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This study was conducted to evaluate the performance of the MC-ICP/MS by using some standard metals
to test five items such as sensitivity, mass resolving power, detector noise, mass stability and precision of iso-
tope ratios. The sensitivities ranged from 148 to 578 Vppm™ in the dry plasma system. The sensitivities were
improved as much as 1.2~2.5 times those of previous studies. The resolution (M/AM) at 10% peak height was
as high as 8352 for **Nd. The mass drift was 30 ppm of the peak range during the 30-minute measurement.
Such high resolution and mass stability made it possible to separate purposed analytes from polyatomic inter-
ferents more effectively. The noise levels of faraday detectors (1.5~2.7x10"° V) and ion counting multipliers
(0.01~0.1 cps) were well below the performance standard. Analyzing the isotope ratios of Li, Sr, Nd, Pb and
U standard solutions showed that all but Li isotope ratios were in good agreement with those reported in the
previous studies. In conclusion, this study may build a new foundation for environmental research by sug-
gesting the use of isotope ratios to trace heavy metal sources and estimate their contributions, which will over-
come limitations in the existing methods of residual investigation and modeling.

Key words: Performance, MC-ICP/MS, Isotope ratios, Mass resolving power, Detector noise, Faraday detec-
tor, Precision
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Fig. 1. Schematic of Nu Plasma MC-ICP/MS.
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A== 31Tk T3k A AJF 2] micro-mist nebulizer — EX 91X, Hojal= Mk, Zek=rt 71A] 2 BE J)A]

(GE, Australi)g °]83te] A& 2RFS 100 (dry & 5 ZFsle] 28ppe] £4 41571 10V o)de]

plasma)~200 (wet plasma) pL/min7}A] ZFAA|ZATE, =2 3t FA3stE B4 AL Table 29 7t
FEAGETRE Bl o]23hE HA YA o]

o Ni #A§&2] Sampler cone ¥ Skimmer coneg 2.3. 24 diy

F33te] Magnete = o|53slA Hu, olaoAA 6 B Aellis 24 = (Sensitivity), 2

7he] Zo)dll Z(Transfer lens)¢t ESA(Electro Static  (Mass resolving power), 75712 noise T, =%

Analyser) deflectorZ 53) o] Wlo] HE7]e] T Zae] oA 2 g EHdA v ¥4 FUe 5 F

T2 F AEF FHHQ] FEo] o] Rt 57FA] &= tisle] MC-ICP/MSe] 7171 A5 H7HE
Magnetoll Al =2 4] A of 5| (massto- 33T

charge)ell we} #2)¥ o] W2 FRAAIZH (Zoom

optics)e E3l TAE AZ7)e)] =2sp B}, )= Table 2. Optimum instrumental conditions of MC-ICP/MS

MC-ICP/MS7} o]|& H] AR 9eZE A&7 Y= Plasma
A=R

ot
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oL gl:lj
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AR 2D A D) B AN AGE e Rt
Nu Plasma II MC-ICP/MS= °]24le] olF HRE & Acceleration voltage 6000 V
skx o 7 ZHEsl] AE7|d EYlEE s19loH, olE Coolant gas flow 13.0 L/min
E3) 712 MCICPMSS] 727 9% 23 3-o|A Auxiliary gas flow 0.8 L/min
k= #1284 24 positioning error)s WAISIAT. 211XCIT::IIJII;zer region < 3.0 x 10° mbar
AZ71= 1670°] Faraday detectors} 370¢] Ion Transfer region < 2.0x 107 mbar
Counting multipliers- #2sle] o] 19719 FHU4& Expansion Region < 1 mbar
2 ZAo)] B8 2= JuE F9u} o2 ¢l Cd = (between skimmer and sampler cone)
5} 7o) ThoFsl B8 714 Qo] oJERS uhe mAe) Sample. introduction . . .
o] SPAEOISA HE BAE ) EAeliel 7149 Nebul%zer type GE m1crom1st.nebul1zer
- TeEas Tl T e IS HT Nebulizer pressure 30 psi
A5 TYS cycledlr] S0 zZH B4 Aap| wRE Desolvating system DSN-100 (dry plasma)
=4 B E 43 4= Jok(Table 1). Spray chamber Temp. 110°C (dry plasma)
Membrane Temp. 110°C (dry plasma)
2.2. MC-ICP/MSe| E4z=2 Hot gas flow (dry p(;fsilaf)giilly;/?é?usted)
MC-ICP/MS®] 278852 EAl 914, o2 9] °]F 2.30~2.43 L/min
_ Membrane gas flow . .
AR, Zetznl 714 2 B2 7)A < 1437 A, 7 (dry plasma, daily adjusted)
7] o] ATE £ ekt aole] o8] ARHL) B Pump speed 18 rpm‘(wet plasma)

: 100 pL/min (dry plasma)
rolME w3 1"51 7ol detector calibration 3 Sample uptake rate 200 uL/min (wet plasma)
3lo] F A 9] detector coefficient - FABH=E 1% Signal
om w50 g/l NIST981 Pb ¥FEAS tjifoz Total beam (Pb) > 380 V/ppm

Table 1. Detector configuration for measuring Pb and Cd stable isotope ratios. There are 16 faraday detectors (H1~9,
Ax and L1~6) and 3 ion counting multipliers (IC0~2)

HY H8 H7 H6 H5 H4 H3 H2 Hl Ax L1 L2 L3 L4 1IC0O L5 IC1 IC2 Lé6

Pb 208 207 206 204

Tl 205 203

Hg 204 202

Cd 116 114 113 112 111 110 108 106

Ag 109 107

Pd 110 108 106 104
In 115 113

Sn 120 118 116 114 112
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243 ko] FFHRE AEER o™, Ion countlng
multiplier’= 60%7F dark noiseE 4T & ©9 %

3l= o]l o] Al7)7F Atldoes oFslt). o]ol vl
dry plasma ]2 desolvating system ©|-&-&}o] A
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F SO Z noise =L AFEIATH 5 T FES 5 Aol AA] wie] WAl &
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7+ AEH oz 28Y peakS RUEHE F peake] 2 AL 5 kY B AFolA wet plasma 23} dry
FHSES S Aol gk wvHEE R AHESiith. plasma Wo® ST SEE AL #4 AEe
T3l 24N oPgAde BTUe] MEZS ICO Ion coun-  Table 49} 74t}
ting multipier2 =73t ¥ 14 Faraday detectorZ Wet plasma®} dry plasma ®] 25 7]7] A|ZAF
248 29Ue) o] tjd MPEEGpmZ AEHA. ol ANSE A5 J1E O] Lo-L7 e 24
P E9Ya He B4 FE== Li, Sy Nd, Pb ZEE HAY £9], dry plasma W2S ARESH 44
2 U5 5 5l 948 t¥ow 7 920 5994 o wet plasma o) Ha] H) 100714 Ee Aw
7 BAE olgdt] ST A A 4o & BT 7€ A7 ZHelM BAE bl wEd
B 2712 Table 33+ Zth wet plasma WO 2 BAS S Phel BA Tt
ztzy 559 637 V/ppm%2™, dry plasma WA o=
2.4. Ao 3 7|7 A% Nd, U 2 121%, 2457 Vppme] H4 7=
B Ao e ultrapured EAKSigma-Aldrich)?  HQl ZoZ yepitl B Aor 243 B4 e
Millipore system(Bedford, MA, USA)S &3l A4kE 5 wet plasma 2102 F2Ag Sy Hf, Pbe 7]&9]
18MQ 22 o] &8l nlE-gH(blank solution)®t A A} FAFSAL 27k Bhe I 2 Wl Wb,
Table 3. Analytical conditions for the isotope ratio precision test
Li Sr Nd Pb U
Sample Aldrich Li NBS087 JNDi-1 NBS981 U Nat
solution
Concentration (ug/L) 100 100 75 45 100
Sample introduction® Dry Dry Dry Dry Wet
Number of determination 15 7 9 8 8
Number of scans 50 50 50 50 50
Integration time (sec) 10 10 10 10 10

4Dry’ represents dry plasma system using DSN-100 desolvating system; ‘Wet’ respresents wet plasma system without

DSN-100



Table 4. Sensitivity of MC-ICP/MS

MC-ICP/MS %5 %7t I+ 53

Measured Sensitivity (V)

Wet plasma system? Dry plasma system”

Isotope Abu(nl; ';mce Wet D Spec. Achieved® Spec. Achieved
’ © Y (Vppm)  (Vppm)  (Vppm)  (Vppm™)
Li 92.4 14 1.37 >15 15 >120 148
88Sr 82.6 3.6 2.35 >25 43 >250 284
142Nq 27.2 1.3 0.96 >35 48 >300 352
208py, 52.3 2.55 3.0 >45 48 >500 573
238y 99.3 4.7 49 >40 47 >410 493

®The Skimmer cone of wide external angle and the sampler cone of 1.15 mm orifice, large interior angle were used
PThe Skimmer cone of flatter tip and the sampler cone of 0.9 mm orifice, small interior angle were used
“Achieved sensitivity (Vppm™) = Measured sensitivity (V) /[Conc. (in ppm) x Abundance]
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Fig. 2. Comparison between sensitivities of trace metal
elements measured in this study and those reported
in previous researches.!® Previous studies ana-
lyzed Sr and Pb through Wet Plasma system and
Nd and U through Dry Plasma system.
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Table 5. Noise values of 16 faraday detectors (unit: 10° V)

Faraday cup H9 H8 H7 H6 H5 H4 H3

H2 H1I Ax L1 L2 L3 L4 L5 L6

Noise 1.7 18 15 17 21 24 27

1.8 19 19 23 21 20 19 15 19

AolA] g3t faraday AZ719] noise L %
g2 o]t

Ion counting multiplier?] &7 = 714141 ¥-3-
&5 xjolo) 2]t dead time, o] W A =47k
o] 2134 2 dark noisedl] 7]1SHED B AFor] =
A3l dark noiseE 0.01~0.1cps (counts per second)
2 717] AzAPIA AAIFE 0.1 cps ©l8le] Als 71ES
TEske 202 UePdti(Table 6). 323 Ion counting
multipliere] 24 771 0.1fg/Le] 4 A9 tha)
4 1 cps E99L 719k w) dark noiseoll )3
=4 QA= AA g AlRe] MEESIdA B B4

A EAE e FEoR e,

34. £ F¥e| ¥y
MC-ICPMSE tiF-2¢] Ta% 4o o3l flat-top
o] oFgAQl peakS HeITE weby =4 o)

EPg o= Qs 24 A= 7|8 B e BlF]
Aoz Ao Holt, a3y IR TS 278
54 dae] Ae ST F A ZH H7E F71 o
ol A ekgido] FyHog g En, B Aol
3087 A dEe] WEE-2 peak W9 0.003%
FEoleH, o= 7171 AFAL 71%0.005% ©lshs
b= A=

Table 6. Dark noise values of 3 ion counting multipliers

Multiplier 1CO 1C1 1C2
Spec. (cps) <0.1 <0.1 <0.1
Achieved (cps) 0.01 0.016 0.1

35. OISl H| EHo| MU - ez
Li, St, Nd, Pb & U9] eHd59194 v =4 A=
Table 732 7t} 7} 4o SPESdAa v] H49 4
U= 0.0008~0.086%2H, A2AlIM e 7Eo=
AAshE 4 Az vls) o) 3uj7kA] e A
U2 Btk(Table 7). %3+ Figure 39 wW=W Sr,
Nd, Pb SHg59194 v 229 A3t 71 &3] <F
Ae99a v A Axkel B4 oaf He) oA &
ARk Aoz Yehth” W10 F94 g3g 3}
w7} oYy Ligt US ICPE &89

A AEEE ERIsen, 34 A4E 7
2 zAdu)el vwslgitt B4 Al w257/
2y, BIUAU SYAa vE U9 A AW
0.0072, 0.000054'72} ¥1w7 2 A=)a o} SLi/Li
H)E 20472 A 2409l 12,1819 Bls) L7 2
S B tH(Table 7, Figure 3).
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Table 7. Stable isotope ratios and corresponding precisions of Li, S, Nd, Pb and U determined in this study

Element Analyzed mass Mean ratio Precision (%RSD) Spec. (%RSD)
Li "LifLi 20.47 0.02 <0.05
Sr 87St/%Sr 0.7102 0.0016 <0.0025

T2Nd/™Nd 1.1419 0.0012
Nd 13N/ MNd 0.5121 0.0008 <0.0025
145N d/14Nd 0.3484 0.0009
Z07Pp,/ZT6Ph 0.9146 0.0019 <0.0020
Pb 203pp,206ppy 2.1665 0.0021 <0.0030
206pp,/204py 16.9346 0.0060 <0.0100
U ZEUARU 0.0071 0.028 <0.040
234238y 0.000057 0.086 <0.200
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Fig. 3. Comparison between stable isotope ratios determined in this study and previous researches6,11-14). The ref-
erence values of Li and U are natural isotopic composition.
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