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Filter-aids in Rapid Sand Filters
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ABSTRACT

The objective of this study is to evaluate the microbial safety in rapid sand filters adopted in most drinking water
treatment plants. The potential pathogens to cause water quality problems are presumed to be Giardia and
Cryptosporidium. They look like particles in view of their size. It has been reported that if the number of particles
(larger than 2 um in water) is less than 100 per mL and its turbidity is below 0.1 NTU, it is considered as a safe
water in terms of pathogens.

In order to achieve such a good water quality, filter-aids (chemicals) were added to the inlet-channel of filter and
their effectiveness was evaluated on the basis of water quality factors such as turbidity and particle counting.

This study was conducted in the three steps of experiment: jar test, pilot plant test and real water treatment plant
test (P plant in seoul). The experiment reult of the P water treatment showed that cationic polyamine was the most
effective in the removal of particies and turbidity at the dose of 0.25 mg/L.. The turbidity without fiter-aids
showed in the range of 0.12 ~0.17 NTU during filtration and 0.14 NTU on the average. However. with addition
of polyamine, the turbidity represented below(or less than) 0.1 NTU after 20 min in the start of filtration and kept
0.08 NTU on the average.

On the other hand, as for number of particles. while no filter-aids led to the range of 111~270 per mL and 190
on the average, addition of polyamine led to 113 per mL on the average, and kept below 100 per mL after 20 min
in the start of filtration.

Key words : giardia, cryptosporidium, particles, filter-aid, polyamine
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Giardia-} Cryptosporidium¥ 2 AFEL 1. AEEA
A KB4 (ICR, Information Collection Rule) & (1) Jar—tester
2} E3stolof st AAHQ 23 o) o] 1, YA AR ¢3A FUFE 27387) A3l Phipps &
EA3 FARE E30] 9lo] AT (alterantive Bird (224 PB-900) At A F-2] Jar—testerE ©|-&
monitoring) FHO.E FEQAE W& o] &3} st o Jar 7]+ 7F2 11.5cm, ME 11.5cm, &
3L QlE}s101219, Kawamurats 9] 882 Qb °] 21em®) el Jar—test > ¥ 211 Table

38 AFH5E 71502 o3 ImLEF 2~5um YAt 17 7
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FHo e 0 7 H 1%k u) lrh21s

AF7A ARHEQl g vke] A RE AH-E
w=ob Abgeke] Aaaale oo 0.3 NTU ol
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o A @ Age o APz 5F YA &
. G742 9J%t pilot plant®] A& Table 29} 2L,
y FAE E3x), A7, AAA, AAAZ sk dF
Z71% nelste] 298kt

Table 1. Experimental condition of jar-test

item rpm G(S™) time(min)
rapid mixing 150 120 1
1st stage 70 55 7
slow
mixing 2nd stage 46 28 7
3rd stage 25 16 7
sedimentation 0 0 20
Table 2. The characteristics of design parameters in the pilot plant
process dimension
rapid mixing basin capacity 0.032m” x lbasin
capacity 0.520m” x 1basin
slow mixing basin detention time 26min
type 3stage tapered
. . . capacity 3.887m’ x 1basin
sedimentation basin detention time 2.5hr
diameter 150mm x 2column
filter column effective size 0.6mm

filter rate 150m/d
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solution©. & #| Z3&}o] Jar—test A H & HA|SH T
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o3y A+ SHAR o] FFH T U PACIT &
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stock solution® & A Z&ke] ojX|HF-q] A F=Re
F913k9l o1, Polyacrylamide®} Z#]obal g 200
mg/L stock solutions #Z3te] 58 ¥aAIA
] QAT

(3) filter paper

Jar—test Aol 23t A& e i F-& HIME 4
3l filter paper ( Whatman No. 1) & o] £8&}it},

Hach ( Fdy
EET

2100A) 1A} EHEAI S o] g5fo] 2

HolA o] oJuh e F Ao oJet FAMNNET A 17

(2) YAEA

B Ao o] &3 U JE B FAE
HIAC/ROYCO (Pacific Scientific, Hiac/Royco
Division : Silver Spring, MD) 3]4}2] Model 9094
Sizing Counterg ©]-£8}3ich A4+ Hiac/Royco
model HRLD—150% HRLD-400 ¥ 7} 77}
2lom o} MM FUSE laserd AHE-3HH HAF
2] ZA] Photodiode (331 ¥ 8H3+-2]) & o]-&-511 Light
obscuration B4 02 Fof glu} AMEE F AlA 9]
AFFE Table 37} 1L, QAR 7)18) FAAE S
Figure 13} 7t}

Size window& U 7182 & 49 tiado]
Hli= A v)| BE<) Giardia cyststt Cryptospordium
cysts®] A71E 7522 A% EPA ICR Sampling
Manual% a1k

- TEA oA AlAl8E 2719 W= 35, 57, 7—
10 10 15, 15 mm o] Solv, 1992 Lewis C.
M. 3+ A el 98l Hiac Royco?] HRLD—-150
Sensorell A %43 Giardia cysts®] 7= AA|=
7] 8.9 mE 4-5 m2 AA ok Bk nhe v
o] R B Y71 (SWTR) oA 3+ 3 Giardia

Table 3. Specification of HRLD sensor

HRLD Sensic style HRLD-150 HRLD-400
Range(m) 1~150 2~400
Calibration Fl'ow Rate 10~75 10~200
(mL/min)
Concentration Limit
(Particle per mL) 18,000 10,000
Size of sensor orifice 015 X 1.0 040 X 1.0

(mm)

Figure 1. Contiguration of particle counter
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3 PAFH EAAE
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filter aid 1 2 31""’ No. 4 5 6
dose(mg/L) 0 0.10 0.25 0.50 1.0 1.5
articles/mL .
PAA Particles 51 a4 33 30 46 A7
turbidit;
} (NTU)y 0.09 0.11 0.07 0.07 0.07 ()10 -
dose(mg/1.) o] 0.10 0.25 0.50 1.0 15
rticles/mL -
PA  particles/m 81 70 76 78 76 86
turbidi
) (NTUSY 0.11 0.09 o 0.08 009 0.07 0.09
dose(mg/L) 0 0.25 0.50 1.0 2.0 25
icles/mL E
PACI pm>2Il 144 124 110 129 89 78
tyrbidit;
?{Q'l“lll)y 0.10 0.09 0.08 0.08 0.07 0.07

Table 4. Variation of water quality according to three kinds of filter- aids

T e

%I+ polyacrylamide (PAA) 9} polyamine (PA) &

0.25 mg/LE, polyaluminumchloride (PACD & 2
mg/L7F H A1 20 F vER ot =¢8] v 3to]
7l deopr B E V|Fog HYFYFLE

0.5 mg/LE A3kt
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oy TRz 9] {5 2
A Zbof| st of R A
o},
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& o] 279! polyacrylamidet= Jar—test 2% oA
T 27 29l 0.25 mg/lS 303 o) 2}
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QYA b o 2
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18 1.
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2 e
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HF A AR TA(1999) F F o] 24 F7]aL
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i o7k FRIHEA o, FUEHA 2
5= o] B A) 12080l A 2408 7hA| 9t 414
2tk BHe polyamine® 7913 49 0.1 NTU o]
a7t AFANA] 2087k DA 5 11 o7 A} H
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Table 5. Variation of water quality with and without addition of polyacrylamide according filtration time

filtrate without filter aid

filtrate treated by filter aid

:,l:,tlzl('mr:l,:‘) par[fl)cée s/ p;lﬁ;c:lses/ t\(lrbndlnlt)y pr:rﬁ;cées/ p;rlflc:l;es/ tt(lrb’;‘%t)y
10 351 139 0.1 355 141 0.14
20 297 120 0.13 287 108 0.11
30 180 65 013 169 74 0.11
60 67 31 0.12 71 30 0.12
120 68 34 0.10 84 44 0.11
240 55 30 0.07 84 46 0.13
480 147 100 0.09 127 66 0.13

* raw water (mean) : turbidity : 2.4 NTU, particles/mL > 2 tm: 9243
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Table 6. Variation of water quality with and without addition of polyamine according filtration time

filter run filtrate without filter aid filtrate treated by filter aid
time(min) particles/ particles/ turbidity particles/ particles/ turbidity
ml.>2/m mL>3m (NTU) mlL>2m  mL>3m (NTU)

10 352 172 0.19 240 96 0.13
20 307 121 0.13 215 85 0.10
30 188 79 0.12 95 42 0.10
60 129 66 0.10 a7 18 0.08
120 79 37 0.08 30 14 0.08
240 52 22 0.07 28 12 0.06
480 117 62 0.10 41 21 0.07

* raw water (mean) : turbidity : 2.9 NTU, particles/ml > 2 gm: 12029

800
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2{ 300
B 1200
2 100 —
© : ~— M
E 0 ; g8 : '
g8 o} 100 200 300 400 500
ST time (min)
Figure 2. Trends of the particles removal(larger than 2¢m) with and without addition of
polyamide( CWT : Conventional Water Treatment, PA : PolyAmide )
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Figure 3. Trends of the particles removal(larger than 3/m) with and without addition of

B iz 7)ol Tha: A5 FAC)A M 48087 4 L 5070 olakE RStk olm A 841 o)
it of Al 50718 E3sHe Ao Lhehgel. wdel

polyamide( CWT : Conventional Water Treatment, PA : PolyAmide )

o] x4 A 7H2 polyamined FYsHA &S 49 polyamine & 548 3¢

Bt 104 o) AR =443k 73

AFAD 5 UE AL e
Pennsylvania® $+4 B35

L= 141702 40 % 5070 243199 t)
v =] A xmyH P AT HAAs7E
3= A 89 90% 2 F Giardia 3log(99.9%), Virus 4log 2843} &
oA 3~18 m UA7F 5070/mL W2 Asl1 9= E% 33, o] A& 2437 Y& &5 A A

d|, o] 7]z vl & u polyamineS FYU5HA & 2.510g(99.7%), 25574
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filtrate without filter aid

filter run_time

filtrate treated by filter aid

min 9% removal log removal % removal log removal
10 97.1 15 98 1.7
20 974 16 982 1.7
30 984 18 99.2 2.1
60 98.9 20 99.6 24
120 99.3 22 99.8 2.7
240 99.6 24 99.8 2.7
480 99 2.0 997 25

Table 7. Variation of the particles removal efficiencies(>2m) with and without addition of polyamine according to filtration time

Table 8. Variation of the particles removal efficiencies with and without addition of

polyaluminumchloride according to filtration time filter run time(min)

¥

filter run turbi
time(min) particles/ particles/ '}V particles/ particles/ turbidity
mL>2m mL>3m mL>2im mL>3m (NTU)
(NTU)

10 336 178 0.14 280 143 0.13
20 196 87 0.10 172 76 0.10
30 168 75 0.11 36 16 0.07
60 91 38 0.09 19 9 0.07
120 47 22 0.08 21 11 0.07
240 24 12 0.05 16 9 0.05
480 115 70 0.07 18 9 0.07

* raw water (mean)

S AU o) #Y Sl £%TYS A
& A1E 3NN YA E 25l0g o1 Holo}
gt

PR, AR EAE o] &3 AN a%E
Aat7) Q] Y] AR AE S ekl o
71 A¥= Table 73} Zth

03] HARZAE TYUSA 2 9] o

e} YA AEo] 2.5log (99.7%)E WX K&}
Ho, oulH ZA|F polyamines %)% o] 74#] 2]
oAbz AINA] 24178 o] & FE A A& 2.5l0gE
S ok 28Y polyamine & $+¢) 8ol & o 3R
A} 30 W7 2log AAEES UA Bdhiz Ao 2 L}
epbiztl, ol 2 m ol4F SIxk47) 200702 Wi o)
A F ] YO R Ik, polyamine 0.2 A 2]
ER AM AT FoR R fA 27)= Ha
2log AAEL 23 A0 ot

! turbidity—3.0 NTU, particles/ml > 2im—1342

& PACI{(Polyaluminumchloride)

s Greenville Water sttem‘ﬂ]’ﬂE
A F] gl F
NTU= ?JZ}T 1 mL9 P 500/H°ﬂk1 50715 7%‘1‘
v ik B T Q)i o] 8} U s AR EA
o] -2 A4Q PACl(polyaluminumchloride) 2 o7} 5.
A2 F93 A H@ab= Table 8, Figure 48} 2t}

2qm/mL ©)7% Q1A o R 2 A PACIE 74
32 98- Z-9- 10074 ol&}7} o Y7 Al 60% TTH
240377 ey Zlof wisted F4% B 308
FRE @Il 4808714 1870F x5k o
IR EA 7E) AR E I B2 R0 E VERsT

I gl A9 PACLE Y8 A%
AstA & A5 vhto] o3 27|RE 77|
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Figure 4. Trends of the particles removal(larger than 2¢m) with and without addition of
polyaluminumchloride( CWT :Conventional Water Treatment, PA : PolyAmide )

400

300

200 -

100 -

particles/mL{>2um)

0

o

ti mg ?r?n n)
[ CWT —l—CWT+ Elé‘i"’;
* 9% removal = 100 — 100/(10log removal)
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Table 9. Variation of the particles removal efficiencies(>2/m) with and without addition
of polyaluminumchloride according to filtration time

filtrate without filter aid

filter run_time

filtrate treated by filter aid

min
% removal®

log removal 9% removal

log removal

10 975
20 98.5
30 98.7
60 99.3
120 99.6
240 9.8
480 99.1

16
1.8
1.9
2.2
2.4
2.7

2.0

979 1.7
98.7 19
99.7 25
99.9 3.0
99.8 27
99.9 3.0
99.9 3.0

* 9% removal = 100 — 100/(10log removal)

257 4=

Q5 e gt 2 m/mL o] A=A AL
Table 98 Zor ojat v 24| & FQ18}x] ok 3¢
+ 2.5log (99.7%) HAEC] AYNA] 2408 A0
wk A5l a ojFhatylofi= 2logE wobsth 1#
L o 3R Z A 2 PACLES F98 39 o)Al
30EE] 717191 4808 F7hx] §-=15 Qe

PACLE o130 242 A& A9 eyl 53
=2l AR A S ol A S A2k AR E I
A9 Gl Ao E Vel oAF R A2 AehA] o
o 7oz gy

2. {2 IA FYol OE B8N HYLE
P A53e] ojabx] 26415 ojapx|gHe] Egr
Fol7F Eudste] oA 7] gyl 4§
25579} 263548 APFNY o AA = A3t

K oo

o] X Z A= polyamines AFE3IH O™, F£9]9
= 253%] a9 2@ 0.25 mg/LE FYsHA
). 2634 FUsHA 22 AHolA odatag A
Eoo) tigh v AE S AAESITE Al 44
2 AAHZ 1A 7R = 108 7HE o R T Bofi=
ANZWAR) TAIZY A 07 8 BAE APga=
Table 10, 1134} 2t}

et 2] 3¢ polyamined F)3514] ¥ 263 o
A= oA 27} 31 0.17 NTU| 2, o]7}=|
445 % 0.1 NTU o2 fx5iel e, 4 &
== 0.14 NTUE YeFA “18Y polyamine S
Q15 2535 oJ#x|+= FH 1 0.12 NTUC L, 20858
& 0.INTU o|s& FA|5te] g MHdazrt 4
Eri=g

A A A F 2] 739 polyamines FYA] 942
263 3] mLe YA #HI 28870, Hat 190
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Table 10. Variation of the turbidity with and without addition of polyamine according to filtration time

filter run
filter no.
10min | 20min|30min |40min |{50min| 1hrs | 2hrs | 3hrs | 4hrs | mean
#25* 012 | 0.09 | 0.08 | 0.08 | 0.08 | 0.08 | 0.07 } 0.06 | 0.07 | 0.08
#26 017 | 015 | 013 | 015 | 013 | 013 | 012} 013 | 0.15 | 0.14

* #25 . polyamine 0.25 mg/L dosing

Table 11. Trends of the particles(larger than 2;m) with and without addition of polyamine

filter run
filter no.
10min | 20min |30min |40min {50min| 1hrs | 2hrs | 3hrs | 4hrs | mean
#25* 195 | 90 104 73 70 165 | 55 104 | 160 | 113
#26 270 | 170 | 115 | 169 | 111 | 117 | 288 | 215 | 251 | 190
* #25 © polyamine 0.25 mg/L dosing
Q1 vk 118k 253 o =hx|+= z}7} 19071, 113 ng/l. U3 odFHA ] H-¢ T3S
NZ AR YA5E @43 Folt Aoz el o AvEog gl BE 4
pig=3 pm o) 2 AAEE Felgh
2 A9A%E B2 B W 5ol getd 4 olt= 24 - AABFoNA Wol ey
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