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MEDICAL GEOLOGY (Geomedicine) AN INTRODUCTION, WITH BRAZILIAN
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Tamsin A. Mather, Volcanoes and the environment: Lessons for understanding Earth's past
and future from studies of present-day volcanic emissions, Journal of Volcanology and
Geothermal Research, 304, 2015, 160-179, ISSN 0377-0273.
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Danil De Namor, Angela & Elgamouz, AbdeIaZ|z & Frangle, Sofia & Martinez, Vanina &

Valiente, Liliana & Webb, Oliver. (2012). Turning the volume down on heavy metals using

tuned diatomite. A review of diatomite and modified diatomite for the extraction of heavy
metals from water. Journal of hazardous materials. 241. 10.1016/j.jhazmat.2012.09.030.




IATPIKH I'EQAOI'TA

Ce Pr Nd Pm S‘mhu (:d Th| Dy
U ‘ip Pu Ani(nJBk Cf| Es Fm"sid{ No Lt

ESSENTIAL

Fig. 15 The periodic table showing essential and toxic elements

https://coursgeologie.com/theoretical-basis-for-medical-geology-part-2-234/
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Deficiency

Lindh U. (2013) Biological Functions of the Elements. In: Selinus O. (eds) Essentials of
Medical Geology. Springer, Dordrecht. https://doi.org/10.1007/978-94-007-4375-5 7



Macro-Minerals

IATPIKH I'EQAOI'TIA

Description

Calcium

Function

+ Bone formation and maintenance.

* Mobilized in the circulatory system when
intakes are adequate.

Deficiency
* Poor reproductive performance, reduced milk
yield and slow weight gains.

Phosphorus

Function
» Formation of bone and a major storage depot
of readily available energy.

Deficiency

» Reduced animal performance, decreased
reproductive performance, low milk production
and reduced weight gains.

Magnesium

Function
» Enzyme activation and multiple cellular
processes.

Deficiency

* Grass Tetany — observed in cattle grazing lush
forages which are low in Mg.

» Anorexia, convulsions, increased blood flow
and excessive salivation.

Potassium

Function
» Osmotic pressure regulator and essential in
normal organ function.

Deficiency
» Poor appetite, reduced performance and joint
stiffness.

Sulfer

Function
» Detoxification agent and an essential
component for rumen microbial growth.

Deficiency
» Depressed growth, anorexia, emaciation,
profuse salivation, and death.

Micro-Minerals

Description

Copper

Function

« Integrity of the central nervous system and
normal red blood cell formation.

+ Bone structure through collagen and elastin
formation

Deficiency

* Anemia, poor performance, heart failure, poor
coordination, ataxia, and poor hair coat.

» Reduced immune response and lameness are
often observed in calves.

Function

* Plays a role in protein and carbohydrate
metabolism.

+ Required for proper immune system function.

Deficiency

«» Unthriftiness, reduced fertility, excessive
salivation, dermatitis, loss of hair and increased
susceptibility to infection.

Manganese

Function
» Reproductive performance, growth and
skeletal development.

Deficiency

» Reduced reproductive performance, skeletal
malformations, enlarged joints and reduced
birth weight of calves.

Selenium

Function

» Passes from cow to calf through placenta.
Prevention of white muscle disease and weak
calves.

Deficiency
» Retained placenta, increased disease
susceptibility and weak calves

https://www.newlifemills.com/from-calf-to-calf-minerals-help-you-get-there/

Function
* Component of thyroid hormone, which is
involved in regulation of energy metabolism.

Deficiency

+ Classic symptom is an enlarged thyroid gland.

* Impaired fertility, retained placenta, weak or
stillborn calves and hairlessness in calves.
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Table & Average daily dietary intake of the control and experimental group subjects after

surgery

Dietary element

Control group
(n=22)
Meanz s

Experimental group

(n=22)
Meanxs

t-value

Calonc intake (Cal)
Protein {g)
Fat{g)
Carbohydrate (g)
Iron (mg)
Caleium (mag)
Vitamin A (ug)
Thiamine (mg)
Riboflavin {mg)
Miacin (mg)
Vitamin C {mg)

T48.77 + 25813
S30.90 £ 12.88
33.97 +38.72

133.85 £ 19527

3865 +1.482

20032 11222

1009.68 = 368.27
0.70 +1.46
0.64 £0.34
7.05 +4.03
1542 +9.05

B94.44 = 253.35
39,79 = 1257
712 = 9216

11688 = 42.07

543 =244
4775 =101.04
2699.75 £ 2673.34
059 +0.22
1.15 =0.98
B4 £577
28.05 £ 32.51

1.7307 N5
2.1214*
1.0606 N3
0.3420 NS
2.2962°
2.7534"
2.9420°
0.5580 NS
2.2522"
0.6846 N3
1.7308 NS

N5 = not significant

"Significant al 0.05 level

http://www.emro.who.int/emhj-volume-2-1996/volume-2-issue-2/article9.html
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https://www.usgs.gov/media/images/estimated-population-arsenic-greater-10-micrograms-liter
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2TOLEL0-AVOPYaVOL PUTTOL GE E0APT KL VEPQ

s O 7o onuovtikol ototysia-avopyovol pHmot siva -

1. Boapéa pétoria kdouto, poAvBooc
2. Apoceviko

Tt tpofAuata onpuiovpyodv otov avOpwmo Kot o TEPPAALOV;
I[IAM0oc ocoPapwv acOeveiwv ocvumeptiopPoavoucvmyv Kot

OPOP®V  EWVMOV KOPKIVOL Kol coBapmv  OEPUOTIKOV
acOevelmv
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2ToLyELO-AVOPYEVOL PUTOL GE 0GP KL VEPQ

 H mpoélevon tovg dev eivar uovo avBpomoyevng (m.y.
Brounyovikég ypNoeLc) aAld VTAPYOVV KOl GTA OPUKTA.
¢ ’'Eto1 1o As katavéueton o€ mepimov 320 opukTd TO 7O KOO
TV 0oimv 0 apoevorvpitng (FEAsS)



2ToLEl0-AVOPYa VoL PUTOL GE E00.PT KUl VEPA

* H mpoéhevon 1ouc oev eivar povo avBpomoyeving (m.y.
Brounyovikég ypNoeLc) aAld VTAPYOVY KOl GTA OPUKTA.

** ’'Etot to As katavéueton og mepimov 320 opuKTd TO MO KOO

TV 0moiv 0 apoevorvpitng (FEASS)

Ta o Kowva opvktd ota ooia VEapyeL AS elvol To TOUPUKAT:
Ideal formulas of the most common primary As-eanng minerals referred to in the text.

Mineral Formula System

Arsenopyrite FeAsS Monoclinic
Cobaltite CoAsS Orthorombic
Enargite CusAsS4 Orthorombic
Gersdorffite NiAsS Cubic
Lollingite FeAs, Orthorombic
Orpiment As555 Monoclinic
Pyrite FeS, Cubic
Realgar AsS Monoclinic
Tennantite (Cu, Ag, Fe, Zn)2As4513 Cubic

Drahota, P. and M. Filippi. “Secondary arsenic minerals in the environment: a
review.” Environment international 35 8 (2009): 1243-55 .



2ToLEl0-AVOPYa VoL PUTOL GE E00.PT KUl VEPA

 H mpoéhevon touvc Oev eivar povo avBpwmoyevng (m.y.
Brounyovikég ypNoelc) aAdd VITAPYOVV KOl GTA OPVKTA.

¢ 'Etotl 10 As katavépetan og mepimov 320 opukTd TO O KOWVO
TV omoimVv o apoevomvpitng (FEASS)

% X& TOlEC YMPEG TIOTEVETAL OTL TO TPOPANLA Efvar To EVIOVO |



Tv amopiec 60g ONUIOVPYEL 0 TOPUKAT® TIVOKOG ;

Countries affected by arsenic contamination and maximum with permissible
limits for drinking water

Maximum permissible
limits (pg/L)

New Zealand
alwan

JISA

Mohan, D. and C. Pittman. “Arsenic removal from water/wastewater using
adsorbents--A critical review.” Journal of hazardous materials 142 1-2 (2007): 1-53.
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’0

e T v Tpospoenon TV avopyovmyv pOTMV ¥PNGLULOTOLEITOL
TAN00¢ opLKTOV

e TloapdAinAio ¥pNGILOTOIOVVTOL KOt TOAAG QAL DALKA

s Tt Ba ypnowwonomoovue kabe popd eCoptator amd Ui GEPA
TOPOUETPOV.



Table 1. Selected Commercial and synthetic activated carbons

Adsorbent

Commercial
activated
carbons
Commercial
activated
carbons
Commercial
activated
carbons
Activated
synthetic
carbons

Method /type
of water

Optimum
pH

Drinking water 7

Aqueous
solution

Waste water

Column

6.4-7.5

4-9

Contamination

concentration
(mg/L)
5-200

157-992

300

1.33

Capacity (mg/g)

As (111)

As (V)

0.21-1.4  3-31

PASRY) 30.48
25-2860

40.5 27



Table 2. Selected Agricultural and industrial products and by-
products used as Arsenic adsorbents

Adsorbent

Rice husk
Chars
Chars

Red mud

Bauxsol,
activated

Method /type  Optimum
of water pH
Column 6.5-8.0
Drinking water 3.5
Aqueous 2-3
solution

Aqueous 7.25/3.5
solution /

Batch

water 4.5

Contamination
concentration
(mg/L)
50-500

10-100
157-992

33-37-400.4

2.04-156.7 mol/L

Capacity (mg/g)

As (111)

As (V)

20 7
0.0012-12

89 35
0.884 0.941
0.541 7.642



Table 3. Selected Soils and soil constituents used as Arsenic
adsorbents

Adsorbent

Bentonite
(modified)
montmorillonite

Hlite
Kaolinite

Kaolinite,
surfactant

modified
Gibbsite
Soil, Sharkey

Method /type Optimum

of water

Batch

Batch

Batch

Batch

Batch
/column

Wastewater

Soil

pH
6.0/9.0

5-6

Contamination
concentration
(mg/L)

0.2-1

20uM

20uM

20uM

0.2-14

10-1000
5-100

Capacity (mg/q)
As (I11)

As (V)

0.82 1.48
12 ~0.4
mmol/g  mmol/g
~0.2mmol ~0.5

/g mmol/g
~0.3mmol ~0.5

/g mmol/g
4.3 9.0

mmol/kg mmol/kg

3.30 4.60
0.74



Table 4. Other minerals (e.g. zeolites) and synthetic zeolites used
as Arsenic adsorbents (selected)

Adsorbent

Zeolite,
surfactant

modified
Zeolites
Malachite
Feldspar

Siderite

Fe—Mn
mineral
material

Method /type Optimum

of water

Batch/
column

Batch
Batch
Water/
wastewater
Batch and
column
Batch/
column

pH
1.2—1.5
4.0

4.0
4.2

2

3/3,5.5

Contamination
concentration
(mg/L)

0.2-14

0.1-4.0

5,000

133.49 pumol/L
250-2000

0.47 mmol/L

Capacity (mg/g)

As (1)

As (V)

1.6 mmol/kg 7.2 mmol/kg

0.017 0.1
57.1 mg/g
0.18
1040 pg/g 516 ug/g
14.7 6.7



Table 5. Selected Oxides used as Arsenic adsorbents

Adsorbent Method /type
of water

Al,O,/Fe(OH), Batch

Fe—Mn binary Batch

oxide

Goethite Batch
wastewater

Ferrihydrite  Batch/natural

Ferric Column

hydroxide, drinking water

granular

TiO, Batch

Optimum
pH

6.1+ 0.3/
8.0+0.3
4.8

5.5

8-9

8.5/7.3

Contamination
concentration
(mg/L)
0.1-0.4

0.20 mmol/L
10-1000

325 ug/L
5-100

0.4-80

Capacity (mg/g)

As (111)

As (V)

0.12 mmol/g 36.7

1.77 mmol/g  0.93

mmol/g
7.50 12.5
0.25
2.3
32.4 41.4



Table 5. Selected Oxides used as Arsenic adsorbents

Adsorbent Method /type
of water

Al,O,/Fe(OH), Batch

Fe—Mn binary Batch

oxide

Goethite Batch
wastewater

Ferrihydrite  Batch/natural

Ferric Column

hydroxide, drinking water

granular

TiO, Batch

Optimum
pH

6.1+ 0.3/
8.0+0.3
4.8

5.5

8-9

8.5/7.3

Contamination
concentration
(mg/L)
0.1-0.4

0.20 mmol/L
10-1000

325 ug/L
5-100

0.4-80

Capacity (mg/g)

As (111)

As (V)

0.12 mmol/g 36.7

1.77 mmol/g  0.93

mmol/g
7.50 12.5
0.25
2.3
32.4 41.4



Table 6. Selected Hydrotalcites, phosphates and metal-based methods

used as Arsenic adsorbents

Adsorbent Method /type  Optimum
of water pH
Synthetic Ground water 7.0

hydrotalcite

Layered double \Wastewater 4.2-5.4
hydroxides,

calcined

FePO, Drinking water 7-9/6-6.7
(amorphous)

FePO, (cryst.)  Drinking water 7-9/6-6.7

Fe/NN-MCM-41 Drinking water 6.0
Cu/NN-MCM-48 Drinking water 7.0

Contamination
concentration
(mg/L)

400

20-200

0.5-100

0.5-100
~0-1500
~0-1500

Capacity (mg/g)
As (I11) As (V)
105
5.61
21 10
16 9
119.8
37.46



Table 7. Selected Biosorbents used as Arsenic adsorbents

Adsorbent Method /type of Optimum  Contamination Capacity (mg/g)

water pH concentration As (111

(mg/L) As (V)

Chitosan Batch/column 9.0 1000 mg/L 2.0
Chitosan Wastewater 4.0 400 58
Cellulose Batch/column 7.1 1 mg/L 35.0
(cotton)
Cellulose (bead) Ground water 7.0 1-100 mmol/L 33.2 33.2
with iron
oxyhydroxide
Biomass, yeast, Surface and 6.5 0.5-2.5mM 3.75
methylated ground water
Biomass, Ground water 6.0 50-2500 704.1

immobilized
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2ToLEl0-AVOPYa VoL PUTOL GE E00.PT KUl VEPA

ATO TOVC TPONYOVUEVOVE TIVOKEC ETvVaL EDKOAO VO avTIANQOET
KOVEIC OTL Yo TNV TPOGPOPNCT TV OVOPYOVOV POTOV
YPNOLUOTTOLEITOL TTANO0C OPLKTHOV

[TapdAAnAa xpNoILOTOLOVVTOL KOl TTOAAQ GAAC DATKA
T O ypnowonomoovue Kabe eopd eCaptdtor amd Uld GEPH

mopapetpov. Iloeg vouiletomw OTL €lvol 01 KLUPLOTEPEG
TOPAUETPOL.
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O1 KupP1OTEPEC TAPAUETPOL ELVOL !

1. H ovykévipwon tov pOmov

2. O1 CUYKEVIPMOGELS TOV AAA®MV GTOLYEIMV

3. H 000m tov Tpocpopntn mov omaiteiton

4. H swowacio giitpapicuotog wov 0o emieyet

5. PvOon tov pH 6to vepod

6. AvokoMec uetd v enecepyacia

7. H owyeipron tov amofAntov

8. Evoederyuévn ypnon xai owoyeipton o€ fdOoc ypovov

T 0gv ava@épeTal alla GOPECTATO VTOVOELTOL ;
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O1 KuploTEPEC TOPAUETPOL IV :

1. H ovykévipmwon tov pOmov

2. O1 GLYKEVIPDOOELS TOV AALDV GTOLYEIDV

3. H 60661 t0V0 Tpocpopnt) mTov amatteiton

4. H owoikaoio gidtpapicpnotoc mov Ha emieyel

5. POOuion tov pH 6to vepod

6. AvokoAieg petd tnv eneCepyocia

7. H owyeipion tov amoPAntov

8. Evoeoeryuévn ypnon ko owayeipion o€ Pdboc ypovou

T 0ev ava@épeTal alha GUPECTUTO VTOVOELTAL ;

H owOeopotnra tov vMmkov mwov 0o smiieyel kol 10
KOGTOG TOV
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O1 KuploTEPEC TOPAUETPOL IV :

1. H ocvykévipmwon tov pOmov

2. O1 GLYKEVIPDOOELS TOV AALDV GTOLYEIDV

3. H 60601 t0V0 Tpocpopnt) mTov amatteiton

4. H owoikaocio gidtpapicpnotoc mov Ha emdeyel

5. POOuion tov pH 6to vepod

6. AvokoMec uetd v eneCepyacia

7. H owayeipion tov amoPAntov

8. Evoeoeryuévn ypnon ko owayeipion o€ Pdboc ypovou

IS 10 TOPATAVE UTOPOVY VO ETNPEAGOVV TNV TEAIKT)
oG EMA0YN ;
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O1 KuploTEPEC TOPAUETPOL IV :

1. H ovykévrpmon Tov pumov

2. Ol CUYKEVIPWOGELS TOV AAA®MV GTOLYEIMV

3. H 000m tov mpocpopntn mov amatteitot

4. H owoikaocio gidtpapicpnotoc mov Ha emieyel

5. POOuion tov pH 6to vepod

6. AvokoAieg petd tnv eneCepyocia

7. H owayeipion tov amoPAntov

8. Evoeoeryuévn ypnon ko owayeipion o€ Pdboc ypovou

IHoOg 10 TOPATAVE UTOPOVY VO ETNPEAGOVY TNV TEAIKI)
oG ETA0YN ;

AG 00VLE TOVS TUPUKATE TIVOKES



Selected Commercial and synthetic activated carbons.

Absorbent Method /type Optimum  Contamination Capacity (mg/qg)
of water pH concentration As (I11) As (V)
(mg/L)
Commercial Drinking 7 5-200 0.21-14 3-31

activated carbons water

Commercial Agueous 6.4-75 157-992 29.9 30.48
activated carbons solution

Commercial Waste water X{0[0) 25-2860
activated carbons

Activated Column 4-9 1.33 40.5 27
synthetic carbons



Selected Agricultural and industrial products and by-products used

Absorbent

Rice husk

Chars

Chars

Red mud

Bauxsol,
activated

as

Method /type
of water

Column

Drinking
water

Aqueous
solution

Aqueous
solution /
Batch

water

Arsenic absorbents.

Optimum  Contamination
pH concentration
(mg/L)

6.5-8.0 50-500
.0 10-100
2= oi=Ekg2

7.25/3.5 33-37-400.4

4.5 2.04-156.7
mol/L

Capacity (mg/qg)
As (111) As (V)

20 7
0.0012-12

89 66
0.884 0.941
0.541 7.642



Selected Soils and soil constituents used as Arsenic absorbents.

Absorbent

Bentonite
(modified)
montmorillonite

IHlite

Kaolinite

Kaolinite,
surfactant modified

Gibbsite

Soil, Sharkey

Method /type
of water

Batch

Batch

Batch

Batch

Batch/column

Wastewater

Soil

Optimum

3-8

5.0-6.5

Sie

56

Contamination
concentration
(mg/L)

0.2-1
20uM

20uM

20uM

0.2-14

10-1000

5-100

Capacity (mg/qg)
As (111) As (V)

0.82 1.48

{0} ~0.4

mmol/g mmol/g

~0.2mmol/g ~0.5
mmol/g

~0.3mmol/g ~0.5

mmol/g
4.3 9.0
mmol/kg mmol/kg
3.30 4.60
e



Other minerals (e.g. zeolites) and synthetic zeolites used as Arsenic
absorbents (selected).

Absorbent Method /type Optimum Contamination Capacity (mg/qg)
of water pH concentration As (I11) As (V)
(mg/L)
Zeolite, Batch/column  7.2-7.5 0.2-14 1.6 7.2
surfactant modified mmol/kg mmol/kg
Zeolites Batch 4.0 0.1-4.0 0.017 0.1
Malachite Batch 4.0 5.000 57.1 mglg
Feldspar Water/wastew 4.2 133.49 pmol/L 0.18
ater
Siderite Batch and 7 250-2000 1040 pg/g 516 pg/g
column
Fe—Mn mineral Batch/column  3/3,5.5 0.47 mmol/L 14.7 6.7

material



Selected Oxides used as Arsenic absorbents.

Absorbent Method /type Optimum Contamination Capacity (mg/qg)
of water pH concentration As (111) As (V)
(mg/L)
Al,O,/Fe(OH), Batch 6.1 £03/ 0.1-04 0.12 36.7
8.0+0.3 mmol/g
Fe-Mn  binary Batch 4.8 0.20 mmol/L 1.77 0.93
oxide mmol/g mmol/g
Goethite Batch 55 10-1000 7.50 12.5
wastewater
Ferrihydrite Batch/natural 325 ng/L 0.25
Ferric Column 8-9 5-100 2.3

hydroxide, granular drinking water

TiO, Batch 8.5/7.3 0.4-80 32.4 41.4



Selected Hydrotalcites, phosphates and metal-based methods used
as Arsenic absorbents.

Absorbent Method /type Optimum  Contamination Capacity (mg/qg)
of water pH concentration As (111) As (V)
(mg/L)
Synthetic Ground water 7.0 400 105
hydrotalcite
Layered double Wastewater 4.2-5.4 20-200 5.61
hydroxides,
calcined
FePO, Drinking 7-9/6— 0.5-100 21 10
(amorphous) water 6.7
FePO, (cryst.) Drinking 7-9/6— 0.5-100 16 9
water 6.7
Fe/NN-MCM-41  Drinking 6.0 ~0-1500 119.8
water
Cu/NN-MCM- Drinking 7.0 ~0-1500 37.46

48 water



Selected Bioabsorbents used as Arsenic absorbents.

Absorbent Method /type Optimum Contamination Capacity (mg/qg)
of water pH concentration As (1) As (V)
(mg/L)

Chitosan Batch/column 9.0 1000 mg/L 2.0

Chitosan Wastewater 4.0 400 58

Cellulose Batch/column 7.1 1 mg/L 35.0
(cotton)

Cellulose (bead) Ground water 7.0 1-100 mmol/L 33.2 33.2
with iron
oxyhydroxide

Biomass, yeast, Surface and 6.5 0.5-2.5 mM 3.75
methylated ground water

Biomass, Ground water 6.0 50-2500 704.1

immobilized
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2ToLEl0-AVOPYa VoL PUTOL GE E00.PT KUl VEPA
O1 KuploTEPEC TOPAUETPOL IV :

1. H ovykévrpmon Tov povmTov

2. O1 GUYKEVTPDOGELS TOV AAAL®DV GTOLYEIDV

3. H 000m tov mpocpopntn mov amaiteiton

4. H dwooikooio gidtpapicpnotoc mov Ha emdeyel

5. POOion tov pH oto vepod

6. AvokoAieg petd v enecepyocia

7. H dwayeipion tov anmoPAntov

8. Evoeoeryuévn ypnon ko owayeipion o€ Pdboc ypovou

IHoOg N GVYKEVTPOOTN TOV PUTOV UTOPEL VO EANPEACEL TNV
TEMKN NOG ETAOYN ;
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2ToLEl0-AVOPYa VoL PUTOL GE E00.PT KUl VEPA
O1 KuploTEPEC TOPAUETPOL IV :

1. H cvykévtpmon tov pumov

2. Ol GUYKEVTPAGELS TOV GAALOV GTOLYELOV

3. H 000m tov mpocpopntn mov amaiteiton

4. H dwooikooio gidtpapicpnotoc mov Ha emdeyel

5. POOion tov pH oto vepod

6. AvokoAieg petd v enecepyocia

7. H dwayeipion tov anmoPAntov

8. Evoeoeryuévn ypnon ko owayeipion o€ Pdboc ypovou

IHOg N GVYKEVIPMOGELS TOV GALOV GTOLYELMV UTOPOVV VU,
EANPEACOVY TNV TEAMKT OGS ETLAOYT ;



2ToLEl0-AVOPYa VoL PUTOL GE E00.PT KUl VEPA

IH®OS N GVYKEVIPMOGELS TOV GALMV GTOLYELMV UTOPOVV VU,
EMNPEAGOVY TNV TEAIKY] ROS ETAOYN ;

1. Av gival pomou

2. Av 0gv glvarl pomol



2ToLEl0-AVOPYa VoL PUTOL GE E00.PT KUl VEPA

IH®OS N GUVYKEVIPMOGELS TOV GALMV GTOLYELMV UTOPOVV VU,
EMNPEAGOVY TNV TEAIKY] ROS ETAOYN ;

1. Av givar pomor : Qo wpémer va emAEEovue £va VMKO Oyt
OTOPULITTA OPVKTO TOV VO, TOVS TPOGPOPU KL QVTOVG.

2. Av 0gv gtvor pomot



2ToLEl0-AVOPYa VoL PUTOL GE E00.PT KUl VEPA

IH®Og N GVYKEVIPMOGELS TOV GALOV GTOLYELMV UTOPOVV VU,
EANPEACOVY TV TEMKN NOS ETLAOY] ;

1. Av givar pomor . Qo wpémel va emMAECOVUE EVa DVAMKO Oyl
OTOPUITNTA OPVKTO TOV VO, TOVS TPOGPOPU KUl AVTOVG.

2. Av ogv givar pomor . Qo mpémer va emAéCooue £vo VAIKO
0L OTOPAITNTO OPVKTO TOV VA U1V TOVS TPOGPOPA..

Av 0gV TO Kavovue avto TL TpoPinua 0o xovpe ;



2ToLEl0-AVOPYa VoL PUTOL GE E00.PT KUl VEPA

IHOS N GVLYKEVIPMOGELS TOV GALOV GTOLYELMV UTOPOVV VU,
EANPEACOVY TNV TEMKN NOS ETLAOY ;

1. Av givar pomor . Qa mwpémel va emAELEOVUE EVa VMKO Oyl
OTOPUITNTA OPVKTO TOV VO, TOVS TPOGPOPU KUl AVTOVG.

2. Av ogv givar pomor . Qo mpémer va emAéCooue £vo VAIKO
0L OTOPAITNTO OPVKTO TOV VA U1V TOVS TPOGPOPA..

Av 0gV TO Kavovue avto TL TpoPinua 0o xovpe ;
H omoteleopnoTikKOTNTO TOV VAIKOV pog 0o permOet



L)

2ToLEl0-AVOPYa VoL PUTOL GE E00.PT KUl VEPA
O1 KuploTEPEC TOPAUETPOL IV :

1. H cvykévtpmon tov pumov

2. O1 GUYKEVTPDOGELS TOV AAAL®DV GTOLYEIDV

3. H 600m TOV TPOGPOPNTI] TOV UTCLTELTOL

4. H dwooikooio gidtpapicpnotoc mov Ha emdeyel

5. POOion tov pH oto vepod

6. AvokoAieg petd v enecepyocia

7. H dwayeipion tov anmoPAntov

8. Evoeoeryuévn ypnon ko owayeipion o€ Pdboc ypovou

IHog n 60061 TOV TPOGPOPNTI TOV CTOLTEITOL UTOPEL VO,
EMNPEACEL TNV TEALKY] NOS ETLAOYT] ;



L)

2ToLEl0-AVOPYa VoL PUTOL GE E00.PT KUl VEPA
O1 KuploTEPEC TOPAUETPOL IV :

1. H cvykévtpmon tov pumov

2. O1 GUYKEVTPDOGELS TOV AAAL®DV GTOLYEIDV

3. H 000m tov mpocpopntn mov amaiteiton

4. H dwooikooio gidtpapicpnotoc mov Ha emdeyel

5. POOion tov pH oto vepod

6. AvokoAieg petd v enecepyocia

7. H dwayeipion tov anmoPAntov

8. Evoeoeryuévn ypnon ko owayeipion o€ Pdboc ypovou

IHog n pvOuon Tov PH 67T0 VEPO nmOPEL VO e peacer TNV
TEMKN NOG ETAOYN ;



Selected Commercial and synthetic activated carbons.

Absorbent Method /type Optimu Contamination Capacity (mg/qg)
of water m pH concentration As (I11) As (V)
(mg/L)
Commercial Drinking 7 5-200 0.21-14 3-31

activated carbons water

Commercial Agueous 6.4-75 157-992 29.9 30.48
activated carbons solution

Commercial Waste water X{0[0) 25-2860
activated carbons

Activated Column 4-9 1.33 40.5 27
synthetic carbons



Selected Agricultural and industrial products and by-products used

as Arsenic absorbents.

Absorbent Method /type Optimu Contamination

of water m pH concentration
(mg/L)

Rice husk Column 6.5-8.0 50-500

Chars Drinking 3.5 10-100
water

Chars Aqueous 2-3 157-992
solution

Red mud Agueous 7.25/3.5 33-37-400.4
solution /

Batch
Bauxsol, water 4.5 2.04-156.7 mol/L

activated

Capacity (mg/qg)

As (111) As (V)
20 7
0.0012-12

89 35
0.884 0.941
0.541 7.642



Selected Soils and soil constituents used as Arsenic absorbents.

Absorbent

Bentonite
(modified)
montmorillonite

IHlite

Kaolinite

Kaolinite,
surfactant modified

Gibbsite

Soil, Sharkey

Method /type
of water

Batch

Batch

Batch

Batch

Batch/column

Wastewater

Soil

Optimu
m pH

6.0/9.0

5-6

3-8

5.0-6.5

Sie

56

Contamination
concentration
(mg/L)

0.2-1
20uM

20uM

20uM

0.2-14

10-1000

5-100

Capacity (mg/qg)
As (111) As (V)

0.82 1.48

{0} ~0.4

mmol/g mmol/g

~0.2mmol/g ~0.5
mmol/g

~0.3mmol/g ~0.5

mmol/g
4.3 9.0
mmol/kg mmol/kg
3.30 4.60
e



Other minerals (e.g. zeolites) and synthetic zeolites used as Arsenic
absorbents (selected).

Absorbent Method /type Optimu Contamination Capacity (mg/qg)
of water m pH concentration As (111) As (V)
(mg/L)
Zeolite, Batch/column 71.2-75 0.2-14 1.6 7.2
surfactant modified mmol/kg mmol/kg
Zeolites Batch 4.0 0.1-4.0 0.017 0.1
Malachite Batch 4.0 5.000 57.1 mglg
Feldspar Water/wastew 4.2 133.49 umol/L 0.18
ater
Siderite Batch and 7 250-2000 1040 pg/g 516 pg/g
column
Fe—Mn mineral Batch/column 3/3,5.5 0.47 mmol/L 14.7 6.7

material



Selected Oxides used as Arsenic absorbents.

Absorbent Method /type Optimu Contamination Capacity (mg/qg)
of water m pH concentration As (111) As (V)
(mg/L)
Al,O,/Fe(OH), Batch 6.1 £03/ 0104 0.12 36.7
8.0+0.3 mmol/g
Fe-Mn  binary Batch 4.8 0.20 mmol/L 1.77 0.93
oxide mmol/g mmol/g
Goethite Batch 55 10-1000 7.50 12.5
wastewater
Ferrihydrite Batch/natural 325 g/l 0.25
Ferric Column 8-9 5-100 2.3

hydroxide, granular drinking water

TiO, Batch 8.5/7.3 0.4-80 32.4 41.4



Selected Hydrotalcites, phosphates and metal-based methods used
as Arsenic absorbents.

Absorbent Method /type Optimu Contamination Capacity (mg/qg)
of water m pH concentration As (111) As (V)
(mg/L)
Synthetic Ground water 7.0 400 105
hydrotalcite
Layered double Wastewater 4.2-5.4 20-200 5.61
hydroxides,
calcined
FePO, Drinking 7-9/6- 0.5-100 21 10
(amorphous) water 6.7
FePO, (cryst.) Drinking 7-9/6— 0.5-100 16 9
water 6.7
Fe/NN-MCM-41  Drinking 6.0 ~0-1500 119.8
water
Cu/NN-MCM- Drinking 7.0 ~0-1500 37.46

48 water



Selected Bioabsorbents used as Arsenic absorbents.

Absorbent Method /type Optimu Contamination Capacity (mg/qg)
of water m pH concentration As (1) As (V)
(mg/L)

Chitosan Batch/column 9.0 1000 mg/L 2.0

Chitosan Wastewater 4.0 400 58

Cellulose Batch/column 7.1 1 mg/L 35.0
(cotton)

Cellulose (bead) Ground water 7.0 1-100 mmol/L 33.2 33.2
with iron
oxyhydroxide

Biomass, yeast, Surface and 6.5 0.5-2.5 mM 3.75
methylated ground water

Biomass, Ground water 6.0 50-2500 704.1

immobilized



L)

2ToLEl0-AVOPYa VoL PUTOL GE E00.PT KUl VEPA

O1 KuploTEPEC TOPAUETPOL IV :

1. H cvykévtpmon tov pumov

2. O1 GUYKEVTPMOGELS TOV AAA®DV GTOLYEIMV

3. H 000m tov Tpocpopntn mov amaiteiton

4. H dwoikooio giktpapicpnotoc mov Ha emieyel

5. POOion tov pH oto vepod

6. AvokoAieg petd v emecepyocia

7. H owyeipion tov anoPAntov

8. Evoeoeryuévn ypnon ko owayeipion o€ Pdboc ypovou



2ToLEl0-AVOPYa VoL PUTOL GE E00.PT KUl VEPA

>  Zvuvoyilovtog, mo 0puKTa VOpileTon OTL €XOVV TNV ELPVTEPT)
EQUPLOYY GE TAYKOGUIO KAILLOKO KOl Y10t ;



2ToLEl0-AVOPYa VoL PUTOL GE E00.PT KUl VEPA

>  Zvuvoyilovtog, mo 0puKTa VOpileTon OTL €XOVV TNV ELPVTEPT)
EQUPLOYY GE TAYKOGULO KAILOKA ;

»  To o&eida (ko vOpoeidia), KupimE TOV GLONPOV, Y1UT |



2ToLEl0-AVOPYa VoL PUTOL GE E00.PT KUl VEPA

2uvoyilovTag, o, OpLKTA VOUICETOL OTL £YOVV TNV EVPVTEPT
EQUPLOYY GE TAYKOGULO KAILOKA ;

Ta o&eiora (ko vOPOLEidI), KLPIME TOL GLONPOV, YIUTL ;

[oti cuvovdlovy UE OMOTEAECULOATIKO TPOTO otabeciuoTnTO,
UIKPO KOGTOC KOl ATOTEAEGLLOTIKOTNTA



2ToLEl0-AVOPYa VoL PUTOL GE E00.PT KUl VEPA

2uvoyilovTag, o, OpLKTA VOUICETOL OTL £YOVV TNV EVPVTEPT
EQUPLOYY GE TAYKOGULO KAILOKA ;

Ta o&eiora (ko vOPOLEidI), KLPIME TOL GLONPOV, YIUTL ;

[oti cuvovdlovy UE OMOTEAECULOATIKO TPOTO otabeciuoTnTO,
UIKPO KOGTOC KOl ATOTEAEGLLOTIKOTNTA

Extoc amd ta ofeloto molo aAla opvkTd vouiletal 0Tl €Yovv
EVPLTOTN EEOPUOYT] KO Y1OTL ;



2ToLEl0-AVOPYa VoL PUTOL GE E00.PT KUl VEPA

2uvoyilovTag, o, OpLKTA VOUICETOL OTL £YOVV TNV EVPVTEPT
EQUPLOYY GE TAYKOGULO KAILOKA ;

Ta o&eiora (ko vOPOLEidI), KLPIME TOL GLONPOV, YIUTL ;

[oti cuvovdlovy UE OMOTEAECULOATIKO TPOTO otabeciuoTnTO,
UIKPO KOGTOC KOl ATOTEAEGLLOTIKOTNTA

Extoc amd ta ofeloto molo aAla opvkTd vouiletal 0Tl €Yovv
EVPLTOTN EEOPLLOYT) KO Y10TL ;

Ta apytAikd opvktd



