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ASTRACT

Estimates of healtn effects that result from exposure toajr pollutants Jense  teq
during normal {acctdent-free) transport of radtaactive materfals an¢ from accidents
are provided for use in preparation of envirgnmentyl Impact statements. “he rac  leq
are presented for truck and rai} modes and uncertainties associated with these resyfes
are discussed. Since these hedlth effects have no relation to the radigactiva macarial
being hauled, their measure s applicable to shipments of all gimilar weight agde.
The pollutant health effec araxs anly
while the ac¢ident healtn effects are averages over 311 population cnes in the 0.8,

*Tnis work was supported by the ', §, Department of Ererqgy (JCE) dnrier cantracte
number DE-ACO4-76DPOOT789, .



PREFACE

In preparing this report, we realize the uncertainties that exist in the analysis
s well as the conservatfsm [upper 1imits) that the health-effects estimates reflect,
The resylts are based on state-of-the-art information and are our view of the bast
2stimatas of health effects currently available. s present this analysis for review
' and for Judicious use hy others and hope that by publishing these results we will

stimilate additfonal activity 1n this important ares of predicting health effects fron
' atr pollution,
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 INTRODUCTION

In our technological sactetly, judgments about the acceptabtlity of risks are nade
CONTINUOUSly based an the best dats and evidence available at the time the Judgments
must he made. For transportationof nuclesr materials, judgments about the acceptability
of risks shoyld be made considering all aspects of transportation and not fust the
radioactive character of the load. .

Ore hazard of transporting nuclear waterial (or any materiall arises from the
generation of non-radiological po)lutants during travel. Unfortunately, this hazard,
in terms of resultant health effects, has not heen quantified for mebile sources byt
only for statiandry sources, such as c0al-fired powar plants. Wnile sufficient data
are undvailable to allow estimates to he made with great confidence, the impacts from
these poltutants may be important relative to the radiological mazard which has been
evaluated in other reports, This report, recognizing the real and potential uncertaintiss
of the amalysis, relates the health effects of non-radiological pollutants generated

during the transportation of radioactive materials to a distance traveled in an urdan
area. :

A second hazard arises from accidents that occur during transport even §F no
radfoactive materfal fg dispersed. The deathg ar. sertous Injurfes associated with
the physical trauma of any serious vehicular accident are also quantified,

By anmalyzing both these hazards, decisiang {particularly those dased on environ-
mental {mpact statements) can de fade from a more complete basis of Tafarmation,

NON-RADIOLOGICAL IMPACTS QURING HORMAL OPERATIONS

The magnitude of nen-radiological impacts fron pollutants ts afunction of wnich

ones are produced, their dispersion, and the physiological) response of persons exposed.
to them. .

Pollutants

The principal pollutants that are the focus of this analysis are: sulfur gxides
(50,), partteulates, nitrogen ox{des (N0}, cardon mongxide (C0), hydrocarbons (HC)
and photochemical oxidants (Oll. Oxidants, though not emitted directly, are included
for completeness since they are secondary pollutants generated by irnteractions mang
the other pollutants. As would be suspected, they coexist In the atmosphese and interace
with themselves and components of the atmosphere. .

Historically, SO, and particulates have been the most carefully studied paltytants
becsuse they were trfbught to cause the Majority of tne healtn effects. Thus, much
s known about these pollutants. They are most often assoctated with emissiong
from stationary sources because, as Table ! Shows, the majority of SO ang parti-
culates In the ambient 4ir are produced by stationary sources. Hevertﬂe‘less, mohile
saurces do increase the 505 and particulate levels incrementally, and it is the
incremental contribution of the mobile stources that s evaluated In this nagse,

The other poliuytants tNG‘. €0, HC, and 0.} are comonly ascocfated with mobile
sources. This latter group of pollutants f the subject of curreat study, but
data describing thefr pffects have not been amassed as they have ‘ees for SO, and
particulates. In addition, a1 are now “criterta pollutaats™, which are requfated
by the EPA and for which prismary standards have baen developed and data are compiled.
At this time, the ceatribution of O | €0, HC, and 0, to health effects appears
to be much Tess than for 50, and partfculates,
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An appendii was prepared to acquaint the reader unfamiliar with basic pollutant
chemistry and descriptions, In addition, another appendix serves as background for
discussfon of health effects and emission rates of these pollutants.

TABLE 1

Estimated Emissfons of Afr Pallutants
(MilT11on Metric Tons Per Year)
{u.s., 1977)

) 50, Particulates €o ' NQ, Hydrocarbons
Highwa} Vehicles J.4 .8 1.2 . 6.7

Total {Al] Sources]*r 27.4 12.4 1027 231 29.3
*From Ref. 1

**Includes fuel combustion in stationary sources, industrial processes,

|
|
|
|
|
|
|
|
|
|
|
I
I
: solid waste dtsposal, and miscellaneous including transportation.
I

R

Pallutant Concentrations

The incresse 1a pollutant concentration Caused by the travel of 3 Aiesel truck
or 3 locomotive myst be calcylated. The concentration 1¢ 3 function of two prizary
parameters: atmospheric dfspersion and emission rates {source ters).

Atmos%hcric disFersion. How the pollutants emitted during venicle travel are
disperse roug atmosphere {s determined ysing a Vine-source dispersion mpda?
as described inReference 2. When the wind {s dblowing perpendicularly to tne PO NNy,

the concentration at any downwing distance, x, 41vided by the pollutant sgurce streajtn
fs given by:

1
X9x}
111 (’2?)'2':_

uo mn

Xy(2) = pollutant =1* cogeentration at 2 dowraind
distance, 2 ug/m

0y = g/kmnr
Keom () (%) (&)

il.-“ mean wind speed Sec

Tz » vertical dispersion coefficient {m)
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This equation 1s valid for a ground-level release and for

tnfivite line source. The physizal representation of thi
fn Figure 1.

4 continvousty emitting
s calculation 13 shown

WIND (3 metera/sec}

IR RN

" ——

Figure 1. Pnysical Representation of Line-Source Calculation

The equation abrve 1s for a point at a distance, x, from the line source. In
this analysis, the affected area over which thy pollutants spread is determined by
the ares whose width s the distance between Onin 4nd Dpaye  The value chosen for
Dpin 13 30 meters and for DT" 1s 805 meters.” These values were chosen to allow
alréce comparison to calculatfons tn Reference 3. (The effect of using ather valyes

1s examined 1n Appendix €.) To obtaln the average concentration aver this dres,
Equatfon (1) fs evaluated:

max 172

(_2_\ Kdx
- - ]
X Catn . (01413201 + 0.0003a)-1/2
_ 2)
- Omax
f dx
Onin

where @, = 0.142() + 0.0001x)"1/2 fqp neutral atmospheric
stabilfty conditions 1n an urban ares (Ref. 4) and x i3

the distance from the Vine soyrce.,

Performing the Integration, the equation becomes;

)]

cEiwey L, rememmanpan e = s



80% dx
where [ = -f;o a1 + 0,0002¢)-172

X
and K1 - 0.1¢

By Integrating to obtain the value of [ and by assuming a2 3 m/sec wind spaed {Ref.

5) and values for 0, x M Dy that are given in Reference 3 far urban areas,
the equation {s reducea to: .

Xy 3 [ 19 xm - hr
- 2.0 x 1070 | — — {4}
% n g
where 0f has units of W'?'Tr and X; has units of ug/m3.
Source term. The source term (Q,) of Equation {4) s described in terms of *
emissTon rates expressed on the basis of grams per kilometer of travel. The source

term has three distinct components, a3 depicted in Figqure 2: pollutants from the
combustion of diesel fuel, particulates from tire wear caused by tires being abraded
on 3 paved surface, and fugitive dust, generated in the wake of the vehicle, which
IncTudes resuspanded particulates from combustion, brake bands/pads, tire wear, silt
from wind-5Town <011 and other unspecified sources. Source terms are given in Table
2 for doth truck and rafl modes of transport.

——
.

/

~ POLLUTANTS

;
\ / l- F -
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Figure 2, Comporents of Source Term
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Vi 15 used to adjust emission rates %o represent the assumed 24 kph (1% mph) speed.
This velocity fs assumed 1n order to be consistent with values in Reference 3.
WAhere necessary, fuel efficiency was estimated to be

22. 3 torne-km (58 t°"'""')and 76.8 tonne-im (200 ton-~i ) for truck and
gal A

gal
rail modes, respectively (Ref. 8).

The tire-particulate source term fs derived from Table 0.4-15 of Reference 7.
The truck-tratler 13 assumed to have 12 wheels, Obviously, no tire wear is included
for the rail mode. :

The third component of the source term (s fugitive dust. The quantity of fugitive
dust entrained by a truck fc given by the fallowing equation (Aef. 9):

e« 0.026 (1 {3)(7) fzﬁu)_(z'f"r) o (8}
EF = fugitive dust emissions, kg/km : .

I = industrial road augmentation factor (1)

A = nuaber of traffic lanes (4}

5 » s11t content on highway (10%}

L = serface dust loading on traveled portion of road (42 wg/kn}

W« weight of truck-trailer {34 fonnes)

Becauses no empirical relation eafsts, the fugitive dust entrained by a passing railcar
cannot be calculated. For this repart, it Is assuned that the quantity eatrained
i3 108 of trat entrained behind a truck (basedan work thatis presented inReference
10). In reference 10, it was shown that the tire contact on a road surface caysed
much more dust to be entrained than Just the air turbulence created dy a passing
truck.  Spectfically, a truck passing next to a dusty surface sreduced 133 of the
entrained Just that a truck passing directly over the surfice di4, The wheels of
4 ratlcar touch only a narrow strip of rail and do not make zontact with the Justy

roadbed.  For the above reasons, a fugitive dust source term was assumed for a
raticar that fs 13% of the value for truck.

From this point, the particulates from fugitive dust, tire wear, and combustion
will be combined into one particulate source term. Implicit 1n so doing fs the
sssumption that the hextth effect of the particulates from each component will Se
the same. This is not recessarily the case but can be Justified because air samling
medsurements do not currently distinguish among particulate sources or compasitions,
Only 50 weight percent of the fugftive dust particulates odtained from the above
equation will be used to compute health effects because this 15 the fraction that
Tes in the Tess than S micron stze range (References 9 and m

Concentration of pallutants. Combining the dispersion model results and source
terms provides an dverage concentration of pollutants that results fram the passage
of truck and railcar shipments. :

AS an example, iisim,: a speed of 24 kph for an urban area [Ref. )

» the source
term required by the dissersion equation will pe:

e b r——— e e

or



' (DIST TRAVELED, URBANY [EMISSION RATE, URBAN]
0 ] l !
! [LENGTH OF SOURCE]

Mt (g ) :
) £78 wol fe )  (ewr ) 7

where Q) = source term rate S and

km-hr

qy = source term in -3: for 1th pollutant.

This can be {nterpreted to mean that vehicles pass by a point aonce an nour and
that in an hour each vehicle travels 24 km {15 miles}. The values for Q, ia the
dispersion equation are as indfcated in Tabte 3. These source terms can ‘:e {nput
to the dispersion equation {4):

Xy = 2.35 2103 g,

to obtafn an average comCentration in the urban area of Interest,

The resultant concentrations are presented in Table 4. As can be seen fn the
table, the calculated mesn concentrations for all pollutants are much Yower than

the pr:mry Natiomal Mmbient Afr Quality Standards that have Seen estab)ished by
the EPA,

Table 3. Values for 0y( 9 )

Rr = km
POLLUTANT TRUCK RAILCAR
Particulates 13 5
50, _ 5.1 10
NO, 13 65
HC kR 19

co . 22 24

e .



Table 4. Calculated Mean Pollutant Conceutra_f.ions

u
CONCENTRATION ;s

| |

| ]

| k

| |
|

| POLLUTANT TRUCK RAILCAR PRIMARY STANDARD |

[ - - - |

| Particulates 3.1 x 1072 1.4 x 1072 75 (annual geometric mean) |

| } ' : : i

I 50, 1.2 x 102 2.4 x 102 BO fannual arithaetic mean} |

) . [

-1 %0, 3.0 x 1072 1.5 x 1074 100 (annual arithmetic mean) |

| I

P HE 7.8 x 10°3 4.5 x 102 160 (3-hour maximum) 1

! i |

' | co 5.2 x 102 5.6 1 107 1 x 10% (B-hour maximum) }
|

These concentratfons are really the incremental change in mean concentration
ciused by the contiruous passage of one vehTcTe per hour.

Miscel ‘Ilne_ous Inputs

In order to complete the haalth effects calculations, two additiona) frmputs
. ‘ not previcusly discussed are needed: urban poputation densities and average pollution

©, Tevels for each of the pollutants {a the urban environment.

Fopulation dengity. The auulkd.{cru‘lltion density is consistent with Reference
3 by usgng 4 value of 5861 persons/ 10,000 persons/mi€). Appendixl of Reference
3 indicates that this value 1s rapresentative of urban centers in the United States.
The redson for selecting only urdan aress 1s discussed in Appendix 3.

The total population Yiving in an urban roadside zone (ares: (Omgx = Omia!
x length of 1ine source) would be:

‘ 3881 pecple

—_—

! ket

Mean pollutant levels. Since health effects are calculated using elasticitfes’
fsee :pp.iﬁu U1 that are valid near the sean pallutant Yevels for which they were
; calculated, themean pollytant levels from Aeferences 12 and 1) areused forparticulate
i and 505 levels. The values are shown in Tanle .

(.775 xm) (24 k=) = 72,000,

At this point, the effects of CO, NO,. and HC will no Yonger be considered
Jecause elasticities have only been calculited for §0; and particulates (refer to
Appendix B)., Mean values for (O and N0, are shown™ in Table § fur information
only. There i3 no substantfal evidence which Taputes chronic health effects (refer
to Appendix 8) to thesa caitted pollutants and, in some cases, thelr effect i3 Vikely
to be overshidowed by the contribution of the S0y and particulates (Ref. 14).

Lod - e e n i s
. T g N 3 LN g e oI s o - - TrrTTITTT e e
. v

-
P LI P x




B rp g s rae— wa L,

Tab!é 5. Monitored Mean Pollutant Levels in Urban Environments

Pollutant Concentrat]enl:mlm!l
Particutates 1032

50, B ¥

N0, 49.6b

to 2.6b

3From fef. 12 and 13, aporoximate midpaint of pollutant concentration
ranqe.

®From Ref. 15,
Health Effects

The 1nputs necessary to calculate the health effects have been obtained as dis-
tussed 1n Appendix B. Important assumptions had to be made, three of which are
teken from the acoendix and emohas!zed here because they form the dasis for the
health effects calculations:

1) The elasticities calculated for the pollutant dose-respanse behavior are
Assumed tobe valid only over a small increment from the mean concentrations
used to calculate them. .

2) The elasticities are assumed to be valid for both particulstes ang 50,.
3] The health effects of €0, NO_, and HC are not cansfdered in the health
effects calculations because rel'atlonshlps betwees exposure to them and health

effects have not been established. They arebelieved not to be significant
contributors to health effects. ,

With these assumptions in mind, the health effects can be calculated accord-
1ng to the following relatfonsnip:

change in mortalfties . change in coacentration
iorh‘HtTes Trom 417 causes ° Z (ELASTICITY) meAn concentration {8}
poliutanty

The changes 1n concentrations for both the partfculates and 505 are found in
Table 4, and their mean concentrations are found In Tadle 5. From Reference 6,
the annual mortality rate In the U.5. for all causes (denominator on right side of
equation (B}) 1g g.a deaths per 1000 people.  Thus, for an urban area consisting
of 72,000 persons, about 635 would he expected to die each year from all causes.
Since the elasticity value used {described in Appendix 3) 15 0.05, the additional
number of deaths caused by the passage of ane additfonal truck per nour continuously
for a year would be 0.02 (numerator of right side of equation (8)) and the number
caused by the passage of one additional loaded railcar would be 0.028. 1n ather
words, the passage of about 50 trucks per hour continuously for ! year would result
in one additional mortality in the population considered here.

These results can be translated into a more useful format: deaths per kiln-
meter of travel 1in an urban ares. Since the average velozity of travel 1s 24 kph

e ————
e e R
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(15 mphl, the truck or raflcar would travel 210,000 kilometers ruaning continuously
for one year, Therefore, the ynit-consequence factors 5duths per kilometer travel
Tn an urban ares) are 1.0 x 10°7 ror truck and 1.3 x 1077 for a railcar. The deaths
referred to here do not occur immedfately, dut rather, My occur after some latency
periaod of several years. [t {5 not possible, ustng available statistical methods,
to detect on a specific Individual basis the life shortening that may result from
an increase in pollution levels, and the deaths cannot be attriduted to the passage
of a specific shipment. However, each shipment contributes to the likelihood of a
fatality at some time in the future by adding fts increment of poltution. .

NON-RADIQLOGICAL IMPACTS FROM ACCIDENTS

Traumatic fnjury and death that are {n no way related to the radioactive pro-
perties of thecargo canoccur fromvehicle accidents. As a result, accident statistics
can be used that reflect the statistics for general commerce. Truck and rail accident
statistics are compiled reqularly by the Department of Transportation; Reference
17, which aralyzes data far 1976 ang 1977, was used to produce fatality unft-risk
factors shown in Table 6. The injuries per kilometer of travei are calculated
by multiplying the fatality factors by ratios of injuries to dsaths obtained from
Referance 18.  From the table, it can be seen .vat 5.1 x 107 1njuries and 3.9
x 1077 deaths are upgated to dccur per kilometer of truck travel and 4.6 x 10~
fnjuries and 3.4 x 10™% geaths per kilometer of railear travel. These values are
averaged over all population zones and are not restricted 1in application to urhan
Areds as the factors for pollutants are. The deaths and injurfes predicted here
occur tmmediately -~ either at the accident scene or durfng inftia) hospital treatment
= and, unlike the deaths froa potlutants, can be attributed *o a specific shipment.

Tabte 6. Unit-Risk Factors for Vehicle A¢cidents

Mode [nfuries/kn Ceaths/ks
Truck 5.1 x 107 3.0 x 1078
faf) $.6 2 1077 3.4 x19°8

SUMMARY

In making cecistons about profects fnvolving the risk of transporting radiz-
active material, the non-radfological health affects have nat deen consfcered. To
obtsin 2 mare complete pfcture of the risks 1nvolived, the non-radfological nealth
effects from poliutants were estimated using what isdelteved tobe *he Hess avadlatle
Information, and the injuries and deaths from the traums caused during accfdents
were calculated using gensral commerce transportation statistics,

Of all the gollut:nts considered, including particulates, 50,, NO,, CO, and
hydrocarbons, only particulates And 505 could be used to calcylate 1 total number

of health effects, Thelr fmpact was §ssumed to represent the fmpact from all air
pollutants generated by the vehfcles.

The pollutant dispersal sway from the route of travel was calculated using a
1ine-source Gaussisn dispersfon model. Average meteorological datawere taput to the
model. Dats used to descride physical trave) pzrameters were obtained from Refarence
3. Other dats and assumptions needed to complete the correlation fromsollutant soyrce
terms to health effects were obtained from referenced public decuments.



The effects models and the atmospheric models were combined with other appropriate
dats and assumptions to produce unit-consequence factors, for both truck and rafl
travel as summarized in Tadle 7. The values are 1.0 x 107/ mortalities perkilometer
in an urban area for truck and 1.3 x 10~/ mortalities per kilometer 1in an urban
area for a railcar. Much uncertainty surrounds these values and their use requires
proper cautfon and awareness of the assumptions that were made {n calculating thea.
In fact, the assumptions and models used for calculating the heaith effects are
such that the results must be considered as upper limits to the non-radiolagical
fwpacts of pollutants emitted during trancportation.

The unit-risk factors for accidents are also shown §n Table 7. These non-
radlological factors arecalculatedusing average values for urban and rural poputation
zones throughout the United States and are, therefore, not restricted Just to urban
population zones. : -

Table 7. Unit-Consequence and Unit-Risk Factors

1B Health E¥fTects Per Kilometer |
| Source Factor Truck Rail |I
} ;

[Pollutants | Unit Consequenceds? 1.6 < 1077 1.3 2 1077 |
! | {urban travel only)l {urbin travel only) |
| ] I
| Traume Unit Risk ~ Injurfes | 5.1 210°7 | 4.6 x 10°7 I
| from | I 3 | .3 .
IAccidents | Unft Risk - mem‘: 3.0 x 10 : 1.4 x10 {
| |

dratalities expected after sooe latency period, e.g., cancer death.

BIf urban trave) distance 13 assumed to be 5% af the total travel distance (30%
rural and 5% suburban) as discussed in Reference 3, the unit-?nsequencn factuss
due to pollutants for truck and rafd shioments are 0.5 x 10°% and 0.65 x 1079,

respectively. These facters are less than one-fifth of the fatalfty risk factors
resulting from accidents.

“Deaths at the scene of an accident or during inftfal hospital treatment.
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APPENDIX A
DESCRIPTION OF POLLUTANTS

PARTICULATES

The category of pollutants called particulates =an include a vast array of parti-
cles with differing sfze, composition, and origin. The size of a particulate is
very important in determining 1ts dispersibility and potential health effects. Very
large partictes (> 100 um diameter) will settle within a few meters of their source
Smaller particles, in the range of 30 to 100 um diameter, will settle more slowly
and deposit within a fewhundred meters, but particles in this size range and greater
are noOt as hazardous as smaller particles because, {f inhaled, they would be deposited
upon entry to the respiratory tract in the nocseor throat. Thesge particles are coughed
up_or passed through the digestive system, Particles that are smaller than 30 pm
will remain suspended for Yong periods of time andwill be transported much greater
distances. They are of concern in this report because they can penetrate deeper
tnto the respiratory tract and have a longer residence time {n the body. A particle
30 um in diameter is also about the largest particlc :aptured by typical particulate
samplers generally used (Ref. A-1) by regulatory agencies, as well as utilities,
for monitoring afrborne particulates. Particles less than about 15 um are considered
respirable (Ref. A-1}. That {s, they can penetrate to and can be deposited in
the lung. Particles less than 2 to 4 um typically result from combustfon and contain
the majority of the sulfate salts. Larger particles, between 4 and 15.m, are usually
generated by abrasive and grinding actions {e.g. brake applications, tire wear, and
roadway use) and not by combustfon (Ref. A-2).

The chemical composition of the particulate pollutants 1s as varied as their
size since tiey act as scavengers of other afr pollutants. Indeed, particulates act
as carriers of trace elements and hydrocarbons andmay contain known carcinogens such
as benzo{a)pyrene and its relatives (Ref. A-3}. Sulfates may appear inthe atmosphere
as particulates. Small particles often contain adsorbed suifates, trice heavy metals
and organfcs, while larger particulates often contain silicates and aluminostlicates.

Because their compositions are so varfed, ftwould be suspected that the sources
of the particulates would also be varied. For example, particulates In rural areas
will differ 1n composition from particulates in urban areas where they may come
chiefly from industrial sources. In general, the sources of particulates may be
Industrial, agricultural, or transportation related. The mix of these sources, in
turn, determines the composition of the partictes in the atmosphere; particles will
not have the same chemical compositfon fin each community and, therefore, may not
have the same health effect.

SULFUR POLLUTANTS

In order To describe sulfur pollutants, a number of sulfur compounds must be
discussed. Aside from natural sulfur enissions, such as M,SS. the majority of anthro-
pogenic sulfur 1s emftted during combustion as gaseous S0, which 15 a colorless,
nonflammable, and nonexplosive gas. The gas maybe detected by taste atconcentrations
of about 1 ppm and has an acrid odor at greater levels (> 3 ppm). Some 307 may be
emitted directly, but the relative emission of 50, to 503 that results from combustion
of fossil fuels s 40-30 to 1 (Ref. A-4). The®sQ $ converted at a rapid rate
{1-5% per hour in daylight and Yess than 13 at night, Ref. A-5), to an intermediate
product such as so% and then to a sulfate or sulfuric acid. sos ts very hygroscopic

y ¢

$0 that, 1f humid¢ levels are high, S0, can be very rapidly fonverted to sulfuric
acid cerosols,
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CARBON MONOX1DE

Carbon monoxide is the only pollutant that has a quaniifiable diologic measure
of exposure or dose. The carbon monoxide molecule, which is similar In structure
to the oxygen molecule, displaces oxygen from the hemoglobin in the blood and thereby
Jowers the oxygen-carrying capacity of the blood; the physiolegical effect s similar
to that of anemia. Small amounts of CO In the blood a:e normal, but as exposure
to hefghtened levels ia & polluted atmosphere increases, the 1level ia the blocd In-
creases (and symptoms increase with increased exposure) since the uptake is determined
by the difference fn partial pressures of the gas fn the blood and in the alveolar
ate.

Sources of CO canbe quite varied since CO results from the incoamplete combustion
of organfc substances, bdut vehicular emissions are, by far, the major contributor
to €0 pollution.

HYDROCARBONS

The hydrocarbons referred to are those non-methane gases which Interact with
ozone and oxides of nitrogen to form photochemical air pollution. Generally, little
fs known about the health effects of these gases, which result from combustion of
organic substances, except that the major{ty of them are irritants tothe eyes and
lungs {Ref. A-7). These pollutants are a1so strongly associatedwith vehicular sources.

PHOTOCHEMICAL OXIDANTS

Oxidants can be considered secondary products of fossi) fuel combustion, especially
the combustion associated with transportation. They result from the {interaction
of effluent hydrocarbons, oxides of nitragen, and ultraviolet Tight. Ozone and PAN
are examples. Oxidants irritate the eyes, nose, and throat.
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APPENDIX B
HEALTH EFFECTS

This appendiz describes the potential health effects that may result from in-
creased concentrations of the pollutants in Appendix A, Unfortunately, this prediction
is not aneasyor simple task because the needed data relating mortality or morbidity
to pollutant exposure are difficult and expensive to obtatn. Morbidities are not
considered because fewer studies have been completed far morbidity than for mortality
and the uncertainties are greater sceordingly.

In principle, datacan be gathered in three ways: quantitative laboratory studies
on man and animals, clinical studies, and epidemiological studies. The first two
are sclentifically acceptable but are not generally effective because they require
extrapolation fromvery controlled environments to the environments that people sctually
Tive in. These techniques isolate {mportant parameters but then require interpretaticn
to relate the results from {deality to reality. Epidemiological studies deal with
the complex environment people live in, but they are fraught with protlems becauie
the results reflect 3 complex exposure environment that must be simpliffed so that
an analysis can cven he attempted., In short, epide~iological studies consider the
actual environment where a1l {nflusnces and synergisms are considered and results
from them are not readily interpreted.

The basis for the non-radiclogical impacts estimated in this repart {s the sub-
stantial body of literature on laboratory and epidemiologizal studies that has esta-
blished a relationship between afr potlution and {11 health and increases in the
mortality rate. This report makes no attempt to describe this assortmentof 1iterature
because such descriptions are presently available fn many references {Ref. B-1.,2,3,4,
5,6,7) and relies on suggestions from Reference B-7 as towhich quantitative relationships
should be used to estimate health effects. The fact that uncertainty exists regarding
dose-response relationships for these pollutants is emphasized.

Determining the health effects of atmospheric pollutants is a cooplex and con-
founding problem as manifest in epidemiological studies that have been performed
to determine what the effects of some pollutants are. The strongest evidence from
the studies indicates that air pollution does have an effect on mortality rates
(Ref. B-3,7,8}, but that the relfability of the amalyses s insufficient to state
selectively that the effects are 3 result of particular pollutants.

The majority of data existefor sulfur compounds and particulates. Historfcally.
they have been monftored because they were present In high concentrations during
acute air pollution episodes where premature mortality was observed. S0, and parti-
culates were also measyred because they were easy to measure and because simple
measurenent techniques were availadble. - It has become more apparent that they were
not the only pollutants that were present during these episodes.

Afr pollution control in the U.5. has focused on 30;. ynfortunately, there
§s no statistical evidenca that the 50 controls (for example, in New York City)
have reduced mortality rvates (Ref. B-gl even though many epidemiclogical studles
{mpute SO, & having an impact on mortality rates. without exception, conflicting
results for each of the pollutants cansidered can bde found. Currently. however,
the pollutants that are supported by the majority of the literature {recently in
Ref. B-9) as having a positive correlation between Increased concentrations and in-
creased mortality are particulates, including sulfates. The direct heatth effects
of S0, and N0, are weakly substantisted, and CO, hydrocarbons, and photochemicals
(especially ozone) may not have a detectable effect at ambient concentrations.

50, and particulates together mdy have an impact on human health (mortality),
but 1t Rs not possible, using present analytical techniques, to disaggregate their
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effects. Indeed, because their effects may be synergistic, one might not want to
separate them or may be in error by doing so. Despite this fact however, British
scientists believe that their air quality control measures for particulates alone
(they do not control sulfur dioxide as the U.S. does) have reduced particulate caon-
centrations which in turn have reduced mortality rates (Ref. 8-3]. Earlier epi-
demiological studfes have indicated strong correlation between S0, and mortality
rates (Ref.B-10) but recent evidence suggests that this correlation 1s not so strong
(Ref. 8-6).

NO. has been imputed to have an effect on mortality, but its effect may resylt
more from its reaction products. Evidence relating photochemicals and healtheffects
t¢ inconclusive; ozone, however, has no apparent effect. That 15 not to say that
their health effects may nct besfgnificant for sensitive portions of the population.
It s interesting to note, that even though Los Angeles has a severe photachemical
pollution problem, ft cannoct be demonstrated that residents of Los Angeles have
a higher mortality rate because of it {Ref. B-1, B-3).

Despite all of the informatfcn above, an underlying concern of many scientists
fs that the air pollutants measured today may simply be a proxy for pollutants that
are currently not measured, or for some other, as yet unrecognized, variablethat
may not be related to air pollution. Trace metals are now becoming suspect for
thefr role in increasing hezlth effects {Ref. B-2, 5, 12).

Why is there such uncertainty? The techniques used to analyze epidemialogical
data are not adequate to disaggregate the effects of individual pollutants and cannot
prove causation. Almost a1l epidemialogical studies have used multivariate linear
regression amalysis or some variation of {t to analyze the epidemiological data.
Problems with these techniquas have been documented 1n numerous places many times
before (Ref. B-7, 10, 11, 12, 13, 14).

Before discussing the problems, {t fs important to indicate that multivariate
1inear regressian analysis fs based on an equation that can typically be represented
as:

Health Effects = Ax + By #+ Cz + Dw + Su + ... {3-1)

This equation can contain as many parameters as required. In this example, x, ¥,
z, w, and u may represent dats such as pollution Yevels, population density, incone,
race, doctor availability, and smoking habits. The coefficients A, B, C, 0, and
£ are weighting factors for the data that are obtained by a "best fit" of observed
health effects to the pres'—ad varfadples. The number of varfables can be very
large (a condition which leads to possible spurious relationships) or the number
can be small {a condftion which say result in blased estimation from a priord elimi-
nation). If few variables are specified, the uniccounted for variables are, in
effect, presumed to be constant. Which variables to inglude i3 a major prodblea.
The adjustment for factors such as weather, smoking, and population density has 2
large impact on results. Regression anatysis *fishes for® a good fit and may or
may not produce meaningful correlations.

The 1inear regression model assumes linearity, but dase-response relationshias
may be curvilinear. Thus, results fromlinear analysis should be applied over 1imited
ranges of pollutant concentrations near the mean co_ncentrauon.

Other problems are associated with epidemiological studies themselves: nonyniform
response to pollutants throughout the poputation; adjustments for {ndividual behaviors
{including health related items as smoking, occupation, socioeconomic status, air
pollution In the home}; mobility of populations; tack of data regarding historical
pollution levels (time-tntegrated levels); sampling techniques; and limited sampling
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locations that do not provide representative air pollution levels.

Despite the problems with how dose-responée relationships are generated and
desptite their shortcomings, the relationships are the best that are available and
can be valuable provided that they are used with caution,

One additional aspect regarding dose-response relationships, the conGept of a
threshold, must be discussed. If a threshold exists, 2 concentrationbelow the thres-
hold level will produce no effect and one above would produce an effect. Generally,
a threshold for the effects from afr pollutfon levels is not believed to exist (Refs.
B-4, 7, 10, 14), that is, there is no level at which mortalities will not cccur.
In this respect, air pollution control limits set by the Envirommental Protection
Agency are misleading because one might be lead to believe that no effects will
occur below the contrg) levels. In any event, fmplicit Inlinear regression analysis
{s that there i{s no thresheld Tevel,

With the techniques and problems associated with the dose-response relation de-
scribed, 3 quantitative estimate {s given in the body of the report to relate the
increase in average air pollution levels to increase in mortalities. This is done
using a constructcalled an elasticity, which c.adedescribed by referring to Equation
(B-1). After a regression analysis 1s compieted, weighting factors (A, B, C, D,
E, - . - ) have been determined for a set of mean values of the data (a1, y, z,
u, W, ...). Using these weighting factors and mean values, the mortalities calculated
from Equation (B8-1) shoyld correspond to the cbserved number of mortalities in a
study area. An elasticity is used to descridbe quantitatively the the change in wor-
talities due to perturbations from mean values of data inputs. If cne of the mean
values s perturbed by some value while all others are held constant, a new valye
for health effects results. As an example, an elasticity for pollutants {s described
as the percentage change in mortalities that would be predictad should the pollutant
concentration change by 11 from {ts mean value while all other data areheld constant
at their mean value. This relationship is represented by Equation {B-2). The elas-
ticity value to be used in this report 1is 0.05, and the basis for this value is
an finterpretation of results from References 8-10 and B-13 as described In Reference
8-7. This value means that a 1% increase of pollution level from mean levels will
result in a 0.05% {ncrease in mortality rate.

A sortati
e

Apol lutent

concentration
sean pallutant
conceatration

= Elasticity {8-2)

It will be applied to tota) pollutant levels (more esactly to the total for 50,
and particulates only).

It 1s important to deiineate the problems with applying an elasticity value
to a generic population. By using a specific value, 1t fs assumed that value applies
to all of the relevant population. It should be noted here that only metropolitan
area population sub?roups are examined in References 8-~10 and 3-13. The elasticity
also assumes that all populationunits witl experience the same reduction. In addition,
use of one elasticity value assumes that the elasticity is constant for the pollutants
considered and over a range of mean concentrations. However, thevalue is only relatively
constant about a range near the mean pollutant levels for which it was calculated.
As 3 result, mean pollutant levels will de used as reported in the references from
which this elasticity value was generated.



In suymmary then, an elasticity value hasbeen chosen that represents the results
fron current spidemialogical studies. This value will be applied to the S0, and
particulate fncremental concentrations. It 1s assumed that air pollutants have an
adverse affecton mortality rates but that disaggregated effects of individual pollu-
tants cannot be determined. Elasticities will be applfed to incremental increases
to mean concentrations as determined in the studies which are the basis for the
elasticity value. :

The primary concern of transportation planners and health officfals involves
any health consequences to the people 1iving along the transportation routes. Since
pollutants from mobile vehicles are emitted near ground level, people in the imme-
diate vicinity of the transportation routes will be exposed to greater concentrations
and, as a consequence, may suffer most of the health effects. No threshold wil)
be assumed forhealth effects, eacept that a distance chosen for the maximum distance
from a highway may have the effect of fmposing a threshold. The effect of varying
the maximum distance on the number of healtheffects predicted is examined inAppendix
C.
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APPENDIX €
EFFECT OF VARYING Dpay

The ultimate values of the unit-consequence factors for the pollutants are cepend-
ent upon the value selected for Dy, used in Equatfon: (C-1), which can be applied
to calculate pollutant concentrations. -

X Ky I 2 1/2
~. 1 ( - ) (c-1)
0 T &

‘Dma; h min) u

where

[ - fnmx dx
Dpin (1 + 0.0003x)"1/2

By selecting a value for Dg,,, the user 1is reatly specifying a distance beyond which
the effects of the pollutants are not considered. If the health effects associated
with pollutants do not have a threshold of minimum concentration as discussed in
Appendix B, then the resultant unit-consequence factors may underpredict the number
of health effects. Nevertheless, certain practical factors sust also be cansidered
that necessitate selecting a finite value forD_,,: Equation {(C-1) (Gaussian dispersion
model) 1s accurate over short distances from U'e source (not beyond 5,000 to 10,000
m); urban dispersion coefficients { 0,)} used in Equatfon (C-1) are also nat valid
beyond 10,000 m (Ref. C-1); urban area population densities begin to decrease at
some fintte distance; and meteoro logical and dispersion parameters such as 0 and
Oz (see main text, Equationl, for description) In Equatfon {C-1) maybe more important
in determining the ultimate concentrations.

Stnce many values for D ,, are possible, Table C-1 {s presented to allow the
reader to select the unit-consequence factors that most closely apply to the practical
problem with which he 1s dedling.
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Table C-1. Unit-Consequence Factors for a Selection

of Values for D,,,

Dmax(®) Raf! (gsfﬁﬂi)

—max_L e ———
805 o3 x 107
1000 1.4 x 1077
1500 1.5 x 1077
2000 1.7 x 1077
2500 1.8 x 1077
3000 1.9 x 1077
4000 2.0 x 10~7
5000 2.1 x 1077
6000 2.3 x 1077
7000 2.4 x 1077
8000 2.4 x 1077
9000 2.5 x 10°7
10,000 2.6 x 1077

“EFERENCES

Truck (

1.0 x
1.1 x
1.2 x
1.3 x
1.4 x
1.5 x
1.6 x
1.7 x
1.8 x
1.8 =
1.9 x

deaths
o)

1077
10-7
107
1077
10-7
107
107
107
to-?
10-7
10~7

2.0 x 10°7
2.0 x 1077

C-1) Gifford, F. A., "Turbulent Diffusfon-Typing Schemes,” Nuclear Safety, Vol. 17,

No. 1, January-February, 1976.
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