
18 May 1984, Volume 224, Number 4650 SCIENCE 

AMERICAN ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE 

Science serves its readers as a forum for the presenta- 
tion and discussion of important issues related to the 
advancement of science, including the presentation of 
minority or conflicting points of view, rather than by 
publishing only material on which a consensus has been 
reached. Accordingly, all articles published in Sci- 
ence-including editorials, news and comment, and 
book reviews-are signed and reflect the individual 
views of the authors and not official points of view 
adopted by the AAAS or the institutions with which the 
authors are affiliated. 

Editorial Board 
FREDERICK R. BLATTNER, BERNARD F. BURKE, AR- 

NOLD DEMAIN, CHARLES L. DRAKE, ARTHUR F. 
FINDEIS, E. PETER GEIDUSCHEK, GLYNN ISAAC, NEAL 
E.  MILLER, FREDERICK MOSTELLER, ALLEN NEWELL, 
RUTH PATRICK, BRYANT W. ROSSITER, VERA C. RUBIN, 
WILL~AM P. SLICHTER, SOLOMON H. SNYDER, PAUL E. 
WAGGONER, JOHN WOOD 

Publisher: WILL~AM D. CAREY 
Associate Publisher: ROBERT V. ORMES 

Editor: PHILIP H. ABELSON 

Editorial Staff 
Assistant Managing Editor: JOHN E.  RINGLE 
Production Editor: ELLEN E.  MURPHY 
Business Manager: HANS NUSSBAUM 
News Editor: BARBARA J .  CULLITON 
News and Comment: COLIN NORMAN (deputy editor), 

JEFFREY L. FOX, CONSTANCE HOLDEN, ELIOT MAR- 
SHALL, R. JEFFREY SMITH, MARJORIE SUN, JOHN 
WALSH 

European Correspondent: DAVID DICKSON 
Contributing Writer: LUTHER J .  CARTER 
Research News: ROGER LEWIN (deputy editor), RICH- 

ARD A. KERR, GINA KOLATA, JEAN L. MARX, THOMAS 
H. MAUGH 11, ARTHUR L. ROBINSON, M. MITCHELL 
WALDROP 

Administrative Assistant, News: SCHERRAINE MACK; 
Editorial Assistant, News: FANNIE GROOM 

Senior Editors: ELEANORE BUTZ, MARY DORFMAN, 
RUTH KULSTAD 

Associate Editors: MARTHA COLLINS, SYLVIA EB- 
ERHART, CAITILIN GORDON, LOIS SCHMITT 

Assistant Editors: STEPHEN KEPPLE, LISA 
MCCULLOUGH, EDITH MEYERS 

Book Reviews: KATHER~NE LIVINGSTON, Editor; LIN- 
DA HEISERMAN, JANET KEGG 

Letters: CHRIST~NE GILBERT 
Copy Editor: ISABELLA BOULDIN 
Production: JOHN BAKER; HOLLY BISHOP, ELEANOR 

WARNER; JEAN ROCKWOOD, SHARON RYAN, BEVERLY 
SHIELDS 

Covers, Reprints, and Permissions: GRAYCE FINGER, 
Editor; GERALDINE CRUMP, CORRINE HARRIS 

Guide to Scientific Instruments: RICHARD G. SOMMER 
Editorial Administrator: SUSAN ELLIOTT 
Assistant to the Associate Publisher: ROSE LOWERY 
Assistant to the Managing Editor: NANCY HARTNAGEL 
Membership Recruitment: GWENDOLYN HUDDLE 
Member and Subscription Records: ANN RAGLAND 

EDITORIAL CORRESPONDENCE: 1515 Massachu- 
setts Avenue, NW, Washington, D.C. 20005. Area code 
202. General Editorial Office, 467-4350; Book Reviews, 
467-4367; Guide to Scientific Instruments, 467-4480; 
News and Comment, 467-4430; Reprints and Permis- 
sions, 467-4483; Research News, 467-4321. Cable: Ad- 
vancesci, Washington. For "Information for Contribu- 
tors," write to the editorial office or see page xi, 
Science, 30 March 1984. 
BUSINESS CORRESPONDENCE: Area Code 202. 
Membership and Subscriptions: 467-4417. 

Advertising Representatives 
Director: EARL J. SCHERAGO 
Production Manager: GINA REILLY 
Advertising Sales Manager: RICHARD L. CHARLES 
Marketing Manager: HERBERT L. BURKLUND 

Sales: NEW YORK, N.Y. 10036: Steve Hamburger, 1515 
Broadway (212-730-1050); SCOTCH PLAINS, N.J. 07076: 
C. Richard Callis, 12 Unami Lane (201-889-4873); CHI- 
CAGO, ILL. 60611: Jack Ryan, Room 2107, 919 N.  
Michigan Ave. (312-337-4973); BEVERLY HILLS, CALIF. 
9021 1: Winn Nance, 11 1 N. La Cienega Blvd. (213-657- 
2772); SAN JOSE, CALIF. 95112: Bob Brindley, 310 S. 16 
St. (408-998-4690); DORSET, VT. 05251: Fred W. Dief- 
fenbach, Kent Hill Rd. (802-867-5581). 
ADVERTISING CORRESPONDENCE: Tenth floor, 
1515 Broadway, New York 10036 (212-730-1050). 

Groundwater Contamination 
Nearly 50 percent of the people of the United States are dependent on 

groundwater for their supplies of drinking water. Both nature and humans 
act to contaminate this essential resource, and public concern about its 
quality has been building. Recently, two publications* have appeared that 
describe the extent of such pollution, indicate scientific considerations, 
outline steps to be taken, and note laws bearing on the matter. 

The sources of pollution are many, and they differ from place to place. 
Industrial wastes have received most of the publicity, but other sources 
are of comparable importance. Agriculturally related contamination in the 
western United States is extensive and is likely to become increasingly 
serious. Municipal landfills let loose a complex collection of pollutants. 
Effluents from septic tanks on Long Island contaminate the drinking water 
of some of the 3 million people living there. 

The total effect from all sources is to pollute badly about 1 percent of the 
aquifers. Because many of these aquifers are close to large population 
centers, the impact is disproportionately large. 

The various contaminants interact with the background environment in 
different ways. In the aerobic zone, bacteria oxidize many of the organic 
constituents. But, in general, hydrocarbons are not metabolized under 
anaerobic conditions. In contrast, chlorinated organic compounds seem to 
be more likely to be attacked in anaerobic environments than under aerobic 
ones; chlorine atoms are removed. 

The underground environment has considerable binding tendencies. For 
example, where present, zeolite compounds have an ion exchange binding 
capacity that is effective in holding cationic forms of toxic heavy elements. 
Most sedimentary horizons contain some organic matter to which hydro- 
phobic organic molecules tend to be adsorbed. Thus, depending on the path 
that groundwater traverses, some of its contaminants may be removed. 

The rate of motion of the fluid is related to the permeability of the material 
through which it flows. A typical rate is about a foot per day. However, 
differences in permeability of 15 orders of magnitude have been noted. In 
general, the deeper the horizon, the less the permeability. Motion in a fine- 
grained material like clay is much slower than in a coarse-grained sand. 

Most drinking water comes from wells that are less than 100 meters deep. 
Thus in some areas, waste fluids with a density greater than 1.0 could be 
safely injected if emplaced below 100 meters. An even more secure disposal 
area is in the arid Basin and Range country of the West. In that region there 
are basins that have no outflow. 

One of the lessons of the past is that careless disposal of wastes can lead 
to problems that cost billions of dollars to correct. An obvious method of 
avoiding future additional groundwater problems would be to stop pouring 
wastes into the ground. For example, combustion of organic wastes would 
change them to simple products. Proper design of waste lagoons can 
guarantee that little of toxic substances escape to the environment. 

The two publications make it clear that we are only at the beginning of 
gaining knowledge about underground transformations of substances and 
about the motions of their carrying fluids. New, sensitive analytical in- 
strumentation will be crucial in identification and quantification of migrat- 
ing species. Laboratory development of bacteria with metabolic capabili- 
ties for wastes may prove helpful. Mapping of the underground aquifers 
should make it possible to protect our sources of potable water. 

The rate of contamination of groundwater appears to have slowed but 
residuals from earlier carelessness remain. Ultimately we must move 
toward improved methods of dealing with waste problems. Better knowl- 
edge of the underground environment will be an essential element in that 
p r o g r e s s . - - P ~ r ~ ~ ~  H. ABELSON. 

*V. I. Pye, R. Patrick, J. Quarles, Groundwater Contamination in the United States (University 
of Pennsylvania Press, Philadelphia, 1983); Geophysics Research Forum, Studies in Geophysics: 
Groundwater Contamination (National Academy Press, Washington, D.C., 1984). 




