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ABSTRACT
Evaluation of X-Ray Fluorescence (XRF)
Lead Detection Method for Candy
by
Ashley Marie Phipps
Dr. Shawn L. Gerstenberger, Committee Chair
Associate Professor, Department of Environmental and Occupational Health
School of Community Health Sciences
University of Nevada, Las Vegas

‘The harmful effects of childhood exposure to environmental lead continue to be a
major health concern. Due to the significance of this hazard, a Healthy People 2010
- objective was set to reduce all yoﬁng children’s blood lead levels to less than 10
micrograms per deciliter. Identification and removal of lead-contaminated candies is an
integral part of the pﬁmary prevention of lead poisoning in children.

This research examined the efficacy of a protocol to use a portable XRF to screen
candies for lead contamination. Method Detection Limits (MDLs) of 5.45 ppm and 7.05
ppm were determined in the Bulk Sample and Plastics Modes, respectively, using 45
fortified analytical samples with a candy matrix. Results also indicated that the XRF-
determined concentrations were significantly different from the actual concentrations, as
determined via Graphite Furnace Atomic Absorption Spectrometry (GFAAS).

Regression analysis established predictive relationships between XRF data and the actual

concentration of lead in candy.

iii



The XRF’s current ability to screen candies may be limited to wrappers and
highly contaminated samples, as candies are typically seen at concentrations below the
MDL. Future research should be done to improve the sensitivity of the XRF, in
conjunction with collaborative efforts to gather and disseminate information on the

dangers of lead-contaminated candies.

iv



TABLE OF CONTENTS

ABSTRACT ...ttt et srte st e e st ra e s ae s s ebe s asaea s anesaseasasesbseanes 1i1
LIST OF TABLES ...ttt et te s st s st e st sttt s e e e vii
LIST OF FIGURES ..ottt te st tae e s st e ta v e beebe s s e e e nesveareeaneans viii
ACKNOWLEDGEMENTS ..ottt naaes viiii
CHAPTER 1  INTRODUCTION .....oociiiiritieieiietneeeseeer et st ens st eseaassee e 1
CHAPTER2  REVIEW OF RELATED LITERATURE .......cooomveeeeeeeoeeormmererseneeresrenene 5
Toxicology of Lead in HUMANS .........cocvvieiriceiiirinnieine e sreesriee e sseesseeesnee s 5
High Risk Populations ........ eereeeereesteeiete et anateesteaete e be e s be e be e e et arbbe s s st anaae s neeenntaenares 6
Lead in the EnVIFONMENL........c.coiiiiriiiieiiciniecccere ettt rc e e 7
Lead in Food and Candy ........cccccevvieienirnirinicreniiie ettt sne s 9
Lead in Ink and WIapPers.......ccoeeveeiiineeiceiescesreeeseearte et ereseeestesneesbesnesannenees 13
Published Case RePOrts .........ccccoeriiiiieiicinininceeentetre e 13
XRF Analysis 0f Lead ......ccceeeviiveeienriieieiiircieearccre et caeeee e svaeae s e snnaenes 15

T OTY ..ttt sttt e re e s e e e ba e e e btaeeenseeseanneessabeeeensnnesaabaaeanns 15
Detection LIMLS....ccciruerieriirieeeriiieiecreniesreecetesie s stesse st sre s seee e st eesesseesnce s 15
CHAPTER 3 QUESTIONS, OBJECTIVES, AND HYPOTHESIS .........ccccoveveneni. 17
QUESTIONS. ...eecerereeereitinreesiereeeesersteeeseesrreeeseansresaassssseseassnsnneanss eeerrrrreeeeear—raaerananaes 17
ODBJECHIVES .uvvieiriiiiisiriesieeeteesrreesieeseaeieeesseasseeestressasessessnsesssaessseassssesssseasssesaneesaseesns 17
HYPOtNESES ...ovveniii s 18
CHAPTER4 METHODOLOGYAND DATA COLLECTION .....cocvvveiviiercirenene 20
SamPle COllECHION.....c..eeciieeireereeeetetere ettt ettt s erere e benesenesreeseenne 20
ANALYSIS. iueiteeiiirieeeetitere ettt ettt et sr et s h s R e sa b e b e e 21
Sample Preparation by Microwave Digestion .......c..ccecerveienrerieninrcencnonenricneeneaes 25
GFAAS Analysis ....coovvervceniencncnenns treeeeeesteeteeesreeteesseeesreeire e ybeeatreeabeaenteesnnneteeas 25
Instrument Setup and Standardization ...........ccceeeceeeniinniiennrceeececee 25
DEtEITINALION ......evcvieeecreieeieeteaesteere e sieee st eee st et sae st e seesbeeseesrnennenbeteseesanes 25
Statistical APPrOACH .......cccvieiiirieeece s 26
Quality Assurance/ Quality Control..........ccccovvcciiviiniiniiiineiiieincnne s 27
CHAPTER 5  STUDY RESULTS.....ootrieeereteee ettt neen 29



CHAPTER 6  DISCUSSION.......cciniiitinriiiiiinienctictt ettt e ve s 35

APPENDIX ...ttt sttt ae s st be st s a e s e b s e e e anasresbeeneesaaenns 40
Test Method for Determination of Lead Concentration in Candy by X-Ray

Fluorescence Spectrometry (XRF) in Bulk Soil Sample Mode..........c..cccce.c. 40

Data Values for All Samples.........ccoovviriirrieienieiirecceeee e 47

BIBLIOGRAPHY ..ottt sttt sttt et see s saesaas s st e s an e s sasbeesbaennas 60

VITA ettt ettt st b ettt e s b et et e b s e e b e s e e e s entsseeseansereeseas 63

vi



Table 1
Table 2
Table 3
Table 4
Table 5
Table 6
Table A
Table B
Table C

LIST OF TABLES

Candy with lead concentrations above regulatory limits, 2007-08 ............... 12
Cases of Elevated BLLs from Imported Candies and/ or Packaging ............ 14
Method Detection Limit for All Modes.......c.coveeerveevincerveennnnerrireccnnenneenes 30
Estimates of XRF and GFAAS Measurements.......c..ccoceevvervrenriineensncnnennnens 31
Bonferroni Post Hoc Comparisons of XRF vs. GFAAS Measurements........ 31
Coefficients for Linear Regression AnalysiS........cccecueveerirneerieenennecenieenenns 32
Repeatability and Reproducibility for Method ........c.ccooceneerirecncnciineneenn 44
Recovery and Bias for data Method..........occeveenieieniiniiniicccirce e, 45
Data Values for All SAMPIES.........cveveeerieieeereereeeecereesestsasseseeeeseseseeseesenns 47

vii



Figure 1
Figure 2
Figure 3
Figure 4

LIST OF FIGURES

Flow Diagram of Method to Analyze Samples for Lead ..........c...ccoeceeennnne 23
Linear Regression Plot, Mean Bulk XRF Mode vs. Actual (GFAAS) ......... 33
Linear Regression Plot, Mean Plastics XRF Mode vs. Actual (GFAAS).....33
Linear Regression Plot, Mean TLM XRF Mode vs. Actual (GFAAS)......... 34

Figure A Test Method for Determination of Lead Concentration in Candy by XRF.... 46

viil



ACKNOWLEDGEMENTS

Edmund O’Neil wrote, “If people offer their help or wisdom as you go through
life, accept it gratefully. You can learn much from those who have gone before you.”
Throughout the course of my thesis, I took these words to héart and I wish to thank the
many people who have faught me, encouraged me, and supported me throughout this
thesis research. Most significantly, I would like to thank Dr. Shawn Gerstenberger, my
advisor and committee chair. I came to Dr. Gerstenberger as an untried toxicblogist,
aching to be back in the laboratory. Generously and encouragingly, he offered me the
opportunity and resources to continue as a scientist and to take part in new and exciting
research in environmental toxicology. He offered a careful balance of encouragement,
support, and challenge that allowed me to take great interest and pride in my research. I
aléé truly appreciate the time and knowledge imparted by Dr. Richard Jacobs of the U.S.
Food & Drug Administration (FDA). Dr. Jacobs was generous enough to spend several
days teaching the proper method for identifying lead contamination in foods, and his
expertise was inspiring for me as a young scientist. Additionally, I would also like to
thank my committee members, Dr. David Hassenzahl, Dr. Timothy Bungum, and Dr.
Chad Cross, all of whom spent precious time reviewing my research and results, and who
took interest and offered support along the way.

In the laboratory, I was lucky to work side-by-side with some excellent

researchers and good friends. I would like to thank Joanna Kramer, Sara Mueting, and

ix



Courtney Coughenour, who supported me on a daily basis and lent their intelligence and
encouragement when sticky candies, complicated methodologies, and Murphy’s law
presented hurdles in my research. I would not have made it through this research without
the friendship and support of these wonderful women. I would also like to thank two
people whose experience and enthusiasm paved the way for this research: Tracy
Donnelly and Erika Torres. Tracy’s passion for this research and devotion to improving
the technology and its application were inspiring to me. I will always appreciate the time
she spent teaching me what she had learned and encouraging me in my own path. Erika
Torres made all of our work easier by smoothly organizing multiple pfojects and acting
as the liaison between the funding organizations and our laboratory. She is an expert in
this field in so many ways, and she was a constant source of support throughout this
research.

Finally, I would like to thank my family and loved ones. My parents encouraged
me to pursue my educational goals and supported me emotionally and physically when I
made the decision to research full time. They are and have always been my inspirations
and the reasons for my accomplishments. I also would like to thank Andy Hanson, my
boyfriend and constant source of encouragement. Andy believed in me when I doubted
myself and stood by my side as I chased my dreams of an education in public health. My
family and friends provided me with love, confidence, kind words, and support, and I

could not have done it without them. Thank you.



CHAPTER 1

INTRODUCTION

Although the effects of acute lead poisoning from food and industrial exposure
have been described for over four thousand years, the first reports of chronic lead
poisoning weren’t observed until 1892, in Brisbane, Australia. These original reports
were met with pervasive disbelief that lead toxicity could cause chronic damage when
ingested by children (Gibson, 1892). As evidence continued to mount, this
misconception was finally discarded in 1943 with the first long-term study of children
who had recovered from acute lead poisonings. Survivors of childhood exposure to lead
were found to exhibit ongoing behavioral disorders, learning difficulties, and difficulty in
school (Byers & Lord, 1943).

As protective policies regarding industrial lead exposure in the United States
improve, the occupational exposure to lesser, chronic exposures, especially those in
children (Needleman, 2004). In 2002, the CDC reported that 890,000 American children
had elevated blood lead levels, most likely resulting from low-level chronic exposure to
lead-contaminated products (CDC, 2006). Although lead-based paint is the major
contributor, research also indicates several other possible contributing culprits for lead
poisonings. One of these factors is lead-contaminated candies, imported into the United

States from countries all over the world.



In April of 2004, the Orange County Register addressed increasing concerns
about lead-poisoning by running an investigative story that detailed fourteen imported
candies with dangerous levels of lead contamination. The Register provided over 180
tests on candy and wrappers to substantiate and supplement the sparse existing federal
and state data. The article outlined the migration of these candies into American markets
and provided data collected by the public health focus regarding lead poisoning is
shifting from acute, high-magnitude state of California that indicated dangerous levels of
lead in about one quarter of Mexican candies tested (McKim, Sharon & Heisel, 2004).

Thé California Department of Health and Safety surveyed candies from across the
state in April of 2004, and found 112 distinct brands of candies with dangerous levels of
lead. Of those 112 candies, 84 were made in Mexico, 8 were made in other countries and
20 were of unknown origin. Although these candies tested above the maximum safety
concentrations for lead, the state of California took action in only 11 cases, and health
officials across the country have only rarely pulled candy from the shelves (McKim,
Sharon, & Heisel, 2004). Several barriers, including lack of screening, restrict health
departments and the FDA from effectively controlling the inflow of these candies into the
United States. In 2003, legislation that would have increased testing on candies,
established clear procedures for issuing health advisories and spread information to
parents and health care workers, was defeated by budgetary concerns, lobbying by major
candy manufacturers and a lack of cohesive support from state and federal health officials
(Quintero-Somaini et.al., 2004).

" One major barrier to systematic action against candy manufacturers is the lack of

cost-effective methods for identification of contaminated candies. Currently, the FDA-



approved methods for analyzing lead concentrations in candies include analysis by
graphite furnace atomic absorption spectrometry (GRAAS) or inductively coupled
plasma mass spectrometry (ICP-MS). The machine and procedure is costly and time
consuming. Additionally, these methods require large amounts of the candies and
include a time-intensive process.

Ongoing research has indicated that X-Ray fluorescence (XRF) could potentially
serve as an effective primary screening tool for identifying lead-contaminated candies.
The technique, which has been shown as a valuable tool for identifying lead in paint, soil,
dust wipes and bone, has yet to be approved as a screening method for testing candy or
candy packaging materials for lead contamination. Although use of the XRF, as well as
results from this technique, are used in one study testing candies for lead, the article does
not discuss the methodology or limits of the XRF (Lynch et al., 2000).

Research at the University of Nevada, Las Vegas (UNLV), examined the XRF as
a tool for screening candies. They examined procedures for an XRF protocol for testing
candies and their packaging items, and found the XRF to be an effectivé tool at
identifying the presence of lead in candy as these data were compared to graphite furnace
analysis. Furthermore, the research at UNLV found the XRF to be especially valuable at
quickly screening large numbers of samples at a low cost. Researchers cautioned that the
XRF is not as effective at low levels of lead contamination, but recommended the XRF
for use in initial screening of candies. Although the limit of detection was unknown, it
appeared to be above the FDA’s food action limit of 0.1 ppm (Donnelly, 2007).

Understanding the XRF’s limits of detection (LOD) for use in screening lead-

contaminated candies is important for defining its practicality and reliability. This study



will evaluate the method detection limit (MDL) for use of the XRF in screening lead-
contaminated candies and their packaging materials. Candy samples with known
concentrations of lead and fortified analytical samples that have been spiked with lead
will bé used to find the lower limit of detection and the degree of accuracy at all
concentrations. Different modes for detection, along with effective procedures for

analysis, will be examined in relation to screening for lead contaminated candy.



CHAPTER 2

LITERATURE REVIEW

Toxicology of Lead in Humans

Lead is a versatile metal that targets many organs of the body. In the central
nervous system, where lead can distort enzymes and structural proteins, its effects are the
most serious and irreversible (Bailey & Kitchen, 1985). 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 cerebeliar phosphokinase C (Markovac & Goldstein, 1988). Lead can also inhibit
calcium’s passage through the cell membrane (Simons, 1993). When lead is absorbed by
the mitochondria, where it distorts the cristae, cellular respiration is inhibited and other
calcium reactions, including energy coupling, are affected (Holtzman et.al., 1984).

Research has continued to indicate that thére 1s no safe threshold BLL for lead in
young children (CDC, 2005). Permanent deleterious effects of chronic lead exposure
have been observed in children with BLLs well below 10 pg/dL (Needleman, 2004 &
CDC, 2005). 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 abdominal pain,



arthralgia, clumsiness and headache presenting as the most common early signs of
encephalopathy. Untreated, 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 impairments (Needleman, et.al,
1990). Lead can also cause other serious long-term effects, ranging from hypertension
and renal failure to adverse effects on reproduction (Rice, 1992, Vuppurturi, et.al, 2003).

High Risk Populations

The majority of lead poisonings, from any lead exposure, occur in minority,
urban, low-income families (CDC, 2005, Aldnsdown & Yule, 1986, Gorospe &
Gerstenberger, 2008). Research at the New York City Lead Poisoning Prevention
Program found that in 2000, about one third (33%) of children with BLLs at or above 20
pg/dL were Hispanic (New York City Department of Health and Mental Hygiene, 2002).
Ina predominantly Hispanic area of Miami, Florida, 55 percent of homes exceeded the
EPA’s action standards for lead (Gasana & Chamorro, 2002). In Santa Clara, California,
twenty percent of US-born Latino children had elevated blood levels at their routine
childhood screenings (Snyder, Mohle-Boetani, Palla & Fenstersheib, 1995). Almost 90
percent of the lead-poisoning victims in Orange County, California in 2004 were Latino
children, and at least half of those children were believed to have been exposed to lead-
contaminated candies (Bailey & Kitchen, 1985). Despite this evidence, Mexican and
Latin Americans continue to eat imported lead-contaminated candies at an alarming rate.
Recent research in California found that 37 percent of Latino households reported eating

candy imported from Mexico (Mack, 2006).



Children of any background are especially susceptible to lead poisoning. The
CDC estimates fhat about one million US children under the age of five have elevated
blood lead levels (BLLs) (CDC, 2002). Children have a disparately high risk for lead
poisoning, due to several factors: Pica behavior, or hand-to-mouth activity, is commonly
observed in infants and young children and can significantly increase their risk. The
intestines of children absorb lead more readily than the intestines of adults and their
developing central nervous system is more vulnerable than an adult’s (Needleman, 2004).
Additionally, children ar¢: more frequent consumers of the types of lead-contaminated
candies discussed in this article.

Lead in the Environment

Lead is a naturally occurring non-nutrient metal that is malleable, resistant to
weathering and heat, and a good conductor, making it useful in a wide variety of products
and, therefore, present throughout the environment in air, water and food products.
Additionally, lead is acid resistant and shows chemical stability in air, water, and soil
(EPA National Trens in Lead, 2006). Although these attributes contribute to its
commercial usefulness, they are the same traits that lead to the availability to and
accumulation of lead within an organism.

In 1970, lead in gasoline, which had long been used as an anti-knocking agent,
was banned by the US Legislature. Seven years later, the maximum concentrations of
lead in paints were set at 0.06% (Lynch et.al., 2000). The removal of lead from gasoline
and paints led to considerable decreases in environmental lead exposure, but chronic
exposures to lower concentrations of environmental lead still exist today in the United

States and throughout the world. Although the uses of lead are gradually being phased



out, lead is currently used in many commercial products, including storage batteries,
cable covering, noise control materials, chemical-resistant linings, ammunition, ceramic
glazes, pigments, glass paints, plastic stabilizers, caulk, sheets and pipe for X-Ray and
nuclear shielding, and lead alloys used in bearings, brass, bronze, and some solders
(ATSDR, 2005). It is also present in household items such as zippers, furniture paint,
mini-blinds, and some herbal remedies and mineral supplements.

Once present in the environment, lead is persistent in the air, water, and soil.
Lead in the atmosphere comes from a variety of natural and anthropogenic sources,
including volcanic eruptions, natural lead dusts, and the burning of leaded gasoline.
Particulate lead in the air may deposit close to the source or travel up to thousands of
miles from its original location (EPA National Trends in Lead, 2006). Lead will remain |
in the atmosphere for an average of ten days, depending on particle size, shape, emission
source, metrological patterns, and local geography, before it is removed via precipitation -
or gravitational settling (Millstone, 1997, & Ratcliffe, 1981).

Lead generally contaminates a water sources via leachate from aerial fallout, soils
or rocks, or contamination within a distribution system (Ratcliffe, 1981). Solubility of
lead in water, which is a function of pH, hardness, salinity, and presence of organic
materials, is highest in soft, acidic water (ASDTR Toxicological Profile, 2005).
Decreases in the pH of rain water and water runoft may, therefore, increase the rate of
lead leaching into water delivery systems.

| Lead released into the environment from various sources settles on soil, sediment,
foliage, and other surfaces (EPA National Trends in Lead, 2006). Accumulation of lead

in soil is a reflection of the rate of lead decomposition from the atmosphere. The highest



contamination is, therefore, observed near highways, power plants, and smelters (WHO,
1077). In soil, variations in pH, organic content, temperature and exposure to an air
source can affeét its movement through the environment. Variations of the environment
can make the pathway of lead extremely difficult to predict or manage (Landsdown &
Yule, 1986).

Lead in Food and Candy

The primary route of exposure to lead is through ingestion. There are two
processes whereby foods can become contgminated with lead: environmental
contamination of the product or ingredients prior to manufacturing and cross-
contamination of the product during or after the manufacturing process (Harrison and
Laxen, 1981). As discussed, environmental contamination of lead is persistent in air,
soil, and water. Animals may inhale contaminated air, or ingest contaminated water or
plants (Ratcliffe, 1981). Plants may be contaminated via atmospheric deposition of
environmental lead or via uptake from lead present in the soil (ATSDR, 2005). Studies
that examined pH, organic content, temperature and exposure to an air in relation to plant
uptake of soil-based lead concluded that the lead content of an edible plant is not a
reliably measurable source of lead contamination (Landsdown & Yule, 1986). More
current research, however, is starting to connect the lead found on chili peppers or
tamarind fruit with lead from gasoline emissions (Gerstenberger, Cross, Donnelly & Fels,
2005).

Foods grown, stored or processed in the presence of lead can contain high
concentrations of contamination (FDA, 2005). Additional risk can occur when foods are

cooked in water that contains lead. It is estimated that cans soldered with lead contribute



to between ten and forty percent of lead poisonings (Oregon DHS, 2005). In the 1980s,
the United States eliminated thé use of lead in welding, in an effort to reduce measured
lead levels in the US diet. Although cans in the United States are no longer soldered
using lead, foreign manufacturers still use this technique. The health risks increase when
lead leaches into the food from the can.

One major area of concern in the United States comes from foods bought at
international markets, swap meets, ice cream trucks and other popular, less-regulated
sources. Historically, lead has been ;Jsed as an additive in foods or food supplements
around the world to impart a sweet taste, a yellow or orange color or to increase the
weight of the product (Kakosy, Hudak & Naray, 1996). The FDA has found high lead
concentrations in curry powder, food coloring from Iraq, prune concentrate from France,
duck eggs from Taiwan, and raisins from Turkey, as well as candies from Mexico, Brazil,
the Philippines and other South American countries (Lynch, Boatright & Moss, 2000 &
Wagner et al., 2005).

The US FDA defines Mexican style candy as “candy which contains ingredients
popular in Mexico, such as chili and tamarind, which are not typically found in domestic
candy in the US.” The level of concern for imported “Mexican style” candies is 0.1
mg/kg (FDA, 2007). This category includes powdered mixes, composed of salt, chili
powder, sugar and flavoring. The powders are often sprinkled on fruits or vegetables,
mixed into drinks or eaten as candy out of the container. Tamarind products, made from
the pulp of the fruit from the tamarind tree, are imported from a number of Asian and
Latin American countries. Tamarind candies and jams are a leading source of candy-

related lead poisoning. “Mexican style” candies, which are consumed by both adults and
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children, are sold in retail outlets, ice cream trucks, or simply brought into the United
States from Mexico for personal consumption (FDA, 2007).

In response to a case of suspected candy-related lead poisoning, the Oklahoma
City-County Health Department tested two distinct types of tamarind lollipops, as well as
their packaging. Although the majority of these candies, 83.1 percent, were purchased in
Mexico, 11.6 percent were purchased in the United States. Over half of the lollipops
tested exceeded the FDA’s level of concern for tamarind candies and their wrappers
(CDC, 2000). Researchers in Oklahoma also used models and prediction methods to
analyze the impact that those candies could have on he average BLLs of children in the
United States. They concluded that lead concentrations were high enough in the two
types of tamarind suckers analyzed that the maximum FDA tolerable food intake for
children, 6.0 ug per day, would be exceeded if a child were to consume just one quarter to
one-half of one of these candies. They also predicted that an average consumption of one
of those lead-contaminated candies per day could result in a 43 to 84 percent increase in
the mean BLL for children ages six to 84 months (Lynch, Boatright & Moss, 2000).

Perhaps the most extensive available database for lead-contaminated candies is
presented online by the California Department of Public Health’s Food and Drug Branch.
This branch has committed to preventing the sale of adulterated candy to infants, young
children, and pregnant women, in accordance with Assembly Bill 121, and has collected
and tested candy samples since 1993 (California Department of Health, Food and Drug
Branch, 2008). Those samples that tested above the FDA action limit of 0.1 parts per

million (ppm) can be seen in Table 1. -
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Table 1: Candy with lead concentrations above regulatory limits, 2007-08 ().

Candy Name Number of | Number of | Range of Mean Lead
Candies Candies Lead Concentrati
Sampled | That Tested | Concentra- on (ppm) ¥

Above tion (ppm) ¥

Regulatory

Limit *
BarrieChicle 2 2 0.25-0.26 0.255
Bartlito, Liquid Chili Snack 4 4 0.14-0.15 0.145
Bibi Rainbow chewing gum, assorted 4 0.63-0.78 0.760
flavors
Chaca Chaca Chacatrozo with salt and 6 2 ND -0.30 0.122
chili
De La Rosa Pulparindo (Extra Hot) 4 4 0.12-0.18 0.135
Dulces Yosi Mega Pack Toys with 2 2 0.57-0.58 0.575
Bubble Gum
Ego Hao Jin Bang 2 2 0.70-0.73 0.715
Huevines Confitados Sabor Chocolate 2 2 0.19-0.20 0.195
Indy Cerillos, Spicy & sour candy 6 ND-0.14 0.040
lollypop, watermelon flavor
Indy Dedos, Spicy and sour candy 26 3 ND -0.17 0.033
Indy Mini Dedos, Spicy and Sour 8 8 0.11-0.13 0.118
Lucas Limon , 4 4 0.20-0.43 0.345
Lucas Limon con Chili (Baby Lucas) 4 4 0.38-048 0.418
Lucky Country Aussie Style Soft 4 4 0.13-0.15 0.14
Gourmet Licorice Black All Natural
Miguello, Salt/Sugar Mix 4 4 0.12-0.13 0.125
Qi Cai Bang 2 2 0.60 - 0.61 0.605
Shaiky Pop, Tamarind candy lollipop 2 2 0.11 0.11
with chili powder
Tama Roca Banderilla 20 8 ND -0.14 0.076
Tamanlorin 2 2 0.21-0.23 0.22
Tamanzela, tamarind lollipop coated 2 2 071 0.71
with chili powder
Tarritos, liquid chili snack 4 4 0.12-0.17 0.14

* Table adapted from CA Department of Public Health, Food and Drug Branch’s. “AB 121 Lead in Candy

Analysis Data — 2007 & 2008”

(1) Candies tested by the California Food and Drug Laboratory
(2) The state and federal regulatory limit for lead in candy at the time of these analyses was 0.10 parts per

million (ppm).

(3) ND denotes that the test result was below the quantitative limit for the method used and that this ND
level was less than 0.10 ppm and in some instances less than 0.01 ppm. _

(4) Mean concentrations of lead were calculated by adding all sample concentrations together. In cases
where some samples tested below the quantitative limit (ND), these samples were considered to have
no lead for the purpose of finding the mean.

12



Lead in Ink and Wrappers

Foodstuffs can also become contaminated with lead when their wrappers or
containers are contaminated and lead leaches from wrappers into food. This could be a
particular problem in cases where the food is acidic. Some acidic candies, such as those
made from tamarinds, chili peppers and tejocote fruits, have been shown to leach
~materials from their wrappers (Oregon DHS, 2005). The risk continues to increase when
the wrappers are used as chewing paper or when children put the wrappers into their
mouths. Lead ink is also found in pottery or glazes, and can leach out of the earthenware
through thg process of cooking. |

The lead-based inks used on candy wrappers in Mexico and Latin America have
been a difficult regﬁlatory issue for almost fifteen years. The FDA acceptable
concentration for food contact surfaces is 7 mg/kg. For ceramic ware, a common culprit
in lead-poisoning cases, the FDA acceptable concentration is <3mg/kg (FDA, 1997). The
US Consumer Product Safety Commission, in conjunction with the FDA and other
concerned entities, has tried to halt the import of these products into the country, with
little ‘success. A survey of Latin American candies found in Southemn Nevada showed
some imported candies to contain 1.46+0.27 mg/kg lead in their wrappers and straws
(Gerstenberger et al, 2007).

" Published Case Reports

In 2004, California reported that of approximately 1,000 cases of elevated BLLs
between May 2001 and January 2002, imported candies were identified as major
contributing sources in 173 of those cases. The average BLL for the candy-related cases

was 24.3 pg/dL. The candy-related lead poisonings were found in 17 counties across the
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state (New York City Department of Health and Mental Hygiene, 2002 & CDC, 2002).

Although case reports on lead-poisonings have not historically acknowledged lead-

contaminated candies as a contributing source of exposure, these candies are increasingly

becoming a new source of lead exposure, especially for Latino children.

Table 2: Cases of Elevated BLLs from Imported Candies and/ or Packaging

Reference | Age/ | Location | Candy Lead BLL | Inter- Reported
Sex Description Content (ug/ vention Outcome
, (mg/kg) dL)
CDC, 2002 | 4/M' | Stanislaus | Imported None 88.0 | Chelation None
6/F' | County, Mexican reported 69.0 therapy “reported
CA candies,
Dulmex-
Bolirindo
lollipops
CDC, 2002 | 4/ M | Fresno Imported 16,000 26.0 | None BLL
County, candy wrapper reported decreased
CA to 13.2
ug/dL after
21 months
CDC, 2002 | 2/M | Orange Various Stick: 404 | 26.0 None None
County, imported reported reported
CA tamarind fruit Wrapper:
candies, 21,000
including a Candy:
Dulmex- 0.2
Bolirindo Seed: 0.3
lollipop
CDC, 2002 | 4/M | Los Imported None 22.0 | Candy BLL
Angeles candies from reported consump-tion | decreased
County, Mexico dis-continued | to 11 ug/
CA dL after 17
months
CDC, 1998 | 6/M | CA Tamarind None 59.0 Chelation None
i 2.2 candy jam reported therapy reported
>18 products in 26.0
/F ceramic jars,
352 from Mexico 50.0
7 57.0
Lynch et. <6/? | OK Tamarind 48.0 Home Initial
al., 2000 suckers investigation | increase in
and candy BLL
discont,

T Offspring (Same number denotes a parent-child relationship)
'.2.3 Siblings (Same number denotes siblings from one family)
2 Cousins (Same number denotes cousins)
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XRF Analysis of Lead

One of the vital factors in effective identification and removal of threatening lead-
based products is the timely and cost-effective analysis of that substance. Historically,
the high costs and time requirements of laboratory-based analyses have been barriers to
the process. Use of field portable X-Ray fluorescence (XRF) spectrometry has become a
common and useful analytical tool for on-site screening and rapid analysis of
contaminant elements.

1. Theory

The XRF is able to identify elements because each atom fluoresces at a specific
energy when excited by an X-Ray. X-Ray photons from the XRF create inner shell
vacancies within the atom. An outer shell electron fills that space as the atom relaxes to
ground states. This process releases photons with energy in the X-Ray region of the
electromagnetic spectrum equal to the energy difference. Detectofs on the XRF machine
are able to identify the element due to its characteristic emitted X-Ray. By comparing the
observed intensities of the X-Ray to a known standard, the machine can quickly quantify
the amount of lead (Kalnicky & Singhvi, 2001).

2. Detection Limits

Detection capabilities of the XRF improve as time increases, as background noise
decreases, and as sensitivity increases. Detection lirhits are dependent on both the
element and the matrix, and most elements are still detectable below typical site action
levels. Qualitative results depend largely on the application and intended use of the data,

as well as the calibration of the XRF using a sample matrix. A sample matrix is designed
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through laboratory procedures to minimize interfering elements that are commonly found
in a specific environmental application. (Kalnicky & Singhvi, 2001).

The limit of detection for the XRF can be found in multiple ways, but the most
commonly applied method states that the detection limit (DL) is, “that amount that gives
* anet intensity equal to three times the standard counting error of the background
intensity.” The DL may also be defined in terms of the precision of repeat measurements
on a standard sampie.‘ In order to determine the DL, the US EPA recommends the
measurement of a sample that has a concentration of analyte close to the expected DL.
The EPA defines the method detection limit as, “the minimum concentration of a
substance that can be measured and reported with 99 percent confidence that the analyte
concentration is greater than zero.” To estimate the method detection limit, the standard
deviation of non-consecutive replicate measurements must be multiplied by the rounded
Student’s t-factor, as seen in the following equation:

MDL =3¢
where o is the standard deviation for the replicates and the Student’s t-factor is

approximately equal to 3 (Federal Register, 1984).
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CHAPTER 3

QUESTIONS, OBJECTIVES, AND HYPOTHESES

Research Questions

What is the method detection limit (MDL) at which the Niton® XRF, in each mode,
becomes an effective screening tool for lead in candy and candy packaging materials?
Which XRF modes are most effective at determining the concentration of lead in
candies and their packaging materials?

Can the XRF be used as an effective and reliable screening tool for identifying lead in

contaminated candies?

- Objectives

This study will attempt to determine the Niton® XRF’s method detection limit

(MDL) for each mode when analyzing lead found in candies and their packaging

materials.

The study will evaluate the various modes of the XRF in relation to identification of
lead in contaminated candies and modify the protocol for using the XRF to identify
lead in candies accordingly.

The study will examine the confidence limits for detection and the accuracy of the

XRF at various increasing concentrations of lead.
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o This study will attempt to create a scale that compares the units for each mode (ppm,
mg/cm?, and ug/cm?) for candy samples.

Hypotheses

Hypothesis 1: Method Detection Limit

The method detection limit for use of the Niton® XRF in Plastics and Bulk
Sample Modes for use in identifying lead in contaminated' candies will be found between
10 and 15 parts per million.

Use the EPA procedure for method detection limit to find the Method Detection
Limit (MDL) for each mode of the Niton® XRF. The standard deviation for ten non-
consecutive replicate measurements will be multiplied by the student t-factor to
determine the MDL.

Hypothesis 2: Analytical Method Comparison

The XRF can be used quantitatively to screen lead concentrations above the MDL
in candies and candy packaging materials. The mean XRF values for each concentration
above the determined MDL will be statistically equivalent to the mean GFAAS
concentration values.

Examine the mean XRF analyses for a given set of fortified candy samples vs. the
mean graphite furnace analysis of lead concentration for the safne candy samples.
Hypothesis 3: Mode Comparison

The Niton® XRF Plastics mode will have the most sensitive limit of detection.

Niton® XRF data for each mode will be examined and the GFAAS-determined

concentration at the MDL for each mode will be compared. An ANOVA will test for
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significance between MDLs for each mode and post hoc analysis will examine the
relationship between modes.
Hypothesis 4: Predictive Relationship

There is a significant predictive relationship between the XRF modes and the
actual concentration of lead in candy, as determined by the GFAAS.

Regression analysis will be used to find the predictive relationship between the
mean XRF-determined concentration and the mean GFAAS-determined concentration, as
well as confidence limits at each concentration, for each mode. If necessary, data without
homoscedasticity will be transformed to allow for linear regression. Additionally, data
points below the XRF limit of detection (coded as ND) will be replaced with one half of
the MDL, as determined in this study. The 100(1-a) percent prediction interval for each
MDL will be determined based on the linear regression equation.

Hypothesis 5: Practical Mode

The Niton® XRF Plastics and Bulk Sample Modes will be the most useful
analyses of the concentration of lead in contaminated candies, because they report data in
parts per million, ppm, which is most comparable to graphite furnace analysis and FDA

action limits.
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CHAPTER 4

METHODOLOGY AND DATA COLLECTION

Sample Collection

Based on the Orahge County Register report, previous consumption studies and
opportunistic sampling at local markets and swap meets, approximately thirty brands of
candies were selected for an initial survey. Candy samples were obtained from
merchants, vendors and volunteers in Clark County, Nevada. Approximately five- to
eight-hundred candies, as well as their packaging materials, were analyzed in all modes
using the Niton® XRF. An XRF method developed by researchers at tfle University of
Nevada, Las Vegas, was used to screen the samples (Donnelly & Gerstenberger, 2007).

Samples were cataloged, recorded and sorted into concentration levels. Thirty-
three candies and wrappers were collected as range-finding samples, with lead
concentrations categorized as high (>40 ppm or >1.0 ug/cm?), medium (0.6-0.99 ug/
cm?), low (0 — 0.59 ug/cm?) or no lead, as indicated by the XRF.

Pelon Pelo Rico ® was chosen for use in a candy matrix, because of its
ingredients and because it typically contains low lead contamination. The candy matrix
was developed by homogenizing candies in heated water at 300 degrees for two hours.
Analytical portions of the candy matrix were spiked with lead, vortexed for one minute,

and the fortified solution was placed in a soil sample cup with a mylar X-Ray film
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covering the top. A method blank of candy matrix was created in the same manner, .
without the lead. Fortified analytical portions (FAPs) were spiked with known amounts
of lead to create a range of samples within five times the predicted limit of detection (2.0
to 75.0 ppm). Fifteen samples were created to establish a detection limit range and 30
samples were created within the range, for a total of 45 samples.

Analysis

The initial candy samples, with concentrations between zero and 1.32 ug/cm’ of
lead, were taken to the FDA for ICP-MS analysis in March of 2008. Results from the
FDA and subsequent XRF and graphite furnace analysis were used to compare the XRF
values with the ICP-MS values for lead concentration. This information was used to
develop an estimated detection limit range between 10.0 ppm and 15.0 ppm. Based on
this expected range, fortified analytical portions (N=30) were created with lead
concentrations ranging between 2.0 and 75.0 ppm. Once a detection limit range was
established, fortified analytical portions (N=15) were created with lead concentrations
within that more precise range.

Fortified analytical portions were created using the sample candy matrix.
Approximately ten milliliters of candy matrix were poured into 50 mL centrifuge tubes.
A known amount of lead was added to the sample to establish the desired lead
concentration. The sample was then vortexed for sixty seconds and poured into a soil cup
and covered with 6 p Mylar® X-Ray film.

The fortified analytical portions were then treated as “bulk samples,” according to
the protocol initially proposed by Donnelly and Gerstenberger, in 2007, and outlined in

Appendix A. The soil cup was placed, film down, in the XRF stand. Ten replicate tests
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with the XRF were done in thin layer, bulk soil sample, paint, and plastics modes. Two
XRF devices were used for this analysis. The XLt 7972W model was used for analysis in
Plastics Mode. This model uses a low power (1.0 W) X-Ray tube excitation source to
analyze bulk samples for multiple elements. Another device, the XLp 303 A model, was
used for the Paint, Bulk Soil, and Thin Layer Modes. The XLp models utilize a sealed
cadmium ('09Cd) radioisotope source for excitation.

Using the EPA’s procedure for the determination of the method detection limit,
the standard deviation of the sample with the lowest detectable concentration was used tQ
ﬁnd the method detection limit for each mode. The spiked samples were then analyzed
using a Perkin Elmer Graphite Furnace Atomic Absorption Spectrometer (GFAAS) 600
(Perkin Elmer, Shelton, CT), in order to compare results to the XRF analysis. Figure 1

outlines the process.
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Figure 1: Flow diagram of method to analyze samples for lead
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Candy sample analysis at the UNLV laboratory was performed using graphite
furnace atomic absorption spectrometry (GFAAS). The GFAAS method, adapted from
the FDA’s method for determination of lead in food, is summarized as follows (FDA,
2002):

Preparation of Analytical Samples for GFAAS .

1. Quality Control Samples
Quality control samples are used to determine if analytes, preparation procedure or
sample matrix contribute bias to the results. The followihg quality.control samples were
prepared and included with each batch of samples:

¢ 3 Method Blanks (MBK)- 1 g of reagent water, processed using ail the same
reégents and exposed to all laboratory ware;

¢ 1 Standard Reference Material (SRM)— A known sample of milk powder, with
uncertainties that do not exceed 20 percent (95% confidence). The SRM is
treated as an analytical sample in all aspects of the analysis; &

e 1 Check Solution— An analytical portion, typically with a concentration of 40
ppm, that was spiked with a known amount of lead before decomposition;
used to analyze percent recovery.

2. Representative Samples

Representative homogenate samples are prepared by acid digestion, using heated

concentrated nitric acid. Samples are heated in the nitric acid until they are completely
dissolved and the solution is clear of solids. The solution is adjusted to 50 mL with nitric

acid. A pipette is used to transfer 0.5 mL of the sample to a clean decomposition vessel
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liner. Any material on the walls of the liner was washed down with no more than 3 mL
of deionized water.

Sample Preparation by Microwave Digestion

Ten mL trace metals grade HNO; were added to each vessel liner. Two method
blanks were included with each batch to assess contamination. A milk powder Pb
standardized reference material was assessed with each series. Vessels were hand-sealed
and samples were digested in an Anton-Parr Multiwave 3000 microwave digester
(PerkinElmer, Multiwave 3000; Shelton, CT). Power was ramped for over 25 minutes
until 200°C was reached and this temperature was maintained for 10 minutes. After
vessels cooled, solutions were diluted to 200 mL with DI water. Dilution was performed
into a clean, disposable 250 mL polyethylene bottle for storage.

GFAAS Analysis

1. Instrument Setup and Standardization

The graphite furnace (PerkinElmer, AAnalyst600; Shelton, CT) and gas were
turned on and the lead hollow cathode lamp was allowed to warm up for twenty minutes.
Optical alignment of the furnace and alignment of the autosampler tip were checked each
day. The graphite tube was inspected and replaced if needed. The wavelength for lead
was set to 283.3 nm. The instrument was programmed to perform three replicate
| injections for each analytical solution. An instrument stability check was performed and
problems were corrected if the short term precision was >5% RSD. The instrument was
standardized using the standard blank and approximately six standard solutions.

2. Determination
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All solutions were analyzed three times and the mean concentration was used in
calculations. The standards, blanks, and analytical solutions were analyzed and the
instrument diluted any solutions with concentrations above the highest standard solution.
The instrument factors in dilutions to find the concentration of lead in the analytical
portion.

Statistical Approach

XRF data was input into a Microsoft Windows Excel datasheet SPSS for
Windows, Student Version 16.0 (SPSS Inc., Chicago, IL). The mean XRF analyses were
taken from ten consecutive readings for a given set of fortified candy samples. The limit
of detection was determined for each FAP sample concentration, in each XRF mode. The
standard deviation for ten non-consecutive replicate measurements was multiplied by the
student t-factor to determine the MDL, using the following equation:

MDL = 3o.

This MDL has above a 99 percent confidence limit. An ANOVA will test for
significance between MDLs for each mode and post hoc analysis will examine the
relationship between modes.

Analysis of variance, with a within-subject or repeated measures design, was used
to compare the means of GFAAS-determined concentrations and each XRF mode. The |
overall test used was a Wilk’s A. Bonferroni pos hoc analysis was used to determine the
comparative relationships.

Finally, a linear regression model was performed analyzing the predictive
relationship between the XRF modes and the actual concentration, as determined by

GFAAS. The 100(1-a) percent prediction interval for each MDL was determined based
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on the linear regression equation. A scatter dot plot was graphed for each XRF mode
against the GFAAS mean data.

Quality Assurance and Quality Control

All reusable labware was cleaned sufficiently for trace element analysis.

Cleaning procedures included washing in lead-rinsing laboratory detergent, 5 reagent
water rinses, soaking for at least 4 hours in 10 percent nitric acid and a final reagent water
rinse. Reusable labware was covered with aluminum after being washed. All gloves
were powder free vinyl gloves to avoid the possible contamination that can occur when
latex gloves are used. High purity reagents were used for all analyses, as well as high
purity argon. Reagent water meets specifications for ASTM Type I water.

The GFAAS method requires the monitoring of several quality control
parameters. Assessment of standardization, analyte recovery, interferences, accuracy,
and contamination must be monitored during routine analysis, in order to ensure data
quality and reliability. Analytical performance was recorded throughout the process and
trends were analyzed periddically for potential problems.

Laboratory reference values were estimated using the XRF. The upper limits for
each analyte were established by measuring the absorbance of at least 6 standards, with
the concentration of the two highest standards near the estimated upper limit. Instrument
sensitivity checks were performed prior to each analysis by running standardized
solutions. The characteristic mass, my, for each standard must have been within 20
percent of the expected value for the analysis to continue. Recovery results from blanks
and standards must have been 100+5% of expected value for the analysis to continue. On

the standard curve, the value for the correlation coefficient, Rz, must be >0.998, with all
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samples lying in the range of control concentration. If displays of the curve indicated
which standard was outside the acceptable standard concentration parameters, re-
standardization for that standard was performed. Otherwise, a new set of standards was

analyzed until all QA/QC guidelines were met.

28



CHAPTER 5

RESULTS

Each fortified analytical portion (FAP) was analyzed with the Niton® XRF ten
times in each mode, and then digested, diluted, and analyzed via GFAAS. GFAAS-
determined concentration was considered the actual concentration of lead in the fortified
analytical portions (FAPs) for the purposes of this study. As discussed in the Methods
section, the Plastics Mode is an application of the Niton® XLt XRF, which contains a
low power X-Ray tube excitation source. All other modes are applications of the XLp
XRF, which utilizes a sealed cadmium source. Data was recorded for all modes, using
both XRFs, and can be seen in Table C in the Appendix. Statistical analysis was
performed with SPSS for Windows, Student Version 16.0 (SPSS Inc., Chicago, IL). The
EPA procedure for method detection limit (MDL), whereby the standard deviation of ten
replicate measurements was multiplied by the rounded Student’s t-factor, was utilized to
detérmine the MDL for this protocol. The Niton ® XRF Paint Mode was unable to detect
lead at any concentration within the expected range. It was, therefore, érﬁitted from
initial statistical analysis.

Table 3 shows the average minimum concentration at which ten consecutive
measurements could be performed, the standard deviation, and the resulting MDL for

each remaining mode. Each MDL has a confidence limit above 99 percent. The lowest
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concentration detected by the XRF was found in the Plastics Mode, however, the lowest

MDL was observed in Bulk Mode. The hypothesis that the method detection limit for

use of the Niton ® XRF in both Plastics and Bulk Sample Modes for use in identifying

lead in contaminated candies would be found between 10 and 15 parts per million was

supported by this analysis. Additionally, the Thin Layer Mode also had an MDL within

this range, as determined by GFAAS analysis.

Table 3: Method Detection Limit for All Modes (n=10

er MDL, per mode)

Mode Average Actual Average Standard MDL =3¢
Concentration, | Concentration, Deviation (units vary by
determined by | determined by mode)
GFAAS (ppm) XRF .

Plastics 12.35 10.59 ppm 2.35 7.05 ppm
Bulk 8.56 9.83 ppm 1.82 5.45 ppm
Thin Layer 19.77 2.32 pg/em” 0.40 1.19 pg/cm’
Paint * N/A N/A N/A N/A

*Paint Mode MDL was too high to be analyzed

The GFAAS-determined concentrations of the fortified analytical portions at the
MDL were compared using an ANOVA within-subject design, or repeated measures
ANOVA. Due to the differences in units, Thin Layer and Paint Mode data were not
analyzed. Data was examined for normality using a histogram with a normal curve.
Although normality was not perfect for each mode, ANOVA is robust enough to handle
some non-normality (Lindman, 1974). A Wilk’s A overall test was conducted, with
Bonferroni post hoc comparison of results. The mean measurements differed
significantly among the fhree methods (F 24 = 15.128, p<0.001). The XRF modes did
not differ (t=1.39, df=24, p=0.531); however, GFAAS measurements differed from both

Bulk Mode (t=5.61, df=24, <0.001) and Plastics Mode (t=4.83, df=24, <0.001). Results
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of the within-subject ANOVA and Bonferroni post hoc comparison can be seen in Tables

4 and 3.

Table 4: Estimates of XRF and GFAAS Measurements

95% Confidence Interval
Factor Mean (ppm) Standard Error | Lower Bound | Upper Bound
GFAAS 45.08 3.97 36.90 53.26
Bulk XRF 37.41 3.88 29.42 45.40
Mode
Plastics XRF 38.33 4.07 29.95 46.71
Mode

Table 5: Bonferroni Post Hoc Comparison of XRF vs. GFAAS Measurements

95 % Confidence
Intervals for
Difference
Factor 1 Factor 2 a-J Standard Sig. Lower Upper
(D @)) Mean Error Bound Bound
Difference
GFAAS Bulk 7.67 1.37 <0.001 4.16 11.18
Plastics 6.75 1.40 <0.001 3.16 10.33
Bulk GFAAS -7.67 1.37 <0.001 -11.18 -4.16
Plastics -0.92 0.67 0.53 -2.63 0.78
Plastics GFAAS -7.67 1.40 <0.001 -10.33 -3.16
Bulk 0.92 0.67 0.53 -0.78 2.63

Results of the within-subj ect ANOVA indicate that the XRF modes are equal to
one another, but not significantly equivalent td the GFAAS measurements. These results
necessitate the rejeqtion of both Hypothesis 2 and Hypothesis 3, because the mean values
of the XRF measurements were not equal to the mean GFAAS measurements, and
because the Plastics Mode was no more sensitive than the Bulk Sample Mode. The
significant difference between the measurements acquired by both XRF modes and the

measurements acquired via GFAAS indicate that the XRF cannot be utilized to precisely
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quantify the concentration of lead in a sample of candy, using this protocol. Linear
regression analysis was, therefore, performed to determiné: if a predictive relationship
exists between each XRF mode and the actual concentration, as determined by GFAAS.
The assumptions of linear regression were all met by the mean data values.
Homoscedasticity of variance was examined visually with a normal curve. No clustering
appeared when residuals were plotted against the x values. All other assumptions of
linear regression were analyzed and determined to be acceptable. The R* values for Bulk
an Plastics Modes were 0.89 and 0.885, indicating a high level of correlation. Data for
the linear regression analysis of the mean data for GFAAS and XRF Bulk and Plastics

modes can be seen in Table 6 and the regression plots can be seen in Figures 2 through 4.

Table 6: Coefficients for Linear Regression Analysis

Unstandardized 95 % Confidence
Coefficients Standardized Interval for B
Model B Standard | Coefficients t Sig. Lower Upper
Error : Bound Bound
(Constant) | 6.940 2.778 2.498 0.019 1.229 12.651
Bulk . 1.004 0.068 0.945 14.708 <0.001 0.864 1.144
(Constant) | 6.935 2.338 2.966 0.006 2.160 11.709
Plastics 0.971 0.059 0.949 16.456 <0.001 0.851 1.092
(Constant) | 9.919 3.248 3.054 0.006 3.183 16.655
TLM 5.559 0.436 0.939 12.751 <0.001 4.655 6.464
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Figure 4: Linear Regression Plot, Mean Thin Layer XRF Mode Vs. Actual (GFAAS)

The subsequent linear regression equation for the Bulk Soil Sample mode is:
Mean GFAAS (Actual) Concentration = Mean Bulk Soil Sample Concentration (0.1.004)
+ (6.940).
The linear regression equation for the Plastics mode is:
Mean GFAAS (Actual) Concentration = Mean Plastics Concentration (0.971) + (6.935).
The linear regression equation for the Plastics mode is:
Mean GFAAS (Actual) Concentration = Mean TLM Concentration (5.559) + (9.919).
Results of the linear regression analysis indicate a significant predictive
relationship between each XRF mode and the actual concentration of lead in candy, as
determined by XRF. Therefore, Hypothesis 4, which stated that such a relationship

would be established, could not be rejected.
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CHAPTER 6

DISCUSSION

The Orange County Register report on lead-contaminated candies‘i gnited a
nation-wide interest in imported candies that encouraged federal, state, and local health
districts, practitioners, researchers, and parents to question the inconsistently high
concentrations of lead found in some of these candies. Regardless of this interest, the
candies are still sold in stores, flea markets, and in street vendors and carts, and the
United State’s Food and Drug Administration (FDA) is unable to adequately protect
American children who consume these candies. The US Center for Disease Control
(CDC) found that in 1999 through 2002, 1.6% of American children aged 1 to 5 years
had blood lead levels greater than or equal to 10 micrograms per deciliter (US CDC,
2005). Recognizing the significance of this finding, a Healthy People 2010 objective was
set to reduce all young children’s blood lead levels to less than 10 micrograms per |
deciliter (USDHHS, 2000).

In order to reach this goal, evidence supports the importance of a shift in primary
prevention of lead exposure in children. Removal of contaminated candies is an
important part of this goal. The two major components of this effort are education and
identification and removal of candies. X-Ray fluorescence spectrometry provides a

rapid, non-destructive, mobile screening of multiple elements. Its use for identifying lead
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has been established in lead-based paint, soil, and bone. If this technology could be
applied to quickly, effectively, and non-destructively identifying lead-contaminated
candies, it would provide the most cost-efficient method for preventing childhood
exposure to lead through contaminated candies.

This research examined the efficacy of a protocol to screen candies for lead
contamination. | The XRF has proven to be useful for estimating concentrations of lead
in candies with lead contamination above the method detection limit (MDL), for the
method outlined in Appendix A. An MDL of 5.45 ppm was determined for this method
in Bulk Sample Mode and an MDL of 7.05 ppm was found in Plastics Mode. Results of
an ANOVA test indicate that the mean concentrations above the MDL for both Plastics
and Bulk Sample Modes are significantly equal to one another. Therefore, public health
workers may use either the XLt or XLp XRFs, in Bulk or Plastics Modes, to screen
candies for lead contamination.

Results also indicated that the XRF-determined means in either mode were
significantly different from the actual mean concentrations, as determined via a Graphite
Furnace Atomic Absorption Spectrometer (GFAAS). Linear regression analysis
established a predictive relationship between the XRF-acquired data, in each mode, and
the actual concentration of lead, as determined by the GFAAS. The equations provided
by the linear regression analysis can be used to estimate the actual concentration of lead
in candies using XRF data, with 95 percent conﬁdencé.

The modes and the models of XRFs affected the detection and applicability of the
method. The Plastics Mode is an application of the Niton® XLt XRF, whichb contains a

low power X-Ray tube excitation source. All other modes are applications of the XLp

36



XRF, which utilizes a sealed cadmium source. The XLp is the most common XRF,
because it is utilized for home investigations of lead in paint. The XLt, however, requires
less training because it operates with a low power X-Ray tube instead of a radioisotope
excitation source.

The Thin Layer Mode alone was not considered as practical as the Bulk Soil
Sample and Plastics Modes because of its units ( ug/cmz). This study proposes a linear
regression equation that can be used to predict the actual concentration of lead based on
the Thin Layer XRF Modes. This simple calculation can also be used for converting
units, and can be utilized by public health workers who are operating with Thin Layer
Mode only, or who want to convert their results. Use of the conversion equation,

Mean GFAAS (Actual) Concentration(ppm) =
Mean TLM Concentration (,ug/cmz) (5.559) + (9.919).

will make it relatively simple for public health workers with an XRF in Thin Layer Mode
to estimate what their data would equate to in parts per million. It should be noted that
this conversion equation only applies to candies measured according to this protocol,
using a 10 mL soil sample cup. The conversion equation will not necessarily apply to
any other protocol, medium, or sample depth.

Although the information gathered in this research is extremely valuable for
protocol development, it does highlight some limitations of use of the XRF for detecting
contaminated candies in the field. The Niton ® XRF Paint Mode was unable to detect
lead at any concentration within the expected range. It was, therefore, considered an
impractical mode for analyzing lead contamination in candies, according to this protocol.
The candy chosen as a matrix for this research was chosen because it contains many

ingredients common to “Mexican candy,” as defined by the FDA. It was also chosen
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because it is low in salt concentration, which interferes with the GFAAS analytical
method. Other candies, however, may have different proportions and ingredients, thus
representing a different matrix. The protocol and performance measurements outlined in
this paper should apply to most candies with similar ingredient‘s, but results may vary in
candies that are significantly different from this candy matrix.

The most important limitation of the XRF pertains to the concentration of candies
typically seen in the United States. As seen in Table 1, the mean concentration of candies
identified by the California FDA in 2007-2008 as having lead concentrations above the
state and federal regulatory limit was 0.2849 ppm lead. Although this concentration is
almost three times higher than the regulatory limit for lead in candy, it is well below the
MDL of 5.45 ppm for the XRF determined in this-study.

Candy wrappers and other packaging items have been shown to contain lead
contamination in concentrations above 1000 ppm. The lead in these wrappers has the
potential to leach into candies, especially when the candies are acidic. Additionally,
wrappers, sticks, spoons, straws, and other non-candy packaging items are exposed to the
acidic conditions of saliva as children eat the candy. Although the risk of leaching and
the dangefs posed by wrappers has not been well researched, the potential threat that
these wrappérs poses could be easily identified by the XRF. Additionally, the Paint and
Thin Layer Modes may prove to be more effective and practical at identifying lead
contéminatiori in the thin surface of wrappers. This is an important area of research that
should be addressed in future studies.

Additionally, improvement of the sensitivity of the XRF for identifying lead in

candies should be investigated. If possible, manufacturers of XRF handheld devices may
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develop algorithms that specifically identify candy as a matrix, thus improving its
detection abilities. Future research can also examine the effects of salt and other
ingredient composition on the sensitivity of the XRF. Additionally, public health
officials working with X-Ray fluorescence to ideritify contaminated candies can work
with the manufacturer to calibrate their instrument to improve sensitivity.

Perhaps most importantly, future efforts must include plans to collect and
disseminate information on the dangers of lead-contaminated candies and foods. These
efforts must begin by updating lead exposure risk questionnaires used during screening to
include questions on all known exposures, including contaminated candies. Clinicians
must understand the risk of exposure to lead-contaminated imported candies and advise
their patients on the potential dangers. Clinicians, researchers, and public health workers
at local, state, and federal levels must collaborate to improve education, pool data, and
develop intervention guidelines. Manufacturers of candies identified as contaminated
should be monitored and efforts should be made to improve their practices or ban their
products. By improving the rapid detection of lead-contaminated candies, increasing
education on the dangers of exposure, and continuing research and collaboration to
identify and remove highly contaminated candies, the goal of reducing this threat can be

achieved.
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APPENDIX

TEST METHOD FOR DETERMINATION OF LEAD CONCENTRATION IN CANDY
BY X-RAY FLUORESECENCE SPECTROMETRY (XRF) IN BULK SOIL SAMPLE

MODE

L SCOPE AND APPLICATION

a.

This test method covers the determination of lead concentration in
candies. The concentration of lead in any candy is restricted by the FDA
to an action limit of 0.1 mg/kg (ppm). ‘
The applicable range of this method is from 5.45 mg/kg to percent levels.
This method and interpretation of the results should be restricted to use by,
or under the supervision of, analysts experienced in the operation of an X-
Ray fluorescence spectrometer.

IL SUMMARY OF METHOD

A candy sample, contained in a disposable plastic soil sample cup, is loaded
into an X-Ray fluorescence (XRF) spectrometer stand. The intensities of the emitted
photons are measured and concentration is thereby determined by the XRF.

III. =~ APPARATUS AND MATERIALS

a.

b.

C.
d.

XRF spectrometer, either energy dispersive or wavelength dispersive. The
instrument must be able to accurately resolve and measure the intensity of
lead with acceptable precision.

Disposable sample cups with suitable plastic film, such as Mylar®, or
lead-free plastic wrap.

Testing stand, designed for soil cups.

Candy samples.

IV.  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

a.

Sampling
There are two methods of sample preparation that should be considered

when analyzing candy samples by XRF: in situ and discrete sampling.

i. For direct analysis of candies (in situ), the XRF instrument may be
taken to the sample location and the candy should be directly
analyzed. This sampling method provides flexibility by allowing
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1.

efficient collection of data for a large number of samples that can
be used for rapid decision-making in the field.

Discrete sampling (removal of physical sample) requires more time
and effort, but allows for greater analytical accuracy and precision.
Additionally, it allows for an unlimited number of samples and
time for analysis.

b. Preservation
If discrete sampling is performed, special attention should be paid to
storage of candy samples. Sample should be stored in a dry area, away from UV
radiation, moisture, and other hazards. If necessary, candies may be preserved in
a freezer to maintain quality.

c. Handling v
Candies should be handled with powder free vinyl gloves to avoid contamination.
All candies should be placed carefully into soil cups. If candy is spilled onto the
surface of the XRF or clean preparation table, it should be immediately cleaned.
The XRF can be used to test for residual contamination on the workstation.

V. PHYSICAL MATRIX EFFECTS
Variations in the characteristics of the candy sample may contribute to physical
matrix effects and must be monitored. These variations include parameters such as
ingredients, concentration, moisture, size, uniformity, heterogeneity, and texture. These
parameters are also influenced by the condition of the sample. When prepared candy
samples are stored in XRF cups, settling effects may also bias results. Vortexing soil
sample cups prior to XRF analysis helps to homogenize the particles within the soil

sample cup.

VL PROCEDURE
a. Preparation

1.

il

1.

1v.

vi.

Dosimeters should be worn by all persons while operating the
XRF.

XRF should be stored in locked case, with battery separate from
the device.

Initialization of the XRF requires cooling down of the detector and
shutter calibration, which takes several minutes.

Prepare soil sample cups by lining bottom end with lead-free
plastic film.

Candy samples can be poured or placed into soil cup. Samples that
do not fit into soil cup should be cut to fit within the soil cup.
Consideration should be paid to the fact that analyses of samples in
wrappers will include the concentration of lead in the wrapper,
which may not be indicative of the concentration of lead in the
edible portion of candy. It is recommended that, if possible, all
candy be removed from its wrapper and other packaging materials
prior to analysis.

Place candy samples film-down in the stand.

41



b. Calibration and standardization

i.

ii.

111

Calibration checks should be performed prior to analysis,
following analysis, and every four hours during analysis.

Three calibration checks should be performed for each calibration
standard, using a high, medium, and low calibration standard. The
average of the three readings for each level should be within the
acceptable range for that standard.

If calibration checks do not fall within the acceptable range, the
manufacturer must be contacted, in order to re-calibrate the XRF.

c. Analysis (See Figure A)

1.

ii.

iii.

1v.

vi.
Vil.

viil.

Manipulate candy to ensure that the sample can be contained
within the soil cup. Place or pour candy into soil cup.

Place sample within soil cup into upright stand, with sample film-
down so that candy is pressed to film and film is flush with XRF
detection window.

Set the time limit to 30 seconds. This setting is typically found
under “Hardware Setup”.

Under “Mode,” select the “Bulk Sample” Mode on the XRF.
Select the “Soil Sample” Mode on the XRF.

Ensure that proximity button is depressed.

Begin XRF analysis by pressing trigger or selecting start button
when using a computer.

Examine the lead La and Lb lines to confirm that the detection of
lead is correct. Spectra should exhibit lines at 10.55 and 12.61,
respectively.

VII.  QUALITY ASSURANCE/ QUALITY CONTROL AND DATA
INTERPRETATION
For each data collection, regardless of sampling method, a quality assurance (QA)
objective must be specified that corresponds to the ultimate data use objective. The US
EPA has defined three objectives for assessing and substantiating data collection: QAI,
QA2, and QA3. For XRF analysis of candy samples, both QA1 and QA2 can apply:

A. QA1 is a screening objective used to afford a quick, preliminary assessment of
site contamination, and is suitable for data collection activities that involve
rapid, non-rigorous methods of analysis and QA.

B. QA2 is a verification objective used to verify screened data (field or
laboratory). A minimum of 10% verification of results is required. For candy,
this requires verification using one of the by a US EPA-approved laboratory
method (such as graphite furnace atomic absorption spectrometry (GFAAS) or
inductively coupled plasma (ICP) analysis). This objective is suitable for data
collection activities that require qualitative and/or quantitative verification of
all or a select portion (10% or more) of the data. QA2 is intended to give a
level of confidence for a select portion of the preliminary data.
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VIIL

METHOD PERFORMANCE

These data are based on 45 data points, each representing ten replicate
analyses of a fortified analytical portion of candy.

Precision: The precision of the method, as determined by the statistical
examination of laboratory test results is as follows:

a.

b.

1.

ii.

1ii.

Method Detection Limit - The EPA defines the method detection
limit as, “the minimum concentration of a substance that can be
measured and reported with 99% confidence that the analyte
concentration is greater than zero.” To estimate the method
detection limit, the standard deviation of non-consecutive replicate
measurements must be multiplied by the rounded Student’s t-
factor, as seen in the following equation:

MDL = 30

where o is the standard deviation for the replicates and the
Student’s t-factor is approximately equal to 3 (Federal
Register, 1984). The MDL for this protocol was determined
to be 5.45, based on this equation:

MDL =30 =3 (1.82) = 5.45 mg/kg

where the standard deviation was found for ten non- consecutive
replicate measurements at the minimum detectable concentration
of 9.83 mg/kg.

Repeatability — The difference between successive results obtained
by the same operator with the same apparatus under constant
operating conditions on identical test material would exceed the
following values only in one case in 20. The repeatability
coefficient is a precision measure which represents the value below
which the absolute difference between two repeated test results
may be expected to lie with a probability of 95% (see Table 1):

Repeatability = 5.72 Nx
where x is the average value of ten results, in mg/kg.
Reproducibility — The difference between two single and
independent results obtained by different operators working on

identical test material would exceed the following values only in 1
case in 20 (see Table 1):

Reproducibility = 9.83 Vx
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where x is the average value of ten results, in mg/kg.

iv. Bias — The bias of this test method varies with concentration, as
shown in Table 2:

Bias = Concentration found — Concentration expected
VIIL Reference
Federal Register (1984), Vol. 49, No. 209.

Table A: Repeatability and Reproducibility for Method to Determine Concentration of
Lead in Candy by X-Ray Fluorescence, Bulk Mode

Approximate Average Repeatability Reproducibility
Value (mg/kg) (mg/kg) (mg/kg)
9 17.3156 29.7575
12 20.2197 - 34.7481
16 23.4429 40.2874
20 26.2023 45.0296
22 26.5269 45.5873
28 30.3316 52.1259
33 33.2887 57.2077
37 35.2261 60.5372
42 35.853 61.6146
44 ' 37.6722 64.7408
49 40.4336 69.4864
53 41.3545 71.0889
58 43.8131 75.2942
63 44.9237 77.2027
67 46.8338 80.4854
70 ' 47.8279 82.1937
74 49.3124 84.7481
80 50.9186 87.5052
86 53.2808 91.5647
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Table B: Recovery and Bias data for Method to Determine Concentration of Lead in
Candy by X-Ray Fluorescence, Bulk Soil Sample Mode

Concentration Concentration Bias Percent Bias
expected found (mg/kg) (%)
(mg/kg) (mg/kg)

9.528. 8.692 -0.836 -8.774
10.27 28.119 17.849 173.7975
14.56 9.164 -5.396 -37.06
16.19 13.419 -2.771 -17.116
18.72 12.49556 -6.22444 -33.25
25.69 16.797 -8.893 -34.617
27.28 21.507 -5.773 -21.162
29.55 16.985 -12.565 -42.521
31.48 20.984 -10.496 -33.342
39.78 26.725 -13.055 -32.818
49.98 33.869 - -16.111 -32.235
51.29 48.723 -2.567 -5.005
51.51 37.926 -13.584 -26.372
53.14 39,288 -13.852 -26.067
55.59 38.905 -16.685 -30.014
57.94 58.67 0.73 1.2599
63.13 43.376 -19.754 -31.291
63.83 61.682 -2.148 -3.365
66.41 69.915 3.505 52778
67.01 49.968 -17.042 -25.432
67.84 52.27 -15.57 -22.951
69.87 63.128 -6.742 -9.649
73.63 67.039 -6.591 -8.952
74.42 74.328 -0.092 -0.124
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{ Turn on XRF? [ Candy SampIeJ

\ A

Allow XRF detector to : Prepare soil sample
cool and shutter to cups by lining with
calibrate. lead-free plastic film.
Y A
Check calibration of . If possible, remove
XRF, using provided candy samples from
calibration standards. packaging.
y h 4
Set the time limit to 30 Contain sample within
seconds a soil cup.
A
Select __ Mode. Y
Cover with Mylar® or
: other lead-free plastic
A 4 film.
Set the time iimit to 30
seconds
.
v , Contain sample within
E that proximit a soil cup. Cover with
bn?ture. (aj p:gslméy Mylar® or other lead-
utton Is depressed. free plastic film.

y

Begin XRF analysis by
pulling trigger or
selecting start button.

y
Examine the lead La
and Lb lines to confirm
the detection of lead.

Figure A: Test Method for Determination of Lead Concentration in Candy by X-Ray
Fluorescence Spectrometry (XRF)
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Table C: Data Values for Samples

DATA VALUES FOR ALL SAMPLES

Sample GFAAS- XRF-Determined Concentration
(Read) Determined Bulk Sample Thin Layer Plastics Mode
Concentration Mode (ppm) Mode (pg/cmz) (ppm)

FAPO1 (01) |+« %" . |nd nd nd
FAP 01 (02) nd nd nd
FAP 01 (03) nd nd nd
FAP 01 (04) nd nd nd
FAP 01 (05) nd nd nd
FAP 01 (06) nd nd nd
FAP 01 (07) ) nd nd nd
FAP 01 (08) | 11.04 nd nd nd
FAP 01 (09) |10.22 nd nd nd
FAP 01 (10) | 9.632 nd nd nd
FAP 01 10.3 ppm nd nd nd
(Mean)
FAP 02 (01) 9.48 nd nd
FAP 02 (02) nd 1.61 nd
FAP 02 (03) 8.92 1.43 nd
FAP 02 (04) | 8.43 1.36 8.03
FAP 02 (05) .- nd 1.64 nd
FAP 02 (06) o1 8.75 2.23 nd
FAP 02 (07) | . s> |Ind 1.79 8.99
FAP 02 (08) | 9.484 nd 1.79 nd
FAP 02 (09) |9.513 nd 1.49 nd
FAP 02 (10) | 9.588 7.88 nd nd
FAP 02 nd nd
(Mean) 9.528 ppm nd
FAP 03 (01) 8.05 nd nd
FAP 03 (02) 8.6 1.61 nd
FAP 03 (03) nd 1.43 nd
FAP 03 (04) nd 1.36 8.03
FAP 03 (05) 8.87 1.64 nd
FAP 03 (06) 10.62 2.23 nd
FAP 03 (07) 9.68 1.79 8.99
FAP 03 (08) | 14.09 nd 1.79 nd
FAP 03 (09) | 14.87 nd 1.49 nd
FAP 03 (10) | 14.72 nd nd nd
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FAP 03 nd

(Mean) 14.56 ppm nd nd
FAP 04 (01) | - 14.04 2.41 8.23
FAP 04 (02) nd 2.62 9.03
FAP 04 (03) 10.75 2.02 13.56
FAP 04 (04) 14.66 1.75 11.32
FAP 04 (05) 18 1.87 12.88
FAP 04 (06) 9.42 1.85 11.32
FAP 04 (07) | 19.01 11.28 1.6 12.5
FAP 04 (08) | 18.61 10.09 nd 9.05
FAP 04 (09) | 18.54 11.59 2.52 8.75
FAP 04 (10) | 18.72 12.63 1.48 14.92
FAP 04 nd nd

(Mean) 19.01 ppm 11.156
FAP 05 (01) 13.56 2.15 8.18
FAP 05 (02) 10.78 1.4 16.61
FAP 05 (03) 15.9 2.93 12.36
FAP 05 (04) 14.41 3.3 13.49
FAP 05 (05) 13.48 3.26 8.25
FAP 05 (06) 14.16 2.52 10.77
FAP 05 (07) 17.83 2.98 13.06
FAP 05(08) | 16.51 14.42 1.92 12.48
FAP 05(09) |15.82 9.55 2.1 14.47
FAP 05 (10) | 16.25 10.1 2.86 14.25
FAP 05

(Mean) 16.19 ppm 13.419ppm 3.208 ug/cm?2 12.392 ppm
FAP 06 (01) 14.94 2.52 13.41
FAP 06 (02) 19.5 243 19.36
FAP 06 (03) 16.56 3.18 11.84
FAP 06 (04) 16.91 2.87 13.55
FAP 06 (05) 14.1 3.12 13.26
FAP 06 (06) 18.85 2.52 19.11
FAP 06 (07) 13.77 4.34 13.37
FAP 06 (08) | 2545 19.97 4.29 16.56
FAP 06 (09) |25.89 15.02 2.9 21.67
FAP 06 (10) | 25.74 18.35 3.91 16.21
FAP 06

(Mean) 25.69 ppm 16.797 ppm 3.208 ug/cm?2 15.834 ppm
FAP 07 (01) 1617 2.94 18.13
FAP 07 (02) 15.32 2.74 16.02
FAP 07 (03) 19.91 3.99 15.97
FAP 07 (04) 2243 2.75 1 16.59
FAP 07 (05) 12.26 3.48 17.41
FAP 07 (06) 17.56 3.51 9.36
FAP 07 (07) 26.19 3.06 16.27
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FAP 07 (08) |29.92 10.13 2.7 19.1
FAP 07 (09) | 29.22 14.32 3.21 13.01
FAP 07 (10) | 29.52 15.56 3.7 14.53
| FAP 07 . _
(Mean) 29.55 ppm 16.985 ppm 3.208 ug/cm?2 15.639 ppm
FAP 08 (01) 20.98 3.89 19.94
FAP 08 (02) 20.23 4.06 25.5
FAP 08 (03) 22.55 3.89 24.32
FAP 08 (04) 19.23 3.39 20.79
FAP 08 (05) 14.39 4.19 22.16
FAP 08 (06) 19.26 3.36 21.52
FAP 08 (07) 22.83 3.81 19.21
FAP 08 (08) | 31.96 23.75 431 20.3
FAP 08 (09) |31.27 24.49 3.95 21.44
FAP 08 (10) | 31.2 22.13 4.05 21.34
FAP 08
(Mean) 31.48 ppm 20.984 ppm 3.890 ug/cm?2 21.652 ppm
FAP 09 (01) 22.16 3.44 18.99
FAP 09 (02) 22.26 3.52 22.37
FAP 09 (03) 20.06 3.26 25.16
FAP 09 (04) 19.41 3.5 26.67
FAP 09 (05) 20.43 2.68 25.84
FAP 09 (06) 22.08 3.68 21.49
FAP 09 (07) 18.53 3.01 24.49
FAP 09 (08) | 26.96 18.67 3.46 25.16
FAP 09 (09) |27.37 24.6 3.26 20.39
FAP 09 (10) | 27.5 26.87 3.38 21.08
FAP 09
(Mean) 27.28 ppm 21.507 ppm 3.319 ug/cm?2 23.164 ppm
FAP 10 Sample lost
FAP 11 (01) 29.25 5.1 30.79
FAP 11 (02) 31.01 4.88 30.09
FAP 11 (03) 26.81 5.79 27.48
FAP 11 (04) 30.5 3.84 22.41
FAP 11 (05) 26.35 3.57 32.7
FAP 11 (06) 26.84 5.54 27.42
FAP 11 (07) 294 4.32 27.19
FAP 11 (08) |39.51 27.5 4.08 23.79
FAP 11 (09) |40.25 26.84 4.47 31.47
FAP 11 (10) | 41.05 26.69 5.19 30.45
FAP 11
(Mean) 40.27 ppm 28.119 ppm 4.678 ug/cm?2 28.379 ppm
FAP 12 (01) : 32.18 4.74 27.76
FAP 12 (02) 26.05 5.64 35.4
FAP 12 (03) 24.8 4.26 31.74
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FAP 12 (04) 22.48 3.52 31.24
FAP 12 (05) 24.68 4.93 31.04
FAP 12 (06) 26.8 5.66 25.21
FAP 12 (07) 28.63 5.27 25.87
FAP 12 (08) | 39.16 30.31 4.08 28.95
FAP 12 (09) |39.34 24.79 5.46 30.11
FAP 12 (10) | 40.83 26.53 5.48 29.51
FAP 12

(Mean) 39.777 ppm 26.725 ppm 4.904 ug/cm?2 29.683 ppm
FAP 13 (01) 37.42 7.38 32.64
FAP 13 (02) 38.67 6.89 32.27
FAP 13 (03) 37.62 6.33 40.56
FAP 13 (04) 36 6.4 41.79
FAP 13 (05) 37.88 7.05 39.16
FAP 13 (06) 33.08 6.63 33.32
FAP 13 (07) 39.51 5.69 39.25
FAP 13 (08) | 55.22 39.93 6.77 29.15
FAP 13 (09) | 49.87 41.02 6.04 40.57
FAP 13 (10) | 49.46 38.13 6.94 36.99
FAP 13

(Mean) 51.517 ppm 37.926 ppm 6.612 ug/cm?2 36.57 ppm
FAP 14 (01) 32.24 6.66 27.02
FAP 14 (02) 39.29 5.26 38.571
FAP 14 (03) 37.06 7.26 33.064
FAP 14 (04) 34.85 6.61 30.153
FAP 14 (05) 28.4 6.4 37.649
FAP 14 (06) 32.27 5.02 36.653
FAP 14 (07) 32.45 5.9 32.241
FAP 14 (08) |49.46 33.39 6.04 28.65
FAP 14 (09) | 50.41 38.14 6.46 29.505
FAP 14 (10) | 50.07 30.6 6.12 31.711
FAP 14

(Mean) 49.98 ppm 33.869 ppm 6.173 ug/cm2 | 32.522 ppm
FAP 15 (01) 38.16 8.21 50.23
FAP 15 (02) 40.43 5.5 40.66
FAP 15 (03) 45.46 5.22 51.33
FAP 15 (04) 32.03 7.62 37.89
FAP 15 (05) 36.52 8.24 46.53
FAP 15 (06) 38.64 7.72 39.32
FAP 15 (07) 39.01 7.77 40.9
FAP 15(08) |55.4 44.55 7.5 45.35
FAP 15(09) | 52.08 37.91 7.67 45.75
FAP 15 (10) | 51.95 140.17 8.33 44.47
FAP 15

(Mean) 53.14 ppm 39.288 ppm 7.378 ug/cm?2 44.243 ppm
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FAP 16 (01)

48.9 7.86 43.24
FAP 16 (02) 47.45 7.97 40.75
FAP 16 (03) 44.76 8.84 45.79
FAP 16 (04) 47.75 9.39 53.46
FAP 16 (05) 46.64 8.84 49.95
FAP 16 (06) 56.76 11.6. 51.52
FAP 16 (07) » 54.24 8.93 47.96
FAP 16 (08) | 69.06 49.2 9.87 53.8
FAP 16 (09) | 65.53 54.51 8.67 48.1
FAP 16 (10) | 66.44 49.47 8.53 50.88
FAP 16
(Mean) 67.01 ppm 49.968 ppm 9.05 ug/cm?2 48.545 ppm
FAP 17 (01) 37.49 7.36 39.5
FAP 17 (02) 38.37 5.84 35.29
FAP 17 (03) 38.88 7.84 42.79
FAP 17 (04) 43.43 6.89 37.33
FAP 17 (05) 39.95 6.76 42.62
FAP 17 (06) 34.35 6.22 41.36
FAP 17 (07) : 38.03 6.71 39.15
FAP 17(08) |57.43 42.29 6.66 35.88
FAP 17 (09) | 56.07 40.74 7.78 45.03
FAP 17 (10) | 53.27 35.52 7.53 40.37
FAP 17
(Mean) 55.59 ppm 38.905 ppm 6.959 ug/cm?2 39.932 ppm
FAP 18 (01) 37.05 ’ 9.56 44.26
FAP 18 (02) 42.11 7.7 46.35
FAP 18 (03) 42.08 8.51 39.33
FAP 18 (04) 45.29 8.11 47.13
| FAP 18 (05) 48.16 8.53 42.33
FAP 18 (06) 45.5 8.43 44.88
FAP 18 (07) 44.2 8.64 46.9
FAP 18 (08) | 62.36 45.5 7.48 48.84
FAP 18 (09) | 63.16 42.03 7.65 44.94
FAP 18 (10) | 63.88 41.84 7.46 44.98
FAP 18
(Mean) 63.13 ppm 43.376 ppm 8.207 ug/cm?2 44.994 ppm
FAP 19 (01) 49.67 8.56 55.01
FAP 19 (02) 54.46 8.13 58.2
FAP 19 (03) 49.73 8.78 58.88
FAP 19 (04) 50.51 7.77 61.26
FAP 19 (05) 56.26 8.62 54.84
FAP 19 (06) 46.73 8.48 45.78
FAP 19 (07) » 63.23 8.62 46.48
FAP 19 (08) | 68.88 50.27 8.69 61.39
FAP 19 (09) | 68.54 53.78 8.44 59.56
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FAP 19 (10) | 66.09 48.06 9.15 51.36
FAP 19 '

(Mean) 67.84 ppm 52.27 ppm 8.524 ug/cm?2 55.276 ppm
FAP 20 (01) 64.71 11.58 59.57
FAP 20 (02) 61.73 9.51 54.88
FAP 20 (03) 56.96 9.47 61.66
FAP 20 (04) 57.32 10.36 66.78
FAP 20 (05) 55.87 10.51 51.59
FAP 20 (06) 53.47 10.57 56.31
FAP 20 (07) 64.34 10.77 52.56
FAP 20 (08) | 58.47 60.65 10.7 57.07
FAP 20 (09) | 60.18 54.31 10.26 60.52
FAP 20 (10) | 55.16 57.34 9.67 56.05
FAP 20

(Mean) 57.94 ppm 58.67 ppm 10.34 ug/cm?2 57.699 ppm
FAP 21 (01) 51.21 8.54 51.07
FAP 21 (02) 50.32 7.62 52.24
FAP 21 (03) 48.31 7.25 52.95
FAP 21 (04) 49.25 7.4 50.44
FAP 21 (05) 45.79 7.94 51.54
FAP 21 (06) 45.7 7.31 45.32
FAP 21 (07) 55.2 9.38 47.39
FAP 21 (08) | 51.66 45.19 8.52 46.83
FAP 21 (09) | 50.53 47.13 7.99 51.61
FAP 21 (10) | 51.66 49.13 7.87 48
FAP 21

(Mean) 51.29 ppm 48.723 ppm 7.982 ug/cm?2 49.739 ppm
FAP 22 (01) 76.52 11.59 80.48
FAP 22 (02) 78.18 12.84 72.62
FAP 22 (03) 71.11 11.73 73.44
FAP 22 (04) 75.83 12.92 68.98
FAP 22 (05) 64.92 13.19 74.81
FAP 22 (06) 79.62 12.39 69.33
FAP 22 (07) 72.44 13.3 67.22
FAP 22 (08) | 77.71 84.48 12.17 75.6
FAP 22 (09) | 71.66 68.17 13.14 71.23
FAP 22 (10) | 73.9 72.01 12 75.31
FAP 22

(Mean) 74.42 ppm 74.328 ppm 12.527 ug/cm2 72.902 ppm
FAP 23 (01) 65.82 11.78 66.7
FAP 23 (02) 59 11.18 70.26
FAP 23 (03) 61.44 11.06 65.14
FAP 23 (04) 64.81 11.77 71.43
FAP 23 (05) 61.7 10.32 59.42
FAP 23 (06) 57.42 11.05 55.17
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FAP 23 (07) 54.08 10.91 65.93
FAP 23 (08) | 67.55 65.81 11.52 64.15
FAP 23 (09) |62.4 65.07 11.17 72.72
FAP 23 (10) | 61.53 61.67 11.31 71.01
FAP 23

(Mean) 63.83 ppm 61.682 ppm 11.207 ug/cm?2 66.193 ppm
FAP24(01) | 70.49 10.98 81.64
FAP 24 (02) 72.97 12.92 72.4
FAP 24 (03) 66.75 12.77 73.27
FAP 24 (04) 69.4 12.03 68.7
FAP 24 (05) 83.15 12.21 68.82
FAP 24 (06) 61.17 12.65 71.64
FAP 24 (07) 73.9 12.97 81.59
FAP 24 (08) | 69.42 66.12 12.3 68.11
FAP 24 (09) | 64.43 74.41 12.42 63.49
FAP 24 (10) | 65.39 60.79 12.26 69.99
FAP 24

(Mean) 66.41 ppm 69.915 ppm 12.351 ug/cm?2 71.965 ppm
FAP 25 (01) 59.46 10.08 66.93
FAP 25 (02) 64.26 10.4 65.65
FAP 25 (03) 60.06 9.92 78.12
FAP 25 (04) 62.7 10.45 81.31
FAP 25 (05) 58.33 10.1 g8l1.1
FAP 25 (06) 60.59 10.01 69.69
FAP 25 (07) 64.67 10.02 69.9
FAP 25 (08) | 74.74 72.1 8.75 72.51
FAP 25(09) | 67.53 65.87 10.45 70.48
FAP 25 (10) | 67.33 63.24 11.16 73.74
FAP 25 A

(Mean) 69.87 ppm 63.128 ppm 10.134 ug/cm?2 72.943 ppm
FAP 26 (01) 67.76 10.06 70.16
FAP 26 (02) 68.26 8.82 63.9
FAP 26 (03) 62.9 9.3 66.19
FAP 26 (04) 168.21 9.11 64.19
FAP 26 (05) 66.9 10.77 70.98
FAP 26 (06) 64.87 9.86 69.55
FAP 26 (07) 68.48 9.85 66.69
FAP 26 (08) | 73.62 68.37 10.26 65.47
FAP 26 (09) | 73.9 62.81 10.38 64.57
FAP 26 (10) | 73.38 71.83 10.04 80.27
FAP 26

(Mean) 73.63 ppm 67.039 ppm 9.845 ug/cm2 68.197 ppm
FAP 27 (01) CL 70.69 11.37 77.00
FAP 27 (02) 71.68 11.88 79.62
FAP 27 (03) 80.42 12.34 85.36
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FAP 27 (04) 72.49 11.67 78.83
FAP 27 (05) 68.8 11.99 75.08
FAP 27 (06) 76.83 10.68 85.53
FAP 27 (07) 82.2 10.7 72.7
FAP 27 (08) 64.13 12.18 72.29
FAP 27 (09) 62.7 11.12 80.32
FAP 27 (10) 72.78 10.98 74.51
FAP 27

(Mean) 72.272 ppm 11.491 ug/cm?2 78.124 ppm
FAP 28 (01) 94.62 11.43 74.15
FAP 28 (02) 94.45 12.92 77.32
FAP 28 (03) 87.8 12.57 89.72
FAP 28 (04) 87.11 12.18 75.7
FAP 28 (05) 83.94 12.1 75.59
FAP 28 (06) 80.84 12.57 81.25
FAP 28 (07) 98.45 12.37 79.24
FAP 28 (08) 93.39 12.58 86.21
FAP 28 (09) 86.25 12.1 85.68
FAP 28 (10) 86.12 12.43 79.26
FAP 28

(Mean) 89.297 ppm 12.325 ug/cm?2 80.412 ppm
FAP 29 (01) 81.24 12.38 87.25
FAP 29 (02) 74.28 12.84 81.16
FAP 29 (03) 75.8 10.48 93.73
FAP 29 (04) 70.05 13.41 90.51
FAP 29 (05) 84.77 13.79 85.07
FAP 29 (06) 77.74 12.84 91.84
FAP 29 (07) 79.96 12.77 87.42
FAP 29 (08) 83.44 13.02 91.19
FAP 29 (09) 78.45 12.89 83.48
FAP 29 (10) 86.7 11.86 81.27
FAP 29

(Mean) 79.243 ppm 12.628 ug/cm?2 87.292 ppm
FAP 30 (01) -1 90.39 14.53 85.7
FAP 30 (02) 78.62 15.41 77.09
FAP 30 (03) 81.25 14.01 88.29
FAP 30 (04) 98.22 13.56 84.12
FAP 30 (05) 94.9 15.22 86.74
FAP 30 (06) 84.95 15.81 93.93
FAP 30 (07) 81.16 15.21 81.04
FAP 30 (08) 75.17 13.28 87.02
FAP 30 (09) 86.06 14.54 85.81
FAP 30 (10) 96.94 13.64 85.75
FAP 30

(Mean) 86.766 ppm 14.521 ug/cm?2 85.549 ppm
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MDL 03 (01) 11.77 1.37 16.08
MDL 03 (02) 15.04 nd 16.16
MDL 03 (03) 10.42 1.92 16.34
MDL 03 (04) 16.08 1.65 16.95
MDL 03 (05) 13.4 1.31 10.58
MDL 03 (06) 14.29 1.5 17.21
MDL 03 (07) 17.35 1.79 14.59
MDL 03 (08) | 17.60 13.72 1.74 17.06
MDL 03 (09) | 16.79 14.63 1.72 9.56
MDL 03 (10) | 17.32 8.69 nd 17.48
MDL 03 17.24 ppm

(Mean) 13.539 ppm nd 15.201 ppm
MDL 04 (01) 12.25 1.034 10.33
MDL 04 (02) 13.05 nd 13.53
MDL 04 (03) 9.18 1.648 nd
MDL 04 (04) 9.99 1.557 12.77
MDL 04 (05) 10.6 1.12 12.61
MDL 04 (06) 12.2 1.08 13.31
MDL 04 (07) . 10.33 nd 14.55
MDL 04 (08) | 11.94 10.75 1.32 12.55
MDL 04 (09) | 11.5 13.47 1.22 10.2
MDL 04 (10) | 11.51 14.75 1.46 9.04
MDL 04

(Mean) 11.65 ppm 11.657 ppm nd nd
MDL 05 (01) 8.72 2.2 9.01
MDL 05 (02) 11.56 2.97 9.98
MDL 05 (03) 8.89 2.89 13.74
MDL 05 (04) | 14.6 2.89 8.11
MDL 05 (05) | 8.77 2.58 12.47
MDL 05 (06) 11.75 1.66 8.5
MDL. 05 (07) 8.82 2.88 13.65
MDL 05 (08) | 11.92 8.24 2.14 8.86
MDL 05 (09) | 12.22 nd 1.94 8.48
MDL 05 (10) | 12.92 8.86 2.09 13.05
MDL 05

(Mean) 12.35 ppm nd 2.424 ug/cm?2 10.585 ppm
MDL 06 (01) 8.82 1.69 8.86
MDL 06 (02) 13.02 2.02 8.3
MDL 06 (03) : 9.33 2.02 8.93
MDL 06 (04) | - 8.37 1.93 nd
MDL 06 (05) | 10.6 3.65 10.04
MDL 06 (06) 7.61 nd nd
MDL 06 (07) 11.1 1.72 10.26
MDL 06 (08) | 8.803 7.85 2.18 nd
MDL 06 (09) | 8.474 9.57 2.58 nd
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MDL 06 (10) | 8.417 12.07 2.26 10.32
MDL 06 nd

(Mean) 8.565 ppm 9.834 ppm nd
MDL 07 (01) 8.32 1.73 17
MDL 07 (02) 7.73 nd 9.17
MDL 07 (03) nd nd 8.17
MDL 07 (04) nd 1.61 14.39
MDL 07 (05) nd nd 22.92
MDL 07 (06) nd 1.87 17.79
MDL 07 (07) nd nd 16.3
MDL 07 (08) | 14.03 nd nd 12.47
MDL 07 (09) | 13.77 nd nd 17.69
MDL 07 (10) | 13.46 8.01 nd 13.47
MDL 07 nd nd

(Mean) 13.76 ppm 14.937 ppm
MDL 08 (01) ' 9.62 1.63 17.16
MDL 08 (02) 10.49 nd 16.91
MDL 08 (03) 10.87 1.63 17.98
MDL 08 (04) 11.66 2.33 15.58
MDL 08 (05) 11.54 1.58 12.11
MDL 08 (06) 9.75 2.09 12.15
MDL 08 (07) 10.16 1.45 16.36
MDL 08 (08) | 14.49 14.4 2.15 17.78
MDL 08 (09) | 14.82 8.88 1.57 19.68
MDL 08 (10) | 14.55 8.59 1.53 18.92
MDL 08 nd

(Mean) 14.62 ppm 10.596 ppm 16.463 ppm
MDL 09 (01) 15.13 1.14 15.83
MDL 09 (02) nd nd 13.73
MDL 09 (03) 11.14 1.19 13.93
MDL 09 (04) 15.12 ‘nd 9.16
MDL 09 (05) 15.12 nd 18.49
MDL 09 (06) nd 1.07 10.76
MDL 09 (07) nd 1.36 12.31
MDL 09 (08) | 14.29 nd nd 13.43
MDL 06 (09) | 13.61 nd nd 18.7
MDL 09 (10) | 14.65 nd nd 15.56
MDL 09 nd nd '
(Mean) 14.18 ppm 14.19 ppm
MDL 10 (01) 9.53 1.87 14.84
MDL 10 (02) nd 1.53 17.42
MDL 10 (03) nd 1.34 15.61
MDL 10 (04) nd 1.25 14.81
MDL 10 (05) nd 1.75 12.69
MDL 10 (06) nd nd 14.52
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MDL 10 (07) nd 1.32 18.94
MDL 10 (08) | 15.74 13.49 nd 17.6

MDL 10 (09) | 15.57 nd nd 20.37
MDL 10 (10) | 15.79 nd 1.27 15.81
MDL 10 nd nd

(Mean) 15.7 ppm 16.261 ppm
MDL 11 (01) 1.4 16.16
MDL 11 (02) 2.25 16.68
MDL 11 (03) 1.23 26.57
MDL 11 (04) nd 16.27
MDL 11 (05) nd 16.65
MDL 11 (06) 2.12 16.49
MDL 11 (07) 1.99 25.18
MDL 11 (08) | 25.37 1.48 15.6
MDL 11 (09) | 25.93 1.46 14.24
MDL 11 (10) | 25.58 1.67 16.76
MDL 11 ' nd

(Mean) 25.63 ppm 18.06 ppm
MDL 12 (01) 19.79 2.38 14.77
MDL 12 (02) 18.09 1.62 15.17
MDL 12 (03) 12.1 2.78 14.31
MDL 12 (04) 11.29 1.4 8.5

MDL 12 (05) 12.83 2.05 18.59
MDL 12 (06) 9.56 1.54 11.04
MDL 12 (07) 8.73 1.99 9.59

MDL 12 (08) 11.85 2.15 13.89
MDL 12 (09) 13.87 2.32 10.23
MDL 12 (10) 15.21 1.65 14.38
MDL 12 : _
(Mean) 13.332 ppm 1.988 ug/cm?2 13.047 ppm
MDL 13 (01) 14.7 2.09 : 22.76
MDL 13 (02) 20.82 2.37 26.62
MDL 13 (03) 19.63 2.42 18.38
MDL 13 (04) 18.21 1.59 15.35
MDL 13 (05) 16.57 2.34 16.81
MDL 13 (06) 12.65 nd 24 .85
MDL 13 (07) 16.38 2.66 17.74
MDL 13 (08) 15.2 2.47 17.22
MDL 13 (09) 20.09 1.81 16.98
MDL 13 (10) 19.3 3.13 14.99
MDL 13 nd

(Mean) 17.355 ppm 19.17 ppm
MDL 14 (01) 10.53 2.28 16.12
MDL 14 (02) 21.44 1.93 15.07
MDL 14 (03) 17.26 2.08 16.79
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MDL 14 (04) 22.54 2.72 13.57
MDL 14 (05) | 20.97 2.48 21.57
MDL 14 (06) 16.71 1.56 20.73
MDL 14 (07) 11.43 2.74 12.78
MDL 14 (08) | 19.98 18.08 2.12 15.65
MDL 14 (09) | 20.01 23.05 2.77 20.48
MDL 14 (10) | 19.33 12.28 2.45 16.01
MDL 14 16.877 ppm
(Mean) 19.77 ppm 17.429 ppm 2.313 ug/cm2

MDL 15 (01) 21.53 2.52 24.79
MDL 15 (02) 17.38 2.84 21.24
MDL 15 (03) 23.65 1.15 15.29
MDL 15 (04) 20.66 2.22 24.49
MDL 15 (05) 19.58 2.84 21.44
MDL 15 (06) 21.71 2.55 23.18
MDL 15 (07) ' 21.84 2.42 29.14
MDL 15 (08) | 24.58 21.08 2.44 21.66
MDL 15 (09) | 24.44 24.35 2.29 22.73
MDL 15 (10) | 23.9 14.79 2.79 17.79
MDL 15

(Mean) 24.31 ppm 20.657 ppm 2.406 ug/cm?2 22.175 ppm
MDL 16 (01) 38.11 1.02 15.13
MDL 16 (02) 19.72 1.06 20.34
MDL 16 (03) 39.99 nd 24.71
MDL 16 (04) 23.78 1.59 15.32
MDL 16 (05) 35.67 1.47 15.07
MDL 16 (06) 23.76 1.5 19.52
MDL 16 (07) 26.45 0.96 17.85
MDL 16 (08) | 20.14 16.14 1.04 19.39
MDL 16 (09) | 20.27 23.45 1.83 13.25
MDL 16 (10) | 20.3 19.83 0.99 13.82
MDL 16 nd

(Mean) 20.24 ppm 26.69 ppm 17.44 ppm
MDL 17 (01) nd nd 10.74
MDL 17 (02) nd nd nd
MDL 17 (03) nd nd nd
MDL 17 (04) nd nd 11.82
MDL 17 (05) nd nd 16.4
MDL 17 (06) nd nd 11.21
MDL 17 (07) nd nd nd
MDL 17 (08) | 11.01 nd nd 11.38
MDL 17 (09) | 12.01 nd nd 14.44
MDL 17 (10) | 12.61 nd nd 10.11
MDL 17 nd
(Mean) 11.88 ppm nd nd

58




BIBLIOGRAPHY

Agency for Toxic Substances and Diseases Registry (ATSDR). 2005. Toxicological
profile for lead. U.S. Department of Health and Human Services. Publlc Health
Service. http://www.atsdr.cdc.gov/toxprofiles/tp13.pdf

Bailey C, Kitchen L. (1985) Ontogenesis of proenkephalin products in rat striatum and the
Inhibitory effects of low-level lead exposure. Dev. Brain Res. 22:75-79

Byers RK, Lord EE. (1943) Late effects of lead p01son1ng on mental development. Am. J.
Dis. Child. 66:471-83

Cabb, EE, Gorospe, EC, Rothweiler, AM, Gerstenberger, SL. (2008) Toxic Remedy: A
case of a 3-year-old child with lead colic treated with lead monoxide (Greta).
Clinical Pediatrics. 47(1): 77-79.

Centers for Disease Control and Prevention. (2000). Blood lead levels in young children.
United States and selected states,1996-1999. MMWR 2000, 49, 1133-1137.

Centers for Disease Control and Prevention. (2002) Childhood Lead Poisoning
Associated with Tamarind Candy and Folk Remedies ---California, 1999--2000.
MMWR 2002, 51 (31); 684-686.

Centers for Disease Control and Prevention. (2005) Blood lead levels---United States,
1999-2002. 2005:54(20);513-516 Morbidity and Mortality Weekly Report, 2005,
54(20);513-516.

Centers for Disease Control and Prevention (CDC). (2005) Blood lead levels — United
States, 1992- 2002. Morbidity and Mortality Weekly Report (MMWR); 54:513-
516.

Donnelly, T, Gerstenberger, S. (2007). Lead contamination risks from imported candies:
Developing a protocol to test for lead in candy products using the X-Ray

Fluorescence instrument. University of Nevada, Las Vegas.

Environmental Protection Agency. www.epa.gov. (2006). National Trend in Lead.

Food and Dfug Administration (US). (1997) 1997 Food Code. Washington FDA..

59


http://www.atsdr.cdc.gov/toxprofiles/tpl3.pdf
http://www.epa.gov

Gasana J, and Chamorro A. (2002) Environmental lead contamination in Miami inner-
city area. Journal of Exposure Analysis and Environmental Epidemiology12(4):
265-272.

Gerstenberger SL, Savage S, Sallers C, Zupnik K, Gorospe EC. (2007) Lead-
contaminated candies in southern Nevada. Public Health Report. 122:5.

Gibson JL. (1892) Notes on lead-poisoning as observed among children in Brisbane.
Proc. Intercolonial Med. Congr. Austr. 3:76-83.1

Gorospe, EC & Gerstenberger, SL. (2008) Atypical sources of childhood lead poisoning
in the United States: A systematic review from 1966-2006. Clinical Toxicology.
46(8): 728-737.

Guzman B, McConnell ED. (2002) The Hispanic population: 1990-2000 growth and
change. Population Research and Policy Review. 21(1-2): 109-128.

Holtzman D, DeVries C, Nguyen H, Bensch K. (1984) Maturation of resistance to lead
encephalopathy: cellular and subcellular mechanisms. Neurotoxicology 5:97-124

Kakosy T, Hudak A, Naray M. (1996) Lead intoxication epidemic caused by ingestion of
contaminated ground paprika. J Toxicol Clin Toxicol; 34: 507-11.

Landsdown, L., Yule, W. (1986) Lead toxicity a history and environmental impact edited
by Richard Landsdown and William Yule. Baltimore: John Hopkins University
Press.

Lindman, H. R. (1974). Analysis of variance in complex experimental designs. San
Francisco: W. H. Freeman & Co.

Lynch RA, Boatright DT, Moss SK. (2000) Lead-contaminated imported tamarind
candy and children’s blood lead levels. Public Health Rep; 115 (6): 537-43.

Mack, M. (2008) Update on California-Baja California Environmental Health Task
Force. Border 2012 Environmental Health Workgroup Meeting. March 16, 2006.
Accessed on Jan. 2008. Available from:
www.epa.gov/ICC/files/meetings/2006_annual/californiabaja_california.pdf.

Markovac J, Goldstein GW. (1988) Picomolar concentrations of lead stumulate brain
protein kinase C. Nature 334:71-73.

McKim JB, Sharon K, and Heisel W. (2004) Hidden Threat: Mexican candy—a
seemingly harmless indulgence—can contain a poison that is especially
dangerous to children. April 25, 2004. Available online at:
http://www.ocregister.com/investigations/2004/lead/part1.shtml

60


http://www.epa.gov/ICC/files/meetings/2006_annual/californiabaja_california.pdf
http://www.ocregister.com/investigations/2004/lead/partl.shtml

Needleman HL, Schell A, Bellinger D, et al. (1990) The long-term effects of exposure to
low doses of lead in childhood. An 11-year follow-up report. N. Engl. J Medicine;
322:83-88.

Needleman HL. (2004) Lead Poisoning. Annul Rev Med; 55:209-22.

New York City Department of Health and Mental Hygiene, “Surveillance of Childhood
Blood Lead Levels in New York City,” 2002. Available online at:
http://www.ci.nyc.ny.us/html/doh/html/lead/12002.html.

Quintero-Somaini A, Quirindongo M, et. Al.. NRDC: Hidden Danger- Environmental
Health Threats in the Latino Community. Natural Resources Defense Council.
October 2004. [Accessed 2008, January 31] Available from:
http://www.nrdc.org/health/effects/latino/english/latino_en.pdf

Rice DC. (1992) Behavioral impairment produced by developmental lead exposure:
evidence from primate research. In Human Lead Exposure, ed. HL Needleman,
pp-137-54. Boca Raton, FL: CRC

Simons T. (1993) Lead-calcium interactions in cellular lead toxicity. Neurotoxicology
14:77-85

Snyder, DC, Mohle-Boetani JC, Palla B, and Fenstersheib M, “Development of a
population-specific risk assessment to predict elevated blood lead levels in Santa
Clara County, California,” Pediatrics 96(4 Pt 1) (1995): 643—-648.

US Centers for Disease Control. (2002) Managing elevated blood lead levels among
young children: Recommendations from the Advisory Committee on Childhood
Lead Poisoning Prevention, Atlanta: US Department of Health and Human
Services [Accessed 2008 January 22]. Available from:
http://www.cdc.gov/nceh/lead/CaseManagement/caseManage main.htm

US Department ot Health and Human Services, Office of Disease Prevention and Health
Promotion. (2000) Healthy People 2010;Section 8-11.

US Food and Drug Administration. (2006) Lead in Candy Likely To Be Consumed
Frequently by Small Children: Recommended Maximum Level and Enforcement
Policy. US Department of Health and Human Services, Food and Drug
Administration. Available from:
http://www.cfsan.fda.gov/~dms/pbguid3.html

Vuppurturi S, Muntner P, Bazzano LA, et al. (2003) Blood lead level is associated with
elevated blood pessure in blacks. Hypertension 41:463—68

61


http://www.ci.nyc.ny.us/html/doh/html/lead/12002.html
http://www.nrdc.org/health/effects/latino/english/latino_en.pdf
http://www.cdc.gov/nceh/lead/CaseManagement/caseManage_main.htm
http://www.cfsan.fda.gov/~dms/pbguid3.html

VITA

Graduate College
University of Nevada, Las Vegas
Ashley M. Phipps

Home Address:
9981 Aspen Rose St. Unit 102
Las Vegas, Nevada 89183

Degree:
Bachelor of Science, Environmental Toxicology, 2006
University of California, Davis

Publications:
Palumbo AJ, TenBrook PL, Phipps A, Tjeerdema RS., (2004) Comparative
toxicity of thiobencarb and deschlorothiobencarb to rice (Oryza sativa)., Bull
Environ Contam Toxicology, 73(1):213-8.

Thesis Title: Evaluation of X-Ray Fluorescence (XRF) Lead Detection Method for
Candy

Thesis Examination Committee:
Chairperson, Dr. Shawn Gerstenberger, Ph.D.
Committee Member, Dr. Chad Cross, Ph.D.
Committee Member, Dr. Timothy Bungum, Ph.D.
Graduate Faculty Representative, Dr. David Hassenzahl, Ph.D.

62



63



