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1 1 5‘!‘5\3’3 $%4L'ti}}ﬁ . . > Se=10"M, 25°C, 1 bar pressure

pH=3~9K} R E B LA

H,0 se(vI)
Oxidized, Mobile

-

SeO,” “~-~.
Se(1V)

SeQ,~— HSeO, E=1.06V
SeO,*— Se0,” E=0.81V

HSeO,; +—Se(s) E=0.78V ﬁ “Less Mobile
SeO,” «— Se(s) E=0.90V 0.01
Se(s) +—HSe E=-0.23V . ‘HO
Se(s) «—H,Se E=-0.12V . ) e 4 HSe
se(-11) |
0.8 No mobile ‘\\\
|
0 4 g 12
Sevy, F. 2001 pH Zhu J. M., 2004, AG



A -2,0,+4, +6

127 HScO, [Se]=10-*M [S]=10°M [Te|=10-M

14

AEALEREE: +4 (Se0.Z, HSeO,, H,Se0,), +6 (Se0,Z, HSeO,", H,Se0,)
W IREE: 0 (Sev), -2 (HSe, FeSe, Cu,Se, MoSe, 5%)
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Se(VI) Dissimilatory Se(VI)
reducers
oS, barnesii
oT. selenatis

5 7
*Thiobacillus = g
: (et = B - I ;
*B. megaterium I V . arsenicoselenatis
’ '9 Se( ¥) Se(lv) 9,_ Non-dissimilatory
efungi ? e =« Se(VI) reducers
O \ g *D. desulfuricans
S e-2 *W. succinogenes
SC(O) *P. stutzeri
Anoxic Dowdleand and Oremland, 1998, EST,
Se** HJIE R SeS*HJIE IR
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|
69.92425 | 21.234 | I I H 1.00783 | 99.9844
7192208 | 27662 2.01410 |0.01557
7292346 | 7.717
73.92118 | 35.943 O 15.99491 | 99.7628 I
75.92140 | 7.444 16.99913 | 0.0372
17.99916 | 0.20004
74.92160 | 100
AS I Ar 3096755 | 0.3365
= | 37.96273 | 0.0632 |__
Se 7591921 | 9.366 |I 39.96238 | 99.6003
ro91991 | 7695 77.92040 | 0.35351
77.91773 | 23.772 Kr : : I
N e 79.91638 | 2.28086
e 81.91348 | 11.5830
' ' 82.91413 | 11.4953
Br ‘78.91834 50.686‘ 83.91151 | 56.9889
80.91629 | 49.314 II 85.91061 | 17.2984
Bl R FAn 6 FH 5 %4 WArBAr+ . WOArf0Ar+, SASIHZE 4 i
82/76Qn — (82/76 82/76 _ 3
6°</7°Se = ( Sesample/ Senist 3140 — 1) X 10
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Magnet Scans
| 770
Start Scan Mo. of Steps End Scan
77 E83 100 TR0

Nu Plasma Il MC
Zhu et al., unpublished

[ Hg

Iv Ha

IV H?

¥ HE
" HE
IV H4
" Ha
v H2
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o
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2
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HG-Desolvation-MC-ICP-MS instrumentation operating conditions.

Component Parameters
RF power 1050 W
Sample cone Ni standard cone

Skimmer cone
Gas flow rate (L/min)
Cooling
Auxiliary
Sample
Additional (10% CH, in Ar)
Resolution (m/Am)
Acquisition parameters
Number of repeats

Ni standard skimmer (H-type)

16
0.9-0.95
0.9-0.95
0.03

300 (LR)

1 block x 30 cycles

Integration times 8.32s
Sample introduction systems
Apex-IR temperature setting 20/4°C
Hydride generation
Flow rate of NaBH, and sample 0.2 mL min~ '
NaBH, concentration 1.0% (w/w)
Sample acidity HCI 1.0molL™!
Cup configuration
Cup 14 L3 L2 11 c H1 H2 H3 H4
ISDIIIPS 7SGE 74Se 75AS 7GSE 77Se 7BSE HUSE BZSE BSKr

Neptune MC
Chang et al., 2017, CG
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Table | Faraday collectors array for measurement of Se 1sotopes and the blank signals of mterfering species

Collectors L5 L4 L3 L2 Ax H2 H4 H5 H6
Mass 74 75 76 77 78 79 80 81 82
Se isotopes "Se "Se "Se "Se e “Se

38 Al,36 Ar+ 40 Al,SSC1+ 40 AISG A1'+ 40 Al'ﬂ C1+ 40 Aljs Al'+ ?9B1'+ 40 A1‘4O Al'+ 40 Al"m AIH+ SZKI+
Kobar T4Ge+ 38 Al.S ]"Cl+ 38 AI?-B A1'+ 40 Aljﬁ A1H+ T?S eH+ ?SS eH+ 80K1_+ 81B1. 31B1.H+

sobaric + + + + - - + 2 -

. N0 PAr’aiH "Ge "SeH "Ni'°0 "BrH e,
interferences e 5 A el o)
Blank signal (mV) 4 2 32 5 11 5 5500 140 2

MEML & Tk G RAAr, FA4RAs, GefeSeH* , SArArt 580Setig 4 7
MHaHEEZVE2FALE, BAAAERXE, LH FTRIEF XNi£#0n Peak
ZeroF X, REHIEF X ¥ 5% FfESA deflector®) REH

Zhu et al.,2008, CJAC
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3ml of MQ ( Pre-washing )

1ml of 6 mol L' HCI ( Pre-washing )

1ml of 0.8 mol L1 HCI (Condition)

0.83 mol L of 6 mol L'! HCI (Load sample)

|

TCF(0.14¢) column

2ml of 6 mol L' HCI ( Washing)
3ml of MQ ( Washing )
1ml of HNO; + H,0, + H,0

TCF broken mn 15ml tube

Addition 1ml 15.6mol L' HNO,
Evaporation to 80ul at 75°C

Dissolution in 5Sml 5 mol L! HCI

95°C for 1h (Se (VI) reduction to Se(IV))
{ Diluted to 2+0.1 mol L1 HCI

HG-MC-ICP-MS
Zhu et al.,2008, CJAC

~ Seawater samples

l Filtered with 0.4-um Nuclepore filters

Filtrates

In 3 mol L™ HCI, 97°C for 75 min
(Se(VI) reduction to Se(IV))

| mL of 6 mol L™ HCI (pre-washing)

y
HG-SF-ICP-MS

2mL of 3 mol L HCI (conditioning)

'

Thiol resin columns 4—!

2mL of 6 mol L™ HCI (washing)
| mL of concentrated HCI (washing)
! I mL of concentrated HNO; (eluting)

~ Eluates |

Evaporation to dryness
Disolution in 0.4 mL of 4 mol L™ HCI
90°C for 10 min (Se(VI) reduction to Se(IV))

v Dilute to 1 mol L HCI
~ HG-MC-ICP-MS

DISe Concentration

DISe isotopes

Fig. 1. Analytical procedure for determination of DISe concentration and isotopes in

seawater.

Changetal., 2017, CG
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Table 7. Instantaneous isotopic fractionation & caused by biogeochemical transformations.

Study Transformation Reacting agent Measured ratio &, (%o) £ (8%77%Se)?, (%o) £(582/76Se)
ees and Thode, e’' to Se . e/""Se — — F
(R 1 Thode, 1966 Seb* to Set" HCI, 25°C 825e/76S 18 12 18
This study Se®* to Set™ HCI, 70°C 80Se/76Se —5.5 —5.5 -8.2
rouse an ode, e’ to Se e/""Se — — S
(K d Thode, 1962) Se'* to Se? NH,OH 825e/76S 15 10 15
ees and [hode, e’ to Se scorbic acic e e — — 3
(R 1 Thode, 1966) Se!" to Se? Ascorb | 82Ge/76S 19 13 19
ebster, e*' to Se e/"*Se — — -10.
(Web: 1972) Se*t to Se' NH,OH 80Se/74S 10 7 10.4
(Rashid and Krouse, 1985) Se** to Se’ NH,OH 8256/76Se —11 -7 -10.4
ashid et al., e to Se icrobes e e —Jto — —3to — -
(Rashid 1., 1978) Se'* to Se? Microb 825e/76S 5 40 3 27 5—40
This study Soil-Se oxidation Microbes? 80Se/76Se <0.5 <0.5 0.75
This study Se** adsorption Fe(OH)4 + nH,0 80Se/76Se <0.5 <0.5 0.75
This study Se volatilization Algal culture 805e/76Se <1.1 <1.1 1.64
This study Se volatilization Soil (Microbes) 80Se/76Se <0.6 <0.6 0.89
N-TIMS
1.015 B L B T T T T T T T 7 12 — T ]
L gl 8 -
o - . .7 _
2 L ,</://,' B4 walgsr] |
g 1.010 7 S 2
— I Ve T [Z=] . —
N‘?’ L 73 ] ’ D -
ag: K , | als .
= 1.005 i . .
(0] -
L ] 6 ] _
B T D 4 n
& 1.000 & .
3 1 g 2
3 N
N 0 .
[ | 11 L1 111 ] B _5 [ BRI | I ] I [ s
0.995 2l
0.995  1.000 1005 1.010  1.015 S BT 0.8 0.6 0.4 0.2 0
(°selSe), / ("Se/Se), §"7se Fraction Se®* Remaining

Johnson et al., 1999, GCA
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30 Green rust £ 8 5% 1
25 c) 307 ® GR37
B GR39
Se(v) 201 @ 251 O * AGR40
80/76 OGR33
(uM) 15 1 o (%O)Se 20+ g | OGR10
5 @)
10 P
0 ® ; A
20 ‘ 51 = aproducl o arem u b
15700 5 -4 -3 -2 1 0
Se(VI) In(c/c,)
M) 10 - o . . |
Fig. 4. Se isotope ratio data from all selenate reduction experiments
A plotted against In(c/cy), the natural logarithm of the fraction of unre-
5 duced Se remaining. The slope of the line gives &. Uncertainty in
._. In(c/ey) is approximately the width of the symbols. Uncertainty in
0 T 88976Se is +0.2%0, much smaller than the symbols.
Table 1. Experimental conditions and results.
Initial Final GRsp, Fe(Il) SOZ- Na™ Cl™ Half-life®
Experiment pH pH (mM) (mM) (mM) (mM) (mM) (h) 2" (%) n
GR37 7.0 6.0 0.41 0.50 3.7 6.5 0.0 20 -7.34 £ 04 3
GR39 7.0 5.9 0.41 0.16 1.1 1.8 0.0 2.9 -7.35 £0.2 5
GR40 6.9 2.9 0.41 0.24 2.0 3.4 0.0 4.3 -7.24 £ 0.2 4
GR33 6.8 6.8 0.80 1.20 7.2 13.0 0.0 11 -7.43 £0.3 4
GRI10 7.3 7.3 0.67 0.17 2.1 6.8 2.12 15 -7.22 £ 04 4
GR09 6.2 6.3 0.48 0.28 1.6 3.7 0.99 7.9 -7.57 £ 04 3

* Selenate half-life was derived by fitting data to a first-order reaction model.

Johnson et al., 2003, GCA
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Fractionation of selenium isotopes during bacterial respiratory reduction nf

selenium oxyanions Herbel et al., 2002, GCA

Table 2. Maximum reduction rates and enrichment factors (¢) determined by fitting isotopic evolution models
to the data from growing cultures.

Reduction Maximum rate
Bacterium couple (107 mol - cell ' -h™ 1) e (%o)
B. selenitireducens Se(IV)-Se(0) 3.3 —8.0=04
B arsenicoselenatis Se(VI)-Se(IV) 13.3 —5.0 0.5
Se(IV)-Se(0) ND?* —6.0 £ 1.0
S. barnesii Se(VI)-Se(IV) 1.5 —0.2*+0.2to —4.0 = 1.0°
Se(IV)-Se(0) 0.067 —1.1 = 04to0 —8.4 = 04"

Table 3. Maximum reduction rates and enrichment factors (&) determined by fitting isotopic evolution models
to the data from the S. barnesii washed cell suspension experiments.

Temp. Electron Reduction Maximum reduction rate
(°C) acceptor couple (1 X 107" moles Se-cell"!-h™}) g (%o)

15 SeO%~ Se(VI)-Se(IV) 0.41 —-1.1 =03
Se(IV)-Se(0) 0.47 —1.7+*0.4to —9.1 £0.5°

30 SeO%~ Se(VI)-Se(IV) 0.92 —-1.1=04
Se(IV)-Se(0) 0.62 —-83=0.3

15 SeO5~ Se(IV)-Se(0) 0.20 —79+04

30 SeO3~ Se(IV)-Se(0) 0.22 —8.0*0.4




Table 1. 8**/7°Se Values in Se(VI) and Se(IV) Standards, Media, Fungi, and Methylselenides of the Treatments with Se(VI) and

Se(IV) at Each of the pH Values of 4 and 7

sample

standard
standard

medium
fungus
methylselenides

medium

fungus
methylselenides
medium

fungus
methylselenides

Se species

VI
v

===

2S2Z2Z=3==5

day 3 day 4 day 5 day 11 day 12

—0.69 =+ standard deviation 0.07%. (n=2)
—0.20 & 0.05%o0 (n=2)

pH 4
—0.59 —0.59
—1.36 —1.17
—3.29 —3.42
pH7
—0.69 —0.76
—1.13 —1.09
—2.96 —3.66
6.3 2.1 155
—2.07 —1.49 not determined”
—6.18 —5.81 —2.80

Schilling et al., 2012, EST; 2013,CG.

day 13

—0.58
—1.07
—397

—0.79
not determined”
—3599

day 14

—0.58
—0.71
—3.67

—0.76
—0.96

not determined®

“Yield of Se mass by the extract <100 ng which was not sufficient for isotope ratio analysis with our analytical equipment.

Table 3

day 15

—0.61
—0.84
—3.59

—0.63
—0.95
—314

Selenium isotopic composition (632776 Se) of the unspiked soil and the components of
the microcosms after 11 days of incubation.

Sample Supplied 6582/765e values
se Aqueous Soil Fungus Methylselenide Unspiked
solution soil
(medium)
(%)
Stock Se(IV) — 020 (n = 2)
Stock Se (V1) —0.65 (n = 2)
GA1l Se(IV) 1.7 0.35 —0.87 — 3.56 0.16
GA1 Se (V1) 0.29 —0.81 — 1.83 — 0.16
RS2 Se(IV) 1.11 — 1.34 0.33 —4.67 0.45
RS2 Se (V1) 0.98 —0.61 — 7.53 — 0.45
FO1 Se(IV) 0.51 0.33 — — — 0.59
FO1 Se (V1) —0.34 — 0.3 — — — 0.59
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82Se/76Se Fractionation: Reduction Reactions

Reductant

Reference

£(%0)

Selenate reduction:
Strong HCI
Green Rust
D. Viet, D. Co23
3 Microbes (high e- donor)
Dechloromonas sp. microcosms
Pond/Estuarine Sediments
Pond Sediments

Se(lV) reduction:
NH2OH or ascorbic acid

3 Microbial strains (high e- donor)
4 Microbial strains
Pond/Estuarine Sediments

-18 Rees and Thode (1966)
-11 Johnson and Bullen (2003)
-9,-12 Schilling (2013)
-2 to -7 Herbel et al. (2000)
-2 Kirk et al. (2009)
-4 to -5 Ellis et al. (2003)
-2 Clark and Johnson (2008)

Krouse and Thode (1962),
-15 to -19 Rees and Thode (1966),
Rashid and Krouse (198535)

-9 to -14 Herbel et al. (2000)
-6 to -8 Schilling (2013)
-8 Ellis et al. (2003)

Johnson et al. Poster
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3.4 MR REMARIA

: : : Table 3
-0.6 1(a) 2-line ferrihydrite, . : : : : : :
(@) v Sorption experiments to iron oxide and iron sulfide minerals: Half-life for aqueous Se
-0.8 removal from solution, total % removal aqueous Se at end of experiment, and maxi-
104 mum fractionation observed during the course of the experiment. Y =yes; N=no.
é:/ 1.2 4 Experiment ti/2 Total Se Reduction €4, Relative
%2l o3 (min) removed (%) observed (%) error (%)
5 1 Iron oxides
Lol Se(VI)
-1.8 1 Hematite 14 N
Goethite 17 N
=t ‘ ' ' ' 2-line ferrihydrite 35 46 N 008 +12
1.0 0.8 0.6 0.4 0.2 0.0 ~lne lerrhydrite ' :
e 3 : Se(IV)
f(Se) remaining in solution ,
6 Hematite 42 41 N 014 424
(b) FeS, Goethite 3.6 99 N 045 +06
o4 2-line ferrihydrite 15 >99 N 093 04
-2 2
8 Iron sulfides
0 2 SE(VU
A N
S Mackinawite (FeS) 60h 20 Y 3.0 +0.2
2 % Pyrite (FeS) 69h 13 Y
Se(IV)
r -4 Mackinawite (FeS) 3.4 98 Y 37 403
: Pyrite (FeS,) 9h 96 Y 97 400
1.0 0.8 0.6 0.4 0.2 0.0 ? Calculated using measured 6%%7%Se of solid phase.

f(Se) remaining in solution

Mithcell et al., 2013,CG.
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Metal
[ oxides

Clay
minerals

\ Organic
matter

N

~

{

= _ A82/76Se (1V)<0.82 %o
Fe oxides: hematite, HFO  \ga176c, (V1) <0.2 %o

A8216Se (IV)<1. 2 %o;

Manganese oxides: MnO, AB2/T8Se (V1) < 0.1 %o

Al oxides : y-Al,O5, a Al,O; AB276Se (IV/)<0.1 %o;

A82/76Ga (V1) £ 0.1 %o
Montmorillonite
llite A8276Se (1V)<0.1 %o;
Kaolinite
Humic acid- HA ATSSE (V)< ?
A82/768€ (Vl) <?
Fulvic acid- FA



3.5 RRAMEHEE-FHE ik
Table 4
Equilibrium Se isotope fractionation Ax_g between any two Se species in this paper at 25 °C.

Anp(%e) B Se0, SeQ Se, H,Se HSe™ DMSe DMDSe DMSeS Se0j~ Se03~  HSeO3 | SeMet  SeCyst Se(M)* Se(T)*

A 1.02003 1.00843 1.00562 1.00561 1.00438 1.00999 1.00833 1.00872 1.03777 |1.02407 1.02356) 1.01042 1.01030 1.00601 1.00595

Se0, 0.0 114 14.2 14.2 15.5 9.9 11.5 11.1 -17.2 -39 -35 9.5 9.6 13.8 139
1.02003

Se0 0.0 2.8 28 4.0 -1.5 0.1 -03 - 28.7 -15.4 -14.9 -2.0 -1.9 24 2.5
1.00843

Se, 0.0 0.0 1.2 -43 =27 -3.0 -315 -18.2 -17.7 -48 -47 -04 -03
1.00562

H,5e 0.0 1.2 -43 =27 -31 -315 -18.2 -17.7 -48 -47 -04 -03
1.00561

HSe™ 0.0 -5.6 -39 -43 -32.7 -19.4 -18.9 -6.0 -5.9 -16 -1.6
1.00438

DMSe 0.0 1.6 13 -271 -13.8 -133 -04 -03 39 4.0
1.00999

DMDSe 0.0 -04 -28.8 -15.5 -15.0 =21 -2.0 23 24
1.00833

DMSeS 0.0 —-284 -151 -146 -15 -14 27 28
1.00872

5e0; 0.0 13.3 13.8 26.7 26.8 311 313
1.03777

SeO;‘ 0.0 0.5 134 13.5 17.8 17.8
1.02407

HSeO, 0.0 12.9 13.0 17.3 174
1.02356

SeMet 0.0 0.1 44 44
1.01042

SeCyst 0.0 4.3 43
1.01030

Se(M)* 0.0 0.0
1.00601

Se(T)" 0.0
1.00595

*Se(M) denotes monoclinic structure; Se(T) denotes the trigonal one.

Li and Liu, 2011, EPSL
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Adding electron shuttle (AQDS)
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82Se-tracer experiments (88276Se(IV)=1089%o)
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Se(1V)-Se(VI) Bl 4z % X 37T A& &9 ALl
BB L B
82Se(1V)+6Se(VI) = 82Sg(V)+0Se(V)  (3.1)

82Se(1V)+70Se(V)=282Se(V)+7Se(1V)  (3.2)

82Se(V)+76Se(VI) = 82Se(VI)+76Se(V)  (3.3)

82Se(1V)+7Se(VI) = 82Se(VI)+76Se(V)  (3.4)
REUCRIL W] RS2 HL T

82Se(1V)+76Se(V1) = 82Se(VI)+76Se(V)  (3.5)

T TSI, Se(IV)-Se(VI)ik R IR L5 A2 e A B8, (75
BT E T TRL 5 R
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R(38°C) = 3.03X 1010 M day® (< 1.12 X 109°M dayt), Half-time= 4074E (> 1114F)

R(60°C) = 5.63X 1010 M day™® (< 1.17 X 10 M day?), Half-time= 2194E( > 1034F)
Tan et al. 2020, GCA
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Mendota [FDMS N «—— Tulare Lake Drainage District
- > Flow-Through Wetland
A . W -
| — Saltmarsh hulrush
78 : "8c8 W o
B1 e
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o HC
ﬁ \ | 3 -0Open o
_[k o E1l o o HE =0 H H CH> g’
~ N A SR U P
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7]( ﬁt EI Eucalyptus Trces (6.6 ha) G o s
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@A [ wewecsn | Vpmps M5 e
- < 9-Cataitrue o I 6-sal
% :P u Solar Evaporators Wigeon grass o =
z ]
<« 10- Cauail 2 7 - Cattail -
% m Fig. 3. Total Se concentrations and &"*Se values for macrophytes
—~ s collected from various cells of the Tulare Lake Drainage District
F’] 4}!— ’ o ) e - ] (TLDD) flow-through wetlands. Saltmarsh bulrush (SB, Cell 1),
- B Surface Soil or Sediment Core Sample Evaporite Sample baltic rush (BR, Cell 2), rabbitsfoot grass (RG, Cell 5), saltgrass
% i O Shallow Ground Water or Surface Water Sample @ Macrophyte Sample (SG, Cell 6), widgeon grass (WG, Cell 9), or cattails (Ct, Cell 10).
Fig. 2. Integrated on-farm drainage management system (IFDMS) and Tulare Lake Drainage District (TLDD) flow-through wetland generalized
j E designs and sampling locations [after Tanji (1999) and Gao et al. (2000)].

Table 1. Comparison of averaged 8*°Se values (= standard deviation) for Tulare Lake Drainage District (TLDD) flow-through wetland
sediment extracts, surface waters, and macrophytes.

Sediment depth 0.1 M K:HPO, extract n 0.1 M NaOH extract n L0 M Na;SO; extract n
9’()]0 9’()]0 9’[‘]0

0-5 cm 3.63 = 0.30 3 3.01 = 0.26 4 3.28 = 0.24 4

5-10 cm 1.59 = L.40 2 5.25 = 0.16 2 2.69 = 0.32 e

Difference —2.04 2.24 —0.59

Mean comparison (F)

Water, macrophytes, or extract &S e n 0-5 cm (K;HPOy) 0-5 cm (NaOH) 0-5 cm (Na:S0;) Macrophytes
9{]0
Se(VI) in water 3.65 = 0.37 6 0.389 0.002%* 0,024+ 00003553
Se in macrophytes 291 = 0.20 5 00035+ 0.276 0.360
Na,SO; (5-10 cm) 0.013*
* Significant at the 0.05 probability level.
Significant at the 0.01 probability level. 580/768€MH495-3149:'2'30%" Herbel et al., JME, 2002

* Significant at the 0.001 probability level.




Table 2. Selenium speciation, concentrations, and 5**Se values for samples collected from the Mendota integrated on-farm drainage
management system (IFDMS) site in 1996.

Sample Se (total) o"™Se + standard error Se(Iv) Se(VI) Organic Se
pe L7t %o pe Lt
Shallow ground water
M-WBI1 1559.3 +3.65 = 0.30 12.7 1457.7 88.9
M-WEI1 2052.7 18.0 1859.7 185.0
M-WHC 728.8 +2.93 = 0.60 56.3 640.0 325
M-WHE 589.5 +2.97 = 0.50 68.4 494.8 26.3
mg kg! mg kg™!
Evaporites
M-E10 5.61 +4.14 = 0.25 0.52 5.01 0.08
M-E29 5.67 +4.13 = 0.60 0.53 513 0.01
MACROPHYTES

(DMSe, DMDSe, etc.)

Volatilized Se
\ / Outflow Se
"

SEDEMENTS /,, /
580/763eMH495_3149:-2.30%o Se(VI} ———» Se(IV) ——» Se(0)

JFig. 7. Selenium cycling in the Tulare Lake Drainage District (TLDD) flow-through wetlands. Major loss pathways as suggested by comparison
of 3%Se values are indicated by heavy arrows, while minor pathways are indicated by light arrows. DMSe, dimethylselenide; DMDSe,

dimethyldiselenide; Org-Se, organic selenium.

Inflow Se(VI)

aéL




Selenium Stable Isotope Investigation into Selenium Biogeochemical Cycling

in a Lacustrine Environment: Sweitzer Lake, Colorado

Fig. 1. Sampling locations at Sweitzer Lake. (1) Garnet Canal =8.35 km _
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Effective Isotopic Fractionation
Factors for Solute Removal hy
Reactive Sediments: A Lahoratory
Microcosm and Slurry Study
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Wetlands remove many dissolved pollutants from surface
waters by various mechanisms. Stable isotope ratio measurements
may provide a means of detecting and possibly quantifying
certain removal processes, such as reduction of Se0,2-, Cr(VI),
NO5;—, and HCIO,—, that fractionate isotopes. However, the
magnitude of the isotopic fractionation for a given reaction
depends on the setting in which it occurs. We explore the case
where isotope ratio shifts in surface waters are used to
detect or quantify reactions occurring in pore waters of
underlying sediments. A series of Se0,2 reduction experiments
reveals that the effective isotopic fractionation, observed in
the water column as a result of Se0,2— diffusion into underlying,
Se-reducing sediments, is weaker than the intrinsic fractionation
induced by the same reduction reactions in well-mixed
systems in which reaction sites are not separated from measured
Se0.2 . An intact sediment core yielded an effective £ (=
Oreact — Oinstantaneous prod) OF 0.20%., whereas the intrinsic & was
0.61%.. These results are consistent with previously published
reactive transport models. Isotopic studies of sediment-hosted
reactions in wetlands and other surface water systems
should use the smaller effective fractionation values, which

can be estimated using the models. Clark and Johnson, 2008
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Fig. 9.6 Illustration of reservoir effects in a sediment-water
system (Bender 1990; Clark and Johnson 2008). Concentration
(a) and 1sotopic composition (b) of dissolved Se(V1) are given as
a function of depth below the sediment/water interface. Cy is the
concentration in the overlying water. The solid and dashed lines
in (b) give the isotopic compositions of Se(VI) in pore water and
of reduced Se accumulating in the sediment, respectively. 6*Se
increases with increasing depth because isotopic fractionation
enriches pore water Se(VI) in heavier isotopes. The magnitude
of isotopic fractionation (g) at any given point is 1.8%e. How-
ever, the average 6™ Se value of the accumulated reduced Se is
offset from the overlying water by much less than 1.8%e, and
thus the effective isotopic fractionation (& = 0.9%o for this par-
ticular model) is much smaller than the intrinsic fractionation
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The rise of oxygen in Earth’s early wetuezoa
ocean and atmosphere

Timothy W. Lyons', Christopher T. Reinhard"*? & Noah J. Planavsky"*

4.2 55 MAALRRERTAN/TRES?

The rapid increase of carbon dioxide concentration in Earth’s modern atmosphere is a matter of major concern. But for
the atmosphere of roughly two-and-half billion years ago, interest centres on a different gas: free oxygen (O,) spawned
by early biological production. The initial increase of O, in the atmosphere, its delayed build-up in the ocean, its increase
to near-modern levels in the sea and air two billion years later, and its cause-and-effect relationship with life are among
the most compelling stories in Earth’s history.
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Selenium as paleo-oceanographic proxy: A first assessment
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Fig. 3. Average Se/TOC ratios versus average 5%2/7%Se values. The solid vertical line indicates average Se/TOC of phytoplankton (Doblin
et al., 2006). The shading encompasses the range of Se/TOC ratios observed in modern phytoplankton (upper limit, Doblin et al., 2006; lower
limit, this study). The solid horizontal line indicates the average 552768 of oligotrophic open Pacific Ocean plankton (this study). Symbols:
X = Black Sea; circles = New Albany Shale; hexagon = Posidonia Shale; diamond = Alum Shale; square = Arabian Sea; triangle,
down = Demerara Rise; triangle, up = Cape Verde Basin. Open and filled symbols correspond to the categories used in Fig. 2, with the
exception of the OAE sequences where the before and after OAE data have been combined (see Section 4 in text for more details). Error bars
indicate the standard deviations (1c) of the average values Se/TOC and 55%7Se values. Mitchell et al., 2012, GCA
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Albany Shale formation. Overall, our results indicate that to unlock the full proxy potential of marine sedimentary Se records,
we need to gain a much more detailed understanding of the sources, chemical speciation, isotopic fractionations and cycling of

Se in the marine environment.

Mitchell et al., 2012, GCA




The evolution of the global selenium cycle: Secular trends

in Se isotopes and abundances Stueken et al., 2015,GCA
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Selenium isotopes support free O, in the latest Archean
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Figure 1. Stratigraphic section of core ABDP-9 in Mount McRae Shale (Hamersley Basin, Australia). Se data are plotted as averages
=1@. EF is the enrichment factor in log scale. Red line represents five-point running mean. Inset shows §%27Se at high resolution over
16 cm from 124.06 m to 123.91 m (y-axis tick marks at 1 cm spacing, average = yellow data point). Water-column redox state inferred
from iron speciation is indicated on left, where blue is ferruginous and red is euxinic. D.G.—Dale’s Gorge; Mbr.—Member; Fm.—For-
mation; Mt.—Mount; BIF—banded iron formation; rel.—relative.

Stueken et al., 2015, Geology
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Figure 2. Proposed selenium cycle. Oxidative weathering produces
molybdate (MoO,*) and selenate (SeO,*) or selenite (Se0,*), here
denoted as Se0O_ *. Adsorbed Se in nearshore sediments will experi-
ence slight negative isotopic fractionation. Farther offshore, in sub-
oxic conditions, partial reduction of Se oxyanions to pyrite-bound
selenide (FeSe) or elemental Se (Se?) in sediments should induce
positive isotopic fractionation in residual SeO_ 2. In euxinic waters,
Se will be captured by sulfides during quantitative reduction as well
as by organic selenide {Senm]- Euxinic sediments should thus record
the isotopic composition of seawater Se oxyanions. & stands for
0°278S e and &°*®* Mo, respectively (values in %.).
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Geological evolution of the marine selenium cycle: Insights from the

bulk shale §8%/76Se record and isotope mass balance modeling Mitchell etal., 2016, EPSL
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Selenium isotopes record extensive marine suboxia

during the Great Oxidation Event Kipp et al., 2017, PNAS
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Selenium 1sotope and S-Se-Te elemental systematics along

the Pacific-Antarctic ridee: Role of mantle processes
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4.4 K445 F  The isotope composition of selenium in chondrites constrains the
&7 ;2 Jf) depletion mechanism of volatile elements in solar system materials
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Selenium isotopes as tracers of a late volatile
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h Sahara

Chondrites
+ Enstatite

0.4 4 H Dhurmeala
Soko Banja
DAG 293
L Beorkut
Mt Tazer > Ordinary
0.2 1 Homestead .
LL Dijoumine
Bath U
DAG 300
il

&
& 004 + * + ,
o _ e - CO Lance
E Ornans
[7 =}
02 e cv presre
=— o » Carbonac
§5°“®*Se =-0.038 + 0.07% oM B - arbonaceous
Mighei
-0.4
Orgu
| | | | c -y
0 1 2 3 4 Terrestrial
Al,O, (Wi%) Previous BSE —
c Other basalts .
PAR MORBs < >
0.4 - = ]
Post-Archaean peridotites
0o . EG3 S |
. 5530 ) r
& L212 ._.4 » Lanzo
[0} i
o 0.0 — — — - Lix H@- > Extemal Ligurides
§b E:z > Ronda
—-0.2 A HH
5%%763e = —0.03 + 0.07% 84-3 —@—
15/EDL-007 ,_._|
0.4
841 HEH > Pyrenees
T T T T T T T TURT '_._'
0 20 40 60 80 100 120 140 160
» FONB 93 ,.._|
Se (ng g ) T T T T T T T
-5 -1.0 -05 0.0 0.5 1.0 15

AR 2 649 58 ) 2 % 48 A% e |
Varas-Reus et al., 2019, Nature Geoscience



RFEROAMF RS ETRARAAAY Ky (U1612441,41673017, 41473028) ;
% B AR KF 3R & Johnson# ik 69 RAAE F-Fo 7 85 ;

T B A R IRR 5 sk T R48 AR 6 KA SR e d0E
FEMRRAZRERFTREEEZRERFFHAARRLARAR 4 KAH 8
FEBRXFOQR)EELE LA TRRSALR F6 05 e

Rt ) ML prik kg, PR XFH . PHERRBAHIEZART R REALFE T
KFHUBBEBFHOARLR, ARBILRXFRER TRAERGE R

F



RPN P STV IR TR

e
—




