S A S K A TCHEW A N M A NI T O B A

A L B ERTA

C AN A D A

D

PRAIRIE PROVINCES WATER BOARD
Report #179

Appendices E, Part 2 (SK-MB Boundary)
Long-Term Trends in Water Quality Parameters
At Twelve Transboundary River Reaches
(From the beginning of the data record until the end of 2013)

Prepared for the Prairie Provinces Water Board
By the Committee on Water Quality

March 2018






Appendix E: Metals Trending Graphs Part 2
Saskatchewan/Manitoba Border
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Figure E723 Assiniboine River: Barium Dissolved
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Figure E726 Assiniboine River: Barium Total
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Figure E728 Assiniboine River: Beryllium Dissolved
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Figure E729 Assiniboine River: Beryllium Dissolved
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Figure E730 Assiniboine River: Beryllium Total
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Figure E732 Assiniboine River: Beryllium Total
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Figure E735 Assiniboine River: Boron Dissolved
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Figure E736 Assiniboine River: Boron Total
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Figure E738 Assiniboine River: Boron Total
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Figure E742 Assiniboine River: Cadmium Total
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Figure E746 Assiniboine River: Chromium Dissolved
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Figure E747 Assiniboine River: Chromium Dissolved
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Figure E748 Assiniboine River: Chromium Total
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Figure E750 Assiniboine River: Chromium Total
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Figure E752 Assiniboine River: Cobalt Dissolved
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Figure E753 Assiniboine River: Cobalt Dissolved
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Figure E754 Assiniboine River: Cobalt Total
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Seasonal Kendall
3

2.4 . n=127
Slope = 0.001835
unils per year,
20,3078

18 goT@f ;rzgg iignificanl
90% 1645 No
95% 1.960 No

12 +— * . .

M . * * - - ...u *
0_6 d — _. - 1 - - _ .-. N .'. ..-
PR T IR U S
[}
4/22/03 6/5/05 7121107 9/3/09 10/19/11 12(3/13
Date

Figure E756 Assiniboine River: Cobalt Total
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Figure E757 Assiniboine River: Copper Dissolved
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Figure E758 Assiniboine River: Copper Dissolved
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Figure E759 Assiniboine River: Copper Dissolved
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Figure E760 Assiniboine River: Copper Total
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Figure E761 Assiniboine River: Copper Total
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Figure E762 Assiniboine River: Copper Total
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Figure E763 Assiniboine River: Iron Dissolved
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Figure E764 Assiniboine River: Iron Dissolved
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Figure E765 Assiniboine River: Iron Dissolved
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Figure E766 Assiniboine River: Iron Total
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Figure E768 Assiniboine River: Iron Total
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Figure E769 Assiniboine River: Lead Dissolved
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Figure E770 Assiniboine River: Lead Dissolved
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Figure E771 Assiniboine River: Lead Dissolved
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Figure E772 Assiniboine River: Lead Total
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Figure E773 Assiniboine River: Lead Total
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Figure E774 Assiniboine River: Lead Total
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Figure E775 Assiniboine River: Lithium Dissolved
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Figure E776 Assiniboine River: Lithium Dissolved
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Figure E778 Assiniboine River: Lithium Total
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Figure E780 Assiniboine River: Lithium Total
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Figure E782 Assiniboine River: Manganese Dissolved
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Figure E784 Assiniboine River: Manganese Total
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Figure E786 Assiniboine River: Manganese Total
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Figure E788 Assiniboine River: Molybdenum Dissolved
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Figure E789 Assiniboine River: Molybdenum Dissolved
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Figure E790 Assiniboine River: Molybdenum Total
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Figure E792 Assiniboine River: Molybdenum Total
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Figure E794 Assiniboine River: Nickel Dissolved
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Figure E795 Assiniboine River: Nickel Dissolved
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Figure E796 Assiniboine River: Nickel Total
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Figure E797 Assiniboine River: Nickel Total
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Figure E798 Assiniboine River: Nickel Total
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Figure E800 Assiniboine River: Selenium Dissolved
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Figure E801 Assiniboine River: Selenium Dissolved
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Figure E802 Assiniboine River: Selenium Total
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Figure E803 Assiniboine River: Selenium Total
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Figure E804 Assiniboine River: Selenium Total
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Figure E806 Assiniboine River: Silver Total
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Figure E807 Assiniboine River: Silver Total
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Figure E808 Assiniboine River: Thallium Dissolved
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Figure E810 Assiniboine River: Thallium Dissolved
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Figure E812 Assiniboine River: Thallium Total
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Figure E814 Assiniboine River: Uranium Dissolved
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Figure E815 Assiniboine River: Uranium Dissolved
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Figure E816 Assiniboine River: Uranium Dissolved
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Figure E820 Assiniboine River: Vanadium Dissolved
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Figure E822 Assiniboine River: Vanadium Dissolved
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Figure E825 Assiniboine River: Vanadium Total
Time Series
8
6.4

# AssiniboineRiver (bg)

4.8

| 1
I MT 1
B O 1

s LA
PRI

4/22/03 6/5/05 721107 9/3/09 10M19/11 123113

Date

Figure E826 Assiniboine River: Zinc Dissolved

729



Vanadium Total (ug/L)

Vanadium Total (ug/L)

Seasonality

) n Densm
v & <
Si2v10 12313
Date
Figure E827 Assiniboine River: Zinc Dissolved
Seasonal Kendall
8 -
6.4 n=127
. Slope = -0.04089
- unils per year,
. 7=-2.182
48 Conf. Table Significant
- 0% 1.282 Yes
90% 1.645 Yes
95% 1.960 Yes
: ¥ .,
3.2 * : =
- - * - -
16 e PN R S PP
L ] * .. ... v * - - : L 1Y ’ 2 : :
. N . . * * .. .
3 Sy q . es o L - | e e b
- . o . ale + -
0
4/22)03 6/5/05 7121/07 9/3/09 10/19/11 12/3/13
Date

Figure E828 Assiniboine River: Zinc Dissolved
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Figure E830 Assiniboine River: Zinc Total
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Figure E831 Assiniboine River: Zinc Total
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Figure E833 Carrot River: Aluminum Dissolved

733



Aluminum Dissolved (ug/L)

Aluminum Total (ug/L)

Seasonal Kendall

600
-

480 n=107
Slope = -0.1323
unils per year,
Z=-1584
Conf. Table Significant

360 80% 1282 Yes
90% 1645 No
95% 1.960 No

240

120

-
-
-
-
- L]
0 festee—s D i ey s
4/23/03 5/29/05 75107 8/10/09 anMen 10023113
Date

Figure E834 Carrot River: Aluminum Dissolved
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Figure E835 Carrot River: Aluminum Total
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Figure E837 Carrot River: Aluminum Total
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Figure E839 Carrot River: Arsenic Dissolved
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Figure E845 Carrot River: Barium Dissolved
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Figure E856 Carrot River: Boron Dissolved
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Figure E859 Carrot River: Boron Total
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Figure E861 Carrot River: Boron Total
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Figure E869 Carrot River: Chromium Dissolved
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Figure E874 Carrot River: Cobalt Dissolved
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Figure E885 Carrot River: Copper Total
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Figure E903 Carrot River: Lithium Total
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Figure E909 Carrot River: Manganese Total
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Figure E917 Carrot River: Nickel Dissolved
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Figure E919 Carrot River: Nickel Total

776



Nickel Total (ug/L)

Nickel Total (ug/L)

Seasonality

42310 12313

Date

Seasonal Kendall

Figure E920 Carrot River: Nickel Total

20
16 n=107
Slope =-0.01502
unils per year,
Z2=-0.6663
12 Conf. Table Significant
80% 1.282 No
90% 1.645 Mo
- 95% 1.960 No
a -
. b - *
. P .
a4 s *e
N T at L oo .ol O ¥
e . o e Te TN Y 4
1]
4)23/03 5/29/05 75107 8/10/09 an&/11 10/23113

Date
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Figure E927 Carrot River: Selenium Total
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Figure E931 Carrot River: Thallium Dissolved
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Figure E933 Carrot River: Thallium Dissolved
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Figure E943 Carrot River: Vanadium Dissolved
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Figure E945 Carrot River: Vanadium Dissolved

789



Vanadium Total (ug/L)

Vanadium Total (ug/L)

Time Series

11

8.8

*

6.6 # hi

il Ll 1 L’ 1
W A @IUN»

4/23/03 5/29/05 7/5/07 8/10/09 ane/ 10/23113

Date

Figure E946 Carrot River: Vanadium Total

Seasonality

Date
Figure E947 Carrot River: Vanadium Total

CamotRiver (bg)

790



Vanadium Total (ug/L)

Zinc Dissolved (ug/L)

Seasonal Kendall

11
-
8.8 n=107
. Slope = -0.03052
unils per year,
. 2=-152

6.6 u Conf. Table Significant

' 80% 1282 Yes

90% 1.645 No
- 95% 1.960 No
4.4 + + P
-
-
L] - . L]
- -
2.2 . .'.. ... - . . -
- - -
. : r e - & ! .-.‘ oo ¢ o .y
- N T ¥
* ‘s o Ve o ae . s e '~ . et
D .e - -
4/23/03 5/29/05 7507 8/10/09 91611 10023113

7.2

5.4

36

0

Date

Figure E948 Carrot River: Vanadium Total

Time Series

*» CamotRiver (bg)

i ,

W

1 .
IS | |

4/23/03

5/29/05 Ti5/07 8/10/09 aM6/11 10/23/13

Date
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Figure E964 Churchill River: Arsenic Total
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Figure E968 Churchill River: Barium Dissolved
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Figure E969 Churchill River: Barium Dissolved
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Figure E970 Churchill River: Barium Total
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Figure E972 Churchill River: Barium Total
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Figure E974 Churchill River: Beryllium Dissolved
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Figure E975 Churchill River: Beryllium Dissolved
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Figure E976 Churchill River: Beryllium Total
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Figure E977 Churchill River: Beryllium Total
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Figure E978 Churchill River: Beryllium Total
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Figure E980 Churchill River: Boron Dissolved
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Figure E981 Churchill River: Boron Dissolved
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Figure E982 Churchill River: Boron Total
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Figure E984 Churchill River: Boron Total
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Figure E986 Churchill River: Cadmium Dissolved
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Figure E987 Churchill River: Cadmium Dissolved
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Figure E990 Churchill River: Cadmium Total
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Figure E992 Churchill River:
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Figure E993 Churchill River: Chromium Dissolved
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Figure E994 Churchill River: Chromium Total
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Figure E996 Churchill River: Chromium Total
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Figure E997 Churchill River: Cobalt Dissolved
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Figure E998 Churchill River: Cobalt Dissolved
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Figure E1000 Churchill River: Cobalt Total
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Figure E1002 Churchill River: Cobalt Total
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Figure E1006 Churchill River: Copper Total
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Figure E1008 Churchill River: Copper Total
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Figure E1010 Churchill River: Iron Dissolved
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Figure E1011 Churchill River: Iron Dissolved
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Figure E1012 Churchill River: Iron Total
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Figure E1014 Churchill River: Iron Total
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Figure E1018 Churchill River: Lead Total
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Figure E1020 Churchill River: Lead Total
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Figure E1022 Churchill River: Lithium Dissolved
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Figure E1026 Churchill River: Lithium Total
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Figure E1032 Churchill River: Manganese Total
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Figure E1035 Churchill River: Molybdenum Dissolved
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Figure E1038 Churchill River: Molybdenum Total
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Figure E1040 Churchill River: Nickel Dissolved
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Figure E1041 Churchill River: Nickel Dissolved
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Figure E1042 Churchill River: Nickel Total
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Figure E1043 Churchill River: Nickel Total
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Figure E1044 Churchill River: Nickel Total
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Figure E1045 Churchill River: Thallium Dissolved
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Figure E1046 Churchill River: Thallium Dissolved
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Figure E1048 Churchill River: Thallium Total

841



Thallium Total (ug/L)

Thallium Total (ug/L)

Seasonality

' i . " st camon level Mo
ok Dl o Lot et setwts bont o pdprefnonnttly i Terwnnt romad bex cotsnirios

191000 w210 1V23013

Date

Figure E1049 Churchill River: Thallium Total
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Figure E1050 Churchill River: Thallium Total

842



Uranium Dissolved (ug/L)

Uranium Dissolved (ug/L)

Time Series

5
4 ﬂ
* &  ChurchilRiver (bg)
3 *
2
1
WN«WW
0 4
5/21/03 6/20/05 Ti22/07 8/21/09 922111 10/2313

Date

Figure E1051 Churchill River: Uranium Dissolved
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Figure E1052 Churchill River: Uranium Dissolved
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Figure E1055 Churchill River: Uranium Total
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Figure E1056 Churchill River: Uranium Total
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Figure E1057 Churchill River: Vanadium Dissolved
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Figure E1058 Churchill River: Vanadium Dissolved
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Figure E1059 Churchill River: Vanadium Dissolved
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Figure E1060 Churchill River: Vanadium Total
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Figure E1061 Churchill River: Vanadium Total
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Figure E1062 Churchill River: Vanadium Total
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Figure E1063 Churchill River: Zinc Dissolved
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Figure E1065 Churchill River: Zinc Dissolved
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Figure E1066 Churchill River: Zinc Total
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Figure E1067 Churchill River: Zinc Total
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Figure E1068 Churchill River: Zinc Total
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Figure E1069 Qu’Appelle River: Aluminum Dissolved
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Figure E1070 Qu’Appelle River: Aluminum Dissolved
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Figure E1071 Qu’Appelle River: Aluminum Dissolved
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Figure E1072 Qu’Appelle River: Aluminum Total
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Figure E1073 Qu’Appelle River: Aluminum Total
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Figure E1074 Qu’Appelle River: Aluminum Total
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Figure E1075 Qu’Appelle River: Arsenic Dissolved
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Figure E1077 Qu’Appelle River: Arsenic Dissolved
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Figure E1078 Qu’Appelle River: Arsenic Total
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Figure E1080 Qu’Appelle River: Arsenic Total
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Figure E1081 Qu’Appelle River: Barium Dissolved
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Figure E1082 Qu’Appelle River: Barium Dissolved
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Figure E1083 Qu’Appelle River: Barium Dissolved
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Figure E1084 Qu’Appelle River: Barium Total
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Figure E1085 Qu’Appelle River: Barium Total
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Figure E1086 Qu’Appelle River: Barium Total
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Figure E1088 Qu’Appelle River: Beryllium Dissolved
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Figure E1089 Qu’Appelle River: Beryllium Dissolved
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Figure E1090 Qu’Appelle River: Beryllium Total
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Figure E1092 Qu’Appelle River: Beryllium Total
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Figure E1093 Qu’Appelle River: Boron Dissolved
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Figure E1094 Qu’Appelle River: Boron Dissolved
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Figure E1095 Qu’Appelle River: Boron Dissolved
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Figure E1096 Qu’Appelle River: Boron Total
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Figure E1097 Qu’Appelle River: Boron Total
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Figure E1098 Qu’Appelle River: Boron Total
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Figure E1100 Qu’Appelle River: Cadmium Dissolved
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Figure E1104 Qu’Appelle River: Cadmium Total
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Figure E1108 Qu’Appelle River: Chromium Total
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Figure E1110 Qu’Appelle River: Chromium Total
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Figure E1113 Qu’Appelle River: Cobalt Dissolved
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Figure E1114 Qu’Appelle River: Cobalt Total
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Figure E1115 Qu’Appelle River: Cobalt Total
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Figure E1116 Qu’Appelle River: Cobalt Total
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Figure E1117 Qu’Appelle River: Copper Dissolved
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Figure E1118 Qu’Appelle River: Copper Dissolved
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Figure E1120 Qu’Appelle River: Copper Total
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Figure E1121 Qu’Appelle River: Copper Total
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Figure E1122 Qu’Appelle River: Copper Total
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Figure E1123 Qu’Appelle River: Iron Dissolved
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Figure E1124 Qu’Appelle River: Iron Dissolved
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Figure E1126 Qu’Appelle River: Iron Total
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Figure E1128 Qu’Appelle River: Iron Total
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Figure E1131 Qu’Appelle River: Lead Dissolved
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Figure E1132 Qu’Appelle River: Lead Total
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Figure E1133 Qu’Appelle River: Lead Total
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Figure E1134 Qu’Appelle River: Lead Total
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Figure E1135 Qu’Appelle River: Lithium Dissolved
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Figure E1136 Qu’Appelle River: Lithium Dissolved
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Figure E1137 Qu’Appelle River: Lithium Dissolved
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Figure E1138 Qu’Appelle River: Lithium Total
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Figure E1139 Qu’Appelle River: Lithium Total
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Figure E1140 Qu’Appelle River: Lithium Total
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Figure E1141 Qu’Appelle River: Manganese Dissolved
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Figure E1142 Qu’Appelle River: Manganese Dissolved
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Figure E1143 Qu’Appelle River: Manganese Dissolved
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Figure E1144 Qu’Appelle River: Manganese Total
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Figure E1145 Qu’Appelle River: Manganese Total
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Figure E1146 Qu’Appelle River: Manganese Total
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Figure E1147 Qu’Appelle River: Molybdenum Dissolved
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Figure E1149 Qu’Appelle River: Molybdenum Dissolved
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Figure E1151 Qu’Appelle River: Molybdenum Total
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Figure E1152 Qu’Appelle River: Molybdenum Total
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Figure E1154 Qu’Appelle River: Nickel Dissolved
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Figure E1157 Qu’Appelle River: Nickel Total
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Figure E1158 Qu’Appelle River: Nickel Total
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Figure E1160 Qu’Appelle River: Selenium Dissolved
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Figure E1161 Qu’Appelle River: Selenium Dissolved
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Figure E1162 Qu’Appelle River: Selenium Total
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Figure E1164 Qu’Appelle River: Selenium Total
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Figure E1167 Qu’Appelle River: Silver Total
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Figure E1169 Qu’Appelle River: Thallium Dissolved
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Figure E1170 Qu’Appelle River: Thallium Dissolved
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Figure E1172 Qu’Appelle River: Thallium Total
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Figure E1174 Qu’Appelle River: Uranium Dissolved
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Figure E1176 Qu’Appelle River: Uranium Dissolved
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Figure E1178 Qu’Appelle River: Uranium Total
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Figure E1182 Qu’Appelle River: Vanadium Dissolved
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Figure E1184 Qu’Appelle River: Vanadium Total
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Figure E1185 Qu’Appelle River: Vanadium Total
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Figure E1186 Qu’Appelle River: Zinc Dissolved
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Figure E1187 Qu’Appelle River: Zinc Dissolved
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Figure E1188 Qu’Appelle River: Zinc Dissolved
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Figure E1190 Qu’Appelle River: Zinc Total
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Figure E1191 Qu’Appelle River: Zinc Total
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Figure E1192 Red Deer River (SK-MB): Aluminum Dissolved
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Figure E1193 Red Deer River (SK-MB): Aluminum Dissolved

914



Aluminum Dissolved (ug/L)

Aluminum Total (ug/L)

Sen’s Slope Estimator

200
160 n=G6%
Shope = 0.1108
units per year,
Mann-Kendall
M |1m:;|_1!|al ARProK., =
e.g |:|Ir::al = 1.96
Trand not sig-
nificant a1 85%
confidance leval
(e = 0025 per
799 tail}.
39.8 O
-
. .
L] . T et - -y *
02 A Y ---." L " ¥ ‘.. Y ..'-.:—‘—H
=U.. 1
4122/03 6/5/05 2107 9/3/09 10/19/11 12/3/13
Date
Figure E1194 Red Deer River (SK-MB): Aluminum Dissolved
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Figure E1195 Red Deer River (SK-MB): Aluminum Total
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Figure E1197 Red Deer River (SK-MB): Aluminum Total
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Figure E1201 Red Deer River (SK-MB): Arsenic Total
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Figure E1205 Red Deer River (SK-MB): Barium Dissolved
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Figure E1207 Red Deer River (SK-MB): Barium Total
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Figure E1209 Red Deer River (SK-MB): Barium Total
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Figure E1210 Red Deer River (SK-MB): Beryllium Dissolved
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Figure E1211 Red Deer River (SK-MB): Beryllium Dissolved
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Figure E1212 Red Deer River (SK-MB): Beryllium Dissolved
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Figure E1213 Red Deer River (SK-MB): Beryllium Total

924



Beryllium Total (ug/L)

Beryllium Total (ug/L)

Seasonality

PP _ |

42203 114086 5020110 1273113

Date
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Figure E1215 Red Deer River (SK-MB): Beryllium Total
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Figure E1219 Red Deer River (SK-MB): Boron Total
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Figure E1221 Red Deer River (SK-MB): Boron Total
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Figure E1222 Red Deer River (SK-MB): Cadmium Dissolved
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Figure E1223 Red Deer River (SK-MB): Cadmium Dissolved
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Figure E1224 Red Deer River (SK-MB): Cadmium Dissolved

0.3

0.24

0.18

012

0.08

o

4/22/03 6/5/05

Time Series

]

il

)

A

LAyl

Tr21/07

Date

9/3/09 10/19/11

12/3/13

+ RedDeer{ME)River (bg)

Figure E1225 Red Deer River (SK-MB): Cadmium Total
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Figure E1227 Red Deer River (SK-MB): Cadmium Total
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Figure E1229 Red Deer River (SK-MB): Chromium Dissolved
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Figure E1231 Red Deer River (SK-MB): Chromium Total
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Figure E1233 Red Deer River (SK-MB): Chromium Total
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Figure E1235 Red Deer River (SK-MB): Cobalt Dissolved
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Figure E1237 Red Deer River (SK-MB): Cobalt Total
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Figure E1239 Red Deer River (SK-MB): Cobalt Total
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Figure E1240 Red Deer River (SK-MB): Copper Dissolved
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Figure E1241 Red Deer River (SK-MB): Copper Dissolved
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Figure E1242 Red Deer River (SK-MB): Copper Dissolved
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Figure E1243 Red Deer River (SK-MB): Copper Total
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Figure E1244 Red Deer River (SK-MB): Copper Total
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Figure E1245 Red Deer River (SK-MB): Copper Total
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Figure E1247 Red Deer River (SK-MB): Iron Dissolved
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Figure E1248 Red Deer River (SK-MB): Iron Dissolved
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Figure E1249 Red Deer River (SK-MB): Iron Total
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Figure E1250 Red Deer River (SK-MB): Iron Total
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Figure E1251 Red Deer River (SK-MB): Iron Total
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Figure E1252 Red Deer River (SK-MB): Lead Dissolved
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Figure E1253 Red Deer River (SK-MB): Lead Dissolved
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Figure E1254 Red Deer River (SK-MB): Lead Dissolved
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Figure E1255 Red Deer River (SK-MB): Lead Total
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Figure E1256 Red Deer River (SK-MB): Lead Total
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Figure E1257 Red Deer River (SK-MB): Lead Total
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Figure E1258 Red Deer River (SK-MB): Lithium Dissolved
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Figure E1259 Red Deer River (SK-MB): Lithium Dissolved
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Figure E1260 Red Deer River (SK-MB): Lithium Dissolved
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Figure E1261 Red Deer River (SK-MB): Lithium Total
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Figure E1263 Red Deer River (SK-MB): Lithium Total
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Figure 1266 Red Deer River (SK-MB): Manganese Dissolved
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Figure E1267 Red Deer River (SK-MB): Manganese Total
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Figure E1268 Red Deer River (SK-MB): Manganese Total
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Figure E1269 Red Deer River (SK-MB): Manganese Total
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Figure E1271 Red Deer River (SK-MB): Molybdenum Dissolved
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Figure E1272 Red Deer River (SK-MB): Molybdenum Dissolved
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Figure E1273 Red Deer River (SK-MB): Molybdenum Total
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Figure E1275 Red Deer River (SK-MB): Molybdenum Total
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Figure E1276 Red Deer River (SK-MB): Nickel Dissolved
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Figure E1277 Red Deer River (SK-MB): Nickel Dissolved

956



Nickel Dissolved (ug/L)

Nickel Total (ug/L)

Sen’s Slope Estimator

3
N e
2.4 - * - n=G%
. - L + <
. . Shope = 003596
¢ . * . * . uninseusr year
. . * ts
_"‘-‘—-—-—._.__‘ * . . . Mann-Kandall
. ] - o noiral appros. =
1.8 . * e o | -1.958
: - N . o ———] 0] critical = 1,96
. I
* * . . o Trand not sig-
& Pl nificant at 95%
- . confidence level
- # o= 0,025 per
1.2 tail}.
* *
.
-
0.6
-
0
4/22/03 B/5/05 7121107 9/3/09 10019411 1203113
Date

Figure E1278 Red Deer River (SK-MB): Nickel Dissolved
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Figure E1279 Red Deer River (SK-MB): Nickel Total
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Figure E1281 Red Deer River (SK-MB): Nickel Total
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Figure E1282 Red Deer River (SK-MB): Selenium Dissolved
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Figure E1283 Red Deer River (SK-MB): Selenium Dissolved
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Figure E1284 Red Deer River (SK-MB): Selenium Dissolved
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Figure E1285 Red Deer River (SK-MB): Selenium Total

960



Selenium Total (ug/L)

Selenium Total (ug/L)

Seasonality

I
= Orgnal
) 54
% L
an [\VA /'\' v e
Wil .
.(I‘ZZ‘CJ 11/406 520010 12/313
Date
Figure E1286 Red Deer River (SK-MB): Selenium Total
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Figure E1287 Red Deer River (SK-MB): Selenium Total
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Figure E1288 Red Deer River (SK-MB): Silver Total
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Figure E1290 Red Deer River (SK-MB): Silver Total
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Figure E1291 Red Deer River (SK-MB): Thallium Dissolved
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Figure E1292 Red Deer River (SK-MB): Thallium Dissolved
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Figure E1293 Red Deer River (SK-MB): Thallium Dissolved

Seasonality

964



Thallium Total (ug/L)

Thallium Total (ug/L)

Time Series

0.09
0.072
+ RedDeer(ME)River (bg)
0.054 1
oors 1 ’x/\ﬁ N ﬂ ) A'\ .5
I PR SARBS L
4?"22.1’03 6/5/05 Ti2107 9/3/09 101911 12/3)13
Date
Figure E1294 Red Deer River (SK-MB): Thallium Total
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Figure E1295 Red Deer River (SK-MB): Thallium Total
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Figure E1296 Red Deer River (SK-MB): Thallium Total
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Figure E1297 Red Deer River (SK-MB): Uranium Dissolved
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Figure E1299 Red Deer River (SK-MB): Uranium Dissolved
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Figure E1301 Red Deer River (SK-MB): Uranium Total
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Figure E1303 Red Deer River (SK-MB): Vanadium Dissolved
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Figure E1305 Red Deer River (SK-MB): Vanadium Dissolved
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Figure E1307 Red Deer River (SK-MB): Vanadium Total
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Figure E1311 Red Deer River (SK-MB): Zinc Dissolved

973



Zinc Total (ug/L)

Zinc Total (ug/L)

30

24

18

12

0

Time Series

# RedDeer(MB)River (bg)

/L

1ol

MAN LAl

1
4/22/03 6/5/05 72107 9/3/09 1019111 123113

Date

Figure E1312 Red Deer River (SK-MB): Zinc Total
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Figure E1313 Red Deer River (SK-MB): Zinc Total
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Figure E1314 Red Deer River (SK-MB): Zinc Total
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Figure E1315 Saskatchewan River: Aluminum Dissolved
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Figure E1316 Saskatchewan River: Aluminum Dissolved
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Figure E1317 Saskatchewan River: Aluminum Dissolved
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Figure E1318 Saskatchewan River: Aluminum Total
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Figure E1320 Saskatchewan River: Aluminum Total
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Figure E1323 Saskatchewan River: Arsenic Dissolved
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Figure E1324 Saskatchewan River: Arsenic Total
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Figure E1326 Saskatchewan River: Arsenic Total
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Figure E1327 Saskatchewan River: Barium Dissolved
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Figure E1328 Saskatchewan River: Barium Dissolved
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Figure E1329 Saskatchewan River: Barium Dissolved
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Figure E1330 Saskatchewan River: Barium Total
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Figure E1331 Saskatchewan River: Barium Total
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Figure E1332 Saskatchewan River: Barium Total
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Figure E1333 Saskatchewan River: Beryllium
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Figure E1335 Saskatchewan River: Beryllium Dissolved
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Figure E1336 Saskatchewan River: Beryllium Total
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Figure E1338 Saskatchewan River: Beryllium Total
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Figure E1339 Saskatchewan River: Boron Dissolved
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Figure E1340 Saskatchewan River: Boron Dissolved
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Figure E1341 Saskatchewan River: Boron Dissolved
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Figure E1342 Saskatchewan River: Boron Total
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Figure E1344 Saskatchewan River: Boron Total

990



Cadmium Dissolved (ug/L)

Cadmium Dissolved (ug/L)

Time Series

0.2
0.16

+ +* SaskRiver (bg)
0.12

+

0.08
004 r # ] ]

‘ ]

5/21/03 6/29/05 &/8/07 9/M16/09 10/26/11 12/4/13

Date

Figure E1345 Saskatchewan River: Cadmium Dissolved
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Figure E1346 Saskatchewan River: Cadmium Dissolved
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Figure E1348 Saskatchewan River: Cadmium Total
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Figure E1349 Saskatchewan River: Cadmium Total
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Figure E1350 Saskatchewan River: Cadmium Total
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Figure E1351 Saskatchewan River: Chromium Dissolved
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Figure E1352 Saskatchewan River: Chromium Dissolved
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Figure E1353 Saskatchewan River: Chromium Dissolved

Time Series

5
*»
4 4
* SaskRiver (bg)
*»
3 +*
2 b I ™ Y h 4
-*» L
# -
red PRl T2
MY
Ty 1 i
< "
A 3 +
o
5/21/03 6/29/05 8/8/07 9/16/09 10/26/11 12/4/13

Date

Figure E1354 Saskatchewan River: Chromium Total
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Figure E1356 Saskatchewan River: Chromium Total
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Figure E1359 Saskatchewan River: Cobalt Dissolved
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Figure E1360 Saskatchewan River: Cobalt Total
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Figure E1361 Saskatchewan River: Cobalt Total
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Figure E1362 Saskatchewan River: Cobalt Total
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Figure E1363 Saskatchewan River: Copper Dissolved
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Figure E1364 Saskatchewan River: Copper Dissolved
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Figure E1365 Saskatchewan River: Copper Dissolved
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Figure E1366 Saskatchewan River: Copper Total
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Figure E1368 Saskatchewan River: Copper Total
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Figure E1369 Saskatchewan River: Iron Dissolved
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Figure E1372 Saskatchewan River: Iron Total
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Figure E1374 Saskatchewan River: Iron Total
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Figure E1375 Saskatchewan River: Lead Dissolved
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Figure E1376 Saskatchewan River: Lead Dissolved
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Figure E1377 Saskatchewan River: Lead Dissolved

2.4

1.8

1.2

0.6

o

5/21/03

Figure E1378 Saskatchewan River: Lead Total

Time Series

1

JUFUH

h
RS

6/29/05

8/8/07

Date

9/16/09

10/26/11

*

12/4/13

SaskRiver (bg)

1007



Lead Total (ug/L)

Lead Total (ug/L)

Seasonality

'y SASON T " ) Wl
b e ] dilhe d 1 o Uhex
I
41 wih ¥ sl o | i {
] ] Kroskal W 13 1) i 7T ! wd o 11
)
P
Wptral
14
on
.‘.
D
N\
!’L"JX"J.! 11724)08 A0 12413
Date
Figure E1379 Saskatchewan River: Lead Total
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Figure E1380 Saskatchewan River: Lead Total
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Figure E1381 Saskatchewan River: Lithium Dissolved
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Figure E1382 Saskatchewan River: Lithium Dissolved
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Figure E1383 Saskatchewan River: Lithium Dissolved
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Figure E1384 Saskatchewan River: Lithium Total
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Figure E1386 Saskatchewan River: Lithium Total
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Figure E1387 Saskatchewan River: Manganese Dissolved
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Figure E1388 Saskatchewan River: Manganese Dissolved
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Figure E1389 Saskatchewan River: Manganese Dissolved
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Figure E1390 Saskatchewan River: Manganese Total

1013



Manganese Total (ug/L)

Manganese Total (ug/L)

Seasonality

Orignad
Dotem
N
572103 1172408 310 12/4/13
Date
Figure E1391 Saskatchewan River: Manganese Total
Sen’s Slope Estimator
200
180 n=108
L] Shope = -1.416
units per year.
Mann-Kendall
norrmal approx. =
120 Zilcal s 1.8
b . Dacraasing trand
- . slgnificant at 95%
- confidence lavel
. (o= D025 par
80 - 5 — tail}.
- -
.. . - -
* - LY B ] -
bl - . . * - . *
0
40 = v - 5
e - & ] L s Y
.. *e L e - by .-' e
* LA ..$ . o .'.
0
5/21/03 6/29/05 8/8/07 9/16/09 10/26M11 12413
Date

Figure E1392 Saskatchewan River: Manganese Total
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Figure E1393 Saskatchewan River: Molybdenum Dissolved
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Figure E1394 Saskatchewan River: Molybdenum Dissolved
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Figure E1395 Saskatchewan River: Molybdenum Dissolved
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Figure E1396 Saskatchewan River: Molybdenum Total
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Figure E1398 Saskatchewan River: Molybdenum Total
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Figure E1400 Saskatchewan River: Nickel Dissolved
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Figure E1402 Saskatchewan River: Nickel Total

1019



Nickel Total (ug/L)

Nickel Total (ug/L)

Seasonality

D
N\
L} )
Date
Figure E1403 Saskatchewan River: Nickel Total
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Figure E1404 Saskatchewan River: Nickel Total
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Figure E1406 Saskatchewan River: Selenium Dissolved
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Figure E1408 Saskatchewan River: Selenium Total
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Figure E1410 Saskatchewan River: Selenium Total

1023



Silver Total (ug/L)

Silver Total (ug/L)

Time Series

0.04

0.032

+* *»

0.024

I ]
J L
LN AN

5/21/03 6/29/05 8/8/07 9/16/09 10/26/11 12/4/13

Date

Figure E1411 Saskatchewan River: Silver Total

Seasonality

Q01 4
/21103 11724)086 530710 12/4/13

Date

Figure E1412 Saskatchewan River: Silver Total
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Figure E1414 Saskatchewan River: Thallium Dissolved
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Figure E1416 Saskatchewan River: Thallium Dissolved
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Figure E1418 Saskatchewan River: Thallium Total
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Figure E1420 Saskatchewan River: Uranium Dissolved
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Figure E1422 Saskatchewan River: Uranium Dissolved
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Figure E1423 Saskatchewan River: Uranium Total
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Figure E1424 Saskatchewan River: Uranium Total
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Figure E1426 Saskatchewan River: Vanadium Dissolved

1031



Vanadium Dissolved (ug/L)

Vanadium Dissolved (ug/L)

Seasonality

N2103 112400 A0 1214113

Date

Figure E1427 Saskatchewan River: Vanadium Dissolved

Seasonal Kendall

1
L ]
0.8 * n=100
L * Slape = -0,002705
. unils per year,
.
. * . 2=-0.6626
0.6 b * " * . | Gonf. Table Significant
) o . 80% 1.282 No
o - - - . 90% 1.645 No
L . { & 95% 1.960 No
] b - " g - -
o * . * *
4 = a .
0 L ] d " - L
o ‘ . * . e ... L N
.. o o * . . * * .
* o “ ¢ L . . -
0.2 L.
0
5/21/03 6/29/05 8/8/07 9/16/09 10/26/11 12/4/13
Date

Figure E1428 Saskatchewan River: Vanadium Dissolved
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Figure E1429 Saskatchewan River: Vanadium Total
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Figure E1430 Saskatchewan River: Vanadium Total
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Figure E1431 Saskatchewan River: Vanadium Total
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Figure E1432 Saskatchewan River: Zinc Dissolved
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Figure E1433 Saskatchewan River: Zinc Dissolved
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Figure E1434 Saskatchewan River: Zinc Dissolved
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Figure E1435 Saskatchewan River: Zinc Total
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Figure E1436 Saskatchewan River: Zinc Total
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Figure E1437 Saskatchewan River: Zinc Total
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