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ICPY #A &=L AESW7H e F52 06~08L/min, #2X e FEIY2HE
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Abstract : A method to determine the trace amount of Se and Bi in the scalp hair using
the hydride generation inductively coupled plasma atomic emmission spectrometry was
studied. The optimum operation conditions of ICP for hydride generation are 0.6~
0.8L./min for the carrier gas flow rate, and 6mm above the induction coil for the obser-
vation height. Hydrochloric acid concentrations for the optimum hydride generation
conditions were greater than 1.5M when 252 NaBH, and NaOH were used, and greater
than 0.5M when 2.5% NaBH,; and 0.1% NaOH were used. Severe interference effects are
observed from transition metals such as Cu and Ni, and they could be circumvented by the
coprecipitation with lanthanum hydroxide.
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Thble 1. Specifications and operating conditions of ICP
RF generator 27.12MHz
RF power 1.4kW
Nebulizer GMK STOP FLOW

Gas flow rate

Carrier 0.8L/min

(sample gas pressure ; 260kPa)
Coolant 13L /min

Ausiliary 0.4L/ min(starting)

0.1L/ min(running)
Sample flow rate 1.6m!/min
Reagent flow rate 0.9m/ /min
Observation height 6mm above RF coil
Wavelength{nm) Se 196.090, Bi 223.061,
Spectrometer Czerny Turner type, 1800 grooves / mm
PMT voltage 1 k volt
Linear dispersion 0.0lnm/ mm(2nd order)
Slit width 0.02mm
Integration time 10.0 second
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Fig. 1. The schematic diagram of the hydride generation sy
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Fig. 2. Effect of carrier gas on the hydride generation
efficiency of Bi.
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Fig. 3. Effect of carrier gas on the hydride generation
efficiency of Se.
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Fig. 6. Effect of hydrochloric acid concentration on
the hydride generation efficiency of Se.
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Fig. 7. Effect of hydrochloric acid concentration on
the hydride generation efficiency of Bi.

=38}, NaOH®) k& 25%2 F7l8tgd& o 4b%
T W@ AFH7) S} HEE B, Sed] A7) 1.5M
7R KA 8] Z7)slciz) o1 o) Akel F el FhAdt
of Biv 1.5M7ARA Al7|7t &718icrt 1 o] el A=
A9 e HA71E vt dzbd NaOHZE w3hA]
7] ) Birt 1.5M olAtelia] YT §H& e 2 Al
2]8} 2= NaOH #3po] 0.1%11 799} vl&g A3k
& ®4del 22 NaOH ¥ 58 25% 2 7135 &
g 4 el ¥ $2E PH V4] AFA A F
Ade] HFHA7I7E Srisiebl AasEE R0
NaOH ¥5& 0.1% AH4-3& duich 2852

L AL pEZRC R o] il HE VY 5 sl

H, A Z A48 NaOHZHE F7MAz& o
AlZA 7] HE3A e oS Vel el Ao 4
Fxe 2§ A7) st B 2 ESEE
seiste 4z} e} (NaOH) 2 Z712 oF& 27} A
bl 25%9) NaOHE 0.625M, 28] 0.1%
NaOH+ 0.025Meld, Bie] W33 & 25% NaOHY
7% oF 0.5M, “18] 3 0.1% NaOHe] #-$- oF IMo]c}

Vol 9, No. 1. 199

2 A% Biel A€ A NaOHE 0.6mol /L, AHS
05mol/L Frbsldd e, zH4e F#¢EEe 1.0mL/
min, 1.25mL/minc| 22 A F% F7& NaOH+=
0.6mmol / min, HC& 0.63mmol / min 7}l %7}
5 ofo] A9 Zsirt. Ses] A-Lx Bi¢l wisiAlz
NaOH# <& $7HA 4 of 4] 5 X7} 0.5mol / L{0.
63mmol /min) Z7}sled vl Zg vepiedch
21 73} Ses} Big) AHE A ABAM 77} Ho
e Yehle Hede A E Algsle k] e)
Ate) Frot A2 vlE g 4 5 Auct

3.3 ERAIRS B4

£ A7 e 25 A AlERA 29 AR E
Al o] Foll A 23E 44 Ukal Ses} Bigd
EME A Estgde) o] & sl 4B AAA] 9
3kt ol2] A whi& APYPH ohg HEYA
R AL A Hesbac

3.3 1 HEEM o HENA

BEFAR FHE Hs) 2 e Seot Biol HAIFA

3 Ses} BiE FAHAIA WA E AT Fol 24
& HAAFAE Fig. 83 Fig. 9o z2Hz} A8 =,
2% JA44 Bgrk olgd AYTA Az
T4 Seo} Bi®] RAEWAE Tuble 29 338}t 3
234 £ =5 lppb 01312A FA A3 FA F71 A
o] grew, velyted xge §49] NN ES 2
a3 wjelvlet A8 FolAe FEtAE oF Sppb A
Folr}

160
u STD 2
= W s+ a e
5 120 |« STD + B
. 100 L ¢ After Coprecipitation
o|m
;g 80 |
% 60
B 40+
=
— 20
L
0 o 1 O L 0
0 0.1 0.2 0.3 0.4 0.5
Concentration (PPM)

Fig. 8. Calibration curve of Bi(A : matrix of 10ppm
Cu, 5ppm Ni and 50ppm Fe, B : matrix of 2ppm Cu,
1ppm Ni and 10ppm Fe).
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Fig. 9. Calibration curve of Bi(A : matrix of 10ppm
Cu, 5ppm Ni and %ppm Fe, B : matrix of 2ppm Cu,
1ppm Ni and 10ppm Fe).

Tuble 2. Detection limits of Se and Bi

Standard solution ]After coprecipitation
Se Bi Se Bi
SBR 7.00 6.33 6.75 6.22
RSD 0.59 0.60 0.58 0.60
DL(ppb)| 08 0.9 0.9 1.0

SBR : Signal to Background ratio for 0.5ppm Se and
Bi(%) ‘

RSD : Relative Standard Deviation of the blank

DL : Delection Limit (24)
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Tuble 3. Concentrations of the elements of the scalp:
hair standard sample

unit : ppm

Se 0.60+0.03 N(%) 149+0.1

Bi 0.34 £:0.02 Na 152+10

Ba 171 Ni 0.831£0.15
Ca(%) 0.291+0.02 P 1707

Cu 10.6+£0.7 Pb 8.8+09

Fe 54+6 S(%) 43402
K(%) (0.002) Si(%) 0.087 +£0.07
Mn 6.3+0.5 Zn 1905

o AZAz]ol wid WAASA s e, w
3|47} Cu 10ppm, Fe 50ppm, Ni 5ppm Eo &
S Biv 457} A9 vehtz] gk, Ses] 415
E 3 A=A 3l
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o} B Aol mE™ lanthanum hydroxide® As, Bi,
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SeOZ HH iz Q7§ 8 g}
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Sppm & = AT, F3 T Ses} Big] wxd A
ZA7) A& Fig. 83} Fig. 9¢ vieligic) 183
3 F2] oqdg [CPR Cu, Ni, Fed 4319 Cu,
Nie] b1 72 9 Feol F3& 3lsbgdch(Thble 4).
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Tuble 4. Analytical result, in filtered solution before
and after coprecipitation

Content before co-|Content after copre-
Element . e s
precipitation(ppm) | cipitation(ppm)
Cu 10.0 10.1
Fe 50.0 0.0
Ni 5.0 4.9

219 Aejol A 50ppme] Ferb Ses} Biel +4shE 4
Mol & walldg Fx Wdevhs A& 4 5 Aok
w2} lanthanum hydroxide& o| 4% F3woz
Se9} Big] 424 2HE F-AA] Cust Nidl oj¢ w4
o] yreod g2 A AY F At
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AR 10ge A gatA 3sted AY 2. 40 g} F3
stod oF 100mLE %% ¥ La(OH); 3HAH & AA
50mLE A g3le] BA% A} Tuble 52} 7o) R 54|
geo| 743 3 skt

Tuble 5. Analytical results of Se and Bi in the scalp
hair standard sample

Certified values Experimental results
Element
(ppm) (ppm)
Se 0.60+0.03 0.57
Bi 0.34+0.02 0.32
4.8 B

HG-ICPY o2 YAMAE Fol viFez FHslol
9l Sest Biol A A& ¥Ysprt ICP
o] o)AtAlal FAEXAL ARLNIA Y BEHEE
6~8L/min, #=$#+ 6mmyrct =3 G4t FE7}
Ses} Bi $43tE YA E S vl dgfl g A
g2z, fYA R QGHAE 25% NaBH.-01%
NaOHE A28k A%, Bix 9abyxr) Z7hstel =
g} Az A 7)7F F438 F7siet oF 05SMYEE &
ubs) AM7HR] 27184 AL, Ses 0.5MeollA H it 7t
A & M8 skt 22y NaOH ¥ E& 25%
2 Zrlze o $25E AT AEA7H

Vol. 9, No. 1. 1996

33

FHdgtg& Jehlls g4l 57} NaOHE 0.1% ~H4
Y& i} L Ko 2 o] 539}

EEAE BAA] FEUL AR gk 2
g A=), Cus} Ni7l €44 4% A4 4§ el
Wsich ol2lgt weld & A A8l $13}ed lantha-
num hydroxide 2 Se¢} BiF FA A2 F o w}sta]
et ery BelAfed, T Fe 2 Ses)
Bi2] 0.05914 0.5ppm7}=| &) A 34 9 AEPA =
R4 azim Ao dAzled, FFARE
lanthanum hydroxide® F-HA)A A% Az 724
3 3 A 2 st

gile &

B dTE 199598 T4 7|29 Es ded
&4 u] (BSRI-95-3439) 2} 73| st mn] o3-7u]
2 o]Fojz2n olo) A& A=t

#o2¥

1. P. W. J. M. Boumans, Inductively Coupled Plasma
Emission Spectroscopy, Part I, p. 299, John Wiley
and Sons, New York, UAS, 1987.

2. M. Thompson, B. Pahlavanpour, S. J. Walton and
G. F. Kirkbright, Analyst, 103, 568(1978).

3. J. R. Knechtel and J. L. Fraser, Analyst, 103, 104
(1978).

4. M. Thompson and B. Pahlavanpour, Anal. Chim.
Acta, 109, 251(1979).

5. T. Nakahara and N. Kikue, Spectrochim. Acta,
40B, 21(1985).

6. M. Thompson and J. N. Walsh, A Handbook of
Inductively Coupled Plasma Spectrometry, p. 221,
Blackie, Glasgow and London, 1983.

7. Trace Elements in Environmental History, Proc. of
the symposium held from June 24th to 26th, 1987,
at Gottingen, G. Grupe and B. Herrmann Eds.
Spring Verlag, p. 113, Berlin, 1987.

8. S. A Katz and A. Chatt, Hair Analysis Appli-
caticn in the Biomedical and Environmental Science,
p. 22, VCH, New York, 1988.

9. Y. S. Ryabukhin, Activation Analysis of Hair as on
Indicator of Contamination of Man by Environmental
Polluiants, TAEA Report IAEA/RL/50, IAEA,
Vienna, 1978, October.



34 YA - 057

10. K. Matsusaki, Aral. Chim. Acta, 141, 233(1982). 15. M. Thompson, B. Pahlavanpour, S. J. Walton and
11. B. Welz and M. Melcher, Analyst, 109, 573(1984). G. F. Kirkbright, Analyst, 103, 705(1978).
12. M. B de la Calle-Guntinas, R. Torralba, Y. 16. M. Thompson, B. Pahlavanpour and S. J. Walton,
Madrid, M. A. Palacios, M. Bonilla and C. Analyst, 103, 568(1978).
Camara, Spectrochim. Acta, 47B, 1165(1992). 17. Reichel and G. Bleakley, Anal. Chem, 46(1), 1974.
13. L. Halicz, Analyst, 110, 943(1985). 18. M. Bedard and J. D. Kerbyson, Can. J. Spectrosc.,
14. M. Bedard and J. D. Kerbyson, Cad. J. Spectrose, 21, 64(1976).

21, 64(1976).

Analytical Science & Technology





