Challenges with
Simultaneous egquilibrium

Speciation programs
(MINEQL)



Inorganic complexes

> Major cations In natural waters
o H*, Ca%t, Mg?*, Na*, K*

> Common ligands in natural systems:
« HCO,, SO, %, NOg, Cl, F- & organic anions
o In anoxic environment: HS- & S*

Metal ion | Dominating species % M of
total amount
> Domlnatlng speC|eS N ofM

aerobic freshwater
at pH 8 are: -n
' AI(OH)(H0).", AIOH)s(H;0)s",
_
Fe(OH);(H0)q’, Fe(OH):(H.0)s’,
Nl(HzO)ﬁ NlCOg(HzO)5

CUCOL(H;0)%, Cu(OH),(F;0)7
Zn(H,0),~", ZnCO4(H,0),’



Hydrolysis

> Hydrolysis reactions are important

IN agueous systems

» Hydrolysis reactions are controlled by ionic index and {H*}

The higher the pH,

the stronger the hydrolysis of metal cations

E.g. Aluminium
Al + H,0 <> AI(OH)* g + H*
Al(OH)*"2q + H,0 <> AI(OH), s + H*
Al(OH)," g + H,0 <> AI(OH),%q + H*
Al(OH).’ + H,0 <> AI(OH), aq + H*

AP+ H,O0o AI(OH) g+ HY
Al 4 + 2H,0 <> AI(OH), oq + 2H"
AP +3H,0 <> AI(OH),.’ ;g + 3H*

pK, =495
pK, =5.6
pK, =6.75
pK, =5.6

pp, = pK, =495
ppa, = pK, + pK, =10.55
ps; = pK, + pK, + pK, =17.25

AP + 4H,0 <> AI(OH), aq + 4H*

° APt denotes Al(H,0)g>"

ps, = pK, + pK, + pK, + pK, =22.85



Distribution of dissolved Fe=* species

Two total Fe concentrations,
Fe; = 10“M and Fe; = 10*M

Fe,(OH),"
x Fe(OH),"
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pH

Distribution diagrams



Dissolved Organic Matter

> Low molecular weight (LMW)
« < 1000Da (e.g. C;,Hg055N:P; 5)
e E.g.: :

> High molecular weight
« 1000 - > 100 000Da

o Humic substance

Very complex
and coloured
substances

> Measured by
TOC/DOC
o Orhy

UV absorbency: or
colour



Speciation with different ligands present

> In agueous solution, containing a number of metal cations and
ligand anions, there are several simultaneous equilibriums
o Important ligands in natural water systems
Basic: CO5;%, OH;, Org, CI-
Acid: F-, SO,%, Org-, CI-
o The distribution of species will depend on factors such
as ligand concentrations, temperature, pH and ionic strength
> The calculations become very complex where a
metal cation have the opportunity to bind to more than
one type of ligands

o Multiple iterations of the calculations are necessary.

> For such calculations we apply computer programs as MINEQL+,
ALCHEMI or PHREEQ-C

E.g. simple system with only Al** and F-
F
+
H,0 + A" — AIOH" + H'
| +

HF—H' + F !
+ |
OH + AIF* — AI(OH)F




Scheme for chemical equilibrium calculations

Relevant balanced equilibrium reactions

Definition of unknown

Equilibrium expressions
Mass balance
Charge balance and

No of unknown No
<

No of equations

Approximations

Approximations
are commonly done
by assuming the

concentration of Yes
specific species are
0 Molar Solve equations

Only mass

New Approximations

balance and

No
Charge balance Are assumptions
equatlons can Justified?

be simplified Ves




Set of eXpressions

Equilibrium expressions
KW’ KSP’ KA’ KB’ Bn’ KREDOX’ Kd

Mass (read: concentration) balance
Set the equilibrium molarities (M,)
up against each other (M, vs. M,) and against
the analytical molarity (M, vs. c,)

Analytical concentration is the concentration of a substance dumped

into a solution. It includes all the forms of that substance in the solution.

Charge balance
> eqVv./L positive charge = X eqv./L negative charge


http://en.wikipedia.org/wiki/Concentration
http://en.wikipedia.org/wiki/Substance
http://en.wikipedia.org/wiki/Solution

Equilibrium expressions
KW1 KSP! KA’ KB’ Bn! KREDOX’ Kd

K., =[H.O'J(OH JN ~ [H.0'J[CH,COO |
KSP _ [Ba2+][SO42—] ) [CH3COOH]

. ~ [OH ][CH,COOH]
ﬁn—[N'(CN)” TRK. = [CH.COO]

~ [Mn*][Fe"T
= [MnO, J[Fe*T[H'T




Mass balance

Ex.1: BaSO, in HCI solution
We see from the molecular formula
that:
SR I [Ba® | = [SO/ ] + [HSO, ]

The hydroniumion (H*) has two sources:
HCI (=c,.,) and the auto-proteolysis of water (=[OH ]):

[HO'] = ¢y + [OH']

Ex.2: Ag,CrO, solution
We see from the olecular formula that L¥-
SORGEIM 2 [CrOS ] = [Ag”]




Charge balance

The law of physics demand that
Number of positive charge is
equal to number of negative charge
Charge contribution of a specie
= Valens - Molar concentration

>n-[X"]=2m-[Y™]
el 2[Ba” ]+ [ILO'] = 2[S0."] + HSQ, ]+ [OH |+ [C']

In neutral pH solutions one can disregard the
H* and OH- ions

SEANAL"] = 2[CrO/ ]
No new information




Metal hydrolysis

> The hydrolysis is described by a set of equilibrium reactions
Fe*'aq+ H,0 < Fe(OH)* 2+ H* pg, = pK, =3.05
Fe® 2 +2H,0 <> Fe(OH), "aq + 2H" ps, = pK, + pK, =6.31
Fe* s +3H,0 <> Fe(OH),’ 2q +3H* pB, = pK, + pK, + pK, =13.8

Fe* aq +4H,0 <> Fe(OH), aq +4H" pB, = PK, + pK, + pK, + pK, =22.7
C ={Fe*"}+{Fe(OH)*}+{Fe(OH), }+{Fe(OH),” }+{Fe(OH), }

> {Fe3}is determined by replacing each of the other parts of the mass
equation with their equilibrium expression expressed by {Fe3*} :

Fe**aq +2H,0 <> Fe(OH),
_{Fe(OH), }e{H'}’

,81+,82+,33+,84j
{H'} {H'}Y {HYP {HY¥

o Then the other species can be determined from the {Fe**} and 3

. _ PAFE™}

E.Q.;




Speciation programmes

> MINEQL+ Is a chemical
equilibrium model
capable of calculating
e aqueous speciation
« solid phase saturation

* _"??" )
e : : : A CbE'l’HICﬂ qu«ﬂ[ [W]HVH NIO&E[]HQ‘ System
° preC|p|tat|0n—d|SSO|ut|On (Jupmmlrl,n_[]i)qéi 2007 Environmental Researd) Software

« adsorption
> An extensive

thermodynamic database
IS included in the model



Speciation; Shortcomings

> The equilibrium model Is based on a choice of
complexes and their stability constants,
which makes the results guestionable




Tutorial

» Start out by choosing

hemical Components Selection Module

lel) [~ PsIo [~ PsiB

[~ SOH T Agl+) I~ A3 [ As02(3) [ AsD4(3)
components that EE e

[~ Ca(z9) rcdzy [ Ce(3+) roe [~ CNE)

I~ 0CNE) 7 SCNI) " co3z) I~ Cof2#) I~ Co(3+)

[ I Ci042) I Cil2+) FO0H)2:) [ Csfs) I Cufze)
I~ Cuf+) [ Fel2+) I Fel3+) A I Ha2(2+)
e I n e O u r S S e I I l I HgloH)2 o K I Laf3) Lt
[~ Mg(2+) [ Mn(24) ™ Mn(34) [ Mo04(2) [ Nafs)

[~ NH20H [ NHA(s) I Ni2+) ™ ND2() [RUGES]
[ P207(4) [ P3010(5) ™ Pb(24) [~ PO43) I~ Rbl+)
sty 5203(2) ™ sbioH)3 I~ SbIOH)6() I~ sc(3+)
™ SeD4{2) " HSe03() ™ HSel) I~ Si(0H)4 ™ Sn{2+)
[~ Sni4+) 75032 7 504(2-) 7512+ [ HSE)

% ML+ version 40 - [%o File]

> Find thermodynamic
constants in database
in "Scan Thermo”

0 000E+00 | 0.000E+00 | 0. 000E+00




Tutorial

> The Calculation
Wizards Tool is a
collection of 5 input
options to describe
the chemistry of the
system

> Running the
calculation




Tutorial

> Multirun manager
o [itration
o 2 Way analysis
o Field data

> Output manager

o Types of Output
The Header
The Log
The MultiRun Table
Component Groups
Special Reports




Tutorial

> Graphics manager
o Bar and X-Y plots

> Run through the 4
problems




Report

> The report (~ 3p text + graphs/pictures)
should include the following paragraphs
o Abstract
o INntroduction
» Material and methods ==
o Results ,
o Discussion Ry
. Conclusion -




EXxtra tips
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The CBA 100
lakes survey

81 lakes planned
8 inaccessible
« 3 discarded during data
analysis
Sampled between October 15t
and November 8t 2019
Cooperation with IBV and NIVA



Sampling
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Clustering with k-mean method

Differences between cluster: Kruskal
Wallis + Wilcoxon tests, p < 005

27



Principal component analysis

Altitude

0
Dim1 (41.4%)




Bacteria

Class

o
®
®

Acidobacteriae
Actinobacteria
Alphaprotecbacteria
Anaerolineae
Armatimonadia
Bacteroidia
Bdellovibrionia
Cyanobacteriia
Gammaproteobacteria
Gemmatimonadetes
Omnitrophia

Other
Phycisphaerae
Planctomycetes
Verrucomicrobiae

Vicinamibacteria







