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Development of an independent method for the analysis of Os
isotopes at the fg/g concentration level and its application
to the analysis of polar snow and ice
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0.1054 + 0.0021 ®l& Adtt ol AETH FFolA AT F de L2F 59
Ax FAAAE ATE F e AAFEH

A d= NEEM (North Greenland Eemian Ice Drilling Project; 72°27 " N, 38°0
4" W) firn core A& % 1800t Z<F 1900 dd] Afoldll aF3dt= AlmoA S2F
FALE 2A4S EAST 2 A3 F0s/¥0s H7F 0375914 0510 Atel= vEl
ko o] radiogenicdt A 771 WA (F0s/P0s = 1.26)¢} unradiogenic3 WE/
71 WA0.13) e skl A WEE ool ZE(0.14)0] M= A E o yERd
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1. Title

Development of an independent method for the analysis of Os isotopes at the
fg/g concentration level and its application to the analysis of polar snow and ice

II. Purpose and Necessity of R&D

O Development of an independent analytical techniques for Os isotopes
O Verification of analytical methods for analysis of Os isotopes (**0s/**¥0s or

810s/'%0s) in polar snow and ice

III. Contents and Extent of R&D

O Evaluation of the accuracy of Os isotope determination in polar snow and
ice samples using clean—protocol, N-TIMS, and artificial ice core

O Validation of analytical procedures for determining Os isotopes using
international standard materials

O Vertfication of reliability of measurements by comparing the data from our

methods to those from previous analysis using polar snow and ice samples

IV. R&D Results

Highly sensitive and ultra-clean analytical procedures were developed to
achieve reliable determination of extremely low Os concentrations at the

femtogram per gram (fg/g, 10 g/g) levels and its isotopic composition in



polar snow and ice. A total of 15 standard samples (MPI-1 Os standard,
reference '®'0s/"™0s ratios: 0.1069) were measured using our procedures. We
obtained '¥0s/™0s ratios of 0.1061 + 0.001, 0.1055 + 0.0018, and 0.1054 =+
0.0021 for independent loads of 500, 200, and 50 fg of Os, respectively. The
results indicate that our procedures can be applied for reliable and accurate
determination of Os isotopes at the extremely low concentrations down to
fg/g levels.

Os isotopic compositions (**Os/™0s) in central Greenland snow layers
and NEEM (North Greenland Eemian Ice Drilling Project; 72°27 "N, 38°04 " W)
firn core samples, corresponding to the ages of 1800s and 1900s, were
analyzed using our ultra-sensitive and ultra—clean methods. The *0s/**0s
ratios in snow samples range from 0.375 to 0.510, indicating that a mixing
between more radiogenic continental crust (*¥0s/*0s = 1.26) and
unradiogenic mantle/cosmic dust (0.13) or volcanic emissions (0.14). Os
isotope ratios in our samples were lower than average value (*¥0s/'™¥0s =
0.70) obtained from peat bog samples in NW Spain, covering the period 1750
AD to 1989 AD (Rauch et al., 2010), during which human activities such as
Cu mining and smelting and coal combustion were estimated to be dominant
contributor to Os deposition at peat bog sites. Thus, Os isotopic signatures
suggest that anthropogenic emissions from smelting of metal sulfide ores
(®70s/™0s = 0.1572.0) and fossil fuel combustion (0.676.0) could also be
probable sources influencing on Os inputs and Os isotopic composition in

the remote Arctic during the time periods investigated.

V. Abpplication Plans of R&D Results

In order to trace and assess spatial and temporal scales of atmospheric
dispersion of platinum group elements (PGEs) released from automobile
catalysts, a newly developed method will be used to reconstruct the temporal
variations in PGEs in polar snow and ice and to trace its sources using Os
1sotopes.

Because the depth wvariations in the Os isotope ratios In polar ice can

quantitatively elucidate changes in the accretion rate of extraterrestrial matter



over last several hundred thousand years, this approach could provide clear

evidence for extraterrestrial impact such as Tunguska Event in 1908.
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Hatsols 83 7|5-84Wst Ao vdd 254 47 A dad T A=
ol AAHE =olal AAA FFo ATAAE AitetedH W= a3 dAolt HE
Wako]l A ststa ZEA] FoA PRt =49 7des FAsta 7] £33 AAE FAY
it BRE Bdste vl w9d9Aa Vel M AEE sds Aweta do seueks
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Zhol EA st L2aFge Hir sk 4 IZ29A pg
= P g) WX AEY
woll, A olv HAE FoA 228 s9da A2
5& "ol 9loy(eg, Shen et al, 1996; Ravizza and Pyle. 1997; Sharma et al., 1999;
Stein et al., 2004, McDonald et al., 2007) =# WAA R L2F 998 BAA%4= A
o] gle Adolth. A Wete] =" 22F FEAA FAYAE F ]
= B A7AES A AANA vl EW A tisto] fdsith diE
g5 A T8 XS A AA A ARdA 22w F 5
2009 PNASO AlAetH AH5om 54 WA gl 4 7FsdS AAeAd. 18y
A WA R A L2xF THYAE AFEE =4 FA457] fEd A AAe] et Ak
o] 1 fg/g olst= EAjstolof stz 50 fg olste] HEARAA EA A= Fr7t e
g AARolv(REA Al Had AlEE °F 50 ml). 20099 A e
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v

o} g EW 2~ tfsto] 4] Analytical
Chemistry Adol] AAT EATH =F 02FH 5495 249 A w7t 200 fg =2
EFABAA FRSHS AASE AL, o] F 2018 Seo 5] 2 Ao “Determination of

Osmium concentration and isotope composition at ultra-low level in polar ice and snow”
=02 AAste] 25 fg FFoA 2L2FH EFAE FAY AR W= FATAR
o A B 9~ F & 4 UL Z2AE FRI

slerel o A4 A&

® Tl % tEvs gok FAdG9TE Fgsta 9

Qxete] FHAOR s AT A&l F3 AFUL ol Agolth web] BEIH A
AEIY olst F& 770 oaf AL BAYEE SAOR AUsi, FAATLA
RS Q9 G4 YHARE Bgetel 249 AHEE TAHOE PFE Aol Aash
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H 3 & didsd & & 2o

= = (o] = . by A~

A 1d 4w 52H4 4 T FRFZZEE o1
A AN RA AEIHA fg = 10 %) FEoR EASE L2FS EA8] A 249
HAo] AFe gRE 9 AR MaHdad wEAdGS SASAT AP RGolA
WASHE v A 248 98 BUs AR D AN JPH APATE Fasto]
WEHdan T HaP), °o)gdu5dn, 2FRDS AA 524 WAANS sE9 v 5=s JAE 1T
T(10 fg/g, 50 fg/g, 100 fg/g, 500 fg/g)e = At F=xsAtH(1d 1)
500 — 1asp, 500 = 1my,
-1 Y=0.9229215582" X + 3.132311204 =1 Y =0.9459167309 " X + 1.44566321
RZ =0.99972 R? = 0.999893

Found concentration (fg mL"")
Found concentration (fg mL"")

| L
L1} 100 200 300 400 500 1] 100 200 300 400 500
Prepared concentration (fg mL™") Prepared concentration (fg mL™")
GO0 —
Rh

T ¥ =1.063094316 * X - 1.231380429
o= 500 = R? = 0.999949
|
E
=
=
8
w
2
@
]
=
=]
(5]
=
=
=2
<3
[

¥ — 1 1T 1 ™71 71!
(1] 100 200 300 400 500

Prepared concentration (fg mL™)

a9 L aSda®t, Ir, RhE 55 23 559 3ae2 xol ud yol 71&7].



DA o= 7]E
Aol wjg- AR gholw, A AP AAANA FAT v F F(procedural blank)
Pto] 25 fg/g, Ire] 05 fg/g, Rhol 34 fg/g& #FHJT. 53 oA A7
Fls

ol

OE‘, d
X,

>

b

2] 23k =222 Ire] blkite] sub-femtogram per gram (1 fg/g ©|3}) o & &7
= o2 Hol o] 271 39 L2HwS B4 A AAEE HAF3 A
< AlAbgHTE
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A FAA RN S x2E FHEA EAVIES FLSHA BAd vem GEW A i dtul
A7lE AR woteE Aer] e 1AbdEe] wSFHS dskdnh w7z 5 A
e o2d U AAY A B EAAAY] EARES e 29 20 YERAAH
Sample €
i 190 - B
Preaparation 50 g sample + "*00s spike 3
Q
lfre&ze =
7
£
2.5 mL HNO3 + 1.5 mL H,0, E
1:3
at 100 bars
fmelf for —1.8h
Sample-tracer HPA-S
equilibration ~120 bars, 300 °C for 16h
Method-l l l Method-ll
. ¥
£E Distillation Bromine extraction g
Extraction 3 5 100 *C for 3h 125°C for ~10hx2 | B
- m ) n
o 2 : @
T i H‘g’l l 1 ﬂgxmﬂl?ﬂ' 2 mL Br,
2™ axtraction: 1 mL Br,
- T
-E Evaporation under I'ul2 Evaporation under I*ul2 "}j
i 1.5 mL HBr 0.5mLHBr+3mLBr, |=
o =
' ‘o
Microdistillati 2
e g icrodistillation =10
Purification 80 °C for 2h 8 1
=
l )
Mass N-TIMS
spectrometry Pt-Pt double filament

a9 2. EHA ggo A fist o 2F A7 24 E(Seo et al, 2018).
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S AFHS A (volatile) Edolng FAAT A7 BHA3 TIMS 71712 Lk
mode FEHIZ FALAE FA7] ofFdrth wabA AAg APAAFANAN L2wmS A0
S8 A3LE(0sO5)S negative mode (N-TIMS)Z A slojof &, xAgE AIA =
o5 2

il
4
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2
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7
=
<
@

oS AsATIE AL TIEAT A e aEd ey

13171 9138l Quartz carius tube?} HPA-S (High Pressure Asher,

135 2 dst ok

eltwater A 2o A& F&FS 8 Os tracerE spikedlo] carius

o} ol= thed ARSIAI(HNO; + HyOn)E &Hel ¥7] d vhg
S 471 f&elt). Carius tubeE HPA-Sol| &7 17A1%F

bar 27194 Os& AFsA 71T,

o rx

" g

4
> L

o
Mo o
A

= ey
s
ol

ml

U e
o ["_‘_, F_>|’L
ne 12 oo
5

Fobe o rff
w =
(@)
(@]
@)
N
ﬁ s
1 B o
Mo
o

@ Os extraction: 2% AFstEo] EAlsteE §dollA E-ES AASL HUS Oss Eol
Wotuzl S8 2dAlel AA FES W&t HPA-S Abstago] v AR & Teflon
24 7] (bomb)ell bromine solution®} $F7 o] Teflon coated hot plated] A 1043t
&9 125CE 7t st (2d 3).

Aol ARRH = e &7 WaSda
olm, ¢ 7tE#HES &3l 0sO7F 0sO3 &
bombol| A 7} pure?}

o] ede] M Ava &efXl Teflon 24
= Wetdn. 7tdo] £ Al E Teflon
0 FE38e 1 mle HBro|] ¥ Teflon vialdl &7 HTt}.
Syringe tip2 AFE3te] HX 2o wEl 0sO3 9HS F5 & 4 lom HBr A2 Oss
Fgs & trapdtt. 7ME ¢ FESe AAFS F 29 AX IS} Bry extraction©]
2y 1Y 49 #Zo] Teflon 2= A2 evaporation toololl ¥ il 3FF F<F 373
e Azl

e -111
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~

13 3. 120 ml Teflon bomb< hot plate]l A 10417+ F<t 7}H A 7]

fr
%
o

GEM A st AX ¥ Os& evaporation tool.
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@ Microdistillation: %ol ¢ A& F7F A< &
5). Microdistillation tool®] o}z F-i& 80TeolA 1A%t
o} HBro] ¥3%% Teflon viale o AX=Z SdEs
Farete] A7hE Eol 2 A St} ojuf off HFito]
H 0sO5 += vial SIF-Fo &A= HBro| X o] &H <
a&o] F7] wwel o /AL st Aotk 24 JtE F O EXFHE 0s0; &
X

evaporation tool® ©|&3dlo] 1 pl7t € wi7px] S

o
5
QO
o
jm)
e}
o
S
3

1% 5. Microdistillation 2}7.
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@ Loading (Pt double filament): ¥ AFdlA = 7]& positive modeo| 4 Pbe} Sr &9 U4
Ao AlE2E+E Re filament’t obd Pt filamentE AFE3}o] loading= F &3t Pt
filament+= H.Cross Company2] 99.999% pure, 0.001 in. thick, 0.020 in. wide #|#%& A&
st 2 9dS Hogk wiAlsA . Microdistillation©] 3 1 ul Os &<l Ba(OH), emitter
solution® 37 loading 3%t} Emitter solution< Pt filamento]l F® ¥ Oso] 119
N-TIMS 7171 <¢tellA o235 a&EHo= AAFE 94ZsS vk Loading”

micro-syringe tubeE ©]&€3te] A5 5 0.2 ul¥ filament 54 F-o o2 Y coatingS s},

]
=
FF% 0% emitter solutione TAFE tfF Y= coating & FAo] o] &3 GtH1d 6).
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GEMA gige A 1ApdEe] wEtE WEs EdR 2ad s N-TIMS £4%31& ¢4
st TIMS®| negative modedlA] St H oz FAUA s A7 HdlA v A
postivie modeol#] AH&¥ = Hstd A HiAl 5 Fdsted 7171 794 F Ion getter
pressure’} 2.7 x 107 °o] HE=Z A€t N-TIMS7} 444 o g 25se A Fo &
MPI-1 Os =AZFAIRE ol&3dt] wkol wWE HEFo] & ¥4 faraday cup®}t SEM
modeol A E5F sttt 1 pgel FnE EFAIEANA Os BU949 massE F3H7]
&l AEse =5 w7150 98 7H4d & (organic interference)”} 13 73 o] AT
=3

I Scan Control (Mass Scan)

D-‘BP:=°‘”4§£~

4000
L1500
\ Lao00
iy
Il
0.0020 |
| 2500
; ¥ o
E poots !I!II (
|'.‘|l"||
u‘
|l ‘ 1500
|
0.0010 _.i. M I | |! b
w"'-,'.ll‘._ |I II.|| ‘ |
(. I| | ! | | |
Organic inteference!! i [ | Lot
0.0005 I| |I ( | | } ||
70 U =aa_/ 75 S’ 2% \./w] P 4 28 S w9 20—

‘4 start ecEAllY

' Wekod cktor - {00 .0 =7 Dt Evabinton - FCL

a9 7. ¢F 1 pgel Os standardE #4313 <S wl WAISF= organic interference.

o]E sfZ3st7] 9] Pt filamentE outgassing HAAA 32 THFE 2 AA DDMQ
o

(Double Distilled Milli-Q water)E AF&3lo] A2 F3Pst o 1 A3} Re correction©]
_]

=
hy2 [e] = =] 1= ] =]
Ao Qe AR FEOR Padte BA2US FHUFY
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AAAE B A FA FAAR A e Am S s AR
(Artificial Ice Core, AIC)E 83+ QB AAA HAE &&o] FQlxojol 3}, ‘i‘ixi, AIC
E ¥ npgREE(Outer)F-8 71 /A2 &y
layers 7zhol 295 AAsIAE 2 A WHA #olol(dst), + HA o] Oi(an) Al A g o]
o1 Brd)el Al #+2] snow chip AEES 45 93] 1L LDPE Al&He] n#stow, 743

HE
-
j)
=
(@]
=
8
o
w0
o
N
D)
—_
8
5
m
w
3
Lo

RE A& ICP-SFMSE o]&3 414
ool H& el tiE] EA4ste] 1" 8ol e ¢ 2E AL SAATA s E
2ol )+ class 10 clean bootholl| 4] Z13§ & QA T},

AFratar A ¢ 9l Inner most FES ¥ 33

800 ——= 1400
— 700 — — 1300 —L
2 2
c 8 — c i
o o
= . = 20 —
(1] (1]
= 6 4 | — = i
c c ]
@ 7 g o
Q 4 1 Q ]
S S 10 o
o 1 o o
e 2 — 3] 5 —| -
o | m
0 0
2 0 2 0
Outside Inside Outside Inside
Ice core stick radius (cm) Ice core stick radius (cm)
a8 dEWetze] 7k Fo] R edA AAe &2 Pb ¥E, ¢ Ba ¥E).

JfodAn Axe BE el A Ist laverE AAT F g3} vhEel FE7t AAA
gastgon, ot AYATNA AN Av sk 1Y ARSI Y2EE 0]
FHOR PHE Pbst Ba Fwsk 1 pg olF $EOE PaFE JOR Mol FF Os ¥
A& $A Hgsrin auan
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H7le Y

QH R E9UA BAo AFA AZES 93 FAZFAEZ(DROsS)S 0s spike
!}

[e)
SAS FY3LY] calibration® Al eFS A 23T DROsS standard®} spike £<fol Al8% &
,(ZS_ o

1 =
= A FA A M ARsittar g R optima 559 HCl 943 HBr 9AS x18314
HCI& o] &3t acidifyE st &4 o WgSdihrt & ol fdshA BE5a, HBr2 Os
S SAA7IA] @A trapste sEol H

of Holt} ¥ &ul7k AR F goe] AxE nFE
(ppm)Sl A A5 E(subppt) o= HAste] AaAstdon, AEFEE vw e g
A EFOE o] g3 FE(E 1S A1 AZATHE 2).

% 1. dA e ggoda] Alg F2l Os spike?] % .

Source Spike Name Concentration Composition
184/188 = 0
186/188 = 0.066981601193436
Caltech s0s-190 %190 Os = 132.89 nmol/g 187/188 = 0.107906514172054

189/188 = 2.86345101939334
192/188 = 4.97265042267529

184/188 = 0
186/188 = 0.0669816011934361
187/188 = 0.107906514172054
%190 Os = 2.6571 nmol/g
Caltech sOsReS1 189/188 = 2.86345101939334
%185 Re = 0.1482 nmol/g
190/188 = 290.094480358031
192/188 = 4.97265042267529
185Re/187Re = 37.1442

¥190 Os = 0.04415 nmol/g or
44.15 pmol/g

Dartmouth sOsRe-S1 DIL 250 | *185 Re = 0.002462 nmol/g or | Diluted from sOsReS1
2.462 pmol/g

*187 Re = 0.06628 pmol/g

x190 Os = 0.09847 pmol/g )
sD-OsRe DIL Diluted from sOsRe-S1 DIL
Dartmouth (18.70669 pg/g)
24K 250
%185 Re = 0.005491 pmol/g
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I 2. Yo A A %3 DRsOs standard®} °0s spike?] ¥70s/'*¥0s ratio.

Type Concentration Composition (*¥"0s/#0s)

Quantity = 25 pg/g 1810s/%0s = 0.1199298
Quantity = 500 ng/g »

DROsS Quanti %0 v/

uantity = pg/g "

Standard
Quantity = 20 pg/g »
Quantity = 1 pg/g »
90s = 132.89 nmol/g 1810s/1%0s = 0.1079065

190s Spike

00s = 2.6571 nmol/g ”
90s = 44.15 pmol/g "
90s = 0.09847 pmol/g "
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Standard®} spike A]|EZ= N-TIMS 7]|7]olA] calibration 3}7] 99l ZF 5% A 9=
w4 2d Aol dasith dA HARTAR =7 250 ppmolA 5 ppb 714 faraday cup
o® FAo] rbesta, vaad B FAEIF FF Y2 SEMES o&3dte] #A ok g
obef ¥ 32 WHIHA GA| HEM A thlo|A A AFRE olE Falste] AR <, Hot
HES 714 At 55 A3 =l A o] &3k

Standard Al&E+= dA AlFolA Fuld 4+ gl MPI-1 Os standardg AM&3FSal, X%+
500 fg¥ 200 fg= 7o 2 EA3AT Y A8¥ standarde= 5 €2l max plank institute©l
A HEE AFOR AT GFEH AFolH, EW 2 there] A-A A Mukul 257F max
plank instituteol ] A& w A x3to] A A7A ALE Folgtal Fhtl wetA IFAF e BFE
ARE &8s F49 ux #HSS 98 2 AFoARE 22 A5E YEH2 fstoz iy
AgRol EA8H7]1 = 83l

MPI-1 Os standard®] reference value:= 'Os/"®0so] 0.1069% 500 fg o= & AX
1o}, 200 fgoll A& error range’} Tha FA UERGTH o] A% A2 A Redl 9%
interference @ 3ol ik AR FUFES AlAbstH, A HAA BHE = U= Re
292 A/ distilled watere} Pt filamentoll Al 7193 2ol Jom, F AAHS BF 34
a7 A8 32 FHF(Milli-Q water)& 3% 4 Al8H] (TDMQ, Triple Distilled Milli-Q Water)

ALE 2 Pt filamentE A& 5l o] 83153

ol

£y
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¥ 3. 13 gEH2 oA #2438 MPI-1 Os standard?]

70s/"0s ratio.

Number Std Quan. Heating time 190s beam 18705/1%80s ratio
test-1 500 fg 2h 20min 4.0 k 0.10628
test—2 500 fg 4h 30min 1.0 k 0.10559
test-3 200 fg 1h 0.05 k 0.07213
2 500 fg 2h 50min 3.7 k 0.10655
3 200 fg 1h 10min 1.0 k 0.10348
4 200 fg 1h 30min 09 k 0.09300
5 200 fg 1h 10min 3.0 k 0.10391
6 200 fg 50min 33 k 0.10684
8 200 fg 1h 7min 3.7 k 0.10250
Dartmouth 200 fg 2h 12min 0.75 k 0.10157
9 200 fg 1h 18min 1.6 k 0.09036
10 200 fg 2h 4min 045 k 0.09959
11 200 fg 1h 20min 3.1k 0.10411
12 200 fg 1h 26min 03 k 0.03733
13 200 fg 47min 20 k 0.08852
14 200 fg 56min 38 k 0.09881
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n=t ttEW A gisto A AlFeke MPI-1 Os standardE &83l9] Os 59U4 B47)&
Adust =270 9 235 A&ste] W& A4
Azt F 453 A Yo,

G

G FrE S8 FlAAE f
HZE e $HAFRo=Z 1 pg F+9 Os

¥70s/"™0s 2] reference value?! 0.1069%} A3 <
Al FAATFAE TIMS 7718 F5o2 AMgsta glow, Oss Al9s
o] -&-3f ©] 8t interference”}

¢}

positive® mode$} Re filament=
Aejoltt. webA B0s/10s zHS Redl tis] 24 3
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¥ 4. MPI-1 Os standard 1 pg®] Re correction A3} 3 ¥0s/™0s 7t

1870 S /1880 s

187OS/1SSOS

Type Number no Re correction after Re correction 2 S.D.

1 pg Os 1 0.1074 0.1070 0.0018

1 pg Os 2 0.1085 0.1072 0.0016

1 pg Os 3 0.1093 0.1067 0.0018

1 pg Os 4 0.1078 0.1052 0.0012

1pg Os 5 0.1147 0.1073 0.0017

1 pg Os 6 0.1100 0.1050 0.0016

1 pg Os 7 0.1092 0.1072 0.0012

1 pg Os 8 0.1133 0.1065 0.0023

1 pg Os 9 0.1115 0.1061 0.0010

1 pg Os 10 0.1179 0.1051 0.0015

1 pg Os 11 0.1166 0.1079 0.0014

Before 1 pg Os 12 0.1083 0.1070 0.0017
DDMQ

washing 1 pg Os 13 0.1075 0.1066 0.0013

1 pg Os 14 0.1077 0.1052 0.0015

1 pg Os 15 0.1078 0.1070 0.0011

1 pg Os 16 0.1064 0.1059 0.0010

1 pg Os 17 0.1111 0.1080 0.0019

1 pg Os 18 0.1069 0.1059 0.0008

1 pg Os 19 0.1059 0.1058 0.0012

1 pg Os 20 0.1098 0.1071 0.0012

1 pg Os 21 0.1087 0.1069 0.0016

1 pg Os 22 0.1055 0.1051 0.0012

1 pg Os 23 0.1204 0.1055 0.0049
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1870 s /1880 s

187OS/ISSOS

Type Number no Re correction after Re correction 2 S.D.
1 pg Os 24 0.1153 0.1065 0.00078

1 pg Os 25 0.1084 0.1064 0.000596

1 pg Os 26 0.1076 0.1063 0.000434

1 pg Os 27 0.1125 0.1064 0.000692

1 pg Os 28 0.1300 0.1076 0.001103

1 pg Os 29 0.1135 0.1061 0.001717

1 pg Os 30 0.1084 0.1071 0.000479

1 pg Os 31 0.1184 0.1070 0.000641

1 pg Os 32 0.1196 0.1065 0.001364

1 pg Os 33 0.1095 0.1064 0.000902

After 1 pg Os 34 0.1079 0.1062 0.000706

DDMQ

washing 1 pg Os 35 0.1081 0.1069 0.000798
1 pg Os 36 0.1090 0.1075 0.000865

1 pg Os 37 0.1098 0.1061 0.001222

1 pg Os 38 0.1082 0.1062 0.000809

1 pg Os 39 0.1088 0.1058 0.001669

1 pg Os 40 0.1081 0.1066 0.000883

1 pg Os 41 0.1073 0.1058 0.001028

1 pg Os 42 0.1083 0.1071 0.000618

1 pg Os 43 0.1075 0.1067 0.000844

1 pg Os 44 0.1082 0.1066 0.000697

1 pg Os 45 0.1102 0.1070 0.001485
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o E EEa 243 HS 27 AsE B ddder =4 BEE =,
ol ool A AF3 Pt filamentol A WA EE organic interferenceo] A 71213k Aot} o] &
siAdstr] Sl SAATAY 7HF FAsivba A E= A43¥4 DDMQ (Double Distilled
Milli-Q Water)2 outgassing ¥4 5 filamentE A& 3}¢] organic interferences A7 3} 31t}

O A3 a9 99 FHbE ARolM = A H 2] fgasta Al F7tsk i

0.1120

0.1100 +

o | % Al Thgh #Tm
T ﬁf} il

0.1040 +

1870Qg/1880g

0.1020 +

0.1000

189 9. MPI-1 Os standard 1 pg9 "0s/®0s 7t 2 ZFHAxF 2% open rectangle2 Pt filamentE
DDMQ=Z A& 3}7] Aol 8% closed circled2 A2 ¥ #4 Ay}
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STAFEAR 1 pgollA Os 94 £49 Aees Fugd F JF5xd JE2H 55
oA EAe A= FRE SF vE#2 ggt =AEA™ 500 fg@h 200 fg
=]

- AL
= Ao o] ZEABAA WOs/180s ko]
reference value$} Z A xst= AL st oy 200 fg 5% F59 AlgdAE 5994

b a3 10). v%7F Yold 4= standard error
Z [e)

ATt

+
2 4

[e)

4 olegi lﬂ FAA R A AFE Qe L2F YL B4 AEE AL HYE 50 fg
T BT AlRAA 249 RS SrEolstnE uig A gl Skl W o dAojrl "o
skt

[Re!erence value: 0.1069
0.1100
500 fg 200 fg
0.1080 —

@ e Gl B ) I
9 0.1060 — I
o
g " ¥
o]

0.1040 — :T_r E
: I
0.1020 — I
0.1000
MPI-1 Os standard
a9 10, FAFFA RS FEo W& P0s/¥0s Az @ AL
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A AR E4 M AFE ASES s dEHEEE ol &dto] fF A A
A F 2E =9 w9 #ge AT SvFEERzad) s vEdad
g 9T AAA , LT WHoR Os§ A7

A AAd 288 29 8 Flsti o
Agstact. 1 A3 ¥0s/®0s v 7} Ist layeroll A 1.00] | = O
72 & inner most®= AT E 1 ko] FHAste] 027 T 028 Akele] At
most?] YA HlE= AIC A Fol] AEE Milli-Q water?] YA vlef FA3] FAFgH
Zrolth( 29 11).

Os &%+ Inner mostl A 1 fg olst= 7 YA A=A o 2nd layeroll Al 23|28 1st
layer Bt} %& Hx2E ®dvh w3 3rd layer kol 1st layer #td B]<23 Ao 2 Hol o]=
AP AR ZRE IS L% 7Hsdol =0

LY =1

5 — 1.300

g 4= 1.100 —

2 i

= | o 0.900 —

:g 3 —| — (@] i

o] — &

s A % 0.700 —

o o

S 2 5 i

c < 0.500 —

o —

o 1 -

m —

o 0.300 —
0 0.100
2 0 2 0
Outside Inside Outside Inside

Ice core stick radius (cm) Ice core stick radius (cm)

aE 11 AR dAA AHE F AdeHtaoel W layerd Os % 2 P0s/*0s Hl.
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EoAqe] BMAIE “Ultra-sensitive determination in Os isotopes at the femto-gram
per gram level in Greenland snow samples” 2= A|&Eo 2 2018 = A|g&Es AGU
(American Geophysical Union)oll A X 2F 2R 3FACE A 244 AF3E FF:A| 5 2L QF
Wetaols &85 B4 A4 gurt F Yoo, dEMZ tigtoA uFFAl EA
P9 YT = NEEM firn core A|82 4% EAA3E AAste] ExsATHLH 12). ¢
addEE=E Jelae] AaE 201839 ttEW A el o] "Analytical Chemistry® #gol &3 3}17]
= AT (Seo et al., 2018).

4

H

Ultra-sensitive determination of Os isotopes at the femto-gram per gram level

in Greenland snow samples

Daechol Shin'?, Changhee Han?, Ji-hye Seo?, Mukul Sharma3, Soon Do Hur?, and Sungmin Hong"

Department of Ocean Sciences, Inha University, 100 Inha-ro, Michuhol-gu, Incheon 22212, Republic of Korea,? Korea Polar Research Institute, 26 Songdomiraero, Yeonsu-gu, Incheon 21990, Republic of Korea,
3Department of Earth Sciences, Dartmouth College, Hanover, NH 03755, United States

Osmium "™ T5001g0s |2001g0s  160gOs | Fig. 2. Measurements of "¥/0s/'*Qs ratios in the MPI-1 Os reference standard
- with 2 standard deviation (SD). Dashed line at 0.1069 is a certified value of the

Osmium (Os) s one of the rarest elements on the surface of the earth and whose applications in modern industry are o MPI-1 standard. Solid line represents the averags values of *'0s/*0s ratios

quite limited: Re (**/Re is a parent element of /0s) and Os are highly siderophile or chalcophile and Os Is a :

compatible element, leading to high Re/Os ratios and radiogenic Os isotopic composition in the continental crust. o114 measured for 500, 200 and 50 fg of the standard. Error bars show 2 SD.

While Os s highly enriched n meteoric/cosmic dust (average ~ 600 ng/g), it is very depleted in the upper continental 8 « A total-of 16/ standard: samplen; were . measured using our. procedures-and the MPE{ O
crust (average ~ 30 pg/g). Recently, its environmental burden has been increasing as it occur in nature with other Somd o standard (house Os standard of Dartmouth College). We oblained 70s/10s ratios of 0.1061
platinum group elements (PGEs: Pt, Pd, Rh, Ir, Ru, and Os), which have a wide variety of industrial ° i < 0.0010, 0.1055 + 0.0018, and 0.1054  0,0021 for independent loads of 500, 200 and 50 fg
(Sharma, 2011) E o of Os, respectively. The results indicate that our procedures can be applied for reliable and
acourate of s isotopes at Tow levels.
Tracer for extraterrestrial materials - Fra— 1.300
Nes "
@ Large dillranca n solple compositon batwaan natual sarples (o nslances, 110/ 105 = 4.3 for sontiosnlal minecl | orestsoom | oos6=oc0re =
dust and '70s/"™*0s = 0.13 for cosmic dust/meleariles) makes Os a powerful tracer for extraterrestrial accretions or T 1 | g, 14100
v, MPI-1 Os standard 2
4 Depth variations in the ¥70s/"%0s raio in polar snow and ice can quantitatively elucidate changes in the accrefion rate of § | @ 0900 |
extraterrestrial matter over the last tens of thousands of years or more. Os in Greenland firn samples H 3] 4
4 A key point in determining Os isotopes from polar snow and ice is to obtain B ee=y
Analytical challenge contamination-free inner part of the samples. g2 ?
% Os to be measured in polar snow and ice is at the extremely low concentrations down to the sub-femtogram per gram % Fig. 3 shows the profiles of Os concentrations and its isotopes, ensuring the § T 090y
level (1fglg = 10 g/g), making precise and accurate measuraments of 170s/1650s ratios very difficult. cleanness of the very center of the core obtained after decontamination process. 2
# Ulra-sensitive and ultra-clean analylical procedures are requ\reﬂ to achieve reliable i % Using the procedures, NEEM (North Greenland Eemian lee 8 9308+
at such ultrarlow in polar snow and ice (method adopled o Secet al,, 2018). Driling Project; 72°27'N, 38°04 W) fim core samples, corresponding to the period
of early 1800s and 19008, were then measured for Os concentrations and isotopes o
(Table 1), 2 o
Here, we report the detailed successive steps of the analytical procedures and preliminary results of the 4 The results show the 70s/'*0s ratios between 0.510 (1800s) and 0.375 (1900s) Dutside, Lhside
measurement of Os concentrations and its isotopes in selected Greenland firn core samples. These ratios may represent a mixture of much radiogenic continental dust (1.3) Ice core stick radius (ch Ir.l core stick radius (cm)
and volcanic emissions (0.14) or cosmic dust (0.13). Altematively,

anihopogenic emissions from metal suifide ores (0.15->2) smeling and fossil fusl  F\9: 3: Changes in Os concentrations and isotopes from the outside

o combustion (0.6~6.0) could have resulted from increased input of unradiogenic Os. to the inside in an artificial ice core decontaminated.
Analythal Methods ke S I a R ey e - An arlifiial ice core (AIC) made out by freezing MiliQ (MQ) water was

(fole]  (fala) mechanically decontaminated using an ultraciean decontamination method (Han
et al, 2015). The highest '0s/30s raio was observed in the outmost layer
High Pressure Ashor (HPA-S) NEEMAmia M, 18003 0N 07, QASIZOON 0EIDEG00 due o contamination present on the oulside. Despite no plateau of
NEEMfmcore#2  1800s 0851 0760 0868 £ 0007 0375 0,007 in the 3rd layer and inner part of the core, the plateau values of
Distilation isolopes (0.27~0.28) represent the original ralio of MQ water. It evidences that
Sonasgagei 100G for3he Teblg 1: Os-concentration and leotapic composition of NEEM fim cors. Note e slisiia corfammipation bas ol pencirtad i lhe very sanler of the oore;
= Fig. 1. Os extraction methods. that 'm’ and ‘¢’ represent the measured values and the values corrected for indicating the effectiveness of our decontamination method for polar snow and
= 7 i . the blank, respectively. ice samples.
ireeze it -] 1. sample preparation: '=0s tracer & xidant reagents | Vo
o0, 2. Sample-tracer equilibration: HPA-S
P * X Summary
s et 3. Extraction: distillation (bubbling)
Microdistilation ) -
Loading  80°Gfor 2 fr nos L ) 4. Purification: micro-distillation 1) The preliminary results show that Os is at the extremely low concentration levels down to the sub-ferntogram per gram in the NEEM Greenland firn core.
, - || RS 5. Mass spectromatry: negative thermal ionization mass 2) This indicates that ultra-clean and ultra-sensitive analytical procedures are mandatory to achieve acceptable and reproducible blank levels: the Os blank
ol 5 - I X (N-TIMS, TRITON, Th i from the sample treatment must be less than 5 rg for ~50 g of the sample weight.
fiamert 08, ay e R o 3) Our analytical method proved to be suitable for and Os isotoplc in selected polar snow and ice samples. However,
- N < blank determination more improved extraction procedures have to be developed la nnmnm the Os separation when only small volumes of sample are available.
| ooy Purification reagent blank: Os = 4.0 fg and '*’Os/**50s = 0.27
+ PGE matrix
NTINS (Titon) References
Double flament
(PLPY)  Method sdoptad rom Char and Sharm (2005)

1] Sharma, M. (2011) Haindbook of Environmentl Isotope Geochemisiry. 205-227. [2] Sea et al. (2011) Analytical Chemisiry, 90, 5781-6787.. [3] Chen and Sharma (2008) Analytical Chemistry, 81,
5400-5406. [4] Han of a. (2015) Talanta, 140, 2028

2% 12, 2018 AGU =A< 3] o A5
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AAN7A et BHd 7]edS vgow gdds= NEEM HWAA R dRE 243849
o AgE 7 ISOOLWJQ} 1900 o of
]

fl

#HEF ATk ole A7 WACT0s/M0s = 1.26 )EE} THdE =40 ‘7%9—“1, L% %H

A4 Ao AA o= e ynradiogenic 3t 7] PogHE g3 W Fog Hol

F 5. 2¥Z= NEEM firn core Al &4 #2413 50s/™%0s 4],
Sample Period no lgeo(s:(/)fts'e?cstion afterlszi(()asélji(l?:ction
NEEM firn core #1 1800s 0.494 + 0.004 0.510 = 0.004
NEEM firn core #2 1900s 0.368 = 0.007 0.375 £ 0.007
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A E ol 1800 diet 1900 W) Ewtel slEst= ZF NEEM firn core A&
B0s/™0s M7} 05103 0.375% unradiogenicd ESAS Kol AL A o
radiogenic3+ #2719 WA ¢} unradiogenicd $F719 WA (FOs/¥0s = 0.13) F& 3}
Z(0s/1%0s = 0.14)°14 7143 Oso] a2AT=RZ Fd=y &= vephd Aafo)r
2009 W= tEW 2~ gigige] wadt A+ Ade SAWNS XY
4% L2F FAYA Aol HT ARVl 9, 53] AEA Fviw 7] (Automobile
Catalytic Converters) Z%-E wl&%¥ Ose 93-S ol unradiogenicd Ao #=H o=
BaEch vbH NEEM firn core A& AsaF Svjdslry] =91(1970W ) S4H) oA A]7]
o] Algolm et e] AAMT0s/¥0s = 015 ~ 20)°lt A AR(F0s/¥0s = 0.676.0)
ARgo R Qe ti7]E HiEE = Oso] ZHfHE=R FYHAS 7HsAdol EASH(1d 15).
PR, 3ddER FYEE O0s9 AAA 71dE wEskA Welr]l fsiad 2

KeR
Fets SA o] WAARAA Os & 3 FHUL vE £45te] Aorla & Favt
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19 15. NEEM firn core®] 0s/™0s v ¢} #2212 Os 719 A oA =43 zH(Chen et al.,, 2009).
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Ultra-sensitive determination of femtogram quantities

of osmium isotopes in Greenland snow samples

Daechol Shin'?, Changhee Han?, Ji-hye Seo®, Mukul Sharma?, Soon Do Hur?, and Sungmin Hong"
"Depraimard of Quean Soences, inkes Univarsity, 100 Inha-m, Michuholgu, Inchean 22212, Repubic of Karea,® Kores Prlar Research instilule, 26 Sengdomirasen, Yaormu-gu, Incheon 21930, Republic of
Eoena, "Doparmen of Exih Scencos, DOarsmuth Coliege. Hanoeer, NH 037ES. Unied Siates

Abstract

Recently, platinum grodp slements (PGEs: O, Ir P Pd, Ru, &nd Bh) in polar snow and ioe ae of greal concem [Gabaslli et al, 2004), becauss the reconss of charging
orcurfence of PGES i 1he past atmaosghens provide clues to uniavel climalsrelated and human Impacts on the atmospheric cycles of these slements. Allhough limited data of PGES
in palar snow and ioe are availanle, however, the delemination of Os isolopls ralios in polar archives still remains an analyboal chalfenge, because of exdremely low conceniralions
of O al the sub-fembagram per gram leval,

I this study, we prasent highly sensilive and ultrs-clean analytical procedures to achieve relisble determination of exiremely low O concentrations (~107"° g g7') and ils isolope
carmposilion in palar snow and jcs. Approximatsly 50 g of mellwates with 08 racer solulion was healed te 3007 at 100 bar in quartz-glass reaction vessel with a Jones reagent
(Cr°0,). This sllows &l species of Os 1o be comalabely oxidized lo volalile 080, via sample-racer equllibraion. The bul of resulling Cs0, in aqueaus solulion was then separated
ard purified using glass distilation apparalus (Chen and Sharma, 2009). Al samples were messured using negalive thermal lorizetion mass epectromelry (N-TBMS). Detailed and
refiable blank deferminalions for e suctessive sbeps of anafylical procedures were carelully evaluated. Using aur ultra-genaitive and ullra-clesn methods, Os concentrations and
isatapic composilien were datarmined in central Greeniand snow |ayers. Thess dala are Me firat relishle data ablained in caniral Gresaland snow |ayers, with valses rangng from
0.754 fglg o 0792 Tnhg fof O8 and 0.375 1o 0.510 tor 08/ %" 0s, respectively. Our resulls indicate an increased ingut of dust spurees (mostly fam continental cruat " 0a/ 208 =
1.26) and anthropogenic sources (Mostlly Tram fessi Tusl combustion: "™0s/" 08 = 0.6-6.0) Tar the sampling pericd. accounting for aboul 26% and about T4%, respectively.

Experimental

High Prassars Asher [HPA-S)

Dis il stion
BEmL {2 e e 005 50185, of MPH1 O sinesdiens
Jonas feagent
=80 g sampie & S I
0. fracer o
frasaety M-S o 170 v
330 B for 98 fr
o, -
F. " -
Microdistifaliss | — - 2 « ¥ - . L]
Lodding BE"C for 2 hr | i L] *
Fig. 1. Os extraction methods. LY | I . .
+ HAr | ar
1. ™0s lracer & axidani reagents u,“';w o ] ] -
e W

2. Sample-tracer squiibration: HPA&-5 = O oy HAr =
3. Extraction; destillation (oubhbling) JJ Er,
4, Purification: micro-distillation FOE matria Fig. 2. Measurements of '"T0s"™0s ratios in the MPI-1 D8 refersnce

i RTHS: (Tribeny standard with 2 30. The horipontal solid line at 0.1069 is a certified value
S, Mass spectromairg: N-TIMS Db Mlamed of the Eolopic standand

HaRoi] Murhod adopted from Cher and Sharma (2008 oy
+ Blank determination % The resufts indicate that our procedure can be applied for seliable and acourde
Reagent blank- Os = 5.0 fg and "' 0s/**0s = 0.27 detarmination of D5 [solopes at the axiremaly low consangration lavals,

Results and Discussion

Fig. 3. Comparison of the Os isotopic composition of NEEM firn core with values
NEEM Firn.core. | Tiiz. sfudy measured in potential Os sources. Dashed line represents the unradiogenic end-
member estimated from published literature. Fossil fuels and base-metal sulfide
ores have '¥0s/""80s values that exceed 2. Each bar is the range of isotopic
ratios from published literature.

1 Proapbebon (Chen el al, 2

: Syamice < MEEM (Norh Greenland Eemian lce Drilling Project; 72°27'N, 38°04'W) firn core samples,
covering the tims pericd betwean 13008 to 10008, wers analyzed for Os concentrations and

its isolopic compodition, which are the firs] data determined in Greenland snow layers.

[BUNTEN

: MantciConmi

: < Os concenirafions were observed to be at extremely low level of femtogram per gram
: (0.T54-0.792 fgigh and isotope ratios of 0108 ranged fram 0,375 to 0.510.

F sl 1 unks —

< Our results may reflect a mixing between more radiogenic continental erust ("W0s)""0s =
1.26) and unradiogenic mantlelcosmic dust {0.13) or velcanic emissions (0.14).

- Guze-mela! Sulitdy Tne —

Rt 2 & D% isctope ratics in MEEM firn core were lower than average value (0.70) oblained from

boy samples in NW Spain, covering the period 1750 AD to 1980 AD (Rauch el al, 2010),

duiring which human activitias such a8 Cu mining and smelling and coal combustion were

eslimated to be deminant contributor te 08 deposition at peat bog sites.

smuafodogy

< Thus, Os isotopic signatures suggest that anthropog esions from smebing of metal
sulfide ares 1'E’unr' Os ® 0.15~2.0) and fossil fuel combustion (0.6~6.0) could also be
probable sources influsncing on De inpute and Os fsctepic composition in the remote Arclic

duiritg time pariods investigated.

Aubarobie Calafyle Damansr:

H n i L .I ' T & Further investigation will be performed to understand lemporal variations in Os inputs to
e b Bl o0l 4 e 4 L A ceniral Greenland, using an effective aspproach of Os isolopes te irace natwral and
Mg g anthropogenic sounces.
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BAmoE B ATME Os B99& 24S 9% A APl
FAH BEZ AW ATS Aot 2FNFHETY) FE SR
dehe o] YA ofele Aol A% SoluAm, 4G Ag

ultrapure grade AlF(MFLAE ppt T2 )0l AlsolA FujE = 7}

Yol = =78kl Oso P LA ReS ZHE AfEA Hetrh(Ld 17).

Table 1. Reagent and Procedural Blanks®

reagent and material

blanks Os blank (fg g™') R(*0s/'"#0s)
Acids
Trace metal grade HNO; 289.1 + 7.8 0.246 + 0.031
Purified HNO;, 0.46 + 0.30 0.218 + 0.044
Ultrex I1 H,0,” 0.35 + 0.30 0.58 + 0.51
Lab 2nd distilled HBr“ 0.631 + 0.041 031 £+ 0.19
VWR BDH Aristar Ultra 0.091 + 0.010 0.26 + 0.27
HBr?
Jones reagent 0.994 + 0.062 0.313 + 0.091
(cr'o, + H,80,)
ACROS Organics Br, (I)  >1900 1.392 + 0.079
Lab 2nd distilled Br, (1) 0.051 + 0.013 0.134 + 0.030
Loading Blank (Pt Filament + Ba(OH),)
H.Cross Pt filament® 0.10 &+ 0.13 fg ~0.17
ESPI metals Pt filament 022 + 0.22 fg ~0.17
Reagent Blank + Loading Blank
NP + Method-I 228 fg (1.15—4.74)° 031 + 0.17
NP + Method-II 2.68 fg (1.02—4.36)° 031 + 0.17
Procedural Blank
25.77 g TDMQ residue” 11.65 + 0.26 fg 0.351 + 0.036
28.83 g TDMQ residue’ 1244 + 0.62 fg 0.722 + 0.077
28.35 g TDMQ residue® 12.67 + 045 fg 0.388 + 0.053
26.86 g TDMQ_residue® 11.62 + 0.26 fg 0.303 + 0.030
TDMQ residue 035 +031fgg™" 0.17 (0.09—0.19)°
NP” + Method-I 23+20fg 042 + 0.20
NP”" + Method-II 2.8 + 24 fg 0.40 + 0.19
JR' + Method-I 2.7 £ 24 fg 0.95 + 049
JR" + Method-II 31 +28fg 0.85 + 0.44

“Precisions in Os concentrations and the R(**’Os/'*Qs) ratios are 2
SD. PAssessed using the measured reagent blanks and procedural
blanks. “Used in Method-I. “Used in Method-IL. “Range of values
indicates max and min of assessed blanks. “Determined by Method-I
using 0.5 mL of Jones reagent. #Determined by Method-II using 2.5
mL of HNOj; and 1.5 mL of H,0,. NP refers to 2.5 mL of HNO,
and 1.5 mL of H,0,. JR refers to 0.5 mL of Jones reagent.

a9 17 Ak B A HAEel M F4% Os blk #(Seo et al., 2018).
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