Air Quality of American Homes

Abstract. In a survey of particulate fallout in homes it was found that there
is a relation between pollution inside and outside a home. The level inside the
home also depends on the location of the home (urban, suburban, or rural).
Bathrooms and kitchens show heavier particle fallout than living rooms or

bedrooms.

The quality of the air in American
homes was recently measured as part
of a field program administered by
the AAAS and funded by the National
Science Foundation. College teachers
(103) from 53 different colleges par-
ticipated in one of the four National
Science Foundation Chautauqua-type
short courses conducted as part of the
program. The course on air pollution
was given by Drs. V. J. Schaefer and
V. A. Mohnen. The program consisted
of a series of intensive lectures and il-
lustrated talks given alternately in suc-
cessive 2-day presentations at the Field
Museum in Chicago, the University of
Maryland at College Park, Clark Col-
lege at Atlanta, Georgia, and the Uni-
versity of Texas at Austin.

Toward the end of the first session
in November 1970, a research proj-
ect was adopted by each of the four
groups. This project consisted of mea-
surements of the dust fall (“settleable
particles”) within the individual homes
(living quarters ranging from small
apartments to large, rambling homes
in urban, suburban, and country en-
vironments) of the participants and
some of their colleagues and students.
The foils, as well as the holders, used
in our experiments were dimensionally
duplicates of the so-called “Haftfolie
nach Diem” (). The aluminum foils
measured 7.6 cm in length and 4.1 cm
in width. Over 25 cm? of each sheet
was coated with silicone adhesive SR-
516 (General Electric). This coating
material is better by far than Vaseline
and eliminates quite a few disadvan-
tages that were inherent in the original
sedimentation foil (2). The sedimenta-
tion foil technique was first used to
measure dust fall in London. Its use
in air pollution is restricted, owing to
the fact that one cannot quantitatively
collect dust that is brought down by
rain.

More than 1000 of the specially
treated and weighed aluminum foils
were placed in various rooms of the
homes (more than 100 homes were
tested) and left in position for 30
days. Upon retrieval, they were again
weighed, and some were analyzed for
special types of impurities; quite a few
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were examined under various degrees
of magnification, and a number of
photomicrographs were prepared of
typical ‘samples. Figure 1 illustrates
photomicrographs of slides exposed for
30 days in two rooms of a home.

The sedimentation measurements
were obtained from the mass which
collected on the aluminum sheets that
were attached to simple holders and
then exposed to particulate fallout from
the air during the period from 15 De-
cember 1970 to 15 January 1971.
About 25 percent of the 1072 mea-
surements were obtained from foils that
were set up in pairs. Measurements

were made inside homes in four regions
of the country, and, in addition, a few
individuals exposed foils outside of
their homes. In the Chicago region,
foils were placed in 14 homes, ranging
from the inner city, to the suburbs, and
as far away as Oshkosh, Wisconsin. In
the Washington, D.C., region, there
were 35 homes from central Virginia
through Maryland to Pennsylvania.
There were 22 homes in the Atlanta
region from Greenville, South Caro-
lina, through Georgia to central Ten-
nessee. Finally, there were 17 homes
in the Austin-San Antonio, Texas, re-
gion.

The accuracy of the sedimentation
foil measurements can be evaluated by
examining the correlation between

measurements on foils exposed in pairs
so that both members of a pair have
sampled the same particulate fallout.
Such studies (3) indicated that most
such comparisons showed variations of

»

Fig. 1. Photomicrographs of two sedimentation slides taken in a home: (A) bathroom;

(B) woodworking shop.

Table 1. Sedimentation regimes.

Sedimentation
(mass per foil) (mg)

Regime

0.75
<225
225t04.5

Island in large freshwater lake
Uninhabited areas with thick vegetation cover

Areas of low population density, general background of

eastern United States

4.5t09

Residential areas in suburbs and small cities on the periphery

of industrial areas

9to 18
>18

Cities, industrial areas, shopping centers

Downtown areas of cities, immediately adjacent to some

“dusty” types of industries, adjacent to busy highways

All ranges, depending on
wind and rain during
period

Deserts and areas with large blocks of bare ground
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Fig. 2. (A) Correlation between inside and outside measurements; (B) correlation
between inside measurements and calculated particulate concentrations. In each case a
linear relation is observed between the average mass of particulate matter deposited

inside and outside the home.

less than 3 mg, the correlation coef-
ficient being p=0.47.

In order to determine the reproduci-
bility of sedimentation foil measure-
ments in a more controlled environ-
ment, D. G. Hicks of Georgia State
University, Atlanta, exposed 16 foils
in a single array. The mean value of

the mass collected per foil is 0.22
mg per foil, and the standard deviation
of the 16 measurements is 0.08 mg.
This distribution is consistent with a
normal distribution, resulting from sta-
tistical fluctuations in the measurements.

Twenty-six measurements of mass
were made at various homes with foils
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placed in the outside air (M,), and
these measurements can be compared
with the average (4, 5) mass per foil
collected inside the respective homes
(M, ;). Figure 2A shows the correla-
tion between the inside and outside
measurements. The linear regression
lines are shown, and the correlation
coefficient is p = 0.46. The dotted line
is the orthogonal mean square regres-
sion line (4) for which the following
equation can be written:

Mav,i = 0.2 mg + 0.1 M,

Another comparison between partic-
ulate concentrations inside and outside
the home was obtained in the Chicago
area. This was done by relating the
average mass per foil measured inside
the home with the annual geometric
micrograms per cubic meter) (6) de-
termined by means of a diffusion model
mean of particulate concentrations (in
based on all particulate sources in the
Chicago region. Figure 2B shows the
correlation between the inside mea-
surements and the calculated particulate
concentrations. The correlation coef-
ficient is p=0.7, and here again there
is a linear relation between particulate
concentrations inside and outside the
home.

In order to be able to better relate
the dust fall inside homes to the sedi-
mentation that occurs outside in vari-
ous densely populated or remote areas,
we present in Table 1 a general classi-
fication of sedimentation regimes. The
underlying measurements were ob-
tained from our own network and are
averages of measurements on over
6000 foils exposed during the period
from March through August 1970 (7).

A comparison of the results from
home to home and from region to
region reveals the following correla-
tion. In the cases where the windows
were open most of the time during the
experiment, the average mass collected
per foil was dramatically higher than
in the cases where the windows were
kept closed. For example, for suburban
homes with closed windows (720 mea-
surements), the mean value of the mass
collected was 1.54 mg per foil, whereas
for suburban homes with open windows
(68 measurements), most in the At-
lanta region, the mean value was 3.77
mg per foil.

Figure 3 summarizes the average
mass collected on the sedimentation
foils in homes with closed windows.
The highest mass occurred in urban
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Chicago and was about one-half of the
mass collected in homes where the win-
dows were kept open. In the progres-
sion from an urban to a rural environ-
ment, the average mass collected in the
30-day period decreased by about a
factor of 2.

Figure 4 compares the masses col-
lected in various rooms of the home.
The values corresponding to the bath-
room and the kitchen measurements
are significantly higher than for the
other rooms. Kitchens with gas stoves
(38) contained more than the overall
average particulate mass, and those
with electric stoves (18) contained less.
In the progression from rural to urban
areas, for homes with closed windows,
the relative comparison between rooms
did not change, and the particulate con-
centrations in the suburban homes
were approximately the same as the
overall averages, with the rural areas
contributing less and the urban areas
contributing more.

V. J. SCHAEFER
V. A. MOHNEN
V. R. VEIRs
Atmospheric Sciences Research Center,
State University of New York, Albany,
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Copper on Intrauterine Devices Stimulates Leukocyte Exudation

Abstract. Metallic copper in the uterine or abdominal cavities of rats or
monkeys stimulates an impressive local exudation of polymorphonuclear leuko-
cytes. This cellular response to copper persists for at least 7 months, without
significant local tissue damage or detectable systemic effects on the test animal.
This finding provides a possible explanation for the capacity of copper to increase
impressively the antifertility effect of polyethylene intrauterine contraceptive

devices.

Metallic copper has been shown to
exert a potent antifertility effect in the
uterine cavity (). The pregnancy rate in
women using the “Tatum T” plain poly-
ethylene intrauterine contraceptive de-
vice was found to be 18 percent per
year, whereas this rate was reduced to
0.5 percent or less by addition of a coil
of fine copper wire (200 mm?2 surface
area) to this device. A fine copper wire
placed in the lumen of one rat uterine
horn completely prevented pregnancies
in that horn, without influencing the
number of fetuses in the control horn,
an indication that the copper wire was
acting locally, not systemically, to pro-
duce an antifertility effect. The mech-
anism of action of copper in this situ-
ation is unknown.

Parr and colleagues (2) have demon-
strated a correlation between mobiliza-
tion of leukocytes into the uterine cavity
and the efficacy of various types of

intrauterine contraceptive devices. The
evidence indicated that the persistent
low-grade inflammation with accom-
panying leukocyte emigration resulted
in local conditions toxic for the fertil-
ized egg. El Sahwi and Moyer (3) have
found a quantitative relation between
the presence of leukocytes and the
antifertility effect.

We now report observations in rats
and monkeys on the local mobilization
of leukocytes in response to implantation
of polyethylene or metallic copper de-
vices. The devices were inserted asep-
tically into the uterus or into the ab-
dominal cavity. At intervals from 10
days to 7 months smears were made of
the surface coatings of the devices, and
the adjacent tissues were fixed for study
by light and electron microscopy.

The results (Table 1 and Figs. 1 and
2) show that metallic copper alone or
a copper-clad polyethylene device in the

Fig. 1 (left). Smear of surface of a copper wire that had been in a rat uterine horn for
10 days. Numerous polymorphonuclear leukocytes are seen. [Tissue was air dried, and

Wright-Giemsa stained (x412)].

Fig. 2 (right). Rat uterine horn fixed 10 days after

insertion of a thin copper wire. The lumen (open space) and endometrium are shown.
Numerous polymorphonuclear leukocytes (arrows point to examples) are seen in the
stromal and in the surface epithelial layers. Fixed with glutaraldehyde and osmium,
and embedded in Epon; thick section stained with azure A at alkaline pH (x128).
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