Use of Biopolymer Entrapped Sulfate
Reducing Bacteria and Metal Nanoparticles
for Effective Aqueous Sulfate Removal
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Acid Mine Drainage (AMD):

®* Mining activities create negative environmental impacts
®* AMD is one of those impacts

® |t is considered as a major problem in mining industry

® Affecting about 70% of the world mine sites

® AMD is the oxidation of pyritic minerals to generate acidic
waters

®* FeSy+7/20,+H,0 > 250,% + Fe?* + 2H*
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Acid Mine Drainage (AMD):

® Low pH (<3)
® High concentrations of sulfate
® High concentrations of sulfides

® Dissolve toxic metals
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Characteristics Source

pH 2.65 Cui etal. 2012
SO,% 2,550

Ca 125; Fe 98; Mg 1.35; K 2.8; Al 0.082; Cu 25.5; Zn 44; Cd 0.196; Pb

SO,% 61,326 2012

As0.0209;Cd4.9; Cull.7; Fe 19.4 Mn 5,040, Pb 8.6, Zn 11,000 ...
SO,% 8,640

Fe2372,Mg309;, Mn33 4, Ni0.1, Pb 0.3, Zn .1 .
pH 2.7 Koschorreck and

SO,% 1,305 Wendt-Potthoff 2012
£al93.6, Mg 25.5, Na 6; Fe 142.8, Mn 287, NO,-NOOLS
SO,% 1,000
OO 0
pH 2.0 Martins et al. 2009
SO,% 3,100

Fe 500; Cu 50; Zn 110
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Technology Advantages Limitations Major Contaminant Source

Removed
Chemical Reduces metals wastes ~ Requires O,, produces high Al 81.98% Matlock et al. 2002
precipitation from sludge, produces hydroxide sludge, can only Mg 99.87%
stable precipitates. remove divalent metals. Does Mn 99.98%
not remove SO,2. Limited Fe 99.99%
effect. Sb  89.62%
______________________________________________________________ Sr__39:66%1 - NS
Electrolysis Reduce the volume of Pretreatment required, Can only Cd 97.8% Cui et al. 2012
(CMDS) AMD sludge, increases  remove some metals. Does not Cu 99.75%
the pH, low operating remove SO, Fe 99.97%
Costs. Pb 96.7%
______________________________________________________________ zn_99.8% B8
Constructed In-situ treatment, Takes time, high initial cost for Fe ~92% White et al. 2011
wetlands effective metals and the construction of the wetland,
sulfate removal achieved, suitable plants for targeted
minimal energy required. contaminants, remobilization of
contaminants.
‘Permeable  In-situtreatment, low  Limited to groundwater, takes SO, 43% Gibertetal. 2011
reactive Ccosts, no energy is long time. Al 80%
barriers required. Cu 76%

(PRB) Zn 47%




Objectives:

1,

Investigate sulfate removal by calcium alginate
entrapped Sulfur Reducing Bacteria (SRB)

. Study the interferences of some heavy metals (Al,

Cu, and Zn), and temperature on the performance
of entrapped SRB

Evaluate the potential for nanoscale zero-valent
iron (NZVI) to enhance SRB's performance in
removing sulfate
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Why sulfate (50,%):

®SO,?% level can be relatively high in AMD
— 659 Mg/L (pavies et at. 2011)
— 3,100 Mg/L (Martins et al. 2009)
— 8,640 Mg/L (centy etal. 2012)
— 760,000 Mg/L mecuita et 2007

® MICL of sulfate in:

— drinking water is 250 mg/L (wo, 2004, usepa, 2006)

— Irrigation water 575 mg/L (costa et al. 2008)
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Why sulfate (50,%):

® SO, itself is inert and non toxic wsretst, 200

® It is converted in sulfides through organic substrate oxidation
2H+ + SO42- + C(org) 9 st + ZCOZ (Costa et al., 2008)

® H,S is highly reactive and causes serious environmental and
economical problems

- responsible for the rotten eggs odor in streams and rivers
- toxic to aquatic plants, animals, and human

- causes metal corrosion

(Wan et al., 2011; Wen et al., 2010; Dar et al., 2007; Kuo and Shu, 2004; Lamers et al., 2002)
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Hypotheses:

1. Biopolymer (Ca-alginate) entrapped sulfate reducing bacteria
(SRB) will remove sulfate more effectively than free cells

2. A simple carbon source will boost sulfate removal by SRB
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Bacterial incubation in glucose solution:

Sludge sample collected from Wastewater
treatment facility, Moorhead (Minnesota)

J L

Allow sample to settle in the refrigerator for 24
h

Add 250 mL of settled sludge + 0.36 g
MnSO,.H20 + 0.09 g of Fe(NH,),(50,),.6H,0 + 3 g
C¢H,0, + BOD + 500 mL

J L

Incubate solution in 1,000 mL beaker at 22 + 2°C

J L

Solution turned black after 3 months, indication
SRB presence




®* Black precipitates indicate presence of SRB

® Incubation is also characterized by rotten eggs odor of H,S

(Choudhary and Sheoran, 2011)
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Sulfate removal: Column Studies:

Effluent Sampling
Port

Silica Sand

Nylon Net
Wood Chips

Nylon Net
Sand and
Gravel

Nylon Net

Influent Port
(Large Gravel)
(Large Grave
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Normalized sulfate concentration

Results:
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Entrapment of SRB in Ca-alginate Beads:

FPeristaltic pump

)

J

SRE
- 10 cm
*-.1
S
Ma-alginate (2%) - CaClz (%)
1
o o
stirrer

(Bezbaruah et al., 2009 and 2013)
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The Beads:

Blank Ca-alginate and Entrapped SRB Beads
(diameter 5+ 2.21?nm, N = 58)
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SO,% Removal (C, = 250 mg/L)

1.2 - ——Blank Control No Carbon
Ethanol Lactose
1.0 - _
g \l* - —+— ——
v 1
£ £0.8 - [ I I 122%
" | |
O o
8 £0-6 1
5 8
£ 504 - : T
oY L
=z 0
0.2 - | 76%
. L 91%
0.0 ] 1 1 1
Day 0 Day 1 Day2 Day3 Day5 Day7
Time, days
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SO,%> Removal (C, = 500 mg/L)

——Blank Control No Carbon
0 1.2 1 Ethanol Lactose
o
NS
C
$ 0.8 - i
S 0.6 - -
ad + I 151%
(o
£ 0 j [ -
© o)
0 0.2 - . 88%
((+] =
E 0.0 T T T T 1
2 Day0 Day3 Day6 Day9 Day12 Day15

Time, days
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Ethanol vs Lactose:

____Ethanol | lactose

250 mg/L

91% 76%
500 mg/L

95% 88%

 One-way ANOVA test present (p < 0.05, n = 90)

* Significant difference between ethanol and lactose treatments
* Tukey's pairwise comparison test (95% Confidence level)

* Shows no significant difference between ethanol and lactose
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Interference Studies: pH

SO,% =500 mg/L

1.3 1
o 1.1- —~—pH 2.0 pH 4.0
S2,,. pH 7.5
5597 ——H14%
o 80.7 - : |
N E % 41%
= 30.5 4 T J
E S
B 0 0.3 - '|'
z T
0.1 - | L 91%
'0.1 1

Day0O Day3 Day6 Day9 Day12 Day 15

Time, days
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Interference Studies: Temperature
SO,% =500 mg/L

R
N
]

—-30°C 15°C 5°C 22°C

-
o

=
o0

34%

=
o

=
N

Normalized sulfate
concentrations

|

)
1
T
L

0.2 - ~3 t " 78%

. 90%
0.0 . . . - v 95%

Day O Day 3 Day 6 Day 9 Day 12 Day 15

Time, days
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Al Interference in SO, Removal:

Normalized sulfate concentrations

1.2

1.0 -

0.8

0.6

SO,% =500 mg/L

——Control 0.5 ppm Al
25 ppm Al 50 ppm Al
i, T 1
i J 16%
|
| 36%
| N 77%

\T\ - 95%

Day 6 Day 9 Day 12 Day 15
Time, days

25 10/20/2014



Zn Interference in SO,> Removal:
SO,% =500 mg/L

8 1.2 - ——Control 0.5 ppm Zn

o

= 25 ppm Zn 50 ppm Zn

= 1.0 - 12%
= \ | :
5 I ) .

G . \ ; . ¥ 14%
c 0.

S

w :

E 0.6 -

E

- 0.4 1

)

=

s 0.2 - 1

E 90%
2 00 ’. , 95%

Day 0 Day 3 Day 6 Day 9 Day 12  Day 15

Time, days
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Cu interference in SO,* removal:

1.2 -
- ——Control 0.5 ppm Cu
25 ppm Cu 50 ppm Cu
0.8 -
I
0.6 - |

S| ‘ \ w
| 87%
R | \K . 87%

e S~ 90%

1 1 1 1 1 95%
Day O Day 3 Day 6 Day 9 Day 12  Day 15

Time, days

Normalized sulfate concentrations
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Entrapped SRB and Nanoscale Zero-valent Iron:

* Goal - Enhance SO,* removal by entrapped SRB using NZVI
Hypothesis:

 Nanoscale zero-valent iron will enhance sulfate reduction by
SRB as NZVI will act as an electron donor for the reductive
reaction



SRB and Nanoscale Zero-valent Iron

* NZVI produces H, which acts as electron donor for SRB

* NZVIloading of 0.05, 0.1,and 0.2 g

Percent
~

Average particle size, 16.24 £ 4.05 nm
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SRB and Nanoscale Zero-valent Iron

-~
-
-

CoRB-NZVI beads SepSRB-NZVI reactor
Coentrapped SRB-NZVI beads separately Entrapped
SRB-NZVI beads



Normalized sulfate

concentrations

Coentrapped SRB-NZVI

SO,% =500 mg/L
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Normalized sulfate
concentrations

Separately Entrapped SRB-NZVI
SO,% =500 mg/L
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Role NZVI in AMD Remediation:

* SO,% removal did not improve with NZVI

* However, NZVI can be a viable alternative for effective AMD

remediation (specifically metals)
 NZVI have been effectively used for contaminant removal
— Metals (pretreatment)

— |lons
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