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> AR+ 224H (AAS)
> grderEet=0l |AXEE (ICP-AES)
> g detEct=0} HZFEMH(ICP-MS)

> X-d EEM4E (XRF)
> - 7|Et EHEMY 3 E2t=0r (DCP, CMP)E47



Comparison of AAS, ICP-AES and ICP-MS g3 22zaamsess

ICP-MS

AAS
Detection Limit > = ppb
Precision ~1%
4 A2t <1 min/element

Total Dissolved solid

Interference

By

0

4

He

Isotope analysis
Operation
Ng A2

PN
S

i

1%~3%

Chemical
Spectral

No

No

Easy

Very high

Alkali metal (K, Na)

% ppt ~ =4 ppt

1%~3%(<5%)

1 min/sample

0.1% ~ 0.5 % (< 0.2 %)

Mass

Yes

Yes

Difficult

Low

Heavy metal, REE

Temperature Regions of the ICP
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Temperature (K) £ 10%

6000
6200
6500
6800
8000

-2—10,000

2
0

O000O




Atomic Spectroscopy

Atom line transitions

Elements (E=hc/A) wavelength
excitation potential (eV) (nm)
S 6.85 180.73
Zn 5.79 213.86
Cu 3.81 324.75
Na 2.10 589.59
K 1.61 769.90

ICP-AES

Radio

Frequency m——
Generator

Plasma

Auxiliary ~

Peristaltic Pump
Sample

orch & Injector

Spray chamber
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Q hf = ‘? s 0
RN L
(7h (Lh

a3 1-29 #xte) Wo| g4t WE

=3 ! excited states
{ n=2
S 5
P anew
3 g

n=1 ground state
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Transfer Optics

Spectrometer

Detector

. Microprocessor and

Electronics

Computer



Torch & nebulizer K:3] 237z atemaaze

[ To
Torch
T4 JHl
| |
;’ Nebulizer
| — =
| | - |
| ) \
\ '
‘\ | ‘t—:;_ Aerosol Sample Out
B T to the ICP Torch G20
‘ (through an Injector Tube) % 55 P EOC@

< Drain
L_) / ' Spray
Nebulizer Gas In hamber
(Argon) Nebulizer
I I KBl e
Spectroscopic Information

* Qualitative

— related to wavelengths at which radiation is emitted or
absorbed

* Quantitative

— related to amount of radiation emitted or absorbed at
analyte wavelength depends on concentration
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Ti II

228.618

wing overlap

line coincidence

T
220.3

-1
/Al 1000 ug mL

’
’
7
/

Pb 10 ug mL '
/

rAl T
(a) (b) i 220.467 (C)
Il i Au I
(52(:616 Pb ll : 197.819
220.353 1
Co 1 ug\mlt‘ 1'
!

continuum interference

-1

— Au 10 ug mL
-1
Al 1000 ug mL

/N

T
220.4

T
197.7

T
197.8 197.9

T
228.5 228.6

Waveiength (nm)

%)I

ICP-MS E

Extreme detection capability
— Opened up detection of ppb and ppt concentration levels

ICP-MS provides a powerful identification tool
— Simple spectrum is based on fundamental properties of atoms

K51

Elements are well resolved - minimal elemental interferences.

Quantitative analysis benefits from high linearity of detection

— Wide measurement range (dynamic range)
Semi-quantitative analysis provides concentration results without a

calibration standard.

ICPMS readily accommodates add-on attachments
— Flow injection, Laser ablation, GC, LC, etc.

Isotope measurement capability has multiple applications

— Geological, nuclear, biomedical

gt 7| Zastx|E AT A
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» Quadrupole System
» Double Focusing Magnetic Sector System (HR-ICP-MS)

» Time —of —Flight system

—(U + V Cos wt) ~
To detector e';'gr';%y (5

Magnet

Schematic diagram of a quadrupole mass analyser.

Double focusing



ICP-MS K:3l 227 1zaamsasy

MS

interface
lon detector

ICP Torch

E lon optics
Mass separalion i
device —

Spray
chamber

Nebulizer

Turbo Turbo
molecular molecular :
pump pump Mechanical SUPRY

pump

RF power

ICP MS K:3] 22712astxaeza
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7700x ICPMS with Enhanced ORS? Technology

e
2 o
S =
Peees omuor s
o S
=
s

Electrostatic!
analyzer

Plasma torch

=

Electromagnet

it |
i
o
igi‘*‘

|

i

i
i

Acceleration Focusing

optics optics
lent Technologies

TQ mass shift mode Figure 1. Schematic of a reverse Nier-Johnson double-focusing magnetic-sector mass

spectrometgilanmace af Thavma Binninan [Oan lana DAL
Product lon “[THNHJ,NH] o B
“Ca, "Zr, *$°0",
*PUOH, "Mg,

Intensty

®
T~ “TTi{NHJNH]

0100 amu scan

Inersty

fitler cut unwanted ins

“Fe

55535 sses7___ /.
mz

Figure 6. Comparison of resolution between (a) a quadrupole and (b) a magnetic-sector in-
strument for the polyatomic interference of %°Ar160 on S6Fe.



lon formation

K51

Mass
203.9730
Z05.9750
Z06&. 9760
207.9770

S| =X AT

KOREA BASIC SCIENCE INSTITUTE

Abundance

1400000
24.100000
Zz2.100000
52.400000

Izotaope
Izotope Mazs= Abundance Fh Z04
Cu 63 62,9295 69.170000 Fh 206
Cu &5 6d. 9278 30.830000 Th =207
Ph 208
63 Cu
o 69% Abundance
E5Cu
10000} 31% Abundance
| |
82 63 B4 B 66

Mass

lonization Alomzabon

Mass Spectrum

Figure 1. Generation of positively charged ions in the plasma.

Solid

Licuid

fempe
ol

Vaporization  Drying

K51

407,160 40pr40n
Eg 12 14; A1r£l;-l ArtAr
CROM0
; 14\180760 40ar36pr
2 40par40arH
g COH A0pr14N
=
% 40Ar160
)
= 405,180
40 50 60 70 80 90
Mass (amu)

Figure 1. Mass spectrum of deionized water from mass 40 to mass 85.
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Sampling

» Laboratory-sized sample :
Representative of bulk materials being investigated

Az HNE : Mz W5}

1. 20 2l g3l
:7Hg ol gX el MAE| B (HHFE2 MlzE =20 =X 23)

2. M (Acid)0]l o|ct 23
: HCl, HNO;, HF,
: SR M =THA
: 86 2 71E51
: CHEEo| X 2|7t 7t
: MZ 715l W F 7HE Theoh B
: A2t A|RE 7tS17| 2t

I

clo,, H,S0,, H,0, H,P0,5
oM, FlgHisg 0|8

y
O L
2 g2

Mo

Air particulate

> ICP-AES : Al, Fe, Mn, Ca, Mg, K, V, Ti, Cr, Zn, Cu

K:3] &271zaexasny
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> ICP-MS : Trace (V, Ti, Cr, Zn, Cu, 38}, 3|E22A (REE)

» MC-ICP-MS : Q| AH|EXH (206Pb, 207Pb, 208Ph)
> SRM : (NIST 2783, Air particulate on Filter Media)

» spike0l| |3t 3|48



Wet digestion in open & closed system KBl S8ReE NS mure

Open system

Effective on both inorganic and organic materials

Large sampling

Simple and economic

Longer digestion time

Contamination caused by reagents and vessels

Losses of element caused by adsorption and by reaction with vessel
Losses of elements by volatilization

Closed system

No volatilization losses of elements

Shorter reaction time

Improved decomposition

Bank values are decreased because of reduced reagent quantities
No contamination from external source

HAE| 7] (Refluxd) K3l 23zasnsers




Microwave digestion System K31 282 e

Mostly use 2450 MHz
Coupling of electromagnetic radiation with acids

Speed up the dissolution : rapid heating ability of
microwave

No contamination from environment
Automation

No volatilization loss

expensive

= 5
« Dilution factor,
« Acidity =  hotplate®lM XX 2| o
+ Vessel cleaning -

Il

Ul

Procedure for ICP-MS Measurement K:3| 2371z xuen
KOREA BASIC SCIENCE INSTITUTE
SAMPLE NAME LIMITS COMMENTS
Tuning Instrument setup
Calibration standards Blank 4 points (blank X3}
STDI 0.1 ppb
STDIO 1.0 ppb
STDII 10.0 ppb
Continuing Calibration Blank (CCB) 1 % HNO,
Initial Calibration Verification (ICV) %REC 90-110 Source different from calibration
Laboratory Control Sample (LCS) %REC 80-120 CRM
Batch I

Sample preparation blank
CRM (digested with samples)

1 % HNO,

Sample 1

Sample 1 - Duplicate %REC 90-110

Sample 2 ~ Sample 25

Continuing Calibration Verification (CCV) %REC 90-110 Calibration standard - STDII
Batch II

Sample 25

Sample 25 - Duplicate %REC 90-110

Sample 26 ~ Sample 50

CRM (digested with samples)

Continuing Calibration Verification (CCV) %REC 90-110 Calibration standard - STDII
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=M (Calibration method)
HZEZ="H( Internal standard method)
=™ 71 (Standard addition method)

A B C A B C C B
Conc Conc Conc
28 246 LHEEE=Z2Y HE=2 1Y

K:Bl L En o PN b S|
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_ M2 SHARE(mL or g) X 5™ 55 (ng/mL or ng/g) X HEH|
i FE(m?)

x) AlzE ™ M2[5t0 20.00 g2 S0 Cug ICP-MS & S8I= [
=74 440] 50.00 ng/g [2M S7| T Cu 2| & At

_|D|:Lk

of, ARESH ZH 37):4cm*6cm (18 cm * 23 cm), 9 48 m3

— —

Cusg = 2000 gX 45;300%0( ”%/ 9 X 17:25 - 359 ng/m3 =036 pg/m?
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Schematic Diagram of double focusing MC-ICPMS K3 oetctone

Laminated magnet

Zoom lens

@%”* ) /_\—\\ ‘ Collector array
‘ \\ = o/ g RPQ-SEM

S,

Transfer lens ‘ 812 mm mass dispersion

ICP sorce at ground

From Thermo Electron Co.

K:3] &271zaexaera
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Principles of MC-ICP-MS

= lons are accelerated to high (6-10 kV) energy
= High precision transfer optics focuses the ion beam

= Double focusing mass spectrometer reduces ion energy spread
and separates the ions according to their mass to charge ratio

= ESA = Energy filter
= Magnet = Mass filter

= Pseudo or High resolution is achieved by varying source and
collector slit

= lons are collected by detector system
= Discrete Dynode Electron Multiplier



Characteristics of MC-ICP-MS K:Bl 2271zannony

1. High Precision of Isotopic Results
SE EM,Pb=(2012)mg
S| AH|E 206pb/204Ph = 20.000 + 0.001

2. Direct sample solution introduction
Fast sample turn-around, Less labour intensive than TIMS

3. Faster sample throughput

K-Sl L En o PN b S|
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MC-ICP-MSO|M AR E|= F8 §4

v Lithium (Li):

Two stable isotopes (SLi & 7Li) with the significant relative mass difference (~ 16%)

Natural mass fractionation: ~ 6% variation among geological materials
Broad elemental dispersion in Earth and planetary materials

v" Magnesium (Mg):

The second in abundance among the rock-forming elements
Three stable isotopes with the large relative mass difference (4 and 8% between Mg & 26Mg, and 2*Mg, respectively)

Necessary resolution: better than 200 ppm
Reproducibility of 30 to 60 ppm or better during a last decade

v" Plutonium (Pu):

Widely regarded as a man-made element with five isotopes
The two most abundant Pu isotopes (23%Pu & 240Pu) reveal the characteristic of contamination sources

v" Uranium (U):

Three naturally occurring isotopes (234U, 235U & 238U)
Important radiogenic isotope in geochronology and geochemistry for the evolution of Earth

1. Li, Mg : X[3}=, 8, M-S X ZE A RS
X| 73t aalo| XIAIRLES A £EY|% B b 5
A

2. Po:2TES U EHE AR 2¥H U 7|HX| FHX=Z



KBS| A FMAI K:3| 237 izaemnes

ICP-AES(2) : OPTIMA 8300
ICP-MS (2) : X5, X2
HR-ICP-MS : AttoM
LA-ICP-MS : 193 nm & iCAP
MC-ICP-MS : Neptune
MC-ICP-MS : Sapphire
ICP-TQ-MS

Mercury Analyser

lon Chromatography

WoONOUNAEWN=

st o 2 A 7|+ = sdE, with KBSI!

Thank You

K:SI st 7| Enlstx| dAPH
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N )

2

(o] K= — —
Q S9HLAR@tTx 1sotop ) L %6
> 5|&0{2] isos(equal) topos(site, place)0i|A i -
> St oteklA SO0 A0 CfE 2
> HAHS (YA)= ZA, SHA =71 TH27| wiZof| 20| CHE A4
> ofshd A2 ZA| U =2|H 20| TS
> A1Hol= 32l 2k 3393020] LA QoM. O = 74%(2502)7 QHYEQ A
1zc 13c 14c
o g ol Rl e
E Radioactive isotope Stable Stable Rna:r:\oaciwe
E nlhmler:c
§ Tacpes 14N 15N
gy ||
7 2—: 160 170 180
0 1 2 3 4 5 6 7 8 9 10 112 13 14 15 16 15.9949 16.9991 17.9991
99.76% 0.04% 0.20%
Neutron number Stable Stable Stable
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) OFAZ Q|4 : AMCjZI 0l 2}0|(Relative Difference)
-H| gl = 5 flazie] a2k a7t A 2MEI0A} She AlRe| 5, £H|2HY,
Sko 2 Z2|flAo| Molj2k2 25k 0| HS

Eftia, EEt ()= H7|

mju

MEE (%) HALZ L

R = D/H,
) abundance of the heavy isotope 13C/12C,
ratio (R) = , . 5N/1N,
abundance of the light isotope 180,160,
345/325
8(%o) = (&ﬁm-l) x 1000
R....durd Standard = V-SMOW,
V-PDB,
13¢ 12 V-CDT,
AIR
813Cyppp (%0) = ( sample. _ 1) x 1000
e 13C/lzcstandard
3
OLK OlL] A Sl 'R 7|2 ISX|UATH
Jg%TIEJ+ xl?gioﬁ‘ KBI KOREA BASIC SCIENCE INSTITUTE

Q YE8s?Exe R

Abundance of Commonly Used Stable Isotopes:
'H (99.9844%), °H (D, 0.0156%)

12C (98.89 %), °C (1.11 %)

14N (99.64%), >N (0.36%)

160 (99.76%), 70 (0.0375%), 80 (0.2%)

25 (94.93%), 23S (0.76%), **S (4.29%), 3°S (0.02%)
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=
=2OoO i1

[

J

02
O

Q TENI|Q 3
=<

D> F2 /424 nlet, lon Source, Magnet, Detector

O AYSo: 24 F2 7128 EEEA ] (gas source
mass spectrometer)

o 7|H A= 0]2|9
SHof Of 2

o U2 Z2 TUSEA oM A HE|Lt AL o 1HF

M A2 E 7tA55H0 HKE| .

BE DM 22 £ 4H AMZEE 7t23)

el « AHO= B2 B2 2IE2QI0M A[RE ZH|SIALLE, X
—O0l= 22t A|2Ee 2 pAE IXoM 22T

Voltage/frequency
converter

Sample Standard ] computer

Fig. 1.8 Sch ic rep ion of a g mass Sp for stable isotope measure-
ments. P denotes pumping system, V' denotes a variable volume

Precision-fred
Magnet

e Hoefs J., 2009. Stable Isotope Geochemistry. 6% ed., Springer

Amplifer Housing for
11010 Amplifirs

OIXECIQIAO| £t K:Bl 27 1zammuery

+  Water Cycles
*  Global Meteoric Water Line(GMWL)

+ (3 and C4 pathways
- MEHO MM FN e

Doping control
. Rl

+ Carbonates and seawater Temperature
«  CaCO;: 12HH X|A|X}
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SsHE A XIAIXL

Isotope ratio Fractionation Information
°H/'H evaporation, condensation, precipitation geographical
13¢/12C C; and C, plants diet (geographical proxy)

trophic level, marine and terrestrial
TSN/14N . diet (geographical proxy)
plants, agricultural practice
180/160 evaporation, condensation, precipitation geographical
SRS bacterial geographical (marine)

Indicators of climatic conditions

Kelly et al, (2005) Trends in Food Science & Technology

Depend on local agricultural practices and animal diets

Indicators of geology

K:sl St 7| Zafstx| A2l
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HUX| TE 018xl= SHEL XIAIX

Stable isotopes: . .
P &% eurofins

a powerful authentication tool

The content of... Is influenced by... And can reveal... Examples

13C, 2H

13C, 2H

130! ZH

13C. 130' 15N
2H, etc.

13¢, 15N

Botanical origin

Synthetic pathway

Origin of water

Geographic origin

Diet

Addition of sugars

Fruit juices

from other plants

Addition of artificial

substances

Dilution with tap

water

Flavours :
vanillin...

Wines, NFC juices

Mislabeling of origin All products

Feeding regime

Animal products
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Isotope
measurement

Trace element
measurement

Radioactivity
measurement

Quaternary
dating

Core facility of
earth &
environmental
research in
Korea

Geological age
determination

Climate change

National agenda
» flood origin
« forensic science

Archeological &
anthropological
application
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- IRMS

- Multiprep
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- Dual Inlet

14

- PyrOH EA, Auto Sampler

- HT/EA
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- Pyr cube EA
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HH: Delta Advantage
=Xt 20134
J.

o.

- IRMS

o o o
& H

-+

- Conflo

Conflo | - EA
' - HT/EA

2

>

=47 (EA):
HT/EA

17

Ki3] 227 izsemiseaa [ ]| 18

KOREA BASIC SCIENCE INSTITUTE



IRMS EA EA

X ZHd|: EA-IRMS

C,-Plant Cy-Plant
) fe=—— 14

*. wheat, sugar beet maize, sugar cane

R CAM-Plant
“c—

pineapple, vanilla

8Ch —TTTTTTTT T
-30 -20 -10
19
'R 7| ZalSEx|HAT A
7 |7 I-El-él* K'BI gﬁ.&ﬂwﬂcfsﬂm INST-I_'rI'lUTE
Parameters Operating conditions
© Elemental-analyzer(EA)-IRMS system Combustion furnace LS
Reduction furnace 650 °C
aAmsampler GC packed column oven 115 °C

Reference capillary column L=1.5 m, I.D.()=100 mm

He 6 O, injection
‘ a '\1 Sample capillary column  L=2.5 m, |.D.()=75 mm

b 8 Run time 385 sec
o
© o
e . .
= 5 Referenicaigases He carrier flow 115 ml/min
Flash |5 - o p=
combustion 9 »g
3 >
b 3
o] o

Isotope ratio MS
=
(o] lit
N\ He+N,+CO, pen spil O \)Qo

=
>
— Quartzwool
He dilution (15mm)
Quartz wool
(10mm) ’
Chromium oxide
(80mm) — = ~—— Reduced copper
E
Quartz wool 8
(20mm)  givered cobalt il
Quartz wool (20mm) — — Quartz wool
Gmm) — (15mm)
Combustion (1050°C) Reduction

(650°C) 20
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Parameters Operating conditions
© Elemental-analyzer(EA)-IRMS system
Combustion furnace 1,150 C
Reduction furnace 850 C
g O, dosing time 120 sec
T r— CO, desorption 110 C
Ash crucible Corundum Run time 600 sec
] balls
g 2 He carrier flow 220 ml/min
g = _ ¥
= WO, chip c
w o C
= = - opper Autosampler
o g Analytical % .
g g He Flow 10 e :awmule
3 & F.:lﬁ FIWVS Dilutor \
Support rod Quartz wool - N
R
He Flow
Support rod
i N2, (02 and 502 signals on the IsoPrime100 IRMS
' ol . —af 2 —u by~
- . 50z Column y Y i d
€02 Column S8 3 P F Sos e
= 26 < £ E £ Elow E
(Kim et al.,, 2017) Reference Gas = 4 E inE 5 % o <
o Injector ;.\, 3 = §ME |8 |8 foos 3
o 0.00
0 100 200 300 400 500 600
Time (Secs)
(Agnihotri et al., 2014)
21
= "R SHF7|EaSX| AT
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© EA-IRMSE 0|&%t R7|Z Bt 240 0| 8= HEEZ

Standard material 8"3Cvpos (%o)
IAEA-600, Caffeine -27.771
IAEA-CH-6, Sucrose ANU -10.449
NBS 22, Oil -30.031
USGS 40, L-Glutamic acid -26.389
IAEA-CH-3, Cellulose -24.724
UREA (KBSI-lab standard) -36.46
urea (KBSI-lab standard) -8.02

22
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« Combustion tube, reduction tube &7 AHEl =0l

« Carrier gas (He) leak test, reference gas (CO,), O, gas A Ef

« Combustion furnace(1050°C), reduction furnace(650°C), GC column oven(115°C) 2= &A%

- Reference gas beam size 29!

« Peak center A&

- Reference gas stability test (reference peak &% &4 H

&l

< AlR Ed0) w2t #EEE U8

« Calibration standard

2 H|9|

AbTET

O - -

standard curve

-

A

ot

—
Al BT

=7

23

MY Azot BEST

e —
e@PEBRN B & B [odaa Kl [Acauisition (\2) & [Acquisition (€02 [Acquiiion (S02)
T [UREA 4] N2 €02 = 502 7 B
o o ws s ses 7 g—am
7/ Data: 45 (o) i} = s
Data: 003 p st )
7 bwaa \ 5
el ‘ == I
# Data: 29 ooz ,’ 44,
N oo I\ \ 1 =
7 s ton P B \ / e D 1 35610 8
i
i TR TR TR
ol ey .
g o -
wor
oo -~ 25010
_ ~ — =
= s ses
~ L] =
20
50 100 150 200 250 350 =
— Time (s)
- e 10
L e
ANT (V)
M 1E10 1
om 0 s
\ - - -
a0 I\ =
J -
b - M‘ \
TR TR TR TR TR T R | I
; TR Tinp ) = = W07 550, TH07 2304 3207 4404 410500550, 640, 730. 820, 320 710 100 150 1:0 230 320
= ‘ G
—
= o - = —_IN> [ 2 (= 2

tin capsule0f E7|

K51

S| Z A ST| AT
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Auto sampler0f A|Z loading
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I lonVantage - CF-EA-H2 - EA-H2 analysis.spl

Ele Projects Run Wiew lsoPrimeDP Help

= =

Mew  Opsn  Save | Run

a5
| Launch  Status.
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¥

Frojects

Data Display

E] File

Edt
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3l

DEedss SEY B a- @ x5 W@z A -0 ~|B 7 U -
2l JE.A v f; I ¢ ] E | F 2 H ! =
Stable Isotope Analysis =

> Batch Results Sheet, H2

| Z Batch start: #AME? Project: CF-EA-H2.PRO

3

ABEY

Batch end: BIAME? Blank Subtracted: FALSE" [ 1
6 Temp Comrection: None.
7 Calculated Using Standards: FALSE™
8 EC Calculated Using Aux. Detector: FALSE™
Bl £
AIEEECeR T il
" Analysis results
TCTE— :
ATTTCERGrE Sample Acquisition Height Weight
Ready acquid| 13 | Mumber Mame date RT (Sec)| (nA) Type (mg) | Sample Description |
15 2 Hydrogen 1 raw 197M01357 | 1051 000
16 3 Hydrogen 2.raw 197M01402| 1051 1120 0.00
17 4 Hydrogen 3raw 187M01408| 1055 1115 000
18 5 Hydrogen draw  [197401414| 1081 1145 000 L
19 § Hydrogen Sraw 197101419 1088 | [T109 | 0.00
20 7 Hydrogen raw 197101425 1064 145 000
21 8 Hydrogen 7raw 197101431 | 1063 1088 0.00
22 9 Hydrogen Sraw  [197A01436| 1063 10.74 000
23 10 Hydrogen Sraw 197101442 1077 | [T129] 0.00
24 1 Hydrogen 10iraw  [187A01445| 1077 1385 000 28553
25 1z Hydrogen 11.raw 197101454 | 1075 1098 000 29837
26 13 Hydrogen 12raw  [187M01458| 1075 1138 000 29797
27 14 Hyelrogen 13 raws 18710 1505 1090 1128 000 33341
28 15 Hydrogen 14.raw 187101511 1094 1130 000 334.41
29 16 Hydrogen 15raw  [187A01516| 1093 139 000 53454
a0 17 Hydrogen 1G.raw  |197/01522| 1034 1118 000 33517
31 13 Hydrogen 17raw  [187M01528| 1093 HES 000
32 19 Hyelrogen 18 raws 187101533 1097 1138 000 29833
i 0 Hydrogen 19raw  [187M01538| 1093 1037 000 28967
34 ] Hydrogen 20raw (187101545 1094 000 30080
i 22 Hydrogen 21.raw  [187A01550| 1118 113 000 B2
36 3 Hydrogen 22raw  [197101558| 1118 123 000 28120
d 24 Hydrogen 23raw  [187M01602] 1117 LEER 000 28184
38 ] Hydrogen 24.raw 187001607 | 1118 1142 000 26090
| % Hydrogen 25w [187M01613| 1084 1148 000 10722
A0 o7 Hydrogen 26raw  [187A01615| 1058 154 000 104 53 =
W 4 v vl params Y FlH2-report { FiHzdsg / - |41 | i
Ready Calculate HUM d>7

L En o PN b S|
KOREA BASIC SCIENCE INSTITUTE

OI:_Il- E=EMHE EOIO A |O| AI-.T'..T'.]:”E |Q_'c'>' A H
-35 — -20 —
ANALYTICAL SCIENCES DECEMBER 2007, VOL. 23 1447 ] (a) e measured _ (b)
2007 © The Japan Society for Analytical Chemistry o corrected
-36 —| 21 —
Notes — 36.47+H-011% o 0 o -21.54+/-0.10 %o
£ TROT-5-co- - 8 i pogbSoos
A Fast, Simple Calibration Method for Organic Carbon Isotope Analysis = )’\\ =
Using Conti flow El tal Analyzer Interfaced with an Isotope SRST \30'032(% g 2
Ratio Mass Spectrometer Q J 5'96‘3 0, 00 Q@ ,
b (0 703)"7& o
Yeon-Sik BONG and Kwang-Sik LEE' -38 — ¢ 4 23 -
. . ) . . , |Standard |Sample )
;;,‘.{\{,,,, 4;’{‘2\‘1;12/?("5"-17\('lmn'r'. Korea Basic Science Institute, 52 Eoeun-dong, Yusung-gu, (KBSl-urea #1) (KBSI-marine sediment #13)
e -39 : ; ; ; 24 A
I I I I T I I I |
0 4 8 12 16 0 2 4 6 8 10
000 500 1000 1500 20.00 Major ion beam intensity (nA) Major ion beam intensity (nA)
-33.20 . : ; : 0.00 10.00 20.00
- * -18.20 ! :
33.40 e y = 0.0124x2 - 0.284x - 18.178
3360 \ y = 0.0145x2 - 0.3607x - 32.858 _18 .40 K 3 R? = 0.9675
R? = 0.9813 '
-33.80 \ -18.60 \l
-34.00 x -18.80 \
18 — 10 4
'\ - < Standard < Sampl
-34.20 19.00 \ :(5 ol (ngl-ﬁ:ea #1) ié/ (KaBrgE:arine sediment #13)
-34.40 \ EleE £ g
- QX g 127 g
\ -19.40 = £’
-34.60 E 9 K £ S
2 -19.60 4 2 ] $ g 4 5
-34.80 s ° ’ 5 A~
N “0 S & S 37
-19.80 5 3] 5 2 N
-35.00 - 5 T
s (@ = (b)
-35.20 2 R e e L o e e e
g T 01 02 03 04 00 05 10 15 20 25
_'H'_ Z'l_:_ % XEI (U REA) Al E % IE| (Sa m p I e) Sample weight (mg) Sample weight (mg)
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Bt

S

3l

K

=23

24
=

13
813C\pDB-measured value

(=]

=

-10

-15

-20

-25

-30

-35

L)

13
& ﬁ<VDm.ﬁ:m value

o n o
=1 e ~

0.9999

y =1.0249x+ 0.6735
R2

n (=}
~ o

L

4

n
o)

29

211784

}

27|23

=]
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5t

31|

K

i

2 0|8 (Food Control, in revision)

2

e

20| (Food Control, 2019)

98l

Ho

2 0|8 (Food Control, 2016)

2

, LS

2>, NMR O|-& (Food Chemistry, 2014)

=9

of

-
o
—

O|& (4 Agric. Food Chem. 2014)

2 0|8 (Food Chemistry, Food Contro/ 2013)

2

2 O| -8 (Biosci. Biotechnol. Biochem. 2012)

2

4 0|8 (Rapid Commun. Mass Spectrom. 2012)

2

£9

2>, NMR O|& (1 Agric. Food Chem. 2011)

=

=]

O|& (Rapid Commun. Mass Spectrom. 2010; Food Sci. Biotechnol,, 2012)

0|2 (Anal. Chim. Acta 2009)

4 0|8 (Rapid Commun. Mass Spectrom. 2008)

_?_I__l
Tt =3 (sE=AAMER 20163 ~20194):
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K:5l

Al =X O| X .|_|° I} e
] I_I |
. = O/ I,
- ML BY Fo P BEY
A o/ o
> A, 72 EIEL 0E
2 Evaporation
: 6D-5"80 line slope 8J
grape -20
)
S -3 - tomato y
> =i=
~ 40—} Tomato
= plum —_ :much stronger
% 4 £ ] evaporation
@ g H
> E 7
o = 60—
2
E _5 7 D
e J
80—} + Precipitation 4 Plum
* Stream water ® Grape
6 T T T T T T X _Groundwater O Tomato
P-ripe P-unripe G-ripe G-unripe T-ripe T-unripe =TI ¥ L * [ YT %[ 7
-12 -10 -8 -6 -4 -2
3""Oy.svow ( Yo0)
(Bong et al, 2008, RCM)
31
K-SI gt=27| Zalskx| A7 2
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Al =X O| X .?_' I} e
] I—I m— |
A o 7 A O/ II
> MO BIAX EHE EAME KIE B
A o/ o
> Bl M2 72 SP/EL O/F
10
. Natural sparkling water
E &
SO S g,
-10 .
-20 1
-30
0 )
Marl%?wa(er -40 1
=40 Sparkling-2 50
= Bingha , 5
§ -80 Sparkling-1 &
=]
60
-120 4 26:)
-80
-160 § -12 -10' -8 -6|
-16 -12 8 4 0
8180 (%) (Bong et al, 2009, ACA) 2




K:5l

stz 7| apsix| o7 2

KOREA BASIC SCIENCE INSTITUTE

> 2/27/9f BIAK EHE
> B4 H 4 EHEL O/
-8
-12
S -16
[+1]
g
4
‘O_O -20 .
24 -
-28 . - . .
4 8 12 16 20 24
8'80vysmow (%eo) (Bong et al, 2008, RCM; Bong et al,, 2012, FSB)
33
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A O} A E_?_' % SAl A -LI'
EI'-I- |_|' (== [ | E-'
= n=39
i n=52 -
T n=3 C
-12 4 4
21 == ke
=
141 T C,-Plant C,-Plant
2 I B S S
°~; 47 €3 E c 4C wheat, sugar beet maize, sugar cane
Q -18 +
33 1 3 c 9 CAM-Plant
T ; Gt
n=27 ineapple, vanill
pineapple, vanilla
22 4 ==
’ : 8Ch —TTTTT T T TTT T
-24 1 -30 -20 -10
26 1 C3 i
T
-28 T T T T T
USA MX KOR AUS NZ

» Carbon isotope composition : feed type used for the cattle
= (C, plants (e.qg. maize) : higher §°C values
= C;plants (e.g. grass) : lower §°C values
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F1(31.10 %)

> HIFO AILA EEE
A E L Oo/of A = Of A 2
> 2EES S T/I'/—l—, LFE22 0l&
8
0.730
0.728
0.726 4
\’; 0.724 4
?—l & 0.722 4
() 8 o704 +
=) D i
c ’!“) 0.718 14
~ S 0.716 f
= 0.714 *
0.712 4 i‘
8 Ly (n=19) (n=18)
) 07987 (1=100) l (n=60)
0.706 T T T T
-10 i = e LES £
e EE
-12 T T T T T T T T T T 1
-16-14-12-10 -8 -6 -4 -2 0 2 4 6 8 10
F1(76.94%)
(Bong et al, 2012, Food Chem.; Bong et al, 2013, Food Control)
35
K'SI gt=7| Zapsix| i 2
J KOREA BASIC SCIENCE INSTITUTE
AIZXO] QIALX| It
=13 (hi. —_=
Q IIf EH EH
> BAIS LA EHEE
A E Lo/ A == Of A =2
» 2EEF SRR OfERL 0/§
24 80 4
.
A4 e Y | | —aw!|! 000 e | [ w CUW
60 3 e, * KUW
16
§1.2— %40— 5 H W
3 : (o Gl
i i W
0.4 sy v * KUW
S " A easi—— z sow | Eow -
10000 15000 20000 25000 30000 35000 2000 3000 4000 5000 6000 7000 8000 ; 0 S LWWo (W . 6W e L
K (mgkg") Ca (mgkg") k) o cw . * KGW
~ S0 KWOKERRY |
16 160 = I oW . o C\}F - WWN
- o Tncebin® K@
1.2 120 cw .g w KUW
= Z 2 N LW
o g a7
D05 2 50 &W
3 5 KW § {
3 KW
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0 0 *
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(Bong et al, 2012, Biosci. Biotechnol. Biochem.)
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F1 (52.11%)

(Bong et al, 2016, Food Control)

F2 (16.53%)

K:51

S| &4&kX] e

Q /5 ER/3L 0/&: Bl BL & ML, 74 QY FR/EL 24
- 2YAIZ 3 1327f(+1007f)
AN

e Group 1 ®Group 2 @ Group 3 e Group 4 VW ) \\
4
3 -

[ ] [ ]
2 .. F/
L °

1 4 ¢ ...:‘.:..;bo : .. [} °

o o0 s.‘;: ® e
07 ° : o e :g e o

° (] 0’.. °
-1 4 Y ®. °

L9 ) ° ®
o: e °
_2 . .
-3 A e °
-4 b
-3 -2 -1 0 1 2 3 4 5 6

F1 (73.91%)
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Q L/&5 &7/3L 0/&: EIL, EHL & ML, 4 21 EFE2,
2} g4 BrEH%) 24
- BAAIZ T+ 1307020175 AI£)
A
CEEEY
3
”
& 2 .' L "
- ! ¥ .‘-t “ * .t
s e
<o LI 2 et .
rrq ' A " '."%‘9 ‘s ! 1
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:UUmiJes _5
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g C F1(50.28 %)
egroupl mgroup2 agroup3 egroupd
(Food Control, 2019), JCR &2/ 10%
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OS2 & &k Td

Q [/& E7/82 0/&: B4, 2L, &8, ML, HE &

LS8 24
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- BYHAIZ 7 13074201749 A=)
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13000 -6

F1 (49.27 %)

1 2 3 4 5 6

(Food Control, 2020), JCR &9 10%
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X172 & &X] TE

Q /5 S8/ 0/ B4, H2, B Y S84 £

A2 2 4470(+2007))

NEET N2z | 2yee
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=ikl
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22 0 0 22
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5
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6
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% correct

100.00%
40.00%
66.67%
83.33%
60.00%
81.82%
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‘ 4.1 + 0.5 %o -28.5 + 0.5 %o 2.1 £ 0.5 %o 21.3 £ 0.5 %o
. Combination
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Isotope :

v % & &(isotope)= HAt
= o

Ho = ZEX| gt
S ALEO| CHE |l ol

M
L

=

Proton number (Z)

FiGURE 1.1 Partial chart of the nuclides. Each square represents a particular nuclide defined in terms of
o number of protons (Z) and neutrons (N) that make up its nucleus. The shaded squares represent stable
— O | Ol: atoms, whereas the white squares are the unstable or radioactive nuclides. Isotopes are atoms having the
= same Z but different values of N. Isotones have the same N but different values of Z. Isobars have the

- same A but different values of Z and N. Isotopes are atoms of the same element and therefore have
7 | o I' El' identical chemical properties.
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Proportion of X Atoms Remaining (%)
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Lead isotope mapping of galena from base metal deposits
in the southern Korean Peninsula

Youn-Joong Jeong* and Albert Chang-sik Cheong

Korea Basic Science Instifute, Ochang-cup, Cheongiu 28119, Republic of Korea

ABSTRACT: The purpose of this study is to investigate the differences in sources of discrete four zones that are represented by
the lead isotope map of metal mines using galena samples. The lead isotope map has been constructed based on 119 galena samples
from 38 metal mines in the southern Korean Peninsula, together with previously published data, using spatial and zoning distri
bution analysis. The spatial pattern of *Pb/™Pb ratio shows relatively dense distribution with highest value at the northeastern
region, while *Pb/**Pb and **Pb/™Pb ratios are the lowest at the southcastern region. These results indicate possible subdivision
of the lead isotope maps based on geotectonic subdivisions and geographical locations of the Korean Peninsula. This subdivision

has been checked by linear discriminant analysis (LDA). The range of lead isotopic composition for zone 1 has fairly homogeneous
values (*Pb/™Pb = 18.156-18.591, "Pb /**Pb = 15.482-15.644, and ™'Pb /™'Pb = 37.870-38.768), and are geographically similar
to the Gyeongsang Basin. Lead isotopic compositions of zone 2 show the highest ratios (™Pb/*™Pb Pb /P
= 15.708-16.068, Pb /™*Pb = 37.734-40.463) in the southern Korean Peninsula, that are g to the Tae
backsan Basin and the northeastern Yeongnam Massif. Relatively lower values (™Pb/™Pb 15497~

15731, ™Pb /*'Pb = 37.847-39.773) along the western Gyeonggi Massif are grouped as zone 4, while the rest of the areas, includi
the Okcheon metamorphic belt, most of the Gyeonggi Massif, and the Yeongnam Massif, might represent zone 3. The results clearly
indicate the possible differences in the source reservoirs that are similar to the geotectonic provinces of the Korean Peninsula

Key words: lead isotope map, galena, metal mines, southern Korean Peninsula

Manuscript received November 15, 2017; Manuscript accepted April 27, 2018

1. INTRODUCTION

Lead isotopic composition records the age according to U/Pb
and Th/Pb as well as geochemical properties of origin materials
(Cumming and Ricahrds, 1975; Doe and Zartman, 1979; Zartman
and Doe, 1981; Zartman and Haines, 1988; Zhu, 1995), and can
be applied as a useful tool for the provenance investigations, to
identify the source of pollution about environment samples, to
reveal the correlation of the origin between bronze relics and
raw material and to explore the ore deposits (Gulson, 1986;
Mukai et al., 1994; Gale and Stos-Gale, 2000; Nie et al., 2002;
Gokee and Bozkaya, 2005).

The sulfide mineral including galena, the focus of this study, is

*Corresponding author:
Youn-Joong Jeong,

Korea Basic Science rasitute. 162 Yeongudani-ro, Ochang-eup, Cheong:
won-gu. Cheongju-si, Chungcheonghuk-do 28119, Republic of Korea
Tol: +82-43-240-5336, Fax: +82.43.240-5319.

E-mai: hero01 23@kbsi.re hr

@The Association of Korean Geoscience Societies and Springer 2019
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generally easy to analyze the lead isotope ratio because of their

sufficient amount of the lead element, and has almost zero U/

Pb. Because galena is the main ore of lead among the sulfide ore
deposits, lead isotopic composition of it indicates the characteristics
in the reservoir within earths crust and mantle (O'Nions et al.,
1979). Thus, it generally represents the geotectonic provinces
than the internal earth’s structures (Zhu, 1995).

This study constructs the lead isotope map using galena
samples from metal mines in the southern Korean Peninsula,
indicating characteristic distributions in lead isotope ratios in
the southern Korean Peninsula. The results will show differences
in the basement sources of the four subdivided zones based on
the lead isotope map of metal mines that are similar to the
geotectonic provinces of the Korean Peninsula.

2. GEOGLOGICAL BACKGROUND AND SAMPLE
COLLECTION

The southern Korean Peninsula is comprised of four northeast-
trending geotectonic provinces (Chough et al., 2000; Jeong etal.,
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Fig. 1. Simplified geologic map (modified after Chough et al., 2000; Jeong et al., 2012) showing locations of the examined metal mines in
the southern Korean Peninsula. Dashed lines represent boundaries between the geotectonic provinces.



N

HA

[

HEE L}

b o E9|81A B

Table 1. Description of examined metal mines in the southern Korean peninsula
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DepositNo.  Name Location™ Ore type Host rock Ore mineral™  Associated mineral™ Age (Ma) _References
Gyeongsang basin

GB3 Cheongsong  GB Cheongsong ~ hydrothermal sandstone, shale Cp,Gn, Sp Py

GB 36 Jiso GB Cheongsong hydrothermal sandstone, shale Cp, Gn, Sp Py, Ma, Ar

GB37 Jeonheung  GB Uiseong hydrothermal sandstone, shale Cp,Gn, Sp Py, Ma

GB 38 Ohto GB Uiseong hydrothermal sandstone, shale CP,Gn,Sp, Tro Py, Mt, Hm, Ma 70.5 Leeetal. (1993)
GB 39 Changgang  GB Gyeongju hydrothermal andesite Au, Ag Gn, Sp, Cp, Py

Yeongnam massif

YM2 Uljin GB Uljin skarn limestone Gn, Sp Ar, Cp, Asp, Mt, Po, Py 49.3+20 Yunand Silberman (1979)
YM4 Janggun GB Bonghwa hydrothermal ~ limestone Gn, Sp Au, Ar, Cp, Asp, Po, Py 78 Parketal. (1988a)
YM 13 Bunam JB Jangsu hydrothermal biotite banded gneiss Au, Ag Gn, Py

YM 14 Baekwon JB Jinan hydrothermal  granodiorite Au, Ag Gn, Sp, Cp, Asp, Tro, Py

YM 15 Narim CB Yeongdong hydrothermal biotite granite gneiss, porphyry granid Au, Ag, Mt, He  Gn, Sp, Cp, Py, Asp

Okcheon belt

OB5 Sinyemi GW g hydrothermal Ii Gn, Sp 77.7+20 Parketal. (1988a)
OB18 Dunjun GW Samcheok  hydrothermal  limestone, shale Au, Ag 75.1+ 17 Lee(1993)

OB19 Goyang GW J hydroth | li shale, sand: Mt

OB20 Shinrim GW Wonju hydrothermal ~ biotite schist Au, Ag

OB21 Sanjeon GW Hoengseong  hydrothermal biotite granite Gn, Sp, Cp, Asp

OB22 Cheongil GW Hoengseong  hydrothermal biotite granite Au, Ag Gn, Sp, Cp

OB23 Okgea GW gangneung hydrothermal limestone Au, Ag, Cu Gn, Sp, Py; Asp

OB24 Samjo GW Taebaek hydrothermal limestone Au, Ag Gn, Sp, Py

OB25 Daehwa CB Chungju hydrothermal gneiss, grainte W, Sch Cp, Py, Mo, Gn 88.2+ 1.8 Soetal. (1983); Park etal. (1985)
OB26 Gumsil CB Jecheon hydrothermal limestone, calc-silicate rock, black schist ~ Gn, Sp Cp, Py, Asp, Tro 76.18 + 1.77 Soand Yun (1992)
OB27 Boksu CB Jecheon hydrothermal limestone Au, Ag Gn, Sp, Py

OB28 Sanggok CB Danyang hydrothermal limestone Gn, Sp, Tro Au, Ar

OB29 Chueun CB Goesan hydrothermal phyllite Au, Ag Gn, Sp, Py, Tro

OB30 Manjang CB Goesan hydrothermal limestone, phyllite Cp, Asp, Mt p, Tro

OB31 Insung CB Goesan hydrothermal phyllite Au, Ag , Sp, Cp, Py, Tro

OB32 Imchun CN Buyeo hydrothermal granite gneiss, biotite granite Au, Ag Gn, Py

OB33 Palbong JB Jeongeup hydrothermal schistose granite Au, Ag Gn, Sp,Cp, Py

OB34 Jeonjuil JB Wanju hydrothermal  phyllite, slate Au, Ag Cp, Gn, Py

Gyeonggi massif

GM 4 Samgwang  GN Cheongyang  hydrothermal granite gneiss Au, Ag Cp, Gn, Sp, Asp, Py 127.1 £2.8 Soetal. (1988)
GM 5 Dukdun GG Pocheon hydrothermal granite gneiss Au, Ag Gn, Tro, Py

GM 6 Cheonggye GG Gwangju hydrothermal biotite gneiss, granite Cp, Gn, Sp Au, Ar

GM7 Bosung GG Gapyeong hydrothermal biotite banded gneiss, sericite schist Gn,Sp,Cp, Asp  Au, Ar, Py

GM 8 Jungang GW Hongch hydrothermal honblende granite Au, Ag Gn, Sp, Cp, Py

GM9 Weondae GW Inje hydrothermal biotite granite, granite gneiss Gn, Sp Au, Ar, Py

GM 10 Obong GB Hawcheon hydrothermal two-micas granite Au, Ag Gn, Cp, Sp

GM 11 Dukgok CN Gongju hydrothermal granite gneiss Au, Ag Gn, Py, Mg

GM 12 Gubong GN Cheongyang  hydrothermal biotite schist, granite gneiss Au, Ag Gn, Sp, Cp, Py

GM 13 Daebong GN Cheongyang  hydrothermal mica schist, granite gneiss Au, Ag Gn, Sp, Cp, Asp, Py

“AbL : GB= Gy buk-do, JB = Jeollabuk-do, CB = Chungcheongbuk-do, GW = Gangwon-do, CN= G 1 do, GG = Gyeonggi-do, GN =G 1am-do, CN = Chungch d

®

"Abbreviations: Gn = galena, Sp = sphalerite, Cp = chalcopyrite, Py = pyrite, Asp =
= troilite, He = hematite, Mo = molybdenite.

< Gyeongsang basin
O Yeongnam massif
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Fig. 2. ’Pb/*™Pb versus “*Pb/**Pb and **Pb/**Pb versus ***Pb/**Pb covariation diagrams for the galena samples from geotectonic prov-
inces in southern Korean Peninsula. The growth curves of the upper crust, orogeny, mantle, and lower crust reservoirs are also given with

0.4 Ga increments after the plumbotectonic model of Zartman and Doe (1981).

arsenopyrite, Mt = magnetite, Sch = scheelite, Ma = malachite, Au = native gold, Ar = Argentite, Wf = wolframite, Tro
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Table 3. The geotectonic characters, geographical location, number of mines and galena samples about discrete four zones

Zone  Geotectonic characters ~ Geographical location Ho: (Noigalera 2Ph/MPh pbHPh TP Ph *™Pb/*Pb
mines samples
Zone 1 Gyeongsang Basin Gyeongsang-do 39 104  18.156-18.591 15482~15.644 37.870-38.768 0.8146~0.8548 2.0687-2.1130

Taebaeksan Basin (inter-
Zone 2 nal Okcheon Belt), north-
eastern Yeongnam Massif

South Kangwon-do, 12 65
North Gyeongsang-do

18.625~20.483 15.708~16.068 37.734-40.463 0.7839~0.8439 1.8464~2.1017

QOkcheon Belt (exclude
Taebaeksan Basin), Yeo-
ngnam Mssif (exclude
northeastern regions),
Gyeonggi Massif (exclude
‘western regions)

Zone 3

Jolla-do,
Chungcheong-do, 43 156
Gyeonggi-do

16953~19.566 15473~15.996 36.703~41.001 0.8094-0.9126 2.0094~2.2399

Zone 4 Western Gyeonggi Massif R

rth Choengcheong-do, 6 21
West Gyeonggl do

17.149~17.817 15497~15.731 37.847-39.773 0.8795~0.9049 2.2069~2.2782

Variables (axes F1 and F2: 90.5 %)

206Pb/204Pb

F2 (E:2.00, V:32.2%)

078

_ 207Pb/204Pb

208Pb/204Pg

268Por206Pn
207Pb/206Pb

0 0.25 05 075 '

F1 (E:3.63, V:58.4%)

variance),

ing the effects of each isotope ratios for the four subdivided zones sing a diagram of F1 vs. F2 discrin
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Fig. 6. Lead isotopic compositions of galena samples from discrete four zones in the southern Korean Peninsula.
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Lead isotopes combined with geochemical and mineralogical analyses for
source identification of arsenic in agricultural soils surrounding a zinc
smelter

=

Pyeong-Koo Lee?, Min-Ju Kang™, Youn-Joong Jeong’, Yi Kyun Kwon®, Soonyoung Yu™
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“Korea-CO2Storage Envirornental Management (K-COSEM) Research Genter, Korea Univarsicy, Scoul. 02841, Republic of Korea

¥ Gangseo T Valley, 82 Hhagok ro 68 gi, Gangsco-

ARTICLE INFO ABSTRACT

Editor: D. Aga As-contaminated soil samples were chosen to identify As sources near a Zn smelter where Zn contamination in
. soils was found 1o be of smelter orgin, Based on the As concentrations and Pb isolopic compositions, high As

Zine smelter levelsin from the There trend in A

sail either depth or distance from the smelter, while the Pb isotopic compositions in soils varied regardless of As

Arsenic contamination levels and were quite different from those of smelter origin. Transmission electron microscopy (TEM) and se-

Lead iso

lected area electron diffraction (SAED) suggested that the high As concentrations were due to arsenopyrite and
its alieration minerls, which were easily found but heterogeneously distributed within host rocks. A detailed
{mveslgatin of A4 fevels aid. P oopic composiions icng the predomiinmt whad disetion o supparta

that was of the e stmospheric emissions from
the smelter increased the Zn concentrations and decreased the *2°Pb/>"Pb ratios at surface layers, while the As
concentrations oecasionally exceeded the worrisome level at deep layers. According to the Pb isotropic com-
positions, about 21% of the As-contaminated soils were impacted by the smelter, in particular at the surface
layer.

ope
Transmission electron microscopy (TEM)

1. Introduction suggested that the variation in As concentrations in the vicinity of a Zn-
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HIGHLIGHTS

« Arsenic sources with distinct Ph isotopic signatures were found.
« Geogenic sources were more influential o As levels than an anthropogenic source.

+ Ore-bearing particles from unmined regienal mineralization were a major As source.
+ Geochemical and Pb isotope maps helped m identify hotspors and assess As sources.
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Arsenic sources were identified in As-contaminated soils 4km—7 km from a closed Cu smelter. Host
rocks, heavy minerals in contaminated soils, ore minerals in quartz veins (geogenic sources) and bottom
ash from the Cu smelter (an anthropogenic source) were investigated as potential sources. As a resulf,
heavy minerals and bottom ash were found to contain higher As concentrations than the confaminated
soils. Some of the host rock samples aiso showed higher As levels than the contaminated soils. Arse-
nopyrite was one of the frequently detected ore minerals in quartz veins. The As concentrations in soils

not decrease with soil depth or distance from the smelter. These results imply that the atmospheric
emission from the smelter was not a major Based on the and
P isotopic analysis, the As contamination was affected by both regional ore mineralization and the host
rock, and the influence of the smelter was limited. The spatial analysis of As concentrations and Pb

Handling Editor: X, Cao

eywords:
Copper smelter

Arsenic contamination of soils has attracted a great deal of attention
to prevent environmental deteriorations and health problems with ar-
senic because of its toxicity and carcinogenic effect. Soil contamination
with As is mainly due to human activities (e.g., Ahmad and Goni, 2010;
Li et al, 2014) and occasionally by geogenic sources (Li et al., 2017;
Leung et al., 2018; Lee et al,, 2019). Nonferrous metal smelting and
refining are among the most noticeable anthropogenic sources of As in
soils surrounding smelters via the discharge of fly ash and its atmo-
spheric depasition (Durand et al., 2015; Ettler, 2016; Ruiz-Huerta et al.,
2017; Akopyan et al., 2018).

However, there can be other sources, including geogenic origin,
despite the proximity to smelters given land use and geology, whereas
there have been limited attemps to relate the variations in metal and
metalloid concentrations in soils to geology. Goodarzi et al. (2002)

Corresponding author.
E-mail address: iamysy@korea.ac kr (S. Yu),

https: //doi.org/10. 1016/ jhazmat. 2019121044

Pb smelter related to soil chemistry rather than atmospheric deposition.
Lee et al. (2019) identified that ore-bearing particles from unmined
regional mineralizaion were amajor As source near a Cu smelter based
on the spatial distribution of hot-spot arcas and ore-bearing quartz
veins and Pb isotopic compositions.

When multiple sources exist, source identification and apportion-
ment are important for addressing polluters and planning decontami-
nation since the polluter pays principle is accepted. However, the d:
tinction befween anthropogenic and geogenic contributions to soils is
difficult, particularly when the soils, which are mainly resulting from
the weathering of host rocks and occasionally transported for re-
clamation, are heterogencous.

Lead isatopes can be applied to discriminate anthropogenic and
geogenic sources based on the fact that the Pb isotopic fractionation
does not occur in industrial and environmental processes (Komarek

Received 20 March 2019; Received in revised form 2 August 2019; Accepted 19 August 2019

Available online 20 August 2019
0304-3894/ © 2019 Elsevier B.V. All rights ressrved.

Agricultural soils isoropic rarios suggested that As contamination was mainly due to regional ore mineralizarion. The
fe e ot 205p15207pb and 209Pb/Z4pb ratios of the contaminated soils were plotted on the mixing line between
isotoy

Source apportionment

background soils and ore minerals. The source apportionment resuls indicated a significant contribution
of regional ore mineralization (average 529+ 30.3%) to the As contamination. The contribution of this
study is that we identified that the major source of soil contamination was of geologic origin despite an
anthropogenic source nearby using geochemical and Pb isotopic investigation.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Arsenic contamination of soils is a worldwide problem. As-
polluted sites are of increasing concern because of the toxicity
and carcinogenic effect of arsenic (IARC Working Group on the

* Comesponding authar.

Email address: amysy Pkoreaacks (5. Yu).

hitps:|{doi.org/10,1016; chemosphere 2018 11010

Evaluation of Carcinogenic Risks to Humans, 2012). As-polluted
lands have been found to be mainly due to human activities
(Smith et al., 1998; Ahmad and Goni, 2010) and occasionally geo-
genic sources (Li et al, 2017; Martini-Prieto et al, 2018). The geo-
genic sources of As include the weathering of As-containing rocks
and minerals and volcanic and geothermal activities (Jean et al.,
2010), while the anthropogenic sources include industry, mining
and agriculture (Smith et al., 1998).

0045-6535/2 2018 Elsevier Lrd. All rights reserved,
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Fig. 1. (a) Sampling locations for non-contaminated soils (n = 76), As-contaminated soils (n = 66), host rocks (n = 27) and stream sediments (n = 4). (b) Sampling
locations for additional 4 soil core samples (sites 1-4) along the main wind direction. (c) Geology of the study area. The lithologic units 1, 2, 3,4, 5, 6, 7 and 8
represent Precambrian metasedimentary rocks, Precambrian Hongjesa granite gneiss, Cambrian Pungchon limestone, Cambrian Mobong slate, Cambrian Jangsan
quartzte, Cretaceous granodiorite, Cretaceous volcanic rocks and alluvial deposits, respectively (after Korea Institute of Geoscience and Material Resources KIGAM,

1976; Kang et al., 2019).
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Fig. 2. As concentrations versus Zn concentrations (a) and Pb concentrations (b) in host rocks and soils. Zn/As versus As concentrations (¢) and Zn concentrations (d).

The As-cont d and non
below 300 mg/kg (the Korean WL for Zn).

d soils were grouped based on the Korean worrisome level (WL) for A< (25mg/kg). Note that all soil samples had Zn levels
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Fig. 4. The vertical distribution of As concentrations and ***Pb/>*Ph ratios in the 4 soil core samples in Fig. 1b: () Site 1, (b) Site 2, (c) Site 3 and (d) Site 4. The
dotted vertical lines indicate the Korean worrisome level (WL) for As (25 mg/kg). The shaded areas indicate the depths where the Zn levels were higher than the WL
for Zn (300 mg/kg).
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Fig. 5. Average 2°°Pb/2°*Pb ratios vs. 2°°Pb/?°’Pb ratios of host rocks, As-contaminated and non-contaminated soils, fly ash and Zn concentrates. The 66 As-
contaminated soils were divided into three soil horizons I to III. The sold lines represent the standard deviations.
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Fig. 1. (A) Geology of the study area. The lithologic units in (A) represent Precambrian metamorphic rocks and Cretaceous granite and Janghang breccia (after KIGAM, 1963). (B)
Shows the sampling sites for background soil (n = 23), contaminated soil (n=81) and host rock (n = 10) in 10 zones. Each zone had 2 or 3 background soil samples. The number of

contaminated soil samples from Zones C, F, H

for background soil samples were collected. (C) A-A’ line following the prevailing wind direction in this study area.
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Fig. 2. (A) “"Pb/*'Ph versus “™Pb/**Pb of backeround soil (n=23), host rock
(n = 10}, heavy minerals extracted from the contaminated soil {n - 3)and ore minerals
of quartz veins (n = 7). (B) Average *"Pb/*7pb versus *°Pb/**'Pb based on the ge
ology. 10 cores for background soil samples and 10 host rock samples were collected
from schist (n =6) and gneiss {n = 4), respectively.
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Fig. 3. (A) 2°°Pb/2°7Pb versus 2°°Pb/2**Pb of contaminated soil samples (n==81). For
comparison, the average 2°Pb/2°’Pb and 2°°Pb/>**Pb ratios for the contaminated soil
(n=81), background soil (n=23), host rock (n = 10), bottom ash from the Cu smelter
(n=2) and ore minerals of quartz veins (n=7) were also shown. (B) Average
208p}297phy versus 2°6Ph/?**Pb of contaminated soil samples (n=81) grouped by
concentration level (CS, WL), sampling depth (Herizon I to V), land use (farmland,
paddy field, forest and residential area). Note that the values classified by concentra-
tion level, sampling depth and land use were similar to each other, and thus their
symbols are overlapped and not distinct in Fig. 3B.
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Fig. 4. (A) Vertical variation of As concentrations and 2%Pb/297pb isotopic ratios in soil profile observed in Zone N. Quartz vein was observed on the other side of this outcrop. (B)
205pp207ph versus 2°5Pb/2°Pb of alluvium (n=2) and completely weathered gneiss (n=2) in Zone N. For comparison, the average 2°°Pb/2%’Pb and 2°°Pb/2*Pb ratios of
contaminated soil samples (n= 16), background soil (n = 2), host rock (n = 1) and ore mineral of quartz vein in Zone N and bottom ash from the Cu smelter (n = 2) were also shown.
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Fig. 5. Contour maps in Horizon I (030 cm): (A) As concentration and (B) 2°6Pb/?7Pb isotopic ratio. For comparison, ore-bearing quartz veins were also shown.
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Fig. 1. Location map of sampling sites (not to scale). 1) Taklamakan desert; 2) Alashan Plateau; 3) Loess Plateau; 4) Badain Jaran desert; 5) Tengger desert; 6) Ordos desert; 7) Seoul;
8) Daejeon; 9) Taeback; 10) Dangjin; 11) Boryeong; 12) Seocheon; 13) Pohang; 14) Beijing; 15) Dalian; 16) Changchun; 17) Harbin; 18) Nanjing; 19) Shanghai; 20) Foshan; 21)

Guanzhou The solid box enlarges the South Korea,
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Fig. 3. Average Pb isotopic compositions in the five fractions of the dry deposition of AD and NAD and in the four fractions of Chinese desert soils. (a) 2°%Pb7Pb; (b) 2°Pb/*Pb.
The error bars represent the standard deviation of the measurements.
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