
����� 2 
 

��	�
������ 
 
2.1  ������� 
  
   2.1.1  ����	��
��������������� (Sb 1,000 ppm, AR grade, Fisher Scientific, UK)   
  2.1.2  ����	��
�������-.��
� (Ba 1,000 ppm, AR grade, Fisher Scientific, UK)  
  2.1.3  ����	��
�������	1234 (Pb 1,000 ppm, AR grade, Fisher Scientific, UK) 
  2.1.4  ����	��
1�78����1 (conc.HNO3, AR grade, Lab Scan Analytical Sciences, 

Thailand) 
  2.1.5  ����	��
1�78B�7�C����1 (HCl 37%, AR grade, Lab Scan Analytical 

Sciences, Thailand) 
  2.1.6  �H.7�
�8B7��18H7I  (NaOH 99%, AR grade, Merck, Germany) 
  2.1.7  �H.7�
�8B�7��-��
7I (NaBH4 97%, AR grade, Merck, Germany) 
 
2.2  ����������������
��� 
 

  2.2.1  ����������������� ������� 
-  .C�O3�P�O����721Q�R��C�S.ST�U�������R��C�������V23��.SC�����Q�� 

   (ICP-OES, Model Optima 4300 DV, Perkin-Elmer, USA) 
-  Hydride generator  
-  �1[����I1�� (Ar 99.999%, Ultra High Pure grade, TIG, Thailand) 
-  �1[�8����.]� (N2 99.999%, High Pure grade, TIG, Thailand) 
-  ST.S�, 8��C�ST.S���	^24ST.S� 
-  .C�O3�P�1_4�O3� ` Q�3]a�.Sb��a�^�2-1��4�.C��	^I .Vc� d47427S������ 1�	-�1�4P   

     ��	-�1.1��I .Sb��_� 
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2.2.2  ���
����
�!"����#�� 
 -  .C�O3�P Centrifuge C4��.�e4��- 2,000 ��-/��Q� (Suranaree medical     
 equipment Co. Ltd.) 

 -  .C�O3�P Ultrasonic cleaner (Delta) 
 -  d47�ha�1�23� 

 
2.2.3  ���
����
%�"����#�� 

 -  ��4ijSk�U1�2h���4��.4��I d��7.38  
�3^_� ���j���7I.4��2� (Smith & Wesson)      
 -��]i 6 �27 

 -  1�	�i�Sk��o1��c d��7 .38  
�3^_� ROYAL AMMUNITION   
 -  d47.1��
4��q�ST7 (Vial) d��7 15 ml 
 -  Plastic shaft cotton buds 
�3^_� �r��PU
�-�� 
 -  Wood shaft cotton buds 
�3^_� HI-VAN d��7 S 
 -  Sterile foam - tipped applicator 
�3^_� Whatman  
 -  1��81� 
 -  riP�O� 
 -  C�� 
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&�'���
����� 4   ��7P��4ijSk�U1�2h���4��.4��I d��7.38 
�3^_� ���j���7I.4��2� ��	

1�	�i�Sk�
�3^_� ROYAL AMMUNITION Q�3sV_s�1��Q7��P 
 
 
 
 
 
 
 
 
 
 
 
&�'���
����� 5   ��7P42�7iQ�3sV_s�1��.1e-�	���24�
c�P: a. Plastic shaft cotton buds,  

b. Wood shaft cotton buds ��	 c. Sterile foam - tipped applicator 
 
 
 
 

a 

b 

c 
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2.3  ��	�!*��+�+
�� 
 

2.3.1  
���"���� Standard solution ��� Reagent solution 
 2.3.1.1  
���"���� Working standard solution <�� Sb, Ba ��� Pb 

 ST.S�����	��
������ 1,000 ppm. d�P���������, �-.��
���	�	1234
S����u 1, 1.5, ��	 10 ml. ����a�72- �Ps� volumetric flask d��7 100 ml. ��_4S�2-
S������7_4
 DI water ]	87_����	��
������ ���������, �-.��
���	�	1234 ��C4��.d_�d_� 
10, 15 ��	 100 ppm ����a�72- 

  
2.3.1.2   
���"������������
�!A+"��
 (HNO3) 

  ST.S�����	��
.d_�d_�1�78����1 (conc.HNO3) S����u 5 ml. �Ps� 
volumetric flask d��7 100 ml. ��_4S�2-S������7_4
 DI water ]�C�-����_�P1�� 

  
2.3.1.3  
���"������������GH�!���AIG!�G����!� (NaBH4) J+GH�!���- 

AI!��
AH!� (NaOH) 
 .���
�����H.7�
�8B�7��-��
7I (NaBH4) 0.4% (w/v) �7
V23P��� 0.4 

1�2� ��	.���
�����H.7�
�8B7��18H7I (NaOH) 0.5% (w/v) �7
V23P��� 0.31 1�2� �Ps���c
�	-�1.1��I .��� DI water �P8SC�s^_�	��
 ]�1�2h�.Q NaOH �Ps� volumetric flask d��7 
100 ml. ��_4.Q NaBH4 ����P8SS�2-S������7_4
 DI water ]�C�-����_�P1�� 
   

2.3.1.4   
���"������������
�!AIG!������
 (HCl) 
 .���
�����	��
1�78B�7�C����1 (HCl) 2 mol/l �7
�a� volumetric flask 

d��7 100 ml. ��.��� DI water ��_4�4P����	��
1�78B�7�C����1 (HCl) S������ 16.7 ml. 
]�1�2h�S�2-S������7_4
 DI water ]�C�-����_�P1�� 
 

2.3.2  
��"�M��#����������� 
 2.3.2.1  ���� ICP-OES  

 .C�O3�P�O����721Q�R��C�S.ST�U�������R��C�������V23��.SC�����Q��
d�P Perkin-Elmer Model Optima 4300 DV Qa�1��4�.C��	^I^��-.��
���	�	1234 ��
�	.��
7
��	�x�4	d�P�	-- ICP-OES ��7Ps�����PQ�3 2 d_��o��2yy�uQ�387_d�P���������, �-.��
�
��	�	1234 ��7Pz�zc��Q�P.C�O3�P printer d_��o�Q�387_�2-��]�1 software Winlab 32    
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"������� 2  ��7P��
�	.��
7��	�x�4	d�P�-.��
���	�	1234s��	-- ICP-OES  

 

�&���<�� Inductively coupled plasma optical emission spectrometer  
 
Wavelength 

Ba        233.527 nm 
Pb        220.353 nm 

Measurements integration time 
Maximum        10 second 
Minimum        1   second 
RF power        1.3 kW. 
Argon gas flow rates 
 Nebulizer (Carrier gas)      0.8 L min-1 
 Plasma        15  L min-1 
 Auxiliary       0.2 L min-1 
Generator        40 MHz 
Delay time        30 second 
Ba��	Pb Replicates       3 
Plasma viewing       axial  
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2.3.2.2  ���� Hydride generation 
        �	-- Hydride generation S�	1�-7_4
 peristaltic pump Q�3�� 3 Vc�P 
(.C�O3�P�O� ICP-OES 4300 DV) �a�^�2-s�cQc� 3 ��
Q�3ro1S}~�.d_�8S
2P mixing coil ��	 gas-
liquid separator �c�8S 
        �x�4	d�P Hydride generation Q�3sV_�a�^�2-1����1��C�2hP��h sV_ flow 
rates d�P�24�
c�P, NaBH4 s� NaOH ��	 HCl Q�3 1.2 mL mim

-1  ����	��
 3 �24]	ro1S}��
.d_�8Ss� peristaltic pump Q�3�� 3 Vc�P �c�8S
2P mixing coil ��	zc��8S gas-liquid separator 
.UO3��
1���������8S
2P hydride connector �7
���1[����I1��.Sb��24U�zc��.d_��oc�	-- ICP-
OES .UO3�4�.C��	^I�c�8S ��
�	.��
7��	�x�4	d�P�	-- Hydride generation ��7Ps�����P
Q�3 3 1��]274�P.C�O3�P�O� HG-ICP-OES ��7Ps�x�US�	1�-Q�3 6 
 

 
 
&�'���
����� 6  1��]274�P.C�O3�P�O� HG-ICP-OES Q�3sV_s�1��Q7��PS�	1�-7_4
 1. �24�
c�P, 

2. HCl, 3. NaBH4, 4. Peristaltic pump, 5. �1[����I1��, 6. Mixing coil,  
7. Gas/liquid separator, 8. Hydride gas, 9. Hydride connector ��	 10. 
Qc��ha�Q�hP  

 

1 

2 
3 

4 

5 

6 

7 

8 

9 

10 
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"������� 3  ��7P��
�	.��
7��	�x�4	d�P���������s��	-- Hydride generation ICP-OES 

 
�&���<�� Inductively coupled plasma optical emission spectrometer  
 
Sb wavelength        206.836 nm 
Measurements integration time 
Maximum        10 second 
Minimum        5   second 
RF power        1.3 kW. 
Argon gas flow rates 
 Nebulizer (Carrier gas)      0.3 L min-1 
 Plasma        15 L min-1 
 Auxiliary       0.2 L min-1 
Generator        40 MHz 
Delay time        45 second 
Sb Replicates        5 
Plasma viewing       axial  
 
�&���<�� Hydride generation  
 
Pumping rate        0.5 mL min-1 
Sample flow rate       1.2 mL min-1 
NaBH4 in NaOH ��	 HCl flow rate     1.2 mL min-1  
NaBH4 Concentration       0.4% (w/v) 
NaOH Concentration       0.5% (w/v) 
HCl Concentration       2 mol L-1 

 
 
 
 
 

18 



2.3.3  �#�<�!*�
�!"�*���!<��
��������� � (Limit of detection) ����#�<�!*�
�!
"�*���!<��
�� ������� (Limit of quantification) 

 Cc�d�7]a�127�3a��i7d�P1��4�.C��	^I (LOD) CO� C4��.d_�d_��3a��i7Q�3.C�O3�P�O�
�����r42787_ �7
S1��.Sb�Q�3
���2-12�4c��2yy�u��114c� 3 .Qc�d�PCc�.-�3
P.-�������
d�P1��427 blank (3σ  ^�O� 3SB) ��	Cc�d�7]a�127�3a��i7d�P1��^�S����u (LOQ) CO� C4��
.d_�d_��3a��i7Q�3.C�O3�P�����r�c��Cc�87_�
c�P��c��� H�3P.Sb�Q�3
���2-12�4c��2yy�u��114c� 
10 .Qc�d�PCc�.-�3
P.-�������d�P1��427 blank (Taylor, 1987)  s�1����1����h Qa�1��^�
Cc�d�7]a�127�3a��i7d�P1��4�.C��	^I��	Cc�d�7]a�127�3a��i7d�P1��^�S����u �7
��_�P1��R
������d�P����	��
���������������Q�3C4��.d_�d_� 10, 20, 40, 80 ��	 100 µg/l, 
�-.��
�Q�3C4��.d_�d_� 50, 100, 200 ��	 400 µg/l, ��	�	1234Q�3C4��.d_�d_� 50, 100, 200, 
300 ��	 500 µg/l ����a�72- .UO3�^�Cc�C4��V2�d�P1��R������ �7
1��R������87_
]�1Cc��	^4c�P intensity signal 12-Cc�C4��.d_�d_�d�P��c�	j��i  ]�1�2h�427�2yy�ud�P 
blank 10 Hha� .UO3�^�Cc�.���3
d�P blank (XB) ��	^�Cc�.-�3
P.-�������d�P blank (standard 
deviation, SB) ��_4�a���Ca��4u����o��d_�P�c�P (XueDong and Shane, 2004) 

 1��^�Cc��2yy�u]�11��4�.C��	^IQ�3�3a�Q�3�i7 (XL) �����r^�87_]�1 
   XL = XB + kSB   ------(1) 

 .�O3� k CO� ]a��4�CPQ�3H�3PU�]��u�]�1�	72-C4���_�P1�� Cc�d�7]a�127�3a��i7d�P
1��4�.C��	^I (CL) ^�87_]�1 XL  

   CL = (XL-XB)/ m  ------(2) 
 .�O3� m CO� C4��V2�d�P1��R������Q�387_]�11��4�.C��	^I .U��	Cc�.���3
d�P 

blank �c��87_]�1 XB  H�3P.Qc�12- 0 �2yy�uro1�_�P8�c�� background  �7
�Q��o�� 1 s��o�� 
2 ]	87_ 

   CL = kSB/ m 
 .�O3�  CL = Cc�C4��.d_�d_�d�PCc�d�7]a�127�3a��i7d�P1��4�.C��	^I 

   k  = Cc�CPQ�3.Qc�12- 3 (3 CO� Cc��2yy�u��114c� 3 .Qc�d�P blank) 
  SB = Cc�.-�3
P.-�������d�P1��427 blank 
  m  = C4��V2�d�P1��R������Q�387_]�11��4�.C��	^I  
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2.3.4  YZ
[�������H%+"�
����+
��� 
 2.3.4.1  
���"�������!� 

  �27�c4�S��
d�P42�7iQ2hP 3 V��7 CO� sterile foam - tipped applicator,    
plastic shaft cotton bud ��	 wood shaft cotton bud �Ps�vial d��7 15 ml �7
 sterile 
foam - tipped applicator �27]a��4� 1 1_�� �c� 1 vial �c4� plastic shaft cotton bud ��	 
wood shaft cotton bud �27]a��4� 2 1_�� �c� 1 vial 

 
 2.3.4.2  
���"����"����#�� 

  �a�����	��
1�78����1 5% spike -�42�7iS����u 150 µl �Ps���c�	 
vial ]�1d_� 2.3.4.1 ]�1�2h��a� Working standard solution d�P Sb, Ba ��	 Pb Q�3C4��
.d_�d_� 10, 15, ��	 100 ppm.  H�3P.���
�]�1d_� 2.3.1.1 �� spike �Ps���c�	 vial .UO3�s^_87_
�	72-C4��.d_�d_�Q�3 blank, low ��	 high ���Q�3��7Ps�����PQ�3 4 �7
Q�3C4��.d_�d_� blank 
Qa�1�� spike .U�
P����	��
1�78����1 5% .Qc��2h� C4��.d_�d_� low ]	Qa�1�� spike 
����	��
������Q�3z��Q2hP 3 j��i S����u 10 µl .UO3�s^_87_S����ud�P���������, �-.��
�
��	�	1234Q�3 0.1, 0.15 ��	 1.0 µg ����a�72- �c4�C4��.d_�d_� high �2h�Qa�1�� spike 
����	��
������Q�3z��Q2hP 3 j��i S����u 40 µl .UO3�s^_87_S����ud�P���������, �-.��
�
��	�	1234Q�3 0.4, 0.6 ��	 4.0 µg ����a�72- 
 .�O3� spike .��e].��
-�_�
��_4 �a��24�
c�PQ2hP^�7.d_� hot-air oven Q�3
�iu^xo�� 80°C .Sb�.4��d_��CO� (S�	��u 16-17 V234��P) 

 
"������� 4  ��7PC4��.d_�d_�d�P����	��
Q�3 spike -�42�7i.UO3���1��.S��I.He��I1��CO�1�2- 

(%Recovery) 
 

Spike Level Sb, µg Ba,  µg Pb,  µg 
             Blank 0 0 0 
             Low 0.1 0.15 1.0 
             High 0.4 0.6 4.0 
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2.3.5  ��	�
���
�!"����#�� 
        2.3.5.1  ��	��\# 24 \���G�� (saturate 24 h) 
 �a��24�
c�PQ�3.���
�.��
-�_�
��_4]�1d_� 2.3.4.2 ��.�������	��
1�7
8����1 5% ]a��4� 5 ml. �VcQ�hP84_S�	��u 24 V234��P Q�3�iu^xo��^_�P (25°C) ]�1�2h��a��� 
centrifuge .Sb�.4�� 30 ��Q� ��_4�a�����	��
�c4�s���1��s�c volumetric flask d��7 10 
ml. �a��c4�Q�3.^�O�s� vial ��s�c DI water S�	��u 1 ml ��_4 centrifuge .Sb�.4�� 10 ��Q� 
Qa�.Vc���h]a��4� 2 C�2hP ]�1�2h�S�2-S������7_4
 DI water ]�C�- 10 ml. ��_4]�P�a�8S^�
S����uj��i���������, �-.��
���	�	1234�7
sV_.C�O3�P�O� ICP - OES 

 
 2.3.5.2  ��	� sonicate 10 ��� 20 +��� 

 �a��24�
c�PQ�3.���
�.��
-�_�
��_4]�1d_� 2.3.4.2 ��.�������	��
1�7
8����1 5% ]a��4� 5 ml. ��_4�a�8S.d
c�7_4
.C�O3�P ultrasonic cleaner Q�3.4�� 10 ��Q� ��	 
20 ��Q� ���Q�31a�^�784_s���c�	^��7 ]�1�2h��a�����	��
�c4�s���1��s�c volumetric flask 
d��7 10 ml. �a��c4�Q�3.^�O�s� vial ��s�c DI water S�	��u 1 ml ��_4 centrifuge .Sb�.4�� 
10 ��Q� Qa�.Vc���h]a��4� 2 C�2hP ]�1�2h�S�2-S������7_4
 DI water ]�C�- 10 ml. ��_4]�P
�a�8S^�S����uj��i���������, �-.��
���	�	1234�7
sV_.C�O3�P�O� ICP - OES 

 
2.3.6  YZ
[��<�#��_+�
��������� 

        2.3.6.1  
���"����"����������� 
        .�O�1������2C�Q�3zc��1��
�PSk�����_4�
c�P�_�
 6 V234��P �7
������2C�
]	�_�Pzc��1���_�P�O�7_4
�-oc��	.Ve7�O�s^_�^_P  ]�1�2h��a���.Ve77_4
����	��
1�78����1 
5% Q2hPq���O���	^�2P�O���1C�2hP]�P]	�����rQa�1��
�PSk�87_ �7
Qc�Q�P1��
�P CO� ������2C�
]	�_�P
�PSk�7_4
�O�d_�P.7�
4 �7
�O�d_�PQ�38�c87_
�P]	�_�P�a���8d4_^�2P84_ Qa�1��
�PSk�8S
d_�P^�_�]a��4� 1 �27  
   
       2.3.6.2   
���
%�"����#���<�#��_+  

       .�O3�������2C�
�PSk���_4]a��4� 1 �27 ]	Qa�1��.1e-�24�
c�P.d�c�Sk�
Q2�Q� �7
�a� plastic shaft cotton bud Q�3�27S��
d_�P^��3PQ�hP ��^
77_4
 5% HNO3 
U�S�	��u (2-3 ^
7)  ]�1�2h�Qa�1��.Ve7Q�3^�2Pq���O� .��3�.Ve7]�17_��^24��c�O�8S]�r�P
��h41_�
s^_Q234-��.4uQ2hP^�7 ��	.Ve7]�1d_��O�r�PS��
��h4�O�8Ss�Q�P.7�
412� (^_��.Ve7
1�2-8S��) U�_��^�i��a���.UO3�s^_�24�
c�P��7�7
��- .��e]��_4�a��24�
c�PQ�387_�27.�U�	�c4�
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S��
s�cs� vial  Qa�1��.Ve7q���O�7_4
4�j�.7�
412� ]�1�2h��a���s�cs� vial .7�
412� ]	87_ 1 vial 
�c� 2 1_�� .Sb��2�.��e]�a�^�2-������2C� 1 C� Qa�.Vc�.7�
412���hs�������2C�C�r278S 

 Qa�1��^
7 5% HNO3 �Ps� plastic shaft cotton bud ]a��4� 2 1_�� ]�1�2h�
�27�c4�S��
Q2hP 2 �Ps� vial .UO3�Qa�.Sb� blank  

 
2.3.7  YZ
[���������J+
���
%�"����#���<�#��_+ 

 .1e-�24�
c�P7_4
42�7iQ�387_Qa�1��Q7��P��_44c���C4�������rs�1��.1e-.d�c�Sk�
Q�3�O�87_7�Q�3�i7]�11����1��.S��I.He��I1��CO�1�2-��	.���
��24������2C�.Vc�.7�
412-d_� 
2.3.6.1.  
 
        2.3.7.1  
���
%������
[�"����#���<�#��_+ 

        .�O3�������2C�Qa�1��
�PSk�]a��4� 1 �27��_4 ]	�_�PQa�1���21��.d�c�
Sk�84_.Sb�.4�� 0, 2 ��	 4 V234��P �7
1���a�H�P1�	7�����4��O�84_ ��_4sV_.QSs�ST7
-��.4ud_��O�s^_���Q .UO3�
�7�O�84_��s^_.C�O3��^�i7��1]�1H�P1�	7����	^��1.��3
P8�cs^_�O�
�2�z2�12-�ha� s�1��.1e-�24�
c�P.d�c�Sk�������2C�C�Q�3 1 ]	Qa�1��.1e-�24�
c�PQ2�Q� H�3PQa�
.Vc�.7�
412-d_� 2.3.6.2  �c4�s�1��.1e-�24�
c�Ps�������2C�C�Q�3 2 ��	3 ]	�_�PQa�1��
�21���24�
c�P.d�c�Sk�Q�3.4�� 2 ��	 4 V234��P ����a�72- .�O3�C�-���.4��Q�31a�^�7]�P]	Qa�
1��.1e-�24�
c�P.Vc�.7�
412-d_� 2.3.6.2    
 
2.4  
��������� �<a��b�����c�"� 
  
   d_��o�C4��.d_�d_�Q�387_]�11��4�.C��	^I^�S����ud�Pj��i���������, 
�-.��
���	�	1234 �a���4�.C��	^IQ�P�r��� �7
1��sV_�S��1�� SPSS 15.0 .UO3�1��4�.C��	^I
C4���S�S�4��--Q�P.7�
4 (Oneway - ANOVA) Q�3�	72-C4��.VO3��23� 95% (�i4�V��, 2543) 
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