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7KLV 6WDQGDUG ZDV SUHSDUHG E\ WKH -RLQW 6WDQGDUGV $XVWUDOLD�6WDQGDUGV 1HZ =HDODQG 
&RPPLWWHH 70����� 7LPEHU *UDGLQJ DQG 3UHVHUYDWLRQ� WR VXSHUVHGH $6�1=6 ������������ 

7KH REMHFWLYH RI WKLV 6WDQGDUG LV WR VHW RXW PHWKRGV IRU VDPSOLQJ DQG DQDO\VLQJ SUHVHUYDWLYH 
VROXWLRQ FRQFHQWUDWLRQV� 

7KLV 6WDQGDUG LV SDUW RI D VHULHV RI 6WDQGDUGV WKDW FRYHU WKH VDPSOLQJ DQG DQDO\VLQJ RI 
WLPEHU SUHVHUYDWLYHV DQG SUHVHUYDWLYH�WUHDWHG WLPEHU� DV IROORZV� 

$6�1=6 
���� 0HWKRGV IRU VDPSOLQJ DQG DQDO\VLQJ WLPEHU SUHVHUYDWLYHV DQG SUHVHUYDWLYH�

WUHDWHG WLPEHU 
������ 3DUW �� *HQHUDO UHTXLUHPHQWV� VDPSOLQJ� DQG GHWHUPLQDWLRQ RI VDSZRRG DQG

KHDUWZRRG SUHVHQFH 
������ 3DUW �� 'HWHUPLQDWLRQ RI SUHVHUYDWLYH SHQHWUDWLRQ E\ VSRW WHVWV 
������ 3DUW �� $QDO\VLV PHWKRGV IRU GHWHUPLQDWLRQ RI SUHVHUYDWLYH UHWHQWLRQ 
������ 3DUW �� $QDO\VLV PHWKRGV IRU GHWHUPLQDWLRQ RI SUHVHUYDWLYH VROXWLRQ

FRQFHQWUDWLRQ �WKLV 6WDQGDUG� 

7KLV 6WDQGDUG LV LQWHQGHG WR EH UHDG LQ FRQMXQFWLRQ ZLWK WKH $6�1=6 ���� VHULHV� 1=6 ���� 
RU WKH UHOHYDQW 6WDQGDUG WR ZKLFK WLPEHU LV FODLPHG WR KDYH EHHQ WUHDWHG� DQG 
$6�1=6 ������� 7KH SUHVHUYDWLYHV LQFRUSRUDWHG LQ WKH $6�1=6 ���� VHULHV DUH UHTXLUHG WR 
EH DFFRPSDQLHG E\ DQDO\WLFDO PHWKRGV IRU WKHLU GHWHUPLQDWLRQ� ZKLFK DUH LQFRUSRUDWHG LQ 
WKH $6�1=6 ���� VHULHV� 
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STAN'A5'S A8ST5ALIA/STAN'A5'S NEW ZEALAN' 
 

Australian/New Zealand Standard 
Methods for sampling and analysing timber preservatives and 

preservative-treated timber 
 

Part 4:  Analysis methods for determination of preservative solution 
concentration 
 

6 ( & 7 , 2 1  �    6 & 2 3 (  $ 1 '  * ( 1 ( 5 $ /  

1.1   SCOPE 
7KLV 6WDQGDUG VSHFLILHV DQDO\VLV PHWKRGV IRU WKH GHWHUPLQDWLRQ RI SUHVHUYDWLYH VROXWLRQ 
FRQFHQWUDWLRQ� $QDO\WLFDO SURFHGXUHV IRU WKH GHWHUPLQDWLRQ RI VSHFLILF SUHVHUYDWLYH 
FRPSRQHQWV DUH JLYHQ IRU RLO�ERUQH DQG ZDWHUERUQH SUHVHUYDWLYHV� &DOFXODWLRQV DUH SURYLGHG 
IRU GHWHUPLQLQJ FRPSOLDQFH ZLWK UHOHYDQW VWDQGDUGV� LQFOXGLQJ WKH $6�1=6 ���� VHULHV DQG 
1=6 ����� 

1.2   APPLICATION 
7KLV 6WDQGDUG VKRXOG EH UHDG LQ FRQMXQFWLRQ ZLWK² 

�D� WKH $6�1=6 ���� VHULHV� 1=6 ���� RU WKH UHOHYDQW 6WDQGDUG WR ZKLFK WLPEHU LV 
FODLPHG WR KDYH EHHQ WUHDWHG� DQG 

�E� $6�1=6 ������� 

0HWKRGV IRU VDPSOLQJ DQG DQDO\VLQJ WLPEHU SUHVHUYDWLYHV DQG SUHVHUYDWLYH�WUHDWHG WLPEHU 
DUH FDWHJRUL]HG LQWR WKH IROORZLQJ SDUWV RI WKH $6�1=6 ���� VHULHV� DFFRUGLQJ WR WKH JHQHUDO 
QDWXUH RI WKH WHVWV� 

�L� 6DPSOLQJ SUHVHUYDWLYH OLTXLGV DQG SUHVHUYDWLYH�WUHDWHG WLPEHU  ������������������������� 3DUW �� 

�LL� 'HWHUPLQDWLRQ RI SUHVHQFH RI VDSZRRG DQG KHDUWZRRG  ������������������������������������� 3DUW �� 

�LLL� 'HWHUPLQDWLRQ RI SUHVHUYDWLYH SHQHWUDWLRQ E\ VSRW WHVWV  ������������������������������������ 3DUW �� 

�LY� $QDO\VLV RI SUHVHUYDWLYH UHWHQWLRQ  �������������������������������������������������������������������� 3DUW �� 

�Y� $QDO\VLV RI SUHVHUYDWLYH VROXWLRQ FRQFHQWUDWLRQ  ����������������������������������������������� 3DUW �� 

1.3   REFERENCED DOCUMENTS 
7KH IROORZLQJ GRFXPHQWV DUH UHIHUUHG WR LQ WKLV 6WDQGDUG� 

$6 
���� /DERUDWRU\ JODVVZDUH²'HQVLW\ K\GURPHWHUV 

���� /DERUDWRU\ JODVVZDUH²0HDVXULQJ F\OLQGHUV 

���� 6ROYHQWV²7ROXHQH 

���� 7LPEHU²1DWXUDO GXUDELOLW\ UDWLQJV 

1=6  
���� &KHPLFDO SUHVHUYDWLRQ RI URXQG DQG VDZQ WLPEHU 
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$6�1=6 
���� 7LPEHU²1RPHQFODWXUH²$XVWUDOLDQ� 1HZ =HDODQG DQG LPSRUWHG VSHFLHV 

���� 6SHFLILFDWLRQ IRU SUHVHUYDWLYH WUHDWPHQW �DOO SDUWV� 

���� 0HWKRGV IRU VDPSOLQJ DQG DQDO\VLQJ WLPEHU SUHVHUYDWLYHV DQG SUHVHUYDWLYH�WUHDWHG 
WLPEHU 

������ 3DUW �� *HQHUDO UHTXLUHPHQWV� VDPSOLQJ� DQG GHWHUPLQDWLRQ RI VDSZRRG DQG
KHDUWZRRG SUHVHQFH 

���� 7LPEHU²*ORVVDU\ RI WHUPV LQ WLPEHU�UHODWHG 6WDQGDUGV 

$670 
'��� 6WDQGDUG SUDFWLFH IRU GHK\GUDWLRQ RI RLO�W\SH SUHVHUYDWLYHV 

(� 6WDQGDUG VSHFLILFDWLRQ IRU $670 OLTXLG�LQ�JODVV WKHUPRPHWHUV 

%6  
��� 6SHFLILFDWLRQ IRU IODVNV ZLWK JUDGXDWHG QHFNV �SKHQROV W\SH� 

,62 
���� 'HWHUPLQDWLRQ RI IODVK SRLQW²3HQVN\�0DUWHQV FORVHG FXS PHWKRG 

���� 7ROXHQH IRU LQGXVWULDO XVH²6SHFLILFDWLRQV 

1.4   DEFINITIONS 
5HIHU WR $6�1=6 ������ IRU DSSOLFDEOH GHILQLWLRQV� 

1.5   PREPARATION OF PRESERVATIVE LIQUIDS AND SOLUTIONS FOR 
ANALYSIS 

1.5.1   Oil-borne preservatives 
$ VDPSOH RI SUHVHUYDWLYH WDNHQ LQ DFFRUGDQFH ZLWK $6�1=6 ������ VKDOO EH KHDWHG WR 
EHWZHHQ ���& DQG ���& WR DOORZ IRUHLJQ PDWWHU �EDUN� FKLSV DQG VLPLODU� WR EH VFUHHQHG RII� 
7KH VFUHHQHG VDPSOH VKDOO EH KHDWHG WR ���&� WKRURXJKO\ VWLUUHG DQG ILOWHUHG WKURXJK D 
:KDWPDQ 1R� �� ILOWHU SDSHU RU HTXLYDOHQW EHIRUH GUDZLQJ RII VXIILFLHQW IRU WKH UHTXLUHG 
DQDO\VLV� 

1.5.2   Waterborne preservatives 
$ VDPSOH RI SUHVHUYDWLYH WDNHQ LQ DFFRUGDQFH ZLWK $6�1=6 ������ VKDOO EH WKRURXJKO\ 
VWLUUHG EHIRUH ILOWHULQJ HQRXJK VROXWLRQ IRU WKH UHTXLUHG DQDO\VLV WKURXJK D :KDWPDQ 1R� �� 
ILOWHU SDSHU RU HTXLYDOHQW ILOWHU DW DPELHQW WHPSHUDWXUH� 

1.5.3   Creosote 

$ FUHRVRWH VDPSOH WDNHQ LQ DFFRUGDQFH ZLWK $6�1=6 ������ VKDOO EH SODFHG LQ D FOHDQ� GU\� 
DLUWLJKW FRQWDLQHU DOORZLQJ DERXW �� XOODJH� :KHQ VDPSOLQJ� WKH FUHRVRWH VKDOO EH H[DPLQHG 
IRU WKH SUHVHQFH RI VHSDUDWHG XQGLVVROYHG PDWWHU� SDUWLFXODUO\ ZDWHU DQG FU\VWDOOLQH VROLGV� 
RU VOXGJH� WKH SUHVHQFH RU DEVHQFH RI ZKLFK VKDOO EH UHSRUWHG� ,I WKH FUHRVRWH FRQWDLQV 
FU\VWDOOLQH VROLGV DQG KDV EHHQ VDPSOHG DIWHU KHDWLQJ DQG PL[LQJ� WKLV VKDOO EH UHSRUWHG� 
&DUH VKDOO EH WDNHQ DW DOO WLPHV WR DYRLG WKH ULVN RI FRQWDPLQDWLQJ WKH FRQWHQWV LQ DQ\ ZD\� 

7KH VDPSOH VKDOO EH WKRURXJKO\ PL[HG LPPHGLDWHO\ EHIRUH DQ\ SRUWLRQ LV ZLWKGUDZQ IRU 
WHVWLQJ� ,I WKHUH DUH DQ\ GHSRVLWV �VXFK DV FU\VWDOOLQH VXEVWDQFHV� SUHVHQW� WKH FRQWDLQHU VKDOO 
EH ZDUPHG RQ D ZDWHU EDWK RU E\ RWKHU VXLWDEOH PHDQV MXVW VXIILFLHQWO\ WR GLVVROYH WKHP� DQG 
SRUWLRQV IRU WHVW VKDOO WKHQ EH WDNHQ IURP WKH ZDUPHG� PL[HG VDPSOH� $ QDNHG IODPH RU 
RWKHU VRXUFH RI LQWHQVH KHDW VKDOO QRW EH XVHG WR ZDUP WKH VDPSOH� 
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1.6   RELATED METHODS OF ANALYSIS 
7KH DQDO\WLFDO PHWKRGV JLYHQ LQ WKLV 6WDQGDUG DUH LQWHQGHG DV UHIHUHH PHWKRGV IRU WKH 
GHWHUPLQDWLRQ RI WLPEHU SUHVHUYDWLYH UHWHQWLRQV� $OWHUQDWLYH PHWKRGV VKRXOG EH FRPSDUHG 
ZLWK PHWKRGV SUHVHQWHG LQ WKLV 6WDQGDUG EHIRUH EHLQJ URXWLQHO\ XVHG� SURYLGHG WKDW WKH\ DUH 
RI FRPSDUDEOH DFFXUDF\� H�J� &&$ WUHDWHG WLPEHU PD\ EH DQDO\VHG E\ $$6� ;5)� RU ,&3 
PHWKRGV� DQG ERURQ WUHDWHG WLPEHU E\ DOWHUQDWLYH ZDWHU H[WUDFWHG WLWUDWLRQ PHWKRG� 
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6 ( & 7 , 2 1  �    ' ( 7 ( 5 0 , 1 $ 7 , 2 1  2 )  & 2 3 3 ( 5 �  
+ ( ; $ 9 $ / ( 1 7  & + 5 2 0 , 8 0  $ 1 '  $ 5 6 ( 1 , &  , 1  

& & $  3 5 ( 6 ( 5 9 $ 7 , 9 (  6 2 / 8 7 , 2 1 6  

2.1   PRINCIPLE 
&RSSHU DQG DUVHQLF DUH GHWHUPLQHG E\ DWRPLF�DEVRUSWLRQ VSHFWURSKRWRPHWU\� +H[DYDOHQW 
FKURPLXP LV GHWHUPLQHG E\ EDFN�WLWUDWLRQ RI H[FHVV LURQ DGGHG DV IHUURXV DPPRQLXP 
VXOSKDWH� 

7KLV PHWKRG LV DSSOLFDEOH WR &&$ PL[ WDQN RU ZRUNLQJ WDQN VROXWLRQV� 

2.2   REAGENTS 
$OO UHDJHQWV VKDOO EH RI DQDO\WLFDO UHDJHQW TXDOLW\� 7KH ZDWHU XVHG IRU SUHSDULQJ WKH UHDJHQWV 
VKDOO EH GLVWLOOHG� 

7KH IROORZLQJ UHDJHQWV VKDOO EH XVHG� 

�D� BDS indicator   0DNH D VOXUU\ RI ��� J EDULXP GLSKHQ\ODPLQH VXOSKRQDWH LQ � P/ WR 
� P/ ZDWHU� JUDGXDOO\ GLOXWLQJ WR ��� P/� ZLWK VWLUULQJ� )LOWHU WKH VROXWLRQ LQWR WKH 
UHDJHQW IODVN� 

�E� Ferrous ammonium sulphate (FAS) solution   'LVVROYH ��� J IHUURXV DPPRQLXP 
VXOSKDWH LQ ��� P/ ZDWHU EHIRUH DGGLQJ �� P/ FRQFHQWUDWHG VXOSKXULF DFLG DQG ILQDO 
GLOXWLRQ WR ���� P/� 

'LOXWH WKLV VWRFN VROXWLRQ ���� YROXPHWULFDOO\ EHIRUH XVH� 

�F� Mixed acid solution   *UDGXDOO\ DGG� ZLWK VWLUULQJ� ��� P/ FRQFHQWUDWHG VXOSKXULF 
DFLG WR ��� P/ ZDWHU� :KHQ FRRO DGMXVW WKH YROXPH WR ���� P/ ZLWK ZDWHU� DQG DGG 
��� P/ RUWKRSKRVSKRULF DFLG WR FRPSOHWH WKH PL[WXUH� 

�G� Standard potassium dichromate solution   'LVVROYH H[DFWO\ ������ J SRWDVVLXP 
GLFKURPDWH LQ ZDWHU DQG GLOXWH YROXPHWULFDOO\ WR ���� P/� 

'LOXWH WKLV VWRFN VROXWLRQ YROXPHWULFDOO\ ���� EHIRUH XVH �� P/ FRQWDLQV H[DFWO\ 
������ J .�&U�2� DIWHU GLOXWLRQ DQG LV HTXLYDOHQW WR ������ PJ &U�� 

�H� Standard copper solution, 1000 µg copper/mL   'LVVROYH ������ J FRSSHU VXOSKDWH 
SHQWDK\GUDWH LQ ZDWHU DQG GLOXWH WR ���� P/ LQ D YROXPHWULF IODVN� 

�I� Standard arsenic solution, 1000 µg As/mL   'LVVROYH ������ J DUVHQRXV WULR[LGH 
�$6�2�� LQ �� P/ RI ��� SRWDVVLXP K\GUR[LGH VROXWLRQ� DQG GLOXWH WR ���� P/ ZLWK 
�� DTXHRXV VXOSKXULF DFLG� 

2.3   PROCEDURE 
2.3.1   Instrument settings and operation 

7KH LQVWUXPHQW VHWWLQJV DQG RSHUDWLQJ FRQGLWLRQV IRU WKH GHWHUPLQDWLRQ RI FRSSHU DQG 
DUVHQLF VKDOO EH DV UHFRPPHQGHG LQ WKH LQVWUXPHQW XVHU¶V PDQXDO� &RSSHU VKDOO EH 
GHWHUPLQHG LQ D IXHO�OHDQ DLU DFHW\OHQH IODPH DW ����� RU ���� QP� DQG DUVHQLF LQ D QLWURXV 
R[LGH�DFHW\OHQH IODPH DW ����� QP� ZLWK EDFNJURXQG FRUUHFWLRQ IRU QRQ�DWRPLF DEVRUSWLRQ� 

2.3.2   Preparation of calibration solutions 

7KH FDOLEUDWLRQ VROXWLRQV VKDOO EH SUHSDUHG DV IROORZV� 

�D� 7UDQVIHU DOLTXRW SRUWLRQV RI �� �� � DQG �� P/ RI WKH VWDQGDUG VROXWLRQV 
>&ODXVHV ����H� DQG ����I�@ WR D VHULHV RI ��� P/ RQH�PDUNHG YROXPHWULF IODVNV� 
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�E� $GG � P/ RI FRQFHQWUDWHG VXOSKXULF DFLG WR HDFK� FRRO� GLOXWH WR WKH PDUN ZLWK ZDWHU� 
DQG PL[� 

$ � P/ DOLTXRW RI WKH VROXWLRQV VR FRQVWLWXWHG FRQWDLQV ��� ��� �� DQG �� �J� UHVSHFWLYHO\� 
RI FRSSHU DQG RI DUVHQLF� 

2.3.3   Analysis of preservative solutions 
7KH SURFHGXUHV VKDOO EH DV IROORZV� 

�D� Hexavalent chromium 

�L� )LOWHU WKH VROXWLRQ WKURXJK D :KDWPDQ 1R� ��� SDSHU� RU HTXLYDOHQW� 

�LL� 7UDQVIHU D � P/ DOLTXRW RI WKH ILOWHUHG VROXWLRQ WR D ��� P/ FRQLFDO IODVN� DGG 
��� P/ ZDWHU� �� P/ PL[HG DFLG� DQG � P/ %'6 LQGLFDWRU� 

�LLL� $GG �� P/ DOLTXRW RI )$6 ZRUNLQJ VROXWLRQ WR WKH IODVN� XQWLO H[FHVV LURQ LV 
LQGLFDWHG E\ WKH JUHHQ FRORXU� 

�LY� %DFN�WLWUDWH WKH H[FHVV ZLWK VWDQGDUG SRWDVVLXP GLFKURPDWH VROXWLRQ� XQWLO D 
SHUPDQHQW SXUSOH LV REWDLQHG� 

�Y� 2EWDLQ D EODQN WLWUH E\ UHSHDWLQJ WKH SURFHGXUH� XVLQJ WKH VDPH YROXPH RI )$6 
VROXWLRQ� ZLWK UHDJHQWV RQO\ LQ WKH IODVN� 

�E� Copper and arsenic 

�L� )LOWHU WKH VROXWLRQ WKURXJK D :KDWPDQ 1R� ��� SDSHU� RU HTXLYDOHQW� 

�LL� 7UDQVIHU D VXLWDEOH DOLTXRW RI WKH ILOWHUHG VROXWLRQ WR D RQH�PDUNHG YROXPHWULF 
IODVN IURP 7DEOH ������ 

�LLL� $GG WR WKH DOLTXRW ��� P/ ZDWHU DQG HLWKHU � P/ RU � P/ VXOSKXULF DFLG� VR 
WKDW WKH GLOXWHG VROXWLRQ FRQWDLQV �� DFLG� 0L[ ZHOO� DOORZ WR FRRO� DQG GLOXWH WR 
WKH PDUN� 

�LY� 0DLQWDLQLQJ VXLWDEOH RSHUDWLQJ FRQGLWLRQV� DVSLUDWH D EODQN FRQWDLQLQJ �� 
VXOSKXULF DFLG� IROORZHG E\ WKH UDQJH RI FDOLEUDWLRQ VROXWLRQV DQG WKH WHVW 
VROXWLRQ�V�� 

�Y� &KHFN WKH FDOLEUDWLRQ VROXWLRQV DIWHU WKH ODVW WHVW VROXWLRQ KDV EHHQ UXQ� 

�YL� 3ORW FDOLEUDWLRQ FXUYHV RI FRSSHU DQG DUVHQLF �LQ �J�P/� DJDLQVW DEVRUEDQFH� 

�YLL� 'HWHUPLQH WKH FRQWHQWV RI FRSSHU DQG DUVHQLF LQ WKH WHVW VROXWLRQV IURP WKH 
FDOLEUDWLRQ FXUYHV� 

TABLE   2.3.3 

SUITABLE ALIQUOT OF FILTERED SOLUTION 

Option A B C 

7RWDO &&$ VDOW LQ VROXWLRQ ��� �� � WR �� !�� 

$OLTXRW YROXPH WDNHQ �P/� ���� ���� ���� 

7RWDO GLOXWLRQ YROXPH �P/� ��� ��� ��� 

2.4   CALCULATIONS OF THE PERCENTAGE OF METALS 
2.4.1   Hexavalent chromium 

7KH SHUFHQWDJH E\ YROXPH RI KH[DYDOHQW FKURPLXP �&U� VKDOO EH FDOFXODWHG IURP WKH 
IROORZLQJ HTXDWLRQ� 
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� �3HUFHQW &U 9, ���� ��� �B T u �  � � � �����

ZKHUH 

B   WKH EODQN WLWUH >&ODXVH ������D�@ 

T   WKH WHVW VROXWLRQ WLWUH >&ODXVH ������D�@ 

2.4.2   Copper or arsenic 
7KH SHUFHQWDJH E\ YROXPH RI FRSSHU RU DUVHQLF VKDOO EH FDOFXODWHG IURP WKH IROORZLQJ 
HTXDWLRQV� 

�D� 2SWLRQ $� 3HUFHQW PHWDO   
���
X  � � � ��������

�E� 2SWLRQ %� 3HUFHQW PHWDO   
��
X  � � � ��������

�F� 2SWLRQ &� 3HUFHQW PHWDO   
��
X  � � � ��������

ZKHUH X LV WKH FRQFHQWUDWLRQ RI WKH DSSURSULDWH PHWDO LQ �J�P/ RI WKH WHVW VROXWLRQ 
�&ODXVH ������� 
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3.1   PRINCIPLE 
$IWHU GU\�DVKLQJ WKH VROXWLRQ VDPSOH LQ OLPH�HVFKND PL[WXUH� ERURQ LV GHWHUPLQHG 
WLWULPHWULFDOO\ XVLQJ PDQQLWRO� 

3.2   REAGENTS 
$OO UHDJHQWV VKDOO EH RI DQDO\WLFDO UHDJHQW TXDOLW\� 7KH ZDWHU XVHG IRU SUHSDULQJ WKH UHDJHQWV 
VKDOO EH GLVWLOOHG� 

7KH IROORZLQJ UHDJHQWV VKDOO EH XVHG� 

�D� Lime eschka   0L[ ��� J DQK\GURXV VRGLXP FDUERQDWH DQG ��� J DQK\GURXV SRZGHUHG 
FDOFLXP R[LGH� 

�E� Mannitol solution   'LVVROYH �� J PDQQLWRO LQ ��� P/ ZDWHU� 3UHSDUH IUHVKO\ EHIRUH 
XVH EHFDXVH RI ELRGHJUDGDWLRQ� 

�F� Phenolphthalein indicator   'LVVROYH ���� J SKHQROSKWKDOHLQ LQ �� P/ HWKDQRO� WKHQ 
DGG �� P/ ZDWHU� $GMXVW S+ E\ DGGLQJ GLOXWH VRGLXP K\GUR[LGH VROXWLRQ XQWLO WKH 
IDLQW SLQN FRORXUDWLRQ SHUVLVWV� 

�G� Methyl red indicator   )LOWHUHG� VDWXUDWHG VROXWLRQ RI PHWK\O UHG LQ HWKDQRO� 

�H� Standard sodium hydroxide solution, 0.05 M   'LVVROYH � J VRGLXP K\GUR[LGH LQ 
���� P/ ZDWHU� DQG VWDQGDUGL]H DV IROORZV� 

�L� $FFXUDWHO\ ZHLJK WKUHH ��� J SRUWLRQV RI SRWDVVLXP K\GURJHQ SKWKDODWH �.+3� 
DQG GLVVROYH LQ �� P/ ZDWHU� $IWHU DGGLQJ ��� P/ SKHQROSKWKDOHLQ LQGLFDWRU� 
WLWUDWH ZLWK WKH VRGLXP K\GUR[LGH VROXWLRQ� 

�LL� 7KH PRODULW\ �M� LV JLYHQ E\ WKH IROORZLQJ HTXDWLRQ� 

�:HLJKW RI  .+3�  ����
� 7LWUH�  ������

M = u
u

 � � � ���

3.3   PROCEDURE 
7KH SURFHGXUH VKDOO EH DV IROORZV� 

�D� :HLJK � J OLPH HVFKND LQWR D QXPEHUHG SRUFHODLQ FUXFLEOH� 

�E� $FFXUDWHO\ SLSHWWH � P/ RI VDPSOH LQWR WKH FHQWUH RI WKH OLPH HVFKND LQ WKH FUXFLEOH 
DQG WKHQ FRYHU ZLWK DQ DGGLWLRQDO � J OLPH HVFKND� 

�F� $VK DW ����& IRU � K� DQG DOORZ WR FRRO� 

�G� 7UDQVIHU WKH DVK WR D EHDNHU DQG ULQVH RXW WKH FUXFLEOH ZLWK VPDOO SRUWLRQV RI GLOXWH 
����� K\GURFKORULF DFLG DQG ZDWHU� XVLQJ D SROLFHPDQ� WKHQ WUDQVIHU WKH ZDVKLQJV WR 
WKH EHDNHU� 

�H� &DUHIXOO\ DGG �� P/ FRQFHQWUDWHG K\GURFKORULF DFLG WR WKH EHDNHU� FRYHULQJ ZLWK D 
ZDWFK�JODVV WR SUHYHQW VSDWWHULQJ� 
127(� 0RUH DFLG PD\ EH UHTXLUHG LI WKH VROLG FRQWHQWV DUH QRW FRPSOHWHO\ GLVVROYHG� 

�I� :DVK GRZQ WKH ZDWFK�JODVV DQG EHDNHU VLGHV ZLWK GLVWLOOHG ZDWHU DQG DGG � P/ 
SKHQROSKWKDOHLQ LQGLFDWRU� 
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�J� 7XUQ WKH VROXWLRQ MXVW DONDOLQH ZLWK FRRO� IUHVKO\ SUHSDUHG ��� VRGLXP K\GUR[LGH 
VROXWLRQ� 6WLU YLJRURXVO\ DQG DGG GURS�ZLVH WR DFKLHYH WKH SLQN�JUH\ SUHFLSLWDWH 
FRORXU UHTXLUHG� 

�K� 4XDQWLWDWLYHO\ WUDQVIHU WKH FRQWHQWV RI WKH EHDNHU WR D ��� P/ YROXPHWULF IODVN DQG 
PDNH XS WR WKH PDUN ZKHQ FRRO� �7KH SUHFLSLWDWH LV WUDQVIHUUHG WR WKH YROXPHWULF 
IODVN�� 

�L� )LOWHU D SRUWLRQ RI WKH VROXWLRQ WKURXJK D :KDWPDQ 1R� ��� ILOWHU SDSHU� 

�M� 3LSHWWH �� P/ RI WKH ILOWUDWH LQWR D ��� P/ (UOHQPH\HU IODVN� GLOXWH WR �� P/ ZLWK 
ZDWHU� DQG DGG � P/ SKHQROSKWKDOHLQ LQGLFDWRU� 

�N� $GG GLOXWH K\GURFKORULF DFLG GURS�ZLVH XQWLO SKHQROSKWKDOHLQ WXUQV FRORXUOHVV� 

�O� $GG ��� P/ PHWK\O UHG LQGLFDWRU� 
127(� 7KH VROXWLRQ VKRXOG WXUQ \HOORZ� 

�P� $GG GLOXWH K\GURFKORULF DFLG GURS�ZLVH XQWLO PHWK\O UHG WXUQV UHG� ,I WKH VROXWLRQ 
VWDQGV IRU � K RU PRUH� WKH DFLG DOLTXRW VKDOO EH UHIOX[HG WR HOLPLQDWH FDUERQ GLR[LGH� 
DQG WKH VROXWLRQ VKDOO EH FRROHG� 

�Q� $GG WKH VWDQGDUG VRGLXP K\GUR[LGH VROXWLRQ GURS�ZLVH XQWLO WKH UHG FRORXU LV MXVW 
GLVFKDUJHG� OHDYLQJ WKH VROXWLRQ VWUDZ \HOORZ�  

�R� $GG �� P/ ��� IUHVKO\ SUHSDUHG PDQQLWRO VROXWLRQ� 
127(� 7KH VROXWLRQ VKRXOG DJDLQ WXUQ WR WKH UHG FRORXU RI PHWK\O UHG� 

�S� 7LWUDWH WKH VROXWLRQ ZLWK WKH VWDQGDUG VRGLXP K\GUR[LGH� 'XULQJ WKH FRXUVH RI WLWUDWLRQ 
WKH FRORXU ZLOO FKDQJH IURP red WR WKH yellow RI PHWK\O UHG� DQG WKHQ WR WKH pink RI 
SKHQROSKWKDOHLQ� 7KH HQG�SRLQW LV WKH ILUVW SHUPDQHQW DSSHDUDQFH RI WKLV SLQN FRORXU� 

�T� 5XQ D EODQN GHWHUPLQDWLRQ LQ FRQMXQFWLRQ ZLWK WKH DERYH SURFHGXUH XVLQJ GLVWLOOHG 
ZDWHU LQ WKH LQLWLDO VWDJHV� 

�U� 2EWDLQ WKH WLWUH IRU WKLV EODQN GHWHUPLQDWLRQ LQ H[DFWO\ WKH VDPH ZD\ DV IRU WKH VDPSOH 
GHWHUPLQDWLRQ� 

3.4   CALCULATIONS  
7KH SHUFHQWDJH E\ PDVV RI ERURQ LQ WKH SUHVHUYDWLYH VROXWLRQ VKDOO EH FDOFXODWHG IURP WKH 
IROORZLQJ HTXDWLRQ� 

� � � �3HUFHQW ERURQ � ����� �T B C M u � u u  � � � ���

ZKHUH 

T DQG B   WLWUH DQG EODQN YROXPHV RI M VWDQGDUG VRGLXP K\GUR[LGH VROXWLRQ 
>&ODXVH ����H��LL�@ 

C   ���� WKH FRUUHFWLRQ IDFWRU 

M   PRODULW\ >VHH &ODXVH ����H��LL�@ 
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4.1   PRINCIPLE 
)OXRULGH LV GHWHUPLQHG E\ GLOXWLRQ RI WKH SUHVHUYDWLYH VROXWLRQ ZLWK GLVWLOOHG ZDWHU DQG 
GHWHUPLQDWLRQ E\ LRQ�VHOHFWLYH HOHFWURGH� 

4.2   REAGENTS 
$OO UHDJHQWV VKDOO EH RI DQDO\WLFDO UHDJHQW TXDOLW\� 7KH ZDWHU XVHG IRU SUHSDULQJ WKH UHDJHQWV 
VKDOO EH GLVWLOOHG� 

7KH IROORZLQJ UHDJHQWV VKDOO EH XVHG� 

�D� Sodium hydroxide concentrate, 60%   'LVVROYH ��� J VRGLXP K\GUR[LGH LQ ���� P/ 
ZDWHU� &RRO DQG VWRUH LQ SRO\HWK\OHQH� 

�E� SSA-EDTA buffer   'LVVROYH ��� J VXOSKRVDOLF\OLF DFLG �66$� DQG �� J GLVRGLXP 
GHK\GUDWH ('7$ LQ ��� P/ ZDWHU DQG DGMXVW WKH S+ WR ��� ZLWK FRQFHQWUDWHG 
�V�J�������� DPPRQLD VROXWLRQ EHIRUH GLOXWLRQ WR ���� P/� 7KLV EXIIHU LV ���0 66$ 
DQG ���0 ('7$� 

�F� Fluoride standard, 1000 µg/mL   'LVVROYH ����� J VRGLXP IOXRULGH LQ ZDWHU DQG GLOXWH 
WR ���� P/� 6WRUH LQ SRO\HWK\OHQH� 

4.3   PROCEDURE 
4.3.1   Instrument operation 

6HYHUDO GLIIHUHQW W\SHV RI LRQ�VHOHFWLYH PHWHUV DUH DYDLODEOH� DQG HDFK KDV GLIIHUHQW 
RSHUDWLQJ FKDUDFWHULVWLFV� 7KH RSHUDWLQJ PDQXDO VKDOO EH IROORZHG� 

3DUWLFXODU DWWHQWLRQ VKDOO EH JLYHQ WR PHDVXULQJ HOHFWURGH VORSH DQG VHWWLQJ WKH PHWHU WR WKH 
FXUUHQW VORSH YDOXH� DQG VROXWLRQV VKDOO EH JHQWO\ VWLUUHG GXULQJ HOHFWURGH HTXLOLEUDWLRQ� 

4.3.2   Preparation of calibration solutions 
7KH FDOLEUDWLRQ VROXWLRQV VKDOO EH SUHSDUHG DV IROORZV� 

�D� 7UDQVIHU D ��� P/ DOLTXRW RI WKH ���� P/ IOXRULGH VWDQGDUG >&ODXVH ����F�@ WR D 
���� P/ RQH�PDUNHG YROXPHWULF IODVN� GLOXWH WR WKH PDUN� DQG PL[ ZHOO� 

�E� 7UDQVIHU DOLTXRW RI � DQG �� P/ RI WKLV ��� �J�P/ VWDQGDUG VROXWLRQ WR ��� P/  
RQH�PDUNHG YROXPHWULF IODVNV� 

�F� 7UDQVIHU D �� P/ DOLTXRW RI WKH RULJLQDO ���� �J�P/ IOXRULGH VWDQGDUG >&ODXVH ����F�@ 
WR D WKLUG ��� P/ RQH�PDUNHG YROXPHWULF IODVN� 

�G� 7R HDFK RI WKH WKUHH YROXPHWULF IODVNV� DGG �� P/ RI VRGLXP K\GUR[LGH FRQFHQWUDWH 
>&ODXVH ����D�@ DQG ��� P/ RI 66$�('7$ EXIIHU >&ODXVH ����E�@ DQG GLOXWH WR WKH 
PDUN DQG PL[ ZHOO� 7KHVH FDOLEUDWLRQ VROXWLRQV FRQWDLQ �� �� DQG ��� �J IOXRULGH�P/� 
UHVSHFWLYHO\� 7KH\ VKDOO EH VWRUHG LQ SRO\HWK\OHQH FRQWDLQHUV� 
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4.3.3   Analysis of treatment solution 
7KH WUHDWPHQW VROXWLRQ VKDOO EH DQDO\VHG DV IROORZV� 

�D� 7UDQVIHU � P/ RI SUHVHUYDWLYH VROXWLRQ WR D ���� P/ YROXPHWULF IODVN DQG GLOXWH WR 
WKH PDUN ZLWK ZDWHU� 

�E� )LOWHU WKH VROXWLRQ �RU DOORZ WKH VROLGV WR VHWWOH ILUVW� DQG SLSHWWH �� P/ LQWR D VPDOO 
EHDNHU� WRJHWKHU ZLWK �� P/ 66$�('7$ EXIIHU� 

�F� 8VLQJ VXLWDEOH RSHUDWLQJ SURFHGXUHV IRU WKH HOHFWURGH�PHWHU FRPELQDWLRQ� XVH 
FDOLEUDWLRQ VROXWLRQV �&ODXVH ������ DQG VHW XS WKH LQVWUXPHQW FDOLEUDWLRQ DW �� �� DQG 
��� �J�P/ IOXRULGH� HQVXULQJ WKDW VXIILFLHQW HTXLOLEUDWLRQ WLPH LV DOORZHG� HVSHFLDOO\ 
DW � �J�P/� 

�G� 5HDG WKH IOXRULGH FRQWHQW RI WKH VROXWLRQV RQ WKH FDOLEUDWHG LQVWUXPHQW� WRJHWKHU ZLWK 
D UHDJHQW EODQN VROXWLRQ� 

,I WKH IOXRULGH FRQWHQW RI WKH VROXWLRQ LV H[SHFWHG WR EH EHORZ ���� VRGLXP IOXRULGH� WKH 
GLOXWLRQ WR ���� P/ RI WKH SUHVHUYDWLYH VROXWLRQ VKRXOG EH UHGXFHG WR ��� P/� DQG DQ 
DSSURSULDWH IDFWRU LQWURGXFHG LQWR WKH FDOFXODWLRQV� 

4.4   CALCULATIONS 
7KH SHUFHQWDJH E\ PDVV RI IOXRULGH �1D)� LQ WKH SUHVHUYDWLYH VROXWLRQ VKDOO EH H[SUHVVHG LQ 
WHUPV RI HTXLYDOHQW VRGLXP IOXRULGH� DQG FDOFXODWHG IURP WKH IROORZLQJ HTXDWLRQ� 

3HUFHQW 1D)   ������� X � � � ���

ZKHUH 

X   WKH IOXRULGH FRQFHQWUDWLRQ RI WKH WHVW VROXWLRQ� LQ �J�P/ 
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5.1   PRINCIPLE 
3HQWDFKORURSKHQRO LV DQDO\VHG E\ GLOXWLRQ RI WKH RUJDQLF VROYHQW ZLWK PHWKDQRO DQG DQDO\VLV 
E\ +3/&� 

5.2   REAGENTS 
$OO UHDJHQWV VKDOO EH RI FKURPDWRJUDSKLF VROYHQW SXULW\� 7KH ZDWHU XVHG IRU WKH SUHSDUDWLRQ 
RI WKH UHDJHQWV VKDOO EH GLVWLOOHG� 

7KH IROORZLQJ UHDJHQWV VKDOO EH XVHG� 

�D� Methanol� 

�E� Acetonitrile:water:acetic acid 75:25:0.1   $GG ��� P/ RI JODFLDO DFHWLF DFLG WR D 
PL[WXUH RI ��� P/ DFHWRQLWULOH DQG ��� P/ IUHVKO\ JODVV�GLVWLOOHG ZDWHU� 'HJDV EHIRUH 
XVH� 

�F� Acetonitrile:water:acetic acid 100:0:0.1   $GG ��� P/ RI DFHWLF DFLG WR ���� P/ RI 
DFHWRQLWULOH� 'HJDV EHIRUH XVH� 

�G� Pentachlorophenol   3XULILHG IRU XVH DV D VWDQGDUG� 

�H� Standard solutions 
127(� :RUNLQJ VWDQGDUGV VKRXOG FRQWDLQ ������ DQG ������ PDVV�YROXPH SXUH 
SHQWDFKORURSKHQRO LQ PHWKDQRO� 

5.3   PROCEDURE 
5.3.1   Instrument settings and operation 

$ :DWHUV ��� +3/& VKDOO EH XVHG ZLWK D ��� 89 GHWHFWRU VHW DW ��� PP DQG D XERQGDSDN 
&��� VWHHO FROXPQ DW ���� $8)6� 7KH OLTXLG VKDOO IORZ DW ��� P/�PLQ EHJLQQLQJ ZLWK 
��������� DFHWRQLWULOH�ZDWHU�DFHWLF DFLG IRU � PLQ DIWHU LQMHFWLRQ WKHQ VWHS WR ��������� IRU 
� PLQ IROORZHG E\ D UHWXUQ WR ��������� IRU � PLQ� 

5.3.2   Sample preparation 
7KH VDPSOHV VKDOO EH SUHSDUHG DV IROORZV� 

�D� 'LOXWH VROXWLRQ WR EH WHVWHG VXFK WKDW WKH OHYHO RI SHQWDFKORURSKHQRO OLHV EHWZHHQ WKH 
WZR VWDQGDUGV XVLQJ PHWKDQRO VROYHQW� 

�E� )LOWHU WKH ILQDO GLOXWLRQ WKURXJK D ��� �P 37)( ILOWHU LQ D �� PP 6ZLQQH[ ILOWHU 
KROGHU� ,QMHFW �� �/ IRU VDPSOHV DQG VWDQGDUGV� 

5.4   CALCULATIONS 
7KH SHUFHQW PDVV�YROXPH RI SHQWDFKORURSKHQRO �3&3� LQ WKH SUHVHUYDWLYH VROXWLRQV VKDOO EH 
FDOFXODWHG IURP WKH IROORZLQJ HTXDWLRQ� 

3&3 �� P�Y�   m u D � � � ���

ZKHUH 

m   SHUFHQW SHQWDFKORURSKHQRO LQ ILQDO VROXWLRQ �PDVV�YROXPH� 

D   GLOXWLRQ IDFWRU 
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6.1   PRINCIPLE 
2UJDQRFKORULQHV DUH TXDQWLWDWLYHO\ H[WUDFWHG IURP ZDWHU�HPXOVLRQV XVLQJ WROXHQH� 7KH 
H[WUDFWV DUH WKHQ GLOXWHG WR WKH DSSURSULDWH UDQJH DQG DQDO\VHG E\ JDV FKURPDWRJUDSK\ �*&� 
XVLQJ HOHFWURQ FDSWXUH GHWHFWLRQ� 7KLV PHWKRG LV DSSOLFDEOH WR DOO VROXWLRQV FRQWDLQLQJ WKHVH 
SUHVHUYDWLYHV� 

6.2   REAGENT—STANDARD SOLUTION 
7KH UHDJHQW XVHG LV VWDQGDUG VROXWLRQ� ��� �J DOGULQ�P/ RU ��� SSP� 7KH UHDJHQW VKDOO EH 
RI DQDO\WLFDO UHDJHQW TXDOLW\� 7KH ZDWHU XVHG IRU WKH SUHSDUDWLRQ RI WKH UHDJHQW VKDOO EH 
GLVWLOOHG ZDWHU� 

7KH UHDJHQW VKDOO EH SUHSDUHG DV IROORZV� 

�D� :HLJK VXIILFLHQW DOGULQ RI NQRZQ SXULW\ WR REWDLQ �� PJ DOGULQ H[DFWO\� 5HSHDW WKH 
SURFHGXUH XVLQJ NQRZQ SXULW\ KHSWDFKORU� FKORUGDQH� DQG FKORUGDQH GLHOGULQ PL[WXUH� 

�E� 'LVVROYH LQ WROXHQH DQG GLOXWH WR ��� P/ LQ D RQH�PDUNHG YROXPHWULF IODVN� 

�F� 6WRUH WKH VWDQGDUG VWRFN VROXWLRQ LQ D ZHOO�VHDOHG VFUHZ�WRS ERWWOH WR SUHYHQW 
HYDSRUDWLRQ� 

�G� 3UHSDUH ZRUNLQJ VWDQGDUGV E\ DGGLQJ �� P/ VWRFN WR D ��� P/ YROXPHWULF IODVN DQG 
PDNLQJ XS WR WKH PDUN ZLWK WROXHQH ���� SSP�� 3UHSDUH WKH ��� SSP DQG ���� SSP 
VWDQGDUGV E\ VHULDO GLOXWLRQ RI WKH ��� SSP ZRUNLQJ VWDQGDUG� 

6.3   PROCEDURE 
6.3.1   Instrument settings and operation 

7KH LQVWUXPHQW XVHG VKDOO EH D 9DULDQ ���� JDV FKURPDWRJUDSK\ ZLWK D 
6*( ��$4��+7� ��� FROXPQ DQG (&' GHWHFWRU� 7KH FROXPQ VKDOO EH PDLQWDLQHG DW ����& 
IRU � PLQ DIWHU LQMHFWLRQ WKHQ UDPSHG DW ���& SHU PLQXWH WR ����& DQG KHOG IRU � PLQ� 2QH 
PLFUR�OLWUH RI VDPSOH VKDOO EH LQMHFWHG WKURXJK D 9DULDQ ���� DXWR�LQMHFWLRQ V\VWHP� 

6.3.2   Sample preparation 
7KH SURFHGXUH IRU VDPSOH SUHSDUDWLRQ VKDOO EH DV IROORZV� 

�D� 3LSHWWH ���� P/ IUHVKO\ VKDNHQ VROXWLRQ LQWR D ��� P/ VHSDUDWLQJ IXQQHO ZLWK �� P/ 
GLVWLOOHG ZDWHU DQG �� P/ KH[DQH� 

�E� 5RFN WKH VHSDUDWLQJ IXQQHO JHQWO\ IRU � PLQ WKHQ DOORZ WKH WZR OD\HUV WR VHSDUDWH� 
�:LWK VRPH HPXOVLRQV WKLV PD\ EH GLIILFXOW DQG EHWWHU VHSDUDWLRQ FDQ EH DFKLHYHG E\ 
DOORZLQJ DV PXFK RI WKH DTXHRXV OD\HU DV SRVVLEOH WR VHWWOH RXW� GUDLQLQJ RII� DGGLQJ 
VDWXUDWHG DTXHRXV VRGLXP VXOSKDWH� URFNLQJ D IHZ VHFRQGV DQG DOORZLQJ WKH 
VHSDUDWLRQ WR WDNH SODFH�� 

�F� 'UDLQ RXW WKH DTXHRXV OD\HU WR D ��� P/ EHDNHU� 3RXU WKH KH[DQH OD\HU LQWR D ��� P/ 
YROXPHWULF IODVN� $GG �� P/ IUHVK KH[DQH� SRXU WKH DTXHRXV OD\HU EDFN LQ DQG UHSHDW 
WKH H[WUDFWLRQ� 5HSHDW WKH VHSDUDWLRQ DQG UHFRYHU WKH DTXHRXV OD\HU� 
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�G� 5HSHDW WKH H[WUDFWLRQ RQFH PRUH �D WRWDO RI WKUHH H[WUDFWLRQV�� 

�H� 0DNH XS WR WKH PDUN ZLWK KH[DQH� $GG DQK\GURXV VRGLXP VXOSKDWH WR UHPRYH DQ\ 
ZDWHU� 

�I� 'LOXWH WKLV VROXWLRQ ������ ZLWK WROXHQH� 3ODFH VDPSOH LQ � P/ *& YLDOV IRU DQDO\VLV� 

6.4   CALCULATIONS 
7KH SHUFHQW PDVV�YROXPH RI RUJDQRFKORULQH LQ RULJLQDO VROXWLRQ VKDOO EH FDOFXODWHG IURP WKH 
IROORZLQJ HTXDWLRQ� 

RUJDQRFKORULQH LQ RULJLQDO VROXWLRQ �� P�Y� �� ���
���� ���
p   u

  � � � ���

ZKHUH 

p   SSP RI HDFK RUJDQRFKORULQH LQ WKH ILQDO VROXWLRQ 

� ��� ���   GLOXWLRQ IDFWRU ������ u ������� 

GLYLVRU �� ���   �� ��� SSP LQ �� 

   FRQYHUVLRQ WR SHUFHQW PDVV�YROXPH 
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