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EK1 �	
0.001 mol�L�� HNO� �
 pH=3.0����-������
 

EK2 �	
0.001 mol�L�� HNO� �
 pH=4.0����-������
 

EK3 �	
0.001 mol�L�� HNO� �
 pH=5.0����-������
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�� Zn/mg�kg��  Cu/mg�kg��  Cr/mg�kg��  Ni/mg�kg��  
�1����	
 6 263.89 1 010.40 1 131.88 864.57 

�2����	
 3 122.21 870.38 156.00 393.54 

�3����	
 3 350.53 1 061.55 904.38 454.01 

�	�
��� 500 250 600 100 
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���
exchangeable� 1 mol�L�� MgCl� (pH 7) 

������
Carbonate bound fraction� 1 mol�L�� CH�COONa +CH�COOH (pH 5) 

�(�)������(Fe�Mn oxide fraction) 0.04 mol�L�� NH�OH�HCl 
����������
Organic bound fraction� 0.02 mol�L�� HNO� +H�O��(30%) + 3.2 mol�L��NH � Ac in 20% HNO��(pH 2) 

�� !���
Residual fraction� HF�HClO�  
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EK1 23.82 18.63 26.23 16.14 

EK2 37.22 31.80 67.33 29.08 

EK3 40.26 34.08 51.56 32.93 

 

6 + /01+2357"8
B’5CD + ED/FG’C DHHAIAD>IJ FH KD’GJ /DL’CM

9 " :;!"#$%&’!()!*(+<-
NAO?:D " BKD I?::D>L ’>P DCDIL:FFM/FLAI HCFQ IK’>ODM P?:A>O

LKD DCDIL:FRA>DLAI L:D’L/D>LM FH LKD MDPA/D>L

9 % :; #$)!=5+<-
NAO?:D % SDPA/D>L #$ ’>P (9 #:FHACDM

’HLD: DCDIL:FRA>DLAI :D/DPA’LAF>

2&-
!&1
!&-
;&1
;&-
1&1
1&-
+&1
+&-

#$

. % " +
MNæµ8jç@n?@9

8’9

(9
è

TP
Mé
/

U*

*8+
*8%
*83
382
38;
38+
38%
383

()*
()%
()"
klr

* % " +
MNæµ8jç@n?@9

859

%1

%3

*1

*3

1

3
*% %+ +2 !% 4;

p©VK
8’9

()*
()%
()"

/
U

V/
0

()*
()%
()"

%+ +2 ;3 2+ *32
p©VK
859

/
¦
U

V/
W

* 233
* ;33
* +33
* %33
* 333
233
;33
+33
%33

3

**+"



!""!! ""

! # "#$%&’()*+,-./0123
$%&’() # *)+,- .)/+0 1231)3/(+/%234 %3 /5) 62’( 40%1)47 +6/)( )+15 ().)8%+/%23 /)4/9:;#7 6(2. +328) /2 1+/528)<

=>:
=>?
=>@
#$

@ "AA

@ AAA

? "AA

? AAA

: "AA

: AAA

BAA

!AA

CAA

DAA

"AA

#AA

@AA

?AA
: ? @ #
%&’()*+,-.,/

E(
0
1

F.
&2

G&
;:

=>:
=>?
=>@
3$

: ? @ #
4&’(567,-.,8

H3
9
1

F.
&:

G&
;:

=>:
=>?
=>@
3$

?I" -./456’(7,89:23
;<=>?@ABCDEFG&HIJKLM

NOPQRSTU #VWX6U #YZ[\Q]^_‘
ab?QAcd’(CDe91fg<hijklm
1InoQpHZ =>@qdrSstX ]ukl_‘
qd?QlvqdklwxIG&’(CDEyzk
lQ klqd{l’(ICDEyz|j}~��X
Acd’(CDe H3�E’�J% F7,��I91n
oQ.,��I91��Q��_‘cdum H3�E’�
J%��Z7��I���.,���F.,��X �
=>?�=>@;<�I J% F7���I91���.
,��Y����Fo K*��BCDe� I¡¢
£QJ%¤G&¥¦HIv§¨©ª«N¬­Q6�n
oNp��®�X E(F.7,��91{�k~QF
G&¯(HIJK°}±²Q�� E(9!<³ E(9"<F
_´µ¶£klI��·�Z�_¸¹µ¶º»IX
¼½H E(I¾¿�_¹³ K*À�lµ¶IRSL:@MQ
.,Á¥¦I K*ÀÂÃ@_‘umH E(I¾¿Ä
ÅÆ~Q¼½H E(9"<Fo K*À¡Ç£¤¼È¥¦
HIYÉ3®ÊËª«ÌÍÉ3¬­QnoNp�‘

®L:#MQ� K*u�QÎÏÐÑ_¹InoQÄÅÒ E(I
¾¿ÓX Ô;<¡Ç£QE(I¾¿ÓfpÕÖBCD
E��Q ��., K*ÂÃ�×ØÙ;×ØÙÚ²Û
¦@CDE E(ÜÝ�lµ¶IRSX
?ID ";$%<&-./)=>?01@A

;<Þß?Q à¶ N)44%)(�áJ©âãä@.
,åæ¦ K*ÂÃç # IcdG&;<h?ABC
DEkl�áJKLMNJèQRSéU "êWX 6
U "YZ[\QH3Zëì¨Ríáîzs�QpÀç
: :DBI#: .&:G&;:X E’ZjïËðñòÊRíá�óô
õöRíá� ëÙ¨Ríás�Q yzJ÷ç
@B?I:A�?C!I:A�?""I!B .&:G&;:X E(îzZëì¨Rí
á� jïËðñòÊRíáç�Q pîzJ÷ç
#CDI:"�#:#I?D .&:G&;:XJ%I�áZëì¨Ríá�ø
9ù<ÌòÊRíáîzç�X úûG&HABCDE
IDEYüýá}oQ�ëÙ¨RÝá�jïËðñ
òÊRÝá�þôõöRÝá�}�X ¾¿Ó¤CD
E�ájÿ~!"Q RS#�QE’³ J%��Z$P
áç�Q¾¿Ó{@}oQ� H3³ E(��Z%$P
áç�Q¾¿Ó{@}�X êZkl�áICDEF

"AA

#"A

#AA

@"A

@AA

?"A

=>:
=>?
=>@
3$

: ? @ #
G&¯(&67�-.�8

: ? @ #
4&¯(&67�-.�8

J%
9
1

F.
&:

G&
;:

E’
9
1

F.
&:

G&
;:

: AAA

BAA

!AA

CAA

DAA

"AA

#AA

@AA

?AA

’(!)*.� K*ÂÃ@CDE4+úûG&_‘abIÄÅ::##



! !!"! "# $ % & ’ ( ) ) *

+,-./0123456789:;<=>234
5?@7#$>89:;<=ABCDEF7GHIJ
"%&’(" )*K+*,%LGHM#J "&-’&. )*K+*,%NO:PQ
RSTUVWX /0JYZN[F\]^_>89‘
aNbGHcd>efgh5ijk[Fl>89‘
amnl]^opqrst+,-u89:;<=>
23vwLxyz+,{|+}~gh������
�>stq���89�Y���=�GHID�?
>��7�_j 12234��7� 3"’-3"q O:PQ
RSj�Y���=�z>�89u /0�>EF
����7� /0�0�g���l�� ���7G
Ho/>VWXu�89¡D�¢>£�./7k�
�l> 12¤¢z]^¥X_7 ¦bz+,->./
0§j23q¨4©5ªF«��=~D¬­®¯F«�
�=~°±²³��=�GHI´Dµ6¶·>23
4N O¸�GHo/>¹ºY,¹ºY»¼½Xu¤
¢=>�89‘aD�¾>[F¿ÀqÁ�Â�89
‘aÃÄ�N12D��>234N O:PÁ 12z]
^_o�z>Å=j®Æ=�Z­DÇq

" !"

È%ÉÊUVWX /0ËÌ7ÍÎ\+,Ï¶_+
ÐÑÒNzÊUVWX /0ËÌ��gN+Ð�Ñ�/0
ËÌ��gN +Ð�Òq bËÌÊUVWX56 /0
ÓÔNu+ÕÐÍÎ5�?q

Ö&É×��89|�ØÙ>ÚÛ]^+,{|¬
Ü��|Ýq¦ÞGH�ßN�89>Å=56N+,
{|>¿Àà56q 89:;<=>235�?Nb
�Y���=D�?>23q

Ö"É+,{|áN�âÜã��89ä·�GH
å´D56¶·>��q #$~16~78ærjT‘a>
ÅçèÊUmnNzÊUéê�12z�]^ã�_>
ëì��Ô¼q

Ö9ÉËÌÊUVWX56 /0ÓÔNÚÛ]^�
89>+,{|¿À56N�_Nj /0ËÌz : >
íî0N#$~16® 78>{|¿À�¾N234ëïJ
9.’&3;~"9’.-;~"&’(";q12>234j /0ËÌz 9
>íî0�¾N �234J 3!’"""q Jð�{|¿
ÀNxyz+,{|+}~{|gh®ñòóFô�
������>stq

#$%&’

<%= >?@2 A BC >DEF@G@H+IF > 7’ J28$?8/DIE KL IDI?M2K+8$IM8? 2I)IN8@M8K$<O=’
!"#$%&" ’() *+(,"&-C %(("C &!4%"PQ &3"-,&39!’

<&= R8) S TC UKK$ S 0C R8) R VC IM @D’ J8DKM E?@DI EM6NW K$ MFI IX E8M6
IDI?M2K+8$IM8? 2I)KY@D KL FI@YW )IM@DE L2K) )6$8?8/@D G@EMIG@MI2
ED6N*IE<O=’./0+% 1+2+/%(,C &..&C "3Q 9!3:,9!!9’

<"=õ%öN÷øù’ú4!PØÙ�ûü+,{|ýHst<O=’ù=&’N

&..:C%943PQ -::,-:(’
<9=þVÿN! "N#$%N�’&’(ØÙ]^>+,-){|<O=’)
_(*Ñ))+4,-().PN&..3N"9È3É/%%%,%%9’

<:=0)1N234N5 6’+,-{|*72389Ø^_>�8
9st<O=’_4:Ó;ÓC&..3N&&È"É/%.%,%.9’

<3= Z8HI82K >DIX@$N2@ BC UIX8@ OK@K [’ > NW$@)8? )KNID LK2 MFI IDI?M2K+8#
$IM8? 2I)KY@D KL ?K//I2 L2K) @ /KDD6MIN EK8D <O=’ 3&4%"/- &5 6/7/%8&42
9/0+%)/-2C %((!C :34"PQ &:!,&!%’

<!=<=>C?@ACB CC�’ØÙüD>{|*7st�E<O=’ù=
&’C &..9C %"4&PQ &"9,&9&’

<-= #FK6 \ UC \I$* 1 ]C 1@$* ^’ _DI?M2K+8$IM8? 2I)IN8@M8K$ KL @ 16 ?K$$
M@)8$@MIN 2IN EK8D HW ?K$N8M8K$8$* ?@MFKDWMI /0 G8MF N8LLI2I$M I$F@$?8$*
?FI)8?@D 2I@*I$ME<O=’:,+;&2<,+%+C &..9C :3Q &3:,&!"’

<(= SFI$ # UC 1FI$ ‘ OC O8@ O J’ 1K)/@28EK$ KL IDI?M2K+8$IM8? EK8D 2I)IN8@$
M8K$ )IMFKNE 6E8$* K$I L8XIN @$KNI @$N @//2K@?F8$*@$KNIE<O=’ !"#)%&"!
;+"0/- =&--40)&"C &..!C %,!’

<%.= TMMKEI$ ^ UC JINI2EI$ > OC Z8HI82K > B’ 1@EI EM6NW K$ MFI EM2@MI*W @$N
@//D8?@M8K$ KL I$F@$?I)I$M EKD6M8K$E MK 8)/2KYI 2I)IN8@M8K$ KL EK8DE
?K$M@)8$@MIN G8MF 16C JH @$N #$ HW )I@$E KL IDI?M2KN8@DWE8E<O=’ !">)!
"++%)"> ?+&-&>@C &..:C !!Q "%!,"&(’

<%%= aI2IN@,>DK$EK 1C 0I2@E,^K8E 1C bK)Ic,^@FKc 1C IM @D’ >))K$8@ I$$
F@$?IN MGK ,N8)I$E8K$@D IDI?M2K+8$IM8? 2I)IN8@M8K$ KL ?K//I2 E/8+IN
+@KD8$<O=’ !-+(0%&(,);)(/ A(0/C &..!C :&Q ""33,""!%’

<%&=õ%öN÷øùNF G’ÊU /0ËÌuØÙüD+,{|¿4
>ÍÎ<O=’&’()stN&..!N&.È&É/"3,9.’

<%"= #FK6 \ UC \I$* 1 ]C 1@$* ^C IM @D’ _DI?M2K+8$IM8? 2I)IN8@M8K$ KL @
16,#$ ?K$M@)8$@MIN 2IN EK8D HW ?K$M2KDD8$* MFI YKDM@*I @$N ?K$N8M8K$$
8$* ?@MFKDWMI /0 <O=’ B,+;&2<,+%+N&..:N3%/:%(,:&!’

" :..
" ...
& :..
& ...
% :..
% ...
:..

.

�
8
9
H
I

d)
*J
+*

,%

ZIE
T2*
]I,U$
?@2
IX

#$ #$ 16 16 12 12 78 78
eIP 4MP 4IP 4MP 4IP 4MP 4IP 4MP

�89
KLM_NIOJGHå�89�Å=HI�

NMOJGHá�89�Å=HI

( : )*+,-./01234567
]8*62I : U@EE L2@?M8K$E N8EM28H6M8K$ KL )IM@DE H8$N8$* G8MF

EIN8)I$M @LMI2 IDI?M2K+8$IM8? M2I@M)I$M

%%9:


