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tribute to the debate than the average citizen 
because of  scientists' greater technical 
knowledge, but certainly not because of their 
greater ethical insights. It is in this arena of 
public participation that professional organi- 
zations of scientists could "work out ethical 
codes of conduct for their members." Such 
public participation would also help develop 
and maintain a positive public image of sci- 
entists by helping to ensure "responsible ap- 
plication of their work." 

Sheldon F. Gottlieb 
10418 Utopia Circle East, Boynton Beach, FL 
33437-5546, USA 

Rotblat's idea of an oath for scientists is a 
good one, but the misuse of  scientific 
knowledge cannot occur without the activity 
or complicity of other people-engineers, 
lawyers, business persons, politicians, ad- 
vertisers, weapons manufacturers, histori- 
ans, news writers and broadcasters, and me- 
dia owners. to name a few. Scientists are 
certainly responsible for considering the 
possible and probable uses of their discover- 
ies. However, no oath by any of us will pre- 
vent or even discourage those who pursue 
nonethical uses of the knowledge that our 
method provides. It is not only scientists' 
feet that should be held to the fire. 

Perhaps we scientists should promise to 
be conscientious not only in the applica- 
tion of our method but also in the educa- 
tion of nonscientists regarding what sci- 
ence is, why we do it the way we do, and 
the tentative nature of our product-theo- 
ry. Indeed, many mistakenly view science 
as a com~endium of facts rather than the 
application of method. Creating opportuni- 
ties for this sort of public education is a 
worthy challenge. 

Tim Clair 
Laboratory o f  Pathology, National Cancer Insti- 
tute, National Institutes of Health, Bethesda, MD 
20892, USA 

Rotblat suggests that young scientists 
should "reflect on the wider consequences 
of their intended field of work before em- 
barking on a career in academia or indus- 
try" and proposes that they take, upon 
graduation, an oath similar to the Hippo- 
cratic oath. I support Rotblat's proposal as 
one of the scientists who helped develop 
the Jerusalem Statement on Science for 
Peace, together with participants of  the 
Second International Symposium on Sci- 
ence for Peace, held in January 1997 in 
Jerusalem and organized and hosted by the 
UNESCO-Hebrew Universi ty  o f  
Jerusalem (HUJ) International School for 
Molecular  Biology and Microbiology 
(ISMBM) (I).  It was suggested that scien- 
tists who accept the Science for Peace oath 
should also accept the concepts of  the 
Jerusalem Statement: that scientific en- 

deavors and achievements be used only for 
peaceful purposes, there should be free 
movement of  members of the academic 
community, there should be a free flow and 
sharing o f  scient i f ic  information and 
knowledge, and the academic environment 
should remain open and dedicated to free 
expression (I). 

Yechiel Becker 
UNESCO-HUJ ISMBM, Department of Medicine, He- 
brew University of Jerusalem, Jerusalem 91120, Israel. 
E-mail: becker@md2.huji.ac.i1. 
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While appreciating the intent of Rotb~at's 
Editorial, I have concerns for the inference 
that scientific enterprise should be socially 
directed. The auestion raised is. whose 
morality shall prevail in the direction sci- 
ence will take? The scenario that Dresents 
itself includes such prohibitions as human 
genetic research and someone's ideas as to 
u 


which questions are suitable for inquiry, 
perhaps based on variable moral codes, 
political agendas, and religious fervor. In 
this direction lie dangers every bit as egre- 
gious as those that concern Rotblat. 

A. Loren Amacher 
Ceisinger Medical Center, Danville, PA 17822, 
USA. E-mail: lamacher@psghs.edu 

Response 
I agree with most of the correspondents, 
although I take exception to some of the 
points made by Gottlieb. I did not make 
the assumption that scientists are aware of 
all the ramifications of their research; this 
is obviously untrue. What I did imply was 
that they should desist f rom research 
when its harmful ramifications can be 
foreseen. Nor can I accept Gottlieb's sug- 
gestion that only after carrying out the re- 
search work-which may have harmful 
consequences-should the scientist be- 
come concerned, jointly with the public, 
about ways of dealing with the conse- 
quences. Surely, the whole point is to try 
to prevent them in the first place; this is 
where the need for an ethical code for sci- 
entists comes in. 

Clair is quite right that many other 
groups are involved in any misuse of sci- 
entific knowledge. However, this does not 
absolve the scientist from taking the ini- 
tiative. And I agree, researchers should al- 
so be teachers, educating nonscientists 
about the nature of science and the role it 
plays in modern society. 

What sort of moral criteria should be 
adopted? asks Amacher. I share with him 
the agonizing on this issue. A possible an- 
swer is provided by Becker, with his Sci- 

ence for Peace program, al though for  
many this may be far too general. 

Joseph Rotblat 
Pugwash Conferences, 63A Great Russell Street, 
London W C l B  381, UK 

Considering Manure and 

Carbon Sequestration 


In his Policy Forum "Carbon sequestration in 
soils" (25 June 1999, p. 2095), William H. 
Schlesinger notes that manure application 
has been suggested as a possible mechanism 
for soil carbon sequestration (1. 2) and sug- 
gests that, although manuring has a number 
of practical applications, it has no value as a 
method for skquestering carbon in soil. 
Schlesinger's basis for this argument is that 
for every hectare of land manured 3 hectares 
are required to grow silage for the livestock 
that produce the manure. The greater soil or- 
ganic matter (SOM) concentrations in ma- 
nured fields, he says, "can thus be expected 
to be associated with declining SOM on a 
proportionally larger area of off-site lands." 

Schlesinger's position holds true if extra 
livestock are included in production systems 
solely to produce extra manure to then apply 
to land for the purposes of carbon sequestra- 
tion. However, livestock are raised for the 
provision of agricultural products; manure is 
merely a by-product. We suggest that this by- 
product (as well as perhaps other by-products 
of our society, such as human sewage sludge) 
could be better used to increase SOM levels, 
thus sequestering carbon (I, 2). 

The Kyoto Protocol sets a baseline condi- 
tion (1990) against which all changes in car- 
bon emissions and offsets are measured. 
Changes in manure management must, 
therefore. be assessed relative to this base- 
line. In Europe, for example, we estimate 
(using 1990 figures) that 820 million metric 
tons of manure are produced each year (3). 
Only 54% is applied to arable land (4 )  with 
the remainder applied to nonarable agricul- 
tural land (such as grassland). Large applica- 
tions of manure to grassland over many 
decades do not change SOM levels apprecia- 
bly (5) and so do not contribute to long-term 
carbon sequestration, because the SOM con- 
tent of grassland soils is already high and the 
manure is not incorporated into the mineral 
soil. As a result, the SOM content of grass- 
land increases proportionately less than does 
the SOM content of arable land when receiv- 
ing the same amount of manure. 

Carbon can be sequestered in soil rela- 
tive to the 1990 baseline if all manure pro- 
duced is incorporated into arable land. 
Using a relation between manure applica- 
tion rate and yearly increase in SOM ( I .  
2), we estimate that if all manure were in- 
corporated into arable land in the Euro- 
pean Union, there would be a net seques- 
tration of  6.8 teragrams of  carbon per 
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The Future ofCloning is Here. 
Learn more a t  a seminar near you. 

Eliminate traditional subcloning-the Echo' ' Cloning System 
allows rapid, efficient cloning of your gene of interest into 
multiple state of the art expression systems. 

The Canon National Parks Science Scholars Program will 
award scholarships to eight doctoral students in 2000. Each 
student selected will receive $25,000 per year for up to three 
years to conduct research in the national parks. The Program is 
underwritten by Canon U.S.A., Inc. 

The 2000 competition will focus on four research topics within 
the biological, physical, social and cultural sciences. The 
research topics are of critical importance to the management of 
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the National Park System and selected by the National Park 
Service. Students applying for 2000 scholarships must submit Call today for more information on  the Echo Cloning 

dissertation proposals that address these topics. System or for information on  a seminar near you. 

Visit htt~:llwww.nus.eovlsocialscience/waso/acts.htmfor an January 2000 Echo"' Cloning System Seminar Series 
application and guidelines, or contact Dr. Gary Machlis, D ~ J !  Locatzon Day Locatzon 
Program Coordinator, Canon National Parks Science Scholars 4 Bethesda, M D  26 New Haven, C T  
Program, Natural Resource Stewardship and Science, National 6 8i 7 Boston, M24 27 Pr~nceton,NJ 
Park Service, 1849 C Street, NW (MIB 3127), Washington, DC 12 Seattle, WA 28 New York, NY 
20240, gmachlis@uidaho.edu. 13 & 14 San Franc~sco Bal Area, CA 

Applications are due 1 June 2000. Winners will be announced 
in early August 2000. 
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