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Agenda

* Mn chemistry refresher
* Non-treatment source water management options

* Mn treatment options




Mn Chemistry Refresher
e Characteristics
« Contaminant vs. treatment chemical
« Eh/pH diagram
* Behavior in lakes and reservoirs




Characteristics of Mn

* Commonly present
- Surface waters
* Groundwaters

* Primary oxidation states
* Mn(IT) - Soluble; not visually detectable
* Mn(III/IV) - Insoluble; visually detectable

* Important features
- Oxidation state sensitive to pH and redox conditions
* Rate of oxidation varies by oxidant
* High capacity for sorption of inorganic species




Mn as Contaminant or Treatment Chemical

 + IT valance state
MnZ2* Manganous ion » High solubility
 Clear in water

« Combination of +III and + IV
valance states

Low solubility

* Discolors water - black or brown
« Stains surfaces

As a Treatment Chemical

+ VII valance state

High solubility

Strong oxidant

Discolors water - purple
Forms MnO,(s) when reduced

MnO,(s) Manganese (di)oxide

KMnO, Potassium or sodium
NaMnO, permanganate




Form of Mn Determined By Oxidation Reduction
Potential and pH

Mn (0.1 ma/L) DIC = 10 mg CiL

e Particulate Mn

e Oxidation potential
(Eh) and/or pH is high

Dissolved Mn

Eh (volts)

« Eh and/or pH is low
0k
e Mn treatment based on | M
raising Eh or pH N Rhodochrosite
 Mn release related to lower N
Eh or pH S e
5 55 6 65 7 75 8 85 9 95 10105 11

PH  Adapted from Schock, 2007




Mn in Lakes and Reservoirs

r @ A

Reservoir well mixed
Temperature increases

Biological activity increases
Low Mn throughout reservoir

« Reservoir stratifies
* Oxygen depleted in « High oxygen levels

hypolimnion  Mn returns to sediment
* Mn released from sediment
into hypolimnion

 Turns over followed by mixing ’
* Mn distributes throughout reservoir

« Oxygen increases throughout reservoir

* Mn release from sediments stops




Non-treatment Source Water Management Options
 Blending
« Selective withdrawal
* Lake/reservoir aeration




Managing Mn by Blending

0.5 MGD

1.0 MGD 5 na/L M

10 ug/L Mn

3 MGD
16.7 ug/L Mn

1.5 MGD
25 ug/L Mn

Blended Mn Concentration Goal < 15 pg/L




Blending Example Well 3 = 25 ng/L
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10 ug/L Mn 5 ug/L Mn
8
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Blending Example Well 3 = 50 ng/L

? 1.0 MGD 0.5 MGD
10 ug/L Mn 5 ug/L Mn
Q15 - .
5 Loss of Capacity Frequently blending
g 122 M6D results in an
2 L > MGD unacceptable loss of
§ 110 MGD 50 ng/L Mn Capaci.ry
%05
0.28 MGD 0
0 : : : : : ,
20 25 30 35 40 45 50 55 60
Concentration in Blended Well (ug/L)




Mn Source Control by Selective Withdrawal

Intake Tower

I |

Algal growth
EPILIMNION T80
Algal toxins
METALIMNION
Mn
HYPOLIMNION
Fe

| Gate 5

Sulfide

Withdrawal at elevation
with acceptable Mn levels

* May trade one set of
problems for another




Mn Source Control by Hypolimnic Aeration

Intake
Controls soluble Mn

Epilimnion by preventing
release of Mn from
sediment to

Metalimnion hypolimnion
Hypolimnion
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Treatment of Mn
* Treatment options
» Oxidation/filtration
« Oxidants
 Sorption/catalytic oxidation on media
* Biological oxidation




Several Mn Removal Options are Proven and Effective

4 )
Influent Mn
Dissolved Mn Particulate Mn
9 [reduced, Mn(II)] [oxidized, MnO,(s)] )
\ 4 J’ J
Sorption to Chemical oxidation rmmm =¥ m oo
MnO,(s) coated to form suspended | . K Particle destabilization 1
v surface, catalytic MnO,(s) . [coagulation/flocculation]
Biological Mn oxidation e
oxidation l
\4

Particle removal
[clarification,
filtration]

S MnTreredWater WA




Considerations When Using a Sequestrant
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- Isall the Mn sequestered?

- How long does the Mn remain sequestered?

- Fate of Mn which is no longer sequestered?

- Are existing pipe scales being destabilized by sequestrant?

Suburban Water Systems, 2021




Full Suite of Mn Treatment Options
g

~
Influent Mn
Dissolved Mn Particulate Mn
S [reduced, Mn(II)] [oxidized, MnO,(s)] )

Lime Sorption to Chemical :'““_J‘ """" .
v softening MnO,(s) coated oxidationtfo | . Particle destabilization
Cation v surface, form suspended | [coagulation/flocculation]:
exchange Biological catalytic Mn MnO,(s) | ~—=---TpTTToooTTme

" oxidation oxidation l [

NF/RO :
membrane Particle

removal
[clarification,
filtration]




Removal by Chemical Oxidation Followed by Particle Filtration

Ground Water Surface Water
Mn(II) @ e—| Strong Oxidant
: : Strong Oxidant (MnQ,-, O,, CIO,)
Dissolved Particulate (MnO,-. O, CIO,) !
Mn Mn Reaction
' Time
l, R?r?r(:leon — Coagulant(s),
: J pH control
Mn(Il) «— Oxidant l Coagulation/
l Flocculation
[} Media or MnO, (s) btk
@ Particulate Membrane Residuals i | Clarification
. . !
MnO,(s) Mn Filtration ! | (DAF, sed))
oo MnO,(s)
Media or Residuals
Membrane
Filtration
Filter Mn Treated Water l

WRF4373
ﬁ Mn Treated Water ﬁ



Comparison of Oxidants

Strong Oxidant Characteristics

The rate of Mn(II) oxidation by chlorine is too slow at moderate pH to form filterable
MnO,(s) particles - BUT sufficient to promote oxidation/deposition in distribution system




Removal by Sorption and Catalytic Oxidation on Media Surface

Mn(II
ol b Surface Water
MnO,(s) . =mmmmmes -———-
(8) Ground Water e - - Strong Oxidant |
l | (MO, Oy, CIO,) 1
V @ e e
Mn(1T) ) KMnO, or Reaction
@f A HOCI or both Time
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MnO,(s) \ Free Chlorine ——, Residuals
: Oxidant \
MnO,(s)
. Media
Mn Treated Water Filtration
Mn(II)
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Types of Media

Photo J. Tobiason




Critical to Know Form of Mn

Form of Mn should be understood
throughout Treatment process

= Total -[Colloidal +Dissolved]
0.2 to0 0.45 micron membrane filter

Colloidal
| = (0.2 -0.45 um) - (Dissolved)

30-100K molecular weight ultrafilter

i Particulate

Dissolved
= passing ultrafilter _ Sl

Courtesy J. Tobiason




Biological Treatment of Mn: Let Bugs do the Oxidizing

Unique considerations for each site Best

« Augmentation of nutrients to conditions
for biological

maximize removal i ror oo,
« Temperature dependence 600 -+
« Head loss associated with _ 400 | M Mn,0,
biological activity E o0 |
* Release of Mn if biological <
process interrupted 07 MnCO,
« Speed of restart after shutdown -200 -F-pooposi oo
e Media type/EBCT 55 6 65 7 75 8 85 9 95

Adapted from Mouchet et al




Summing up

e Many mature technologies are capable of managing Mn to
levels below 20 ug/L

e Source water
» Wellhead/plant
« POU/POE

« Treatment choice/performance is function of Mn speciation
and form

« Sequestration has significant drawbacks
e May limit color issues
« Does not mitigate other undesirable effects of Mn




Resources for Mn available from WRF Website

(2 )
Water
Qe Q.  SEPA
Guidance for the Treatment Legacy of Manganese Accumulation in
of Manganese Water Systems

Phil Brandhuber PhD
philbwater@gmail.com

PDF Report #4314

Collaborators Collaborators
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John Tobiason Andy Hill
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