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Introduction
Lead, a toxic metal that affects the

central nervous system and heme synthe-
sis pathways, is ubiquitous in the environ-
ment as a result of industrialization. Re-
duced sales of leaded gasoline in the
United States and Canada caused the air-
borne levels of lead to decline by approx-
imately 80% between 1974 and 1987.1-3
This reduction in atmospheric particulate
lead was paralleled by a significant decline
in the average lead content of the North
American diet.4-- Between 1982 and 1988,
the average amount of lead ingested daily
by US children in their diet decreased six-
fold, from 30 ,ug to 5 ,ug.6 Despite these
reductions, however, the Agency for
Toxic Substances and Disease Registry
estimated in 1988 that more than 3 million
children younger than 6 years of age (17%
of all US children in this age group) had
unacceptably high blood lead levels (i.e.,
>15 ,&g/dL).7 Lead has been shown to af-
fect the neurobehavioral development of
newborns, infants, and children exposed
to lead either in utero or postnatally.812 It
was further noted that childhood lead poi-
soning was widespread and that no socio-
economic group or geographic area was
spared.13

About 10 years ago, the US Food and
Drug Administration (FDA) cautioned the
public to limit their intake of calcium sup-
plements because of the potentially high
lead levels in some of these products,
mainly those produced from bonemeal
and dolomite.14"15 Calcium supplements
are often prescribed to pregnant and lac-
tating women as well as to children with
milk allergy. They are also purchased over
the counter by a significant portion of the
general population. A survey performed
by the National Center for Health Statis-
tics16 reported that 25% of the women and

8% of the children aged 2 to 6 years in the
United States consume nonprescribed
calcium supplements daily. Others have
reported that concem about a poor diet
may lead some women to double or triple
the recommended daily dose of calcium.17

Earlier reports have focused mainly
on the lead content in calcium supple-
ments derived from dolomite and bone-
meal powders.14,15 182' However, a 1992
interlaboratory comparison study has
shown that supplements composed of
other calcium salts (e.g., calcium carbon-
ate and calcium chelates) may also contain
substantial amounts of lead.22 In light of
both the growing number of individuals
using calcium supplements1623 and the re-
cent findings of low-level lead toxicity in
the fetus and neonate, a survey reporting
on the lead level in the major forms of
calcium supplements currently available
seemed in order. In this study, we re-
ported the lead levels measured in 70
brands of calcium supplements. Based on
the suggested daily dosage listed on the
product labels, we calculated daily lead
ingestion rates (i.e., micrograms of lead
ingested per day) and compared them
against guidelines of dietary lead intake
established and updated in 1990 by the US
FDA.24,25
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Methods
Sample Types

The calcium supplements available
on the North American market can be
grouped into the following four catego-
ries, based on the form in which calcium
salts occur: calcium carbonate, dolomite,
calcium phosphate (bone) or hydroxyap-
atite, and calcium bound to various or-
ganic chelates (e.g., gluconate, lactate,
amino acids). The first category can be
subdivided into two groups, depending
on whether the calcium carbonate is pro-
duced in a laboratory (i.e., refined) or
mined from limestone rock units derived
from fossilized oyster shells. The prod-
ucts in the latter group are invariably re-
ferred to as "natural source" calcium
carbonate and will be termed as such
throughout this paper.

Sample Selection
A total of 55 brands of calcium sup-

plements (themaximum number ofbrands
available) were identified and purchased
from various pharmacies (national chains
and independent concerns), supermar-
kets, and health food stores in southern
Ontario. Fifteen additional brands were
obtained in the United StatesbyFood and
Drug Branch investigators in the Califor-
nia Department of Health Services. Ex-
cept for one bonemeal and two dolomite-
based samples that were obtained directly
from the manufacturers, all other supple-
ments were purchased from American
public retail outlets.

The 70brands ofcalcium supplements
were arranged in five categories, as shown
in Table 1. Different lot samples of supple-
ments were also analyzed to determine the
variability of lead levels within a brand
(i.e., "interlot" variability). Because ofthe

limited availabilityofsome products, itwas
only possible to obtain different lot samples
for 23 of the 70 brands.

Sample Analysis
For each lot sample, a minimum of 75

g was kept at 60°C for 24 hours, cooled in
a desiccator, and weighed to obtain
"productweight." The sampleswere then
ashed at 425°C in a muffle furnace for 48
hours. The temperature ofthe furnacewas
gradually increased at a rate of about
1000C per hour to avoid combustion in
some ofthe powders. For calcium supple-
ments supplied in liquid form (five brands),
200-mL subsamples were weighed and
dried at 60°C until constant weight (i.e.,
product weight) was obtained from which
to calculate the products' specific gravity.
These "dewatered" samples were then
ashed in the same manner as the other
calcium supplements. All of the ashed
powders were cooled in a desiccator,
weighed to obtain "ash weight," ground
with an agate pestle and mortar, and trans-
ferred into acid-cleaned Teflon vials until
further analysis.

Approximately 0.25 g of the ashed
powderwas dissolved in 1 mLof 12N hy-
drochloric acid. Approximately 5 mL of
0.2M sodium acetate was added, and the
solutions were filtered over Millipore
membrane filters (0.45-p,m pore size) pre-
washed with 1.5N hydrochloric acid. The
filtratewas adjusted to apHof 1.50 + 0.03
with either sodium acetate buffer or 12N
hydrochloric acid. The typical volume of
the solutions after pH adjustments ranged
between 25 mL and 30 mL. Approxi-
mately 20 mL of the solution were then
transferred into a sample cell and analyzed
for lead by anodic stripping voltammetry
using a hanging drop mercury electrode
(model Metrohm 646/647 processor).
Metal quantification was achieved by the
method of standard additions (i.e., two
spikes per sample) and peak integration,
which is equivalent to the FDA's method
for determining lead content in bonemeal
supplements.20 Seven of the 70 brands of
calcium supplements analyzed in this
study were analyzed by electrothermal
atomic absorption spectrometry (Perkin-
Elmer 5000, HGA-500) following a
method detailed in a separate paper22 No
particular bias, either signal enhancement
or reduction, was apparent using the latter
methodology (see below).

Quality Control
High-purity, certified reagents (trace

metal grade) were used for all the analy-
ses. All the supplement brands were ana-

lyzed at least in triplicate, along with two
procedural blanks (mean lead concentra-
tion = 0.6 + 0.2 ILg/L). A certified refer-
ence material consisting of bone powder
(animal bone "H-5") supplied by the In-
ternational Atomic Energy Agency in
Austria was also routinely analyzed along
with the samples. In all cases, the lead
levels determined in the certified refer-
ence material fellwithin the certified range
of 2.6 p,g to 3.7 pg/g.

An interlaboratory comparison was
also conducted tocheckfor potential meth-
odological biases in lead determinations in
various types of calcium-rich matrices.
While these results were detailed in a sep-
arate report,= the coefficient of variation
associatedwith lead analysesbasedon four
different analytical instruments, induding
anodic strippingvoltammetiy, ranged from
3% to 17.6% for five different samples.

Calculations
Lead concentration in calcium sup-

plements. The lead levels in the various
brands of calcium supplements were ob-
tained by multiplying the lead concentra-
tions in the ashed powder by the ash con-
tent of the samples:

ash content = ash weight . product
weight
lead in product sample = (ead in ashed
powder) x ash content

Unless specified otherwise, the lead levels
were reported as micrograms of lead per
gramofproducton a dryweight basis. The
lead levels measured in the ashedpowders
were always well above the system's an-
alytical limit of 60 pg/kg (ppb).

Lead concenttonper unit mass of
cakium Ten pills were weighed to esti-
mate the mean tablet weight for each
brand of supplement. This value was then
used to convert the calcium load specified
on the product labels (e.g., 500 mg of cal-
cium per tablet) to a calcium concentra-
tion in the pill powders (i.e., miligrams of
calcium per gram), which in turnwas used
to normalize the lead concentration to a

specified amount of calcium (micrograms
of lead per milligrams of calcium). Nor-
malized lead values were also calculated
for the five brands of liquid-form calcium
supplements by using the products' spe-
cific gravity.

The calcium loadwas not specified in
three of the six bonemeal-based supple-
ments. The molecular structure of bone
dictates that the maximum content of cal-
cium in pure mineralized bone tissue
should be 20%o. Consequently, this (con-
servative) value was used to estimate the
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maximum calcium level in those products.
The three other brands of bonemeal sup-
plements had calcium levels ranging be-
tween 17% and 19%.

Results
Strength of Calcium Supplements

The calcium load varied widely, de-
pendingon the form ofthe salt used (Table
2). The "weakest" product (60 mg of cal-
cium) was a brand of calcium chelate,
whereas a tablet composed of refined cal-
cium carbonate delivered more than 12
times that amount of calcium (750 mg).
Based on a mean calcium load, the dolo-
mite and bonemeal productswere ofcom-
parable strength, followed by the chelate
products, which averaged about half the
calcium load contained in either the re-
fined or the natural source calcium car-
bonate supplements (Table 2).

The recommended daily allowance for
calcium in children aged 12years and under
iscurrently set at 800mg.26 While itmightbe
expected that the daily calcium dosage sug-
gested for each brand would normaliz the
amount of calcium ingested, this was not
the case; and the suggested daily dosage of
calcium varied by more than 16 times,
ranging from 180 mg (23% of the recom-
mended daily allowance) to as high as 3000
mg (375% of the recommended daily al-
lowance) (Table 2). Comparatively, the cal-
cium load in whole (i.e., cow's) milk is
about 120 mg per 100 g (R. W. Dabeka,
Health andWelfare Canada, personal com-
munication), and the suggested daily serv-
ingof750mLofmiLk (three 8-oz servings)Y
would supply 800 mg of calcium.

Lead Levels in Calcium
Supplements

The lead analyses performed on the
various product lots indicated that interlot
variability of lead levels was negligible for
four of the five categories of calcium sup-
plements. However, two different lot sam-
ples ofabonemeal-based supplement con-
tained significantly different (P <.05) lead
levels. This conforms with an earlier
study,20 which noted considerable vari-
ability in lead levels measured among var-
ious brands of bonemeal-based calcium
supplements. While no interlot variability
of lead levels was observed in the dolo-
mite-based supplements selected in this
study, a previous report18 noted that it
may occur within this category of prod-
ucts. Based on the limited sample size of
the products obtained from the United
States, there did not appear to be any sig-

nificant difference (P <.05) in the lead lev-
els between Canadian and American cal-
cium supplements.

The lead levels measured in the 70
brands of calcium supplements varied by
almost 300-fold when reported as micro-
grams of lead per gram of product dry
weight (Table 3). Although the highest
variability in lead levels (two orders of
magnitude) was displayed in the calcium
chelate category, no relationships could
be established between the lead levels and
the type ofchelates (e.g., gluconatevs lac-
tatevs citrate, etc.) usedwithin this group-

ing. Chelates and refined calcium carbon-
ate were the only two groupings that had
a mean lead concentration well below 1
p.gjg of product (Table 3). The lead levels
recorded in the dolomite products were
significantly higher (P <.05) than those
measured in the previous two categories.
Although the lead levels in the bonemeal
and natural source calcium supplements
averaged at least twice as high as those in
the dolomite brands, there was no signif-
icant difference (P <.05) in the lead levels
among these three categories. Based on

the mean lead levels, the five categories of
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Note. A similar rate was also calculated from a suggted dally serving2 ofwhole cows milk
wifth a typcal lead coneaio n of 1.12 pg/kg (wet weight)28 The hoAizal lines and
right-hand y axds represent multiples of 6 pg of lead per day, Fe FDA's provional totll
toeable daily intake of lead for children aged 6 years and under.25 The "ess tan" symbols
(<) Kleny productsthat, based on their suggested calcium dosage, delivered lessFan the
recommended dally allwance of calcium for children aged 12 years and under (800 mg).24

FIGURE 1-DaIly lead Ingestion res (microgam of lead per day ± 95%cofd
Intrval based on the lead contn and the daily calcium dosagesp d
on the labels of 70 brands of calcium s met.

calcium supplements were ranked in the
folkowing (ascending) order:

chelate refined < < dolomite ! natural
source bonemeal
Lead levels reported as micrograms

of lead per gram of product can be some-
what misleading because all the supple-
ments contain varying amounts ofbinders
or fillers and sometime sugars (e.g., chew-
able forms), which are added during the
pellitization of the products. Conse-
quently, the lead level may be reduced or
"diluted" because important amounts of
these inert substances have been added.
(The weight of the tablets analyzWd in this
study ranged from 470 mg to 3580 mg.)
The relative quality of the calcium supple-
ments, in terms of their lead levels, can be
compared more effectively ifthe lead con-
tent in each brand is normalized to a set
amount of the main active ingredient or
element, such as calcium.

Because young children represent
the segment of the population most sen-
sitive to lead, the lead content in the 70
brands of calcium supplements was nor-
malized to this group's recommended
daily allowance of 800mg of calcium (Ta-
ble 3). This transformation actuallY indi-
cateswhatwouldbe the concomitant dose
of lead obtained from the various calcium
supplements if these products were to

supply the recommended daily allowance
ofcalcium foryoung children. The calcium
supplements derived from refined calcium
caonate powderswere the only products

to average less than 1 pgofleadper800mg
ofcalcium (Table 3). Although the normal-
ized lead levels averaged slightly higher in
the calcium chelate products, 8 of the 13
brandswithin this categoryhadnaized
lead levels at or less than 1 pg (medi-
an = 0.92 pg of lead per 800 mg of calci-
um). Conversely, the concomitant lead
dose obtained from the remaining three
categories of calcium supplements aver-
aged 4 to 12 times higher than that calcu-
lated for the refined calcium carbonate
powders (Table 3). In fact, none of the
products within the dolomite and bone-
meal categories andonlytwobrandsofnat-
ural source calcium supplements could
meet the recommended daily allowance of
calcium foryoungchildrenwhile supplying
a concomitant lead dose of 1 pg or less.

The lead content measured in milk
samples from Canada28 and other coun-
tries2930hasbeen reported tobe at the part-
per-billion level (Table 3). Consequently,
this would mean that the chief source of
dietary calcium for the majority ofthe pop-
ulation would also meet the recommended
daily allowance of calcium for young chil-
drenwhile supplying aconcomitant dose of
lead of less than 1 pg (Table 3).

Disusszion
Lead Intakefrom Calcium
Supplmen

Not only are children more sensitive
to the low-level effects of lead, but they

also assimilate ingested lead more effi-
ciently than do adults.31-33 The FDA con-
verted previously established guidelines
and standards of dietary lead intake into a
common format of micrograms per day
from foods, better known as the total tol-
erable daily intake of lead. In 1989, the
FDA recommended that, for a child
weighing 10 kg, the total tolerable daily
intake of lead absorbed from all dietary
sources be limited to 6 pg to 18 ,ug.mHow-
ever, because the "effect level" (i.e., the
level for medical intervention) of blood
lead in children was reduced in 1991,13 a
"provisional" total tolerable daily intake
has been set at 6 pg of lead and applies to
all children aged 6 and under.25

Because of the substantial variation
in the calcium dosages prescribed on the
calcium supplements labels (Table 2), the
lead levels listed in Table 3 do not effec-
tively reflect the amount of lead ingested
from consumption of these products.
Lead ingestion rates (i.e., mirograms of
lead ingested per day) were calculated
from the "suggested calcium dosage"
listed on the product labels and the lead
levels measured ineach ofthe 70brandsof
calcium supplements analyzed in this
study (Figure 1). The results indicate that,
based solely on the ingestion of these
products, the lead intake from about 25%
of the calcium supplements (17 of 70
brands) exceeded the provisional total tol-
erable daily intake of 6 pg. It should be
stressed that this value represents the
mawmwn amount of lead to be ingested
from all dietary sources. In addition, it
was deemed provisional because safe lev-
els of lead exposure had not been identi-
fied and would likely be adjusted down-
ward to allow for other anticipated
exposures to lead.25

Although the mean lead ingestion
rates calculated for the dolomite-based
supplements seem comparable to those
calculated for the refined calcium carbon-
ate and chelate calcium groupings (2.7 pg,
1.5pg, and 1.5 pg, respectively), the cal-
cium dosages on which these values were
partially based varied significantly (Table
2). For example, the mean calcium dosage
calculated for the refined calcium carbon-
ate supplements was 1500, 190% of the
recommended daily allowance of calcium
for children 12 and under. Consequently,
many ofthe lead ingestion rates calculated
for this category could be reduced even

further if lesser amounts of calcium sup-
plements (i.e., dosages approximating
100% of the recommended daily allow-
ance for young children) were ingested.
Conversely, the calcium dosage of the do-
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lomite-based products (and of five of six
brands ofbonemeal supplements) could not
be reduced to lower the lead ingestio rates
because none of these suppled the 800 mg
of calcum recommended (as indicated by
the "less than" symbol on Figure 1).

The results indicate that natural
source calcium supplements are a poten-
tial source of lead because more than half
the products within this category (14 of 25
brands) had lead ingestion rates greater
than the provisional total tolerable daily
intake of 6 p.g (Figure 1). The highest lead
ingestion rate calculated for a product
within this group (25.1 zg per day) was
more than four times greater than the pro-
visional intake level and was based on a
calcium dosage of 1000mg, a dosage com-
monly ingested by children.

What is particularly disturbing about
the signifcant lead ingestion rates associ-
ated with the bonemeal-based calcium
supplements is that bonemeal powders
available through health food stores are
often used as "food supplements." Food
supplement powders are generally con-
sumed in much greater quantities than
bonemeal-based supplements but essen-
tially have the same composition. In 1982,
the FDA15 noted that daily intakes of5000
mg to 10 000 mg of bonemeal powders
were not uncommon and that more than
90%o of the individuals consuming large
quantities ofbonemeal were women aged
50 or older. This confonns with another
report, which noted that an "excessive in-
take" of calcium supplements was prev-
alent among individuals seeking to pre-
vent or retard degenerative changes (e.g.,
osteoporosis) through nutrition.18 Plum-
bism attnbutable to bonemeal ingestion
has been reported in the past.19

Reevaluafion ofCalcium
Supplmets

A 1991 FDA "Health Policy Re-
port"35 was criticized because it failed to
recognize regulatory loopholes that al-
lowed health food stores and magazne ad-
vertising to sell many compounds not cur-
rently reviewed by the FDA.36 The
agency has since noted that an FDA task
force was surveying all regulatory options
open to the agency and measuring them
against the benefits and risks inherent in
the consumption of dietary supple-
ments.37 Similarly, senior health officials
at Health and Welfare Canada informed
us that several aspects relating to mineral
supplements as well as to other health
products were currently under review.

It is generally accepted that most
North Americans meet their nutrient
needs from foods alone and that the use of
supplements is often not necessary.38'W9
Milk and other dairy products are re-
garded as the principal source of dietary
calcium. However, children who are in-
tolerant to milk and dairy products (not to
beconfisedwithindividualswithalactase
deficiency) and who develop allergic re-
actions (e.g., hyperactivity) when only
minute amounts are ingested can effec-
tively meet their calcium requirements
only through calcium supplementation.
(The number ofsuch casesmay appear on
the rise, but many physicians agree that
this particular form of allergywent largely
udiagnosed in the past.) For these indi-
viduals, calcium supplements are the only
effective alternate source of calcium, sur-
rogate to milk and dairy foods. Consider-
ing that milkcan supply the recommended
daily allowance of calcium for young chil-
dren while delivering "acceptable"
amounts of lead, should it not be unrea-
sonable to suggest that surrogate sources
ofcalcium meet these same goals-4hat is,
no more than 1 ,ug of lead ingested for
every 800 mg of calcium supplied. This
may mean, however, that the use of do-
lomite, bonemeal, and, to some extent,
natural source calcium-rich powders for
the production of mineral supplements
would have to be reevaluated (Table 3).

Finally, it should be noted that not all
investigators working in the health field
believe that exposure to low lead levels is
detrimental to child development.4'44
While the validity of various statistical
procedures can be debated ad nauseam,
this study shows that many individuals
may be unnecessarily ingesting substan-
tialamountsofleadthroughsome formsof
mineral supplements. The 1991 statement
on lead poisoning from the Centers for
Disease Control and Prevention noted that
"Pbposonong isone ofthe mostcomion
and prventabe paediatmic health prb-
ems today. "13A leading authorityon lead
toxicity also remarked that lead poisoning
was poorly treatable andbest prevented.45
We suggest that the sources of lead in cal-
ciumsupplements shouldbe identified and
more rigidly controlled to prevent unnec-
essary exposure to dietary lead in all seg-
ments of the population, particularly
young children. 0
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