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BVEIAL IS A REAVY METZ TS

The term heavy metal refers to any metallic chemical element that

has a relatively high density and Is toxic or poisonous at low
concentrations.
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WHAT TOXINS ARE RELEASED
' e AQUIFER BT
MINING?

HEAVY METALS OF:

uranium, beryllium, vanadium, aluminum,
selenium, cobalt, copper, lead, manganese,
chromium, thorium, strontium, molybdenum,
arsenic, cadmium, mercury, zing, iron,
radionuclides A and B, radon gas, and radium



MINERAL
INTERRELATIONSHI
g B

Documents the perfect

relationship which

exIsts between all z
minerals. Perfect

mineral balance must
exist in your body to
maintain perfect health. N




MINERAL ey et T
INTERRELATIONSHIPS

2 M Hg \ - Se
O _l/.-‘-s"(fﬁh
Ao -'/‘fw‘{‘w{h\
s AN,

P

SN
N

THRN
NS

Documents the perfect

relationship which

ex|sts between all
minerals. Perfect
mineral balance must

exist in your body to

maintain perfect health.



EEEMICAL ACTIVERE S
SELENIUM
HSe'/ % \ Se0,”

® *
t ‘e, o~ oxidation, reduction
‘ ‘ ——

HSeO3__’ (CHg)zSe
VAW,
* : L 4

volatilization

------------
* *

Se” = £ SeD

N

Me(Se, SeO, Se0,, Se0,)

http://www.intechopen.com/books/antioxidant-enzyme/

selenium-an-important-antioxidant-in-crops-biofortification



SO ORI

USE OF CHELATES IN ANIMAL NUTRITION
MAIN OBJECTIVES :

Reduction of antagonism, interferences and competition among
minerals.

Improve the bioavailability of minerals

Counteract antinutritional factors, which affecting minerals
Performance improvement

Health improvement (immune status, functional nutrition)

over all animal welfare

Improvement in animal produces quality (meat, milk, egg, wool etc.,)

Reduce degenerative effect of trace minerals on vitamins in premixes
and feed.

Protect environment by reducing metal pollution.

Chelated Minerals in Animal Nutrition

Rajendran, C.Kathirvelan and V.Balakrishnan

Madras Veterinary College, Chennai, INDIA
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RIVERVALGAE AFFECTING MERCURY POEESHREHS
S UPERFUND SITE, S TUDYESIRIE G

Date:
Marehal 32015
Source:

Dartmouth College
Summary:

Periphyton -- a community of algae, bacteria and other natural
material living on submerged surfaces -- Is helping to transform
mercury pollution from a Superfund site along a New
Hampshire river into a more toxic form of the metal,
researchers have found.

Story Source:
The above story is based on materials provided by Dartmouth College. Note: Materials may be edited for content and length.

|ournal Reference:
Kate L. Buckman, Mark Marvin-DiPasquale, Vivien F.Taylor, Ann Chalmers, Hannah J. Broadley, Jennifer Agee, Brian P Jackson, Celia Y. Chen. Influence of a
chlor-alkali Superfund site on mercury bioaccumulation in periphyton and Low-trophic level fauna. Environmental Toxicology and Chemistry, 2015; DOI:
10.1002/etc.2964




Natural occurrences and
anthropogenic sources of cadmlum
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BIOACCUMULATION

Bioaccumulation is the increase in concentration

of a substance in living organisms as they take in
contaminated air; water, or food.

As bigger animals eat smaller animals, the level of
contamination in the food is added to the level of
contamination already in their body.

Bioaccumulation is a problem in the north because
of higher concentrations of toxic pollution.

Also, northern animals have a lot of fat to keep
them warm, toxins accumulate mostly in fat

Organically bound minerals/metals have a faster
and more complete uptake in the living body. With
toxic metals, that can make them even more toxic.
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The Toxins That Affected Your Great-Grandparents

Could Be In Your Genes -By Jeneen Interlandi

Biologist Michael Skinner has enraged the chemical community and shocked
his peers with his breakthrough research

Smithsonian Magazine
December 2013
http://www.smithsonianmag.com/innovation/the-toxins-that-affected-your-great-

grandparents-could-be-in-your-genes- | 8094 /644/#dUvVOukmtKkFRBOI.99




Exploring the genetic basis of metal
tolerance in populations of the
brown trout (Salmo trutta L.)

Josephine Paris, Andrew King &

UNIVERSITY OF

Jamie Stevens EXETER
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http://www.slideshare.net/NickVWR T /wrt-ca-
bacrfconference | 2 | 4andyking




g What we’ve found

25 microsatellite loci
9 potentially under
selection

15 populations
641 individuals

Metal impacted populations have lower genetic diversity
compared to reference ‘clean’ rivers... evidernce of populatior

bottlenecks & local adaptation

Each trout metal population has a different genetic profile
compared to trout from clean rivers, and other metal
populations

We have timed the generation of each distinct heavy metal
population to historical events relating to miung dctivity

http://www.slideshare.net/NickVWRT /wrt-ca-
bacrfconference | 2 | 4andyking
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Endogenous agents

diet related (bile acids)
macrophage and neutrophil

produced ROS, RNS

Exogenous agents

smoke, radiation, metals
viruses, other genotoxins

/
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Primary Protein structure
sequence of a chain of
animo acids

Secondary Protein structure
hydrogen bonding of the peptide
backbone causes the amino
acids to fold into a repeating
pattern

Tertiary protein structure
three-dimensional folding
pattern of a protein due to side
chain interactions

https://
www.boundless.com/
biology/textbooks/
boundless-biology-
textbook/biological-
macromolecules-3/

proteins-56/protein-
structure-304-1143//

Quaternary protein structure
protein consisting of more
than one amino acid chain
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The A chain of insulin is 21 amino acids long and the B chain is 30
amino acids long, and each sequence Is unique to the insulin protein.
Source: Boundless. “Protein Structure.” Boundless Biology. Boundless,

|2 Dec. 2014. Retrieved 10 Mar, 2015

https:.//www.boundless.com/biology/textbooks/boundless-biology-

textbook/biological-macromolecules-3/proteins-56/protein-

structure-304-1143//
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TOXIC WATER D

February 27,2012 Candice Chandler

(POLLUTION) IDAHO — Brown trout collected
by scientists near a mining zone In southern

|daho have been found with physical mutations,
including two heads. The mining company, |.R.
Simplot Company, claims to have tested the water
and confirmed that the toxic pollutant present,
selenium, met regulation amounts. Harmful to
birds, fish, reptiles and humans, an investigation is
now underway focusing on how much selenium is |
In the water, and what levels are acceptable.

This brown trout is the victim of selenium
poisoning.

greateryellowstone.org
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Alkali
disease
in cattle

Figure 9. Common Se toxicity signs in animals.

FigurelO. Blind staggers in sheep caused by acute selenium toxicity (http://
www.ansci.cornell.edu/plants/toxicagents/ selenium.html) (left) and Alkali disease in
cattle (Oldfield, 2001) (right) caused by chronic Se toxicity. Note the severely damaged
hoofs resulting from Se excess.




EEAIOR POLLUTANT GOES
UNREGULATED

BY LLOYD G. CARTER
SATURDAY JUL 3RD, 2010 3:1'1 PM

Sibling embryos of the bird species Stilt collected from a
single nest on the same day from a Tulare Basin evaporation
pond in the Southern San JoaquinVley in 2001.The overtly
teratogenic embryo on the left, exhibiting stunted growth, no
eyes, deformed bones (in the right foot) contained 72 parts
per million selenium (dry weight, whole egg), while the
overtly normal sibling, on the right, contained |6 parts per
million selenium. Selenium triggered massive wildlife
deformities in birds at the Kesterson National Wildlife Refuge
in Merced County in the early 1980s.The deformities were
caused by selenium in drainage water from the Westlands
Wiater District moving up the food chain into the birds
nesting at Kesterson. The federal government has never
enforced international and federal bird protection laws in the
Tulare Basin to halt the selenium poisoning.

Photo courtesy of U.S. Fish and Wildlife Service.

http://www.indybay.org/newsitems/20[0/0//03/18652583.php




Source: http:Jwww upei.ca/~morph/webct
MhodulesMbusclesskeletal htmi

medicalassessmentonline.com
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An example of such 288 X 275 mining activities I1s West Virginia
mountaintop mining where selenium-bearing overburden Is
exposed to weathering.
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Health numbers”

Regulatory, advisory
numbers®
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Selenium Compounds | Technology Transfer Network Air Toxics Web ...

WWW.€Da.gov
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Nerve damage

Skin damage:

®mHyperkeratosis
(scaling skin)

m Pigment changes

Increased cancer risk: S:Q‘L‘{L?:&'}'n skin
®lLung
®Biladder
m Kidney and liver
cancers

http://medicalassessmentonline.com/terms.php!R=255




Table 2. Acute LD, values for some arsenic compounds
(oral administration to mice and rats) (Data compiled from
Kaise et al., 1992; Shiomi et al., 1994; Donohue et al.,
1999).

Arsenic species LD, values (mg-kg')
As(III) 15-42

As(V) 20-800

TETRA 890

MA 700-1,800

DMA 1,200-2,600

AC 6,500

AB >10,000

For explanation of the acronyms, see table 1.



5 5 Extremely
toxic

o 4 Very toxic

3 3 Moderately
toxic

2 Slightly toxic

1 Practically
nontoxic

Fluoride
1 e

Arsenic

Lead
1 1 .

http://bestmeal.info/food/fluoridation.shtml



CHRONIC ARSENIC POISONING




CHRONIC ARSENIC POISONING

http://dermnetnz.org/reactions/arsenic.ntml




https://palashranjansanyal.wordpress.com/20 | 4/06/2 3/
groundwater-arsenic-poisoning-in-bangladesh-an-interview-
with-dr-manzurul-hassan-re-blogged/
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Laboratory Findings

CBC: pancytopenia; basophilic stippling® may
be seen on peripheral smear

3
-

arsenic poisoning normal red blood cells
* Also seen in lead poisoning

http://www.atsdr.cdc.gov/csem/csem.asplcsem= | &po=12




TCA cycle enzymes-Isocitrate \
dehydrogenase, a-ketoglutarate
dehydrogenase, succinate dehydrogenase

& malate dehydrogenase

Total ATPases,
lNa‘K’ATPase,
Ca’* ATPase, Mg ATPase

ETC- NADH-dehydrogenase &
cytochrome-o-oxidase levels /

‘.‘ Pro-inflammatory cytokines
TNF-q, IL-1B

{/ﬁcm 3 | (.

| luconeogenic enzymes \
\ f tG
b peammancacid | / glucose-6-phosphatase, fructose 1,
: \\QGl)toga}/ \ | G-bisphosphatase & lactate
; S dehydrogenase
Adaption: lGlycontic enzymes
T \hexokinase & pyruvate kinase )
\ 165H
Oxidative stress

http://what-when-how.com/mechanisms-of-cadmium-toxicity-to-
various-trophic-saltwater-organisms/toxicity-of-waterborne-cadmium-
to-saltwater-aquatic-organisms-part- |/




Cadmium toxicity

Research has shown that cadmium affects
the developing brain in children. Here are
some other parts of the body it can effect.

RELATED HEALTH ISSUES

A recent study has linked it
to breast cancer.

Obstructive pulmonary disea;se /

The kidneys lose function, Iy :
which can also cause [ f
gout, a form of arthritis. - 1

fracture.

Bones lose density and g

SOURCES: Dr. Aimin Chen; Casarett & Doull's Toxicology, (Curtis D. Klaassen), AP

Environmental Health Perspectives, Dec. 2009



o Kidneys

o Accumulation of CdAMT in the rendal
cortex can cause tubular
dysfunction

o Further accumulation can cause
renal failure

o Musculoskeletal System

o Direct Effects

o Indirect Effects P-4

https://www.youtube.com/watch?v=19490 /¢ QOMww




Testes of male albino rats intoxicated with cadmium chloride alone
showing complete testicular necrosis and sloughing of all layers,
lschemic necrosis, ...,

http://www.scielo.cl/scielo.php?
pid=50/1/-95022009000300020&script=sci_arttext




Physiological effects of lead on adults and cluldren
L

Effects on adults Effects on children
Bran disease b <& Death

Anenua > @4 Coma

Colic I = Convulsions

= Bran disease
@ Kidney disease

Possible gout
Spontaneous abortion
Possible non-specific sYmptoms " gy

Non-specific symptoms*® =g <= Irank anenua
Memory impairment B g Colic
Sperm abnormalities e
Kidney disease -
>
P

<= Decreased capacity 1o transport oxygen
< Increased nsk of hypertension m aduithood

Possible memory impaimment el

Reduced barth weight 1
Hypertension and kidney dysfunction gy
Possible postnatal developmental delay =i

<= Body can’t maintan adequate calcium levels

== Developmental toxicity

Decreased IQ level
x,\b'.‘-:pf:.’[ﬁ( Hympioms may include htadq:kc. Decreased hearing
fanigue, sleep diznarbance, anorexia. constipanon, Decreased srowth

joint pain, mucele pam, end decreazed libido. Emnsized oarve fanstion

Trans-placental transfer

Adapted from: J Clin. Invest. 116:853-857 (2006)
Data also obtained from: Environ Health Perspect 115:363-471 (2007) and
wwWw. atsar, cdc.gov/icsemidead/pbphysiologic_effects2 htmi



Various gastrointestinal symptoms are associated with lead toxicity.
At low levels, lead may cause vague, nonspecific abdominal

symptoms, ...
Table 1
BLL and Clinical Manifestations

BLL <10 mcg/dL in children  10-30 meg/dL in children >30 mcg/dL in children
A <25 mcg/d_l._in adults 2_§5_(_) mog/dl: ig adults _>5_0_n3g/d_l. _in adult§_
Neurologic manifestations Parasthesias, fatigue, Tremor, impaired concantration, Encephalopathy,

irritability, personality short-term memory loss, paralysis, somnolence,

cllano&s. unusual_ ~t_astes inc_qgrﬁq'i_r‘iation coma
Muscle/joint manifestations Myalgia, arthritis Muscle exhaustibility Paralysis

Gastrointestinal manifestations Abdominal discomfort Vomiting, constipation, weight loss  Lead colic

Sexual manifestations Decreased libido Impotence

BLL: Blood lead level.
Sowrce: references 16, 18, 31.

http://www.uspharmacist.com/content/c/ 10189/
t=alzheimer's_and_dementia,neurology




Digication e-Portfolio :: Environmental History Journal :: The

Effects of Lead Exposure on Human Health
Lead's impact on human health is of grave concern. It can also cause
blindness and brain damage

Thickening of the heart muscle,
weakness of the heart muscle Stroke

High blood pressure |

Vascular damage

Heart attack Artenosclerosis

O

Shrunken kidney, Impaired

kidney problems,  blood flow A_ higher
kidney failure risk

philau.digication.com http://www.tensoval.com




Preventing Lead Poisoning in Young Children
U.S. Department of Health and Human Services, Public

Health Service, Centers for Disease Control
Publication date: [0/01/199 |

Figure 2-1. Lowest observed effect levels of inorganic lead in children™
Dealth =

Encephalopathy —p=
Nephropathy e
Frank Anemea ==

Colic -

Hemoglabin Synthesis §==

Yitamin D Meubalismrb

Nerve Conduction Vclocily#—#-

Erythracyte Vrotnpwphyrln#
vitamin D Mtlabolism{?li

Develepmantal Toxiaty
a }.m
Hearlag i
Gronth
Teansplacental Transfer =

4 Increased fuactian § Decreascd function

#Note; The levels in this diagram do not necessarily indicate the lowest levels at which lead exerts an effact. These . 3
are the levels at which studies have adequately demonatrated an effect. -3

Source; ATSDR, 1390.



Abnormal Development - Heavy Metals - Embryology

The industrialization of the modern world has led to the proliferation in our
environment of many different metal compounds.
Some metals, such as zinc and iron are required in trace amounts for...

Classification of naturally occuring metals by toxicity and hydrologic availability

[Metals that normally do not exist as dissolved species in natural waters or are very rare in crustal rocks are initalics ]

Nontosac L oaw toxicity Moderate to high todcity
Aluminum Magnesium Barium Fraseodymivm  Actinium Indium Polonium Uranium
Bismuth MManganese Clerium Fromethium Antimony {ridium Radium Vanadium
Calcium Iolybdenum Dysprosium — Rhenium Beryllium Lead Ruthenium  Zinc
Cesiumn Potassium Erbium Rhodium Boron Mercury Silver Zirconium
Iron Strontum Europium Sapnariim Cadmium Nickel Tantaium
Lithium Rubidium Gadodiniwm  Scandium Chromiumm  MNiodium Thallium
Sodium Gadlsum Terbium Cobalt Osmium Thorium
Gemanium  Thulium Copper Palladium Titanium
Gold Tin Hafnium Platinum Tungsien
Holmium Yeterbium

Neodymivm  Ytoum

U.S. GEOLOGICAL SURVEY CIRCULAR 1133, 1995

embryologymed.unsw.edu.au





