free radicals; previously, Lieberman et
al. (22) described the generation of
ethylene from methional or methionine
mediated by ascorbate plus cupric ion
in a model system.

Our studies have shown that ethane
production is a characteristic of spon-
taneously peroxidizing mouse tissue in
vitro and that ethane formation from
mice in vivo can be provoked by CCl,.
The amounts of ethane evolved in vivo
were correlated with conditions that
either increased (phenobarbital pre-
treatment) or decreased (a-tocopherol
pretreatment) the susceptibility of liver
to lipid peroxidation. These data sug-
gest that the study of evolved ethane
may provide a means to detect and,
perhaps, to monitor ongoing pathologi-
cal lipid peroxidation changes in vivo.
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Industrial Air Pollution: Possible Effect on Lung Cancer

Abstract, Higher lung cancer mortality rates occurred in males living in certain
heavily industrialized areas of Los Angeles County, California. These areas were
characterized by elevated concentrations of benzolalpyrene and other polynuclear
aromatic hydrocarbons of primarily industrial origin in the soil and air.

Because of the increasingly large
number of deaths due to lung cancer,
there has been continued interest in
the etiology of this disease. During the
1960’s several epidemiologic studies (1)
showed a strong relation between lung
cancer and cigarette smoking. The ef-
fects of other forms of air pollution on
the incidence of lung cancer were also
investigated. Occupational studies in-
criminated specific airborne pollutants
(2). Urban and rural studies impli-
cated air pollution in general (3, 4).
Hammond and Selikoff (5) suggested
that a synergistic interaction of smok-

ing and industrial, neighi)orhood, and
community air pollution was instru-
mental in causing lung cancer.
Interest in the possible effect of
neighborhood air pollution on lung can-
cer mortality led us to investigate the
geographic distribution of this disease
in Los Angeles County. Before the
analysis of the mortality data the 26
health districts within the county were
grouped into 13 study areas with rea-
sonably homogeneous air pollution pro-
files, as defined by the Los Angeles Air
Pollution Control District (6). Popu-
lations at risk for these 13 areas were

Fig. 1. Map of
Los Angeles Coun-
ty showing (shaded
area) the three con-
tiguous areas where
the lung cancer mor-
tality rate for 1968
and 1969 exceeded
70 per 100,00. The
numbers indicate
study areas (this re-
port), the letters pol-
lution sampling sta-
tions (12).
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determined from the 1970 census data
(7). Caucasians comprised the ma-
jority of the Los Angeles County popu-
lation and were widely dispersed
through all 13 study areas. To mini-
mize racial differences the analysis was
performed on Caucasian deaths only.
The percentage of Mexican-Americans,
included in the Caucasian subpopula-
tions, varied by 10 to 35 percent be-
tween study areas. The age-adjusted
lung cancer mortality rates for Cauca-
sian males and females were calculated
for the 13 areas from the Los Angeles
County death certificates (8). The age-
adjusted rates were standardized to the
U.S. 1970 census population (9) by
the direct method. A socioeconomic
class index from 1 to 5, calculated
from the average income and educa-
tion level, was assigned to each census
tract by using a modification of the
two-factor Hollingshead index (/0).
Socioeconomic classes 1 to 5 contained
9, 27, 27, 32, and 5 percent, respec-
tively, of the Los Angeles County popu-
lation of male whites.

The age-adjusted lung cancer rates
in 1968 and 1969 for male Caucasians
in the 13 study areas ranged from 43
to 75 per 100,000 (Table 1). In areas
10, 12, and 13 the mortality rate was
70 per 100,000 or greater. These three
areas are contiguous, are located in
south-central Los Angeles County (see
Fig. 1), and are populated predomi-
nantly by those in the middle and lower
socioeconomic classes. The lung cancer
mortality rates for Los Angeles County
were 1.73 times higher in the lower
than the upper socioeconomic classes.
However, the excess of lung cancer
still remained in the three geographic
study areas when all areas were com-
pared for only socioeconomic classes
3 to 5 (Table 1), or for socioeconomic
class 4 alone. The percentages of
Mexican-Americans living in areas 10,
12, and 13 were close to the Los An-
geles ‘County mean. Thus, lower lung
cancer rates in Latin 'males, as re-
ported elsewhere (11), could not have
explained the excess of lung cancer in
these study areas. Analyses of the 13
study areas for age-adjusted mortality
rates of all other cancers combined
and for all causes of death showed no
similar clustering. Age-adjusted mor-
tality rates for esophageal, stomach,
colon, pancreatic, bladder, and pros-
tatic cancers, leukemia, and Hodgkin’s
disease also failed to show clustering.
Lung cancer mortality rates for female
Caucasians did not show any clustering.

The Caucasian male population of
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Table 1. Lung cancer mortalities (N) and
age-adjusted lung cancer mortality rates (R/
100,000) (1968 to 1969) by geographic area
for male Caucasians in Los Angeles County.

All Socioeconomic
socioeconomic classes

Area classes 3,4, and §
R/ R/

N 100,000 N 100,000
1 259 48 129 51
2 289 50 201 57
3 252 49 144 54
4 216 49 196 50
5 281 63 269 63
6 225 43 168 45
7 177 56 138 65
8 97 52 53 51
9 192 53 148 55
10 210 70 191 71
11 231 57 149 64
12 173 75 162 72
13 284 70 257 73
All 2886 55 2205 59

areas 10, 12, and 13 was 499,609.

There were 667 lung cancers in these
males in the 2-year period under study.
If the populations of these three areas
had experienced age-specific rates simi-
lar to those in the other ten areas in
Los Angeles County, approximately 476
lung cancers, or 95 fewer per year,
would have been observed. Thus, there
was an apparent 40 percent excess of
male lung cancers in these three study
areas for 1968 and 1969.

The elevated lung cancer rates in
the south-central area of Los Angeles
County seem to correlate with results
of air and soil sampling measurements
taken during 1971 and 1972 by Gor-
don and Bryan (/2). They found that
concentrations of polynuclear aromatic

hydrocarbons in the air and soil dif-

fered widely between four sampling
stations (A, B, C, and D) in different
parts of the county (Fig. 1). The
highest concentration of benzo[alpyrene
in air and soil was found at station C,
situated in the center of the three study
areas showing increased lung cancer
mortality. The benzo[alpyrene concen-
tration of 3.5 ng/m? at station C was
approximately five times greater than
would have been expected from auto-
motive exhausts alone (72). Gordon
and Bryan (/2) suggested that the
benzo[a]pyrene excess was the result
of effluents from the petroleum and
chemical industries concentrated in the
area. This possible relation between
lung cancer and atmospheric benzo[a]-
pyrene is consistent with earlier find-
ings from England (3). Any effect of
neighborhood air pollution on lung can-
cer mortality would probably have to
reflect the result of many years of

exposure. While the air sampling mea-
surements in 1971 and 1972 from these
areas may have been representative of
the previous decades, measurements
from earlier periods were not available.

It is possible that more smoking or
occupational exposure may be related
to the excess of lung cancer. Since
smoking and occupational history data
were not available from the mortality
records, the effect of these two factors
could not be directly analyzed. Ciga-
rette smoking is inversely related to
social class, those in the lower classes
smoking more (/3). The excess of
lung cancer in the same geographic
areas persists when only the data for
the lower socioeconomic classes are
analyzed; this reduces the possibility
that the excess can be fully explained
by differences in smoking (/3). The
possibility of geographic differences in
smoking was further weakened by the
absence of a similar geographic pat-
tern for cancers of the larynx, bladder,
esophagus, or pancreas—cancers also
related to smoking (/).

It seems unlikely that occupational
exposure alone could account for the
excess lung cancer deaths. A prelimi-
nary review of death certificates for
members of the union serving the
petrochemical industry did not reveal
an excess of lung cancer. We are una-
ware of any other occupation unique
to this area that could be associated
with this excess mortality.

The most likely explanation would
be a synergistic action between smok-
ing and neighborhood air pollution.
The absence of a geographical varia-
tion in female lung cancer would be
compatible with this hypothesis and
similar synergism has been suggested
before for smoking and air pollution
(3, 14).
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DNA Synthesis and Mitosis in Well-Differentiated

Mammalian Cardiocytes

Abstract. Incorporation of [BHlthymidine into nuclei of heart cells of 2-day-old
rats indicates that neonatal cardiac cells containing well-aligned myofibrils synthe-
size DNA. In these highly differentiated cells, neither the presence of contractile
proteins nor their organization into myofibrils inhibits either DNA synthesis or

mitosis.

The relation between DNA synthesis
and mitosis and the manufacture of
cell-specific proteins has been the sub-
ject of numerous studies. In many
tissues, differentiation occurs only in
cells that no longer divide (for exam-
ple, nerve cells, keratinizing cells, and
reproductive cells). The suggestion
that production of myofibrils in striated

muscle may inhibit cell division is based
on evidence obtained in studies of
skeletal muscle (I, 2). Skeletal muscle
cells containing myofibrils do not di-
vide (3).

Unlike skeletal muscle, embryonic
cardiac cells synthesize DNA and di-
vide after myofibrils have appeared
(4-8). With autoradiography, DNA

synthesis has been demonstrated in
differentiating cardiac cells of chick em-
bryos (4, 5). Mitotic figures have been
observed in electron micrographs of
chick heart cells containing a few myo-
fibrils (6, 7). Chacko (9) has observed
mitosis in electron micrographs of rat
cardiocytes during late gestation and at
birth. Therefore, in differentiating em-
bryonic cardiac muscle, the appearance
of contractile proteins inhibits neither
DNA synthesis (5) nor mitosis (6-8).

Chacko (9) has stated that rat myo-
cardial cells do not undergo mitosis
once the myofilaments become orga-
nized into well-defined myofibrils. How-
ever, postnatal cardiac cells of the rat
contain well-defined myofibrils (10). In
a recent review, Zak (11) cites evidence
indicating that heart muscle cells di-
vide up through 3 weeks of postnatal
life. Claycomb (12) has recently re-
ported that DNA biosynthesis in car-
diac muscle of the rat ceases by the
17th day of postnatal development,
which correlates temporally with an
almost total loss of cytoplasmic DNA
polymerase activity.

Can neonatal cardiac cells that are
more highly differentiated than em-
bryonic heart cells synthesize DNA
and divide? To examine this question,
we studied the hearts of 2-day-old

ribosomes, microtubules, Golgi vesicles, sarcoplasmic reticulum, and numerous myofibrils aligned in the long axis of the cell.
The large nucleus contains developed silver grains (curved arrows), indicating incorporation of [°PH]thymidine. In one myofibril,

the Z band (arrowhead) can barely be seen, although adjacent I and A bands of this myofibril can be seen.

Fig. 2 (right).

Ventricular cell in telophase. Chromosomes have moved toward the centriole and the nuclear envelope is reforming. Bundles
of thick and thin filaments are grouped at random in this mitotic cell. The Z bands are not seen, and the organization of
myofilaments into myofibrils is lost. Scale in each figure, 1 um.
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