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Outline

▪A case

▪Characteristics of  metals

▪Specific examples: Arsenic, Lead, Mercury

▪Common pitfalls



A Case…

▪ 3 year old male found to have a Blood lead level of 53 ug/dl

▪His parents have been remodeling their home.





KUB

Courtesy of Richard Hurwitz, MD and Dean A Lee, MD, PhD.



Classification of  Metals Based on 
Characteristics of  Health Effects 
Nutritionally Essential

Metals

Metals with No Known

Beneficial Effects

Cobalt Aluminum

Chromium III Antimony

Copper Arsenic

Iron Barium

Manganese Beryllium

Molybdenum Cadmium

Selenium Lead

Zinc Mercury

Silver

Strontium

Thallium 

Goyer et al, 200410



Dose Response Curve for Metals
▪Essential metals

Source: L.L. Brunton, B.A. Chabner, B.C. Knollman: Goodman 

& Gillman’s: The Pharmacological Basis of Therapeutics, 12ed.  

www.accesspharmacy.com © McGraw-Hill Education. All rights 

reserved.

▪Non-essential metals



Arsenic, lead and mercury

▪Ubiquitous in the environment

▪Present in air, water, and soil

Goyer R, Golub M, Choudhury H, Hughes M, Kenyon E, Stifelman M, Issue Paper On The Human Health Effects Of  Metals. 

Submitted to: U.S. Environmental Protection Agency, 2004



Speciation and of  metals affects their 
toxicity

▪Elemental eg. Mercury, Hg

▪Organic – bound to a carbon eg Dimethyl Mercury, Hg(CH3)2

▪ Inorganic – bound to non-carbon, eg Mercuric Chloride HgCl
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Toxicokinetics

▪Absorption

▪Distribution

▪Metabolism                           

▪Elimination
https://publications.nigms.nih.gov/medbydesign/chapter1.html





Cerebellar Hemispheric Sections from the Patient (Left) and from a Woman of Approximately 
the Same Age without Neurologic Disease (Right). Widespread shrinkage of the folia and 
diminution of the cerebellar cortical thickness are evident in the section from the patient.

Karen Wetterhahn



Arsenic
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Is there a health concern?

18

http://www.consumerreports.org/cro/magazine/2012/11/arsenic-in-your-food/index.htm#chart


What is arsenic?

▪ Inorganic arsenic (iAs)

• Free

• Known to be highly toxic

• Human carcinogen 

• Examples: AsIII, AsV

• Metabolized to:

‒ Dimethylarsenic acid, 
methlyarsonic acid

▪Organic arsenic (oAs)

• Bound to carbon

• Toxicity varies

• Not always known

• Examples: Arsenobetaine, 
Arsenolipids
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Health Effects
▪Acute

• Typically starts in the GI 
tract

• Multi-organ failure:

‒ Heart Failure

‒ Brain: Altered Mental 
Status

‒ Blood: Anemia

‒ Skin: Soughing

▪ Chronic

‒ Lung, bladder and skin cancer; 
possibly other cancers

‒ Emerging evidence links high 
exposure early in life to 
children’s health, with potential 
lifelong consequences

▪ Pulmonary diseases

▪ Immunological effects

▪ Growth

▪ Neurodevelopmental 
effects

‒ Chronic effects of low dose 
exposure are less studied
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Arsenic exposure via water

Is an arsenic level of 10 ppb in our drinking water 
safe?

3ppb -> 1 excess cancer* in 1,000

5ppb -> 1.5 excess cancer* in 1,000

10ppb-> 3 excess cancer* in 1,000

20ppb-> 7 excess cancer* in 1,000

*cancer refers to bladder and lung cancer
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Arsenic exposure via water
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PUBLIC WATER: 

EPA regulations

< 10 PPB

PRIVATE WATER:

Unregulated

Homeowner is responsible

For testing and treatment

2 million of people in US on wells 

exceeding U.S. water standard
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REGULATED
UNREGULATED



Is there a health concern?

▪FDA 2013

• 1343 samples

• 30% contained 
levels > 4.0 ppb 
per serving 
(excesses 
drinking water 
limit if > 4 
servings/day)

• Arsenic also in 
Infant and 
children’s food 
products

▪ 2008 Baby Rice 
cereals study 

• Drinking water 
10 ppb: 
0.17 μg/d/kg 

• Baby rice 
cereal: 
0.21 μg/d/kg

24

Meharg AA, Sun G, Williams 

PN, Adomako E, Deacon C, 

Zhu YG, Feldmann J, Raab A. 

Inorganic arsenic levels in baby 

rice are of  concern. Environ 

Pollut. 2008 Apr;152(3):746-9. 

▪ 2017 Gluten free diet 
study

▪Higher concentrations of 
urinary total arsenic, 

▪Mean concentration of 
estimated urinary total 
arsenic was nearly 
double among those on a 
gluten-free diet versus not 
on a gluten-free diet

Bulka CM, Davis MA, Karagas MR, Ahsan H, Argos 

M. The Unintended Consequences of  a Gluten-Free 

Diet. Epidemiology. 2017 Feb 1. 



What do we know?

▪Rice > other grains

• Anaerobic growing environment

• Unique physiology

▪Brown rice > white rice

• Arsenic accumulates in the bran

• Brown rice has more fiber and 

vitamins

▪South Central U.S. > California

▪Basmati and sushi rice less than

other types of rice
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Is there a health concern?

26
Lai P, Cottingham K, Steinmaus C, Karagas M, Miller M.  Arsenic and Rice: Translating Research to Address Health Care 

Providers' Needs. The Journal Of Pediatrics 2015 



Is there a health concern?
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What can you do?

▪The FDA advises consumers 
to:

• Eat a well-balanced diet

• Vary your grains

• Consider diversifying infant 
foods

▪The AAP advises parents to:

• Offer children a wide variety 
of foods, including other 
grains such as oats, wheat 
and barley

• Parents commonly feed 
infants rice cereal as a first 
food, but other foods are 
equally acceptable as a first 
food
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Summary: Arsenic

Sources of  Exposure Rice, fish, water

Primary concern (chronic exposure) Bladder, lung, skin cancer

T1/2 Blood 10 hours, urine 48 hours

Screening: 24 hour urine collection is best

National average ages 6- 11 total 

arsenic - urine

7.78 μg/L (creatinine corrected)

National average ages 6- 11 inorganic 

arsenic - urine

7.38 μg/L (creatinine corrected)

95% Percentile ages 6- 11 inorganic

arsenic - urine

17.8 μg/L (creatinine corrected)

Treatment Removal from exposure
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Lead
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What is lead?

▪ Inorganic lead is a malleable, blue-gray, heavy metal that occurs 
naturally in the Earth’s crust. It has a low melting point, high 
density and corrosion resistant.  These properties allow it to be 
used in a variety of products with minimal technical equipment or 
expertise.

▪ Lead was one of the first metals used by humans and 
consequently, the cause of the first recorded occupational 
disease (lead colic in a 4th century BC metal worker). 

▪ In 2012, U.S. production of lead was estimated at 1.6 million 
metric tons; primarily from secondary refining of scrap metal.

▪ U.S. mines produced 342,000 metric tons, ranking third in the 
world behind China and Australia.

https://www.osha.gov/SLTC/lead/



Leads movement through the blood brain 
barrier

▪Substitutes for Ca2+ and 
passes through ion 
channels

▪ Interferes with astrocyte 
and endothelial cell 
communication

▪ In children <6  (12 – 24 
months) have incomplete 
blood brain barrier that 
permits the entry

Brochin, R., Leone, S., Phillips, D., Shepard, N., Zisa, D., & Angerio, A. (2008). The cellular effect of  lead poisoning and its clinical 

picture. Issues, 5(2).



Lead’s multiple toxic mechanisms

▪ Pb2+ enters through Ca2+ 

channel, and binds with 
calmodulin with a higher 
affinity than Ca2+

▪ Pb2+ may also be stored in the 
endoplasmic reticulum, in 
place of Ca2+ , and released 
when the G-protein activates 
phospholipase C, leading to 
abnormal enzyme activity and 
gene transcription

▪ Protein kinase C binds Pb2+ 

more readily than Ca2+ 

resulting in cellular dysfunction

Nussey S, Whitehead S. Endocrinology: An Integrated Approach. Oxford: 

BIOS Scientific Publishers; 2001. Chapter 5, The parathyroid glands and 

vitamin D. Available from: 

http://www.ncbi.nlm.nih.gov/books/NBK24/

Pb
2+

+ Pb
2+

+ Pb
2+

+ Pb
2+

Sanders T, Liu Y, Buchner V and Tchounwou P. Neurotoxic Effects and Biomarkers of  Lead Exposure: A Review. Rev Environ 

Health. 2009 Jan–Mar; 24(1): 15–45.



Where is lead?



Spliethoff HM, Mitchell RG, Ribaudo LN, Taylor O, Shayler HA, Greene V,

Oglesby D. Lead in New York City community garden chicken eggs: influential

factors and health implications. Environ Geochem Health. 2014 Aug;36(4):633-49.

doi: 10.1007/s10653-013-9586-z. Epub 2013 Nov 28.

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.southernliving.com/home-garden/decorating/pant-refinish-furniture-barb-blair&ei=YwVuVb6XE8bgoATw7IKgAg&psig=AFQjCNFoj6llm5gUvh3QHJYi_plI66QUvw&ust=1433360090713385
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://leadsafeamerica.org/nyc_chicken_eggs/&ei=XghuVde8PITloAS_3IDICg&psig=AFQjCNEs6kT5BPc6B9YHTYQ3zvf877LuPA&ust=1433360789715706
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.btcworkshops.co.uk/blog/stained-glass-workshop/&ei=8gpuVYuWM8TEogSz8YKIBQ&psig=AFQjCNEEPmFOZTZPNpETDMnzCmg3AbFpug&ust=1433361449331376


Taylor MP, Winder C, Lanphear BP. Australia's leading public health body

delays action on the revision of the public health goal for blood lead exposures.

Environ Int. 2014 Sep;70:113-7.



Organ System toxicity

▪GI 

• Lead colic, which includes sporadic vomiting, intermittent 
abdominal pain, and constipation,

▪Renal

• < 10 µg/dL =  Lead nephropathy/chronic interstitial nephritis, renal 
tubular dysfunction: aminoaciduria, glycosuria, proteinuria 

▪Nervous System

• Any Level = cognitive deficits.

• 20 µg/dL = Peripheral Neuropathy

• Hearing Loss

• 100 µg/dL = encephalopathy



Target Organs

Am Fam Physician. 1998 Feb 15;57(4):719-726.

http://projects.seattletimes.com/2014/loaded-with-lead/3/



Lead induced anemia

Hemolysis (>70 µg/dL)  
• Acquired deficiency of 

erythrocyte pyrimidine 5’-
nucleotidase

or

• Inhibits alpha chain synthesis, 
mimicking alpha thalassemia

or

• Inhibition of RBC membrane 
ATP-ase

Ineffective erythropoiesis

▪<40 µg/dL likely iron 
deficiency anemia (same risk 
factors as lead toxicity)

▪40 µg/dL  = anemia 2/2 to 
hemoglobin precursors:

• Inhibition of delta aminolevulinate 
dehydratase and ferrochelatase

• Results in accumulation of heme 
intermediates such as free 
protoporphyrin in erythrocytes

http://quizem.org/quizem-11-answers/

Aly MH, Kim HC, Renner SW, Boyarsky A, Kosmin M, Paglia DE. 

Hemolytic anemia associated with lead poisoning from shotgun pellets 

and the response to Succimer treatment. Am J Hematol. 1993 

Dec;44(4):280-3.

Wright RO, Tsaih SW, Schwartz J, Wright RJ, Hu H. Association between 

iron deficiency and blood lead level in a longitudinal analysis of children 

followed in an urban primary care clinic. J Pediatr. 2003 Jan;142(1):9-14. 

Kwong WT, Friello P, Semba RD. Interactions between iron deficiency and 

lead poisoning: epidemiology and pathogenesis. Sci Total Environ. 2004 

Sep 1;330(1-3):21-37. Review.



Lead lines

http://www.learningradiology.com/notes/bonenotes/leadpoisonpage.ht

m#sthash.5lp8J7M4.dpuf

At 30 µg/dL  as BLL, Vitamin D 

 affecting tooth/bone 

maturation

Bands of  increased density at 

metaphyses of  tubular bones 

(growing bone)

Metaphyses of  growing bones may 

be dense normally

Lead lines more apt to be seen in 

proximal fibula and distal ulna 

where growth is not as great as 

other long bones

Frontal radiograph of  both knees of  a child with 

lead poisoning 



Blood Lead and IQ scores in 1,333 children 
followed from birth to age 10.

Lanphear B et al.. Low-level environmental lead exposure and

children's intellectual function: an international pooled analysis. Environ Health Perspect. 2005 Jul;113(7):894-9.



Societal Costs

▪The costs of lead hazard 
control range from $1.2-
$11.0 billion/yr.

▪The benefits range from 
$192-$270 billion/yr, this 
includes the sum of the 
costs for medical treatment, 
lost earnings, tax revenue, 
special education, lead-
linked ADHD cases, and 
criminal activity.

Wright JP, Dietrich KN, Ris MD, Hornung RW, Wessel SD, et al. (2008) 

Association of  Prenatal and Childhood Blood Lead Concentrations with 

Criminal Arrests in Early Adulthood. PLoS Med 5(5): e101. 

Gould, E. (2009). Childhood Lead Poisoning: 

Conservative Estimates of  the Social and Economic 

Benefits of  Lead Hazard Control. Environmental Health 

Perspectives, 117(7), 1162–1167. 

95
th
%

5
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Levels of  Prevention

Primary 

Prevention

Secondary 

Prevention

Tertiary 

Prevention

Definition Intervention

implemented 

before there is 

evidence of  

injury

Intervention 

implemented 

after a disease has 

begun, but before 

it is symptomatic

Intervention 

implemented 

after a disease is 

established

Intent Eliminate 

causative factor

Early 

identification and 

treatment

Prevent sequelae

Example Eliminate lead 

Exposure

Screen for lead 

exposure

Prevent anemia, 

encephalopathy,

and renal failure



PRIMARY PREVENTION:

• Hygiene Guidance

‒ Change out of work clothes and shoes before going inside 
the home.

‒ Take off shoes or wipe them on a doormat before going 
inside the home

‒ Keep the home clean and dust-free. 

‒ Keep furniture away from paint that is chipped or peeling. 

‒ Never sand, dry scrape, power wash or sandblast paint

‒ Always wash hands before eating and sleeping. 

• Nutrition Guidance

‒ Balanced diet two daily servings of dairy or other calcium 
rich foods and two servings of fruit or fruit juice provide 
sufficient calcium and vitamin C in the diet

‒ Avoid giving your child sweets. Some sweets contain lead.



Secondary Prevention

▪AAP*

▪A risk 
assessment and 
anticipatory 
guidance to 
parents of children 
particularly 6 
months to 6 
years

▪BLL’s ideally at 1 
and 2 years of 
age, unless lead 
exposure can be 
confidently 
excluded.

▪CA DPH

Screen:

▪ Children in publicly 
supported programs 
at both 12 months 
and 24 months.

▪ Children age 24 
months to 6 years in 
publicly supported 
programs who were 
not tested at 24 
months or later.

▪ Lives in a place 
built before 1978 
that has peeling or 
chipped paint or that 
has been recently 
remodeled

n USPSTF (2006)
n There is INSUFFICIENT

evidence to recommend 
for or against routine 
screening for elevated 
blood lead levels in 
asymptomatic children 
aged 1 to 5 who are at 
increased risk.

n Recommends AGAINST
routine screening for 
elevated blood lead 
levels in asymptomatic 
children aged 1 to 5 
years who are at 
average risk. 

* Bright Futures



Tertiary Prevention

▪Any level = REMOVAL FROM EXPOSURE!

▪>45 µg/dL 

• Gut Decontamination

• Hospitalization or other Lead free environment

• Oral Chelation  (Succimer/DMSA)

▪>70 µg/dL 

• Oral + IV (Succimer + Ca EDTA)

▪>100 µg/dL 

• IV + IM (Ca EDTA + Dimercaprol/BAL)



Wholesale Prices for Calcium Disodium Edetate 
(Calcium EDTA) – 5 ml ampules (200mg/ml)

[Source: Red Book Online Database – Micromedex Solutions® 

accessed 1/23/2016]





Over a 2-month period 

until in May 2010, nearly 

300 children aged <5 years 

old presented with 

intractable seizures of 

unknown etiology, with a 

mortality of 48%.



Timeline of lead poisoning prevention policies and blood lead levels in children aged 1–5 years, by 

year—NHANES, United States, 1971–2008. 

COUNCIL ON ENVIRONMENTAL HEALTH Pediatrics

2016;138:e20161493

©2016 by American Academy of Pediatrics



Summary: Lead

Reference value <5 μg/dL in whole blood

Screening: 12 and 24 Months

Sources of  exposure Paint chips, demolition, construction

Treatment (asymptomatic, levels <45 

μg/dL)

Removal from exposure, KUB, ZPP, CBC, 

CMP

Treatment (symptomatic, >45μg/dL) Succimer x 19 days x 1

T1/2 30 Days -blood

Primary Concern Neurologic, renal, hematologic
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Mercury

53



Forms of Mercury

Elemental Inorganic Organic

Hg0 HgCl2
CH3Hg+



The Global Cycle of  Mercury.

Clarkson TW et al. N Engl J Med 2003;349:1731-
1737.



Elemental

▪Absorption: Inhalation

▪Source: thermometers, old barometers and electrical switches, 
fluorescent light bulbs, mercury mining, smelting and artisanal 
gold mining

▪Situation: Generally accidental

▪Health Effects: 

• Neurologic: tremor, ataxia, polyneuropathy, abnormal reflexes, mercurial erethism 
(excitability, loss of memory, insomnia, extreme shyness); neurocognitive disorders

• Dermatologic: acrodynia with painful, swelling of extremities, pinkish 
discoloration, desquamation, erythema 

• Pulmonary: cough, dyspnea, Oral: gingivitis, stomatitis, Renal: proteinuria

▪ Symptoms may not correlate with levels
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Inorganic

▪Absorption: Dermal, inhalation, oral

▪Source: Skin-lightening creams, soaps, Ayurvedic medicine

▪Situation: Exposure/application of products from developing 
countries

▪Health Effects:

• Nephritic syndromes

• Acrodynia

• Tremor

57



Organic

▪Absorption: Oral, dermal

▪Source: Prenatal exposure

▪Situation: Mother’s diet high in methylmercury

▪Health Effects:

• Chronic low level: Neurodevelopment: loss of IQ points, 
decreased performance on tests, including memory, attention, 
language, and spatial cognition.

• Extremely high level:  microcephaly, cerebral palsy, severe 
mental retardation, seizure disorders, blindness, deafness, a

58
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Summary: Mercury

Elemental Inorganic Organic

Route of  

absorption

Inhalation Dermal, inhalation 

(chronic), oral 

Transplacental

Clinical effects Tremor, Acrodynia Erethism, tremor, 

Acrodynia

“Minamata” disease

Screening Urine Whole Blood/Urine Whole Blood

Average value* 0.241μg/dL ND (blood) 0.209 μg/dL

Source Thermometers Skin creams Predator fish diet

T1/2 90 days in urine 4-45 days in urine 50 days in blood

*Ages 6- 11, NHANES 2011-2012

ND = Not detectable



Common Pitfalls
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Common Pitfalls

▪Personal Testing:

• Hair

• Nails

• Excreta

• $$$

▪Environmental testing

Testing

▪Chelation

• Nausea, vomiting

• Electrolyte disturbances

▪ “Detoxification”

• Colon cleanse

• Cyanide

• Hydrogen peroxide

62

Treating











Early life exposure: 
greater lung and bladder cancer risk

 

 

Lung cancer

Bladder cancer

Courtesy Craig Steinmaus



▪Arsenic Backup slides
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Why Rice?

▪Rice more As than other grains 

•anaerobic environment, plant characteristics

Average levels of inorganic arsenic

Product
Inorganic arsenic 

(mcg/serving)

Bakery mixes and pudding 4.1
Beverages (incl. beer, 
protein and rice drinks) 2

Cereals 2.6

Grain-based bars 1.8

Rice cakes 4.3

White rice 4.2

Brown rice 7.2

Basmati rice 3.5

Brief summary of rice grain and rice products sampled by the FDA and the corresponding 

amount of inorganic arsenic per serving, based on data published in 2013.



US Water Standard 
10 µg As/L x 1L/day (adult) = 10 µg/d

▪10 µg/d results in excess cancer risk 1 in 300  *

• Eating 0.56 cups of cooked rice/d = 10 µg/d**

▪Top 1% rice-eating children eat ≥ 1.75 cups 

= >>> 1 in 300 estimated cancer risk 

*National Academy of Sciences 2001
**Gilbert-Diamond et al. Rice consumption contributes to arsenic exposure in 

US women PNAS 2011



Who are at risk?

▪Children

▪High rice consumers

• Asian American, ethnic minorities

• Poor

• Celiac disease / Gluten Free Diets

• Food allergies

• Vegan

• Macrobiotic Diet



▪ Lead Backup slides
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California Rental Laws

▪ The landlord must 
disclose the presence 
of known lead-based 
paint and lead-based 
paint 

▪ The landlord is not 
required to conduct 
any evaluation of the 
lead-based paint, or 
to remove it

73

the landlord must repair problems that make the 

rental unit unfit to live in, or uninhabitable. 

http://www.dca.ca.gov/publications/landlordbook/catenant.pdf


Flint, Michigan

▪April 25, 2014: Michigan 
state officials changed the 
water source for the City of 
Flint from Detroit’s 
municipal system to the 
Flint River.

▪Anti-corrosives weren’t 
used, lead began to leach 
from aging water lines.

Hanna-Attisha M, AJPH 2016





How lead gets into home water

https://www.epa.gov/sites/production/files/2015-10/lead-service-line-
scenario1.png




