Printed in the Republic of Korea

ANALYTICAL SCIENCE
& TECHNOLOGY

Vol. 21, No. 4, 316-325, 2008

ALSEFY-TL5SHY-R=ZEEEtA0r HHEMEAXE
0|25t HIGIEEZEA|E S| 30|2 H|AEMutHO| &2

M H >
FFEFAIATY o] A EFEY $42RA7H
(2008. 6. 13. T4~ 2008. 8. 7. &21)

Determination of trace arsenic in seawater by flow injection-hydride
generation inductively coupled plasma mass spectrometry

Jung-Ki Suh*
Divison of Metrology for Quality Life, Korea Research Ingtitute of Sandards and Science,
P.O. Box 102, Yusung, Tagon, 305-600, Korea
(Reveived June 13, 2008; Accepted August 7, 2008)

2 o A& EFY-FAIEAN-FEATE R FEAGRE ARSI U EA ST HAS
XA F F72 vEEFA 82 CASS4, NASS5E Algsle] 2373 9% %k" H L gko 24
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£31] ASO"(M/z=90.9165)Z AEdhH= WHS AREsle] AxE Vs on EN7 s oF 268 A=
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U3 ARE Ag 5 YA
Abstract: An inductively coupled plasma mass spectrometry (ICP-MS) instrument equipped with flow injection-
hydride generation system was used for the determination of trace arsenic in seawater sample. The accuracy
in this method was verified by the analysis of certified reference materias (CRM) of seawater (CASS-4, NASS-
5). The analytical results agreed with certified value within the range of uncertainty. The expanded uncertainties
for CASS-4 and NASSS5 in this experiment were ranged from 6.2% to 6.8% obtained from repeated analyses
of the CRMs (n=5). The detection limit of As" (m/z=74.9216) in this method was confirmed about 0.01 ug/
kg. Linearity obtained from calibration curve of arsenic was excellent (R?=1). The detection at As* (m/z=74.9216)
and AsO" (m/z=90.9165) by using oxygen reaction gas in DRC mode was compared. Sensitivity at AsO™ (m/
7=90.9165) was decreased about 25-fold, but the anaytica results are the same that a As" (m/z=74.9216).
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a8y, dio] B2 uigtE AlE5] HlAEA L o
=3 2 B BAE Ao Ak ABE uigEFe] %
Fol NaAES 4 4% 2xs #ar7|a, 3
ol Ol QRS As HRol Fo L dorlE B
Ap o] 2l CArPCIt g ekt 714 IHTOM

ARAAN T ER AL
A ek ol e o 2] wge] YO v
o834 B Rol Brbssith PAssh “ArFal
o A 2Hol(AM=0.00064) 7} S HolA] o &

Vol. 21, No. 4, 2008

3}7] 918lA= 8,000 ol/de] 717] #allso] 8Hh
E3 HES RIS AR FY FE A Rk o
Yzt sampling cone &< =é]A gith £4o] B
oH & ol frE HutE Fo HlAE WY WE TE

(low to sub pg/lL)2 EAgth= A} CaCl*ell <5
M= 7S W the Aot “Ca®Clt e PAse]
A7 2}0](Am=0.00985) S A] wll-¢- Zto}A]
3171 9lellA1= 10,000 ©]7Fe] 7171 E3l5ol 8+H
oS E S B wEW vl e E A5 9
Aoy, EAES] w27t YR Yot} A =8-S
AES) B m%Er) Byat /\13 2] WS JeEh
3 ATh® o5 A8 A2 W hydride generation
o osf A ZRE BAE %946‘}71‘%30'31 o] gk
g o] gste] MEE FEshe WHE F2 o
232 Ak 93] miz7sell A ) v 7HdS A7
7] 918 I U2 WHo 2= ArClTe AAS oA
3171 ¢18ke] dynamic reaction cdl (DRC)®** 2 callison
cell*3s *P%?S‘P—L— 71%0] = Ak 53] DRCO
2 AHg3l] ASON(MIZ=90)E 7

olE &

o

) o FEATE
(Flow Injectlon-Hydrlde Generation
PlasmalMass Spectromary, FI-HG-
AHate] vioHE o] W ag
Abgete] kgl v e
195 2749 BHAH Fobt 4 Pem]
2 NERZ AAIY. F TR MBEEEAE
CASS4 (Nearshore Seawater Reference Materia for
Trace metals, NRCC, Canada)2} NASS-5 (Open Ocean
Seawater Reference Materiad for Trace metals, NRCC,

ICPIMS) J

&S|
A A
A

rw

o]

],
s
Ao e

R/ T
o
N,

l:l

Canadd) F9] vIA&E &43le] A5 vugoez
A ““«l e A, 3 A4, 2E
SHA|, HHEA S ERlste] A faAds 9
6}%@}.
2.4

21, AIB717] H A<k

2 Agd AMgE 77= Prekin—EImer SCIEX Elan
6100 DRC-ICP-MSE A3t eH A& 85U 9

3 FIAS 400 §2 & A48t /\}%ﬂi’iﬁ‘r. AR&-gt vt
SHE R TAE = CASS4 (Nearshore Seawater Reference
Material for Trace metas, NRCC, Canada)2} NASS-5
(Open Ocean Seawater Reference Materia for Trace



318 Sl

Table 1. Operating conditions for hydride generation-ICP/MS measurement in this experiment

ICP-MS instrument

Perkin-Elmer SCIEX Elan 6100DRC-ICP/IMS

Nebulizer Gas Flow 0.95 L/min
Auxiliary Gas Flow 1.30 L/min
Plasma Gas Flow 16.00 L/min
Lens Voltage 6.7V

ICP RF Power 1350 W
Analog Stage Voltage -1906V
Pulse Stage Voltage 900V
Discriminator Threshold 70.00

Dwell Time 100 ms
Sweeps/reading 2
Readings/replicate 200
Replicates 3

Reaction Gas Oxygen 0.8 mL/min, Ry,=0.5

Measurement (m/z)

As (=74.9216) & AsO (90.9165)

Cone material Pt
Sample line
Sample gas inlet:

1/16 inch i.d. Teflon, length 1 m

Carrier: 10 % HCl gy m—

Reductant :0.5 % NaBH, in
0.05 % NaOH

Fig. 1 Diagram of Flow Injection-Hydride Generation (FI-HG)-ICP/MS system used in this experiment.

metals, NRCC, Canada) 7 £ 575 A&atith vl &
o S23E 4L 98 AHEE Aok NaBH,
(Sigma-Aldrich, granules, 99.99% Catadog No. 480886),
NaOH (Sigme-Aldrich, pellets, 99.99%, semiconductor
grade, Catdog No. 30657-6), HCI (DongWoo Fine Chem,
Korea, lksan, dectronic grade)o] At} As®E AsBo g
AN 77 A8 AFEE Al KI(QUNSEL, min.
99.5%, guaranteed grade), L(+)-Ascorbic Acid (JUNSEI,
min. 99.5%, guaranteed grade)©] $1th. ICP-MSQ] &
ARl 717127 & Table 1] Weplglom wH--7]A| 2
A s ARt AsOTEA HEe] 913 2=

22 ALKXSEFAMX

F43HE S 9T AEEEFUIR 2 MG
278 Fig. 1] ZAeAh ol #MEL
carirZ AHgE 10% HClE&d 9] §#4%2 812 mL/
min. Afelo]™, 314 (0.5% NaBH4/0.05% NaOH)<|
&2 46 mL/min. ©]3lth. Sample Loop®] &2
500 uLolAct. z+ ©AE pump speede} ZHEA 7 2
injection vave position M3} gt 278 Table 291
HERH AT
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Table 2. Operating conditions for pump speed and injection
vave postion in Fig. 1

Duration Pump-1 Pump-2 Vave

Step Number Read

(sec) speed  speed  Position
Pre Sample 10 60 60 1
Step 1 10 90 60 1
Step 2 het 24 0 90 2
Step 3 0 0 0 1
Step 4 0 0 0 1
Step 5 30 60 60 1
23 Az ¥ EESYo| M=

A& F2o] ASPES AsPo® 9A]717] 98 10
mL HCI=} 5% KI1/5% ascorbic acid 10 mLE 7} &t
F 2o BAIZE o] WA E T EAEIATE 3
folo] A= 1000 mgkg FE2 H& BF
5]43te] 100 nglg 2] HIAE AT T
dHZ(05 g, 1.0 g, L5 gy Fstal Al 5o} o
FA3A 10 mL HCIZ 5% KI/5% ascorbic acid 10

mLE H7F & F A7 o) WAF F 2EFE A
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71ele] AAE Fro] nAREgaS AzAt &
FgA3 ANEE T AxsHoH Table 37
Table 40141 el vle} o] T FH| M Z T2
ANE 2 EFgI(cdibration standard-A, calibration
standard-B)S- | %-3lo] 2418} ).

3.1. HMY  (inearity)
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Table 3. Preparation of cdibration standard-A solutions and seawater sample for hydride generation anadysis

Calibration Standard Addition of arsenic standard HCI (g) 5% K1/5% D.I. water Total weight  Conc. of
Solutions (A) solution (137.0 ng/g), (9) 9 Ascobic acid (g) (9) (9) arsenic (ng/g)
blank 0 11.650 10.721 80.210 103.080 0.000
Standard-1 0.499 11.641 10.713 82.930 105.783 0.646
Standard-2 1.000 11.610 10.727 80.357 103.694 1321
Standard-3 1.499 11.654 10.723 79.917 103.793 1.978
5% KI/5%  Total weight  Dilution
Sample Amount of sample (g) HCI (g) Ascobic acid (g) © Factor
CASS4 81.015 11.601 10.689 103.306 1.275
NASS-5 79.515 11.562 10.354 101.422 1.275
Table 4. Preparation of cadibration standard-B solutions and seawater sample for hydride generation anaysis
Calibration Standard Addition of arsenic standard HCl (g) 5% K1/5% D.I. water  Totd weight Conc. of
Solutions (B) solution (95.53 ng/g), (g) 9 Ascobic acid (9) (9) (9) arsenic (ng/g)
blank 0 11.64014 10.57735 80.11935 102.33684 0.000
Standard-1 0.50101 11.69838 10.58611 80.10239 102.88789 0.465
Standard-2 0.99982 11.64067 10.58045 80.00447 103.22541 0.925
Standard-3 1.49576 11.62309 10.54408 80.08552 103.74845 1.377
5% KI/5%  Total weight  Dilution
Sample Amount of sample (g) HCl (g) Ascobic acid (q) © Factor
CASS4 80.0692 11.60131 10.47487 102.1454 1.2757
NASS-5 79.8091 11.61153 10.54566 101.9662 1.2776

Vol. 21, No. 4, 2008
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o | | | | ! |
0 01 02 03 04 05 06 07 08 09 1
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Analytes :
As 74.9216

Fig. 2. Intensities and calibration curve at As" (m/z=74.9216)
for standard solution-B in Table 4.

AsO 91
4000 Stnderdsolution-  Cone,  measurement Netaounts
B and Sample (ng/a) unit : counts
Blark 0 345 [
std-1 (B) 0485 1237 891
std-2 (B) 0825 2035 1689
std-3(B) 1377 2893 2547
3000 cass+ 005 1978
NASS-5 1.022
2000

W~=3C00

y=181571x+ 34.5484,
R2=0.9962

1000

0 1 2
ng/g
Analytes :
AsO 90.9165

Fig. 3. Intensities and cdibration curve a AsO* (m/z=
90.9165) for standard solution-B in Table 4.

Real Time Number of Intensity in ICP_MS
300000! measurement {cps)
1 99546
2 97494
3 99156
4 102763
| 2000000 5 102553
n 6 100914
t 7 100118
. 8 99987
n
S 5 101610
; 1000000 10 100987
y 1 100661
12 100469
13 103632
| | 14 100671
K 0 20 15 103313
Time average 100918
i standard deviation 1640
Analytes :
As 74.9216 — rel standatd 1.62 %

deviation

Fig. 4. Typical signa profile and repeatability data of 1.0 ng/g As in FI-HG-ICP/MS system of Fig. 1.

oA o] AEWHS Zol A dart gloy
7= 9 HAAde] viw 2 By f-8-4
el oM FAAFEZ E F ASS A

21t} Reaction Cel Gas® AFA7| A S AFg-3 7
A=e oF 268 A= A YePdA T 73] Fmol
gk AsO" (m/z=90.9165)ll A o] A4 -9 E&

S I F Ao AR BAFE 2ol7t gl
< AT 4 AT
3.2. HIEM (repeatability)

B A e wHEAdS Selshy] 918l 1.0 nglg 5
=9 As &945 Fig. 19] F4&3tE A4 7% 9] 500
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Fig. 5. Comparison of uncertainty value between certified and determined value in this experiment.

Table 5. Andytical results of calibration standard-A solutions and samples described in Table 3

Number of - Sample and Conc. Intensity Net Intensity
measurement Instrumental Conditions Sandard-A (ng'g) (cp9) (cp9)
Sweepsireading : 2 blank 0 25130 0
Readings/Replicate : 200 standard-1 0.646 317404 292274
1 Replicates : 3 standard-2 1321 554636 529506
Peak Processing Mode : average CASS4 0929 391156
blank 0 20452 0
Peck Processing Mode : maximum, standard-1 0.646 331512 311060
2 (the other conditions are same standard-2 1321 693132 672680
as measurement-1). CASS4 0.906 449428
NASS-5 1.022 511764
blank 0 40309 0
) standard-1 0.646 134277 93968
3 f?fgr%e;f replicate number to sandard-2 1321 221083 180774
CASS4 0.925 128038
NASS-5 0.992 137376
blank 0 72291 0
) standard-1 0.646 129088 56797
4 Qitﬁ? of new carrier and reductant standard-2 1321 202309 130018
CASS4 0.889 85657
NASS-5 0.957 92231
average conc. Standard rel. standard
Sample (ng/g) deviation deviation
CASS4 0.912 0.018 2.024
Average NASS-5 0.980 0.034 3434
Conversion concentrations by dilution factor (ng/g)
CASS4 1.163 0.023
NASS5 1.250 0.043

Vol. 21, No. 4, 2008
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Table 6. Independent analytical conditions applied for deter-

uL sample loopE 53l 153] ®kE &7 3} iepe O .
mination of arsenic in seawater reference materias

2
o
HE
2
° %

EFANE 2Hsgon, old tehte gEHl
signal profileg Fig. 49 LFERIQITh. 158] 24 7s)e]  Anaytica Details N
Conditions

AN FFHAE 1.6%E UER

— The use of calibration standard-A

AAA B A AL Flolg o) =) :
L}:ﬂ ljbl 24 Xsz e ;ﬂﬂ ]4 ¥ Ttle 31 1 _ Detection a AS' (mz=74.9216) !
H cdibration standard-A &4 3 A EE EAZF7 —
o 1B Al 48] BAl S oﬁ: - . B ,  — Theuseof calibration standard-B c
= MS7IRA 43) B3 AakE obd Table S ~ Detection a As™ (M/z=74.9216)
B B Z AL W3
rebA S e e T w2 W) — The use of new reductant (0.5% NaBH4
I NEL AFAE st FHH R EAEL 3 in 0.05% NaOH) solution. 5
H e 2 =Ho A7E cps B E YERAATE 2 — The other conditions are the same as
1A Aol M= pek processing modeE  average Method 2.
modeol| 4 maximum modeZ WA =H P o0, — The use of calibration standard-B
N _ N 4 — Detection at AsO* (m/z=90.9165) 6
Hao ZAulE 352 = =
3?”‘L‘£~1 = ﬁ?o‘i}ﬂ s _3011’\1 1= i:i;‘i = ~ Two-point Calibration
2 5] =Z] |} o S ZA A= A <
el virImte R 45 SAelME shelA o ~ The use of calibration standard-B
carir® A LA 7 waE F BASALE o5 4 5 — Detection a AsO* (m/z=90.9065) 5
3] £4 ] WA= Table 5014 LR nupe} 72o] — Triple-point Calibration
CASS-4*| 2= 1.163+0.023 ugky, NASS5A 59 7 N: number of measurements

S 1250+0.043 pgkgo 2 UEREo ™ AT EETA}

Table 7. Analytical results of arsenic concentrations in seawater reference materials measured under each analytica conditions
described in Table 6

Analytical conditions  Sample and Standard-A Conc. (ng/g) Intensity (cps) Net Intensity (cps)
1 (Refer to summarized data in Table 5)
blank 0 10737 0
standard-1 0.465 22495 11758
2 standard-2 0.925 34597 23860
CASS4 0.860+0.017 (n=5) 21597.8
NASS-5 0.923+0.010 (n=5) 23088.5
blank 0 10972 0
standard-1 0.465 30284 19312
3 standard-2 0.925 49033 38061
CASS4 0.857+0.02 (n:5) 35291.4
NASS-5 10.905+ 0.02 (n=5) 372438
blank 0 492 0
standard-1 0.465 1606 1114
4 standard-2 0.925 2669 2177
CASS4 0.910+0.01 (n=5) 21425
NASS5 0.941+0.01 (n=5) 22135
blank 0 346 0
standard-1 0.465 891.18 545.18
standard-2 0.925 1689.2 13432
5 standard-3 1.377 2547 2201
CASS4 0.940+0.022 (n=5) 1756.0
NASS-5 0.996+0.022 (n=5) 1824.6

Analytical Science & Technology



3.3. =8| (detection limit)
2 BN FRoA e Hie HESHE Y 7
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o714 CDL-?: 72 37 (detection limit)e] ™, t g+
Student's -2 E2ZFE A=} A e st
o 3t %kolftl, m %2 103] o) 575k viegtel &
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golth mebd £ Aol re] A5 Fig. 20149 A4
o] 7197] me41225 psiug - kg, % 108] Z vk
el EEHA}F 218 cps B%2] confidence limitel] o &
t-vaue 2262(n=9)5 283t AlLkst A3} olefj9} 72o]
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2854 EH 2 A 1Y

A @ AN AS (miz=
#, 4, 58] H9 AAE o

modedl| Al Z74 g A 3}o]

o) _

3} raw data= Table 70 YFERAQITE. o]
AEEIERE R

, 3]

bl A% 2B

8 =
73 WSS AL
o

74.9
%J dy amic reaction

2H2A 19 ARE

standard calibration-A-8-<H (Table 3)& AH&-3PH ==
Z7AEME sandard cdibration-B&-2Y (Table 4)& ©|

g3te] 248 Astoltt,

35. EHMZAL % EET (uncertainty)

WA CASS44 5ol T3 Table 52 5719 442
HE Q93] Table 89l YERHSITE o1& 5l¢] &
Azke] $H3E-8% (combined uncertainty) 2 & A
T (effective degree of freedom)S 123+ coverage
factor(k)& 3k &4-8-8H (expanded uncertainty)=S
A Jerdi ot 3% 2 FHEdEE 1143+

Table 8. Summarize analytica results and calculation of combined and expanded uncertainty for arsenic determination in CASS-
4 seawater measured under each analytical conditions described in Table 6

analytical conditions Cx (ug/kg) uncertainty rel. u. Degree of freedom

1 1.163 0.023 0.020 3
2 1.098 0.022 0.020 4
3 1.093 0.025 0.023 4
4 1161 0.011 0.009 5
5 1.199 0.030 0.025 4
average 1.143

standard deviation 0.020

rel. std. deviation 0.018

Degree of freedom 4

pooled uncertainty 0.022

rel. u 0.019

Effective degree of freedom 4

combined uncertainty (uc) 0.030

rel. u; 0.026

Effective degree of freedom 7

k 2.365

Expanded uncertainty (U) 0.071

re. U 6.25%
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Table 9. Summarize andlytica results and calculaion of combined and expanded uncertainty for arsenic determination in NASS-
5 seawater measured under each andlytical conditions described in Table 6

analytical conditions ¢ (ug/kg) uncertainty rel. u. Degree of freedom
1 1.250 0.040 0.032 3
2 1.179 0.012 0.010 4
3 1.156 0.025 0.022 4
4 1.202 0.018 0.015 5
5 1.273 0.040 0.031 4
average 1.212
standard deviation 0.022
rel. std. deviation 0.018
Degree of freedom 4
pooled uncertainty 0.027
re. u 0.022
Effective degree of freedom 4
combined uncertainty (uc) 0.035
rel. ug 0.029
Effective degree of freedom 7
k 2.365
Expanded uncertainty (U) 0.082
re. U 6.77%
Table 10. Comparison data between certified value and found 4. 44 =
vaue in this experiment
cru | Cetified e Found Conoeniration ool Agoznel el 7ol At A ster
Value, uglL ugkg  mglL wAjo] o] ¢ whekE A BFo| W 2RS4 8]
CASS4 111+016 102141 114+0.07 1.17£0.07 243 ¢+ = HS Yk B EAHe] 4
NASS5 127+0.12 102135 121+0.08 1.24+0.08 S QoFslH H| A=A ] HEEAE 001 pgkg ©1
a: measurement by density determination kit for AY/AG balance o, FHEFEZ FAS =HzLe) BEFdx M}
(Metler Toleco) AZgke) B WSl AL SFo R B
el A8 BAT & AT AR w7
007 pgkg & 221 & 4 ek, #F AAAE 2 et 98 818905 (RE=),
LY WRLE NASSS ANE FAAAE TR FEF vREA R HaEARC] Sy
Table 99 @ oFétirt. FA 3 S Egd== NS BoAFErh A vistEr 89 240 283e
1.212+0.082 ug/kg ¥< 1 & & St} o] 2H v Ao o Yo F FUHHEMYORE K
&5 AHE S e diE T

Table 100l 2 9Fatqith. 714 AFHE AF
7 ngll EE FoA o & ddAde
pugkg 9 E F@AT. et MR EREFAE
U= E Mettler Toledo #|&<] density 4 kit
o] g3to] =4t B3I AT A YERY
t}. Table 108] A& AS#e] B3t A
Algte] Fig. 50l YdEpA o =A25H

2 Qe B EHYE Yojux
2l

=
[e)
3918 % 9k,

bl
=
2 Sict. ol 4ol
ggedEe 199 AREL A% W
2ol

2
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