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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 materials (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 NASS-5 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 analytical results are the same that at As* (m/z=74.9216).
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Table 1. Operating conditions for hydride generation-ICP/MS measurement in this experiment

ICP-MS instrument

Perkin-Elmer SCIEX Elan 6100DRC-ICP/MS

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
Measurement (m/z)

Oxygen 0.8 mL/min, R,;=0.5
As (=74.9216) & AsO (90.9165)

Cone material Pt
Sample line 1/16 inch i.d. Teflon, length 1 m

Sample gas inlet:

Carrier: 10 % HCl ey m—

Reductant :0.5 % NaBH, in

0.05 % NaOH

metals, NRCC, Canada) + /& A3t ¥4
of FastE AAES Sldl AH&E A%k NaBH,
(Sigma-Aldrich, granules, 99.99% Catalog No. 480886),
NaOH (Sigma-Aldrich, pellets, 99.99%, semiconductor
grade, Catalog No. 30657-6), HCI (DongWoo Fine Chem,
Korea, lksan, electronic grade)°]{t}. As™E AsPo &
A 717] S8 AREE Al KI(JUNSEL min.
99.5%, guaranteed grade), L(+)-Ascorbic Acid (JUNSEI,
min. 99.5%, guaranteed grade)°] % t}. ICP-MSe] t] i
AR 717208 Table 1°] YeRARI oW wHg7]A =
A AARE AREEE] AsO'EA AEs] 913 2%

Z7& Fig 19 =N olde] 4%
carrier2 A8 10% HCIE N9 §%2 8-12 mL/
min. AFe] o)™, 2 4)(0.5% NaBH4/0.05% NaOH)<]
%2 4-6 mL/min. ©]% T} Sample Loop2| &
500 pLolA Tk ZF SAE pump speed9} ZHEA]7F 2
injection valve position 3}l tgt Z7AS Table 291
LERY AT
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Table 2. Operating conditions for pump speed and injection
valve position in Fig. 1

Duration Pump-1 Pump-2 1
Step Number Read uration Pump ump Valve

(sec) speed speed Position
Pre Sample 10 60 60 1
Step 1 10 90 60 1
Step 2 X 24 0 90 2
Step 3 0 0 0 1
Step 4 0 0 0 1
Step 5 30 60 60 1
23. N2 ¥ BEFESIY9 H=
AE F9 AsTE AsPoz SAA717] 93 10
mL HCIZ} 5% KI1/5% ascorbic acid 10 mLE 37} §+
F ool sA7 ol RS T EHSGT 5

&1 A5 1000 mgke F=0] V& EE &S

8413ke] 100 nglg 32 H&E AZH T oS
A 05 g 1.0 g 1.5 gy H3tL A Box e} 7o)
FY3HA 10 mL HCIF 5% K1/5% ascorblc acid 1

LE 7} 3 & 5A17F o)A} HHX|8E &

i
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Table 3. Preparation of calibration standard-A solutions and seawater sample for hydride generation analysis

Calibration Standard Addition of arsenic standard HCI (o) 5% KI1/5% D.I. water Total weight ~ Conc. of
Solutions (A) solution (137.0 ng/g), (g) & Ascobic acid (g) (g) () 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 1.321
Standard-3 1.499 11.654 10.723 79.917 103.793 1.978
5% KI1/5%  Total weight  Dilution
Sample Amount of sample (g) HCI (g) Ascobic acid () (@ Factor
CASS-4 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 calibration standard-B solutions and seawater sample for hydride generation analysis
Calibration Standard Addition of arsenic standard HCI (2) 5% KI/5% D.. water Total weight Conc. of
Solutions (B) solution (95.53 ng/g), (g) & Ascobic acid (g) (2) (2) 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% K1/5% Total weight  Dilution
Sample Amount of sample (g) HCI (g) Ascobic acid (2) (@ Factor
CASS-4 80.0692 11.60131 10.47487 102.1454 1.2757
NASS-5 79.8091 11.61153 10.54566 101.9662 1.2776
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af;hg;rv'\ﬁe (C..';'};) T.;s:m Net counts Blank o 36 o
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std-2 (B) 0.925 49033 38061 / 3000~ cass 0.0 1978
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Fig. 2. Intensities and calibration curve at As" (m/z=74.9216)
for standard solution-B in Table 4.

Fig. 3. Intensities and calibration curve at AsO" (m/z=
90.9165) for standard solution-B in Table 4.

Real Time Number of Intensity in ICP_MS
3000000, measurement {cps)
1 99546
2 97494
3 99156
4 102763
I 2000000 5 102553
n 6 100914
t 7 100119
) a 939587
n
§ g 101610
{wmwv . 100887
y 11 100661
12 100469
H HH“ 13 103632
.l|“ “|““”|||l|l||||mm...m. m 14 100671
0 20 15 103313
Time average 100918
) standard deviation 1640
Analytes :
As 74.9216 _— rel. standatd 162 %

deviation

Fig. 4. Typical signal profile and repeatability data of 1.0 ng/g As in FI-HG-ICP/MS system of Fig. 1.
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Fig. 5. Comparison of uncertainty value between certified and determined value in this experiment.

Table 5. Analytical results of calibration standard-A solutions and samples described in 7able 3

Number of Instrumental Conditions Sample and Conc. Intensity ~ Net Intensity
measurement Standard-A (ng/g) (cps) (cps)
blank 0 25130 0

Sweeps/reading : 2

Readings/Replicate : 200 standard-1 0.646 317404 292274
1 Replicates : 3 standard-2 1.321 554636 529506
Peak P.rocessing Mode : average CASS-4 0.929 391156
Detection at As+ (m/z=74.9216) NASS-5 0.949 397981
blank 0 20452 0
Peak Processing Mode : maximum, standard-1 0.646 331512 311060
2 (the other conditions are same standard-2 1.321 693132 672680
as measurement-1). CASS-4 0.906 449428
NASS-5 1.022 511764
blank 0 40309 0
. standard-1 0.646 134277 93968
3 Change of replicate number to standard-2 1.321 221083 180774
1 from 3
CASS-4 0.925 128038
NASS-5 0.992 137376
blank 0 72291 0
. standard-1 0.646 129088 56797
4 The }]se of new carrier and reductant standard-2 1321 202309 130018
solution
CASS-4 0.889 85657
NASS-5 0.957 92231
Sample average conc. Standard rel. standard
p (ng/g) deviation deviation
CASS-4 0.912 0.018 2.024
Average NASS-5 0.980 0.034 3.434
Conversion concentrations by dilution factor (ng/g)
CASS-4 1.163 0.023
NASS-5 1.250 0.043
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mode®| 4] maximum modeZ WA A =735} 0,
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3] B9 AFgAIAE= Table 59014 YeRd nls} 7ho]
CASS-4 B 1.163£0.023 pgkg, NASS-5AE.9] 7
2 1.250+0.043 pgkg & YEbEow AR A2}

A 7

Table 6. Independent analytical conditions applied for deter-
mination of arsenic in seawater reference materials

Analytical

Conditions Details N

| — The use of calibration standard-A 4
— Detection at As* (m/z=74.9216)

— The use of calibration standard-B
— Detection at As* (m/z=74.9216)

— The use of new reductant (0.5% NaBH4
in 0.05% NaOH) solution.

— The other conditions are the same as
Method 2.

— The use of calibration standard-B
4 — Detection at AsO* (m/z=90.9165) 6
— Two-point Calibration

— The use of calibration standard-B
5 — Detection at AsO" (m/z=90.9065) 5
— Triple-point Calibration

N: number of measurements

Table 7. Analytical results of arsenic concentrations in seawater reference materials measured under each analytical 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
CASS-4 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
CASS-4 0.857£0.02 (n=5) 352914
NASS-5 10.90540.02 (n=5) 372438
blank 0 492 0
standard-1 0.465 1606 1114
4 standard-2 0.925 2669 2177
CASS-4 0.910£0.01 (n=5) 21425
NASS-5 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 1343.2
> standard-3 1377 2547 2201
CASS-4 0.940£0.022 (n=5) 1756.0
NASS-5 0.996+0.022 (n=5) 1824.6
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Table 8. Summarize analytical results and calculation of combined and expanded uncertainty for arsenic determination in CASS-
4 seawater measured under each analytical conditions described in Table 6

¢« (ugke)
1.163
1.098
1.093
1161
1.199

1.143
0.020
0.018
4

0.022
0.019
4
0.030
0.026
7

2.365
0.071
6.25%

rel. u.

0.020
0.020
0.023
0.009
0.025

analytical conditions uncertainty

0.023
0.022
0.025
0.011
0.030

Degree of freedom
3

m.hwl\)—‘
-I>U|J>J>

average
standard deviation
rel. std. deviation
Degree of freedom

pooled uncertainty
rel. u
Effective degree of freedom

combined uncertainty (u.)
rel. u,
Effective degree of freedom

k
Expanded uncertainty (U)
rel. U
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Table 9. Summarize analytical results and calculation of combined and expanded uncertainty for arsenic determination in NASS-
5 seawater measured under each analytical conditions described in 7able 6

analytical conditions ¢y (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
rel. u 0.022
Effective degree of freedom 4
combined uncertainty (u,) 0.035
rel. u, 0.029
Effective degree of freedom 7
k 2.365
Expanded uncertainty (U) 0.082
rel. U 6.77%
Table 10. Comparison data between certified value and found 4. 48 =
value in this experiment
cryCertified o, Found Concentration o1ge] AP ozE vjdel el Astel YR
Value, ug/l neke  wel Aol o] & vhstE N EF) WAES 456
CASS-4 1.11+0.16  1.02141  1.14£0.07 1.17£0.07 ST F e WS gtk & B4 54
NASS-5 1.27+0.12  1.02135 1.21£0.08 1.24£0.08 S goksld HlAaEA e HAEIAE 0.01 pgkg 13
a : measurement by density determination kit for AY/AG balance o, FAEITLE FAS =AY B3 w Wy}
(Metter Toledo) AZgke BHE W) USe FAFORHA 24
el A BAT 5 U AR Fwo] )
0.07 kg 9 21 & 5 9ok B AAAE 2 U 9ge SRlstomR=),
U WHORE NASSS AR ENAFHE S8 F&F HstEAEFe Aol &4y
Table 99 S.oFstith. ZA% 2 SAELEE UASS BHolErh A HistEA 8o 4 A8de
1212 £ 0.082 pgkg 4& <9 & = Ut o4 2ZA Hl&e] o FFede] FUEHEAHORE F
°of FFEFGEE RHE AHAES AT sl AHE S Ao Vi
9]

==
pg/kg TR FH3AT. WA vER
U Z Mettler Toledo A|&E2] density =74 kit
ol g3t st BAS Axx I Yeh
. Table 108] A= Q1F5gke] &8s} 9
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