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Determination of Arsenic in Seawater by Dynamic Reaction
Cell-Inductively Coupled Plasma Mass Spectrometry
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An inductively coupled plasma mass spectrometry (ICP-MS) instrument equipped with a dynamic reaction cell
(DRC) was used for the determination of Arsenic in seawater sample. The potentially inté¥erir@l* ion
at the arsenic mass m/z=75 were reduced in intensity by approximately 3-4 orders of magnitude by using 0.3 mL/
min NH; as reaction cell gas in the DRC whilg &alue of 0.6 was used. The limits of detection’fés was
0.02ug/L. The cation exchange resin was used for the removal of Ca and Na matrix. This method was applied
to the determine As in NRCC CASS-4 seawater reference sample. The result for the reference sample agreed sat-
isfactorily with the reference value. The external calibration method were used for the determination of arsenic
in sample. The combined uncertainty calculation is performed according to the ISO/GUM guidelines. The deter-
mined mean concentration and expanded uncertainty of calcium was QLIBug/L.

Key words: ICP-MS, Dynamic Reaction Cell, Arsenic, CASS-4 seawater, Cation Exchange Resin, Combined
Uncertainty.
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Table 1. Equipment and operating conditions.
Perkin Elmer SCIEX Elan

ICP-MS instrument

6100DRC
Plasma conditions
Rf power 1300 W
Plasma gas flow 15 L/min.
Auxiliary gas flow 1.2 L/min.
Nebulizer gas flow 0.9 L/min.
DRC parameters
NH, reaction gas flow 0.3 mL/min
Quadrupole rod offset 7V
Cell path voltage 20V
Cell rod offset -1V
Rejection paramer a 0.0
Rejection parameter q 0.6
Autolens On
Mass spectrometer settings
Dwell time 100 ms
Sweeps 20
Readings 1
Replicates 5
Isotopes monitored As
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2.2. AeF

ARESE QFol 2w B4R = AG MP-50(100-200 mesh,
hydrogen form, Bio-Rad)$} Dowex ®50WX8- 400(200-
400 mesh, hydrogen form, Aldrich Chemical,
MIIWAKEE, USA)E H|aZshr] Algslict. ARR3E
HCIF} HNO;9l 739+ (&) &394 (Iksan, Korea)
oA FY3E AT Al9FS sub-boiling distillation’d =]
£ ol&s) G v ARgSSlth BEARE BN
B FA] B(CASS-4, NRC-CNRC, Ottawa, Canada)&
ARg-aisatt.
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vloHE Al ZHE 9] Na, Ca vild AES £
7] 98 EEde Fol2adrAed AG MP50
(hydrogen form)& E3IAZ1 E2]#Bio-Rad disposable,
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NH,4 Reaction Gas

Sample Volume, 3 mL
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(AG MP-50), 7 mL
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Fig. 1. Schematic diagram showing the configuration used for the on-line cation exchange resin.
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Fig. 2. DRC-ICP-MS signal intensity at m/z 75 as a
function of NH; flow rate for RPq=0.6. Other
parameter values are given in Table 1.
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Fig. 3. Effect of rejection parameter RPq of DRC on the
As signal and background signal at m/z 7b.
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Fig. 4. The effect of the concentration of HCI for the
formation of “°Ar™®Cl at the DRC mode ICP-MS.
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Fig. 5. Mass spectrum of m/z 75 showing the signal
response of 1.0% HCl, 10 pg/L As and 250 mg/L
Ca in 1.0% HClL
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Fig. 6. The concentration of calcium from seawater eluted
by passing through cation exchange resin.

1400

o N
o o
o o

Dowex 50WX8 |

[o]

o

o
T

AG MP-50
600

400

Elution of Sodium, ng/mL

200

O 0
0 10 20 30 40 50 60 70
Volume of Seawater, mL

Fig. 7. The concentration of sodium from seawater eluted
by passing through cation exchange resin.Guide to
the expression of uncertainty in measurement.
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Table 2. Data for the determination of Arsenic in CASS-4 seawater reference material.

Conc. "As
Sample/Standard

(ng’L) Intensity (cps) + RSD RSD(%)
Blank (D.I. water) 0 6.0+ 1.0 16.6
standard 1 0.3 150.0 + 5.57 3.71
standard 2 0.5 251.0 + 7.90 3.14
standard 3 1.0 502.0 + 13.7 2.74
2 times diluted CASS-4 (0.589) 296.0 + 6.64 2.24

Certified value of CASS-4 from NRC-CNRC

: 1.11+0.16 pg/L
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Table 3. An example of calculation of combined standard uncertainty by two-point calibration process of GUM program.

Cx = (Cg - 01 )*(Rx - R1)/(Rg - /?1) + C1
C1=F1=0 in case of one-point calibration

296 |

051 | 502

response (R)
known value (C) 0.5 1
response (w(R)| 7.9 | 13.77 6.64
known value (¢(C))] 0.001 0.002
response (v (A)) 4 | 4 4
known value (v(C)) 50 50

calculated sample value
combined standard uncertainty
Vet -

10.58964
0.01915

Value 0.5 1 251 502 296
Std Uncertainty : 0.001 0.002 7.9 13.77 6.64
v 50 50 4 4 4
C 0.5 0.501 0.5 0.5 0.5 0.5
Cs 1 1 1.002 1 1 1
4 251 251 251 258.9 251 251
A, 502 502 502 502 515.77 502
A, 296 296 296 296 296 302.64
Cy 0.58964] 0.590462 0.59] 0.576306] 0.584979| 0.602869
u(Cy) 0.000821| 0.000359| —0.01334| —0.00466| 0.013227
0.000375| 6.74E-07] 1.29E-07] 0.000178[ 2.17E-05] 0.000175
Contribution 6 b

9.07E~15} 3.31E-16] 7.91E-09| 1.18E-10] 7.65E-09

UC(CX) 0.01937 Vert |18
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