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This presentation will show the impacts of media
type, filter type, and bather load on particle (Crypto)
removal from swimming pools.



The CDC lists Cryptosporidium (Crypto) as
the leading cause of human waterborne
disease In the US with more than 823,000
cases per year with associated direct
healthcare costs of $45.8 million.




Prior Research (1 of 2)
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Source: Bob Dumas, 2008, The Workhorse.
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Four Types of Filters Tested

Media

Depth

Media
Type

127 *

24"

36" **

Vortisand

* Performed at 2 & 48 Turnovers
** performed at 1 & 3 Turnovers

Sand

Ceramic

Sand

Vortisand



Filter removals of 4.5-micron
diameter (fluorescent)
polystyrene microspheres




time

(min)
Three 3
Sample 3
Times 3
7
7
7

Triplicate 11
Samples 11
11

Influent samples

sample

number dose (mL) count #/mL average
1 10 121 12.10
2 10 127 12.70 11.13 |
3 10 86 8.60
1 10 112 11.20
2 10 106 10.60 10.33
3 10 92 9.20
1 10 90 9.00
2 10 107 10.70 10.03
3 10 104 10.40

Effluent samples

sample

number dose (mL) count #/mL
1 20 168 8.40
2 20 195 9.75 8.40
3 20 141 7.05
1 20 185 9.25
2 20 161 8.05 8.42
3 20 159 7.95
1 20 149 7.45
2 20 172 8.60 7.65
3 20 138 6.90

Average of Samples at Each Time

time
3
7
11
OVERALL

AVERAGE:

%

removal Std. Dev.

18.55
23.75

22.28

12.13
7.00
8.65

8.70

LRV
0.12
0.09
0.12

0.11

Std.
Dev.
0.07
0.04
0.05

~95%
Conf Int

2*SD
0.14
0.07
0.10



CONTROL: 12-inch & 36-inch Sand Filter
@ 10 gpm/ft? (24 m/h), no coagulant

Removal (%)

90

80

70

60

50

40

30

20

10

0

22.6

12 inches of sand

51.8
Media Depth (in) TOC (mg/L)
12 & 36 2
Coagulation (mg/L as Al) Turnover
0 2

us

36 inches of sand | UK/EU




12-inch Coagulation Experiments (No TOC) ~2 hrs.
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12-inch Coagulation Experiments (No TOC) ~48 hrs.
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12-inch Coagulation Experiments (No TOC)

100 ® 99.8 ® 999
90
80
70
60
©
> 50
(o]
£
L 40
30
50 ® 226
Media Depth (in) TOC (mg/L)
10 12 2,0,0
Coagulation (mg/L as Al) Turnover
. 0, 0.05,0.05 f 2,2,48

12 inches of sand  0.05 mg/L as Al of PACI 0.05 mg/L as Al of PACI



12-inch Coagulation Experiments (No TOC)

* This confirms prior research findings...
e ... findings that also did not include bather load.

12-inch Coagulation Experiments (No TOC) Prior Research
100 ® 99.8 ® 999
” Sand Filtration (US) Sand Filtration + Coagulation (UK)
* Shown to be * Sand filtration with
0 ineffective with only coagulation using poly
T e 0.19 Log (36%) aluminum chloride (PACI) can
5 removal of significantly increase the
é ’ Cryptosporidium sized removal of Crypto-sized
& o particles (Amburgey particles. With coagulation,
“ 2012) greater than 99% removals
o226 were achieved (Croll et al.
o Media Depth (in) TOC (mg/L) 2007, Amburgey et al. 2012,
10 12 20,0 Lu & Amburgey 2016)
Coagulation (mg/L as Al) | Turnover
0 0, 0.05,0.05 2,2,48

12 inches of sand  0.05 mg/L as Al of PACI 0.05 mg/L as Al of PACI



Problem solved!

* Any questions?

Coagulant (PACI)




12-inch Coagulation Experiments (+ TOC) ~2 hrs.
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12-inch Coagulation Experiments (+ TOC) ~48 hrs.
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12-inch Coagulation Experiments (+ TOC)
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12-inch 10 x Coagulation Experiments (+ TOC) ~2 hrs.
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12-inch 10 x Coagulation Experiments (+ TOC) ~48 hrs.
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12-inch 10 x Coagulation Experiments (+ TOC)
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Even at 10 x Coagulation, Bather load is a problem
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Bather load statistics

* No TOC experiments at both times outperformed +TOC experiments
* 2 Turnovers
 P-value3.41x107°

* 48 turnovers
e P-value2.35x10°°



Even at 10 x Coagulation, Bather load is a problem
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36-inch Coagulation Experiments (+ TOC) ~ 1 hr.
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36-inch Coagulation Experiments ( ) ~ 3 hrs.
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36-inch Coagulation Experiments (+ TOC)
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36-inch Coagulation Experiments (+ TOC)

100

90
86.5

80

# 94.3

Since more sand did not solve the problem,
Can we just add 10 x more coagulant with 3 x more sand?
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36-inch 10 x Coagulation Experiments (+ TOC) ~ 1 hr.
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36-inch 10 x Coagulation Experiments (+ TOC) ~ 3 hr.
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36-inch 10 x Coagulation Experiments (+ TOC)
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Even with 36-inches of Sand AND 10 x Coagulation,
Results with (+ TOC) are worse by nearly 2 log!

36-inch 10 x Coagulation Experiments (+ TOC) 12-inch Coagulation Experiments (No TOC)
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So, adding bather load (bathers) decreases particle/pathogen removal!



VORTISAND C-SERIES FILTER: AN INSIDE LOOK

Source: Evoqua Water Technologies. Vortisand C-Series Submicron Side Stream Filtration for Commercial Cooling Loops,
https://www.evoqua.com/siteassets/documents/products/filtration/vs-cseries-br.pdf

Vortisand Filter:
(microsand/vortex flow)

Cross-Flow: VortiJet injector induces a cross-flow
pattern across surface of media. Large particles
are kept in suspension which prevent media
surface blinding.

Microsand: Small particles penetrate the fine
micresand media bed where they are trapped
within the small voids between the media.

Support Structure: Larger media s used to act
as a support structure for the microsand. These
layers do not perform filtration.

Underdrain: Filtered water flows through the
support layers and out through the wedge wire
underdrain.
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How about Ceramic filter media?

SEM HV: 150 kV WD: 16.66 mm
View field: 2.55 mm Det: BSE SEM MV 150 AV

View feds I54 prn
SEM MAG: 98 x Date{m/dly): 04/19/13 -
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Removal (%)

22-inch Ceramic Experiments
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Looks like Vortisand results
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Performance varied with source of clay?
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22-inch Ceramic Experiments (+/ days TOC)
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Ceramic Baseline TOC+7 Days



22-inch Ceramic Experiments (+56 days TOC)
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Bench-scale Ceramic “regen” Experiments
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No-coagulation Summary (+ TOC)
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Removal (%)
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Statistical Analyses

* Ceramic media filter performed better than both of the highest
removals of the sand filters with coagulation experiments:
* Ceramic vs. 12-inch @ 48 turnovers w/ 0.05 mg/L as Al
* P-value 6.99 x 107
* Ceramic vs. 36-inch @ 3 turnovers w/ 0.05 mg/L as Al
* P-value 1.01x 107>
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36-inch Sand Coagulation Experiments (+ TOC)
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Conclusions (1 of 2)

1. With no bather load ( ), the 12-inch sand filter had a removal of 99.8% at 2
turnovers and 99.9% at 48 turnovers with 0.05 mg/L as Al of coagulant.

2. With bather load addition ( ), the 12-inch sand filter removals dropped to
74.9% at 2 turnovers and 97.0% at 48 turnovers.

3. To simulate realistic recreational water treatment in laboratory experiments,
TOC should be added to simulate bathers.

4. The 36-inch sand filter removals drop by 1-2 orders of magnitude (1-2 log) with
bather load addition ( ). Yet, with 0.005 mg/L as Al of PACI or more,
removals remained at or above 86.5% at ~1 and ~3 hours after backwashing.



Conclusions (2 of 2)

5. 22-inches of Ceramic media (Cerafow-70) initially had a microsphere removal
of 99.6%, but after 8 weeks of a constant + TOC loading of +2 ppm, the
microsphere removal dropped to only 49.8%.

6. Ceramic media regeneration experiments were not successful in completely
recovering the initial performance of the media.

7. The Vortisand filter had an initial microsphere removal of 62.6% and was not
recommended for use with coagulants by the manufacturer. So, it does not
appear to be well-suited to swimming pool water treatment applications.

8. While sand filtration with coagulation might not be as good as we once thought
(86.5% vs. >99%), the alternatives tested still have short-comings that must be

addressed.
6 hrs.

0.865
6 hrs.
0.999

FToo 99, = 6.91 *

=47.9 hrs. = 2.0 days

FTg9.90,= 6.91 * = 41.5 hrs. = 1.7 days
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Questions?
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How long does it take to remove 99.9% of the
Crypto in a pool?

A/l_ Treatment Ratio (TR)= 24 hrs.

6 hrs.

FTog.99 = 6.91 % ——= 6.91 * 24 hrs. = 166 hrs. = 6.91 days

where:
FTqg90,= Filtration Time required for (n=99.9%) overall removal

turnover time = pool turnover time (= pool volume/filter flow rate) 6 hrs.
filter ef ficiency= filter removal per pass (in decimal form) 25% = 0.25

Adapted from: Alansari, Amburgey, and Madding (2018) Journal Water & Health 16(3):449-459.




3-log Treatment time depends on the Turnover &
Filter Efficien CVY (Filtration Time = 6.91 x Turnover/Filter Efficiency = 6.91 x TR)
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Alansari, Amburgey, and Madding (2018) Journal Water & Health 16(3):449-459.



“The Law of Dilution” = % Water Filtered

IHEHHH

Gage - Bidwell B
Exponential
Decay Model 63.2 864 950 982 993 99.7 99.995

e—t

Removal = 1

*where “e” is a constant (~2.718)




* Download your free copy of this software here:

https://www.amiralansari.com/recreational-water

Spray Pad Simulator 1.0

Suppose there was a fecal contamination incident at the spray pad shown in the picture
above. How long would it take until the water is safe again? would it be minutes? hours?

or days? Should you drain some of the water? increase the turnover rate? or both? What;
is the best strategy to clean the water as quickly and efficiently as possible?



https://www.amiralansari.com/recreational-water

Summary: Crypto & Microspheres

Source: Amburgey et al., 2012. Journal of Water & Health
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Sand vs. Perlite (grain size)

30 X
Larger

Filter media materials
Effective Size (d,,, pm)

Expected Pore Size: 10% of 485 =48.5 um
Cryptosporidium Size: (10 X smaller) 4.5 pum

Perlite
16.9
50.37

92.3

10% of 16.9 = 1.69 um
(3 Xlarger) 4.5 pum



Image from Inside of a Sand Filter

« SEM of 1 mm
sand grains

* Filtering 5-10
micron
silicate
particles

« At 46 cm Into
bed after 3
hrs

Graphic: Courtesy of Water Quality & Treatment 4 ed.



Ultrafine Ceramic Sand (CeraFlow)
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Crypto-sized Microsphere Removals

Average Removals (n=2)

. CeraFlow70 CeraFlow50 | Anthracite| CF50
Time
[minl | 30in | 24in | 18in | 30in | 24in | nCO* o
3 98.1 96.2 98.4 93.3 79.7 94.3 (>99.987
5 97.8 94.6 97.3 93.2 77.8 87.6 [>99.987
7 96.2 93.7 95.7 91.0 79.1 86.9 > 99.987
Media Source: Wateropolis (http://www.wateropolis.com/) % '

WATEROPOLIS



2020-2021 Filter Test Results
* Regenerative Media Filters (RMF’s)

,,,,,,

Neptune "@Benson
an €VOQUA brand

Defender Filter



Baseline Defender RMF Conditions
Percent Removals

100.0 99.76 99.75 99.78 99.72 99.63 99.72 99.69 99.61 99.69

99.0
98.0
97.0
96.0
95.0
94.0
93.0
92.0
91.0
90.0
3-1 3-2 3-3 6-1 6-2 6-3 9-1 9-2 9-3

Time (Minutes) - Sample Number

Percent Microsphrere Removal




Crypto Outbreaks Are Multi-level Failures:

« 1. Chlorination (too little, CYA, chloramines, pH high)

2. Filtration (too fast, too little coagulant, not enough media)

« 3. Dilution (insufficient volume)

« 4. Occupancy limits (none, too high, not enforced)

* 5. Operation (no backwashing, no water replacement, inconsistency)
* 6. Design (long turnover time, no ozone, sidestream UV )

. 7. _Regulatory (pools all differ, regulations all the same) (no
unified goal or governing equations) (total reliance on chlorine)

« 8. Educational (swimming while ill, or within 2 weeks of illness)
* 9. Epidemiological (community-wide spread, poor hygiene)
» 10. Diagnostic (90% of Crypto outbreaks/cases go undetected)
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