Lead Intoxication in Infancy

Michael W. Shannon, MD, MPH,*t§ and John W. Graef, MD1§

ABSTRACT. Four years of experience in the evaluation
and management of lead intoxication in the first year of
life were reviewed. This study was conducted in a lead
referral program within the state of Massachusetts,
whose comprehensive lead laws include extensive (and
now mandatory) lead screening of all children. Over the
period of study, 50 (14%) of 370 new patients enrolled in
the program were infants aged 12 months or younger.
Median age of these infants was 11 months (range 1
through 12 months). Mean peak lead level was 39.0 ug/
dL while the mean peak erythrocyte protoporphyrin
concentration was 111.9 ug/dL of whole blood. Thirty-
two percent of infants were ambulatory at the time lead
intoxication was diagnosed; only 24% had a history of
pica. Twenty-six percent of parents were welfare de-
pendent. Apparent sources of plumbism included house-
hold renovation (n = 20), direct ingestion of paint chips
(n = 10), formula preparation with lead-contaminated
water (n = 9), lead dust importation (n = 1), and congen-
ital exposure to elevated maternal lead level (n = 1). In 9
cases the source was not found. When this profile was
compared with that of a randomly selected group of 47
children aged 18 through 30 months, who were seen in
the lead program during the same interval, apparent
sources of intoxication in the older group were paint chip
ingestion (n = 41), household renovation (n = 2), and
unknown (n = 4) (P < .0001). On the basis of these data,
it is concluded that lead intoxication in infants is com-
mon and has significantly different origins from that in
toddlers. Lead intoxication from infant formula reconsti-
tuted with contaminated water may account for many of
these cases. These findings support recommendations
that lead screening begin at the age of 6 months for
children with any likelihood of lead exposure. Pediatrics
1992;89:87-90; lead intoxication, infant, screening.

Lead is one of the most widespread environmental
toxins facing American children. Well-controlled
studies continue to accumulate evidence that, even at
what were once considered low levels of exposure,
apparently irreversible adverse health effects, partic-
ularly to the central nervous system, occur in young
children.'* The increasing concern about children
with lower levels of lead exposure has forced a reex-
amination of the epidemiology of this disease. Data
from 1950 to 1980 focused attention on the ambula-
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tory toddler, 12 to 36 months of age, living in older,
usually dilapidated housing, in whom high blood
levels of lead developed after ingestion of paint chips
(pica).” Lead poisoning in infants was considered a
rarity, usually resulting from unique circumstances
such as inappropriate use of lead-based body cos-
metics or direct administration of lead-containing folk
medicines.®” This view has had several unfortunate
consequences: (1) it discourages pediatricians from
initiating lead screening until the second year of life;
(2) it discourages lead screening of children from rural
and suburban areas where dilapidated housing is less
common; and (3) when plumbism is discovered, it is
assumed the intoxication is the result of pica and
alternative sources of lead are not investigated.

Little is known about the prevalence and pattern
of lead poisoning in infants. The Second National
Health and Nutrition Examination Survey (1976 to
1980) included children from age 6 months but the
sample size was small and results were included in
the data of children up to age 2 years.® However,
since 1978 the Centers for Disease Control has rec-
ommended screening high-risk children beginning at
6 months of age.” The American Academy of Pedi-
atrics, while noting that some children might be at
risk as early as 6 months of age, has recommended
initial screening to coincide with the first routine
hematocrit at 9 to 12 months.® The Commonwealth
of Massachusetts has offered voluntary statewide lead
screening for children from age 1 year up to 6 years
since the passage of its Lead Poison Prevention Act
in 1971. A revision of this law in 1987 included a
provision for mandatory screening according to a
schedule to be determined by state public health
authorities in consultation with interested medical
groups. This schedule included the requirement that
children at “high risk,” as determined by the likeli-
hood of direct exposure to lead hazards, be screened
at least every 6 months, beginning at 6 months of
age.

We recently noted a significant number of young
infants being referred to our Lead/Toxicology Pro-
gram, perhaps in part because of the increasing sur-
veillance of Massachusetts children of all ages. There-
fore, we undertook this study to examine more closely
the patterns of childhood plumbism seen in Massa-
chusetts in the first year of life.

METHODS

For this study, the hospital charts of all patients through the age
of 12 months seen in the Lead/Toxicology Program of The Chil-
dren’s Hospital, Boston, from 1987 through 1990 were reviewed.
While this clinic is a referral program for the evaluation and
management of children with any environmental intoxication, re-
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ferrals of children with plumbism predominate. With occasional
exceptions, children with lead intoxication were eligible for enroll-
ment if their venous blood lead levels exceeded 25 ug/dL of whole
blood. This value was reduced in 1990 to accept children with lead
levels exceeding 20 ug/dL.

At the initial clinic visit, a thorough environmental history was
obtained which included previously recorded lead levels, a descrip-
tion of the patient’s residence, results of any environmental in-
spections (paint, water, and/or soil analysis), blood lead levels of
siblings, recent renovation, oral habits of the child, recent changes
in behavior, time spent elsewhere, occupations of both parents,
water sources, and water intake. For infants younger than 11
months of age, a detailed history of formula preparation practices
was also obtained.

Laboratory assessment of patients included measurement of
whole blood lead and erythrocyte protoporphyrin concentrations;
complete blood and reticulocyte counts; serum iron level; total iron-
binding capacity (TIBC); ferritin, blood urea nitrogen, and serum
creatinine levels; and urinalysis. Blood and water lead analyses
were performed by atomic absorption spectrophotometer (Perkins-
Elmer Corp, Norwalk, CT). Radiographic evaluation on the first
clinic visit usually included knee and abdominal radiographs (for
evaluation of growth arrest lines or radiopaque gastrointestinal
densities). On the basis of these data and after state-mandated
inspection of the home for lead hazards, a judgment of the likely
source of lead was made and medical management (including
education on preventing further exposure) was provided.

To compare the origins and clinical profile of infants with that
of older children managed in our program, we randomly selected
(on the basis of alphabetical listing) 47 children aged 18 through
30 months who attended the Lead/Toxicology Program during the
same study interval, extracting similar demographic and clinical
data.

Statistical comparisons were conducted by using the Student’s ¢
test, x? with Yates’ continuity correction, the Mann-Whitney U test,
and analysis of variance with the Scheffe post hoc multiple com-
parisons procedure. Normally distributed data are expressed as
mean * SD.

RESULTS

Over the 4-year period, of 370 new patients en-
rolled in the Lead/Toxicology Program, 50 (14%)
were infants. Twenty-seven were girls and 23 were
boys. Median age of these patients was 11 months
(range 1 through 12 months). Six infants aged 1
through 7 months were identified after their older
siblings were found to have plumbism. Socioeco-
nomic status as indicated by hospital payer classifi-
cation revealed 33 patients (66%) with private insur-
ance and no stated reliance on public welfare. Only
26% received Medicaid or other public assistance.

No patients had clinical signs of lead intoxication.
Sixteen infants (32%) were ambulatory at the time
lead poisoning was diagnosed. Twelve infants (24%)
had a history of pica (excessive oral habits which
included repeated ingestion of nonfood objects).

Mean peak whole blood lead level was 39.0 + 11.4
ug/dL. Thirteen infants had a peak lead level >50.0
pg/dL. Mean peak erythrocyte protoporphyrin level
was 111.8 + 90.9 ug/dL.

Iron status was assessed by the combination of
hemoglobin level, hematocrit, mean corpuscular vol-
ume, serum iron levels, TIBC, and serum ferritin
levels. Twenty-five patients (50%) had hemoglobin
levels of <11.5 g/dL, 28 (56%) had hematocrit of
<34%, and 14 (32%) patients had a serum iron-TIBC
ratio of <16%. Serum ferritin level was depressed in
20 (40%) patients based on age-specific normal values
for The Children’s Hospital. Girls had a significantly
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higher hemoglobin level than boys (11.6 g/dL vs 11.1
g/dL, P = .04).

Five distinct origins of lead intoxication were iden-
tified: household renovation, ingestion of paint chips,
formula preparation, dust importation, and congenital
(Table 1).

Twenty cases occurred as a result of household
renovation. Renovation was invariably done without
knowledge of the lead content of the house; a parent
was usually the renovator. In the two cases in which
paint was removed with a heat gun, all family mem-
bers including both parents and siblings were tested
and found to have increased lead levels (range 18 to
60 ug/dL).

Ten cases occurred as a result of pica. Seven of
these cases were notable for the witnessed ingestion
of paint chips. All 10 children in this group were
walking before the age of 10 months. However, the
abdominal radiograph identified radiopaque material
in only two infants at the time of evaluation.

Nine cases of plumbism were traced to the prepa-
ration of powdered or concentrated infant formula
with lead-contaminated water (Table 2). Three dis-
tinct patterns of hazardous formula reconstitution
were identified: (1) use of contaminated tap water
which had been boiled for 10 to 20 minutes (n = 5);
(2) use of either tap or spring water which was boiled
in a leaded vessel (n = 3); and (3) use of contaminated
first-draw, unboiled morning water to make the day’s
supply of formula (n = 1). In seven of these cases,
exposure was confirmed by analysis of the water used
to prepare the formula and the exclusion of other
available lead sources. Water lead concentrations as
high as 200 000 parts per billion were found in the
confirmed cases.

When cases were dichotomized into formula-asso-
ciated cases (9) vs non-formula-associated cases (41),
there was no significant difference in peak blood lead
level (38.9 vs 39.3 ug/dL), but significantly lower
hemoglobin level (10.8 g/dL vs 11.6 g/dL, P = .02),
hematocrit (32.3% vs 34.2%, P = .05), serum iron-
TIBC ratio (0.156 vs 0.294, P = .008), and ferritin
level (20.5 ng/mL vs 36.3 ng/mL, P = .011) were
found in children with lead intoxication from contam-
inated formula. This difference persisted when all
discrete routes of exposure were compared with for-
mula-associated cases by analysis of variance.

One case each of plumbism occurred as a result of
dust importation by a parent who worked extensively
with lead and by placental passage of maternal lead.
In the case of dust importation, the father, a private
contractor, was found to have a blood lead level of
70 ug/dL after lead intoxication was identified in the
infant. The case of congenital lead intoxication oc-
curred in a newborn whose adolescent mother devel-

TABLE1. Identifiable Sources of Lead Poisoning
Source No. (%)
Household renovation 29 (49)
Paint chip ingestion 10 (24)
Formula preparation 9 (24)
Work clothing 1(2)
Congenital 1(2)
Total 41 (100)
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TABLE 2.

Cases Resulting From Formula Preparation With Lead-Contaminated Water

Case Age, mo Confirmed Peak PbB,* ug/dL Lead Source [Pb), ppb

1 4 - 31 Boiled water

2 4 - 30 Boiled water

3 9 + 21 Boiled water 142

4 9 + 47 Boiled water 1.0 x 10°
5 9 + 41 Boiled water 117

6 9 + 55 Lead vessel 3.5 % 10°
7 12 + 48 Lead vessel 1.7 x 10°
8 12 + 57 Lead vesselt 2.0 x 10°
9 12 + 40 Morning water} 150

* PbB, blood lead concentration.
t Formula prepared with spring water only.
1 Previously reported elsewhere.'

oped lead intoxication at age 2 but was never fully
treated. The infant’s blood lead level, obtained at the
age of 1 month, was 31 ug/dL; the simultaneous
maternal lead level was 40 ug/dL.

Among the 47 toddlers selected for comparisons,
mean age was 23.8 + 3.5 months. Peak lead level
was 42.2 + 16.8 pg/dL (P = not significant compared
with infant lead levels). Compared with the infant
population, there were no significant differences in
distribution of payer status, hemogram, or iron in-
dices. However, a higher rate of pica was reported in
the older group (Table 3). The origins of lead intoxi-
cation in the older group were paint chip ingestion
by history in 41 (87%), household renovation in 2
(4%), and unknown in 4 (9%). This distribution dif-
fered significantly from that in the younger infants
(P <.0001).

DISCUSSION

The findings in this study suggest that the origins
of lead intoxication in the first year of life differ
considerably from those found in toddlers. These
differences have important implications both for the
identification of lead intoxication and appropriate
environmental inspection for this age group.

The most common source of plumbism in infancy
was found to be household renovation (49% of iden-
tifiable cases). Home renovation, when not being
done for the purpose of deleading, has been identified
as a significant predictor of elevated lead levels in
children.”® Use of heat guns and sanding create par-
ticularly toxic lead fumes or lead dust which are
efficil%ntly absorbed after ingestion and/or inhala-
tion.

Pica, long considered the most common mechanism
of lead intoxication in children, accounted for only
24% of infant cases where the source could be iden-
tified. This is not surprising when one considers that
the infant who is not yet ambulating and under close

TABLE3.  Origins of Lead Intoxication: Infants vs Toddlers*
Source Infants, No. (%) Toddlers, No. (%)

Renovation 20 (40) 2(4)
Paint chip ingestion 10 (20) 41 (87)
Formula preparation 9 (18) 0
Work clothing 1(2) 0
Congenital 1(2) 0
Unknown 9 (18) 4(09)

* P <.0001, Mann-Whitney.

supervision has limited opportunities for the ingestion
of paint chips. This low frequency stood in contrast
to the 87% frequency found among the toddlers who
attended our program.

The frequency of lead intoxication traced directly
to formula preparation practices was surprising. A
10th infant has been identified since the completion
of this study. The use of lead pipes for plumbing was
standard until 1920, and lead-based solder was
widely used in plumbing until 1984; these products
were not banned from the plumbing industry until
1986.° Their ubiquity has created an almost inescap-
able lead hazard in our water supply. An estimated
10400 000 children are exposed to significant
amounts of lead through drinking water and 241 000
children younger than 6 years have lead levels greater
than 15 ug/dL as a result of drinking such lead-
contaminated water.>!'"'* Recent actions by the En-
vironmental Protection Agency to reduce the accept-
able level of waterborne lead from 50 to 15 parts per
billion have attempted to address this widespread
problem.

Eight of the nine cases involved the practice of
adding boiled water to powdered or concentrated
formula. Powdered and concentrated infant formulas
do recommend boiling water for 5 minutes, for the
purpose of sterilization, before adding it to reconsti-
tute these preparations (personal communication,
Ross Laboratories, Columbus, OH). Excessive boiling,
however, increases the lead concentration of tap
water, amplifying the risk of lead intoxication and
exposing the infants to substantial quantities of lead
with every formula feeding.

Ceramic and pewter kitchenware are well-known
sources of leachable lead.*'* However, in the three
cases associated with lead-based kettles, the instru-
ments were an antique copper-covered lead vessel, a
cooking vessel brought from the Middle East, and a
pot manufactured in the United States. The importa-
tion of leaded cooking vessels by immigrants may
represent another unappreciated lead hazard.

The difference in iron status between the formula-
and non-formula-poisoned children is of interest. The
most plausible explanation would be that infants with
formula-associated plumbism had inadequate iron
intake throughout their period of lead exposure. The
retrospective nature of this study did not permit com-
plete details on use of normal- vs low-iron formula
in these infants; in fact, when details were available,
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a history of combined formula use was often present.
However, because iron deficiency is known to in-
crease gastrointestinal lead absorption, the presence
of this nutritional deficiency would have been a sig-
nificant contributor to the development of lead intox-
ication.

Even after detailed history and standard home in-
spection were conducted, the source of lead was
unclear in 9 infants and 4 toddlers. There are several
possible explanations for the inability to determine
origin in these cases. One is that the Massachusetts
standard home inspection, which required only paint
analysis by x-ray fluorescence (a method with signif-
icant imprecision), may have missed other lead haz-
ards. Alternatively, these cases may have occurred
from outdoor activity with exposure to exterior paint
or leaded soil (11 of these 13 cases of lead intoxication
were identified between the months of June and
September). Plumbism may have also occurred from
unwitnessed episodes of pica. Finally, these cases may
have been the result of normal oral activities within
homes with high levels of lead-based dust; an esti-
mated 34% of a child’s typical daily lead dose origi-
nates from such dust even in the absence of pica.'>'¢

Little information on the prevalence of lead intox-
ication in infants is available. In Massachusetts 30 250
infants were screened for plumbism in 1990 (a screen-
ing rate of 35% based on the 85 000 births in the
state in 1989). Of these, 46 (0.1%) were found to
have whole blood lead levels of =25 ug/dL (personal
communication, M. J. Brown, Massachusetts Depart-
ment of Public Health). This is in contrast to a 1.1%
incidence rate which has been found in 13- through
36-month-old children undergoing lead screening in
Massachusetts in 1989.

In both age groups we found a high rate of lead
intoxication among children of middle and upper
socioeconomic strata. While this prevalence may rep-
resent referral patterns specific to our program and is
therefore not generalizable, rates of lead intoxication
in suburban areas as high as 30% have been reported
in previous studies.'”'®

These data support recent recommendations to in-
itiate lead screening in children at 6 months. Highest
priority should be given to children living in older,
dilapidated housing, those whose homes have re-
cently undergone renovation, and those who share
environmental contacts with a child known to have
plumbism. These children should receive venous lead
measurements rather than erythrocyte protopor-
phyrin screening, given the insensitivity of erythro-
cyte protoporphyrin in detecting low-level lead ex-
posures.
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Finally, our findings suggest the need for systematic
evaluation of potentially hazardous formula prepa-
ration practices. In addition to discussing common
lead sources, child care providers should provide
education on safe methods of formula preparation if
all significant sources of lead are to be identified and
avoided.
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