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Simultaneous Determination of Arsenic, Bismuth and Antimony in Steels by High Power Nitrogen Microwave
Induced Plasma Atomic Emission Spectrometry Coupled with Hydride Generation Method

Akihiro MATSUMOTO, Atsuyoshi OHEDA and Taketoshi NAKAHARA

Synopsis : The feasibility of an annular-shaped high power nitrogen microwave induced plasma atomic emission spectrometry (N,-MIP-AES) has been

studied for the simultaneous determination of arsenic, bismuth and antimony in combination with the hydride generation method. Under the
optimized experimental conditions, the best attainable detection limits at As I 228.812, Bi I 223.061 and Sb I 231.147 nm lines were 7.13,
116 and 14.6 ng/m/ for arsenic, bismuth and antimony, respectively, with linear dynamic ranges of 30 to 10000 ng/m/ for As or Sb and 300 to
10000 ng/m! for Bi in concentrations. The presence of several diverse elements was found to cause more or less a depressing interference
with the proposed technique. Of the several pre-reductants examined, thiourea was found to be the most preferable to reduce arsenic and anti-
mony from their pentavalent state to trivalent one prior to hydride generation. Therefore, thiourea was utilized as a pre-reductant for the de-
termination of total arsenic and antimony concentration, i.e., As(II[)+As(V) and Sb(IIT)+Sb(V). When arsenic, bismuth and antimony in
steels were determined simultaneously, a large amount of Fe(III) in the solution caused a severe depressing interference, while the presence
of Fe(II) showed little or no significant interference. Of the several interference-releasing agents examined, L-ascorbic acid was found to be
the most preferable to reduce Fe(III) to Fe(II). The proposed method, using both thiourea as a pre-reductant and L-ascorbic acid as an inter-
ference-releasing agent, was applied to the simultaneous determination of low concentrations of arsenic, bismuth and antimony in steels. The

results obtained by this method were in good agreement with their certified values.

Key words: high power nitrogen microwave induced plasma; atomic emission spectrometry; hydride generation method; simultaneous determination;

arsenic; bismuth; antimony; thiourea; L-ascorbic acid; steels.
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Table 1. Optimized operating conditions for the simultane-
ous determination of arsenic, bismuth and .anti-
mony by high power N,-MIP-AES with solution
nebulization and continuous-flow hydride genera-

tion.
Solution Hydride
nebulization generation
Plasma
Wavelength(nm) As1228812  As1228812
Bi 1 223.061 Bi 1 223.061
Sb 1 231.147 Sb 1 231.147
Microwave forward power (W) 1000 1000
Plasma gas flow rate (1/min) 15 13
Carrier gas flow rate (I/min) 11 02
Vertical observation position (mm) 4 4
(above the top of the cavity)
Horizontal observation position (mm) 0 (centered) 0 (centered)
Hydride geberation
NaBH.: concentration (%) 0.3
; NaOH concentration (%) 0.4
Sample acidify (M in HCI) 1.0
Sample solution flow rate (ml/min) 95
NaBH. solution flow rate (ml/min) 92
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Table 2. Emission characteristics of major lines of arsenic,
bismuth and antimony by high power N,-MIP-
AES with solution nebulization and continuous-
flow hydride generation.

Solution
nebulization*

Hydride
generation T

Wavelength (nm) In¥ In/Iv¥ BECS I+ In/Iv#¥ BECS
As1 189.042 0.11 110 18.1 0.02 0.51 1.98
AsI 193.759 0.02 062 323 0.03 0.39 2.53
AsI 197.262 0.10 1.08 185 0.39 0.87 1.15
As1 200.334 0.24 1.60 125 0.15 1.27 0.79
As1 228.812 1.00 477 4.23 1.00 10.3 0.10
Bi I 195.389 0.69 127 15.7 031 1.12 0.89
Bi I 206.170 0.62 139 143 0.32 0.74 1.36
Bi I 222825 0.79 112 179 0.16 0.52 1.91
Bi I 223.061 1.00 142 141 1.00 2.73 0.37
Bi I 306.772 032 130 154 0.30 1.38 0.72
SbI 206.833 0.14 292 6.86 0.75 2.61 0.38
SbI 217.581 0.09 323 6.20 0.83 447 022
SbI 231.147 0.61 457 437 095 4.84 0.21
Sb1 259.807 1.00 4.00 5.00 1.00 3.35 0.69

* With solutions containing As, Biand Sb (20 ug/ml).

+ With solutions containing As, Bi and Sb (1 ug/ml).

I Relative to In and In/Ibof As1228.812, Bil223.061 and Sb 1231.147 nm.
8§ Background equivalent concentration («g As, Bior Sb/m1).
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Fig. 1. Effect of NaBH, concentration on I,/I, for arsenic

(O), bismuth (W) and antimony (A) with continu-
ous-flow hydride generation.
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Fig. 2. Effect of HCI concentration on /,/I, for arsenic (O),

bismuth (M) and antimony (A) with continuous-
flow hydride generation.
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Fig. 3. Effect of KI concentration on emission intensity
ratios of As(V) to As(Ill) (O) and Sb(V) to Sb(III)
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Fig. 4. Effect of thiourea concentration on emission inten-
sity ratios of As(V) to As(Ill) (O) and Sb(V) to
Sb(III) (A).
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Table 3. Effect of diverse elements or ions on the simulta-
neous determination of arsenic, bismuth and anti-
mony by high power N,-MIP-AES with hydride
generation,

Relative intensity

Element or ion* Added as Arsenic Bismuth Antimony
Ag AgNO3 88.7 9.3 479
Cd Cd(NO3)2 * 4H20 - 86.1 -
Co Metal in HCl 31.8 459 19.9
Cr(VI) K2CnO7 572 - 30.8
Cu CuSOs4 * 5H20 68.7 336 61.5
Fe(1l) FeCls *+ 6H20 348 321 284
Ni NiSO4 * 6H20 13.8 129 18.2
Pb Pb(NO3)2 86.7 - 89.4
Se NazSeO3 86.8 75.2 59.4
Sn Metal in HCI 84.2 - 81.6
Te NazTeO3 62.0 76.7 421
v NHaVO3 83.1 94.8 83.7
w Na:WOs4 * 2H20 828 94.0 86.1
Zn Metal in HCI 84.0 - 90.4
Bros” KBrO3 314 18.7
Clos3~ NaClO3 36.9 25.6
103" KIO3 336 - 36.1
NO2” NaNO2 330 824 311

* Diverse element or ion added at level of 500 £cg/ml.

T Relative to 100 for the emission intensity of arsenic (0.5 £.g/ml), bismuth (1.0 tg/ml)and
antimony(0.5 Lg/ml).
I No interference.
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Fig. 5. Effect of L-ascorbic acid concentration on emission
intensity of As (O), Bi (H) and Sb (A) in the pres-
ence of 5000 ug Fe(Ill)/ml.
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Fig. 7. Effect of L-cysteine acid concentration on emission

intensity of As (O), Bi () and Sb (A) in the pres-
ence of 5000 ug Fe(IIT)/ml.
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Table 4. Simultaneous determination of arsenic, bismuth and antimony in steels by
high power N,-MIP-AES with hydride generation.

Certified value (LLg/g) Present work( .t g/g)"

Sample Arsenic Bismuth  Antimony Arsenic Bismuth Antimony
EURONORM 097-1 51 <5 <10 553 N. D.1 7*1
NIST 361 170 (40)* 42 1772 N. D. 36 0.1
NIST 363 100 (80) 20 101 +2 707 16+ 1

* The mean = standard deviation (number of determinations).

T Not determinatble.
1 Referrence value.

4. 5
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