
Children, the elderly, low-income 
people and farmworker families, right, may 
be particularly vulnerable to environmen- 
tal toxicants, such as pesticides. 

Young children and elderly people 
are at great risk of poor nutrition. 
In a study of low- and high- 
income young children, we found 
that a large percentage of both 
groups, between 24% and 13%, 
had low intakes of calcium, iron 
and copper. Interestingly, the 
high-income children had greater 
deficiencies of several nutrients 
than the low-income children. An- 
other study showed that many se- 
nior citizens consume diets pro- 
viding less than two-thirds of the 
recommended dietary intakes of 
some essential vitamins and min- d 
erals. Further, animal experiments $ 
and human studies indicate that p 
nutritional status can influence an 
individual’s susceptibility to envi- 
ronmental toxicants including air 
pollutants, food contaminants, 
heavy metals and pesticides. For 
example, dietary antioxidants are 
known to aid in the metabolism of toxicant susceptibility Of 
organophosphate pesticides; but 

3 

Nutrition may influence 

low-income children, who farmworkers are at greater and risk their of children and elderly 
pesticide exposure, often do not 
consume enough fruits and veg- Sheri Zidenberg-Cherr -I Michelle R. Neyman u Krista Fechner 
etables with these important nutri- Jeanette Sutherlin -I Margaret Johns J Cathi Lamp 
ents. Likewise, children and Constance Garrett 3 Carl L. Keen 
adults with iron-deficiency anemia 

uring the past decade, awareness D has increased of the critical role 
that nutrition plays in modulating an 
individual‘s susceptibility to environ- 
mental toxicants, including air pollut- 
ants, food contaminants such as afla- 
toxin, heavy metals and pesticides. 
This interest is based on results from 
both animal experiments and human 
studies (Sinclair 2000; Bannerjee 1999; 

absorb more lead from their envi- 
ronments than those with ad- 
equate iron &Ores* 
good nutrition at all lift? Stages 
can decrease SUScePtibilitY to ad- 
verse effects of toxicants. Addi- 
tiOnal studies on the interactions 
between diet and chemical expo- 
sure in humans will be needed in 
the future. 

Oteiza et al. 1999; Hackman and 
Hurley 1983). 

This area of research has received 
particular attention from scientists as 
it relates to the influence of nutritional 
status on women’s response to toxi- 
cants that can cause birth defects 
(Keen et al. 1997). Indeed, during the 
past few years, a consensus has been 
emerging that consuming essential nu- 
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Susceptibility to toxicants such as air pollution, above, is influenced by numerous 
factors including the person’s nutritional status, genetics, immune system and general 
health. 

trients during pregnancy - either 
through fortified foods or supple- 
ments - may provide protection 
against the effects of certain reproduc- 
tive toxicants. For example, adding 
folic acid to a pregnant woman’s diet 
may reduce the teratogenicity of 
methanol, which is metabolized in 
part via folate-dependent pathways 
(Fu et al. 1996; Sakanashi et al. 1996). 

els have been based on healthy adult 
males rather than groups considered 
vulnerable, such as children, the eld- 
erly, economically disadvantaged 
people or farmworkers. In particular, 
there is a paucity of information con- 
cerning the extent to which marginal 
nutritional deficiencies can alter the 
sensitivity of young children to envi- 
ronmental toxicants. A 1993 National 
Research Council report, Pesticides in 
the Diets of bfants  and Children, empha- 
sized the critical need for more infor- 
mation on children’s exposure to pes- 
ticides and the factors that influence 
sensitivities to them. 

Due to behavioral and physiologi- 
cal factors, children can be more sensi- 

In the past, most toxicological mod- 

tive than adults to pesticides. Because 
their nervous systems are still devel- 
oping, children may be particularly 
sensitive to organophosphate and car- 
bamate pesticides, widely used agri- 
cultural chemicals that are nervous- 
system toxins. In addition, differences 
in their ability to activate, detoxify and 
excrete chemicals may put children at 
an increased risk for adverse effects 
from pesticide exposure. 

Whde this paper focuses on nutritional- 
toxicant interactions among children 
and senior citizens, multiple factors can 
influence an individual’s response to 
various toxicants, including their genetic 
constitution, integrity of immune sys- 
tem, the presence or absence of diseases 
and the physical environment. While 
not discussed here, these factors must be 
fully considered when formulating pub- 
lic policies and risk assessment analysis. 

Children’s diets low in minerals 
In developed countries such as the 

United States, severe nutritional defi- 
ciencies are rarely observed in healthy 
populations. The overall good nutri- 
tional status of our population is the 

result of marked im- 
provements in food 
production, storage, 
delivery and availabil- 
ity during the past 50 
years. Improvements 
in nutritional status 
have also been a con- 
sequence of aggres- 
sive food fortification 
programs, such as the 
augmentation of salt 
with iodine, milk with 
vitamin D and cereals 
with many of the B vi- 
tamins. However, 
while the nutritional 
status of most indi- 
viduals is good, it re- 
mains suboptimal for a 
significant proportion 

2 of the U.S. population. 
3 Recently, our re- 
; search group at UC 
$ Davis studied the di- 
VI etary patterns of chil- 

dren ages 1 through 4 
in California. We selected two sets of 
subjects: a largely Hispanic low-income 
group (income less than 150% of the 
poverty level, which is $17,050 for a 
family of four; n = 151) and a largely 
white, higher-income group (>$50,000) 
(n = 64). The low-income group was 
recruited from clinics of California 
child health and disability prevention 
program providers in Fresno, San Ber- 
nardino and Tulare counties. The 
high-income group was recruited from 
a private physician’s practice in 
Sonoma County (Fechner et al. 1996). 

We assessed the children‘s dietary 
intakes through in-person multiple di- 
etary recalls and a food frequency 
questionnaire with their parents. Com- 
parison of nutrient intakes to the rec- 
ommended levels showed that many 
children in both income groups con- 
sumed inadequate calcium, iron, zinc 
and copper. Zinc intakes were well be- 
low the National Academy of Sciences’ 
Food and Nutrition Board (FNB) rec- 
ommended dietary allowance (RDA) 
for a significant proportion of the chil- 
dren studied. Interestingly, there was 
a higher frequency of low intakes 
among the high-income children than 
the low-income children. Zinc intakes 

- 
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were less than two-thirds of the RDA 
in 76% of the high-income children, 
compared to 60% of the low-income 
children. This was due in part to lower 
intakes of meat among the high-income 
children, because their parents per- 
ceived meat-heavy diets as unhealthy 
and a source of excess dietary fat. Nu- 
tritionists and public-health profes- 
sionals often encounter such difficul- 
ties as they try to define ”optimal” 
diets. Specifically, a diet that is low in 
fat (presumably of value with respect 
to the prevention of cardiovascular 
disease) may also be low in important 
essential micronutrients. 

Furthermore, 24%) 22% and 20% of 
the low-income children had intakes 
of calcium, iron and copper, respec- 
tively, that were less than two-thirds 
of the FNB’s recommended levels. 
Similarly, for the high-income group, 
19%, 13% and 16% of the children had 
low intakes of calcium, iron and cop- 
per, respectively. Therefore, a large 
proportion of children may be at risk 
for essential micronutrient deficiencies 
independent of their socioeconomic 
status. 

Assuming that the FNB’s recom- 
mended intake values are appropriate, 
essential nutrient intakes for many in- 
dividuals are clearly inadequate. There 
is a remarkable dearth of information 
concerning how these marginal in- 
takes influence an individual’s ability 
to either respond to, or recover from, 
exposure to toxic xenobiotics (foreign 
chemicals) or other natural stressors 
such as ozone, pollutants and several 
medications. The need for such studies 

is particularly acute for young chil- 
dren, given their high risk for nutrient 
deficiencies and their vulnerability to 
environmental contaminants. 

Biochemical assessments can deter- 
mine if low intakes of certain micronu- 
trients are associated with abnormal 
blood biochemistry. In the same study, 
mean hemoglobin, hematocrit and 
plasma ferritin values were similar 
among the high- and low-income chil- 
dren (table l). However, 17% of the 
children had hemoglobin and hemat- 
ocrit values that were below the US.  
Centers for Disease Control and Pre- 
vention (CDC) cutoffs. Using a cutoff 
of 10 micrograms per liter for ferritin, 
8% of the children studied were classi- 
fied as at risk for low iron stores. 
Mean plasma iron, zinc and copper 
concentrations were lower in the high- 
income group than in the low-income 
group. Hypozincemia - defined as a 
plasma zinc concentration less than 
10.4 micromolars - was observed in 
46% of the high-income and 13% of the 
low-income children. The data demon- 
strate that the marginal dietary intakes 
of zinc and iron observed in the chil- 
dren are functionally significant. 

termined for the children in this study, 
ranged from less than 5 to 14 micro- 
grams per deciliter (Zidenberg-Cherr 
et al. 1996). Encouragingly, only 2% of 
the children in the high-income group 
had blood lead in excess of 5 pg/dL, 
but 25% of the children in the low- 
income group had values exceeding 
this level. While only two of the chil- 
dren studied had blood lead levels 

Blood lead concentrations, also de- 

Regrettably, marginal 
nutritional deficiencies 
still occur in wide 
segments of our society. 
Based on extensive experi- 
mental data, we know that 
deficiencies can result in 
an increased risk fora 
number of toxicants. 

that exceeded the current CDC action 
level of 10 pg/dL, the fact that the 
larger proportion of children in the 
low-income group had blood lead lev- 
els between 5 and 10 pg/dL is of con- 
cern; it demonstrates that children in 
this group have a greater exposure to 
lead compared to higher socioeco- 
nomic groups. 

Nutritional status of elderly 
In addition to children, other age 

groups such as the elderly can also be 
characterized by inadequate diets (Roe 
1992; Cohen and Ralston 1993; 
Dickenson et al. 1993; Koughan and 
Atkinson 1993; Neyman et al. 1998). 
Using multiple 24-hour recalls and a 
culturally sensitive food-frequency 
questionnaire, we examined the di- 
etary intakes of Hispanic senior citi- 
zens. We recruited 80 Hispanic men 
and women ages 60 to 93 years who 
were either participating or not par- 
ticipating in congregate-site meal pro- 
grams from senior centers and other 
senior organizations in Kern and 
Fresno counties. The results showed 
that a large proportion of seniors con- 
sume diets that provide less than two- 
thirds of the FNB’s recommended in- 
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During the past 50 years, improvements in overall nutrition in the United States have been dramatic. But in the authors’ research, 
children at both high and low socioeconomic levels were not getting enough calcium, iron, zinc and copper. Likewise, elderly 
Hispanic men consumed far below the National Academy of Sciences’ recommended levels for many nutrients. 

takes for select nutrients (table 2). 
These individuals may also have a 
heightened sensitivity to certain envi- 
ronmental toxicants. 

Marginal nutritional deficiencies 
can be present in particular population 
groups at relatively high frequencies. 
A critical concern is the extent to 
which these deficiencies influence an 
individual’s ability to respond to envi- 
ronmental toxicants. To explore this is- 
sue further, we consider the influence 
of nutrition on how people’s bodies re- 
act to two classes of environmental 
toxicants, pesticides and heavy metals. 

Metabolism of foreign chemicals 
The metabolism of many pesticides 

occurs in humans and experimental 
animals primarily through the actions 
of detoxification enzymes including 
cytochrome p-450 and other factors re- 
lated to the mixed-function oxidases 
(Guengerich 1995). Inadequate activity 
of this system may result in a low rate 
of detoxification for many pesticides. 
Because these enzymes are influenced 
by nutritional status, it is reasonable to 
suggest that the ability of an indi- 
vidual to ”handle” a given level of a 
pesticide will be compromised by poor 
nutrition. An individual’s susceptibil- 

ity to pesticide toxicity is therefore de- 
termined, in part, by his or her nutri- 
tional status (Matsumura 1995). 

Diet can have a significant influence 
on the mixed-function oxidase enzyme 
system. While the majority of studies 
to date in this area have been con- 
ducted on experimental animals, it is 
reasonable to suggest that similar ef- 
fects occur in humans. Additional 
studies on the interactive effects of nu- 
tritional deficiencies on pesticide me- 
tabolism are urgently needed. 

While several reports suggest that 
exposure to free radicals plays a role 
in the toxicity of many organophos- 
phate pesticides, several additional 
reports also suggest that antioxidants 
in food and vitamins may protect 
against the damage induced by their 
metabolism. For example, several 
investigators have noted decreased 
adverse effects associated with 
organophosphates when vitamins C 
and E are administered to laboratory 
animals. Several studies have reported 
that vitamin E is highly effective in 
protecting against lymphocyte 
damage, DNA single-strand breaks, and 
inhibition of organophosphate- induced 
lipid peroxidation (Matsumura 1995; 
Stevenson et al. 1995). This is of 

physiological significance because 
there may be reduced availability of 
the antioxidant glutathione due to its 
use in pesticide metabolism; thus there 
may be an increased need for dietary 
antioxidants such as vitamins C and E 
and beta-carotene in children with 
excessive exposure to pesticides. 

The potential increased need for an- 
tioxidants may present a problem 
given that the concentration of antioxi- 
dant nutrients is highest in fresh fruits 
and vegetables, which are often con- 
sumed in relatively small quantities by 
individuals from all socioeconomic 
groups. Indeed, the intake of several 
dietary antioxidants by children and 
senior citizens is often well below the 
current recommended levels, even be- 
fore factoring in an increased need for 
them among those exposed to high 
levels of oxidant-producing chemicals. 

Migrant farmworkers are believed 
to be at a particularly high risk for 
nutrition-related disorders because of 
their low socioeconomic status, poor 
living environments and migratory 
lifestyle (Slesinger 1992). Numerous 
health agencies have suggested that 
migratory farmworkers and their 
families have high rates of malnutri- 
tion, which makes their children espe- 
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cially vulnerable to ad- 
verse health conditions 
such as cancer and res- 
piratory illnesses. Envi- 
ronmental exposure to 
pesticides superimposed 
upon an already com- 
promised nutritional 
status may make these 
children particularly 
susceptible to the toxic 
effects of pesticides. 

Risk of lead poisoning 

Childhood lead poi- 
soning continues to be a 
major health hazard in 
the United States despite 
impressive gains in re- 
ducing environmental 
lead levels during the 
past 20 years (Crocetti et 
al. 1990). Lead exposure 
can result in serious long-term effects 
in children such as lethargy, behavior 
abnormalities and low-grade learning 
problems, even when no overt illness 
or symptoms are noticeable. Impor- 
tantly, when treated early many of tlie 
effects are reversible. 

Lead absorption from the gas- 
trointestinal tract can be greatly influ- 
enced by diet composition (Mahaffey 
1990; Barltrop and Khoo 1975). Animal 
studies have shown that diets low in 
calcium or iron, or high in fat, enhance 
lead absorption. Similarly, interactions 
between a number of trace elements, 
such as iron and calcium, and lead in 
humans have been identified (Miller et 
al. 1990). Considerable attention has 
been paid to studies investigating the 
influence of iron status on lead toxicity 
since iron deficiency is a common nu- 
tritional problem in young children. 
The risk of anemia among California 
children is an estimated 18%, accord- 
ing to CDC. Significantly, lead toxicity 
is more common in children with ane- 
mia than in healthy, nonanemic chil- 
dren (Wasserman et al. 1992). Children 
and adults with iron-deficiency ane- 
mia absorb more lead from their envi- 
ronments than those with adequate 
iron stores. A low dietary intake of 
zinc may also increase an individual’s 
susceptibility to lead toxicity. The in- 
teraction of zinc and lead deserves 
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In some experiments, laboratory animals that consumed vitamins C and E showed de- 
creased adverse effects associated with organophosphate insecticides. 

more investigation, since women and 
children in populations that have high 
risk of lead exposure often have mar- 
ginal zinc intakes. 

Taken together, the studies cited 
demonstrate the existence of iiiterac- 
tions between lead and several nutri- 
ents. A large body of evidence sug- 
gests that when a child’s dietary status 
is suboptimal, there is an increased 
risk for lead toxicity. A key step in 
the prevention of lead toxicity will 
be to improve the diets of high-risk 
populations. 

Future in focus: Improving nutrition 
Regrettably, marginal nutritional 

deficiencies still occur in wide seg- 
ments of our society. Based on exten- 
sive experimental data, we know that 
deficiencies can result in increased 
risks for a number of toxicants. This 
occurs because population groups that 
are more likely to develop nutritional 
deficiencies also have a greater chance 
o f  exposure to toxicants. I t  is impera- 
tive that regulatory agencies a t  the 
federal, state and local levels consider 
factors such as nutritional status in 
their risk assessment calculations. 

identify means by which we can im- 
A long-term societal goal w d l  be to 

prove the nutritional status of the gen- 
eral population and eliminate poor nu- 
trition as a risk factor. As demon- 
strated by our investigations of 
high-income children, attaining opti- 
mal nutritional status can be difficult 
even when parents feed their children 
what they percei1.e to be healthy diets. 
The elderly comprise a growing pro- 
portion of the nation’s population and 
health-care resources, yet their special 
needs in terms of protection from ex- 
posure to environmental toxicants and 
provision of adequate diets are lust be- 
ginning to be understood (Rogers 
1997). 

decrease susceptibility to adverse ef- 
fects of toxicants; therefore, nutrition 
must be incorporated into models 
used for risk assessment of toxicants 
(Rogers 1997). Intensive efforts must 
be made to identify the optimal in- 
takes of nutrients under specific envi- 
ronmental conditions. Once optimal 
diets are identified, comprehensive 
strategies must be de\ eloped to ensure 
that all segments of society can 
achieve these diets. 

creased empliasis on tlie investigation 
of toxicant-nutrient interactions. This 

Good nutrition at all life stages can 

Recently there lias been an in- 
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Even cnilaren ot parenrs wno Deiieve Ihey 
are providing a healthy diet may not attain 
optimal nutrition. The authors found that 
children of higher socioeconomic status 
did not necessarily have better diets than 
low-income children. 

is true for university researchers as 
well as for government agencies such 
as the US.  Environmental Protection 
Agency, CDC and NIH. It is reason- 
able to speculate that in the near fu- 
ture, committees will likely be asked 
to construct dietary recommendations 
that are applicable to specific at-risk 
populations. For example, if high in- 
takes of dietary antioxidants reduce an 
individual’s risk for heavy metal or 
pesticide poisoning, it might be pru- 
dent to suggest an increased vitamin E 
or vitamin C requirement for exposed 
populations. This type of logic has al- 
ready been advanced for vitamin C in 
that the recommended intake for this 

nutrient is increased 
for individuals who 
smoke. 

In a similar vein, if 
subtle differences in 
the dietary intake of a 
nutrient markedly 
modulates the risk for 
some disease (or the 
susceptibility to vari- 
ous toxicants), it sug- 
gests that there 
should be an in- 
creased emphasis on 
the study of the nutri- 
tional status of high- 
risk populations. If 
such studies in turn 
demonstrate that cer- 
tain populations have 
a higher than normal 
risk for suboptimal di- 
ets, new intervention 
plans aimed at cor- 
recting these deficits 
will be needed. For 
example, if it is dem- 

z onstrated that chil- 
- - A dren in migrant 

farmworker families 
2 are at greater risk of 

deficiencies of antioxi- 
dants such as vitamin E, special efforts 
could be made to increase vitamin E 
intake of those children. However, 
without adequate funds to conduct 
controlled studies, we will not have 
the answers necessary to make such 
recommendations. Such efforts could 
include more focused intervention 
programs that incorporate supplemen- 
tation with vitamin E and comprehen- 
sive nutrition education programs to 
ensure optimal intake of the nutrients 
at risk. 

Complicating matters is the grow- 
ing awareness of the critical role that 
genetics can play in modulating an 
individual‘s response to toxicants, as 
well as to nutritional deficiencies. It 
will be difficult in the future to make 
broad recommendations for entire 
population groups. In place of general 
recommendations, there will be an in- 
creasing demand by the public for in- 
dividualized dietary recommenda- 
tions. The consideration of the work 

Y 

u 

and living environment of the indi- 
vidual is bound to play an increasing 
role in the determination of an 
individual’s “recommendations.” 

The University has an obligation to 
its constituency to make them aware 
of ongoing research in this area. An ef- 
ficient and effective way of reaching 
the greatest number of people is 
through the delivery of information 
through educators who are trained in 
and understand, the scientific method. 
A few years ago nutrition profession- 
als often stated that “you can get all 
the nutrients you need from food,” but 
now scientists must accept newly ac- 
quired knowledge that in some cases, 
diets can be optimized through food 
fortification and /or supplementation. 
Finally, we must begin dealing with 
the reality that people’s requirements 
can differ significantly for certain nu- 
trients, and we will have to develop 
new education and intervention pro- 
grams that address this reality. 
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