
exposure to organochlorine (OC) com-
pounds. Such speculation is not unfound-
ed, because of the well-known immuno-
toxic effects of PCBs in laboratory ani-
mals, and indeed a subsequent experiment 
showed that harbor seals fed market fish 
differing in a variety of OC pesticides and 
metabolites, PCBs, and other contaminants 
exhibited suppressed cellular immunity 
(2). However, no compounds were admin-
istered in isolation to pinpoint PCBs 
specifically, and other research does not 
support a causal relation with the incident. 

One study that examined concentra-
tions of PCBs in tissues of harbor seals 
that survived the epidemic in comparison 
with those that succumbed stated, "data 
are not sufficient to conclude that there 
was a direct link between mortality from 
PDV infection and OC contamination" (3). 
Another studv that examined several fac-
tors, including OCs in tissues of seals dur-
ing and after the epizootic, stated that re-
sults "should not be interpreted as imply-
ing that seals with high OC levels were 
therefore more vulnerable to mortality 
from PDV" (4). A third study in which 
harbor seals were exposed to dietary PCBs 
and then dosed with cell-cultured PDV 
showed no differences in mortality or anti-

body production in comparison with con-
trols, even though some dosed seals had 
concentrations of PCBs in tissues greater 
than those of wild seals killed by the epi-
zootic (5). 

Authorities involved in the investigation 
of the European harbor seal mortality event 
have further noted that morbilliviruses have 
strong immunosuppressive effects in their 
own right through destruction of lymphoid 
tissue, are highly infectious and particularly 
virulent in immunologically naYve popula-
tions, and that past outbreaks have repeat-
edly resulted in high mortality in such pop-
ulations of terrestrial mammals, even before 
the synthesis and manufacture of PCBs (6). 

ThomasJ. O'Shea 
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To Improve Nutrition for the 
World's Population 

The genetic engineering of rice grains to 
produce provitamin A (p-carotene), de-
scribed by X. Ye et al. (Reports, 14 Jan., p. 
303), is an example of the best that agri-
cultural biotechnology can offer society. In 
the Perspective by Mary Lou Guerinot that 
accompanies Ye et al.'s report ("The green 
revolution strikes gold," p. 241), however, 
there are two points that are of concern. 

First, Guerinot says that corn expressing 
Bacillus thuringiensis (Bt) toxin minimizes 
the application of insecticides for corn insect 
control. In fact, insecticide applications are 
little reduced because Bt corn onlv controls 
the European corn borer, which is a relatively 
minor pest on corn, especially as compared 
with the corn rootwom pest complex (1, 2). 
More than 90% of the insecticide applied to 
corn is applied for control of the rootwonn 
complex. Furthermore, the environmental ef-
fects of Bt corn pollen on the monarch butter-
fly and other beneficial insects, as demon-
strated by laboratory research, need to be 
carehlly assessed under field conditions (2). 

Second about half the world population 
eats rice daily, so as Guerinot points out, 
adding vitamin A to rice will benefit many 
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people, particularly those suffering vita-
min A deficiency. However, looking at the 
broader picture, the World Health Organi-
zation recently reported that the number of 
malnourished is more than 3 billion people 
(3)-more than half the current world 
population of 6 billion. 

Not mentioned by Guerinot is that per 
capita cereal grain production has been de-
clining since 1984 (4), due in large mea-
sure to rapid population growth. This trend 
can be expected to continue if-as project-
ed on the basis of the current population 
growth rate-the world population dou-
bles to 12 billion in about 50 years. Other 
factors contributing to the decrease (grains 
provide about 80% of world food) are a 
per capita decline in cropland per person 
of 20% during the past decade, a 10% per 
capita decline in irrigation, and a 23% per 
capita decline in fertilizer use (4). 

Developing more nutritious food to re-
duce the number of malnourished people is 
admirable, but in addition, strategies to in-
crease the food supply are critically needed. 
These include conserving cropland re-
sources; improving the disparity between 
human population numbers and their food 
supply; and conserving freshwater, energy, 
and biological resources. We need to use 

science and technology to improve all as-
pects of the global food supply. 

David Pirnentel1 
Marcia PirnentelZ 
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Response 
The Pimentels raise several important is-
sues. I used Roundup Ready soybean and 
Bt corn as examples of crops that benefit 
the farmers that grow them but, as such, do 
not offer added value for the people who 
consume them. Concerns about Bt corn 
will continue to be debated until lab results, 
such as those obtained with the monarch 
butterfly (I), and well-controlled field stud-
ies have been conducted and replicated. 

Regarding how to feed the world while 
preventing further degradation of our environ-

ment, it is precisely the magnitude of this 
problem that suggests we want to take as 
many different approaches as possible. A 
more varied diet is one way to improve nutri-
tion, but changing people's behavior takes 
time. In addition, water availability, soil char-
acteristics, and climatic conditions often limit 
agricultural options. For these reasons, the 
practice of fortify~ngfoods after harvest with 
essential minerals and vitamins is in wide use, 
for example, the addition of vitamin D to milk 
and various vitamins and minerals to flour 
(2).Ye et al.'s "golden rice," on the other hand, 
is an example of how we can fortify foods be-
fore harvest using transgenic technology. Un-
fortunately,too much of the focus has been on 
how such beneficial traits are introduced into 
crops. As the Pimentels suggest, we need to 
broaden the discussion and examine all as-
pects of global food production, not just the 
issues concerning transgenic crops. As re-
sponsible scientists, we must be willing to 
weigh the pros ands cons of various agricul-
tural practices and to ask who ultimately ben-
efits and who, in the en4 gets to decide. 

Mary Lou Cuerinot 
Department of Biological Sciences, Dartmouth 
College, Hanover, N H  03750, USA 
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