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Daily horon intake from the American diet

CHARLENE J. RAINEY, LESLIE A. NYQUIST; ROBERT E. CHRISTENSEN,;
PHILIP L. STRONG, PhD; B. DWIGHT CULVER, MD; JAMES R. COUGHLIN, PhD

ABSTRACT

Interest in boron as a naturally occurring trace element
nutrient from the food supply is increasing. Mounting
evidence suggests that boron is essential to human beings.
This study explores the major food and beverage contributors
of boron and estimates of daily boron intake from the
American diet. Previous estimates in the literature of dietary
boron consumption are based on limited foods and population
segments. In this study we provide a more comprehensive
assessment of boron consumption by the US population. A
boron nutrient database of 1,944 individual foods was
developed. These foods represent 95.3% by weight of all
foods consumed in the US Department of Agriculture 1989-
1991 Continuing Survey of Food Intakes by Individuals (1989-
1991 CSFII). The Boron Nutrient Database (version 1.0) was
then linked to the 3-day food records of 11,009 respondents
to the 1989-1991 CSFII to generate the average daily boron
intake for each person. The weighted 5th percentile, median,
mean, and 95th percentile boron intakes, respectively, are
0.43, 1.02, 1.17 and 2.42 mg/day for men; 0.33, 0.83, 0.96 and
1.94 mg/day for women; and 0.40, 0.86, 1.01 and 2.18 mg/day
for pregnant women. For vegetarian adults, these intakes are
0.46, 1.30, 1.47 and 2.74 mg/day for men and 0.33, 1.00, 1.29
and 4.18 mg/day for women. The top 2 boron contributors,
coffee and milk, are low in boron, yet they make up 12% of
the total boron intake by virtue of the volume consumed.
Among the top 50 boron contributors, peanut butter, wine,
raisins, peanuts, and other nuts are high in boron. As more
data become available on daily boron requirements, the
results of this study may be used to assess whether Ameri-
cans’ daily intake of boron is adequate. J Am Diet Assoc.
1999; 99:335-340.

wo expert scientific committees have concluded that

boron is a probable essential element: A World Health

Organization Expert Committee on Trace Elements in

Human Nutrition declared that boron is “probably essen-
tial” (1), and participants at a workshop on recommended
intakes for trace mineral elements sponsored by the US De-
partment of Agriculture (USDA) concluded that a provisional
Recommended Dietary Allowance should be established for
boron (2). The 10th edition of the Recommended Dietary
Allowances stated that there is substantial evidence to estab-
lish the essentiality of some trace elements, including boron, in
animals (3). However, more information about actual boron
intakes in the US population is needed before recommended
intake levels can be determined (2).

Boron is a trace mineral element that occurs naturally in the
food supply and is a ubiquitous component of the American
diet. It does not exist as elemental boron in foods or beverages
but as 1 or more inorganic, oxygen-containing borates. Studies
indicate that there are organic forms of boron (borate esters)
in foods, such as the boron present in a polysaccharide fraction
in wine (4). Boron has long been known to be an essential
micronutrient for the growth of most plants, and there is
considerable evidence that it is essential for animals and
human beings (1-10).

Since 1981, many experiments with animals have demon-
strated that boron deprivation affects the composition or
function of several bodily components, including the skeleton
and brain, and that it affects biochemical indexes associated
with the metabolism of several other nutrients, including
calcium, copper, nitrogen, and cholecalciferol (2,6,7). The
responses to low intake of dietary boron in most of these
experiments were enhanced when the animal was simulta-
neously exposed to nutritional stress, such as a deficiency in
vitamin D, calcium, cholecalciferol, magnesium, or potassium
(6,7). Boron appears to positively affect calcium and magne-
sium metabolism and may be needed for energy substrate use
and membrane function (6,7). Boron deficiency has been
reported in studies of rats and chickens (7) and has been
suggested in 3 clinical studies of human beings (6,8). Recent
evidence suggests that boron is essential for early life develop-
ment in Xenopus frogs and zebra fish (9,10).
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Table 1
Dietary boren intake (mg/day) based on data from 1989-91 CSFII* and the Boron Nutrient Database®
.
Group/age n Mean+SD° Percentiles
: . 5th 10th 50th 90th 95th High
School-age males and females
4-8y 993 0.85x0.40 0.35 0.40 0.79 1.39 1.60 3.32
9-13y 943 0.91+0.45 0.32 0.40 0.85 1.50 1.82 2.69
1418y 759 0.88x0.47 0.35 0.40 0.79 1.45 1.95 3.83
Males =19y 3,433 1.17+0.65 0.43 0.54 1.02 1.97 242 9.64
19-30y 878 1.07+0.64 0.40 0.48 0.92 1.88 2.08 9.64
31-50y 1,297 1.17+0.64 0.43 0.54 1.01 2.04 2.52 452
51-70y 884 1.28+0.67 0.49 0.59 1.14 2.04 2.53 7.04
>70y 374 1.19+0.61 0.47 0.58 -1.08 1.88 2.18 5.09
Vegetarian 49 1.47+0.70 0.46 0.53 1.30 2.60 2.74 3.60
Females =19y 4,881 0.96+0.55 0.33 0.42 0.83 1.58 1.94 8.50
19-30y 1,199 0.86x0.55 0.30 0.35 0.72 1.48 1.82 8.50
31-50y 1,734 0.96x0.55 0.34 0.42 0.83 1.58 1.97 5.44
51-70y 1,220 1.05+0.55 0.39 0.50 0.94 1.69 2.05 713
>70y 728 0.97x0.52 0.37 0.44 0.87 1.55 1.80 573
Vegetarian 130 1.29+1.12 0.33 0.35 1.00 2.38 4.18 5.75
Pregnant women 130 1.01x0.72 0.40 0.45 0.86 1.54 2.18 8.50

2US Department of Agriculture 1989-91 Continuing Survey of Food Intakes by Individuals (weighted, 3-day averages) (17-19).
*Boron Nutrient Database (version 1.0) developed by the authors for this research.

<SD=standard deviation.

Data on dietary boron intake by human beings are fairly
sparse. Boron is not included in the USDA nutrient databases
(11,12), and no comprehensive analytical database exists on
the boron content of specific foods. Previous estimates of
average boron intake, summarized as ranging from 1 to 2 mg/
day for adults (8), are based on a limited number of foods and
population segments. The more complete studies yielded the
following results for boron intake: 2 US Food and Drug Admin-
istration Total Diet Studies reported mean intakes of 1.62+0.38
mg/day (13,14) and 1.21+0.07 mg/day (standard deviation of
analytical method) for men (15); and 1-day diet composites
collected from 22 premenopausal Canadian women contained
1.33£0.13 mg (standard error of the mean) (16).

One important aspect of our study is that we determined
average boron intake per individual. This allowed frequency
distributions and other descriptive statistics to be generated
for various populations (age and gender groups, pregnant
women, vegetarians). By using the USDA 1989-1991 Continu-
ing Survey of Food Intakes by Individuals (1989-1991 CSFII)
(17-19) and all credible analytical data from the published
literature on boron in foods and food ingredients, we developed
a boron nutrient database and linked it with the food consump-
tion records collected over a 3-year period for 11,009 people.

The 3 primary objectives of this research were to create a
boron nutrient database, to determine daily intakes of dietary
boron of individuals, and to determine major sources of boron
in the diet. These estimates of dietary boron intake provide the
customary consumption data that are necessary for eventual
determination of recommended levels of daily intake.

CREATING A BORON NUTRIENT DATABASE

Because the USDA nutrient databases do not contain data for
boron in foods, a multiphase process was established to deter-
mine daily boron intakes. The process involved searching the
literature for analytical boron concentrations in foods, apply-
ing those data to other foods by calculation, and linking the
refined boron database to results of the 1989-1991 CSFII.
These methods are similar to those established by USDA and
others for establishing databases for other nutrients (20-23).
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Analytical Values from Literature

A comprehensive literature search was conducted to obtain
the boron concentrations of individual foods. This involved
conducting an online computer search, contacting scientists at
the US Food and Drug Administration and USDA, and obtain-
ing many references from thelibrary files at US Borax (Valencia,
Calif). Data of approximately 70 published, literature refer-
ences were reviewed for possible use in the boron nutrient
database. About half of the references contained analytical
data, research documentation, and/or analytical methods for
the determination of boron in specific foods. Those containing
duplicate data or estimated ranges that could not be verified to
be from original, published analyses were eliminated. Only
references believed to contain original boron data for foods
were selected for further review.

The first step in evaluating the analytical data was to as-
semble the information in such a way that comparisons could
be made among data from varying sources. A preliminary
database was created that included information about each
data source (such as analytical methods, sample preparation,
number of food items, country of origin, and age of data).
Conversion factors were determined for the various concen-
tration units reported in the literature so that all boron concen-
trations would be expressed as ug/100 g. Data reported on a
dry-weight basis were converted to wet weight using actual
moisture levels or typical levels from USDA nutrient data. Data
reported as boric acid were converted to boron (H,BO,is 17.5%
boron by weight). Because boron is an essential nutrient for
plants and is known to be in all foods, data reported as below
detection limits were assigned a value that was half the stated
detection limit for the analytical method (eg, <2 pug boron per
100 g was assigned a value of 1 pg boron per 100 g). The final
boron consumption estimates are approximately 0.3% higher
as a result of using half the detection limit rather than zero for
these data. This preliminary boron database consisted of 1,063
analytical values from 22 references.

The preliminary database was then evaluated to determine
whether the data points were analytically robust and to further
identify duplicate or unpublished data. Six references were
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eliminated for the following reasons: 1 reference was deter-
mined to be aninternal, unpublished review document from US
Borax files; 4 references were eliminated because they were
published between 1936 and 1968 and were found to be based
on older, less sensitive analytical methods, thus calling into
question the accuracy of the boron determinations; and 1 study
was eliminated because it was an analysis of foreign fruit drinks
of unknown composition.

The evaluation resulted in a database of 885 analytical
boron concentrations derived from 16 literature references.
This includes boron concentrations of 234 foods analyzed in
the US Total Diet Study (15) as well as 204 boron concentra-

tions from various other US sources (24-27), for a total of 438
US data points. Because analytical data on the boron content
of US foods are scant, we included data from sources outside
the United States: 338 boron concentrations were of Finnish
foods (28-33) and the remaining 109 boron concentrations
were of foods from various sources in the United Kingdom
(34), Italy (35,36), Japan (37), and China (38). The Finnish
data, as well as those from the United Kingdom, Italy, Japan,
and China, may not be directly comparable to the data for
foodsin the United States. Multiple data points for single foods
were then averaged to create the final analytical boron data-
base of 527 foods.
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Calculated Values

A total of 4,980 foods were reported as consumed in the 1989-
1991 CSFII. To help prioritize the assignment of boron concen-
trations to the survey foods, a report of the frequency and
amount consumed for each food was generated from the 1989-
1991 CSFIl data (12,17-19) and the analytical boron database.
Thereport listed each survey food, USDA food code, frequency
of consumption, total grams consumed, proximate values, and
boron concentration, if known. Foods in the top 97% of con-
sumed weight were flagged and separated into 9 major food
groups according to their USDA survey food codes (1= milk
and milk products; 2=meat, poultry, fish, and mixtures; 3=eggs;
4=dry beans, peas, other legumes, nuts, and seeds; 5=grain
products; 6=fruits; 7=vegetables; 8=fats, oils, and salad dress-
ings; and 9=sugars, sweets, and beverages). Evaluation of
similar foods was thus simplified, as the first 3 digits of these
codes represent major and minor food groupings.

Additional boron concentrations for 1,417 foods were then
calculated on the basis of the data from the 527 source foods;
emphasis was placed on highly consumed foods and foods with
high boron content. One hundred fifty-one of the 1,417 foods
were equivalent to the source foods and were assigned the
same boron concentrations.

Boron calculations for 691 foods were based on a comparison
of the solids, carbohydrate, and/or protein content of a source
food with that of a target food, because they were minor
variations of each other (eg, raw vs cooked, sweetened vs
unsweetened, dry vs diluted). For example, the boron in baked
potato was calculated from raw potato data using the solids
ratio to account for moisture loss. Carbohydrate comparisons
were made to calculate the amount of added sugar in foods,
such as sweetened strawberries vs unsweetened strawberries.
Carbohydrate ratios were used to account for moisture and/or
fat differences in foods, such as breads (eg, French bread vs
white bread). In a similar manner, protein ratios were used to
account for moisture and/or fat differences in meats, such as
roast, lean only vs roast, lean and fat.

Boron concentrations for 488 foods were recipe calculations
derived from the 1989-1991 CSFII nutrient database and tech-
nical support files (12) and the actual or estimated boron
concentration of each ingredient. Recipes included complex
mixed dishes and simpler combinations, such as chicken and
flour for breaded chicken, and raisins and bread for raisin
bread.

Calculations for 87 foods involved substitutions of similar
foods in combination with adjustments for moisture or other
proximate differences. For example, the boron concentrations
for several species of fish were derived from data on other
species; 8 ready-to-eat breakfast cereals were assigned the
average boron value of other ready-to-eat cereals; spinach was
used for turnip greens, whiskey for tequila, and so on.

The resulting boron database contained 1,944 foods, which
represented 95.3% by weight of all food consumed in the 1989-
1991 CSFII. Because we were not able to assign boron values
for 4.7% of the total grarns of food consumed in the 1989-1991
CSF1I, a slight negative bias may have occurred in the final
consumption calculations for this study. The bias should be far
less than 4.7%, however, because most foods with the highest
boron concentrations were included (eg, nuts, legumes, rai-
sins, other fruits, wine).

DAILY INTAKE OF DIETARY BORON

The final Boron Nutrient Database (version 1.0) was linked to
the 3-day food records of 11,009 persons (aged 4 years and
older) in the 1989-1991 CSFII to calculate the average daily
boron intake of each person. Weighted frequency distributions
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and other descriptive statistics were then generated for vari-
ous populations (age and gender groups, pregnant women, and
vegetarians). The weighted sample is designed to represent
the diet of the US population throughout the year, as detailed
inthe 1989-1991 CSFII documentation (17-19). The age group-
ings were selected according to the Food and Nutrition Board
life-stage groups for Dietary Reference Intake values (39).

The final validity checks included an examination of the
outliers after the boron content of the individual diets had been
calculated. The detailed food consumption records for the
lowest and highest amounts of boron intake for each age and
gender group were reviewed for potential errors. The highest
day of boron consumption by 1 individual was found to be in
error (24.3 mg/day) and was removed from the data: 600 g
prepared ice tea consumed by 1 man was erroneously coded by
USDA as dry, instant tea powder. Other unusually high boron
intakes were retained, however, because they were within the
realm of possibility and could not be confirmed to be in error.

Table 1 summarizes the descriptive statistics of dietary
boron intake for each age and gender group, as well as for
vegetarian adults and pregnant women. In all cases, medians
are lower (generally by 0.1 to 0.2 mg) than the means. The
highest median boron intake is 1.30 mg/day for adult male
vegetarians. The lowest median intake (0.72 mg/day) was
obtained for 19- to 30-year-old women. The medians for adult
male and female vegetarians are 27% and 20% higher, respec-
tively, than the medians for all adult males and females.

It is apparent that very large variations in boron intakes
occur across the US adult population. Intakes range from
almost no boron (0.02 mg/day) to greater than 9 mg/day.
Detailed distributions for men and women are illustrated in
Figures 1 and 2.

SOURCES OF BORON IN THE DIET

Table 2 lists the 50 major contributors of boron in the diet.
Foods consumed in the 1989-1991 CSFII were grouped into
151 food categories according to nutrient and ingredient simi-
larities; the USDA food coding manual (12) and 1989-1991
CSFII documentation (17-19) were used as guides. The per-
centage of total boron contribution was calculated for each
category. Food categories were ranked by their percentage
contribution to total dietary boron intake. The top 50 food
categories cumulatively contribute 77% of all boron consumed
in the 1989-1991 CSFII. A representative food was selected
from each food category. Table 2 lists the representative food,
its boron content, analytical references, and whether the
reported boron content is based on analytical data, analytical
data adjusted for minor variation of the food, or a recipe
calculation.

Coffee and milk are the top 2 contributors by virtue of the
volume with which they are consumed. Several other bever-
ages are among the major contributors, namely, orange juice,
wine, apple juice, cola drinks, grape juice, fruit-flavored drinks,
tea, tomato juice, and beer. Fruits, vegetables, and nuts are
also widely represented, for example, apples, potatoes, peanut
butter, peaches, and bananas. Among the top 50 boron con-
tributors, peanut butter, wine, raisins, and peanuts are high in
boron.

IMPLICATIONS FOR DIETITIANS

In general, the daily boron intakes that were generated in this
study are slightly lower than what we anticipated based on
previous estimates of US intake. Our study was more compre-
hensive in that it was based on a greater number of foods, more
days of consumption, and newer dietary information. Another
important difference is that our study determined boron intake
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Table 2

Fifty major contributors'o_f boron in the diet (data from 1989-81 CSFII* and the Boron Nutrient Database”)

Rank Food category®

% total boron Cumulative %

Representative food from category®

Boron content® Analytical reference

consumed of boron (ng/100g)
1 Coffee 6.7 6.7 Coffee, made from ground coffee beans' 29 26,31
2 Mitk 5.1 1.8 Milk, whole' 18 15,26,33
3 Apples 5.1 16.9 Apples, raw’ 360 15,26,30,37
4 Beans, dried, cooked 48 21.7 Beans, refried” 400 15,33
5 Potatoes 4.8 26.5 French fries, from frozen, deep fried® 110 15
6 Orange juice 33 29.8 Orange juice, not further specified 72 15,26,27,30
7 Peanut butter 3.2 33.0 Peanut butter' 1,450 15
8 Wine 2.9 359 Wine, table, dry’ 610 15,31,35-37
9 Apple juice 24 38.2 Apple juice’ 180 15,26,27,30
10 Cola drinks 2.1 40.4 Soft drink, cola-type' 13 15
ih Peaches 1.8 42.2 Peaches, raw' 530 15,30
12 Bread and rolls, white 1.7 43.9 Bread, whitef 46 15,26,27
13 Banana 1.6 455 Banana, raw' 135 15,26,30,37
14 Cereals, ready to eat 1.5 46.9 Bran flakes with raisins’ 450 15
15 Grapes 14 48.4 Grapes, raw, not specified as to type' 490 15,26,30
16 Grape juice 1.4 49.7 Grape juice, unsweetened' 300 15,26
17 Lettuce, lettuce salad 1.4 511 Lettuce, raw' 105 15,26,30
18 Broccoli 1.3 52.4 Brocceoli, boiled' 250 15
19 Oranges 1.2 536 Oranges, raw' 260 15,26,30,37
20 Pizza 12 54.8 Pizza, with meat, thin crust” 76 15,25-27,30-34,37
21 Fruit-flavored drinks 12 56.0 Fruit-flavored drink, from powdered? 16 15
22 Potato chips 1.2 57.1 Potato chips' 325 15
23 Chili con carne 1.1 58.2 Chili con carne, with beans' 170 15
24 Tea 11 59.4 Tea, leaf, brewed’ 9 15,26,31,36
25 Applesauce 1.1 60.4 Applesauce, unsweetened' 280 27
26 Raisins 1.0 61.5 Raisins' 2,200 15,30
27 Fruit cocktail 1.0 62.5 Fruit cocktail, canned, in heavy syrup' 240 15,30
28 Rice 1.0 63.5 Rice, white, cooked’ 32 15
29 Beans, string 1.0 64.4 Beans, string, cooked' 120 15
30 Tomatoes, tomato juice 0.8 65.3 Tomatoes, raw' 63 15,26,30
31 Sandwiches with meat 0.8 66.1 Hamburger, with tomato and/or ketchup” 51 15,26,27,30,31,37
32 Peanuts 0.8 66.8 Peanuts, roasted, salted’ 1,700 26
33 Pears 0.7 67.5 Pears, raw' 280 15,30
34 Spaghetti sauce, tomato sauce 0.7 68.2 Spaghetti sauce” 120 15,26,27,30,31,34,37
35 Soups, meat based 0.7 68.8 Beef vegetable soup with potato, 140 15,26,30,31,37
stew type”
36 Spaghetti, tomato-based sauce 0.6 69.5 Spaghetti with meat sauce' 65 15
37 Ice cream, milk desserts 0.6 701 lce cream, regular, not chocolate’ 22 26,27,33
38 Cantaloupe 06 70.8 Cantaloupe, raw' 180 15,26
39 Coleslaw, cabbage 06 714 Coleslaw with dressing' 120 15
40 Carrots 0.6 72.0 Carrots, raw or frozen' 230 15,26,30,37
41 Peas, cowpeas, field peas 0.6 72.7 Peas, black-eyed, cooked, fat added® 460 15
42 Chicken 0.6 73.2 Chicken breast, broiled, skin not eaten® 27 15
43 Peas, green 0.6 738 Peas, green, cooked' 130 15
44 Onions 0.6 74.3 Onions, raw ; ; 190 15,26,30,37
45 Beans, lima 05 749 Beans, lima, dry, cooked, fat added® 370 15
48 Beef stew 0.5 754 Beef and vegetable stew' 120 15
47 Fish and shellfish 0.5 759 Tuna, canned, water packed' 54 26
48 Spinach, collards, turnip greens 0.5 76.4 Spinach, boiled' 180 15
49 Corn 0.5 76.9 Corn, yellow, cooked' 46 15
50 Beer 05 77.4 Beer' 12 15,31

aUS Department of Agriculture 1989-91 Continuing Survey of Food Intakes by Individuals (unweighted, all respondents) (17-19).
*Boron Nutrient Database (version 1.0) developed by the authors for this research.

°Foods were grouped into 151 categories according to ingredient and nutrient similarities.
Yindividual food with the highest percentage contribution of total boron within the category.
°Boron content of representative food from the food category.

'Boron content from analytical data.

9Analytical boron content adjusted for minor variation of food.

"Boron content calculated from recipe.
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for each individual. Previous studies (13-15) were based on
average diets and provided estimates of the mean for each age
and gender group but not ranges or distributions.

One might have expected a higher median boron intake for
vegetarians than that reported in this study. Perhaps the
results indicate that although vegetarians consume more bo-
ron-rich fruits, nuts, and legumes, they generally also consume
more low-boron grain products and less total energy than
norivegetarians (40).

As data become available on daily boron requirements, the
results of this study may be used to assess whether Americans
are receiving adequate daily boron. To further improve esti-
mates of boron consumption, food and beverage manufactur-
ers are urged to determine the boron concentrations of their
products.

References

1. Boron. In: Trace Elements in Human Nuirition and Health.
Report of the WHO Expert Commiitee on Trace Elements in
Human Nutrition. Geneva, Switzerland: World Health Organization;
1996:175-179.

2. Hunt CD, Stoecker BJ. Deliberations and evaluations of the ap-
proaches, endpoints and paradigms for boron, chromium and fluoride
dietary recommendations. JJ Nutr. 1996;126(suppl):24415-24518S.

3. Food and Nutrition Board. Recommended Dietary Allowances.
10th ed. Washington, DC: National Academy Press; 1989.

4. Pellerin P, Doco T, Vidal S, Williams P, Brillouet JM, O'Neill MA.
Structural characterization of red wine rhamnogalacturonan.
Carbohydr Res. 1996,290:183-197.

5. Mertz W. Essential trace metals: new definitions based on new
paradigms. Nutr Rev. 1993;51:287-295.

6: Nielsen FH. Evidence for the nutritional essentiality of boron. J
Trace Element Exp Med. 1996;9:215-229.

7. Hunt CD. Biochemical effects of physiological amounts of dietary
borori. J Trace Element Exp Med. 1996;9:185-213.

8. Hunt CD, Herbel JL, Nielsen FH. Metabolic responses of postmeno-
pausal women to supplemental dietary boron and aluminum during
usual and low magnesium intake: boron, calcium, and magnesium
absorption and retention and blood mineral concentrations. AmJ Clin
Nutr. 1997,65:803-813.

9. Fort DJ, Propst TL, Stover EL, Strong PL, Murray FJ. Adverse
reproductlve and developmental effects in Xenopus from insufficient
boron. Biol Trace Element Res. 1998;66:237-259.

10. Rowe RI, Bouzan C, Nabili S, Eckhert CD. The response of trout
and zebra fish embryos to low and high boron concentrations is U
shaped. Biol Trace Element Res. 1998;66:261-270.

11. Composition of Foods—Raw, Processed, Prepared. Washing-
ton, DC: US Dept of Agriculture; 1986-1992. Agriculture Handbooks
No. 8-1 through 8-21.

12. USDept of Agriculture. Nutrient Data Base for Individual Food
Intake Surveys and Data Sets Used to Create It. Release 7. Spring-
field, Va: National Technical Information Service; 1994. Machine-
readable data sets, accession no. PB94-504552.

13. Iyengar GV, Clarke WB, Downing RG, Tanner JT. Lithium in
biological and dietary mate_nals In: Bratter P, Schramel P, eds. Trace
Element Analytical Chemisiry in Medicine and Biology. New York,
NY: Walter de Gruyter; 1988;267-269.

14. Iyengar GV, Clarke WB, Downing RG. Determination of boron and
lithium in diverse biological matrices using neutton activation-mass
spectrometry (NA-MS). Fresenius J Anal Chem. 1990;338:562-566.
15. Anderson DL, Cunningham WG, Lindstrom TR. Concentrations
and intakes of H; B, 8, K, Na, Cl, and NaCl in foods. J Food Compos
Anal. 1994;7:59-82.

16. Clarke WB, Gibson R. Lithium, boron, and nitrogen in 1-day
composites and a mixed-diet standard. J Food Compos Anal.
1988;1:209-220.

17. US Dept of Agriculture. CSFI/DHKS, Nationwide Food Con-
sumption Survey, Continuing Survey of Food Intakes by Indi-
viduals and Diet Health and Knowledge Survey, 1989. Springfield,
Va: National Technical Information Service; 1993. Machine-readable
data set, accession no. PB93-500411.

340 / MARCH 1999 VOLUME 99 NUMBER 3

——
PERSPECTIVES IN PRACTICE

$000000000000000000000000000006000000000000000000000000000

18. US Dept of Agriculture. CSFII/DHKS, Nationwide Food Con-
sumption Survey, Continuing Survey of Food Intake by Individu-
als and Diet Health and Knowledge Survey, 1990. Springfield, Va:
National Technical Information Service; 1993. Machine-readable data
set, accession no. PB93-504843.

19. US Dept of Agriculture. CSFII/DHKS, Nationwide Food Con-
sumption Survey, Continuing Survey of Food Intake by Individu-
als and Diet Health and Knowledge Survey, 1991. Springfield, Va:
National Technical Information Service; 1994. Machine-readable data
set, accession no. PB94-500063.

20. Rizek RL, Perloff BP, Posati LP. USDA’s nutrient data bank. Food
Techmnol Aust. 1981;33(3):112-114.

21. Haytowitz D. USDA’s Nutrient Data Bank—A National Resource.
Paper presented at: American Association of Cereal Chemists 74th
Annual Meeting; Oct 31, 1989; Washington, DC.

22. Murphy SP, Weinberg-Andersson SW, Neumann C, Mulligan K,
Calloway DH. Development of research nutrient databases: an ex-
ample using foods consumed in rural Kenya. J Food Compos Anal.
1991;4:2-17.

23. Rand WM, Pennington JAT, Murphy SP, Klensin JC. Compzling
Data for Food Composition Databases. Tokyo, Japan: United Na-
tions University; 1991.

24. Allen H, Halley-Henderson M, Hass C. Chemical composition of
bottled mineral water. Arch Environ Health. 1989;44:102-116.

25. Clarke WB, Koekebakker M, Barr RD, Downing RG, Fleming RF.
Analysis of ultratrace lithium and boron by neutron activation and
mass-spectrometric measurement of *He and ‘He. Appl Radiat Isot.
1987;38:735-743.

26. Gormican A. Inorganic elements in foods used in hospital menus.
J Am Diet Assoc. 1970;56:397-403.

27. Hunt CD, Shuler T, Mullen L. Concentration of boron and other
elements in human foods and personal-care products. J Am Diet
Assoc. 1991;91:558-568.

28. Nuurtamo M, Varo P, Saari E, Koivistoinen P. Mineral element
composition of Finnish foods, VI: fish and fish products. Acta Agric
Scand. 1980;22(suppl):78-87.

29. Nuurtarno M, Varo P, Saari E, Koivistoinen P. Mineral element
composition of Finnish foods, V: meat and meat products. Acta Agric
Scand. 1980;22(suppl):58-76.

30. Varo P, Lahelma O, Nuurtamo M, Saari E, Koivistoinen P. Mineral
element composition of Finnish foods, VII: potato, vegetables, fruits,
berries, nuts, and mushrooms. Acta Agric Scand. 1980;22(suppl):90-
113.

31. Varo P, Nuurtamo M, Saari E, Koivistoinen P. Mineral element
composition of Finnish foods, IX: beverages, confections, sugar, and
condiments. Acta Agric Scand. 1980;22(suppl):128-139.

32. Varo P, Nuurtamo M, Saari E, Koivistoinen P. Mineral element
composition of Finnish foods, IV: flours and bakery products. Acta
Agric Scand. 1980;22(suppl):38-55.

33. Varo P, Nuurtamo M, Saari E, Koivistoinen P. Mineral element
composition of Finnish foods, VIII: dairy products, eggs and marga-
rine. Acta Agric Scand. 1980;22(suppl):115-126.

34. Hamilton EI, Minski MJ. Abundance of the chemical elements in
man’s diet and possible relations with environmental factors. Sci Total
Environ. 1972-73;1:375-394.

35. Bionda, G. Controle de la teneur en bore des vins naturels de la
province de Pavie, Italie [Control of the quantity of boronin the natural
wines of the province of Pavie, Italy). Ann Falsif Fraudes. 1957;15-23.
86. Minoia C, Sabbioni E, Ronchi A, Gatti A, Pietra R, Niclotti A,
Fortaner S, Balducci C, Roggi C. Trace element reference values in
tissues from inhabitants of the European Community, IV: influence of
dietary factors. Sci Total Environ. 1994;4:181-195.

87. Inoue T, Iwaida M, Ito Y, Gawa S, Tajima K, Mine T, Fukabaa Y,
Kubota S. A general survey on borate contents in foods. J Food Hyg
Sco. 1980;21:465-481. ;

38. LugG, Li X, Deng Y. Polarographic determination of trace boron in
foods. Food Chem. 1994;50:91-93.

39. Food and Nutrition Board, Institute of Medicine. Dietary Refer-
ence Intakes for Calcium, Phosphorus, Magresium, Vitamin D,
and Fluoride. Washington, DC: National Academy Press; 1997.

40. Draper A, Lewis J, Malhotra N, Wheeler E. The energy and
nutrient intakes of different types of vegetarians: a case for supple-
ments? Br J Nutr. 1993;69:3-19.



