
to $16.2 billion in the current fiscal year (2, 
p. A-296, table 3.3). The number offamilies 
served by HUD low-income housing pro- 
grams increased from 3.1 million in 1980 
(4) to 4.2 million in 1988 and has dimbed 
to 4.4 million today (5). 

The budget authority figures have fallen 
because the federal government has shifted 
since 1980 from subsidizing new construc- 
tion of low-income housing, where spend- 
ing is authorized in advance for the life of 
the housing, to assisting the poor through 
rental subsidy certificates and vouchers, 
where spending is authorized one year at a 
time. 

With Meral, state, and local governments 
spending about $200 bi ion per year to help 
the poor, Dewhurst's suggestion that pover- 
ty in America is due to government apathy is 
hard to maintain. What he does not consider 
is that the poverty programs he touts are 
part of the problem, rather than part of the 
solution. 

PBTBR J. F E W  
George Mason University 

School of l a w ,  and Cat0 Institute 
224 Second Street, SE, 
Washington, DC 20003 
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Racemication Dating 

The dismal appraisal of amino acid race- 
mization (AAR) dating of fossil bones by 
Eliot Marshall (News & Comment, 16 Feb., 
p. 799) implies that this research has not 
yielded meaningful results. This one-sided 
assessment is championed by P. E. Hare and 
is apparently basedon the controversy asso- 
ciated with the AAR dating of some paleo- 
Indian skeletons from California first pub- 
lished in Science in 1974 (I). It is important 
to put the California results in their true 
perspective. 

AAR analyses of a fossil yield D to L 
amino acid i t i a  that can onli be converted 
to age estimates if the rate of racemization 
(the rate of interconversion of the enanti- 
omers) can be evaluated. This is best accom- 
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plished by measuring the extent of racemiza- 
tion in a reference specimen whose age is 
known from some other independent dating 
method (2). This "calibrationn permits the 
calculation of the in situ rate of rac&- 
tion, which can then be used, with certain 
well-defined limitations, to date other simi- 
lar type fossil specimens from the area. Some 
fossil types appear to be be-tter suited for 
AAR dating than others, although each has 
its own unique problems. The AAR dating 
of bones can be problematical, but no more 
so than their radiocarbon dating, because 
both methods are similarly dependent on 
the extent of bone protein preservation and 
the absence of contaminants. 

In the case of the controversial California 
ages (I), the racernization rate in bone from 
coastal Southern California was calibrated 
with the Laguna skeleton, which had been 
dated at 17,150 + 1,470 years when the 
conventional radiocarbon (B-counting) col- 
lagen-based method was used (3). The cali- 
bration constant thus determined appeared 
reliable because the AAR age of 26,000 
years calculated fbr the Los Angeles skeleton 
was consistent with its radiocarbon age of 
>23,600 years (3). With the calibration 
constant d&ived from the Laguna skeleton, 
AAR ages of 40,000 to 50,000 years were 
calculated for other coastal Southern Cali- 
fornia paleo-Indian bone, such as the Del 
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Mar skeleton. The Upper Pleistocene ages 
for these skeletons were at odds with the 
dogma of when humans first settled the 
New World. Thus began the controversy, 
which raged for more than a decade, about 
the validity of AAR ages of bone. Curiously, 
there was little concern about the "old" 
radiocarbon ages of the Laguna and Los 
Angeles specimens used for AAR calibra- 
tion. 

The development in the early 1980s of the 
accelerator mass spectrometry (AMS) radio- 
carbon dating method permitted me, in 
collaboration with the Oxford University 
AMS faculty, to date the amino acid extracts 
used in the original AAR studies (4). The 
resulting AMS radiocarbon dates indicated 
that the Laguna, Los Angeles, and Del Mar 
skeletons were all less than 6000 years old. 
The conventional radiocarbon ages of the 
skeletons used for AAR calibration and veri- 
fication were thus three to eight times too 
old, and as a consequence so were the AAR- 
based ages. I have shown that if the AMS 
radiocarbon ages for the Laguna and Los 
Angeles skeletons are used to recalibrate the 
racemktion rate, AAR ages are obtained fbr 
the disputed skeletons that are generally con- 
sistent with their AMS radioarbon ages (4). 

The important lesson learned from these 

investigations is irrefutable. Namely, AAR 
dates, regardless of the type of fossil materi- 
al, are accurate only if the specimen used for 
calibration is reliably dated. It is indeed 
unfortunate that AAR dating continues to 
be viewed in negative terms by archeologists 
and paleoanthropologists who could benefit 
from its use. For example, AAR dating 
appears to work well for tooth enamel, with 
the results obtained at Olduvai Gorge, Tan- 
zania, providing the best demonstration (2).  
Assertions that the problems associated with 
the AAR dating of bones and other noncar- 
bonate skeletal materials are "almost unsur- 
mountable" impede progress and help foster 
attitudes by potential beneficiaries that AAR 
"is some sort of joke." The continuing inves- 
tigations of AAR in fossils will determine on 
whom the joke has been played. 

JEPPREY L. BADA 
Amino Acid Dating Laboratory, 

Scripps Institution of Oceanography, 
University of California at San Diego, 

La Jolla, California 92093 

3. R. Bcrgcr and W .  F .  Libby, Radiocarbon 11, 194 
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chaeol. Far. 12, 43 (1971). 

4. J. L. Bada el al., Nature 312,442 (1984); J .  L. Badq 
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Marshall tries in his summary "Racerniza- 
tion dating: Great expectations" to present a 
balanced view of where this geochronologic 
method now stands. In the process, howev- 
er, he does disservice to the achievements of 
Jeffrey L. Bada of the Scripps Institution of 
Oceanography. The summary implies that 
Bada's use of amino acid racemization 
(AAR) techniques has been disastrous. The 
opposite is true. Bada has clearly demon- 
strated that AAR techniques not only are 
applicablein carefully controlled studies- 
to geochronology, but his work has also led 
to important applications of AAR in other 
areas of scientific research. For example, 
with the AAR technique he has been able to 
determine the age of such diverse animals as 
narwahls and moose. His work established 
the basis fbr in vivo racemization studies of 
red blood cells, brain protein, and eye lenses 
in relation to the process of aging. The in 
vivo studies have led indirectly to the appli- 
cation of AAR in forensic chemistry. These 
examples show the remarkable imagination 
of Bada's research. Marshall's summary im- 
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plies that Bada's early work was "nonknse." 
Quite to the contrary, the research has led to 
a better understanding of AAR in geoduo- 
nology and to applications far beyond the 
dating of fossils. 

COOLED KBITH A. KVBNVOLDEN 
U . S .  Geological Survey, 
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Coming on 18 May: 

Science's 1990 Book Issue 

-covering some 30 books of 
topical or lasting interest. 

Included this year will be discussions 
of the invasion of university research 
by the military, how Berkeley became 
a Mecca of accelerator-building, over- 
looked roots of Japan's current eco- 
nomic success, and grounds for opti- 
mism about American economic pro- 
ductivity. Also represented will be an 
unconventional view of the human 
sciences under the Soviet regime, a 
sampling of the new Einstein scholar- 
ship, and latest thoughts on ants, 
horses, warblers, and paramecia. And 
a wholly new use for books will be 
demonstrated. 
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