISCOM, DOL, and Fourth Engineering Bn) and 
a l s o  at different locations within a single facility during the same 
time period. A s  graphically illustrated by the gas chromatograms of 
the inaj or  chromatographable particulate phase organics (Figure 12) from 
the three motor pools  sampled during the 1986 trip, the distributions 
of  organrc compounds within the particulate were quantitatively very 
different. The samples from the three facilities all shared many of 
the same constituents, but the concentrations were different. In 
addition, the distribution and intensity of the unresolved baseline 
rise exhibited by the chromatogram was quite different for the three 
facilities. At the time these samples were collected, the highest 
concentrations and complexity were observed at DISCOM, followed by DOL, 
and the Fourth Engineering Bn motor pools. Quantitative differences 
among the samples from the three facilities are shown by the data for 
Indicators of atmospheric contamination listed in Table 13. The 
indicators are representative of the f u l l  body of characterization 
contained in the Appendix Tables A-2 through A - 2 1  and they include TSP, 
benzene (vapor phase constituent), n-tetracosane (a major particulate 
phase constituent which is not affected by long sampling periods), and 
BaP (a tumorigenic particulate phase constituent). Included in the 
tabulation are data f o r  the ambient outside air (the background) and 
diesel engine exhaust from an M-60 tank (a major workplace atmospheric 
contamination source). Except for the air concentrations of TSP and 
BaP at the Fourth Engineering Bn on September 30, the samples collected 
in the motor pool  garages were much more contaminated than the outside 
background. They also were much less concentrated than in diesel 
engine exhaust. Two main differences among the facilities were that 
the air concentrations of these indicators were different by faccors 
ranging from ca. 4 to 50, and the concentrations of the components in 
the TSP also varied over an order of magnitude, $.e. both the air 
concentrations of  the contaminants arid the composition of the particles 
were different at each of the three facilities. The relatively high 
concentrations of BaP at D I S C O H  could reflect elevated diesel engine 
emissions, but the n-tetracosane concentration appears lower i?han would 
be expected from a major engine exhaust contribution. A n  important 
conclusion is that diesel engine exhaust is not a suitable surrogate 
f o r  defining the potential hazards of exposure to workplace 
atmospheres. Contributions from other emission sources and from 
transformations of  emitted compounds may be important. 

Differences in organic compound distribution among suspended and 
settled particles, diesel engine exhaust particulates I and outside 
ambient air particulates are compared in more detail i n  Table 14. The 
data show that the diesel engine exhaust particles from an M-60 tank 
were different from the DISCOM TSP in that the former had much higher 
concentrations and a different distribution of n-alkanes, but a lower 
concentration of BaP. Both were quite different from the outside 
ambient air, The suspended and settled particles from DISCOM are an 

51 



I * i 

il 
6
 

-
8
 

.s
g
r 

0
 

--m
 I- 

52 



Table 13. Comparison of Contamination Indicators for Three Motor Pool 
Workplace Atmospheres, Outside Ambient Air, and Diesel. Engine Exhaust 

Indf ca t o r  Concentration a 

n-Tetracosane BaP 

Location p g t m 3  ~8 I m  P S I 6  ngtm @ & l e  

DISCOMb 270 5.! jC 28 110 2ud 836 

4th Engineersf 46 N A  12 230 0 . 4  7.3 

3 
Benzene, 

nglm 3 
TSP, 

BOLE 110 NA 7.4 67 3.2 29 

Outside Backgroundg 4 8  NA 3 . 4  71 a.4 8.0 

Diesel Engine Exhausth 2 a00 220 4,200 1,500 48 17 

'NA = not analyzed 
bTWA of DfS-24-TR-1 through -TK-S (OS84-1611), except as noted. 
'TW.4 of DIS-24-TR-3 through -TR-5 (1120-1611). 
dsame a s  B, except -TR-Z was missing. 
'DOL-25-TA-3 (0653-1531). 
fTWA of ENG-30-TR-1 through -TR-S (0859-1535). 
gDOL-Outside Background, 9/25/86. 
hM-60 tank, 25-A-1 .  

i n t e r e s t i n g  comparison because t h e  l a t t e r  could r e p r e s e n t  a long- term 
i n t e g r a t e d  and aged sample of  t h e  l a r g e r ,  s e t t l e a b l e  p a r t i c l e s  from t h e  
former.  The TWA o f  TSP samples w a s  c a l c u l a t e d  from t h e  d a t a  for two TA 
samples c o l l e c t e d  on the mezzanine a t  DISCOM where t h e  s e t t l e d  d u s t  
sample w a s  t aken .  The r e s u l t s  f o r  t he  n-a lkanes  are remarkably 
s i m i l a r ,  'but the PAH concen t r a t ions  i n  t h e  TSP are much h ighe r  than 
those  i n  t h e  s e t t l e d  d u s t .  This  obse rva t ion  sugges ts  t h a t  t h e  PAH i n  
t h e  TSP a r e  a s s o c i a t e d  t o  a g r e a t e r  e x t e n t  wi th  t h e  very  f i n e ,  sub-pm 
p a r t i c l e s  which do n o t  s e t t l e  o u t  and which are much more r e a d i l y  
t r a n s p o r t e d  i n  the  atmosphere.  I t  also could  r e p r e s e n t  a s e t t l e d  
p a r t i c u l a t e  c o n t r i b u t i o n  from i n f i l t r a t i n g  o u t s i d e  a i r .  These resul ts  
show t h a t  bo th  d i e s e l  engine exhaust  p a r t i c u l a t e s  and t h e  s e t t l e d  dust 
would not  be a s u i t a b l e  su r roga te  €or t h e  workplace atmosphere 
p a r t i c u l a t e s  i n  t o x i c i t y  s t u d i e s .  

VarLation o f  t h e  workplace atmospheric composition w i t h i n  a s i n g l e  
f a c i l i t y  w a s  eva lua ted  by c o l l e c t i n g  samples s imultaneously a t  
d i f f e r e n t  l o c a t i o n s  w i t h i n  t h e  DISCOPI and a l s o  the Fourth Engineering 
Bn motorpools.  Table 1 5  p r e s e n t s  t h e  a n a l y t i c a l  d a t a  for t he  
contaminat ion i n d i c a t o r  concen t r a t ions  a t  t h e  DISCOM mezzanine, middle,  
and west sampling l o c a t i o n s ,  and f o r  t w o  corners of the w e s t  t r a c k  bay 
and t h e  n o r t h  wheel bay of  t h e  Fourth Engineering Bn motor pool .  The 
v a r i a b i l i t y  among these  parameters  f o r  d i f f e r e n t  l o c a t i o n s  wi th in  the 
same f a c i l i t y  w a s  less  than  a f a c t o r  of  1 0 ,  and w a s  n o t  as great: as f o r  
t h e  f a c i l i t y - t o - f a c i l i t y  d i f f e r e n c e s .  However, some o t h e r  c o n s t i t u e n t s  
( e . g . ,  n-docosane, s e e  Appendix) w e r e  observed t o  va ry  over an order  of 
magnitude. 
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Table 14. Comparison of the Organic Compound Composition of Settled and Suspended 
Particulates, Diesel Engine Exhaust, and Outaside Arnhient, Air 

-.___I __II _II__ __........... lll__ _ ............... 111 
Concentrationa in Particles, p g / g  

Settled Suspended M - 6 0  Outside 
C o m p  oiun d Part i c lesb Particles' Exhaus td Aire 

n- Te t r ac os ane 
n -Pentacosane 
n - 11 ex a c o s an e 
n-Uept ac os ane 
n-Octacosane 
n -Nonacosane 
n- Tr i ac ont ane 
Benz (a)anthracene 
Chrysane 
Benzo (alpyrene 
Benzo(a)pyrene 

3 8  
15 
19 
19 
11 
21 
19 
0.5 
2 .  I 
1.2 
0 . 7  

3 9  
3 6  
22 
20 
11 
25 
15 

110 
150 
65 

130 

1,500 
1,000 

3 5 0  
150 

< 100 
c 1 0 0  
c 100 

NA 
NA 
NA 
1 7  

71 
55 
7.1 
29 
P 

4 3  
31 
4.9 
1.2 
9.4 
8.0 

aNA = not analyzed. 
bDISCOM dust sample collected f r o m  the mezzanine. 
'TWA of DIS-24-TA-1 and -TA-2. 
dM-60 tank exhaust sample 25-A-1. 
eoutside ambient air sample DOL-Outside Background 

Table 1 5  S p a c i a l  V a r l ' a l  j on o f  Workplace Atmospheric Contamination 
I n d i c a t o r s  f o r  DTSCOM and Fourth Engineers Bn Motor P o o l s  

Location 

lndicatolr Concentrationa 

TSP,  rl-c,, Bag 
.... .......... ...... 

Time /-lg/n3 ng/m3 %/m3 
...... ................. _.... I.I .... ̂ ..... ......... 

DISCOM: 

0843- 1.2.57 250 50 Lb 1. 

1301 - 1541 250 22 18  
N e  zzanine 

Middle 0855-1559 200 23 13  

IJe r> t 0900-1621 290 2 4 7 . 9  

ENG : 

U s t  Trk (SW) 0 9 14 - 14 3 5 1 5  4 . 2 0 . 2  

Wst Trk (NE)  0 9 19 - 145 2 1 2  5.7 0.2 

Nih Whl (W) 0853 - 1524 1.8 8 . 1  0 . 3  

N t h  Whl ( E )  0845-  1. SO9 36 NA NA 

aNA = not  analyzed 
............. ....... -.llll ......... I II_ 

-.._._ll_l 
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Temporal Var i a t ion  i n  Composit:iora 

T h e  composition o f  t he  workplace atmosphere i s  n o t  expected t o  be 
s t a t i c ,  b u t  r a t h e r  t o  change wi th  t i m e  as  contaminant sources  i n i t i a t e  
and cease  t h e i r  emiss ions ,  as the  emissions are d i spe r sed  i n  t-he 
f a c i l i t y ,  and as tzhey a r e  removed by the  f a c i l i t y  v e n t i l a t i o n .  Operi j~ig 
and c l o s i n g  of garage doors was observed dur ing  the  sampling t r i p s  to  
have a major in f luence  upon d i l u t i o n  and removal of  exhaust fumes. The 
temporal v a r i a t i o n  i n  the  composition of  t he  workplace atmospheric 
contaminat ion w a s  t r acked  by c o l l e c t i n g  ca hour ly  s e q u e n t i a l  TR samples 
a t  s i n g l e  l o c a t i o n s  wi thfn  the  D I S C O M  and Fourth Engineers motor poo l s .  
The samples c o l l e c t e d  a t  a s i n g l e  l o c a t i o n  w e r e  found t o  be much more 
uniform .than those  from d i f f e r e n t  motor poo l s ,  as would be expected 
from t h e  g r e a t e r  u n i f o r m i t i e s  i n  the  v e n t i l a t i o n  and t h e  na tu re  and 
load o f  t h e  work a c t i v i e s .  Thc:se s i m i l a r i t i e s  are ev ident  i n  t h e  gas 
chromatograms (F igure  13)  o f  t h e  major cht-omntographab1.e p a r t i c u l a t e  
organic  cort!pour~ds from t h r e e  f i l t e r  samples c o l l e c t e d  on September 34 
1 9 8 6 ,  a t  the  middle sampling l o c a t i o n  of  DISCOM.  These chromatograms 
show a much g r e a t e r  cons is tency  i n  composition than  those of samples 
f r o m  d i f f f e r e n t  f a c i l i t i e s ,  i l . l u s t r a t ed  i r r  F igure 12. T h e  q u a n t i t a t i v e  
measurements of i n d i c a t o r  cornpourids l i s t e d  i n  Table 1 6  t o r  two motor 
poo l s  s t a o w  peaks i n  the  contaminant concen t r a t ions  i n  t.kte mid- o r  e a r l y  
morning, and s h o r t l y  a f t e r  noon. These peaks may rc ,sul t  from the  
personnel  b r ing ing  v e h i c l e s  i n t o  the  motor pools and the warming up of  
engines  be fo re  r e p a i r s  o r  tun ing .  The noon d i p  i n  concent ra t ions  is  
undoubtedly from the  decrease i n  a c t i v i t y  during the lunch break .  T h e  
overn1.l v a r i a t i o n  i n  concent ra t ions  w a s  ca. 2 t o  7 - f e ld  f o r  the TSP 
and t h e  major 0rgani.c compound, and 2 t o  1 5 - f o l d  f o r  t he  B a P ,  
e s p e c i a l l y  where it w a s  a t r a c e  l eve l  (<1 ng/m3) c o n s t i t u e n t .  T h e  
concen t r a t ion  changes f o r  benzene over  a s h o r t e r  range o f  time were ca.  
? - f o l d .  As would be expected from t h e  c e s s a t i o n  o f  w o r k  a c t i v i t i e s  at 
t he  end of t h e  day, t he  contamination levels dur ing  the  overnight  
pe r iod  dropped 3 t o  9 - f o l d  f o r  TSP arid n-CPtradocosane, and c a .  30 - fo ld  
f o r  BaP )I T h e  lesser drop i n  the  former probably r e f l e c c s  the 
c o n t r i b u t i o n  o f  i n f i l t r a t i n g  ou t s ide  a i r  p a r t i c u l a t e s ,  

The day- to-day  v a r i a t i o n s  i n  the  workplace atmosphere coinposi t i o n  over  
longer  ( c a  3 t o  8 hr> I n t e g r a t e d  i n t e r v a l s  a t  s p e c i f i c  l o c a t i o n s  i s  
addressed by the  ind icauor  data i n  Table 1 7 .  The magnitude o f  rhe dny-  
to-day v a r i a b i l i . t y  w a s  found t o  be very  similar t o  t ha t  f o r  t he  hourly 
v a r i a b i l i t y ,  v i z . ,  c a .  3 - f o l d  f o r  major c o n s t i t u e n t s  and up t o  1 0 - f o l d  
f o r  t r a c e - l e v e l  c o n s t i t u e n t s  such as B a P .  Inc,lusion o f  overn ight  
samples i n  t h e  comparison extends the v a r i a t i o n  t o  a f a c t o r  of  10 and 
g r e a t e r .  

Comparison wi th  AEHA R e s u l t s  

The r e s u l t s  f o r  t h e  A l l F i  measurements of  d u s t  (TSP) , N O ,  NO, I SO, ~ 

t h r e e  n i  t r o  s amines (N ~ n i  'i r o s od ime thy1 a m i  ne , N - n i t r o s o d i e thy1 amine , and 
N-nitroso-n-propylamine) , and CO were r epor t ed  s e p a r a t e l y  (36) I I n  
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Table 16. Hourly Temporal Variations in Workplace Atmospheric 
Indicators at Single Locations in tlhe DISCOM arid Fourth 

Engineering Motor Pools 

IndicatorsB 

TSP, Benzene T I - C ~ ~ ,  , BaP, 
Sampling Interval, Hrs Pg/m3 ! 4 m 3  2 ng/m3 

0854- 1000 
1021- 1110 
1 1 20 _. 12 2 8 
1241- 1343 
1353- 1611 
Overnight 

190 
300 
3 70 
291 
250 
70 

NA 4 3 3 4  
NA 46 C 

2.6 2 3  2 . 3  
7 . 5  28 46 
6.0 1 6  I f  

NA 5 . 2  1 . 3 

4th ENG." : 

0859 - 1005 
1009 - I109 
lIL0- 1217 
1219 -1319 
1 3 2 3 - 1 5 2 6  

67 ITA 28 1.2 
6 1  NA 2 0  0.6 
61 NA 5.9 0.2 
37  NA 8 . 7 0 . 2  
2 5  NA 41 0.1 

aNA = not analyzed. 
'DISCOM Middle, 9/24/86. DIS-24-TK-1 through - T R - 5 .  
"Sample lost in fractionation. 
dEngineering, North \?heel Bay 9/30/86, ENG-30-TR-1 through -TR-5. 

general, these regulated contarninants w e r e  present  at. concentrations 
below the detection liiiiits of the standard AEI-LA procedures.  Most o f  
the data for thcrse regulated contaminants were reported as values less 
than  the method detection limits. Consequently, a comparison of 
K e s L l l t s  between the t w o  studies was n o t  possible, except for CO arid 
TSP.  

As noted, the main exception was f o r  CO. The 15 min xverage CO 
measurerrents in D I S C O M  ranged from 3.0 to 62 5 ppm, w i t h  bo th  breathing 
zone and general area samples included. Our on-site measurements of 2 
to 11 ppm with an Ecolyzer and Draeger tubes are consistent with those 
results. 'The CO readings were generally higher  for DOTd and F o r t h  
Engineers than f o r  DISCOM, but none approached regulatory limits I The 
dust measurements had limits of detection of 200 to 1,100 pg/m3.  
Although they were not as sensitive as those f o r  our much higher volume 
sampling, they were consistelit with oilr measurements. 
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'Table 1 7 .  Day-to-Day Temporal Var ia t ions  i n  Workplace Atmospheric 
Coiltarnination Ind ica to r s  a t  Three Locations i n  the DLSCOM Motor  P o o l  

Ind ica to r s "  

s a R P L . i s  ' I S P ,  "-C,, , BaP , 
J..o c a t  ion  Date Time M/m3 ng/m3 ng/m3 

ME%, 
0819-1601 

9/23 
1223-1533 

0843-  1257 
9/24 

1.301-1541. 

9/25 0822 -1.606 

9/26 0924-  1508 

MID 

9/23 0 8 2 3 - 1 5 4 7 

0855 - 15'9 
9/24 

1615-0816b 

0840-  I 6 2 3  
9/25 

1626 - 092gb 

WST 

9/23 0850-  1600 

9/2h 0900-1621  

9/25 1151-1530 

390 6 1  NA 

190  2 2  NA 

250 50 4 1 

250 22 1.8 

110 1 7  1 3  

170  3 1  

160  1 7  NA 

200 23 1 3  

70 5.2 1 . 3  

150 1.5 NA 

1 6  NA NA 

190  1 6  NA 

290 2 4  7 . 9 

310 29 NA 

a N A  = not analyzed. 

bOve?rnight 9 /24-25  o r  9 /25 -26 .  
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The main conclusion from this brief comparison is that these regulated 
contaminants were present below regulatory levels in these workplace 
atmospheres. The larger air volumes collected f o r  the unregulated 
constituents examined in this study allowed their measurement. A 
comparison of the two types of constituents would require the sampling 
and analysis of more contaminated workplace atmospheres or an increase 
in the sensitivities of the methods for determining the regulated 
constituents. 

CONCLUSIONS 

This study has provided a detailed, side-by-side organic chemical 
characterization of diesel engine exhaust, ambient outside air, and the 
fuel/exhaust-contaminated workplace atmosphere to which mil.itary 
personnel are exposed the most frequently and at the highest levels. 

main conclusions of this Characterization are, 

Diesel engine exhaust is very complex chemically. The 
concentrations of organic components are highly variable from 
engine to engine. The exhaust contains combustion-related 
components as well as uncoinbusted fuel and lubricants. It is  
likely that the differences in fuel composition accompanying a 
changeover of mobility f u e l  sources from petroleum to alternate or 
synthetic ci-ude oils would result in changes in the composition of 
the engine exhaust. 

Although diesel engine exhaust is a major contributor to the fuel- 
related Contamination of the motor pool workplace atmosphere, it 
is not chemically identical to the motor poo l  garage workplace 
atmosphere and cannot serve as the sole surrogate for the 
toxicological study of  the latter. 

'The motor p o o l  garage workplace atmosphere contains many organic 
chemical components a t  concentrations considerably elevated above 
those in the outside ambient air. The organic chemical 
composition o f  the workplace atmosphere at different motor pools 
is qualitatively siinilar , but the contaminant concentrations may 
vary by factors of o n .  4 to 50-fold. The concentrations can vary 
by ca an order of magnitude as a function of time and location 
within a single motor p o o l .  Such variations must be considered in 
designing bioassay conditions. 

Settled dust from workplace surfaces and diesel exhaust 
particulates are not chemically identical to the suspended 
particulate matter in the motor p o o l  atmospheres and cannot be 
used as surrogates €or the latter. This  may reflect chemical 
alteration processes and other sources such as ambient outside 
air ~ 
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(e) Regulated air contaminants (SO,, NO, NO,, and TSP) were present 
below regulatory contamination levels and cou1.d not be determined 
by standard OSHA and ACG'CII methodology. This prevented comparison 
with the unregulated constituents measured in this s tiutly. 

(f) Providing that a suff ic i -enc sample can be obtained, short-term air 
sampling (ca. 1 hr)  is preferred to longer sampling periods ( e . g . ,  
3-8 hrs) because of the losses of pal - t icu la te  organic compounds, 
primarily alkanes below C2,,, by subl imat ion during the latter. 
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TABL,E A-  1. ABBREVIATIONS 

e* 
GO2 
CTR 
DISCOM 
D i V  
DOL 
Dyiia 
E 
EMP 
ERR 

Expt l  
GM 
GOER 
GSD 
13 v 
I S  
m- 
MEZ 
M I D  
mi2 
MTR 
n -  
NA 
NBS 
NE 
Nth 

OSHA 
P -  
IT 
PAH 
Pyrn 
RPM 
SRM 
SW 
TA 
TR 
TRK 
TSP 
'TWA 
W 
WHL 
W s t  

n -NPy 

U . S .  Army Environmental Hygiene Agency 
4 / 6 8  Armored Brigade Motorpool 
A r m 0  re d p e r s o nne 1 c ar r i e r 
Benzo[a]pyrene 
B a t t a l i o n  
Hydrocarbon o r  hydrocarbon group with x carbon atoms 
Carbon d ioxide  
Center (sampling l o c a t i o n )  
Div is ion  Support Command 
Divis ion  
D i r e c  1-0 rate o f Log i s i t i c s 
Dynamometer t e s t  s t and  
East ( s i d e )  
For th  Engineering Bn Motorpool 
Data system e r r o r  message (chromatographic peak ou t  o f  
range) 
Experimental 
Genesal Motors 
Ammunition ca r ry ing  v e h i c l e  
Geometric S ize  D i s t r i b u t i o n  
Heavy 
I n t e r n a l  s tandard  f o r  q u a n t i t a t i o n  
Meta isomer 
Mezzanine 
Middle (sampling l o c a t i o n )  
Mass median aerodynamic diameter 
Mo t o s  ( p 00 1 ) 
N o r m a l  isomer 
N o t  analyzed 
Nat iona l  Bureau of  Standards 
Northeast  ( s i d e )  
North 
1 -Nitropyrene 
Occupational Sa fe ty  and Heal th  Adminis t ra t ion  
Para isomer 
Compound i s  p resen t  bu t  cannot be q u a n t i f i e d  
Polycycl ic  aromatic  hydrocarbon 
Pyrene 
Engine r evo lu t ions  pe r  minute 
Standard Reference Material 
Southwest ( s i d e )  
T ime  averaged (sample o r  sainpling) 
T i m e  reso lved  (sample o r  sampling) 
Tracked v e h i c l e  ( r e p a i r  bay) 
To ta l  suspended p a r t i c u l a t e s  
T i m e  weighted average 
West ( s i d e )  
Wheel v e h i c l e  ( r e p a i r  bay) 
Wes t ( s ide  ) 
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09/24/86 

TA5LZ A-2. PiLRTICULATE AND GASEOUS HYDREMSON SAMPLXNG DATA 
FORT CARSON, C O L O W O ,  SE?TEMBE?, 23 - OCTCBER 1, 1586 

09:07 AM 

10:31 AM 

11:40 M 

12:55 PM 
01:55 PM 
0 3 : 0 6  ET4 

O8:19 AM 
12:23 PM 

08:32 AM 

O8:50 hY 

11:07 AM 

98:54 AM 

10:12 AY 
11:20 AY 

12:41 F’M 
01:53 R-4 

38:43 AM 
01:OI PM 

0 8 : 5 5  AM 

09:oo AY 

03:46 PM 

34:15 PM 

10: 19 AM 

11:31 AY 
12:42 PM 

31:52 PM 
02:59 PM 
04:14 P3 

12:2O FM 
93:33 P% 

fl3:37 pbl 

04:OO PM 

ll:i2 AM 

1C:OO Avi 

11::3 AY 
12:28 PM 
0 1 : 4 3  PM 

04:li PM 

12:57 PI4 

33:41 PX 

O3:53 PPI 
04:21 PEI 

08:16 AM 

3 8 : : s  AM 

SAMPLING 

LOCATION 
---______ --_______ 
MIDDLE 

HIDDLE 

MIDDLE 

CENTER 

CENTER 

MIDDLE 

MEZZANINE 

MEZZAMIWE 

MIDDLE 

E S T  

WEST 

KIDDLE 

MIDDLE 

MIDDLE 

MIDDLE 

MIDDLE 

m z ZAN I RE 
EZZANIK’E 

MIDDLE 

h A 1 ’  1 7-c 

ME Z ZhNINE 

KI3DLE 

SAMPLE NUMBER 
__-_______-__ ___--_____-__ 
DIS-23-TR-1 

DIS-23-TR-2 

DIS-23-TR-3 

DIS-23-TR-4 

DIS-23-TR-5 

DIS-23-TR-6 

DIS-23-T4-1 

DIS-23-’SA-2 

DIS-23-TA-3 

DIS-23-Th-4 

DI S - 23 -PAINT 

DIS-24-TR-1 

DIS-24-TX-2 

DIS-24-TR-3 

DIS-24-?R-4 

DIS-24-TR-5 

DIS-24-TA-1 

DIS-24-TA-2 

DIS-24-TA-3 

D I S -2 4 - TA- 4 

31s- 2 4 -OVER- 1 

31s-24-OVER-2 

PARTICLES ~ 

mg / f i It er 
________- ______-__ 

3 6  

$2 

16 

24 

27 

27 

105 

59 

123 

151 

223 

30 

42 

60 

43 

82 

99 

$1 

152 

231 

101 

125 

SAMPLING 

VOLUME, m3 
_____------- ______---___ 

147 

142 

147 

135 

142 

157 

273 

3 i2 

791 

7?8 

10.6 

157 

i38 

162 

148 

328 

399 

21.5 

772 

794 

1435 

1 7 7 8  

PARI. MATTER 
CONC., ugIrn3 
____________ _____---____ 

245 

225 

109 

17 8 

190 

a 72 

385 3.9 

189 6.6 

155 5.5 

194 

21,938 

191 

304 

370 

291 

250 

254 

249 

197 

251 

68 

73 

6 

3.5 



TmLE A-2. PARTICULATE AND GASEOUS HYDROCARSON SAMPLING DATA 

FORT CARSOH, COLOWO, SEPTEMBER 23 - CCTO~ER 1, 1986 
(Cont ’ d ) 

DISCOM 09/25/86 08:22 AM 

0 8 : 4 0  AM 
11:51 AM 

0 4 : 1 5  PM 
04:26 PM 

DOL 

09/26/86 09:24 AM 

OQ:34 AM 
09:44 Ap1 

09/25/86 08:35 AM 

03:33 PM 
33:29 PM 

06:42 AM 

12:47 PM 
0 6 : 5 3  AM 

09 /26 /66  3 6 : 4 4  AM 

oa:48 AM 

0 4 : 0 6  PM 
0433 PM 
0 4 : 3 0  PM 

09:22 AM 

09:29 AM 

03:08 Ft-l 
03:11 PM 
03:19 PM 

0 5 : 4 4  m 

0 8 : 4 6  AM 

08:41 AM 

12:45 PM 
O3:2D PEI 
05:31 

03:48 FM 
04308 PM 

SAMPLING 
LOCATION 

MEZZANINE 

MIDDLE 

WEST 

MEZZANINE 

MIDDLE 

MEZZANINE 

MIDDLE 

WEST 

OUTSIDE 

LOWER LEVEL 

UPPER LEVEL 

TOP STORAGE 

UPPER LEVEL 

LOWER LEVEL 

itPPER LEVEL 
LO’riR LEVEL 

DIS-25-TA-1 

DIS-25-TA-2 

DIS-25-TA-3 

DIS-25-TA-OVER-1 

DIS-25-TA-OVER-2 

DIS-26-TA-1 

DIS-26-TA-2 

DIS-26-TA-3 

D9i.-OIITSIDE BKGND 

DOL-25-TA-OVER-1 

DOL-25-TA-OVER-2 

POL-25-TA-1 

DOL-25-TA-2 

COL-25-TA-3 

DOL-26-Til-1 

XL-26-TA-2 

8 4  

127 

162 

5 2  

30 

95 

79 

118 

b 9  

57 

39 

35 

1 4  

110 

21 

124 

1715 30 

1913 16 

568 167 

625 127 

606 a95 

102: 48 

1965 3 4  

2511 15 

918 35 

387 3E 
i a g o  110 

996 21 

8 3 6  148 



TABLE A-2. PARTICKLATE AX3 GASEO'LS HYDRKAR6OM SA~IPLIIG DATA 
FORT CARSON, C350RAD0, SEXEMBE?. 23 - OCTOBER 1, 1965 

(Cont ' d ) 

SAMTLING PERIOD 

________ - SAMPLING PARTICLES, SAMPLING PART. MATTER TOTAL Cl-C6 

MOTORPOOL DATE STATT STOP SAMPLE NUMBER mgllilter VOLLiiX, m3 CCiMC., aglrn3 HC, ppm LXATLOH 
____________ _____------- ----------- ____________ _____------- ----------- _________ _________ _________ __-______ __________ _________ _____________ _________ 

4TA ENGR 98/22/86 0426 P?4 O8:Gl AM hTST TRACK ENG-29-TA-OVER-1 53 2478 21 

0 4 : 2 1  1% OR:05 AY NORTR WHEEL CX-29-TA-OVER-2 62 1746 36 

09/30/86 08:59 AM 10:05 AM NORTH WHEEL (N) ENG-30-TR-1 12 180 67 

10:03 At-? 11:09 AK NORTH hTEEL < F )  EKG-30-TR-2 10 163 69 

lL:l3 AN 12:17 R-5 NORTH h3EEL (h') ERG-30-TR-3 11 131 61 

12:I9 m 0I:IY E NOXTH hXEEL (N) ENG-30-TR-4 5 l 5 2  57 

01:23 PM 03:36 PM NORTB WHEEL (N) ENG-30-TR-5 9 358 25 

09:14 AM 0 2 : 3 5  PM WEST TRACK (SW) ENG-30-TA-1 13 841 15 

09:19 AM 0 2 : 5 2  m hEST TRACK (ME) ENG-30-TA-2 8 655 12 

08:45 AM 33:09 Rl NORTH WHEEL (E) ENG-30-TA-3 23 635 36 

O8:53 AE: 03:24 PM NORTB kiEEL ( W )  EEG-30-TA-4 I1 6 12 18 

4.7 

4.5 

:0/01/66 08 :56  AM 10:17 AM NORTH WEEL (N) ENG-1-TR-1 28 213 131 

10:36 AM 12:38 PM NOjTTY WEEL (N) EWG-1-TR-2 32 329 97 

12:51 PM 04:03 PM NORTH WHEEL (N) EMG-1-TR-3 68 516 13i 

09:06 &Y 03:52 PM hTST TIL4CK (SWj ENG-I-TA-1 197 907 217 

09:07 AY 03:41 E S T  TRACiX (SE) ENG-I-TA-2 145 659 220 4.5 

0 8 : 5 4  AY 03:24 FR NORTZ WtEEL (E) EMG-1-TA-3 105 84 7 162 4 . 7  

08:56 AY C3:02 PM NORTH WHEEL i W )  ENG-1-TA-I 104 673 155 

TR = Time Resolved Sample ( c a .  hourly) 

TA = Tine Averaged Sample (ca. 4 ,  8, or 16 h r  average) 



TABLE A-3. 

Location 
-- 

Center 

Me z z a n i  ne 

Middle 

Mezzanine 

Midd le  

1986 
Date 

9/23 

9/23 

9 / 2 3  

9 / 2 4  

9 / 2 4  

DRAEGER TUBE OR INSTRUMENTAL ATTALYZER READINGS 
TAKEN DURING A I R  SAMPLIHG AT DISCOM 

Time 
I_- 

PO24 

0945 

1530 

1025 

0 8 4 5  

Draeger Tube o r  Instrument 

Ecolyzer CO 

Draeger CO 
Draeger H,S 
Draeger SO, 
Draeger NO, 

Draeger NO, 

Draeger CO 
Draeger NO, 
Draeger NO, 
Draeger Hydrocarbons 
Draeger H,S 
Draeger SO, 

Ecolyzer CO 

__._____ _- 
Rending" (ppm) 

7 

2 
M D 
ND 
ND 

0.5 

5 
0 . 8  
0 . 2  

ND 
N D 
N D 

I1 

a N D  = not detec ted  
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Motor P o o l  

DISCOM 

TABLE A-4. BIMODAL P A R T I C L E  S I Z E  D I S T R I R U T T O N S  
FORT CAPXSON, COLORADO AIJGUST 2 3  - OCTOBER 1, 1986 

P a r t i c l e  S i z e ,  urn MMAU 

DOE 

4trh ENG 

Date 

09/2 3/86 

-- 

0 9 / 2 4 /  8 5 

09/2 6/8 G 

10/01/86 

S ma I. l 

0.45 

0.86 
0.45 

0 . 3 7  

0.43 
0.48 

3 . ?  
3 . 1  
4.0 
3 . 5  

3 . 2  
3 . 6  

0.40 4.2 

0 . 4 7  3 . 3  

MMAD = Mass Median A e r o d y n a m i c  D i a m e t e r  

7 0  



TABLE A - 5 .  DYNAMOMETER TEST FOR M-60 TANK ENGINE, PARTICULATE SAMPLE NO. 24 H-D-1 

FC FORM 1.535, 1 JUL 77 



TABLE A-6.  DYNAMOMETER TEST REPORT FOR M-60 E N G I N E  EXHAUST SAMPLING (21-9-11 

v 
N 

R E M A Q K S :  (Cnntinuo on roverao S I & )  1 



TABLE A - 7  MAJOR PARTICULATE ORGANIC COMPOUNDS AT DISCOM ON 9/23/86 
T IME RESOLVED SAMPLES 

Sainpking Start :  
SatnpL i n g  €id 

Loca t i on: 
Sample No.: 
Component Name 
_ _ * - - . - - - L - . * . L  
n- C14H3O 
n- C15H32 
n- C16H34 
n -  C17H36 
Pr i s tane  
n- C18H38 
Phytane 
n-CI9H40 
n-C20H42 
n-C21H44 i. Pyrn 
n-C22H46 
n -  C23H48 
n- C24H50 
n-C25H52 
n- C26H54 
n-C27H56 
n-C28H58 
n- C29H60 
n-C30H62 

n- C32H66 
n- C33H68 
n - C34H70 

n-C31H64 

n-C35H72 
n. C36H74 

0.5 
21.8 

106.9 
21 - 4  

73.6 
62.9 

171.9 
173.0 
431.7 

292.9 
189.5 
118.6 
82.1 
49.4 
62.8 

40.6 
77.6 
55.3 
94.9 
68.5 
50.0 
13.9 
70.3 

0.0 

46.6 
0.0 
0.0 

52.0 
0.0 

34.0 
SI .6 

114.5 
122.1 
147.6 

183.8 
89.1 

105.2 
163.1 
26.2 

156.1 
101.4 
210.0 
62.5 
96.6 

0.0 
0.0 
0.0 

A i r  Concentration, ng/nB 
_l__l_l_ll--l _-I- .. ._._ I 
_______--__-_--_-__-_I_____ 

907 I 140 

1019 1242 
MID WID 
T R -  1 TR-3 

0.1 
5.3 

26.2 
5.2 

18.0 
15.6 
42.1 
42.4 

105.7 
71 -7 
46.4 

29.0 

20.1 
12.1 
15.4 
9.9 

19.0 
13.5 
23.2 
11.9 
12.3 
3.4 

17.2 
0.0 

4 . 9  

0.0 
0.0 
5.7 

0.0 
3 . 7  

5.6 
12.5 
13.3 
16.1 
20.0 
9.7 

11.5 
17.8 

17.0 
11.0 
22.9 

6.8 

10.5 
0.0 
0.0 
0.0 

2.8  

7 3  



Sanpling Start: 
S amp 1 ing End : 
Location : 
Sample No. : 
Componenz N a m e  

n-Ci.bH30 
- - - - - - _ - _ _ _ _ _ _ _  

n-Ci5H32 
TI - C I 6H3 4 
n- C17K3 6 
Pr i s tane 
n-  Cl8H38 
Ptiy cane 
3- c1 9H40 
F. - C 29H4 2 
n-C21H44 iL P y ~ n  
E-  C22B46 
E - C 2  3H4S 
Y I - C ~ ~ H ~ O  
:> - C2 5k5 2 
n-C26H54 
n- C27K56 
n-  C 2  8HS S 
n-C29H60 
n - C 3 OH 6 2 
n-C31H64 
a- C32H66 
:I - C 3 3H6 8 
n-C34K70 
1-L- C3 5x7  2 
ri - C 3  6H 74 

TABLE A - 8 .  MAJOR ?ARTICULATE ORGANlC COMPOUXDS Ill DISCOM ON 9/23/86 
TIXE A'JERAGED SAMPLES 

819 1223 
I533 -.- 

iVOL 

MEZ MEZ 
TA- 1 TA- 2 

I -  

823 
1547 

MID 
TA- 3 

- - - - - - -  - 
0.0 
0.0 
2 . 1  

26.0 
0 . 0  

1 1 . 8  
9 . 0  

12 .9  
37.9 

212.3 
360.8 
330.4 
157.9 
55.2 

114.4 
38.9 
14 .8  
44 .1  
26.7 
70.5 
33 .1  
36.8 
0 . 0  
0.0 
0.0 

0.G 
0 . e  
0 . 0  
0 . 0  
0 . 0  
9 . 4  
0 . 0  

1 5 . 1  
4 1 . 1  

8 3 . 1  
117.5 
140.7 
116.3 

74.9 
L'1.7 
76 .3  
4 . 3  

94 .1  
71.7 

126.5 
38.8 
6 1 . 3  
0.C 

3 L .  1 
0 . 0  

1 4 . 9  
0 . 0  
0 . 0  
0 . 0  
0.G 

1 5 . c  
17 .9  
60 .1  
71.9 
98 .4  

L06.6 
65.2 
64.9 
60 .5  
32.5 
59.7 
49 .5  

117.5 
4'1.6 
5 5 . 0  
0 . 0  

19 .5  
0 . 0  

550 819 1223 523 850 
1600 1601 1533 1547 1600 

WEST MEZ MEZ XI D WEST 
TA-4 TA- P TA- 2 TA- 3 TA-4 

0 .0  
0 . 0  

14 .1  
0 . 0  

27.7 
1 0 . 9  
19.5 
1 7 . 2  
52 .4  
61.4 
8 0 . 0  
79.7 
70.8 
47 .7  
8 0 . 6  
56.2 
9 0 . 6  
60.4 

161 .3  
50 .1  
66 .h  
15 .9  
0.0 
0.0 

G.0  
0 . 0  
0 . 8  

1 0 . 0  
0 . 0  
4 .  6 
0.0 
5 . 9  

1 4 . 6  
81.7 

138.8 
115.5 
60 .7  
33.9 
44 .0  
14 .9  

5 . 7  
1 7  .0 
1 0 . 3  
27 .1  
12 .7  
14 .2  

0 . 0  
0.0 
0.0 

0 . 0  
c . 0  
0 . 0  
0 . 0  
0 . 0  
1 . 8  
0.0 
2 . 8  
7 . 8  

15 .7  
22 .2  
26 .6  
22 .3  
1 4 . 2  

7 . 9  
1 4 . 4  

0 . 8  
1 7 . 8  
13.6 
23.9 

7 . 3  
1 1 . 5  

0 . 0  
6 . h 
0.0 

2 . 3  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
2 .3  
2 . 8  
9 .3  

1 1 . 2  
1 5 . 3  
1 6 . 5  
1 0 . 1  
1 0 . 1  

9 . 4  
5 . 0  
9 . 3  
7 . 7  

1 8 . 3  
6 . 5  
3 . 7  
0 . 0  
3 .0  
0.3 

0 . 0  
0 . 0  
2.7 
0 .0  
5 .4  
2 . 1  
3 .8  
3 .3  

10 .2  
1 1 . 9  
1 5 . 5  
15.5 
13.7 

3 .3  
15 .6  
10.9 
17 .6  
1'1.7 
31.3 

9 .7  
1 2 . 9  

3 . 1  
0 . 0  
0 . 0  



TABLE A - 9  

Sampling S t a r t :  
S amp 1 ing End : 
Location I 
Sample No. : 
Comuonent 

Hexane 

Benzene 

Heptane 

To luerre 

Octane 

Ethyl Benzene 

m/p-xylenes 

SELECTED VOLATILE ORGANIC COMPOUNDS AT DISCOM 
ON 9 / 2 3 / 8 6 .  TR SAMPLES 

Concentration, ug/m3 
I_ 

1031 1140- 907 
1019 

M I D  
TR- 1 

21 

10 

19 

73 

11 

14 

50 

1131 
M I D  

TR- 2 

6 . 2  

3 . 1  

8 . 6  

4 6  

6 . 7  

1 5 9  

4 6 1  

1 2 4 2  
M I D  

TR-3 

9 . 3  

2 . 5  

4 . 6  

2 2  

2 . 2  

43 

202 

I.___ __ 
1 2 5 5  1359  1 5 0 8  
1352 1 4 5 9  1 6  14 

CTR CTR M I D  
TR-4 TR- 5 TR- 6 
- ~ 

11 10  I 

4 . 7  3 . 1  0 . 8  

8 . 5  8 . 1  3 6  

1 9  1 6 . 7  4 0  

1 2 . 8  4 . 9  

18 2 0  30 

75 101 164 

I = i n t e r f e rence  prevented quan t i t a t ion  

75 



U 
l 3  

Sainpling S z a i t :  

Sampling End: 

Loca t ion  : 

Sample No. : 

Component ?lame 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ -  
n-YP14E50 

n-C15H32 

a-Cl6H34 

n-C17H36 

Pr i 5 t m e  

n-Cl8333 

Phytane 

n-C1YH40 

n-CZ3H42 

n-C21H44 i- Eyrn 
n-C22H46 

n-C23H48 

n-C241.;50 

n-C25H52 

n-C261154 

n-C27H56 

n-C28H58 

n-C2 9ii6 0 

n-C33H62 

n-C3X65 

n-C32H66 

n-C33H68 

n-C3L;R70 

n-C35H72 

n-C3rSH?4 

TABLE A-10. MAYDR PARTICULATE ORGANIC CMWiiNDS I N  DiSCCN ON 9 /24 /86  

TIME ESOLYED SMPLES 

l a r z i c l e  ConcenGra t ion ,  ug/a 

854 

100D 

M I D  
TR- 1 

5 .7  

131 .7  

44 .2  

1 4 2 . 1  
145 .5  

443 .8  

399.4 

538 .7  

676 .1  

353.9 

225 .3  

125.  e 
8 4 . 6  

90.9 

41 .0  

1.34.7 

0 . 3  

138 .6  

49 .2  

7 3 . 5  

0 . 0  

180 .8  

0 . 0  

1012 

1110 

M I D  
TR-2 

8 .4  

0 . 0  
2 3 . 7  

7 1 . 4  

1 7 . 9  

59 .7  
77.0 

143.7 

217.2 

601 .6  

547 .2  

370. 1 

152 .5  

88 .3  

8 6 . 9  
3 0 . 7  

1 9 . 2  

46.3 

4 3 . 2  

51 .3  

31.2 

23.4 

1120 

1228 

M I D  
TB- 3 

1 5 . 1  

35 .7  

1 0 . 7  

3 0 . 8  

29 .4  

57 .0  

6 9 . 0  

1 1 1 . 3  

1 2 4 . 9  

8 7 . 1  

6 2 . 3  

5 4 . 9  

5 5 . 8  

6 4 . 4  

2 4 . 9  

1 1 0 . 5  

5 6 . 3  

i 2 2 . 2  

3 3 . 3  

3 2 . 8  

1 5 . 3  

4 . 7  

29 .6  

70 .9  
1 9 . 2  

5 5 . 4  

5 7 . 6  

130.0 
149 .7  

355.0 

317.4 
152 .3  

37 .2  

4 7 . 9  

53.6 

6 9 . 9  

28 .4  

6 2 . 3  

2 8 . 6  

6 8 . 7  

2 3 . 7  

3 6 . 0  

1 5 . 2  

34.0 
l9.2 

2 3 . 5  

2 5 . 3  
3 9 . 5  

4 8 . 3  

100 .4  

8Y.9 
101 .2  

53.3 

53.5 

18.8 

5 1 . 3  

30 .0  

6 1 . 1  

3 5 . 5  

59 .9  

31 .3  

21 .7  

1 3 . 0  

854 
1611 

MID 
TWA 

- - - - - - 

26 .8  

5 2 . 1  

18 .5  

5 6 . 8  
59 .4  

1 4 0 . 1  

151 .2  

290.7 
298 .5  

190 .4  

109 .0  
7 0 . 5  

5 1 . 3  

5 1 . 3  

2 9 . 1  

7 5 . 0  

33.2 

8 4 . 0  

33 .5  

3 4 . 9  

854 1012 1120 1241 1353 

1000 1110 1228 1343 1611 

MID MID M I D  M I D  M I D  

TR-1 TR-2 TR-3 TR-4 TR-5 

1.1 

2 5 . 2  

8 . 5  
2 7 . 1  

2 7 . 8  

8 4 . 8  

7 6 . 3  
1 0 2 . 9  

129 .2  

67 .6  

4 3 . 0  

24 .0  

1 5 . 2  

1 7 . 4  

7 . 8  

20.0 
0 . 0  

2 6 . 5  

9 . 4  

1 4 . 0  

3.0 

3 4 . 5  

0.0 

2 . 5  
0 . 0  

6 . 6  

2 1 . 7  

5.4 
21 .2  

23 .4  

4 3 . 1  

6 6 . 1  
1 8 3 . 1  

166 .6  

1 1 2 . 6  

46 .4  

27.0 

28 .4  

11.8 

5 . 8  
1 4 . 1  

1 3 . 1  

1 5 . 6  

9 . 5  

7 . 1  

5 . 6  

1 3 . 2  

4 . 0  
1 1 . 6  

10 .9  

2 1 . 1  
25 .6  

41 .2  

46 .3  

32 .3  

2 3 . 1  

20 .5  

20 .7  

23.8 

9.2  

40 .9  

2 3 . 9  

4 5 . 3  

12 .4  

1 2 . 1  

5 . 7  

1 . 7  

8 . 6  

2 0 . 6  

5 . 6  
1 6 . 4  

1 6 . 7  

3 7 . 6  

41 .7  
1 0 3 . 1  

9 2 . 2  

4 6 . 3  

28.2 

1 3 . 9  

1 5 . 5  

2 0 . 3  

8 . 3  

1 8 . 1  

5 . 3  

20 .0  

6 . 8  

1 3 . 5  

3 . 8  

8.5 

2 . 5  
5 . 9  

6.6 

9 . 9  

1 2 . 1  
25 .1  
2 2 . 5  

2 5 . 3  

1 5 . 8  

13 .4  

4 .7  

1 2 . 8  

7 . 5  

1 5 . 3  

8 . 9  
1 5 . 0  

7 . 8  

5 . 4  

3 . 3  

854 

1611 

MID 
TWA 

4 .8  
1 6 . 0  

4.7 
1 4 . 4  

1 5 . 0  
3 3 . 8  

3 7 . 9  

7 6 . 8  
77.0 

4 9 . 9  
28 .2  

18 .5  

1 4 . 3  

16 .5  

7 . 7  

2 0 . 8  

1 0 . 0  

23 .3  
9 . 0  
9 . 1  



Sampling Star t :  
Sampling End: 

Location: 

Sample Ho.: 
Component Name 

n-C14H30 
n ~ C15H32 
n-Cl6H34 
n- C17H36 
Pristane 

n ~ C18H38 
Phytane 

____ . . ^_____ .__  

n- C19H40 
n- CzOH42 
n-C21H44 + Pyrn 
n- C22H46 

n - CZG H 50 

n- C2bH54 
n- C27H56 

n- C23H48 

n- C25H52 

~ 1 -  C2BHW 
E- C29H60 
n- C3DH62 
~ 7 -  C3 1 H64 
n-C32Hbb 

C33 H68 
n -  C34N70 

n-CMHT4 
n-C35H72 

TABLE A-17- MAJOR PARTICULATE ORGANIC COMPOUNDS I N  DISCOM ON 9/24/85 
TIME AVERAGED SAMPLES 

843 
1257 

ME2 
TA- 1 

_ _ - _  - -  . _ .  
0.5 
0.0 
0.0 

32.8 
9.6 

32.1 
0.0 

41.8 
104.6 
703 I 9 
959.8 
518.6 
195.4 

163.7 
141.8 
80.8 
30.T 
91.7 
5s .b 

146.5 
68.9 
75.6 

9303 
1541 

MEZ 
TA-2 

- - _ _ - _ -  

17.9 
26.4 
9.9 

22.9 
28.4 
57.6 

100.4 
2%. 0 
225.5 
177.6 
89.8 

108.0 
80.2 
72.9 
59.5 

407.3 
60.9 

114.0 
60.3 
59.1 
36.2 
42.5 

9.7 

855 900 843 
1559 1621 1257 

MID WEST ME2 
TA-3 TA-4 TA- 1 

0.0 
0.0 

24.9 
6.2 

14.1 
24.1 
29.1 
51 .O 

151.1 
189.5 
134.2 
119.1 

84.2 

61 -6 

42.0 
99.3 
49.5 

46.8 
43.8 

22.1 
0.0 
2.8 

3.8 

88.2 

128.3 

0.0 
0.0 
2.9 

14.2 
3.9 

11.5 
11.7 
18.5 
25 -6 

70.4 
71 - 2  
74.9 
83.3 
60.6 
53.6 
45 -8 

0.0 
88.6 
43.0 

115.0 
44.4 
67.6 
15.8 
25.4 
16.6 

0.0 
0.0 
5.0 
8.3 
2.4 
8.2 

0.5 
10.6 
26.6 

179.2 
244.3 

132.0 
49.7 
41 .T 
36.1 
20.6 

7 - 8  
23.3 
14.2 
37.3 

17.5 
19.5 

1303 
1541 

ME2 
TA-2 

4.5 
6.6 
2.5 
5.7 
7.1 

14.4 
25.0 
58.7 
56.1 
44.2 

22.4 
26.9 
20.0 
18.1 
14.8 
26.7 
15.2 
28.4 
15.0 
14.7 
9.0 
3.1 
2.4 

85 5 
1559 

MID 
T A - 3  

0.0 
0.0 
0.8 
4.9 
1.2 
2.8 
4.7 
5.7 

10.0 
29.T 
37.3 
26.4 
23.4 
16.6 
17.4 
12.1 
8.3 

'19.6 

9.8 

25.3 
9.2 

8.6 

4 . 4  
0.0 
0.5 

900 

1621 
WEST 
?A-4 

0.0 
0 .I3 
0.8 
4.1 
1.1 
3.3 
3.4 
5.4 

7.4 

20.5 
20.7 

21.8 
24.2 
17.6 

15.6 
13.3 
0.0 

12.5 
33.5 
12.9 
19.7 

4.6 
7.4 

25.8 

4.8 

7 7  



Table A-12. Particulate 4 to 6-King Polycyclic fWQmaCiC Hydrocarbon Dermal Tumorigens at DISCOM on 9/24/86 

Sampling Start: 
Sampling End: 
Loca t ion :  
Sample No. :  

PAH 
. . . . . . . . . . . . . . . . . . . . . . . . .  
Benz (ti) anthracene 
Chrysene 
Benzo(b/j ) fluoranthenes 
Benzo ( k  j f luoranthene 
Benzo(ajf1uoranthene 
Benzo(e)pyrene 
Benzo(ajpyrene 
Dibenz (a, j )anthracene 
7ndeno(l23-cd)pyrene 
Dibenz (a, c/a , h >  anthracenes 
Benzo(gh2)perylene 

----__-_ 
26 
44 
34 
9 

11 
24 
34 
5 

69 
4 
37 

_____-= =E==== ====E=== 

2 41 7 3: 
4 60 13 48 
2 36 9 55 
1 0 4 10 
1 14 3 12 
2 29 8 18 

41 2 &6 I& 

0 6 1 7 
3 71 1 6  31 
0 4 2 5 
a 0 23 74 

? >  

_____-__ _____--_ ________ __-_-___ -_______ __--___- ________ 
ll 1 3  7 16 
13 2G 12 26 
1 7  27 4 17 
8 6 9 Lc 

4 5 3 6 
1 3  9 66 14 
as 13 8 20 
2 3 41 3 
28 14 456 34 
2 1 37 2 

3 3  32 573 26 

Particle Concentration, ug/g 
_ _ _ _ _ _ _ r _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - -  

Benz (a) anthra- Lene 135 4 101 30 146 44 68 24 59 
Chrys ene 231 10 208 51. 190 74 100 41 137 
Benzo(b/j j fluoranthenes 177 6 124 34 217 69 136 15 73 

31 28 30 18 
24 9 25 

Benzo (k)  f luoranthene 49 4 0 18 39 
Benzo (a) fldoranthene 55 2 48 11 49 I? 

5 98 32 72 53 L;8 226 57 
42 163 71 65 27 83 

Benzo(ejpyrerie 124 
Benzo(a)pyrene 177 G 158 
Dibenz (a ,  j )anthracene 27 1 19 6 26 7 16 14 2 11 
Inderlo ( 12 3 - cd) pyrene 359 7 246 64 123 112 70 1,568 144 
Dibenz (a, c/a , h) anthracenes 20 1 i5 7 21 9 5 126 10 
Benzo(ghi)perylene 453 9 0 78 293 133 1 6 2  1,971 124 



TABLE A - 1 3 .  SELECTED VOLATILE ORGANICS AT DISCOM ON 9/24/86 
TR SAMPLES 

Sampling Start: 
S amp1 iiig End : 
Lo c:a t i on  : 
Sample No.: 
Componenls 

Hexane 

Benzene 

Ilep cane 

Toluene 

Octane 

E t h y l  Benzene 

m/p-xylenes 

Concentrat ion,  ug/rn3 
.II _.__I- - 

1120 1241 1353 
1228 1 3 4 3  1611 

M I D  MID M I D  
TR- 3 T R - 4  TR- 5 

7 . 2  9 .6  18 

2 . 6  7 . 5  6 . 0  

5 . 6  5 . 3  14 

1 6  23 5 1  

2 . 7  2 .0  5 . 6  

6 .0  9 . 0  11 

14 32 116 

1120 
1611. 
MID 
TWA 

1 3  

6 . 0  

9 . 9  

36 

4 . 1 

9 . 3  

71 

79 



TABLE A - l h .  MAJOR PARTICULATE ORGANIC COMPOUNDS AND 4- TO 6-RING 
PAH DERMAL TUMORIGENS IN OVERNIGHT AIR SAMPLE AT DISCOM 

(DIS-24-TA-OVER2) 

Component Name Mass/Filter Part . Conc 
u p /  f i 1. t e r ug/g 

- - - - - - - - - - - - - _ -  - - - - - - - - - _ - - - _  - - - - - - - - -  
n-  C14H30 0.0 
n-Cl5H32 0.76 6.1 
n- C16H34 2.45 19.6 
II - C 17H36 6.38 51.0 
Pr i s  t a m  1.88 1.5 " 0 
11-C18H38 2.62 21.0 
Phytane 3.69 29.5 
n-Cl9H40 3.91 31.3 
n- C20H42 4.66 37.3 
n-C21H44 + Pyrn  1.1." 67 93 " 4  
n - C2 2H4 6 6.17 49.4 
n - C2 3H48 10.83 86.7 
n-C24H50 9.20 73.6 
n-C25H52 9.94 79.5 
TI - C2 6B54 4.23 33.9 
n- C27H56 13.12 104.9 
n-C28H58 5.65 45.2 
n-C29H60 18.82 150.5 
n - C30H6 2 8.72 5 9 . 7  
n-C3LH64 41.00 328.0 
n-C32H66 9.22 7 3 . 7  
n-C331168 16.71 1.33.7 
n-  C34H70 1.48 11.8 
n- C 3  5H7 2 2.05 16.4 
n- C36H74 0.0 
Benz(a)anthracene 7 . 3  
Chrysene 17.0 
Renzo (b / j  ) fluoranthenes 28.0 
Benzo (k) f luoranthene 11.0 
Benzo(a)fluornathene 4.3 
Benzo(e)pyrenr 23.0 
Benzo(a)pyrene 19.0 
Dibenz (a ~ j )anthracene 3.7 

50.0 
Dibenz (a ~ c/a , h) anthracenes 4.1 
Benzo(ghi)perylene 62.0 

lndeno (1 ~ 2,3 - ed) pyrene 

Air Conc. 
ng/o13 

- - - - - - - - - 
0.0 
0 . 4 
1.4 
3.6 
1 . 1. 
1.5 
2.1 
2.2 
2.6 
6.6 
3.5 
6.1 
5.2 
5.6 
2.4 
7.4 
3.2. 
10.6 
4.9 
23.1 
5.2 
9.4 
0.8 
1.2 
0 

0.5 
1.1 
2.0 
0.8 
0.3 
1.6 
1.3 
0.3 
3.5 
0.3 
4 . 4 

80 



TABLE A-15. MAJOR PARTICULATE ORGANIC COMPOUNDS I N  D ISCOM ON 9/25/86 
TIME AVERAGED SAMPLES 

Sampling S t a r t :  
Sampling End:  
Locar ion: 
SampIe No.: 
Component Name 

n- C14H30 
n- ClW32 
n-ClbH34 
n-Cl7H36 
P r i s t a n e  
n-Cl8H38 
Phytane 

n-C20H42 
n-CTlH44 + Pyrn 
n- C22H46 

_ _ " _ _ _ _ _ _ _ I _ _ _ _  

~ ~ 1 9 ~ 4 0  

n -  C23H48 
n-C24H50 
n ~ C25 H52 
n-C26H54 
n - C2 7H 56 
n-C28H58 
n- C29H60 
n-C30H62 
~ C 3 1  H64 
n - C3 2 H 66 
n- C33H68 
n - C34H70 
n-C35H72 
n-C36H74 

822 840 

1606 1623 
ME2 M I D  
T A - 1  T A - 2  

0.0 
0.0 

30.1 
40.3 

0.0 
13.3 
7.4 

19.1 
34.2 
74.2 

120.4 

111.6 
157.4 
136.7 
90.8 

329.7 
116.3 
388.9 
171.4 

1,243.6 
224.1 
578.4 

75.3 
22.4 

0.0 
2.0 

15.0 
161.0 
22.6 
74.6 
51 .B 
95.6 

116.4 
130.2 
134.0 
127.8 
103.7 
71.9 
43.9 

198.9 
66.2 

223.2 
93.8 

569.9 
108.4 
243.0 

16.7 
17.0 
0.0 

1151 
1630 

WEST 
TA-3 

. .__.___ 
0.0 
0.0 
3.2 

48.6 
7.3 

23.7 
17.7 
57.0 
59.8 

100.7 
83.9 
63.5 
91.7 
47.9 
51.9 

70.8 
49.5 

101.1 
60.9 

197.8 
57.1 
81.7 
41.7 
15.6 
14.4 

822 
1606 

MEZ 
TA- 1 

. _ - - _ _ _  
0.0 
0.0 
3.2  
4.3 
0.0 
1.4 
0.8 
2.1 
3.7 
8.0 

13.0 
12.0 
56.9 
14.7 
9.8 

35.5 
12.5 
41.9 
18.5 

133.9 
24.1 
62.3 

8.1 
2.4 

840 
1623 

M I D  
TA-2 

. - - _ _ _ - _  
0.0 
0.3 
2.2 

3.3 
11.0 
7.7 

14.1 
17.2 
19.2 
19.8 
18.9 
15.3 
T0.6 
6.5 

29.4 
9.8 
33,O 
13.8 
84.2 
16-0  
35.9  

2.5 
2.5 
o..o 

23.8 

1151 
1630 

WEST 
TA-3 

___ -_ .  
0.0 
0 - 0  
1 .o 

15.1 
2.3 
7.4 
5.5 

17.7 
18.6 
31.3 
26.0 
19.7 
28.5 
14.9 
16.1 
22.0 
15.4 
31.4 
18.9 
61.4 
17.7 
25.4 
12.9 
4.8 

4.5 

81 



TABLE A - 1 6 .  MAJOR PARTICULATE ORGANIC COMPOUNDS AT DTSCOM 
ME% ON 9/26/86,  TIME AVERAGED SAMPLE, 924-1508 H ~ s .  

Component N a m e  

n-Cl4H30 

n - C 16H3[+ 

Pristane 

P h y  t an@ 
n- C 19H40 
n - C2 OHh2 
n-C21R44 + P y r n  

n-C23H48 
n-C24W50 

n-C26H54 
n- C27H56 
n-C28lI58 

n-C30H62 
n-C311-16& 
n- C3 2H66 
n - C3 3H68 
n-C34H70 
n- C35H7 2 
n-  C36H74 

- - _ - - - - _ - - _ - - - -  

PL - C 15H3 2 

11-Cl7H36 

n-C18H38 

n-C22H46 

11 - C 2 5H 5 2 

n-C29H60 

15,O 
1 4 . 0  
5 7 . 2  
1.6.2 
3 0 . 2  
3 4 . 5  
7 0 . 2  
8 5 . 5  

347 .7  
1 5 0 . 9  
281.4 
1 8 7 . 8  
1 1 3 . 8  

5 6 . 5  
6 0 . 5  
6 0 . 0  
6 7 . 1  
5 5 . 2  

146.1. 
3 5 . 6  
6 7 . 2  
1 2 . 4  
21 .0  

2 . 5  
2 . 3  
9 . 6  
2 . 7  
5 . 1  
5 . 8  

11.7 
lh . 3  
5 8 . 2  
2 5 . 2  
4 7 . 1  
3 1 . 4  
1 9 . 0  

9 . 5  
1 0 . 1  
1 0 . 0  
1.1.2 

9 . 2  
2 4 . 4  

5 . 9  
1 1 . 2  

2 . 1  
3 . 5  

82 



TABLE A-17. MAJOR PARTICULATE ORGANIC COMPOUNDS AND IC- TO 6-RING 
PAW DERMAL TUMORIGENS IN DISCOM DUST SAMPLE 

Component Name 

n I C 14H3 0 
n- C 15H3 2 
n - C 1611 34 
n-Cl7H36 
Pr is t ane 

Phytane 

n-620H42 
n-C21H44 -t Pyrn 
n - C2 2H46 

_ _ _ _ _ _ _ _ _ _ _ - - _ -  

ZI - C L 8M 3 8 

n - C 19H40 

TI - C 2 3H4 8 
n-C24tl50 
n- C25H52 
n - C2 6 ~ 5 4  

n- C2 8H5 8 

n- C 30W6 2 
n- C31H64 
n-C32H66 
n- C3 3868 
n-C34H70 
n- a51172 
n- C36I-174 
Benz (a) anthracene 
Chr y s e ne 
Benzo Cb/j ) f luoranthenes 
Benzo(k)fluoranthene 
Benzo (a) fluornatherie 
Benzo(e)pyrene 
Benzo (a)pyrene 
Dibenz (a, j ) antzhracene 
Indene( 1 , 2 , 3  -cd) pyrene 
Dibenz(a,c/a,h)anthracenes 
Benzo(ghi)perylene 

n- C 2  7H5 6 

tl - C 2 9W6 0 

1 .09  

0.72 

1 . 3 4  
0 . 7 1  
1.52 
1.49 

4.19 
1.72 
2.11 
2.14 
1.25 
2.32 
2.04 
0.84 
0 . 9 7  
1.23 

P a r t .  Conc: 
%/e 

0.0 
9 . 9  
0 . 0  
6 . 5  
0.0 
12.2 

6 .4  
1 3 . 8  
1 3 . 5  
0 . 0  
38.1 
15.7 
1 9 . 2  
1 9 . 4  
11.4 
21.1 
18.5 
7.7 
8.8 
11.2 

0.5 
2.1 
2.2 
0.7 
0.3 
1.2 
0.7 
0.3 
1.6 
0 . 3  
1.6 

a3 



TtWLE A-18. &W.JClR ?.4RTICVLATS ORGAVIC CWPOIiNDS AT FORT3 ENGIKEERING BN MOTOR PO3L ON 9 / 3 0 / 6 6  
TIME PXSOLVED SAMPLES AT NORTH END OF NORTH WHEEL 9AY 

W 
F- 

Sampling Star-,: 

S a a p l i n g  End: 

Sanple KO. : 
Component Mano 
-__-_-____-___-  
n-Cl4H30 

n-C15H32 

n-Cl6R34 

n-C17fi36 

P r i s t a n e  

n-C i 8H3 8 

Phy tane  

n-Cl9H40 

n-220Ei42 

n-C21I”;44 + Pyrn 

n-C22K46 

n-C23H48 

n-C24H50 

n-C25fi52 

n-CZ6354 

n-CZ7H56 

n-C25H58 

n-C29H60 

n-C303€2 

n-C31H64 

n-C32Ii65 

n-C33868 

3-c34573 

n-C35372 

n-C36H74 

859 1303 1110 

1035 1109 1217 

TR-1 TR-2 TR-3 

- - -__-___ ----__-- - - -__---  

2 4 . 5  

115 .0  

2 9 8 . 2  

3 9 . 6  

150.0 

125.7 

249.2 

424 .2  

875 .0  

491.7 

413.3 

425.0 

145 .0  

87 .5  

216.7 

5 2 . 5  

194 .2  

85.0 
294.2 

92 .5  

1 6 7 . 5  

7 5 . 5  

429.9 

71.7 

160 .3  

125 .7  

245.5 
309.4 

713.7 

297 .9  

327.6 

317.7 

132 .8  

11s. 2 

291.4 

137.5 

340.6 

154 .7  

706.3 
? 4’ 
i ,.7 
252.4 

0 . 0  

0 . 0 

74 .3  

435 .5  

0 . 0  

124 .5  

0 . 0  

1 9 9 . 1  

490.0 

420.0 

i39.1 

6 7 . 3  

96 .4  

62 .7  

0.0 

8 3 . 6  

1 9 . 1  

1 0 7 . 3  

0 . 0  

201 .8  

1219 

1319 

TX- 4 

334.0 

362,3 

0 . 0  

255 .1  

350.9 

532 .1  

452.0 

L v  741.9 

514 .2  

271.5 

233 .9  

1 2 2 . 1  

1 3 0 . 1  

1 9 1 . 6  

0 . 0  

183.2 

181.3 

253 .5  

3 . 0  
127.6 

1323 

1536 

TR- 5 

859 1009 

I005 I109 

TR-1 TR-2 

164 .5  

213.4 

0 . 0  

168 .4  

95.7 

131 .1  

186.8 

452.7 

235.4 

168.7 

164 .3  

58 .2  

0.0  

190 .7  

ERF. 
116.3 

46 .5  

17 .4  

1 . 6  

7 . 7  

1 9 . 9  

2 . 6  

1 0 . 0  

8 . 4  

1 5 . 6  

2 8 . 3  

5 5 . 3  

3 2 . 8  

2 7 . 6  

2 8 . 3  

9 . 7  

5 .8  

1 4 . 4  

3 . 5  

1 2 . 9  

5 . 7  

1 9 . 6  

6 . 2  

1; . 2  

4 . 7  

2 6 . 4  

4 . 4  

9 . 8  

7 . 7  

1 5 . 2  

19.0 

4 3 . 8  

1 8 . 3  

2 0 . 1  

1 9 . 5  

8 . 1  

7 . 3  

1 7 . 9  

6 . €  

2 0 . 9  

9.5 

4 3 . 3  

3 . 7  

15.: 

0 . 0  

0 . 0  

4 .6  

1110 

1217 

TR-3 

2 4 . 6  

0 . 0  

7 . 6  

0 . 0  

1 2 . 1  

2 4 . 3  

2 5 . 5  

8 . 5  

4 . 1  

5 . 9  

3 . 8  

0 . 0  
5 . ;  

1 . 2  

6 . 5  
0 . 0  

1 2 . 3  

1219 

1319 

TR-4 

1 1 . 5  

1 3 . 4  

0 . 0  

5 . 4  
13.0 

1 9 . 7  

1 6 . 7  

6 4 . 5  

1 9 . 0  

1 0 . 1  

8 . 7  

4 . 5  

4 . 6  

7.1 

0 . 0  

6 . 7  

6 . 7  
9 . 8  

0.G 

4 . 1  

1323 

1536 

TR- 5 

---I_ _ .~ - 

4 . 1  

5 . 5  

0.0 

4 . 2  

2 . 4  

3 . 3  
4 . 7  

1 1 . 4  

5 . 9  

4 . 2  

4 . 1  

1.5 

0 . 0  

4 . 8  

ERR 
2 . 5  

1 . 2  

0 . 4  



TABLE A-19. MAJOR PARTICULATE ORGANIC COMPOUNDS AT FORTH ENGINEERING BN 
MOTOR POOL ON 9/30/86, TIME AVERAGED SAMPLES 

Sampling Start: 
Salnpling End: 
Loca t i on: 
Sample No.: 
Cmponent Name 

n-CI4H30 

_ _ _ _ _ _ _ _ _ - _ - _ _ _  

n- C 1 5H32 
n- Cl6H34 
n- C17H36 
P r i s tane 
n-CI8H38 
Phytane 
n-Cl9H40 
n- C20H42 
n- C21 H44 
n-C22H46 
n - C23 H48 
n-C24H50 
n- C25H52 
n-C26H54 
n-CZ7H56 
n-C28H58 
n- C29H60 
n- C30H62 
n-C31H64 
n-C32H66 
n-C33H68 
n- C34H70 
n - C35 H 72 
n-C36H74 

* SU corner 
+ NE corner 
** U corner 

____"-_---- .____._ 

914 
1435 

U Trk* 
TA-1 

_-._.-.*_ 

33.3 
39.9 
224.5 
46.9 
117.8 
64.2 
122.9 
230.0 
350 "9 
179.6 
241.1 
272.9 
142.3 
80.9 
168.1 
47.5 
346.6 
57.9 
186.9 
35.9 
49.3 

919 853 
1452 1523 

U Trk+ N Whl** 
TA-2 TA-4 

92.3 
252.9 7'30.0 
39.0 30.9 
176.8 104.8 
0.0 78.8 

211.5 130.3 
247.7 182.9 
693.4 537.4 
364.2 308.6 
362.7 366.8 
468.4 452.1 
301.5 451.3 
166.2 100.8 
244.6 231.1 
47.8 86.5 

180.0 290.7 
91.8 141.6 
414.5 541.2 
0.0 442.2 
21.7 228.5 

914 
1435 

U Trk* 
TA-1 

0.5 
0.6 
3.5 
0.7 
1.8 
1.0 
1.9 
3.6 
5.4 
2.8 
3.7 
4.2 
2.2 
1.3 
2.6 
0.7 
2.3 
0.9 
2.9 
0.6 
0.8 

919 853 
1452 1523 

U Trk+ N Whl** 
TA-2 TA-4 

1.1 
3.1 13.1 
0.5 0.6 
2.2 1.9 
0.0 1.4 
2.6 2.3 
3.0 3.3 
8.5 9.7 
4.4 5.5 
4.4 6.6 
5.7 8.1 
3.3 2.7 
2.0 1.8 
3.0 4.2 
0.6 1.6 
2.2 5.2 
1.1 2 - 5  
5.1 9.7 
0.0 2.6 
0.3 4.1 



TABLE A-20. 4- TO 6-RING PAH DERMAL TUMORlGENS AT THE FORTH ENGINEERING 
BN MOTOR POOL ON 9/30/86, T I M E  RESOLVED SAMPLES 

Sampling S t a r t :  
Sampling End: 
Locat ion: 
Sample No.: 

PAK 
.......................... - --------_------ 
Benz(a)anthracene 
Ch rysene 
Benzo(b/ j ) f luoranthenes 
Benzo(k)fluoranthene 
Benzo(a)fluoranthene 
Benzo(e)pyrene 
Benzo(a)pyrene 
D i benzca, j )anthracene 
I ndeno ( 1 23 - cd 1 pyr ene 
Dibenz(a,c/a,h)anthracenes 
Benzo( gh i ) pery 1 ene 

Benz(a)anthracene 
Ch rysene 
Benzo(b/ j ) f luoranthenes 
Benzo(k)fluoranthene 
Benzo(a) F tuuranthene 
Benzo(e)pyrene 
Eenzo(a)pyrene 
Dibenz(a,j)anthracene 
Indeno( l23-cdlpyrene 
Dibenz(a,c/a,h)anthracenes 
Eenzo(ghi )perylene 

-------- -------_ -------- -------- -----_-- ---_---_ _-__---_ _--_---_ I-__---_ 

0.8 0.3 0.1 0.2 0.9 
1.9 0.9 0.6 0.6 0.3 
1.2 0.8 0.4 0.5 0.1 
0.6 0.4 0.2 0.3 0.1 
0.4 0.2 0.2 0.2 0.1 
1 .P 0.7 0.4 0.3 0.1 
1.2 0.6 0.2 0.2 0.1 
0.4 0.2 0.1 0.1 0.0 
2.2 1.5 0.5 0.6 0.2 
0.2 0.2 0.1 0.2 0.0 
4.6 2.5 0.7 0.7 0.3 

- - - - - - - - . 
12.5 
29.2 
17.5 
8.3 
5.6 

17.5 
17.5 
5.3 

33.3 
3.5 

58.3 

P a r t i c l e  Concentration, ug/g 

5.5 2.3 4.2 
15.0 9.1 16-7 
13.0 6.0 14.0 
6.6 3.5 8.2 

3.8 3.1 6.0 
12.0 6.0 7.0 
10.0 2.8 5.3 
3.0 2.5 2.7 

24.0 8.6 15.7 
3.2 2.9 6 - 7  

41.0 11.8 20.0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - _ _ - -  
34 .4  

10.3 
5.7 
2.9 
3.1 
4.3 

2.7 
1.2 

6.7 
1.7 

10.3 
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TABLE A-21. MAJOR PmTICULATE ORGANlC COMPOUNDS AND 4 -  TO 
6 - R I N G  PAH DERMAL TUMORIGENS IN DOL ON 9/25/86, DOL-25-TA-3 

Part. Conc. 
Component Name % / g  

n-Cl5H32 1 .o 
n-ClGH34 7.9 
n-C171136 16-0 
Pristane 4 "  5 
n-C18H38 13.4 
Phytane 16.3 
n-Cl9H40 15.8 
n-C20H42 34.0 
n-C21H44 + Pyrn 99.1 
n-C22H46 44.6 
n- C23H48 78.6 
n-C24H50 66.9 
n- C2 5H5 2 53.5 
n-C26H54 33.0 
n- C27H56 45.0 
n - C 2  8H5 8 23.1 
n- C29H60 78.3 
n-C3QH62 46.4 
n - C 3 1H6 4 131.0 
n- C32H66 31.9 
n-C33H68 57.3 
n-C34I170 7.2 
n-C35H72 16.1 
n- C36H74 9.8 
Benz (a) anthracene 9.1 
Chrysene 18.3 
Benzo (b / j  ) f luoranthenes 30.9 
Benzs(k)fluoranthene 12.3 
Benzo(a)fluornathene 5.2 
Benzo(e)pyrene 34.1 
Benzo(a)pyrene 29.2 

Indeno(l,2,3-cd)pyrene 6 5 . 4  
Dibenz(a,c/a,h)arithracenes 3.2 
Benzo(ghi)peryPerie 1 4 5 . 0  

- _ - - _ _ _ _ - - _ _ - _ _  - - - - - - - - - 
n- C 14H30 

Dibenz (a, j )anthracene 3 . 6  

0.1 
0.9 
1.8 
0.5 
1.5 
1.8 
1 . 7  
3 . 7  
10.9 

4 . 9  
8.6 
7.4 
5.9 
3 . 6  
4.9 
2.5 
8.6 
5 . 1 
14.4 

3 . 5  
6.3 
0.8 
1.8 
1.1 
1.0 
2.0 
3 . 4  
1.3 
0.6 
3.7 
3.2 
0 .4 
7.2 
0 , 4  
16.0 

8 7  



TABLE ‘4-22. MAJOR. PARTICULATE ORGANIC COMPOUNDS AT 4 -  ‘TO 6-RING 
PAH DERFllAL TUMORIGENS IN AMBIENT O U T S I D E  AIR SAMPLE 

(DOL-OUTSIDE BACKGROUND) 

ComponnnC Name M a s s / F i l t e i  
ug/ f i 1 t er 

- - - - - - - - - - - - - - -  _ _ _ _ _ _ _ _ - - - - - -  
n - C 14H3 0 
n-CP5H32 
n-Cl61134 
2-MeC16H34 0.93 

Pristane 
n- CI 8H3 8 0.85 
Phytane 
XI- C191140 0.39 
n-C?OH42 1.32 
n-C21H44 + Pyrn 4.71 
n - C? 3846 3.71 
n- C?3H48 5.01 
n-C24H50 3.48 
n- C? 5852 2.68 
n-C?6H54 1.04 
n-C27H56 1 42 
n - c 2 8Ii 5 8 Invalid 
n-C29H60 2.09 
n-C30tI62 1.53 
n-C31H64 1.37 
11 - C 3 2H6 6 0.69 
n- C33M68 2.70 
n - C 34H7 0 0.68 
n-C35H71 
n - C3 6H74 
Benz (a) anthracene 
Chrysene 
Benzo(b/j )fluoranthcnes 
Benzo (k) f luoranrhcne 
Renzo (a) f luornathene 
Benzo(e)pyrene 
Benzo(a)pyrene 
D i b e t i z  (a, j )anthracene 
Indeno(l,2,3-cd)pyrene 
Dihrnz(a,c/a ,h)anthracenes 
Benzo(ghi)perylene 

n-Cl7H36 
19.0 
0.0 
0.0 
1.7.4 
0.0 
8.0 
26.8 
96.2 
75.8 
102.3 
71.1 
54.6 
21.3 
29.1 
ERR 

42.7 
31.1 
28.0 
14.0 
55.0 
13.9 

4 . 9  
11.5 
9.3 
6 . 4 
2.9 
9.4 
8.0 
3.7 

17.0 
3.0 
21.8 

0.9 
0.0 
0.0 
0.8 
0.0 
0 . 4  
1.3 
4.6 
3.6 
4.9 
3.4 
2 . 6  
1.0 
1.4 
EKR 
2.0 
1.5 
1.3 
0.7 
2.6 
0.7 

0.2 
0.5 
0.4 
0 . 3  
0.1 
0.5 
0 . 4  
0.2 
0.8 
0.1 
1.1 

88 



TABLE A - 2 3 .  MAJOR PARTICULATE ORGANIC COMPOUNDS AND 4 -  TO 
6-RING PAH DERMAL TUMORIGENS IN BTANK FILTER 

Component Name 

- - - - - - - - - - - - - - -  
n-C14H30 
n-Cl5H3 2 
n- ClhH34 

Pr is t ane 
n-Cl8H38 
Phytane 

n - C2 OH42 
n-C21H44 + Pyrn 
n- C2 2H46 
n - C 2 3H48 
n - C 24H5 0 
n- C25H52 
n- C26H54 
n- C27H5 6 
n- C2 8H58 

n-  C30H62 
n- C3 1H64 
n-  C 32H6 6 
n- C3 3H68 
n - C34H70 
n- C35H72 

Benz (a) anthracene 
Chrys ene 
Benzo (b/j ) f luoranthenes 
Benzo(k)fluoranthene 
Benzo(a)fluornathene 
Benzo(e)pyrene 
Benzo(a)pyrene 
Dibenz (a, j )anthracene 
Indeno(l,2,3-cd)pyrene 
Dibenz(a,c/a,h)anthracenes 
Benzo( ghi)perylene 

n-Cl7H36 

n - C 19H40 

11 - C 2 9H6 0 

n- C36H74 

0.37 

0.41 
1 .06  
0.55 
0.79 
2.48 
2 . 0 5  
1.95 
3.18 
3.06 
2.73 

0.24 

< O .  01 
<o * 01 
0.01 
0.01 
0.02 
0.02 
0.01 

<o .01 
0 .05  
0 .01  
0.08 

89 



TABLE A-24. COMPARISON OF ORNL RESULTS WITH NBS DATA FOR PA11 
ANALYSIS OF NBS SRM 1650 DIESEL EXHAUST PARTICULATES 

Cons t i t ut? n t  _. 

2-Nitrofluorene 

9 - N i t: r o  anthr ac ene 

Benz (a) anthracene 

Chrysene 

l - -Ni t ropyser ie  

Benzo (b / j  ) fluoranthenes 

Renzo (k) f luornntihene 

Benzo(a)fluoranthene 

Renzo(e)pyrene 

Benzo(a)pyrene 

Dibenz (a, j )anthracene 

Tndeno[l,2,3-cd]pyrene 

Dihenz (a, h/a I c) anthracene:; 

Benzo (ghi)peryl.ene 

!&g 

NBS .._I_ OKNL 

0.27 0 . [L 

___I ._..... ~ ..... 

0.5 

6.5 & 1.1 

2 2  

1.9 2 

4 . 5 

24 

2.7 

7.1 

2 . 1  2 . 4  

0 . 8  

9 .5  6.6 

1.2 & 0.3 

2 . 3  

2 . 4  2 0 . 5  

1. . 4 

1.3 

6.3 

1.2 

6.5 

90 
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