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Major occupations and industries associated with lead over exposure
Pigment manufacturing Battery manufacturing

Pipe fitters Construction workers

Plastics industry Demolition workers

Pottery workers Foundry workers

Radiator repair Gas-station attendants

Rubber industry Gasoline additives

Soldering of lead products Lead miners

Welders Lead smelters and refiners
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SOURCE OF LEAD

- Occupational lead exposure
- Domestic lead exposure

Y

ROUTES OF EXPOSURE
Dust, Soil, Food, Paint chips, Air, Water

3 Gastrointestinal: Adults
ROUTES OF ABSORPTION absorb 5-15%; retain about
Ingestion, Inhalation 5% of absorbed dose
Children absorb about 40%;
l < and retain about 32% of
absorbed dose
DISTRIBUTION IN THE BODY Pulmonary: About 90% of
Blood, soft tissues, bone Pb particles enter the alveoli.
A
ELIMINATION

Urine feces, sweat, hair, nail
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Mechanism of Lead Toxicity Increase ROS
Production
Binding with — SH groups Competition with and
substitution of Ca?*
« Inhibition of anti- !
Enzymes involved — | oxidant enzymes Disruption of calcium
in heme SyntheSiS Deple.tlon - SOD,GPX homeostasis
- Ferrochelatase of thiol !
- ALAD status of = = ‘lr
xidative Stress
cells Stimulation of release of
l l’ Ca?* from mitochondria
Alteration of lipid
Inactivates the metabolism J!
enzyme l Direct damage to
‘l Cell death — mitochondria and its
membranes
Impaired heme
biosynthesis
ROS - Reactive oxygen species SOD - Superoxide Dismutase
ALAD - Delta Amino Levulinic Acid Dehydratase ~ GPx - Glutathione peroxidase
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Coproporphyrinogen

4

Uroporphyninogen
.
( _\‘h'\\"

Porphobilinogen
SALAD [} l

Porphyna

Succinyl CoA + Glycine

'%:l S-aminolevulinate synthase

S-Aminolevulinate (3-ALA)

& s-aminolevulinate dehydratase

Porphobilinogen
porphobilinogen deaminase
uroporphyrinogen lli cosynithase

Uroporphyrinogen Il
Q urcporphyrinogen decarboxylase
Coproporphyrinogen Il

|%:1 coproporphyrinogen oxidase

Protoporphyrin IX

l& ferrochelatase + Fe2+

Heme

Action produced by lead:
Emmmm  |[nhibition
——3 Postulated inhibition
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| Lead exposure |

Oxidative stress

| I

1 Soluble guanylate cyclase

l NO production +T NO inactivation

| Bioactive NO

I I

lccmP

f [ca?],

T Systemic vascular resistance

Hypertension

:M‘ - 151

Toxic effects of lead in adults

Blood Pb level (in pb/dL) Toxic effects

100-120 Nervous system: Overt clinical encephalopathy
40-100 Kidney: Atrophy and interstitial nephritis
40-60 Gastrointestinal: Colic
50 Blood cells: Anemia
40 Nervous system: Learning/IQ disruption, sensory system
deficits
<7 Heart and blood vessels: Hypertension
3-30 Biochemical: Enzymes changes

Toxic effects of lead in children

Blood Pb level (in pb/dL) Toxic effects

80-120 Kidney: Atrophy and interstitial nephritis
80-100 Nervous system: Clinical encephalopathy
60-100 Gastrointestinal: Colic
20-40 Blood cells: Anaemia
<10 Biochemical changes: Enzymes level altered
<10 Nervous system: 1Q disruption, sensory system deficits
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What are the common sources of mercury exposure?
Mercury exposure commonly occurs in two ways :
General Exposure
Large predatory fishes (like shark, tuna, swordfish, etc.)
Dental amalgam used for fillings that contain mercury
Vegetables & fruits from contaminated soils
Soaps & cosmetics
Use & damage of mercury-containing products (eg. batteries, fluorescent lamps)
Waste
Occupational Exposure
Manufacturing products containing mercury (eg. medical devices, paints, fluorescent lamps)
Gold mining
Industry (eg. cement production, metal production, Chlor-alkali industry)

RELATIVE SOURCES OF MERCURY EXPOSURE

*OTHER SOURCES INCLUDE:
Agricultural Pesticides & Herbicides
Manufacture of Electrical Switches
Paper Manufacturing, Paints,
Felt-Making, Photography,
Hide-Tanning & Embalming
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Elemental mercury - spills from mercury containing devices (e.g.,
thermometer, barometer, sphygmoman-
ometer)

— workplace exposure
— dental amalgam
— injection or ingestion

Inorganic mercury — ingestion of ruptured disk battery
— calomel
Organic mercury — fungicide exposure

— seafood, especially if predatory
— germicide exposure (merbromin
[Mercurochrome], thimerosal)
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Orgao mercury compounds

Pyruvate
CH, -CO-COOH

ATP

AMP >\AP|
v

Serine
(P)HOCH, -CH(NH, )-COOH

Glycine
—— HCH-(NH, )-COOH

THF — |

v
5,10-methylene tetrahydrofolate
5, 10-CH, -THF

FdH,
Fd )
2

5-methyltetrahydrofolate
5-CH5-THF

Methyltransferase |

Methyl-corrinoid protein
CH3;-Co-Protein

Methyltransferase Il -
i

Monomethyl mercury
CH;-Hg+
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Central nervous
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Central nervous
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system
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Mercury absorption in
tissues
Elemental Mercury A Inorganic Mercury B Organic Mercury
(Hg" (Hg" and Hg™) (MeHg. EtHg. PhHg)

- High lipophilicity - Low lipophilicity - High lipophilicity
- Ready absorption through - Poor gastrointestinal - Easy absorption through

inhalation absorption gastrointestional tract
- Poor gastrointestinal - Rapid absorption through skin,

absorption lungs. kidney and heart
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[ Dental Amalgam]

* Mechanical Forces (e.g., chewing)

[Elemental Mercury Vapor ]

llnhalalion
Exhalation (20%)
Lungs | ——

¢ Absorption (80%)

[ Cells and TissuesJ

“ Peroxidase Ouxidation

* Excretion

[ Urine and Feces ]

Inhalation Skin Absorption Ingestion
lvapor l V(a*‘?g'{"') ng""’
Skin Exfoliated
; ~—» cells and Gl-tract
(epith. cells) o ﬁe g't‘ J
A
[
I
I
I
Fetus |¢—| Placenta |¢— Blood
Liver

O Critical organs

(O Media for biclogical monitoring

-

{__} Possible media for biclogical monitering iﬂ

Feces
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Mechanism of mercury toxicity
¢ Molecular mechanisms of
mercury genotoxicity. Mercury
compounds enter the cell through SR
plasmatic membrane or transport ROS
proteins (grey cylinder). (1) T
Inside the cell, they may produce 1
reactive oxygen species (ROS) '
which react directly with DNA or
indirectly, induce conformational
changes in proteins responsible
for the formation and
maintenance of DNA (DNA
repair enzymes, proteins of
microtubules). Mercury
compounds may be also able to
bind directly to: (2) DNA
molecules, forming mercury
species-DNA adducts, (3) “zinc
fingers” core of DNA repair
enzymes (white large arrow),
affecting their activity and (4)
microtubules, avoiding mitotic
spindle formation and
’ chromosome segregation.
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Mercury Detoxification

Mercury detoxification abilities vary from person to person. Some children or adults
have a weakness in their body's natural ability to adequately detoxify mercury from
the body.

The body's primary Mercury detox molecule is Glutathione, followed

by Metallothionein which is also extremely important in Mercury detoxification
processes in the body. Some children and adults are unable to properly produce
these vital mercury detox chemicals due to Nutritional deficiencies of Zinc, B6 or
perhaps a Copper imbalance. A Copper/Zinc imbalance can interfere with Zinc's
ability to be utilized by the body, as well as increasing the demand for
Metallothionein in binding excess toxic Copper, thus reducing its availability for its
many other functions. Metallothionein itself is composed of 50% Zinc making Zinc
very important for Mercury detoxification.



https://www.holistic-back-relief.com/copper-toxicity.html
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Mercury and Glutathione

Glutathione is a molecule made from three amino acids:

e Cysteine
e Glycine
e Glutamate

Most people get plenty of glycine and glutamate in their diet, however some people have a
deficiency of Cysteine. Cysteine is of extreme importance because it contains within its structure
the Sulfhydryl groups (thiols) which make Glutathione able to bind to:

e Mercury and other Heavy metals

e Estrogens and Xeno-estrogens (synthetic estrogen-like chemicals)

e Chemical pollutants: Dioxins, PCB's, Parabens, Glyphosate, Atrazine

« Freeradicals: ROS's (Reactive Oxygen species), Super oxides, metal ions, dioxins
« UVradiation

e Acetominophin, Ibuprofen, Prescriptions drugs and Pain killers

19



Glutathione binds to Mercury, preventing Mercury from interacting with cell proteins,
enzymes responsible for energy and neurotransmitter production and other tissues. These
Glutathione/Mercury complexes are carried to the Liver to be excreted through the bile and
intestines or to the Kidneys where the Mercury/Glutathione complexes are excreted via the
urine.

Glutathione is the principle detoxifying agent in the body and is the most powerful anti-
oxidant to help prevent Cancer and Mercury Toxicity.

The main component that is needed for the production of Glutathione is Cysteine, as states
before. Cysteine is also the precursor to Metallothionein. This makes Cysteine a very high
demand amino acid in all mercury detoxification processes.

Mercury and Cysteine

Mercury detoxification requires adequate quantities of Cysteine. Cysteine is
derived from Homocysteine of the Methyl cycle. Homocysteine has two
pathways in which it can be used.

Homocysteine when combined with Methylcobalamin (B12), Folic Acid or Betaine
(Trimethylglycine) will be "Methylated" into Methionine. Methionine is the precursor amino
acid to SAMe (or S-Adenosyl Methionine).

SAM-e is the principle methyl donor in the body.

A methyl group gets attached to

Neurotransmitters

Immune cells

Antibodies

Liver enzymes

DNA histones

and many other cells in the body in order to regulate its principle function.

Without an adequate supply of SAM-e, a lack of Methyl groups will cause all sorts of
neurons, immune cells, and nerve cells to fire off unceasingly, causing all types of
neurological and physiological complications. Without enough B12 methylcobalamin or
Folic acid, Homocysteine is unable to form Methionine by accepting the methyl group from
methylcobalamin.

Pregnant women are strongly urged to take ample doses of B12 and Folic acid to prevent
neural tube defects in the growing fetus. Excess Mercury will cause Homocysteine to be
diverted into the production of Cysteine, rather than Methionine, because the body sees the
elimination of dangerous mercury to be more important than the almost equally important
production of SAM-e.
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Homocysteine requires B6 pyridoxal-5-phosphate (P5P) and Zinc in order to form
cystathione. Cystathione again requires more P5P to form into Cysteine. Cysteine contains
the thiol or sulfhydryl groups which make Glutahione so effective at binding to toxins and
Mercury and taking them out of the body through the Liver and bile or through the Kidneys
and urine.

Cysteine is also the precursor for Taurine which is used in high quantities in the heart and
nervous system. Taurine is a very calming amino acid which helps to regulate the nervous
system and keep it firing at a slow and steady pace

If too much Cysteine is diverted into the production of Glutathione or Metallothionein, there
will not be enough Cysteine left for the production of Taurine. This can result in Cardiac
disease and put stress on the entire nervous system. Taurine is also used in the production
of Bile, which is necessary for the breakdown and assimilation of dietary fats, as well as
helping to detoxify the body of Mercury and other toxins.

Excess Mercury diverts too much Homocysteine into the production of Cysteine and then
Glutathione or Metallothonein. This leave the body lacking in Taurine and Methionine and
therefore SAM-e which helps to regulate and keep order in the neurons, nerves, and
immune cells. Excess Mercury can result in weakened immunity, brain dysfunction, and the
degeneration of peripheral nerves which can cause loss of sensation or parasthesias such
as numbness and tingling. Alzheimer's and dementia can also result from too much
Mercury toxicity which can come from eating too much large ocean fish or repeated
vaccinations.
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Health Effects

Memory loss

Impaired hearing,
vision & speech

Tremors

Lack of coordination
(eg. while walking, writing etc.)

Skinissues

Difficulty in chewing &
swallowing

Mercury Exposure

LONG - TERM EFFECT

Weakness

Fatigue

Anorexia

Weight Loss

Disturbance of
gastrointestinal
function

Deteriorates nervous
system
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’M majority  of  hamiul
Mercry exposures.
Easily absorbed by the gut
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fats, nerves and brain.
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Soil contamination
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2.3-Dimercaptopropanol

HS

(British Anti Lewisite, BAL)

SH

HOOC
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2.3-Dimercaptosuccinic acid

(DMSA)

NH ,

COOH
F

D-penicillamine (DPCN)
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Monoisoamyl ester of DMSA 2,3-Dimercapto-1-propanesulfonic acid

(MiADMSA) (DMPS)
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