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6� �78 9:;: ��, <=> ?!@0 
AB

CDE� �� FGHI, 5J=0 BCDE ���

K�� 'L5M. BCDE8 5J) ������K�

� 
#�KNO� P5% QR !��K5 -S=
,

THUF V�- WXY, Z?[\(Dynamic range)-

]M0 ^_, -.
 /M.1-7 '`WX� �����

���� BCDE8 ?!=0 ��% QC DC-���

��(direct current glow discharge)� rf-�����

(radiofrequency glow discharge) a bc EdeHf

�����(planar magnetron glow discharge)X� g

h:iM. j), DC-������ 32� 12� ?k

% QC& gh:.0l, 
#mn8 o� 12X� 4

J=> mn8 o� Sputteringmp& �K=0 Grimm-

?k8-11q 12r s%& BCDE8 ?!=> "#g

t#mn8 �K=0 uv12(Hollow cathode dis-

charge; HCD)12 ?k- /M. wx Cyz{ ����

�� |}u�~ a |��! NO, �K=0l ��

�J, =
 /XY,13,14 j) ����� ��"0 -

F ��E�d��� �I% ��@: ��"�� �

J@
 /M.15,16 Williams �17� HCD?k� ���

���, 5J=> Jt�� Ca, K, Li a Na, pg

5=% �. �m% ��=> �����������

��� � /0 -S!, �>;�M. mn ��^��

& �� ��^�0 ~�� t#mn u% ��=0

}u�~8 Z�W� �JT	 �(, ��   "	m

p ;0 ^��& ¡�mn �K, 
#mn� o��K

a ��)¢ 5=� �KN% �) £¤� -S! �

� >¥ -. ^_, -i mn��^��& 4J@:

.
 /M.18,19 Lee �20� ¦�§ ����^�q �

¨������"8 ��) mF©, 5J=> E5�

� �ª� �Jt�% ��=0 Mn, Pb, Cu, Cd, Li,

Na, K% �=> 0.1 ng5=� ��)¢ a 10%(RSD)

5=� («�8 ¬0l !=®M.

¯ �°%&0 ¦�§ ����^�8 ±() BC

DE8 ?!=0 HCD? DC-����� ��"q �

�=> ~�� �Jt �% ��=0 ¡�}u5A�
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£�8 o� �K=
� ²|W� ³! �°8 �´=

®M. 58 \=> DC-����� ��"8 µ¶=>

BCDE� ?!% ·¸, ¡�0 >¥ -. ¹º{C

»ª(s¼�½ a �7¾" �)¿, À	mp -c&

³!�°8 �´=®XY, �}u ÁÂNO, 5J=>

Cuq Pb% �) �(ÃZ, Ä!=> 5¿ �(ÃZ

X�¼ª ��)¢(Detection limit), Z?�(Linearity),

(«�(Precision) a �Å!(Reproducibility)% �=>

�°=®M.

� �

���� � ��. mn��^�0 ¯ �°¹%&

ÆÄ) Ç�È �H-����^�208 4J=®XY, �

�§ mn0 É`"#� ÊËÌ-Fq ÍÎ ����

�Ï s¼� ��=�Ð ÆÄ=®M. Fig. 1� ���

�^�8 5J) DC-����� ��"� �#W� �

Ñ, gÒÓ Ô5M. ��Ï s¼0 Õ� �½, Ö.

� � /�Ð ×Ø¡Ù Ú}X� ÆÄ=> Û�Ü «

Ý@�Ð =®XY, ��Þß8 ��"� �à � /�

Ð K·�, Ï� ác% ¼â=®M. 12rX�0 s

¼o�5 6 mm5
 ã5- 5.5 cm� Ç�Èr(Tantalum

tube), 4J=®
, 32� �<ä3� Få�æF F

çr, 4J=®M. �����5 -^ è ?!@�Ð

12� 32 450 0.5 cm (�� ��8 Ö.=®X

Y 5 é �2� ¾Cê, 4J=> �"WX� +�

=> Ï s¼% 
(mëM. mn� ��� �°- ì

� íî(i.d.=1.0 mm), 5J=> 12r �°� �ï

% \�mp mn- BCDE s¼% ð�@. ñ�Ð

=> ��Z� ¾"- �-ò � /�Ð 
±=®M.

����^�0 PyrexÖ�8 -=> �?X� ÆÄ

=®XY -F;�°8 �<% oóX� ¼â=> -

F� ôõ5 Ö�c, ôËö =Y mn- ��@c&

� Ü É`@�Ð ��=®XY, Ç�È ÷CøH8

4J=> mn8 ��mëM.

¯ ¹º%& 4J) ""W� µù� Table 1% $

¾Ü gÒs�M. ¯ ¹º%&0 DC-�78 ú 40 mA

~180 mA�. À	mëXY, �½� 0.5~7.0 torr� À

	mûc& �����rs%& �ü@0 �~¿� �

�FGHI� ¾"8 ý(=> wW� µù, þ¶=

> �K% 5J=®M. �����X� �=> �ü@

0 ó �~¿� ��� ÿ_�D(f=10.1 cm)8 4J=

> ��	^�(Spex 270M)� �° ��% äÊ�XY,

PMT8 4J=> ¾"8 ý(=®M.

¹º% 4J) }uÁÂJt� AASJ ÁÂJt

1000µg/ml(Aldrich Chemical Co.), W�) £��

K=> 4J=®XY K% ÷�) �7�0 Milli-

Q plus 5A�	�.(Millipore Co., Molsheim, France)

8 5J=> 2
 �7�8 Æµ=> 4J=®M.

��	
. �� i�8 5J=> �����Ï

s¼� �½, 0.5 torr 5=� Õ�: Â  % É`-

F� ÿ
�� ÊËÌ -F8 W�) Öu(20 ml/min)

Fig. 1. Schematic diagram of the experimental setup for ETV-AES system.



������ ���� ���� ����  !"#$ %& '()* 185

2001, Vol. 45, No. 2

X� �����Ï s¼� ��=®M. 5 � ��Ï

s¼� �½5 '(=ö Ö.@0.8 þ�)  % o

7�7 ���"� �����Ï s¼� 32� 1

245% ��, �=®M. 5 é �2� &� �:

� /" ��% ��, �=c ÿ"%0 �7� ô

õ5 ?!@. ñ
 ���5 �-=ö §M. d¥g

:� (�� ��$�(ú 500 V 5$) 5 %0 É`

-F� ÊËÌ5 5A	- mÄ@c& ��� ��¿

5 ü!@: �"^, ?!=c& 12r s¼% 
A

� BCDE- ?!§M. wÿ% �"^, ?!=" \

=> ÷�) ��� ¾"0 ��Ï s¼� �½, É`

-F� L7(Ar, Ne, He �) a Öu � >¥ -.

À�% ��)M. BCDE- ?!§  ¼ª0 ��Ï

s¼� �"^� ¾"0 �78 µ�ÍX�& À	m

� � /M. BCDE8 ?!mp ú 10>� (� ±

(	m�  % E5��;4"8 5J=> ����^

�� �"	Ï \% ¡�� t# �}u ÁÂNO,

;�=®M. ����^�� o7�� �"8 5J=

> ú 13~15 A(ú 100~200oC)� �78 ú 20ÿ

�± �=> JT�� »HUF8 �� Æ�=®M.

5 � ��§ ��5 ��Ï s¼� ��ò ��%0

BCDE- �±(=�g ~�@�� ö5H ��(Gate

valve)8 5J=> ��Ï s¼�� ôõ, 
�=


�¼� ��8 �: �X� ��mëM. 5 ö =>

�� a THUF8 Æ�=
 !  % �"	Ï% 6

� �7� ú 35~50 A(ú 1500~2000oC)� �78

ú 10ÿ �± �=> �KNO, "	m� M1 �

�Ï s¼� ��mp& BCDE� ¿"	� �=>

�ü@0 �KNO� ��FGHI, ¬�M.

�� � ��

DC-��	�� ����. ¯ �°%&0 uv12

?k8 o� ÆÄ=> 4J=®XY PMT-��"�

voltage0 600 V, ��	^�� �°��� �°���

#|0 20µmX� 
(=> ��FGHI� ¾"8

ý(=®XY �KNO� mn�� 25µl8 4J=®M.

����� BCDE� ��Þß0 0.1ÿ *+X� W

�=> 30ÿ �± rý=> m*% QR ��¾"�

À	8 ý(=®M. ����^��¼ª ��§ mn-

��Z, s0 m*� ú 2~3ÿ (� ~�$, × �

/�
, �5�� ä35 ú*� %�(Tailing)8 gÒ

s0 Ô, & � /�Xg »ä� V�0 gÒg.

ñ0 Ô, þ�� � /�M.

	�� ��� ����� �� 	���  !. Fig.

20 GD� ���"� �78 100 mA� Ö.=


�����Ïs� �½, À	mûc& 10 ppm £��

Cu, 25µl(��£�: 250 ng)% �) 324.95 nm %&

� ��Z� ¾"8 �>;
 /M. 5�, Cu8 ��

mû" \=> ����^�� ��, 45 A� �=

> ;�M. d'% gÒg /0 (q )5 T� Õ�

�½(ú 1 Torr5=)%&0 mn� ôõ5 *. ñÊ&

��WX� gz0 ��Z� ¾"- ú=ö gÒ+X

Y, #, 6� �½=(ú 5 Torr5$) %&� ôõ"#

% �=> BCDE� A�- ÕÊ.�� ��Z� ¾

"- Õö gÒ+M. ¡¾) �½� À	% QR ��

Table 1. Instrumentation and experimental condition used in this work

Analytical instrument and experimental condition

� Glow Discharge Chamber
 Material - Aluminium alloy
 Cathode - 5.5 cm Tantalum tube
 Anode - Rounded tantalum tube
 Gas flow - Ar
 Power supply - 2 KV 1 A (100 mA used)

(Korea Switching Co.)
� Electrothermal Vaporizer

 Material - Teflon, Pyrex
 Vaporization cell - Tantalum filament

(thick - 0.025 mm)
 Power supply - 50 V 50 A (35-50 A used)

(Korea Switching Co.)

 � Monochromator
 Spex 270 M (Focal length - 27.0 cm)
 Spex DATASCAN
 High Voltage - 600 V
 Slit width - 20 µm
� Detector - Photomultiplier Tube
� Focus Lens - 10.1 cm Focal length
� Vacuum Pump

 Displacement(60Hz) - 200 L/min
 Ultimate Vacuum - 5�10−4 torr
 Motor - 0.4 KW
� Vacuum Gauge
 Varian EYESYS Convec Torr (2�10−4)
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Z� ¾"8 ý(=®XY, wW� ��Ï s¼� �½

� 4.2 torr 5�XY, 5�� É`-F� Öu�

20 ml/min� gÒ+M.

��	� "#�� $%�& ��� �� 	��

�  !. HCD? DC-����� ��"� o7��

�"� �78 À	mp -c& mn �~� ��Z

¾"8 µ4=®M. Fig. 3� 10 ppm £�� Cu 25µl

(��£�: 250 ng)� ��Z� ¾"8 �>;
 /X

Y, ��Ï s¼� �½� wW� µù� 4.2 torr�


(mû
 ¹º, �´=®M. d'%& �>;0 Ô

-I �§ �7� ¾"- .O�Ð ��Z� ¾"-

..0l 5Ô� �§ �7� ¾"- /�Ð BCD

E� ¿"A�- $�=" ��5M. d¥g �7� ¾

"- 100 mA 5$5 @c& ��Ï s¼%& ��Å

$5 12r s¼- Ê0 MR 1%& �ü=Y ��

5 �±(=ö @�XY, 180 mA 5$%&0 12r

s¼%&� ($W� ��, 'Xû"- :�2M.

DC-�7� ¾"0 100 mA� 
(më, � T� �

Å!(%RSD: 2%5=) /0 Þß8 gÒs�XY, �

(ÃZ Ä!, \=> 100 mA� �7, 4J=> ¹

º, �´=®M.

"'( ��. \� ³!�°��8 (3X� ¹ºµ

ù, wW	=> Cuq Pb� �(ÃZ, Ä!=®M.

¹ºµùX�0 ��Ï s¼�½� 4.2 torr� =


GD ��70 100 mA� =®XY, MR µù¿�

Table 1%& gÒg /0 Ô� �'=ö => MR £

�� }uÁÂmn 25µl8 4J=> �� ¾"8 ý

(=®M. Fig. 40 ��£� 60~500 ng8 gÒs0

Cu ÁÂJt, 5J=> Ä!§ �(ÃZ, �>;0 Ô

X� 500 ng� T� ]� ·4%�. Z?W� Dynamic

·4, gÒs
 /XY, $r¢�5(r) 5 0.99693X

� |�W oZ!5 *6
, («�(%RSD)0 b7W

X� 4.1%� gÒ+M. d'% Ám) Error bar0

)� £�� mn8 585$ ý(=> ¬� ��¾"

8 x�� 9�) ÁÂð
8 gÒs
 /M. Fig. 5

0 ��£� 25~250 ng� Pb ÁÂJt, 4J=>

405.78 nm%&� ��¾"8 5J=> Ä!§ �(Ã

Z, gÒÓ ÔX�, Cu� ��q )5 $r¢�5

(r)5 0.99476X� oZ!5 *XY ��¾"� b7(

«�(%RSD)0 5.2%� gÒ+M. ��)¢0 DL=ksbl/

m, 4J=> ¢9=®XY, >"&, k0 Þ:¢�8

gÒs
, sbl� mº� ÁÂð
8 gÒs
, m�

�(ÃZ� ";"8 gÒÓM. ¯ ¹º%&0 k5�

3, 4J=> ��)¢8 ¢9=®M. óó� �(ÃZ

Fig. 2. Influence of copper emission intensity at 324.95 nm
under different pressure within glow discharge chamber.

Fig. 3. Emission intensity(A) and shape(B) with DC current
change of GD spectrometry.
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X�¼ª ¢9§ °�q <� ����)¢0 0.36 ng

� 0.35 ngX� |==ö gÒ+XY, 5 £��¼ª

25 µl� �Jt�� £�8 ¢9=c °�� ��

14.4 ppb5Y <� ��%� 14.0 ppb� T� Õ� �

�)¢8 gÒs
 /M. 5¥) ��)¢0 ~�� m

n8 �K� � /0 ���������� (Graphite

Furnace Atomic Absorption Spectrometry: GFAAS)

% |> M~ 6� ��)¢5g ¯ �°%&0 ETV

% �=> mn8 ��m�   58 Mm DC-���

�� ��"� �K=�� ����������%&

�Æ- @0 »HUF V�8 w~	m� � /0 ^

_, -.
 /XY, �KW («�- T� ¸$@�M

. j), ����^��¼ª "	§ mn- �� FGH

I, s0 m*� ú 2~3ÿ (�� �Km*5 T�

?ö ~�$, × � /�
, ����^�� �2,

Ç�È, 4J=> �H ?k� ÆÄ=®" ��%

GFAAS%& @$ gÒg0 »ä� V�(Memory Effect)

0 �A gÒg. ñ0 Ô, þ�=®M.

� �

¯ �°%&0 ����^�/DC-����� ��^

�8 ¡��~�K% WJ=" \) ²|W ³!�°

8 �´=> ""W� ¹ºµù, wW	=®XY, �

E5���ª(�� ~�mn8 o�WX� ¡��~

% 5Ë"�. �K� � /0 -S!, Æm=®M.

5 ^�8 5J=> 25µl �� °�q <% �) �

KW� b-8 �´=®XY, ��)¢0 °�� ��

14.4 ppb, <� ��%� 14.0 ppb� ��)¢8 ¬�

M. j), �(ÃZ� T� *� Z?�8 gÒBXY,

(«�(%RSD)0 °�� �� 4.1%, <� �� 5.2%

� |�W *� 5, gÒBM. ¯ �°%& ¬� �

�8 (3X� >¥ }u�~% �) �(ÃZ, Ä!

=> ÑC5g 	�mn a THUF- DE) Ft5

Fig. 4. Calibration graphs for copper (A) and spectrum (B) of
ETV system with GD spectrometry.

Fig. 5. Calibration graphs for lead (A) and spectrum (B) of
ETV system with GD spectrometry.
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g G mn8 o� �K=0l �J� Ô5Y, V�W

� mn��, \) ����^�� ¦µ a HI H

±() BCDE8 �ümû" \) ¦Z§ DC-GD

J"� À? �°� ÍÎ �´=
 /M. 5¿ �°0

JX� 5K L�J �����^�� ¦� ò � /

0 -S!, -.
 /: JX� �� �K% �J5

ò � /X�C "�§M.

¯ �°0 1999M� )N���� ³("ÿ�°|(�

ÆOß: 1999-1-124-001-3)% �> 5Ø: �XY, 5

% P4)M.
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