TR R R B R R R FTéR ]

EBRERURINT
FER N ERIE SRS v 1T e SR (2/2)
EPA-107-E353-02-01

HRE S

STERITIR - 1074 HZ 107512 F

TE&E - AVEREHETT

ZECERAL ¢ PR BE BRI R ST
ZEBEUBTAR | BB - %5 - Rk - ER

FEERE 107 £ 12 H






" BB ERA R RN EEES AT ZE(2/2)

SHRBEEABRR

R ELAL TTE e PR EER S i

T TEAL o SE e KRR e AT

SHETE =HETT ~ FEE - BEk - ER

ABHEH

R 107 STEARTR EPA-107-E3S3-02-01

IS ERC] [T [FEFIT5E Wl 54 e

b eIk BRI R

srEEN WA [ BERECE

ExEA L] 10744 H3HE 107412 31 H

AT A 1074 H3HE 107412 H31 H

AL 2,750 T
BRI S
THESE T ANZEH 912 Tt
asathi____TIC SEFE 1,513 TIC
Hoft__ T hii#EZs 75 T

‘B E 250 T

R (PP =AD)
#E-SU-S[E ZREL(E - TR - BEEEY)

Sr-Nd-Pb isotope ratios ~ environmental forensics ~ wastes

SHHEATER
SHiEtE TAFEIE - SHANGE] | AR
ANEE# SR T (AA) | e-mail iE5E
ETEMEETEE - | Rt se B s R R 02-2783-9910
— ity & e T 5 L B B ST T Bh R gE B ] ext. 1616
T~ BTS2 - (B L B K B Bk kfhuang@earth.s
SR FPIE 2+ inica.edu.tw




sTEEETE - K
filiT Bk B £ L5

o ST e MR
BRI AR B

02-2783-9910
ext. 1617

Bt~ Fiflois= E B % PG IR R EE dclee@earth.sini
=ENl ca.edu.tw
SINT T VEERTL ~ R 17 H O R EE M BR
TR AT R B N 5] | SR i 14
SAEJk o
AL ZELENE ~
HEER
SIRT VAR ~ R |ER O o U K ER Bk
VES  [(TERmEIEE K E | LR 4

ir ZRECEAE




TEER E R BRI RBR AT R T PR (M EAR)
— AT

IR R 2R 0 M e Y ER R  ai  nI T 5 (2/2)
T HOGTEAE

Study of the metal stable isotopes on environmental forensics (2/2)
=~ FrESRT

EPA-107-E3S3-02-01

VY~ BRITERAL

R FE e BRI T Pl

I stEERA (EREEEER A

=TT~ PR

7N~ BTBEARIRHE

107/04/03

£ BTSSRI

107/12/31

I\~ RESER T |

107/12/22

U~ R

145



+ (A

3L L

SR FI (L 2 TR R AT T E(2)
T EEETAER

PDF

T o
S-SRI LA~ BEEEE: - e

Y - FE R

Sr-Nd-Pb isotope ratios ~ environmental forensics ~ wastes
s O

ARt ERMEETE ST ES - F ORI R - - F R E 277k
A AT = RIS (LC ~ LD ~ CS)Z EhE AR EHE - AT RIS EE— D PR AT
-$-$ [FEM R R E AR E 7 Z AT 5EE > AR IR FE-$i-$n[E A ZRERF 2 AR
Rl Ry pltt B AR - ERPEEHEITIFE7511(107 4 6 H & 10 H)PRERE[FEIr 2R )
At > AL A DA AR = [ T 2 #8-54- 20 [F] i R ELE FERF IR (L © BEA1 > oSl
AEFE PR IIEYETEHAD @ AR~ B8~ SR~ BV SRR - SRR LUK ) TR R
BT > DAERHERERE e ~ 8% v ATRERCA

Wt TSR BNESE A ERR 2 FE ZLEAEE AR > BRE
87Sr/%Sr {1 i Jy 0.708269 ~ 0.709838 eng =7 85 L E F5-14.2 ~ -16.0>2%Pb/2’Pb
(L y 2.4284 ~ 2.4375 » 2°Pb/*"Ph 2 (L Fy 1.1540 ~ 1.1736 - &Lk
> ¥Tor/®sr s L#iE ky 0.708192 ~ 0.709292 > eng 7 (L #HE £-15.7 ~ -16.7



208ph/2%"Ph 2 s B By 2.4257 ~ 2.4385> 2°°Pb/*""Pb 7 8 - 4B £y 1.1491 ~ 1.1727-
DASE-$4-0 R i ZELAE vT & oy =R~ 18 IR A L > 2SR [E TR
HHY - ZAM R YR (102 48 ~ 107 46 H 5 10 5 ) » ZigZ [Ffr Z L E
PEREF AR SR - HHIE B X B R ] A BN R B Bl Rk
ZELENE - BRI Z Efr R0 mas R8s T2 88 - $eEfir R thE 22
AT IR LAY 88 > $1% (R fir ZEEL (B R R g s o Ay 815 BAZ ARy S8 6 iE s N
ELEEZ R - PRI AR E 1 2GR FRTHE-$2- 86 [F A7 ZELE (2R 4 R 2
WIAATCEEEL KO ) » 13 R 1A [ g P AR M s = [ i

SR AT ITEEIR > A AHE-E-S5E L 2R A S B B i 2~ AR AT THY
tZEBH (E 2 EFL R ARG EENE: - 80 - RN E T A 25
B W HERS TRERHORZ 2L > HReEIRZFEAWIEZ HAY -

EARE & LR

In the first year of this project, we have successfully developed an analytical
protocol for tracing slag materials from three steel plants (i.e., LC, LD and CS) using
the Sr-Nd-Pb isotope ratios. This year, we further evaluate the reliability of the
combined Sr-Nd-Pb isotope approach in slags as a reliable tracer for discriminating
sources of slags, and to better constrain where the Sr-Nd-Pb isotopic signals in slags
come from. To do so, we collected slag samples twice from the three plants (June and
October, 2018), which were used to investigate if there is any temporal varitions of
Sr-Nd-Pb isotope signatures from the studied plants. Several fluxes (including lime,
ferro-silicon, ferromanganese, ferromanganese-silicon, megnisium oxide and fluorite)
were also sampled for identifying possible sources of Sr-Nd-Pb in slag samples. The
results show that reductive or oxidative slags from the three plants can be discriminated
by Sr-Nd-Pb isotope ratios. However, Isotope ratios of slags are significantly different
between the samples collected in 2013 and 2018, probably due to changes in sources of
fluxes through time. The measured isotope data of the fluxes indicate that Sr and Nd

isotope ratios are mainly controlled by lime and ferro-silicon, and Pb isope ratios are



most likely related to ferro-silicon or ferromanganese. Our results demonstrate that
sources of slags can be discriminated by the combined Sr-Nd-Pb isotope ratios, and has
great potential as a probe for tracing sources of slags if the databases for plants and

associated fluxes can be established.
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EXHRE:

In the first year of this project, we have successfully developed an analytical
protocol for tracing slag materials from three steel plants (i.e., LC, LD and CS) using
the Sr-Nd-Pb isotope ratios. This year, we further evaluate the reliability of the
combined Sr-Nd-Pb isotope approach in slags as a reliable tracer for discriminating
sources of slags, and to better constrain where the Sr-Nd-Pb isotopic signals in slags
come from. To do so, we collected slag samples twice from the three plants (June and
October, 2018), which can be used to investigate if there is any temporal varitions of
Sr-Nd-Pb isotope signatures from the studied plants. Several fluxes (including lime,
ferro-silicon, ferromanganese, ferromanganese-silicon, megnisium oxide and fluorite)
were also sampled for identifying possible sources of Sr-Nd-Pb in slag samples. The
results show that reductive or oxidative slags from the three plants can be discriminated
by Sr-Nd-Pb isotope ratios. However, Isotope ratios of slags are significantly different
between the samples collected in 2013 and 2018, probably due to changes in sources of
fluxes through time. The measured isotope data of the fluxes indicate that Sr and Nd
isotope ratios are mainly controlled by lime and ferro-silicon, and Pb isope ratios are
most likely related to ferro-silicon or ferromanganese. Our results demonstrate that
sources of slags can be discriminated by the combined Sr-Nd-Pb isotope ratios, and has

great potential as a probe for tracing sources of slags if the databases for plants and
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associated fluxes can be established.
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/’T/T‘lir:#‘

E1E FHis

12. FrEBEE

KatEZ BRI 22 45 e & B E s R L BT E R A R AT
iy > AR ~ /B AR e F R WAHE A YRR
> IBHE AR Z WA - AEE HERELT

L R YA BB 2 P TS 8 AT SRR 5 57
it

2. WRHEEZSURK 106 FEHRF B 2 e i RELE iR - FE
HorAfrisedl -

3. METHEIEEEEYISLLAE  METTER AT TR R -

4. SERRFHBAR RS -

1.3. HETERE

L RPN B R 2 A LB RS A B SOR SR i 20 92
BB SRR TP o S 2/ 107 -

2. {RPTHEEZ SRR R 106 £F I A B I Y % P2 U S R E A & B AR S
(MC-ICP-MS )F5Zis: 88 2 F8 i[RI i ZR EL B /A g ple R » 5 A =3 Afrdseify
BE R Z AR R AR ER S - KRR EER R T -

3. IR BHLFTEAL 2 Rty - USRS - DIE/D 10 RN EEEY H B i
HEL TS > M M TRGE > BRI R Z nI TV R SE A BE Rl R £ -

4. PR 1V GRZBEIR > et -



B TR E [Elfir X oA HE F PR s i AT TS (2/2)




i
Hi¢
E&
i
hug
il

F2E FEEER
21 SBREFR KBS LB R

EBREF MR ERERK(CET REENENE (1) KIFEH (source
tracing) LUK (2) EFZIEHE (process tracing) o ARG EHE T 22 A A EFEFRE 2
MZRE » AREHEA FEmli 2 BB © 0 2-1 > BEAE MR ER—mKEA
EEMr 2R A Ry Osampre > ELAI_EIFFARE A ~ B WA Flimliil: H SR F 7 2R4H R
73 B Rs0a KOs » BT EHEF(2-3)5 T EOR A FEllm R Y ERR

6sample =8y X fa+pXfp (2-1)
fatfe=1 (2-2)
KD Q-DREIRGE] [ = omple =0 (23

ACEL A B TR REELE 2R BRI TR UL B - RRAOISOR. - RIS A I
V12 e th AT I S AR -

natural S anthropogenic
metal sources A B metal sources

)

— samplin
river = Op X fp + O x fy po?nt 98

river

B 2-1 ZRJFRBHE A2 ~EE (Wiederhold, 2015)

W EHEE A B S E ~ BEEE R AT AR R EIM ZE505E - BHE— &
ZAREE 3 (5 FH Rayleigh [E11ir 2255 b UL R [E] i Z24H pE S E AR R g8k -
Bl @S $EAEH MK G AR /MBS UBI L = ([E &0 U (& 2-2) -



iR e [ 2R oy A PSR T TS (2/2)

A A (8 R R EIL R IR e - LR EAIAR FE L AT LA T B R e
Pz Rayleigh HAAHER (G 2-4) » Hh 8o RNSIEY) Z WAL ZRAHRL - € &
R Z T EIER > £ FORTRIERIEVINY 733K » EEYMEA AR EREE T Z B )
[EIr 2R AT R U(2-0) 5 G2 1 R EY) R R AHR R (2-6)5 T i -

6reactant 60 t+ e lnf (2'4)
5inst.pr0duct =8 +elnf+e (2-5)
glnf
5cum product — 60 + slnf - 1-f (2'6)
5.0 .
« dissolved Cr(VI) (reactant) :.'
40 H =1
== instantaneous Cr(lll) (product) ]
o
3.0 71— cumulative Cr(Il) (product) ‘l
= /
8 2.0 ;
e /
9 10 — ,
n P ’
o et 7
..... ”
0.0 === —
-2.0

1.0 0.8 0.6 0.4 0.2 0.0
fraction remaining

[ 2-2 &V Z B Z5{EE (Wiederhold, 2015)

A EHEAE IR BB LR | EFRARIEA Rl B A A [F F 2R R
58 L [ (i ZAF (EOPT RE e P U 8 (B T B Al 2 ) S (LR B S (U &
AR Z S IE)FTERL - BBt B b HFHERE I F B E B AR E T
FrEE LRI RILZR b - I H PR EAH SRS - DA — N ERGA RFERE
&ARESIER
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2.2, $R-eu-SHEMI R ARG

2.2.1. $E-p0-Gi[E{I ZRHIBRALES

HERA LR MU R 2 [ R AR OH BT JTEACAE - EREEETE
425 (Thermal lonization Mass Spectrometer, TIMS) 54 I =58 ~ $4 - $HHEEEE
LR R - K EEZHWGERIEMGEIEL R %R - HaithalLLER
MC-ICP-MS ig4E & ASE-$4-$0F M ZRELE » RISEREHELEN R RSN E
sV DUEETTE AR ~ KUEFHELL R A RIS SRR EER - BB b2
HERIAEE B2 Z FIL R A4 -

$8( Strontium, Sr)7A PU{EEIfr 2> 437115 - 34Sr (0.56%) - *°Sr (9.86%) ~#'Sr (7.0%)
F11%8Sr (82.58%) (FESR A~ Br 2 ARV ) - Horh A ST i i se e A
HRRE I M B 'R ()% 2R - SRS B 4.88 x 1070 4F -

$ (Neodymium, Nd ) 7 5 A AR IREE [EI 2 23518 1 M2Nd (27.2%) ~ “*Nd
(12.2%) ~ ***Nd (8.3%) ~ **Nd (17.2%) ~ “**Nd (5.7%) » LUK i {E & 2 HARRZAE -
Nd (23.8%) R ONd (5.6%) » o Nd AR £ (> 3 x 10°4) iy
B BRI 1M N R BRI M R S (82) 88 (4 7 4 > $2000 151 B 1.06 x 101
¢ o

$t( Lead, Pb ) A TUFEEI 1 2> 437115 : 2*Pb (1.4%) - “°Pb (22.1%) ~ *°'Pb (24.1%)
Fi12°Pb (52.4%) - Horfr 2®Pb ~ 2P  *®Ph Byt EsEE s o 4y B b M B
28U~ U T S — R R R AR A BB e A R S SAEI -

FEER ~ 4 - ShEIL R E R AT ITE T - (FE L ENL R RGN ERT
ELEZEEYZ - BT B AR RV LR - BUSDE ~ VR IR AR » AR
SR L E R B B ER B SRR > PR AR P SR TR Z 1B HE(Steinmann
et al., 1997; Carignan et al., 2005; Lahd Geagea et al., 2007; Lahd Geagea et al., 2008a;
Guéguen et al., 2012; Hoang-Hoa et al., 2015) o [ & L [Efir 2 240 7E By sy L
ARIFEZE © BN AREE) 2 F KM AR & A F 2 a » S a sk H & B E



iR e [ 2R oy A PSR T TS (2/2)

il - A ErEE AN (1) Fiaice: (40 PIEERE R ALy ) 0 B (2) TR
IRV [E] - (EfSA EEE G B A A ERYELZELE - SR EEAEa A
SEAARFERHE ~ $% - stFEMRIGE - BEARFEREIEMNNTEZ S - MiE
SLE| (i AR AT AR LRV on R YT - o RS A AR A
T HIREEE DUAERERE - #]8 ~ 87~ $E(L R ARSI R A TREAIBHE 77
PrHEEEITIR - BN EE B ZIRERI R 24 - 88 ~ 87~ snEAL RAEEHE
FelF L HRES S W TSRV - B ~ 8~ nEL R AR TR B IS
PRGN R MEIER - AHEZ T - @SBRI RE 52 B BIE s EiB
FERrEALEN Z B2 2 (Lahd Geagea et al., 2007; Francova et al., 2017) » #5¢[H]
(L RFHEHE A S e AR - RILEML 2R 240 2 BE R A O AT A (Rl B i [
BUREEH I B EAEREZ &SR -

(65 FH 33 EL R i1 22 240005 » 3 LA r 2 LB sk s il ¥ sr/*sr = **°Ph/”'Ph
RFE TR T R AR - —IER - EHERLEE Rt FIf 2L E R
DU B S T A A R D T B AR S R TR E R T
FIAOSEE fir AL *'Sr/%sr Fw - ¥'sr By *'Rb A RESERR AR e 4T > St B
SRS i SRR I B LR (B > R RIS R s sk -
ERERZEERMZLERTIR - HENCZARERSEME - @ L
NN By E AR IR (L > HorhiEE UNd (7 23.8%)iFE N (27.2%) 2
7 INd FEHIE & EEEZE (1 Ce) 2 FHE - Nd B *'Sm e > Nd
BRI SRR (EE YNd A2k E Sm FIEZE Y T8 M LEA LA AR
Nd £ Sm G BRI ZELE R - sCR S HE IR Smais: - DUBE =
EEERE “Nd/MNd Bz 2R E) - it NN RS SR EN » R E Y
PLe FoR(ER © B 2.2 fifril> e RE) - KSR —&6% - x0(2-7)Fr - H
1 CHUR & Chondritic Uniform Reservoir» £ ***Nd/**“Nd F:{E % 0.512638 (DePaolo
etal., 1976) -

_ [CNa N D e 1T 10000 o
ENa = (M43Nd/14Nd)chur ( | )
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AR EELE Y Foork » REE S st e iE » Atbismrii=
_;RLL\/L 206Pb/204pb . 206Pb/207pb . 208Pb/204pb 5&%%7]? o Ift&ﬁ , tﬁﬁﬂéﬁu 208Pb/206pb
1 2'Pb/?Ph (R B Fe e (i 25 R% - I BEES R FI M Sk B 4 - B34 -
(EHEST IR > R E | (AN 22 AP OB SR Z3R8E (e
2pb/TPh Y 2P/ (BT EE o PRI BE L DL 2P Ph
8pp/Ph [ 0 By T T (EELE S - AW LU 2P Pb Ky
2P/ Ph L TR B LA ST -

2.2.2. JCJERE1RE

TEBARIAMEF - CASRIERTE - $2 - SEEN R RSN R 2 2R E
B o AEBRET B AR [ EE R R BICRER 2 AR 28 (Biscaye et al., 1997;
Grousset et al., 2005; Lupker et al., 2010) - Aarons et al. (2013)H] &2k B G /DR
BRE 2§~ s [EM R EL(E > I H A% aE 5 2 tH5e45 5 (Grousset et al., 1992; Biscaye et
al., 1997; Lupker et al., 2010) » 4[1[E] 2-3 - Aarons et al. (2013) 7 45 2B B AL BT /KT
NECS: TR B IE AL/ DS 2 BUSCREL - & 2T K E R EE/DE » [ HAt A
RE AR 1 = R AR & 48 FH - RAR (i S AR PSR - RIRL - R ~ $REfrER
SHRCIE (B 2-3) m ¥ R < AR Bl S A2t T - BUR T BREL gL
FATERBE AR R 2 AT A AR B V&S ) -



iR e [ 2R oy A PSR T TS (2/2)

LI IR B B S S S B B B S B B B B B
Gobi Desert,
-6 northern,China

and outer Mongolia Taklamakan and
northern Tibetan plateau

- North -
i Pacific
i
o ¢ E % g. ]
®

12 - § -
3 3 s
w .
14 - % Ukraine _|
16 - North America
Ordos plateau
18+ ]
@ Sahara fine silicate [this study]
4 Sahara coarse silicate [this study]
20+ Alask @ Sahara coarse aerosol [Grousset et al., 1992]|]
aska W Greenland dust in ice

PO T N N T TR SR SR SR T S SN SR S N S
0.715 0.720 0.725 0.730

875/ 86 g

2-3 BERFAP R EHIE DB S ~ $REAr FRAHRKE (Aarons et al., 2013)

FEssEL R b - WAME S UMER - WEARNEIRENNRBE
(Hopper et al., 1991; Monna et al., 1997; Carignan et al., 2005) ~ £ 15 (Klaminder et al.,
2011; Morton-Bermea et al., 2011) iz 7j( &%) (Ettler et al., 2006; Townsend et al., 2012)
FOT AR Z A - Fi ABHFEE oM 525 A B Bl A ZE RIS 0E - HognlEMir 3R
RN Z PR Z WG R (T 2 EL) B R A~ [F] A {ROKHYZE 52 (Sangster et al.,
2000; Bollhdfer et al., 2001) « [RItE » RS A] DUZE AR S R 2SR ACEHE R ~ 15
SR g P FH 1 SR S I 5 W —{IE S - Morretti et al. (2009) 73 Akt 2 S5 [F] fir Z24H
[l AEFAAE S BN PTSER - RPEICHT 4 2 6 Ak RERpTE A 2 E - 45
SRANNE] 2-4 - Moretti et al. B3R LU0 S B2 A=AV BEHE EA A [ 8t (R iz 2R B ik
PRETIBE NER RS E) - HEESCE R B TR - B DA ENE 5 0E
B #GE o [ETEUR B HiEET A Ml AR E A hEEE - 5 BRELEU 2
medt b - At 2 FUREESEERRR - BURERE 5 EghEE a geiy) -
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28 HETR
’
1.21 AE) Aegean
1,20BR) British CR) ac
119 GR) Greek (Laurion)
? EU) Europe (Germany '”"éal
1,18 and Austria) L
ol
n 147 I?U
s 1,16
& 145
1,14
1.13 A) DROMO samples
1'12 _-— B) TEMENOS samples
'T 240 242 244 246 248
8 *®Pb/*"Pb
B 24 FAFBETIESE A~ B HIE H > IR B RS L A FI A AR
(Moretti et al., 2009)
HT4E » Jeon et al. (2017)FIFIAIRII AR BIPHSERE & SRR ST - B

Frag TR B e R T AT Y - 3R By SHRE TR AR SRS BRI AR ARHIER » 6
KRREH T AR S R BR 2 B AR HENEIfr 2 *°Pb/*Ph
PEAESE(E 2-5) - iy REHISERERE - HEA®RSZ *°Pb/Pb Lh{E > 406
2-5 Fo - BURPISE R ey St DR B A RS A A Z S [FH R - B AT R E
ASE A R SR ACIRER B ZAACR AR E R ©

b [FE i RN E Ry e - RIEER M L EE R RS RS
HYERE AR BIER ) 5 A AR 2 HIEr - Widory et al. (2010)(s FI#H S [F i ZRERHR
ST N Ry GBI A 2 RIOBIBAR - M35 TSR ~ $[EM 28 Z %0 AT 1& o3 It i 2R B
YRIE ~ ZKUE LI ~ VBl ~ ATHHRR D St R R S A LR A 2 BB
WlE 2-6 I S AHES S AEE L KE TSR B Y T A RIS B AR - Lahd Geagea
etal. (2007)45 & 88 ~ $4 ~ S EFENI R RG> o LR EEEYE E 25 5 Z a5k
(Lahd Geagea et al., 2007; Lahd Geagea et al., 2008a; Lahd Geagea et al., 2008b) - &1z
H1 Guéguen et al. (2012) 5 F0ARE Kehl il AN 2 RO EINL Z=E05E - SHRIEE
AR FF R TIRFRIL ~ 2R B K EEAT A Al (& 2-7) - 7 H sy [E A &
F B2 oA AT R o EEHRI ~ ZCEHFRC TR - (B 4SRRI %
H[EL R REFH IR 2 M -
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B TR E [E]fir 22 oA HE F PRl i AT TS (2/2)

L Seoul, Korea
L)

Study area
-

<€—— Stream flow direction
€—> Wind direction
W Nak-dong river

+ S:Zn-smelter

23

Zn concentrates g
@ Control soils

O Soil around smelter
VW Zn-concentrates

22

21

2.0 |
S-#(S1-816)
19 ¢

208/206p,

18

Tk

1.6 1 1 . 4 1 1 1 1
105 110 115 120 125 130 135 140 145

206/207p,

& 2-5 fEFsnFEAI KBRS QRN S TR (Jeon etal., 2017)
BRIk 2 (L E(S) » S SREEEE R LT A LR C (RRAUZITL 2 AR -
T Rk a2 S I LA - ek LISk B (R TR SRS T R R 53 -

184 — Coal /
1 7 combustion l’.]
LA :

\ ’
: O / 4
\

wo} N\ /Kemend
v Lt '
\ ’

10\ % |

& i

i ed R Q?Ao'b

| A 53 o
/ < AN
— e \

\ \
1 Steel plants \\.
waste incinerators '
(Gaages el 2008) !
W71 T T T 71,
07085 0709 07085 on 07105 07N

\
|
\
\ |
[}
\

.
Chinese "\

soils .~ \ geegy '
Coal  cement o R
gombusion plants <7 @ T\ --
" es 5 \
| i \
0% e @
i O £ T e \
® [ by T T TEeeses A
(W '
. -~ Y
g | \ % -
R N se®
N o o 28 X
\Steel plants ®  sources
3 waste incinerators O TSP Downtown Beiiing
(Genges o o0 2008) 2 e
7 < TSP Changping
+ Ay,
o
01/08/2006
. !
Road h-4]
traffic Smelter
© T T T 1
0708 on orn2 0T one
YSrmSr

B 2-6 JERTERSE 2 ShEasEF iy R4ERE (Widory et al., 2010)
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B Industrial (H)

0 -8 = Urban (51)
I BKG
Trat:'ﬁc. 2104 E = Urban (K1)
5 emission ‘P Rural/close to SP (A1)
x Rural (E-K2-P)
B % Natural dust =124 = Rural/close to H (S3)
<10 = - - T :[ b m Traffic (TR, S2)
3 -104 - -14 /N cwi
& & W 1 DWiI
-16- X P
15 I 0 Tpp
¢ -18- g
A 0 @ E Chimney soot
K Fertilizers
-20 | T T -20 T T T T T T T O Soil
0.705 0.710 87 0.71856 0.720 0.725 0.708 0.710 870.7'\;6 0.714 0.716 X Soot (diesel/gasoline)
Sr/86Sy Sr/®0Sr Tree barks
ucc®
% ucch

2-7 AB Kehl TIARIAIEZSE ~ SAFEMI AR (Guéguen etal., 2012)
A BUTRA(ENIR - A Ry THEHER - B RSCBPRECR - C REZNIREE » i@ R AHRIH
B+ eI Rt K S8 2 SRR - (B B BT Kehl PP S5 S IREE 2 (8 fr 2 sH5R 53 A 8 -

EREPEIZE RS > EASE - 81 - SR E S B EA% Bt E R
FEIRER > B AR KIUTEED T AR S AR R B o AEEREIRIE | e
RASE TR BIEEFF/) » FRLEHE - $tEME &k - S8R A 2R
g B BRI TEER R 2 YIRS AR S0h) - RIS AR
B ER BRI ES - EVARIRE 9T (S350 E 2-8) - k% (2015) s & B i R R I
SSSEIRIZAHRR B A O AR R - R - KRS - B
kPR EEER IS SR A T SIS EI A 2R o Hr P T IR
) BT “°Pb/Pb Bl 2°Pb/2O7Pb ELAH - T B IR R R B RS 2
2%pb/*O7Pb 81 2®Pb/>"Ph L {E (8] 2-8 Soil) « FEI/K 2 $[Efir 2 J51H - B (2012)34
TATRERBE K R RS > [F i 4R (] 2-8 River water) © 3R FIEAR
M S5 EI R 2 ELETE R B AL (E AR ¢ 15 °Pb/”7Pb B2 *°Pb/%Pb EL{E) LR AE
BT AP R & *°Pb'Pb B2 *®Pb/*Pb L {E)iE M ENHIR R &4 E - 5
SNFZK (RTRE By TREHERL ~ BEERHERI R R R R DR A4 ) 2 $8R] fir ZE EL e 7]
IKEHEIT - TR — B - fERIBE S5 E R ZHT9E 51 © Hsu et al. (2006)
GRS Z S ER B L - PeE QO THkE ~ Gt B ABE 2
S5l Z 4R (B 2-8 Aerosol) » LR 355 (2008) 53 87 (R B 4 SAIEVE 2 $1bE] fir
ZEHE - R EIHIE > AR AR (T 3 8B ) s A ME s e > E 2
FATTREZR IR ~ SRS PO 7R F 2 0 T2 (M *°Pb/”Pb B2 *®°Pb/”"Pb EE
1#) -
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iR e [ 2R oy A PSR T TS (2/2)

1.4
- Aerosol 118 — ®
- o Soil ] =
4 m c 1147 —
| A LD ] .
* cSs J A
1.3 — a . 1.16 —| *
| @ River water - A
<& China Pb-ores 3
I ® Fertilizer 145 u.S.
i 7 A Pesticide ! ! 9 &
5 | 242 243 244 245 - Mexico
o~ P
E 1.2 T - W -@
g - -7 o el
1 .87 o O <
| oo _- ” _ @
14 —| - - == - Aerosol (Hsu et al., 2006; %k, 2015)
] e - Soil (%, 2015)
| Australia_--~"" 2% River water (5, 2012)
- ¢ China Pb-ores (Bollhéfer et al, 2001)
7 o <o Fertilizer (%, 2015)
B Pesticide(%k, 2015)
1 T T | T T T I T T T ‘ T T T
23 2.35 2.45 2.5

24
208 PblZOTPb

& 2-8 2°Pb/*"Pb %} **®*Pb/*'Pb &
B A~ B~ CoRIAZEM « 3560 - SEFEEr = (R e S Efr 2 > KA E
SISTE 7 ERSRLU R, B BB A 3RSk < /B BT R 102 SR REREA LI 2L
(LC - LD~ CS (RFE=[HTH) -

PRI Z SNt 52 FRIERT 7K [F) i 22 734 2 # &5 (Cheng et al., 2011) - #£7H (S,
M)A EVESEI L Z A EIRA Yao et al. (2015) Z5FAlERH S - DL F B Ry EE B 2 FREE
s[E 2R - i HAR M RISt [F FEon B AT It G B & BT B 5 2 AR W]
PEHE B 2 AAGHE

2.2.3. Jatd 7 $8-50-5is [F 2P HTEE R

FHATHGE T - i e [Fl (L R ME AR B s nI TR (1/2) - 0T T RS
ZSE-$- S [F A R E R AR - Mo T = A R BRI R A e 2 2 E b
BUERNE - i ZFI R EEES IR 2-1 o - IS REUS - =R EE 2
fEhd > HE ~ SREM RN B A BE A FEZIEE - 4008 2-9 For - BEhd 2 §8-50- 5t
[EIfir ZREL(E B — S EAYGREEEEANE - MRS S OB R EE R P
VN8 ARSI A - H RSN 2 8 seEf RSk E B E A
AR ZEORy SRS Z BIEH - W0 G RBURIE ~ $REALZR R 28 7] S 2% TR
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ANINBERIAERER o 5 R S5 2 {50 A [FI bl A 2R BJE R > A RIS ~ $iEIfr
ESAES=ISIPNINE S [T o Aol i

Sy 71l = AR T AR A E A [E A 2R - A0fE 2-8 - $ifE]
{ir ZRAH PRI < S5 R - {8 LC iR R n] 4l 73 B2k - LD ~ CS gt~ i
[E iz ZREH AR AT A Sy & 7y - AHEOREE ~ 8 - SOAE ek EE ol R RS - 2K
H BTSSR > b (5 i 2R EHEE AT RESCI 1 BIDRY ~ PR Ase i Re s Rt -

AT E S EN AR HE M Z FEr 2B ) o #EA =R
KRS 2 6 Oy SRR EARE > LT TEAIBTFE RS IR T 918 - INIE - AR 75 A
STERINLZ T o b SR R AHRER ~ IR #E-ge-snE L R T - H

g > D SRR I —E s BV R A R IR - B RESR YRR B B 5
PIACR N0 T/ - LIRS 2 sods e PR sl 2 sy -

LCRE
LDRE
CSRE
14 LCOX

LDOX
CSOX
SNd(O)

-1

bEO>O

~1
7 2‘44
0.7
08 0.70 2435
0.7
038 0,?(]9 2432

2
— 0.709¢ 07, ¥ 28PbRPH
o

[ 2-9 YRREZ $F-81-snE (s KA AE
B LC ~ LD ~ CS fRaR =Rl AU eI - RE {RFRIBIREE - OX (RERE (L - B PHR=
R A E R L A B PTG FR S S I A R 1 P TR AR E 2 R B (e T -
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iR e [ 2R oy A PSR T TS (2/2)

% 2-1106 FEHEMZHE - $8 ~ ShEIRILENESER

87Sr /sy 2s.e.

LC Z 0.708906  0.000018

LD 2R i 0.708413  0.000017

CS 2[5 0.709838  0.000012

LC & (bhd 0.708474  0.000013

LD LA 0.708524  0.000011

CS & /bhd 0.709292  0.000012

WNAAND 2 se. £Nd 2 s.e.

LC ZJRhE 0.511876  0.000016 -14.9 0.3

LD 72 i ff 0.511846  0.000014 -15.4 0.3

CS & # 0.511912  0.000013 -14.2 0.3

LC & fbhd 0.511832  0.000014 -15.7 0.3

LD LA 0.511813  0.000014 -16.1 0.3

CS & /bhd 0.511814  0.000015 -16.1 0.3

206pp/0ipy 256, 'Pp/Ph 2se. %®Pb/Pb  2s.e.

LC ik 18.3334 0.0011 15.6219  0.0009  38.0779  0.0026
LD = R i 18.0664 0.0013 15.6101  0.0011  37.9206  0.0028
CS Z/H 18.1219 0.0012 15.6199  0.0010  37.9865  0.0028
LC &Lk 18.3293 0.0013 15.6297  0.0011  38.1135  0.0031
LD LA 18.1551 0.0014 15.6152  0.0013  37.9842  0.0036
CS & /bhd 18.1876 0.0012 15.6211 0.0011 38.0144 0.0031

RE R 2s.e Ry T R (=2 5.d/An, n =56) (95 %(HHAER]) -

BB REEENRIEIR - gilids P El s Ef R EZ BT A - &
fEIE ~ Basgig - HEREATR Ry IEHEZ 2[RI ZREHRK -
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23. HftEBRERMLEZRLS

BRI~ 80 SEI R R AN - WA S IEE S 2 TR E L R ER R

B i R e > 22451 - 40§ (Bigalke et al., 2010; Song et al., 2016) ~ #(Majestic et
al., 2009; Mead et al., 2013) ~ #£(Chen et al., 2009; Mattielli et al., 2009) - £F(Cloquet et
al., 2006; Gao et al., 2013) - E—HAGHE /48 T2 LI E B R MIVER - HitiEE
IR R R AR 52 8 T €872 (industrial processes)fi &L 73 {LIEA > #551
EFRHLE o NILEE IR L&A e 2B - sFE S BTt rT 7

A IR R 2R EE W - 0 H A B Z o BEseR (R » F5Re N
s IR E LR R TR PRy BT By - Rt sk B A

TRHEETT > AT BEHE-$-6 R L 2R 2B LA MY o

HFEZETAN Wen et al. (2015)38 2 [ i K S-St - H & 52 2 i
EPREENH R BT B BT A - Wen et al. (2015) 3 AfrBiRIE T AT Ay 3% ~ B
R SUbEAO - LB EERE Z srE i R - AE 2-10 - SEEENEAIR
At ml W o 77 5 T R BB 0 B RE 2 A - I HLSEHHEREE ~ Ja R 2R T 4%
B BT £ - seRIIRER T > A LEERE N ELRRE SN - B

REA HAAYACE » 2800 - E4E e RE AL R o ATaE R o dIlEl 2-11 - (FREssiRiE
ETEEN EEEREKE T RIE - BUrBE M REESEGT T s ik
Bt e LR - ZFEFERARGEHZ BN IS A R3-S0 R R R
e > Al E R o AR IR [F R A

17
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18

39.2 1

39.0 A

38.8 1

208Pb/204Pb

38.6

Soils background
Oxide ore
Sulfide ore

Slag

NE soils

SW soils
Reference data

OONO®OH

384
18

& 2-10

35

18.40

18.45

18.50 18.55 18.60 18.65

206Pb/204Pb

B N > SFIRI A (Wen et al., 2015)

BH  Soils background Soils background
4 O Oxide ore P /lrg[/ / ﬁf
' <l-> Sulfide ore Q/ Pz
2 O Slag _ - -
NE soils e e .
OO-O SW soils // //
. i -
8 [ Reference d}ta/ _
g 5 # W
= - . 0.0~
e} O -2
-4 1 g.}_‘ e
q_K - -
'.6 7 }&.-"" e # 6
2] -
PO =
Pb-Zn ore/Slag 10
'1 .0 T T T
0.0 2 4 .6 .8 1.0 1.2 1.4
1/Cd

2-11 PEEMREN T TR @EI REREFE (Wenetal,, 2015)
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[
g
gl

TERFRABBACREHZE 2 H > Souto-Oliveira et al. (2018)%#z28 | [F]H {5
Pb, Cu B Zn %5 [F{ir 25 %4 (Multi-Isotopic System) KBRSl 737 T AWIHI A -
DAL PHEE (RER T AU SR 2 H ~ RN FE 2 SRRV (PM)ET o3 i (18 2-12) - 7
BEEHRAE > [ Z45 405 4(5%°Zn = 0.00 to +0.20 %o and 2°6Pb/2°7Pb = 1.16 to 1.19)
ERASEHER > i %(8%°Zn = —0.60 to +0.00 %o and °°Pb/*'Pb < 1.19) T 2@ Isk FEkir
YIE 2R (8%°Zn < ~0.60 %o and **Pb/*"Pb > 1.20) R [8] - AKJE 2 [FIfiL R (5 Zn
= 0.00 to +0.30 %o and 8°>Cupst = +0.30 to +0.61 %0) T FH#E kS SR EE(8Cu = +0.08 to
+0.25 %0) BT EHENT (3% Cunist = +0.46 to +0.59 %0) . #l[F] fir 2 B BB A - &
PM B $5E1fir 25 (P°°Pb/2Pb = 1.156 to 1.312, n=113) ~ $£[E/{i1 Z(5%°Zn = +0.43 to
~1.36 %o, n=62) B[ ir Z(5°°Cu = +0.12 to 0.66 %o, n=7) Bl I5 LE ] fir HAFELHT
e~ FEDFAIR 2 [EI Z R AR - BOREETT PM 28 SEEITEAH - )
Z AL B BT AR T AR BB S R AT s 2 BB DL R ST
TIREAR o IR X EUTAR 2 81 - SEEr 2R E - W B =0 R ST EA
2 70 % Ry 5 EHERT ~ 10 %5 T2EHER . BB > bk 20 %R R HA R E R~ AR
HRR(E 2-12) > HERTA]RERT T3¢ AR A= B WA EEHERCA R - Souto-Oliveira et al. (2018)
R AR ~ i SF L EEL R AN B H AN TR AT S HE
AR ©

LU SO B 2 (B (i ZRAE B S s el _E Ry S e - R %
HFEMIRZGUEN Z EEYE: - HEERE > WHREECEEIL 2R - R AR
TR 2 B R BB I 2 T A -
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B TR E [E]fir 22 oA HE F PRl i AT TS (2/2)

Biomass and (. Construction activities
Wood burning )} *

Cement
. : 8%Zn e = +0.00 to +0.30%,
206Pb/207Ph < 1.19 l 5%Cuysr = +0.10 to +0.30%
SGGZnJMC <= 0 60/00
?%
\ Urban Aerosol
q 206pb/207Ph > 1.20

206Pp/207Ph = 1.16 to 1.31

8%6Znpyc < - 0.6%0
8%6Zn e = +0.18 to -1.36%o

8%6Cups7= +0.12t0 +0.60% 10%

Road dust
3%Zn e =+0.01 to +0.14%o
3%5Cuysr = +0.08 to +0.25%o

Industrial
Area
(Cubatéo)

Tires (non-exhaust) 25570 3, = -0.18 10 -0.58%o

8%6Zn e = +0.00 to +0.22%o

B 2-12 EPEERETMARRBB S - 31 « SR RRKIFEIHE
(Souto-Oliveira et al., 2018)
FREEUREE ORER NSRS BB AT RE AR 2 [EH RRHEE - & =ImuR & A E T B (6 s Bl s k)
FEIRBREA 70%5K 5 2R 10%5K H EEEE T2 - Hak 20% aTge2k 3 it Hfh T A AE
YRIgEZ BRI -
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EBIE
3.1 EEILERE

%35 stE TIEREBIE G PREE

aTE LIEME 2R mRE

BRIV R SRR PR A B
(HERE ~ Bl

eIl R
(ko ~ BB ~ 9591k - RE)

iR ELS TRl iw
EleHE fir ZEEE T

BT AR

BRI

el b ~ EETR
B BTTRRES

Bomsiit
EiliveSEwi=bag i

GERET e EERT AL
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3.2. EEYIEORSHSE Z Himn

EIERE R R 2 RS RAEA0E 3-1 AR o fH 1.1.2 BiifTal - ARSI R
DAEN - s R R ETT 000 > R P& I ALK ~ beky FEERHEr T A i FLF
B o BEA - TRRAERR TP e RIS A B P Z RIS 8 ~ S8 BV SR
RS /K Z BB - S AL AIEE (F Rl KAFRHITARID > B LERIRIEY RN E 7]

RETEIERE 2 58 ~ 8%~ SolEM ZENSRAVACR - NIE - sl B~ sHa (b Ll
KT IR R EI I Z L E 2 28 - ARt E A S e =R B S
T (LC ~ LD ~ CS) MEfTHFEIFHIRRES - 2 107 ££ 6 H LUK 107 4 10 HH#ET T
TSR < MEhd ~ BIRHERAS -

EEEIR &l
ol
T V
= B
B ml—| @ | — A % | A
% X i BE
i =
&l L% = B : R - B -
#t & B Wi - S50 AR -
s s B L

Bl 3-1 EEIEIRaRSE ~ B i

22



%35 stE TIEREBIE G PREE

= TRAE R _E A Se iy 72 2> 3% 3-1 51 F el IR i % 5 2 B
KRR - DU RIS (8 3-2 #HBhaR) - SUEEE R E - R A3 RBiR
RAEKL(> 50 cm)EaRE > /NFERL » BRI 2K A B RR - AR S ik
FEURL - R ERA B2 R - B ERIRIKE > R SOLEREZ L - Wik =
PR ~ AIREOEE - S ERBAE IR - BHEE - SESEEREHARIN - &
FANEEALD ) ~ RAEA(CS k) > NEE 02 HORGR - RAEGINE
M AGKOERROEFER O ZEEE - SRR o = TR A SaE SR
e

7 3-1f > CS Jight 107 = 6 H ¥R TEERES - BAKH Wﬁﬁx I:JiEZ
IR - HAY R RS 2 S e DA =R > OTERENELE

& 3-1 =R < AR R

HH LC LD CS
65 10H 6 H 6

&= i 1 1 1

BIRE 1

AR 1 1 1

BEER - - 1 -

SMbek - - - 1

=wh - - 1

"y 1 1 1

E7 1 1

R o8 1 1 1 1
5 T - SERFTRZMRC S A R 2 Bk 7 2 “RFTEITEERE -
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I "\HH\HH\HH\
8 i

[ 3-2 oS R < o o
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i
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=

AR

M 3-2 YRS PBER AR 2 Mo o ] (40
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F A% SFBEERITHE

BLIE SBEURINTA
41 B R - EEESHIRAS

Azt E AT, SRR DL LC LD+ CS (R85 43 B =i K [F] bimg -
e 5 B T LR i DR R L BIOR -

FEESLER S I BT AR By PR R R Y [ AT o > B P B s s A A
#Eih BHVO-2 » BCR-2(Z i Ua ) AGE T4 b7 A R T - DIEE S biEfE 2 A5 -

I ZREE(E RN - 8 G (AP BN R 25 2 AR - [FIRF o A
I B ACHE T BERS R L 2R M BIF R B IE > ABFERT (8 A 2 AR i B 5 B R A
it NBS SRM 987 ~ JE/KHEAE i IAPSO ~ 575 i BHVO-2 Jz BCR-2 ~ BRI AEAE
it LaJolla ~ INdi-1 ~ B4 5 NBS SRM 981 % -

iR rA HAEE (B - B S am ) Kl BV AEREYEE
& (Ultrapure Grade ) 7 57 - i PFA i R8s » S0l 8M TR EE ({ROR ZEERELH )
fiEY (~150°C) JE—K » HLL 6M Eile ({RORZAEFRA ) fnEk (~150°C) Fit
R L 16M T BLE S EBE - PHEZAE —K (~150°C) » BReai %
LB/ 6 KiglEz - FrA B4 L SOF T BR S I h b et Bk e e ==
N (Class 1000 ) HJ#B4E;% T /E4 ( HEPA laminar flow bench, Class 10) {7

(LSRR B P (E ] E RSt ~ ST 1 -
4.2. fRmpIEE A

4.2.1. AL

FirER S 2 ARG IBIE 2 1% » JREIE > HU&Y 30 TefiEim » DABRIETEITE - &F
b 2 B R BL 100 mesh (150 pm)Efgdidan - e ARk fRE - AR A
P LR IR

27



iR e [ 2R oy A PSR T TS (2/2)

4.2.2. fowE{b A AR #E

AHTZE(E A ICP-MS HIEHALRIE ~ [FMLZRAHEL - ICP-MS ZiRAa#Efk - NIkt
FITA AR dh (R St TN A ) AR S SR A LIS B 59 iF B & _EARHIE -

BAZHEPRAT ¢

1. FREHUBESZY 50 mg » B SEE N -

2. A 9 mLBRIHEEEL 3mL REm L - AR ERE ST -
AT B LEEE A » PA 250°C {er4-#E 170k o8 (B (ramp time: 30 min; hold time:
30 min) - {KIEL R AT TEEHCD RS T2 -

HREHLIRMEIA PFA beaker » JRUE A INEVR FRF B R 24 57(~100°C) -

A 10 mL REIRS S g (% FHEIEDE LB N > DUPEE 3 Z R TR =
LR EA PFA beaker » JRCE A IIEMR_HRH %R 7% 52(~100°C) -

AOA ImL BRI 1% & B B B R B AR o INAGESZK 9 mL > 157 %
HERFRFEEERRE -

8. EANABZENR  RIRASEIARELE B ORI EER BRI 2 [EHS -

w

A A

T ERRHE A,

FoMET I ANGHE Z s, > H = P Yol o 25 B B B RE ARG SR DU &
& 2 BEEEY) R RIEE B @ Rl U7 A — WO BN M (LA (NIEA M301.00B) A1 T#%
moEA b o RN ZE Z OB T A T R AL R A S SR R -

4.2.3. {EE4HER

B EM RN E R & T Bt nT e e AL~ RIE R B E U R ELEEMN
LGB R EERE PR - MEADUE R ZE ST E FAEE - Rt
B T A Z R -

AW FEE FE T (column)i& BCA [FI s HE (resin) 7T H R TR 2 404E > Hopifis

28



B AT GEERIENTTE

B3 Srospec » Ln ~ AG MP-1 FfifH5 o Sr spec AIEHEISE ~ S T4U(L - Ln fofAs Rl
A e A AR BT R Z T8  AG MP-1 JITR] DURAIAA [FIsRE T2 7 B
tHgR ~ 8~ 3 - $F - SRFOTE -

A [EfetHE 2 S LR S AE 1] TG ST A E SRS = 4 b T s
IR E AR ETRE AR EZRATT > St 2 R (s Ry i B el R i) v DA
D% T 2R HEtHE 2 o3 AT (A3 (partition coefficient) » {5 HAF AR BRI F B8 (£ 15
B IR ERELIINZ SR A E RIS - BRI AGTERA E AR
TLE EHMEE 2 AR EURV NI T UG S Al B 1% 2 BT E -

DL Sr spec 2 - ‘B H— el iRBAEATIAL > For T4t ailE 4-1 - HRfs2
SALBEEEMELEH Chiarizia et al. (1992)5%3% 2 FpIE4IE 4-2 HifE 4-3 - HfE] 4-2 BfE
4-3 BT ST RS RE 2B T Bz iR A TR AT T EAM TR
fatHE Z BRI R (R > JFEHF$HER Srspec ZRFANI{S1E » A RRENIA B S RE Z i
iz {58 =] o SR B SR - 1 Sr spec fiffis_EAEMNEL/ME N AIE A RS A7 (E 4-3)
AWTFEMIR Pin et al. (2014) 2 {E7% » FEZEHGESRE 2 1% > 2SR Ry 6M BERG -
ERIlrES Al

Ln fifH5EL AG MP-1 fffis 2 A TR i 2R EA R HADTE -
Ln $#5 £ TR Z o0l ARG 28R 11 AG MP-1 5387 5285 2 7y Bl R
Srspec ~ Ln ~ AG MP-1 B A4l b RE 5 2 A6iHE - Rl B ~ o5~ o6 - 86
o~ $F 8 AT SUREER 2 A S S Ae el bRl - N AT e skt
fetHE L 225 A \EBRIE T BT RAVALLL -

\\‘v{/ e .(g ’ 0O S

Y e

\//\() O/‘\\//'
\/O‘\//

[& 4-1 Sr spec Bifs 2 - TF4EIEE
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B TR E [E]fir 22 oA HE F PRl i AT TS (2/2)

Acid dependency of k' for various ions at 23-25°C.

Sr Resin
10°% SEEELRRLLLL BRI AL T T T T T T
10?2
10 ¢ r
x :
1ot 3
- Na g i = m
N - -
107E e
: * GCs 3
102 R T TIT B EE AN TIT B W Rt
102 101 100 101 102 101 10° 10!
[HNGa] M [HNG3] M

8 4-2 TLEFE Sr spec BIREHR [EIH BRI < 20 A A B - 1
(Chiarizia et al., 1992)

Acid dependency of K’ for various ions at 23-25°C.
Sr Resin

'GB LR LR RLLL

T T TTTTIm

102 |

T

1
10 Te (V)

100

U (v

1ol A ’//O‘ 3 e
o“Tamy © 1 F

.IC.E R ETT A N TRTT B AR T MEERTTIT R T B R T
102 101 100 10! 102 101 100 10!
[HNOs M [HNOs] M

[ 4-3 TTRLE Sr spec BHEH F B BRERF < A A B -2
(Chiarizia et al., 1992)
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ABHFEREE ~ $% - 2 &i{E L - £RA Pin et al. (2014) 2 J57A% b o dEsR B ST
2§ ~ S ESHL 1B A AIRREE Huang et al. (2012) > A4 LS TE - A
WHFERT e Z S LT AR E R FE 4-4 o - —fekER - JoikiBifeE BN > (51
AAE R » IIAGUEIR RS 2 n 1T 0 Bl AIRRE (A IR A T ) - B
BB (R a2 A8 B B AR TR RE = SR AHE]) - HERHist e e T B
B ESZ TR - S ERIIANFEERRIAEROTER - 224 bR 2 BUR -

batiEiEd - BAIIAER—ER > DR RS AE 1R Z VR - RFIEL Dy B 2K
RZNISHROR TR o #ETT S EAE(Ln fRE) Z 4L HOP BRI RARIGIE RS - 7B

#
feiE ~ SREERIEIRRE ~ IIABRATNEREN ~ Bk HETRE DT - SEERE
HERIF I ok 2 SALR T -

AHIFERL 106 LS 25T - E#EfT AG MP-1 fiffls Z &b Beflst - =
SEOREE R SRS R BN ARSI g b (RTEEF2S -

Cleaning
Conditioning
1 ml 2M HNO, + 0.07 M HF (Loading)
l 0.5 ml 2M HNO; + 0.07 M HF (Cleaning)

Sr-Spec Sr+Pb

(~0.375ml) \

For Nd

Cleaning 3 ml 7M HNO, 2 ml 0.05M HNO, 3 ml 6M HCl

Conditioning Sr-Spec — —
0.5 mL 0.2M HCI (Loading)

'

Ba Sr Pb

n Elute Nd with 0.2 M HCI
(~0.5ml) (~6ml)

Nd

4-4 68 ~ 84 ~ 7 E2G BB RERE (modified from Pin et al, 2014)
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43. BHmZAEITE

AT EZEER] ICP-MS FEas SR an i TR DU F R B &%
A E RS - AR 4-1 AR > s PRI Z RIS AR 2 -

R 4-1 FAZEA MRS ZERA TR
(i {5 IR o B /Y
VURRAR- RUERE & AT E B b Z Rt RIR N E
Quadrupole ICP-MS (Sr, Nd, Fe, Cu, Zn, Cd and Pb)
= AT - R & A R S bt 2 ME T RIREHIE
( HR-ICP-MS, Thermo-Fisher Scientific, (Sr, Rb, Nd, Sm, Fe, Cu, Zn, Cd and Pb)
Element XR )
i es- EUERE & B I E AL 5] fir 22 ELAEHT =
( MC-ICP-MS, Thermo-Fisher Scientific, (Sr, Nd and Pb)
Neptune PLUS )

4.3.1. AL EREHE

KO i P PO BUTEAS & A B4 (Q-ICP-MS Agilent 7700X)
S i TR - SRR P B A B AR - R
MR 2 BB R I -

BT ERAEDERE - RIERITER ZREREIER - DI HBRAT 2 S
TR S AT EEN TR 2R - SOBRIE S DURRYEH - 88 ~ 2~ 8t
g~ 8~ B 8 COREEHIE Sy ppb-ppt) Z 5 TiE & B &R 3% (2SD) -

AW FENE SR ZFKREFEGE Z RS KETRELRZRENE - BN
Q-ICP-MS Z (F IR ICP-AES £ - n[ & IS FIEEENE 2 UE T ZIRE - [Fkf
Q-ICP-MS t{ER AL S EHIZRIREL HR-ICP-MS { AL > LA Q-ICP-MS
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B AT GEERIENTTE

BAUERTEE L ZTTRIRE - HR-ICP-MS H48 AR (1= 2) - (ISR 7] 2 ppg
SRR 5 281 > L HR-ICP-MS S AR B R i = Y B i 2 R 5 A pGEC TR
HREES  FENESRAVEELE - NIEAFTZELL HR-ICP-MS s34tz
fion > R FER B HIGERAVER P2 A NSRS - 41 Rb (24 Sr [FEr KL
EHIE) ~ Sm (2% Nd FEf RELENR) FEso R RLENE TR -

Fean 2 @ifEEECR ZETREATT -
{EEREER Z TR E (ng)
{ERE{ERTZ TR E (ng)

EREWCRSTEGITA0T BRI M (LR > &4H Q-1ICP-MS JHIE 7§
Jef Ky 100 ppb (FURRIE) » P& LAP BRI AL 0.2 Z2THET LML - dibie 2o
WA 1 2712 59t Bz &2 10 512 H HR-ICP-MS &Ml SR % Fy 1.8 ppb
BERFEICR Z 55

1 (mL) x 1.8 (ppb) x 10(FFEFEMZED
0.2 (mL) x 100(ppb)

X 100 %

X 100% = 90%

4.3.2. fons [FIr R EEEMNE

DLt Besth Bk 2 2 P2 2 25 e R & B AT S O T R REEEEM - BE
BFELIK > BH—ZIIBIIRIEAE L - HATEREEILH « S snE i RE T
£ty > G E Rz R ERRLER R R SR R <, -

% 2 28 RUEAR £ BT 2 (P FOIRAE 4-5 - (RS TE BRI SR
ik (4012 /) » el TR RS AR » SRR 12 % el
SRR & BT A A SRR S o+ FRRSEAR > DA— Rt it
7 QAIQC B8R EATRET. » AREE MRS A BIFRARAORIAERE - 55 > )
QSRS SFII R L ARG » AIE RS e - EREHU
REI RS HIERE - HCADOIBEN 5.1 fchined -
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FERD TR B T - RSB ETE (space-charge effect) » &L
L R HI R RS e A AR 5 5240k (Instrumental Mass Fractionation) » HEit. 225
AT BB LE » AHFTATE R 2 BT A% 4-2 Fow o sRdl 2 (B 1E T
SE % o

# 4-2 FE- - ShEI R AR TR PR E A 2B ESG R RFERE

Cilive S X0 ‘e BES {ESREEEIRERER

.| 86 88
. PL°°Sr/*°Sr ERAE - 80%

ISR fess (LI

144y, 17146
2 PL " Nd/APNd EHE - 80%

fEs s ez {LIEA

SanfBIRIIA THEEEE & -
. T s 585 > 50%

4.33. Ehuer S {EPEH]

B BIEEE ~ i bR BIEIIAZE B4 - (L2EEERE R iRtk
rn B VRAESREE = NIRME - DR T A 2 il - 22 04 Z Pl TR & E A
FonFHAD TR S EAEYT - B ERIE S 22 —PUT » ZOdEEE 1% Al
HEFT R ST TR AL R BT B
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TR R IAE
) 2
B ACQUISITION #(
¥
BREL TUNE i
) 2
BhRE T
¥
BOE R4 AR
1
Gl
) 2
BfF METHOD EDITOR

¥

PRRUEERS 774

B SEQUENCE #if
¥
G EL/MEEES sequence
¥

FH#A sequence

FRIAHET T Tk

BHEL EVALUATION

¥

FRRCERHE

& 4-5 ZEREERS BN E R R
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5% GFHEm

FOHE GRESE
51 EERZHEER

FHED e 2 IR E LU S EHERE - 0 HT— £ 5| B PR A S T B8 IR A
0 o ABHSE AT 2 s 50 AR B PR AERE L NBS SRM 987 ~ JE/KATAE L IAPSO [
K atEsE s BHVO-2 2 BCR-2 I - &MIHY ¥'Sr®Sr 5351k 0.710262 +
0.000020 (2 s.d., n= 20) ~ 0.709176 + 0.000010 (2 s.d., n = 25) ~ 0.703530 + 0.000020 (2
s.d., n = 10)J% 0.705015 + 0.000023 (2 s.d., n = 13) » BAE&E SR E 5 (HFE
5-1) » 8RSt [EIfr Z TR s ) -

TESR R 2 RS TR i L T > 3 AT BPEAREE i La Jolla ~ INdi-1 DUR S
LifEdE R BCR-2 » 63001 M*Nd/M*Nd 4371 0511835 + 0.000010 (2 s.d., n= 55)
0.512105 + 0.000010 (2 s.d., n = 55) & 0.512641 + 0.000011 (2 s.d., n = 17) » B &35
ZERE L (HFR5-1) -

FESMIEI T TL | » 5y TIRERESE S, NBS SRM 981 bl R 7 £
%5 BCR-2 & BHVO-2 » Iy 2°Pb/™*Ph ~ 27Pb/2Ph f 2Pb/?*Ph Esi T 553

ZEFREE (R 51) - BURSSEL R AV B R IR E S Rk -

BUF AT S o4 |- 0 GEOREM database $& &t & E S E i ZHULE =
BT EAREAE i 2 [RIAL 2R EE(E > 3% 5-2 URAH AT Z PR mn B L e L 38k 2
[EIr R E iz - AR TR [E) (i ZX5Y 8 (H (certified value) &5 GEOREM
Z i H (preffered value) - M ARCRHYERAZZHE - 28000 NEEVE L EEFTE2EML
RELEHGHE LR - BHEE NEREZREGEAN R R RS RS
[l - IR TR G AT

ROTEER - F— e R ED LU [E] i Z AR AL AR Y R as Y RIS AR e
& EEINERLE Z EEEA IR SR E R ORI Ca R E 20 7
% 5-1) - QLA RS R IRRE A T T 3952 -
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R 5-1 AHAFeRE ARV BB A R i e  E R R (E

RM 8sr/%sr 2s.d. N Recomm. Value 2s.d.
NBS SRM 987 0.710262 0.000020 20 0.710248 0.000030
IAPSO 0.709176 0.000010 25 0.709176 0.000035
BHVO-2 0.703530 0.000020 10 0.703478 0.000068
BCR-2 0.705015 0.000023 13 0.704920 0.000085
Nd isotope

RM 13NdMNd 2s.d. N Recomm. Value 2s.d.
La Jolla 0.511835 0.000010 55 0.511850 0.000020
JNdi-1 0.512105 0.000010 55 0.512115 0.000007
BCR-2 0.512641 0.000011 17 0.512638 0.000018
Pb isotope

RM 206ppy204pp 2s.d. N Recomm. Value 2s.d.
NBS SRM 981 16.938 0.003 18 16.941 0.003
BCR-2 18.749 0.003 10 18.754 0.009
BHVO-2 18.636 0.012 3 18.641 0.022

RM 207pp204pp 2s.d. N Recomm. Value 2s.d.
NBS SRM 981 15.494 0.003 18 15.497 0.003
BCR-2 15.623 0.004 10 15.622 0.005
BHVO-2 15.544 0.006 3 15.538 0.018

RM 208ppy/204ppy 2s.d. N Recomm. Value 2s.d.
NBS SRM 981 36.708 0.005 18 36.716 0.008
BCR-2 38.727 0.015 10 38.726 0.022
BHVO-2 38.197 0.021 3 38.228 0.052

it /P Z 2 sd HRIFHEZ A - H BHVO-2 Y HIERED > H 2 sd.

{%—1&\7KZ%2%7 80% ~ QO%ZFEﬁ °
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5% GFHEm

R 5-2 AWAFAEHZ BIERAE LR R R R ERTERE

RM 8Sr/%sr Recomm. 2s.d.
(published value) Value
NBS SRM 987 0.710243 - 0.710395 0.710248 0.000030
IAPSO 0.709134 - 0.709210 0.709176 0.000035
BHVO-2 0.703404 - 0.703700 0.703478 0.000068
BCR-2 0.701051 - 0.705175 0.704920 0.000085
Nd isotope
RM 3NdMNd Recomm. Value 2s.d.
(published value)
La Jolla 0.511106 - 0.512115 0.511850 0.000020
JNdi-1 0.511090 - 0.512950 0.512115 0.000007
BCR-2 0.512598 - 0.512887 0.512638 0.000018
Pb isotope
RM 206pp204pp Recomm. Value 2s.d.
(published value)
NBS SRM 981 16.880 - 16.950 16.941 0.003
BCR-2 18.660 - 18.805 18.754 0.009
BHVO-2 18.514 - 18.687 18.641 0.022
RM 207pp204pp Recomm. Value 2s.d.
(published value)
NBS SRM 981 15.417 - 15.979 15.497 0.003
BCR-2 15.609 - 15.690 15.622 0.005
BHVO-2 15.457 - 15.558 15.538 0.018
RM 208pp204pp Recomm. Value 2s.d.
(published value)
NBS SRM 981 36.490 - 36.818 36.716 0.008
BCR-2 36.746 - 38.835 38.726 0.022
BHVO-2 36.232 - 38.294 38.228 0.052

=¥ © published value &} 75 * http://georem.mpch-mainz.gwdg.de/ -
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iR e [ 2R oy A PSR T TS (2/2)

5.2. VRS M ITEER

5

i 1.3 BiatE LIENEA 3 » 3R 5-3 sFVIAGTEI ST Z R R TR - DI
BT ITEIER - RP &R - “SAREAR I TRREBE > A eETFRLER
ELEAE - fERAZRELEHIER - 88 - 2~ $iv.2 EARE 531 % 10 ppb ~ 5 ppb ~ 2
ppb- AT AR RS Ry L 271 R AR =& 77 7 /% 10 ng (#F)~5 ng ($%)~2 ng (&)
R ZIE ~ 2 ~ SHREFTR T BIZEARY 0.2~ 0.1 ~ 0.04 mg/kg 7 e FE{ TR iz
2 ENE (B AATIFEATHLZ B4 & 50 mg) -

5.2.1. fEh#.r e B RSB E 2 EEHEAE

RN 2 8 ~ 8%~ SEEM R EMRENGREAL - AT A & RsE LC -
LD - CS By - H 102 £ ~ 107 42 6 H WXk 2t AR i R EE(E
AL o o > H43HT LC G 107 4F 10 B 2 IEEEEA » DISI s isiE A B Eir
RELEAERF ] B2 b > BRETIRPAL -2 - R (i ARG 2 nI1 7 - AL
REf E BT aw = R BRg g 102 47 ~ 107 £ 6 A Z IR ALK 107 4 10 A LC Jig
ZEtdtR o -

2 5-4 Bk 5-5 yRlIBURIERE S in . EEOTR IR B E TR RN EER -
Hi% 5-4 A R - EJRAE 2 FEITREEEOAR > FrliEss ~ ST - §5RE 28 {bE
18.4 % ~ 36.6 % > FEIRSE 2 FE{LHE[E 3.91 % ~ 17.1 % - i T - SEALHFRER
e BEIRE 14.7 % ~ 24.8 WlE R ZAh > HERSS ~ 5 - i~ SR 2 RSB LHEEERY ) -
%% 5-5 A » A LAY 2 #8(427 ~ 880 mg/kg) K¢ #%(27.3 ~ 57.1 mglkg) » R
il §E ~ SORIESELREE 7351 Ry 239 ~ 682 mg/kg ~ 11.8 ~ 38.91 mg/kg - [MELIRE 2
SEREEEA - ARHER B REHS (5.47 ~ 128 mglkg) » AHFHEE R 2 RS
75 (1.65 ~ 174 mg/kg) > EARIIBIES, -
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& 5-3 BRI RIMZHTERER

i B PRI gREfrR SHEMIE I FIVAEY
1. LC 2k 107 £ 6 H [Spagiis S [Svazn
2. LC & Abhfk 107 £ 6 H [Sparin [Sparin [Svain
3. LD ik 107 £ 6 H [Spagiis S [Svazn
4. LD & fLhf 107 £ 6 H [SPagiis S [Svazn
5. CS &Rk 107 £ 6 H [Sparin [Sparin [Svarin
6. CS & /bhf 107 £ 6 H [Spagiis [Sparin [Svazn
7. CS 2 fk- 107 £ 6 H [Svarin [Svarin [Svagn

(EEEREE)

LC EJRhf 107 10 H [Svarin [Svarin [Svagn
. LC EAbhfk 107 £ 10 H [Sparin [Sparin [Svain
10. LC 1y §% 107 6 H [Syaxis [Syaxis 2T
11. LC $%5% 107 6 H - - 2T
12. LC W §hesk 107 £ 6 H - - [Svain
13. LC FK 107 6 H [Svaxin [Svaxin [Svagn
14. LC 1§ 107 10 H [Spaxiil [Spaxiil [SYagiis
15. LC S5 107 410 H - - [SVagi
16. LC 17§ % 10710 H - - 2T
17. LC FK 107 410 H [Svaxin [Svaxin [Svagn
18. LD 45 §% 107 £ 6 H s [Svarin [SParin
19. LD Wik 107 6 H [Syaxis - 2T
20. LD $£ER 107 6 H [Svaxin [Svarin [Svagn
21, LD A% 107 4£ 6 H [SPariis [SPaxiis [Svagin
22. LD &4 107 6 H [Svarin - [Svagn
23. CS W% 107 6 H [Svarin [Svaxin [Svagn
24. CS $hifsk 107 £ 6 H - [SParin
25. CS W imisk 107 6 H [Svarin - [Svarin
26. CS &fb#* 107 6 H [Svarin [Svarin [Svarin
27. CS K 107 £ 6 H S S [Sparin
28. R E Y 107 £ 6 H [Svarin [Svarin [Svarin

bR - SRR TRIREIBR > ST FEIREENE - RAYT5E
Z I3 Ak 50 mg) > #F ~ $1 ~ SR RIWEE R 0.2~ 0.1 ~ 0.04 mglkg 4 e
ST — R ML R EEENE -
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F 54 REERE L TETTERE (Wiw %)

B PRARHRFRY Ca Fe Mg Al Mn Cr

LC 102 & 21.8% 4.48% 11.2% 2.60% 1.00% 0.12%

BFE 10746H 27.9% 3.22% 6.84% 4.14% 0.68% 0.05%
107 /£ 10 A 25.9% 2.74% 6.97% 4.26% 0.99% 0.07%

LD 102 £ 30.0% 2.371% 3.91% 2.49% 0.52% 0.05%

BEME 1074£6H 31.8% 3.23% 4.70% 2.84% 0.45% 0.07%

CS 102 & 36.6% 0.45% 4.69% 2.15% 0.27% 0.01%
BEMHE 10746 H 18.4% 2.15% 17.1% 2.51% 1.03% 0.08%

107 4 6 [ (BHIEREE) 27.4% 2.25% 6.30% 2.41% 1.01% 0.10%

LC 102 & 17.2% 24.8% 3.42% 4.37% 3.82% 0.83%

S/ErE 10746 A 18.4% 19.8% 4.11% 6.66% 2.90% 1.10%
1074105  16.5% 16.7% 3.86% 6.60% 3.08% 1.07%

LD 102 4 16.7% 20.8% 4.01% 4.00% 3.28% 0.72%

S/ERE 10746 A 19.8% 14.7% 4.69% 6.12% 4.46% 1.21%

CS 102 ¢ 16.0% 24.6% 3.62% 5.24% 3.63% 0.84%

St 10746 H 16.7% 20.4% 3.77% 5.39% 3.60% 1.57%

it | ARBEREATRIRECREELIE) -
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5% GFHEm

& 5-5 SRR L BT RREE (mg/kg)

PRERET R Cu Zn Sr Nd Pb Cd
LC 102 4 88.70 1381 239.1  11.76  173.8  2.066
BEMRE 10746 H 121.8 413.7 636.4 3155  40.00 1.247
107 410 A 93.26 8374 6821 3891 6588  1.326
LD 102 4 52.06 1150 4896 1348 8624  0.170
BEMR 10746 H 90.29 1274 4733 2017  59.53 1.518
CS 102 4 5.390 1426 3087 1495 1645  0.085
BEME 10746 H 52.11 820.0 2685 1553 7240  1.045
107 46 A(EMRE) 61.17 672.7 3243 1623 4985  1.025
LC 102 4 139.3 2355 4273 2729 1415  0.385
SqbhE 10746 H 229.2 4493 8798 4656  29.53 1.095
107 410 A 175.8 2839 5597 5711 5467  0.675
LD 102 4 239.4 2860 663.2 3622 1279  1.679
S/bhE 10746 H 175.9 2043 568.0  40.67 4656  1.169
CS 102 4 161.4 702.6 4504 3845 3791 0523
SfthE 10746 A 216.0 656.7  561.4 4535  31.78 0.877

it ¢ ARBEATTRRECREBELIE) -

43



iR e [ 2R oy A PSR T TS (2/2)

72 5-6 BUR 102 £FEL 107 4F 6 HERAE > JERE 2 8 ~ $2[EIfr ZREL(E » % 5-7 BUR
FiT M A s > SR i ZEEL M8 - HopB R RS > Y'Sr®Sr #8(L#EE By 0.708269 ~
0.709838> eng 2 (L 5-14.2 ~ -16.0 2°8Pb/2""Ph 7 8% ( L i [E 5y 2.4284 ~ 2.4375
200ph/27Ph 2 2 LB By 1.1540 ~ 1.1736- 8,{ 10t ®'Sr/*°Sr 58| #ii[E £ 0.708192 ~
0.709292> eng 2 EE{LHE B5-15.7 ~ -16.7 2°°Pb/*""Pb 7 88 (- #i B 2 2.4257 ~ 2.4385
20pb/TPh (LR B 1.1491 ~ 1.1727 - BB » I EE S LRE 2 58 - S5/
fir ZELEEEHEEAMELL - fiE ik BARE . $2E i ZEhE -

P — ok sl i i < PR T 328 B 2GRS (102 A8 107 41 6 H 24K » LC 2R
1% (3'Sr/°Sr = 0.708269 ~0.708906 » eng = -14.9 ~-16.0 » 2°Pb/?'Ph = 2.4354 ~2.4375 >
206ppy/207pp = 11691 ~1.1736) » LD & & it (3'Sr/%°Sr = 0.708411 ~0.708413 > gng = -14.7
~-15.4 > 2%pp/2ph = 2.4282 ~ 2.4292 > *°Pb/*’Pb = 1.1540 ~ 1.1574) > CS &[5k
(®"Sr/%°Sr = 0.708699 ~0.709838 » eng = -14.2 ~-15.6 » 2®Pb/?'Ph = 2.4319 ~ 2.4363 -
20pp/"Ph = 1.1602 ~ 1.1730) ° {F4(LhE 7 2 [FEfir Z (L5 - LC L
('Sr/%°Sr = 0.708190 ~0.708474 > eng = -15.7 ~-16.6 > 2%®Pb/*’Ph = 2.4297 ~2.4385 -
206ppy/207pp = 11691 ~1.1736) » LD & EH(3'Sr/%°Sr = 0.708524 ~0.708715 » gg = -16.1 -
208pp/207ph = 24257 ~ 2.4325 » 2PPh/2%Pph = 1.1491 ~ 1.1627) » CS & (L& (% Sr/*°Sr =
0.708485 ~0.709292 > gng = -16.1 ~-16.7 > *®Pb/*"Ph = 2.4335 ~ 2.4355 > 2®°Ph/**’Ph =
1.1643 ~ 1.1722) - [&] 5-1 ~ [&] 5-2 Sy HIBURE R ~ LT A [ERF R 2 $8-$4
ZAECEE - HE 5-1 - B 5-2 2 /M4l S AT RS > [F7 R ELE AR [ERF I 2 2440
HEAR > FATESEEM ZILE - & TR AT AR (Er Z L E N AR -

Bk [EMi Z A B RS Lh— A -

FERgE 2 [FHi BRI 71 b oA b i T LC igfE 2018 4 10 H Z ik oy
T HEY Rai B e R ] 2 N Z [ 2R B2k - HlEl 5-1 BUr > 2018 4 6
HEL 10 HRro LC M8 RME 2 S [ ZREE(E —27 - Fbas R Al IHEN - 28 [
58 T PR AR IR ] P9 AT RE s [B] — ARV B R AR 2R Y > RO N R T2
[FEiz = EEEE bR - LC S(btE 2 S5 > FlEl 5-2 7], - 6 H & 10 5 Z [
firZRELEAE - BATHER S WS L 722 5 m ge FA [ — it R A E A -
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5555 SRMH

GriiE 5-1 -~ [E 5-2 WDISEER > =[AIERTINEIR g < Mt B % 5 A AV EE-
P [EMI 2R EL(E R - 2RI 5 Tk W] RE AR A el ] BB Y 9 -5 (B i ZREH8%E - I
Rf > SIS ML R Z A éE R A o > £ [ Tk B B4 iy RIRE ST - AIE
5-3 ~ [E 5-4 BUr > H#E-suEM R ELE RS RCenFI L REE(ER - =tk 2R
hi s EREE S-S - S E (A R ELE R A& A - S EE A EE R RERE
A AEE R AN E TR HAY » 28000 > HhilE 5-3 ~ 5-4 w5, 102 5284 107 4 6 Hfx
A2 [FINLZRELAE 72 FEEOK > H AT B o i e A e} 7 Sy B Er P T e A e - i
R EML R ELEAROR Z B8 -t FE IR A o - 3 CS BT T B £*Ek
HPRIRACH WA [F] 2 R - H B R F [F— KRB A Rl RS Z Z21L - ot
R ] A FHEE R 2 BT RIREE (IR - ForEiEH A4
FraliEss « ST RER 5-4) o MELRSITEREUN S R R E AT 28
s EM 2R EUE(E 5-4) > FEFE-$0-8tF L ZRELE B R AT 2 et & (E 5-3) » &
B PR GH pHEA Y S oA o (B SZAERRE Z 0l o INEE - Ry 7RSI RE 2
#E o~ S0~ SRR BLEM R EEME - ATt B R B T R B AT
DI A ~ #i - snZ mIRe AR > M E e ikt T AR iE i R (i ZREE(E R
bz J5= > HEERL 5.2.2 fihatEm -

5550 HCE R BEL 2R 2 AT R (R 5-8~ 3% 5-9) BURRRAEAS Z ) ~
# > SR B E M R EEE MR (5 - [FM R TR E SR 2RI AVRTE o 720
o EEFEREEZ S bR L EZ N AR EZ PR E S FrEd - HA
FETER G g2 HIR SRR BB R &Y Z [ REEE - Wit - EEZ
(i ZREEE R B R A B 2[RI ZREE(E AR FOR S LR B B » 11 BELR FE feefae > 2. 5-8
% 5-9 BB UREEAHRE 2 G558 -

RNy E S 1V C ] =Yt = T ok b s S e BRIV A
EAREBAZK - 280 > H AT EE 2 BAIAAIR - RS E AR E R E
r R EE 2 F R R Ea Rk — - HREMEIR T — R &
— bk 2 MR A B E A R EE(E > BT ERE - A RE R IR BRI 2 AR -
WL —2K > FE-$0-S5[E 1 2 A St ae S04/ N rT e 2R BEE > & 2 i BT 42
Jel
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iR e [ 2R oy A PSR T TS (2/2)

* 5-6 BIERMMERES SR - st RILER

VEWiN FRAERERY 87Sr/%gr 2s.e. 3N d/A*Nd 2 s.e. eng 2S.e.

LC 102 4 0.708906  0.000012 0.511876 0.000016  -14.9 0.3
BEME 10746 H 0.708269  0.000010 0.511820 0.000013 -16.0 0.3
107410 5 0.708270  0.000012 0.511837 0.000013 -15.6 0.3

LD 102 4E 0.708413  0.000015 0.511846 0.000014 -154 0.3
BEME 10746 H  0.708411  0.000014 0.511883 0.000020 -14.7 0.3

CS 102 £ 0.709838  0.000013 0.511912 0.000013 -14.2 0.3
BFEME 10746 H 0.708860  0.000014 0.511839 0.000012 -15.6 0.3
wresAwimd  0.708699  0.000011 0.511846 0.000019 -155 0.3

LC 102 4 0.708474  0.000012 0.511832 0.000014  -15.7 0.3
&4t 10746 H 0.708190  0.000011 0.511788 0.000013 -16.6 0.3
1074£10 H 0.708498  0.000013 0.511798 0.000013 -16.4 0.3

LD 102 £ 0.708524  0.000017 0.511813 0.000014 -16.1 0.3
ffEE 10746 A 0.708715  0.000011 0.511814 0.000014 -16.1 0.3

CS 102 4F 0.709292  0.000012 0.511814 0.000015 -16.1 0.3
&bt 10746 5  0.708485  0.000010 0.511780 0.000016 -16.7 0.3

it ¢ AR BAUERZBEARFEMLRILE - 2 s.e RBEENE ZAFES (9% E R EH) -
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5% GFHEm

# 5-7 BIVESRFREREA Z SRR LER

A RIS 208pp/27pp 2s.e. 200pp/27pp 2s.e.

LC 102 4 2.4375 0.00022 1.1736 0.00010
BEM 10746 H 2.4354 0.00026 1.1691 0.00011
107 410 A 2.4335 0.00034 1.1673 0.00015

LD 102 4 2.4292 0.00025 1.1574 0.00012
BEME 10746 H 2.4284 0.00024 1.1540 0.00010
CS 102 4 2.4319 0.00024 1.1602 0.00011
BEME 10746 H 2.4324 0.00028 1.1667 0.00013
107 45 6 F(FHRHE) 2.4363 0.00026 1.1730 0.00012

LC 102 4 2.4385 0.00026 1.1727 0.00012
S/t 10746 H 2.4297 0.00030 1.1568 0.00013
107 410 A 2.4366 0.00027 1.1725 0.00011

LD 102 4F 2.4325 0.00031 1.1627 0.00013
S/t 10746 H 2.4257 0.00024 1.1491 0.00010
CS 102 4 2.4335 0.00026 1.1643 0.00011
S/t 10746 H 2.4355 0.00021 1.1722 0.00009

it ¢ AR BAER ZBEARFEMLRILE - 2 s.e RBEENE ZAFLES (9% E R EH) -
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iR e [ 2R oy A PSR T TS (2/2)

xR 5-8 EIEREAZIE - sR B RLER

(EZN

PREERF R

%7Sr/®sr

143Nd/144Nd

Sr Nd ENd

LC 102 4 239.1  0.708906 11.76 0511876  -14.9
BFE 107464 6364  0.708269 31.55 0511820  -16.0
1074210 H 6821  0.708270 38.91 0.511837  -15.6

LD 102 4 489.6  0.708413 13.48 0511846  -15.4
BFEE 10746 H 4733 0.708411 20.17 0.511883  -14.7
CS 102 4 308.7  0.709838 14.95 0511912  -14.2
BER 10746H 2685  0.708860 15.53 0.511839  -15.6
s pamrm 3243 0.708699 16.23 0.511846  -15.5

LC 102 4 4273 0.708474 27.29 0511832  -15.7
St 10746 H  879.8  0.708190 46.56 0511788  -16.6
107410 H 559.7  0.708498 57.11 0511798  -16.4

LD 102 4 663.2  0.708524 36.22 0511813  -16.1
S4bHE 10746 H 5680  0.708715 40.67 0511814  -16.1
CS 102 4 450.4  0.709292 38.45 0511814  -16.1
SftmE 1074£6 H 5614  0.708485 45.35 0511780  -16.7
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5% GFHEm

=N PRERET R Pb 28pp/2Ph 20%pp/2Ph

LC 102 4F 173.8 2.4375 1.1736
B 107 6 B 40.00 2.4354 1.1691
107 £ 10 A 65.88 2.4335 1.1673

LD 102 4F 8.624 2.4292 1.1574
B[R 10746 H 59.53 2.4284 1.1540
CS 102 4F 1.645 2.4319 1.1602
BIRHE 107 %6 H 72.40 2.4324 1.1667
107 4 6 H (EHIRER) 49.85 2.4363 1.1730

LC 102 4F 14.15 2.4385 1.1727
FbhE 107 46 H 29.53 2.4297 1.1568
107 ££10 H 5.467 2.4366 1.1725

LD 102 4F 127.9 2.4325 1.1627
FbhE 107 46 H 46.56 2.4257 1.1491
CS 102 4F 37.91 2.4335 1.1643
fbrE 107 46 H 31.78 2.4355 1.1722
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iR e [ 2R oy A PSR T TS (2/2)

-10.0
H @ LCRE-2018
Reductive slag = LDRE.2018
A CSRE-2018
-12.0 A ® LCRE-2013
W LDRE-2013
A CSRE-2013
S -14.0 | I
z - I .
w T 1
10H - ; ;
-16.0 - 6H
-18.0 T T T T
0.7080 0.7084 0.7088 0.7092 0.7096 0.7100
B 5-1 = R Yool g 28 [ P < 998 - R i B AR RS BT ] 2 B L
-13.0
Oxidative slag © Lcox-2018
B LDOX-2018
-14.0 A A CSOX-2018
® LCOX-2013
W LDOX-2013
_ -15.0 - A CSOX-2013
=
w-zc I
-16.0 - LI + )\
I
10
. ﬁ{. .
-17.0 A
'18.0 1 1 1 1
0.7080 0.7084 0.7088 0.7092 0.7096 0.7100

&l 5-2 =R bLhE 2 SE - SR E i REA FRFE Z B4 LiE
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%5 5 GRS

O LC

8 LD
14 FAY Cs
A
-1 44 Q
Q
48 | 1
gNd (0) .
4
~152 D
@ 4
-1 5‘6
-.16 | Q‘M
0 708 0 7084 . ; 21435
07085 700 o

' 0.7
8751/86sy % 07 2
A

5-3 RS MCE R I < $18- 84 - €1k [E i FEAH R B
B LC LD - CS RUBRRAHEAE 102 47 - 107 47 6 F 2 FIRr ZLLE AT - Hep CS R
107 48 6 FE(TEMHRAE » #0A = R -

208ppj207pp

[ ) LC

[ | LD
“14 A CS
15 L

Eng (0)
n
-1 < 4
oN

-17 ,

e

: o s
87sr/86gr B g, o#

" 8pp/207
! 208pp/207pPp

5-4 YoR SR 2 LA 88 -S40k ) i 3R 4H
Bl LC ~ LD ~ CS RRé(LEAREAME 102 4F + 107 4 6 [ Z[FIfir S ELAE /3 1l -
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iR e [ 2R oy A PSR T TS (2/2)

5.2.2. [z RIE T EREBE I KL (H Z F &

By T BRIARPRHE B S o BRI 2 LA 2 2 AR =
(R S <~ BIPRHETT /38T © 22 5-10 ~ &% 5-11 Sy TR =R R T 2T
DIRETTERE - HEZTERAT R 5-10) Ak - #EaEAREZ a8 #
¥ EIPFAREZHEER - HRE - METEKREGFRS-1) iR EaKTZ
el A= (206 ~ 1695 mg/kg) » Wy ~ a2 (108 ~ 192 mg/kg) » [Midhsd ~ W hid
RS B (8(0.02 ~ 14.14 mg/kg) © $470 ZAERY $ H RS B =i (11.86 ~ 19.74 mglkg) -
BEER ~ EbBERZ(222 ~ 4.33 molkg) - (fidEE ~ WS DAR AR R(< 0.14
mg/kg) « $ATTRAESRIR - W RS - $EEK 2 R (3.03 ~ 179 mg/kg) - HAREI}
B B ( < 7.45 mglkg)

tRIE LD P (it 2 JFURHE FHEC s (R %) o] RSREHEAE TR IR 2 &k
BatiE - e ok fAbEE - OREEE - RE - BO%F > P akIER
JEZ 63 % Ry KAGEL - ERMIbRA - (5 21 % > Hepty i - fbik - H2E
B B LS ELE /IR 5 %o 1 JFURHEE FHECERTR AT HEMN SRS B RE AT A2 2 Mk o
HOTRE MR EEREN AR - #TR EHEEAR > ST RAAE AR -
BEANEDER YR - BEs A I RE Ryl ~ st Z EEEACI - 2RI e Z AR AT
5 LI SR - DU T NIRRT R Z BRI APIE I [E i 2R Z B (%

72 5-12~ 5% 5-13 Sy Il Bs = RABESR S 2018 47 6 H AirEREE =~ Bilk} HEE-#4 -
snEIM ZELE TSR - HRtEE LC F 10 H Z BT - 2R 5-12 > =k
Sz T (8 FH 2 Ok VA R [E 2 S-S B R B bR - DU ISR » LC Tk *'si/sr =
0.707723 > eng = -6.4 > 2®Pb/?Ph = 2.4353 » 2°pp/?"Ph = 1.2486 » LD £k 2'Sr/*Sr =
0.707779 > eng = -1.1 » 2®Pb/2’Pb = 2.4357 > 2%°pb/?’Ph = 1.5078 > CS F )k 2'Sr/*Sr =
0.707812 > gng = -10.2 > *®®Pb/*"Ph = 2.4356 » *°Pb/*'Pb = 1.5439 » & F, =R T
FRAMILZ ¥'St™Sr~ 2P "Ph [F L ZELAE » 1T ena » 2PbI27Pb AR KM 72 -
HerRIRHO 8 - 178088 - $R885F - PRI R ELE LR E TR R ErIE AL
FEGME - S b = R R (o FH BRI zE St AR S5 AE 1S - AR — R TRokER - [
BERBIHY SRR R R E A 28415(2018 48 6 H 82 10 H)> 40 LC (T Sr*sr
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%5 5 GRS

=0.707723 ~ 0.708313 » gg = -6.4 ~ -7.6 » 2®Pb/*"Pb = 2.4238 ~ 2.4353 » 2%°ph/*’’Ph =
1.2486 ~ 1.5757) ~ LC #7#%(3'Sr/®®Sr = 0.710213 ~ 0.710693 > eng = -19.2 ~ -19.9 >
208pp/207ph = 2.4286 ~ 2.4550 > %°Pb/*’’Pb = 1.1540 ~ 1.1901)% -

FEE SR Z BRIk sk &2 o - F Y LC §i88 - LC BY Sk ~ CS S 9
sotEREEIER(R > 1A LD WigE - LD &4 ~ CS WL Z Ut R B B/ IRE
& - Rt B RS e S TR R L ENE - WNHERER > EEE
AR sy EEACR - st RANMES R T B & A RS s T FE R
EEE AT -

RIS AE SR — BTl - T hRERRY $ T RE Rl ~ Ay E 2R - 8] 5-5 ~ [ 5-6
5-7 535 % LC Jig ~ LD Jg ~ CS gElt 2 #8-si[E A R EL(EE - B thEdaik
B R G 2 I 2 bihdR - DL LC oRkaR (&l 5-5) - ml FMEid 2 8 ~ gulFIir 2R
SEAL KRB $8 Z JR G AR AT > 3575 R8RS SR ey ] 2 A0 (g ) > &
FRESMESS IR 2 8 ~ S EI L ZREEER S RS ATz o i il (e se B A AT Ae
R EPRH IR 1 $8) A 5 2 [ i 2R EE(E S s B A BRI MHE ~ SR (A3 i) -
LD ki fids = #18- 55 = iz 25 L {EL (8] 5-6) fmife o hERAS $50R & 4 - LD AE BIEHE |
PROIDAGIK ~ W25 - e a sk - Hil e 80l hRERE=aZ
Bf} o [8 5-6 thth B HAIK ~ A58 ~ SRR = (Eim0R & Z #al& - B T B iR sk
SEAEORERGEER Z R &8t B> FOR LD IR R 2 A IR BT s B A T2 8K
BOZREAHATRE - CS i Z SER(E] 5-7)BUNIERE 2 SRS AL A R BT 3 2 R A4
b BRI T AR AR Y~ s EI R

&HIEl 5-5 ~ [E 5-6 ~ [ 5-7 > W[5, 102 F- 2 K hd (i 107 SR &40
Zse A R Z BIRHE A [F R AL 2 EEE (IR~ A B) AT e - Mi[E—4F
FEAN Z e RBUNBEM E RELEAETERNREGRZIN - R aE R 2 7 A
REA (VDO RER EAF L R EL g2 b AtE R R S8 E (4018 5-5-& 5-7) »
(EHMATRERV S B ML R EEE - BlankEs - BRemiEAe R s Z AR - A
ARG RN BE=R TR GERBUNEEERT £ B LR 2R & #
AT - SR T R R R R RS - S F M R L E 2 M -

c?@[
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iR e [ 2R oy A PSR T TS (2/2)

(ESMEIR L4 ) TH - 8 5-8 ~ B 5-9 - [#] 5-10 43R LC ~ LD ~ CS i
BRI} $ I fir ZLL(E B (PP Pb vs “°Pb/*'Pb) « F$i4EIfir 22 LLIE B 7T 7L A FIE
el SRR Z LR G 75 A ZAT > = T RS = S8 a2 B PR RY S0 AT 60 (R
CS i » [B] 5-10) $MEIRr L » B AT LU AR S5/ 57 801 B S S 2 o
B EIR - EE AT F A -

REELLE > HEIEEZEE ~ 87~ SoRILZ oM o] MR 2 8 ~ 82 - sulEr e
EHEEIRBGIFE B > RrallEaREERY i - HAMNEERBl R C i E R B - 32
r ZRECEEE 2 INZR (LD ) - AT 2 Z oo & SR B -5 S (R 22 mT P AR Ry
MR < SR - S Yo sl i A 1 (5 P A~ [l st e A= 7 2 @ikt > (S ] A A R R A B [E]
2 FFE > B [FI A 2R ERE I PG S MEF H T PRI AR © 280110 75 S0k s i
DRIZE TR 2 g s I st & A R _EAYA [B] T A [E]E > A s =] i 22 B B -
S IACIR S HEH I PRI -
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5% GFHEm

* 510 SREHMEIRI C TETTRRER-107TF 6 H (wiw %)

LC & PRARRRRY Ca Fe Mg Al Mn Cr
% 10746 H  0.85% 19.4% 0.01% 1.16% 0.11% 0.04%
107410 H  0.62% 175%  <0.01%  0.90% 0.14% 0.01%
§T65 10746 4 0.01% 150%  <0.01% <0.01%  68.7% 0.01%
107410 §  0.01% 147%  <0.01%  0.01% 67.6% 0.02%
1 5 10746 H <001%  13.7% <0.01% <0.01%  60.0% 0.02%
107410 H  0.01% 13.7%  <0.01%  0.01% 61.6% 0.04%
2y 10756 5 59.5% 0.03% 1.04% 0.05%  <0.01% <0.01%

107 F£ 10 H 62.5% 0.01% 0.24% 0.01% 0.01% <0.01%

LD & FRARIERS] Ca Fe Mg Al Mn Cr

LD #Y§& 107 £ 6 H 1.27% 17.8% 0.04% 1.61% 0.33% <0.01%
LD Wik 107 46 H 0.03% 9.72% 0.01% 0.01% 61.8% 0.06%

LD $£EK 107 46 A 1.98% 0.42% 31.4% 0.57% 0.03% <0.01%
LD AR 107 46 A 62.6% 0.09% 1.21% 0.10% <0.01% <0.01%
LD ¥4 107 46 A 39.4% 0.03% 0.08% 0.90% <0.01% <0.01%

CS & PRARIFE Ca Fe Mg Al Mn Cr
Sfbsx 107 £ 6 A 1.39% 1.16% 47.2% 0.50% 0.07% 0.02%
Vg 10746 H  1.14% 19.1% 0.03% 1.52% 0.18% 0.03%
$his 107 £ 6 H 0.02% 15.8%  <0.01%  0.01% 70.4% 0.01%
Y i 107456 H  0.04% 11.1% 0.01% 0.02% 66.4% 0.10%
AR 10746 H  61.2% 0.02% 0.48% 0.05%  <0.01% <0.01%

107 410 H 50.4% 0.05% 0.50% 0.08% 0.01% <0.01%

it ¢ ARBEATTERRECREBELIE) -
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iR e [ 2R oy A PSR T TS (2/2)

& 5-11 SRERREIRI Z MEBITRRER (mg/kg)

LC & ERARHE S Cu Zn Sr Nd Pb Cd
wiE 10746 H 2303 3.041 157.2 1438 0585  0.192
107410 H 98.23 1.592 108.1 1186 4831  0.172
S 10746 H 1311 94.40 0019  0.004 5838  0.018
107410 H 1005 133.6 1.912 0.118 179.1  0.020
W 5 10746 H 1926 23.09 0.078  0.012 2749  0.055
107410 5 2927 17.33 0.198  0.020  19.83  0.031
yay 10746 H  1.438 2.233 1695 0231 7449  0.031

1074210 H  0.928 3.821 475.2 1.005 1.066 0.345

LD & PRARIE R Cu Zn Sr Nd Pb Cd

Wi 10746 5  32.30 2.774 1884 1812  3.866  0.453
Wi 10746 5 2254 4.887 4540  0.064  3.034  0.029
SEER 10746 5  7.432 30.53 3501 2224 3888  0.381
e ga) 10746 H  39.45 9.801 1920  0.040  3.727  0.342
AR 10746 4 0.808 2.983 1081 0504 0439  0.123
CS & BRI Cu Zn Sr Nd Pb Cd

Sbes 10746 5.771 29.13 60.48 4331 1040 0584
Vo 10746 5  410.1 5.198 1224 1974 4765  0.659
$785 10746 H 1215 7.138 0570  0.020 1831 0576
ST 10746 2645 30.79 1414 0140 2036 0578
AR 10746 5 0.870 3.682 589.6  0.289  0.907  0.223

107410 H  1.997 52.81 260.2 0.798 6.228 0.243

it ¢ ARBIEATTRRECREELIE) -
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5% GFHEm

* 5-12 BIVESRHMENEZJE - st FARELER

LCRE  SREEmERY ¥'Sr/%sr 2s.e. “3Nd/*Nd 2s.e. &g 2S.e
Yk 1076 B 0.710693 0.000012 0.511653 0.000016  -19.2 0.3
107 £ 10 H 0.710213 0.000014 0.511617 0.000013 -19.9 0.3
TR 107 6 H - - ]
107 F 10 A - - -
Wehek 1076 H - - _
107 10 A - - -
Yoy 107 £ 6 H 0.707723 0.000012 0.512311 0.000048 -6.4 0.3
107 410 H 0.708313 0.000014 0.512250 0.000025 -7.6 0.3
LD &  FRAEHERY 87Sr/®sr 2s.e. SNdMNd 2 s.e. end 256
kT 107 £ 6 H 0.710742 0.000014 0.511566 0.000016  -20.9 0.3
kT 107 £ 6 H 0.709704 0.000011 - -
EEBR 107 6 H 0.716390 0.000011 0.511777 0.000019 -16.8 0.3
BhA 107 £ 6 H 0.708410 0.000011 - -
A 107 6 H 0.707779 0.000012 0.512580 0.000034 -11 0.3
CS & BAERERY 87Sr/®sr 2s.e. SNdMNd 2 s.e. end 256
YOk 107 £ 6 H 0.713181 0.000014 0.511823 0.000019 -15.9 0.3
P 107 %6 H - - ]
R S5 8k 107 £ 6 H 0.709573 0.000015 - -
S0 107 £ 6 H 0.716629 0.000016 0.512042 0.000024 -11.6 0.3
K 107 46 A 0.707812 0.000010 0.512117 0.000042 -10.2 0.3
107 /£ 10 A 0.708103 0.000013 0.512139 0.000025 -9.7 0.3

it | AR RAER ZEEAFLZRELE - 2 s.e. R E 2 AR (95%EHEER]) -
- RFOTNRA Z T RREBK - ST R RLENE -

T

57



iR e [ 2R oy A PSR T TS (2/2)

* 513 BIVESHMEIR Z saEM RELER

LC & BEERT “°Pb/Pb 2s.e. 20%pp/2Ph 2s.e.
ok 107 £ 6 H 2.4550 0.00030 1.1901 0.00013
107 410 A 2.4286 0.00027 1.1540 0.00011
5755 107 £ 6 H 2.3341 0.00028 1.0685 0.00012
107 410 A 2.3244 0.00032 1.0566 0.00013
kT 107 £ 6 H 2.3251 0.00029 1.0559 0.00011
107 410 A 2.3222 0.00022 1.0541 0.00009
AR 107 £ 6 H 2.4353 0.00031 1.2486 0.00015
107 410 A 2.4238 0.00034 1.5757 0.00020
LD & PR 2®°Pb/Pb 2s.e. 205pb/2Ph 2s.e.
ok 107 £ 6 H 2.4241 0.00031 1.1472 0.00014
RyST65 107 £ 6 H 2.4374 0.00027 1.1619 0.00012
35 107 £ 6 H 2.3783 0.00029 1.4359 0.00016
e ga) 107 £ 6 H 2.4920 0.00030 1.2858 0.00014
AR 107 £ 6 H 2.4357 0.00030 1.5078 0.00017
CS & RS Pb/Y"Pb 2s.e. 200pp/27pp 2s.e.
R85 107 £ 6 H 2.4372 0.00025 1.1515 0.00011
$T68 107 £ 6 H 2.4344 0.00031 1.1585 0.00014
Y S0 107 426 H 2.4407 0.00027 1.1584 0.00011
f1bsx 107 4£. 6 H 2.4260 0.00030 1.2860 0.00014
AR 107 £ 6 H 2.4356 0.00024 1.5439 0.00014
107 410 A 2.4270 0.00023 1.1812 0.00011

it | AR RAER ZEEAFLZRELE - 2 s.e. RS E Z AR (95%EHEER]) -
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Eng (0)

Eng (0)

5% GFHEm

LC & JEiE-6 7
6.0 - . %10
o _ A T
100%1 m
: : o JEE-20134F
-10.0 1 —O- BB R G4
-14.0 -
-18.0 -
- N
'22.0 1 1 1 1 1 1 1
0.7070 0.7075 0.7080 0.7085 0.7090 0.7095 0.7100 0.7105 0.7110
87Sr/855r
& 5-5 LC iErhEagkl ~ 88 ~ sitE iz RELEE
N ID LR - R
2.0 4 G FEERR AR
s o JEHk-2018
60 | | e %2013
W
100 { & A FIR
-14.0 -
: L"'--~-...........................................................................‘::z,ﬂ
80 4 1 e
............................ ..”.._,...-.......
22.0 . . . .
0.7072 0.7092 0.7112 0.7132 0.7152 0.7172
875 /865y

& 5-6 LD MmtkEREpE 88 ~ saEA R ELEE
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iR e [ 2R oy A PSR T TS (2/2)

60 CS ¢ JiEf-2018
Rl o EfE2013
B Y8
2 A K
-10.0 1 A |7 100% —o— B IRELRY SR A48
S
. .
2-14.0 _ . e
w e O
kil e Ll 3 C
80[” 60% ' 40% 20% o
-18.0 -
'22.0 1 1 1 1 Ll Ll
0.7070 0.7080 0.7090 0.7100 0.7110 0.7120 0.7130 0.7140
875y /865y
[& 5-7 CS BErEEERER 2 88 ~ siEfr R EE
1.400
m JEfE-6 5 LC
1350 { xWisk-6H
X #5556 H
1.300 4 AWiEEH-6H
_Q ® k-6 H
o 1250 {1 w108 -
S X E88-10
S~ 1.200 - 745 10 H
.Q xﬁm“f . x
a AT5EEE-108 s
1.150 4 -
b ® 1/%-10H
1.100 -
X
1.050 MK
1.000 T T T T T T
2.320 2.340 2.360 2.380 2.400 2.420 2.440 2.460
208p|y /207p|

&l 5-8 LC Mim kBRI < $ [Ei X ELE B
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1.600
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X 15 55
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A L YEVR
- N\
o 1.400 ey
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%5 5 GRS
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iR e [ 2R oy A PSR T TS (2/2)

53. EHERmMINTHAREZ IS

Ry AR R RE 7 AAG 2 vTREME » KT S s AT ST AT Z 8B 7 X
BAEERG AT 2 M B T2 Bl 0 DL 107 4F 6 H AT 2 IE s A T, - Rl
(BT B AR B REHER A EAV R R B R R A S A > R iile 2 BB T304 B 20410
% IR REIFH 3 R BREHS&EN: - AT 2 b E R EEYIHE
077 FERREY L RN EA R A S @l TRk 2 st etk amB b
BRI ~ B O F TR AP BR e AT (T ICP-MS & 2 Fr i - % 5-14 ~ &
5-15 73RlERTEE ~ ETTRREEME A NELER - IR - SHTER
JEFEAE M301.00B JH{L&E R AR —1Ek - FRRIESE - i - iR R - hfuE
TLRRERE - M301.00B LT AT 2 REER(E—Lt » FURKH T Z MEITER
A] LA M301.00B JEAL 5 =UafE - Bk in < (& T 2 A A g -

2 5-16 ~ & 5-17 BURAIHFE AT A 2 OB L 777481 M301.00B JE(LJ77ATESE -
S UL R SR EI L 2 Ll - LGS SRR W i 7 AP = A5 51 > [F i Z B4
AT 0 DL LC EREEAER - M TR 2 B A B *'Sr/%°Sr = 0.708269 > eng =
-16.0 > 2%Pb/*"'Ph = 2.4354 > 2®°Pb/*"Ph = 1.1691 » M301.00B J¥4{L 754 HIE4EHE
F5 8'Sr/%°Sr = 0.708233 5 eng = -16.1 > “%®Pb/’Pb = 2.4358 » 2°°Pb/*"'Ph = 1.1690 - 1)
LD JE[FREAER » T S LT AR R S 5 By *7Sr/*°Sr = 0.708411 » eng = -14.7 »
208ph/2%’Ph = 2.4284>2%°Pb/*°’Pb = 1.1540> M301.00B ¥l 752 2 & 45 5 s &' Sr/*0Sr
= 0.708398 > eng = -14.5 » 2®Pb/*"Ph = 2.4260 > *®°Pb/*°'Pb = 1.1498 - ) B B4 745
S - WAEHL T AT HIEE R 2 FM R ILE — 2 B eI AR EE 2 Ffr &L
{72 R N B TROERE > B ZELE 2SR - KL > S 2 88 - i RshEIfr
FZ AU S > AT M301.00B J8{ b 77 A AN DUREE » 4 L AT B R A R R BRI [
DIE AT e N R i P Y E S
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H5E R

SN ET

2o G

% 514 WEEERADARIH AR Z TETRRELLRR (wiw %)

A AR A Ca Fe Mg Al Mn Cr
LC FfE  27.9%  322%  6.84%  4.14%  0.68%  0.05%
B M301.00B  286%  331%  6.68%  3.30%  0.62%  0.03%
LD e 31.8%  3.23%  4.70%  2.84%  045%  0.07%
BFHE  \M301.008  31.7%  345%  4.61%  259%  043%  0.03%
CcS Ffbt  184%  215%  17.1%  251%  1.03%  0.08%
BFHE  M301.008  182%  215%  17.1%  2.13%  0.86%  0.04%
LC FHthE 184%  19.8%  411%  6.66%  290%  1.10%
f4EHE  M301.00B  185%  188%  355%  546%  1.05%  0.27%
LD e 198%  147%  469%  6.12%  4.46%  1.21%
SMLE  M301.00B  19.8%  132%  3.70%  3.49%  1.80%  0.09%
cS Ffbe  167%  204%  377%  539%  360%  157%
S M301.00B  161%  17.7%  2.97%  3.86%  1.35%  0.11%

it + M301.00B Fsitm /A Z BEEEVIHE T4 » PL 107 4 6 H AR ZERAE T HI
i o ARBEEATRIRECREELAE) -

63



iR e [ 2R oy A PSR T TS (2/2)

= 5-15 A DR RV B A M B TR RS (mg/ko)

BA HAETE Cu Zn Sr Nd Pb Cd

LC HRhf b 121.8 4137 6364 3155  40.00 1.247
B M301.00B 120.3 4348 6480 3223 4048  1.200
LD HRhf b 90.29 1274 4733  20.17  59.53 1.518
BFE  M301.00B 92.77 1159  463.8  19.76 4283  1.492
CS HR A 52.11 820.0 2685 1553 7240 1.045
BFH®E  M301.00B 50.55 802.7 2610 1468  59.81 00978
LC HRif b 229.2 4493 8798 4656 2953 1.095
£/t M301.00B 209.6 3329 9037 3974  18.06  1.060
LD HRhf b 175.9 2043 568.0  40.67  46.56 1.169
£ [y M301.00B 152.4 1357 555.9  27.95 2301  1.076
CS R 216.0 656.7 5614 4535 3178  0.877
FbhE M301.00B 182.6 4973 5421 3760 2037  0.874

it + M301.00B Fsifg /A Z BEEEVIHE T4 » PL 107 4 6 H AR ZERAE T HI
i o AR BEEATRIRECREELIE) -
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% 5-16 JEREDIWAE M E TG 288 - stEr RELER

5% GFHEm

BA b E ¥srsr 2s.e. BNdA**Nd 2s.e. &N 2s.e.
LC HbFERE 0.708269  0.000010  0.511820  0.000013  -16.0 0.3
BEE  M301.00B  0.708233  0.000011 0.511812 0.000012  -16.1 0.3
LD HbFERE 0.708411  0.000014 0511883  0.000020  -14.7 0.3
BERE  M301.00B  0.708398  0.000008  0.511896  0.000013  -14.5 0.3
CS e 0.708860  0.000014  0.511839  0.000012  -15.6 0.3
HEERE  M301.00B  0.708835  0.000014 0511845  0.000017  -15.5 0.3
LC SR b 0.708190  0.000011 0.511788 0.000013  -16.6 0.3
&/ERE M301.00B  0.708167 0.000013  0.511805  0.000013  -16.3 0.3
LD R 0.708715 0.000011  0.511814  0.000014  -16.1 0.3
&/bthiE  M301.00B 0708694  0.000012 0.511812 0.000015  -16.1 0.3
CS R 0.708485  0.000010  0.511780  0.000016  -16.7 0.3
&/bhiE  M301.00B  0.708493  0.000014 0.511790 0.000011  -16.5 0.3

A

PARRILR ZBARFEIALRILE - 2 se RyiRas M E ZARER(95% (SR H) -
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iR e [ 2R oy A PSR T TS (2/2)

* 517 R DI b A e Z selEMr R ELESR

= ZiN HEAE ®Pb/”Pb 2s.e. 206ppy207pp 2s.e.
LC Hr A 2.4354 0.00026 1.1691 0.00011
B M301.00B 2.4358 0.00032 1.1690 0.00014
LD HRhf b 2.4284 0.00024 1.1540 0.00010
BIRE M301.00B 2.4260 0.00033 1.1498 0.00015
CS HR A 2.4324 0.00028 1.1667 0.00013
BRI M301.00B 2.4343 0.00035 1.1678 0.00016
LC HR A 2.4297 0.00030 1.1568 0.00013
f/brE M301.00B 2.4295 0.00053 1.1565 0.00025
LD HRhf b 2.4257 0.00024 1.1491 0.00010
FbhE M301.00B 2.4250 0.00050 1.1482 0.00022
CS HR o 2.4355 0.00021 1.1722 0.00009
SbrE M301.00B 2.4350 0.00026 1.1697 0.00011

it ¢ ARBAERZBARFEMLRILE - 2 s.e BEENE ZAFES(95%E R EH) -
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54. JEHER M ZIRENE

Ryl R & Z Fr 2L EEHE R EE S - ARt THEARERE 2
e LA 107 47 6 H HUS 2 fRin s LC 8l CS i~ & {bid > 73/ HY 10.01 728 10.01
ETREEQN  LER) » 445 20.02 77 - Hep > FrEEEA L T E B 2 A /]
G AR R PR B A S0 mL EbLE EUJ%:F'%Q%T&( ~ 1500
rom)(EEIS SRS 5 R RORS -

AR G1R 2R A HEmE R

Cu=CaXfa+CpXfp
Wy
Wy + Wpg
HetC Eﬁ%xﬂ%g FRFTRS ﬁ*%l W BfimEE MEMARESE L A
B RFEAE ML - HiwEa k2 FE ZHEmE THA T AFEHEEG FrEE
ERE) -

fatfe=1, fu=

%—ﬁx x&+&x—x%

C+ xCB—1
T /B o

B 25 45 5 (38 5-18)BE R » JREEAZ SR ~ $4 ~ $hE N ZLLEE NS R 5y
B 5 87Sr/%Sr = 0.708319 » eng = -16.6 » 2%®Pb/X"Pb = 2.4326 » 2%°Pb/?’Ph = 1.1642 >

AL 26 (7 (BSr/P0Sr = 0.708305 » eng = -16.7 » 2%8Ph/?"Pb = 2.4327 » 2%°pp/? P =
1.1648)5¢ 4>—% » HaliE 5-11 ~ [& 5-12 73 HIFROREE 2 $1-0 K S [ ZHEEm (E S 7
HEEZ SEGEN - HEERRSERET IO - NEEREERENFEAL
ZILEEE G EET SNSRI EN ZLEEE AR S LLEIR [H
DU o MhEE R BB E A R E R o e BRI R SR FE A | > AT T YR A
HERE - 2800 - FEEENE  EARNEEEREZ 25K - BRRGHES
BREE

fa X
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iR e [ 2R oy A PSR T TS (2/2)

* 518 BamESHHZER - METERREIUKENRLESR

FETE HE (9) Ca Fe Mg Al Mn Cr
LC &4bhE 10.0144  18.4%  19.8% 411%  6.66% 2.90% 1.10%
CS &bk 10.0101  16.7%  20.4% 3.77%  5.39% 3.60% 1.57%
mEITR EE (99 Cu Zn Sr Nd Pb Cd
LC f4LiE 10.0144  229.2  449.3 879.8 46556  29.53 1.095
CS &4thE 10.0101  216.0  656.7 561.4 4535 31.78 0.877
EfrELE 8Sr/%sr 2s.e. BNdA*Nd 2s.e. £Nd
LC &(bhh 0.708190 0.000011 0.511788 0.000013 -16.6
CS &4bh& 0.708485 0.000010 0.511780 0.000016 -16.7
BEkEmE  0.708305 0.511784 -16.7
BEHEE 0.708319 0.000016 0.511789 0.000013 -16.6
EIfrZtbE 2Pb/YPb 2s.e. 206ppy207py, 2s.e.

LC &1bHE 2.4297 0.00024 1.1568 0.00010

CS &4bhé& 2.4355 0.00021 1.1722 0.00009

RERMERE 2.4327 1.1648

BEEAEE 2.4326 0.00020 1.1642 0.00008

it * EEOTRRE ZHAALR wiw % i ETT R RS Z BB R mo/kg - RFRITTRIRE
Ry BRI ZBASRIE » Ff R E R ERATHIE -
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Clean room class 1000

HEPA laminar flow bench class 10

MilliQ system

Sr-Pb column (10 mL) PP Eichron
Sr spec resin (50-100 pm) Eichron
Nd column (1.2 mL) PP BIO-RAD
Ln resin (100-150 pm) Eichron
Fe-Cu-Zn column (5 mL) PFA Savillex
AG MP-1 resin (75-150 pm) BIO-RAD
PMMA (Acrylic) frame

Pipette (1000 pL , 20-200 pL)

50 mL beaker PFA

15 mL beaker PFA Savillex
8 mL beaker PFA Savillex
3 mL beaker PFA Savillex
1 L bottle Teflon

500 mL bottle Teflon

250 mL bottle Teflon

Acid boiling wash system

Conc. HNOg3 ultrapure grade

Conc. HClI ultrapure grade

Conc. HF ultrapure grade

Acid distillation system Savillex

Double Distilled concentrated HCI

Double Distilled concentrated HNO;
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bifR 2 ARAFERTHE A 2 BAn 2 E R ~ FEA ~ AWAFEfER HEYR

(e

JER B A

FEH

AHFFE(E AR H Y

VO RAT - RU RS & B S

Quadrupole ICP-MS

ENZRAEE T AVURRR S 2 B
Gk > AIFEE TR - (ERE
m/z {EEET PAESZR 2 1707 2V
VOARAR: > M (A as (R H R -

FRHERER > ARSI 2 (E
JLE ° (HNIHRFR A2 ppb-ppt
Z#uE > ICP-AES 2 10 £
1000 {% -

B H bR Z R ITT R R
FE & (Sr, Nd, Pb, Cu,
Zn, Cd)

= AT - R R S R AT T R
Scientific, Element XR)

# T M T4 3B % K % (Double

focusing) 1% - H{EMIEs AT TRE - &
FEAEESMBSEER —EES
(E) e — {35 (B)4H R - & & gt /1
5 > Nl EEE 2t -

HASBERE - (ISR
ZNEE: > — R ETTR
el Z B B —BE R
W ZTCEFEE ppg LAT -

Emi bk 2 METE R
SOHE (Sr, Rb, Nd, Sm,
Fe, Cu, Zn, Cd and Pb)

LR - ER G B E R
( MC-ICP-MS, Thermo-Fisher
Scientific, Neptune PLUS )

EL s AT - R S R AT R — 1%
HAEEELG - AR SH#E:
A [FIHRF A 2 A [FE (T bl Bt
HeFEARER IR -

[EMiz R EEEHIE

[ R ELEHIE
(Sr,Ndand Pb)
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>

AR e A R B R A 11

B2 BRI ORTF

R b AR AT I 2 11 49 Em(100 mesh) - DAREZZ 4SS S (LIR B & AT -

> BacHb

1. FPHUS DL 50 mg » BREURHLEN -

2. HIA 9 mLEREREL 3mL RS EN - FHERISINERE LET -

3. ABCEEILEEE A » PL 250°C R4 T0R 8 /B (ramp time: 30 min; hold time:
30 min) « (RILBRAFETERADERIL X - (Ul EEEE MARS 6 (CEM) »
1 classic — #EFEH{LF57E sinica new 2018 < )

4. REHBREIA PFA beaker » I A TIEM &% 7552(4Y 100°C) -

5. J0A 10 mL REERG A% FEICDS B E N DUV EE 3 Z R E T B =X

6. FEHLEEIA PFA beaker » B A TIEMK LR 7& 7552(4Y 100°C) -

7. JOA ImL RaH R S FE BN B e A R A > T AGEB&ZK 9 mL > =5 A%
MR K EmEE -

8. FHAHARBZIERG  REREHEABECE - B0 (4500 rpm; 10 min){& Y EERELSY

REAR IS 2 [51HG -
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>

B R EECE-$-SaEL )

{EERAEZ RTEDER |

© o N o

11.
12.

RFERE LUK REA 2M BERE ST - B B A LU &I KOE# -
AR EEE A PRA T ~ a5l > Sull 8M BENIENE t—K - 2L 6M
BRIEEIE—K - BRIGE R LABEI/KIEF 6 RIZHHZ -

PR B ] B T ARG R VS R 205 A PRA BRI PRAT -

+ st EERAUB2PBR

HU#E &8 2R B2 BRAbBUA PRAIUINENZRZ - A 1~ 1.5 mL 2M fifE%+0.07M
DmlE o ERCARE IS -

i PPEAECID 25 mm) BEFYEFEAE L - B A Srspec fifAE ( Eichrom, 50-100 pm,
bed volume: 350 puL > =E4) 2 N\57) e

Pre-cleaning: {X/Fh A 10 mL 6M E&f% % 10 mL 0.05M g » FLETTRIZR -
Pre-conditioning: /il A 0.75 mL 2M 1#i%+0.07M S &M% -

HRATIAE R - U8 AR 55— PRA RIS - IREER I Ryslt s M E 5T
% o

L1 '0.25 mL 2M fi§§%+0.07M s EEHI L PFA JEEEREVER A ©

FRLL0.25 mL 2M f#§2+0.07TM G aBkiA b E L BE -

AIA 3 mL 7M Bz - R0 BR SRR, -

AIA 0.75 mL 2M B &4

HOA 2 mL0.05M %5 » LA BRULEESE -

A0 3mL 3M Bz -

AOA 3mL 6M EEf% -t BRITEESD -

Hﬁ

# 2 ABERA B RS

1.
2.

I RT— B 5 Z SR Z&HHzZ > A 0.5 mL 0.2M E&g 75 o
B PP EFECID 6.2 mm) B EFZE - #H A LN 5 (Eichrom, 100-150 pum,

bed volume: 500 puL » =E4y 1.5 57 ) °
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© © N o o &> W

11.
12.

Pre-cleaning:fji A 0.5 mL 6.2M Effi% » [H A5 BRE{T =3¢ o
IOARBEK - BEMN2H -

Pre-conditioning: 1A 0.3 mL 0.2M E&[E » [HAPERMETT NI -
AOA 0.5 mLJE> 0.2M EEEE 7 A -

A 0.5 mL0.2M BilEf% 25 HoAth F 23 -

JOA 0.5mL0.2M EEfERS 25 HoAth REE JTE -

LA 0.5 mL0.2M EEl% » 4t 6 mL > EZUTES -

JOA 0.5 mL 6.2M EFFE R X -

IO 6.2M BEEGHE A EREET 200 - P ER BB -
INAGEBSK 2 E 200 -

\{}Yr

\{}Yr

BRI SR Z 8% ~ SARICE N IRV 28828800 - LUV EIRN RS
R I A EIKE 1~2 Z2THRF(ERE) 0.6M BHEL LU T) - AT 2R IRIE
A BE i R ELEHIE -

s Bl ARSI RE th th &I A TRY)  (EZEZIRIESTAILA 200 pL JRaH g
KA - HRE - B RRR R E 0.6M DUT -

HRGERG R A GG - BB - DIBSUKERERIES - 7F T XER
Al & P F s -

El:

Cleaning

Conditioning

1ml 2M HNO; + 0.07 M HF (Loading)
0.5 ml 2M HNO; + 0.07 M HF (Cleaning)

Sr-Spec Sr+Pb
(~0.375ml)

For Nd — \

Cleaning 3 ml 7M HNO, 2ml 0.05M HNO, 3 ml 6M HCI
Conditioning Sr-Spe —> —_—

c
0.5 mL 0.2M HCI (Loading)
Ba Sr Pb

In Elute Nd with 0.2 M HCI
(~0.5mi) (~6ml)
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SRS RER S B E LA S EREH (107 £)

HEZE#BEREZEWD T (BL Thermo-Fisher Scientific, Neptune PLUS A1) :

NGNS

¥

FHEL ACQUISITION #iEg

L 2

FARL TUNE #As

¥

BhAERAT

2

S E PR SRR

¥

A 1%

¥

BHEY METHOD EDITOR

¥

PHRUEERS U774

FHEL SEQUENCE #1fG

FRIAHET T Tk

¥

B B/ sequence

¥

FH#A sequence

BHEL EVALUATION

2

FRRCERHE R
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> REESINE
HERRESRIE R ~ I A SEaanat -
FIBHER ~ SR AR -
RS RARBE S IE T, ~ R AR AR -
PR S & A ER IR (R ) ~ Aridus I FEJH -

| .
. i
¢ .
5 i
¢ £
. L
’ 5
A '
¢ -
- ¢

BEHNRER

\..\AIH_IIIIIIII_III
\I.NIIJ‘IHII“.II:::::::

Hi

e L —
i =
y:}l:_-:?-:ﬁ

3588

B
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B TR E [E]fir 22 oA HE F PRl i AT TS (2/2)

> HTAEERETTRE Acquisition #ifs
fife 7 e e B R A AR

&' Neptune Software ;Iglil
File Edit Yew Faworites  Tools  Help |
dmBack « = - | {Qhsearch [ Folders ¢4 | e B x5 | Ed

j @Go

Address Iﬁ Meptune Software

X

| N

Acquisition Diagroskic Ewaluation Executive Method Editar
w® w L) lE »
PCL Display PCL Display PCL Sequence System Skatus
Controller
[Phune
Tune
[11 object(s) 15,1 KB [\ My Computer 4
/o EH
> BHBL Tune UG
&' Neptune Software = |EI|£|
File Edit Yiew Fawaorites Tools  Help |
dmBack « = - | {Qhsearch [ Folders ¢4 | e B x5 | Ed
Address Iﬁ Meptune Software j @GD
# K B X
Acquisition Diagroskic Ewaluation Executive Method Editar
w® w L) lE »
PCL Display PCL Display PCL Sequence System Skatus
[Phune
15,1 KB [\ My Computer 4

|11 ohjeck(s)
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>

BhA AT

une - [Neptune]
1l Fle Tume View Help

g =Iol x|
—ls|x|

- Aooessries ————————— x|
[ ]
HE E E T -]
Tune ~ Peak Cantral

Autosampler CLEle

0 san Cortrol | £% Zoom Optics | Wb Cup Configuration | T Detector Calibration | g Center Cup | 08 Sow 4| * |

f L 4 Selected Mass:
T

Selected Cup:

Break

meng: [

§

Stap

jefting

m Set
Elements: Breal:
m Feakscan Feakeenter m

r~Mass Scan

Start Mazs [u]

Minber of Steps:

™2

IW Start m
IW Stop

IAD[I Iv Continuous Mode
tion Time [s]: m ™ Integration Mode =

I ic3

[ Ic4 E

Edit. ¥ Jump to End

e @4 b B L

=B~ H

A\ [05/06/04 13:26:43] Restare

21 (05706404 13:28:49] Observe
1 [05/06:/04 13:28:43] Dbserve

Chartrecorder

T
E170

T
€180

T T T T
€130 €200 €210 B220

Time[s]

For Hel‘ press F1 \

\ \Cunnectiun Status: Mok Connected MUM 2

v

B Watch Parameter

Watch Parameter

States

@ Skimmer %Yalve

@ Guard Bectrode

& Hvon

@ Field Regulation hiode
@ fnalyzer Gate Open

Analogue

1R HZETE

lon Getter Press [mbarf |

Fore Vacuum P < .31e-00
CoolGasLimir]  [15.65
Sample Gas [L/min] 1093

LA 2ad 2t

HY on 35%@[ HV

Analyzer Gate Open

4.5 A EhHRE

- P SR P
L1
El ara E&
H2
H2
s 00 |
0w 0.01%
MIC Yoltages

C1 [@off|/C 2 [@off]iC 2 [@off]iC ¢
[@ati]iC5 [@off|iC & [@offiC7 [@aff]iC &

Start and Stop

! Start and Stop Plasma

2 B On B A AE
=lolx|

Emerg. Off

Settings
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102

SRS A A (T

PEbTE(2/2)

A AE U R4

Yfary

SSCE PR A
(S

aseHRE - AIFRE I JT

IR A IR 7R 2K A%

EEHITTE K[E

B Cup Configuration [Neptune]

Actual Cup Positions
Cup E_SDETM T arget Actual Single Cup  Status
MNumber '—————— Postion[mm]  Postion[mm]  Positioning

In position
Lz [
L4IC3
L4IC4
LaF (A £0.200 (o200 | © Fos OK
L3F a3kr 43.800 43,795 Set @ Fos. OK
LoF  [sasr B0 | | 31640 Set | @ Pos oK
LIF lesRb 14.700 14636 | [ Set ] @ PesoOk
Center-F/5 555
H1F 14,523 O Running
H2F | 2218 Set | @ PosOK
H3F | | 83 623 @ Pos. 0K
HZCh
HeF [z ] [ios330 | @ Undetined
H4CE
H4IC7
H4C8

Configuration

III

|strnnl|um -Rb-Kr

Rezet High

[ &dvanced
Zoom Optics
Focus [V],
Dispersion [V | 00|
u
[P I] GO CERNTY

Sub-Configurations

[MaRs )
(e

FH Source lenses i

e

SOEZ S B E])

1 Inlet system BHELEERE

BB EILZ JTACR EEI R %

Hﬂ Tune - [Neptune] ;Iglil
UL Fle Tume Wiew Help ;Iilil

— Peak Control

[146Nd |
C 'l St

Selected Mass:

Selected Cup:

Elements... | Break: |
m Feakscan | Feakeenter | m
—Maszs Scan
Start Mass [u] 1437 Start | m
End Mazs [u]: 1443 Stop |

Mumber of Steps: 400 ¥ Continuous Mode

Inteqiation Time [ 0131 vl [ Integration Mode

i [ Icz [~ Ic3 [ Ic4
[ ICs [ ICE " Ic? [ Ics

20 Scan Control |<§'6' Zoom Optics I W Cup Configuration I T Detector Calibration I wf Certer CupII M Source Lenses I + 1 Inlet System I I

For Help, press F1

|C0nnecti0n Status:

Mot Connected |WUM 2




M Source Lenses [Neptune]

EEX

M nlet System [Neptune]

File:  Finnigan_Tune LR.sle

Lenses:
Extraction [V}
Focus V]
X-Defl. M
¥ -Defl M
Shape [V}
Rot Quad 1 [V}
Souce Dffset [V}

@ Guard Electiode On/ Off

|
1 "
e |
B —rrw— |
1
!
\

[] @ Analyzer Gate Open  Closed
@ Wy onsof
Resolution

@Low O Medum O High

B @ Fie Finnigan TuneLR.sle

Et System

Cool Gas (Vmin}:
Au Gas [Vmin]:
Sample Gas [Vmin}:
Add, Gas 1 Vmink
Add. Gias 2 (1min}
X - Pos [mm]:

¥ - Pas [mm}

2 - Pas [k

Pei. Pump pm}:

R Power (W}

Hl—=_m =] |15

H = ——1F] [

A [

HE——1 [°®

HEET—=IF [*®

H—=r— (=

A ——F] [2™
= ——1F] [*™
H[ i —f] | 50

H—T—1[] [ ®

@ Peri. Pump On
@ Peri. Pump Tums cu.

2.3.

* Detector Calibr:

ARl
PR BRI MO 28 K s ey Jallat > BlhgE"Gain”

=lolx]

L Break
Faraday Cups | lon Courter |

List |

Fiecalibrate

Baseling

I Gain

IR TE IR F R R ER IR 1~2 /Ny
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> R
{5 Auto-sampler Uk HUERAE fn (R M H AR T 3R 2 AR 4R )

Hﬂ Tune - [Neptune] ol x|
File  Tune ‘Wiew Help - |E’|£|
2% Sean Cantral | &4 Zoom Optics | W Cup Configuration I = Detector Calibration I wf Center Cup I M@ Source Lenzes I + 1 Inlet System I
L
— Peak Contral
Selected Mass: I1 46Nd =
Selected Cup: IC 'l St
Elemerts... | Break |
m Feakszan | Feakcenter | m
—Mass Scan

Start Maszs [u]: I‘I 437 Start | m
End Mass [u]: I‘I 4.3 Stop |

Number of Steps: 400 V' Continuous Mode
Integration Time [z]: ID_131 vl [ Integration Mode
i [~ Ic2 o] [~ ICc4
I~ Ic5 [~ ICE [~ IC? [ Ic8
For Help, press F1 | |Connection Status: Mot Connected W A
= = 2T e N T = 2T 8 &= AL B
1. wER HEEE SR OB ER - SRR EE - kR G EF B8
+ Gcan Control [Neptune] - IEIILI
LN
- Peak Contral
Selected Mass: I1 46M4 -
Selected Cup: IE "I Sef
Peak center 1FHfE
Elements. .. | Break |

M Scan Control (Peakcenter)

2 m Feakscan | Feakcenter, | m = = \E| 4 _ -

- Mass Scan 2

Start bass [u]: I1 437 Start | m 5
End Mass [u]: |144-3 Stop | :

=

MNumber of Steps: 400 v Continuous Mode z :
3

Integration Time [g]: ID_131 vI [ Integration Mode

[~ Ic1 [ Ic2 [~ IC3 [~ IC4 ,

[~ IC5 [~ ICE [~ Ic? [~ Ice

27.30 8785 87.95 88.00

87, ‘S[I
Mass 3t Cup C u]
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2. Mass scan sH#ELp w28 Sl RGN E & 1T E 2507 (A0 T =8
RZSEER - B]FH%Z Focus Quad, Focus, Shape Z5£:44)

B Scan Control (Peakscan)
=EBEe=-Ex~ B

Intensity ]

T T T T T
av.e0 87.85 a7.90 8795 88.00
Mass [u]
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BRI [EI Z A HE PR R

SRS A A (T

PEbTE(2/2)

>  FAEZ Method Editor

& Neptune Software

Fila  Edit Wiew Favarites

Taals

Help

=0l x|

d=Back ~ = - | Qhsearch  [YFolders £ | FERLr B S ) | £~

Address Ia Mepkune Software

j ﬁGU

& N

X

Acquisition Diagnostic Evaluation Executive Method Editor
I% I% EE 6" ]
PCL Displary PCL Displary Sequence Systerm Status
Conkraller
[Phane
Tune
[11 object(s) 15,1 KB [\ my computer

1 BENETTE - BEZHE

* Acquisition Control

|sotope Ratios

Ratio ' lsotopel | Isotope2  |EC Nomml = Normz
1 1:845¢ 1:865r ® %
2 1:875¢ 1:865r ® %
3 1:885r 1:865r ®
4 1:845¢ 1:865r %
5 1:8751 1:865¢ ®
B 1:885r 1:865r

- Interference Carrection
Interf. | Ratio Corrval I MNorm1 I MNorm?2 I

@ Evaluation Parameter | mp Muludynam\cEvaluatan % AL &Wewghlé' CC- Famurl T FUrmuIaEdltDrI

AR

BER i Z R ZREEE

7Ou(herT ‘

™ Integrations
I~ Cycles

" Blocks

2 Sigma -
2 Sigma -
2 Sigma -

—1 Mass Bias Carrection

Mormalizing Ratio 1
Mormalizing Ratio 2

Correction Law

none E
Exponential Law T

True Yaluel |0
True Yalue 2 |0

Acquizition Parameter

Murber of Blocks q Cpcles/Block |20
I Cup Configuration !stronllumrF\brKr.ccf v|| g g
BHEARE G BN SRR A Clapectst ] mra
AR QHZR % S
Line | Mass Set e Lz Lz L Center H1 Hz2 Integration Mumber of Idle Control Cup | Control Cup
o SEM/RPO Timels] Integrations | Time [5] | Peakeenter | Focus
1 | main 82Ki | 83Kr | 8451 | &5Rb | 865r 8751 |s8st | s8.388 1 3.000 | 885r NONE

PR ESAHRRR
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2. fH Evaluation parameter /1 [EIZEE1E Mass Bias [z ZELE - HE

I O Evaluation Patameter | M0 Multidynamic Evalustion | %:. &Weight% | € C-Factor | T Formula Editor |

Outlier Test

[ Integrations 2Sigma
e

Cycles |2 Sigma v}

Blocks 12 Sigma v

Mass Bias Correction

Normalizing Ratio 1

1:8851/1:8651 |

MNormalizing Ratio 2

I none v

Correction Law

Exponential Law

|ive value 1 (8375209 |

True Value 2 1 0
s LR EH Z B R

107
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> BHREY Sequence #iAg

& Neptune Software o =] 3
File Edit View Favorites Tools  Help |
q=Back ~ = - | Qysearch [YFolders £ | BB x o | E-

Address I@ Meptune Software j (»’Go

& S X

Acquisition Diagnostic Evaluation Executive Method Editor

w & L | | e
PCL Display PCL Display PCL Sequence System Status
Contraller
[#hine
Ture
[11 object(s) 15,1 KB [\ my computer 4

A BER o ~ BRI E R 2 B B
B & iE Bk Z HIENHF?

# sequence Editor e (=] 3]
P Sequence Edit Execute View Settings Window Help 1= x|
DEE|r! n|x=-R& 2
e —————
Sequence Name: I
A Lz) E) w Start at Run Number: J1
Date: |1 9-May-2004 09:36
E) l) E) y LU) 2_1) Comment: |
19|20/ 21 | 22 | 23 | 24 Operstor |
5 ) Instrument: |
13| 14| 15 | 16 | 17 | 18
7108 |9 | 101112 Directory To Evaluate |
4 ) 1 2 3 4 5 5 Browse... I Evaluate

Run Sample Sample ID | Filename Description Method File Tune Status Rack Vial Takeup | Takeup Wash | Mash
Yumbe » » [Comments] ~'| Parameter P 0 Pos. 0 Time Unit L Time
1 =, _/| enable

> };ﬂ? Run Method 5 Start §# » BEA&HEITHT
1. TKBHE/EJHU ’ %L{T~%§UEI§§T§’EDHEP\EU  HERD e R B S AR RETE -
2. HERDAMBIRENS RFEE - A TR AL Z R EE M -
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>

5 BZ Evaluation #Eg

& Neptune Software o =] 3
File Edit View Favorites Tools  Help
q=Back ~ = - | Qysearch [YFolders £ | BB x o | E-

Address I@ Meptune Software j (»’Go

& . X

Acquisition Diagnostic Evaluation Executive Method Editor

w & L B#H e
PCL Display PCL Display PCL Sequence System Status
Contraller
[#hine
Ture
[11 object(s) 15,1 KB [\ my computer 4

B A M 2 &5
Tt AT Ees

Data Evaluation =1
File Wiew Settings Help . \|:| ;Iilll
- Accessories ———— x| i BlockContral LCwcle Contral St Dy TE MD 1ew Conbrol
Application Start P (| 0 - ] Black ’_H [ ] Cycle ’_| EM B D Bl Dhiao
l HMEEEXx « : Blodk Time 84St 85Rb 265 8750
. . A7:45:56:407 1.9772509-002 4.9956158e-004 354456330001 2.6713042e-001
File Browsar ©C A 747 24404 19759784002 5.5008352e-004 35418012001 2.57014452-001
b | Search | 17:43:53:405 1.9953781 002 5.1663827 ¢-004 3.4853264e-001 25292164001
Name i 17:50:21:400 196212497 &-002 5.1104352e-004 3.5141097 e-001 2.5997227 &-001
a onlineinfo.dat 3 47:51:50:408 1.97 11023 e-002 4966607 9e-004 3.5330417 e-001 2.6834732e-001
Cup Lz L1 C H1
Info thdgy thdgy thdgy thdgy
Mean 1.0863850-002 51516753004 352379046001 2.5668722e 001
StdEr i%) 2.0011435e-001 1.8827519e+000 3.1194996-001 2.1026181e-001
StdEr (abs) 5.5817309e-005 9.6993263-006 10992431 e-003 79328950004
StdDev (%) £.6054003 001 420995 12e+000 6.9754131-001 £.9376651e-001
StdDew (abs) 1.3151070=-004 2.16293523 005 24570924003 1.7738723:-003
Valid Values 551 S(5) a(5) S5

BlockControl Cycle Contral St Dy TE MD iew Contral ——
i > pl k| || 14 4 > Bl oo | o B oL EMIio

o

| Dietail I

A FERRE A HY Evaluation 7 &4 5

> [HPAER

1.

Hy5¢ Data SERAMERT » SeLl 2% (or 5 %) T BEEIER A& ET TR R 5 708 » 1M
RIEAERTH 5 rsEWHZE e -

et T A2 g Analyzer Gate open” K2 ”HV on 8 » DIEEHE Valve & =5k -
1£ Tune E  Start and Stop Plasma {7#&5 T » % [ Off ## -

HESEEIL - RERES ~ BREEDH - Arirdus 1 BAEA -
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Aridus || R 2 SEfE T R

AHH5E(HFH MC-ICP-MS #£iC Aridus 11 #E4E Z.45%

A w e

110

Aodus

IR R RS 1 Lmin > SURTERFEEE K 3 mL/min » WUE 5 775 -
E IR A IR e RURUEER R By 0.25 L/min SRR ZRFHEE By 1 mL/min -
PE'E R AR IR IR - B 1~2 /)N

RIGEAEIME TR ER - SoRnE - DHUSE R ER R AT -



SRS EEASBREREE-BEREURMEZBIETTR

FPHTRAT BT RS - AN ZEH B /8 (space-charge effect) » &0k
R MR SRS S A A 5 2240k (Instrumental Mass Fractionation) » H it =2 A )7
AT R BV ELE -

DISE BBl > BATHT LUSIE ®°St%°Sr ERff > S (R FLER(E By 0.11940 - [A] *°Sr/*sr
FEERRT (LR - AATAERE L Z RN - EHER BB &
FEEHEE o IRUE AR 2R *0Sr/®8Sr > (L » DRI (T (] Pl 81 R M
0.11940 72 F e Bk BaFEE 4 2 SHETER - AUBIE M EspnEE 4 2 SHEMER
B I B 7 A R R RS B E A B AR R E B 2 B2 R4
HaTEER b ¥TSr B %St 2 SLAEF By %St 82 %St p{BfER 3 o Rt 0 3
TS *OSrPSr ELEBIEE 7 B (FrlatE ¥S*sr M EfEH -

s 250 bE(Linear Law) T BT -
N
au,v) = <RW> /Amy,

Bt o BEMZE u Ml v ZEALZREGE - Am Fy u Bl v ZE B2 54(41 86 £ 88
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T I ATIEIEZ AL AR (Power Law) 5 EE (Exponential Law)
2 ITHEAME IR R PR 2 R £ B AER © EATRA S e o ) AR s
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am; 2 2
m;\ m; m; ;
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=44 © Isotopic tracing (Sr, Nd, U and Hf) of continental and marine aerosols in an 18th

century section of the Dye-3 ice core (Greenland)

fEZ : Lupker, M., Aciego, S. M., Bourdon, B., Schwander, J. and Stocker, T. F.
HiE% © Earth and Planetary Science Letters, 295(1), 277-286 (2010)

Abstract :

Determining the sources and pathways of atmospheric mineral dust and marine
aerosols remains a difficult problem. In order to address this problem, the radiogenic
isotopic composition of the dust and soluble ice components of Greenland ice has been
determined and used as a source tracer for mineral dust and marine aerosols. Sr and Nd
isotopic composition was measured, with a yearly to seasonal resolution, on both the
bulk dust and soluble fractions of a section of the Dye-3 (1988) ice core from Greenland
in the age range of 1786 — 1793 A.D. Hf isotopic composition was also measured for
three of the dust samples as a complementary tracer of dust origin, the first direct
measurement of Hf in paleo-atmospheric dust. Measured Nd and Sr isotopic
composition of the dust corrected for carbonate contributions are compared to literature
potential source area (PSA) data (< 5 um size fraction) and shows variability of the
potential source area on short time scales. Half of the samples show similar Sr and Nd
compositions as previous work from Greenland ice cores, indicating Asia as one
potential source to the Greenland dust load with contributions from the Taklimakan,
Gobi desert and the Ordos Plateau. However, the remaining samples, with less
radiogenic Sr compositions, suggest another dust source mixing with the Asian dust. Hf
isotopic compositions exclude volcanic aerosols as the other main mixing source and
we propose the Sahara as being this additional dust source to Greenland based on the
limited data set from this region. The radiogenic isotopes within the soluble fraction are
found to be of marine origin with ®’Sr/%Sr values and 2*U/?*®U activity ratios close to
seawater. gng variations are significant (> 6 € units) and are decoupled from dust

composition, indicating that the Nd composition of seawater is preserved in the ice. The
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eng Of the ice suggests variable mixing of aerosols from Arctic sea salts with another,

more radiogenic, source during transport.
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%844 * Nd and Sr isotopic characteristics of Chinese deserts: Implications for the

provenances of Asian dust

fEZ : Chen, J, Li, G, Yang, J., Rao, W.,, Lu, H., Balsam, W., Sun, Y. and Ji, J.
HiE% © Geochimica et Cosmochimica Acta, 71(15), 3904-3914 (2007)
Abstract :

Silicate Nd-Sr isotopes of the fine-grained fractions of the 10 major deserts and
sandy lands in North China and the loess in Chinese Loess Plateau were systematically
investigated. Wide ranges in Nd-Sr isotopic compositions have been observed. The
results of the <75 um silicate fractions show that the Nd—Sr isotopic compositions of
each desert are quite homogeneous and unique. According to the geographic distribution
of the deserts and their Nd—Sr isotopes of both the <75 and <5 um silicate fractions,
three isotopic regions of Chinese deserts can be identified: (A) the deserts on the
northern boundary of China, with the highest eng(0) > —7.0; (B) the deserts on the
northern margin of Tibetan Plateau, with gng(0) ranging from —11.9 to —7.4; and (C) the
deserts on the Ordos Plateau, with the lowest eng(0) < —11.5. The distribution of the
threes isotopic regions is controlled by the tectonic setting in North China, which
implies that the materials of the deserts are derived from the locally eroded rocks from
the surrounding mountains and the Nd-Sr isotopic signatures of these deserts could be
quit stable over the past million years on the sub-tectonic time scales if there is any
desert at those times. The Nd-Sr isotopic compositions of the loess are mostly close to
those of the deserts in isotopic region B, suggesting that the main source regions of the
last glacial loess in the Chinese Loess Plateau are Badain Jaran Desert, Tengger Desert,
and Qaidam Desert. Also, the comparison between the Nd—Sr isotopes of the <5 um
silicate fractions of the deserts and the ancient dust falls in the North Pacific and
Greenland show that the Asian end members of these dust falls are derived most from

the deserts in the isotopic region B and less from those in the isotopic region C.
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844 * Nd-Sr isotope geochemistry of fine-grained sands in the basin-type deserts, West

China: Implications for the source mechanism and atmospheric transport
fEZ& : Rao, W., Tan, H., Chen, J., Ji, J., Chen, Y., Pan, Y. and Zhang, W.
HiB& : Geomorphology, 246, 458-471 (2015)

Abstract :

The basin-type deserts of West China are among the greatest dust emission areas in
the world. Mineral dust that is emitted from the deserts is transported and deposited in
east-central China and even in far-east regions. This study investigates the Nd-Sr
isotopic compositions of fine-grained surface sands (< 75 um) from two basin-type
deserts ofWest China (the Taklimakan and Gurbantunggut deserts) to clarify the source
areas and atmospheric transport of mineral dust. The Nd isotopes are useful for tracing
the provenance and transport of sediments because they depend on the source rocks and
are usually used with Sr isotopes which are affected by multiple factors such as
chemical weathering, particle sorting and parent rock. The radiogenic isotopic
compositions of the dune sands from the Taklimakan Desert range from gng (0) = —10.9
to —15 and ¥Sr/*°Sr = 0.714 to 0.718, while those of the dune sands from the
Gurbantunggut Desert range from eng (0) = —4.5 to —6 and ®'Sr/*°Sr = 0.711 to 0.713.
The isotopic compositions of the fine-grained surface sands are not spatially uniform
within each desert and are controlled by the lithological characteristics of the tectonic
units inwhich the deserts are located. The isotopic comparison of the dune sands with
other sediments indicates that tectonic denudation and fluvial processes are the
mainmechanisms of fine particle production of themodern desert sands. In terms of
isotope analyses and forward trajectory results, it is further found that the mineral dust
is deposited not only in proximal areas, such as the Hexi Corridor, the Chinese Loess
Plateau and the Tibet-Qinghai Plateau, but also in distal regions, such as Japan, the
Pacific Ocean and Greenland once it is blown out of the Taklimakan Desert. However,

the transport and sinks of mineral dust vary with the atmospheric currents.
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=44 © ldentifying the source of Zn in soils around a Zn smelter using Pb isotope ratios

and mineralogical analysis

fEZ : Jeon, S.-k., Kwon, M. J,, Yang, J.-s., and Lee, S.

HiBE :  Science of the Total Environment, 601-602, 66-72(2017)
Abstract :

The contribution by anthropogenic sources to abnormally high Zn concentrations
in soils with naturally abundant Zn was investigated at a contaminated site surrounding
a Zn smelter in eastern Korea. Nineteen soil samples were collected within a 2 km
radius of the smelter, and analyzed for metal concentrations and Pb isotope ratios using
an inductively coupled plasma-optical emission spectrometer and -mass spectrometer,
respectively. Higher Zn concentrations in locations closer to the smelter implied that the
smelter was the source of the Zn pollution. Lead isotope ratios (*°°/*°’Pb) from soil
samples assumed to be unaffected by the smelter were higher than those found in the
contaminated area, suggesting that the raw materials of Zn concentrates (ZnS,
sphalerites) and smelting by-products from the smelter with low 2°¢/2°’Pb ratios were the
anthropogenic Zn source impacting the area. To verify this finding, the mineralogical
forms of Zn found in the different soil fractions were investigated by X-ray diffraction
analysis, scanning-electron-microscope energy-dispersive spectrometer analysis, and
sulfur element analysis. Since approximately 50% of Zn concentrates have particle sizes
less than 0.044 mm, the observation of sphalerites and elevated sulfur concentrations in
the finer soil fraction (< 0.044 mm) provide substantial support to the hypothesis that
the deposition of airborne Zn-containing dust from the smelter is responsible for the

high Zn concentration in the area.
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%844 * Variations of Cd/Pb and Zn/Pb ratios in Taipei aerosols reflecting long-range

transport or local pollution emissions

fEZ : Hsu, S.-C,, Liu, S. C., Jeng, W.-L., Lin, F.-J., Huang, Y.-T., Candice Lung, S.-C.,
Liu, T.-H., and Tu, J.-Y.

HBE : Science of the Total Environment, 347(1), 111-121 (2005)
Abstract :

Along with windblown dust, large quantities of pollutants are annually brought out
of continental China by the westerlies in winter and spring; thereafter, they are partly
subjected to transport by northeastern monsoon winds to Taiwan. To characterize the
heavy metal composition differences between long-range transported and local aerosols
and to evaluate metal contributions from long-range transported aerosols during the
northeastern monsoon season, both PMj, and PM;s aerosols collected from Taipei,
Taiwan from February 2002 to March 2003 were analyzed for three selected heavy
metals, namely Pb, Cd and Zn using ICP-MS. Monthly patterns show that Pb
concentrations in winter (62 ng/m®) were over two times higher than those in the other
seasons, which is attributed to long-range transport from areas under development in
China. Low Cd/Pb (0.017) and Zn/Pb (1.82) ratios were measured in aerosols collected
during the Asian dust period, in which the ambient aerosols consisted predominantly of
long-range transported pollutants. By contrast, high Cd/Pb (0.030) and Zn/Pb (3.44)
ratios were observed during the summer monsoon season, in which aerosols were
dominated by local pollutant emissions. Cd/Pb and Zn/Pb ratios appear to be
successfully applied to identify the pollutants originating principally from the
long-range transport or from local emissions. In addition, by assuming that a significant
fraction of heavy metals associated with coarse airborne dust have settled to the sea
prior to reaching Taiwan in spring, a mechanism is suggested to explain why higher

anthropogenic metal concentrations occurred in winter than those in dust-rich spring.
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%84 © Lead isotope ratios in ambient aerosols from Taipei, Taiwan: Identifying

long-range transport of airborne Pb from the Yangtze Delta

fEZ  Hsu, S.-C., Chen Liu, S., Jeng, W.-L., K. Chou, C. C., Hsu, R.-T., Huang, Y.-T.,
and Chen, Y.-W.

HBE : Atmospheric Environment, 40(28), 5393-5404 (2006)
Abstract :

Atotal of 142 sets of PM;, and PM, 5 aerosol particles collected from Taipei during
a period from April 2003 to February 2004 were determined for atmospheric Pb
concentrations. Among these samples, 77 sets of samples representing four seasons
were selected for measuring Pb isotopic compositions to determine the relative
contributions of various pollution sources. Results reveal an evident seasonality of high
winter and low summer Pb concentrations, resembling those observed in Shanghai,
China as well as many East Asian countries. Together with synoptic atmospheric
conditions analysis, the seasonal pattern is attributable to the impact of long-range
transport of Pb-rich anthropogenic aerosols from the Chinese pollution outflows in the
northeast monsoon and to the effective removal by wet deposition in summer. Results of
208pph/207ph and 2°Pb/?’Ph isotope ratios show a minimum in summer, thereafter
increasing progressively to fall to winter and reaching a maximum in spring. The
summer values are similar to that of tunnel particles for 2°Pb/**’Pb ratio but dissimilar
to that of tunnel particles for 2®Pb/?°’Pb ratio. Here summer aerosols may represent a
local pollution-influenced case, and tunnel particles represent a vehicle exhaust source
for atmospheric Pb. Therefore apart from vehicle emissions of Pb for Taipei aerosols,
other sources such as incineration, metalliferous industry and coal combustion of fire
power plants need to be taken into account. The winter and spring Pb isotope ratios are
quite comparable with those measured in China, especially Shanghai in the Yangtze
Delta. Again this demonstrates northern Taiwan has already been affected by continental

pollution of long-range transport during the northeast monsoon season beginning in
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early fall and ending in late spring. By employing a two end-member mixing model
based on the assumption that the summer case represents the local source end-member,
the relative contributions of long-range transport for anthropogenic Pb have been

estimated to be 40% in fall, 50% in winter, and 75-85% in spring.
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=44 * Heavy metals and Pb isotopic composition of aerosols in urban and suburban
areas of Hong Kong and Guangzhou, South China—Evidence of the long-range

transport of air contaminants

fEZ : Lee, C.S. L., Li, X. D., Zhang, G., Li, J., Ding, A. J. and Wang, T.
HBE : Atmospheric Environment, 41, 432-447 (2007)

Abstract :

Rapid urbanization and industrialization in South China has placed great strain on
the environment and on human health. In the present study, the total suspended
particulate matter (TSP) in the urban and suburban areas of Hong Kong and Guangzhou,
the two largest urban centres in South China, was sampled from December 2003 to
January 2005. The samples were analysed for the concentrations of major elements (Al,
Fe, Mg and Mn) and trace metals (Cd, Cr, Cu, Pb, V and Zn), and for Pb isotopic
composition. Elevated concentrations of metals, especially Cd, Pb, V and Zn, were
observed in the urban and suburban areas of Guangzhou, showing significant
atmospheric trace element pollution. Distinct seasonal patterns were observed in the
heavy metal concentrations of aerosols in Hong Kong, with higher metal concentrations
during the winter monsoon period, and lower concentrations during summertime. The
seasonal variations in the metal concentrations of the aerosols in Guangzhou were less
distinct, suggesting the dominance of local sources of pollution around the city. The Pb
isotopic composition in the aerosols of Hong Kong had higher 2°Pb/*’Pb and
208pp/207ph ratios in winter, showing the influence of Pb from the northern inland areas
of China and the Pearl River Delta (PRD) region, and lower 2*Pb/?’Pb and 2°®Pb/*’Pb
ratios in summer, indicating the influence of Pb from the South Asian region and from
marine sources. The back trajectory analysis showed that the enrichment of heavy
metals in Hong Kong and Guangzhou was closely associated with the air mass from the
north and northeast that originated from northern China, reflecting the long-range

transport of heavy metal contaminants from the northern inland areas of China to the
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South China coast.
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=44 © Isotopes as tracers of sources of lead and strontium in aerosols (TSP & PM2.5) in

Beijing

{EZ : Widory, D., Liu, X. and Dong, S.

HiBE ' Atmospheric Environment, 44, 3679-3687(2010)
Abstract :

Even after its being phased out in gasoline in the late 90s, lead (Pb) is still present
at relatively high levels in the atmosphere of Beijing, China (0.10 - 0.18 pg/m®). Its
origin is subject to debate as several distinct sources maycontribute to the observed
pollution levels. This study proposes to constrain the origin(s) of Pb and strontium (Sr)
in aerosols, by coupling both Pb and Sr isotope systematics. The characterisation of the
main pollution sources (road traffic, smelters, metal refining plants, coal combustion,
cement factories, and soil erosion) shows that they can unambiguously be discriminated
by the multi-isotope approach (*°Pb/?**Pb and Sr/*°Sr). The study of total suspended
particulates (TSP) and fine particles (PM,.5) from Beijing and its vicinity indicates that
both size fractions are controlled by the same sources. Lead isotopes indicate that metal
refining plants are the major source of atmospheric lead, followed by thermal power
stations and other coal combustion processes. The role of this latter source is confirmed
by the study of strontium isotopes. Occasionally, emissions from cement plants and/or

input from soil alteration are isotopically detectable.
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244 © Linking Barbados mineral dust aerosols to North African sources using elemental

composition and radiogenic Sr, Nd and Pb isotope signatures

{EZ : Bozlaker, A., Prospero, J. M., Price, J. and Chellam, S.

HiBE © Journal of Geophysical Research: Atmospheres, 123, 1384-1400 (2018)
Abstract :

Large quantities of African dust are carried across the Atlantic to the Caribbean
Basin and outhern United States where it plays an important role in the biogeochemistry
of soils and waters and in air quality. Dusts’ elemental and isotopic composition was
comprehensively characterized in Barbados during the summers of 2013 and 2014, the
season of maximum dust transport. Although total suspended insoluble particulate
matter (TSIP) mass concentrations varied significantly daily and between the two
summers, the abundances (pg element/g TSIP) of 50 elements during “high-dust days”
(HDD) were similar. Aerosols were regularly enriched in Na, Cu, Zn, As, Se, Mo, Cd,
Sn, Sbh, and W relative to the upper continental crust. Enrichment of these elements,
many of which are anthropogenically emitted, was significantly reduced during HDD,
attributed to mixing and dilution with desert dust over source regions. Generally, Ti/Al,
Si/Al, Ca/Al, Ti/Fe, Si/Fe, and Ca/Fe ratios during HDD differed from their respective
values in hypothesized North African source regions. Nd isotope composition was
relatively invariant for “low-dust days” (LDD) and HDD. In contrast, HDD-aerosols
were more radiogenic exhibiting higher 8'Sr/®sr, 2°°pph/2ph, 2P/ ph, and
208pK/294pY ratios compared to LDD. Generally, Barbados aerosols’ composition ranged
within narrow limits and was much more homogeneous than that of hypothesized
African source soils. Our results suggest that summertime Barbados aerosols are
dominated by a mixture of particles originating from sources in the Sahara-Sahel
regions. The Bodélé Depression, long suspected as a major source, appears to be an

insignificant contributor of summertime western Atlantic dust.
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8 %4 * Multi-isotopic fingerprints (Pb, Zn, Cu) applied for urban aerosol source

apportionment and discrimination

fEZ : Souto-Oliveira, C. E., Babinski, M., Araijo, D. F. and Andrade, M. F.
HiE® :©  Science of the Total Environment, 626, 1350-1366 (2018)
Abstract :

Air pollution imposes serious health risks to urban populations and currently is the
major environmental threat to the public health worldwide. In this context,
discrimination and tracing of pollutants in atmosphere is a great challenge nowadays.
This study reports the simultaneous use of Pb, Cu and Zn Multi-Isotopic Systems (MIS)
to identify and discriminate pollutant sources of atmospheric particulatematter (PM)
collected in day and nighttime temporal resolution in S& Paulo city, Brazil. The
isotopic fingerprints of road dust and tires (5°°Zn = 0.00 to +0.20 %o and *®Pb/?’Pb =
1.16 to 1.19) were differentiated from vehicular traffic (6°°Zn = —0.60 to +0.00 %o and
206p/27phy < 1.19) and PM from an industrial area (5°°Zn < —0.60 %o and *°Pb/*’Pb >
1.20). Isotopic signatures of cement (5°°Zn = 0.00 to +0.30 %o and &°°*Cupst= +0.30 to
+0.61 %o) were distinguished from road dust (665Cu = +0.08 to +0.25 %o) and vehicular
traffic (865CUN|5T = +0.46 to +0.59 %o). The isotopic compositions found in PM for Pb
(*®Pb/*’Pb = 1.156 to 1.312, n=113), Zn (5°°Zn = +0.43 to —1.36 %o, n=62) and Cu
(8%°Cu = +0.12 to 0.66 %o, n=7) are comparable with those measured on the main
pollutant sources found in urban areas. Zinc and lead isotopic compositions of PM from
Sao Paulo showed diurnal variations indicating the industrial contributions carried by
cold fronts and road dust suspension associated to high wind speeds and trafficpattern. A
ternarymixingmodel based on Pb and Zn isotopic fingerprints of themain pollutant
sourceswere developed to account vehicular traffic (70%), industrial area (10%) and
another uncharacterized source (20%) contributions, possibly associated with industrial
and biomass burning emissions. Our findings validate the use of Pb, Cu and Zn MIS to

source apportionment studies in the atmosphere with multiple and complex pollutant
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