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Distribucion clases modulo 7: Contaminacion de Recursos Hidricos

HORARIO MODULO 7

LUNES MARTES MIERCOLES JUEVES VIERNES CHILE ESPANA
INTRODUCCION y ] TUTORIAL 1.
c1 CONSOLIDACION H“{'é’ggébziﬁ‘ﬂ%i'\:l PREDICCION AMD TRB/ST'\;"?A'IESN\T(O INTRODUCCION A 09:00 - 10:50(13:00 - 14:50
MODULO 1 MODPATH
BREAK 10:50 -11:10[14:50 - 15:10
DRENAJE ACIDO DE PROCESOS DE AL 3
c2 AGUA Y MINERIA MINAS Y TRANSPORTE DE CASOS EJEMPLOS TEEEUGE O A'MT3D 11:10 - 13:00( 15:10 - 17:00
TRATAMIENTOS CONTAMINANTES
ALMUERZO 13:00 - 14:30(17:00 - 18:30
) EJERCICIOS EJERCICIOS CASOS EJEMPLOS
c3 mggggéﬁzg\ll MODELIZACION MODELIZACION MOZ'LTJSTREESRB\EEAESUAS 14:30 - 16:20( 18:30 - 20:20
HIDROQUIMICA I HIDROQUIMICA IV PRACTICA 1
BREAK 16:20 - 16:40(20:20 - 20:40
EJERCICIOS EJERCICIOS EJERCICIOS MODELACION CASOS EJEMPLOS
c4 MODELIZACION MODELIZACION MODELIZACION NUMERICA E 16:40 - 18:30/20:40 - 22:30
HIDROQUIMICA | HIDROQUIMICA III HIDROQUIMICA V INTRODUCCION A GWV PRACTICA 2
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Distribucion detallada clases Manuel Caraballo

LUNES MARTES MIERCOLES JUEVES VIERNES HORAS ESPANA
INTRODUCCION y
c1 CONSOLIDACION MEZCLA DE AGUAS 9:00-9:50 [13:00 -13:50
MODULOS PREVIOS
PREDICCION AMD
INTRODUCCION y
c1 CONSOLIDACION EVAPORACION 10:00-10:50 [14:00 - 14:50
MODULOS PREVIOS
BREAK
c2 AGUA Y MINERIA DIRER L SlDe D 11:10-12:00 [15:10 - 16:00
MINAS
; SYSTEMAS DE ] ] 0 47
c2 AGUA Y MINERIA TG 12:10-13:00 [16:10 - 17:00
ALMUERZO
ESPECIACION Y _ ) _ _
c3 eV 14:30 - 15:20/18:30 - 19:20
EJERCICIOS EJERCICIOS
MODELIZACION MODELIZACION
EQUILIBRIO Y HIDROQUIMICA I HIDROQUIMICA IV
c3 PRODUCTO DE 15:30-16:20 [19:30 - 20:20
SOLUBILIDAD
BREAK
c4
EJERCICIOS EJERCICIOS EJERCICIOS
MODELIZACION MODELIZACION MODELIZACION 16:40-18:30 [20:40 - 22:30
HIDROQUIMICA | HIDROQUIMICA I HIDROQUIMICA V
c4
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hydroxo-
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- Aqueous speciation of
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the periodic table

Hidrogeologia Aplicada a la Mineria y Medio Ambiente
Modulo 7: Contaminacion de Recursos Hidricos
Dr. Manuel A. Caraballo



‘ Conceptos Basicos: Cationes y Aniones

Charge Size relationships Examples of Exarhples of
C a+ ions (defining characteristic) among simple ions simple ions complex ions
/ A e ——,— + +
/ -Posntlvely charged | i ‘Generally smaller! K*, Na*, 1s22¢ 18252 2p°
oS Eivaly chargac . Wt gl s'2s s'2s'2p
Cations (fewer &lécfrons than protons) ! than anions | Mg?*, Ca?*, NH 4+, U0,2¢ , = , ,
(number of protons is a defining characteristic (because they have Fe2+ Fe3+ Atomo de Litio, Li Atomo de Filtior, F
of the element in question, and proportionately few es’, re (Z=3) (z=9)
thus not subject to change) electrons) A|3+, Ti4+
/ 'Negatlvely'charged : {Generally Iarger. F-, CI-, NO;-, CO52,, HCOg, @ +
Anions / (moréelectrons than protons) ' _than cations ,l 2 2. 5042, PO,3, SiO4,
\ [ (number of protons is a defining characteristic (because they have O ’ S \ i} )
of the element in question, and prODOITIionately)extra OH-, Al(OH)4 y
N thus not subject to change) electrons p 5 P .
1s 1s°2s°2p
Cation Litio, Anioén fluoruro,
Li* F-
L Na + aCl,

> Conceptualmente las reacciones 1y 2 son las

R mds empleadas en quimica. Sin embargo, los

2 Na+Cl— ~= NaCl elementos suelen estar en la naturaleza en su
forma anidnica o catidnica (3 y 4).

> Las reacciones de transferencia electronica

\/ son importantes en la naturaleza pero forman
partes de la quimica tipo "redox”

3 Na+ + CI- - NaCI(S)

(aq)

Ingenieria de Minas
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> El potencial idénico (PI) se calcula dividiendo la
carga del ién por su radio, siendo asi una medida de
la densidad de carga.

El PT da una idea de cémo de fuerte o débil serd la
atraccion electrostdtica entre iones de carga
opuesta, por lo que tiene una gran utilidad en iones
“compactos” que se unen mediante enlace idnico (y
no tanto en iones “suaves” cuyo enlace tiene un
cardcter mds covalente).
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Conceptos Basicos: Potencial Ionico

Contours of ionic potential:

Example:

Ca2+
charge=2
radius=1.0A

ionic potential
=20

charge

radius
= jonic
potential

‘BeZ+

C4\

s+

N5+

32

\l\\/|92'+

Al3+

Sj4+

\
\P5+\

g6+

S ¢3+

i

16

Cr 6+

Sr2

MoB+

Ba?+
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—

W6+

D
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‘ Conceptos Basicos: Potencial Ionico

+6 Cationes con altos PI (eg.,
S6+):  fuerte enlace cation-
oxigeno pero intensa repulsidn
cation-cation. Forman
oxocomplejos (e.g., SO427) que
suele permanecer en solucion.

) SiO(Oi-I}"s‘-“- B
\(H3SiO4')

S04%  Cationes con bajo PI (e.g., K*):

débil enlace enlace catidn-
oxigeno que induce una intensa

% repulsién entre los aniones. son
.. Oxo- tipicamente solubles y no
Si( OH) complexes o olen formar 6xidos.
4S|O4 ‘ N?)oly

OXO- nuclear
com-

S
C’;ﬁ,ﬁ,@gfes Paly P& Cationes con PI intermedios

complexes (e_g_l A|3+): tienen la densidad

possible

Hydroxo-compléxes

Hydrated cations Ligands: de carga suficiente para unirse

Contours of equal 2. (aquo-ions) i @@ @ fuertemente al O% pero no tan

fone potent e Aqueous speciation of = Q alta como para repelerse entre

lonic gotentlal ’ o .o .
o flon | some hard cations across 5/{% et si ni tan baja como para que se
T the periodic table Mo | oA repelan los oxigenos. Forman
Change in speciation with increasing pH ceton ana e onyens re shown s 1 mer s were oo | 9X1d0g e hidréxidos estables.
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‘ Conceptos bdsicos: Acido-Base

> Acido: compuesto quimico capaz de disociarse en agua liberando cationes de
hidrégeno (H*, protones). Los dcidos fuertes se disocian casi completamente (e.g.,
HCI) mientras que los dcidos débiles se disocian en menor medida

A GUIDE TO ACIDS, ACID STRENGTH, AND CONCENTRATION

What'’s the difference between acid strength and concentration? And how does pH fit in with these? This graphic explains the basics.

Hcl H,SO, HNO, H,PO, HF CH,COOH H,CO,

HYDROCHLORIC ACID m m PHOSPHORIC ACID HYDROFLUORIC ACID ETHANOIC ACID CARBONIC ACID

pK,=-7 pK,=-2 pK,=-2 pK,=2.12 pK,=3.45 pK,=4.76 pK,=6.37

STRONG ACIDS VS. WEAK ACIDS ACIDS, K, AND pK, CONCENTRATION AND pH

HA=H'+A" Do g - lH_[+1 U]\-l K =-log [K] PH=-loBalH] “Trmimzmemeis
HA ?
(] ]
@ e @ 00 ® @ ® * VERY STRONG ACID ';.1 o =
o, ®° o ® >® > - o o o

o (] o ® m m o FAIRLY STRONG ACID 1072-0.1 - o o

WEAKACID 10%-10°
STRONG ACID WEAK ACID VERY WEAK ACID 10205 5- CONCENTRATED ACID DILUTE ACID

@ Hydrogenions Q) Negativeions () Acid molecules EXTREMELY WEAK ACID <1075 >15 @ Hydrogenions (§ Negative ions

Acids react with water when they are added to it, The acid dissociation constant, K,, is a measure of the Concentration is distinct from strength. It refers to the
forming ions. The degree to which they do this is what strength of an acid. The higher its value, the stronger amount of acid in a given solution. A concentrated acid
determmes whether they are strong orweak acuds the acid (i.e. the more readily it ionises in water). pK, contains a large amount of acid in a given volume; a
B converts K, number to a logarithmic scale that makes it dilute solution contains a small amount. The pH scale

easier to compare strengths of different acids.

© COMPOUND INTEREST 2016 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem @@
This graphic is shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence.




disocian en menor medida

(a) Acid (b) Base preexistentes.
A
H S 69'
. . H,0 =H"+ OH" e o
> pH: es una medida de acidez o Aty
alcalinidad de una disolucién. El [H']-[OH] idirwioti

.. ., K, = = 1014 (25°¢)

pH indica la concentracion de [H,0] A
iones hidronio (H3O*) presentes —
en determinadas soluciones. pH = -log[H"] ]: o

Neutral solution

3

“a change of 1 (i.e., from pH = 3 to pH = 4) represents a ten-fold change in .
the activity of H*. A IN solution of highly dissociated acid (e.g., IM HCI) has ~1

a pH of 0 (because ay* = 1 = 10°). pH is commonly said to have possible o é
range from 1 to 14, but highly acidic solutions can have pH = -1 (10N) and © ?

even -2. At 25 °C, pH + pOH = 14.” L:®

(Apuntes Prof. Bruce Railsback) oo BESIC SOIUiON
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Increasingly BASIC
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Conceptos bdsicos: Acido-Base

» Acido: compuesto quimico capaz de disociarse en agua liberando
cationes de hidrdgeno (H*, protones). Los dcidos fuertes se disocian
casi completamente (e.g., HCI) mientras que los dcidos débiles se

> Base: compuesto quimico capaz de disociarse en agua liberando
aniones hidroxilos (OH) a la solucion o retirando de ésta H*

pH scale

— 10

— 11

— 12

— 13

_ 14

Stomach acid

Lemon juice
Grapefruit juice

Wine
Tomato juice

Urine

Milk
Pure water
Human blood

Seawater

Milk of magnesia
Household ammonia
Household bleach

Oven cleaner
Limewater
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Dato Interesante

= Como la constante de disociacion del agua cambia con la temperatura
(como todas), el pH al que [H*]=[OH-] también varia
= Ej. a500°C

logK, =-13237 = |H'|=241.107 = pH=6.618

“u
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m
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g
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6.0 6.2 6.4 6.6 6.8 7.0
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7.2
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El pH del agua (pura)
disminuye al aumentar T.
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‘ Conceptos basicos: Acidez y Alcalinidad Neta

Acidez Neta = 50045 (3 cot2 cpet2 ey t2 - ¢z, H10PH)-alk
(Rétting et al., 2008 a partir de Kirby and Cravotta, 2005)
“where cx are molar concentrations (mol/L) and alk 1s measured gross alkalinity (mg/L as CaCO3

equivalents). The factor 50,045 converts moles of charge into mg of CaCO3 equivalents. Net acidity may
be positive (net acidic water) or negative (net alkaline water).”

Available online at www.sciencedirect.com Available online at www.sciencedirect.com

SCIENCE@DIRECT® Applied scnsucs@nlnEcT® Applied
g AN Geochemistry AN Geochemistry
ELSER Applied Geochemistry 20 (2005) 1920-1940 —_ ELSEVIER Applied Geochemistry 20 (2005) 1941-1964 —
www.elsevier.com/locate/apgeochem www.elsevier.com/locate/apgeochem
Net alkalinity and net acidity 1: Theoretical considerations Net alkalinity and net acidity 2: Practical considerations
Carl S. Kirby **, Charles A. Cravotta I ™' Carl S. Kirby “*, Charles A. Cravotta I11 ™!

Alcalinidad Neta = [HCO57] + 2[CO5>] + [OH] - [H'] |

explanation. Operationally, the alkalinity is defined as the amount of acid that 1s needed to
bring the pH down to about 4.5 (cf. Chapter 5). For most waters, the alkalinity equals
Alk = moy- + myco; + 2mcez-, but PHREEQC considers also all the other species that consume
protons. Thus, in the output of Example 4.6, the Total Alkalinity is negative, —4.154 X108 (eq/kg),
due to the presence of 4.209X 10~3 M HF. The contribution of F~ (the aqueous master species) to the
alkalinity 1s 0, and therefore HF 1s considered to be dissociated at pH = 4.5 (the approximate end-
point of an alkalinity titration), producing an equivalent amount of protons which contribute nega-
tively to the alkalinity.

(Appelo and Postma, Geochemistry, . Ingenieria de Minas
Hidrogeologia Aplicada a la Mineria y Medio Ambiente Grounwater and Pollution, 2005, Pag. 138) H fom FACULTAD DE CIENCIAS FISICAS
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Conceptos bdasicos: Reacciones Redox

> Reaccidon redox: toda reaccién quimica en la que uno o mds electrones se transfieren
entre los reactivos, provocando un cambio en sus estados de oxidacidn.

> Para que exista una reaccién de reduccidn-oxidacion, en el sistema debe haber un
elemento que ceda electrones, y otro que los acepte:

o El agente reductor es aquel elemento quimico que suministra electrones de su
estructura quimica al medio, aumentando su estado de oxidacidn, siendo oxidado.

oEl agente oxidante es el elemento quimico que tiende a captar esos electrones,
disminuyendo su estado de oxidacion, es decir, siendo reducido.

> Estado de Oxidacidn: indicador del grado de oxidacion de un atomo que forma parte de un
compuesto u otra especie quimica. Es representado por nimeros, los cuales pueden ser

positivos, negativos o cero

Elementos que existen en la
naturaleza con:

Sélo 1 estado de oxidacion (EO) +
Mds de 1 EO +
M Forma elemental y al menos 1 EO +
B EO tanto + como -
| Al menos1EO -
Sélo 1 EO -

B Ningln EO (carga 0)
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Li

Be

Na

A periodic table of redox behavior

Ca

Sc

Rb

Sr

Cs

Ba

La

Ra
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‘ Conceptos basicos: Redox y PI
[ "CAMBIOS EN EL ESTADO DE OXIDACION=CAMBIOS EN ELJ

POTECIAL IONICODCAMBIOS EN LA SOLUBILIDAD”

lonic potential =

charge = radius = 32 16 Oxidized “Oxidation and reduction change
12 40 g
' some elements from a cation in
5 Mo©6+\w6+ one of these groups to a cation in
| c6s _
6 SolulS)Ié /Cr6te o oo 6+ another group. One important
| oxocomplexes Reduced example is e, which in reducing
(and °X°thr°X°°°mP'exeﬁ'_’3)+ Insoluble conditions is the soluble Ca®*-like
51 \o® | L Asy xides & or Mg**-like Fe** cation but in
J roxides oxidizing  conditions is  the
a+ insoluble  AP*-like Fe3" cation.
4] Cave v o Col+ 3 Mn behaves likewise. Ce behaves
o | likewise but from 3+ to 4+, giving
= | Ce anomalies in distributions of
S | rare-earth elements”
© 3 B3+e ) Ce3+ 5
“Other elements change from a
reduced insoluble form to a
2 - Be2+® °Ca2+ ® g2+ ~ soluble oxidized form. Cr llkeWZS'e
Ba2+ changes from reduced Cr3* in
1 solids to oxidized and dissolved
| / . i . Crb*, which is why introduction of
| Li+ Na+* Cu K+ o5 O:togroundwater can lead to Cr-
SOIUbI_e _— ~ poisoning problems. The same
= hydrated ions holds for As’* and As>*.”
O‘:'"'VVVIVVV' 1 ' 1 ' 1 ' T v T v T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 (Apuntes Prof. Bruce Railsback)
|0nIC radlus (A) i ngenieria de Minas
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+1.0
Eh of water in
equilibrium with ————
atmosphere +0.8
(Stumm & Morgan
3rd edn., p. 468)
+0.6 —
+0.4 —
thermal
Eh (v) waters
+0.2 —
0.0 — Seawater
H*-rich 0.0
(H*-doning) . %0y
acidic
solutions -0.4 - Evaporative
saline
waters
-0.6 —
I | I

2 4 6

Breakdown of water:

H,O + H* + 2e- --> H, + OH-
\ \ t

Note that H, (reduced hydrogen, relative to the
much more abundant H+) is found in small
concentrations in some deeper groundwaters
(Lovley & Chapelle 1995, Reviews in Geophysics).
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e -doning
reducing environments

/

O, isoxidized oxygen,

relative to the much
more abundant O2-

of H,O and minerals.

H*-poor
(H*-robbing)
alkaline
solutions

Fields on this diagram are from
Figures 4 to 19 of Baas-Becking et
al. (1960, Jo. Geol. 68:243-284). The
fields are thus more data-based than

the labels on the widely reproduced
Figure 11.1 of Garrels and Christ's

Solutions, Minerals, and Equilibria.

(Apuntes Prof. Bruce Railsback)

Conceptos basicos: diagramas Eh-pH

‘ Ingenieria de Minas

Y MATEMATICAS UNIVERSIDAD
| DE CHILE
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Conceptos basicos: Geoquimica Redox de algunos elementos relevantes

The geochemical redox conditions of some important elements

Molybdenum®

M06+

molybdate minerals:
Wulfenite PbMoO,4

Molybdite MoOg
Ferrimolybdite
Fep(M0O,)5nH0

dissolved 00 2+
molybdate 4(aq)

Mo#+ and Mo®+

lisemannite

4+ 6+ o
Mo Mo,0g nH,0 (?)

M°4+

Molybdenite  MoS,

Tugarinovite  MoO,

Kamiokite Fé;M30g

M02+

dissolved B, coemmoees

molybdenum o(aq)

Hidrogeologia Aplicada a la Mineria y Medio Ambiente
Moédulo 7: Contaminacién de Recursos Hidricos

_Pyrite

Iron
Fe3+
Goethite FeO(OH)
Ferrihydriteb
Fexo%(_%y(OH)yanO
Hematite: Fe,Oq
Lausenite:
Fe 5(S0,4)36H,0

Fe2+ and Fe3+

Romerite
24 8+
FeFe 5(S04)414H,0
Greigite FéFe S,
~“Glauconite

(K.Na,Ca)q 5 1(Mg,F&;FEAl

Hornblende

Cay(Mg,Fé") 4(Al,F&)AISi;0,,(0H),

Magnetite FéFe +204

Fe2+

7 ~ FeS;
Olivine FeMgSiO,
Hypersthene (Mg,Fe)SiO5
Biotite
K(Mg,Fe)3AISiz0(OH),

Ferrohexahydrite
Fe 8O,46H,0
dissolved iron Fe2+
Wastite FeO
Troilite FeS
Fe0
Native iron Fe

Dr. Manuel A. Caraballo

Carbon
Ca+
carbonate minerals:
Calcite CaCOg
COz%
dissolved carbon: HCO5
H,CO3
dissolved and
atmospheric CO,

carbon:

carbonyl disulfide: CS,

C2+

carbon monoxide: CO

)2(Al,Si)4016(OH)NH,0 )

* Augite Ca(Mg,Fe:"FeX"AlTi)(Si,Al),04

co
Diamond & graphite: C

organic matter:  CH,O
formaldehyde: CH,O
0to4-
PAHs:® C.14H.10
benzene: CeHg
alkanes: CHopso
c+
dissolved and
atmospheric CH,
methane:

methyl groups: CHj3

Nitrogen
NS5+

nitrate minerals:

Nitratine NaNO3

dissolved nitrate: NOg-

N4+
atmospheric
nitrogen dioxide: NO,

N3+

dissolved nitrite:  NOy"

N2+
atmospheric
nitric oxide: 0

' N3 and N5+
Gwihabaite: (NH,4, K)NO3

N+
atmospheric
nitrous oxide: NoO

NO
atmospheric and
dissolved nitrogen: N2

NS3-
. ammonia: NH3 -
ammonium:
- amine groups: NH, 1

ammonium minerals:
Mascagnite (NHy)>SO,4

carbide minerals:
Moissanite SiC

nitride minerals:
Osbornite  TiN

(Apuntes Prof. Bruce Railsback)

-- hydroxyl ion:

Oxygen &
Hydrogen
oo
atmospheric and o
dissolved oxygen: 2
ozone: O3

O- and 00 (& Ht)
atmospheric
hydroperoxyl radical: HO,

O & H*
atmospheric species:
hydroxyl radical: HO
hydrogen peroxide: H,O,

0z
oxide minerals:
Hematite Fe,O3
oxysalt minerals:
Anhydrite  CaSO4
Calcite CaCO4
Nitratine NaNO5
Olivine Mg,SiO,

Chernovite YASO

(an (oxy)arsenate) "~-_

Reinerite  Zng(AS05),

(an (oxy)arsenite) .

02 & H+

“- lce and water: (OH,) HyO-..__
NH 4+ '

hydroniumion:  HzO+

hydroxide minerals:
Gibbsite:  Al(OH)3

Ho

diatomic hydrogen: H,

OH™ -

Sulfur
S6+
sulfate minerals:
Anhydrite  CaSO,
Anglesite

dissolved sulfate: SO,2-

S4+
atmospheric
sulfur dioxide: 5©2

sulfite minerals:

Scotlandite PbSOz "~~~

S2- and S8+
thiosulfate minerals:
Sidpietersite

Pb4(S03S)0,(0H),
So
Native sulfur S
S2- and SO
sulfide minerals:
Pyrite FeS,
S2-

atmospheric
dimethyl sulfide: (CHgz)>S

~-._sulfosalt minerals: h

" Enargite  CuzAS'S,

(asulfarsenate)

" Proustite Ag3A§+S3

(a sulfarsenite)

HyS

“dissolved sulfide: HS-

S2-
sulfide minerals:

Sphalerite  ZnS
Galena PbS

Troilite FeS

fcfm

PbSOy —oeooo’

Selenium =

Se6+

selenate minerals:
Olsacherite
Pb,S0O,Se0,

dissolved selenate: Se042-

Se4+

selenite minerals:

Molybdomenite PbSeO3 °

Sel
Native selenium Se

Se?- and Se?

selenide minerals:
Ferroselite FeSe,

Se?
seleniosalt minerals:
Permingeatite

CuSSk§+Se4

(a selenioantimonate)
dissolved H2Se_
selenide: HSe
Se2-

selenide minerals:
Mékinenite NiSe
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‘ Conceptos basicos: Eh o pe

> “Ehis a measure of the redox (oxidation-reduction) state of a solution or, more exactly, its solutes.
> Ehis a measurement of electrical potential and thus commonly expressed in volts.

> Values of Eh in nature range from -0.6 to +0.9V, with 0.0 characterizing a solution with no drive to either oxidize or
reduce.

> Accurate measurement of Eh is much more difficult than that of pH, because measurement of Eh requires
equilibration with many solutes and even solids.

> Unlike pH, Eh is not a measure of concentration of something, and use of the related parameter pe = (-logd®)
requires recognition that pe is a completely theoretical expression, ignoring the reality that the concentration of
electrons in a solution is always zero.

> pe=Eh -0.05916.” (Apuntes Prof. Bruce Railsback)

Disolucién Oxidativa (pirita) Disolucién Reductiva (goethita)

[ CH, + 30FeOOH + 24H* + 24HCO; — 30FeCO, + 42H20]

— : 2 — (Appelo and Postma, Geochemistry,
4FeS, + 150, +14H,0 -> 4Fe(OH); + 850,2- + 16H+* Grounwater and Pollution, 2005, Pag. 466)

(Apuntes Prof. Bruce Railsback) - Identificar los donadores y aceptores

de electrones

- Calcular la transferencia de electrones
requerida para que ocurra la disolucién
reductiva de goethita.
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The reduction of iron oxide by organic pollutants has been studied extensively at an oil spill
due to a pipeline rupture near Bemidji, Minnesota (Lovley et al., 1989). The spill released soluble
BTEX (Benzene, Toluene, Ethylbenzene, Xylene) compounds to the groundwater, resulting in a
reducing contaminant plume (Baedecker et al., 1993; Tucillo et al., 1999; Cozarelli et al., 2001).

The BTEX reduced iron oxides in the aquifer and created also methanogenic conditions according
to the reactions:

C,H, + 30FeOOH + 54H* — 6HCO; + 30Fe2* + 42H,0 (9.83)

and

% C¢Hg + 18H,0 — 10CH, + 6HCO; + 6H™ (9.84)

In the previously aerobic aquifer, the Fe?* concentration reached more than 40mg/L in 1992,
13 years after the accident (Figure 9.39). The increase in concentrations over time, directly below the
floating oil, is shown in Figure 9.40. The concentrations of Mn?>* and Fe?* went up first, but three
years later the CH, concentration had increased markedly while Fe?" stabilized at about 1 mM.
After 13 years about 30% of HCI extractable iron-oxide in the sediment below the oil had reacted
(8 mmol Fe(3)/kg), and methanogenic conditions appeared to extend further in the aquifer than iron-
reduction. This sequence indicates a gradual depletion of the pool of easily reducible iron-oxides.

Reaction (9.83) will result in the precipitation of siderite with the net effect of increasing the pH
while lowering the CO, pressure:

| CgH, + 30FeOOH + 24H* + 24HCO; — 30FeCO; + 42H,0]| (9.85)

To maintain the observed, neutral pH, Reaction (9.85) must be balanced by the acidifying Reaction
(9.84). As the pool of reactive iron oxides becomes depleted, Reaction (9.85) becomes less impor-
tant resulting in an increase of the CO, pressure and a decrease of pH. In good agreement, the field

data show that, as the increase in Fe*™ levels off, there is a slight decrease of pH and an increase of
the CO, pressure.

(Appelo and Postma, Geochemistry,
Hidrogeologia Aplicada a la Mineria y Medio Ambiente Grounwater and Pollution, 2005, Pag. 138)
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‘ Conceptos basicos: Eh o pe

Why oxidation commonly leads to acidification Examples:
L. Carbon Sulfur Nitrogen
1. Oxidation removes electrons from atoms and Gt > i+ S2- > Sor NS > N5+
thus[mcreases the Chargilon those atoms. (oxidation of methane) (oxidation of sulfides)  (oxidation of ammonia)
CO > C4+ S4+ > S6+ N4+ -> No+

2. Oxidation removes electrons from atoms (6.9, biological respiration,  (oxidation of SO,) (oxidation of NOy)
and thus|lessens the size|of those atoms. or oxidation of plant
Combining Items 1 and 2: matter or petroleum)

3. Oxidationflincreases the ionic potentialjof Radiic C# = 2.60A S2- = 1.84A N3 =1.71A
atoms or ions (i.e., it increases the CO0=0.77A S4+ = 0.37A

density of their positive charge). CH=0.15A §6+ = 0.29A¢ N =0.11A
4. Cations of greater ionic potential more lonic potential or density of charge = _charge ofion _ z -
effectively attract negatively-charged radiusofion T
lgand stoms. Ve m g o
5. 0% is by far the most abundant negatively- : '
charged ligand atom, and it's produced when cH, + 20, ->H,CO; + H,0 NHj + 20, -> HNO; + H,0
oxygen (as O,, OHO, or H,0,) serves as an H,S + 20, -> H,S0,
oxidizing electron acceptor. SO, + 20H0 > H,S0,
6. Maximally oxidized cations thus attract 0%, HO —a*
like the 02" of H,0 or OH-. _Q Lose 0
[ ]
But conversely o s N5+ s
7. The positively charge of maximally oxidized K oo
cations repels the H* of H,O or OH".
and H,SO, ->S0,2 + 2H+
PR - _
8. Release of H* (¢) is acidity. H,CO, -> HCOy + H? HNO, -> NOy + H*

' As a result, natural oxidation in soils, both by respiration and by decay of soil organic :
' matter, makes the carbonic acid that drives weathering. Meanwhile, anthropogemcallyl

l driven oxidation promotes ocean acidification, acid rain, and acid mine drainage. l. SEMGOXdnAGAnG7
A o A A o q q i | Ingenieria de Minas
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‘ Especiacion acuosa: Sistema CO,-HCO;-CO*

> La disociaciéon del dcido carbédnico (H,COs3) en el ién bicarbonato (HCO3), y de éste en
el idn carbonato (CO3%) esta reciprocamente ligada al pH de la solucion.

> La incorporacion del CO, atmosférico al agua de los océanos y la consiguiente
acidificacién de los mismos es un ejemplo de la intima relacién que existe entre el pH 'y
la especiacion del carbono inorgdnico en soluciones acuosas.

A Graphic View of Carbonate Equilibria:

[H (mol kg')
Qo Atmospheric CO, ¢t e mt m) 10* 10® 10" 10"
§ A
2 1\
ﬁl 3 1\
2 AN
& 04 N
= c 1
8 P
b L :
O’O -—‘_\ Carbonic COZ(g) > COZ(aq) c : N\
O@o Acid 2 0014 I
D/ssolved CO, o 1\
g(aq) COz(aq) + HzO 9 H2C03 E : H i .
1 \ otpan acidification
N :\
S H,CO; = H' + HCO; 0.001 VA AV & U |\ —
2 3 4 5 6 7. =g 9 10 1" 12
Carbonate pH
- + 2-
B HCOy > H™ + CO; JEE e
Bicarbonate A A A A AA A A A A A
68 8 g8 éé §8 £&8 G2 3% 23858
/g ' E2 € £ 59 o 2 ES 5P 22Z9Dog
2 > L 2 ke o .‘39 E_ (;?2 %
Legend: 2 & © © GO
7 ©
O 02 @ C4+ Note that CO, is a - © o
linear molecule, i acidic alkaline ot
}ﬁ whereas CO3 is a
O H+ triangular ion.
Dissociation
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CARBON DIOXIDE AND OCEAN ACIDIFICATION

Climate change is a much-discussed effect of rising carbon dioxide levels, but they can also affect our oceans. This graphic takes a look at how.

THE CHEMISTRY OF OCEAN ACIDIFICATION . THE EFFECTS OF OCEAN ACIDIFICATION
@

Q 8 l = |ESS CARBONATE DISSOLUTION
0 pH . &
CaC0, == Ca®* + C0,?

0‘ pH 7]\>mcmsw CARBONATE DISSOLUTION

THE BASICS

433040
2
4

{pH
t ACIDITY

Atmospheric carbon dioxide has
increased by 40% from pre-industrial
levels due to burning of fossil fuels
and deforestation. Ocean acidification
occurs when atmospheric carbon
dioxide dissolves in seawater.

2013 2100

PRE-
INDUSTRIAL

Acidity and alkalinity are measured on
the logarithmic pH scale. A pH over 7 is
alkaline; below 7 is acidic. A change of
one unit represents a tenfold change
in acidity or alkalinity. Seawater is
alkaline, but average ocean surface pH
has dropped by 0.1 since pre-industrial
times, a 25% increase in acidity.

Atmospheric carbon dioxide dissolves in seawater (1) and reacts with
the water to form carbonic acid (2). Carbonic acid dissociates (splits
up) into its ions (3); hydrogen ions produced by this dissociation
increase acidity, lowering seawater pH. Increased atmospheric carbon
dioxide ultimately produces more hydrogen ions, lowering pH further,

@ ATMOSPHERIC CARBON DIOXIDE

01
2 O

CO,+ H,0 = H,CO; == H'+HCOy
cmmn%mc 1} o

DISSOLVED
CARBON DIOXIDE

2H + 007

Hydrogencarbonate ions can dissociate further to form carbonate ions
(4) but this is less favoured. Consequently hydrogencarbonate ions are
the most abundant form of inorganic carbon in the oceans. Calcium
carbonate can also react with dissolved carbon dioxide in seawater to
form more hydrogencarbonate ions (S)

© (aC0;+ C0,+H,0 <= Ca” + 2HCO,"

As ocean pH drops, hydrogen ions react with carbonate ions.
Calcifying organisms such as clams, oysters and crustaceans use
the carbonate ions from seawater to make shells. When calcium
carbonate is undersaturated in seawater, their shells can start
dissolving. Coral skeletons can also be affected

(2 ] erecton roop wees AND FiskiNG
Q! — =] —£5¢|

Calcifying organisms are at the root of a number of marine food
webs. Negative effects on their population could have a knock-on
effect on species that feed on them, impacting fishing industries.

S
w81 kst WTT ok st

Many marine species use chemical signals for detecting
predators, settlement, and reproduction, Ocean acidification can
alter signalling molecules, which could in turn have potentially
detrimental effects on a number of different species.

©® Andy Brunning/Compound Interest 2017 - www.compoundchem.com | Twitter: @compoundchem | FB: www.facebook.com/compoundchem
This graphic is shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence.
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‘ Conceptos basicos: Capacidad de tamponamiento

» Tampon quimico (buffer): es la mezcla en concentraciones
relativamente elevadas de un dcido débil y su base conjugada. Tiene la, ;c
propiedad de mantener estable el pH de una disolucion frente a la @ S
adicion de cantidades relativamente pequefias de dcidos o bases fuertes, Caenicacd  Bicabonate

@ > Algunos metales tipicamente

= 1 B disueltos en aguas

H B g
0 <@, ©®"E
o

2000 -

s SEa
w0l S 3 _ contaminadas por drenaje dcido
] TS S ' de mina (i.e., Fe, Al y Mn)
1600 - I 2| < \ ,
I R =3 tienen la  capacidad de
0] =t 1 SF i 8 & amortiguar posibles
s 1 &b i I sanTemo M | incrementos en el pH del
PR I D N L sistema.
O ] b i -
§10001 IR | > Esta pseudo-capacidad de
o 8004 P a | tamponamiento del AMD se
600 - RV CuevadelaMora{ | debe a la precipitacion de
: P i P varias fases minerales, por lo
400 4 Ve i P que vendrd controlado por la
200 i ] i ] solubilidad de éstas en el
1 i i sistema.
02 3 4 5 é 7 8 9 10

pH

Fig. 3. Titration curves obtained during neutralization of waters from the two acidic mine pit lakes, with NaOH 0.1 M.
Sanchez-Espaiia et al., (2011) Applied Geochemistry. Schwertmannite and (* fc f ingenleriadeMines
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Total Dissolved Solids by Residue at 180°C (mg/L)

Conceptos basicos: Conductividad

0 50 100 150 200 250 300 350 400 450 500
500 | ' | ' | L | L | L | L | ' | ' | L | 7‘:_ 100000
450 / %j;% S
400 - il
o ] NP = 10000
N 350 - has :
© | z r
® + + I
2 300 - i
*g 1 Groundwater in Floridan Aqui-
> | O fer near Valdosta GA (USGS —
= 250 Open-File Report 94-350) o 1000
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O 200 Piedmont (USGS Ground- I
g water Quality Data for Georgia | [
i) T (Grantham & Stokes 1976) L
8_ 150 Water from springs (A) and
(7)) | A surface water (&) (USGS = 100
Appalachicola-Chattahoochee- |
100 - < Flint River Basin NAWQA C
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Total Dissolved Solids by Residue at 180°C (mg/L)

Jae 5 Available online at www.sciencedirect.com
uSy@% ¥ o o .

o) SciVerse ScienceDirect
e

ELSEVIER Geochimica et Cosmochimica Acta 77 (2012) 369-382

Geochimicaet
Cosmochimica
Acta

www.elsevier.com/locate/gea

A new method of calculating electrical conductivity

with applications to natural waters

R. Blaine McCleskey®*, D. Kirk Nordstrom*®, Joseph N. Ryan

‘
b James W. Ball® H fcf

Specific Conductance at 25°C (uS/cm) (Valdosta, NAWQA)

Specific Conductance at 25°C (micromhos)
( Piedmont, Waycross)
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Conceptos basicos: Adsorcion

1 Dissociation of OH-
" " - and adsorption of cation
Unaltered mineral: H EAdsorptlon of HyO: B E First dissociation of Hzoﬂ (whitrs ey ©

) o letely hydrated):
A model for H,0 completely hydrated)

= S \-a *-2 S'/ o (Jyr
ololtoNolooNete
QR S S

@

Adapted from Figure 4.2 of Schindler and Stumm, in Stumm (1987) Aquatic Surface Chemistry. 22; %’Sﬁ,’é‘v)";‘,’(‘,‘ié’ésf;’t?é‘#;°i’; ‘?éf! ‘r’rﬁ?\z’r‘; ?QegH

"An explanantion of ‘point of zero charge™).

100 i

1 0
________ |

Typical adsorption isotherm

80 / (plot of % adsorption at a — 20

given temperature)

“Adsorption isotherm | for a particular cation i % of
summarize data °t/° Otf_ I 60 on a particular surface ~40 potential
; potentia (e.g. Cd2+ on SiO, or Fe3+ on TiOy) - solute
about adsorption " e actually in
across a range of pH  adsorbed 407 solution
20 Individual measurements 80
0 —— 100
. 0 1.2 3 4 5.6 7 8 930 I 1243 T4_______
( (ol j ( { ) High pH:}

H* ions leave
surface, and cations
occupy surface

’ N i - N K4 \ a \\ / \‘ % N
Low pH: [ e} | a ) e ([ e} bl el
ey () (O (] 1 15 O
surface; cations O Q
have no place to @ @ @

o( )o( )@
adsorb .OQ @ )® QQO0.0.
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“Fe—-OH+Pb > <> —Fe-OPb "+H"

Conceptos basicos: Adsorcion

“The development of surface complexes between foreign
metal cations and the surface of a hydrous Fe or Al

_Ee—OH _Ee-O oxide involves coordination of the foreign ion with
’ +PH o | N Pb+2 H" oxygen donor atoms to form either monodentate or
—Fe-OH —Ee-0O bidentate complexes, with the release of protons”
) Inner-sphge o
100 - | S ol Vet
0l 4 { I%.Qgg: QQOO “The complexes are considered to be
g 1 ‘g’..'ér.". © ( inner-sphere if a mostly covalent bond
5 %7 | ..I“b‘}.g. is formed between the metal and the
2 ‘{ ). 0.0._( (§> . i .
5 40 g@%ﬁ! 8"{%) electron-donating ~ oxygen  ions.
20 ) I;Ok:gin 56 )¢ Otherwise, the complex is outer-
, ‘ 2O e sphere,  with  solute  molecules
3 O (3 providing separation between the
100 @) Q) ¢ metal and oxide surface.”
b O Om (

mol % bound
Y [*2] (2]
o o o
| IS I

n
o
- )

“Unlike metal cations, however, the sorption of oxyanions
decreases with increasing pH because of competition with
OH- and electrostatic repulsion by the negatively-charged

3

pH

s oxide surface at pH values above the pzc”

Figure 21. Binding of (a) metal ions and (b) oxyanions to ferrihydrite

as a function of pH (modified from Dzombak and Morel 1990).
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‘ Conceptos basicos: “Punto de carga cero”

“The point of zero charge for a given mineral surface is the pH at which
that surface has a net neutral charge ”

“The significance of this kind of plots is that a given mineral surface will have positive charge at solution pH values
less than the pzc and thus be a surface in which anions can adsorb. On the other hand, that mineral surface will have
negative charge at solutions pH values greater than the pzc and thus be a surface in which cations may adsorb ”

+ -

H* ions reside on surface rather than ion

entler low-pH (H*-rich) solution, resulting in
positively charged (H*-rich) surface

cation
Neutral surface:

6006 :Q%?Q. -\O
SIS

|

H* ions enter high-pH solution, resulting
in negatively charged (H*-poor) surface

/

0.2
0.1-
Charge on 1
surface o o ----Neutralsuface _____
(CIm?2)
- Plot for one mineral
0.2 =" | |
0 1 2 3 4 5 6

pH

Point of zero charge for this mineral is pH = 6.6
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‘ USGS Field Manual for the Collection of Water-Quality Data

@T@ water.usgs.gov/owq/FieldManual/ E1| C | @, ues of Water- Resources Investigations < ﬁ 89 3 A =

- = : 3 e i i . I e N ) _— USGS Home
ac R 2 TN - = 9 s ] ' ,?‘ Contact USGS
S ﬁ - ) . H s -, ot ot e i § - L — =Y 3

- Search USGS

science for a changing world |

+ Home + Data + Methods + Labs + Publications + Topics + Programs + Contact Us
National Field Manual for the Collection of Water-Quality Data

Techniques of Water-Resources Investigations
Book 9
Handbooks for Water-Resources Investigations

Announcements

e Fact Sheet: USGS Water-Quality Sampling - Standard Protocols and Procedures [1.0 MB PDF]

e Comments and Errata

e How to cite the National Field Manual. (Citation information is for the online manual and its individually updated chapters. All versions that

: ok were published previously in a printed format have been superseded by the online manual. All previous versions are available as archive files
USGS sc?entists deploySPMD and from each Chapterls Web page')

POCIS samplers to collect e E-mail nfm-owg@usgs.gov to request information or make comments.
waterborne contaminants in Manoa

“Water pH and redox potential were measured in the field using a PH25 meter (Crison®). Redox potential was
checked using 240 and 468mV Crison® standard solutions whereas pH was calibrated using a 3 point curve (pH 4.01—
7.00-9.21, Crison® standard solutions).

Redox potential measurements were corrected to the Standard Hydrogen Electrode (SHE) and finally converted to pe
(Nordstrom and Wilde, 1998). To this end, the temperature dependence of the reference cell electrode (platinum
electrode and Ag/AgCl reference electrode with 3M KCI electrolyte) was corrected using the conversion table provided
by Crison® and according to the following equation:

Ehg,,, = Ehpyy +22.4 = 0.7T

where Eh,,, corresponds to the redox potential corrected to the SHE, Ehy,,, is the measured redox potential at the
field and T is the measured temperature in ° C.”

a c A A o a a H i | Ingenieria de Minas
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Parametros comunmente empleados en el quimica de aguas

Table 1.5. Common parameters used in the water world (cf. Standard Methods, 1985; Hem, 1985).

Hardness

Hardness degrees
Temporary hardness

Permanent hardness
Color
EC

pH
Eh
pe

Alkalinity (47k)

Acidity

TiC
Toc
CcOD

BOD

Sum of the ions which can precipitate as “hard particles” from water. Sum of
Ca®* and Mg?*, and sometimes Fe?*. Expressed in meg/L or mg CaCO,/L or
in hardness degrees. 100mg CaCO5/L = 1 mmol CaCO5/L = 2 meq Ca**/L

|1 german degree = 17.8 mg CaCO,/L

1 french degree = 10 mg CaCO;/L

Part of Ca?™ and Mg?* concentrations which are balanced by HCO;

(all expressed in mecg/L) and can thus precipitate as carbonate

Part of Ca?* and Mg?* in excess of HCO; (all expressed in meq/L)

Measured by comparison with a solution of cobalt and platinum

Electrical Conductivity, in p.S/cm (= pwmho/cm), EC = 100 X meq (anions or
cations)/L

—log[H*], the log of H activity (dimensionless).

Redox potential, expressed in Volt. measured with platinum/reference electrode
Redox potential expressed as —log[e™]. [e™] is “activity” of electrons.

pe = Eh/0.059 at 25°C.

Acid neutralizing capacity. Determined by titrating with acid down to a pH of
about 4.5. Equal to the concentrations of myco; + 2 mco? (mmol/L) in most
samples.

Base neutralising capacity. Determined by titrating up to a pH of about 8.3.
Equal to H,CO, concentration in most samples except when AI** or Fe** are
present

Total inorganic carbon

Total organic carbon

Chemical oxygen demand. Measured as chemical reduction of permanganate or
dichromate solution, and expressed in oxygen equivalents

Biological oxygen demand.

Hidrogeologia Aplicada a la Mineria y Medio Ambiente
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Consideraciones generales para la conservacion de muestras de agua

'

Table 1.6. Conservation of chemical parameters of water samples.

Parameter

Conservation/field analysis

Na+, K+, Mg2+, Ca2+

NH;, Si, PO;~
Heavy metals
SO;~,Cl™
NO3, NO;
H,S

TIC

Alkalinity
FeZ—i—

pH, Temp., EC, O,
CH,

Acidify to pH <2 in polyethylene container (preferably HNO; for AAS or ICP-analysis).

Acidify to pH <2 in glass or acid rinsed polypropylene container.

Cool to 4°C.

Store cool at 4°C and analyze within 24 hours or add bactericide like thymol.
(Note that NO3 may form from NH} in reduced samples. NO; may
self-decompose even when a bactericide is added.)

To avoid degassing, collect sample in a Zn-acetate solution, precipitating ZnS.
Spectrophotometry in the field or later in the laboratory.

Dilute sample to 77C < 0.4 mmol/L. (This effectively reduces CO, pressure,
and prevents the escape of CO,).

Field titration with the GRAN method (Stumm and Morgan, 1996)
Spectrophotometry in the field. Alternatively determined as Fe-total in an
acidified sample.

Field measurement in a flow cell.

Unfiltered sample collected avoiding degassing, then acidified.
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Muestreo Aguas contaminadas por metales

PARAMETROS FISICOQUIMICOS

pRVAER(mY) Cenelvettvietae) Allealfiniclae

(mS/em) (% 6 prpm) Cac@teqh

> La conductividad (o conductancia especifica) de una solucién de electrolito es una
medida de su capacidad para conducir la electricidad. Nos permite tener una primera
aproximacion del contenido de iones del agua (McCleskey et al., 2012)

> En sistemas controlados por Fe3*-Fe?* es conveniente apoyar las medidas
de Eh en observaciones directas de la especiacion de Fe en el agua.

> Los pardmetros fisicoquimicos han de medirse directamente en el campo.
Para ello, los sensores han de posicionarse en una localizacion representativa
de la masa de agua a caracterizar.

> No se recomienda tomar las medidas sobre muestras filtradas y nunca en
muestras que hayan sido aciduladas.

> Es esencial calibrar los equipos con frecuencia en el campo para
asegurarse la mayor calidad posible en las medidas.

Hidrogeologia Aplicada a la Mineria y Medio Ambiente McCleskey et al., (2012) Geochimica et Cosmochimica. A new method
Médulo 7: Contaminacion de Recursos Hidricos of calculating electrical conductivity with applications to natural
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‘ Muestreo Aguas contaminadas por metales

MUESTREO AGUAS

0Ama-0,irm HINO; @ HA

Cl-, SO, F, Al, As, Be, Ca, Cd, Co,
NO3—, PO43— Cr.l Cul Fel Lll Mg: Mn;
Na, Ni, Pb, S, Si, Sr, Zn

400 mL

KIMAX®
KIMBLE ysA

PR,OXIMATE VOLUMES

)

o
No, 14000y i ei200

_

Pardmetros fisicoquimicos: Muestra para aniones: Muestra para cationes:
T, pH, Eh, Op, conductividad, refrigerada (4 °C aprox.)y  refrigerada (4 °C aprox.) y
alcalinidad, Fe?*-Fe3", sin acidular. acidulada.

Hidrogeologia Aplicada a la Mineria y Medio Ambiente
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‘ Muestreo Aguas contaminadas por metales

FILTRADO

These sizes of well-known objects and particulates
illustrate the size of the micrometer (or micron)

Light Spectrum
H, H,O Cly ‘L, I \‘Lotex/Emulsion LY >
Synthetic | Smgog I Clouds and Fog Mist  Drizzle Rain
< Lt | T 1 e P> >
T Lye | ICioy ! b sl . FineSand  Coarse Sand
07 CO, C‘Hé I .... l | oF L >4
I 1 1 AC. Fine Dust d
T
: : Ammon!um Chloride Fume“l Cement Dust
T >4
Aqueous Salt I Albumin Protein Moledle ! Alkali Fume 1 Beach Sand
—Tr . | (N 1 T > ¢
: Carbon Blcgk q(!ontc:cl Sulfuric Mist JI Pulverized Coal
» - > >
Relative Metal lon | 1 quim Pigments I
Size of 1 lle i ey
Material I Zinc Oxide Flme 1 InsecticidePust Plant Visible to Eye
| Al Sl I o | | Spores )
| Sugar 1. | Colloidal Silica | 1 Grougd Talc R
Molecule 1 b soray Oried Milk | Pollens
I | | 1 e
I : : ) I Milled Flour . _ Granular
Afomic ‘: j| Atmosplgeric Dust ! & Pin Acdivsfed
m ¥ > T arbon
act | . ! Asbes!>s _ I Protozoan Cysts i
| N - - N T -
_ Endotogin/Pryogen | 1 Red Blpod Cell Diameter
< I > I I I G
p- Viruses L .0 Bacteria ¢ Human Hair
< . < T 1
Mi . = : I ! !
<o 0.0001 0.001 1 001 X : 1 1 10 100 1000
| I 5 - | 1 | |
E I i ' o . | I |
Membrane | Naonofiltrationg o Microfiliration ~ _#
Type ___ Reverse Osmosis | , Ultrfiltration 8
! ] S —j——— ——
\):/ | Ingenieria de Minas )
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Muestreo Aguas contaminadas por metales

FILTRADO

6,50

herbrand

E VOLUMES

ATE
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‘ Muestreo Aguas contaminadas por metales

ACIDULADO

)

"GRAD A
GHAD /

(
;

N
| S

|k
IAPPROXIMATE VOLUMES
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‘ Muestreo y errores analiticos

MUESTRA EN BRUTO RESULTADOS

Operaciones || Medida y transduccion Adquisicion y
previas de la senal tratamiento de datos

niode datos
T I trror =

Sensibilidad -2 ;Cuanto puedo determinar?
Selectividad 2> /Qué especies interfieren en la determinacion?

Precision - (Se reproducen los resultados?

Ingenieria de Minas
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‘ Sensibilidad

» Para establecer el rango de concentracion, no basta con conocer sélo la
Sensibilidad del Método. Hay que considerar otros parametros analiticos
asociados al método:

Limite de Deteccion Limite de Cuantificacion

LD:3'_G LCZIO_'G

S S

Donde, S es 131 ensibilidad del. método (pendiente C{ie 13
a4 | curva de cah I'aCIOl’lS o_es la desviacion estandar de
C1 C2 €3 €4 C5 C6 os blancos

a = Sensibilidad =Y / C,

' | patrones

> | Y=aC,+b A partir de la curva de calibracion se
= R2 = 0.999 puede estimar la parte lineal y obtener
W * . ., _
o < la recta de calibracion: Y = a C, + b,
Vp) <
Errores donde C, es la masa o la concentracion
de la sustancia a ser cuantificada, y a y
— Ruido b la pendiente y ordenada en el origen
= de la recta, respectivamente.
(C.)
Hidrogeologia Aplicada a la Mineria y Medio Ambiente H f g]fceﬂiie{fpdgyicn\a;wcms FiSICAS
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Selectividad y Precision-Exactitud

» La Selectividad de un método, esta en relacién con el grado de interferencia
producido por la presencia de diferentes tipos de especies quimicas, en la
determinacién de uno o mds analitos. A mayor Selectividad de un método, menor es

el grado de interferencia.

Isotope

WP-MS

Interferent

75As

59C0160

38Ar37C|

40Ar35C|

36Ar39K

40Ca 35C|

60Ni14NH

Impreciso-Inexacto Impreciso-Exacto Preciso-Inexacto Preciso-Exacto

© ©

> La precisién hace referencia a la|repetitividad |y (reproducibilidad|de la técnica
empleada. Se mide en términos de desviacion estdandar.

o ™ N D N N

"Promedio de variaciones que proceden de la toma :
de varias medidas, de una misma caracteristicay
en las mismas condiciones, con un Unico

_instrumento de medicién por un mismo operario. ; L :
------------------------------------------------------------ ! distintos operarios.

1
1
1
1
1
1
1
1
1
\

\

{  Promedio de variaciones

: i debidas a la toma de medidas
i | con el mismo sistema de

i | medicién empleado por

\ﬁ—————————————

___________________________________

> Laexactitud es la medida mas préoxima al valor real.

Hidrogeologia Aplicada a la Mineria y Medio Ambiente
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Tecnicas analiticas

v’ Gravimetria
v" Volumetria

I

No espectrométricos

Andlisis con electrodo
selectivo de iones

Espectrométricos

i

Absorcidn

atomica

Emisidn
(XRF) Espectrometria de fluorescencia de rayos X
(ICP-AES) Espectrometria de emisién atémica con
plasma acoplado por induccion

(ICP-OES) Espectrometria de emisién éptica con
plasma acoplado por induccion

(ICP-MS) Espectrometria de masas con plasma
acoplado por induccion

visible

(AAS) Espectrometria de absorcidn

(UV-Vis) Espectrometria ultravioleta-

Hidrogeologia Aplicada a la Mineria y Medio Ambiente
Médulo 7: Contaminaciéon de Recursos Hidricos
Dr. Manuel A. Caraballo
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‘ Muestreo Aguas contaminadas por metales

ANALISIS QUIMICO POR ViA HUMEDA

CATIONES: Al, As, Be, Ca, Cd, Co, Cr, Cu, Fe, Li, Mg,
Mn, Na, Ni, Pb, S, Si, Sr, Zn

° ’ ’ ' ’
2 Y , ° 8 00 | The Principle of lon Exchange Chromatography.mp4.
20 lorimedirialRo rdiaitii
A AND WASH
v "

ESPECIACION Fe2*- |""<a3+

0053« ——t040[ #

Ingen
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Conceptos basicos previos: espectroscopia

> La espectroscopia es el estudio de la interaccion entre la radiacion electromagnética
y la materia, con absorcion o emisién de energia radiante. Estudia en qué frecuencia o
longitud de onda una sustancia puede absorber o emitir energia en forma de un cuanto

de luz (foton).

» La absorcion de radiacion
electromagnética provoca que las
particulas integrantes de un
material (atomos, iones o
moléculas) pasen del estado
fundamental a uno o mds estados
excitados de superior energia.

Excitation Emission
A__.-lon Excited State -3 } =
Energy gl———— f\/ Ay L I'On.
emission
( Jlon Ground State ) ._
. ) ) X e
A . Excited | 3
| States | h r\J
A ] gl AU A, _/\FOH.l
a c d £t N\ A, |emission
( ) Ground State ( )

Figure 1-2. Energy level diagram depicting energy transitions where a and b rep-
resent excitation, ¢ is ionization, d is ionization/excitation, e is ion emission, and
f, g and h are atom emission.

» La emisién de radiacion electromagnética se origina cuando particulas excitadas
(dtomos, iones o moléculas) se relajan a niveles de menor contenido energético,

cediendo el exceso de energia en forma de fotones.

> La espectrometria de masas permite analizar con gran precisién la composicién de
diferentes elementos quimicos e isétopos atomicos, separando los nicleos atémicos

en funcion de su relacion masa-carga (m/2).

Hidrogeologia Aplicada a la Mineria y Medio Ambiente
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‘ Tecnicas analiticas

> Las mds utilizadas son:AAS, ICP-AES, ICP-OES, ICP-MS)

\

Muestras sélidas Muestras liquidas o gaseosas, lo que requiere
pasos previos de preparacion de muestra
(digestiones, extracciones, diluciones, etc)

v 1960: Espectrometria de absorcion atomica (AAS).

v 1975: Plasma de acoplamiento inductivo unido a un
espectrofotometro de emision éptico (ICP-OES).

v 1983: Fabricacién de los primeros equipos de Plasma de
acoplamiento inductivo unidos a un espectrémetro de
masas (LCP-MS).

ICP-OES

. . . : . . B U | Ingenieria de Minas )
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Temperaturas de
atomizacién (°C)

LODs (ug/L, ppb)
Precision

Corto plazo (5-10 min)
Largo plazo

Interferencias
Espectrales
Quimicas

De masas

Velocidad del andlisis

Volumen de muestra

AAS vs ICP-OES vs ICP-MS

AAS ICP-OES ICP-MS
1.700-3150 6.000-8.000 6.000-8.000
10-1.000 0.1-10 10-5-104
0.1-1% 0.1-2% 0.5-2%

1-10% 1-5% <5%
Muy pocas Muchas Pocas
Muchas Algunas

10-15 s/elemento

Grande

Muy pocas

6-60 elementos/min

> Las principales ventajas frente al AAS son:

Es multielemental:

elementos simultdneamente.
« El limite de deteccidn es menor.
* Posee mayor linealidad en las curvas de calibrado.
« El andlisis se puede realizar con sélo 0.5-2 mL, lo que implica

cantidades de muestra de partida muy pequenas (1-10 mL).

Hidrogeologia Aplicada a la Mineria y Medio Ambiente
Maédulo 7: Contaminacion de Recursos Hidricos
Dr. Manuel A. Caraballo

Muchas
Todos los elementos en 2-5 min
Media

puede analizar un gran ndmero de
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‘ Claves para la toma de decisiones

> Tipo de muestra

Gaseosa

> Pardmetros de calidad analiticos

. - Limite de deteccidn (LOD)
- Precision: repetibilidad
y reproducibilidad

ICP-OES

» Rendimiento del equipo Nur;\fber
1 Elements

. - Ndmero de muestras per
- Nlimero de analitos Sample

AAS

\ Flame AAS Graphite Furnace
Hydride AAS

Low
. Detection
High (PPM) ~——  Limits ™= Low (ppY)

» Habilidad del operador: cursos realizados, horas de trabajo con el equipo, etc.

Médulo 7: Contaminacion de Recursos Hidricos Y MATEMATICAS UNIVERSIDAD
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‘ Claves para la toma de decisiones

» Costo de operacién: nimero de muestras, horas de uso del equipo, cursos de
capacitacion, etc.

US Street
Price Range

160K$S

ICP-MS

110KS
100K$

ICP-OES
55K$
60K$

GFAAS

35K$
40K$

FAAS
20K$

DLs ppb to ppm  DLs sub-ppb
<« ; >

Increasing price

rAgilent FAAS off
Fast Sequential
capability — matches|

r

Lower Detection Limits

Hidrogeologia Aplicada a la Mineria y Medio Ambiente
Médulo 7: Contaminacion de Recursos Hidricos
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‘ Ejercicio eleccion andlisis segun laboratorios

EJERCICIO 1: Elegir, de manera razonada, el tipo de paquete de analisis quimico mas
conveniente a realizar asi como los parametros fisico-quimicos a medir en los siguientes
Casos:

Caso 1: Se necesitar conocer el funcionamiento de una pila experimental de biolixiviacion de
mineral de cobre. Se planifica obtener muestras diarias, durante un mes, del lixiviado que sale
de la pila. Ademas se necesita medir en continuo los parametros fisicoquimicos mas
relevantes para controlar el ambiente hidroquimico de la pila y fomentar el crecimiento y
mantenimiento de las bacterias ferro-oxidantes. Ademas, se analizaran 3 muestras de
lixiviado en busca de concentraciones trazas de As Co, Cd, Niy REE.

Caso 2: Se necesita caracterizar hidroquimicamente las aguas de una cuenca andina. Se
anticipa tener que analizar los siguientes tipos de aguas: a) agua de derretimiento glaciar, b)
drenaje acido de roca proveniente de la interaccion del agua con los minerales de rocas con
alteracion hidrotermal, y c¢) aguas de rio que solo han estado en contacto con dolomias y
marmoles. Ademas, también se necesita poder identificar la presencia de nitratos y fosfatos
que pueden haber sido liberados al agua por zonas de cultivo aledanias.

* La informacién entregada (paquetes de analisis quimicos ofrecidos por dos empresas distintas) han de considerarse de
manera referencial y para apoyar la discusion. Sin embargo, alguno de los casos podria requerir una solucién mas
apropiada que no esté incluida en la informacion entregada. ‘

. L . j . f f 7 Ingenieria de Minas )
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‘ Composicion quimica del agua de lluvia

Table 2.2. Rainwater analyses (values in pmol/L).

a b c C d e e f

Kiruna Hubbard De Kooy  Beek Beek Thumba  Delhi Delhi

Sweden Brook,US Neth. Neth. India India
Period 5557 6374 "78—83 "78—83 9798 1975 1975 1997 ppb
pH 5.6 4.1 4.40 4.75 5.5 6.3
Na™* 13 5 302 43 26 200 30 9x23 207
K* 5 2 9 7 3 6 7 9x39 351
Mg?* 5 2 35 9 4 19 4 2x24 48
Ca®™* 16 4 19 47 10 23 29 13 x40 520
NH; 6 12 78 128 74 21 = 378
Cl™ 11 7 349 54 29 229 28 13 = 461
SO;~ 21 30 66 87 29 7 4 10 = 960
NO3 5 12 63 63 35 9 = 558
HCO3 21 > — 9 25 = 1525

(a) Granat, 1972; (b) Likens et al., 1995; (c) KNMI / RIV, 1985; (d) Boschloo and Stolk, 1999; (e) Sequeira
and Kelkar, 1978; (f) Jain et al., 2000.

El agua de lluvia tiene escaso contenido i6nico. Durante la escorrentia superficial y, a traves del terreno
(saturado y no saturado), hay una interaccidon agua-fase solida que le permite adquirir sustancias quimicas
como especies disueltas.

o 7 A a P o a . A Ingenieria de Minas
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‘ Procesos que contribuyen a la huella hidrogeoquimica de las aguas

LAS MARCAS HIDROGEOQUIMICAS:

4 )
imati ; H5-6.5

- Climatica (lluvia) pH _ _ _ . N

- Edafica (procesos en suelo y ZNS) Cl, ‘?‘,042_’ NO32., HCOjy, Ca?*, Mg®*, Na*y K

- Litolégica (ZNS y ZS) Funcion distancia costa

- Antrépica Humos industriales

KCI' conservativo - infiltracién: I/P = Cp/Ci )

[COZ, acidos humicos y fulvicos > agua agresiva\
[O,] > ambiente ox./red. (e.g., disolucion de
oxiods o sulfuros de Fe)

ET <P - concentracion proporcional a ET

GT >P -> acumulacion sales (caliches) )

4 )

- Humos industriales
- Abonos agricolas
- Reciclaje regadios
- Rios contaminados
\" Intrusién marina, en acuiferos costeros/

Ingenieria de Minas
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6350000

I:'Tv. Tertiary volcanic and sedimentary rocks o4
Kve. Cretaceous continental sedimentary and volcanic rocks

-Kvm. Cretaceous marine sedimentary and volcanic rocks

I:’Ki. Cretaceous intrusive rocks

-Jvc. Jurassic continental sedimentary and volcanic rocks

-Jvm. Jurassic marine sedimentary and volcanic rocks

l:l.li. Jurassic intrusive rocks

\:lTrvc. Triassic continental sedimentary and volcanic rocks

-Pz. Paleozoic rocks

I
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Q. Quaternary fluvial, alluvial and glacial deposits Fault
Qv. Quaternary volcanic deposits Lineament
-Mi. Miocene intrusive rocks <+ Anticline
Syncline

% Overturned syncline

Flexure trace
Caldera
Ice/Glacier
Lake

River, stream

%  Volcanic centre
% Mining districts

Central Chile: natural and anthropogenic sources of elements and

Composicion quimica aguas Chile Central
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Composicion quimica aguas Chile Central

0.025 NO3
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Composicion quimica aguas Chile Central
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‘ Representacion de datos

- Sample 1 Sample 1 Sample 3
NN\
15 22
] 1000 mg/L
10 — | |
% ] HCO4 Scale of diameters
£ - Sample 3
i e Alkali— Nat + K*
] - Magnesium — Mg?*
5 —
- N Calcium — Ca2*
. N N\\Y Chloride — CI~
) \ /] sulfate — SO;~
] \ Carbonates — HCO; + co§‘

Figure 1.3. Bar and circle diagrams, two graphical methods to display the bulk chemical composition of
groundwater (Domenico and Schwartz, 1997).
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‘ Representacion de datos: Diagrama de Stiff
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Representacion de datos: Diagrama de Stiff
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Representacion de datos: Diagrama de Piper
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‘ Representacion de datos: Diagrama de Piper
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‘ Representacion de datos: Diagrama de Piper
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Figure 1.6. A Piper plot of European bottled mineral waters and their relation to the rock type from which the
water was extracted (modified from Zuurdeeg and Van der Weiden, 1985).
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‘ Representacion de datos: Diagrama de Piper

Ejercicio 2: Representar en el diagrama de Piper la evolucion de un flujo de agua
subterranea que atraviesa un acuifero dolomitico, pasa a través de estratos con yeso,

reacciona con arcillas de intercambio i6nico en lutitas y finalmente se mezcla con una
salmuera
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‘ Composicion quimica aguas Chile
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PRECIPITACION Y DISOLUCION DE MINERALES

« Cuando las muestras de agua se plotean y quedan ubicadas sobre una linea recta
que al ser prolongada pasa por uno de los vértices puede estar indicando la
disolucion o precipitacion de una fase hacia o desde la solucion. En ambos
procesos modifican normalmente los SDT.

 Esto se hace mas evidente en las rocas sedimentarias que igneas.

« Estas variaciones, plantean Hipotesis, que deberian ser corroboradas o
desechadas por balances de masa o analisis de equilibrios de la solucion.
Mg++ SO4=
Los SDT deberian
afectarse a no ser que
simultaneamente se

este presentando otra
reaccion que aporte o
tome iones.

Ca* Na* HCO; Cl
Disolucion o precipitacion de yeso

(Apuntes personales Dra. Patricia Acero)



MEZCLA

Si una muestra de agua es el resultado de dos aguas de diferente tipo (A y B),
estara ubicada en un punto intermedio entre la linea formada por las dos muestras.
La misma proporcion debera ser observada tanto en el triangulo de los cationes
como de los aniones, si no hay otras reacciones que modifiquen la composicion. La
cantidad relativa de cada componente en la mezcla es inversamente proporcional a
la distancia desde la mezcla hasta la muestra contraria. (Regla de la Palanca)

b d
a+b c+d

Ca™ Na* HCO; Cl

(Apuntes personales Dra. Patricia Acero)



CAMBIO IONICO

« Reemplazo de Calcio y Magnesio en la solucién por Sodio.

Na - Arcilla + Ca** = Ca - Arcilla + 2Na*

Ma**

Ca*t Na*

(Apuntes personales Dra. Patricia Acero)



REDUCCION DE SULFATOS

Pérdida de SO,
con ganancia
Mg  mesurada de HCO,.

NO
cambia
SDT

Los cationes permanecen
constantes

Ca

Cationes Aniones

(Apuntes personales Dra. Patricia Acero)



EVOLUCION DE AGUA MEDIANTE DIAGRAMAS DE PIPER
INCREMENTO DE CA*

a. Disolucion de calcita

b. Disolucion de Yeso

C. 1:1 (HCO,:SO,) Oxidacion Pirita + Disolucion de Calcita o Disolucion de Calcita y Yeso
d. Endurecimiento (Contaminacion salmuera)

Mg++

Ca* Na* HCO; Cl

(Apuntes personales Dra. Patricia Acero)



EVOLUCION DE AGUA MEDIANTE DIAGRAMAS DE PIPER
INCREMENTO DE Na*

a. Disolucion de Albita o de Calcita y Cambio lénico
b. Disolucion Yeso y Cambio I6nico

c. Disolucion de halita, sin Cambio |6nico

d. Intercambio I6nico

Mg** SO,

d
i

Ca™ Na* HCO, Cl-

(Apuntes personales Dra. Patricia Acero)




EVOLUCION DE AGUA MEDIANTE DIAGRAMAS DE PIPER
INCREMENTO DE Mg**

a. Disolucion de silicatos Ferro — Magnesianos (Mg frecuentemente » Ca)
b. Disolucion de Dolomia - Precipitacion de Calcita

Mg++ SO4=

Ca++




EVOLUCION DE AGUA MEDIANTE DIAGRAMAS DE PIPER
INCREMENTO DE HCO,*

a. Disolucion Calcita

b. Disolucion Albita o Calcita - Intercambio [6nico
c. Disolucion de Silicatos Ferro - Magnesianos

d. Disolucion de Calcita - Dolomia

Mg SO,:

Cl

(Apuntes personales Dra. Patricia Acero)



EVOLUCION DE AGUA MEDIANTE DIAGRAMAS DE PIPER
INCREMENTO DE SO,°

a. Disolucion de Yeso
b. Disolucion de Yeso y Cambio i6nico
c. 1:1 Ca:Mg Dedolomilitizacion paralelos lado Ca-Mg y (Ca>Mg)

Mg* SO,

Ca* Na* HCO, Cl

(Apuntes personales Dra. Patricia Acero)



EVOLUCION DE AGUA MEDIANTE DIAGRAMAS DE PIPER
INCREMENTO DE CI-

a. Endurecimiento
b. Disolucion de Halita

Mg* SO,°

Cl-

(Apuntes personales Dra. Patricia Acero)
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Cations that
coordinate with H,0
(or CO42- or SO427)

in solution |

HY 1

Hydrogen jon Cauom 'hat
coordinate
with OH- (or

"Hard" or "Type A" Cations
(All electrons removed from outer shell)

(Thus a noble-gas-like configuration

of the outer shell)
Coordinate F>O>N=CI>Br>|>S
Commonly coordinate with O of
carboxyl groups of organic ligands
See also Insets 1toS5and 7.

Cations that coordinate with

02 in solution (e.g., as

NO;~, PO,3-, SO,2-, etc.)

Cations that

H0)in  coordinate with OH-
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An Earth scientist periodic table (Bruce Railsback)

>Tabla periddica tradicional (TPT): elementos mostrados en forma elemental sin carga.
>Tabla periddica para ciencias de la Tierra (TPCT): elementos mostrados en sus formas

iénicas mds relevantes (cargados)

Naturally-occurring solids (minerals)

Fluorite Quartz

2+ 1- 44+ 2-

CaF, SiO,

Not Ca° & F° Not Si° & O°
\\

None in nature

Microcline

1+ 3+ 4+ 2-

KAISi O,

Not K°, Al°, Si°, & O°
N\ A

Very little in nature

2R | Ingenieria de Minas
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‘ An Earth scientist periodic table (Bruce Railsback)

>TPT: elementos mostrados en forma elemental sin carga.

>TPCT: hay elementos exhiben distintas formas/cargas en funcién del ambiente en el que
se encuentran.

Naturally-occurring sulfur-bearing solids (minerals)

R060764

Wstite Pyrite Native sulfur Scotlandite Barite
a sulfide a sulfide elemental sulfur a sulfite a sulfate

2- 2-&0 0

4+ 6+
FeS FeS, S PbSO, BaSO,

U | Ingenieria de Minas )
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An Earth scientist periodic table (Bruce Railsback)
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An Earth scientist periodic table (Bruce Railsback)
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@ Cations e Srm simple axide minerals
Caiors Bt form simple sulfde meoesls.
Casiors Pat form mmple tromde o
loxtide minecan
& Camors Dt form oxysalt mnerals
(0.9 5% in sulfates, As™ in arsenates)
@ Ariorm that form minecals wih K* and Na®
Arvorm hat form manersis wih Mg?*
A Arvons Tt form menenals wih A*, T4%_ and Zr4*
@ Arvcrs Bt form minerals min S4¢
0 Arvons et Sorm minera’s wit Cu*
§ Ancns hat torm minerals with Ag°
& Anions that fomm menecals wih Au®

Rt

\

rodues

Tasee

| sthSor by dorms-
| nant ements in Eart's cone | 32.!)
24 26 27 28 29 30 u
Cr Fg Co NI Cu Zn [Paaie mosses ll-L 33 {‘
127 1128 g 251 24 re1 28 2139 ,".‘?"..‘;:"., 148 1.6 i e
S K ‘..‘..co P
| [*9® | el | 5
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Ru | Ag cd Sn Te Asgmann
Bl LG b ==
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qlec|eae P
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B v e

f
|| metwortes Femmtemconana, OhEV than notle gases

146 o137 1913575135 /w1 38 r=1.44 =160 =171 /=175 r=1.82
<
% e g elve v e ¢ .| ®b

Lu

79 80 81 82 83
Au Mg TI Pb BI

Ont | My | ot | Gt |t

222 §rhosh

rersts, secogrized i sty [F@ 10 most abundact elements in Eas crust
Somiidfe A b 1003 Zr 117 % 20% most abundant elments in Earth's crust
o :
Elermacts fhat make natural mineral aloys wih £ LY 1210 40" it stuchord shimmanis ¥ St
Eloments Bat make natasl menerl aloys Wit Cu
Bremens that make rat.ral mneral aloys with Os
Elermanrts Nt maka renral mreral sfloys wih Pt
Floments Bat make natasl minersl aloys wih Au
& most aburdant consbiuests
..

41% 10 52 most atundant sloments in Earth's crust

o Elemants that are fhought 1 make up most of e
Enh's core (Fe>Ni>Co), aling with possbly S e O

[ A | D
30 974 m=32.00h | me3s,

"0l
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u:’a"nn*
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"Hard" or "Type A" Cations
(All electrons removed from outer shell)
(Thus a noble-gas-like configuration
of the outer shell)
Coordinate F>O>N=CI>Br>|>S
Commonly coordinate with O of

carboxyl groups of organic ligands
See also Insels 1to5and 7.

Cations that
coordinate with H,0
(or CO42- or SO42°)
in solution
H* 1

Hydrogen ion

m=1.0079
' r=1 0-5’
[ 123 e
——
Li- ™~ 3

Cations that
coordinate
with OH- (or
H,0) in
~s‘o'lution \

Be® '4

Beryllium 108,

\m=9.012,
r=0.31

Cations that coordinate with
; ; o 2- in solution (e.g., as
coordinate with OH 0% in solu g.,
or 02~ in solution \ NO3~, PO, SO,4%-, etc.)
+ 5+ ]
BX 1 5/cC6IN> g7
as borate (B(OH) | Carbon, asCOz | Nitrogen

orB(OH)é') b:mrbon.\quCX; as nitrate (NOy™)
3 = & carbonate (COV m=
m=10.811 [« b o m=14.007

\ r=0.20. \._r=0.11%
®@e |\\ o\ oo1s|H] W o

Vo \\1011g 424314
2+ 4 ) 34+ 4+
Mg’ 12) Al*'e13(Si® 814

- AL or AKOHYE ™ | or Si(OHf; @
28399 'm=26.982 = .ogci
w " r=0.

oo DS e

B 23 ¢ W242%26 0@ ®,7 253050 6

K*19/Cca’g20fsc 21 Ti* 22| v*"
el Calgium ior Sa itanic titanium

. andiym ion ’V.m.‘dlum ion
'm=39.098 ©,240 078] M=44.956 | m=47.867,cs. s vanadute
Br=133 Eno_gg

=6

§40424

r=0.81 r=0.68] \/n=50.942
yo° i Fexa =0.59"
wo $ ® 45 0.
| 394041, 544 46'¢8.| © 40"\~ 1@ 4950._| 50518
Rb* 37,/Sr’* 38
Strontium ion

Cations that

Lithium iop
€m=6.941
:=0.sdl
® \
67 |
+
Na™ 11
Sodium ion
m=22.990
,\r=0.95

W\

5
P> 815
Phosphorus as
phosphate (PO
and HPOZ ) \|
m=30.974
0r=0.34 @

B30

v
s B16
Sulfuras @

sulfate (SO2-)

m=32.066

=0.29
¢ W

32333436

crf 24

Chromium, e.g. as]
chromate (CrO27)

m=51.996
| =052
505253 54
Mo®* 42

Molybdenum @
e, as molybdate

[\m=95.94g

"

v
/

Where Fe?*
and Fe?* would
fallif they were

hard catons

e — Z/,= 32 = ionic charge + «—
ionic radius

An Earth scientist periodic table (Bruce Railsback)

>TPT: elementos mostrados en forma elemental
sin carga.

>TPCT:  gradientes de  potencial
(carga/radio) mostrados en la tabla

omb17 28 2315 gdetr oiyeds

okt Rl 53660 shi10 G315 a8 2!
3308 ;B0 GHOT o259 885 geyi2
o7 2518 o532 =50 G5
2566 133715 306 GhiEa0 GE5768 Gigg 58
06 Befa Bods o py” s

iohico

6+
9.7

Re’* 7
Rhenium ios
m=186.2
r=0.56

Hafni
pE. 71 \ 21784 e as tungstate

m=178.49
=@ % r=0.81[jf]|m=180,948 Im=183.84
See below ' r=0.73 || r=0.68&
/(174176 17755 @K@ |{80 182 183

| 170yp 178179180 180181 || 184186
| : |
Ac* 89 Th''e90 pos* 91|yt 92

| Adinium ion | Thordum lon Protactinium ion l{ramum,eg
m=227.03 m=&325.0 8  (231)

r=1.18 ((3=r=v.14) (+4 r=0.98)

227228230

231232*234 —
3
\

\

m=132.905
r=1.69

©
133

et 87|

Francium ion

.8, as tantalate

\

IRXJ

a8 uranyl (UO;2*)
m=238.029
r=0.7®

on Earth

“5+ \
Y3 39 Zr" 40|NBT 41
Rubidium ion Yttrium ion Zirconium ion Niobium Pu
m=85.468 | m=87.62) | m=88.906 | m=91.224 | Colunbium ixn
=idn | g ] =0 ) ;%0, m=9269$o\0 0.62
] r=0. r=0.62 15
11 (3] 8486 | *00\‘0909 ' @19294 9597
8587 || 8788 || 89 | 929496.|%9306 |95 98 100
cs* 55/|Ba’ 56 |Las 57-\Hr*" 72 1+ 73[wo*
Cesium ion anum ion Tantalum ion ungsten (Wolfram)
m=137.327 s [
130 132
134135136
137 138
Ra2+ 88
Radium ion
(223)
=176 | r=1.40
(<30 g n crust) \ 223,’2/24
223 |\ 226228
‘N *For the sake of simplicity,
the 235U-207Pb and
23?Th-2°31’_»’b series are omitted.

| 227 22 231234 |

=
.,

- ~
Y

S
W
b

WV
”

185187
Np 93 Pu 94
Neptunium

Very limited: Ve

natural :
occufrence : occurrence : /

234235238 2377

o ZI,=8,//

5

n

07

Plutonium

limited
;yatural : /

on Earth
2:?3/;
e
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Leyenda

‘Outine sold for naturally cocurming elements of lons;
Aashed 1o 0Nes That rarely O AaVer COCUN in Nature

I.muwm-—-nmu“

fors commanty rated In renicunl sols and reschaed 0
imeres Gyt () e lons coviacy. (0 S
Jorm oo

. Symbol Alomic
"Hard" or “Type A" Cations | e G 54 b ooty K Ptk et 970 o bt o

“‘”‘" (AN efoctrons removed from outer shell) I Elerent Name L 'ﬁ':tmmh hor La1De 5iZ0 (Mosty Narpe-on Mhophies”)
coordinale e ]
(or O or SO3) Asomic Mass.

— G e b8 Naturaty 195 Mot sbundart Guk) | I 167 e st W 110 o 2t st

+ With O of I ocauming +— 234 Racoactive (Rabazed) W\ Moat atrundant sohe in average fver waer (HCO,)
H 1 carbaxyl of iokpes M. - W 2 0 5 most abundent SoAAS I 5Verage el woler
e | st $oo o0 awts 1 0 S and 7. 1 = "::u- " ® Sciuses that can be lming rutients in e growth of bactera
es .mo” wit OH- for Casons that Catiors St cocrdnate with I m,"‘“,‘..’ oy o Chaope oty Schutes that can be letng rutients in he oceens

§7- W 72 1 73

on oo [l oq o bopnas
180 M48)
073 1} =0,

Imermodtale Cations

Cowhwmvm-SuOIw
cﬁ’ 24 Mg 25 Fo’ 26 co"
?"'

'u IU |

et Rl S
ve® SrimrEaas

@ctrons remain 4o cuter shel)

Se—

o
185 187 ‘m 13'9 wo m 1“

Coordinate 1>Br>S>Cl=N>0>F
Commonly coordinate with C of
oeganic gands, as

recogrized in ety

F@ 10 most abundart elements in Earts crust

e ey (¥ b8 2Zr 117 % 20" most abandant clements in Earth's crust
e 1> Seawe LI 21% % 40" most abundant elements in Earth’s crust
# Catiora it form wimple Suorde minersls 4 e T s Lu 4110 52° most atundant elements in Eartirs crust
9: Cotlans Vial foom sugts mubde sbrennls & Bloments that make ratarsl mineral aloys Wit Os o Elemants that are hought 1 make up most of e
Catiorn that lorm smple sulfda minoeals ®  Elomonts hat make netural mineral afloys with P Entvs core (Fe>Ni>Co), along with possbly S or O No
(. Catiors St form simple bromide o B Boments that make natasl mineral aloys with Au [
& Catiors Dt form cuysalt minerals 4 Most shundars consiseais
amoaphere
(0.3 55 in sultates, As™ in arsarates) 5 10 0% most sbundant . Anions [ -
A Arions that form minecals wih K* and Na* oy See aiso knset 7. 1’007
W Aricr that form manetals wih Mg?* a~1.0079
A Arvons that form menerals wih A", TH®_ and 24 5TV i i ‘Acvors B commanty coodets wih H* - *2.08
@ Avcrs et form mineras wit S N v 7| 6\ 0—7 5 m: -cn.,»‘t_,n,s H,0. e ) 12
. Se O, inrated | "9
00 Arora P b arhe i -y L4 A o, crae N 7l0°
ey e e N e bt o nmzon 14067
& Anvons that fomm mnacals wih Au® 35 WD sk e el r2ie
© Nl 77|rm0.71 0
HY = 4 ir- —
go5 | _ nnu 1415_
Elemental Forms | 1 16N Si14 p* 15 s’- 16/
(uncharged) s Seemmda | NSRS
e e e, Ot than noble gases - < 1t~
with 5 or O, presumatly dome- A W
et wherrents o Eanth'y o - o o s o
24 26 2728 29 ' [
Cr Co NI
e
127
“®|
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‘ Leyenda

Outline solid for naturally occurring elements or ions;
dashed for ones that rarely or never occur in nature.

Symbol — Y Atomic Number
(see scale at far right) Ge3+ 54f/(number of protons)
Element Name ——— Aetinium lonic Radius (r) (A)

_ - m=72.59 (or elemental radius
Atomic Mass — | 1 65 for elemental forms)
Naturally =t - Most abundant (bold)
occurring 2 34 —+ Radioactive (italicized)
isotopes EC P+ L— o~ s (smaller print where

: = — p- very scarce)

e e e s
Radioactive Z/r/= ionic charge +
decay pathways / ionic radius

' =onic potential

' or charge density

U | Ingenieria de Minas
K FACULTAD DE CIENCIAS FISICAS
Y c Y MATEMATICAS UNIVERSIDAD

N |

DE CHILE



Cationes “compactos”

o

"Hard" or “Type A" Cations
shell)

A Y

3 LA
57 cde 58 e

115
1oga | 139130 '”ﬁ?

e "-Ilm,,-uo"‘ =108
R T

. ® o tore commorty csncantaied nacul soke wd revched 0 Blermacts that ccaur Fe 10momt 3 .
dashed for 0nes Tt rarely Of Raver CCCUI in Nalre. - nG h nchion .‘__"W""_’_"'" MO8 906 SoS e iaaa Zr 117 % 20 most abundant elements in Earths crust
Symbol Aloic Number ° Salaivg by Hib dampaalin g eative 13 Seawwne LI 217 % 40 most abundant elements in Earth's crust
(voe scule ot e 190 3 1 (rumber of protons) sy & Olamarts et make nedral mireral ailoys wih Fo e - s in Earthvs crust
Ge Jonic Radus (1 (A) g - * & Bloments Mot make natasl manersl akoys wit Cu Lo 10 92°¢ most atndand elements in Eartifs ar
Eloment Name o Fely Moty Warge-on Whophdes’ OW":W"*"M & Bromens that maike natral minecal aloys with O o Elerments that are Bhought 1 make up most of e
Au-::-u 08| e o H et dr Tevorea) Caorn Bt orm sirple e misusse : Elemaris fat maka nehral mineral aoys wih Pt Eahs cone (Fe>Ni>Co), akong wih posstily S o O Ne'zle Gases
ot 1 v e mnecss
occumng —23% 1 W Most st " SR - £ most aburdart conathumets
hokpes % . W 25 10 5% st et sk 1 v et o & e i A arsonates) ] J & o 2
- s . i ® andNe® o Wit e Anions Haer 1 Bl
o o y See aiso knset 7. shya 0028,
P JESEENS, [ Sohies thatcan be kg rutrents i e oceens W Aricrn tha form manacu wit M2 10009, 2
® \ B e 2,08
[ @ Arvcra Bt form minerals with S N ===deee 7] tno -en.m,»,sn,ou;\ 123 ; |34
Cossantiel sinarsls) §,  Arvons e form mnerals with Cu* PR co s N 7]0" Mg
§. Arscrs et form mnecals wit Ag" 30 NG ,,,,m," ,,,.,5;; O
& Anvons that fomm mreals wih Au® T N g s
. § e e 140
. — Y- * Hh e
47T Y 161718
Intermediate Cations
(Some electrons remain & cuter shel)
Coordination with S or O likely
g,{'_u.un‘.zs Fg’ 26 co” 27N 2

'fu—-- .r-on MA
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L 59 m"eo b el
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Cationes “compactos”: Leyenda, Patrones y Tendencias

=

lons commonly concentrated in residual soils and residual
sediments. Small symbol (BW) indicates less certainty.

1
1
@ lons that enter early-forming phases in igneous rocks !

1

1

\
~

_________________________________________________________

1
4

T [H (i elecitans iGmoved 1om ot shel) »3<PI<10: cationes compactos tienden a
Ererge s | m=10079 orthe outer shel) formar 6xidos, concentrarse en suelos y
o nédulos ferromdgnesianos, entrar en
p BeYHR BY. S[CQ6[N" g7 fases igneas tempranas y quedar
’ 060\ |\(=051 No=ig g1 o=l s 667 empobrecidos en el manto durante la
® 57 Ty oy 0 . @ formacion de la corteza
Na \ Al g1 3BE14) P Buisistelo™
B oo\ ez o i o e >Esta misma franja de cationes
thh‘.’LFTf'IZ?' _______ 28029030.%33“.@ “compactos” forma parte de los
nardeaions | K IM19/C Ti* 22| V>3 éxidos con mayor temperatura de

erss” “Ereso o fusién, menor solubilidad y mayor

dureza.

\—— Note the presence of 02- throughout ———/
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‘ Leyenda, Patrones y Tendencias

2,

'. Solutes that can be limiting nutrients in the oceans

1
¢ n . "‘l
i@ lons that enter later phases in igneous rocks beclause Ofii. Macronutrient solutes on land Micronutrient solutes on Iand.

\_____._their large size (mostly "large-ion lithophiles”) _____ M
'\.__I_o_r_1§_e_s:§§[11i_a_l_t9_t_h_<§_n_tit_ri_ti_<2r_1_qf_z_at_1g§§1§_<)_rp_<a_y_ez_r£e_t_>[a_1t_<a_s____
Contoured "Hard" or "Type A" Cations { fM| 8 most abundant solutes dissolved in seawater 3
values H + 1 (All electrons removed from outer shell) 1 1
of fonio s & o ey O ton i I 9th to 16t most abundant B 17th to 22nd most abundant!
potentia 1
(charge = 1 ] 1
r::};jét?s): i ' Most abundant solute in average river water (HCO3™) i
12 \ @ 2nd to 8th most abundant solutes in average river water /]
B 5[CRY6(N"" 7 e e e e e e e e e e e e e e e e e e ‘
S N8 012 “SHs ™ et oy w2 ovor »PI<4: cationes compactos tienden a
z : =031 N=10.811 [c sbonse O} m=14.007 ) -
'y 015 '=°g1 formar  fluoruros, incluyen iones
67 ! 0 ’ ’ .
Na* 11 aNe @‘31%];42 PS*@@?% abundantes en rios y océanos e iones que
n%:znégQ("\h‘ﬁvngﬂé?}% S g et actdan como nutrientes esenciales.
1=0.95 r=0.65\Mm=26.962 |m=28. 30,674 o] )
e g 53 o 30.%1‘;34.@ »PI>8:  cationes  compactos
would fall if N2 R T . .
i (KHEIT9/C Ti* 22| y°23 | ¢ tienden a formar oxisales (como
s ) « sulfatos y arseniatos), incluyen
o >, iones abundantes en aguas
2 \*  marinas e iones que actldan como

5. . )
X nutrientes esenciales.
O
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A3+ jon (dissolved aluminum)  Dissolved silica or Silicic Acid Phosphoric Acid  Sulfuric Acid
AI(OH)? +HyO -> AOH); +H*  SI(OH){0 --> SIO(OH)3" +Ht  HgPO,0 --> HyS040 -
(H5AIO40 --> H4AIO;" +H*) HyS10,0 -> H3SiOy" +H* HoP Oy +HY HSO,4~ +H*

' 3 = s

First acid
dissociation constants TE
(pKa,'s) of acids
of hard cations

: Z4+O O

University of Georgia N '.

./ Lines o equal

*.ionic potential
S (2

Lines of equal
ionic radius

Jonic potential. By
ow g !
2 " Common substitutions
Possitie byrules § \\ - sa as
of size and charge, but Commonly S and possible substitutions
neither elementiscommon  OBSEVBA " ncpnt elements in igneous minerals
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€ Cations that form simple fluoride minerals
Q Cations that form simple oxide minerals

@ Cations that form simple bromide or
iodide minerals

@ Cations that form oxysalt minerals
(e.g., S6+ in sulfates, As5+ in arsenates)
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Cationes “Intermedios” y “Suaves”
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€ Cations that form simple fluoride minerals
@ Cations that form simple oxide minerals
&> Cations that form simple sulfide minerals

Cations that form simple bromide or
iodide minerals

Cations that form oxysalt minerals
(e.g., S6+ in sulfates, As5+ in arsenates)

Anions that form minerals with Ag*
Anions that form minerals with Au*

<«@® Anions that form minerals with K+ and Na+*
<®> Anions that form minerals with Mg2+

/

@ Anions that form minerals with AI3+, Ti4+, and Zr4+

<@ Anions that form minerals with Si4+

Aniones y Gases Nobles

Noble Gases
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Unidades de concentracion (1)

e Dos sistematicas distintas:

— En funcion de la forma en la que se expresa |la
concentracion de solutos. Se distinguen dos sistemas de
unidades:

e |as unidades de masa o de peso: toman como referencia los
gramos de soluto presentes en el agua; y

e las unidades molares o molales: toman como referencia el
numero de moles de soluto.

— En funcion del marco al que se refieren las cantidades de
los solutos:

e respecto a un volumen de disolucion (unidades de masa por
unidad de volumen); o

e respecto a una masa de disolucion o solvente (unidades de
masa por unidad de masa).

(Apuntes personales Dra. Patricia Acero)



Unidades de concentracion (2)

e Unidades de masa:

— La mayoria de los analisis de agua se expresan en términos
de la masa contenida en un litro de disolucion (mg/L, upg/L,

ng/L):
masa de soluto (mg)
volumen de disolucion (L)

mg/L =

— O bien como masa de soluto en un kilo de disolucion mg/kg. A
esta expresion también se la conoce como partes por millon

(Ppm):
masa de soluto (mgq)

masa de disolucion (kg)

mg/kg =

— Estas dos unidades estan relacionadas a traveés de la densidad
de la disolucion (p) o de la masa por unidad de volumen.

(Apuntes personales Dra. Patricia Acero)



Unidades de concentracion (3)

— El factor de conversion entre mg/L y mg/kg es:

mg mg 1(L
o =91
p\ kg
— Dado que la densidad de muchas aguas naturales esta
proxima a 1 kg/L, una buena aproximacion en esos casos es

considerar ambas unidades como numeéricamente iguales.

— Para algunos componentes de las aguas naturales puede
haber ambigiedades que pueden ocasionar problemas si no
se tienen en cuenta.

(Apuntes personales Dra. Patricia Acero)



Unidades de masa o peso: Ejemplo (1)

La concentracion de aniones como NO; (o SO,2") puede
expresarse de dos formas:

— como masa de ion NOs (indicada, simplemente como concentracion
de NO3) o

— como masa de nitrogeno (referida como NO3-N).
e Conversion de una forma de expresion a otra:

— Si se considera una concentracion de 50 mg/l de i6n NOs se esta
expresando la masa de una molécula que tiene un peso (molecular)
de 62.

- Si se desea expresar esa concentracion como masa de nitrégeno
(NOs-N) hay que tener presente que ahora esa magnitud va a
referirse a un elemento (N) con un peso atomico de 14.

(Apuntes personales Dra. Patricia Acero)



Unidades de masa o peso: Ejemplo (2)

— La conversion se realizara mediante una simple regla de tres
en la que al final se obtendra que:

62(PMN03_) —50mg /L

14(PAy) —> xmg/L

50 mg /L NO; - é; ~11.3 mg /L NO; —N

e Las dos concentraciones obtenidas son
equivalentes:

— La uUnica diferencia es la masa de elemento o i6on a la que
hacen referencia.

— Pero las magnitudes numericas son sensiblemente distintas y
al manejar o comparar analisis quimicos de aguas es
necesario fijarse en la forma de expresion utilizada para estos
aniones y evitar problemas de interpretacion.

(Apuntes personales Dra. Patricia Acero)



Unidades de concentracion (6)

e Molaridad (M)=moles de soluto/litro de
disolucion

e Molalidad (m)=moles de soluto/kg de solvente

e ConversiondemaM

— Tener en cuenta 2 cosas:

e los moles por litro de disolucion (molaridad) pueden
transformarse a moles por kg de disolucién a través de la

densidad de la disolucion (kg/l).

e los moles/kg de disolucidon no representan la molalidad, ya que
esta unidad se encuentra definida respecto a un kg de solvente
y no de disolucion: hay que saber la cantidad de ambos.

(Apuntes personales Dra. Patricia Acero)



-+

= Equivalentes y Normalidad

(Apuntes personales Dra. Patricia

Equivalentes (eq) son similares a los moles, pero tienen en cuenta la carga del ion. Sélo
tienen sentido para iones cargados.

Por ejemplo:
= 0.002 mol/L of Ca2+ = 0.004 eqg/L Caz+;
= 0.001 mol/L of Na* = 0.001 eg/L Na*; y
= 0.003 mol/L La3* = 0.009 eqg/L La3+.
Normalidad (/) es otro nombre por el que se conoce a la unidad de eq/L.

Dos parametros importantes que se expresan en estas unidades son la ALCALINIDAD Y
LA DUREZA.

Conversion a moles y equivalentes

Ejemplo

Segun la tabla periodica el peso atomico del S 32 es y el del O es 16.
Por lo tanto una molécula de sulfato SO4 tiene un peso molecular de
32+ (4x16) =96.

Si el laboratorio reporta 40 mg/L de sulfato calculamos su
concentracion en moles mediante una regla de tres simple

96 g de sulfato -------------- 1 mol
0,040 g ----------------- X =4.16667 x 10-* mol = 0.41666 mmol

El equivalente quimico es la concentracion molar dividida por la carga
eléctrica del ion

En este caso 0.41666 mmol/L 7 2 = 0.208 meq/L

--------------------------------------------------

Acero)
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