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Obj ectives of Sudy
RS B L

- Characterize solid-phase composition and forms
of Hg in the bank sediments

- Assess variability in the release of Hg from bank
leaching vs. bank erosion

- ldentify potential
geochemical approaches
to decrease the release
of Hg from the sediments
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Site Location
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Sdiment Sudies
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Sediment Resuspension Bank Filtration
Characterization Experiments Experiments

e Bulk chemistry e Sediment ratio e Flow rate
e Chemical variations fluctuations &
extractions e Colloid stagnation
o Mineralogy characterization e Colloid
o XRF & XANES characterization
e XRD & clay

speciation
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&  Sediment Digestion Sediment Chawacterization
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- lLarge variation in total Hg in sediment
- Hg correlated to Cu
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Sediment Chawacterization

Carbon & Qulfur

compared to other sites (LS with elevated Hg
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Chemical Extractions Sediment Characterization
i

- Hg speciation highly variable

in South River bank sediment N
C -
B -
Extraction : 1
: Target Hg Soecies F(1) 4
Solution FS%g j
F1 Deionized Water Soluble H ]
Water (Hgdl,, HgSO,) | -
J21 1
_ J(2) 1
0.01MHC Human Somach Acid <
+0.1M Soluble (HgO,, gg;
CH,COOH HQO, Hg.gs)
° ° SR3 &~ SR
SRS
Organo-chelated SR6
TMKOH (Hdchers HIClo) } ' ' ' ' {
0 20 40 60 80 100
Bemental Hg (Hg°, o
12M HNO, thiol-Hg, Hg, ) %o Hg Extracted
Vercuric Sulfide - ~2-9%o0f Hg mass extracted by DI
F5 Agqua Regia (HgS HgSe. HoAu) water | | |
- Greatest massin “sulfide fraction
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Sediment Chawacterization

SR6 Synchrotron Characterization

Micro X-ray Fluorescence (XRF) Mapping and X-ray
Absorption Near Edge Sructure (XANES Analysis of
South River Sediment
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XRF Sediment Chawacterization
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& XANES

Sediment Chawacterization

o All Hg XANES spectra from sediment are similar
e Implies same form of Hg at each location
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&  XANES Sediment Chawacterigation

e Spectra are very similar to spectrum for metacinnabar,
implying HgSformation
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: : Resuspensiov Testy
ediment Resuspension Tests
|

Purpose:

e What isthe variability in Hg release due to riverbank
erosion?

e What portions are “dissolved” and “colloidal” ?

5000 MWCO Filter

— Fraction

13
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D Ratio Variations Resuspension Testy

Alkalinity
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e Large variability in Hg release
e Possible Hg solubility control

Mass of Sediment per 160 g SRW (g)
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Filter Fractions Resuspension Tests

« Large variability in filter-size fractions
- Greatest variation for SR3, SR5 & SR6 samples
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g anamic Leachinﬂ Eerriments

e Jow flow of river water
through bank sedimentsto
simulate advective-
diffusive transport

e Huctuate velocity to
evaluate:
e masstransfer limitations
e colloid-facilitated transport

16



Total Hg (ng L)

Control Colwwmns
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0.2 um Filtered SR5 SR3 SR6
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Large fluctuations in Hg concentrations

Release of Hg not correlated to
extraction and resuspension results

Increases in effluent Hg observed after
flow stagnations
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Control Column HEO Chem|strz Control Columms
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&  Filter Comparison Control Colwmnsy
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e Resuspension experiments - substantial differences in
aqueous Hg for different filter sizes

e Transport experiments - less pronounced variations in Hg
for different filter sizes

Resuspension Tests Saturated Control Columns
80000 f 3000
I 0.45 um Filter I I 0.45 um Filter
0.2 um Filter 2500 - s 0.1 um Filter
s 0.1 pm Filter I 5000 MWCO Filter
10000 - mmmm 5000 MWCO Filter
— 2~ 2000
-l -l
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2000 | 500
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Static Screening
Experiments

Dynamic Treatment
Experiments

e Hg-spiked South River e Treatment of column
water effluent water
o Sabilization additions e Leaching from co-

blended reactive
media/sediment
mixtures

20
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Treat ment

e Treatment of Hg-spiked South River water
e Blended biochar and Hg-spiked water

Mushroom Soil (B-MS) Pine Woodchips (B-PW) Poultry (B-PO)

e Preliminary Treatment of Bank Sediment (SR4 Sample)

e Clays, chars and activated carbon, strong reductants, complexing
agents

21
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Biochar as a Reactive Media for Hg
|

Desirable physical properties
e Large particle size distribution, macroporosity, nano-porosity

Desirable chemical properties
e High charge density, hydrophilic, hydrophobic, acidic, basic

Concerns
e High nutrient and trace element content
e Microbial habitat & substrate

Potential applications

e Soil amendment, ex-situ reactors, in-stream reactors, in-situ reactive
ZONes ...

22



Treatment

Nitrogen-containing

Biochar Functionalities
Oxygen-containing

Waterioo
o

23

Phosphorus-containing

Qulfur-containing
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Biochar Physical Properties Treatment

Silica
mineral

Wigtn = 64,17 ym
Flie Name = MS-Skr i of

Wigth = 3748 pm
Flie Name = PIW-I724sb1.90

Date :10 Aug
D Systen ¥

scanning electro microscrope images of Hg treated material
A. Granular activated carbon B. mushroom biochar
C. pine woodchip biochar D. poultry biochar 24
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&  Biochar thsical Proeerties Treatment
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Biochar Batch Test Experiments Treatment

e DEEE

e Nutrient and trace element

release fE\ fc\ ﬁ ﬁ ﬁ

e Experiments
e Hg-spiked SKRW
e 9000 ng L' Hg

26
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Treatment
48 hours 2 weeks
- 8000 8000
—
Contr?l = 7000 /; /; 7000/; /;
Experiments > 20, y 20 y
T[] |
= 0 ol mmrem |
Hg Spiked 8000 8000
Experiments — . I - I
— 7000 /7000 yd
& 2000, A 2000 yd
2 1000 | I I 1000 | I
— 0 0
n=0 Nn=0
525% 5254
Dmmpom NDommom

e Greater than 95% removal of Hg from South River water at 2
weeks for all biochar samples

27
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Biochar Batch Test Experiments (unwashed)

Treatment

Alkalinity
as CaCOg3 mg L -1

pH

Eh [mv]

10

700

500

300 11 1

600

300

SRW B-MS B-PW B-PO
R
Ly ?TT.. T -ﬁm
L _/: | !/'

Time [Days]

Water Chemistry

0 8 16 0 8 16 0 8 16 0 8 16

—O— Control Experiments
—&— Spiked Hg Experiments
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Biochar Batch Test Experiment (unwashed) Treatment
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Biochar Batch Test Experiment (unwashed)
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Comparison of Unwashed and Washed Biochar (Hg Removal) 1 eatment
i

2 weeks
10
Control ; ¢ ® Washed biochars
Experiments € T®e v Unwashed biochars
(@)
T vV eOv
= 0 | | | |
9000 2 100 —g-§-¥—
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Experiments S 390/ /o 07
o A ® /] o
T 150 | Ve o
O I I I V |:E 0 I I I I
(9] wn
=228 =225
Dmmom N Hm

e Greater than 92% Hg removed from South River for all washed
biochar samples at 2 weeks
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& Initial Reactive Media Batch H,O Chemistry Preliminauy Treatment

Treated SR4 Sediment Controls - no sediment
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Total Hg (ng L)

100

Preliminowy Treatment

4000
N  [nitial
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—————— SR4 Initial Untreated :
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Total Hg Removed (%)
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2
=
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ATP+Thiol |
ATP-+Thiol Il
Thiol | [
ATP+Thiol I |-
S+ATP

Rewetting of Treatment Batch Tests

- Reacted aerobically for 33 days
- Added second aliquot of SRW to each batch

- Batches reacted for 14 days before resampling
33
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Implications
|

e Chemical extractions and synchrotron studiesindicate large
leachable fraction (2-3%)

e Remaining fraction isin the form: amorphous HgS
e Amorphous HgSpresent in unsaturated zone

e Both dissolved and colloidal fractions can be transported through
bank sediments

o Effective Hg removal from SRwater using all biochar types

» Co-blending of reactive media resulted in good treatment
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Dynamic Treatment Columns Futwre Directions

e Treat bank porewater under
flowing conditions
« GAC
e Biochar

e Dissolve reagentsin influent
solution (flocculants)

e Thiol Compound

e Blend reactive media into
sediment and monitor
leaching

35
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Characterization of Treatment Longevity Futuwe Directions
N

e Humidity Test Cells

» Assess Hg release from treatment media under enhanced
weathering conditions and aging

Reactive media after
<" extensive Hg input

Sediment _
leaching Hg

36
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§ Additional Sediment Characterization N%tsw-by

e 2nd Riverbank
Transect

e Floodplain
ol

Transect

37
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