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Removing Toxic Metals
from Water

* Metals need to be removed from
water due to their toxicity

* Do not degrade but change forms:
dissolved and particulate

* Metal forms determine bioavailability
and bioaccessibility

* Metal precipitation is a common metal
removal mechanism but its is not
sustainable
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* There are above half million abandoned
mines in the U.S. (46K in public lands)

* Acidic MIW is formed when iron sulfides
are oxidized to sulfates allowing metal
dissolution from mine waste

* Challenging due to sites location,
weather, and variable flowrates

6/5/2020 3

Mine Water Treatment Options:
Active and Passive Systems

wEPA

* Physical treatment removes particles, Active Systems Passive Systems
but not dissolved metals Require minimal inputs of Require continuous input to
* Chemical and biological remediation resources once in operation sustain the process

generate precipitates to remove
dissolved salts and metals
» Systems designed as passive or active
* Treatment selection depends on: MIW
quality, desired effluent quality, cost,
site accessibility and surface area
available, etc.

Image taken from www.waterworld.com Underground SRBR at the Peerless Jenny King site, MT

* Sulfate-reducing bioreactors and constructed wetlands are two important passive systems used to remove
dissolved metals from MIW
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S EPA Passive Systems: Sulfate-Reducing Bioreactors
o (SRBRs)
'_'ﬂ‘{ * Sulfate concentration in the influent is key

Water Surface
L

* Main reactions:
SO427(aq) w7 ZCHzo(aq) = HZS(aq) w ZHcoa'(aq) (1)
M - MS(s)\ +2H*(aq) (2)

Oxidative Zone :

Transition Zone Discharge 2 VHS
. (aq) 2%(aq)
Sulfate Reduction Zone

Where M2+ = ZnZ*, Fe?*, Ni2*, Cu?*, Pb?* and
CH,0 is the substrate

* Metal precipitation to sulfide and metal
adsorption are the main removal
Drainage System

mechanisms

* The substrate is a carbon sources that acts as an electron donor for the
sulfate reduction

* |t promotes bacterial growth and also filters the created sludge

* |t usually contains an alkaline source to neutralize influent acidity
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Design parameters

pH: SRBs thrive at pH 5-8

Oxidation-reduction potential: Eh<0

Hydraulic retention time (HRT=Q/V): 24 h to 168 h

Substrate

Organic materials available at the sites are usually a low-

SRBRs Design
Pa ra m ete rS Z?st option: sawdust, nut shells, wood chips, manure,

Crushed crab shells and other food waste have been
successfully used as substrates for various studies

Buffering capacity to neutralize influent acidity
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wEPA
Bench-Scale SRBRs

* Long-term experiments needed to find the
capacity of the substrate

* Short-term experiments determine metal removal
efficiency

* Potential to remove recalcitrant metals (e.g. Zn,
Mn)

* Aqueous and gas phases routinely sampled for
efficiency evaluation

* Spent substrate sampled to confirm metal removal
mechanisms
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Pilot-Scale SRBRs

* Larger system with hydraulics
closer to a field system

* True passive system: uses gravity
to control influent and effluent
flowrate, not pumping

* Substrate porosity is critical to
avoid clogging

* More difficult to keep a long-
term stable operation
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rtical Constructed Wetlands

* Constructed wetlands (CW) combine
biological, chemical and physical
processes for water remediation with
plant uptake

Macrophytes

l Sand

* Vertical wetlands (VW) feed the Wastewaterinlet
influent through a distribution
system from the top, creating a

vertical flow
* Use less space than horizontal flow
wetlands,
* Suffer less clogging and have lower Graded gravel  Drainage
Operatlonal COStS Source: https://www.resear ication/277325727_| iation_in_Constructed_Wetlands/fig ?lo=1

6/5/2020 9

9
- Experimental Design and Influent Water
EPA Characterization
" Chitinous Columns Effluent Ligneous Columns Effluent o .
P: t Unit
STAMEEEr " Influent Water Untreated Pretreated Untreated Pretreated BenCh-scaIe Experlmental DeSIgn
Operational ¢ NA. 66 105 12 50
period
pH pH units 2.8 639 7.08 5.41 5.36 - o ,
Zn mg/L 76.5 0.25 0.25 167 0.42 s s c =
sulfate me/L 2600 656 713 1547 792 %;57;":;;: 3 Chitincolumns (1, 3, 5)
Al mg/L 14.4 0.60 <0.1 7.09 0.15 p— 2 L'gl"sec’“ds °°]"""": é)z 4
Ccu mg/L 6.74 0.04 <0.007 0.071 0.01 - collectionin and column
Fe mg/L 204 17.26 <0.105 6.29 1.09 Tedlar bags
Mn mg/L 2.90 175 0.29 555 213 C3  ca
Alkalinity  mg/L Ca CO, 570 1475 1500 568 255
Dissolved 7 7
— mg/L 1.50 <1 <1 <1 <1 | | cs c6
OO
* Objective: to determine zinc removal efficiency with a - 1 B
ae . . : \ |
chitinous substrate and compare it to a ligneous substrate — e A ‘ E 0
* HRT range 48-96 h 1T 1
* To avoid iron content reduction during storage time, the = k d
influent reservoirs were placed in an anaerobic chamber - -
Anaerobic chamber holding r
* Pretreatment removed Al, Cu, Fe and Mn the influent reservoirs (—.
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Results: pH and E,,
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* pHin the ligneous columns decreased much faster than in chitinous columns due to the lack of
buffering capacity

* The longer operational time of the pretreated columns was a result of the lower acidity of the influent

* Pretreatment extended the operational period for both substrates
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“EP Results: Zi d Sulfate Removal
wEPA esults: Zinc and Sulfate Remova
——Inf UFW = Inf PFW —Inf FWSA 5566 —Iz:::;m” Se=intPEW ':'""WSA
140 | L Eff Unt-Chitin  ~e-Eff Unt-Ligneous — Eff Pret-Chitin S-ENAECHin  ~Eftiok Lanour —EN raChitin
Eff Pret-Ligneous ——Eff Chitin Abiotic Inert Control . Eff Pret-Ligneous -~ Eff Chitin Abiotic Inert Control
120 > (V4 i 2500 f
N £ A
= |00 [ § 2000 Aj\ kY
3 / £ m? |y S WAZY
£ 80 / A . { g
= S/ g c
o r\\(/pv\', - \ »/'}’h S i . \f g
[SEY 5
l._\ (]
N Ee
40 w
/ <
v
* /',\\,*/\/
//
° ] 100 - 200 300 l;_“ 500 T d 500
Time (days) ime (days)
* The chitinous columns had higher sulfate reduction and higher zinc removal rates
* The ligneous columns were quick to suffer from zinc breakthrough due to a rapid increase in pH
* Zinc precipitated as ZnS according to a Visual Minteq simulation
6/5/2020 12
12

6/5/2020



Bioactive Column Top

206V pass energy spectra A s" 204,
— Original spectrum 159.65
450 — — Fitted spectrum r .
Baseline
Fitled peaks

s
=}
S
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T T T
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XPS spectral fitting in the Bioactive Column

EPA Zinc Speciation in the Solid Residues

Diphenytsulfe . "
Ll Bioactive Column Top

2080, Bioactive Column Middle
—— Abiotic Column Top
—— Abiotic Column Bottom

2nS
Cysteing
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(Residual peaks)
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Energy (eV)

XANES spectra of the experimental solid residues

« ZnS confirmed with XPS and XANES
« ZnS found at higher concentration in the bioactive column than in the

abiotic column, while ZnSO, was dominant in the abiotic column
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Pilot-Scale Reactor

(Trench Design)
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wEPA Pilot-Scale Reactor Design and Objectives

¢ To study the hydraulic parameters of the pilot-scale
trench reactor that will eventually be scaled up to a S
field-scale reactor — HRT, hydraulic conductivity . s " s e 0 a0
* To evaluate metal (Mn, Zn) and sulfate removal in the it tracer studies !
pilot-scale reactor using a chitin product as substrate § B Motal romoval pariod MENE il rncer studics
* To compare operational parameters with those
obtained in the bench-scale study
Influent container
Reactor Schematic
Dimensions Substrate
. i T Chitin/Sand 13
oty Length 238.3 cm jotalmass 103ikg
Depth 8.55 cm Substrate Depth 6.5cm
Sand-5C20 (3:1) Substrate . Carbon mass in
Reactive Volume 13.26 L {he s ibstrate 783 g
Slope = 2% v
Weir
6/5/2020 Effluent container G

15
. . ) .
S EPA Pilot-Scale: Flowrate and substrate’s hydraulic
200 Substrate condition
— I 15-week operational period I Fresh substrate 105.4 £ 134.0
Spent substrate 0.890 + 0.669

200
=
=
E
3 150
jd
2
K]
Y 100

50

0
9 20, 30 80 80 200 420 *Hydraulic conductivity was measured by EPA Method 9100
Time (days)
¢ Hydraulic conductivity reduction caused reduction in the flowrate, hence
Flowrate fluctuations reflect valve manipulations done to increase the we were in need of opening the effluent valve frequently to keep a flow
flowrate that decreased due to clogging of the effluent outlet and * Apossible solution could be increasing the sand/chitin ratio in the
reduction of hydraulic conductivity of the substrate substrate from 3/1 to 10/1
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-s-Influent —-Effluent
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Time (days)

Pilot-Scale: pH and E,,
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In spite of the flowrate fluctuations, pH remained stable in the effluent,
until a decrease in the 15% week

Oxidation-reduction potential fluctuated influenced by flowrate changes.
Was positive for an important period.
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& Pilot-Scale: Sulfate and Zinc Removal
o _—

N7 [HOT-SCale: suitate an INC REMOVaA
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Sulfate reduction was consistent, except for a peak at the 12t week of In spite of the flowrate fluctuations Zinc removal was complete and steady
operation. Consistent with a high peak in flowrate (Zn<0.3 mg/L effluent)
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EPA Bench vs Pi

Bench-Scale (Columns) Reactors Pilot-Scale (Trench) Reactor

Operational period
Hydraulic Retention Time (HRT) 96

Sulfate Removal Rate U

Metal Removal

lot Scale Results Comparison

74 weeks 15 weeks
and 48 h m - stable 24-250 h - variable
p to 6 mmol/m3/d Up to 1.2 mmol/m3/d

Mn breakthrough at 300 days, Zn Mn breakthrough at 105 days, Zn

did not reach breakthrough did not reach breakthrough
. Mn: 0.01-0.1 mg/L Mn: 0.5-1 mg/L
Mn and Zn Effluent Concentrations Zn:0.1-0.3 mg/L Zn:0.1-0.2 mg/L
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Adding Vertical
Wetlands as a
Polishing Step
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II Vwet as a Polishing
Step

Influent

* Aerobic Vwet remove metals by Topsall
adsorption, complexation, precipitation, Smlam’/—"
and plant uptake

Unsaturated
Zone

* Increase in dissolved oxygen Biochar layer  ——»

* Increase pH

. — d
* Recalcitrant metals (e.g. Zn, Mn) could sandlaver — 3 i

be further reduced vl sysr ——
* Might not have an impact on sulfate Waterbed ——1 -

reduction l Mo

controlling valve
Effluent
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Chitinous substrates (crushed crab shells) have
an important potential to be used as a
substrate in SRBRs

They can be effective in Zn and Mn removal

(two metals known as difficult to remove)

Conclusions

Further research is needed with non-
traditional substrates that may increase the
operational period

Vertical wetlands can be a great additional to
further decrease metals and increase oxygen
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SRBRs
Publications

Thank you!
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