
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT 10 
 
 
 

 
 
 
 
 
 
 
 
 

CONSTITUENT REMOVAL FIGURES 



 



TABLE OF CONTENTS 
 

1. Oil and Grease 
2. Total Organic Carbon 
3. TSS 
4. Turbidity 
5. TDS 
6. Ammonia-N 
7. Nitrate-N 
8. Nitrite-N 
9. Nitrate + Nitrite -N 
10. Total Kjeldahl Nitrogen 
11. Sulfate 
12. Alkalinity 
13. Conductivity 
14. Hardness 
15. pH 
16. Antimony, Total 
17. Antimony, Dissolved 
18. Arsenic, Total 
19. Arsenic, Dissolved 
20. Beryllium, Total 
21. Beryllium,Dissolved 
22. Cadmium, Total 
23. Cadmium, Dissolved 
24. Chromium, Total 
25. Chromium, Dissolved 
26. Copper, Dissolved 
27. Iron, Dissolved 
28. Lead, Dissolved 
29. Manganese,Dissolved 
30. Mercury , Total 
31. Mercury, Dissolved 
32. Nickel, Total 
33. Nickel, Dissolved 
34. Selenium, Total 
35. Selenium, Dissolved 
36. Silver, Total 
37. Silver, Dissolved 
38. Thallium, Total 
39. Thallium, Dissolved 
40. Zinc, Dissolved 

 



 
 
 
 
 
 
 
 
 
 
 
 
 

OIL AND GREASE 



 
 

S a n d  
 O il  a n d  G r e a s e

0

2

4

6

8

1 0

1 2

1 4

1 6

0 2 5 ,0 0 0 5 0 ,0 0 0 7 5 ,0 0 0 1 0 0 ,0 0 0 1 2 5 ,0 0 0 1 5 0 ,0 0 0 1 7 5 ,0 0 0 2 0 0 ,0 0 0

F lo w  T o ta l  (g a l)

O
il 

an
d 

G
re

as
e 

(m
g/

L)

0 %

1 0 %

2 0 %

3 0 %

4 0 %

5 0 %

6 0 %

7 0 %

8 0 %

9 0 %

1 0 0 %

%
 R

em
ov

al

In f lu e n t

E f f lu e n t

P e rm it  L im it

M e d ia  C h a n g e

%  R e m o v a l

A d d e d  C o a rs e  S a n d

Perlite
 Oil and Grease

0

2

4

6

8

10

12

14

16

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

O
il 

an
d 

G
re

as
e 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

E ff luent

Permit L imit

Media Change

%  Removal

V e rm ic u lite
 O il a n d  G re a s e

0

2

4

6

8

1 0

1 2

1 4

1 6

0 2 5 ,0 0 0 5 0 ,0 0 0 7 5 ,0 0 0 1 0 0 ,0 0 0 1 2 5 ,0 0 0 1 5 0 ,0 0 0 1 7 5 ,0 0 0 2 0 0 ,0 0 0

F lo w  T o ta l (g a l )

O
il 

an
d 

G
re

as
e 

(m
g/

L)

0 %

1 0 %

2 0 %

3 0 %

4 0 %

5 0 %

6 0 %

7 0 %

8 0 %

9 0 %

1 0 0 %

%
 R

em
ov

al

In f lu e n t

E f f lu e n t

P e rm it L im it

M e d ia  C h a n g e

%  R e m o v a l



 

Zeolite  
 O il and Grease

0

2

4

6

8

10

12

14

16

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  T otal (gal)

O
il 

an
d 

G
re

as
e 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

E ffluent

Perm it Lim it

M edia Change

%  Rem ov al

Activated C arbon 
 O il and Grease

0

2

4

6

8

10

12

14

16

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

O
il 

an
d 

G
re

as
e 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluen t

E ff luen t

Perm it L im it

Media  Change

%  R em ova l

Barley Straw
 O il and  G rease

0

2

4

6

8

10

12

14

16

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F low  T otal (g al)

O
il 

an
d 

G
re

as
e 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Inf luen t

Ef fluent

Pe rmit L im it

Media  Change

%  Rem oval



 

Peat Moss
 Oil and Grease

0

2

4

6

8

10

12

14

16

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow T otal (gal)

O
il 

an
d 

G
re

as
e 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

W et-Dry Cycle StartedReplace with Peat 
Moss/Perlite 

Mixture

Leaf Compost
 Oil and Grease

0

2

4

6

8

10

12

14

16

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

O
il 

an
d 

G
re

as
e 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Wet-Dry Cycle Started

Bag Filter
 Oil and Grease

0

2

4

6

8

10

12

14

16

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

O
il 

an
d 

G
re

as
e 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Filter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TOTAL ORGANIC CARBON 
 



 
 

Sand 
 TOC

0

2

4

6

8

10

12

14

16

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

TO
C

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Media Change

%  Removal

Added C oarse Sand

Perlite
 TOC

0

5

10

15

20

25

30

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TO
C

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Vermiculite
 TOC

0

5

10

15

20

25

30

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TO
C

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal



  

Activated C arbon 
 TOC

0

2

4

6

8

10

12

14

16

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

TO
C

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In f luent

Eff luen t

Media  Change

%  Remova l

Zeolite 
 TOC

0

5

10

15

20

25

30

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow T otal (gal)

TO
C

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Barley Straw 
 TOC

0

5

10

15

20

25

30

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TO
C

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal



  

Pe at M os s
 TO C

0

5

10

15

20

25

30

0 25,000 50 ,000 75 ,000 100 ,000 125 ,000 150,000 175,000 200 ,000

F low  T o ta l (g al)

TO
C

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influen t

E ffluent

M edia  Change

%  Rem ova l

W e t-D ry Cyc le  S tar ted
R ep la ce w ith Pe at 

M o ss/P e rlite 
M ix tu re

Leaf Compost 
 TOC

0

5

10

15

20

25

30

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TO
C

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

W et-Dry Cycle Started

Bag Filter
 TOC

0

5

10

15

20

25

30

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

T ime (Days)

TO
C

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent
Effluent
Filter Change
% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TOTAL SUSPENDED SOLIDS 



 
 

S a n d
 T S S

0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

0 2 5,00 0 50 ,0 00 7 5,00 0 1 00 ,0 0 0 12 5,00 0 1 50 ,0 0 0 17 5,00 0 2 00 ,0 0 0

F lo w  T o ta l (g a l)

TS
S 

(m
g/

L)

0 %

1 0%

2 0%

3 0%

4 0%

5 0%

6 0%

7 0%

8 0%

9 0%

1 00 %

%
 R

em
ov

al

In f lu e n t

E ff lu e n t

P e rm it L im i t

M e d ia  C ha n g e

%  R em o va l

A d de d  C oa rs e  S an d

V erm icu lite
 TS S

0

10

20

30

40

50

60

70

80

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F low  T o ta l (g al)

TS
S 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In f lue nt

Eff lu en t

Pe rm it L im it

Med ia  C ha ng e

%  R em o va l

Perlite
 TSS

0

10

20

30

40

50

60

70

80

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TS
S 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Perm it L imit

Media Change

%  Rem oval



 

Ze olite 
 TS S

0

10

20

30

40

50

60

70

80

0 25 ,000 50,000 75 ,000 100,000 125 ,000 150,000 175 ,000 200,000

F low  T o ta l (g al)

TS
S 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

E ffluen t

Pe rm it L im it

M edia  C hange

%  R em ova l

Activated Carbon 
 TSS

0

10

20

30

40

50

60

70

80

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TS
S 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluen t

Permit L im it

Media  Change

%  Removal

Barley Straw 
 TSS

0

10

20

30

40

50

60

70

80

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TS
S 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

Peat M oss
 TSS

0

10

20

30

40

50

60

70

80

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TS
S 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Permit L im it

Media Change

%  Removal

W et-Dry Cycle Started
Replace with Peat 

M oss/Perlite 
M ix ture

Leaf Compost
 TSS

0

10

20

30

40

50

60

70

80

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TS
S 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Wet-Dry Cycle Started

Bag Filter
 TSS

0

10

20

30

40

50

60

70

80

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

TS
S 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Filter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TOTAL DISSOLVED SOLIDS 



 

 

Sand
 TD S

0

100

200

300

400

500

600

700

800

900

1000

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

TD
S 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Permit L imit

Media  Change

%  Removal

Added C oarse Sand

Verm iculite
 TDS

0

100

200

300

400

500

600

700

800

900

1000

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

TD
S 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Inf luen t

E ffluent

P erm it Lim it

Media Change

%  Removal

Perlite
 TDS

0

100

200

300

400

500

600

700

800

900

1000

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TD
S 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

E ffluent

Permit Limit

Media Change

% Removal



 

Zeolite 
 TDS

0

100

200

300

400

500

600

700

800

900

1000

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TD
S 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Activated C arbon 
 TD S

0

100

200

300

400

500

600

700

800

900

1000

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F lo w  T o ta l (ga l)

TD
S 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Inf lu en t

E ff lue nt

P erm it L im it

M ed ia Cha nge

%  Re m oval

Barley Straw 
 TDS

0

100

200

300

400

500

600

700

800

900

1000

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TD
S 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

Peat M oss
 TDS

0

100

200

300

400

500

600

700

800

900

1000

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

TD
S 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Permit L imit

Media Change

%  Removal

W et-D ry Cycle StartedReplace with Peat 
M oss/Perlite  

M ixture

Leaf Com post
 TDS

0

100

200

300

400

500

600

700

800

900

1000

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F low  Total (gal)

TD
S 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Inf luen t

E ff luent

P erm it Lim it

M ed ia Change

%  Rem oval

W et-D ry Cycle  S tarted

Bag Filter
 TDS

0

100

200

300

400

500

600

700

800

900

1000

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

TD
S 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Filter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

AMMONIA-N 



 
 

Sand
 Am m onia-N

0

2

4

6

8

10

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

A
m

m
on

ia
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Permit Limit

Media Change

%  Removal

Added C oarse Sand

Verm iculite 
 Am m onia-N

0

2

4

6

8

10

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

A
m

m
on

ia
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

E ffluent

Permit L imit

Media Change

%  Removal

Perlite 
 Am m onia-N

0

2

4

6

8

10

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

A
m

m
on

ia
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

E ffluent

Permit Limit

Med ia  Change

%  Remova l



   

Zeolite 
 Ammonia-N

0

2

4

6

8

10

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
m

m
on

ia
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Activated Carbon 
 Ammonia-N

0

2

4

6

8

10

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
m

m
on

ia
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Barley Straw 
 Ammonia-N

0

2

4

6

8

10

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
m

m
on

ia
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit L imit

Media Change

% Removal



 

Bag Filter 
 Ammonia-N

0

2

4

6

8

10

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

A
m

m
on

ia
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Filter Change

% Removal

Peat M oss
 Am m onia-N

0

2

4

6

8

10

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
m

m
on

ia
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

W et-Dry Cyc le Started
Replace with Peat 

Moss /Perlite 
M ixture

Leaf Com post
 Am m onia-N

0

2

4

6

8

10

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F low  Total (gal)

A
m

m
on

ia
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Inf luen t

E ffluent

P erm it Lim it

Med ia Change

%  Removal

W et-Dry Cycle Started



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NITRATE-N 



 
 

S a n d  
 N itr a te -N

0

1

2

3

4

5

6

7

8

9

0 25 ,00 0 50 ,00 0 7 5 ,0 00 1 00 ,0 0 0 12 5 ,00 0 1 50 ,0 0 0 1 75 ,00 0 20 0 ,0 00

F lo w  T o ta l (g a l)

N
itr

at
e-

N
 (m

g/
L)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

al

In f lu e n t

E ff lu e n t

P e rm i t L im i t

M e d ia  C h a n g e

%  R e m o v a l

A d d e d  C o a r s e  S a n d

V erm icu lite
 N itrate-N

0

1

2

3

4

5

6

7

8

9

0 25 ,000 50 ,000 75 ,000 100 ,000 125,000 150 ,000 175 ,000 200,000

F low  T o ta l (ga l)

N
itr

at
e-

N
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In flue nt

E ff lu en t

P e rm it L im it

M ed ia  C ha ng e

%  R em o va l

Perlite
 Nitrate-N

0

1

2

3

4

5

6

7

8

9

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
itr

at
e-

N
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%
%

 R
em

ov
al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

Zeolite 
 Nitrate-N

0

1

2

3

4

5

6

7

8

9

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
itr

at
e-

N
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Activated Carbon 
 Nitrate-N

0

1

2

3

4

5

6

7

8

9

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
itr

at
e-

N
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit L imit

Media Change

% Removal

Barley Straw 
 N itrate-N

0

1

2

3

4

5

6

7

8

9

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow T otal (gal)

N
itr

at
e-

N
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Permit Limit

Media Change

% Removal



 

Peat Moss 
 Nitrate-N

0

1

2

3

4

5

6

7

8

9

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
itr

at
e-

N
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Wet-Dry Cycle Started
Replace with Peat 

Moss/Perlite 
Mixture

Leaf Compost 
 Nitrate-N

0

1

2

3

4

5

6

7

8

9

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
itr

at
e-

N
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit L imit

Media Change

% Removal

Wet-Dry Cycle Started

Bag  Filte r 
 N itrate -N

0

1

2

3

4

5

6

7

8

9

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

T im e (Days)

N
itr

at
e-

N
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Perm it L im it

F ilter Change

%  Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NITRITE-N 



 
 

S an d
 N itrite -N

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 25,000 50,000 75,000 100 ,000 125 ,000 150 ,000 175,000 200,000

Flo w  T ota l (g a l)

N
itr

ite
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluen t

E ffluen t

Permit L im it

M ed ia C hange

%  R emova l

A dded  Coars e S and

Vermiculite
 Nitrite-N

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
itr

ite
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Perlite
 Nitrite-N

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
itr

ite
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

Zeolite 
 Nitrite-N

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
itr

ite
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Activated Carbon 
 Nitrite-N

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
itr

ite
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Permit L imit

Media  Change

% Removal

Barley Straw 
 Nitrite-N

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
itr

ite
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

Peat Moss
 Nitrite-N

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow T otal (gal)

N
itr

ite
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

W et-Dry Cycle Started
Replace with Peat 

Moss/Perlite 
Mixture

Leaf C om post
 N itrite -N

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flo w  T ota l (g a l)

N
itr

ite
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Inf luent

E ff luent

P erm it Lim it

M ed ia Change

%  Rem ova l

W et-Dry C yc le Sta rted

Bag Filter 
 Nitrite-N

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

N
itr

ite
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Filter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NITRATE + NITRITE-N 



 
 

Sand 
 Nitrate + Nitrite-N

0

1

2

3

4

5

6

7

8

9

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
itr

at
e 

+ 
N

itr
ite

-N
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Added Coarse Sand

Verm iculite
 Nitrate + Nitrite-N

0

1

2

3

4

5

6

7

8

9

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow T otal (gal)

N
itr

at
e 

+ 
N

itr
ite

-N
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

E ffluent

Permit Lim it

Media Change

%  Removal

Perlite
 Nitrate + Nitrite-N

0

1

2

3

4

5

6

7

8

9

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
itr

at
e 

+ 
N

itr
ite

-N
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

Zeolite 
 Nitrate + Nitrite-N

0

1

2

3

4

5

6

7

8

9

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
itr

at
e 

+ 
N

itr
ite

-N
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Activated Carbon 
 Nitrate + Nitrite-N

0

1

2

3

4

5

6

7

8

9

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow T otal (gal)

N
itr

at
e 

+ 
N

itr
ite

-N
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Permit L imit

Media  Change

%  Removal

Barley Straw  
 N itra te +  N itrite-N

0

1

2

3

4

5

6

7

8

9

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F lo w T ota l (g a l)

N
itr

at
e 

+ 
N

itr
ite

-N
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influen t

E ffluent

Perm it Lim it

Media Change

%  Removal



 

Peat Moss
 Nitrate + Nitrite-N

0

1

2

3

4

5

6

7

8

9

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
itr

at
e 

+ 
N

itr
ite

-N
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Wet-Dry Cycle Started
Replace with Peat 

Moss/Perlite 
Mixture

Leaf Compost
 Nitrate + Nitrite-N

0

1

2

3

4

5

6

7

8

9

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow T otal (gal)

N
itr

at
e 

+ 
N

itr
ite

-N
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

E ffluent

Permit Lim it

Media Change

%  Removal

W et-Dry Cycle Started

Bag Filter
 Nitrate + Nitrite-N

0

1

2

3

4

5

6

7

8

9

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

Ni
tra

te
 +

 N
itr

ite
-N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Filter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TOTAL KJELDAHL NITROGEN 



 
 

Sand
 TKN

0

1

2

3

4

5

6

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TK
N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Added Coarse Sand

Perlite 
 TKN

0

1

2

3

4

5

6

7

8

9

10

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TK
N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Vermiculite 
 TKN

0

2

4

6

8

10

12

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TK
N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal



 

Zeolite 
 TKN

0

1

2

3

4

5

6

7

8

9

10

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TK
N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Activated Carbon 
 TKN

0

1

2

3

4

5

6

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TK
N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Barley Straw 
 TKN

0

1

2

3

4

5

6

7

8

9

10

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TK
N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal



 

Peat M oss
 TK N

0

1

2

3

4

5

6

7

8

9

10

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

TK
N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

%  Removal

W et-D ry Cycle  S tarted
Replace with  Peat 

M oss /Perlite  
M ixture

Leaf Compost 
 TKN

0

1

2

3

4

5

6

7

8

9

10

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

TK
N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

W et-Dry Cycle Started

Bag Filter
 TKN

0

1

2

3

4

5

6

7

8

9

10

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

TK
N

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Filter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SULFATE 



 
 

Sand 
 Sulfate

0

50

100

150

200

250

300

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Su
lfa

te
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Added Coarse Sand

Vermiculite
 Sulfate

0 

50 

100 

150 

200 

250 

300 

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000 
Flow Total (gal)

Su
lfa
te 
(m
g/
L) 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

% 
Re
m
ov
al

Influent 
Effluent 
Permit Limit 
Media Change 
% Removal 

Perlite
 Sulfate

0

50

100

150

200

250

300

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Su
lfa

te
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

Zeolite 
 Su lfate

0

50

100

150

200

250

300

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Su
lfa

te
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Activated Carbon 
 Sulfate

0

50

100

150

200

250

300

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow T otal (gal)

Su
lfa

te
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit L imit

Media Change

% Removal

Barley Straw 
 Sulfate

0

50

100

150

200

250

300

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Su
lfa

te
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

Peat Moss
 Sulfate

0

50

100

150

200

250

300

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Su
lfa

te
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

W et-Dry Cycle Started
Replace with Peat 

Moss/Perlite 
Mixture

Leaf Com p ost 
 Su lfate

0

50

100

150

200

250

300

0 25,000 50 ,000 75 ,000 100 ,000 125 ,000 150,000 175 ,000 200 ,000

F low  T o ta l (g al)

Su
lfa

te
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

E ffluent

Pe rm it L im it

M edia  Change

%  Rem ova l

W et-D ry C yc le Sta rted

Bag Filter 
 Sulfate

0

50

100

150

200

250

300

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

Su
lfa

te
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Filter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ALKALINITY 



 
 

Sand
 Alkalinity

0

50

100

150

200

250

300

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
lk

al
in

ity
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Added Coarse Sand

Vermiculite
 Alkalinity

0

50

100

150

200

250

300

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
lk

al
in

ity
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Perlite
 Alkalinity

0

50

100

150

200

250

300

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
lk

al
in

ity
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal



 

Zeolite 
 Alkalinity

0

50

100

150

200

250

300

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

A
lk

al
in

ity
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Media Change

%  Removal

Activated C arbon 
 Alkalinity

0

50

100

150

200

250

300

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
lk

al
in

ity
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Barley Straw 
 Alkalinity

0

50

100

150

200

250

300

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
lk

al
in

ity
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal



 

Peat M oss 
 A lkalinity

0

50

100

150

200

250

300

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F low  T o ta l (g al)

A
lk

al
in

ity
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluen t

Effluen t

M ed ia
Change

% R emova l

W et-Dry C yc le Started
Replace  w ith Pea t 

M os s/Perlite  
M ixture

Leaf Compost 
 Alkalinity

0

50

100

150

200

250

300

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
lk

al
in

ity
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Wet-Dry Cycle Started

B ag F ilter 
 Alkalinity

0

50

100

150

200

250

300

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

A
lk

al
in

ity
 (m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

F ilter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONDUCTIVITY 



 
 

S an d
 C o n d u ctiv ity

0

1 00

2 00

3 00

4 00

5 00

6 00

7 00

8 00

9 00

10 00

0 25 ,00 0 50 ,0 00 7 5,0 00 1 00 ,00 0 12 5 ,0 00 15 0,00 0 1 75 ,00 0 20 0 ,0 00

F lo w  T o ta l (g a l)

C
on

du
ct

iv
ity

 (u
m

ho
s/

cm
)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

al

In flu e n t

E fflue n t

M e d ia  C h an g e

%  R e m o va l

A dd ed  C oa rse  S a nd

Verm iculite
 C onductivity

0

100

200

300

400

500

600

700

800

900

1000

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F lo w  T o ta l (ga l)

C
on

du
ct

iv
ity

 (u
m

ho
s/

cm
)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluen t

Eff luent

Media Change

%  Rem oval

Perlite
 Conductivity

0

100

200

300

400

500

600

700

800

900

1000

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
on

du
ct

iv
ity

 (u
m

ho
s/

cm
)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal



 

Zeolite 
 C onductivity

0

100

200

300

400

500

600

700

800

900

1000

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
on

du
ct

iv
ity

 (u
m

ho
s/

cm
)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Activated Carbon 
 Conductivity

0

100

200

300

400

500

600

700

800

900

1000

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
on

du
ct

iv
ity

 (u
m

ho
s/

cm
)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influen t

E ffluent

Med ia Change

%  Removal

Barley Straw  
 Conductivity

0

100

200

300

400

500

600

700

800

900

1000

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

C
on

du
ct

iv
ity

 (u
m

ho
s/

cm
)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluen t

Eff luent

Media Change

%  Rem oval



 

Peat Moss
 Conductivity

0

100

200

300

400

500

600

700

800

900

1000

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
on

du
ct

iv
ity

 (u
m

ho
s/

cm
)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

W et-Dry Cycle Started
Replace with Peat 

Moss/Perlite 
Mixture

Leaf Compost 
 Conductivity

0

100

200

300

400

500

600

700

800

900

1000

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
on

du
ct

iv
ity

 (u
m

ho
s/

cm
)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

W et-Dry Cycle Started

Bag Filter
 Conductivity

0

100

200

300

400

500

600

700

800

900

1000

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

C
on

du
ct

iv
ity

 (u
m

ho
s/

cm
)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Filter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

HARDNESS 



 
 

S and
H ardne ss

0 .0

50 .0

100 .0

150 .0

200 .0

250 .0

300 .0

0 25 ,000 50 ,000 75,000 100 ,000 125 ,000 150 ,000 175 ,000 200 ,000

F lo w  T ota l (g a l)

H
ar

dn
es

s 
(m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In flu e n t

E fflue n t

M e d ia  C h an g e

%  R e m o val

A dd ed  C oa rse Sa nd

Verm iculite
H ardness

0.0

50.0

100.0

150.0

200.0

250.0

300.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F lo w T ota l (g a l)

H
ar

dn
es

s 
(m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In f lu en t

E ff lue nt

M ed ia C ha nge

%  R e m oval

Perlite
Hardness

0.0

50.0

100.0

150.0

200.0

250.0

300.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

H
ar

dn
es

s 
(m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

E ffluent

Med ia Change

%  Remova l



 

Zeolite 
Hardness

0.0

50.0

100.0

150.0

200.0

250.0

300.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

H
ar

dn
es

s 
(m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Activated Carbon 
Hardness

0.0

50.0

100.0

150.0

200.0

250.0

300.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

H
ar

dn
es

s 
(m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Barley Straw 
Hardness

0.0

50.0

100.0

150.0

200.0

250.0

300.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow T otal (gal)

H
ar

dn
es

s 
(m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal



 

Peat M oss
Hardness

0.0

50.0

100.0

150.0

200.0

250.0

300.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow T otal (gal)

H
ar

dn
es

s 
(m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

W et-Dry Cycle Started
Replace with Peat 

Moss/Perlite 
M ixture

Leaf Compost 
Hardness

0.0

50.0

100.0

150.0

200.0

250.0

300.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

H
ar

dn
es

s 
(m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Wet-Dry Cycle Started

Bag Filter 
Hardness

0.0

50.0

100.0

150.0

200.0

250.0

300.0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

H
ar

dn
es

s 
(m

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Filter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

pH 



 
 

S and
pH

0.0

1 .0

2 .0

3 .0

4 .0

5 .0

6 .0

7 .0

8 .0

9 .0

10.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F lo w T ota l (g a l)

pH

In fluen t

E ffluen t

M ed ia C hange

A dded  Coarse S and

Vermiculite 
pH

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

pH

Influent

Effluent

Media Change

Perlite 
pH

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

pH

Influent

Effluent

Media Change



 

Zeolite 
pH

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

pH
Influent

Effluent

Media Change

Activated Carbon 
pH

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

pH

Influent

Effluent

Media Change

Barley S traw  
pH

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F lo w T ota l (g a l)

pH

In flue nt

E ff lu en t

M ed ia  C ha ng e



 

P eat M os s
pH

0 .0

1 .0

2 .0

3 .0

4 .0

5 .0

6 .0

7 .0

8 .0

9 .0

10 .0

0 25 ,000 50 ,000 75 ,000 100 ,000 125 ,000 150 ,000 175 ,000 200 ,000

F lo w  T ota l (g a l)

pH

In flu e nt

E fflu e n t

M e d ia  C ha n g e

W e t-D ry  C yc le  S ta rted
R eplac e w ith P e at 

M o ss /P erlite  
M ix ture

Leaf Compost 
pH

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

pH

Influent

Effluent

Media Change

W et-Dry Cycle Started

Bag Filter 
pH

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

pH

Influent

Effluent

Filter Change



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ANTIMONY, TOTAL 



 
 

Sand
 Antim ony, Total

0

1

2

3

4

5

6

7

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F low  T o tal (ga l)

A
nt

im
on

y 
(u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Perm it L im it

Media  Change

%  Removal

Added Coarse Sand

Vermiculite 
 Antimony, Total

0

1

2

3

4

5

6

7

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
nt

im
on

y 
(u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Perlite 
 Antimony, Total

0

1

2

3

4

5

6

7

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
nt

im
on

y 
(u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

Zeolite 
 Antimony, Total

0

1

2

3

4

5

6

7

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
nt

im
on

y 
(u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent
Effluent
Permit Limit
Media Change
% Removal

Activated Carbon 
 Antimony, Total

0

1

2

3

4

5

6

7

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
nt

im
on

y 
(u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Barley Straw  
 Antim ony, Total

0

1

2

3

4

5

6

7

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow T otal (gal)

A
nt

im
on

y 
(u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

Peat Moss
 Antimony, Total

0

1

2

3

4

5

6

7

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow T otal (gal)

A
nt

im
on

y 
(u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

W et-Dry Cycle Started
Replace with Peat 

Moss/Perlite 
Mixture

Leaf Compost
 Antimony, Total

0

1

2

3

4

5

6

7

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
nt

im
on

y 
(u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

W et-Dry Cycle Started

Bag Filter
 Antim ony, Total

0

1

2

3

4

5

6

7

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Tim e (Days)

A
nt

im
on

y 
(u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit L im it

F ilter Change

%  Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ANTIMONY, DISSOLVED 



 
 

S an d
 A n tim o n y, D isso lve d

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25 ,00 0 50 ,0 0 0 75 ,00 0 1 0 0,00 0 12 5,0 00 1 5 0,00 0 17 5,0 00 20 0 ,0 00

F lo w  T o ta l (g a l)

A
nt

im
on

y 
(u

g/
L)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

al

In flu en t

E fflu e nt

M e dia  C h a n ge

%  R e m ova l

Ad de d C o arse  S an d

Vermiculite
 Antimony, Dissolved

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

An
tim

on
y 

(u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Media  Change

%  Remova l

Perlite
 Antimony, Dissolved

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

An
tim

on
y 

(u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

E ffluent

Media Change

%  Removal



 

Zeolite 
 Antimony, Dissolved

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
nt

im
on

y 
(u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Activated Carbon 
 Antimony, Dissolved

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

An
tim

on
y 

(u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Barley Straw 
 Antimony, Dissolved

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

A
nt

im
on

y 
(u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal



 

Peat M oss
 Antim ony, D issolved

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F low  T o tal (ga l)

A
nt

im
on

y 
(u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

M edia  Change

%  Rem ova l

W et-Dry Cyc le Started
Replace with Peat 

Moss/Perlite 
M ixture

Leaf Compost
 Antimony, Dissolved

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

An
tim

on
y 

(u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

W et-Dry Cycle Started

Bag Filter
 Antimony, Dissolved

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

A
nt

im
on

y 
(u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Filter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ARSENIC, TOTAL 



 
 

Sand 
 Arsenic, Total

0

10

20

30

40

50

60

70

80

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

A
rs

en
ic

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Added Coarse Sand

Verm iculite 
 Arsenic, Total

0

10

20

30

40

50

60

70

80

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

A
rs

en
ic

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Inf luent

E ffluen t

Perm it Lim it

Med ia  Change

%  Remova l

Perlite 
 Arsenic, Total

0

10

20

30

40

50

60

70

80

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
rs

en
ic

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

Zeolite 
 Arsenic, Total

0

10

20

30

40

50

60

70

80

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

A
rs

en
ic

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent
Effluent

Permit Limit
Media Change

% Removal

Activated Carbon 
 Arsenic, Total

0

10

20

30

40

50

60

70

80

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Ar
se

ni
c 

(u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Barley Straw 
 Arsenic, Total

0

10

20

30

40

50

60

70

80

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
rs

en
ic

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

P ea t M oss  
 A rse nic, Total

0

10

20

30

40

50

60

70

80

0 25 ,00 0 5 0,0 00 7 5,0 00 1 00 ,0 0 0 12 5,0 00 1 50 ,00 0 1 75 ,00 0 20 0,0 00

Flo w  T ota l (ga l)

A
rs

en
ic

 (u
g/

L)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

al

Influen t

E ffluen t

Permit L im it

M ed ia  C hange

%  R emova l

W e t-D ry C yc le  S tar tedR ep lac e w ith Pe at 
M o ss/P e rlite 

M ix tu re

Leaf Compost 
 Arsenic, Total

0

10

20

30

40

50

60

70

80

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Ar
se

ni
c 

(u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

W et-Dry Cycle Started

Bag Filter
 Arsenic, Total

0

10

20

30

40

50

60

70

80

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

A
rs

en
ic

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Filter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ARSENIC, DISSOLVED 



 

S an d
 A rse n ic , D is so lved

0

1

2

3

4

5

6

7

8

0 25 ,0 0 0 5 0,00 0 75 ,0 00 1 00 ,0 0 0 1 2 5,00 0 15 0 ,0 00 1 7 5,00 0 20 0 ,0 00

F lo w  T o tal (g a l)

A
rs

en
ic

 (u
g/

L)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

al

In flu en t

E fflu e nt

M e dia  C h a n ge

%  R e m ova l

A d ded  C oa rse  Sa nd

Verm iculite
 Arsenic, Dissolved

0

2

4

6

8

10

12

14

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

A
rs

en
ic

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Perlite
 Arsenic, Dissolved

0

2

4

6

8

10

12

14

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
rs

en
ic

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal



 

A ctiva ted  C arbon 
 A rse n ic , D is so lved

0

1

2

3

4

5

6

7

8

0 25 ,00 0 50 ,00 0 7 5 ,0 00 1 00 ,0 0 0 12 5,00 0 1 50 ,0 0 0 1 75 ,00 0 20 0,0 00

F lo w  T o ta l (g a l)

A
rs

en
ic

 (u
g/

L)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

al

In f lue n t

E f f lu en t

M e d ia  C h an ge

%  R em o va l

Zeolite 
 Arsenic, Dissolved

0

2

4

6

8

10

12

14

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

A
rs

en
ic

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Barley Straw 
 Arsenic, Dissolved

0

2

4

6

8

10

12

14

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
rs

en
ic

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal



 

Peat Moss
 Arsenic, Dissolved

0

2

4

6

8

10

12

14

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
rs

en
ic

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Wet-Dry Cycle Started
Replace with Peat 

Moss/Perlite 
Mixture

Leaf Compost
 Arsenic, Dissolved

0

2

4

6

8

10

12

14

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

A
rs

en
ic

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Wet-Dry Cycle Started

Bag Filter
 Arsenic, D issolved

0

2

4

6

8

10

12

14

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Tim e (Days)

A
rs

en
ic

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

F ilter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BERYLLIUM, TOTAL 



 
 

Sand
Beryllium , Total

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

B
er

yl
liu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Added Coarse Sand

Vermiculite
Beryllium, Total

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

B
er

yl
liu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Perm it L imit

Media Change

% Removal

Perlite
Beryllium, Total

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

B
er

yl
liu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

Zeolite
B eryllium , Tota l

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 25,000 5 0,000 75,000 100,0 00 125,0 00 150,00 0 175,0 00 200 ,0 00

F lo w  T o tal (ga l)

B
er

yl
liu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In flu en t

E ff lu en t

P e rm it L im it

M e dia  C ha ng e

%  Re mo va l

A ctivate d  C arb on 
B eryllium , Tota l

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 25,0 00 50,0 00 75,000 100,0 00 1 25,000 1 50,000 175 ,000 200 ,000

F lo w  T o tal (ga l)

B
er

yl
liu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In f luen t

E ff lue n t

P e rm it L im it

M ed ia  C hange

%  R em o va l

B ar ley S traw
B eryllium , Tota l

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 25,0 00 50,0 00 75,000 1 00,000 1 25,000 150 ,000 175 ,000 200,0 00

F lo w  T o tal (ga l)

B
er

yl
liu

m
 (u

g/
L)

0 %

1 0%

2 0%

3 0%

4 0%

5 0%

6 0%

7 0%

8 0%

9 0%

1 00%

%
 R

em
ov

al

In f luen t

E f f luen t

P e rm it L im it

M e d ia  C hang e

%  Re m ova l



 

Pe at M os s
B eryllium , Tota l

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 25,000 5 0,000 75,000 100,0 00 125,0 00 150,00 0 175,0 00 200 ,0 00

F lo w  T o tal (ga l)

B
er

yl
liu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In flue nt

E fflu en t

P erm it L im it

M e dia  C ha ng e

%  R e mo va l

W et-D ry  C yc le  S tar ted
R ep lace w ith  Pea t 

M oss /Pe rlite  
M ix tu re

Leaf Compost
Beryllium, Total

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

B
er

yl
liu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Permit Limit

Media Change

% Removal

W et-Dry Cycle Started

B ag F ilter
B eryllium , Tota l

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 5 10 15 20 25 30 35 40 45 50 55 6 0 65 7 0

T im e (D ays )

B
er

yl
liu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In flu en t

E ff lu e n t

P e rm it L im it

F ilte r  C ha ng e

%  R e m o va l



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BERYLLIUM, DISSOLVED 



 
 

S a nd
B e rylliu m , D is so lve d

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25,000 5 0,000 75,000 100,0 00 125,0 00 150,00 0 175,0 00 200 ,0 00

F lo w  T o tal (ga l)

B
er

yl
liu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In flu en t

E ff lue n t

M e d ia  C ha n ge

%  R e m o va l

Add ed Coarse San d

Verm icu lite
B eryllium , D isso lved

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25,000 50,000 75,000 100 ,000 125 ,000 150 ,000 175,000 200,000

Flo w  T ota l (g a l)

B
er

yl
liu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In f lue nt

E ff lu en t

Me dia  C h an ge

%  R em o va l

Perlite
B eryllium , D issolved

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F low  T o tal (ga l)

B
er

yl
liu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In f lu en t

Eff lue nt

Me dia C h an ge

%  R em oval



 

Zeo lite
B eryllium , D issolved

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25 ,000 50 ,000 75 ,000 100,000 125,000 150,000 175,000 200 ,000

F low  T o tal (ga l)

B
er

yl
liu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluen t

E ffluen t

M ed ia  C hange

%  R emoval

Activated Carbon 
Beryllium, D issolved

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

B
er

yl
liu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluen t

Media  Change

%  Remova l

Barley Straw
Beryllium, Dissolved

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

B
er

yl
liu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal



 

Peat Moss
Beryllium, Dissolved

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

B
er

yl
liu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

W et-Dry Cycle Started
Replace with Peat 

Moss/Perlite 
Mixture

Leaf Compost
Beryllium, Dissolved

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

B
er

yl
liu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Wet-Dry Cycle Started

Bag Filter
Beryllium , D issolved

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Tim e (Days)

B
er

yl
liu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

F ilter Change

%  Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CADMIUM, TOTAL 



 
 

Sand
Cadmium, Total

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
ad

m
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Added Coarse Sand

Vermiculite
Cadmium, Total

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
ad

m
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Perlite
Cadmium, Total

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
ad

m
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

Zeolite
Cadmium, Total

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
ad

m
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Activated Carbon 
Cadmium, Total

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
ad

m
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Barley Straw
Cadm ium , Total

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

C
ad

m
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In f luen t

Eff luent

Perm it L im it

Media Change

%  Rem oval



 

P e a t M o s s
C a dm ium , To ta l

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 2 5,00 0 5 0,00 0 7 5,0 00 10 0 ,0 00 1 25 ,00 0 1 50 ,00 0 1 7 5,00 0 20 0,0 00

F lo w  T o ta l (g a l)

C
ad

m
iu

m
 (u

g/
L)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

al

In flu en t

E fflu e nt

P e rm it L im it

M e dia  C h a n ge

%  R e m ova l

W e t-D ry C yc le  S tarted
R e place  w ith  P ea t 

M os s /P erlite  
M ix ture

Leaf Compost
Cadmium, Total

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
ad

m
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit L imit

Media Change

% Removal

W et-Dry Cycle Started

Bag Filter
Cadmium, Total

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

C
ad

m
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Filter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CADMIUM, DISSOLVED 



 
 

Sand
Cadmium, Dissolved

0.0

0.1

0.1

0.2

0.2

0.3

0.3

0.4

0.4

0.5

0.5

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
ad

m
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Added Coarse Sand

Vermiculite
Cadmium, Dissolved

0.0

0.1

0.1

0.2

0.2

0.3

0.3

0.4

0.4

0.5

0.5

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow T otal (gal)

C
ad

m
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Perlite
Cadmium, Dissolved

0.0

0.1

0.1

0.2

0.2

0.3

0.3

0.4

0.4

0.5

0.5

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
ad

m
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal



 

Zeolite 
Cadmium, Dissolved

0.0

0.1

0.1

0.2

0.2

0.3

0.3

0.4

0.4

0.5

0.5

0 25 ,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow T otal (gal)

C
ad

m
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Activated Carbon 
Cadmium, Dissolved

0.0

0.1

0.1

0.2

0.2

0.3

0.3

0.4

0.4

0.5

0.5

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
ad

m
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Barley Straw 
Cadm ium , D issolved

0.0

0.1

0.1

0.2

0.2

0.3

0.3

0.4

0.4

0.5

0.5

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
ad

m
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In f luent

Effluen t

Media  Change

%  Remova l



 

Peat Moss
Cadmium, Dissolved

0.0

0.1

0.1

0.2

0.2

0.3

0.3

0.4

0.4

0.5

0.5

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
ad

m
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Wet-Dry Cycle Started
Replace with Peat 

Moss/Perlite 
Mixture

Leaf Compost
Cadmium, Dissolved

0.0

0.1

0.1

0.2

0.2

0.3

0.3

0.4

0.4

0.5

0.5

0 25 ,000 50,000 75,000 100 ,000 125,000 150,000 175,000 200,000

Flow T otal (gal)

C
ad

m
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

W et-Dry Cycle Started

Bag Filter
Cadmium, Dissolved

0.0

0.1

0.1

0.2

0.2

0.3

0.3

0.4

0.4

0.5

0.5

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

T ime (Days)

C
ad

m
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Filter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CHROMIUM, TOTAL 



 

Sand
Chrom ium , Total

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25 ,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
hr

om
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Permit Limit

Media Change

% Removal

Added C oarse Sand

Vermiculite
Chromium, Total

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25,000 50,000 75,000 100 ,000 125 ,000 150,000 175,000 200,000

Flow  Total (gal)

C
hr

om
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

E ffluent

Permit Limit

Med ia  Change

%  Remova l

Perlite
Chromium, Total

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
hr

om
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

Zeolite
Chromium, Total

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
hr

om
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Activated Carbon 
Chromium, Total

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
hr

om
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Permit Limit

Media Change

% Removal

Barley Straw
Chromium, Total

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
hr

om
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

Peat M oss
C hrom ium , Total

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25 ,00 0 50,000 7 5,0 00 1 00,000 1 25,000 15 0,0 00 175,000 2 00,000

F low To ta l (gal)

C
hr

om
iu

m
 (u

g/
L)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

al

In fluent

Effluent

Perm it L im it

M edia  Change

%  Rem ova l

W et-D ry Cycle  S tarted
R ep lace with Peat 

Moss/Perlite 
Mixtu re

Leaf Compost
Chromium, Total

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
hr

om
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

E ffluent

Permit Limit

Media  Change

%  Removal

W et-Dry Cycle Started

Bag Filter
Chromium, Total

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

C
hr

om
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Filter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CHROMIUM, DISSOLVED 



 
 

Sa n d
C h ro m ium , D is s olved

0 .0

0 .5

1 .0

1 .5

2 .0

2 .5

3 .0

0 25 ,0 0 0 5 0 ,0 00 75 ,0 0 0 1 0 0 ,0 00 1 2 5 ,0 0 0 1 5 0 ,0 0 0 1 7 5,0 0 0 2 0 0 ,0 0 0

F low  T o ta l (g al)

C
hr

om
iu

m
 (u

g/
L)

0 %

1 0 %

2 0 %

3 0 %

4 0 %

5 0 %

6 0 %

7 0 %

8 0 %

9 0 %

1 0 0 %

%
 R

em
ov

al

In f lu en t

E fflue nt

M ed ia  C h an ge

%  R em oval

Add ed C oarse  San d

Vermiculite
Chromium, Dissolved

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
hr

om
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Perlite
Chromium, Dissolved

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 25,000 5 0,0 00 75,000 100,00 0 125,000 15 0,000 175,00 0 2 00,000

Flow T otal (gal)

C
hr

om
iu

m
 (u

g/
L)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

alInfluent

E ffluen t

Med ia  Change

%  Remova l



 

Zeolite 
Chromium, Dissolved

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
hr

om
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

alInfluent

Effluent

Media Change

% Removal

Activated Carbon 
Chromium, Dissolved

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

C
hr

om
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Barley Straw 
Chrom ium , D issolved

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 25,000 50,000 75 ,000 100,000 125,000 150 ,000 175,000 200,000

F low  Total (gal)

C
hr

om
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Inf luent

E ff luent

M ed ia Change

%  Rem ova l



 

P e a t M o s s
C h ro m iu m , D is so lve d

0 .0

0 .5

1 .0

1 .5

2 .0

2 .5

3 .0

0 25 ,000 5 0 ,0 00 75 ,000 100 ,00 0 125 ,000 15 0 ,000 175 ,00 0 2 00 ,000

F lo w  T o ta l (g a l)

C
hr

om
iu

m
 (u

g/
L)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

al

In flu e nt

E fflu e nt

M e dia  C ha n ge

%  R em ova l

W e t-D ry C yc le  S tarted
R ep la ce w ith  Pe at 

M oss /Pe rlite  
M ix tu re

L e a f C o m po s t
C h ro m iu m , D is so lve d

0 .0

0 .5

1 .0

1 .5

2 .0

2 .5

3 .0

0 25 ,000 5 0 ,0 00 75 ,000 100 ,00 0 125 ,000 15 0 ,000 175 ,00 0 2 00 ,000

Flo w  T ota l (g a l)

C
hr

om
iu

m
 (u

g/
L)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

al

In f lue n t

E f f lu en t

M e d ia  C ha ng e

%  R em o va l

W et-D ry  C yc le S ta rte d

Bag Filter
Chromium, Dissolved

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

C
hr

om
iu

m
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Filter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

COPPER, DISSOLVED 



 
 

Sand
C opper, D issolved

0 .0

2 .0

4 .0

6 .0

8 .0

10 .0

12 .0

14 .0

16 .0

18 .0

0 25 ,00 0 50 ,000 75 ,000 100 ,000 1 25 ,000 150 ,000 175 ,00 0 2 00 ,000

F low T otal (gal)

C
op

pe
r (

ug
/L

)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100 %

%
 R

em
ov

al

In fluen t

E ffluen t

M ed ia C hange

%  R emova l

Added C oarse Sand

Verm iculite
Copper, D issolved

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25,000 50 ,000 75,000 100,000 125,000 150 ,000 175,000 200,000

Flow  Total (gal)

C
op

pe
r 

(u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluen t

Media  Change

%  Remova l

Perlite
Copper, D issolved

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25,000 50 ,000 75,000 100,000 125,000 150 ,000 175,000 200,000

Flow  Total (gal)

C
op

pe
r 

(u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluen t

Media  Change

%  Remova l



 

Zeolite
Copper, D issolved

0.0

5.0

10.0

15.0

20.0

0 25,000 50 ,000 75,000 100,000 125,000 150 ,000 175,000 200,000

Flow  Total (gal)

C
op

pe
r 

(u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Media Change

%  Removal

Activated Carbon 
Copper, D issolved

0 .0

2 .0

4 .0

6 .0

8 .0

10 .0

12 .0

14 .0

16 .0

18 .0

0 25 ,000 50,000 75,000 100,000 125,000 150,000 175 ,000 200,000

Flow  Total (gal)

C
op

pe
r 

(u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Media Change

% Removal

Barley Straw
Copper, D issolved

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25,000 50 ,000 75,000 100,000 125,000 150 ,000 175,000 200,000

Flow  Total (gal)

C
op

pe
r 

(u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluen t

Media  Change

%  Remova l



 

P ea t M o ss
C o p p er, D issolved

0.0

2 .0

4 .0

6 .0

8 .0

10 .0

12 .0

14 .0

16 .0

18 .0

0 25 ,000 50 ,00 0 7 5 ,000 10 0 ,0 00 125 ,000 150 ,00 0 17 5 ,0 00 2 00 ,000

F lo w  T o ta l (ga l)

C
op

pe
r (

ug
/L

)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

al

In flu e nt

E fflu e nt

M e dia  Ch a n ge

%  Re m ova l

W e t-D ry C yc le  S tarted
R e pla ce  w ith  

P ea t M oss /P erlite  
M ix tu re

Bag Filter
C opper, Dissolved

0 .0

2 .0

4 .0

6 .0

8 .0

10 .0

12 .0

14 .0

16 .0

18 .0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

T ime (Days)

C
op

pe
r 

(u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

F ilter Change

% Removal

Leaf Compost
Copper, D issolved

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25,000 50 ,000 75,000 100,000 125,000 150 ,000 175,000 200,000

Flow  Total (gal)

C
op

pe
r 

(u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In flue nt

E ff lu en t

Med ia  C ha ng e

%  R em o va l

W et-Dry C yc le Started



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IRON, DISSOLVED 



 
 

Sand
Iron , D isso lved

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F low T otal (gal)

Iro
n 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluen t

Effluen t

M ed ia C hange

%  R emova l

Added C oarse Sand

V erm icu lite
Iro n, D issolved

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

0 25,000 50 ,000 75,000 100,000 125,000 150 ,000 175,000 200,000

F lo w  T o ta l (ga l)

Iro
n 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influen t
E ffluent
M edia  C hange
Influen t
E ffluent
Perm it L im it
%  Remova l
M edia  C hange
Influen t
E ffluent
Perm it L im it
M di C h

A dded  C oarse  SandA dded  C oarse  Sand

P erlite
Iron , D isso lved

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0 25 ,000 50,000 75 ,000 100 ,000 125,000 150,000 175,000 200,000

F lo w T ota l (g a l)

Iro
n 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In f lu en t

E ff lue nt

M ed ia C ha ng e

%  R e m oval



 

Zeolite
Iron, Dissolved

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

Iro
n 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluen t

E ffluen t

M ed ia  C hange

%  R emoval

Activated  C arb on  
Iron , D isso lved

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

0 25 ,00 0 50,000 75 ,00 0 100 ,00 0 1 25,000 150,000 1 75,000 200,000

Flow T otal (gal)

Iro
n 

(m
g/

L)

0 %

1 0%

2 0%

3 0%

4 0%

5 0%

6 0%

7 0%

8 0%

9 0%

1 00%

%
 R

em
ov

al

In f lu en t

E ff lue nt

M ed ia C ha ng e

%  R e m oval

Barley Straw
Iron , D isso lved

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow T otal (gal)

Ir
on

 (m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluen t

Eff luen t

Media Change

%  Removal



 

P eat M oss
Iron , D isso lved

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0 25 ,00 0 5 0,0 00 75,000 1 00,000 125,000 150 ,0 00 1 75,000 200,000

F low  T o ta l (ga l)

Iro
n 

(m
g/

L)

0 %

1 0%

2 0%

3 0%

4 0%

5 0%

6 0%

7 0%

8 0%

9 0%

1 00%

%
 R

em
ov

al

Influ en t

E fflu e nt

M e dia  Ch a n ge

%  Re m ova l

W et-D ry C yc le  Started
R ep la ce w ith  

Pe at M o ss/Pe rlite  
M ix ture

Leaf C om po st
Iron , D isso lved

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0 25,000 50 ,000 75,000 100,000 125,000 150 ,000 175,000 200,000

F lo w  T o ta l (ga l)

Iro
n 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In f luent

Eff luen t

Media  Change

%  Rem ova l

W et-D ry Cycle  S tar ted

Bag  F ilter
Iro n, D issolved

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

T im e (D ays)

Iro
n 

(m
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

E ffluen t

F ilte r C hange

%  R em ova l



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LEAD, DISSOLVED 



 
 

San d
Lead , D issolved

0.0

0.0

0.0

0.1

0.1

0.1

0.1

0.1

0.2

0.2

0.2

0 25,000 50,000 75 ,000 100,000 125 ,000 150,000 175,000 200,000

F lo w T o ta l (g a l)

Le
ad

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluen t

E ffluen t

M ed ia  C hange

%  R emoval

Added C oa rse  S and

Verm icu lite
Lead , Dissolved

0.0

0.1

0.2

0.3

0.4

0.5

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Le
ad

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Inf luen t

E ffluent

Media Change

%  Rem oval

Perlite
Lead , Dissolved

0.0

0.0

0.0

0.1

0.1

0.1

0.1

0.1

0.2

0.2

0.2

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F lo w T o ta l (g a l)

Le
ad

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Inf luen t

E ffluent

Media Change

%  Rem oval



 

Zeolite
Lead , Dissolved

0.0

0.0

0.0

0.1

0.1

0.1

0.1

0.1

0.2

0.2

0.2

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F lo w T o ta l (g a l)

Le
ad

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Media  Change

%  Removal

Activated Carbo n 
Lead , D issolved

0.0

0.0

0.0

0.1

0.1

0.1

0.1

0.1

0.2

0.2

0.2

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F lo w T o ta l (g a l)

Le
ad

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Inf lue nt

E ff lue nt

M ed ia C ha ng e

%  R e m ova l

Barley Straw
L ead, D issolved

0.0

0.0

0.0

0.1

0.1

0.1

0.1

0.1

0.2

0.2

0.2

0 25,000 50 ,000 75,000 100,000 125,000 150,000 175,000 200,000

F lo w  T o ta l (ga l)

Le
ad

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Inf lu en t

E fflue nt

Me dia C h an ge

%  R e m oval



 
 

Peat M o ss
L ead, D issolved

0.0

0.0

0.0

0.1

0.1

0.1

0.1

0.1

0.2

0.2

0.2

0 25,000 50 ,000 75,000 100,000 125,000 150,000 175,000 200,000

F lo w  T o ta l (ga l)

Le
ad

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluen t

E ffluen t

M ed ia C hange

%  R emova l

W e t-D ry  C yc le  S ta rted
R e pla ce  w ith  

P ea t M oss /P erlite  
M ix tu re

L eaf Co m p ost
Lead , D issolved

0.0

0.0

0.0

0.1

0.1

0.1

0.1

0.1

0.2

0.2

0.2

0 25,000 50,000 75 ,000 100,000 125 ,000 150,000 175,000 200,000

F lo w T o ta l (g a l)

Le
ad

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Inf lue nt

E ff lue nt

M ed ia  C ha ng e

%  Re m ova l

W et-Dry C ycle  Started

Bag  F ilter
Lead , Dissolved

0.0

0.0

0.0

0.1

0.1

0.1

0.1

0.1

0.2

0.2

0.2

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

T im e (D ays)

Le
ad

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluen t

E ffluen t

F ilte r C hange

%  R emoval



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MAGNESIUM, DISSOLVED 



 
 

Sand 
M anganese, Dissolved

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

M
an

ga
ne

se
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Added Coarse Sand

Verm iculite
M anganese, D issolved

0.0

50.0

100.0

150.0

200.0

250.0

0 25,000 50 ,000 75,000 100,000 125,000 150,000 175 ,000 200,000

Flow  Total (gal)

M
an

ga
ne

se
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

E ffluent

M edia C hange

%  R em oval

P erlite
M anganese, D isso lved

0 .0

10 .0

20 .0

30 .0

40 .0

50 .0

60 .0

70 .0

80 .0

90 .0

100 .0

0 25,000 50,000 75,000 100,000 125 ,000 150 ,000 175 ,000 200 ,000

F lo w  Total (gal)

M
an

ga
ne

se
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

M edia C hange

%  R em oval



 

Zeolite
M anganese, D isso lved

0.0

50.0

100.0

150.0

200.0

250.0

300.0

350.0

400.0

450.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F lo w  Total (gal)

M
an

ga
ne

se
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

E ffluen t

M ed ia C hange

%  R em ova l

A ctivated  C arb on 
M a nga nes e, D is so lve d

0 .0

1 .0

2 .0

3 .0

4 .0

5 .0

6 .0

7 .0

8 .0

9 .0

10 .0

0 25 ,0 00 5 0,00 0 75 ,0 00 10 0,000 1 25,00 0 15 0,000 1 75,00 0 20 0,000

F low  Total (gal)

M
an

ga
ne

se
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100 %

%
 R

em
ov

al

In flu en t

E ffluen t

M ed ia  C hange

%  Re m ova l

Peat Moss
M anganese, D isso lved

0.0

2 .0

4 .0

6 .0

8 .0

10.0

12.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  To ta l (ga l)

M
an

ga
ne

se
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influen t

E ffluent

M ed ia  C hange

%  R em ova l

W et-Dry C ycle  S tarted
Replace w ith 

Peat M oss/Perlite  
M ixture



  

B a rley S traw
M ang an ese, D iss o lv ed

0.0

2 0.0

4 0.0

6 0.0

8 0.0

10 0.0

12 0.0

14 0.0

16 0.0

18 0.0

20 0.0

0 2 5,000 50,0 00 7 5,000 1 00,00 0 125 ,000 1 50,00 0 17 5,000 2 00,00 0

Flow  To ta l (ga l)

M
an

ga
ne

se
 (u

g/
L)

0 %

1 0%

2 0%

3 0%

4 0%

5 0%

6 0%

7 0%

8 0%

9 0%

1 00%

%
 R

em
ov

al

In fluen t

E ffluen t

M e d ia  C hang e

%  R em ova l

Bag F ilter
M anganese, D isso lved

0 .0

1 .0

2 .0

3 .0

4 .0

5 .0

6 .0

7 .0

8 .0

9 .0

10 .0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

T im e (Days)

M
an

ga
ne

se
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influen t

E ffluent

Filter C hange

%  R em oval

Leaf Compost
Manganese, Dissolved

0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

M
an

ga
ne

se
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Wet-Dry Cycle Started



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MERCURY, TOTAL 



 
 

S a n d  
M e rc u ry , T o ta l

0 .0

0 .1

0 .2

0 .3

0 .4

0 .5

0 .6

0 .7

0 .8

0 .9

1 .0

0 2 5 ,0 0 0 5 0 ,0 0 0 7 5 ,0 0 0 1 0 0 ,0 0 0 1 2 5 ,0 0 0 1 5 0 ,0 0 0 1 7 5 ,0 0 0 2 0 0 ,0 0 0

F lo w  T o ta l (g a l)

M
er

cu
ry

 (u
g/

L)

0 %

1 0 %

2 0 %

3 0 %

4 0 %

5 0 %

6 0 %

7 0 %

8 0 %

9 0 %

1 0 0 %

%
 R

em
ov

al

In f lu e n t

E ff lu e n t

P e rm it L im it

M e d ia  C h a n g e

%  R e m o v a l

A d d e d  C o a rs e  S a n d

Verm iculite
M ercury, Total

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25 ,000 50 ,000 75 ,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

M
er

cu
ry

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Pe rm it Lim it

M edia Change

%  Rem ova l

P erlite
M ercury, Tota l

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25,000 50,000 75,000 100 ,000 125 ,000 150,000 175,000 200,000

F lo w  Total (gal)

M
er

cu
ry

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Perm it L im it

M edia C hange

%  R em oval

y



 

Ze o lite  
M erc ury , To ta l

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 2 5,000 5 0,000 7 5,00 0 10 0,000 12 5,000 15 0,00 0 17 5,00 0 2 00,00 0

F low  To tal (ga l)

M
er

cu
ry

 (u
g/

L)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

al

In flu en t

E fflu e nt

P erm it L im it

M e dia  C h an g e

%  R em o val

A ctiva ted  C arb o n  
M e rc u ry , T o ta l

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 2 5,000 5 0,000 7 5,000 100 ,0 00 125 ,0 00 15 0,000 17 5,000 20 0,000

F lo w  T o tal (g al)

M
er

cu
ry

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100 %

%
 R

em
ov

al

In fluen t

E ffluen t

P e rm it  L im it

M ed ia  C hange

%  R em ova l

Peat Moss
M ercury, Tota l

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (ga l)

M
er

cu
ry

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluen t

E ffluen t

Pe rm it L im it

M ed ia C hange

%  R em ova l

W et-D ry Cycle  S tartedReplace w ith 
Peat M oss/Perlite 

M ixture



 

Barley Straw  
M ercury, Total

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25 ,000 50 ,000 75 ,000 100,000 125,000 150,000 175,000 200,000

Flow  To ta l (ga l)

M
er

cu
ry

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Perm it Lim it

M edia  Change

%  Rem oval

Leaf C om po st
M ercury, T otal

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25 ,000 50 ,000 75 ,000 100,000 125,000 150,000 175,000 200,000

Flow  To ta l (ga l)

M
er

cu
ry

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

E ffluent

Pe rm it L im it

M edia C hange

%  R em ova l

W et-D ry  C yc le S tarte d

Bag F ilter
M ercury, Tota l

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Tim e (D ays)

M
er

cu
ry

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

E ffluen t

Pe rm it Lim it

F ilte r C hange

%  R em ova l



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MERCURY, DISSOLVED 



 
 

S and
M ercury, D isso lved

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0 2 5,000 5 0,000 7 5,000 10 0,000 12 5,000 15 0,000 17 5,000 20 0,000

F low  Total (gal)

M
er

cu
ry

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100 %

%
 R

em
ov

al

In fluent

E ffluen t

M edia  C hange

%  Rem oval

A dded C oa rse Sand

Verm iculite
M ercury, D issolved

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0 25,000 50 ,000 75 ,000 100 ,000 125,000 150,000 175,000 200,000

F lo w  Total (g al)

M
er

cu
ry

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Eff luent

M edia Change

%  Rem ova l

Perlite
M ercury, D issolved

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F low  Total (gal)

M
er

cu
ry

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

M edia  Change

% Rem oval



 

Zeolite
M ercury, D issolved

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0 25,000 50 ,000 75 ,000 100 ,000 125,000 150,000 175,000 200,000

F lo w  Total (g al)

M
er

cu
ry

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluen t

E ffluent

M ed ia C hange

%  R em ova l

A ctiva ted  C arbo n  
M ercu ry , D isso lved

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0 25,00 0 50,00 0 75,0 00 1 00,0 00 125 ,0 00 150 ,0 00 175 ,0 00 20 0,000

Flow  To ta l (ga l)

M
er

cu
ry

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100 %

%
 R

em
ov

al

In fluen t

E fflu ent

M ed ia  C ha nge

%  R em ova l

Leaf Compost
Mercury, Dissolved

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

M
er

cu
ry

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Wet-Dry Cycle Started



 

Barley Straw
M ercury, D issolved

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F lo w  Total (g al)

M
er

cu
ry

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

M edia Change

%  Rem oval

B ag  F ilte r
M ercury , D isso lved

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0 5 10 1 5 20 25 3 0 35 40 4 5 50 55 6 0 65 70

Tim e  (D ays)

M
er

cu
ry

 (u
g/

L)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

al

Influen t

E ffluent

F ilte r C hange

%  R em ova l

P ea t M o ss
M e rcu ry , D is so lve d

0 .00

0 .02

0 .04

0 .06

0 .08

0 .10

0 .12

0 .14

0 .16

0 .18

0 .20

0 25 ,0 00 50 ,0 00 75 ,0 00 100 ,0 00 12 5 ,000 15 0 ,000 1 75 ,00 0 2 00 ,00 0

F lo w  T o ta l (g a l)

M
er

cu
ry

 (u
g/

L)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

al

In flu en t

E fflu e n t

M e d ia  C h an g e

%  R em o v a l

W e t-D ry C yc le  S ta rte dR ep la ce  w ith  
P ea t M o ss /Pe rlite  

M ix tu re



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NICKEL, TOTAL 



 
 

Sand 
N ickel, Total

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flo w  T otal (g al)

N
ic

ke
l (

ug
/L

)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

E ffluen t

Pe rm it Lim it

M ed ia C hange

%  R em ova l

Added Coarse Sand

V erm ic u lite
N ic ke l, T o ta l

0 .0

1 0 .0

2 0 .0

3 0 .0

4 0 .0

5 0 .0

6 0 .0

7 0 .0

8 0 .0

9 0 .0

10 0 .0

0 25 ,0 00 5 0 ,000 75 ,00 0 1 00 ,00 0 125 ,0 00 150 ,000 17 5 ,000 2 00 ,00 0

F lo w  T o ta l (g a l)

N
ic

ke
l (

ug
/L

)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

al

In flu e n t

E fflu e n t

P e rm it L im it

M e d ia  C h a n g e

%  R e m o va l

P erlite
N icke l, T o tal

0.0

1 0.0

2 0.0

3 0.0

4 0.0

5 0.0

6 0.0

7 0.0

8 0.0

9 0.0

10 0.0

0 25 ,0 00 5 0,000 7 5,00 0 10 0,000 1 25,00 0 1 50,0 00 175 ,0 00 20 0,000

Flow  Tota l (ga l)

N
ic

ke
l (

ug
/L

)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100 %

%
 R

em
ov

al

In fluent

E ffluen t

P erm it L im it

M ed ia  C hang e

%  R em oval



 

Zeolite
Nickel, Total

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
ic

ke
l (

ug
/L

)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Perm it Limit

Media Change

% Removal

Activated Carbon 
N ickel, Total

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

N
ic

ke
l (

ug
/L

)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Perm it Lim it

Media Change

%  Removal

Barley Straw
Nickel, Total

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
ic

ke
l (

ug
/L

)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

E ffluent

Permit Lim it

Media Change

%  Removal



 

Peat Moss
Nickel, Total

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
ic

ke
l (

ug
/L

)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Lim it

Media Change

% Removal

Wet-Dry Cycle StartedReplace w ith 
Peat Moss/Perlite 

M ixture

Leaf Compost
Nickel, Total

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
ic

ke
l (

ug
/L

)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Wet-Dry Cycle Started

Bag Filter
Nickel, Total

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

N
ic

ke
l (

ug
/L

)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit L im it

Filter Change

%  Rem oval



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NICKEL, DISSOLVED 



 
 

Sand
Nickel, Dissolved

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

N
ic

ke
l (

ug
/L

)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

%  Rem oval

Added C oarse Sand

Verm iculite 
Nickel, Dissolved

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
ic

ke
l (

ug
/L

)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

%  Removal

Perlite 
Nickel, Dissolved

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
ic

ke
l (

ug
/L

)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media  Change

% Removal



 

Z e olite  
N ick e l, D iss o lve d

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 2 5,000 5 0,000 7 5,00 0 10 0,000 12 5,000 15 0,00 0 17 5,00 0 2 00,00 0

Flow  Total (ga l)

N
ic

ke
l (

ug
/L

)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

alIn flu e nt

E fflue n t

M ed ia C ha ng e

%  R e m ova l

A ctiva te d C a rb on  
N ic k el, D is s olv ed

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 25 ,0 00 50 ,0 00 75 ,0 00 1 00,00 0 12 5,000 15 0,000 17 5,000 20 0,000

Flow  To ta l (ga l)

N
ic

ke
l (

ug
/L

)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100 %

%
 R

em
ov

al

In flu ent

E ffluent

M edia  Ch ange

%  Re m oval

B arley S traw  
N ickel, D issolved

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  To ta l (ga l)

N
ic

ke
l (

ug
/L

)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

E ffluent

Media Change

%  Removal



 

Peat Moss
Nickel, D issolved

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

N
ic

ke
l (

ug
/L

)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

E ffluen t

M ed ia C hange

%  R em ova l

W et-Dry C ycle  S tartedReplace w ith  
Peat Moss/Perlite 

M ixture

Leaf Com post
Nickel, Dissolved

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

N
ic

ke
l (

ug
/L

)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

%  Removal

Wet-Dry Cycle Started

B ag  F ilter
N icke l, D isso lved

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 5 10 1 5 2 0 25 30 3 5 40 45 50 5 5 6 0 65 70

Tim e (D ays

N
ic

ke
l (

ug
/L

)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

al

In flue nt

E fflu en t

F ilte r C h an ge

%  R e m o va l



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SELENIUM, TOTAL 



 
 

S a n d  
S e le n iu m , T o ta l

0 .0

1 .0

2 .0

3 .0

4 .0

5 .0

6 .0

0 2 5 ,0 0 0 5 0 ,0 0 0 7 5 ,0 0 0 1 0 0 ,0 0 0 1 2 5 ,0 0 0 1 5 0 ,0 0 0 1 7 5 ,0 0 0 2 0 0 ,0 0 0

F lo w  T o ta l (g a l)

Se
le

ni
um

 (u
g/

L)

0 %

1 0 %

2 0 %

3 0 %

4 0 %

5 0 %

6 0 %

7 0 %

8 0 %

9 0 %

1 0 0 %

%
 R

em
ov

al

In f lu en t

E ff lue n t

P e rm it L im it

M e d ia  C h an g e

%  R em ov a l

A d d ed  C oa rs e  S a nd

Verm iculite
Selen ium , Total

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Total (gal)

Se
le

ni
um

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Inf luent

E ffluen t

P erm it Lim it

M ed ia Change

%  Rem oval

Perlite
Selenium, Total

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Se
le

ni
um

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Lim it

Media Change

% Removal



 

Z e o lite
S e le n iu m , T o ta l

0 .0

1 .0

2 .0

3 .0

4 .0

5 .0

6 .0

0 2 5 ,0 0 0 5 0 ,0 0 0 7 5 ,0 0 0 1 0 0 ,0 0 0 1 2 5 ,0 0 0 1 5 0 ,0 0 0 1 7 5 ,0 0 0 2 0 0 ,0 0 0

F lo w  T o ta l (g a l)

Se
le

ni
um

 (u
g/

L)

0 %

1 0 %

2 0 %

3 0 %

4 0 %

5 0 %

6 0 %

7 0 %

8 0 %

9 0 %

1 0 0 %

%
 R

em
ov

al

In f lu e n t

E ff lu e n t

P e rm it L im it

M e d ia  C h a n g e

%  R e m o v a l

Activated Carbon 
Selenium, Total

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Se
le

ni
um

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Barley Straw
Selenium, Total

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Se
le

ni
um

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

Peat Moss
Selenium , Total

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Se
le

ni
um

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Perm it L im it

M edia Change

%  Rem oval

W et-D ry Cycle StartedR eplace with  
Peat M oss/Perlite  

M ixture

Leaf Compost
Selenium, Total

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Se
le

ni
um

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Wet-Dry Cycle Started

Bag Filter
Selenium , Total

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Tim e (Days)

Se
le

ni
um

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

E ffluen t

Perm it Lim it

F ilter Change

%  Rem oval



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SELENIUM, DISSOLVED 



 
 

S and
S elen ium , D isso lved

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 2 5,000 5 0,000 7 5,000 100 ,0 00 125 ,0 00 15 0,000 17 5,000 20 0,000

Flow  Total (gal)

Se
le

ni
um

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100 %

%
 R

em
ov

al

Influen t

E ffluent

M edia  Change

%  R em oval

A dd e d C o arse  Sa n d

V erm icu lite
S e len ium , D issolved

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25 ,000 50 ,0 00 75 ,0 00 100,0 00 1 25,00 0 1 50,00 0 1 75,00 0 2 00,00 0

Flow  Total (gal)

Se
le

ni
um

 (u
g/

L)

0 %

1 0%

2 0%

3 0%

4 0%

5 0%

6 0%

7 0%

8 0%

9 0%

1 00%

%
 R

em
ov

al

In fluent

E ffluent

M edia C hange

%  Re m oval

Perlite
Selenium , D issolved

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Se
le

ni
um

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

M edia Change

%  Rem oval



 

Zeolite
Selen ium , D isso lved

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 2 5,000 5 0,000 7 5,00 0 10 0,000 12 5,000 15 0,00 0 17 5,00 0 2 00,00 0

Flow  Total (ga l)

Se
le

ni
um

 (u
g/

L)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

al

Influen t
E ffluent
M ed ia  C hange
%  R em ova l

A ctiva ted  C arbo n  
S elen iu m , D isso lved

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 2 5,000 5 0,000 7 5,000 100 ,0 00 125 ,0 00 15 0,000 17 5,000 20 0,000

F lo w  Total (gal)

Se
le

ni
um

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100 %

%
 R

em
ov

al

In fluen t

E fflu ent

M edia C ha nge

%  R em oval

Barley Straw
Selenium , D issolved

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Se
le

ni
um

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal



 

P ea t M o ss
S ele n iu m , D is so lve d

0 .0

0 .1

0 .2

0 .3

0 .4

0 .5

0 .6

0 .7

0 .8

0 .9

1 .0

0 2 5 ,000 5 0 ,000 7 5 ,00 0 10 0 ,000 12 5 ,000 15 0 ,00 0 17 5 ,00 0 2 00 ,00 0

F lo w  T o ta l (g a l)

Se
le

ni
um

 (u
g/

L)

0%

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

10 0%

%
 R

em
ov

al

In flu en t

E fflue n t

M ed ia  C ha ng e

%  R em ova l

W et-D ry  C yc le  S ta rte d
R e p la ce  w ith  

P e a t M oss /P e rlite  
M ixtu re

Leaf C om post
S e len ium , D issolved

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 25 ,000 50 ,0 00 75 ,0 00 100,0 00 1 25,00 0 1 50,00 0 1 75,00 0 2 00,00 0

Flow  To ta l (ga l)

Se
le

ni
um

 (u
g/

L)

0 %

1 0%

2 0%

3 0%

4 0%

5 0%

6 0%

7 0%

8 0%

9 0%

1 00%

%
 R

em
ov

al

In fluent

E ffluent

M edia C hange

%  R em ova l

W et-Dry C ycle Started

Bag Filter
Selenium, Dissolved

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

Se
le

ni
um

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Filter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SILVER, TOTAL 



 
 

S an d
S ilver , T ota l

0 .0

1 .0

2 .0

3 .0

4 .0

5 .0

6 .0

0 25 ,000 50 ,000 75 ,000 100 ,000 125 ,000 150 ,000 175 ,000 200,000

F lo w  T o ta l (g a l)

Si
lv

er
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influen t

E ffluent

P erm it L im it

M edia  Change

%  R em oval

A dded C oarse  Sand

Verm iculite
S ilver, Tota l

0.0

1.0

2 .0

3 .0

4 .0

5 .0

6 .0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  Tota l (ga l)

Si
lv

er
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Perm it Lim it

M edia Change

%  Rem oval

Perlite
Silver, Total

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Si
lv

er
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

alInfluent

Effluent

Permit Limit

Media Change

% Removal



 

Zeolite 
S ilver, Tota l

0.0

1.0

2 .0

3 .0

4 .0

5 .0

6 .0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flo w  T otal (g al)

Si
lv

er
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

E ffluen t

Perm it Lim it

M ed ia C hange

%  R em ova l

Activated Carbon 
Silver, Total

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Si
lv

er
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Barley Straw 
Silver, Total

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Si
lv

er
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

Peat Moss
Silver, Total

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Si
lv

er
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Wet-Dry Cycle StartedReplace with 
Peat Moss/Perlite 

Mixture

Leaf Com post
Silver, Total

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flo w  T otal (g al)

Si
lv

er
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Perm it Lim it

M edia Change

%  Rem oval

W et-Dry C ycle  S ta rted

B a g  F ilte r
S ilv e r, T o ta l

0 .0

1 .0

2 .0

3 .0

4 .0

5 .0

6 .0

0 5 1 0 1 5 2 0 2 5 3 0 3 5 4 0 4 5 5 0 5 5 60 6 5 70

T im e (D ays )

Si
lv

er
 (u

g/
L)

0 %

1 0%

2 0%

3 0%

4 0%

5 0%

6 0%

7 0%

8 0%

9 0%

1 00 %

%
 R

em
ov

al

In f lue n t

E ff lu en t

P e rm it L im it

F ilte r  C h an ge

%  R e m o va l



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SILVER, DISSOLVED 



 
 

S an d
S ilv er , D is so lve d

0 .00

0 .02

0 .04

0 .06

0 .08

0 .10

0 .12

0 .14

0 .16

0 .18

0 .20

0 25 ,0 0 0 5 0 ,00 0 75 ,0 0 0 1 0 0 ,0 0 0 12 5 ,0 00 1 5 0 ,0 0 0 17 5 ,0 0 0 2 0 0 ,0 0 0

F lo w  T o ta l (g a l)

Si
lv

er
 (u

g/
L)

0 %

1 0%

2 0%

3 0%

4 0%

5 0%

6 0%

7 0%

8 0%

9 0%

1 00 %

%
 R

em
ov

al

In flue nt

E fflu en t

M e dia  C h an ge

%  Re m o val

A dded C oarse Sand

V e rm ic u lite
S ilv e r, D iss o lv e d

0 .00

0 .02

0 .04

0 .06

0 .08

0 .10

0 .12

0 .14

0 .16

0 .18

0 .20

0 2 5 ,0 0 0 50 ,0 0 0 7 5 ,00 0 1 0 0 ,0 0 0 12 5 ,0 00 1 5 0 ,00 0 1 7 5 ,0 0 0 20 0 ,0 00

F lo w  T o ta l (g a l)

Si
lv

er
 (u

g/
L)

0 %

1 0 %

2 0 %

3 0 %

4 0 %

5 0 %

6 0 %

7 0 %

8 0 %

9 0 %

1 0 0 %

%
 R

em
ov

al

In flu e n t
E fflu e n t
M e d ia  C h a n g e
%  R e m o va l

Perlite
S ilver, D issolved

0.00

0 .02

0 .04

0 .06

0 .08

0 .10

0 .12

0 .14

0 .16

0 .18

0 .20

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  To ta l (ga l)

Si
lv

er
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

E ffluent

Media Change

%  Removal



 

Z e olite
S ilv er, D iss o lv e d

0.00

0 .10

0 .20

0 .30

0 .40

0 .50

0 .60

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F lo w  T o ta l (g a l)

Si
lv

er
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In flu en t

E fflue nt

M e dia  C ha ng e

%  R em ova l

Activated Carbon 
S ilver, D issolved

0 .00

0 .02

0 .04

0 .06

0 .08

0 .10

0 .12

0 .14

0 .16

0 .18

0 .20

0 25,000 50 ,000 75 ,000 100 ,000 125 ,000 150 ,000 175 ,000 200,000

Flow  To ta l (ga l)

Si
lv

er
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

%  Remova l

B arley Straw
Silver, D issolved

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flo w  T ota l (g al)

Si
lv

er
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

%  Removal



 

Peat Moss
Silver, D issolved

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Si
lv

er
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

%  Removal

W et-D ry Cycle StartedReplace with 
Peat M oss/Perlite 

M ixture

Leaf Compost
Silver, Dissolved

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Si
lv

er
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Wet-Dry Cycle Started

Bag Filter
Silver, Dissolved

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

Si
lv

er
 (u

g/
L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Filter Change

% Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

THALLIUM, TOTAL 



 
 

Sand
Thallium , Tota l

0.0

0.5

1.0

1.5

2.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow  To ta l (ga l)

Th
al

liu
m

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Perm it L im it

Media  Change

%  Rem oval

Added C oarse Sand

V e rm ic u lite
T ha lliu m , T o ta l

0 .0

0 .5

1 .0

1 .5

2 .0

0 2 5 ,00 0 5 0,0 0 0 7 5 ,0 00 1 0 0,0 0 0 12 5 ,0 0 0 1 5 0 ,00 0 1 75 ,0 0 0 20 0 ,0 00

F lo w  T o ta l (g a l)

Th
al

liu
m

 (u
g/

L)

0 %

1 0 %

2 0 %

3 0 %

4 0 %

5 0 %

6 0 %

7 0 %

8 0 %

9 0 %

1 0 0 %

%
 R

em
ov

al

In flu e n t

E fflu e n t

P e rm it L im it

M e d ia  C h a n g e

%  R e m o v a l

Perlite
Thallium, Total

0.0

0.5

1.0

1.5

2.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Th
al

liu
m

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal



 

Zeolite
Thallium , Total

0.0

0.5

1.0

1.5

2.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Th
al

liu
m

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Perm it Limit

M edia Change

% Removal

A c tiv a te d  C a r b o n  
T h a lliu m , T o ta l

0 .0

0 .5

1 .0

1 .5

2 .0

0 2 5 ,0 0 0 50 ,0 0 0 7 5 ,00 0 1 00 ,0 0 0 1 2 5 ,00 0 1 50 ,0 0 0 17 5 ,0 00 2 0 0 ,0 0 0

F lo w  T o ta l (g a l)

Th
al

liu
m

 (u
g/

L)

0 %

1 0%

2 0%

3 0%

4 0%

5 0%

6 0%

7 0%

8 0%

9 0%

1 00 %

%
 R

em
ov

al

In flu e n t

E fflu e n t

P e rm it L im it

M e d ia  C h a n g e

%  R e m o v a l

Barley Straw
Thallium , Tota l

0.0

0.5

1.0

1.5

2.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flo w  T otal (g al)

Th
al

liu
m

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influe nt

Efflu ent

Perm it Lim it

M edia Cha nge

% Rem o val



 

Peat M oss
Thallium , Tota l

0 .0

0 .5

1 .0

1 .5

2 .0

0 25 ,000 50,000 75 ,000 100,000 125 ,000 150 ,000 175 ,000 200 ,000

Flo w  T otal (g al)

Th
al

liu
m

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

Effluent

Perm it L im it

M edia Change

%  Rem oval

W et-D ry  C yc le  S tarte d
Rep lace w ith 

Pe a t M oss/P e rlite  
M ix ture

Leaf Compost
Thallium, Total

0.0

0.5

1.0

1.5

2.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Th
al

liu
m

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Limit

Media Change

% Removal

Wet-Dry Cycle Started

Bag Filter
Thallium , Total

0.0

0.5

1.0

1.5

2.0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (Days)

Th
al

liu
m

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Permit Lim it

F ilter Change

%  Removal



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

THALLIUM, DISSOLVED 



 
 

Sand
Thallium, Dissolved

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Th
al

liu
m

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Added Coarse Sand

Verm icu lite
Thallium , D issolved

0 .00

0 .05

0 .10

0 .15

0 .20

0 .25

0 .30

0 .35

0 .40

0 25 ,000 50 ,000 75,000 100 ,000 125 ,000 150 ,000 175,000 200 ,000

Flow  Total (ga l)

Th
al

liu
m

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In flu en t

E ffluen t

M ed ia  Ch ange

%  Re m ova l

Perlite
Thallium, Dissolved

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Th
al

liu
m

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal



 

Zeolite 
T halliu m , D issolved

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flo w  T ota l (g al)

Th
al

liu
m

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

E ffluen t

M ed ia C hange

%  Rem oval

A c tiv a te d  C a rb o n  
T h a lliu m , D is s o lv e d

0 .00

0 .05

0 .10

0 .15

0 .20

0 .25

0 .30

0 .35

0 .40

0 2 5 ,0 0 0 5 0 ,0 0 0 7 5 ,00 0 1 00 ,0 0 0 1 2 5 ,00 0 1 50 ,0 0 0 1 7 5 ,0 00 2 0 0 ,0 0 0

F lo w  T o ta l (g a l)

Th
al

liu
m

 (u
g/

L)

0 %

1 0%

2 0%

3 0%

4 0%

5 0%

6 0%

7 0%

8 0%

9 0%

1 00 %

%
 R

em
ov

al

In flu e n t

E fflu e n t

M e d ia  C h a n g e

%  R e m o va l

B arley  S traw  
Thallium , D isso lved

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F lo w  T o ta l (g a l)

Th
al

liu
m

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In fluent

E fflue nt

M e dia  C han ge

%  R em oval



 

Peat M oss
T halliu m , D isso lved

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

F lo w  T o ta l (g a l)

Th
al

liu
m

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In flu en t

E fflu e nt

M e dia  Ch an g e

%  R em o val

W e t-D ry  C ycle  S ta rted
R e place  w ith  

P e at M o ss/P erlite 
M ix tu re

Leaf Compost
Thallium, Dissolved

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Th
al

liu
m

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Wet-Dry Cycle Started

B a g  F ilte r
T h a lliu m , D is s o lv e d

0 .00

0 .05

0 .10

0 .15

0 .20

0 .25

0 .30

0 .35

0 .40

0 5 1 0 1 5 2 0 2 5 3 0 3 5 40 4 5 5 0 55 6 0 6 5 70

T im e (D a ys )

Th
al

liu
m

 (u
g/

L)

0 %

1 0%

2 0%

3 0%

4 0%

5 0%

6 0%

7 0%

8 0%

9 0%

1 00 %

%
 R

em
ov

al

In flu en t

E fflue n t

F ilte r C h an ge

%  R em ova l



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ZINC, DISSOLVED 



 
 

Sand
Zinc, D issolved

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Zi
nc

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Added Coarse  Sand

Verm iculite
Zinc, D isso lved

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flo w  T ota l (g al)

Zi
nc

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Inf luent

E ffluen t

M ed ia Change

%  Rem oval

P erlite
Z inc, D isso lved

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flo w  T ota l (g al)

Zi
nc

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In flue nt

E fflu ent

M edia  Cha nge

%  R em o val



 

Zeolite
Zinc, Dissolved

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Zi
nc

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Activated Carbon 
Zinc, Dissolved

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Zi
nc

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

%  Removal

B a rle y  S tra w
Z in c , D is s o lv e d

0 .0

2 .0

4 .0

6 .0

8 .0

1 0 .0

1 2 .0

1 4 .0

1 6 .0

1 8 .0

0 2 5,0 0 0 50 ,0 0 0 7 5 ,00 0 1 0 0,0 0 0 12 5 ,0 00 1 5 0 ,00 0 1 7 5,0 0 0 20 0 ,0 00

F lo w  T o ta l (g a l)

Zi
nc

 (u
g/

L)

0 %

1 0 %

2 0 %

3 0 %

4 0 %

5 0 %

6 0 %

7 0 %

8 0 %

9 0 %

1 0 0 %

%
 R

em
ov

al

In flu e n t

E f flu e n t

M e d ia  C h a n g e

%  R e m o v a l



 

Peat Moss
Zinc, Dissolved

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Zi
nc

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Influent

Effluent

Media Change

% Removal

Wet-Dry Cycle Started
Replace with 

Peat Moss/Perlite 
Mixture

Leaf Com post
Zinc, D issolved

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

Flow Total (gal)

Zi
nc

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

Inf luent

E ffluen t

M ed ia Change

%  Rem oval

W et-D ry Cycle Started

Bag  F ilter
Z inc, D isso lved

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

T im e  (D ay s)

Zi
nc

 (u
g/

L)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

%
 R

em
ov

al

In flue nt

E fflu en t

F ilte r  C h an ge

%  R e m o va l




