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An annular-shaped high power nitrogen microwave induced plasma atomic emission spec-
trometry with a hydride generation method is described for the determination of lead in steel.
Under the optimized experimental conditions, the best attainable detection limit at the Pb [
368.347 nm lines was 35.2 ng ml™' for lead. The linear dynamic range for lead was 100 to
30000 ng ml ™" in concentrations. The presence of several diverse elements was found to cause
a more or less depressing interference with the proposed technique.  Of the several oxidizing
agents examined, hydrogen peroxide for lead was found to be the most preferable to oxidize
lead prior to hydride generation. When lead in two certified reference materials of steel was
determined, a large amount of Fe(IIl) in the solution caused a severe depressing interference,
while the presence of Fe(Il) showed little or no significant interference.  Of the several interfer-
ence-releasing agents examined, L-ascorbic acid was found to be the most preferable to pre-
reduce Fe(III) to Fe(Il). The concentrations of lead in steel were determined by the use of the
standard additions method. The results obtained by this method were in good agreement with
their certified values.

Keywords : high power nitrogen microwave induced plasma; atomic emission spectrometry;
hydride generation method; lead ; steel.
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Table 1 Optimized operating conditions for the Table 2 Emission characteristics of major lines of
determination of lead by high power Ny- lead (20 ug ml~ b by high power No-MIP-
MIP-AES with continuous-flow hydride gen- AES with continuous-flow hydride genera-
eration tion
Plasma Wavelength/nm 7" 1./1” BEC”
Wavelength/nm Pb 1 368.347 N
Microwave forward power/W 1000 }zb I (21‘6'999 O'f)g 0.17 ]}:7(3
Plasma gas flow rate/1 min ' 12 Pb1l ‘2(,)1{“8 0‘2‘/ 0'68 22.7
Carrier gas tlow rate/I min ™ 0.3 Pb1 (280'20(_) ()‘}’? ”'(38 1?'5
Vertical observation position/mm 3 Ph1 28_3'3(): 056 157 ]f)'7
Pb 1 368.347 1.00 3.74 5.4

(above the top of the cavity)

Horizontal observation position/mm 0 (centered)

Hydride generation

NaBH, concentration, % 0.3
NaOH concentration, % 0.%
HCI concentrarion/M 1.0
Sample solution flow rate/l min ' 8.4

NaBH, solution flow rate/l min ' 5.7
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a) Relative to 7, of Pb I 368.347 nm; b) Background equiva-
lent concentration (ug Pb ml "
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Fig. 1 Effect of hydrochloric (@), nivic (B) and tar-

taric (M) acids concentration on /,//, for lead with
continuous-flow hydride generation
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Effect of diverse elements or ions on the
determination of lead by high power N.-
MIP-AES with hydride generation

Table 3

- . 3 . . . 1
Element or ion” Added as Relative intensity”

Al Al (SO )4 92
As A0, 88
Bi Bi(NO3); - HH.O 90
Cd Cd(NO3)."4H.O 89
Co Metal in HCI 86
Cr (VD) KoCroO7 92
Cu CuSO,*5H.,O 83
Fe (11T) FeCly- 6H.O 87
Hg Hg(NOs).-H.O 89
Mn MnCly- 4H.0O 94
Mo (NH,)sM0;00,* 4H,O 87
Ni NiSO,-6H.O 86
Sh C,H,0:KSbO - 1/2H,0 90
Se NaoSeOy 92
Sn Metal in HCI 91
Te NawTeOy 88
A% NH.,VO;, 84
W NauWO,-2H.O 87
/n Metal in FINO; 89
BrO,~ KBrO., 91
ClO, NaClOy 93
NO.~ NaNO» 89

a) Diverse element or ion added at level of 1000 ug ml ™ i b)

Relative to 100 for the emission intensity of Pb (1 ug ml™h
alone
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Table 4 Determination of lead in steels by high
100+ power No-MIP-AES with hydride generation
S
N Lead/ug L’,'_ '
*? 90 Sample” — —
& Certified value P[ esent work"”
5 _
£ 80 NIST 363 18.6 188+ 1.4
g BCS 458/1 78 76.2 £ 4.0
% 70 | a) NIST: Standard Reference Material issued by National
o, Institute of Standards and Technology, BCS: Certified
60 Reference Material issued by British Chemical Standard; b)
: J The mean * standard deviation, based on 8 replicate determi-
0 1 2 3 4 5 nations
HZOZ, %
Fig. 2 Effect of HuO, concentration on emission
intensity of lead (1 pg ml™ ") in the presence of 5000 " .
- - Ak - AT o B - -
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