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H,C,N

Si, V, Co

B, F, Cr

Li, Al, Ni

Rb, Sn

| o.Na, Mg

Mo, |

Br

Sr, Ba

P, S, Cl

] K, Ca, Mn




tolerable lethal

Strengthening of bones and teeth; muscular activity; blood |
coagulation; cellular permeability. Excess may originate liver
and bladder stones and renal insufficiency.

Maintenance of blood pressure; vital as acid constituent
during digestion.

Maintenance of corporeal fluids; muscular contractions and
nervous impulses.

In bones, together with Ca; activation of muscular
contractions; body temperature control; component of
several enzymes.

Active in hydrosaline equilibrium; transmission of nervous
impulses and transport of metabolites.

Bone constituent as apatite; participates of most body
chemical reactions. Excess turns brittle hairs and bones.
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Active in vitamin B,, and in chemical reactions. Deficiency ‘,;
causes anemia. Excess causes hearth failures. {t‘é
Needed for metabolism of sugar. Deficiency may cause l{:
diabetes, intolerance to glycose etc. Excess may result in |
renal failures. Excess of Créis cancerigenous. ‘:«
Component of oxidizing enzymes during metabolism of Li‘@
i energy sources; active in the synthesis of hemoglobin, in ‘{
i . . . . . . . s
& keratization and in skin and hair pigments. Deficiency leads s
\;' to osteoporosis and low number of white blood cells. f«
h;: F | Give strength to teeth and bones, avoiding dental caries and .&‘.ﬁ
& osteoporosis. Excess causes fluorosis of teeth and bones. ;
Ay e
| | |Required by thyroidal hormones, temperature control, body
i " . =
i growth, reproduction etc. Deficiency causes abnormal
3

growth of the thyroid.
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required for energy generation and immunological system.

Essential component of hemoglob enzymatic complexes | ,-

Promotion of growth and development; cellular functions;
in bones and cartilages; takes part in metabolic reactions.
Excess leads to excess of blood. May cause neurological

diseases if inhaled to the lungs.

Prevention of vascular and other diseases; neutralizes cells
oxidation and aging actions of free radicals. Excess turns
brittle nails and hair.

Occur in all tissues, mostly in bones, muscles and skin;
active in the immunological system; regulates body growth;
protects the liver. Deficiency reduces body growth.
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Non essential, albeit its crustal abundance. Interferes with and
reduces assimilation of phosphorus and fluor, causing bone
demineralization. Suspect of influencing Alzheimer disease.

Essential (?). Excess is carcinogenic.

Non essential. Toxic when inhaled as dust.

Non essential. Toxic and carcinogenic. Interferes with Zn,
inhibiting the normal assimilation of Zn.

Non essential. Poisonous.

Essential to vegetables, possibly also to animals.

Non essential and toxic.

Non essential.

Non essential.

Non essential.

Essential. Extends teeth life. Excess may cause lung diseases.

solubilized elements are
assimilated by vegetation

or drank by animals evaporation precipitation
A

ssimili‘l_ed or +
ingested by the
aquatic biota
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+ igneous rocks







ABSOLUTELY &
BIOAVAILABLE BIOAVAILABLE &

| NOT BIOAVAILABLE

| TOTAL INITIAL
: CONTENT

|| Weathering of mother rocks liberates metals and metalloids
| to soil, water, and atmosphere, as new minerals, residual

|| minerals, in solution, adsorbed, as organic and/or inorganic
| complexes, and as vapors.

_f:: The weathering is strongly dependent of the local climate and
| the action of living organisms.

Carbonates and oxide-hydroxides of Fe and Mn predominate
| amongst the new crystalline forms of metals and metalloids.

Clay minerals are important for adsorption of metals and
/| metalloids.




rock : . .
smectite- kaolinite . gibbsite

rock |
in water

agrarian
productivity

'] Zone A - yellow clays, rich in SiO,. Leached of Mg,
"l Ca, K, Na, Cu, Zn and others.

;04 Zone B — clayous and concretional, rich in Al and
24 Fe, with Mn, As, Co, Se, Zn, and Ni retained within
limonite. Leached of Mg, Ca, K, Na and others.

Zone C - argillaceous saprolite, with gradual physical
and chemical transition to the fresh rock below.
Grades of Mg, Ca, K, Na, Cu, Ni and others increase
towards the base.

g v Water with dissolved metals accumulate towards the
v base.
v Vv vy
vy v vV ¥V V| Fresh rock.
1% v oV

v/ovy



e

i

o e T

It is influenced by climate, pH, oxidation potential, the biota
(vegetation, microorganisms, etc.), mineralogy, temperature,
speciation of the elements, interferences between the
elements (>Cu when <Zn,Fe,Mo), etc.
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Appearance
of salts
increase the

the metals

greater Pb - oxalate
Pb — carbonate
Pb — acetate

bioavailability of Pb - sulfate

smaller Pb — sulfide
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waters.

Metals solubilized as cations are more bioavailable in acid

e

Metals solubilized as oxi-anions (as As®, Mo®, CrO®) are more

bloavallable, essentlally in basm waters

Increase in s0|l pH increases the moblllty of Mo
in relation to the mobility of Cu, reducing the
capacity of the vegetation to assimilate Cu, with
bad results for animals and humans.

=

The presence of Cu, and possibly of Ni, is
necessary for proper action of Fe in metabolism.
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Increase of P,0; in soil reduces the capacity of
vegetation to assimilate Zn, with detrimental
results for animals and humans.

Increase of Zn reduces the capacity to assimilate | |

Zn by vegetation, animals and humans.

The use of S-rich fertilizers reduces the capacity
of vegetation for assimilation of Se from soil,
with bad effects for animals and humans.




[ WATER FOR

' | HUMAN
| CONSUMPTION

<0.010 mg/L
( before 2000 was <0.050 mg/L)

Ministério da Saude,

Decree 1469/GM, Art.
14, of 29.12.2000

-1 SUBSOIL

| WATER

there is no official limit

CETESB-SP uses grade |

of potable water

| DISCHARGE IN
‘| NATURAL

| DRAINAGE

| INERT
|| PRODUCT

<0.500 mg/L

< 0.050 mg/L in solubilization test

CONAMA,
Resolution20/1986

ABNT, Norms

NBR-10004 e 10006

[ NON INERT
| PRODUCT

< 5.000 mg/L in leaching test
>0.050 mg/L in solubilization test

ABNT , Norms
NBR-10004, 10005 e
10006

JToxic
| ProDUCT

> 5.000 mg/L in leaching test

ABNT, Norms

NBR-10004 e 10005
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GEOLOGICAL SECTION OF T-6 MINE

[ Lateritic soil

I Float ore

I High grade massive ore

I Low grade schistous ore

|:| Carbonatic protore

[ Wetasediments ( weathered / fresh )
[ orthoamphibolite ( weathered / fresh )

Samples LEACHING SOLUBILIZATION
natural grades TESTS TESTS

As As As As
% | % | ppm solu- | leached Sam- | solu- | leached
Mn | Fe tion mg % tion mg
mg/L 1 mg | mg/L

G36 | 26 | 15 0.01 | 0.01 [ 0.01 | | 0.01 | 0.04
B30 | 29 | 15 0.01 | 0.01 | 0.01 0.01 | 0.04
M30 | 30 | 14 i 0.01 | 0.01 | 0.01 | | 0.01 | 0.04
m28 | 29 | 13 0.01 | 0.01 | 0.01 0.01 | 0.04
M26 | 26 | 14 0.01 | 0.01 | 0.01 0.01 | 0.04
mM20 | 25 | 13 0.01 | 0.01 | 0.01 0.01 | 0.04
Carb |17 | 5 _ 0.07 | 0.06 | 0.08 0.47 | 0.19

Dissolution of As is smaller in the leaching tests, run under acid pH, reflecting that the ore




ELEMENT

LESS TOXIC

MORE TOXIC

As

As3

As®
(as arsenate)

organic

inorganic

Crd

Cré
(as chromate)

Mo®

(as molibdate)
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[ natural waters with < 0,23 ppm| |
ESS]> 5/ 1000 affected persons &
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[VENEZUELA GUIANA
( ) EURINAME

o /G.Fr.

Arsenic in the rivers, in pg/L
(dissolved and in suspension)

@ Andean drainage ® Non Andean drainage
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VENEZUELA GUIANA
SURINAME
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Arsenic in the rivers, in tonnes/day
(dissolved and in suspension)

@ Andean drainage ® Non Andean drainage

oDt hoesat e o ost3 ARSENIC AT THE
platform, where | Ky g, = MOUTH AND
liberation of As | - 3 ELTA OF THE

was observed

Water sampling
and assaying by
Laquanam Lab

(mg/m® or

uglL As) DATA FROM

LAQUANAM LAB

MACAPA (Univ.Fed.Para)

and

“'DRILL HOLES OF THE
ULTIDISCIPLINARY

AMAZON SHELF
SEDIMENTARY STUDY

Laquanam Lab data shows that As
grade increases towards the ocean

\rsénio no minério de manganés’
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‘people (not dwarfism)
m altos teores de zinco

mazon Rivr Deltz
'; Arsenic in high conc
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sive areas
ated with mercury
impeiro gold works

4 Sao Paulo
gs of lead mining
ontaining cadmium

Santana, Amapa
Arsenic in tailings o
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Hy vapour 56 804

occupational : i

human

intoxication |

sublimation

Ho* —* HEGC .-
methilation |

\ fishes HE" (metallic) '_ y

non-sccupational
human intexication accumulation in sediments
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Uranium

238U 4.5*10.9 years |

JI'Radium 226Ra 1,602 years
Lolonium 218Po 3 minutes
tead 214Pb 27 minutes
lBismuth 214Bi 20 minutes
JE’olonium 214Po <1 seconds
tead 210Pb 21 years
lBismuth 210Bi 5 days
#’olonium 210Po 138 days
tead 206Pb stable
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