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To investigate the potential of the metal isotopes on the environmental forensics,
we first develop a series of isotopic techniques, including Sr-Nd-Pb isotopes, and
further evaluate the method for purifying Fe, Cu, Zn and Cd for environmental materials.
We used one international rock standard - BHVO2, and two types (i.e., oxidative ad
reductive slags) of slag samples for testing the digestion method, column chemistry, and
the isotopic techniques. Our results show that chemical yields for Sr, Nd and Pb are
better than 80%, and the isotope techniques for Sr, Nd and Pb are successfully
developed in this study. Recoveries of Fe ~ Cu ~ Zn and Cd are all better than 80%. By
combining the Sr-Nd-Pb isotope systems, the studied slags from three steel smelting
plants show distinct 8'Sr/®Sr, eng and Pb isotopic ratios, strongly indicating the utility of
using the Sr-Nd-Pb isotopic signatures in slags as a powerful tracer for environmental

forensics.
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To investigate the potential of the metal isotopes on the environmental forensics,

we first develop a series of isotopic techniques, including Sr-Nd-Pb isotopes, and
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further evaluate the method for purifying Fe, Cu, Zn and Cd for environmental materials.
We used one international rock standard -BHVO2, and two types (i.e., oxidative and
reductive slags) of slag samples for testing the digestion method, column chemistry, and
the isotopic techniques. Our results show that chemical yields for Sr, Nd and Pb are
better than 80%, and the isotope techniques for Sr, Nd and Pb are successfully
developed in this study. Recoveries of Fe ~ Cu ~ Zn and Cd are all better than 80%. By
combining the Sr-Nd-Pb isotope systems, the studied slags from three steel smelting
plants show distinct ®'Sr/*®Sr, eng and Pb isotopic ratios, strongly indicating the utility of
using the Sr-Nd-Pb isotopic signatures in slags as a powerful tracer for environmental

forensics.
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IR EH - RSB RE 2R - BRI T4F - FEL RO IR 87 AR g R
S MR = IR M VA RE B 28 P R B AR BV TR » (leils 1 22 (ERY
SIS - R T R F L R e AR B ER LR A 3 -

[FEIfr R Ryc B A A Z R T (E T8 e 28 (E T80 8)- A HE Y
Fy > WAEAAREN T T8 VE AR - FURECRRES Z S ET
RAREL > ATNEERZER - SIGRS BN [E - —(ER R B BT Ry/KAEZ
e B 0 KR AR 0 K ZE S ESRIB YL ML R AR - 28
W R HTREB A A S EE R (E 2-1) - g AR A
RIEEIIE Cu ~ ®Cu - SHEERFAPAIES *2Zn ~ *Zn ~ ¥Zn - ®zn - Zn % -
& 2-1 5F5 AR EEETTREE AT PR ANELER - B 2-1 f1 > SLEERE
MMEFRERNM R © BEF e hZ TR EML RN R AT 2 E 88
OFRFNZLREEAR P EERS ZEEY - R A EAZETFREZITR
FEEAF T RANRERMLZEH - =548 RAD ~ COS ~ MIF - RIIFTHIFRZIT
RE RS - THAGRESE - BE S BT E -
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2 2 isotope used in delta value 4 2
H of StahFe ‘SDFBPE system \ number of stable isotopes "traditional" stable isotopes He
or most abundant isotope \ (including some very long-lived radionuclides) RAD
7 2[9 1 56 4] 11 2013 2|15 2J16 3|19 1f20 3
H RAD: infl i L
Ll /7Fe influencec radiogen rocesse B c N o Ne
element symbol < MIF]  RAD MIF
23 1126 3 MIF: mass-independent fractionation observed 27 1130 .3 31 1134 4|37 2140 3
MQ in nature (bold) or only in the laboratory Sl S CI Ar
MIF MIF MIF RAD
41 3|44 6§45 148 5|51 2|53 4|55 1|56 4|59 1(60 5[5 2|66 5|69 2|74 5|75 1|82 6|81 2|84 ©
K | Ca Ti|V |Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As |Se|Br | Kr
RAD |RAD MIF MIF RAD MIF MIF MIF
87 2/88 489 1|90 5[93 1|98 7|99 0|102 7|103 1]106 6109 2114 8115 2(12410|123 2130 8(127 1|132 9
Rb|Sr| Y | Zr|Nb|[Mo|Tc |Ru|Rh |Pd|Ag|Cd|In |Sn|Sb|Te | | | Xe
RAD RAD MIF RAD MIF RAD MIF MIF RAD MIF RAD MIF MIF RAD
133 1137 7 180 6)181 2184 5(187 2192 7|193 2|198 6197 1|202 7205 2 (208 4|209 1]209 0]210 0222 0
Cs|Ba|REE|Hf [Ta | W |Re |Os| Ir | Pt |Au|Hg| Tl [Pb| Bi |[Po| At [Rn
MIF l rap MIF| RAD MIF RAD RAD MIF RAD RAD
139 2142 4)141 1145 7|147 0|149 7|153 2|160 7|159 1|164 7165 1|168 6|169 1[174 7176 2
La|[Ce|Pr|Nd|Pm|Sm|Eu|Gd| Thb | Dy |Ho| Er |Tm]|Yb | Lu
RAD RAD RAD MIF RAD MIF MIF MIF RAD
238 0
Ulz)
RAD MIF

& 2-1 FEHEIFEE i EE (Wiederhold, 2015)

2.1.2. BBERMTZEFTE

H

fR e [EMi 2RV Ll & LU fn Z FMIL R EEEMH BN 2B YA Z [F{r RELEZK
T o EEEE T AEERE 2RSSR T LAE G ERE > FERtHRR T
[Eir RECEREHENE BRI EE - e R R B REE R DL 6 ERFR

(*E/VE) sampie
(*E/YE)standara
x Fly FnoeE EMENZER @ #@E DENE RS8R ED T HE R
(RFE8/NESRIERER - JIt > 8 [HEAIEER - ABREARSZYEE 2 EH
FEfI % K2 S EREERERTEARSEYE 8 SH[E £ -

lll

6*E = —1{x 1000

st TR 2 Fr R A /N KUK B > A (E ] e TomiAHR
HERIEOR 10000 (% » DAF[EMi 27252 2 HIH] -

(xE/yE)sample

— 1| x 10000
(xE/yE)standard

e*E =




il

2.1.3. B Er 2= {EIEH

C|

[EfE TR M T ER A - (B2 - EEIRZRNEE - #EEREN
5 BB EYEE IR S EERATE - BIFTEERIEAL 2R EIEH - —fH
[Eir 28 o B (R B o REFRRI(E L &P 2 s BIEH

X/YR,
Ap-p = m
RAEEYIA BB T EN1 2R x ¥y [Ffir R Z EhE - o B8 RET 10 % A € (enrichment
factor) s ¢
g4_g = (ay_p — 1) X 1000

Mo~ o~ e ZMZBERATEL :

g4 ® 04— 05 = 1000In ay_p
CEE : AEHERZ € 91 2.1.2 fifTat> e R[E > FHLRE)

RS R E RO =AY b L FE w] o Ry B D[R 22 7 (LU (Kinetic isotope
effect) F1~- i [E) (i 2 53 (L% FE (equilibrium isotope effect) « BjJ7 (LB B FHES ~ =
[E 2R Y S AR A [F ATk - HIBE AN FEBRE A Se iy a] B - B4+ ZKHYZE
5% ~ IAEHECREIMER - B DR 200 (B 2-2 a)3 2Ry - SO A
[E Z TSR EYIE L RSB E - e SEREEITSE il - BRI Er
ZAHPERIRRE - B RIEY)5E 2R ARy - BhJI[RI( 2280 Z MBI s
B > RIS EYRIML R AH R A B E M ZREE K -

FHEEZ¢ Lord Rayleigh 7.2 S EYE M 2R AR plchE & SR EE T 3 L 2 8=
8 Fy Rayleigh 43{EfE 2t (Rayleigh fractionation model) - [& 2-3 /5 Rayleigh 43 {EfE T
ZFER - RS EEEAEK B B = SR T URES - *Cr % “°Cr RREEER - <
{ERPEE R Mo 2 E & Cr MSRIFE 1 2oL 4558 - Rayleigh SR
& m] FE AR BN 112 2 [ T 2% -t m] DURE FHAE Py B B A2 P2 il 5 AR eVl R R
FEVIRE S MERY Z- 45 - Rayleigh 152 ] DAL HIAE R E S ME AR s[RI 22 (bR E
sEt R R N SRR - 28R Rayleigh B FR 2L EHYE - I E
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MRS EY 2 ~ BRI AR aHy -

d

kinetic isotope effect:

Light isotopes exhibit faster reaction rates

vlight /Vheaw = '\.l' mheavy /mlighl

—1 2
Ey, =MV

kin

light

heavy

3

produ

b

equilibrium isotope effect:

Heavy isotopes are enriched in compounds with "stiffer" bonds

(e.g., higher redox state, lower coordination number)

pound
A

|

isotope
exchange

|

o« 1/T2

compo
B

B 2-2 Ffr R EfEH (B TR R () R R 1 EE

SRR fr ZERME (B 2-2 )i A 7 T 2 FEBALIN I MBS A S R E - AT
ERT - i E S S R eI R
ST T AR (OIS R B B R SR R AR - AR R ZE T A
Z A LIRS Y AT T o SR i R E G R R R TR D (K351
SEIEERRY UUT?) » (515 B BB RIS i 2 2 S0 T p s B e BB BB ST - 40

(Wiederhold et al., 2015)

HelLEaRAeNH A FLE

HFEEBRERLURLZGT  MERTOEEEWHTHE LR RS(EEA - (1)
FEE(CRET > R REEFEEREEY T R REEFEERE RS -

10

b =

HEE

RSP o BUFRETIEIR



H2% ENR

QBRI R BAE VR BEE G RE A E S ER X

5.0
« dissolved Cr(VI) (reactant) _':
4.0 + 2
== instantaneous Cr(lll) (product) N ,'
. |
3.0 | — cumulative Cr(Il1) (product) o ‘l
/
220 ]
=~ ’
& 10 — -
. e PR
O et Pid
0.0 f=22°" —Z
-
- -
-1.0 _____=_=;:_.’__
-2.0

1.0 0.8 0.6 0.4 0.2 0.0
fraction remaining

B 2-3 $8(VO)EL (D)) Z [EfrZEsr{EE (Wiederhold et al., 2015)

2.1.4. SBREE ZAARTEHER(EES 7 e

BRI RRERNEAR (1) AFEHR: (source tracing) DUk (2) #

FZIBHE (process tracing) -

AR B X ZEA A FFEFE MRS » KETEAEREZER/ - 40E
2-4 > REAE NIFPREREEE]— KR AR » EHI B2 B RIAEA [E R i H 2 A E
iz R - BIAE S BRI A FIRETERR © A Z [FH 2R ARG A F R
A FEEBTR ST -

6sample =04 X fa+ 85X fp (1
fatfe=1 (1)

DA BRG] - f, = a0

54— 0p
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natural anthropogenic
metal sources A B metal sources

O iver =04 % Fy + O x fy sa::)‘i)rlri’?gﬁ

river

B 2-4 FEBEHE A RER (Wiederhold et al., 2015)

AFE BRI R AREEARREEEA Z AR EHE T - (B H 2R A5 T T
Y - AR A R R E LR ~ AERHEE AR - BEAZKERN
RS ~ BEARIE A R ERE M BRRE B EE - RIFIEHERERY
[ERERRE—RAEA RFHEE - AEImREFEREREHEER - HAZH
o EBIERE T Z 2R -

TR IBHE A S BAEE - EEEiE b A AR [E A ZERek - Bl —ith
&7 REE - A EES - SRATH K AR S E SRRV R = (S8 T)L
B[ 2-3) - TS (E R IEH &EI’JH@Z%%%“:T’E?HSO%ZlBEﬁﬁﬁ i €) > i
IHE S FERYRZ FEE 5t T PR T B S iR 38 Rayleigh BEHER Y - Rayleigh #E=(r]&
TRAY

Oreactant = 0o T € lnf

So TN NIERN Z ANERI L LR » & FoRFEIMRIMEMEM > f AR EYRI
NHIGRE - EEVHEA FISERE N Z B FEVI[E L 2R AL

5inst.pr0duct =8y+elnf+e

T B ARI R E L 2R AR

12



elnf

1-f
AEABIEHHE IR 24 - BE RSl T - e RS - RAEH

[ EERR A g A AN EL R EEE - HEEERERE > SRHEE R

GUEHEREMEELLER] Rayleigh BAFGEIT BB - £ B AR ARG EAT

% N EBRRRA ML R T EIF R MRS - NI EE S T ke — e prE A0y

[EIr 2R BRI AR H RS UEAE B IRE SR -

Scum. product = 8o+ elnf —

2.2. gR-ex-$nlEAr R ELEIREE

[E L R ERA L2 R E S RESE Z [FL 2R RG0H B2 ITEARE » 1B EN
S 528 (Thermal lonization Mass Spectrometer, TIMS) [ fE £ M &858 ~ $4 ~ 155
TBEMLR LS - BEREHELERAGRENVEN T UETES « KIS
IR AR HI A EHAOR S B - BAEMBRA LA FERMHE R 2 Ffir &

$FE( Strontium, Sr)FE [F 2B H A 4 TR [E] 2 REEIEIfi 2 531 By **Sr (0.56%) »
S (9.86%) - 'St (7.09)1 **Sr (82.58%) (SN X By AR E AT 2 W) - K
P TS BB TR A ¢ LR LR PERIZAE TR ()RR R » 40
Ff 221 By 4.88 x 100 4 -

$ (Neodymium, Nd) HIF 2R A IERERIALE - 5351k ¢ 2Nd (27.2%) -
ONd (12.2%) ~ “°Nd (8.3%) ~ ***Nd (17.2%) ~ ***Nd (5.7%) » J i {l&l = - AR -
INd (23.8%) K **°Nd (5.6%) » Hrfr “*Nd RE2idE £ (> 3 x 10°48) s
BB ERRE (B LR E - RN E TR A S M) - 1 “*Nd 2 i E
08 1S ($2) IR AL » SRR 1.06 x 10™ 4 -

§% (Lead, Pb) fEEZRAPA 4 AR ZIBERAE > 9508 : *Pb (1.4%) »
208pp (22.1%) ~ 2'Pb (24.1%)F1 2®®Pb (52.4%) - EH:rf 75 2°Pb ~ 27Ph ~ 2%%ph iF i@ hT
A S RIHRETESE 20U ~ 20U - PTh Kl— 25 =Sk Rkt 18
TEMAN GUE=E 2 hFEU R -

13
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HFREE ~ 8% SEEI R AGCRILEE - BEE R 2SHVER LR -
WIERET A BV LAEEE - BUWE ~ ) (REYIRE SLaNE S - TR AR
i ELTE R BR R BRA L ER B RURL R, - FZRERE T T AR R A AR R R BB T 4
52 3B He(Carignan et al., 2005; Geagea et al., 2007; Guéguen et al., 2012; Hoang-Hoa
et al., 2015; Lahd Geagea et al., 2008; Steinmann et al., 1997) - JEF 12 LL[E| {17 25 248 F
RonHeRIEA R ERE © it AR EEh 2 KM AR S A[F 2 A - 18 LeiEa
KRE S A FEME - (A FE e 2 SRR ~ BREEARTE - RS U =
SERHZE Z FHGIRIF(FIAGTT R R B EL R L E) A [F - B A EME A A S
BAERNEMEE - 87 - sulERILE - BEEARBERRIERRTE S - MR
Ry T2EEENRR - (S iR A RO T AR R R SRR T A E R A
[FEIAIRH TGS o BLoTPHE LS A ARG WA C R R EE DU AR > 88~ $%
WEL R AFHEIEE A N Z TEAGEHO s T AR - AN 2
TREFMI R R » 8] - 82 LR IBHE TR B RES R U T ALIRAYRF &L -
R B8 ~ $4 ~ $E[EIr RAAE LRSI Pl EiE kA Z 0 (LIEA - AEEE
Z 1 B RBEL R E IR S S 8E s A e e Fr g AR [F) i 22 77 (b (Francova
et al., 2017; Geagea et al., 2007)52% » EkIEM R FECHET LA SRR -
BE[EM 28 24 2 IR B FOAE A R R A A EI SR - B E s E A 2R
2 BIRERR G T — 25850 -

SE-S4- S EIR Z AR R SRR - T SR ATR I] UE H R F
L E 2 BEHE o PRI AE [ A 5 B [E i 2 2480 3 4 DUR A PR (E sk #ow - 4
STSr/*°sr B, *°"Pb/*®Ph AFTTHR B HS  FIir ALK > DAELE B BRI R R AR
L [FIfi RSk -
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F3% wlEtee Er XAEEE e 7 SOl aE

FIE SBREFEURERRTEA SRR
3.1 SEREFR R ]

AR SEIFTHRI 2R T 2 S IR A R AR R E B F M E
=L b o NI T R e PR ACR A LA & A - [ 2R RERE &
BPE L (MC-ICP-MS) B AT RTS8 52 > B RTE AT 2[RI R RS IL LAY
BT B THAC -

SR ZRE A N AOTLIBHE © 8575 H ABUE T A 4 FRRERAZ : *°Cr
*Cr ~ %°Cr ~ *Cr » HEA(BRETZLA Cr (N)F1 Cr (VI)WITE - HRISATAZBI5E » $81E
A {EEE T FIf 2R G = (AR LIS ~ +4%0 (8°¥7°Cr) » T 3Fms 4 2 $5[F]
NI Z AT 0 %o (FHEIMEXESEYE © NIST 979) (Ellis et al., 2002; Schoenberg
et al., 2008) - [ 5 2R HE N /KR 2 #8857 Z4H A B E+1.0 ~ +5.8 %o (Ellis et al.,
2002; Izbicki et al., 2008) « JE{H {545 [FIfir Zpk B — (8 ELAFATRHEE - T FIAEHEH
TAKEYS AR © U e — [ K e o 2§ 5 i B4 e - o
HIREA A B TAIRHE » STt T KR L B S R A <

FE7KZ > Chen et al. (2009)F1] FH $£[F] iz 22 24 AR ABHIE A B B A 2 FP IS
AR > FAEBON T 2 BN Ryl E B B BRI 2 — » H8F ~ 3 ~ 85 - 7
TR A AUZE = HY © 4£ Chen et al. #iFe 2t > 9w Uik
om0 DURAE ZRE BhU SRRz R BRI /K R DL RN i FI3EER - MR
R $E[FIAr ZRAH pEES ~ BF Higs (BF EERERZ A REEHEE)HIRA S B1E
EEREZ R AT SR Z AR » BT 2 $ E] (i ZRAH RICAT AR RE 2 % [F] i ZR4H A
HUREREZ B (B 3-1) » ZRED A E A /K B BT B2 AE R 2R % - 2
BT E AR I A Rl R S AU SR » SRR B 2R R JE AR 43 (+0.33
%o) » ARFRGEERTHE ZKIE R H ZE5E(10.90 %0) » BEUIIZK HR R AR ELA RRRSE 2
AR FIHY o T R A EAERBUR IRt a B AR AR (ZIEK - B
R RAEERETAN EE o s USRS HIGR -
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0.35
0.30 1 B it i + Seine/Paris high flow
- ’ e Seine/Paris low flow
& 0.25 * a Seine basin transect
5 0.20 - .
£
= 0.15 O Zn roof runoff
]
b
a 010
w 2 maximum @ O
0.05 - uncertainty Waste water
: treatment plant
Drm T L) L] L] L T F’ T

0 1 2 3 4 5 6 70 80 90
enrichment factor

0.40
0354 N 20y, Z0 gy
' FI PP | TR e Bedrock gran]ta —
= 0.30
=~ 0.30
{? 0.25
3
E 0.20
= Zn roof
;N 0.15 4 runoff o
2
e T u] ® maximum
0.05 4 Waste water uncertainty
treatment plant
0.00

-0.20 0.00 0.20 0.40 0.60 0.80 1.00
5%%zn jmezn - dissolved

B 3-1 EERERAN o 2 R SR AR ARSI K AHRE (Chen et al., 2009)

TERFTAATT > SEEINZ AR R FE N R R T AR B
ERF T B EE I ZEA PP~ 2Pb ~ 2'Pb ~ ®ph » Hrft 2%pp « P7pp 2°8Pb
o R R T A A 2 RRE R A 2 ELRUR YRR 2 51 B 2P0~ 2P0 F12%Th -
N P EEEE R B PR B G T3-S ~ RS ~ DUROIRIEIARE - FRR[EE
Mg - Ol - EREYE BA A E Z YEHRG: - BIRESERE - KHEE
TG FTEEE > 2Pb ~ 27Pb ~ 2%Ph LE{EM S - FIIFH LR > BRETRIEE S AIA B A F IR
BEAIE H AR [ 2°Pb/?Ph B PP Pl 2 L (B SRS R RS2 W dak P IR A A
4H5K% - Bollhofer et al. (2001)&3= TPE7T 1994- 1999 4E 7 fY » HrEkILFER IR
2%°Ph/*"Ph ¥ 2°°Pb/*"Pb [ (& 3-2) - fih 5 EIA R R M >~ IR EE B A 1RAARE AR [F]
9 2%°Ph/*"Ph £ *°Pb/*'Ph [F]{ir ZEELME  FIIF EE{E > R [E) 8 T HIR% s SRS T
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H 3% SEIRE FE i R e S g

FIR Ry -

ilzuuw\l;mtw,J,_JHHmm[ww[H___,

§U.S.East -

= ‘ 199799 |

120 ? U.S. West 1997-99 ’ Mexico 97/98-

3 Brazil 94-98 - ' -

] Canada 94-99 — /445 Vo Japan 94-99 [

N~ (il -

g 115 — Western Europe 94/95 57\ Al I

~ \ -

8 ] North Africa/Near East 94-98 NE Europe,Russia 94-99 —

N = ) g Germany, Northern Italy 97-99-

. s 4 % _SW Europe 97/98 C

1.10 ; Australla 94-99 Hungary, Czech Republic 94/95 -

{South Af’gg“ 96 U.K., Spain 94/95 -

i - -

] ern South America 94-99 -

= 4 i
1.05lmwiewlHHfH:H"MHHWF'”‘:Hm\:;]

2.30 2.35 240 2.45 2.50

208/207

3-2 HEERIEFERHEE . ' Pb/*Pb ¥f 2*°Pb/”'Pb B (Bollhofer et al., 2001)

R T E—BRERMR LIS HAMNERFHZ BB R ALERE

NF TR - IR T8 i i A e R A 2B asE AR ERK -
[F]HF 15 SRR (1R By I A B R Y A R AT Z M E T R A -

BLEIREERL TR A FRET 2T + SRR ~ BEiRrAReE » o b T - TREEHEERPERY)
FEZEPIIRGE ~ BRI EBUNAMAKFEE « MEAESRTAIIFLZ T > FERIRE
LRGBS ERY © FEERE bR R 28 - (R AR s n R A (L
B NEEET - BB T - WEIEMRSEER - BERIEAZRE
B ORE A TRKEES - MOt - ERYEMZ R BRRER] YR B SRS T - Widory
etal. (2010) LADKIEECH§ ~ % ~ £ 2 [ ir ZR&H Bl 73 MK EE 2 AR ([ 3-3) - Widory et al.
(2010)34 ¥ o] LA 8 15 — R[N 2R 540 » 0 HEHHABA [FIACRE Z IKRE © (L)PEEh
Z PERCREL SRR R BEK - (22K B 0h B 2 WRISEREL 2 S [E i 3R AR
WCEE  (QYWAERTE L Z BRI E RS R AR - ELEBIERUR T 2 EEEH
2R 2 ] e M o7 N Ry S BN E A YRR R -
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a 1.0
vehicle emissions Maximum ._I_,
uncertainty
X
0.5 1 RIS %
waste incineration
(3]
E
= fuels
O 00 )
b
3
"
-0.5 1
coal combustion
A
Cd-Zn plated nut
-1.0 - : .
-1.0 -0.5 0.0 0.5 1.0
§2%7n jmc
b
4.0
Ve Maximum coal combustion
3.0 4 uncertainty
D 20
o
-t
2
E 1.0 1 vehicle emissions
O
3
2 00
<)
-1.04 A :
Cr-Zn plated bolt uglaste incineration
2.0 . ; .
-1.0 -0.5 0.0 0.5 1.0
5%%zn jmc

B 3-3 JAEILETIKEE T 2 (a)8R- 8 (b)#8- S F A R 44l

[FEIBAE 2 E [FMIL R %402 > Lahd Geagea et al.(2008) 52 1 il FH 8- $4- 5 [FI iz
ZAMAGEHER EIACH ~ T3PS 2 FOsiE > fif{EAET Strasbourg £2 Kehl
TR EE AR AL ~ BARE S MDA R S SEM S E PR - ISR TR - il
FBEI Z JEIK © BRIEZ A0 - MU S T8 K2 (1 R AR IR EL PMio K373l 3B
HETFAAEIREE 2 hi 340 » TR ROBBAE SR EI i 24 - LiE s BREA (S
{EMZ eng = -9.7 ~ -12.5 > Hll§RIEL ena= -17.5) > A0E 3-4 ~ [&] 3-5 - HUREHH 2SR
AHEEZ SHFEALRLARL ena = -6 ~ -6.9) » IEEL[EM HEL(E 2 RIS SLEI E A4
BB —EIEE A T2 TEKE 3 EHER AR » FilE ol DU E @R
A6 8 S P 7 A 2 B o 2°°Pb/PY"Ph FES0H o  FEAE(1.089) L 1K (1.159) (K - §

18



F3% wlEtee Er XAEEE e 7 SOl aE

WL °Pb/Ph EL{E Ay 1.151 ~1.152 > [FEESESEEYIE (LR *°Pb/'Pb Lh{E B
1.152 > 3EFiE 2P/ P LL{E AILE 7 LLE R - ¥'SH™sr [Efr ZEL(EAE T35k
TR Z R LIRK « A ERS Y (LR 2 LB Fy 0.7095 - #ff$8 R £y 0.709 » /S H
P& 2 JEIK £y 0.7087 - {F Strasbourg i LT EE 2 PMuo USRI RAEHE TA4IR
3~ T HANEGZIFE - KEr RSB ZssE 2R TivEse 72/ =
fEzR - AERKE B ANERE - BA 2R RN R F SRy R sm
B{LERRE YA (L - FEB LSRR 2 o > RE A T 4R R AE B s E fir
ZARE B2 - NILERIZE RS » USRI ER B P R EFR
HEE =R FE R4S -

a
EIEI A D> B

1 »
7] <

-11-; ' *

»0 g
ENg . ® O Qe
T o ©
15 < ° N
17
] m, J
] - [ ]
llllll'lllllllll'llllIlllllllll'llll lll|'ll|lll|rll|ll||lll
0.709 0.711 0.713 0.715 1.10 112 114 1.16 1.18
87Sr/%6Sr 206pp/207Ph
M filter dust (steel plant)(24) O periurb. Reichstett (12km N of
* NE steel plant (Auenheim (24), zttf;gg‘)’)askm Naf refinely;
Ledieshin, Honad) * periurb. Mollkirch (35km SW
© 600m SW of steel plant (site#9)(24) of Strasbourg)(24)
@ filter dust (dom. waste inciner. site #10) 4r Periurban Hesselhurst (20km
S of Kehl; site #32)
O NE of dom. waste inciner. (sites #11-15) A traffic (sites #31, #30)
X Kulturwehr (Kehl; site #18) <« soot gasoline » soot diesel
® N-NE and SW (200m) of chem. waste g aerosols (NEwind; 4km SSW
inciner. (sites #19-24) of steel plant; site #29)
B memorial Kehl (site#25) N aerosols (SWwind; 1km NE
X Public park (sites #26 #27) of steel plant; site #3)
) O aerosols (lock; 850m NNE
o= ciment urban inciner. site#11)

& 3-4 JAE Strasbourg B Kehl #iHTEAEN TR 288 - 8% - saFE i ZR4HRE
(Lahd Geagea et al., 2008)
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2.1257] A 2.1873 gasoline
] T~ traffic, gasoline A 2-17_; B « 500t
2.1207] XIS 2.167
1., % A 2.157
4 ."Q | 3
£ 21157 A A 2 2147
§\ ] eastw O"*.O,QO é 2137
& { of "ok ﬁ ]
2 21107 incin. 0 Sg., g 2.127 %&) x
: m(ﬂ& 2117 & a g
21057 o5 2.107 >
] _ ., 9 09+ diesel
] vt ESPline diesel 93 soot
2 100 VAL AR ARAE AR S AR A 2 08T T T
3 3 © o 1M1 10 9 8 7 6 -5
- - - - Eng
206Pb/207|3b
4@ domestic waste incinerator, site #10 O NE and E of urban incinerator
(sites #11-15 and #16, #17)
Public park (sites #26 #27) R memorial Kehl (site#25)
% Kulturwehr (Kehl; site #18) [ aerosols aerosols (lock; 850m
NNE urban inciner. site#11)
A Municipal solid waste incinerator ¢ Municipal solid waste
CIVOM Sete (10) incinerators in France (4)

& 3-5 JAE Strasbourg B2 Kehl ZRTT@AR EIFELIRZ 84 - $hEIAr RGBS
BALLERE (Lahd Geagea et al., 2008)

3.2. YEMEZ &BeE FEM R4HRL

3.2.1. SRHTEER

TR Y S iR e FI L R AR b hEA SRS - BIAIFFEEINL 2R 24 -
FRAE STIRREY 73 A7 &6 SRS 2R AE $% [A) (U ZR A BAE A [E R AS 52 B 1R K - Juillot et al.
(2011) 3 HHIORELS ~ ol S RE A BV E > SR fir Z24HAK 8°°ZNn = +0.81 % 0.20 %o ;
Couder et al. (2008) 5717 #5874 ok g g i +0.37 ~ +0.43 %o ; Sonke et al. (2008)47#7EE
RS s IR e i 45 5 +0.85 + 0.74 %o 5 Yin et al. (2016) 5374145 HE+0.78 + 0.13 %o
LLR FEREE+0.13 £ 0.05 %o » Yin et al. (2016) 5% A [F] $1-F85 SRR i 2 #¥ (=]
fr Z4Apk > A[E 3-6  E{EFEREFE+0.13 +£ 0.05 %o ~ +1.49 £ 0.04 %o ° [E 3-6 174,
S E R T Z $EEML R -
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Slags

e | e B
Chimey Griiling Effluent

Surface water Groundwater
—H—t— —a—

F———&——— River banksoil

A
A !
- -20 - A ol
§
- e
£
2
2 40 o
o
§ A
E 60 Lal:f ” W@ Reservoir
3 e Sediment
»
'80 T T T T
-1.0 0.5 0.0 0.5 1.0 15 2.0
556ZnIMC (%o)

[ 3-6 2R B S [El i SE[E i ZRAHBREE(LE (Yin etal., 2016)

Cloquet et al. (2005)3HI &K EE gk DLR, 8 FEfEE S 2yyE ~ 455 (8 3-7) - [
AT SR o 2 SR E i 4B (5M9Cd = +0.36 + 0.12 %o) » ZATM FHIMEATA S »
R E SR R SR (o 2 L T S BRI A R - T s
FTEEAE 2 IREEH - #2240 iR (-0.64 %)

FH_E Al 5 m] PR R A @R E R A R PR T A 2 AR EHE M
BRI Z SRR ZRAH P ] R EFTEA FEIRYBR B L ER A - B R
AREEAHER © FEEL R B2 R b TR o] DAY > 2 0F R
AR IE e — IR H A TE Y REEE] - SRR R HERBAE ) - B HAR B A
AT o R > FEESRIEML R S G [F R 2 BACRELERR ] 2 2880 - INILEFIEER
BERHENE e e S AERERE - DR TR TR R R T LAY
HITTHE
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+—W— DUST 2
+——+ DUST 1
+—@— SLAG
GsD-12 —

& OXR-2

+—A—t GXR-1

mean = 0.08 +/- 0.23 .

. —— Nod-P-1
—-+ - Nod-A-1

] NIST SRM 2711
BCR176 : : mean = 0.50 +/-0.02
mean=-0.30 +- 040 | =

-1 -0.5 0 05 1

S14Cd/110Cd (%)

[l 3-7 BEESEYE B A Rtk $RIEir R 4HRKE (Cloquet et al., 2005)

3.2.2. g BHEt[EI (7 ZRAH P2 NZR

RIS - AIER4R I R BRI e B iR E R L R L2 RZEATT

(1) ot g o (5 ) - e o AR

2 E A Rl 2 B A [E] L R A g A = 52 - thilE] 3-8 mI A
PASERR H R [F i ZRAH AL > 7E-0.75 ~ +1.33 %o © [B T IR (Ll I P HE A SRR
W2 BRI ZRAARY - S AERBUR B R R 5 A A [ AR Z Bty > mIRE g A
AAFIY R E A 2R -

22



F3% wlEtee Er XAEEE e 7 SOl aE

i # Initial hydrothermal fluid
| HH
o o A ZnS Spain
A ZnS Belgium
- - A ZnS France
A ZnS Finland
A Zn-Pb orelreland
bid
i i ZnS Russia

B Zn+Fe+CusS Russia

©® ZnS Australia
94—

® ZnS Africa

T T T T T T T T T T T
-1.0 0.8 0.6 04 0.2 00 0.2 04 06 08 1.0 1.2 14 1.6 @ZnSAlaska

8552n (%o )
& 3-8 AL B 2 PASHRSE RN R4HKE (Yinetal., 2016)

Bollhofer et al. (2001)t0 88 FRAE A FEIRATENR > - BB E > $5FE AL
FEAHRY - “°Pb/*'Pb 5 **°Pb/*"Pb [ (] 3-9) b mJ L > $1bHE B R [EIRI T i
ZILME - T EH (A) BN ELES o3 fS AR S0 (AR M A e £~ R Z L E
2°Ph/*'Ph = 1.05 » *®Pb/**"Pb = 2.33) » (B)ZE S HR(HH S U MR EE A4 2 (R fir
ZERME - 2°Pb/PPb ~ 1.281 - 1.396 » 2°°Pb/2’Pb ~ 2.510 - 2.6120) » (C)ZEFHEf- &
S o TPEISIEAIE R EHIE » EHEAM A - B - C =FHEEIABIAE ZSE I ZLL
{E - Shiel et al. (2010) 32 H IS HTR AR F U EME Basi s - TRE
RS < B E i ZALRR AR EIRY T RERZ -

(2) fhsFFTas 7 A A [ - AURME - BEGETEE

Shiel et al. (2010)E I #1-E A SR G IRAEBRE T 2 8% ~ #6 ~ $RAYEMILZR 3B > 40
3-10 AR -
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1.25 it
Pb-ores
©  China
& Central Europe
1.20 [0 cCanada
I East Europe, Russia
- L FAY Africa
&
@ 1.15
o
™~
110 — 5
Canada Ft
5 o
A t;al.l Pen. Jingai
1.05 e
2.30 2.40 2.50
208/207

 3-9 AR 5 i FR EIHIE SR 2. *°Pb/””Pb #f *°Pb/*”'Pb
(Bollhofer et al., 2001)

Drossing Plant Cement production

and Pb Refinery  (Fe supplement)
Pb operations 366%647Zn = 0.43
" 8114/1100d =-0.52
Pb bulhonT Ferrous sIagT 206207Pp = {.152

ﬁMixed feed Feed Plant Kiveet [ gj5g Slag Fume
566647 = 0.33 —>| Smelter >»| Fuming >

s———————————>
Pb concentrateg 1141100 = -0.38 p o Plant -
208207P = 1,152 @) € ®

Solids from
contaminated water

566/64Zn = 0.09 t0 0.17
§114/110Cd = -0.13t0 0.18
206/207pp = 1,180 to 1.246

Y

Leached fume

Leaching
Plant

Impure Zn Zn residues
solution

Cd Plant
(distillation) —>»Cd metal

n concentrates\ Roaster Sulfide Purification
ﬁ (96?933[1(}06) > Le;::hl?g Circuit §114110Cd = 0.39, 0.52
2 ﬁ an
Electrolytic Melting

. / & caicine @) zosom|” Plant N .
Solids from 506/647 17 Bira n meta

contaminated water 5114/11ocnd= O(') 05 B ;n @

ot (1) —.J

206207Ph = 1.168 66/647p —
ﬁZinc operations' effluent =D

356/64Zn = 0.41, 0.51
314110Cd = 0.31, 0.46
% 208207pp = 1,166 /

Treated
Effluent
Recycled to Zn and Pb Solids effluent -
: :
smelting operations Tre:aT“em —— > Columbia River

@ —|
[ 3-10 SEEFRAR < B ~ SPGEREY ZF - 38 - saEMIREYL
(Shiel et al., 2010)
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MBEREZRES  $¥(F] i ZREH AR (+0.09 ~ +0.17 %0) EIFFBRAEYIFH(+0.22 %0): 25K
REAL > (BAEFERE T (+0.43 %0) BLRAHEE Y H1(+0.41 ~ +0.51 %o) Al EEERE 2 731k
TER © SR (T ZARL R BE(%0 M °Cd = -0.13 ~ +0.18 %0) 5 iSR(+0.39 ~ +0.52
%60) LR A SRE B RS AR T A AR IR [RI AL 2B R > SRR A ERE 1 (-0.52 %o)
ELRAHREZEY)H1(+0.31 ~ +0.46 %o0) » MHELZ T » SL[E ZRAHpAERE(E SRS TR AR
HARRG  BERONMEABRETRET - AKE R Z st A AR Z R &
FHIFE T RAE SRR A 2 o > $eBgmE A RIHB 2 R 2R BIEH - stlEz R4
et B AL -

(3) BsAAIE AL AU [E]

40 1.1.4 GiFTAL - SR AEAR & AR [E B AT IAA R Z Bl R DU A 5] K6
FZHFR - BRIV A R AT AE & S B < B R E (R i ZRAH R A8 -

WRHE DL EAfralc 7 = Fl AR R > ST S P M < Jo A v [R] ( ZR SH B AT e T 77
W [ RS i A 2 2 i - DUEFERIR ISR - HAY
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FAE  SBREFEURAETTAZEL
4.1 B - BRRES  ERREAMRAS

ARatEE HATATHIER 2 e i DL LC~ LD~ CS 5%/ BlIFem = 22 A [ Ik s -
HrgEM S A B REHEE L - 3L 6 (R BAP AT b2 RiREE
A7 3 %E 0.150 mm 48E7(100mesh) o

FEESER oy IR H RITIARA By BEAT R A Y B AT o > B P BB 3 — (s
AFEAE i BHVO-2(ZX s Ua) A TA AL - DIEES BB 2 v (5 -

[EMi R EL(E IR - 8 & (o AR an AR B M R e AR - [RIHRr (o R ARt
oI EARHET TR s Z R 2R BRI Z B IE > AT Z R an B & B PR AR
A2 NBS SRM 987 ~ JE/KEEAE T IAPSO ~ & A fE4E, BHVO-2 Fz BCR-2 ~ [H][&4E
A& La Jolla ~ INdi-1 ~ FHPEEEAE 5 NBS SRM 981 55 » FEAE b SEATHIE A SRR

5.3 BfiETam °

Ehateth A AREE (Wl - B e E Rl ) sealR - SR R At
B ZEH - FrA PRA L S S » Sell 8M e (RO ZEEH B ) fiEh (~150°C)
FEE—R 0 FLL 6M BIRE ([BORZAEEEE ) TIEY (~150°C) Bl —K » mI&HLL
16M R B E Gl - PAEZAE —K - BOREE R LUBSUKIEF 6 KIZNHZ -
FTAI LSS E RO P BR S T rh i B st Bk i EE 2= A (Class 1000 ) Fy#E4(5 T
{E& (HEPA laminar flow bench, Class 10) 91T

{EERRCATBRER AT FH 2 B BRas s ~ setaifffz 1 -

4.2 FmAlRE A

4.2.1. BeoE{EHE

AWTFERHE A ICP-MS I R anieE ~ [FErZR4HRL - ICP-MS 2 {5 Al AR AR
iR NIRRT B an (AR an T2 AR AR R e SR A A AR 59 08 i
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Jife BRI -

m ORI AE SR BRI FERATER 2017 25+ MARS 6 (CEM)
RO A EAE R RCH AL S BUA(EE (iPrep digestion vessels) #E{T7H(E -

B E ZHE BRI

1. FREUESH 50 mg > BERFUHEEN -

2. fIA 9 mL RAHELER 3mL IRl - FFHMEITINER S EET -

3. TRAWCEOHEEEE N » BL 250°C R H#ET T0R JF B (ramp time: 30 min; hold time:
15 min; cooling time: 15min) - {KILERAETEE P =2 -

R HBIRIEA PFA beaker » B IIER ikt B& iR 2552 (~100°C) -

IO 10 mL REIRE S & FHEIRDH L E N > DV B 3 Z IR F#E TR E—2K -
HREHBIRIE A PFA beaker » B R IIEVR L& IR 7552(~100°C) -

HIA 8 mL F/KIZERS hot plate |1 120°C PAZEINEASZIE 48 /NF -

R E/KZEEZ % > DL ImL RN I A& I A SEK 9 mL - 55 BRI IFHRFEE
9. HANBZERS RIREGEABELE B ORISR EEREME 2 [ -

© N o g &

4.2.2. {EEREAERIG

B EM RN ERS - & T Bt il ge e 2 2 FIE R TEE L R ELEEN
Bl % BRI R R ELER - AR # A S S A H At E ER S B L H
B EMEEZ T - WIS EEAAE ERE 2P A& n] DU E A 2R &
fade > [RIR R R AR S o T o b -

AW FEE A E T (column)iE Be A [Elf Aa (resin) 1T H TR 240k > ELop s
5 Srospec ~ Ln ~ AG MP-1 f5fH5 o Sr spec AIEHESE ~ SiviE{T4U(L - Ln ffAEHI
FIZRGU LS IR AR E 32 TR Z T » AG MP-1 AIT] BURADAA [FI B2 77 B
R ~ 8 3 - #E - SRETE o

A EltetiE 2 SAE A FAHE - MAHTFLE S Seto e 2 40 bR B a3
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7Y e A R TR BA AR AR S 2 R (R Rt B s B RE R )
FI DA RZ L3R iR RE 2 o0 AT % (partition coefficient) » (S HAE AT (BRI 7 BE
fergthE b o pEiF BERLSNZ TR A E RIS - BRSBTS >
H TR B 2 o An AR R AU RSt B R 2 HEDTE -

LL Sr spec 2&E5 » T H— el IRBAHATIR R - Hoorr-abtmniE 4-1 - fhisifis 2
A bEEEMEEH Chiarizia et al. (1992)3%7 2 it ANlE 4-2 BifE] 4-3 - FfE 4-2 HifE
4-3 B > SUTE R RE ZFEE g AR A R 2 AT > AT R4
fatHE Z BRI AR > JFEHF$HER Srspec ZRFAII{IE » R RRENIA B S RE Z i
Wz (56 =] o BESEEEL SR - 51/ Sr spec fiffiE_CAERNEE/ME T AN A 1R e A1 77 ([E 4-3)
AWTFEMRIE Pin et al. (2014) 2 (7% » FEREHGEE 2 1% > e s Ry 6M BERG -
(S E RS

Ln ffH5EL AG MP-1 Bffs A TR iR Br E R A FE HAUTE -
Ln 555+ T2 2 0Bl EAEHF 28R 1 AG MP-1 B8 8 <8 2 7 B R -
Srspec ~ Ln ~ AG MP-1 BAELU LA RE i FH 2 A6HE - el B ~ 80 66 -
B~ B~ 88 AT SO E LIRS A B RS Rl - NN TS E B
Tt HE L 225 A \SCBRAHET T B T RAVAT R, -

-/ [ ©
I~ //\T,() 0O ™
L\/\() o™ /
o

& 4-1 Sr spec Bifs 5 FEEREE
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Acid dependency of k' for various ions at 23-25°C.

Sr Resin
10°% RBLEALLL BN ELRLLLLL B R R T T T T T T
10?2
10 ¢ r
S :
10° 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

[l 4-2 JTEAE Sr spec fAfENA EHEORER Z A BE -1
(Chiarizia et al., 1992)

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

'GB E T rrorrmr
102 |

1
10 Te (V)

100

U (v

1ol A ’//O‘ E fy<bé 4
o“Tamy © 1 F :

w.gq EEETTIT BRI BT EERTTT BT BT Er W T
102 101 100 101 102 107 100 101
[HNO3) M [HNO3] M
& 4-3 JTLELE Sr spec BIHER A EIHBE SR 2 S fith BiE -2
(Chiarizia et al., 1992)
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(B E 2 AITEDER |

| WEREUBE KSR A 2M R - BUHE AT USSR -
T PFA L - ABEE » JEbL 8M BERIIBAE— K - FELL 6M Eil:
HIEGA K © BEEE R LUK T 6 TN -

. 59 T B TSR R - S5 A PFA EFR P (5475 -

# ~ s EERA P RO AR B AT E] 4-4 ~ EhglEl40E 4-5) -

1. HUEECHLZERSA PFA AIEGEEZ » JIA 1~ 1.5 mL 2M f#j#%+0.07M
DAk > B EHAE -

2. B PPEFCID:5mm)BEINEMZE - A Srspec fitfg ( Eichrom, 50-100 um,
bed volume: 350 pL » EfE4Y 2 \457) °

3. Pre-cleaning: {0 A 10 mL 6M E&f% K, 10 mL 0.05M %% - HLiEfTRiTERR -

4.  Pre-conditioning: fi A 0.75 mL 2M f#[E+0.07TM S &[G -

5. BIEEANIAEN B2 IERI S — PRARUNEE - LD Mgl R Hopth £ 2ot

2 o

L1 0.25 mL 2M 7 [i%+0.07M Gl Lt PRA JREBERAVER on -

2L 0.25 mL 2M 1£+0.07M G &EBE E AT -

AIA 3 mL7M fEE - L0 BR F SR SRR Y -

AOA 0.75 mL 2M fH &I -

10. JIA 2 mL 0.05M %% > ML BRURESE -

11. finA 3mL 3M EEfE A% ©

12. f0A 3mL 6M E&f% - HEAERUCERSH -

© ®© N o

AL A P BRORIZ B 2E] 4-4 ~ B ERlE4E 4-6) -

1 FEi—ER 5 ZIEIKZEEZ > JIA 0.5 mL 0.2M EEREISfiE -

2. 1% PPEFECID: 6.2 mm) BFVEFEZ LA LN fiffis (Eichrom, 100-150 pm,
bed volume: 500 pL > SE4LY 1.5 57 ) °

3. Pre-cleaning:fill A 0.5 mL 6.2M % - HAPERMEIT =K -
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© o N o 0 &

10.
11.
12.

IOAREEEK - ZEM S -

Pre-conditioning: fil A 0.3 mL 0.2M E&[% » [0 EREFT/N2K -
HOA 0.5 mLE)L 0.2M  BERE 7 504K

JOA 0.5 mL0.2M EEEEFERIHM EHEITE -

JIA 05mL0.2M EEEZFSRILAM REE ST -

fIA 0.5 mL0.2M Effiz » £ 6 mL » FERUKESY -

JA 0.5 mL 6.2M EEJE R 2K -

LA 6.2M iz NEFES 40w - P BRRIEE -
A& K E e 2 -

o~ &~ 8~ BLEAU P BRCORIEELE 4-7 - EERELE 4-8) -

© © N o 0o > w

11.
12.

32

HUE 8 E0M B2 BRI A PRA FRIIERZRHZ > JIA 0.9 mL 10M EJ% - kA E
H A -

B PFAEHE (ID:3.2 mm)EREMZE F-E A AG MP-1 f5ff&( Bio-Rad, 75-150
um, bed volume: 550 uL » EfELY 7 N\57) ©

Pre-cleaning: I A 1 mL 1M R4S =2¢ o

Pre-conditioning: fil A 0.8 mL 10M E&RE RN X -

JOA 0.9 mL 10M B 7 1A

LA 0.2 mL 10M EERERI X - B BRUIERSR -

A 0.5 mL 10M BFREVUZR > P BRRISOF R -

A0 5 mL AM Eaji% - BECERUR SRS -

A S mL 1M Bl - R ERUSERER -

LA 2 mL 1M ¥ [%+0.1 M HBr - P ERUGEESY: -

AIA 4 mLIM fE% - RS BRURERSR -

HERGERR - LUBAUKEE S - A ARE -
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@

( Extraction Step j

1 ml2M HNO; + 0.07 M HF
(Loading)

l 0.5 ml 2M HNO; + 0.07 M HF
(Cleaning)
Sr-Spec Sr+Pb
(~83mg) @

\ ( Back extraction step j

For Nd
3 ml 7M HNO, 2 ml 0.05M HNO, 3 ml 6M HCl
Cleaning — —
Conditioning sr-Spec I 1gmm
0.5 mL 0.2M HClI (Loading)
Ba Sr Pb
LN Elution with 0.2 M HCI
(0.5 ml) (6~12 mI)

—
B 4-4 §8 ~ ¢4 ~ S b2 LB RER (modified from Pin et al, 2014)
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i 4-5 $EAIsE 2 (LR A L Ba

& 4-6 $%Z (LB LB BRE
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Cleaning
Conditioning
0.9 ml 10M HCI
(Loading)
7cm
AG-MP-1 2 ml 1M HNO,
0.4ml10MHCI § 1ml10MHCl J§ 5mi4MHCI i 5ml 1M HCl +01MHer il 4 ml 1M HNO,
—_— —_— —_— —_— —_— —_—
Ni Ni Ti Cu Fe Zn cd

B 4-7 $ ~ & ~ $% ~ WMALBA P RREE

[ 4-8 $ ~ 8 - & - ML EEERE
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4.3 BimZ IR T57%

AWTFEEZ(E ICP-AES ~ ICP-MS a5 Btk hndE { TRE LUK [F L 4Ry
T B E S A FERS - AEMRRNE 4-1 Frs > BEEl 2RISR 2 -

R A1 AT ARBRSEZER TR
(CEn e {58 FRIRF B/ 3 A H BY
JEHE RS SRR IR TR R e bt 2 FETTRREHE

ICP-AES

(Ca, Fe, Mg, Al, Mn and Cr)

O - A £ A S

Quadrupole ICP-MS

bR Z Rt RRENE
(Sr, Nd, Pb, Cu, Zn and Cd)

ST - BUER & AT E SR
( HR-ICP-MS, Thermo-Fisher Scientific,
Element XR, 4-9)

Emdbit s ME TR R HE
(Sr, Rb, Nd, Sm, Fe, Cu, Zn, Cd and Pb)

Ll Es- RIERR S B AR
( MC-ICP-MS, Thermo-Fisher Scientific,
Neptune PLUS, 4-10)

FEALZEEEAE
(Sr, Nd and Pb)

i I}
[l 4-9 SRR ERATZ E AT EUEME S A AR

( HR-ICP-MS, Thermo-Fisher Scientific, Element XR )
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] 4 10 Etﬂﬁﬂﬁmﬁﬂfﬂkﬁﬁz%ﬁﬁ%%@J@%A%ﬁﬁE%%
( MC-ICP-MS, Thermo-Fisher Scientific, Neptune PLUS )

4.3.1. BiLZEENE

SO b B DB IREERIRFT ICP-AES I A F BT 25 - #E - $4
i~ B~ B R P S B A Py 2 DU AR R A & BR BT R (Q-ICP-MS Agiilent
7T00X)MIE: » B HIR NG PR A B A B R s > IR AR B K
ZERan ARG - BESh > A EE T R R IR - dntb ]
B ED BR[| R (R R A TS -

TTER4EPERR - Rt R 2R R R » DUrp it Besth BR P 2 =
TRVER S B E R EREATTR ZRE - SRR DURAVEDH - 88 ~ 20~ 81
S~ 8~ 5~ 8 CRECEEE Sy ppb-ppt) Z 0 ATiEE B (B 3% (2SD) -

KIRHFERIE SIS 2 BoRIEEGHE e R ETHEmZREHE - Bt
Q-1CP-MS Z {F ISR ICP-AES ([ 2) » o] EHHS EIAEfE 2 fl ST 2R
[E]HF Q-ICP-MS 1 1F i A E A E FAVFRIRER HR-ICP-MS & - (K[ » DL Q-ICP-MS
ARSI I Z T RIRE © HR-ICP-MS A ENVRVE (2R 2) » FARIR A
ppg BCEEAE 5 ZATM » LA HR-ICP-MS 73 BYE RS 8 S AR i 2 S R B S e IR %
& B EmiEE » H BN RS RAVELER - KIEAHFELL HR-ICP-MS S3ffr4iqL
&2 Fkim
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432, (LB FCR

TSNS > BRI EBR TR R AR ESMEIER > RIEEERN
AR 90% LA 1A R B EIEIf Z T aE SRR 2 - 2R - FRIFRLZ R5E
MR FoR AT E - FREESTR > s - S DU TS 7 A4 - A
TEFRAEIT 50%HE(Vlastélic et al., 2013) » G4 Ly EI i £ LIER > MR EIME
PEE G - SRS RAS BEAVERE AL Z - ) A o A E RS A i 2
(*sr/*sr) {EIE *'St™Sr bl - RIE[EIR Y R AR S © $REIN 2 408
{EIETT AR o S8 B 32 ) fir 22 208 U AT 368 o (o P SR MRS 0% ( Double-spike
technique, ZEAVIRELL_FREE FIN 25 240) At Bk sh 2[RI 240K, - 77 se (e
WA B SHMEIER - STRIE B R AL _ Bk )5 38 AR5 LA R RE
[ Z2) HEFTICIE » BRI A4 b2 [BIUS R A E i 100% 4 REHER: 7L 1 2 58 -
ARFFE TR 8- $0-8E A 2 240 - HY BB b [ER TR FH% 4-2 -

B AL (AT T Rt BT 2 R (LR (e PTR—Z B ST
W TIEMR Z F T
(LB % TTRR (ng)
(L2 4LATZ TR R (ng)
RSB 2 [EICR B MRS ST AT R AR Sy - PRI AH
9 5 PR T PO TR & T T T e R A R T T
(LA TR BT+ bt 2 TR R I PR e WS BR T 2 F T RS &6
S L A e A E R A A T 9 -

X 100 %

EIEEMCERT BT« AR MBS L% - 486 Q-ICP-MS i &t
TRAEIE > S5 B 100 ppb (FURDEIE) - FM40(125 BRIFER 0.2 EFHfEAT(LERD
1k - 4k ik SRR 1 2T+ S508RE T > SCHRE 10 fB7%EH HR-ICP-MS &l
SAOFE By 1.8 ppb > HEREEICR Y B -

1 (mL) x 1.8 (ppb) X 10(FHfEREED)

0/ — 900
0.2 (mL) x 100(ppb) * 100% = 90%
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E45E SBEERUFENENEZET

4.33. B [ REEEMNE

DU B E B Pl 2 242 25 RUE RS & SR A E s BOETT R RELEEM - Bk
M2 K BHI—ZSIBPEEEAEL - HATE AR I ~ S snlmE i 2R E 57y
PR > MR 3 R M BR R R S R E2AH R <H e -

ZiEZasEMG EITER R Z LA ENE 4-11 - s EBESTRATL 52
Ri%tR (&9 1-2 /NKf) - SeiEf TR AR ERERTIREE » B DL — 2SI BIPRAE
AT QAIQC KR ERTRE VIR, - DI e 2 S EFIFTRAVEEE » 5T
& QIS TR AIB I EL R L E - BTG - AIERER R ESRCE - 5
FERFr R B AEE -

FRHDT R B S - R ZEE BT RUE (space-charge effect) » 4C7E#
n R MR SRS e A A 2240k (Instrumental Mass Fractionation) - HFitE2 A )7
A TR M EHIETE - AW E R 2 BT AR 4-2 Fs - sl 2 (B 1R
SE gk -

R 4-2 §8-90- R RASEAWTFOR R Al i ZABIE T R EWERF KRR

FRE s BT (LR L E TR
LA %°sr/%sr thfE
5 PETE4E = 8L 1E > 80%
<] 144 146
" 51, NG/ N FE o

(NP =

B B IIA TSRS - DL

L
% 2O 20T g TE 41 5 5

> 80%
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SoNE N

¥

FaEL ACQUISITION #igs

¥

FARL TUNE #1As

¥

BLAERAT

¥

AIE RN ER ARG

L 2

i

¥

FHEL METHOD EDITOR

¥

FRREER A

FHEL SEQUENCE #iHG

FRAAHET T T4

¥

B2 ES sequence

¥

Fi%E sequence

FHEL EVALUATION

¥

PR RHE SR

[ 4-11 ZREKIERIEM S B E L R E R E
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BOE SERENER
5.1 BEEM{LER

PAE e A A = o BAGEOR R (B (iPrep digestion vessel ) SEAE BBt % -
SHUHERETIHEIETT - SPATAYE S RAH - & LC - E R A RIHEZ
W) > BPLES RGBS SR 2 > w] OB R ER T R PE R
WML 2 B - A EEEETT R LA - AT B A NS 3T 2 IR Y)
TR LA PO B AT B TR S AT IS R ARV E ~ S bEn - s8R
K 5w LT 251 E 1) © (RO b AIUH ERIEEEA Z
H MR TTR IR R 5-1 Bk 5-2 -

* 5-1 FETTRIRES iPrep J77ALUR XRF &R ZEERE (BRI © wiwdb)

Bam A Ca Fe Mg Al Mn Cr

LC& iPrep  21.8% 4.48% 11.25% 2.60% 1.00% 0.12%
BEMRE XRF 22-26% 2-53% 6.2-84% 14-25%  04-1% <0.1- 0.2%
LD iPrep  30.0% 2.37% 3.91% 2.49% 0.52% 0.05%
BEMRE XRF 30-31% 1.1-24% 092-11% 19-2.6% 0.58-0.86% <0.1%
CS& iPrep  36.6% 0.45% 4.69% 2.15% 0.27% 0.01%
BFME XRF 27-40% 05-23% 15-22% 12-34% 05-1.8% <0.1%
LCH iPrep 17.2% 24.8% 3.42% 4.37% 3.82% 0.83%
it XRF 15-17% 17-24% 14-29% 3.7-45% 33-44%  0.7-0.9%
LD iPrep  16.7% 20.8% 4.01% 4.00% 3.28% 0.72%
it XRF 16-17% 21-24% 15-16%  3-3.9% 34-42%  0.83-1.1%
CSHE iPrep  16.0% 24.6% 3.62% 5.24% 3.63% 0.84%

S bE XRF 13-15% 19-23% 1.7-21% 35-4% 3.9-4.4% 1.2-1.4%

it ¢ XRF Z3&REERN BT s (IR - E2
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BB TR [FI 2 A E T PR s e 2 I MET9E(1/2)

RS2 WETTERER (B : mg/kg)

B cd Nd Cu Zn Pb Sr

LC BiE[RRE  2.066 11.76 88.70 1381 173.8 239.1
LD @R 0.170 13.48 52.06 115.0 8.624 489.6
CS BBIRmE  0.085 14.95 5.390 14.26 1.645 308.7
LC &fEE  0.385 27.29 139.3 235.5 14.15 427.3
LD @& ferE  1.679 36.22 239.4 2860 127.9 663.2
CS & biE  0.523 38.45 161.4 702.6 37.91 450.4

il @ ARRATINZTLRIBE Ry Q-ICP-MS A A RN AATHI E 2 &52R -

HATEARA
{EER I BRI [E] (i 3R

CAETAERSS
SIS A

FEE At L
== WAl

b~ BIFEE R TR LR -

ZHEEREAE A o AW EE R e e BHVO-2 {E Ry
gL A2 - £2 5-3 Ryifiein BHVO-2 £ LC iy

R 5-3 5 AfAEmE LC lBIRE - S LEETTRMEMEE (B - wiwk)

Ca Fe Mg Al Mn Cr Si Na K Ti
BHVO-2 817 863 436 716 013 0.3 23.3 164 043 163
LCBE)ErE 218 448 1125 260 100 012 31~58% 021 006 0.19
LC Bg& ki 172 2479 342 437 382 083 56~64* 009 005 0.38

it | *ForHERIBAT XRF ATIE 2 R
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5553 SR

52. TRZE2EER
B~ 80 S ABERAIEAER

DUEAREAE S ~ LC 2 BRI B A LIE AT TR M7 & B PSR
G o $E - 8~ S AR R E R R EFR 5-4  [E 5-1 R R4 - 45
REUREAFRSEE T - SRR T RAERA K - HEMENIA 2 Z71 0.05M
BRI R AT [BUORER 73 2 $8 (80-100% ) o AEERAS REURHE < [FICHEIHE BREiTF
SN 90% o 5 BRI S A L SR R AT 100% (3= 5-4) » MRS (LIELY
HA 80% » HFEBIE LIRS RS R 5 & HEMEA R - $H¥ LR > KRR
A BBV R EAR B o i DAMERE B IERY [ - [ 5-2 R 4K th a2 aifE
FERI AR/ ~ B R BL B At SO SR 4R - B RSB S LS 2 R T /=R R
Ko 3G H B e R B EI ZOME 2 TR BRI L5 mL ~ 7 mL 2R

ETTE [FI AR -

EHETEE ~ 82~ SHEEAYERE » WEIRFHGREFERISEE - EHH 4
REBETE SR e > HEERS GRS EN 0.6%LLT » NP2
1 & 2 & AEHERE -

2 5-448 ~ gt ~ AR EEWER(EME) EE B RE

Recovery (Sr) Recovery (Pb) Recovery (Nd)

BHVO-2 81.7 % 100.2 % 80.1 %
LC g RAE 106.3 % 114.0 %
LC W& btk 104.6 % 73.6 %

ZE H AR 10.7 pg 82.4pg 4 pg
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BB TR [FI 2 A E T PR s e 2 I MET9E(1/2)

o~ 8 8 B2 BRI EEER

APEELAYIE > DU e an B LC i S b AT IS HAY
FREEHH AR © 8] 5-3 K[El 5-4 BURAT TR S RER I LER S BRI o] SRl A R 7y
PR ~ 85 - SYAIER - ELEICESTTE 80%LL I (5% 5-5) « BR TSR Z LS - HiAh
=R 2R 28 v A R 5 A AR (8 I R4l B R R S5 i R B IR A
[EBERAVEER] 100% o ARAGRHR Al $+3T8 [F i R B o 1 T 5 — 2P HURTAS - AT
FeHMIEARS - SR A RERE CRplEHE ) > ERREeREE 100%Z1FF - Rk
R E R R E a R E 228 - 9N IRARE R E TR REEN
DRI S B B R AT IS YRR S » RAGR LU RS BRI R 5 A AT HR T

R 558 - & & - RERAUEZEWER (L)

Recovery (Cu) Recovery (Fe) Recovery (Zn) Recovery (Cd)

BHVO-2 120.0 % 85.9 % 99.2 %
LC & brE 139.7 % 80.3 % 95.1 % 116.8%

44



60%

50%

40%

30%

Recovery

20%

10%

0%

—a— BHVO-2
—a— LCJR 2 R i
—o— LCHR A bhd

1 2 3 4
mL (0.05M HNO,)

5-1 LRI Z o ah4R

15%

10%

Nd Recovery

5%

0%

—e— LCJE L i
—e— LD e L bk
—o— LDz & (LA

2 4 6 8 10 12 14
0.2 M HCl (mL)
B 5-2 JTTESL Z R 4R
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100%
—o—17n
80% - '[ —e—Cu
—o—Cd
& 60% - .
g —o—Ti
S :
——
2 40% A €
—o—Ni
20% -
0% A
O/ 2 \/4 6 8\/ 10 12 \]}4 \/16 18 - 20
JoMHCl ~  4MHCI “> IMHCI  IMHNO, 1M HNO;
mL +0.1M HBr
[ 5-3 fZ# 5 BHVO-2 & AG MP-1 g4 b2 IR B4R
100%
—o—Cu
80% - —o—7/n
—o—Cd
2’ 60%
g
o
9
e 40%
20%
0%
O 2 _ .4 6 8 10 12 14 16 18 _20
JOMHCI . 4MHCI "~ IMHCI  IMHNO; IMHNO,
+0.1M HBr
mL

& 5-4 LC Ji-E(LHEREH AG MP-1 iRt b2 R 4R
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%55 SERETTER

53. FESHTERE R

RIRAFAESR 2 &b | > SONER A ERERE - RILRAai LR 2 AR BLAREE
HEATHEEM ZILE R - EEREE T L > B S NBS SRM 987 ~ JR/KAT:HE
i IAPSO DLR A HHE4E  BHVO-2 Fx BCR-2 i ll& - &Iy *'St™sr 535k
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) 5z 0.705015 + 0.000023 (2 s.d., n = 13) » B &8 32 s (H —
B (AR 5-6)  FoRIEFTT#RET) o DAET i T = i R S B4
{EhE > 45 REEREAHE SEE R E 2R (£ 5-7) - [8 5-5 #r CS Mz &1k
BB R s B s 2 *'Sr™sr ER{E > LC R > 1T LD 2 S bk Ko R
K *'SrPSr LAY - FECE SrOREER > EAlsE e =R TREFTES 2
YA o AR R B R P AN B AOERIBIEE (4 AR EEA - &
HIE SR AR - F— TS Lhs OB RS - 78 Y'Sr™Sr 18 & Bz
5o PEASFEUR IS IS A SR E) i 32 R HR FE Ekb el F A & 5l R (5] R P R A
ViR = KT » AR 2 BB ] — TR A [ T P 2 A M » L *Sr*sr bR e
EEEERE DKL ATE A g SR & -

a

BRI A 2 S A1 - SN =EE M5 (LU LC B CS BRI
GEINT 5-8 » YREEHEA Z SEEIf B EA A E IR - EREAT A
RFAFIFEITE L » FRAL 50 ZrebEam oS SR 8 — 0 -

TESEM R E G ARl 1L 71 - oA ERFSARAE i La Jolla ~ INdi-1 DL A
s BCR-2 - &1 “3Nd/A**Nd 43715 0.511835 + 0.000010 (2 s.d., n= 55) -
0.512105 + 0.000010 (2 5.d., n = 55) % 0.512641 + 0.000011 (2 s.d., n = 17) » BIE 583
Z R E B (3R 5-6) - (RS [EIL R E FE o Mg ar b - TR SERE in NBS
SRM 981 [J & AR BCR-2 K BHVO-2 » &1y 2°Pb/*Pb ~ 2'Pb/?Pb K
2%P/2Ph s B 55 2 R — B (32 5-6) » RUASL L BLEIr 2 A LA B R oy
Mricilr L3RRl o AMHTT MR i < 8- 84- 86 [E i ZRAHR AT 275 3% 5-7 -

5-5 ~ ] 5-6 73 IELER T HEREEL 5 28 ~ KRB Ry AR 2 #E- 54 (R ZRaENEE
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BB TR [FI 2 A E T PR s e 2 I MET9E(1/2)

5-5 HUTERE > $Eg [El fir ZAH R B A 2 iUSE( MORB) A B L Z 5 (OIB) ~
Depleted Mantle (DM) ~ = 23U/%*Pb [L 718 (HIMU) ~ Enriched Mantle (EMI, EMII)
FELREE R (UCC) S el SR A & R[] - MRS 2 88 -$2 [ i ZRAH B BE /e F ik
BESSEBERE BRI YE » WA K AEA © 114 BifT - TE5RH
e A GRS SR EE RBhER » EERTEEY OER - Aka

R R AR BRERSR (R (A [ 1T B A A (B 2 $-84 [FMr ZEfak - U ECE S DAL EIfir
R PCEHE AR S B AR ST - 28 @R SUR B D RETY G
GEHEAEE-SLE RELE o Rt SRR EE 2 BHE - EIIATA Al
TR E R i BB - S{E LRGSR B LA T 2R A e E IR
s T o [B] 5-6 B R AHTZE AT & 2 ik SR EL RSN T R S A 2 RUAEE
(Lahd Geagea et al., 2008; Guéguen et al., 2012) » {F#E-44[F(ir Z4H5¢ FAELL » Hrp e
ErHFERL(SP) ~ WAREZNAE B (TPP) ~ #EARHL(PP) ~ A /ENIRAELR(DWI) ~ (L2 RS
YA (CWN)FAR Z 75 -

i [EI 7 ZRAGRAE R o R IR HE R - BRSO I A R R B~ & LC i
ZJERE AT 1E Sy B > LD ~ CS ke = $15 [F] 7 Z=4H ps AR AT A 2 & 73 (& 5-7)
[ 5-7 ~ [l 5-8 73l bl 1A B S SRR AN (W, 2015; P, 2012; Hsu et al.,
2006) - EEEELSNEREA > 2Pb/*Ph ¥t 2°Pb/Pb FL{E  Hith & S ER T
HE 2 SR ZRAHK - [ 5-7 BUR » ERAHEN Bt S7E B AS > i [F 7 2RER
SOEAEA BN FE A - B 5-8 BN AT IE 2 MRS [EI i 224 R BRSNSk R
T2 EENER 2 RIS fir Z24H % ( Lahd Geagea et al., 2008; Guéguen et al., 2012)
ML = 2R > R RN e - M SRR ARSI o Sy -
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R 5-6 AHTFEAT{E FHHYEIBR B i s B E i R E

RM 87Sr /%Sy 2 s.d. N Recomm. Value 2 s.d.
NBS SRM 987 0.710262 0.000020 20 0.710248 0.000030
IAPSO 0.709176 0.000010 25 0.710176 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 0.512850 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 206pyy204ppy 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 207ppy204ppy 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 208pyy204py 2 s.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

=¥ b 2 s.d. BRHDNE 2 FZEHE 7 (external precision) -
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BB TR [FI 2 A E T PR s e 2 I MET9E(1/2)

R 57 RARZES MR LZSE ~ 8 - SnEr RELERRER

8Sr/%sr 2 s.e.

LC &S 0.708906  0.000018
LD fZR & 0.708413  0.000017
CS WE Rk 0.709838  0.000012
LC W& & 0.708474  0.000013
LD iz {tfE  0.708524  0.000011
CS W& tfE  0.709292  0.000012
BHVO-2 0.703530  0.000020

SNdAMNd 2 see. £nd 2s.e.
LC A% 0512083  0.000016 -10.8 0.3
LD & 0.511909  0.000014 -14.2 0.3
CS WG 0512153 0.000013 -9.5 0.3
LC W& fbiE  0.512268  0.000014 7.2 0.3
LD &b 0511903  0.000014 -14.3 0.3
CS W& biE 0512054  0.000015 -11.4 0.3

20pp20%ph 256, Pp/MPh 2se.  %®pp/MPh 2s.e.
LC W&k 18.3334 0.0011 15.6219  0.0009  38.0779  0.0026
LD Jiig [ fis 18.0664 0.0013 15.6101  0.0011  37.9206  0.0028
CS WuE Rk 18.1219 0.0012 15.6199  0.0010  37.9865  0.0028
LC & bhds 18.3293 0.0013 15.6297  0.0011  38.1135  0.0031
LD & bhE 18.1551 0.0014 15.6152  0.0013  37.9842  0.0036
CS & fbhd 18.1876 0.0012 15.6211  0.0011  38.0144  0.0031
BHVO-2 18.6531 15.5323 38.2510

=k o 2 s.e B SRS 56 2 internal error (=2 s.d./\n) °
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H5% SRIGIH

R 5-8 g AR NE(THER)GERR-FEFEr R (LC B CS B)RHE)

87Sr/%8sr 2s.e./2s.d.
LC WE Rk 0.708906 0.000018?
0.708887 0.000018?
0.708893 0.000015
0.708899 0.000015
S 0.708896 0.000024"
CS i [ ik 0.709838 0.000012°
0.709804 0.000016°
0.709830 0.000017?
0.709816 0.000017?
FIE 0.709822 0.000032°

5 AfER43HT 56 20 internal error (=2 s.d./An) ; P EEIE > fEE R o

12
B DM
8 / MORB
4 i OIB
HIMU
g 0 7
=]
< m
-4 \
EMII
LCOx
-8
CSRe JCC ‘
LCRe
-12 EMI SOx
LDRe
DOx
-16
0.7020 0.7040 07060 0.7080 07100 0.7120  0.7140
87gy /865y

[ 5-5 $E-e R FRAHRRIE (AW oA 2 R i B 5 2R 57 A Rl < L)
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0
Fertilizers #Slags Edsp
v OTep Acwi
ADWI OPpp
+ Soil O Diesel soot
5 - Traffic
emission
—_ Nature dust
e UCC
=] |
z '10
w
s @ .
Industrial Possible sources of Sr-Nd:
issi [1] Dolomites: Ca(Mg)(CO3z):2
ife"—‘: [2] CaO
an [3] Fluorite (CaF2)
'20 I T T
0.7050 0.7100 0.7150 0.7200 0.7250

[ 5-6 $E-SU[EI A RAHRRKIE (7T 2 &SR ELEISNE 3 2 R4S IR EEED)
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206Pb”207pb

ZDSPbIZOTPb

-
o

1.4

-
N

1.25

1.2

-
=
(2]

1.05

Aerosol

Soil

LC

LD

CS

River water
China Pb-ores
Fertilizer
Pesticide

POCOSePHEHOC

-

00 _ - od®
Australia _ -

<
<

uU.s.

0

©®
e e
.- = o
,@'oo@mgo

Mexico

23

24
208Pb[207pb

245

25

5-7 *°Pb/*""Pb %f **Pb/*'Pb [ (£ [FIBEEIESL Y [LEY)

LC

LD

Ccs

China ore
China dust
China coal
cwi

DwWI

SP

TPP

PP
Chimney soot
Fertilizer
Soil

Diesel soot

O+ecodxrrreeern

Australiaf;\"’<>

<&

U.S.’@,

Mexico

23

T | T |
2.35 24
ZDBPbIZDTPb

245

25

&l 5-8 2°Pb/*"Pb %t “®Pb/*'Pb B (A5 BARY MBI RS 2 LRE)
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FOE SwiER

6.1. 45w

AH et RS AR A R TR 575 ~ BEE TR AR A bRy S [FM &
EEE TR HTEIT » A ETTE L &EHTOH B RS > Bof iPrep Bl s BN
BN > AIRPERER AR LIS B A HUGE R 7R RER ik an B A DAL #0E
fige -

FEALSRAIE L - X8 ~ 80~ 80 37 > 8 8% IRSITRE T B - 88
SUMISS B BAFZ [ « DL AG MP-1 s B S0 08 - 35 - §F - sRAVES: -
SERBUREER b R o BESUR © ARAGH AT A Ll ERdinE— 2P iR itk
onPEYEE ~ 8 $F IR BIRE R R -

DL R I ISR - S22 B 2 A 3 il i — S BIRR A i S5 RS
HESR 7 ERE B R =ERM R RS i B sy -
St T =R LRy 2 2R B E (bl - SRR B AV s EL REEEER -
Bo& SroREER » s alE oy i = TP 4 2 i - [F— T E(bRE
b o AE PSSt Ll A E BN R PR AR (ena) Kb
ML RLEE - A& =M TR EAE 2 EhE - A - [F—TRAV S b R
JRIFHE o 1 °'SHPSr K ena LL{E EALABEE AR o SR BURIEREAISE-51-5
{ir 22 AT PR 8 1A B TR A A A Y e - R SRR sy H iy -

6.2. ZEHiH

1 HBEZARME

BIFERER A  EE— SRR AT (0 A 2 SRR ~ B AT RE & A R
AEAHIR > NILEZRES K Z R RS - LA A E R
BURHRHIETT A FEIRFHAY SR - BEAh - BB > BTk iy S MR R 7
—HFE > DR Z AR -
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%6 5 SiamiAER

2. HEIEZER

Ry T B EE SR AEURIEENEE > S LRERIIEER - 2800
ARZERTHEETEE T B A A R SRR HOH L - SR LR - H AT
AR TTZE - 65— AR  ZWOHEE - A — LS (LY FRZEEM
HEBRZ NA R - DRI LR A P Y BB 50 P T 5P B ) R BB P AR TR
o BT - 56 2 EHERIVARIRREY - WAMERE ZVE 26 HiE
FEr R EEEHENZE - HaAR B8R RIEEZYE - Ay > R AR
HAEHZE (0 SBE)  Fralstis Sy E g s -

3. FfrEREEMT EZER

Rt ATes R AR R AR - INESY A b 2 A e S B (e S Uk T
2507 » WETZREMIRMNE - DIEREITE ~ Hilf 2 75 » 55590 » Hfik
ZIEAEA PRI O o JEER S (E S AV A - DRI AR T 2 E
HOREE KR RELE - PMERE—REBRZATiRaEEmD -
4. ZEEMIRRGIETL

AWt - AEHEeBERE L RN REEERZEN - R ZEER
TNERESSENT o {5 FH BE — (R i 2R A e 640 A Je DA Sy B B n ACR - TS B R
SRR LL B Z R ZR %8t R E IR R e B B AR - HER R 2/
7 2~3 {E[FIL R S S TR -
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B TR [FI 2 o AT HE PR s e 2 I T MEITE(1/2)

B IRTEE T R AR

\““*i f7ie
ZOFLFRERIHE A (%) A (%)
1 EpR R IE B TR jﬁﬁw) 75 18R 7] ﬁfg:# mi:i%

CPRRE

TR RE * 100%

e 10 & 3¢ v R 10 4 100%

S kRl

BELFBRFZ TR - NN SN 3 S 100%
Hu @A EHE hHFEEFREy

LE S R NS S RLE - PR NP> I TR 100%
BB BERF

g A5

Ry A NI S e - R 100%

b s % A 47 ERGRES: ¥ ol RN RN L 100%
B p) 4 2017/11/8 3452 e jiv il £

€ R AR 2 100%

& R PR LR L

IR g G2 - 106/5/15 EEF R - X1 FE2
UL IS S 106/7/30 HRAP P ARLAY Y AR
P 106/11/15 HBAWREL AR
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SRR

IROREIRETR SRS =2 - SRR St re sulaa T = - 2012

IRRBEIRREET o DIUEY) ~ TR KoM P BT R E AT A- O R B
FtEEE(NIEA R355.00C)

Wk - 2015 - slEM{i RAFEUE HIRBUK R EAVER - BT 28 RSB AR
A4 TR R T i

BRZIIE » 2012 « AR KBRS 2 o3 A S AR © BT IR R ER BRI 2 2k
s 3 ©

TTHbEE R E - AR R ERAE AN -

Bigalke, M., Weyer, S., Kobza, J., & Wilcke, W. (2010). Stable Cu and Zn isotope ratios
as tracers of sources and transport of Cu and Zn in contaminated soil.
Geochimica et Cosmochimica Acta, 74(23), 6801-6813.

Bollhéfer, A., & Rosman, K. J. R. (2001). Isotopic source signatures for atmospheric
lead: the Northern Hemisphere. Geochimica et Cosmochimica Acta, 65(11),
1727-1740.

Carignan, J., Libourel, G., Cloquet, C., & Le Forestier, L. (2005). Lead Isotopic
Composition of Fly Ash and Flue Gas Residues from Municipal Solid Waste
Combustors in France: Implications for Atmospheric Lead Source Tracing.
Environmental Science & Technology, 39(7), 2018-2024.

Chen, J., Gaillardet, J., Louvat, P., & Huon, S. (2009). Zn isotopes in the suspended load
of the Seine River, France: Isotopic variations and source determination.
Geochimica et Cosmochimica Acta, 73(14), 4060-4076.

Chiarizia, R., Horwitz, E. P., & Dietz, M. L. (1992). ACID DEPENDENCY OF THE
EXTRACTION OF SELECTED METAL IONS BY A
STRONTIUM.SELECTIVE EXTRACTION CHROMATOGRAPHIC RESIN:
CALCULATEDVS.EXPERIMENTAL CURVES*. Solvent Extraction and lon
Exchange, 10(2), 337-361.

Cloquet, C., Rouxel, O., Carignan, J., & Libourel, G. (2005). Natural Cadmium Isotopic
Variations in Eight Geological Reference Materials (NIST SRM 2711, BCR 176,

57



BB TR [FI 2 A E T PR s e 2 I MET9E(1/2)

GSS-1, GXR-1, GXR-2, GSD-12, Nod-P-1, Nod-A-1) and Anthropogenic
Samples, Measured by MC-ICP-MS. Geostandards and Geoanalytical Research,
29(1), 95-106.

Dolgopolova, A., Weiss, D. J., Seltmann, R., Kober, B., Mason, T. F. D., Coles, B., &
Stanley, C. J. (2006). Use of isotope ratios to assess sources of Pb and Zn
dispersed in the environment during mining and ore processing within the
Orlovka—Spokoinoe mining site (Russia). Applied Geochemistry, 21(4),

563-579.

Ellis, A. S., Johnson, T. M., & Bullen, T. D. (2002). Chromium Isotopes and the Fate of
Hexavalent Chromium in the Environment. Science, 295(5562), 2060.

Finnigan™ Neptune Multicollector Software Version 3.1 Operating Manual.

Retrieved from
http://wwz.ifremer.fr/neptune/content/download/27931/388664/file/

Francova, A., Chrastny, V., Sillerova, H., Vitkova, M., Kocourkova, J., & Komaérek, M.
(2017). Evaluating the suitability of different environmental samples for tracing
atmospheric pollution in industrial areas. Environmental Pollution, 220, Part A,
286-297.

Geagea, M. L., Stille, P., Millet, M., & Perrone, T. (2007). REE characteristics and Pb,
Sr and Nd isotopic compositions of steel plant emissions. Science of The Total
Environment, 373(1), 404-419.

Geol. 655 Isotope Geochemistry.  Retrieved from
http://www.geo.cornell.edu/geology/classes/Ge0656/656n0tes03/656%2003L ect
urel5.pdf

Grousset, F. E., & Biscaye, P. E. (2005). Tracing dust sources and transport patterns
using Sr, Nd and Pb isotopes. Chemical Geology, 222(3), 149-167.

Guéguen, F., Stille, P., Dietze, V., & Gieré, R. (2012). Chemical and isotopic properties
and origin of coarse airborne particles collected by passive samplers in industrial,
urban, and rural environments. Atmospheric Environment, 62, 631-645.

Hoang-Hoa, T. B., Stille, P., Dietze, V., Guéguen, F., Perrone, T., & Gieré, R. (2015). Pb,
Sr and Nd isotopic composition and trace element characteristics of coarse
airborne particles collected with passive samplers. Comptes Rendus Geoscience,
347(5), 267-276.

Hsu, S.-C., Chen Liu, S., Jeng, W.-L., K. Chou, C. C., Hsu, R.-T., Huang, Y.-T., & Chen,
Y.-W. (2006). Lead isotope ratios in ambient aerosols from Taipei, Taiwan:
Identifying long-range transport of airborne Pb from the Yangtze Delta.
Atmospheric Environment, 40(28), 5393-5404.

Irrgeher, J., & Prohaska, T. (2016). Application of non-traditional stable isotopes in

58


http://wwz.ifremer.fr/neptune/content/download/27931/388664/file/
http://www.geo.cornell.edu/geology/classes/Geo656/656notes03/656%2003Lecture15.pdf
http://www.geo.cornell.edu/geology/classes/Geo656/656notes03/656%2003Lecture15.pdf

analytical ecogeochemistry assessed by MC ICP-MS--A critical review. Anal
Bioanal Chem, 408(2), 369-385.

Izbicki, J. A., Ball, J. W,, Bullen, T. D., & Sutley, S. J. (2008). Chromium, chromium
isotopes and selected trace elements, western Mojave Desert, USA. Applied
Geochemistry, 23(5), 1325-1352.

Juillot, F., Maréchal, C., Morin, G., Jouvin, D., Cacaly, S., Telouk, P., Benedetti, M. F.,
Ildefonse, P., Sutton, S., Guyot, F., & Brown, G. E. (2011). Contrasting isotopic
signatures between anthropogenic and geogenic Zn and evidence for
post-depositional fractionation processes in smelter-impacted soils from
Northern France. Geochimica et Cosmochimica Acta, 75(9), 2295-2308.

Lahd Geagea, M., Stille, P., Gauthier-Lafaye, F., & Millet, M. (2008). Tracing of
Industrial Aerosol Sources in an Urban Environment Using Pb, Sr, and Nd
Isotopes. Environmental Science & Technology, 42(3), 692-698.

Mattielli, N., Petit, J. C. J., Deboudt, K., Flament, P., Perdrix, E., Taillez, A.,
Rimetz-Planchon, J., & Weis, D. (2009). Zn isotope study of atmospheric
emissions and dry depositions within a 5 km radius of a Pb—Zn refinery.
Atmospheric Environment, 43(6), 1265-1272.

Pin, C., & Gannoun, A. (2017). Integrated Extraction Chromatographic Separation of
the Lithophile Elements Involved in Long-Lived Radiogenic Isotope Systems
(Rb—Sr, U-Th-Pb, Sm—Nd, La—Ce, and Lu—Hf) Useful in Geochemical and
Environmental Sciences. Analytical Chemistry, 89(4), 2411-2417.

Pin, C., Gannoun, A., & Dupont, A. (2014). Rapid, simultaneous separation of Sr, Pb,
and Nd by extraction chromatography prior to isotope ratios determination by
TIMS and MC-ICP-MS. Journal of Analytical Atomic Spectrometry, 29(10),
1858-1870.

Schoenberg, R., Zink, S., Staubwasser, M., & von Blanckenburg, F. (2008). The stable
Cr isotope inventory of solid Earth reservoirs determined by double spike
MC-ICP-MS. Chemical Geology, 249(3-4), 294-306.

Shiel, A. E., Weis, D., & Orians, K. J. (2010). Evaluation of zinc, cadmium and lead
isotope fractionation during smelting and refining. Sci Total Environ, 408(11),
2357-2368.

Sonke, J., Sivry, Y., Viers, J., Freydier, R., Dejonghe, L., Andre, L., Aggarwal, J., Fontan,
F., & Dupre, B. (2008). Historical variations in the isotopic composition of
atmospheric zinc deposition from a zinc smelter. Chemical Geology, 252(3-4),
145-157.

Steinmann, M., & Stille, P. (1997). Rare earth element behavior and Pb, Sr, Nd isotope
systematics in a heavy metal contaminated soil. Applied Geochemistry, 12(5),

59



BB TR [FI 2 A E T PR s e 2 I MET9E(1/2)

607-623.

Vlastélic, 1., Staudacher, T., Deniel, C., Devidal, J. L., Devouard, B., Finizola, A., &
Télouk, P. (2013). Lead isotopes behavior in the fumarolic environment of the
Piton de la Fournaise volcano (Réunion Island). Geochimica et Cosmochimica
Acta, 100(Supplement C), 297-314.
Wiederhold, J. G. (2015). Metal Stable Isotope Signatures as Tracers in Environmental
Geochemistry. Environmental Science & Technology, 49(5), 2606-2624.
Wiederhold, J. G., Skyllberg, U., Drott, A., Jiskra, M., Jonsson, S., Bjorn, E., Bourdon,
B., & Kretzschmar, R. (2015). Mercury isotope signatures in contaminated
sediments as a tracer for local industrial pollution sources. Environ Sci Technol,
49(1), 177-185.

Yin, N.-H., Sivry, Y., Benedetti, M. F., Lens, P. N. L., & van Hullebusch, E. D. (2016).
Application of Zn isotopes in environmental impact assessment of Zn—Pb
metallurgical industries: A mini review. Applied Geochemistry, 64, 128-135.

60



bfif 5k

B 1 RERPIE HE T IR OITEERE (LC BE L)

iR 1 REATRE A BRERE - 383 - BBIR

KR 2 AWIRATER Bl H R - A - AMRERENR
LN A S R

LR EUEM & BT E L R SRR

Aridus 11 B 2 &t fE R TR

SRS REM S B E R R-ES U R EZBIE

61



BB TR [FI 2 A E T PR s e 2 I MET9E(1/2)

b 1 ZRERE HE TSRt OITERE (LC A L)

Spectrum 3

Spectrum 4

'S;*-‘ritnm‘ 5

I 70um !

pectum 2

62



Wi 1 3RERYIE HHEE T ERET A4S R (L C MR R (58)

63



BB TR [FI 2 A E T PR s e 2 I MET9E(1/2)

FfR 1 BRmAIREERTE R 2 B - &3h - Sl

HHE y=} WL
Clean room class 1000

HEPA laminar flow bench class 10

MilliQ system

Sr-Pb column (10 mL) PP Eichron
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Double Distilled concentrated HNO;
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AR T EATT S e ERE FE I R EA NS R Z B > LUT
ek BRI S AR [F] (L FRAEFR IR T A Z S SIS B RS

844 * Metal Stable Isotope Signatures as Tracers in Environmental Geochemistry
YEE - Wiederhold, J. G.

HiE% : Environmental Science & Technology, 49(5), 2606-2624 (2015)

Abstract :

The biogeochemical cycling of metals in natural systems is often accompanied by
stable isotope fractionation which can now be measured due to recent analytical
advances. In consequence, a new research field has emerged over the last two decades,
complementing the traditional stable isotope systems (H, C, O, N, S) with many more
elements across the periodic table (Li, B, Mg, Si, Cl, Ca, Ti, V, Cr, Fe, Ni, Cu, Zn, Ge,
Se, Br, Sr, Mo, Ag, Cd, Sn, Sb, Te, Ba, W, Pt, Hg, Tl, U) which are being explored and
potentially applicable as novel geochemical tracers. This review presents the application
of metal stable isotopes as source and process tracers in environmental studies, in
particular by using mixing and Rayleigh model approaches. The most important
concepts of mass-dependent and mass-independent metal stable isotope fractionation
are introduced, and the extent of natural isotopic variations for different elements is
compared. A particular focus lies on a discussion of processes (redox transformations,
complexation, sorption, precipitation, dissolution, evaporation, diffusion, biological
cycling) which are able to induce metal stable isotope fractionation in environmental
systems. Additionally, the usefulness and limitations of metal stable isotope signatures
as tracers in environmental geochemistry are discussed and future perspectives

presented.
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844 © Chemical and isotopic properties and origin of coarse airborne particles collected

by passive samplers in industrial, urban, and rural environments
{EZ : Guéguen, F, Stille, P., Dietze, V., & Gieré, R.

HiEE : Atmospheric Environment, 62, 631-645 (2012)
Abstract :

Passive air samplers have been installed in industrial, urban, rural and remote
forested environments in order to collect coarse airborne particles for subsequent
chemical characterization. To identify principal polluting sources, isotopic tracers, such
as Sr, Nd and Pb isotopic ratios, have been used. The mass deposition rates (MDRs) of
trace metals, determined for each of the studied environments, clearly indicate that
industrial and traffic sites are especially affected by air pollution. Elements such as V,
Pb, Fe, Cr, Co, Mo, Cd, Ni, As, Sb and Zn are notably enriched in samples from
industrial zones, whereas V, Mn, Ba, Sr, Al, U, Th, rare earth elements (REE), Zr, Y, Cs,
Rb, Sb, Sn and Cu are principal components of the airborne particles collected close to
areas influenced by heavy traffic. The chemical/isotopic baseline composition derived
from the airborne particles is the result of mixing of particles from different industrial
sources, traffic and fertilizers. The monthly analysis of trace-metal MDRs of the
collected airborne particle samples from different stations around the industrial zone
allows for the detection of distinct atmospheric dust-deposition events during the year,
characterized by high MDRs. ‘“Natural” dusts from regional soil re-suspension,
including from more distant regions like the Sahara desert, might overprint the regional
atmospheric baseline composition, as suggested by trace metal trajectories in ternary

diagrams and by Sr, Nd and Pb isotope data.
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=44 © Lead Isotopic Composition of Fly Ash and Flue Gas Residues from Municipal

Solid Waste Combustors in France: Implications for Atmospheric Lead Source tracing
{YEZ : Author: Carignan, J., Libourel, G., Cloquet, C., & Le Forestier, L.

HiEE : Environmental Science & Technology, 39(7), 2018-2024 (2005)

Abstract :

Fly ash and flue gas residues from eight municipal solid waste combustors
(MSWC) in France (1992-93 and 1998/2002) were analyzed for their Pb isotopic
composition. Fly ashes are more representative of solid residual particles, whereas flue
gas residues reflect mostly the composition of gas phases. Both sample types contain
hundreds to thousands of micrograms of metals per gram. Leaching experiments
showed that metals are present in condensed phases, probably as sulfates and chlorides,
and suggest that Cd, Pb, and Zn are highly fractionated from one another during
volatilization/condensation processes occurring during combustion. Although all the
samples analyzed define a fairly restricted range in Pb isotopic compositions
(*°®°pb/?’Ph = 1.148 — 1.158 and *°®Pb/*®Pb = 2.101 — 2.114) compared to other
environmental samples, some MSWC produce materials having distinct isotopic
compositions, whereas others display very similar ones. Isotopic heterogeneity is also
measured between samples from a single MSWC. This is interpreted as resulting from
the heterogeneity of the waste source materials. The range of Pb isotopic composition of
incinerator materials form a well-defined linear array in the *®Pb/?®®Pb versus
206pp/297pp diagram. This array is compatible with the previously reported European
standard pollution (ESP) line and most probably represent the average lead isotopic
composition of industrial atmospheric emissions in France, with the following ratios:

206pp/297ppy = 1,154 + 0.003 and 2°®Pb/?%°Ph = 2.107 + 0.003 (10).
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=44 Zn isotope study of atmospheric emissions and dry depositions within a 5 km

radius of a Pb—Zn refinery

{EZF : Mattielli, N., Petit, J. C. J., Deboudt, K., Flament, P., Perdrix, E., Taillez, A.,
Rimetz-Planchon, J., & Weis, D.

HiE% © Atmospheric Environment, 43(6), 1265-1272 (2009)
Abstract :

The present paper examines the use of zinc isotopes as tracers of atmospheric
sources and focuses on the potential fractionation of Zn isotopes through anthropogenic
processes. In order to do so, Zn isotopic ratios are measured in enriched ores and
airborne particles associated with pyrometallurgical activities of one of the major Pb—Zn
refineries in France. Supporting the isotopic investigation, this paper also compares
morphological and chemical characteristics of Zn particles collected on dry deposition
plates (“environmental samples”) placed within a 5 km radius of the smelter, with those
of Zn particles collected inside the plant (“process samples™), i.e. dust collected from
the main exhaust system of the plant. To ensure a constant isotopic “supply”, the
refinery processed a specific set of ores during the sampling campaigns, as agreed with
the executive staff of the plant. Enriched ores and dust produced by the successive Zn
extraction steps show strong isotope fractionation (from —0.66 to +0.22 %o0) mainly
related to evaporation processes within the blast furnaces. Dust from the main chimney
displays a °°Zn value of —0.67 %o. Application of the Rayleigh equation to evaluate the
fractionation factor associated with the Zn vapor produced after a free evaporation gives
a range of aore/vapor from 1.0004 to 1.0008. The dry deposits, collected on plates
downwind of the refinery, display 8°°Zn variations of up to +0.7 %.. However, it is to be
noted that between 190 and 1250 m from the main chimney of the refinery, the dry
deposits show a high level of large (>10 um) Zn, S, Fe and O bearing aggregates
characterized by positive 5°°Zn values (+0.02 to +0.19 %o). These airborne particles

probably derive from the re-suspension of slag heaps and local emissions from the
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working-units. In contrast, from 1720 to 4560 m, the dry deposits are comprised of
small (PM10) particles, including spherical Zn-bearing aggregates, showing negative
8%7Zn values (—0.52 to —0.02 %o). Our results suggest that the source of the distal dry
fallouts is the main chimney plume, whose light Zn isotopic signature they preserve.
Based on Zn isotopic analysis in combination with morphological and chemical
characteristics of airborne particles, the present study suggests the traceability of smelter

dusts by Zn isotopes.
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=44 © Evaluation of zinc, cadmium and lead isotope fractionation during smelting and

refining

{EZ : Shiel, A. E., Weis, D., & Orians, K. J.

Hip& - Sci Total Environ, 408(11), 2357-2368 (2010)
Abstract :

To evaluate metallurgical processing as a source of Zn and Cd isotopic
fractionation and to potentially trace their distribution in the environment,
high-precision MC-ICP-MS Zn, Cd and Pb isotope ratio measurements were made for
samples from the integrated Zn-Pb smelting and refining complex in Trail, B.C., Canada.
Significant fractionation of Zn and Cd isotopes during processing of ZnS and PbS ore
concentrates is demonstrated by the total variation in 8°°Zn and §**Cd values of +0.42
%0 and +1.04 %o, respectively, among all smelter samples. No significant difference is
observed between the isotopic compositions of the Zn ore concentrates (8%°Zn = +0.09
to +0.17 %o; 8**Cd = -0.13 to +0.18 %,) and the roasting product, calcine (5°°Zn =
+0.17 %o; 8™*Cd = +0.05 %o), due to approximately 100% recovery from roasting. The
overall Zn recovery from metallurgical processing is approximately 98%, thus the
refined Zn metal (8°°Zn = +0.22 %o) is not significantly fractionated relative to the
starting materials despite significantly fractionated fume (8°°Zn = +0.43 %o) and effluent
(8%Zn = +0.41 to +0.51 %.). Calculated Cd recovery from metallurgical processing is
72-92%, with the majority of the unrecovered Cd lost during Pb operations (§**Cd =
-0.38 %o). The refined Cd metal is heavy (§*Cd = +0.39 to +0.52 %o) relative to the
starting materials. In addition, significant fractionation of Cd isotopes is evidenced by
the relatively light and heavy isotopic compositions of the fume (§*Cd = -0.52 %o) and
effluent (5™“Cd = +0.31 to +0.46 %o). In contrast to Zn and Cd, Pb isotopes are
homogenized by mixing during processing. The total variation observed in the Pb
isotopic compositions of smelter samples is attributed to mixing of ore sources with

different radiogenic signatures.
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=44  Application of Zn isotopes in environmental impact assessment of Zn-Pb

metallurgical industries: A mini review

YEZ : Yin, N.-H., Sivry, Y., Benedetti, M. F., Lens, P. N. L., & van Hullebusch, E. D.
HiEE : Applied Geochemistry, 64, 128-135 (2016)

Abstract :

Zn and Pb smelters are the major contributors to Zn and Pb emissions among all
anthropogenic sources, thus, it is essential to understand Zn isotopic variations within
the context of metallurgical industries, as well as its fractionation in different
environments impacted by smelting activities. This mini review outlines the current
state of knowledge on Zn isotopic fractionation during the high-temperature roasting
process in Zn and Pb refineries; 5°°Zn values variations in air emissions, slags and
effluents from the smelters in comparison to the geogenic Zn isotopic signature of ores
formation and weathering. In order to assess the environmental impact of these smelters,
the available and measured 5°°Zn values are compiled for smelter impacted natural
water bodies (groundwater, stream and river water), sediments (lake and reservoir) and
soils (peat bog soil, inland soil). Finally, the discussion is extended to the fractionation
induced during numerous physicochemical reactions and transformations, i.e.

adsorption, precipitation as well as both inorganic and organic surface complexation.
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44 © Zn isotopes in the suspended load of the Seine River, France: Isotopic variations

and source determination

{E& * Chen, J., Gaillardet, J., Louvat, P., & Huon, S.

& : Geochimica et Cosmochimica Acta, 73(14), 4060-4076 (2009)
Abstract :

We report Zn isotopic ratios (8°°Zn) of river suspended particulate matter (SPM)
and floodplain deposits (FD) from the Seine basin, France, with a precision <0.05 %.. A
decrease in 8%°Zn from +0.30 %o to +0.08 %o is observed in SPM from the upstream to
downstream parts of the fluvial system, associated with an increase in Zn concentration
from 100 ppm to 400 ppm. The Zn/Al of SPM at the river mouth is up to five times
greater than the Zn/Al of the natural background, and by normalizing to the later value
we define a Zn enrichment factor. Suspended sediments from a temporal series of
samples collected in Paris display a similar variation in 8°°Zn of between +0.08 %o and
+0.26 %o, while showing an inverse relationship between the Zn enrichment factor and
8%Zn. The amount of Zn transported as suspended load varies from 10 % to 90 %, as a
function of increasing discharge. The 8°°Zn of SPM and the dissolved load are
correlated, suggesting that adsorption processes are probably not the dominant process
by which the Zn enrichment of SPM takes place. Instead, we interpret our data as
reflecting the mixture of two main populations of suspended particles with distinct
8%Zn. The first is characteristic of natural silicate particles transported by erosion
processes to the river, while the second likely represents anthropogenic particles derived
from wastewater treatment plants or combined sewer overflows. Based on isotopic
ratios, we calculate that 70 % of Zn in SPM of the Seine River in Paris is of

anthropogenic origin.
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844 © Stable Cu and Zn isotope ratios as tracers of sources and transport of Cu and Zn

in contaminated soil

{EZ : Bigalke, M., Weyer, S., Kobza, J., & Wilcke, W.

HigE : Geochimica et Cosmochimica Acta, 74(23), 6801-6813 (2010)
Abstract :

Copper and Zn metals are produced in large quantities for different applications.
During Cu production, large amounts of Cu and Zn can be released to the environment.
Therefore, the surroundings of Cu smelters are frequently metal-polluted. We
determined Cu and Zn concentrations and Cu and Zn stable isotope ratios (8%°Cu, 5°°Zn)
in three soils at distances of 1.1, 3.8, and 5.3 km from a Slovak Cu smelter and in
smelter wastes (slag, sludge, ash) to trace sources and transport of Cu and Zn in soils.
Stable isotope ratios were measured by multicollector inductively coupled plasma mass
spectrometry (MC-ICP-MS) in total digests. Soils were heavily contaminated with
concentrations up to 8087 pg g * Cu and 2084 pg g * Zn in the organic horizons. The
8%°Cu values varied little (—0.12 %o to +0.36 %o) in soils and most wastes and therefore
no source identification was possible. In soils, Cu became isotopically lighter with
increasing depth down to 0.4 m, likely because of equilibrium reactions between
dissolved and adsorbed Cu species during transport of smelter-derived Cu through the
soil. The 8%®Znigmm values were isotopically lighter in ash (—0.41 %) and organic
horizons (—0.85 %o to —0.47 %o) than in bedrock (—0.28 %o) and slag (+0.18 %o) likely
mainly because of kinetic fractionation during evaporation and thus allowed for
separation of smelter-Zn from native Zn in soil. In particular in the organic horizons
large variations in 5°°Zn values occur, probably caused by biogeochemical fractionation
in the soil-plant system. In the mineral horizons, Zn isotopes showed only minor shifts
to heavier 8°°Zn values with depth mainly because of the mixing of smelter-derived Zn
and native Zn in the soils. In contrast to Cu, Zn isotope fractionation between dissolved

and adsorbed species was probably only a minor driver in producing the observed
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variations in 5°°Zn values. Our results demonstrate that metal stable isotope ratios may
serve as tracer of sources, vertical dislocation, and biogeochemical behavior in

contaminated soil.
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78 44 © Evaluating the suitability of different environmental samples for tracing

atmospheric pollution in industrial areas

YE3 : Francova, A., Chrastny, V., Sillerova, H., Vitkova, M., Kocourkova, J., &
Komarek, M.

HiE% © Environmental Pollution, 220, Part A, 286-297 (2017)
Abstract :

Samples of lichens, snow and particulate matter (PMyp, 24 h) are used for the
source identification of air pollution in the heavily industrialized region of Ostrava,
Upper Silesia, Czech Republic. An integrated approach that uses different
environmental samples for metal concentration and Pb isotope analyses was applied.
The broad range of isotope ratios in the samples indicates a combination of different
pollution sources, the strongest among them being the metallurgical industry,
bituminous coal combustion and traffic. Snow samples are proven as the most relevant
indicator for tracing metal(loid)s and recent local contamination in the atmosphere.
Lichens can be successfully used as tracers of the long-term activity of local and remote
sources of contamination. The combination of PMjo with snow can provide very useful

information for evaluation of current pollution sources.
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=44 © Use of isotope ratios to assess sources of Pb and Zn dispersed in the environment

during mining and ore processing within the Orlovka—Spokoinoe mining site (Russia)

{EZ : Dolgopolova, A., Weiss, D. J., Seltmann, R., Kober, B., Mason, T. F. D., Coles, B.,
& Stanley, C. J.

HiE% © Applied Geochemistry, 21(4), 563-579 (2006)
Abstract :

Element concentrations, element ratios and Pb and Zn isotope data are reported for
different geologic samples (barren and ore-bearing granites and host rocks), technogenic
products (ore concentrates and tailings) and biologic samples (lichens and birch leaves)
from the Orlovka—Spokoinoe mining district, Eastern Transbaikalia, Russia, with the
aim to trace the sources of Pb and Zn at a local level within the mining site. Lichens and
birch leaves were used as receptors of contamination within the mining site. Pb/Zr and
Zn/Zr values indicated Pb and Zn enrichment relative to host rocks. Zn isotope data of
15 geologic and 11 lichen samples showed different Zn isotopic signatures with the total
range for the geologic suite of —0.4 %o to +1.2 %o and for lichens of +0.4 %o to +1.4 %o
in 8%Zn relative to Lyon JMC Zn standard. The source of isotopically heavy Zn within
the Orlovka—Spokoinoe mining site could be potentially associated with long-range
atmospheric aerosols that also contributed Pb to the studied mining site. Our results

demonstrated that Zn isotopes might be used as new tools for Zn source assessment.
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