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Sensitive Determination of Arsenic and Selenium in Steels by High Power Nitrogen Microwave Induced
Plasma Atomic Emission Spectrometry Coupled with Hydride Generation Technique

Taketoshi NAKAHARA, Yimu Li, Hirotaka TAKEUCHI and Minoru FUTAMURA

Synopsis : An annular-shaped high power nitrogen microwave induced plasma (N,-MIP) produced at atmospheric pressure by an Okamoto cavity in a
surface wave mode has been used as a new and efficient excitation source for atomic emission spectrometry (AES). The results show that this
kind of MIP source is more stable than conventional low power MIPs and remarkably tolerant to direct and continuous introduction of wet
acrosols and molecular gases such as hydrogen, oxygen, air and gaseous hydrides because of its high input microwave power. Under the opti-
mized experimental conditions, the best attainable detection limits at As(l) 228.812 and Se(I) 196.026 nm by use of N,-MIP-AES coupled
with hydride generation technique were 2.99 ng As/m! and 0.86 ngSe/ml with a linear dynamic ranges of 5 to 10,000 ng As/ml and 1 to
5,000 ng Se/ml. The presence of several diverse elements has been found to cause more or less a depressing interference with the determina-
tion of arsenic and selenium by the present technique. Of the several pre-reductants potassium iodide has been found to be the most prefer-
able to reduce As(V) to As(Ill) prior to hydride generation for the determination of total arsenic, i.e., As(III}+As(V). To the contrary, the
heating of sample solutions, previously acidified in 5 M with hydrochloric acid, at 80°C for 20 min was the best way to pre-reduce Se(VI) to
Se(1V) before hydride generation for the determination of total selenium, i.e., Se(IV)+Se(VI). The proposed method was applied to the de-
termination of low concentrations of arsenic and selenium in carbon steels and stainless steels, respectively. The results obtained by this
method were in good agreement with the certified values.

Key words: high power nitrogen microwave induced plasma; Okamoto cavity: atomic emission spectrometry; hydride generation method; arsenic; seleni-
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Fig. 1. Schematic diagram of high power N, MIP-AES
system coupled with hydride generation technique.
A: Microwave power supply, B: Microwave genera-
tor, C,, C,: Tapered wave guide, D: Uniline, E: Di-
rection coupler, F: Three-stub tuner, G: Copper
pipe, H: Lens, I: Computer-controlled sequential
spectrometer, J: Photomultiplier, K: High voltage
power supply, L: Amplifier, M: Data acquisition
and computer system with printer, N: Microwave
cavity, O: Plasma torch (discharge tube), P: Gas
controller, Q: Plasma gas flow, R: Carrier gas flow,
S: Sample solution for nebulization, T: Carrier gas
flow and either sample aerosol or hydride, U: Neb-
ulizer, V: Nebulizer chamber, W: Three-wey stop-
cock, X: Nitrogen tank, Y: Argon tank, Z: Gas-liq-
uid separatior, a: Sample solution for hydride gen-
eration, b: NaBH, solution, c: Peristaltic pump, d:
Mixing joint, e: Waste, f: Drying flask, g: Plasma.

Table 1. Experimental instrumentation for high power N,-

MIP-AES
Component Model Manufacturer
Microwave generator MKN-103-3S Nippon Kousyuha
Microwave cavity Okamoto cavity Hitachi
MIP torch 300-8352 Hitachi
Sequential spectrometer  Part of ICAP-575 Nippon Jarrell-Ash
Photomultipliers R427 & R550 Hamamatsu Photonics
Personal computer PC-9801EX NEC
Peristaltic pump MP-3 Tokyo Rikakikai

REWEE R EAHADETH W, £/, 7I3X<2HT
DB BOHBED -DIZ, v4 7 aEEER (w750
¥) (Fig. 1'h D B), HEEEEN(C,, D, E, F, C), MIPF
Y EF 4 —N), FTFAHF—F 5 U3 —(V) & L&KL
XNTHHEL 2a[@hE LIclEE s h b, Zo#ias
T - RiRICEET s LIk 5T, 77 A HOEDEA
A b5 I LA TE
2.2 HE

v FE(AST) DIZEEATR(1000 ug/ml) id, Merck fH B DR
S e F(As,0) D 135g BRFEL, IMAKERILT b Y
Y AVEWE2S mlI AR, YRR TERME(0.1 M)IZ L THEKT
1000mINZ 7R L CHBL -, £/, e RASHDEREE
TIZHEABEEL C BE T U 7 4 (Na,AsO,) A #IKIZIEA L
THEHEL-, X612, L1 v (Seh) DFEHEEWE(1000 pg/ml)
1, HDEMSESEL FRIL £ L v (Se0,) #MIAKICHER L . iR
UCHRBIL 7, [FARIZ, L v (Se®h) DEEHEA I, H

14

fitsl e L S b ) 7 4 (Nay,SeO,) & MiARIZEL» L TH
B 7, BHETFEERAKRIEEREDOGADBIEDERIZ
3, DR VIRD , e RASH I L (St DR
HEIAIR 2 MR CHRRU THVL 2.

REMHAERRIGOEICA & L THWAZT e ek
TEEF b U A(NaBH,) RIS, FIEMEERLO S & FiK
AL, KB F DA T T LAY I L THEEL
7=, ZOWETEE, MEOHBICHFEL THW,

Z ORI IL, AEEBBEIEM % 72135 7R oA A
REAEHWE, xb, Ao RBICHWEEE LTE, M
FeAE BB & O 72

AR O RS, RO HFUCHV MK, ¢
RTHEIVAETEMIN-Q ¥ 27 A THREL 7=,

2.3 HBOB®E

BHAR C BASEERO [METHRERD7-2DDRE
W) — 2B SHGEIEAEESE 0S5g AL, 10mID
TAIZIERB L, #iKkT20mlicHERLT, ThaeEER
DD BHARE L7z,

25 v L A8 0 NISTEEHEY)E (SRM Stainless Steel 339)
EHARBEEA - 27 F A4 FRAT VL XHI(NASSF)0.5¢
ARSFEL ., EASmIAMA, v 7L —F ETHEL - &
RL, MiAkT20mlicHFRLT, ThiELL VERBDLYD
DREHETR & L 7.

2.4 KERIRME
KEMMEREOHBAIZIZ, RELEBLL VE2E0E
HeD B UVIEARHAR EEILA (F b7 e Fak o> by

v L) B AENY 22K YT (Fig. 1HDc) THERIZE
W RAL., R-RBHRZYNIERTAEERT ST
LIk >TRELETLY VEZEL MEKREEBIER~Y
FY w2 ARG REEL, 3T TAF—F v N —(V)D F
LAYEANSEMIPT 7 X9 (@HICEHALL, ERBLV
LT B ARKRIUER BN NER YA 7 2 KEE
75 X2 RIS O BE M E Rk Table 21278 L,
¥OoADWPEREORELIZOVWTIEFbR TS, £/, &
WOBREFEOBAIE, HEil 77 4 4 —(U) TE
R UZ-RBARDO T T EMIPHRISEAL:, bRE
FUEL Y DBRETREDOEBED T 5 X~ 54413 Table 2
RTHED TH S, HlESKtomEid, 1/ EARKIC
BBERME L, 2720, i, HE NS FEBREND
RET IV GO 2Ty FEEEL EET N,
EEHB I EL VOTERORKEBE TH S,

3. EBRERBSLUEE

3.1 AEFRHGOREE
3-1-1 MEHER

ERIZH LT, NoMIPRAEZAXRS PLOWEREE LT
572k Z A, 185~290nm DK RH T, BREFEDE



KECHIER — st hER~

Table 2. Optimized operating conditions for the determi-
nation of arsenic and selenium by hydride genera-
tion-high power N,-MIP-AES

Arsenic Selenium
Plasma
Microwave forward power 1000 W 1000 W
Plasma gas flow rate 11.0 /min 11.0 Vmin
Carrier gas flow rate 0.5 I/min 0.4 /min
Vertical position for observation 7.0 mm 2.0 mm

(above the top of the cavity)

Horizontal position for observation 0.0 mm (center) 0.0 mm (center)

Wavelength As(1)228.812nm  Se(1)196.026 nm
Slit width 25 pm 25 um
Slit height 2.0 mm 2.0 mm

Hydride generation
Sample solution acidity 1.OM HCl 1.0M HC1
Sample solution flow rate 12.2 ml/min 12.0 m//min
NaBH, concentration 0.5 B(wiv)* 0.4 %(wiv)"
NaBH, solution flow rate 10.8 ml/min 11.0 ml/min

* In 0.5%(w/v) NaOH solution.
T In 0.4%(w/v) NaOH solution.
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Table 3. Emission characteristics of major lines of arsenic
and selenium by high power N,-MIP-AES with
conventional solution nebulization and continu-
ous-flow hydride generation

Solution nebulization* Hydride generation’

Wavelength

(nm) .Y I/1,* BEC? 1t /1, BEC®
As(1)188.979 021 029 244 0.09 0.4 018
As(1)193.696 0.64 045 157 0.47 041 0.06
As(1)197.262 001 002 387 0.10 0.03 071
As(1)200.334 0.18 022 319 0.16 0.6 0.15
As(1)228.812 .00 1.00 5.11 1.00 1.00 0.02
Se(1)196.026 1.00 100 136 1.00 1.00 0.05
Se(1)199.511 0.08 0.08 165 001 001 11
Se(1)203.985 072 045  30.0 075 072 0.08
Se(1)206.279 032 025 544 032 041 013
Se(1)207.479 0.02 0.03 470 0.02 0.09 057

* With solutions of 200 4 g As or Se/ml.

T With solutions of 1.0 g As/ml or 4.0 x g Se/ml.

% Relative to I, and /1, of As(1)228.812 or Se(I)196.026 nm lines taken as 1.00.
§ Background equivalent concentration ( « g As or Se/ml ).

Table 4. Analytical figures of merit for arsenic and seleni-
um by high power N,-MIP-AES with convention-
al solution nebulization and hydride generation

Arsenic Selenium
Solution Hydride Solution Hydride
nebulization generation nebulization generation
Dynamic range  1~1,000* 5~10,000" 2~1,000% 1~5,000"
' 0.999 0.998 0.997 0.999
Dtection limit 0.45* 2.997 1.09% 0.86"
* g/l
T ng/ml.

¥ Correlation coefficient.
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Table 5. Effect of diverse elements or ions on the determi-
nation of arsenic and selenium by high power N,-
MIP-AES with hydride generation

Relative intensity "

Element or ion * Added as Arsenic Selenium
Ag AgNO, 36.2 8.5
As As,0O, —+* 57.8
Au HAuCl, - 4H,0 9.7 7.8
Bi Bi(NO,), —s 79.7
Cd Cd(NO,), - 4H,0 —* 74.8
Co Metal in HCI1 353 44.0
Cr(1l) CrCl, - 6H,0 —* 68.3
Cu CuSO, * 5H,0 69.0 7.6
Fe(LII) FeCl, - 6H,0 77.7 —*
Ga Metal in HC1 85.7 —
Ge GeO, 86.5 52.8
In Metal in HCI — 78.8
Ni NiSQ, - 6H,0 23.5 10.8
Pb Pb(NO,), —$ 57.2
Pd PdCl, 17.2 8.5
Sb K [Sh(CH,0)0H),]  76.7 75.0
Se Na,Se0, 64.4 —*
Sn Metal in HCI —* 85.1
Te Na,TeO, 59.5 —$
Ti Metal in HC1 66.9 31.1
Zr ZrO(NO,), - 2H,0 40.2 81.9
BrO; KBrO, 35.5 7.2
Cl0; NaClO, 28.6 —$
10, KIO, 26.6 —*
NO, NaNO, 68.2 —s
& Na,S — 524

* Diverse element or ion added at level of 1000-fold ratio of arsenic or selenium.

T Relative to 100 for the emission intensity of arsenic or selenium (0.1 4 g/ml) alone.
I Not examined.

§ Not interfered.
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Table 6. Determination of arsenic in steel samples by hy-
dride generation-high power N,-MIP-AES

Arsenic content (. g/g)

Sample* Certified value Present work '
JSS 171-7 460 457 £ 12(n=3)
JSS 170-7 320 310 £ 13(n=3)
JSS 168-7 120 115+ 9(n=5)

* "Carbon Steel for Minor Elements Determination Series B issued by The Japan Iron
and Steel Federation.
T The mean =+ standard deviation (number of determinations).

Table 7. Determination of selenium in stainless steels by
hydride generation-high power N,-MIP-AES

Seleniumc content ( g/g)

Sample Certified value Present work*
Austenitic NAS8F 2000 1918 £ 15 (n=3)
NIST SRM 339 2470 2447127 (n=3)

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