Appendix C1: Batch Kinetics Tests

This appendix contains the entire data set for the batch kinetics tests for the potential
biofilter components. These tests were performed to provide estimates of optimal
contact times to maximize pollutant removal. These results also were evaluated for
potential trade-offs as a result of the ion-exchange reactions occurring on the media
surface. The top left graph on each page shows the raw data, while the other graphs
show the pollutant removals, normalized by dividing by the concentration of the spiked
stormwater that was not in contact with a treatment medium, as a function of time. The
graphs are broken up into the following groups:

Common Constituents (Conductivity, Hardness, Oxidation-Reduction Potential, pH)

Indicators of Carbon Behavior (Apparent Color, UV-254 Absorbence, Chemical Oxygen
Demand)

Major Cation and Anions (Calcium, Magnesium, Sodium, Potassium, Sulfate, Fluoride)
Nutrients (Ammonia, Nitrate, Total Nitrogen, Total Phosphorus, Phosphate)

Heavy Metals and Other Trace Constituents (Aluminum, Antimony, Arsenic, Boron,
Cadmium, Chromium, Copper, Iron, Lead, Manganese, Nickel, Thallium, Zinc)
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Common Constituents

Conductivity: Initial Batch Kinetics Testing
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Figure C1-1. Conductivity Behavior as a Function of Time
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Figure C1-2. Hardness Behavior as a Function of Time
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ORP: Initial Batch Kinetics Testing

300

200

10000

10000

™|
NN A |
A~
[ U ) A NI
e Il AN N N \ 1
LTI \. LN /3
-4
—— Spiked Stormwater Hst
—— Rhyalte Sand
— GAC
—— Peat Moss i
— Surface-Modified Zeolite
—— Site Zeolite [
1 10 100 1000
Time (min)
N | Gac
N
N
--..----q..,'___,_..aﬂ...‘ )
Ind
1 10 100 1000
Time (min)
Surface-Madified Zealite
/r
] — N_.“ }/
[ /|
1 10 100 1000
Time (min)

10000

GO,

c/c,

GJIc,

1.6
1.4
1.2
1.0
0.8
0.6
0.4
02
0.0

1.8
1.6
1.4
1.2
1.0
0.8
0.6
04
0.2
0.0

1.8
1.6
1.4
12
1.0
0.8
0.6
0.4
0.2
0.0

Figure C1-3. ORP Behavior as a Function of Time
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Figure C1-4. pH Behavior as a Function of Time
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Indicators of Carbon Behavior

Color, Apparent: Initial Batch Kinetics Testing
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Figure C1-5. Color Behavior as a Function of Time
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Figure C1-6. UV-254 Absorbence Behavior as a Function of Time
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COD: Initial Batch Kinetics Testing
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Figure C1-7. Chemical Oxygen Demand Removal as a Function of Time



Major lons (Cations and Anions)
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Figure C1-8. Calcium Removal as a Function of Time

C-10



4800
4400
4000
3600
3200
2800
2400
2000
1600
1200

800

400

Magnesium (ug/L)

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

GG,

1.50

1.25

1.00

0.75

C/C,

0.50

0.25

0.00

v Pt s Magnesium: Initial

O GAC - - -
® Foatoss Batch Kinetics Testing
A  Surface-Modified Zeolite
@ Site Zaclite
1.6
¢
u 1.4 ‘
> [ 3 1.2 l' s__.‘
o 1o Tl T8I Jllo L8
o ¢ I _ 1o *
@ Q o8
i s LR lE 5
0.6
#i«ﬁ l . 0.4
» 0.2
| 0o F{hycH"!te San
1 10 100 1000 10000 10 100 1000 10000
Time (min) Time (min)
45
u 4.0 Iu
35
" L + 3.0 s P
L Lh —.-—"-W'I‘ * o 25
G 20 P
i 1.5 &—I o | lalll
: e
1.0 ”
GAC L
> o eat Mloss
1 10 100 1000 10000 10 100 1000 10000
Time (min) Time (min)
1.4
*
’,u 1.2
e ° %H [:
o el @ m [ j 1.0 Ll
> 0.8
@)
O os $ oo
0.4
f ip pps A 0.2
urfage-Mm ed Z e ite Zaoljte (MWH
Surfa e-Mpiffed 2zl +o | Site Zolite| (M
1 10 100 1000 10000 10 100 1000 10000
Time (min) Time (min)

Figure C1-9. Magnesium Removal as a Function of Time
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Sodium: Initial Batch Kinetics Testing
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Potassium: Initial Batch Kinetics Testing

6 1.4
| L HL
5 \ r_/ 1 JRN al QM
| il Ll /
= LA NI L
2 fl [ TR [ il
£ LA AT _,.»—=+'< o 08 7
§ 34_‘£T‘.. "\.f__‘:-‘: | Fhi -'..'.__:-'” -
n : t O os
@ s —— Spiked Stormwater
° 1| —— Rhyolite Sand
o — GAC 0.4
14 —— Peat Moss i |
—— Surface-Modified Zeolite 0.2
—— Site Zeolite
0 - 0.0
1 10 100 1000 10000 1 10 100 1000 10000
Time (min) Time (min)
18 1.0
16 C Pui ullcsu
14 _// 0.8 s P — <1t
12 =
&5 10 L1 5 0.6
=, "y =
P
o 8 “‘_r:r O 0.4
6
>~
L~
4 0.2
2
0 0.0
1 10 100 1000 10000 1 10 100 1000 10000
Time (min) Time (min)
2" TSurfacE-Madificd Zediite '8 :
18 -- 16 | Site Zeolite (MWH)
; P
1.6 -~
1.4 H
-
14 mi 12 -
o h& A o 10 =it
1.0 L
8‘ ...J N.-" 8“ 0.8 41T
0.8
06 0.6
0.4 0.4
0.2 0.2
0.0 0.0
1 10 100 1000 10000 1 10 100 1000 10000
Time (min) Time (min)

Figure C1-11. Potassium Removal as a Function of Time
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Sulfate: Initial Batch Kinetics Testing
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Figure C1-12. Sulfate Removal as a Function of Time
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Nutrients

Ammonia: Initial Batch Kinetics Testing
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Figure C1-14. Ammonia Removal as a Function of Time
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Nitrate: Initial Batch Kinetics Testing
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Figure C1-15. Nitrate Removal as a Function of Time
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Total Nitrogen: Initial
Batch Kinetics Testing
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Figure C1-17. Total Phosphorus Removal as a Function of Time
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Heavy Metals and Other Trace Constituents
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Antimony: Initial Batch
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Figure C1-20. Antimony Removal as a Function of Time
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Figure C1-23. Cadmium Removal as a Function of Time
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Nickel: Initial
Batch Kinetics Testing
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Figure C1-29. Nickel Removal as a Function of Time
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