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INTRODUCTION
This analysis of urinary elements was performed by ICP-Mass Spectroscopy following acid
digestion of the specimen. Urine element analysis is intended primarily for: diagnostic
assessment of toxic element status, monitoring detoxification therapy, and identifying or
quantifying renal wasting conditions. It is difficult and problematic to use urinary elements
analysis to assess nutritional status or adequacy for essential elements. Blood, cell, and
other elemental assimilation and retention parameters are better indicators of nutritional
status.
1) 24 Hour Collections
”Essential and other” elements are reported as mg/24 h; mg element/urine volume (L) is
equivalent to ppm. ”Potentially Toxic Elements” are reported as µg/24 h; µg element/urine
volume (L) is equivalent to ppb.
2) Timed Samples (< 24 hour collections)
All ”Potentially Toxic Elements” are reported as µg/g creatinine; all other elements are
reported as µg/mg creatinine. Normalization per creatinine reduces the potentially
great margin of error which can be introduced by variation in the sample volume. It
should be noted, however, that creatinine excretion can vary significantly within an
individual over the course of a day.
If one intends to utilize urinary elements analysis to assess nutritional status or renal
wasting of essential elements, it is recommended that unprovoked urine samples be
collected for a complete 24 hour period. For provocation (challenge) tests for potentially
toxic elements, shorter timed collections can be utilized, based upon the
pharmacokinetics of the specific chelating agent. When using EDTA, DMPS or DMSA,
urine collections up to 12 hours are sufficient to recover greater than 90% of the
mobilized metals. Specifically, we recommend collection times of: 9 - 12 hours post
intravenous EDTA, 6 hours post intravenous or oral DMPS and, 6 hours post oral
bolus administration of DMSA. What ever collection time is selected by the physician, it
is important to maintain consistency for subsequent testing for a given patient.
If an essential element is sufficiently abnormal per urine measurement, a descriptive text
is included with the report. Because renal excretion is a minor route of excretion for
some elements, (Cu, Fe, Mn Zn), urinary excretion may not influence or reflect body
stores. Also, renal excretion for many elements reflects homeostasis and the loss of
quantities that may be at higher dietary levels than is needed temporarily. For these
reasons, descriptive texts are provided for specific elements when deviations are
clinically significant. For potentially toxic elements, a descriptive text is provided
whenever levels are measured to be higher than expected. If no descriptive texts follow
this introduction, then all essential element levels are within acceptable range and all
potentially toxic elements are within expected limits.
Reference intervals and corresponding graphs shown in this report are representative of a
healthy population under non-provoked conditions. Descriptive texts appear in this report
on the basis of measured results and correspond to non-challenge, non-provoked conditions.
Chelation (provocation) agents can increase urinary excretion of metals/elements. Provoked
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reference intervals have not been established therefore non-provoked reference intervals shown
are not recommended for comparison purposes with provoked test results. Provoked results can be
compared with non-provoked results (not reference intervals) to assess body burden of metals
and to distinguish between transient exposure and net retention of metals. Provoked results can
also be compared to previous provoked results to monitor therapies implemented by the treating
physician. Additionally, Ca-EDTA provoked results can be used to calculate the EDTA/Lead
Excretion Ratio (LER) in patients with elevated blood levels.
CAUTION: Even the most sensitive instruments have some detection limit below which
a measurement cannot be made reliably. Any value below the method detection limit is
simply reported as ”< dl.” If an individual excretes an abnormally high volume of urine,
urinary components are likely to be extremely dilute. It is possible for an individual to
excrete a relatively large amount of an element per day that is so diluted by the large
urine volume that the value measured is near the dl. This cannot automatically be
assumed to be within the reference range.
LEAD HIGH
This individualʼs urine lead exceeds three times the upper expected limit per the
reference population. Because a percentage of absorbed or assimilated lead is excreted
in urine, the urine lead level reflects recent or ongoing exposure to lead and the degree
of excretion or detoxification.
Sources of lead include: old lead-pigment paints, batteries, industrial smelting and
alloying, some types of solders, ayruvedic herbs, some toys and products from China,
glazes on (foreign) ceramics, leaded (antiknock compound) fuels, bullets and fishing
sinkers, artist paints with lead pigments, and leaded joints in some municipal water
systems. Most lead contamination occurs via oral ingestion of contaminated food or water
or by children mouthing or eating lead-containing substances. The degree of absorption of
oral lead depends upon stomach contents (empty stomach increases uptake) and upon
the bodyʼs mineral status. Deficiency of zinc, calcium or iron may increase lead uptake.
Transdermal exposure is slight. Inhalation has decreased significantly with almost universal
use of non-leaded automobile fuel.
Lead accumulates extensively in bone and inhibits formation of heme and hemoglobin in
erythroid precursor cells. Bone lead is released to soft tissues with bone remodeling that can
be accelerated with growth, menopausal hormonal changes and osteoporosis. Lead has
physiological and pathological effects on body tissues that may be manifested from relatively low
lead levels up to acutely toxic levels. In children, developmental disorders and behavior problems
may occur at relatively low levels: loss of IQ, hearing loss, poor growth. In order of occurrence
with increasing lead concentration, the following can occur: impaired vitamin D metabolism,
initial effects on erythrocyte and erythroid precursor cell enzymology, increased erythrocyte
protoporphyrin, headache, decreased nerve conduction velocity, metallic taste, loss of appetite,
constipation, poor hemoglobin synthesis, colic, frank anemia, tremors, nephrotoxic effects with
impaired renal excretion of uric acid, neuropathy and encephalopathy. At relatively low levels,
lead can participate in synergistic toxicity with other toxic elements (e.g. cadmium, mercury).
Excessive retention of lead can be assessed by urinalysis after provocation with Ca-EDTA (iv)
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or oral DMSA. Whole blood analysis can be expected to reflect onlyrecent exposures and does
not correlate well with total body burden of lead.
BIBLIOGRAPHY FOR LEAD
1.ATSDR Toxicological Profile for Lead( 2007 update) www.atsdr.cdc.gov/toxprofile
2. Lead Tech ʼ92, ”Proceedings and Papers from the Lead Tech ʼ92: Solutions for a Nation at Risk”
Conference, Sept 30-Oct 2, 1992. Bethesda, MD, IAQ Publications, 4520 East-West Highway,
Ste 610, Bethesda, MD, 20814.
3. ”Preventing Lead Poisoning in Young Children”, US Centers for Disease Control, Atlanta, GA,
Oct. 1991 Statement, US Dept. of Health and Human Services.
4. Carson B.L. et al. Toxicology and Biological Monitoring of Metals in Humans, Lewis Publishers,
Inc., Chelsea, MI, p. 128-135, 1986.
5. Tsalev D.L. et al. Atomic Absorption Spectrometry in Occupational and Environmental Health
Practice Vol 1, CRC Press, BocaRaton, FL 1983.
6. Piomelli S. et al. ”Management of Childhood Lead Poisoning”, J. Pediatr 105 (1990) p. 523-32.
7. Shubert J. et al. ”Combined Effects in Toxicology - a Rapid Systematic Testing Procedure:
Cadmium, Mercury and Lead” - J. Toxicology and Environmental Health, 4:763-776, 1978.
THALLIUM HIGH
This individualʼs urine thallium (Tl) is higher than expected, but associated symptoms or toxic
effects may or may not be presented. Presentation of symptoms can depend upon several factors
including: chemical form of the Tl, mode of assimilation, severity and duration of exposure, and
organ levels of metabolites and nutrients that effect the action of Tl in the body.
Thallium can be assimilated transdermally, by inhalation, or by oral ingestion. Both valence
states can have harmful effects: Tl+1 may displace potassium from binding sites and influences
enzyme activities; Tl+3 affects RNA and protein synthesis. Tl is rapidly cleared from blood and is
readily taken up by tissues. It can be deposited in kidneys, pancreas, spleen, liver, lungs, muscles,
neurons and the brain. Blood is not a reliable indicator of Tl exposure.
Symptoms that may be associated with excessive Tl exposure are often delayed. Early signs
of chronic, low-level Tl exposure and retention may include: mental confusion, fatigue, and peripheral
neurological signs: paresthesias, myalgias, tremor and ataxia. After 3 to 4 weeks, diffuse hair loss
with sparing of pubic and body hair and a lateral fraction of eye- brows usually occurs. Increased
salivation occurs less commonly. Longer term or residual symptoms may include: alopecia, ataxia,
tremor, memory loss, weight loss, proteinuria (albuminuria), and possibly psychoses. Ophthalmologic
neuritis and strabismus may be presented.
Environmental and occupational sources of Tl include: contaminated drinking water,
airborne plumes or waste streams from lead and zinc smelting, photoelectric, electrochemical and
electronic components (photoelectric cells, semiconductors, infrared detectors, switches),
pigments and paints, colored glass and synthetic gem manufacture, and industrial catalysts used
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in some polymer chemistry processes. Thallium is present in some ”weight loss” supplements
(e.g. Active 8) at undisclosed levels (”trade secret”).
Hair (pubic or scalp) element analysis may be used to test for suspected Tl exposure.
Although urine is the primary natural route for excretion of thallium, the biliary/fecal route also
contributes. Therefore, fecal metals analysis provides a confirmatory test for chronic ongoing
exposure to Tl. Clinical findings that might be associated with excessive Tl are: albuminuria,
EEG with diffuse abnormalities, hypertension, and elevated urine creatinine phosphokinase (CPK).
No provocation agents are currently available to estimate Tl retention by means of urinalysis.
BIBLIOGRAPHY FOR THALLIUM
1. Centers for Disease C ontrol and Prevention. Third National Report on Human Exposure
to Environmental Chemicals. Atlanta, GA: CDC 2005. http;//www.cdc.gov/exposurereport.htm
[Accessed 2/01/2009]
2. Graef J.W. ”Thallium” in Harrisonʼs Principles of Internal Medicine, 13th ed., Isselbacher et al
eds., McGraw Hill, pp 2465, 1994.
3. Tsalev D.L. and Zaprianov Z.K. Atomic Absorption Spectrometry in Occupational and
Environmental Health Practice CRC Press, Boca Raton FL, pp 196-199, 1983.
4. Carson B.L. et al. Toxicology and Biological Monitoring of Metals in Humans Lewis Publishers,
Chelsea, MI, pp 243-254, 1987.
CALCIUM LOW
This individualʼs urine calcium is lower than one standard deviation below the mean of the
reference population and corresponds to the lower 17% (approximately) of that population.
Low urinary calcium may be the result of: insufficient dietary intake, insufficient gastric
acidification, inadequate vitamin D (or vitamin D function), or excessive phosphates, oxalates
(spinach) or phytates (cereal grains) which may form insoluble calcium salts in the intestine.
Intestinal absorption of calcium also is hindered in cases of lipid malabsorption; undigested fats
can form insoluble calcium compounds. A very low protein diet or an overly alkaline intestine (pH
> 7.5 approx.) can result in poor calcium uptake. Insufficient acidophilic flora, such as Lactobacilli,
can impair calcium uptake (Harper, Rev. Phys.Biochem. 17th ed.p.576). Correction of dietary
imbalances typically normalizes calcium uptake within several days; urine levels may take longer
to normalize if there is need for calcium deposition in body issues.
Use of thiazide diuretics decreases calcium concentration in urine.
Pathological conditions that may feature subnormal urine calcium include: hypoparathyroidism,
gastric hypochlorhydria, gastrointestinal malabsorption featuring impaired vitamin D uptake, lack
of sunlight for vitamin D activation, steatorrhea, fatty acid metabo- lism disorder, some types of
hypertension, tetany (serum calcium ion concentration also low), pre-eclampsia, genetic
hypocalciuric hypercalcemia (elevated blood Ca), renal osteodystrophy, and vitamin D-resistant
rickets.
Dietary deficiency or poor absorption of calcium increases the absorption of lead, increases
blood and tissue levels of lead and, enhances the adverse effects of lead on cognitive function
and behavior.
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Urine analysis is not a preferred way to assess body calcium stores, and nutritional sufficiency
of calcium should be assessed through dietary analysis. Whole blood calcium level, serum
calcium level, serum vitamin D level (1,25-dihydroxy), parathyroid hormone determinations, and
bone density measurement are tests that are more indicative of calcium status.
BIBLIOGRAPHY FOR CALCIUM
1. D.S. Jacobs et al. Laboratory Test Handbook, 2nd ed., Williams and Wilkins, Baltimore MD, pp
121-122, 1990.
2. D.W. Martin et al. Harperʼs Review of Biochemistry, 20th ed., Lange Medical Publications, Los
Altos, CA, pp 651-52, 1985.
3. H. Bickel and J. Stern Inborn Errors of Calcium and Bone Metabolism, MTP Press, Ltd., St.
Leonardsgate, Lancaster, Great Britain, 1976.
4. K. Isselbacher et al. (eds) Harrisonʼs Principles of Internal Medicine, 13th ed. McGraw-Hill,
New York,NY, pp 2151-71, 1994.
5. R.K. Murry et al. Harperʼs Biochemistry, Appleton and Lange, Norwalk, CT 1993, pp 515-22,
1993.
6. R.A. Goyer. ”Nutrition and Toxicity” Am. J. Cl. Nutr. 61: pp. 6465-6505, 1995.
COPPER HIGH
Significantly elevated copper in urine can be secondary to provocative challenge with
sulfhydryl (-SH) bearing agents such as D-penicillamine (”Cuprimine”), DMSA, or DMPS. Large,
multi-gram doses of vitamin C (ascorbic acid), administered orally or intravenously, may slightly
or moderately increase excretion of copper.
Increased urinary copper can be an artifact of nutritional supplementation with copper or come
from drinking water that is high in copper content. Acidic water carried in copper pipes can
dissolve some copper which increases the copper intake if used for drinking or cooking.
Molybdenum supplementation at high levels or if inappropriate may cause increased copper
excretion; molybdenum and copper are mutually antagonistic in terms of body retention.
Bacterial or other infections may cause hypercupremia with attendant or delayed
hypercuprinuria. This is transient and follows the inflammatory stage of the disease. Published
studies such as Vivoli, Sci Total Environ, 66 p. 55-64, 1987 have correlated increased urinary
copper with increased blood pressures in hypertensives. Biliary obstruction or insufficiency can
decrease normal excretion of copper via the bile while increasing blood and urinary levels.
Proteinuria also may feature increased copper levels.
Hyperaminoacidurias that include histidinuria can result in urinary copper wasting because
histidine is a powerful chelator of copper. Hyperaminoacidurias that include histidine can be of
many origins including:genetic factors, chemical or elemental toxicities, infectious agents,
hyperthyroidism, sugar intolerances,nephrotic syndromes, etc.
In Wilsonʼs disease, urinary copper is generally increased (above 100 micrograms/24 hours)
without provocation or chelation. Use of D-penicillamine or DMPS as a provocative diagnostic
procedure can yield a 5 - 10X increase in urinary copper levels in normal individuals. In
contrast, Wilsonʼs disease patients may then excrete 50-100 times the normal levels or 1000 to
2000 mcg/24 hr. (Walshe, J. Rheumatology (supp/7) 8 p.3-8, 1981).
Urine analysis (unprovoked) is not an adequate procedure to assess copper stores or copper metabolism.
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Blood levels, erythrocyte copper content, erythrocyte superoxide dismutase activity, and serum
ceruloplasmin are other more indicative measurements for copper status.
BIBLIOGRAPHY FOR COPPER
1. Braunwald et al., eds. Harrisonʼs Principles of Internal Medicine, 11th ed., McGraw Hill,
Chapter 311,1987.
2. Johnson M.A. and B.E. Kays, ”Copper:Its Role in Human Nutrition”, Nutrition Today, Jan/Feb
1990,pp 6-14.
3. Harper et al. Review of Physiological Chemistry, Lange Medical Publications, 17th ed., pp.
588-89, 1979.
4. J. M. Walshe ”The Discovery of the Therapeutic use of D-Penicillamine” J. Rheumatology
(Supplement 7) 8, pp. 3-8, 1981.
5. Werbach M.R. Nutritional Influences on Illness 2nd ed., Third Line Press, Tarzana, CA, 1993.
Multiple source references on copper physiology and pathology.
MANGANESE HIGH
This individuals urine manganese (Mn) is higher than expected. High urinary MN may or may
not correspond to global Mn excess or Mn loss from body tissues because the normal route for
Mn excretion is via the bile (feces). Typically, less than onehalf of one percent of total manganese
excretion occurs via urine, 3-5% occurs in sweat; the remainder (approx. 95%) occurs via intestinal
transport (bile) and feces. Hence urinary Mn may be increased in patients with biliary obstruction or
cirrhosis. Urinary Mn levels may fluctuate without reflecting or influencing body stores.
Elevated urinary Mn in increased following intravenous administration of EDTA; levels increase
as much as 15-X compared to pre-EDTA levels in healthy adults without evidence of manganese
overload (unpublished observations, DDI). D-penicillamine. DMSA and DMPS administration also
may result in increases in urinary Mn levels.
Manganese excesses in urine (without provocative challenge) are featured in renal wasting
syndromes, nephritis, biliary insufficiency or obstruction, and dietary overload or inappropriate or
excessive supplementation. Some hormones and drugs inhibit biliary excretion of manganese resulting
in increased urinary excretion.
Environmental or industrial sources of Mn include: mining, refining and processing metals or ores,
metal alloying, welding, some types of batteries, glazes and pigments, catalysts (petrochemical, plastics
and synthetic rubber industries), and the gasoline additive, ”MMT”. Ground water used as drinking water
may contain Mn, and a 1975 USEPA survey of city drinking waters showed variability from < 5 to 350
mcg/L (”Drinking Water and Health”, U.S. Printing & Publishing Office, Nat. Acad. of Sci., Washington DC,
1977). Some herbs and teas may containhigh concentrations of Mn.
Relative to other essential trace elements, excessive Mn retention can be neurotoxic. Inhalation, as a
result of occupational exposure, is the route of assimilation that is most harmful. Some symptoms and
manifestations of excess Mn exposue include:psychiatric disturbances (hyperirritability, hallucinations,
violence), tremor,Parkinsonʼs-like symptoms, anorexia, sexual impotence, and speech disturbance.
Because urine is not a reliable indicator of manganese status, other laboratory tests are advised if Mn
excess is suspected. These are: whole blood elemental analysis, red blood cell elements analysis, and
possibly hair elemental analysis.
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BIBLIOGRAPHY FOR MANGANESE
1. Nielsen F.H., Chapt. 15 in Modern Nutrition in Health and Disease, 8th ed., Shils, Olson and
Moshe eds., Lea & Febiger, Philadelphia PA, pp. 275-77 1994.
2. Tsalev D.L. and Z.K. Zaprianov, Atomic Absorption Spectrometry in Occupational and
Environmental Health Practice, vol.2, CRC Press, Boca Raton FL. pp. 153-58 1983.
3. Carson, B.L. et al., Toxicology and Biological Monitoring of Metals in Humans, Lewis Pub., pp.
145-49 1987.
4. Freeland-Graves J. et al., ”Metabolic Balance of Manganese in Young Men Consuming Diets
Containing Five Levels of Dietary Manganese”, Am. Inst. Nutr. 0022-3166, pp. 764-72 1988.
5. Leach R.M. and M.S. Lilburn, ”Manganese Metabolism and Its Function”, World Rev. Nutr.
Diet. 32 (Karger, Basel, Switzerland), pp. 123-34 1978.
MOLYBDENUM LOW
This individualʼs molybdenum level is lower than one standard deviation below the mean of the
reference population which means that this individualʼs urine molybdenum level corresponds to
the lowest 17% (approximately) of that population.
Molybdenum is an essential activator of some important enzymes in the body: sulfite oxidase
(catalyzes formation of sulfate from sulfite), xanthine oxidase (formation of uric acid and
superoxide ion from xanthine), and aldehyde oxidase (processes aldehydes). Over 50% of
absorbed Mo is normally excreted in urine; the remainder is excreted via bile to the feces or is
excreted in sweat.
The level of molybdenum in urine may be a transient finding and may not reflect body tissue or
liver levels. In copper deficiency, retention of molybdenum is increased (tissue levels could be
normal or high), while urine levels might be subnormal. In renal insufficiency, molybdenum (and
other elements) can be low in urine. Creatinine clearance and blood metabolite levels should be
measured if a renal transport disorder is suspected.
Individuals receiving prolonged total parenteral nutrition (”TPN”) may have low body tissue and
urine levels of molybdenum because it is occasionally omitted from TPN formulations.
Molybdenum in foods is mostly in soluble complexes, and only a small amount is required daily
(100 to 200 micrograms, adults). Therefore, frank molybdenum deficiency is uncommon.
However, GI dysfunctions, poor-quality diet, and stressors can combine to produce inadequate
molybdenum. Tungsten is a powerful antagonist of molybdenum retention, copper less so.
Episodic exposures to high levels of either may result in periods of low Mo excretion that follow
prior periods of high Mo excretion. Sulfites, aldehydes and high amounts of purines in the diet
may increase need for and retention of molybdenum. Prolonged use of dithiol chelators (DMPS,
DMSA) or MSM can result in poor molybdenum status as indicated by low levels in red blood cells
(DDI observations).
A multielement hair analysis plus analyses for serum and urine uric acid can be used to
confirm or rule out molybdenum insufficiency.
BIBLIOGRAPHY FOR MOLYBDENUM
1. Carson B.L. et al., Toxicology and Biological Monitoring of Metals in Humans, Lewis
Publishers, Chelsea, MI, pp 157-61, 1987.
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2. Nielson F.H., Chapter 14 in Modern Nutrition in Health and Disease vol 1, 8th ed., Shils, Olson
and Shike eds., Lea & Febiger, Phildelphia PA, pp 277-79, 1994.
3. Tsalev D.L. and Z.K. Zaprianov, Atomic Absorption Spectrometry in Occupational and
Environmental Health Practice, vol. 1, CRC Press, Boca Raton FL, pp 169-73, 1983.
4. Smith B.S.W. and H. Wright, ”Effect of Dietary Molybdenum on Copper Metabolism” Clin.
Chem. Acta. 62, pp 55-63, 1975.
5. Cohen J.J. et al., ”Molecular Basis of the Biological Function of Molybdenum” Proc. Nat. Acad.
Sci. 70 no. 2 (Part I), pp 3655-59, 1973.
SELENIUM LOW
Urine accounts for about one-half of the total body excretion of dietary selenium when normal
amounts are ingested. Seafood, organ meats, cereal grains, and seleniferous vegetables (garlic,
onions) are good dietary sources. Selenium is also excreted in sweat, and lesser amounts are
present in fecal matter. Because diets are highly variable in selenium content, urine is not a
reliable indicator of selenium adequacy or function.
Low urinary selenium may be a consequence of: junk food diet or highly-processed food diet,
gastrointestinal dysfunctions, renal insufficiency (in which case other elements will be subnormal
in urine but possibly elevated in blood), and long-term parenteral nutrition or special diets that are
low in selenium.
Selenium is a necessary element for proper activity of two enzymes in human metabolism:
glutathione peroxidase (GPx) and iodothyronine deiodinase (ITD). Selenium deficiency may cause
weakness or rate limitation for one or both of these enzymes. GPx oxidizes glutathione while
reducing oxidized lipids. Weak GPx activity may allow excessive inflammation to occur. ITD
deiodinates thyroxine prohormone and catalyzes T4 _ T3. Selenium deficiency may be a cause of
insufficient T3 and thyroid dysfunction (Berry J.M. Nature 349, 1991 pp.438-40).
Symptoms consistent with selenium deficiency include: myalgia, increased inflammatory
responses, hypothyroidism with low T3. Cardiomyopathy and Keshan disease can occur in cases
of severe, chronic Se deficiency. Subnormal selenium may accentuate the effects of cadmium,
mercury or arsenic overload. Confirmatory tests for selenium status include packed red blood
cell elements, and hair elemental analysis (provided that antidandruff shampoos have not been used.
BIBLIOGRAPHY FOR SELENIUM
1. Berry M.J. et al. ”Type I Iodothyronine Deiodinase is a Selenocysteine-Containing Enzyme”
Nature 349 (1991) pp 438-40.
2. Oldfield J.E. ”Some Implications of Selenium for Human Health” Nutrition Today (Jul/Aug
1991) pp 6-11.
3. Levander O.A. and R.F.Burk ”Selenium” Chapt. 12 in Modern Nutrition in Health and Disease
8th ed. Shils, Olson and Shike eds. Lea & Febiger, Phila. PA, pp 242-51, 1994.
4. Martin J.L. ”Nutrient Toxicities in Animals and Man: Selenium” in Handbook Series in Nutrition
and Food Sect. E, Vol I, CRC Press Boca Raton FL, pp 309-18, 1978.
5. Tsalev D.L. and Z.K. Zaprianov Atomic Absorption Spectrometry in Occupational and
Environmental Health Practice CRC Press, Boca Raton FL, pp 182-87, 1983.
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