stated size on a probability scale) has
been the most widely used and gener-
ally accepted method of treating aero-
sol data since the 1930’s (10). The
major advantage of a log normal plot
is that the size distribution can be
directly correlated with lung desposition
(11) based on the mass aerodynamic
(Stokes) equivalent diameters. The log-
normal size curves presented in my arti-
cle can be used to assess the aerosol
fraction which can penetrate and be
retained in various portions of the respi-
ratory system. However, there are many
other ways to plot size data depending
on what the investigator wants to de-
termine.

As Whitby et al. point out I have
used extrapolated data to obtain mass
median diameter (MMD) values in
some cases. (It is interesting that Whitby
et al. have also yielded to the same
temptation in their figure by extrapo-
lating some of my replotted data be-
yond the upper size limit of about 4
wm in diameter.) I have reported (/2)
that some uncertainty may be associated
with an MMD value derived by ex-
trapolation and have pointed out that
“values for the average percent of the
particle mass = 1 pum diameter . . . in-
terpolated directly from the particle
size distribution curves . . . provide a
more accurate picture of the particle
size than does the MMD, a value often
obtained by extrapolating the distribu-
tion curve” (13).

The only other large body of mass
size distribution data has been pub-
lished by Lundgren (8, 14). His values
published for both the MMD’s and the
geometric standard deviation are in
good agreement with my findings (7).
Patterson’s work (/5) referred to in
the letter by Whitby et al. presents size
data that are somewhat higher in MMD
values than the findings presented by
Lundgren and my group. The differ-
ence may be attributed to the presence
of a nearby emission source, a higher
particle capture velocity than the high
volume sampler, or weighing problems.
(A particulate concentration of 100
wg/m? sampled at 1 cubic foot per
minute and fractionated over seven
stages would amount to only 0.57 mg
per stage, provided that there was equal
loading, and represents an extremely
small amount of material to weigh ac-
curately.) Why there should be a re-
lation between concentration and size
of ambient particulate matter as indi-
cated by Patterson is not clear.

Since my article was published, evi-
dence has been accumulating that aero-
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Fig. 1. Composite weight and transformed
number distribution of cascade impactor
samples collected in Cincinnati, Ohio, on
4 and 21 April 1971, during temperature
inversions (13).

sols may be distributed in more than
one mode. Expressing the distribution
as single mode log-normal may be an
oversimplification, although previous
work by Lundgren (8, /4) and Lee
(2, 13) indicated a log-normal plot well
approximated the data obtained from
available impactors. Treating four- and
five-stage impactor data in any more
depth than I have reported probably
exceeds the limitations of these devices;
that is, the size resolution is too poor
to define subtle differences in the dis-
tribution. An eight-stage impactor sys-
tem recently developed by Lundgren
(16) apparently has sufficient resolu-
tion to characterize bimodality on a
mass basis. This is encouraging since
the article (2) cites the need for better
instruments which would provide more
effective size fractionation with better
resolution of particle sizes than pres-
ently available devices.

Visibility reduction is an optical ef-
fect of particles. In general, particles
that have an optical size of about 0.2
to 1.6 nm diameter on a number dis-

tribution basis are most effective in
scattering light. In Fig. 1, I have re-
plotted a composite of the inversion
data (2) both as a mass distribution
and a calculated number distribution
(17), recognizing that volatile particles
are probably not accounted for in the
transformation. On a mass basis, the
MMD is 1.65 um and constitutes the
reference to “large” particles in my
article, but on a number basis the MMD
is 0.35 pm, which is precisely in the
effective scattering range.

Aerosols are difficult to measure and
represent the most complicated air pol-
lutant to characterize. Increasing atten-
tion from researchers should result
in a better understanding of aerosol
sources, atmospheric interactions, and
methods of control. Of particular im-
portance, in my view, is the need to
characterize the chemical composition
of suspended particulate matter as a
function of size for assessing the inhala-
tion health hazard. Cascade impactors
are especially suitable for collecting suf-
ficient quantities of size fractionated
materials for chemical analysis.

RoBERT E. LEE, JRr.
Environmental Protection Agency,
Research Triangle Park,
North Carolina 27711
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Radiocarbon Dates for Earliest Domésticated

Animals frem Europe and the Near East

In entitling our article “Earliest ra-
diocarbon dates for domesticated ani-
mals,” we followed the practice of keep-
ing titles concise and brief (/) even
though Bokonyi, Braidwood, and Read

have taken exception to this (2). We
then specified that “Europe is added to
the Near East as another early center
of domestication” (I, p. 235). Thus
we indicated clearly at the outset which
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areas of the world we were dealing
with.,

The careful reader will undoubtedly
notice the use of asterisks in the il-
lustrations to indicate those areas in
which a difference of opinion exists as
to true domestication. Indeed, we are
well aware of the fact that not all spe-
cialists will always agree upon how to
recognize the bones of domesticated
versus wild animals. Because of the
complex approach to this research prob-
lem we kept Braidwood informed of
our work, which he generously sup-
ported with bone samples and advice.
Moreover, he reviewed our final draft,
and we, in turn, made the necessary
changes.

With respect to age determinations,
we used the format that best provides
correlation between radiocarbon and
calendric dates—that is, tree-ring cali-
brated radiocarbon dates, as discussed
extensively during the course of Nobel
symposium 12 (3). In short, for max-
imum accuracy, radiocarbon dates
need to be calibrated against a known
chronology. The best to date, and the
one with the greatest range, is the bris-
tlecone pine chronology, which corre-
lates dendrochronologically dated bris-
tlecone pine tree-rings with their radio-
carbon content. In turn, bristlecone
tree-ring ages are taken as equivalent
to calendric years since they are in
agreement with the correlation between
oak tree-rings and historical ages. So
far nothing in history or prehistory has
indicated that this approach is funda-
mentally wrong.

Collagen-based age determinations,
when carried out correctly, provide ex-
cellent results, as we have shown in a
study in which we compared collagen
and charcoal radiocarbon ages for the
same finds (4). In our Science article
we cautioned against using charcoal in
areas of the world where petroleum or
asphalt occurs, simply because it is
difficult to remove such contaminants
from highly porous charcoal. In con-
trast, bones can be conveniently as-
sayed by isolating amino acids that
are native to collagen but that do not
occur in significant quantity in petro-
leum. Thus collagen-based radiocarbon
dates can often provide better results in
petroleum-rich areas than charcoal, but
this is not to say that we reject char-
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coal dates outright. To summarize, it
does not hurt to be familiar with a lit-
tle chemistry.

We do not understand Milojcic’s
concern. He himself refers to domes-
ticated animals (5), citing the analyses
of Boessneck for the Argissa-Magula.
Of course, we hope that Milojcic is
aware of the fact that radiocarbon
dates of the same magnitude are es-
sentially contemporaneous, irrespective
of where in the world they originate.

Unfortunately, our critics left out
some significant words when making
claims as to our selection of bones for
dating. Our article actually reads, “All
bone selected was positively identified
on morphological grounds as being
from fully domesticated animals (with
the exception of some sheep bones)
... " (, p. 237). Moreover, on the
same page we clearly identified bones
from animals presumed to be, but not
certainly, domesticated. In fact, for
Palegawra we state, “wild goats and
sheep” (/, table 2, p. 237), using the
dates to illustrate good correlation be-
tween chronology and stratigraphy.
Thus we are not quite as naive as mis-
quotes would have us.

Regarding Asiab, we did not cite do-
mesticated sheep at all in table 1, and
we placed a question mark in figure 1.
This is in contrast to the unfounded
allegation that we imply the presence
of clearly domesticated sheep at Asiab.

Since our article dealt primarily with
Europe and the Near East, we did not
mention Lawrence’s find of the world’s
earliest dog in Idaho. If we had written
an article on worldwide domestication
of animals, we would most certainly
have included this important find (6).

A charcoal date of 10,800 % 300
B.P. (W-681) has been taken as an indi-
cator of the great antiquity of domes-
ticated sheep in Zain Chemin Shanidar,
Iraq (7). Indeed, this date may very
well be correct. However, we have also
observed the case of close association
of sloth dung and an atlatl shaft inside
Gypsum Cave in Nevada. There, con-
temporaneity had been assumed (8),
yet later radiocarbon dates showed that
the wood sample was thousands of
years more recent than the dung. We
would like a direct date on the sheep
bones themselves at Shanidar because
we agree with Read (9, p. 431): “We

must be properly cautious in accepting
as valid any lone C'* determination
from an individual locality.”

For Jarmo, we again indicate our
doubt as to the presence of domesti-
cated cattle by using an asterisk and
footnote in both table 1 and figure 1,
even though some specialists had sug-
gested possible domestication. The
same applies to the onager.

In general, we prefer to deal with
facts based on sound measurements—
not with fashionable nor emotional
archeology. Therefore we have no strong
feelings about diffusionistic or indepen-
dent cultural development. If our ar-
ticle shed some new light on the ar-
cheology of Europe and the Near East,
it served its purpose. But to say that
new light is necessarily highly suspect
does not follow, although it may dis-
turb previously held views. More than
ever it is necessary today to combine
the classical methods. in archeology
with the changing array of scientific
techniques applicable to the study of
the past. If some of the techniques
rooted in the physical sciences are so-
phisticated and complex, that does not
mean they should be ignored.

RAINER BERGER

Departments of Anthropology and
Geography and Institute of
Geophysics and Planetary Physics,
University of California, Los Angeles
90024

REINER PROTSCH
Fachbereich Biologie,
Johann Wolfgang Goethe-Universitiit,
Frankfurt am Main, Germany
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