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Abstract

There has been few studies of either domestic or international to apply CCT-ICP-MS for the precise analysis of

As and Cr components associated with airborne particulate matter. To date, the use of CCT-ICP~MS is strongly

recommended for the accurate analysis of the toxic trace metals; this is because CCT-ICP-MS technique prevents

polyatomic spectral interferences involved in the determination of As and/or Cr components. Taking advantage of

CCT-ICP-MS technique, the measurements of about 20 metals were undertaken in this study. The standard

reference material (NIST SRM 2783) was used for analytical quality control. To improve analytical accuracy and

efficiency, we selected nitric acid based on a test of three kinds of acid for microwave digestion method [} nitric

acid, 2) nitric acid and hydrogen peroxide, and 3) nitric acid and perchloric acid. When this method was employed,
relative errors to SRM values of Al, As, Cr, Fe, Mg, Mn, Pb, Sb, V, and Zn fell below 20%, while those of Ca, Si,
and Ti were higher than 20%. The overall results of our study show that the concentrations of As and V determined

by CCT-ICP-MS were satisfied with the certificated values within a relative error of 20%, whereas those

determined by ICP-MS were 10 times higher than the certificated values.
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AR
2 AFgeh GAA A2 Ase] vgdas ¥
Aol FAAS (Flame Atomic Absorption Spectrometry),
GFAAS (Graphite Furnace Atomic Absorption Spectro-
metry), ICP-MS/AES (Inductively Coupled Plasma-—
Mass/Atomic Emission Spectrometry) 5 F2 33| &
Ao wo) o18He] Bh ol  ICP-MSE he
24 whgol vl ARA7 2, e A B
2M0) Agsln] Ao 7 7R Y4 A
S 97 el AL F Y 8T Be
2 Hr} 23 9ok (Kim er al., 2002; ©|AF F, 2002;
ORD, 1999). 2]} ICP-MSE g4 HAd] =)
< Holnt AEa & A& BA L #3 gl
Ak, o)7}e)-&3} polyatomic ¢]&e] 23t spectral
interference® Zt3 glot. ol & Ew, ¥Bag] o}7lo]
L0 2)3}e] “Ga o]£-0] spectral interferenceZ WA
Bk g2, AR o)xbe]&-3} potentiale) W3- Ba
2 7)) sEFPage] MTH/MY HjEe] 1% ¢]
Arojoia} o)7bol-2ell 213} spectral interference -7
L AAstA] 93l o B22] spectral interference
polyatomic o -5l 2jate] Uordet. o]t poly-
atomic spectral interference’= plasma gas(Ar), matrix
components, A2 A F29] solvent acidol] ]3|
ub sk, 7323 A ¢ vzl (BEC, Background Equi-
valent Concentration)& A ol g o}
(Thomas, 2002). 4.3+ 5AlFZ<454] As, Cr, Mn, Se,
V, Zn 52] 9459 Hs)A polyatomic o]2of J3t
223 Weldiel AN FUY SEBA) o))
Lol l=d 53], 3 7] F U3t 948l = (carcino-
genic tisk)7} 7V EZ FAUAT 4 AsE ICP-
MS M A gdake Agshe AAEl wbyg d Rl
RArBCIY o] 213 T BAHAE 2 Qi

8, HT Y =ZoA Aetsl CCT (Collision cell
technology)x= collision cellellA] polyatomic o] 2&&
ZE24 AAT F ARz FAAFe=H
polyatomic spectral interference® T H-8 Aj7] A]A
ZA23A 9 nigghe ZA 333 7£elr Collision
celie Eaiade daos 3 249 {U1EEE
A7) 8 MS/MSellAE ol AMgEe] ot
ICP-MSE AR43t 37|04 BAMoAE King ef al.
(1989)0] polyatomic spectral interference A A& $
) Aeoz A23t¢lc}. =3, Rowan and Houk

Sy 71233 A) A 20U A3

(1989l s AHolriAl 7k Ao FES AT
ukertag A Xedt CH b AHEE 4 Qo 235
Agich. shAlet, o) AgdHow FEH7] A E
199737431 9ok off-o] glsieh Al AdH
o=z d 714 3¢ (Platform, Micromass; X -series
CCT, Thermo Elemental; Elan 6100 DRC, PE Sciex;
7500¢c, Agilent Technologies)2] 7]7]7} g5 3l
o}. Collision cell & &-83}e] o] 7Hd& A7 &
MAze AxgAT AR Ao o= EP
A 2 4 4]} (Bandura and Baranov, 2000; Du and
Houk, 2000; Tanner et al., 2000; Tanner and Baranov,
1999). 3k7A A 8] W3k CCT-ICP-MSS] = -gAle
2 »9 Godfrey et al. (2000)0] 3% %2} Na, K, Ca
7} 59 284004 ppb £E2 As, Cd, Sed ¥A
31512 Leonhard ef ol. 2002)2 S5 v)FAAE
BA5)9) on] Bandura er al. (2001)2 3% %2 Cawl
egroM Feg £43 Ab7E ol ICP-MSE &
9J9ane BAE e wel AMEHEH, colli-
sion celle] o]g-o2 v A BAMe] 7hz3 Fch
Boulyga et al. (2002)% Becker and Dieze (2002)%=
collision cell-& o] &3] U2l E9UA Exu|& A
3] 34151910 Boulyga er al. (2001)2 A3A] A=
2] As, Se, Cr 59 ¥} 2-838}913, Mason (2001)
2 LA-ICP-MS®] collision cell-& 2 835l X2
Y wjEgiAag 2Ask

T 2 2 A ga FeldM= ofAzt
=] d7] 8= 1A 2elF< (human carcinogens)<l
As? Cr& T3 Mn, Se, V 5 SAF40] AFE
4ol CCT-ICP-MS7 49 Az} =8, A
2rda] AR ez & polyatomic spectral interfer-
ence$ Z+W 9] As, Cr, Mn, Se, V, Zonoll T3 A3
& A4S gjs] CCT-ICP-MSe] A4 oA H4
Al Aoz nelth vgol, W A7 F As3
Cre] 2%Fo= Qla Ut sim: 354 FI52
2 QA% & A=) 0% Y& AAdte Ao
vehd (Auj&s) ol AE, 2002) ofe] A&t ¥
dka] AlgE otk wEbA, £ A7 A
A-&oz CCT-ICP-MS® 7] wlZgFdad
Aol A&t A4A4E Algstaat st
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Table 1. Some polyatomic combinations that cause the

. of by interferences with analyte spectra seen in tradi-
2. A73E tional ICP-MS.
Interference species Factor Isotope
2.1 CCT-ICP-MS e ”
_ Ar°O H-0, plasma gas "Fe
[CP-MSE AR&3 BAe)] gleir] = 14 eht BAH H,0, plasma gas £
9]% spectral interference A= 714 2 At o=z “Ar plasma gas “Ca
- - N N WAFIAr plasma gas HSe
zpasin} olg|gt Adle=lo] ula] olgke A 7 g
62wt ol el g AA4317] WASCI HCI, plasma gas BAs
&AM o7 EA W o] ALEEe] Stk A WA= WArRC Organics, plasma gas Cr
cold/cool plasmad AHg-3}E v eld], Yo £x9] “cro H,0, HC v
- . Bl o] 0.0 1o _ *C1'OH H,0, HCI *Cr
plasmaE Alg-go 2 pRa}ol-20] ML A3} N N0 HNO., Heg
T el B o] Bhyl WlEg: e A 1501900 H,0 #Ti
32Q 16616, fint
A vty 2 zA A7) &e lasma 5.8 57070 1,80, Zn
] w2l HH7F e p DALIIN HNO, SMn

WA 7| 20 EE ATbe] Adhe S 2
qlo) el ens) o) G Fold ) )
29 oleiges del AgEAE Eom A o BBk $UE sokhw 1PN 2
(Tanner, 1995; Sakata and Kawabata, 1994; Jiang er A7l o]& W& 7}A(Z He, H)E WA AF] pres-
al., 1988). = WA ¥p-2 THs)e] AgRAM 7= surized collision cellol] BA17|H 7}4219] charge
AH43)= Aald], o] HIH e AxER) o] vle °38FE transfer (Ar' +H, — H," +Ar), proton transfer
AAs7) 93 AR &234 <9 ¥ubg (Wang er al., (ArH’ +H, — H;' +Ar), hydrogen atom transfer
1999a; Nakane er al., 1998)o] A"t Ra}3e] =r7}=  (Ar" +H, —vArH++H) o] uheZEo] Yo}
93] BA #2xo] 7Ag siHernz w$ 22 7 FHI YA o] 2EUAE Y1 °é°ﬂ"‘lxli zt
=8 do=m 3= AlRdl A A do A "ok 23A9 5 4o le vkt ¥

CCT-ICP-MS9] 7|8 4L o2 28 13 2 o3 zRlde 7T glemz st °l%€
Ztck 718 2l plasmac) o3 o] 23tE Amyp doA odx BA w4} A o) & AR
ni2 AFAE7)2 712 ¢al multipole (quadrupole,  FUAIA AA, AEEA o] o] Fol7let PAsE FA
hexapole, = octapole) 2. FAFHeo] 9l collision & o vhgol oz zhgsl= YAr*Cl' ] collision
cellof A Hbg-AJo] o} & 7lagl whe-& 3 & cellfellA AA He dhgaA-> 29 20 vehd
. 7|4 AL 7kAE He, Hy, NH, =3, o] 5 9k ohl4 o] 2 (ArClT)o] kg Al 7k~ (He)s} &
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Fig. 1. Schematic diagram of collision cell ICP-MS system.
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Fig. 2. Removal mechanism of polyatomic ion in collision
cell.
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ArC1™t €

¢ dogd, 24 A (Ang o2 (ClHez ¥
ez o A e o] (ArCl7)e AR s
st gt WA di o] (As)e ukg- A 712 (He)
9} 5L doFAx iy 7 9GS ¥R oA 5
o =3 CCTE 2H5A1712 & ¥, plasma= A4t
2% (normal temperature) 2. FE3}ar ¢17] wjFol o]
23} 2EL % 5 ulEge AlS WolA]Y) b
Fol & M =g $XF 4 vk (Thomas,
2002; Feldmann et al., 1999a). 72 22 “Ar¥Cl, “Ar,
AOAI. ]2C, 38AI'H, 40AT ISN, 4OAI, 40Ar, 35Cl 160’ 32516 O]()O
9] B o] 258 Al Ast PAs, “Ca, 7Cr, *K,
Mn, ¥Se, °'V, “Znell da 2 AZ A} )¢
A BAZE 42 5 Uk

2.2 7|7 % Mg}

£ AYPlA vlejzzdt RBAAE MilestoneAt
9| Ethos 1600 S8 AR8-3}91 3L, o] £2-2 ghile]
Zd 10718 AEgs AZ¥E 4 o ICP-MS:=
hexapole collision celle] #A2E uv]=¢] Thermo
Elementalr}®] X-7 series model S A}8-3l4lt} A&
= glass 214 ¢] nebulizer$} spray chamber& AH4-3}
of A el SUHA LS mming] 2z 74
gk ok ICP-MS 2=l N BT 9 W87}
29 §4& OmL/mineg 143}, CCT-ICP-
MS 2 zoA: 99999% %2 Hed} H, 7[~E 6
mL/min®] 4% collision cellel] A&R o2 F3}
e}t CCT-ICP-MS x.=9dx] 2] ICP, collision cell,
A2 ApEAe e ® 20 veht 9lx A

F3 71878 EA) #2201 A5

Table 2. Analytical condition of CCT-ICP-MS.

Part Item (unit) value
Sample uptake (mL/min) 1.5
RF power (W) 1,247
iICp Nebulizer flow rate (L/min) 0.87
Auxiliar flow rate (L/min) 0.8
Plasma flow rate (L/min) 13.1
Cone lens (V) 1,000
Hexapole exit lens (V) 320
Analyzer/ Hexapole bias potential (V) -3.0
Collision cell lon energy (V) 24
Multiplier voltage (V) 500
H, gas flow (mL/min) 6
He gas flow (mL/min) 6

B9 A FAe 29 3o vheht ek ARG ol
22 AAE Milli-Q A28 (1I8MQ - cm)& o] 43}
o Azl 2E5F AR, AR 2E AA
2 A2 FLFAAM FYH vlo| 228 5
s} AbgE AR 71% HNO; (semiconductor grade,
Dong—Wou Finechem, Korea)$} 30% H,0, (semicon-
ductor grade, Aldrich Chemical Company, Inc. USA),
71% HCIO, (trace element grade, Fisher ChemAlert,
Canada)ol$ie}. £A4e AH4-d #FGA2 AUn
NIST £249& 7931 AHg3haleh

2.3 AlR 835 uy

A& ol EBAsRs 33t B 3t A3 B
Aol a3, A#= (accuracy)® EAAS Fkel
A3 AL=E el SA0] A3 A =] F
=24 ARg-Enh WS Algel wide] #Akgh
=% FE2 (CRM, Certified Reference Material)2
AmeaAgs 5U% Agos waskd 1 ol
A&} 2AHA =2 Btz oz A
2} (RE, % relative error)?} A & 2} (RSD, %
relative standard deviation)2. Z& ¥} (Hopke, 1999).
A FollM A7 23 F FE5d8EHe Qg A
E=EY7E 98 F2 AMEE dFsFEAL NIST
(NIST, the National Institute of Standards and Tech-
nology, USA) SRM (Standard Reference Material)
1648 (urban particulate matter) o]t} 121}, of &%
FEAL filter A o] ohjele AR Alze] 7#AA
£ 93 L7HE Hawo] 100mgez A4 Alge
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(A) Blank samples
—Blank sample of
NIST SRM 2783
-Acid blank

(B) Real samples
-Loaded sample of
NIST SRM 2783
-5 each

Sample
preparation

(C) Acid mixture
-HNO,
-HNO;+H,0,
-HNO;+HCIO,

Microwave

Micro 7
igestion

(D) Program setting
step 1. Smin, 250W
step 2. Smin, 400W
step 3. 10min, 650W
step 4. Smin, 250W

I

Table 3. Three kinds of acid for microwave digestion
method of NIST SRM 2783.

Mixture Acid
ratio  volume

Method Program

...... ]

(E) Direct dilute
-50g by 1% HNO,
~transfer to polyethylene bottle

(F) ICP-MS FA%L (G) CCT—ICP—MS—’

Fig. 3. Flowchart of multiple elemental analysis procedure.

Instrument
analysis

AR Ut feAgon: obd 7}
E7bssted AA Amel vimd o APHL Zeoh
olgldt EAIFE Zelx H7] F w=9 /M {4
3 JJ2uFEAE FHrpt= 712 NIST SRM 2783
(urban dust on filter media) ©) 2|2t 713 o] =]-$- w3}
S 2ol sl o] QIS®mFEA L polycarbonate
membraneAtel] Wi7| A& =F& Aoz Al As,
Ba, Ca, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, Sb, Ti,
V.Zne) I8¢l A AFFE AT 3 Sie B
THE AN 9ol & 472 99 e 23
o) ARE % Be,Cd, Sed AL mF TghHo]
s

A k] APAGN 72 giubg e
2 AMF2 9l+ microwave digestion method:
ASTM (American Society of Testing Material) =+
USEPA (1998)el|A] A)et3}31 ¢l vl (Method
3015A) 0] Ak, @A BAS A s 22F (Al As,
Be, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni,
Pb, Sb, Se, Si, Ti, V, Zn)oll o3 A&x9} AUx=o
FA o] o] FojA|A] g3 U AAeln Zzt HE
Zeof] W3 A Q) interference e A E Tl o

(i
op
2

Ir

- Ist step: S min at 250 W
2nd step : 5 min at 400 W
3rd step: 10 min at 650 W
4th step: 5min at 250 W

I HNO,
I HNO,+H,0, 4:1 smL
1l HNO,+HCIO, 4:1

A= A At ¢l-S #-o)r) (Sandroni et al., 2003;
Wang ef al., 1999b). 78jng $85d37) 2=
Ake A% A FEE 2] QAN 1CP-MS
FAel gk ey} gelA e we 2o &t}
spectral interferencee)] w2 ko] Jajell wf3t FH A
o 271& =&3lodof ok A AHE3lE e &
sjub-2 HNO,, HNO,+HCI, HNO,+HCl+ HF,
HNO,+HCIO, 5-2] wefaiAl =39 AbS ARgsla
oleh. 2=} ole gt Wb S 7pzhe] Atk g Zhw
sl M & BAAL AYEAAE = GAR A
43 o LA s oleldt AL Fae)d matrixo)
s ko] EAEAle] AAE ] Fagt Uil
As, Cr, V 5o ¢ aatg fistAY Bz 4
Aol o] Agto 2 <olgt 3wtz g9 aaprl Wy
&7) wjEolt. o371 CCT-ICP-MSE AHg-3}e] o}
FAEAS AARE o= A o) EAE HAE
FUE Ao Halvl

2 7oA ALLEl microwave digestion B} L
7] EH FE(O|AEF 5, 2002)00 AAF] et
2]+, microwave digestion ¥ & A}-8-3}e] filtero]|
AAL Ao EAE soheke BN A 2P
EPAHE Aggozm CCT-ICP-MSe] 93t 24
o a&7 ARLE YA FAle CCT-ICP-MS
2] A ghobslr] 9lsle] = 32 A 7px uhy
< MMl FUE Aoz JF:FEH (NIST
SRM 2783, urban dust on the filter media)& £-3)3}37
CCT-ICP-MS$} ICP-MSel] 93t v mHAe 43
st

. €3 A nH

3.1 Collision cell®| 3
Collision cell®] polyatomic spectral interference A
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3}
“ =

o

A mhg dopus] skl WA Amg du
ICPR = (H,, He gas flow =0 mL/min)$} CCTR=
(H,. He gas flow = 6 mL/min)ell A S-d&}A] &Ahsd
o 24 Ase) Ay AFdee oee) a9 4
(m/z: 50 ~ 56, >'V, 2Cr, ®*Mn)2} 18 5 (m/z: 73 ~ 83,
PAs, PSejell el Aok AH8E A& HNOsE A
L8} QJZ=;EFEA (NIST SRM 2783, loaded filter
and blank filter)& £33l # o]} o7]A] Ap&H
blank filter A] 8% loaded filter Al 2.9} Fu]|8E] A=
g, 23744 =% 9% F4% AR Aoz
analytical blank o]t} Z}722) AT o] Al HEEA
o] "¢ ThFaitis e At FAA B 2HE
#F59 =7t AN FA 7 viEl s (analyti-
cal blank)2] 20 o|3}el Az A BAAE
WAl 471 9yl aejrs2 BA7ZE]  analytical
blank 7k 3+ $4°) Hetae) FuelN W) 12
| ojo} 3l}. Polyatomic spectral interference7} Al
Moz zHA yeld Mnel 7-$-2r} polyatomic
spectral interference7} Abej5 o2 2 As, Cr, V, Se
Z-ojjA] loaded filter A| B 9} blank filter A 8.2} =}o]7}
¥ AL e J™elA B 4 g, olEE dde
AEE GdAddAM v A et BAZkel 23
A& =7 3

olefe] 2@ 4% m/z 5000A m/z 5674R)2] Ak
g A2} loaded filter®] ICPE.= (white area)}
CCTR = (gray area)ol|x]®] =A spectrum} ICPXL
oA 2] analytical blank (striped pattern area)®] 2
A spectrumg HolF3 gl ICP oA B4
% analytical blank®] WAL BH V, Crol|r] 2%
loaded filter B4 =79 w3} ¥ xjo}3 Ho|x
A3 gle] ICPR =AM BMZre] B8] &
A& & 4 Aok 28y CCT 2 eoME PC10-,
OArPCH, PAMN T 28 7+ | =Z7L A A= V,
Cr, Mn9) 3] 3 (gray area)7} Zto}AE AL 2 $ ¢l
o} o]# gk spectrum WA 2] ThaiE Ry weEE
AEL AA 5FHU4] A3ghe 353 Aol
22 2 AgsE A 5 ke A& HEn
3% 5% m/z 7304 m/z 837FX|2] Ak o el r] 2]
AAE Ve s, As Seo] £ Tl
CCT-ICP-MS A2 A vkl zar)l glojr|= e
B 4 9ld) As Se2 77 m/zzb 758 824014
peak® 2& % gl Qe ICP-MSE A14-a}
W I & £ %ol ArCltel ArArt e uls)
peakst 72004 82744 Fslz vpehiA Lo
(white area). 221}, CCT-ICP-MSE A}£-314 (H,
gas flow = 6 mL/min) ©]2]3F ArCl+¢} ArArt ] Wt

1.0

Intensity, 10°cps

50 51 52

AINY

53 54 55 56

m/z

Fig. 4. Reduction of polyatomic interferences in mass range of V, Cr, and Mn by collision cell; ICP mode: white area
(H,, He gas flow = 0 mL/ min), analytical blank: striped pattern area (H,, He gas flow = 0 mL/min), CCT mode:

gray area (H,, He gas flow = 6 mL/min).

FFd7j8ARHA A20d A3
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ArAr*

ArCrr

Intensity, 10°cps

73 74 75 76 77

78 79 80 81 82 83

m/z

Fig. 5. Reduction of polyatomic interferences in mass range of As and Se by collision cell; ICP mode: white area (H,, He
gas flow = 0 mL/min), analytical blank: striped pattern area (H,, He gas flow = 0 mL/min), CCT mode: gray area

(H,, He gas flow = 6 mL/min).

3 o]o] collision cello|A] A A=A A gk
2 F957] del v w=27) geid FF As
I} Se®] %3k (gray area)y2 22 4= 9]t} Feldmann
ef al. (1999b)-2- 1% HCI ujj&lol] 2 ppb As#} Seg =
al3hed ICP =9} CCT 2= (H, gas flow =6 mL/min)
Aol EAMATE wlwsld ey, mizzh 759 809
A} Seol ) 77} 6ule) 6,00080e] WA as w
o, AEFA7L Gexln B RS FA ¥ 4
& Helut glet

ol 1% 62 AdZ=wFEEQ (NIST SRM 2783)
€ method 19] ¥ (HNO, £3))2.2 233 & ICP
=) CCT 2=o)d] 24 A}e] Bags 9z
e BeF), A AEg npgl 2o, As, v,
Se, Si §¢] da%xr)l CCT 2mg AL o
ICP R=2 BAM3 Axug A Yehta s 7
€ E 5 3tk ol oled diolE ds
4()Ar35cl, 35(:11()()7 40Ar40Ar, I4N14NH _%_94 _"\:_l_/\‘__]1 Ho]'
E37} collision cellllA] A AEoJA] sjuy olske
W) ¢l9k7] W Folr}, 53], Se2] 7% 1,722 ng/filter
oA 17ngfiller2 oF 100W)2] AE wH T, Ase
27.7 ng/filterell A] 14.1 ngffilter2. = wjo] 7342 W
At 222 Ase] 79 CCT REoA] BAsle]e

b 4

o 14.1 ng/filter 2. ICP S.=0]| A} B9 27.8 ngffilter
B} QlZgkel 1.8 ng/filtere] o 24 & 4~ 9l
of =3 Cr3 Ve CCT 252 BAsele o zbzt
812 ngffilterell Al 675 ng/filter2} 69.4 ng/filtersi] A
518 ng/ffilter® AT Q11 o) FhE A, Q=3
o v ZAHTE & & sk Mng) AL F uhye]
abe)7}h A} ¢k Aoz vepgied), ol Mnd %
=71 Ad-des £ & el analytical blank
9] Fxrtb ztet PArNHT 9] o] A vepd
A=z ICP =9} CCT BroA] w5 ¢lZZhe] =
H3doh Zno) EA S ICP m=o)A 1,492
ng/filter, CCT =04} 1,449 ng/filter = % 9 o)) 4]
T Zpolg HolA) drh. Sig) A= “N"NHY) o
el oJs] ICP e BEAJslle af whs 4
Aoz ¥ FEE Ho A2l o A=
AE B P glond o] onlyl gul Sie BARS
A7k gom A %4 g 44z F REoA
25 A Z3 o] 7153 ook 7| 2R 4
el Sie] ko] wl- A A sh=dl olest
Sie ICP-MSs} e diajEMwyiozr HMs)
AR I olf AR A Sig YU 4= 9]

or} sbgel me SiFS Hedgel =i e A
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g 50 & 1000
&b =13
£ 40 £
J 5
£ 30 5
Q Q
20
10

{u icp |
1a CCT A
A CCl‘tj,

Conc. (ng/filter)
haans [\ W & W =3 ~J
EEE8Es:8¢8 -

Al

Mg Ca

10000

1722

1000

Conc. (ng/filter)
&

Fig. 6. Comparison of results obtained using both ICP and CCT mode with HNO; solution and certified values of NIST

SRM 2783.

Aaxs £4E 71-er] Wl (Swami et al,,
2001). ¥kl & Cd, Sb, Ba, Ti, A& CCT =2 ¥4
39S o) ICP Rerc) o & g vehied,
o]2l3t A= nlelgte] WolxA analytical blank 2]
kel AA Moz zho] yolgr] wE]l Ao Ak
Hi oj2i3t ko z AZzel o ZAT AAE
Hod

13 7€ method 119 ¥ (HNO;+H,0,) 0.2 A
52 293% ¥ ICP =9} CCT E=olM ¥4
Az}t AALL vl 7Fgt AbsHA o)1 £=2) F7}
of wiel AbsE =3 ZIEIAT fI1ER ] "ol
Z239 YA 25 Aol HAELAE st
g 28y o) Wilor 48d Awd A
AR As2 ICP 2=9} CCT = ¢fFoA 2% 7]
Z2HR] ooty Se2 CCT 2o Aqt 13.8 ng/filter2.
ZA =gl V2 method 18] A} Zo] CCT 3=
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Fig. 7. Comparison of results obtained using both ICP and CCT mode with HNO,+H,0, solution and certified values of

NIST SRM 2783.

W= As2 ICP Rzofajis wighie] Alro= <lg
nped 3 =] B3 ZEEHA A4k CCT meoMx
AZgel wls] oF 150 o] & FEF BT
o]+ method I11¢] ¥} o 2= collision cell& AME-
sl = “Ar”ClT 3} 2+ polyatomic ionE-2] oFo]
T weol EAste] Ay AARR £33 GEY
02 ARH Sed F nu mRdA H2EHXA
QI CI0T e d3Fe e Ve CCT RECA £
A 8L o) 3,803 ng/filterall A 251 ng/filter=. eF 154)
ol4ke] xrl 7FAFYA Y 123kl 48.5 ng/filter
Ho} Sef o)Ake] F=zZkE& Hed CCT-ICP-MSE
AHgsl = wiAlel] QI9R o8 el e Hrlsld e
W ohddo)ol AE AAHA gL & 5
Ut olElgt ko] mtel A HHanlk == Fak
9 ARG Zb e gtE e, WA, pgA] s
D A LS e el daxw 249

oko] A& (CrO,Cly, AsCly, SbCl,, ShClye = 9l
Cr, As, Sb 59 ¥k FA = sy es AFda
o] AM-E ¥M Agme] SHeA HAsA gt

z 52 »

(AL

(Wang et al., 1996).

3.2 EMEsxr Hol

= 39 A 714 AAE] wbge) e} NIST SRM
2783% £33l CCT-ICP-MSZ 2Age w9
Agwol AuUsZ okl & 4o Jehigich NIST
SRM 27832 o7 nleZrE FAl|8h & qlEges
AAET oemz = 4o AAE FAPEL vlek
e A Froldh Method 12] A 9 X1= Cr, Fe,
Mn, Pb, Vo] £10%2] ¥$, Al, As, Mg, Sb, Zn: +
20%%] W$ieA vield ¥bd, Ba, Cu, Nio| zhz}
30%, 26%, —22%% Jeh} AltjEez x| ke
Azs Jelfigleh =8 Cox= ZAEHA 4%z, &
A o] FRX) &L Si(—75%), Ti(~50%), Ca(—48%)
59 UaE ARG 40% o)} L EHFE B
9jer] Na®} K& analytical blank gto] Aldjxo =z
A et gmsltA] oke Aste Jehigich 34
#e AYEE e AR EFEHX(RSD, %)=
Cr (43%), Ni (24%), As (19%), Ti (13%)2] 7<-S A
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Table 4. The recovery and RSD of elements in NIST SRM 2783 digested by three digestion methods (Method |- HNC,,
Method II-HNO;+H,0,, and Method HlI-HNO;+HCIO,).

Certified value Method 1 Method 11 Method 111
Elements -
(ngffilter) RE (%) RSD (%) RE (%) RSD (%) RE (%) RSD (%)

Al 23210 -15 12 -8 23 ) 39
As 12 19 13 ND - 1386 34
Ba 335 30 75 -3.4 7.8 -15 10
Ca 13200 -48 1 -39 41 -38 34
Co 77 ND* - 126 23 46 1
Cr 135 6.4 43 3.0 66 25 33
Cu 404 26 1 25 43 NA -
Fe 26500 9.0 68 8.6 34 37 3.7
K 5280 NA#* - -60 44 NA -
Mg 8620 -13 56 83 12 21 Y]
Mn 320 -5.9 52 ) 10 54 35
Na 1860 NA - -19 35 26 30
Ni 368 -22 24 62 29 46 30
Pb 317 8.1 12 -26 27 17 29
Sb 72 -20 24 -16 9.9 -25 40
Si 58600 -75 52 -71 20 -79 24
Ti 1490 -50 13 -49 20 -60 15
v 485 6.8 94 6.4 26 419 18
Zn 1790 -19 8.9 -22 15 18 71

* Not detected
** Not available due to high analytical blank level
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Fig. 9. The accuracy and precision of elements in certified reference material (NIST SRM 2783) determined by CCT-
ICP-MS with HNO, solution.

o] BAzke] Aol 20% oldkl Aoz etz  FE BRI CCT-ICP-MSE Al&slhe =
Sl Aol X &2 Si, Ti, Ca 59 Uit 20% ©]  AEE Aext 20% @il mwrEagde. 18
Aol Abdl o alE vellgdn) o o= BAsl] =2 Ase Cro] HEE BAZS 47 9sM=
& " As, Cr& ICP-MSo A= qlEguet & = CCT-ICP-MSE Ahgslodol e & 4= gich
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