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ABSTRACT: The purpose of this study was to ascertain whether air pollution in the Los Angeles
Basin is affecting birth weight. The data base for the study consisted of daily air pollutant averages
from the Air Pollution Control District of Los Angeles County, California, obstetric records of
births at the University of Califoria at Los Angeles Hospital for the year 1973, and smoking
information on each gravida. The effect of totdl pollution level was significantly negatively
associated with birth-weight after removing the effects of other variables significantly associated
with birth weight. Infants born to nonsmoking women who lived in the more polluted areas of the
city weigh an average of 314 grams less than infants born to women living in the less polluted areas.

The constituents of polluted air occur
naturally in small quantities in nonpol-
luted air and are not harmful. Moderate to
heavy levels of air pollution affect the
health of biological organisms, decrease
property values, and generally make daily
life less comfortable. High concentrations
of most pollutants are toxic.

Studies of the effects of moderate levels
of these substances recorded in polluted
air have focused on direct health effects
such as respiratory illnesses, mortality,
hospital admissions, etc. Recent evidence
indicates that the correlation between air
pollution and mortality is significant (Lave
and Seskin, 1970; Kitagawa and Hauser,
1973). The purpose of this study is to as-
certain whether air pollution levels are
correlated with a reduction of birth
weight, which is one measure of the
maturity of a neonate and is predictive of a
nevonate’s relative probability of survival
(Karn and Penrose, 1951; Yerushalmy, 1970;
Armstrong, 1972).

* Present qd(:lress: World Fertility Survey, Inter-
natonal Statistical Institute, 35-37 Grosvenor Gar-
dens, London, SWIW 0BS, U. K.

The proposition to be tested is that in-
fants born to women who live in polluted
urban environments weigh less than in-
fants born to women who live in nonpol-
luted urban environments. This hypothe-
sis is already supported by several obser-
vations:

1. Women who smoke one pack of cigarettes
a day have infants who weigh 100-300
grams less than nonsmoking mothers (Rush
and Kass, 1972).

2, Carboxyhemoglobin (COHb) levels from
6 to 10 per cent measured on women who are
smoking one pack of cigarettes a day are
thought to be the primary causal components
in the observed weight reduction of infants
born to these women (Younoszai et al., 1968;
Longo, 1976).

3. Carbon monoxide levels of 300 parts per
million are often recorded in the Los Angeles
Basin (APCD Annual Report, 1972). These
levels and durations of CO in ambient air
produce COHb levels equal to those re-
corded on persons smoking one pack of
cigarettes a day. In addition, persons living
in Los Angeles have been observed to have
significant COHDb coacentrations in their
blood #Stewart et al., 1973).

4. The reproductive success of experimental
animals has been impaired in atmospheres
containing not only CO, but also NO: and
O3 at levels simulating those recorded in the
Los Angeles Basin (Hueter et al., 1966;
Lewis et al., 1967).




[ &)

5. Human neonatal, infant, and adult mor-
tality rates are higher in urban polluted at-
mospheres than in nonpolluted atmospheres
(Lave and Seskin, 1970; Kitagawa and
Hauser, 1973).

6. Median birth weights are inversely re-
lated to population density, but this reduc-
tion in weight has not yet been directly corre-
lated with elevated pollution levels (Unger,
1957).

The region from which the data were
obtained to test this proposition was the
Los Angeles Basin, California. Because of
the combination of meteorology, geo-
graphic location, climate, sunlight, and
heavy automobile traffic, the Los Angeles
Basin has been plagued by air pollution.
Air pollution zones, each monitored by a
recording station, have been established,
and elevated levels of carbon monoxide
(CO), nitrogen dioxide (NOz), and ozone
(O3) which are known to be toxic are often
recorded (APCD Annual Report, 1972).

MATERIALS AND METHODS

The data were derived principally from
three sources. The first source was the
hospital records from the University of
California at Los Angeles (UCLA) De-
partment of Obstetrics and Gynecology
and UCLA Department of Medical Rec-
ords of all births for the calendar year
1973. Each record contained over a
hundred measured characteristics such as
age, parity, antenatal care information,
delivery complications (if any), past his-
torv of illness, etc., on the gravida and her
infant.

The second major source of data was
the daily readings from the Air Follution
Control District (APCD) of Los Angeles
County. Carbon monoxide, nitrogen
dioxide, and ozone readings were collected
from Stations 1, 69, 71, 74, 76, and 83
because these are the areas from which
UCLA draws the greatest proportion of its
hospital population (Figure 1). Daily aver-
ages, computed from the 24 hourly means,
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were extracted from the records beginning
April 1, 1973 through December 31, 1973,
and nine-month and three-month moving
averages of each pollutant for each moni-
toring station were computed.

Each woman in the study was assigned
the station number of the nearest air pol-
lution monitoring station to her residence.
The averages were then incorporated into
each woman's record such that the nine-
month average covered the gestation
period and the three-month averages spec-
ified the mean level for each trimester of
the pregnancy.

The third major source of data was
smoking information. A systematic sample
of 1,500 gravidae was selected, and letters
explaining the research were sent to these
women. The women were requested to
complete and mail a postcard which con-
tained two questions on smoking habits
during their most recent pregnancy. The
first question was whether a gravida had
smoked; the second requested the number
of cigarettes per day, if she had smoked.

Five hundred thirty-three women re-
ceived their letters and responded (hence-
forth, these are called the respondents).
Six hundred twenty-nine women appar-
ently received their letters but did not re-
spond (henceforth, these are called the
nonrespondents). Three hundred thirty-
eight women did not receive their letters,
which were returned marked “addressee
unknown” or “fictitious address.” These
women were not analyzed further since
the study design required that women re-
side in Los Angeles throughout their
pregnancies, and these women were prob-
ably transients.

The combination of these three data
sources (air pollution averages, hospital
records, and smoking history) provided
the data base for thig study. -

Respondents and nonrespondents were
found to be virtually identical with respect
to all of the measured characteristics. Ref-
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FIG, 1.—Map of monitoring areas of Air Pollution Control District County of Los Angeles (courtesy of
APCD)
erence can be made to Williams (1975) for TABLE 1
details of the characteristics of both MEAN BIRTH WEIGHT DIFFERENCES BY
= = Methods d 1 ified MONITORING STATION ZONES FOR
groups. Methods and results are specine NONSMOKING RESPONDENTS ONLY
only for nonsmoking respondents, unless
otherwise stated, since in their case the air Bnbidring Dationt' il ol Crong o
pollution effects are seen directly, B3, .. 3.193 = 0.672 12
B9 . e, 3,327 = 0.708 57
Luis arareu sarea 3.348 = 0.491 138
RESULTS 4. 3494 = 0.466 24
T e ware e sy + 3.5890 = 0.421 134
Since monitoring zones are charac- (0t . 3RS0 »
; : : i i 7 =0. 22
terized by different pollution levels, the Light Pollution. ..... 3,647 = 0.459
Total . ... 3,453 = 0.508 424

gravidae were grouped by monitoring zone
of residence. Analysis of variance (Dixon
and Massey, 1969; Dunn and Clark, 1974)
revealed a significant difference in mean
birth weight among zones. The mean birth
weights of infants born to nonsmoking re-
spondents are shown in Table 1 by moni-

* Monitoring station areas are hsted in order of decreasing total
levels of pallution

t Fovalue = 4,167, p < 0,001 Birth weights of less than | ke were
omitted 1o normalize the birth weight distribution. Birth weight s in
kg Standard deviations follow the means

toring zones, which are listed in order of
decreasing total levels of pollution. Note
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that as the pollution level decreases, birth
weight increases.
In Table 2, monitoring zone areas are
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heavy pollution areas, a difference that is
statistically significant. For infants of
nonsmoking respondents pooled with non-

TABLE 2

DISTRIBUTION OF MEAN BIRTH WEIGHT IN THREE POLLUTION
LEVEL AREAS OF THE L0S ANGELES Basin®

Heawvy Intermediate Light
\Stations |, {Stations 71, (Surcounding Probability
Respandents 69, 83) 74, 76) Areas) Total F-\alue F Exteeded
Respondents
(Smokers Excluded) 3.333 = 0.567 3.555 = 0.458 3.647 = 0.459 3.453 = 0.515 11.25 P.<< 0,001
(207) (195) (22) (424)
Nonrespondents 3.333 = 0.563 3.381 = 0.537 3.510 = 0.481 3.366 = 0.547 1.58 p =021
(273) (325) (28) 626)
Both groups
combined 3.333 = 0,565 3.447 = 0.516 3.570 = 0.472 3.401 = 0.537 B8.24 P << 0,001
(480) (520 (50) (1,050)

* Hirth weights of less than 1 kg were omitted to normalize the bieth weight distribution. Birth weight Is in kg Standard deviations follow the

means Group size is in parentheses

* F-values are computed from Model I ANOV A and are included to show the difference in the means since the intermediate pollution group was
not exposed to average pollution levels halfway between Lhe twa groups,

grouped on the basis of the clustering of
similar annual pollution levels. (The basis
for this grouping will be detailed later.)
The birth weight differences between
heavy and light pollution areas and be-
tween intermediate and light pollution
areas is significant, and the trend is in the
hypothesized direction for nonsmoking re-
spondents as well as for nonsmoking re-
spondents pooled with nonrespondents
(see Table 3). For infants of nonsmoking

respondents, there is a 237 gram differ-
ence, which is significant. The difference
for infants of nonrespondents alone is 177
grams.

Given these statistical findings, it was
necessary to determine whether the ob-
served differences and trend were due to
differences in pollution level or to some
other factor. The factors to be determined
were conceptually divided into: (1) vari-
ables external to the infant, e.g., the pol-

TABLE 3

SIGNIFICANCE OF LINEAR CONTRASTS FOR DIFFERENCES IN MEAN BIRTH WEIGHT AMONG
THREE POLLUTION LEVEL AREAS OF THE LOS ANGELES BASIN®

Intermediate

Heavy Pollution Pollution Heavy Pollution
Contrasted to Contrasted Caontrasted to
Respondents Intermediute to Light Light
Respondents
(Smokers excluded) , . ... —4.38 —=0.53 -2.52
(p << 0.001) P =0.59 p < 0.01)
Nonrespondents . .. .. —=1.06 -1.19 -1.63
P =0.29) P =023 @ = 0.10)
Both groups -3.36 —1.42 -2.86
Combined . P << 0.001) @ = 0.16) @ < 0.084)

* Each cell contains the r-value and the probability that the f-value is exceeded for the particular contrast,

respondents, there is a 314 gram difference
in mean birth weight between light and

-" ' ' S——

lution constituents and concentrations; (2)
intermediate variables which are rela-
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tively more internal, e.g., maternal vari-

ables such as age, parity, etc.; and (3)

variables internal to the infant, e.g., ges-

tation length, sex, birth weight.
EXTERNAL VARIABLES

Several modes of interaction between
pollution constituents or concentrations
and birth weight were hypothesized be-
cause of the complex chemical and tem-
poral nature of pollutants. These hypothe-
ses included that one, several, or all of the
pollutants affect birth weight during one
or more trimesters, or the effects were
limited to particular seasons of the year
irrespective of the particular trimester of
the fetus.

Data from the nonsmoking respondents
were tested by stepwise regression for the
relationship between each of the pollut-
ants, CO, NO2, and O3, and birth weight
of the infants (Dixon and Massey, 1969;
Dunn and Clark, 1974). When the nine-
month average pollution levels were em-
ploved, only CO had a statistically sig-
nificant negative regression coefficient,
which accounted for 1 per cent of the total
variance of birth weight. When the data
were analyzed using the averages for each
trimester, all three pollutants had a sig-
nificant negative regression coefficient
and, summed, they accounted for 3 per
cent of the variance.

All three pollutants were tested for the
effect of seasonal variation in their concen-
trations. Regression analysis failed to re-
veal any relationship between seasonal
fluctuations in pollution concentrations
and birth weight. Also, when respondents’
infants were divided into four groups by
season of birth, mean birth weights among
groups did not vary, validating the lack of
seasonal effect on birth weight.

INTERMEDIATE VARIABLES AND INTERNAL
VARIABLES

The three pollutants were combined
and the total averaged over twelve months
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for each monitoring station so that a mea-
sure expressing relative differences in
levels of total pollution among monitoring
zones could be specified. This pollution
level variable is included with the analysis
of the intermediate and internal variables,
The average for the monitoring station
with the highest annual level in this sam-
ple, Station 83, was set to Level 10, and
each lesser station assigned the relative
proportion compared to 83, times 10, so
that the range was index values from 1 to
10, The women residing in areas on the
periphery of Los Angeles were classified as
having exposure to negligible amounts of
pollution and served as the control group.
These annual averages, referred to as total
pollution level, plus the relative pollution
concentration of the stations are listed in
Table 4.

TABLE 4

ANNUAL AVERAGE OF COMBINED POLLUTION
CONCENTRATIONS FOR EACH MONITORING
STATION, APRIL 1972—MARCH 1973, MEAN OF
DAILY AVERAGE READINGS, CO, NO;, aND Oy

Station Average Index*

B3 i i are wiony 4,81 10.00

B v smeina wes 4.80 9.98

L oo somnymstis wio 4.66 9.69

T o ppc e s . 4.00 8.32

) ST 3.96 8.23

T wvors wosze svivims - 3.93 8.17
None .....oouenis y g 1.00

* [ndes = Station average / 4,81 = 10

Of the 121 intermediate and internal
variables recorded for each gravida and
her infant, only nine were found to be
significantly associated with birth weight
of the infant. These variables, along with
total pollution level, are listed in the ma-
trix of simple correlations shown in Table
5. The nine variables are defined as fol-
lows:

\.
¥1. Socioeconomic status (SES) is the patient
status of the gravida. Patients were divided
into five groups: clinic nonregistered, clinic
registered, county registered, private pari-
time; and private full-time patients. Socio-
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economic status was regrouped into three
groups: (1) clinic nonregistered, (2) clinic and
county registered, and (3) part- and full-time
private. Eighty per cent of the study popula-
tion were registered clinic and county pa-
tients.

2. Maternal age is years completed at the
time of birth of the infant.

3. Parity is defined as the number of preg-
nancies a woman has had, excluding her
current pregnancy.

4. Antenatal care is the total amount of an-
tenatal care a gravida received, measured in
weeks.

5. Prepregnant weight is the weight before
becoming pregnant.

6. Weight gain is the difference between the
weight at the time of delivery and the pre-
pregnant weight.

7. Sex is sex of the infant.

8 Gestation length is measured in weeks.
9. Smoking is the number of cigarettes
smoked per day. Patients were divided into
five groups ranging from zero cigarettes per
day to more than one pack a day.

1t is evident from Table 5 that all of the
above variables except socioeconomic
status are significantly correlated with
birth weight. In addition, socioeconomic
status and sex of the infant are sig-
nificantly correlated with pollution level as
well as with birth weight. Therefore, re-
gression analysis was undertaken to de-
termine the extent of the independent ef-
fects on birth weight of the nine variables
listed above and the extent of the interac-
tion among the variables. The computa-
tions reveal that socioeconomic status,
maternal age, and antenatal care are not
significantly associated with birth weight,
the positive effect of parity is still sig-
nificant after controlling for maternal age,
and the interaction effects between sex of
infant and pollution level and between
socioeconomic status and pollution level
are nonsignificant for respondents (Table
6).

A multilinear regression model includ-
ing only variables significantly associated
with birth weight was fitted on the data
for respondents.

After controlling for the significant ef-

Birth
Weight

Total
Pollution
Level

Birth
Weight

Gestation
Length

Sex

Weight
Gain

Pre-
pregnant

Weight

TABLE 5§
SiMPLE CORRELATION MATRIX OF SELECTED VARIABLES FOR RESPONDENTS

Antenatal
Car

—0.07

Parity

Maternal
Age
0.55*
0.01

SES

0.15*
~0.01

0.25%

Variable Name

SALUS . . .oicieaee s
Maternal age ....... .-

Parity .......oooooco--
Antenataf¥care .. ......
Prepregnant

Socioeconomic
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—0.01

0.15*
—0.16*

—-0.05
0:33* 0.19%

-0.03

—-0.06

0.13*

0.05
0.11%

—0.06
0.10%

—0.13%
—0.03

*p =001
< 008

Tevel . . .o oo s
Birth weight..........

e

Total poliytion

iy
. . -
i..ag
£ 183
-
o B0 : B g
‘a8
B 3.8
'1;4.9..“-%‘5
owd
2AS4
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RESPONDENTS!

VARIABLE
NAME

Gestation length . .....ooveeen
Prepregnant weight ...........
Weight gain ....veeees e

[ S
Smoking quantity ... ...cen s
Socioeconomic status ........ .
Antenatal care ........cooeens
Maternal age.......oooceeeeis
Socioeconomic status X
pollution level .......ooevnn
Sex x pollution level .........

= Multiple R = 0.602; multiple R = 036
+ These variables were transformed to the &

fects of parity, prepre
weight gain, smoking @
gravida, and sex and gest
the infant, the effect of p:
still significant (standard
coefficient = 0.134,p < 0.0

RESPONDE

Variable
Name

Parity ,..onvieiiviasaavne
Prepregnant weight ........

Weight gain ......ocvnnooes

7, SR
Gestation length ............
Smoking quantity ...........
Total pollution level ........-

* Multiple R = 0.599; multiple R* =
+ Two-tailed t-value exceeded, p < 0
t Two-tailed (-value exceeded. p < 0

DISCUSSIO

The results reported
there is a reduction in bi
the total level of pollut
gravida is exposed and t
is independent of the eff
ables tested.

Final interpretation o
include a consideration ¢
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1 TABLE 6
i
| RESPONDENTS: STEPWISE MULTIPLE REGRESSION SumMARY TABLE® i
i
MULTIPLE !
-5 VARIABLE STANDARD
; \ NAME R R? F-VALUE MEAN DEVIATION
‘ Gestation length ..o 0,461 0.213 131.188 6.351% 0.134
Prepregnant weight ., covenes 0.535 0.286 5 49.961 11,217% 0.989
= I Weight BRID . ooovnrenronsions 0.555 0.308 15.571 5.143% 1.167
8= PARILY . vy oosessoenieinnssnsns 0.567 0.321 9.383 1.570 1.959
=1~ Total pollution level .......... 0.577 0.333 8.324 8.525 2.009
‘ B0 o ois Al e Fatiinie ... 0.590 0.348 11.390 1,461 0,499
Smoking quantity ..........o0o 0.599 0.359 7.919 0.426 0.943
n Socioeconomic Status .. ......ve 0.600 0,360 0.937 2.119 0.377 .
= g% Antaniatal Care .. .ou.eaeie oa 0.601 0.361 0.720 3.8691 1.296 v
S ao Maternal 88 . ox . e vver i 0.602 0.362 0.556 25.306 5.279 £
] Socioeconomic status X i
pollution level ... .......... 0.602 0.363 0.764 17.954 5.036 i
Sex x pollution level . ......... 0.602 0.363 0,001 12.307 5,185 3
. 3
BS '2 = « Multiple R = 0.602; multiple R = 0.35); constant = -6.957 §
‘oo oo I + These variables were ransformed to the square root of their values in order to normalize the distributions before computing the regression. i
| |
| )
) . | fects of parity, prepregnant weight, in a study such as this. First, a major
- wy O . . . - . - ey .
35 g= weight gain, smoking gquantity of the problem is the possibility of overlooking
00 (== . . . . .
T1 T ‘ gravida, and sex and gestation length of variables that may be contributing to the
‘ the infant, the effect of pollution level is observed effect. A second problem related
cmbe zb still significant (standardized regression to the first is that this is a retrospective
cSEc oo coefficient = 0.134,p < 0.01; see Table 7). pilot study to ascertain whether there is an
i) | \
TABLE 7
—~hmbe -
el 8= RESPONDENTS: MULTILINEAR REGRESSION SumMMARY TABLE®
o0 G oo co
| |
Standardized
Variable Regression Standard Regression
PO [, S +— Name Coefficient Error Coefficient 1-Value
5 ZR3IEB 8=
o ccoco Qf Parity ....ovoconmreonanieiss 0.035 0.010 0.135 3.541% :
‘ A Prepregnant weight .......... 0.125 0.019 0.244 6.4491 £
WeIght BRIN .. \ovcveeraioeres 0.070 0.016 0.162 4,2887 £
, L. = e B i S e AR SR —0.136 0.038 ~0.133 -3.571t i
e Mtam® 89 Gestation length ............» 1.519 0.141 0.402 10.741% i
nl SoRES Sd Smoking quantity .......coo. -0.056 0.020 -0.103 —2.814% :
| ] ] Total pollution level . ......... —-0.034 0.009 —0.134 —3.6007 .
* \ultiple R = 0,599; multiple B! = 0,350, constant = -=7.513. l‘.!'
* Two-tailed f-value exceeded, p < 0.001. 3
b mmmge e : Two-tailed t-value exceeded, p < 0.008 *
T DM ocoCoo -0 ¥
S T- = *‘*T H=Xo} :‘: cg %
[} 1 | .
\ DISCUSSION effect, so the selected sample is small and f.
o The results reported above show that is further reduced because relatively few
: R there is a reduction in birth weight due to women responded to the questionnaire. :
" . 23 g ;1 the total level of pollution to which the And, third, although the birth records ' '
- ) 1= h . . - . :
Ei¥:8% .2 & %‘g ‘B gravida is exposed and that this reduction from UCLA were randomly selected, :
L @ 1 = ¥ —< Ps . '
s.m (BE=D 2wg g 22 is independent of the effects of other vari- Perhaps women who deliver at UCLA are
E 2528 {{g{g BEgis . ables tested. not a random sample of all those who de-
" RECET O3 UNR x| ~> A ¥ “ 3 i i . 5 =
SPSSEETsR8E8 S| Final interpretation of this result must liver in Los Angeles. A discussion of these

include a consideration of three difficulties three problem areas follows:

|
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UNMEASURED VARIABLES

It seems evident that only the measured
variables in this population are making
major contributions to the observed effect.
Ethnicity, socioeconomic status, and level
of antenatal care are the three most impor-
tant variables related to residence and
therefore to exposure to pollution.

The ethnic composition of this popula-
tion was 39 per cent white, 51 per cent
Spanish American, and about 4.5 per
cent, each, Oriental and Black gravidae.
Birth weight is not significantly different
among ethnic groups, and whites and
Spanish Americans reside in all the moni-
toring zones. Neither of these two factors
accounts for the mean difference (Wil-
liams, 1975).

Socioecoromic status is measured by the
patient class, available from hospital rec-
ords. While this may be an inadequate
measure of socioeconomic status, the im-
pact is minimized because 80 per cent of
the sample are clinic patients. They come
from all monitoring station areas, and
therefore socioeconomic status is relatively
homogeneous and in effect controls for
socioeconomic status across station areas.
This distribution in the sample meant,
however, that we could not adequately
assess a possible interrelation between so-
cioeconomic status and pollution level.

The level of antenatal care significantly
differentiates birth weight in this sample,
but it does not correlate with residence
and so it is not contributing to the differ-
ences in birth weight among areas of resi-
dence.

SMALL SAMPLE

The sample size is limited because so
few women responded to the smoking sur-
vey. However, combining respondents
with nonrespondents increases sample size
and does not alter the findings.

Social Biology

RANDOM SAMFLE

The effect in terms of a woman's choice
of hospital must be considered, since
UCLA is one of the major teaching hospi-
tals in the area and attracts women at risk
in terms of low birth weight offspring or
other health problems. One might expect
women from areas farther from UCLA to
deliver infants of lower birth weight.
However, the study population is a
healthy one by recognized medical criteria
(Williams, 1975). The sample does indeed
seem to be random on several levels.

Given the limitations on sample size and
design of the investigation, the observed
effect is most certainly due to differences
in total pollution levels among the moni-
toring zones of the Los Angeles Basin. The
difference of 314 grams between heavy
and light pollution areas is equivalent to
the effect of one pack of cigarettes a day in
a smoking gravida and indicates that air
pollution may be of significance in the re-
tardation of fetal growth.

IMPLICATIONS

The birth weight is predictive of that
infant’s probability of survival; lower
birth weights are associated with higher
infant mortality rates. Any factor that con-
tributes to a reduction in birth weight is of
concern because of the predictable rela-
tionship of birth weight to mortality. Spe-
cifically, the reported infant mortality rates
increase from 6.86/1,000 for the 3.501-
4.000 kg birth weight class to 8.85/1,000
for the lighter 3.000-3.500 kg class, for
U.S. whites (Armstrong, 1972). Assuming
a linear relationship between birth weight
and mortality, the 500 gram difference be-
tween these two classes leads to a 29 per
cent increase in mortality. The 314 gram
reduction in birth weight attributed to pol-
lution is about three-fifths as great and
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nomic status and to live in less polluted
areas of the cities than nonwhites. A dec-
rement of 314 grams in the nonwhite
groups could be associated with an even
creater loss of life if there is an additive or
svnergistic effect of lower socioeconomic
class and pollution. In addition, the moni-
toring zones included in this study are not
the most polluted zones in the Los Angeles
Basin, and there may be even more of a
reduction in weight associated with
heavier pollution levels.

Until now, the health effects known to
be associated with pollution are increases
in respiratory illnesses and in adult mor-
tality rates, Since adult mortality comes
after childbearing age, there is presumably
no selection pressure from pollution,
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However, if pollution is causing a reduc-
tion in birth weight, then there is evidence
of pollution as an agent of selection; and
certain subpopulations living in the less
desirable parts of urban centers may suffer
relatively more intensive selection due to
the effects of pollution.

ACKENOWLEDGMENTS

This research was supported in part by: Uni-
versity of California at Los Angeles, PHS
Grants Nos. MCH-927, HD-04612, HD-
00345, HD-05615, University of California
Academic Senate, and a National Science
Foundation Traineeship. Computing assis-
tance was obtained from the Health Science
Computing Facility, UCLA, supported by
NIH Special Resources Grant RR-J.

The authors thank J. C. Moore, Obstetrics,
UCLA, for his assistance in obtaining the data
and W. J. Dixon, C, S. Foote, D. Guthrie, M.
A. Hill, and G. Rodriguez for their comments.

An earlier version of this paper was pre-
sented at the 45th Annual Meeting of the Amer-
ican Association of Physical Anthropologists,
1976.

ENCES

1967. Irradiated automobile exhaust; Its effects on
the reproduction of mice. Arch. Environ. Hith.
15:26-35.

LoNGo, L. D. 1976, Carbon monoxide: Effects on
oxygenation of the fetus in utero. Science
194:523-525.

RusH, D., and E, H. Kass, 1972, Maternal smoking:
A reassessment of the association with perinatal
mortality. Amer. J. Epidemiol. 96:183-196.

STEWART, R. D., E. D, BARETTA, L. R, PLATTE, E.
B. STEWART, J. G. KALBFLEISCH, B. V. YSER-
Loo, and A. A. RimM. 1973. Carboxyhemoglobin
concentrations in blood from donors in Chicago,
Milwaukee, New York and Los Angeles. Science
182:1362-1364.

UNGER, J. 1957, Weight at birth and its effects on
survival of the newborn; U.S. by geographic divi-
sions and by urban and rural areas, early 1950.
Vital Statistics—Special Reports 45(10):153-218.

WiLLiaMs, L. A. 1975, The effect of air pollution on
human birth weight. Ph.D. thesis, Department of

thropology, Untversity of California at Los
geles.

YERUSHALMY, J. 1970. Relation of birth weight,
gestational age, and the rate of intrauterine growth
to perinatal mortality. Clin. Obstet. Gynecol.
13:107-129.

Younoszal, M. K., A. Kacic, and J. C. HAWORTH.
1968. Cigarette smoking during pregnancy: The
effect upon the hematocrit and acid-base balance
of the newborn infant. Can. Med. Assoc. ].
99:197-200.

]

1 AT AT A —

“and



