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(Abstract

Although lead-based paint remains the primary source of childhood lead exposure in the U.S., immigrant children may

N

also be exposed to non-traditional sources of lead in the U.S. This case study represents a local health district’s response to an
Afghan child with an elevated blood level in Las Vegas, NV from 2019-2021. Testing revealed that the child had an elevated
blood lead level from the consumption of lead-tainted turmeric, purchased at a local ethnic market. Through a multistage
approach, the child’s elevated blood lead level dropped from 48 pg/dL to less than 3.5 pg/dL. This case study highlights the
importance of a multidisciplinary and multistage approach in the identification, treatment, and intervention of an elevated blood
lead level in children. We highlight key prevention and intervention strategies to reduce the impact of childhood lead poisoning

in immigrant and marginalized children.

N

J
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Introduction

Childhood lead poisoning is one of the most preventable
environmental health hazards in history. The CDC estimates
that over half a million children under six years old in the U.S.
have elevated blood-lead levels (EBLLs) [1]. Ample evidence
demonstrates that chronic, low-level exposure can have long-
lasting physical [2], behavioral [1,2], developmental [2], and
cognitive impairments on children [1,2].

The burden of lead exposure falls disproportionately on
children from marginalized populations such as racial/ethnic

minorities, immigrants and refugees, and those living in poverty
and in older homes [3,4]. Poverty is a strong social determinant
of lead exposure [5], as it is correlated with living in older,
substandard housing in urban centers, which poses a substantial
lead hazard risk [6]. As such, the U.S. Centers for Medicare and
Medicaid (CMS) requires Medicaid enrolled children to be tested
in accordance with the American Academy of Pediatrics Bright
Futures periodicity schedule [7].

Nevada is home to over 220,000 children under six years old
and 12.5% of Nevadans live in poverty [8]. Non-Latinx Blacks,
who bear the greatest risk of lead exposure, make up 10.3% of
Nevada’s total population, while Latinxs, who have historically
faced high rates of lead exposure, comprise 29.2% of the population
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[8]. Immigrants make up 20% of Nevada’s residents and 25% of
the state’s workforce [9].

Immigrant and refugee children may be at higher risk of
EBLLs than native-born children because of exposure in their
country of origin and post-resettlement [10]. Pre-resettlement lead
hazards include lead-based paint, improper disposal of lead-acid
batteries, leaded gasoline, and various consumer commodities
[10]. Some refugees have experienced lead exposure from lead-
based paint in their homes post-resettlement in the U.S., as
refugees are often relocated to older housing [11,12]. Importantly,
some immigrants and refugees have additional risks of lead
exposure through the continued use of culturally specific practices
and artifacts that include the use of or consumption of lead tainted
items [10-13].

A variety of foods, spices, toys, and cultural products have
been found to contain lead [14-16], which can increase children’s
risk of lead exposure. Fruits, vegetables, and spices may be
unintentionally contaminated by the presence of lead in air, dust,
or soil where food is grown or processed [17-20]. Lead can also
be found in folk medicines [21] such as litargirio used for burns
and fungal infections in the Dominican Republic [14], greta and
azarcon used in Mexico, to treat teething in infants and a variety
of digestive ailments in people of all ages [22], or in kohl [23], a
cosmetic/medicine widely used across South Asia, North Africa,
and the Middle East [13].

Use of any of these culturally specific foods, spices,
medicines and cosmetics can increase children’s risk of lead
exposure. It should be noted that purchasing ingredients in the
U.S. does not guarantee that they will be lead-free [17]. In a
study of almost 1,500 foods and spices examined in New York
City, 30% had excessive lead concentrations [17]. Notably, 40%
of the collected samples were spices, with turmeric being the
second most common spice [17]. Turmeric, cultivated mainly
in Southeast Asia and India, is used as a spice in food and as a
traditional medicine for a broad variety of treatments (National
Center for Complimentary and Integrative Health and National
Institute for Health). Turmeric was found to be the primary source
of lead exposure detailed in this case study.

This case study details the process of treating a child and
his family [24] after a March 2019 Blood Lead Level (BLL)
test revealed an EBLL in the child and subsequently, his family
members. The purpose of this paper is to highlight non-traditional
lead hazards that can place children at risk and to underscore
the necessity of a multidisciplinary approach to preventing,
diagnosing, and treating lead exposure.

Materials and Methods

This study was approved by the Institutional Review Board
of the University of Nevada Las Vegas, IRB # UNLV-2022-112.

The Southern Nevada Health District (SNHD) Childhood
Lead Poisoning Prevention Program (CLPPP) was established in
2006 with the purpose to prevent lead poisoning and to identify
and provide services to children with EBLLs. The information that
informs this case study was acquired in response to the program’s
efforts to reduce the impact of lead exposure in children. During
this case study, BLL surveillance began at SNHD with the Office of
Epidemiology and Disease Surveillance (OEDS), which monitored
all BLL results received by the health district. Once the EBLL
(=10 pg/dL) was identified, SNHD deployed a multidisciplinary
and multistage approach to respond to the case, which started with
OEDS referring the case to Nurse Case Management (NCM) and
progressing to Environmental Health (EH).

Children with EBLLs described herein received NCM. NCM
provided intensive case management including a home visit, review
of nutritional and social history, nutritional education, and a plan
of care. Nurses administered a lead exposure risk questionnaire
to determine possible sources of lead exposure and coordinated
an environmental assessment. Furthermore, NCM monitored BLL
results until EBLLs were below the reference value.

In addition, families received an environmental assessment
managed by SNHD’s Division of Environmental Health. An EPA-
certified lead risk assessor used a calibrated Niton XL3t-700 and
calibrated Niton XL3p-303A-Ray Fluorescence (XRF) to examine
lead-painted sources in interior and exterior of the home (e.g., paint,
windows) and non-painted sources (e.g., imported candy, toys or
jewelry). Samples from a local ethnic market were purchased for
additional analysis. An environmental laboratory accredited by
the National Lead Laboratory Accreditation Program (NLLAP)
tested soil, dust, water, and food samples using Atomic Absorption
Spectroscopy (AAS).

Results

InMarch 2019, a pediatrician found that Child Ahad an EBLL
of 48 pg/dL, well in excess of the CDC BLL reference value of 5
pg/dL, following his well-child visit. This triggered a family-wide
investigation that helped identify and treat two other children with
EBLLs (Child B and C). Child B’s EBLL had been discovered the
month prior (February 2019), but the EBLL was not high enough
at the time to warrant intensive nurse case management and an
environmental investigation. This case study details how SNHD’s
response helped reduce the children’s EBLLs. During the course
of SNHD’s response, it was revealed that all three children were
related but lived in two separate households. They had parents who
had emigrated from Afghanistan, and all consumed a culturally-
specific source of lead tainted turmeric.

Child A

Child A, a two-year-old male, presented with no signs of
developmental delays and had a venous BLL of 48 pg/dL. The
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pediatrician reported the child’s BLL to the SNHD OEDS, where he subsequently received
guidance on chelation therapy to reduce the BLL. Based on the initial information, Child
A was referred to a local emergency department for further laboratory workup, abdominal
radiographs, and determination of inpatient hospitalization.

Child A was admitted to a local hospital for a 2-day inpatient work-up and treatment.
Child A’s complete blood count demonstrated a hemoglobin of 12.3 g/dL (reference range
11.0-12.8 g/dL), with a mean corpuscular volume of 72.5 fL (reference range 76.8-83.3
fL). Mean corpuscular hemoglobin concentration measured 32.3 g/dL (reference range 34.2-
35.7 g/dL). The Poison Control Center recommended oral chelation therapy with succimer
(Trade name: Chemet). Succimer is recommended for children with moderate lead poisoning
(45-69 pg/l), who can be protected from further lead exposure [25]. Because there was no
succimer available at the hospital nor the local pharmacy at the time Child A was evaluated,
the medicine had to be ordered from a neighboring state. Once received, Child A’s parents
administered chelation therapy with succimer at 10 mg per kg body weight twice daily for
14 days.

Child B

In February 2019, OEDS received record of a venous BLL of 9 pg/dL for Child B
through electronic laboratory reporting-high enough for OEDS to respond (=5 pg/dL), but
not high enough for NCM and EH to respond (>10 pg/dL). OEDS conducted the initial

interview with the family of Child B via phone in February 2019. A lead risk hazard
questionnaire was completed, and no obvious environmental lead hazards or potential
household sources of lead exposure were identified. Child B lived in a single-family home
built in 2005 and no occupational sources or hobbies with lead hazards were identified.
During the interview following Child B’s first EBLL, the family of Child B indicated that
they only use products from the U.S. and do not use imported spices. During this time, no
additional family members were tested for lead exposure and the investigation on Child B
was considered an isolated event. However, in March, Child B was tested again and had an
EBLL of 11 pg/dL, triggering a response from NCM and EH.

Family-Wide Assessments and Follow Up

The connection between Child A and Child B resulted in a referral of additional family
members for blood lead screening. Table 1 provides a summary of all the family members
tested. This includes Child A’s father, a 34-year-old male (Adult A), who had a BLL of 49
pg/dL, Child A’s mother, a 28-year-old female (Adult B) who had a BLL of 20 ug/dL, and
Child B’s two-year-old sister (Child C), who was tested in March 2019 and was found to
have a venous EBLL of 13 pg/dL. The pediatrician noted that Child B and Child C presented
with no signs of developmental delays or behavioral problems.

Year | Feb2019 | Mar | 0 419 | May Aug | g 052019 | Dec2019 | Jun2020 | AYE | Oct 2020 | Jan 2021
Age Gender | Housing BLL 2019 BLL 2019 2019 BLL BLL BLL 2020 BLL BLL
Built BLL BLL BLL BLL
48 ng 18 png/dL
Fam. A Child A 2 yrs. M 2013 - dL, , 17 ng/ 19 pg/dL - 14 pg/dL | 9 pg/dL 7 pg/dL - 6 ng/dL -
48 ng/dl dL
AdultA | 34 yrs. M 2013 - 49 ng/dL | 42 pg/dL - 15 pg/dL - - - 4 pg/dL - -
AdultB | 28 yrs. F 2013 - - - 20 pg/dL - 5 pg/dL - 2 png/dL - - -
Fam. B Child B | 9 mos. F 2005 9pg/dL | 11 pg/dL | 8pg/dL - - 3 ng/dL - - - - <1 pg/dL
Child C 2 yrs. F 2005 - 13 pg/dL - - - 3 pg/dL - - - - 1 pg/dL

Table 1: Decreases in Elevated Blood Lead Levels after Public Health Intervention.

The three children were referred for intensive case management and for an environmental assessment to be conducted of the two separate homes. Prior to the environmental
assessment of Child A’s home, the following lead risk factors were identified from the completion of the NCM lead questionnaire - Child A had eaten non-food items (paint from daycare)
and had chewed on the zipper of his jacket. The environmental assessment at Child A’s home was conducted 7 days after the EBLL was first identified. Child A lived in an apartment built in
2013. Both the interior and exterior of the building were inspected for lead risk hazards and no lead-based paint hazards were identified. However, analysis of non-painted items identified
the following lead hazards - dishware, a meat grinder, crystal items, turmeric spice, and rice seasoning. The turmeric sample was confirmed by laboratory testing to have lead levels of 2,000
mg/kg while the rice seasoning had 0.6 mg/kg of lead (Table 2). Five dust samples from the floor tile and one water sample were collected and submitted for further analysis-none of the

results exceeded the EPA’s lead standards.
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Sample XRF Readings Szlir;p‘l;i?l;elz / Analyte | Result RS::::S Relljio;]?tng
Cgéil’z’s Yogurt Sample #1 NA 7 0z Pb <05 mg/kg 0.5
Yogurt Sample #2 NA 7 oz Pb <0.5 mg/kg 0.5
Water Sample NA 8oz Pb <5 ppb 5
C]gl?nlz’s Turmeric Spice (local market) 1711 ppm +/- 141 1oz Pb 2,000 mg/kg 1,000
Rice Seasoning ND 1oz Pb 0.6 mg/kg 0.5
Anise Seed NA 0.5 oz Pb <0.5 mg/kg 0.5
Unknown (Type of Flower) NA 250z Pb <0.5 mg/kg 0.5
Cardamom NA 250z Pb <0.5 mg/kg 0.5
Turmeric Spice (local market) 1,618 ppm +/- 243 1oz Pb 3,000 mg/kg 3,000
Turmeric Spice (Afghanistan) 11,000 ppm +/- 1 1oz Pb 15,000 mg/kg 8,000
Spice for Chicken ND +/- 68 1oz Pb <2 mg/kg 2
Paprika NA 0.5 0z Pb <2 mg/kg 2
Ginger NA 0.5 0z Pb <2 mg/kg 2
Paprika (local market) NA 0.5 0z Pb <2 mg/kg 2
Organic Turmeric NA 0.5 oz Pb <2 mg/kg 2
Water Sample NA 8oz Pb <2 ppb 2

Table 2: Environmental Samples Sent for Laboratory Analysis.

Completion of the lead questionnaire in Child B’s home
identified two potential lead hazards-minor remodeling done in
the home and chalk from a billiards table. The environmental
assessments for Child B were conducted 9 days after Child A’s
EBLL was identified. In Child B’s home, analysis identified
dishware, car keys, and two types of turmeric spice-one imported
from Afghanistan and the other purchased from the same local
ethnic market as that found in Child A’s home. The lead risk
assessment revealed no lead-based paint hazards in the home.
Analysis demonstrated lead levels of 15,000 mg/kg in the turmeric
from Afghanistan and 3,000 mg/kg in the turmeric from the local
ethnic market. None of the dust samples from the floor tile (average
of 0.50 pg per square foot) in Child B’s home exceeded the EPA
lead standard of 10 ug/ft [2,26].

The parents of Children A, B, and C emigrated from
Afghanistan (Children B and C are siblings) and all three children
were born in the U.S. Neither family A nor B indicated the use of
culturally specific lead hazards such as kohl, surma, or kajal. The
environmental assessors recommended that identified lead hazards
be removed from the home. Interviews with both families indicated

that the family of Child A consumed more food containing turmeric
than did the family of Children B and C. EBLLs demonstrated
higher lead in Family A compared to those in Family B.

Additional follow-up with the families revealed that they
removed all the lead-identified items from the household. SNHD
intervention contributed to a decline of the BLLs among all family
members (Table 1). After initiation of chelation therapy, Child A’s
BLL was reduced from 18 pg/dL to 6 ug/dL by October 2020. By
January 2021, Children B and C’s BLL dropped to <1 pg/dL.

Analysis for Lead in Spices from the Local Ethnic Market

As a result of two families utilizing locally sold turmeric
tainted with lead, SNHD’s EH obtained additional turmeric
samples from the market where it was purchased. A total of 5
samples of turmeric were tested. The packing labels indicated that
samples were products of India and manufactured/distributed in
the U.S. Since the turmeric spice purchased locally was not in its
original packaging and no lot information was available, multiple
turmeric spices were purchased. One sample of turmeric collected
resembled the description of the packaging described by the
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family. Additional samples were collected to cast a net for potential samples of lead-contaminated turmeric. AAS analysis (Table 3)

indicated no lead in the acquired samples.

Sample Samp\l}zlzz :ﬁ: [ Air Analyte Result Results Units Reporting Limit
Turmeric Spice #1 0.5 0z Pb <1 mg/kg 1
Turmeric Spice #2 0.5 oz Pb <0.5 mg/kg 0.5
Turmeric Spice #3 0.5 oz Pb <0.5 mg/kg 0.5
Turmeric Spice #4 0.5 oz Pb <0.5 mg/kg 0.5
Turmeric Spice #5 0.5 0z Pb <0.5 mg/kg 0.5

Table 3: Samples of Turmeric Spices Obtained from the Local Ethnic Market.

Discussion

This case study highlights the importance of a
multidisciplinary and multistage approach to identify, treat, and
intervene in childhood lead poisoning cases. These findings also
support existing reports of lead-contaminated turmeric in the U.S.
and suggest that immigrants and refugees face risk of lead poisoning
through consumption of culturally specific spices [17,18,25]. This
case study also highlights key areas that can be strengthened to
improve primary, secondary, and tertiary prevention efforts in
childhood lead poisoning.

To prevent initial lead exposure in children, we recommend
two primary prevention efforts. First, continued efforts are
needed to provide education and outreach about traditional
and non-traditional sources of lead exposure to stakeholders
including community members, community leaders, and medical
practitioners. This entails helping stakeholders understand
that lead hazards exist in many pre-1978 housing units [27].
Additionally, because some lead hazards may be culturally
specific, a one-size fits all model of health communications does
not suffice for all communities. Therefore, we argue for the use of
a community-engaged approach to lead exposure prevention. This
approach enhances community reach, providing an opportunity
to develop culturally and linguistically appropriate materials,
and most importantly, help community members build a sense of
trust in public health organizations. Engagement in historically
marginalized communities requires us to be sensitive to deep-
rooted cultural practices. The importance of crafting meaningful
messages and respect for culture cannot be overstated. As non-
traditional lead hazards persist or emerge in our communities,
targeted efforts need to be developed to inform stakeholders.
Considerable efforts still need to be made to educate our partners
about both traditional sources of lead exposure and non-traditional
sources that may be embedded in cultural practices.

Policies also serve as a primary prevention strategy
to reduce lead exposure. For instance, the 2011 Food Safety
Modernization Act (FSMA) gave the U.S. Food and Drug
Administration (FDA) regulatory powers over the nation’s food
supply. This has supported efforts to reduce contamination in food
from lead and other impurities by providing the authority to (1)
establish prevention measures, (2) ensure compliance, (3) develop
responses such as mandatory recalls, and (4) develop methods to
better ensure imported products meet U.S. standards (Food and
Drug Administration (FDA), “Food Safety Modernization Act
(FSMA)”). Furthermore, it is encouraging that FDA’s Closer to
Zero Plan aims “to reduce exposure to elements from foods eaten
by babies and young children” particularly in baby food (Food
and Drug Administration (FDA), “Closer to Zero: Action Plan for
Baby Foods™) [28,29].

Although the U.S. has been at the forefront of effective
policies to reduce lead exposure in children, we still lack federal
policies to limit the amount in some foods. Therefore, similar to the
FDA’s regulation stating that lead in bottled water cannot exceed 5
parts per billion, the FDA should establish a maximum allowable
limit of lead in spices, and enforce it. Furthermore, the FDA should
regularly test and report on heavy metals in spices. This could help
quantify adulterated turmeric consumption and its impacts as well
as prevent future consumption [30,31]. For instance, the FDA’s
Total Diet Study monitors levels of nutrients and contaminants in
foods commonly eaten by people in the U.S.—however; it does
not include spices (Food and Drug Administration (FDA), Total
Diet Study; Food and Drug Administration (FDA), Total Diet
Study Food/Analyte Matrix). Spices should be accounted for in
future FDA analyses because lead-contaminated spices can harm
children and disproportionately impact vulnerable communities.
Another key approach includes standardizing package labeling
to require brand, lot number, country of origin, and whether the
spices meet safety standards. Proper package labeling can support
tracing of adulterated spices to prevent their consumption.
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Policy development should extend beyond the U.S. It is
recommended that the FDA work collaboratively with other
countries to develop maximum allowable limits of lead in spices,
especially in countries that export the largest amounts of spices to
the U.S. Regular testing and enforcement of these standards abroad
are critical to ensure that spices do not contain dangerously high
levels of lead for local populations or international populations
when the spices are exported [32].

The main form of secondary lead poisoning prevention is to
screen children for elevated blood lead levels in order to identify
exposures early and reduce any associated negative impacts.
Medical practitioners play a pivotal role in the identification
of children with EBLLs. This case study demonstrated how a
physician’s identification of a child with an EBLL and proactive
role in connecting that child to services resulted in ongoing
nurse case management and BLL monitoring to ensure BLLs
continued to decrease. However, some states, like Nevada, are
challenged with low screening rates. Therefore, continued efforts
and strategies need to be developed to enhance the identification
of children with EBLLs. This paper shows that childhood lead
poisoning prevention programs need to include case management,
environmental assessments to identify lead hazards, and ongoing
BLL monitoring to ensure the best possible outcomes in children
with EBLLs [33,34].

Finally, this case study elucidated the need for tertiary lead
poisoning prevention efforts to mitigate the long-term impacts of
EBLLs. As part of a comprehensive public health response, states
need to be prepared to develop timely responses to address EBLL
cases. As presented in this case study, neither the hospital where
the child was being treated nor the local pharmacy had succimer
in stock, which delayed treatment, since an out-of-state supplier
had to be contacted. To prevent future delayed lead poisoning
treatment, we recommend hospitals that serve immigrant and low-
income populations of children, located in and around zip codes
with high lead exposure risk maintain a stock of succimer.

Conclusion

This case study makes apparent that a robust public health
response is needed to successfully address childhood EBLLs
in order to identify and mitigate the impacts of lead exposure,
especially in medically underserved immigrant communities. Such
public health response requires coordination and collaboration
with multiple agencies including medical providers, local health
authorities and their various teams, hospitals, pharmacies, and
childhood lead poisoning prevention programs. Our findings lend
support to the notion that lead contamination is a global issue that
will not be eradicated by local interventions alone. In addition, we
delineate the need for strategic partnerships, the incorporation of
culturally and linguistically appropriate outreach and educational
approaches, and the need for policy change to reduce lead in spices.
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