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Slow Sand Filtration

 What is slow sand filtration?
 System design and operation
 Research results



Sand Filters
 Rapid sand filtration
 Slow sand filtration

What is Slow Sand Filtration?

Presenter
Presentation Notes
150 Lpm/m^2= 3.7 gpm/ft^2



Rapid sand filtration
 Coarse sand (>1mm)
 Removes larger particles only
 Does not remove pathogens
 Does not remove pollutants
 2-20 gpm/ft2

 Low maintenance

What is Slow Sand Filtration?

Presenter
Presentation Notes
Most  are familiar with rapid sand filtration.  This is a physical filtration or screening.  Degree of “treatment” is dependent on the characteristics of the sand.

135 – 225 gpm/yd^2?



Slow sand filtration
Removes pathogens
Removes many pollutants
 Low maintenance
 Slow flow rates  
 0.06–0.2 gpm/ft2 (33-100× slower)
 12’ dia tank can treat 10,000 gpd

What is Slow Sand Filtration?

Presenter
Presentation Notes
150 Lpm/m^2= 3.7 gph/ft^2= 0.06gpm/ft^2= 88gpd

So, a sand bed in a 12’ dia tank will treat about 10,000gpd




Mechanism

 “Schmutzdecke”
Where most treatment occurs
 A community of microorganisms 
 Sand bed surface to 6 inches below

 Organisms that have been identified:
 algae, bacteria, diatoms, and zooplankton

 Mechanisms for removal are not
fully understood

 Particulate removal before filtration



Can remove
 Pathogens 
 Nutrients
 Chemical pollutants

Capabilities



 Uniform particle size 
 30-60 mesh (0.425-0.3mm)
 Uniformity Coefficient (UC)<3

 Round, not sharp
 1m water head over sand
 Sand must stay submerged
 Sand surface must not be disturbed
 Flow control
 Recommend 1m sand depth
 Recommend at least two filters

Specifications

Presenter
Presentation Notes
Sand quality is key for efficacy and longevity of treatment.  The sand grains must be round as sharp sand can pack and restrict flow.  Round, uniformly sized grains can maintain pores through which water can flow.
A 1 m head of water is necessary to “push” the water through the sand bed.
Since this is a biological system, the sand bed must be constantly wetted with flowing water for aeration.
A 1 m deep sand bed is recommended to accommodate several maintenance treatments.  After some time, the schmutzdecke becomes thickened and restricts water flow.  Maintenance includes the removal of ½” of top layer of sand to restore flow.  After half of the sand is removed, the entire bed needs to be replaced.



System Design

Graphic: L. Oki

Presenter
Presentation Notes
The filter consists of a drainage layer that includes a pipe manifold assembly to collect treated water.  This manifold is buried within pea gravel.  Several layers of sand of gradually decreasing size covers the pea gravel so that the sand doesn’t become incorporated in the gravel.  A geotextile fabric should not be used here.  The manifold is connected to a pump that moves the filtered water to storage.  If topography enables it, the system may be entirely or partially gravity driven.  Flow control is key for effective treatment.



Installations
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Estimated treatment capacity
≈ 50 ft2 (5 ft x 10 ft)
@ 90 gpd/ft2 → 4,500 gpd

Berylwood Tree Farm, Somis

Presenter
Presentation Notes
Septic tanks can be used to contain the sand beds.  This installation will have two of these tanks.
These tanks are estimated to contain sand beds estimated at 5’ x 10’.  So, at 50 sq.ft. each, that these tanks will be able to treat 4,500 gpd @90 gpd/sq.ft. per tank or a total of 9,000 gpd.

≈ 4.6 m2 (1.5 m x 3 m)
@ 150 Lph/m2 → 3.6 m3/day/m2





Installations

Roundstone Nurseries, UK

Horticultural Development Council, 2005

 850 ft2 surface
 33 ft dia.

 60,000 gpd

 Treated storage
 132,000 gal

 Untreated storage
 1,720,000 gal

Presenter
Presentation Notes
This is the installation at Roundstone Nurseries in the U.K.  The sand filter is enclosed in a tank of about 33’ in diameter.  This provides about 74,000 gal of treated water per day.  Their untreated containment is about 5.2 acre-ft or about 1.7 million gal.

80 m2 surface
~10 m dia.
288 m3/day
Untreated storage
6,500 m3
Treated storage
500 m3




Supernatant water

Filter Cover

Underdrain system (lowest level)

Filter surface (sand)

From: Sabine Werres, Federal Biological Research Center 
for Agriculture and Forestry, Braunschweig, Germany

Installations

350,000 gpd
~4,440 sq.ft

Presenter
Presentation Notes
Ufer, T., Werres, S. K., Posner, M., and Wessels, H.-P. 2008. Filtration to eliminate Phytophthora  spp. from recirculating water systems in commercial nurseries. Online. Plant Health Progress doi:10. 1094/PHP-2008-0314-01-RS.

http://www.plantmanagementnetwork.org/pub/php/research/2008/recycle/

Up to 40,000 m3/mo  10.5M gal/mo  350,000 gpd  4,375 sqft



Experimental Design

Flow rates and time-to-treatment

 Generate and capture irrigation runoff
 Inoculate treatment water

 Phytophthora capsici

 Collect water samples
 Pretreatment
 From within sand bed
 Post treatment

 Analyze for P. capsici

Presenter
Presentation Notes
We tested slow sand filters for their ability to remove Phytophthora capsici from captured runoff.  Water samples were collected from above the sand bed, at 10 cm intervals down the depth of the bed, and below the bed.  Samples were plated and analyzed for P. capsici colony forming units.



SSF Studies

1.1 m

20 cm

20 cm

20 cm

20 cm

20 cm

1.0 m

10 cm

1/2" tubing
1.0 m

Pipe, 4", PVC
Sched 40

To irrigation
pump tanks

Pipe, 3/4", PVC
Sched 40

Graphic: L. Oki
Photo: L. Oki

Presenter
Presentation Notes
The graphic shows the location of the sampling ports.  Samples were collected every 5 days beginning on the date water was introduced to the newly constructed filters.  This is a photo of graduate student Mike Harris checking the flow of water during sample collection.
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Presenter
Presentation Notes
This data set shows the removal of Phytophthora capsici from the runoff water. The salmon colored bars indicate the reference quantity of colony forming units prior to treatment and the lavendar bar represents the sample below the sand bed (post treatment).  The date runoff was introduced to the filters is 5/3 and the reduction in the height of the bars below the reference bar indicates removal of the pathogen.  This data shows that the biofilms take about 15 days to fully develop.



Pathogen switch
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And simulated pump failure

Days after inoculation
0 14 28 42 57 71 85 99 113 141127

Group 1

Group 2

Phytophthora capsici
Fusarium oxysporum (added directly to filter)

Presenter
Presentation Notes
These two organisms were chosen because of their phylogenetic differences (an oomycete and a fungus), chemical differences (cell walls of β1, 3 glucans in the oomycetes and cell walls of chitin in the fungi),



Pathogen switch
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And simulated pump failure

Days after inoculation
0 14 28 42 57 71 85 99 113 141127

Group 1

Group 2

□ Phytophthora always removed
□ Could not remove Fusarium

□ It is possible with “priming”

Presenter
Presentation Notes
These two organisms were chosen because of their phylogenetic differences (an oomycete and a fungus), chemical differences (cell walls of β1, 3 glucans in the oomycetes and cell walls of chitin in the fungi),



Virus removal

 Purified TMV added to columns
 Collected water samples weekly
 Testing via 

 ELISA
 bioassay
 Leaf- N. glutinosa, C. quinoa
Whole plant- N. tabacum, N. benthamiana

 Required 6-9 weeks to achieve removal 



Virus removal, bioassay results

Column 2 Column 3 Column 4
TIME N.b./N.t. N.b./N.t. N.b./N.t.

-0 -/- -/- -/-
24 hrs +/+ +/+ +/+
Wk 1 +/+ +/+ +/+
Wk 2 +/+ +/+ +/+
Wk 3 +/+ +/+ +/+
Wk 4 +/+ +/+ +/+
Wk 5 -/+ +/+ +/+
Wk 6 -/- -/- -/-
Wk 7 -/- -/- -/-
Wk 8 -/- -/- -/-
Wk 9 -/- -/- -/-

Wk 10 -/- -/- -/-
Wk 11 -/- -/- -/-
Wk 12 -/- -/- -/-

Systemic hosts 
Nicotiana benthamiana (N.b.) 
and N. tabacum (N.t.)

Samples from 
below sand bed

Before TMV addition



Current and future work

Photo: MES

Presenter
Presentation Notes
Current work includes trials to examine the microorganisms in the biofilms, assessing effectiveness in combination with vegetated filtration filters, demonstration of SSF irrigating healthy plants with filtered water, and ability to remove viruses.   




Conclusions

Biological treatment systems:
 Require little or no inputs

 Contrast with energy (UV irradiation) or 
chemical-based (chlorination) methods

 Can remove pathogens, chemical pollutants, 
and nutrients

 Low flow rates means space is required to 
hold large volumes of water
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Thank you
lroki@ucdavis.edu
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