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CADMIUM
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Occurrence and Uses

Cd sulfate is used as an astringent
while the sulfide, cadmium yellow
(Cd S) and selenide (Cd Se) salts are
important pigmenting agents.

Cd lowers the melting point of metals
with which it is alloyed, thus making
it useful in the manufacture of fusible
metals for automatic sprinkler
systems, fire alarms, and electric
fuses.

Cd salts are also used in photography
and in the manufacture of fireworks,
rubber, glass, and porcelain

Cd S is a component in photovoltaic
cells and nickel-Cd batteries.
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The U.S. Environmental
Protection Agency (EPA) reports
that average Cd levels in foods
range from 2 to 40 parts per
billion (ppb), with grain and
cereal products, potatoes, leafy
vegetables, and root vegetables
containing the highest levels.

On the average, each person
ingests about 30 mg of Cd daily,
while smokers absorb an
additional 1 to 3 mg per day.

Except in areas near Cd-emitting

industries or incinerators,

minimal exposure occurs through

drinking water or ambient air.




Mechanism of Toxicity
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The liver is the primary target in
acute Cd exposure.

Investigations have revealed
hepatocellular necrosis

With mechanism of Cd toxicity
include oxidative stress or lipid
peroxidation of cell membranes.

In 1993, Cd was classified as a
suspected human carcinogen.

Occupational exposure is associated
with lung and prostate cancers,
although the carcinogenic
mechanism is not known.

Cd does not form stable DNA adducts
but stimulates cell proliferation and
inhibits DNA repair.



Toxicokinetics
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Absorption of Cd varies
considerably by the route of
exposure.

Only about 5% of an ingested
dose of Cd is absorbed from the
Gl tract, while absorption from

the lung is as high as 90%.

Cd clears rapidly from the blood
and concentrates in liver and
kidney .

related to the ability of these

organs to produce large amounts

of metallothionein (MT) with a

great affinity for Cd.

MT lessens the toxic effects of Cd,

it also hinders its elimination.




Signs and Symptoms of Acute Toxicity

oJ‘);L_\\AJJ‘_A\‘U\_aSJAJCd UMU\
L_m.u‘;d\j «Cd J.u.uS\ o);_a\ Al 5 alle

J\AL.S);JUMJ;JL@AM\

Cd ) sa0 (e Wi Jilcd ke
SY) Lhlases aas

4_15\.:1\ ).\S\).Jh ).MJ\S]\ 5)3_1\ dLmJJ.a.n\
3 sl c_u\_\msl\ 5 8 gl g
CERPEASEEPER asdyj

laall 5 AV sl al e Y )
¢@j\}uM\juM\eY\jb}M\j
Jlgsy)

Heating of Cd and its compounds
to high temperature produces Cd
oxide vapors, which on inhalation
causes severe pulmonary irritant.

Cd dust is a less potent irritant

than Cd fume because of its
larger particle size.

Inhalation of fumes with a high
Cd concentration has been
responsible for nasopharyngeal
and bronchial irritation to

pulmonary edema and death.

Other possible symptoms include
headache, chills, muscle aches,
nausea, vomiting, and diarrhea.



Signs and Symptoms of Chronic
Toxicity
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Chronic exposure to Cd affects
the kidney, lungs, prostate,
and bone.

In kidney, chronic exposure is
implicated in the development
of cancer.

In lungs, long-term inhalation
concerned emphysema.

chronic exposure to high levels
of Cd in food has caused bone
disorders, including
osteoporosis , anemia, yellow

teeth, rhinitis, occasional loss

of the sense of smell

(anosmia).




LEAD

Occurrence and Uses
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The main use of Pbis in the
fabrication of storage
batteries and in outer layer
electric cables.

It is also useful as
protective protecting from X
rays and radiation from
nuclear reactors.

Pb compounds are
commonly used as pigments
in paint, and ceramic as
insecticides.

It was incorporated agent
in gasoline.



Toxicokinetics
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The bioavailability of Pb is dependent on
ingestion in the presence of food (10% or
less) or after fasting (60—80%).

Pb not retained in the body is excreted
primarily by the kidneys as soluble salts or
through biliary clearance in the Gl tract in
the form of conjugates with organic
compounds.

Exhalation is also considered to be a
major excretion route of organic Pb.

Blood Pb is found primarily in RBCs (99%);
distribution occurs primarily to soft tissue.
The liver, lung, spleen, and kidneys have
the highest concentrations, with
redistribution resulting in high bone
concentrations.




Toxicokinetics
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Pb is accumulate in the
form of Pb phosphate in
those regions undergoing
active calcification at the
time of exposure

Inorganic Pb is not
metabolized but forms
complexes with a variety of
protein and nonprotein
ligands.

Organic Pb is metabolized in
the liver by an oxidative
dealkylation reaction
catalyzed by




Mechanism of Toxicity
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The principal targets for Pb
intoxication are the bone marrow
and blood-forming pathways, Gl
tract, CNS, and neuromuscular
system.

Pb is incorporated into Ca+2 selective

structures and mimics its action so as
to interfere with vital proteins.

Thus it is capable of binding to
sulfhydryl, amine, phosphate, and
carboxyl groups.

As a result, Pb increases intracellular
levels of Ca+2 in brain capillaries,
neurons, hepatocytes, and arteries,
that cause smooth muscle
contraction, so inducing
hypertension.




Mechanism of Toxicity
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Pb interferes with heme
biosynthesis by
interfering with:

e ALAS (aminolevulinic acid
synthetase), and

 ALAD (aminolevulinic
acid dehydrase).

 Therefore, decreased
hemoglobin and anemia
result in individuals
exposed to excessive Pb.




SIGNS AND SYMPTOMS OF ACUTE
TOXICITY
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Exposure to excessive Pb,
through the Gl tract or by
inhalation, usually results in:

cramping, abdominal pain, and
constipation.

Severe abdominal pain is
accompanied by nausea,
vomiting, and bloody stools.

Early symptoms of Pb
exposure include fatigue,
lethargy, and unclear Gl pain.

Headache, confusion, stupor,

coma, seizures, and optic

neuritis are all manifestations

of Pb neurotoxicity.




SIGNS AND SYMPTOMS OF ACUTE
TOXICITY
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Upon further exposure, central
nervous system symptoms
such as: insomnia, confusion,
impaired concentration, and
memory problems become
more pronounced.

e Lengthy exposure can present :
encephalopathy with seizures and

coma.

e Reproductive problems, such as

infertility in

men, spontaneous abortions,

gouty arthritis, and renal
failure, have been reported.



Signs and Symptoms of Chronic
Toxicity
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Chronic Pb toxicity is more frequently
seen, especially in children and young
adults, and is known as plumbism.

the child complains of fatigue and

muscular weakness.

Pb colic describes the Gl signs that
exhibit as nausea, vomiting, diarrhea,
anorexia, constipation, and severe
abdominal cramps.

Interference with blood-forming
organs shows anemia as a common
sequel. “lead line” is also a diagnostic
sign.

Pb encephalopathy, which is fatal in

25% effects of chronic Pb intoxication

and_is characterized by irritation,
memory loss, and ataxia, followed by
delirium, convulsions, and coma.




TREATMENT OF ACUTE POISONING
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Parenteral administration of chelating

agents, dimercaprol and Cadi Na-

EDTA, is used to reduce body burdens

of absorbed Pb.

In patients with kidney injury,
dimercaprol is recommended, since

excretion is primarily in bile rather

than urine.

EDTA mobilizes Pb from bone to soft

tissue and may aggravate acute

toxicity if not given in conjunction

with dimercaprol.

DMSA (succimer) is the only FDA
approved orally administered
chelating agent for treating children

with Pb blood levels > 45 pg/dl




Diagnostic tests for lead poisoning

Test Toxicity
* Blood
1. Lead >= 80 pg%
2. Erythrocyte >= 190 pg%
protoporphyrin
Concentration
1. Lead 15 mg/LL
3.
2. 0-ALA > 19 mg/LL

3. Coproporphyrin III > 150pg/L

Normal

<30 pg%
40-100 pg%

< 0.08 mg/L
children

< 0.15 mg/L
adults

1.3-8.5 mg/L

0-60 1.1.g/L
50-160 pg/24 hr



Clinical Monitoring
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Because Pb accumulates in RBCs
rather than plasma, the method of
choice for determination of Pb
exposure was the erythrocyte
protoporphyrin (EP) test.

The assay, however, proved to be
insensitive to Pb levels in the 10 to 25
mg/dL range; it is not recommended

for tracking childhood Pb poisonings.

The evolution of more sensitive
testing technigues has made

measuring Pb in blood more feasible

,especially at concentrations as low
as 1 mg/dL

As Pb redistributes to bone after
ingestion, the use of radiographic
techniques occasionally proves useful

for the detection of Pb.




MERCURY
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Chemical Characteristics

There are three toxic
forms of Hg: elemental
(Hg), inorganic, and
organic.

Hg compounds are
considered to be major
pollutants of the
biosphere, with organic
mercurials as the most

toxic forms.




OCCURRENCE AND USES

 The chemical properties, characteristics, and
pathophysiologic consequences of the
different forms of Hg are summarized in Table

Characteristics Elemental Hg (Hg") Inorganic Hg Organic Hg
Form and chemical Lipophilic, converted to Salt forms, water soluble Methyl Hg, lipophilic
properties charged cations
Occurrence Industrial, thermometers Industrial, chemical Pesticide, industrial
laboratories, marine life
Absorption Inhalation Gl tract Gl tract
Target organs Pulmonary, CNS Kidneys, Gl CNS

Elimination Fecal, enterohepatic Urinary, fecal Fecal, enterohepatic




MERCURY
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Regardless of the source,
both organic and inorganic
Hg undergoes
environmental
transformation.

Inorganic Hg may be
methylated and
demethylated by
microorganisms.

Elemental Hg at ambient air
temperatures volatilizes and
is extremely dangerous.



Occupational and Environmental
Exposure
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Methyl Hg released in the aqueous
environment bioaccumulates in plankton,
algae, and fish consequently gaining
exposure to the food chain.

In fish the absorption rate of methyl Hg is
faster than that of inorganic Hg, and its
clearance rate is slower resulting in high
methyl Hg concentrations.

The pollution of the environment with Hg
compounds has resulted in an increased level
of neurotoxicity, referred to as Minamata
disease, named after a historic outbreak of
Hg poisoning in Japan. Two poisonings, one
in Minamata Bay (1956-1975).

in Iraq (1971-1972), resulting from eating
bread made from seed grain coated with a
methyl Hg fungicide.

Most human exposure to Hg is by inhalation
because it readily diffuses across the alveolar
membrane due to its lipid solubility. Because
of this property it has a high affinity for RBCs
and the CNS.




Toxicokinetics
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Inhaled Hg vapor is efficiently
absorbed (70-80%).

The absorption rate for inorganic
mercuric salts varies greatly and is
dependent largely on the chemical
form.

Oral absorption of organic Hg is

nearly 100%.

Although all forms of Hg have the

potential to accumulate in the kidney.

Because of the high lipophilicity of
metallic Hg, transfer through the
placenta and the blood-brain barrier
is complete.




Toxicokinetics

sl Basha e (Samall 805 & sk
BB Ry J‘J—‘MJ

dﬂ\ggw\ﬁcwﬁc f
U\

BN (e aliill o3
Jie Syl i u_uwdsmwmd\
G383 Jiie
W pnal) e JSEY) (e OS 5k
e d-u)ﬂ d)ﬁ‘ UL‘Y‘ 33
sl 5 5a ga (g aanll
e GO die Sl A wn Y s A
gl 5 e

Elimination occurs through
urine, feces, and expired air
for metallic Hg.

Inorganic Hg is eliminated in

urine and feces, while organic

Heg is eliminated primarily in

the feces as methyl Hg .

Both inorganic and organic
forms are excreted in breast
milk.

Renal excretion of inorganic Hg

increases with time.

Methyl Hg excretion, however,
does not increase with time.




Mechanism of Toxicity
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The mechanism of Hg toxicity
is related to high-affinity
binding of divalent mercuric
ions to - SH groups of proteins.

Inactivation of various
enzymes, structural proteins,
and changes of cell membrane
contribute to the severe
toxicological effects.

Increased oxidative stress,
disruption of microtubule
formation, interference with
protein synthesis, DNA
replication, and Ca
homeostasis.



Signs and Symptoms of Acute Toxicity
(Inhalation and Ingestion)
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Accidental acute exposure to high
concentrations of metallic Hg vapor has
resulted in human fatalities.

The most commonly reported symptoms
of acute inhalation exposure are cough,
dyspnea, tightness and burning pain in the
chest.

Gl effects include acute inflammation of
the oral cavity, abdominal pain, nausea,
and vomiting.

Increased heart rate and blood pressure
are evidence of cardiovascular effects.

Renal effects resulting in proteinuria,
hematuria, and oliguria have been

demonstrate.
severe neurotoxic effects resulting in

behavioral, motor, and sensory

disruptions are common.

Ingestion of inorganic mercurial salts

causes severe Gl irritation, including pain,
vomiting, diarrhea, and renal failure.

Contact dermatitis,shock, and
cardiovascular collapse in patients with

acute exposure to inorganic mercurial

salts.



Subacute or Chronic Poisoning
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The major clinical symptoms
of methyl Hg toxicity are
neurologic and include, in
order, paresthesia, a taxia,
dysarthria, and deafness.

There may be a latency period
of weeks or months from the
time of exposure until the
development of symptoms.

Some pathological types
include necrosis of neurons, in
the small neurons in the
cerebellum and visual cortex.




Clinical Management of Hg Poisoning
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For dermal or ocular

exposure, washing of

exposed areas are
suggested.

Reducing absorption from

the Gl tract refers mostly

to inorganic forms.

Oral administration of a
protein solution has been
suggested to reduce
absorption, depending on
Hg’s affinity for binding to
SH groups.




Clinical Management of Hg Poisoning
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Administration of activated
charcoal has been used in the
case of acute high-dose
situations.

emesis is contraindicated
following ingestion of mercuric
oxide due its caustic nature.

To reduce body load, chelation
therapy is the treatment of
choice.

BAL is one of the more effective
chelators for inorganic Hg salts,
D-penicillamine is slightly
effective as a chelator for
elemental and inorganic Hg.




Five Syndromes That Characterize Hg Poisoning

Mercurial form Exposure route Pathophysiology Treatment
Hg Inhalation of vapors  Pulmonary acute toxicity None

Acute inorganic Hg salts  Oral ingestion Gastric acute toxicity BAL, DMSA
Chronic inorganic Hg salts Oral ingestion Gl, neurological, renal toxicities BAL, DMSA
Methyl Hg intoxication Oral ingestion Gl, neurological, pulmonary toxicities None

Abbreviations. Hg, mercury; BAL, British anti-Lewisite, dimercaprol; DMSA, 2,3-dimercaptosuccinic acid;
Gl, gastrointestinal.



