e, which s abaont
e owith ‘-i‘l‘\ll-l ol
¢ ounknown specics
[ the monohydiony
lroxy Bal’ met Do

enin Fip 9, In the
he intensitics of the

weetrny Hloswever, fon
We sprc o may be

wcopy is a powerful
fiemical shift assypn-
obtained to enable
‘¢ to comples poly-

ct e pages. Rolynulioc henale Vpdectbtes Vol 1226

Cartinonerens, Vol |

Folynuclenr Aramatic Hydracaibons Chomitry, Metabolism,
wnd Carcinugenei, edited by R, L Troudenthol ond

P. W. Jonos Raven Prom, New York &) 1978

Human Exposure fo Polynuclear Aromatic Hydrocarbons

K. Bridbord,* J. F Finklea,* J. K. Wagoner, | 1. B. Moran, |
and P. Caplan |

o Matianal Leitituta fnr Oceopatinnal Soloty and Health, 5600 Fishait bane, Rocbville, Marylond 2052,
{ Flabosmnd dostitute fo €0ugtionie! Seety and Houhh, PO Mk, 1014 Binedway, Cinelnonti,
Ohio 45202, and | Enviranmental Piatection Agency, Reiearch Triangle Pork, Noith Carolina 27711

INTRODUCTION

Polynuclear aromatic hydiocaibons (PA1L) are formed in combustion
processes involving fassil fucls, or more broadly, from camponnils containing,
carhon and hydiopen, The cmissions of PATE from motor vehicles have been
well documented. Benzofapyrene (BaP) constitutes about 3 to 5% of the
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applicable to other emitted, identificd PAH from motor vehicles. The arca-wide contribution '; '
of PAH from motor vehicles is thought, however. to be a small percentage :; :
(about 197 of the total smbicnt loading. Localized exposures to moter ]
vehicle exhaust may, however, increase this component. Principal souices 5:
b of ambicnt PAH aie heat and power gencration, refuse burning, and coke i,
[ nt Number B-1343- production. Tt should be stressed that present crude emissions inventorics ri
| for PAH may contain significant errors. i
i ’ In addition to polynuclear compounds in ambient air, exposure also occurs :' '
from sources of PAH in the indoor environment including industrial con- I
tamination and cigarctte smoking. Cigarettes, in general, represent the most .
impartant overall source of exposure among smokers. Sidestream cigarette !
smoke may, however, result in high exposures for nonsmokers in the indoor :
environment.

This paper examines the localized concentrations of PAN and cstimates
cyposure levels which peoyle encounter from various sources, ‘These esti-
niates are then compared to levels of exposure experienced by cigarelle smok-

ers, usine P g an index compound. In this regard, it is recopnized that ;
MENVILE CORP to the extent that polynuclens aromatic compounds besides Bal are also .
HEALTH, Sar'id & EMVIRONMOCE wesent. Bal represents a poor sarrogate for this purpose. Unforiunately, )
IRCNMLHT I | I 8 pury Y l
| Lhiadnnf better data are generally not available. i
JAN 9 g 1982 MOTOR VEHICLE EMISSIONS OF PAH !
The emissions of PAH from light duty motor vehicles were examined by Is ‘
Gross in 1972 and 1973 (1.2). Over 40 PAL species were identified in auto- it |
. mobile exhanst, several of which are considered 1o be carcinogenic. Emis- lf_ !
o ‘ A “ ||
r This material may bo p.o?cc..f)d by - l N
. - ‘/ o . ‘
copyright law (Tite 17 US. Code) ol
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220 HUMAN FXPOSURE 1O PAN

TABLE V. PNA Tadpm emanon focton®

Yelicda mode! PHA emavon
yeor yioup factor
pra-48 . 100
88-69 &
70-71 30
71-74 N
75 US. 4 d

75 Caldt, 28
Statutory vandards i

s Moran, ). B, "leod in Gowline: Impoct of Ramoval
on Current ond Future Automotive Frisniens,” poper
presented of the Aic Follition Confral Avociotion Ans
ruo) Merting, June 1974,

sions of PAH aic greatest from uncontrolled (;nc-l'mﬂ) motor vchicles,
much reduced in 1974 vehicles, and will be further reduced when the statu-
tory standards for CO and hydiocarbons are implemented. This is because
PAIL cmissions are related to CO cmissions. Reductions in CO emissions
result as a by-product in reduced PAIL Table 1 shows the relative PAH
emissions from motor vehicles as a function of model ycar.

TABLE 2. Estimated highwoy expoturet fo exhaust
PNA las BaP) ot the ond of the 1976 model year

Peok hourly expoture to oulo powenger

typical meteorology: 00009 ug 'm’

odverie meteorology 0.016 pg/m’
“4-hr exposure (person living neor exprevwayl

adverse meteorology: 0.0011 ug/m*

The resultant PAH emissions from the motor vehicle population ol the
United States were examined in detail by Moran et al. (3) of the Environ-
mental Protection Agency in 1974, The impact of various emissions standard
options was alwo examined in that paper. The methods developed thercin
are used in thic chapter fo estimaie PAN conissioas from the motor vebicle
popufation and to estimate actual cxposures, mcluding peak hourly, and
average daily commuater exposies 10 PAIL, using the carboxyhemoglobin
supropate model for mobile source pollutants. Table 2 shows exposure esti-
mates as projected by the end of the 1976 vehicle model year using this
technique. Peal. hourly cxposures to BaP for automobile passengers during
adverse metearologic conditions are projected to be about 0.015 pg/m’

JCCUPATICNHAL EXPUSURLS

unfortunately, not

Faposure 1o PAH in occupational circumstances has,
been well studied. Among the occupational circumstances where high ex-
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TARLE 3/ mburnt eaposuts bo FoP

Bl fepoves

Eopovar cntogory (g ™)
CoMewal Yarting mn
Cool tor ¢ 1 workinp Orea A
Fool tare - g area 14
Povton s iner fuanel 007

posies have heon obcoved e tarring and cohe oven cpaiations Exposure
1o PATL in the cochpat of ancral presuniably as result of sidosticam cigas
rette smoke, is substantial, Saws ki 1967 (S) reported concentrations of
Hal it the ambient air near various emissions sources associated with ¢ cu-
pational activities. These data are shown in Table 3. Measuicments of BaP
during tarting operations ranged from 14 to T8 pp/m’ Eight hour average
exposurcs to Bal’ for workers in coke ovens and for frifots based upon data
compiled by the National Institute for Occupational Safety and Health are
shown in Table 4. Pight-hour exposuies to Bal for coke oven workers

TABIE & Occvpationol expowre fo BaP

8-hr overoge
BaP exporure

Crposure calegory lug/m”}
Coke avens
Top vide expowre 18
Side ond bench expoure 7
Cockpit of oircralt
Tramatlontic Mights 0093
) Domestic Mighty 0.138

ranged from 7 to 18 p/m* Pilots on transatlantic and domestic flights ex-
perienced 8-hr average BaP concentrations on the order of 0.1 pp/m’

EXPOSURE TO BaP FROM CIGARITTES

Bal is one of many PAH known to be present e ciparctie smoke. A re-
port published in 1972 by the National Academy of Sciences (4) estimated
that a one-pack per iy smoker of unfiltered cigarcties would inhale «bout
0.7 pp of BaP cach day A smoler of filtered cigarcttes at one-pack per day
might inhale about 0 4 pp/day of BaP,

EXPOSURE TO PAH IN INDOOR AIR

Phe conesntration of polynuclear compounds in the indoos enviroment s
a function of a number of factors including the frequency of smoking, the
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a2 MUMAN EXPOSURE TO PAN

ane tuenover pate, the size of the voom, and the presence of other somrces bic-
suley cipaettes. Shown in “Lable § we the tesulty of measurements which
Bave boen made ot several mdour locations mcludmg data compiled by the
Noational Tnstitute for Occupational Safety and Health insde aircraft on
tran atlantic and domestic Rights expressed as the averape ol copcentrations
in the cockpit, front, muddle, and rear cabins, The ancraft data were com-
prled prior o the etahlishiment of smoking and vonsmoking sectons in
commercial et but it is evident from these data that considerable ex-
posure to polynuclenr aronidtics may occur i simibin crrcumstances, lor
v\.nnplr_ Sohmehz et ab (6) i 1975 summanzed data showing ndoor Bal

concentrations ranging from 003 to 0.14 . ¢/m" in a restaurant and from

TABLE . Nonaceupational erpoivre o BoP

BoP conga.

Lo otion (Mﬂ/"‘" |
Restaurant 003-0.14 ‘
Kenyon hut 002-0.16
tnsicde aircraft
Transatlantic Mights 0085 overage of A ‘
Domestic fights 0.150 cockpit, fromt, a
middle, and rear m ’
cabing 1
- i , = y ; 2
0.0210 016 pg/m" in a Kenyan hut. These data show the high concentrations
of Bal which can occur indoors as a result of smoking and cooking. 2
ASSESSMENT OF TOTAL EXPOSURE TOQ POLYNUCLEAR AROMATICS 1
L
. P
Total exposuic to polynuclear aromatic compounds, for any individual, '
using BaP as an index compound is a function of a number of factors in-
cluding occupations, smoking habits, activity patterns, and residence. To fa-
cilttate comparison hetween varous factors, exposures 10 PAH are c\prcsw-l ,
a- cigaretie equivalents, that s, the number of cigarettes smoked which
would result in a similar Baf* intake. This comparison, however, does nat
establich an order of hazard from these sources since toxicity llcpcmh upon
a number of factars in addition to BaP. In this repard, the presence of non- I
aromatic hydrocarbons and nonorganic materials including trace metals has bt
been shown to affect the carcinogenic potential of Bal using animal test tai
systems set!
Contrasts showing reliafive exposure to BaP are shown in Table 6, Occu- Oc
pational and ambient exposires assume inhalation of 10 m" of air during an ot
B-hr daly exposure period. Exposure to ambient BaP levels in urban air of or!
0.002 pp/m* is assumed in these calculations. stro
wad
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TAME & 1Llvruge of oo o bl pned wiher Boebart cpon Bl jtule

BoP intabe Cigoretle equivalents
Foctor tug/duy) (pocks/duy)
Smidimg ane pack of eigaretics
each duy 04 1

Cohe oven workery

Top vide PAPOeY 180 450

Sude and beneh e spavre 70 175
Coal tar it h work s 750 1875
Alrplone pilois

Transatione Righty 0.93 23

Dometic cron country 1.38 35
Employee in restouront 048 2

Perion hving neor expresswoy

24-he/doy (odverse

meteorology) 0,02 003
Commuter on on raprenway

20 /doy lodversa

mrirorology) 0.04 o010
Espowre to ambient BaP tevel
8 -he/day 0.02 0.05

Although the above approach is admittedly simplistic, several conclusions
may still be drawn, Ameng the most important conclusions are the following:

L Human exposire 1o polynuclear aromatic hydrocarbons may occur
from contamination of the indoor as well as the ambicnt environiment.

2. The most impoctant sonree of Bap exposure, in general, for smokers
would be from cigarcttes.

3. Workers in selected accupations have orders of magnitude greater ex-
posures to Ba than do cigarette smokers.,

4. Exposure to Bal” in the indoor environment may be substantial,

5. BaP emissions from motor vehicles are relatively small compared to
other sources, However, motor vehicle Ral* ciissions make an im-
portant contribution to totn) exposure for the nonsmok g veliicle using
whan resident

6. Activity maodel analyses, considering exposure while oa and off the
Job may yield valuable insighits as to the existence of potentiul high risk
CAPOSULE groups.

In this regard, one final point deserves mention. At times there has not
been an adequate recognition of the valuable mformation that may be ob-
tained from comsidering both commuimty and occopational studies in the
setting of enviroamental exposire standards. A basic assuntion in setting
occupational standards has often been that exposure to a given chemical
occurs exclusively while on the job and that exposure off the job is minimal
or nonexistent. The activity modet approach employed in this paper demon-
strates that while for certain occupational cateporics expared to Bal, this
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324 HU'AAN EXPOSUKL TO PAH

assumption is Tikely troe, fer others such o cmpln)rcs i restaprants and

devers of cars, s would vot neeessanly be the case, Clealy, one needs On
to consider total exposuie beth on and off the job i assessing the potential

health etfects of chemicals upon man.
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