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ABSTRACT

Geophagia (the pica of pottery, clay, earth, or dirt) is
practiced before and during pregnancy in several
countries, including Mexico, Turkey, Australia, and
some African countries, and has been linked with cul-
tural fertility beliefs and the satisfaction of cravings.
Unfortunately, consumption of contaminated pottery
can represent a source of lead exposure. Concerns
regarding ingested pottery are two-fold; first, that
people consuming these pots might be exposed to high
concentrations of lead, and, second, that ingestion of
these pots by pregnant women could result in ee-
vated in utero lead exposure for the fetus. Very few
published articles exist on this topic. In an effort to
investigate “ pot eating”, this study aimsto summarize
published case studies on lead poisonings resulting
from consumption of contaminated pottery. Addition-
ally, several pottery items that are sold for the pur-
pose of consumption were located and analyzed. This
paper investigates the risk that “pot eating” poses by
reviewing the literature, examining case studies, and
analyzing the availability and lead concentration of
edible pottery. Preliminary research indicates that
although it isnot common, “pot eating” can represent
a high-risk lead exposure for pregnant women and
their fetuses.
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1. INTRODUCTION

Geophagia, the pica of pottery, clay, earth, or dirt, is a
significant source of lead that has been reported through-
out history by many authors ranging from Roman physi-
cians to 18th century explorers [1]. It has been strongly
linked with both the satisfaction of cravings during
pregnancy and cultural beliefs that the consuming clay
increases fertility. Clay has been eaten as a fertility food
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in Turkey, Mexico, Africa, and in aboriginal populations
in Australia [2-6]. Additionally, pica has been associated
with diets that are low in iron, zinc, and calcium [7].
During pregnancy, women in many communities not
only recognize this “pot eating” behavior as a satisfac-
tion of cravings, but also as a provision of necessary vi-
tamins and minerals needed during pregnancy. The prac-
tices of culturally-linked geophagia have also immi-
grated, and geophagia has been observed repeatedly
among Mexican immigrants to the United States [3,8].

Unfortunately, the ingestion of pottery that is con-
taminated with lead, typically due to lead-based paints or
glazes, may represent an important and dangerous source
of lead exposure for both the mother and the fetus [1].
L ead-poisoning caused by the ingestion of foods or lig-
uids prepared in lead-contaminated pottery is waell
documented throughout the world [9]. Although the risks
of exposure to foods cooked or stored in lead-contami-
nated pottery have been well researched, the direct in-
gestion of pottery, especially by pregnant women, has
rarely been investigated.

Concerns regarding the culturally-linked ingestion of
pottery are two-fold: first, that women consuming these
pots might be exposed to high concentrations of lead,
and, second, that ingestion of these pots by pregnant
women could result in elevated in utero lead exposure to
the fetus. Very few published articles exist on edible pot-
tery, the extent of “pot eating” behavior, or acute and
chronic health impacts on the mother and fetus. In an
effort to investigate the culturally-linked behavior of “pot
eating” and the availability and contamination of edible
pottery items, this study aims to summarize existing pub-
lished case studies on lead poisonings and elevated BLLs
resulting from “pot eating” behavior. Additionally, the
research team at the University of Nevada, Las Vegas
(UNLV) located and purchased miniature edible pots
from a swap meet in Chicago, Illinois. The pots were
brought back to Las Vegas for confirmatory analysis. The
objective of this paper is to investigate the risk that “pot
eating” behavior poses by reviewing the literature, ex-
amining published case studies, and analyzing lead con-
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centration of currently available pottery.

2.LEAD IN POTTERY AND POTTERY
GLAZES

In 1970, lead in gasoline, which had long been used as an
anti-knocking agent, was banned by the US Legidlature.
Seven years later, the maximum concentrations of lead in
paints were set at 0.06% [10]. The removal of lead from
gasoline and paints led to considerable decreases in en-
vironmental lead exposure, but chronic exposures to
lower concentrations of environmental lead still exist
today in the United States and throughout the world. Al-
though many common uses of lead are gradually being
phased out, lead is currently used in commercial products,
including glazes and paints used to decorate pottery, ce-
ramics, and earthenware [11]. When contaminated dishes
are used to cook acidic foods, such as tomatoes and chili,
lead from the pottery is more likely to leach into the
foods. This phenomenon is especialy true when foods
are cooked in contaminated dishes for several hours,
which explains the strong associations observed between
pottery use and elevated blood lead levels[9].

Severa studies have associated use of lead-contami-
nated pottery with elevated blood lead levels (BLLS) in
women and children. Research in a rural community in
Mexico found a significant association between lead in
blood and food storage in lead-glazed ceramics and cook-
ing in lead-glazed ceramics [12]. Avila et al. [9], found
that use of lead glazed ceramics to prepare food was a
significant (t-test, p < 0.005) determinant of elevated
BLLs in women. Family use of lead-glazed pottery sig-
nificantly (p = 0.006) elevated blood lead levels in chil-
dren in another study, and the effect magnified as age
increased (Age x Pottery Interaction, p = 0.014) [13].
Based on this and other research, it is believed that |ead-
glazed ceramics represent a serious concern for chronic
lead exposure, especialy in young children and pregnant
women.

3. TOXICITY OF LEAD IN HUMANS

The principle toxic effects of lead occur in the liver,
kidney, and central nervous system. Lead mimics cal-
cium and, thereby, alters the normal functioning of these
biologic systems [14]. In the liver, lead interferes with
heme synthesis, leading to anemia and the inhibition of
erythrocyte pyrimindine-5-nucleotidase, which normally
breaks down pyrimidine nuclectides. In the kidneys, lead
primarily targets the proximal tubule of the nephrons,
where it causes suppressed resorption of glucose, phos-
phate, and amino acids. This suppression can lead to gly-
cosuria, aminoaciduria, and a hyperphospaturia with hy-
pophospatemia[15].

The most serious and irreversible effects of lead expo-
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sure occur in the central nervous system, where lead can
distort enzymes and structura proteins [16]. Additionally,
many of lead’s damaging effects can be attributed to its
ability to compete with or mimic calcium. Even at very
low concentrations, lead can compete with calcium for
binding sites throughout the body. In the central nervous
system, lead can affect neuronal signaling by competing
with cerebellar phosphokinase C [17]. Lead can aso in-
hibit calcium’'s passage through the cell membrane.
When lead is absorbed by the mitochondria, where it
distorts the cristag, cellular respiration is inhibited and
other calcium reactions, including energy coupling, are
also affected [18].

Research continues to indicate that there is no safe
threshold BLL for lead in infants and young children.
Although the results of acute lead exposure may be re-
versible with chelating treatment, chronic lead exposure
may cause irreversible dysfunction and morphologic
changes, resulting in eventual renal failure and death [15].
Permanent deleterious effects of chronic lead exposure
have been observed in children with BLLsS, well below
10 pg/dL, the current “level of concern” [11,19]. Often,
the first visible symptoms of lead toxicity are exhibited
as mild behavioral alterations or flu-like symptoms,
which can easily go undiagnosed. At increasing doses,
clinical symptoms become more obvious, with abdomi-
na pain, arthralgia, clumsiness and headache presenting
as the most common early signs of encephalopathy. Un-
treated, the condition may progress to include loss of
consciousness, stupor, and convulsions. Many children
who recover from clinical encephalopathy retain serious,
life-long cognitive, attention, and behavioral impair-
ments [20]. Lead can also cause other serious long-term
effects, ranging from hypertension and renal failure to
adverse effects on reproduction [21].

4. LEAD TOXICOLOGY DURING
PREGNANCY

There is indirect evidence that bone lead stores reenter
circulation and raise circulating maternal blood lead lev-
els during pregnancy, raise blood lead levels of the um-
bilical cord at term, and raise postpartum blood lead of
the mother [13,22,23]. Investigations have shown that
heavy metals, including lead, cross the barrier of the
placenta and are transported to the fetus [24]. Research
suggests that it is reasonable to conclude that bone lead,
which follows the same kinetic pathway as calcium, is a
potential source of lead for the fetus [25]. Kinetic studies
during pregnancy must take into account the complex
relationship between mother, fetus, and placenta [26].
Additionally, the kinetics of three compartments—blood,
soft tissue, and bone—is of great importance in lead
toxicology research.
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An increase in blood volume and the growth require-
ments of the fetus place a significant calcium demand on
the body of a pregnant woman [27]. The increased de-
mand for calcium requires either an increased dietary
uptake of calcium or an increased resorption of calcium
from bone turnover. The cycle is complex and fluctuates
with each trimester, as demonstrated by Purdie et al. [28],
who found increased rates of calcium resorption from
bones in early pregnancy, followed by increased rates of
bone formation during later weeks. During the third tri-
mester, a growing fetus retains approximately 250 mg of
calcium per day, representing an 1100 mg/day require-
ment for the mother [25].

Severa physiological factors modulate the movement
of lead from maternal bone to the growing fetus. Both
the total lead exposure and the rate of lead exposure in-
fluence the concentration and location of the materna
compartment, which in turn affects the bioavailability
and mobilization of lead into the placenta and fetus [29].
The maternal body lead burden and available concentra-
tion is influenced by maternal age, as mineral metabo-
lism is a key factor. Additionally, gestational age plays a
role in mineral metabolism for both the mother and the
infant. A growing fetus produces 1,25-dihdroxyvitamin
D, which regulates active calcium transport across the
placenta. The most active transport of calcium occurs
later in pregnancy, when synapses develop and arboriza-
tion of the cerebellum and cortex occur. Unfortunately,
this critical stage is susceptible to lead’s ability to inhibit
synapse formation, thus affecting neurodevelopment in
the fetus[30].

Two types of studies have examined the relationship
between maternal and fetal blood lead levels. A cross
sectional study looking at women in differential stages of
pregnancy found a decreasing relationship between tri-
mester and blood lead, with little change after the second
trimester [31]. Conversely, two longitudina studies, which
followed cohorts of women throughout their pregnancy,
could not establish any clear trends in BLL across tri-
mesters [32,33]. Although the longitudinal studies did
find significant increases in lead concentration in fetal
bones and organs throughout the course of gestation, the
majority of research indicates that lead does not bioac-
cumulate in the fetus [34]. Additiona studies that have
compared maternal BLL to cord blood lead concentration
found correlations of almost 1.0 [35].

5. CHRONIC EFFECTS OF NEONATAL
LEAD POISONING

A study by Robinson, et al. [36], which analyzed the
blood lead levels in cord blood, whole blood, and eryth-
rocytes of 103 infants without a history of pica behavior
or lead poisoning, found that infants between the ages of
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five hours and six months had a median blood lead con-
centration of 0.015 mg/100 ml in whole blood and 0.034
mg/100 ml in erythrocytes [36]. As concentrations of lead
in the blood of infants increases, chronic effects are ob-
served. Research has shown that postnatal exposure to
lead can result in mental retardation, learning deficits, or
other neurological and behavioral problems later in life.
More recent research has also found that a lasting learn-
ing impairment can be caused by gestational exposure to
lead [37]. Results from this study indicate that up to two
years of age, children with umbilical cord blood lead
levels of 10 to 25 pg/dL achieve significantly lower
scores on tests of cognitive devel opment than do children
with lower prenatal exposures [38]. The same research
correlated higher prenatal lead exposure (>10 pg/dL in
cord blood) with less early cognitive development, at
least through 24 months of age.

Fortunately, research has also found that by age five,
the majority of children appear to have recovered from
this early insult. By 57 months of age, children with a
prenatal exposure to lead have statistically equivalent test
scores when compared to children who were not exposed
to lead prenatally [39]. The risk that a deficit will persist
through the preschool years is shown to increase among
children with a higher prenatal exposure and either
higher postnatal exposure or less optimal sociodemo-
graphic characteristics [38]. Unfortunately, if chronic
lead exposures do persist throughout the postnatal life-
time, the impairment is significant and irreversible, with
an inverse relationship between body burden of lead and
neuropsychological or cognitive performance [40].

6. PUBLISHED CASE REPORTS

In order to examine the clinical effects of neonatal lead
poisoning, an extensive and complete review of the lit-
erature for cases was conducted. Clinical case reports
that outlined the origina data of cases in the United
States of acute lead poisoning and elevated Blood Lead
Level (BLL) (>10 pg/dL) were included in this review.
Several scientific search engines were utilized, including:
Medline, Academic Search Premier, PubMed, and Google
Scholar. Articles were retrieved according to strategies
outlined by the Cochrane Collaboration recommended
search strategy, using the following search criteria: “pot
eating”, pica behavior, lead, heavy metal, blood lead
level, lead poisoning, etc. Ingestion of |ead-contami-
nated pottery must have been cited as a contributing
source of lead-poisoning and the BLL must have been
measured by standard graphite furnace atomic absorption
spectrophotometry or another acceptable methodol ogy.
Only four cases of neonate and infant lead-poisoning
have been published that identify lead-contaminated pot-
tery as a mgjor contributing risk factor [3,41-43]. The
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cases were from Texas, Illinois, California, and Hawaii,
and the mothers were al identified as Hispanic, Latino,
or Mexican-American. The infants' cord and blood lead
levels (BLLs) ranged from 29.0 to 113.6 pg/dL, while
their mothers' BLLs ranged from 14.0 to 119.4 pg/dL.
Those infants whose cord blood was tested immediately
after birth had much higher BLLSs than the infants who
were tested later in infancy. Only one of the suspected
pottery items was available for analysis. It was analyzed
with a portable X-Ray Fluorescence Spectrometer (XRF)
and found to contain lead at a concentration of 25
mg/cm?. One of the case reports noted that the lead ex-
posure risk questionnaire did not address the issue of
ingested lead-contaminated pottery as a direct source of
exposure [43]. The cases are outlined in Table 1.

7.LEAD-GLAZED POTTERY ANALYSIS

Five small pots were collected at a flea market in Chi-
cago, lllinois and can be seen in Figure 1. The collection
of pottery was completed through an opportunistic sam-
ple, a randomized approach was not used. During con-
versations with the vendor, it was revealed that he has
“regular” customers that purchase these pots in order to
grind them into powder and ingest them as a home rem-
edy. The pots ranged in size from approximately 1.0 to
15.0 cm and were glazed with an orange, red, or blue
paints and glazes (Figure 1). The pots were analyzed by

Table 1. Cases of lead poisoning due to “pot eating” pica behavior.

an independent laboratory (Forensic Analytical, Las Ve-
gas, NV) using the Food and Drug Administration (FDA)
Elemental Analysis Method EAM 4.1 [44], entitled
Flame Atomic Absorption Spectrometric Determination
of Lead and Cadmium Extracted from Ceramic Food-
ware, was utilized. In this procedure, lead is extracted
from the ceramicware by filling it with 4% acetic acid
to within 6.7 mm of overflowing. The acid leaches the
lead from the vessel for 24 hours and 20°C - 24°C (68 -
75°F). A graphite furnace atomic absorption spectrometer
(GFAAS), with background correction and a calibration
curve with linear least squares regression, is used to de-
termine lead concentration. This method is applicable to
food-contact surfaces of silicate-based materials (earth-
enware, glazed ceramicware, decorated ceramicware,
decorated glass, and lead crystal glass) and is capable of
determining lead concentrations greater than approxi-
mately 1.0 pg/mL or parts per million (ppm) [44]. In
addition to the leach testing, one of the samples was
ground up and analyzed as a soil sample via GFAAS.

The results of the GFAAS analysis of lead concentra-
tion in the five edible pots are seen in Table 2. The sam-
ple pots ranged in size and color; the glazes were brittle
and were loose enough to chip or flake when handled.
The range of concentrations of lead in the five pots was
between 38,000 parts per million and 100,000 parts per
million (or 1 percent) lead. The FDA guideline for small

Initial BLL

Lead Content

Reference L ocation Age/Sex (ug/dL) Diagnosis Outcome Suspected Cause of Pottery
11 mo/F? a Erllegzﬁg Persistently . Chewing lead-glazed
Lowry ' ) elevated BLL  Pottery during pregnancy. ,
et al 2004 Jacksonville, Texas screening Pica behavior in mother, 25 mg/cm
v ; : leading to an elevated
Adult/E 14 Child with N/A in utero BLL in child
clevated BLL in utero in chi
BLL dropped to
Newborn® 1136 éuglf)ll_llcal 13 p%/ec:th, CE”d Ingestion of lead-glazed
Harmilton Los Anadles cor ) Elevated BLL reportedlobe  pottery during pregnancy.
et al.. 2001 p A? ' diagnosed at doing well Pica behavior in mother, N/A
v delivery Dramatic !eadi ng to an <_a|eva_ted
Adult/F® 119 biochemical ~ nutero BLL inchild
improvement
Mvevk and Newborn® 100 (grglil:_lg:al Elevated BLL Decreased BLL
Lei)ll<‘i:3r: 2004 Chicago, IL cor diagnosed at N/A
' 34 yr/F° 87-117 delivery N/A
d Sibling with
1 mo/M 29 dlevated BLL
Erdem Child with N/A
atal., 2004 Honolulu, HI 22 yr/F¢ 36 alevated BLL N/A
3yr/F mn D|agnosed on Decr. BLL Child ingested
routine screening ground up pottery
ab.c.90ffspring (Same letter denotes a parent-child relationship).
Copyright © 2012 SciRes. OPEN ACCESS
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Figure 1. Photo of edible pottery used for “pot eating”.

Table 2. Graphite furnace atomic absorption spectrometer ana-
lysis of five edible lead-glazed pots™.

Sample . Result
Nurmber Analytical Method Analyte (ppm)
1 48,000
2 Leach Testing, 10,000
EAM 4.1,
3 \GFAAS Andlysis Lead 38,000
(Pb)
4 10,000
Soil Sample Method,
5 GFAAS Analysis® 70,000

Pots were located in July 2006 and were analyzed by an independent |abo-
ratory in March 2007. ®This pot was ground into a powder using a mortar
and pestle and was then analyzed as a soil sample.

ceramic hollowware is 2.0 ppm [45]. However, these
pottery items, which are intended for consumption,
would be regulated by the FDA action limit of 0.5 ppm
which is applied to foods ingested by infants and preg-
nant women [46]. These pottery items contain, therefore,
up to ten million times more lead contamination than is
allowable by the FDA.

8. DISCUSSION

In order to reach the U.S. Department of Health and
Human Services (HHS) goa of eiminating elevated
BLLsin children by the year 2020, evidence supports the
importance of a shift towards primary prevention of lead
exposure. The practice of “pot eating”, or pregnancy-
related, culturally-linked geophagic pica behavior, is an
important issue to address when attempting to prevent
exposure. However, it must be addressed with cultural
sensitivity. This review is the first known attempt to
compile and evaluate research on the potential risk of
lead exposure associated with “pot eating”. A lack of
information has historically veiled a thorough under-
standing of the prevalence of “pot eating” and the poten-
tial impact of ingesting lead-contaminated pottery. There-
fore, the most important prevention methods will be to
increase awareness and to identify and remove contami-
nated pottery from the marketplace.

Data collected from both the literature and field indi-
cate that the “pot eating” behavior does exist in com-
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munities in the United States and that pottery intended
for ingestion during pregnancy is available. However, the
rates of this practice are not known and should be deter-
mined. Additionally, the review of published case studies
in the United States illustrates that there have been sev-
eral documented instances where ingestion of lead-con-
taminated pottery during pregnancy has led to poisoning
in both the mother and the developing fetus. Collection
of five easily acquired pottery items demonstrated that
the pots were decorated with paint and glaze, which are
common sources of contamination. Chemical analysis
confirmed that these edible pots contained lead at con-
centrations up to 100,000 parts per million (or 1 percent),
which is ten million times higher than the FDA guide-
linesfor edible items.

Results of this preliminary research also highlight sev-
eral clinical, social, and logistical barriers for research on
edible pottery. In clinical settings, lead risk exposure
guestionnaires often make reference to use of pottery for
cooking or storage, but do not inquire about the direct
consumption of pottery. This results in a misdiagnosis of
the threat or an incomplete description of al of the ex-
posures that led to the poisoning, leading to an underre-
porting of lead-poisoning cases caused by the ingestion
of contaminated pottery. The lack of a specific dose for
the mother or fetusisaclinical barrier for comprehensive
research on “pot eating’. Perhaps most significantly,
discussion of the behavior outside of the communities
where this cultural practice is more common is limited
by language barriers, socia stigmas, and fear of cultural
judgment.

Several physical barriers also limited the impact of re-
search on “pot eating”. In this research, the small sample
size of pottery and the non-random acquisition of the
samples analyzed in this report do not yield a reliably
representative sample. Acquisition of a large sample of
pots was challenging due to the stigmas and infrequency
associated with this behavior. Additionaly, in the exist-
ing research, only one of the four case studies reported
the concentration of lead in the suspect piece of pottery,
and the XRF units provided (mg/cm? were not compa-
rable to the units in the FDA action limit or the elemental
analysis done in this study (ppm). Determination of the
lead concentration in consumed pottery items is difficult
as the entire pot is often ingested or discarded.

Future research should attempt to address these clini-
cal, social, and physical barriersin a culturally sensitive
manner. It is imperative that clinical research identify a
maternal and fetal dose for “pot eating”. Additionaly,
public health workers should endeavor to increase physic-
cian awareness of “pot eating” and to incorporate it into
lead risk exposure questionnaires. Community-based
participatory research should be utilized, in order to fos-
ter a collaborative approach to sensitively identify con-
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taminated pottery and increase knowledge on the dangers
of lead exposure without stigmatization and judgment.
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