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/T'�/ 25ZH$\j�i S-b &�3�35'�(�$ '�& '�(�)+*,#O.�S8M�/ 2�& .�M�/ D�E�;�IKM<; /�L5D�*G6+/�$ M�IKM<? ; / =+$ ;�.�C�M<.�;�6+$�2�&�/\& / -
7�9+3�L5; 3�& '�.�c�25D+/�&�&H2�/ =+$�& '�(�/B(�356 W f L5g+C5& ;�C�*,#O.�MN.T7�9�.�? ; / 2�/ MN.\& D5)+Z�.�D�.T25D+/�&�& I-2�/ =+$�& '�(�/
2�/ Z�6+35S:eN.�? . 2�3�i J�.�MN.�=+$�&�2�35SU7 $ 9+$ M�$ ;�; 35S:b (-& D5)+=+/�$hM�/ D+35SU; / 7 35D�; $ ;�; 3�& '�.U; $�& 2�35D�E�2�3
25D+/�&�&�35(`3�L5g�$ 6�.�;�C�D�.P(`356�.�;�c W�kB9�.8. &�& D+$ 6+35(�/ ;�.�.^&�357�9�C�ZH$ ;�; 3�& '�.8=�. & D+$ ;�; 3�& '�.8&V25D+/ & -
&�/ MN.P2�/ =+$�& '�(�/V35'�L5.�9+/ D�.8'�35'V.�?O;�.�J+1�6�D�C\2�35'�359+354 3`7 35D5)+=+$ ; /V; / .�(5I�& a%/ CT'�35=�; 3�& '�E`& 3 -
7�9�C�ZH$ ;�; 3�& '�.XW Y & D5)+=+/�$B$�& D�.V(�$ D�.�=�.�;�I-'�35=�; 3�& '�.T6�D�CO& D+$ 65)+*,#O.�J%7 3O? ; / =+$ ;�.�*<25D+/�&�&�35(
L5IKD�.`M�$ ;�E�a%$GM�/ 2�& .�M�/ D�E�; 354 3V? ; / =+$ ;�.�C%; $OL�35D+$�$G=+$ M-; /Ol5m\1XL�35D+$�$G? ; / =�.�MNIKM>& =�.�'�/ D�.
25D+/�&�&,&BM�/ 2�& .�M�/ D�E�; 35ST7 35D�; 35'�35SXW�A,/ 7�9�.�M�$ 9+1+7�9�.T. &�& D+$ 6+35(�/ ;�.�.T(5D�.�C�;�.�CO2�35;�0 $ ;�'�9+/ 0�.�.

PO4
; /T;�.�? 2�)+*n=�. & D+$ ;�; 3�& '�Eh35D�.�4 3�&�/ 7�9+3�L�35(8352�/ ? / D+3�& E51K=�'�38&�/ MNI�$\(5I�&�3525. $\'�35=�; 3�& '�.

7 35D5)+=+$ ;�I>6�D�COo+i 4 3Vb l�p5mTc�.`j�i 4 3Tb lXq mTcK25D+/�&�&�35(Vr�s
4
W Y '�3%ZH$G(59+$ MNC%7 35D�; 3�'�/O352�/ ? / D+/�& E

? ; / =�.�'�$ D�E�; 3G(5IKa%$H6�D�C,o+i 4 3G25D+/�&�&�/Bb l+t�mu7�9+35'�.+(%j5v�mTc 1+7 35d '�35M�)V. & '�.�;�; 35SV7�9�.�? ; / D�.\& 3 -
7�9�C�ZH$ ;�; 3�& '�E51�4 6+$H3�L5g+C5& ;�C�*,#%$ S%7 $ 9+$ M�$ ;�; 35STL5IKDOo+i SV25D+/�&�&H2�/ =+$�& '�(�/5W Y ? / (5. & .�M�3�& '�.T35'
7 $ 9+$ M�$ ;�; 35S-L5D+/ 4 357 35D5)+=�; IKMN.-& =�.�'�/ D�.^25D+/�&�& Iw2�/ =+$�& '�(�/\&^q i 4 3h7 3Pj�i S 1�; $�L5D+/ 4 357 35D5) = -
;�IKMN.TQx&�3%o+i 4 3%7 3Vy�i SXW+_�W $�W+6�D�CO'�$ J%7 $ 9+$ M�$ ;�;�IKJ+1 6�D�CO2�35'�359�IKJV25D+/�&�& I>2�/ =+$�& '�(�/G&Gj�i 4 3
7 3Vy�i S`&�356+$ 9�ZH/ D�.\M�/ D+3�$,2�35D�.�=+$�& '�(�3V; /�L5D�*,6+$ ;�.�S 1XL5D+/ 4 357 35D5)�=�;�IKM>& =�.�'�/ D�.`'�35D�E�2�38q i S
25D+/�&�&5W Y '�35Mu& D5)+=+/�$�1B$�& D�.U(�&�$P25D+/�&�& I]352�/ ? IK(�/ D�. & E-7�9�.�M�$ 9�; 3>9+/ (5; 35; / 7 35D�; $ ;�;�IKMN. 1
25D+/�&�& I-&Vq i 4 3G7 3%j�i STJ+/ 9+/ 25'�$ 9�.�? 35(�/ D�.Td 2�35D+354 .�=+$�& 2�3�$,L5D+/ 4 357 35D5)�=�. $�1 /B25D+/�&�& I>&Bv+i 4 3O7 3
y�i S\Qx; $�L5D+/ 4 357 35D5)+=�. $5W�_�/�L5D W�j�W qH7 352�/ ? IK(�/�$ '�1 2�/ 25. $G.�;�6�.�2�/ '�359�;�I�$OL5. 35D+354 .�=+$�&�25. $GJ / -
9+/ 25'�$ 9�. & '�.�25. 1�& (5.�6+$ '�$ D�E5& ' (�)+*,#O. $T3�L\)+J5)+6�a%$ ;�.�.8d 2�35D+354 .�=+$�& 2�35S-3�L�& '�/ ; 35(525.-b ;�.�? 2�/ C
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#�$ % &(' )�) *�% +�,.-�%�' / *10 *�*32�&(4 )�53+�*3) 46$7' / *1*3&�$�/ *�%�4 2�8(*�93) *3:7%�*�% +�4 -3&�;�<>=?' : @�-3A�%�*353$�:B$ ) -
C(' 5�%D%�4 2�8(*�93) *�% +�$E0 *�*32�&(4 )�53+�*3F ' ) *�0 4 G @H) 4 $ 9�*3&('�'D4 C(' 53-�4 +�) *.*3+�8(4 IJ4 <>+K% +�' 2 ' )�,6L(=?' 8(9�4
*3+ML(-�' &�$�#(' )�$�;N-3) ' ON) ' / *P-�*30 C(' : % +�-3$�;(Q�R�)�$�IJ' )�$ 'N#�$ % &(' )�) *�% +�$K0 *�*32�&(4 )�53+�*3) 4N-DF ' &(*3S�@
*3&�$�/ *�T β T %�4 2�8(*�9�*3-?$ β T %�4 2�8(*�9�*3-D93AU&(*D%�*32�8�;�IJ' ) *D%M) '�93&(4 / *32 *3&3L(#�)�A�SH$K53&(4�%�%�4 SH$K5�4 # ' -
% +�-�4J-�*3C?2 *?9�*3&�,�ON$�) % +�-�LPV W3T X3G�YH$�0 $�5�*�T Z�$�SH$�#('�% 53$�Z?2 *35�4 0 4 +�' &(' : @�+�*3/ C(4>5�4 5?5�*3&�$�#('�% +�-�*
2 ' 8(' S�' )�)�AUZ(@�*�93[(;3% )�;�<>=N$�ZN-N*�93&(4�% +�$D) '�93&(4 / *32 *3&3L(#�)�AUZ?0 ) 4 #(' )�$�:D+�8�$DC�83L(/ $�Z?Z(4 8(4 53+ ' -
8�$ % +�$�53$ @�%�*�% +�4 -3$�&(*.S�' ) '�'K\�]3^_*3+.*�93=?' / *E#�$ % &(4.4�93$ *3+�$�#('�% 53$�Z`2 4 8(4 S�' +�8(*3-�QUab%�*�93AU:
$�)�+�' 8('�%?-3AU0 AU-�4�' +D2 *3-�' C(' )�$ ' β T %�4 2�8(*�93)�AUZ1V S�' 0 *�%�4 2�8(*�93)�AUZ�G>*38�/ 4 )�$ 0 S�*3-�@H5�*3+�*38�A�'P0 4 -
)�$�S�4 <>+N2�8(*3S�' IUL(+�*3#�) *�'MS�' IJC3LK*3&�$�/ *�T�$.2 *3&�$ %�4 2�8(*�9�4 SH$.2 *3&(*3IJ' )�$ 'N-D-�*3C(*�' S�'N2 *DZ 4 -
8(4 53+�' 83LD*3+�53&�$�5�4b) 4b8(*�% +b-3) ' ON) ' :D) 4 / 83L(0 53$cQ�dB$�0 L(#(' )�) *3S`) 4 SH$K% &3L(#(4�' β T % 4 2�8(*�93Ae*35 4 -
0 4 &�$ % ,793&�$�IJ'E5e*3&�$�/ *�%�4 2�8(*�9�4�S�@>2 *�% 5�*3&�,�5�LfL(-�' &�$�#(' )�$ '`5�*3)�F ' )�+�8(4 F�$�:g9�*3&�,�ON$�) % + -�4
-�' =?'�% +�-P$E% )�$�IJ' )�$ 'P%�*3C(' 8�IJ4 )�$�;D53$ % &(*38(*3C(4?2�8�$�-�*3C�;�+�@H% 5�*38('�'�@�5D2 4 C(' )�$�<h$�ZK#�$ % &(' ) -
) *�% +�$cQ�i�4 53$�Sj*�938(4 0 *3S�@�2�8(' C�-�4 8�$�+�' &�,�)�AU:B4 ) 4 &�$�0?2 *35�4 0 AU-�4�' +�@�#�+�*K8(4 0 &�$�#�)�A�'D$�)�C�$�5 4 -
+�*38�)�A�'193$ *3&(*3/ $�#('�% 53$ '.Z(4 8(4 53+�' 8�$ % +�$�53$ek 5�*�% $ % +�' S�AlC(4 &(' 5�*`) '.8(4 -3) *30 ) 4 #�)�Al2�8�$e$ % -
2 *3&�,�0 *3-�4 )�$�$1$�ZK5�4 5K*�% ) *3-3AjC�&�;6*�93[�' 53+�$�-3) *3:E*3F ' )�53$1k 5�*3&(*3/ $�#('�% 5�*3/ *K%�*�% +�*3;�)�$�;62�8 $ -
8(*3C�) *3/ *N*�93[�'�53+�43Q3m>% Z(*3C�;>$�0�C(4 )�)�AUZ?+�4�93& Q(n�Q o @(2�8�$�S�' SE)�$�0 5�L(<j#�$ % &(' )�) *�% +�,N% L(SHS�4 8�) * -
/ *N0 *�*32�&(4 )�53+�*3) 4�@ *3&�$�/ *�T β T %�4 2�8(*�9�*3-N$ β T %�4 2�8(*�9�*3-N-M5�4 #('�% +�-�'b) 4 $ 9�*3&('�'b2 *3C�Z(*3C�;�=N$�Z?Z 4 -
8(4 53+�' 8�$ % +�$�5�@b*3+�8(4 IJ4 <>=N$�ZBS�4 5�% $�S�4 &�,�) *`-�*30 S�*3I�)�AU:e5�*3SH2�&(' 5�%14�93$ *3+�$�#('�% 53$�Z7Y�4 53+ * -
8(*3-�Q
p�q r s�t�u�q?v�w x w y � z�
 { |c
 ����� � � }?� ��� � ����
 � � ��!D����
 ��� �3~���� � � � 
 � �P�?� � � � � � ���.� � � 
 � � � �P� � �6z��6~���� ��� � �
! ������� 
 � � ���Mz�� � � � � � 
 � { �N� z�� � ��
 
�� ��� � �?��
 � � � � � z�� � � � ����
�� � {�� � ����� � �Hz�� � � � � � 
 � {�� � � � � �?� � � 
 � � � � �

����� ��� � �
! ������� 
 � � ���
z�� � � � � �

����� ��� � � ! ������� 
 � � �3
�� � � � � �?� � � 
 � � � ��� � �.� ��� � � � � � !�� ��� � 
 ����{�� � � ��� � � ���Uz�� � ��� � �
� � z�
 { |�
 ����� � � ���

� 
 � } � � {������ � � �
� ���U
 ��� � �

-
� 
 ����� � � �
� � � z�� � � �

-
� � ���

� � {������ � � �
� ��� � 
 ��� �

-
� � ��� � ��� �

-
� � z�
 � � � �

� � {������ � � �
� ��� � 
 ��� �

-
� � ��� � ��� � �
β
� � � z�
 � � � �

� � {������ � � �
� ��� � 
 ����� � � �
β
� � � z�
 � � � �

� � {�� ��� �
-

� � ��� � �
-

� 
 ����� � � �
β-

� � z�
 � � � �

� � {H� � � �
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� 
 � � ��� � � � � �
� � � 
 � � � ��� � �
���c� � ��� � 

����� 
 � � ��� �

-
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 � � ��� � � �
� � � z�� � ��� � �

-
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#%$�&
1 (61, 40) 1 (62, 46) 1 (58, 39) 1 (56, 43) 2 (69, 49) 2 (68, 45)

Fe 4 (62, 16) 4 (54, 16) 4 (62, 16) 4 (58, 17) 1 (58, 56) 1 (62, 56)

O2 3-4 (54, 7) 1 (49, 62) 2 (52, 22) 3-4 (62, 9) 1 (63, 64) 1 (64, 62)

Mn 3-5 (69, 22) 1 (47, 56) 3-5 (72, 23) 3-5 (75, 28) 1 (62, 59) 1 (59, 53)

NH4 1 (100, 9) 1 (78, 8) 1 (89, 8) 1 (100, 10) 3 (73, 34) 3 (73, 32)

NO2 1-3 (61, 22) 4 (47, 43) 4 (53, 45) 1-3 (58, 24) 5 (72, 28) 5 (65, 23)

NO3 2 (80, 44) 2 (69, 42) 2 (76, 43) 2 (69, 44) 1 (66, 80) 3-4 (88, 6)

'�� � 
 � � ��� 
 � � �
5 (70, 7) 4 (60, 7) 5 (70, 7) 5 (70, 8) 4 (70, 6) 4 (70, 6)

pH 3 (64, 9) 3 (64, 10) 3 (71, 10) 3 (64, 10) 4 (83, 21) 1 (66, 57)

()
 ��� � �
1 (61, 28) 1 (50, 26) 1 (61, 29) 1 (67, 36) 2-3 (64, 87) 1 (74, 28)

PO4 3 (59, 36) 2 (50, 58) 3 (61, 38) 3 (52, 37) 1 (85, 10) 4 (79, 9)

* � � 
 +)
 ������

� 
 ,)
 � � � � 2 (81, 13) 3-6 (80, 9) 2 (81, 13) 2 (69, 13) 1 (59, 91) 3-6 (70, 6)

3.2.2. -�. / 0 1 2�3 4�.�5�/�6�7�.�8�.�1:9 5�2%;<2%0 .�8<=�3 5�2%0 2>1 =�?%;</ 0 2%6 2%;�@<8�.�A

B 2�3 ;<=:2%C = 1�.�D�/ 1�.�AE9 5�2%;<2%0 .�8<=�3 5�2%0 2F3�2�3 4�2%A�1�.�AE.�G @<8</�= H�2%0 2F2�?%I�=�5%4�/:1 /E2�3 1 2%D�=JD K -

?%7</ 1�1 2%LM.�1�N�.�5�/ 4�2%7�1 2%LO?%. 2%4�.�8<=�3 5�2%LMP</ 7</�5%4�= 7�. 3 4�.�5%.O3 ;<= N%@�= 4FD%K)A�D%.�4�QSR�/ 5%4�2%7�K�T)3 6 2 -

3�2�?�3 4�D�@<U>VJ. =WD�2%G 1�.�5%1 2%D�= 1�.�UX9 5�2%;<2%0 .�8<=�3 5�2%0�2M1 =�?%;</ 0 2%6 2%;%@�8�.�A%TY.Z7</ 1�[�.�7<2%D�/ 4�Q\.�POD
3�2�2%4�D�= 4�3 4 D%.�.E3)D�= ;�.�8�.�1 2%LJD%5%; / N</�D>D�2%G 1�.�5�/ U>VJ.�LJ@<V:= 7<?�]B 2%;<2%[�.�H�T^8�4�2_6 2%5�/ G / 4�= ;<= Ha` G N<2%7<2%D%Q�A�b:.�G @<8</�= H�2%LW6�7<=�3 1 2%D�2%N�1 2%LW9 5�2�3 . 3 4�= H�KZA D -

;�A%= 4�3 AF3 @<HcH�/ 7�1 / A_8�. 3 ;<= 1�1 2�3 4�Q_G 2�2%6�;</ 1�5%4�2%1�1 2%0 2W3�2�2�?%V:=�3 4�D�/�Tc/E0 7</ 1�.�C = L\H�= [�N%@d9 5 2 -

;<2%0 .�8<=�3 5%.�He?%;</�0 2%6 2%;%@<8�. = Ha.W1 =�?%;</ 0 2%6 2%;%@�8�. = HeA�D%;�A%= 4�3 A_0 7</ 1�.�C /E3�2�2%4 D�= 4�3 4 D�= 1�1 2FH = -
[�N%@ED%K�3�2%5�2%L_._1�.�G 5�2%L_8�. 3 ;<= 1�1 2�3 4�Q�U:] B 2�3 H�2%4�7�.�H�T�5�/ 5J1�.�G 5�/ Af8�. 3 ;<= 1�1 2�3 4�Q:3�2%6�7�A�[g= 1 /
3h6 2%4�= 1�C�. / ;�Q�1�K)Hc.i=�=j6�7�.�8�.�1 / Hc.lkm1 =�?%;</ 0 2%6 2%;%@<8�1�K)Hc.lG 1 / 8 = 1�.�A�Hc.iRc.�G .�5�2�n
P�.�Hc.�8<=�3 5%.�PO6 2%5�/ G / 4�= ;<= L^]�o>=�?%;</ 0 2%6 2%;%@�8�1�K)Hc.p3 8�.�4�/ ;�.ZG 1 / 8<= 1�.�A%T>2%4�1 2�3 A�VJ. =�3 AM5O1 = -
3 5�2%;�Q�5%.�HqH�/ 5�3 .�H�/ ;�Q�1�K�HqN�;�AdN</ 1�1 2%0 2M6 2%5�/ G / 4�= ;�A\5%;</�3�3�/ Hr5�/�8<=�3 4�D�/WD�2%N ])s)7�.�4�= 7�. = H
G 1 / 8�.�H�2�3 4�.\3�2%6�7�A�[g= 1�1 2�3 4�.dA�D%;�A�;</�3 QF=�=J4�2%8�1 2�3 4�Q�] B 7�.d9 4�2%He?%K);F@�3 4�/ 1 2%D%;<= 1d1�.�[�1�.�L
6 2%7<2%0g4�2%8�1 2�3 4�._N�;�AfG 1 / 8�.�HcK)P:6 = 7<= H�= 1�1�K)PEkut�v%wW] B 2%;%@<8<= 1�1�K�=f3�2%6�7�A�[g= 1�1 2�3 4�.FH�2 [ -

1 2>6�7<= N<3 4�/ D%.�4�QgD>6 2%7�A�N�5�=)@�?%K)D�/ 1�.�AY6 2%;�1 2%4�KMx 4�/�?%; ]�y�] z�{ ]%|�2%0 N</�@:5�/ [�N<2%L_/�?%. 2%4�.�8<=�3 5�2%L
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# $ %&$ '�$ (�( )+*,# )+-�.+/�-+$ 0�1 -2%&3 (�4 576&3 %&3 8+0�$ %�9�: ;&<>=?9�*@$�$A: ( 3 B�9�'�)�1 0�C+5�0�D $�D�1 0�$ # $ (&CE.+8+/&3 F&3G.
1 (�9�HI$ (�9 $JB�9 1 /&$ (�( )�1 0�9K: )�)+#�/&3 (�8+0�)+( 3+DEL>3 # )+'M(�9�'�5NB�0�)O# )+/�( )�0�3JPQ1�)+#�%�-�HI$ (�( )�1 0�9
R S 1 /�92: ( 3 B&$ (�9 $>T�3 8+0�)+%&3>.+U�1�)+8�)�$�5 0�)AB�9 1 /&$ (�( )�1 0�C?: )�)+#�/&3 (�8+0�)+( 3>(�9�: 8�3 -�V?)+: ( 3 B&3�$ 0�5 B�0�)
PXWY1 /+;&B&3�$ .E.+U�1�)+8�)+4 )E: ( 3 B&$ (�9�-ET�3 8+0�)+%&3G1�)+.+# 3 F&3�$ 0E1�)N1 /+;&B&3 -�'M9@(�9�: 8�)+*@B�9 1 /&$ (�( )�1 0�9
: )�)+#�/&3 (�8+0�)+( 3�5A3Z.[)�1 0�3 /�C�(�U\6^] _ `�`�a PXb WQ1 /+;&B&3�$ .[(�9�: 8�3 -[B�9 1 /&$ (�( )�1 0�Cc: )�)+#�/&3 (�8+0�)+( 3
F&)+/�H�( 3>)�d+e&-+1 (�-�0�C+1 -f.+/�9�-�(�9 $ '@F�%+;&4 9�6GT�3 8+0�)+%&)+.�D�gZ1�)�)+0�.�$ 0�1 0�.+9�921I;�1 0�3 ( )�.+/&$ (�(�U\'@# ) -
%&)+4 )+'@0�)+B�( )�1 0�9 5�.f8�3 0�$ 4 )+%�9�<h: ( 3 B�9�'MU\6A# )+# 3 /�9jif# $ %&$ '�$ (�(�U\6&5 3>1�)+F&$ %�HI3 (�9 $X8+9 1 /&)+% ) -
F&3�5&(�9�0�%�9�0�)+.+5�T�$ ( )+/&)+.>9Gk�lcd+U\/�9G#�%�9�: ( 3 (�UZT�3 8+0�)+%&3 'M9 5&( $>1 ;&=A$�1 0�.�$ (�(�U\'M92F�/�-?)�d+e&- 1 -
( $ (�9�->#�%�9�B�9�(21 (�9�HI$ (�9�-fB�9 1 /&$ (�( )�1 0�97D+m&3 '�$ 0�9�'�5�B�0�)?$�1 /�929�: '�$ (�9�0�C># )+%&)+4I0�)+B�( )�1 0�9 5&0�)
9�: '�$ (�9�0�1 -X9A%&3 : d+9 $ (�9 $IT�3 8+0�)+%&)+.>( 3�: ( 3 B�9�'MU�$�9A( $ : ( 3 B�9�'MU�$+D
n�o p q�r�s�o�t�u v u w � ��x7��
 � � � ����
7y�� � � � 
 � �M� 
 
 � �7z � � {�
 | x7
 ������!��7����� � � ��� ��� � 
 ����� � � } ~E� � � {�� � ��� � � ���
� � ��| � ��| ~M��� |�{�
 
�
 � 
 � ��� | w � ��� ��� � ��� � � } ��� � ��� � �

� ��� � ������
7y�� � � � 
 �

NH4 � ��� � � � � � � ��� 1 52 62

�+� � ��� � � � � � � ��� 2 54 49

NO3 � ��� � � � � � � ��� 3 76 48

PO4 � � � � � � � � � ��� 4 56 45

��� � 
 � � ��� 
�� � � � � � � � � � � � ��� 5 50 29

�+��� � � � � � � � � � ��� 6 51 27

�f� � � � � � � � � � ��� 7 69 22

� � � 
 �\
 ������
�� 
 �\
 � � � � � ��� �� � � � � ��� 8 77 20

��
 � ��� � ������
7y�� � � � 
 �

NO2 � ��� � � � � � � ��� 47 78
�\
 ��� � � � ��� �M� � � � � ��� 46 71

� � � ��� � � � � � � ��� 44 42

O2 � ��� � � � � � � ��� 49 27
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#�$ % $ #�$�&('*)�+-,�).'*/�0 1�, 2�1 0 )*3.450 6(78,�980�:*, '*;�,�<.2�= >*,�9?/�'*@ A.2 B = ;�/*,�B

CD)�,E'�= 3.752�= ;�/*F.2 1�,�,HG >�'*F.'*I ,�<.2�= >�'*I 'J>�'*1�;�).'*F�KML '�= F.2M'*L�).2 A.2 F.2 1�,�KJL�)�,�<�,�1E/�' @
-

1�,�>*1 '*/�2 1�,�K(G >�'*F.'*I ,�<.2�= >�'*I '?1 2�:*F.0�I '*L '*F*3.<�,�K?= F.2 A*3�2 ;DG ;�0 LN,�981 '*)�+-,�).'*/�0 1�,�K*O�;�$ 2*$*/*PQK /
-

F.2 1�,�K5A�F�KN=�'�'*;�/�2 ;�= ;�/�3.6(78,�9SR�0 >*;�'*).'*/N;�2 9S@ 1 0 <.2 1�,�B O�/*PQ9.'*AS@ 08L�).2 A.2 F�PT>�'*;�'*)�PQ9SL�) ,
-

/�'*A�,�;?>NL 2 ).2 9.'*A*3SG >�'�= , = ;�2 +-PH@ 0?I ).0 1�,�U�PT:*F.0 I '*L '*F�3.<�,�K.$�CD).2 A*3�= +�'*;�).2 1�1 0 K5/NV�WEL�) '
-

U 2 A*3.).0D'*L�;�,�+-,�@ 0 U�,�,NL '*@ /�'*F�K*2 ;?'*L�).2 A.2 F�,�;�X?A�, 0 L 0 @ '*1Y@ 1 0 <.2 1�,�BY>�'*F�,�<.2�= ;�/�2 1�1 '*BS'�:*Z.K =
-

1�K�6(752 BML 2 ).2 +�2 1�1 '*B O�1 0 , :�'*F.2�2Y;�'*<�1 '[,ML '*F�1 '[=�'*L�)�K�\]2 1�1�PQBJ=^:*F.0 I '*L '*F*3.<�1�PQ+-,J,�F�,
1 2�:*F.0 I '*L '*F*3.<�1 PQ+-,5@ 1 0 <.2 1�,�K�+-,5,�1�A�, >�0 ;�'*)�1 '*B59.0 ).0 >*;�2 )�, = ;�,�>*,_$�`-= F�,5/(1 0 452 +aL�)�,�+�2 ).2
/Y>�0 <.2�= ;�/�25'�:*Z.K*= 1�K*2 +�'*B[9.0 ).0 >*;�2 )�, = ;�,�>*,a:�3.A.2 +b).0�=�= +�0 ;�)�,�/�0 ;�XYL '*>�0 @ 0 ;�2 F�,c:*F.0 I '*L '*F 3

-
<�,�Ka@ '�'*L�F.0 1�>*;�'*U 2 1 '*@ 0[d /*P�=�'*>�0 Ka<�, = F.2 1�1 '�= ;�Xa/�=�2 I 'c@ '�'*L�F.0 1�>*;�'*1 0�O]'*F�,�I '�e β e = 0 L�).'�:�'*/�O

β e =�0 L�).'�:�'*/*f O�;�'51 0 B�A.2 1�1�P�2(A�, 0 L 0 @ '*1�Pb+�'*\�1 '5).0�=�= +�0 ;�)�,�/�0 ;�X5>�0 >Yg�V�hE, =�= F.2 A.'*/�0 1�1�PQ9
R-,�@ ,�>�'�e 9�,�+-,�<.2�= >*,�98R�0 >*;�'*).'*/�$

CD)�,S'*L�;�,�+-,�@ 0 U�,�,YL '*F.0 I 0 F�, O�<�;�'
>�'*1�U 2 1�;�).0 U�,�,i/�2 752�= ; /�e @ 0 I )�K�@ 1�,�;�2�e
F.2 BYd j�k�O.l[m.O�3.I F.2 /�'*A.'*).'*A.'*/�O R�2 1 '*F.'*/
,n/*@ /�2 452 1�1�PQ9o/�2 752�= ; /*f Op0q;�0 >*\]2
r�CDst+�'*I 3.;bL�)�,�/�'*A�,�;�XH>E= 1�,�\]2 1�,�6
<�, = F.2 1�1 '�= ;�,a;�'*F�X�>�'S/S'�:*F.0�= ;�,a/*P�= '

-
>*,�9c@ 1 0 <.2 1�,�B OQL '*G ;�'*+�3ML�)�,H'*L�;�,�+ ,

-
@ 0 U�,�,u, = >�0 F�,v/�2 )�9�1�,�Bu3.).'*/�2 1�X
w :*F.0 I '*L '*F*3.<�1 '�I '*xy,�1�;�2 )�/�0 F.0*$zV�F�K
=�'*A.2 )�\]0 1�,�K[>*, = F.'*).'�A.0[= ,�; 3�0 U�,�Kc' :

-
).0 ;�1 0 K?{o;�'*F*X�>�'N= 1�,�\]2 1�, 2(G ;�'*I '5L '

-
>�0 @ 0 ;�2 F�KM+�'*\]2 ;ML�)�,�/�'*A�,�;�XJ>b1 2�:*F 0

-
I '*L�)�,�K�;�1�PQ+|L '�= F.2 A.= ;�/*,�K�+tA�F�KE@ ' '

-
L�F.0 1�>*;�'*1 0�O}L '*G ;�'*+�3~'*;�P�= >*,�/�0 F�,

1�,�\�1�6(6�I ).0 1�,�U.3a,�1�;�2 )�/�0 F.0*$_��;�'^>�0�=�0�2 ;�= KY>�'*1�U 2 1�;�).0 U�,�BJ0 +-+�'*1�,�K*O�1�,�;�)*,�;�'*/*O�1�,.;�) 0
-

;�'*/�O_R�'�=�R�0 ;�'*/Y,^���(O�;�'Y@ 0 ).0 1 2�281 2?1 0 >*F.0 A�PQ/�0 F�,[1�,�>�0 >*,�9Y3�= F.'*/*,�B[1 05/�'*@ +�'*\�1�P�25I ) 0
-

1�,�U�P�O-L '�= >�'*F�X�>�3c>�0 >a= F�,�48>�'*+E/*P�=�'*>*, 2�O�;�0 >[,M= F�,�48>�'*+E1�,�@ >*, 2Y@ 1 0 <.2 1�,�K^G ;�,�9aL 2 ) 2
-

+�2 1�1�PQ98+�'*I 3.;D/*PQ@ PQ/�0 ;�X?'*;�>*F.'*1 2 1�,�K8'*;(:*F.0 I '*L '*F*3.<�1 '*I '5=�'�= ;�'*K�1�,�K8'*)�I 0 1�,�@ +�'*/�$��JL�) '
-

�.��� ����� �^� � � �
 
�*
 � �����8� � � ��� ����� � � �Y��� � ��� � �J� �?� � � � �

-
� � ��� ��� ������� � �����Q� ��� � � � � ����
 
�
 � 
 ����� �
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# $�%�%�$'&)(�*�+�,-+�. / #�+�+0. / 12/ 3�/ 4�+05�+�6�5�787:9 ;2/ 5�+�#2<0*�&)=�5 &�% *�+?> @BA CED F�( &�% 42$'=2$ 9 &G,�/ H�% +�, + -
. +�;2&)3�/ 4�+I( &)4�5 &)* <�J KL( &),�&)MON�7P9 ;2/�Q-+�H�&)3E. / 3)+ % +�,�&�% *�+0( &)4�5 &�*�RS&)*O*�&)=�5 &�% *�+ F�. / 12/ 3�/ $ -
,-RUT?(�;2&)# $ 1)<2;2&)VLWYXZ> ;�+ %)J�[�J A D FU42$ 9 H�&?,�&)6�5 &\<23)+�12$ *�N)F�5 /GH�/ H�&)V],�/ H�% +�,�<2,^( &)4�5 &)*�R
,�&)6�5 &8;2/�%�% =�+�*�RU3�/ *�N_3_(�;2$ 1 $ 42/ T`. / 12/ 5�5 &)9 &8( &);2&)9 /�*�&)=�5 &�% *�+BJ

a $ . <24�N�*�/ *�R]5 &);�,-+�;2&)3�/ 5�+�b'> *�/�c)4 J�[2J [)DU% 3)+�12$ *�$ 4�N)% *�3�<278*O&O*�&),�F�=�*�&'( &dc�&)4�N�eO+�5 % * -
3�<\Q-+�. +�H�&�f T�+�,-+�=2$�% H)+�TI( &)H�/ . / *�$ 42$ V\,�$ 6Y1)<\g�W�h_F�3)RU=�+ % 42$ 5�5�RU,-+?1�4�bG;2/ . 5�RUT0+�5�1�+ H / -
*�&);�5�RUT0T2/ ;2/ H)*�$ ;�+ % *�+�H�F-5 $E% <2M'$�% *�3�<�$ *E% <2M'$�% * 3�$ 5�5 &)V?;2/ . 5�+�#�R_J a b�12&),i%�&0. 5 / =2$ 5�+�b�,-+
g�W�hj(�;2&�% *�/ 3)42$ 5�RL. 5 / =2$ 5�+�b`*�&)=�5 &�% *�+d+G( &)4�5 &)*�R_J�kUH)42/ 1dH�/ 6�12&)9 &dQ�/ H)*�&);2/83'3�&). 5�+�H)5 & -
3�$ 5�+ $�l H�&)42&)9 +�=2$�% H�&)9 &85 $�c)42/ 9�&)( &)4)<2=�+�b8&)(�;2$ 12$ 4�b�42% b_( &)4�5 & *�&)VBJ
m�n o p�q�r�nUs�t s t u 	�v\w2� � � � 
 � ��� 
�
 � �G� � xU
 � � � ��� ����!�� ��� � � � ����
 � � ��!_����� ��� � � � 
 � �_y �2� z���{|����}������`z 
 �

-
� 
 ��~ � ��� z�� {i� 
 
 ! ������z 
 � � 
 ��~ �
����� ��� � � ! ������� 
 � � ���

� � � � � � � 
 � ~
	���� � � � � ��� � -
� � �-� � 
 ����!
� ��� � 
 �����

� ��� � 
 ����
 u 	�vGy �-� � � � � � !�� � � ��� � � ~�� � � � ��� � � �

� � x�� ��� � 
 ����� � � �
� z ����� 
 ��� � �-� � �

-
� � � ��� � � ���

� � x�� ��� � 
 ����� � � �
� � ��� � �

β-
� � � 
 � � � �

� � x�� ��� � 
 ����� � � �
β
� � � � 
 � � � �

�)���dy ��� z�� � � ��� � �
0.48-12.16 4.48 (51, 80) 4.56 (52, 82) 4.64 (58, 84)

�)�By ��� z�� � � ��� � �
0.01-5.88 0.84 (56, 85) 0.84 (57, 85) 0.84 (63, 86)

O2 
y �2� z�� � � ��� � �

4.6-18.48 5.28 (53, 88) 6.32 (53, 79) 7.6 (61, 70)

�`��y ��� z�� � � ��� � �
0-0.98 0.07 (56, 74) 0.07 (58, 75) 0.07 (64, 76)

NH4 
y �2� z�� � ��� z�� � � ��� � �

0.04-2.9 0.2-1.28 (58, 71) 0.2-1.29 (59, 71) 0.13-1 (63, 69)

NO2 
y �2� z�� � ��� z�� � � ��� � �

0-1.58 0.04-0.2 (60, 72) 0.03-0.24 (58, 74) 0.03-0.16 (66, 71)

NO3 
y �2� z�� � ��� z�� � � ��� � �

0.02-6.5 0.02-0.82 (66, 78) 0.02-0.84 (64, 76) 0.02-0.8 (67, 70)

v�� � 
 � � ��� 
�� � ��y ��� z�� � �
��� � �

0-0.7 0.45 (51, 90) 0.09 (51, 75) 0.45 (56, 88)

� � y �2� z�� � ��� z�� �
5.5-9.56 7.75-9.56 (57, 69) 7.7-9.56 (60, 74) 7.75-9.56 (65, 71)

�U
 ��� � �dy ��� z�� � � ��� � �
0.0002-0.016 0.0038 (55, 77) 0.0038 (53, 74) 0.016 (56, 100)

PO4 
y �2� z�� � ��� z�� � � ��� � �

0-2.4 0-0.27 (54, 75) 0-0.26 (57, 75) 0-0.26 (62, 73)

� � � 
 �U
 ������
B� 
 �U
 � � � �
y ��� z�� � � ��� � �

0.4-127 16.5 (57, 94) 11 (57, 76) 16 (62, 90)
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#%$ &%' ( ) * +�&�)�&%,.-�$ /�/�0�'1/ '�*�,.-.2 $ 3%' /�)�465�7�8:9;-.0=<�) * >%' /�/�0=?@3�>�46&%$ A /�0=?@)�/�3�)�B�$ +�,.&%,.-

C B�,.>%,.( )�<%'�*�B�,.( ,1*�,�* +�,.4�/�)�4.9%/ 'D3%,.>�E�/�0F-.-�,.3�)�+�G:-HA $�I.>.J%E�3%' /�) '.K.7�LM+�,.>�G�B�,1B�,./ * +�$ +�)�& J
-

' +�9;/ $�* B�,.>�G�B�,62 ,.+�' /�N�) $ >.G�/ ,O,.2 $�*�' /@+�,.+P)�>�)@)�/ ,.QR)�A I.0=+�,.B6)�>�) 9;/ $�,�I�,.&%,.+�9�/ ' 3%,�* +�$ +�,.B
3%$ /�/ ,.( ,H-�' SP'�* +�-�$:T )�>�)P>�UHI�,.( ,H3�&.J%( ,.( ,1V�$ B.+�,.&%$:/ ' ?�)�WX)�<%'�* B�,.Q62�&�)�&%,.3%0=YX3�>�4HB�,./�B.&%' +

-
/ ,.( ,PJ%<%$�* +�B�$1I.) ,.+�0�9�-.0�I.&%$ /�/ ,.( ,Z2 ,Z/ ' B�,.+�,.&�0=WM*�,�,�I.&%$ ED' /�)�4.W[-ZB�$ <%'�* +�-�'H2 ,.B�$ A $ +�' >�4.9
,.+�&%$ ED$ U\SP' ( ,Z* +�' 2 ' /�G1] A 3%,.&�,.-.G�4�^ C B�,�* ) * +�' WX0:K%_\,./�4�+�/ ,�9�<�+�,P3�&.J%( ) '\)�/�3�)�B�$ +�,.&�0M3%$ ED'
-H2�&%' 3%' >%$ ?P,.3�/ ,.QZ)Z+�,.QPED'D( &.J%2�2�0M,.&�( $ /�)�A W�,.-1W�,.( J%+H*�,.-�*�' W`)�/ $ <%':-�,�* 2�&�)�/�)�W�$ +�G\-�, A

-
/�)�B�$ U\S1) '�-./ ' a1/�) '=-�,.A W�J%S ' /�)�4%K

b K c K d K�LD/ $ >�)�A=*�,.-�,.B�J%2�/ ,.( ,\3%' Q * +�-.)�4\V�$ B.+�,.&%,.-H* &%' 3�0

e 2�&%,.( &%$ WXW�'H7�Lf2�&%'�3.J�* W�,.+�&%' / $H-�,.A W�,.E�/ ,�* +�GPWX/ ,.( ,�V�$ B.+�,.&�/ ,.( ,6$ / $ >�)�A $12�&�)�<�)�/

C B�,.>%,.( )�<%'�*�B�,.( ,g/ '�I.>%$ ( ,.2 ,.>�J%<�)�4%KHh=,�,.+�-�' +�* +�-�J%U\SP$ 4i2�&%,.N ' 3.J%&%$M2 ,.A -�,.>�4.' +i) * 2 ,.>�G�A ,
-

-�$ +�G:-HB�$ <%'�* +�-�'D,�I.j%4.* /�4�U\S1)�?P,.3�/ ,.-.&%' W�' /�/ ,H3%,H2�4�+�)Z/ ' A $ -.) * )�WX0=?12 ' &%' W�' /�/�0=? K�k�3�) /
-

* +�-�' /�/ ,�'D,.( &%$ /�)�<%' /�) '�lm+�,.>�G�B�,H,.3�/ $�)�A�/�)�?HW�,.ED' +D/ ,�* )�+ G:B�,.>�)�<%'�* +�-�' /�/�0=QP? $ &%$ B.+�' & K
n $�*�* W�,.+�&�)�Wo* )�+ J�$ N�)�Up*q,.2�&%' 3%' >%' /�) ' WoB.>%$�*�*�,.-rB�$ <%'�* +�-�$q-�,.3s2 ,sVX)�A )�B�,�t

?�)�WX)�<%'�* B.)�Wu2 ,.B�$�A $ +�' >�4�W�9D,.+�-�' +�* +�-�' /�/�0=WvA $w* /�)�ED' /�) 'R<�) * >%' /�/ ,�* +�)iA ,�,.2�>%$ /�B.+�,./ $@-
N ' >%,.WM)w,.+�3%' >�G�/�0=?@' ( ,6( &.J%2�2 9;/ $H2�&%' 3�W�' +Z$ / $ >�)�A $Z*�,.-.W�'�* +�/ ,.( ,O3%' Q * +�-.)�4Z/ '�* B�,.>�G�B.)�?
V�$ B.+�,.&%,.-�K;xw' +�,.3�)�B�$Z7�Lv- C +�,.Wf* >.J%<%$�'Z2�&%' 3.J�* W�$ +�&�)�-�$�' +O*�,.A 3%$ /�) '6B�,.W�I.)�/�)�&%,.-�$ /�/ ,.Q
,�I.j%4.* /�4�U\SP' Q[2 ' &%' W�' /�/ ,.Q 9D,�I.j�' 3�)�/�4�U\SP' QM/ '�* B�,.>�G�B�,`) * ?%,.3�/ 0=?FB�$ <%'�* +�-�' /�/�0=?F2 ' & '

-
W�' /�/�0=?ZT / '\I�,.>%'�':2�4�+�)�Y K�xR0[&%$ A 3%' >�)�>�)Fy cP)�W�' -.a1)�?%* 4H-1/ $ aP' WF&%$�* 2 ,.&�4�ED' /�)�)O2 ,.B�$ A $

-
+�' >%' QP/ $�+�&�)P( &.J%2�2�0\z�I.) ,.( ' /�/�0�' C >%' W�' /�+�0[T $ A ,.+\$ WXW�,./�)�Q�/�0=Q 9%/�)�+�&�)�+�/�0=Q 9%/�)�+�&%$ +�/�0=Q 9
V�,�*�V�,.&OWX)�/ ' &%$ >�G�/�0=Q�Y {�-�' SP'�* +�-�$�t A $ ( &�4�A /�)�+�' >�)wT |�}�9�~R�%9�J%( >%' -�,.3%,.&%,.3�0�9XV�' / ,.>�0�9�-.A - '

-
aP' /�/�0�'�-�' SP'�* + -�$ Y {[2 ,.B�$ A $ +�' >�) 9i* -.)�3%' +�' >�G.* + -�J%U\S1) '�,q?%$ &%$ B.+�' &%'�2�&%,.3.J%B.N�) ,./�/ ,�t
3%'�* +�&.J%B.N�) ,./�/�0=?i2�&%,.N '�*�*�,.-M-M-�,.3%,�' W�'[T ��_:��9HB�,./�N ' /�+�&%$ N�)�4MB.) * >%,.&%,.3%$�9H���:Y KD_\,�* >%'

C +�,.( ,v2 ,�,.<%' &%' 3�/ ,uJ�* +�$ / $ -.>�)�-�$ >�)�*�,.2�&�4�ED' /�/ ,�* +�)�)�/�3�)�B�$ +�,.&�/�0=?�?%$ &%$ B.+�' &�) * +�)�B�*�,
-�*�' WX)Z-�,.A W�,.E�/�0=WX)6*�,.<%' +�$ /�)�4�WX)ZB.>%$�*�*�,.-HB�$ <%'�* +�-�$D2 ' &%' W�' /�/�0=?P-1( &.J%2�2 '.K.7�>�4HB�$ E�3%,.( ,
* >.J%<%$ 46,.+�I.)�&%$ >�)`*�,.2�&�4�ED' /�/ ,�* +�G.9�)�W�' U\SHJ%U�W�$ B�* )�W�$ >�G�/%J%U�+�,.<�/ ,�* +�G.9�2�&%' -.0=aP$ U\SHJ%U
d%�.�O9 / ,6*H2 ,.>�/ ,�+�,.Q@/ 'HW�' / '�'Oy �.��T +�$�I.> K b K d�Y K n ' aP$�' W�$ 4Z*H2 ,.W�,.S1G�Uv,.2�) *�$ /�/ ,.( ,ZB�, W

-
I.)�/�)�&%,.-�$ /�)�4P/ '�* B�,.>�G�B.)�?62 ' &%' W�' /�/�0=?6A $ 3%$ <%$1V�,.&%W�J%>�)�&.J�' +�* 4PB�$ BZ2 ,.) * BO*�,.<%' +�$ /�)�4Z+ $

-
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#%$�&(' ) * +-, )�$�./) ,�0 #�1%2�3�#%$�&54�* #%6�1%7-1%8�9:#�1%6�1%7-1�,;) * $ <�1%2-,�,;6�1%+�) 151�<%=->%0 )�>%, 6;8%?�<%7-* )�) 1�,
' ) * + , )�$ ,�$�)�@�$�#�* 6�1%7�) 1%.BA , 7-, C�, )�) 1%.ED

F #�* ' * 2-1�0 3%9�+�6�1G@�2�>H) *�<�1%7-*BA , 7-, C�, )�)�?I&-J ' * K 7�>%' )�$�6�, 2-, .L) ,M0 N-OB,�0 6�8�N�, 6M6�* #�1%K 1P0 1 -
+-, 6�* )�$�>;#%2-*�0�0�1%8Q#�* +-,�0 6�8�*�9R#�1%6�1%7-1�,;0SN-@-1%8%2-, 6 8�1%7�$�6�, 2�3�) 1%.56�1%+�) 1�0 6�3�TU1�<%=->%0 )�>�2-1(<%?
N-&%N-@�VB, )�$ ,MW #�1%2-1%K $�+-,�0�#�1%K 1S0�1�0 6�1%>�)�$�>G7-, #%$;A 1P8�0�, C/6�7-, CX8%?�<%7-* )�)�?ICX$�)�@�$�#�* 6�1%7�)�?�C
K 7%N-A�A * C;A , 7-, C�, )�)�?I& D�YZ,�<%2-* K 1%A 1%2%N�+�)�?�,:#%2-*�0�0 ?Q#�*�+-,�0 6�8�*:8�1%@MA 1[8�0�, CQ<%$ 1%K , )�)�?IC\W 2 , -
C�, )�6�* C50[8%?�0�1%#�1%.L0 6�, A , )�3�T]6�1%+�) 1�0 6�$L0�1%A-N-6�0 6 8�N-TZ6B)�$�' #%$�C(+�$ 0 2-, )�) 1�0 6�>�C(8�0�, &GK 7%N-A�A
' 1�1%A�2-* )�#%6�1%) *%D�^_6�1(`R,I8%7-, Ca>:@�2�>:A�7-1%@%N-#%b�$ 1%)�) 1�J @-,�0 6�7%N-#%b�$ 1%)�) ?I&/&-* 7-* #%6�, 7�$ 0 6�$�#5) * -
c�d e f�g�h�dai�j k j l � ��� ������
 � � � ������
E� � � ��� ����� � � �R� ��� � ��� 
 � � ��!I����� ��� � � � 
 � ��� ��� � � � � � �I� � � 
 � � � ��m���n���� �

-
� � o ! ��������
 � � ���pm�� � � � � � 
 � q �p�Er � � � � ����
 �p��!�� r sI
 � � � 
 ����� � � �

t���� ��� � o ! ������� 
 � � �%
�� � � � � �B� � � 
 � � � ��� � �Su ��� 
 r � � ��!�� � � � � � !�v]� ��� � 
 ����q
� r ����� 
 ����!�� � � ��� � � ���Im�� � ��� � �B� � m�
 q w�
 ����� � � �%x �a� � � � 
 � � ����!avy� � � � � �

�a� r ����� 
 ��r zGm�� � ��� � r�� � ��
 � { ����!�m�
 
�
 � 
 ������! |

}�� � � 
In���� ��� � o
! ������� 
 � � ��!�m�� � � � � � 


-
� 
 �%x � � � � � � � q zas���!

� � ��� ������
 � � � ����r zG� � ~
-

q � ��q zas�r zGm�
 
 
 � 
 ���%r z
� � q������ � � ��� � sI
 ��� � �

-
� 
 ����� � � ��� � � m�� � ��� � �

-
���

� � q������ � � ��� ��� � 
 ��� �
-

� � ��� � ��� � o
β
o � � m�
 � � � �

� � q������ � � ��� ��� � 
 ��� �
-

� � �
β
o � � m�
 � � � �

NH4, NO2, NO3, PO4 4-5, 4-6, 2-4, 3 (86, 12)

[-6, -1, -6, -17]

4-5, 4-6, 2-4, 3 (86, 12)

[-6, -1, -7, -17]

4-5, 4-6, 2-4, 2 (63, 11)

[-7, -1, -8, -15]

�%� x �p� x r � � 
 � � ��� 
�� � �Ex
n�
 ��� � �Ex � � � 
 �I
 �����E

� 
 sI
 � � � �

��
 �Em�
 � � ��� ��
 �Em�
 � � ��� ��
 �Em�
 � � ���

�%� l x��
2, pH 1, 1, 1 (82, 18)

[-14, -4, -9]

1, 1, 1 (77, 17)

[-18, -4, -8]

1, 1, 1 (77, 20)

[-13, -6, -8]

<%2�Tp@-*�, 6�0 >H1�<%7-* 6�) * >M#�* 7�6�$�) *�� W #�1%2-1%K $�+-,�0 #�1%C�NS) ,�<%2-* K 1%A 1%2%N-+�$ Tp9�$�@-, )�6�$ 4a$�b�$�7-1%8�* )�) 1 -
C�NLA 1P+�$ 0 2-, )�) 1�0 6�$\' 1�1%A�2-* )�#%6�, 7-1%8�9�0�1�1%6�8�, 6�0 6 8�N�, 6HA 1%2�) 1�,G<%2-* K 1%A 1%2%N-+�$ ,HA 1S���:��9�# $ -
0 2-1%7-1%@%NB$M���[D%�a0 2�$M8�, 7�)-N�6�3%0 >Z#Z7-, ' N-2�3�6�* 6�* C;1%@�) 1�4�* #%6�1%7�) 1%K 1B* ) * 2�$�' *Z� 6�*�<%2 D ��D � � 9-6�1[A 1
#%7-* .�) , .GC�, 7-,Z@�2�>B�

2
$G���y<%?I2-1BA 1%#�* ' * ) 1B8%2�$�>�)�$ ,:8%?�0�1%#%$�&M#%2-*�0�0�1%8B#�* +-,�0 6�8�*ZW 6�$�&BA 1 -

#�* ' * 6�, 2-, .Q) *G) ,�<%2-* K 1%A 1%2%N-+�$ ,P<%$ 1%6�?:D F +-, 8%$�@�) 1�9�#�1%C�<%$�)�$�7-1%8�* )�) 1�,P$ 0�0 2-, @-1%8�* )�$ ,P) , -
0 #�1%2�3�#%$�&/4�* #%6�1%7-1%8(' *�0 6�* 8%2�>%, 6;) ,�0 #�1%2�3�#�1(A , 7-,�0 C�1%6�7-, 6�3\N�0 6�* ) 1�8%2-, )�)�?�,;7-* ) ,�,Q0 8�>�' $
C�, `�@%NQ#�1�CaA 1%) , )�6�* Ca$(W #�1�0 $ 0 6�, Ca?:D��R, 2-1;8\6�1%C�9�+�6�1\) * .�@-, )�)�?�,S7-* ) ,�,L1�<%=->%0 )�>�TZO[$ ,
#%2-*�0�0 ?]#�* +-,�0 6�8�*G� � J .\@�2�>P���:��9I��J �-J .Q@�2�>L�

2
9���J .\@�2�>S���:�p8%C�,�0 6�,H8�0 6�7-, 6�$�2�$ 0 3P8�0�, K 1
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#%$�&�')(+* ,�-%.0/ 1�2�/ 1�3�2 '�' #%4+5�1�#6$+* 78289�(�&;: <�<%=?> #%@A1�#%5�' #�/ 1�&B9 #%C�' #%1�*81�* D�#%@?/�#%9�(�E�782 '�' #�/ 1�&
' 2GF�#%H C+*G9�(+2 3%I�/ &�1�JK: =K-+L81�/ MN$+*G3%IO3�#%$APQ1�(�&?' * , 3�* '�'�IORBS0&�, &�D�#�> R�&�F0&�5+2�/ D%&�R)9 #%D�* , * -
1�2 C�ET/ C+*�U�#A/�#%9�(�E�782 '�IV$�(%W+HG/G$�(%W+H #%F;3T1�#%FX/ F0I�/ C+2�4�5�1�#A&�RA' * & U�#%C+2�2N1�#%5�'�I�26#%$�' #�S�* D -
1�#%(�'�I�2B, * 3%& / &�F�#�/ 1�& 4OU�W+$%W+5�&V#�U%Y�2 $�&�' 2 '�' IOF0&X3Z#%$�&�'V#�U%Y+E%/ '�E�MN[T&�@X9�(�&�, ' * D�4�D�* DZU%I
\ (+*�/ 1�3�#%(�E�MN1�/ E�]G3T#�U%[A2 FZF�*�/�/ &�3�28$+* '�'�IORT&)1�2 (�E�MN1G/ 3�#%M^, ' * 5�&�F�#�/ 1�J+-%_�* D�#%F�W)782GD%C+* / -
/ WKD�* 5+2�/ 1�3�*�4`' * 9�(�&�F�2 (+4`$�C�E?a

2
4`3Bb 1�#%@;/ &+1 W�* c�&�&Z$+#%3�2 (�E�1�J)Ped�> f+> F�W�4�& / R+#%$�EB&�,T#%$�' # -

S�* D%1�#%(�' #%H #T* ' * C�&�, *�4+&�C�&X: > F�W�4 #%(�& 2 '�1�&�(%W+E%/ JN' *GD�#%F�U%&�'�&�(+#%3�* '�'�IO@�g8h8#%H #%3�#%(�&�F�/ E%4�5�1�#
9�(�&BW�/ 1�* ' #%3%C+2 '�' #%@?'�&�7�' 2 @?H (+* '�&�c 2G1�#%5�' #�/ 1�&Ki�<%=jD%(�&�1�2 (�& 2 FXc 2 '�' #�/ 1�&?1�#%@?&�C�&K&�' #%@
/�#%9�(�E�782 '�' #�/ 1�&XE�3%C�E%2 1�/ EK2�2B9 #%C�' #%1�*�-�kN#%C�' #%1�*K#%$�' #�S�* D%1�#%(�'�IORX/�#%9�(�E�782 '�' #�/ 1�2 @la

2
&

m�n^/G&�'�$�&�D�* 1�#%(+#%F \ #+U%[A* E65�& / C+2 '�' #�/ 1�J6, #�#%9�C+* '�D%1�#%' * ]6o /�#�#%1�3�2 1�/ 1�3�2 '�' #TpT&?q%=Br0#%D�* , * -
C+*�/ JA'�&�78269 #%C�' #%1�IsD�#%F�U%&�'�&�(+#%3�* '�' #%@t/�#%9�(�E�782 '�' #�/ 1�&to : u�=Br -�kN#%b 1�#%F�WK9�(�&�F�2 Fl, ' * 5 2 -
'�&�EAD%C+*�/�/�#%3�4�9 #%C%W+5+2 '�'�I�263AR+#%$+26D�#%F�U%&�'�&�(+#%3�* '�' #%H #B& /�/ C+2 $+#%3�* '�&�E%4`, *T& / 1�&�'�'�I�2%- _�# ( -
(+2 D%1�&�(+#%3%D�*A(+2 , W+C�J�1�* 1�#%3K#%$�' #�S�* D%1�#%(�' #%H #K* ' * C�&�, *A' 2A1�(+2�U�W�2 1�/ EBC�&+vTJB9�(�&Z#�U%Y+E%/ ' 2 '�&�&
'�&�, D�#%@B5�& / C+2 '�' #�/ 1�&?#%C�&�H #�> β > /�* 9�(+#�U�#%3Tw+> F;D%C+*�/�/�#%F;D�* 5+2�/ 1�3�*N9 #Aa

2
o 9 #%C�' #%1�*Gw�w�=j9�( # -

1�&�3K: p%=x9�(�&AD�#%F�U%&�'�&�(+#%3�* '�' #%FZ& /�/ C+2 $+#%3�* '�&�&�r -%y�1�#6D�*�/�*�2 1�/ E6U%& #%H 2 '�'�IORAb C+2 F�2 '�1�#%3�4�1�#
, $+2�/ J%4�' *�#�U�#%(+#%1�4�D�#%(�(+2 D%1�&�(+#%3%D�*A' 2�#�U%R+#%$�&�F�*A1�#%C�J�D�#?$�C�E NH4

9�(�&X#�U%Y+E%/ ' 2 '�&�&;'�&�, D�#%@
5�& / C+2 '�' #�/ 1�&)/ W+F0F�* (�' #%H #N, #�#%9�C+* '�D%1�#%' *�&)#%C�&�H #�> β > / * 9�(+#�U�#%36o 1�*�U%C -%d+- :�&Ad�- f�r -

z 5+2 1A/ (+* , W?' 2�/ D�#%C�J�D%&�R?#�U%Y+E%/ '�E�MN[T&�RB9 2 (+2 F�2 '�'�IORB3�#%, F�#�782 'K' 261�#%C�J�D�#)9�(�&t#%9 & -
/�* '�' #%F;D�#%F�U%&�'�&�(+#%3�* '�' #%FX* ' * C�&�, 2�4�' #T&B9�(�&?#%$�' #�S�* D%1�#%(�' #%FV* ' * C�&�, 2�4 D�#%H $+*N' *6#�/ ' #%3�2
, * $+* '�'�IORs, ' *�5+2 '�&�@{' 2�/ D�#%C�J�D%&�R^S0&�, &�D�#�> R�&�F0& 5+2�/ D%&�R{S�* D%1�#%(+#%3sD�#%' / 1�(%W+&�(%W�2 1�/ Es#%$�' *
/ C+#%7�' * EB3%1�#%(�&�5�' * EB9 2 (+2 F�2 '�' * E+-�|^D�* 5+2�/ 1�3�2B#�/ ' #�3%I}$�C�E?9 #%$+#�U%' #%H #K& /�/ C+2 $+#%3�* '�&�E?& / -
9 #%C�J�, #%3�* C�&l$+* '�'�I�2K1�*�U%C -Od�- dX#�U;~�h z S�* D%1�#%(+#%3�4�#�U%Y+E%/ '�E�MN[T&�RX'�&�, D�W+M�5�& / C+2 '�' #�/ 1�J
/ W+F0F�* (�' #%H #B, #�#%9�C+* ' D%1�#%' *%- h�C�E)D�#%C�&�5+2�/ 1�3�2 '�' #%@K9 2 (+2 F�2 '�' #%@ \ 3%, 3�2 vA2 '�'�I�2T3�2 [A2�/ 1 3�* ]�4
#�U%C+* $+*�MN[A2 @}' * & U�#%C�J�vA2 @}9 #%C�' #%1�#%@�o q%f�=Br 4TU%IOC+*l/�#%, $+* ' *VD�* 5+2�/ 1�3�2 '�' * Es9 2 (+2 F�2 '�' * E
\ , ' *�5+2 '�& 2A9 2 (+2 F�2 '�' #%@Z3%IOR+#%$�&�1), *AH (+* '�&�c�I}~�h z ]�-`��*)782)9�(+#%c 2 $%W+(+*BU%IOC+*)9�(+#%$+2 C+* ' *
1�* D%782K$�C�EZ1�(+2 RX$�(%W+H &�RX9�(+#%&�, 3�#%C�J�' #;3%I�U%(+* '�'�IORX9 2 (+2 F�2 '�'�IOR�� pH, NH4, NO2

-0kN#�/ C+2
b 1�#%H #;3%IO5�& / C�E�C�&s/ ' * 5+* C+*K1�#%5�' #�/ 1�Jt&l9 #%C�' #%1 WV#�U%Y+E%/ ' 2 '�&�EZ'�&�, D�#%@s5�& / C+2 '�' #�/ 1�&s, # # -
9�C+* '�D%1�#%' *6D�* 7�$+#%@K&�,G9 #%C%W+5+2 '�'�IORB3%1�#%(�&�5�'�IORB9 2 (+2 F�2 '�'�IORB3B#%1�$+2 C�J�' #�/ 1�& 4`*T, * 1�2 FV9 W -
1�2 FZ9 #�#%5+2 (+2 $�' #%H #6$+#+U�* 3%C+2 '�&�END \ 3%, 3�2 vA2 '�'�IOFZ3�2 [A2�/ 1�3�* F0]G1�(+2 RA$�(%W+H &�R)S�* D%1�#%(+#%3T&?# U -
(+* , #%3�* '�&�EG1�(+2 RT' #%3%IOR63%1�#%(�&�5�'�IORT9 2 (+2 F�2 '�'�IORT& /�/ C+2 $+#%3�* C�&B/�#%9�(�E�782 '�' #�/ 1�&)1�&�9 * \ 2�/ C�&
, ' * 5+2 '�& 2NR+#%1�EAU%Is#%$�' #%@Ko $�3�W+R+4 1�(+2 R+4 5+2 1�IO(+2 R�r�9 2 (+2 F�2 '�'�IOR)3%IOR+#%$�&�1T, *6H (+* '�&�c�I^~�h z 4
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#�$&% '�(*)�+-,.'�/ #�0 12%�3�4 5�' 126�3 0 )./ %�% $�0 #�7&4 $�$*8�).' %�5*#�$*% ' 9&: #�'�(*) ; <�; =*> ;�?�' 5@8 $*5�' 4 ACB�' +-#24 % ' 6 / -
%�3�1D8 $*)�% $*#�A�EF6./ GH(�$*)�7�I&/�/&5�$*)�3�6./�0 #�B�$KJ�' 5*#�$*L.$*BMB*N.$*,�3�#DB�$MB�#�$*L�3�6�%.O.+P8 / L./ G�/ %�%.O.+QE
#�/ GR8 $*)�% /�/DB�$*4 %�3�5�' +-S&/�/DT 5�$*).$*U 3�6./�0 5�$�/D% /�(*).' U $*8�$*)*O.6�3 /M$*8�3 0 ACB�'�/ #�0 1V,.' %�%�ACGH% '�( $ -
L.$*GRJ�' 5*#�$*L.$*B�E�8 $*T #�$*G�OVO.5�' 4 ' %�%�ACWX0 8 $�0�$�(V' % ' )�3�4 '@L./ I&'�/ #D4 ' ,.' 6*OY8 $*3 0 5�'D0�$*B�$*5�O.8�% $ -
0 #�3ZJ�' 5*#�$*L.$*B�EF% ' 3 (�$*)./�/D8 $*)�% $Y$�(*[.1*0 %�1�+-S&/ W\B*A�(*L.' %�% $�/D4 % ' 6./ %�3 /M3�%�,�3�5�' #�$*L�% $*WZ8 / -
L./ G�/ %�% $*W];*^�/ )�3�6�3�% '_8 $*)�% $*#�AZ`*a�bc,�)�1-8 / L./ G�/ %�% $*W E $�(*[�/ ,�3�%�1�+-S&/ WDB�0�/d6./ #�ACL./-J�' 5*# $ -
L.'�EF0 B*3�,./ #�/ )�7*0 # B�O�/ #@$M#�$*G�E]6�#�$Ke�bf0 )*O.6.'�/ BM% /�(*).' U $*8 $*)*O.6�3�1M$�(*[.1*0 %�1*/ #�0 1D3�%�ACGF3XJ�' 5 -
#�$*L.' GF3 E-#*; /*;-0 O�S&/�0 #�B�O.+-#Z0 3�# O�' g�3�3 E-5�$*U ,.'\6�3 0 )./ %�% $�0 #�7h0 %�3�i_'�/ #�0 1j8�L�3k0�$�(*)�+-,./ %�3�3
l�m�n 8 $-B*4 B�/ I&/ %�%�ACGKB�/ S&/�0 # B�' G�E pH, NH4

3 NO2.
o�p q r�s�t�pCu�v w v x � 
 ��� � y�
 z {�
 ����� � � �-����� � � �-� ��� � 
 ����� � � �Q� � � y�� � ��� � � ���C�C��
 � � � � | � �����Q� � }�z � ��z ~F�������
� � � � � 
 � ���Cy�� � 
 �Q� � ��� � 
�� ��
 � � � ����z]� � � 
 ��� ��� ��y�
 
 
 � 
 ����� �

� � }�z � ��z ~F��� z�y�
 
�
 � 
 ����� z ��� � ��� � � |�� � y�
 z {�
 ����� � � ���
����� � � ��� ��� � 
 ����� � � | ~M� � �

-
y�� � ��� � � ���

��� � ��� � ��� � y�
 z {�
 ����� � � ���
����� � � ��� ��� � 
 ����� � � | ~M� � �

-
y�� � ��� � � ���

� � � 
 �C
 ������
d� 
 �C
 � � � �2� ��
 � � � � ~
-

��
 ����
�� 	 x��
83 29

pH
� ��
 � � � � ~���
 ����
�� 	 x��

60 47

NH4
� ��
 � � � � ~F��
 ���*
�� 	 x��

62 48

NO2
� ��
 � � � � ~F��
 ���*
�� 	 x��

59 52
� � � 
 �C
 ������
d� 
 �C
 � � � �2�

pH
� � 


-
� � � � ~F��
 ���*
C� 	 x ! � � z_� �Ky��-� �

-
��� ���F��� � � � � � 
 � � �

63 61

� � � 
 �C
 ������
Z� 
 �C
 � � � �h�
pH +

+NH4
� ��
 � � � � ~F��
 ���*
M� 	 x ! � � z

� �&y��F� � ��� � �F��� � � � � � 
 � � �

58 81

� � � 
 �C
 ������
Z� 
 �C
 � � � �h�
pH +

NH4 + NO2
� ��
 � � � ��~F��
 ���*
Q� 	 x

! � � z�� �&y��F� � �*� ���F��� � � � � � 
 � � �

54 92

� % ' )�3 4-0�$*B*G�/�0 #�% $*U $@,./ W 0 #�B*3�1@J�' 5*#�$*L.$*BD028 $*G�$*S27�+�4 ' ,.' %�3�1@5�$*%�#�/ 5�0 #�'&$*8�3 0�' %VB
0 )./ ,*O.+-S&/ GKL.' 4 ,./ )./*;
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#�$ % $ &�$�'�(*)�+-,�(*.�/�0 ,�1 /�(*2-3�4�565 1�1 )70 87(*2�9 .�5�5:1�(*3�4�;�<=0 .�. (�1 /�0 >

?-. (*@ 879A(*,�9 B CD2�9�0 /�1 ;*E F�/�(6/�4*G78�. (:5�)�5H. 0 2�(*B I�(*<�. (:. 9 >�/�5J(*3�470 870 )70 .�.�C�0K1 2*;�B 5HI 0
-

<�8*GL479 B )�5�F�. CDIM5N,�(*IM3 (*. 0 .�/�9 IM5NO ,�(�1 5 1 /�0 I�E�479�P�(*/�9 ;Q1J3 (*)�.�CDIRI�9�1�1 5�2�(*IR879 .�.�CDS $DT
O /�5�SU1 )*G7F79 ;�SVO�W�W�0 ,*/�5�2*. (�1 /�+69 . 9 )�5�B 9AI�(*<=0 /6P*CD/�+63 (*2*CDX60 . 9AB 961 F70 /K2*CD870 )70 .�5�;:F79�1 /�5
879 .�.�CDSU3 (V,�9 ,�(*I�G�Y )�5�P�(V3�4�5�B . 9 ,�GJZ . 9 3�4�5�I�0 47E�3�47(�1 /�479 . 1 /�2�0 .�. (*I�GJ5�)�5[2*470 I�0 .�. (*I�G7\=2
P�(*)70�0DG7B ,*5�>63 (*8�I�9�1�1 5�2�$

]^9 3 (*IM.�5�I�E7F�/�(A3�4�5:3 (*5 1 ,�0-P*5 (*/�5�F70�1 ,*5�SK5�.�8�5�,�9 /�(*47(*2�E7. 9 5 P�(*)70�0-9 870 ,*2�9 /�. (AS79 479 ,
-

/�0 4�5�B G7_^`K5�SA. 0�P*)79 @ (*3 (*)*G7F�. (�0�O�,�(*)7(*@ 5�F70�1�,�(�0=1�(�1 /�(*;�.�5 0-1�(�(�P*`60�1 /�2�9=B (�(*3�)79 .�,*/�(*. 9=3 (*8
2*)�5�;�.�5 0 Ia2*. 0 XK.�5�SU2�(*B 870 > 1 /�2*5�> Eb2*CD;*1 .�5�)7(�1 +�E�F�/�(V. 0�P*)79 @ (*3 (*)*G7F�.�CD> EM#�Y > EM,*)79�1�1:,�9 F 0

-
1 /�2�9-2�(*8�C�E�2*CDF�5 1 )70 .�.�CD>H3 (:B . 9 F70 .�5�;�IL5�.�870 ,�1�9K1�9 3�47(�P*. (�1 /�5HB (�(*3�)79 .�,*/�(*. 9�Eb1�(*3�4�;�<=0 .
1-G7S*G78�X60 .�5 0 Ic,�9 F70�1 /�2�9A2�(*8�Ca)�5�XK+K3 (V&:5�BVd %VWM5�B 5�,�(�Y S�5�IM5�F70�1 ,*5�SV3 (*,�9�B 9 /�0 )70 >JZ /�9�P*) $
#�$ d \ $beM/�(H(*/�. (�1 57/�1 ;U,�(U2�1�0 I�G[2*,*)�_^F70 .�. (*I�G[2J9 . 9 )�5�BKI�9�1�1 5�2�G[879 .�.�CDS $�f=8�. 9 ,�(J(*/�P�(*4
B (�(*3�)79 .�,*/�(*.�.�CDS:5HWM5�B 5�,�(�Y S�5�IM5 F70�1 ,*5�S:3�47(�P63�47(*2�(*8�5�)�5H. 9A8�2�G7S:G7F79�1 /�,�9 SV470 ,*5JZ 4*G�1 )7(
5H2�(*87(*S�479 .�5�)�5�`60A2*I�0�1 /�0K1K3�4�5�3�)7(*/�5�.�. (*>J9 ,*2�9 /�(*4�5 0 >�\ E�,�(*/�(*4�C�0KI�(*@ )�5[(*/�)�5�F79 /�+*1 ;63 (
S79 479 ,*/�0 4*GV2*B 9 5�I�(*870 > 1 /�2*5�;KI�0 <�8*GU<�5�2*CDIL5H. 0 <�5�2*CDIL,�(*IM3 (*. 0 .�/�9 IM5HO ,�(�1 5 1 /�0 I�C-$�g 0

-
/�(*8Jh�ij1:3 (*I�(*`K+�_kB 9 879 .�5�;H,�(*.�/�0 ,�1 /�9V3 (*B 2�(*)�5�)[479 B 870 )�5�/�+H879 .�.�C�0U1�(*@ )79�1 . (HG7,�9 B 9 .

-
.�CDIQ3�47(�1 /�479 . 1 /�2�0 .�.�CDIQ@ 479 .�5�l 9 IQ5V3�47(*2�0�1 /�5U9 . 9 )�5�B-1�(*3�4�;�<=0 .�. (�1 /�0 >U2*.7G�/�4�5U,�9 <�87(*@ (
2*CD870 )70 .�. (*@ (-G7F79�1 /�,�9*$
m�n o p�q�r�nDs�t u t v � w�
 x yb
 ����� � � zD" � � ��� � ��� 
 � � � � ����
 � � � � � w*� � { � ��xD� � � w�� � ��� � � ������� � � � � � �7�A� � � 
 � � � ��� � �
w��^|���� ��� � } ! ������� 
 � � ���Uw�� � � � � � 
 � x �U�-� � � ��� ����� � � �K� ��� � ��� 
 � � � �=��� � � 
 ��� � � ����x-~ w�� � ��
 
 � ��{ � �[��
 � � �

-
� � w � ��{ � ���b
�� � x�� � ����� � �Mw�� � � � � � 
 � x�� � � � � �6� � � 
 � � � � �
����� ��� � } ! ������� 
 � � ����w�� � � � �

-
� 
 � z

����� ��� � } ! ������� 
 � � �*
�� � � � � �6� � � 
 � � � ��� � ��� � xM� } � �M� � � � � ��� � � 
 � � � �
� � � �6w��M� � � � � x �����U� � � w�� � ��� � � ���M~ ��� � � ��� � !�� ��� � 
 ����x�� � � ��� � � ���

w�� � ��� � �6� � w�
 x y�
 ����� � � ���
��
 � � � ��� 
 � � � � � � ��� 
 � � ��� 
 { � � ��� � � ��� 
 � � �

� � � � � ! 
 � ����� ����
��
w�
 ��w�� � � ������� ��{ � �

-
� � � � �

�*���
2 (68, 45) 2 (56, 44) 2 (76, 45)

Fe 1 (62, 56) 2-3 (59, 51) 1 (73, 69)

O2 1 (64, 62) 2 (57, 37) 1 (73, 73)

Mn 1 (59, 53) 2 (63, 35) 1 (71, 60)



��� � � ����� 	�
 � 
 
 ������� ����� ��������� ��� � ����� � ����
 � � ��� � � � ��� � ��� 
 � � � ��� � 
 � � � � � ������� � � � 
 
 ����!�" � � � � � �
-� 
 � � ��!�� � ������! 43

NH4 3 (73, 32) 3 (78, 16) 5 (100, 10)

NO2 5 (65, 23) 5 (63, 28) 6 (83, 25)

NO3 3-4 (88, 6) 2 (65, 47) 3-4 (88, 9)
#�� � 
 � � ��� 
�� � �

4 (70, 6) 4 (67, 5) 1-2 (69, 57)

pH 1 (66, 57) 1 (61, 70) 1 (70, 49)
$%
 ��� � �

1 (74, 28) 1 (72, 42) 1 (76, 21)

PO4 4 (79, 9) 4 (63, 12) 4 (100, 8)
& � � 
 '%
 ������
�� 
 (%
 � � � �

3-6 (70, 6) 2 (58, 16) 3-6 (78, 9)

)+*�, - , .0/�1 24365�7�/98�.�:<;�=0/�>�3�/47�/�>4=0, ?�?�@%ACBC=4D�1 .0EF=0E *4G�3�B4@�1�/4*4G EF- ? , 50E ?�G�:9G�?�80E *�1�/4B
1�, ;�=0/�>4? /�1 7�GH1�/�/47�B�E 7�1 7 B�D0IJ7K? E�>4.0, L /4; /4.4D05�?�@%MN*4.0,�1�1�,�MN*�, 50E�1 7�B�,OB�/48P; /RQTS G - G�*�/�U
A�G�MVG�50E�1 *4G�MO; /4*�,�- , 7�E .�:�MKW 7�,�>4. X Y�X Z4[ 3 7�/4L 80,\*�, *<8�.�:<;�=0/�>9G�-JB�/480/4A�=0, ?�G�.�G�]F,^5�G 1 .0/97 ,

-
*4G�A<; /4*�, - , 7�E .0E _C? EJ;�=0E B4@%`F,�E 7^a0X b�, *4G�MK/�>4=0, - /4M�3�MV@TB4G�8�G�M�3�5�7�/<G�?�80E *�1^1�, ;�=0/�>4? /�1 7�G
1�/�/�>4]FE�1 7�B�,c- /�/4;�.0, ?�*47�/4? ,�3�;�=�G�- ? , ?�?�@%_9? , MVG9? E+B4; /4.�? Ec;�=�G�L /48�?�@%Md8�.�:F/4e E ?�*4GCf *�/4. /

-
L G�50E�1 *�/4L /g1�/�1 7�/4:�?�G�:C=0E 5�? /4_hf *�/�1 G 1 7�E MV@RBie E .0/4M�3�;�=0E 801 7�,�E 7CA0, =0, *47�E =�G 1 7�G�*�/4_ 3�>�/4.0E�E
, 80E *4B�, 7�? /</4;�G 1 @%B�, IJ]FE _i1 7�E ; E ?�2Ff *�/4.0/4L G�50E�1 *�/4L /FD0]FE =0>�,\- /�/4;�.0, ?�*47�E =0, M�36/�>4G�7�, IJ]^G�M
BJ;�=0/47�/45�? /4_^B�/480E�30/47�80E _ 1 7�B4G�:J>�/4.�2�`^G�? 1 7�B�,+,�>4G /47 G 50E�1 *4G�A^S�, *47�/4=0/4B�X

j - L .�:�? E Mh1+7�/45�*4G<- =0E ?�G�:\- , 80, ?�G�:\B4=0E M�E ?�? /4L /^*�/4?�7�E *�1 7�,c? ,c;�=0/�>4.0E M�D<? /4=�MVG�=0/4B ,
-

?�G�:TSVG�- G�*�/�U A�G�MVG�50E�1 *4G�Ak; /4*�,�- , 7�E .0E _6XclJ/�1 M�/47�=�G�M�3^? ,�1 *�/4.�2�*�/P>�D084D07T/47�.�G�50, 7�241 :T= E
-

- D0.�2�7�, 7�@m/4;�7�G�MVG�- , e�G�GOS�, *47�/4=0/4B�3VB4.�G�:�IJ]^G�An? ,9/�>4]\D0IN5�G 1 .0E ?�? /�1 7�2g- /�/4;�.0, ?�*47�/4? ,CB
- , B4G 1 G�M�/�1 7�G9/47+B4=0E M�E ?�GC/47�>�/4=0,c;�=0/�>4@cX�o�.�:\f 7�/4L /^M�,�1�1 G�B\80, ?�?�@%A<>4@%.F=0, - 80E�.0E ?9? ,c8�B�,
; /48�M�,�1�1 G�B�,�3�/�>4p�E 8�G�?�:�IJ]^G�Ah? ,�>4.0IJ80E ?�G�:n1�/�/47�B�E 7�1 7�B�E ?�? /n- ,Kq r�r�Y�U q r�r�adW r�Yh? ,�>4.�IJ8 E

-
?�G�:�[6Gnq r�r�Z�U q r�r�s\W q t�ZJ? ,�>4.�IJ80E ?�G�_�[6L L�X

)c>4=0, ]F,�E 7C? ,C1�E�>4:iB4?�G�M�, ?�G ECS�, *479; /4B4@%`FE ?�G�:C7�/4.0E =0, ?�7�? /�1 7�Gd- /�/4;�.0, ?�*47�/4e E ? /4- ,
; /g/47�? /4`FE ?�G�Iu*g>�/4.�2�`^G�? 1 7 B�DhS�, *47�/4=0/4BCBOq r�r�Z�U q r�r�siL L�X6; /g1 =0, B�? E ?�G�Iv1<? , 50, .�2�?�@%M
; E =�G /480/4MvG 1�1 .0E 80/4B�, ?�G�:TW 7�,�>4. XJY�X s4[ Xco�G , ; , - /4?�@w>�E - /4; ,�1 ?�@%APW 7�X E4X+? Ed;�=�G�B�/48�:�]^G�AT*
1 ?�G�x+E ?�G�Iy5�G 1 .0E ?�? /�1 7�Gn- /�/4;�.0, ?�*47�/4? , [c- ? , 50E ?�G�_h7�, *4G�AnS�, *47�/4=0/4B�3V*�, *iz�lc{�3�1�/480E =�x ,

-
?�G E+*4G 1 .0/4=0/480,�30*�/4?�e E ?�7�=0, e�G�G9, MVM�/4?�G�_�? /4L /^, - /47�,�3�D0L .0E B�/480/4=0/480/4B�3�S�E ? /4.0/4B�30S�/�1�S�, 7�/4B43
B4- B�E `FE ?�?�@%A<B�E ]FE�1 7�BF1�/<B4=0E M�E ? E MK1 7�, .�GC`^G�=0E�3 5�7�/<M�/4x+E 7F1 B4G�80E 7�E .�241 7�B�/�B�, 7�2F/<; /�1 7 E

-
; E ?�? /4_9, 80, ;�7�, e�G�G91�/�/�>4]FE�1 7�B�,+*\D�1 .0/�B4G�:�Mh80, ?�? /4L /^B�/480/�E M�,4X�|c?�7�E =�B�, .�@O}�o�~T8�.�:\?�G 7

-
=0, 7�? /4L /�3�?�G�7�=�G�7�? /4L /^, - /47�,cG9M�, =�L , ?�e ,c? E�1 *�/4.�2�*�/F1 D0- G�.�G 1 2430A0/47�:\G<B\? E�>�/4.�2�`F/4_i1 7�E ; E

-
?�G 3%5�7�/h1 *�/4=0E�ECB�1�E L /hL /4B�/4=�G�7g/d1 7�,�>4G�.�G�- G�=0/4B�, B4`FE M�1 :h/�7�*4.�G�*�Ei- /�/4;�.0, ?�*47�/4? ,i? ,if 7�G
B�/4- 80E _ 1 7�B4G�:0XV��?�G�x+E ?�G E9- ? , 50E ?�G�_O}�o�~y8�.�:i���y��; /�U B4G�8�G�M�/4M�D�3�- ? , *g7�/4L /�3�547�/g;�= /

-
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#�$ %'&)(*%,+ -�. /0. 1�# .0$ %'1�243�%'(*. 5*6 1�3�1 %�+ 3�#7$ %�%'8�(*6 1�9'3�%'1�1�2;:<%'5�= 6 1�#�$ -�%'>,>?+ 3�%'5*%'1*@7A�%'(*.�.
9'# + (*%'BC+ 5*. D�2FE
G�H I J�K�L�H�M�N O N P 
 � � ��
 ����


 Q 	�RTS�� � � � 
 � �U� 
�
 � �WV � ��� ��� � 
 ������!�� � XW
 � � � ��� ����!UY�
 
 ��� ��� �U��� � ��
 ��� � � ����X
Z���� ��� � [

! ������� 
 � � ���
\ ��� � 
 ����
 Q 	�R]� � X�� ��� � 
 ����� � � ��� ^ ����� 
 ��� � �U� � � Y�� � ��� � � ���

Y�� � � � � � 
 � _ `�� ��� 
 � � ��a�b c c � [ b c c d
� � � e

`�� ��� 
 � � ��a�b c c f [ b c c gU� � � e b c c � [ b c c gU� � �

h'i�`Cj ��� ^�� k V ��� l �
2.72 8.8 4.48

m'nWj ��� ^�� k V ��� l �
0.84 0.84 0.84

O2 
j �*� ^�� k V ��� l �

10.7 4.8 5.28

oqp�j ��� ^�� k V ��� l �
0.07 0.06 0.07

NH4 
j �*� ^�� r ��� ^�� k V ��� l �

0.2-0.63 0.13-1.28 0.2-1.28

NO2 
j �*� ^�� r ��� ^�� k V ��� l �

0.04-0.12 0.04-0.08 0.04-0.2

NO3 
j �*� ^�� r ��� ^�� k V ��� l �

0.02-0.75 0.03-0.59 0.02-0.82

R�� � 
 � � ��� 
�� � �
j ��� ^�� k V ��� l �

0.02 0.12 0.45

pH 7.76-9.56 7.35-8.25 7.75-9.56

Z;
 ��� � �Cj ��� ^�� k V ��� l �
0.0019 0.0034 0.0038

PO4 
j �*� ^�� r ��� ^�� k V ��� l �

0.06-0.24 0-0.31 0-0.27

s � � 
 t;
 ������
u� 
 v 

-

� � � �Uj ��� ^�� k V �*� l �
11.5 16.5 16.5

w 5�#<6 1 6 (�#�$ .)D*6 1�1�2;:Tx 9�%'(*%'= #�y�.�+ 9�%'= %]-�%'1�#�3�%'5�#�1�= 60+)8 %'-�%'/)z�{|>'>�. D*. 1�#�}]9�%'1�3�. 9 -
+ 3�6~-�%'��1 %01 6 9'(*6 D�2;>�6 3�z)1 6~>'9'(�{~y*6�. -U2�.q>]6 1 6 (�#�$FD*6 1�1�2�.q8�5*6 9'3�#�y*.�+ 9'#,(�{qA'2�.q1 .�%*A': % -
D�#�-U2�.,# +�+ (*. D�%'>�6 3�. (�{�@�+ (*%'>'#�}*E��~6 8�5�#�-�. 5*�;8�5�#�8 %'# + 9�.,$ 1 6 y*. 1�#�B���6 9'3�%'5*%'>7+ 5*. D�2���>
8�5*. D*. (*6 :09�%'3�%'5�2;:C+ @*-U-�6 5�1 6 }qy�# + (*. 1�1 %�+ 3�zq$ %�%'8�(*6 1�9'3�%'1 6q%�+ 3�6�. 3�+ })>'2�+�%'9�%'B � -�%'��1 %0$ 6 -
D*6 3�z?9�%'1�3�. 9�+ 3���+�%'= (*6�+ 1 %<9�%'3�%'5*%'-�@�A�@*D'@*3<%'3�%�A'5*6 1�2|3�.,1 6�A'(�{~D*. 1�#�}'��>79�%'3�%'5�2;:uA'2;(*6
3�6 9'��.C>'2�+�%'9�6Cy�# + (*. 1�1 %�+ 3�z,%'3�D*. (�z�1�2;:?>'#�D*%'>���1 6 8�5�#�-�. 5*�UD*%'-U#�1�#�5'@*{~/)#�:<>?$ %�%'8�(*6 1 9 -
3�%'� . 1 %'$ .'E��F(�# ��y'3�%�A'2u>'2;y�# + (�#�3�z)������9�6 9�%'= %�� (�# A�%)8 %'9�6 $ 6 3�. (�}q8�5�#TA'(*6 = %'8 %'('@*y�#�#]D�5 @ -
= #�:,6�A'# %'3�#�y*.�+ 9'#�:,��6 9'3�%'5*%'>��W8�5*. D�(*6 = 6�. 3�+ }]9�%'1�3�. 9�+ 3C� $ 1 6 y*. 1�#�}]>'2;D*. (*. 1�1�2;:,8 %'(�z�$ %'> 6 -
3�. (*. -��U#�$ #�9�%�� :�#�-U#�y*.�+ 9'#�:�8 %'9�6�$ 6 3�. (*. B �q1 %�1 .u%'8�3�#�-U#�$ #�5'@�. -�%'= %��0%'3�1 %�+ }�3�+ }�9�� � -�@
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#%$'&�(�( )*#�& +',�( -�.�& /�0�132�4'5%+', 6�7�-�& #�)'89(�5%2�4�:�;<, =�= 5�( -�>?6�5%;�= 5@5%-�= ,�( -�AB#@( 2 5�(�5�C�)B#�5%6�C%A�= A -
4'5%.�& =�= 5%D 5?& = & $�A�E &�F'& =�=�G3H'7'5I#�5%- 5 4'5%6KJL$'&�4', +�><.I4'& E F', $',<M�0 N�0 O 0

P &�(�( 6�5%-�4�A�69F�4%)'D A ,Q.�& 4�A & =�-�GR)'+', -�&Q2�4�AS& = & $�A�E ,T= ,�( #�5%$�>�#%A�HVU�& #%-�5%4'5%.W(Q2 5%6 5 -
XL>�8YE & F'& =�A�:?#�5%=�-�, #�( -�&%0�ZI5�( 6�5%-�4�A�6�7�#�& #LA�E 6�, =�:�-�( :?4'& = ,�,<.%G3+�A ( $', =�=�G�,I[�\�]^.�(�, H@U A -
E A�#�5�_ H�A�6`A�+',�(�#%A�HQ2 5%#�& E & -�, $', acb -�&�C%$ 0 M�0 d�e�2�4�AT)�( $'5%.%A�A 7�+�-�5*.�(�,*5�( -�& $%>�=�G�,@2 , 4', 6�, =�=�G�,
A�6�, 8I-*E = & +', =�A�:%7`5%-�= 5�( :�XLA ,�( :B#TC%$'& D 5%2 5%$%)'+�=�G36Y#%$'&�(�(�&�6Y#�& +',�( -�.�&Bb 5%-Wf _ D 5TF'5KM�_ D 5T.
E & .%A ( A�6�5�( -�AW5%-B2 , 4', 6�, =�= 5%a�e 0�g<= & $�A�EL2�4'5%.�5%F�A�$�AW5%-�F', $�>�= 5TF�$�:T#�& ;�F�5%aW#�& +',�( -�.�, =�= 5%a
D 4%)'2�2�GIhTC%A 5%D , =�= G3Hji $', 6�, =�-�5%.�7K.�, X@,�( -�.�_ E & D 4�:�E =�A�-�, $', akAk2 5%# & E & -�, $', al2�4'5%F%)'#%m�A�A _
F',�( -�4%)'#%m�A�An0�\�$�:po�Zpq�7'r

2
7�s�t3A*U�, = 5%$'5%.p2�4�A@E & F'& =�= 5%a*=�A�;�= , a*D 4'& =�A�m ,<-�5%+�= 5�( -�A*b u�v%wBe

= ,c)'F'& $'5�( >S2 5%$%)'+�A�-�>SE = & +�A�6`G3HYA�=�-�, 4�.�& $'5%.'0p\�$�:SC�5%$�>�JLA�= ( -�.�&xF�4%)'D A�HY2 , 4', 6�, =�=�G3H

(NH4, NO2, NO3
7�)'D $', .�5%F'5%4'5%F�G�7�y�zI7�{�r

4
7n.%E .�, J@, =�=�G�,@.�, X@,�( -�.�& e<D 4'& =�A�m�G9[�\�]92 5%$ ) -

+�A�$�A ( >BC�5%$',�,?)'E #%A�6`Acb F�$�:BC%A 5%D , =�= G3HQi $', 6�, =�-�5%.Bi -�5B#�&�(�&�, -�( :%7�2�4', ;�F',L.�(�, D 5�7�.�, 4�H�=�A�H
D 4'& =�A�m�e 0�|�5%$�>�#�5BF�$�:BU�, = 5%$'5%.*.�, 4�H�=�A�aT)'4'5%.�, ='>B[�\�]}b v'0 v�v�u�u%epC%G3$T= , 6`= 5%D 5Q.%G3J@,�7�= , -
;<, $�AB2�4�AT5%F�= 5�U�& #%-�5%4�= 5%6WA (�( $', F'5%.�& =�A�An0�~<+', .%A�F�= 5�7 #�5%D F'&?C�5%$�>�JLA�= ( -�.�5*&�C%A 5%-�A�+',�( #%A�H
U�& #%-�5%4'5%.�A�6�, 8I-�C�, E 5%2 &�( =�G�,�F�$�:�E 5�5%2�$'& =�#%-�5%= &�E = & +', =�A�:%7�(�& 6`A�5%4�D & =�A�E 6�G�7
� 2�4�A�.%G3#%=')'.%/Q#c-�& #%A�6RC%$'& D 5%2�4�A�:�-�=�G36�)�( $'5%.%A�:�6�7�( )';<& 8I-TD 4'& =�A�m�G}-�5%$', 4'& =�-�= 5�( -�AV2 5
5%-�= 5%J@, =�A�8R#Bi -�A�6^U�& #%-�5%4'& 6�0 Zp4�AK5%F�= 5%.%4', 6�, =�= 5%6V)'H%)'F�J@, =�A�AK#�& +',�( -�.�&L.�5%FQ2 5B= , # 5 -
-�5%4'5%6�)*#�5%$�A�+',�( -�.�)BU`A�E A�#�5�_ H�A�6`A�+',�( #%A�H@2 5%#�&�E & -�, $', aTb +�-�5�7 2 5L.�(�, aB.�, 4'5%:�-�= 5�( -�A�7 AQ( $ ) -
+'&�, -�( :%7�,�( $�AK= ,?= & #%$'& F�G3.�& -�>*= &L=�A�HBF'5%2 5%$�=�A�-�, $�>�=�G3HB)�( $'5%.%A�aT.*.%A�F',L#�5%=�-�, #�( -�& e�2�4 5 -
A ( H'5%F�A�-p& F'& 2�-�& m�A�:p#I= 5%.%G36T)'4'5%.%=�:�6T.�5%E F', a ( -�.%A�:%7�ALD 4'& =�A�m�GW[�\�]V6�5%D )'-p( -�& -�><JLA�4',%0
��� � �������`��� � � � � ��� ������
 � � � ����� ��� ��� ���'��� � �������'��� ��� � � ! ������� 
 � � ��!���� � � � � � 
 ��
 �p��� � 
 �@� � � � �����`� � ��� 
 �

-
� � �

����� ��� � �
! ������� 
 � � ���
��� � � � � � 
 � �

� � ��� 
 � � � � � ��� 
 � � � ���n

� 	��B� � ��� � �

-
��� 
 ��� ��� ��� � 
 �

-
��� � � ��� � � ��� � � �

-
� � ���

��� � ��� � � � ��� � � � � � � 	��B� 
 � � � � �
-

������� � ��� 
 � � � �

�%� �*� ��� ��� � � ��� � � � � � � � ��� � � � �%
����
O2, pH

- - -

 %¡ � ��� ��� � � ��� � � � � � � � ��� � � � �%
����
¢?£ � � � � 
 � � ��� 
 �

-
� � � � ��
 ��� � � � �

- - -
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� � � 
 #$
 �������%� 

-

& 
 � � � � �

O2 ' �(� )�� * + ��� , � � � � � � -�� � ) � �.
�-��
/.0�12+ 3 4 - - -

5%6 ' ��� )�� * + ��� , � � � � � � -�� � ) � �.
�-��
7.8 + ) � ��
 � � � � 
 �

-� � � + 9�
 ��� � � � +
� � � 
 #$
 �������%� 


-
& 
 � � � � �

0.07 55 86 0.07

NH4 ' �(� )�� :���� )�� * +��� , �
� � � � � -�� � ) � �.
�-��

NO2, NO3, PO4

0.18-0.45 86 60 0.2-1.28

NO2 ' �(� )�� :���� )�� * +��� , �
� � � � � -�� � ) � �.
�-��

NH4, NO3, PO4

0.02-0.036 79 55 0.04-0.2

NO3 ' �(� )�� :���� )�� * +��� , �
� � � � � -�� � ) � �.
�-��

NO2, NH4, PO4

0.3-0.62 83 83 0.02-0.82

;�� � 
 � � ��� 
�� � �
' ��� )�� * + ��� , �

� � � � � -�� � ) � �.
�-��
7.8 + 5%6 +�9�
 ��� � � � +
� � � 
 #$
 �������%� 


-
& 
 � � � � �

0.014 67 50 0.45

pH
� � � � � -�� � ) � �.
�-��

O2
+ /.0�1 8.12-9.11 64 53 7.75-9.56

<$
 ��� � � ' ��� )�� * +��� , �
� � � � � -�� � ) � �.
�-��
7.8 + 5%6 + ) � � 
 � �

-� � 
�� � � � + � � � 

-#$
 �������%� 
 & 
 � � -� � �

0.0055 62 92 0.0038

PO4 ' �(� )�� :=��� )�� * +��� , �
� � � � � -�� � ) � �.
�-��
NO2, NH4, NO3

0.06-0.23 75 60 0-0.27

> � � 
 #$
 ������

� 
 & 
 � � � � ' ��� )�� * +��� , �

� � � � � -�� � ) � �.
�-��
7.8 + 5%6 + ) � � 
 � �

-� � 
�� � � � +�9�
 � �
-� � �

- - -
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#�$ % $ &�$�')()*�+-,/. 0�1 .�0 . 2 3-,�0 3-4�(52�6/3-7 6/8 9:9;9�3-0�1�4�3-6�1�0�7 8

<�3-7 =/85+>6/8 ? =/. ,/.@#�$ % $ A;9:(B1 C D�8 ,�1E1�0�=�1�D�8 4�3-6�0�(�.@F-1 3-4�1�G/.�C D-1 .@H/8 6/8 D-4�. 6�1 C 4�1�D-1 I
0 8 1 F�3-,/.�.J=/3�C 4�3-+�. 6�0 3;C +-1�=/. 4�. ,�K-C 4�+�L/MONP1 .Q3R2�6/3-S .�C�C�8 H;=/. 7 6/8 =/8 S�1�15+UT D�3�C 1 C 4�. 9�.�I:+ (

-
*-C 0�1�,/3�C K-I/G�4�3-I/0 8 2�6�1�9�. 6/I�0�1�? D�8 *OG�1 C ,/. 0�0 3�C 4�KV3-,�1�7 3�C�8 2�6/3�F�3-+P0 .W7 3-=�1�4�C *V=�,�*V2 3-=/3�F-0 3-X
1�0�=�1�D�8 S�1�1 I:2 3�C D�3-,�K�D�L5C�3-2�6�*�YZ. 0 8QC[L/H-L/=�\[. 0�1 . 9]D�8 G/.�C 4�+�8J+�3-=;,�1�\PKQ2 3U0 . 9:0 3-7 1�9]1�?
3-2�6/. =/. ,�*-. 9:()HR^:1�? 1 D�3�_ H�1�9:1�G/.�C D-1�HQ2 3-D�8 ? 8 4�. ,/. X`$�')2 3-,�0 .V+�. 6/3-*�4�0 3�I G�4�3QC 0�1�YZ. 0�1 .PG�1 C

-
,/. 0�0 3�C 4�1J=/8 0�0 3-XQC 2 . S�1 ^:1�G/.�C D�3-XJ7 6-L/2�2�(@+-1�=/3-+�I 3�F-()G�0 3P? 8�C�. ,�*�MONP1�H[0 8 1 F�3-,/.�.WG�1 C 4�(�.
+�3-=�(�I�9�3-7 ,/3QF-()4�KJC +-*�? 8 0 3QCV0 . D�3-4�3-6�()9:1U1�0�()9:1;^�8 D-4�3-6/8 9:1U0 . Y�1�+�3-XU2�6�1�6/3-=�(�I�0 .OL G

-
4�. 0�0�()9:1a0 8 9:1a2�6�1@8 0 8 ,�1�? .-$�b�3�I�G�4�3U2�6�1�G�1�0�(cT D�3-,/3-7 1�G/.�C D�3-7 3U0 .�F-,/8 7 3-2 3-,-L�G�1�*R,/. YZ8 4
+-0 .[1 C�C ,/. =/3-+�8 0�0 3-7 3R0 8�F�3-6/8J^�8 D-4�3-6/3-+�I:C +-1�=/. 4�. ,�K-C 4�+�L�. 4J4�8 D-YZ.[0�1�? D�8 *RC L/9:9�8 6�0 8 *R2 3 ,

-
0 3-4�8EC�3-2�6�*�YZ. 0�0 3�C 4�. Xd2�6�1e8 0 8 ,�1�? .�IJL/G�1�4�()+�8 MON[. 9fC�3-+�3-D�L/2�0 3�.E=/. X C 4�+-1 .c^�8 D-4�3-6/3�+
g 6/8 ? =/. ,Q#�$ % $ h�i $�b�8 D-1�9j3�F-6/8 ? 3-9�I k�l]=/8 ,J+�3-? 9�3�Y�0 3�C 4�KVL�C 4�8 0 3-+-1�4 K-I�G�4�3J=�,�*JF�3-,/.�.P3�F-m�. D

-
4�1�+-0 3-7 3U+-(�F�3-6/8QC�8 9�3-7 3;8 =/. D-+�8 4�0 3-7 3U1�0�=�1�D�8 4�3-6/8JD�8 G/.�C 4�+�8Q+�3-=a0 .�3�F-H/3-=�1�9ED�8 D;9�3-Y�0 3
F�3-,/.�.Z\P1�6/3-D-1�XJ0 8�F�3-6[8�F-1 3-4�1�G/.�C D-1�H[^�8 D-4�3-6/3-+PC 6/. =�(�I/+-D-,�MOG/8 *O0 .Z4�3-,�K�D�3P^:1�? 1�G/.�C D-1 .Z1
H�1�9:1�G/.�C D-1 .�I�0 3O1 I�0 8 2�6�1�9�. 6/I-G�4�3V3-G/. 0�KZ+�8 Y�0 3O=�,�*O+�3-=�0�()HPT D�3�C 1 C 4�. 9�I/7 1�=�6/3-,/3-7 1�G/.�C D-1 .
2 8 6/8 9�. 4�6�( g 6/8�C H/3-=�(5+�3-=/(�I�+�3-=�0 3�C 4�K-I�L/6/3-+�. 0�KZ+�3-=�()i $

n 8 0�1�9�8 *-C KV3-S . 0�D�3-XJT D�3-,/3-7 1�G/.�C D�3-7�3PC�3�C 4�3-*�0�1�*-I/0 3-6�9:1�6/3-+�8 0�1 . 9a1J6/8 0�Y�1�6/3-+�8 0�1 . 9
^�8 D-4�3-6/3-+�I/0 8 6-L/\[8 MONP1�HPT D�3-,/3-7 1�G/.�C D�3�.OF-,/8 7 3-2 3-,-L/G�1 .�I�0 .�3�F-H/3�=�1�9�3VL/G�1�4�()+�8 4�KV+-,�1�*�0�1 .
T 4�1�HP^�8 D-4�3-6/3-+O0 8�6/8 ? ,�1�G�0�(�.�D�3-9:2 3-0 . 0�4�(@F-1 3-4�(W$�'5G/8�C 4�0 3�C 4�1�I/=�,�*W+�3-=�0�()HPT D�3�C 1 C 4�. 9a+
1�=/.�8 ,/.[C 6/. =/C 4�+�8 9:1;k�lc9�3-Y�0 3R2�6/3-+�.�C 4�1aT D�3-,/3-7 1�G/.�C�D-1�XaD�3-0�4�6/3-,�KR3-4�=/. ,�K�0 3R=�,�*R^:1�4 3

-
2�,/8 0�D-4�3-0 8�I�? 3�3-2�,/8 0�D-4�3-0 8�I�? 3�3�F�. 0�4�3�C�8�I�2 . 6�1 ^:1�4�3-0 8 I�9�8 D-6/3�^:1�4�3-+�I�0 . D-4�3-0 8�I)8R? 8 4�. 9c1�?
+�C�. H>2 3-,-L/G/. 0�0�()Hpo�k�qr=�,�*@=/8 0�0 3-7 3j2 3-D�8 ? 8 4�. ,�*j+-(�F-6/8 4�K>C�8 9:()XEYZ.�C 4�D-1�X`$Z')2�6/3-G/. 9�I
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