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The Effects of Temperature, Coagulants, and Pre-chlorination on the
Removal of Cryptosporidium and Giardia by Coagulation Process
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Abstract

The effects of temperature, coagulants and pre<chlorination on the removal of turbidity and pathogenic
protozoa by coagulation process were investigated using jar test of lab scale. In room temperature (25°C),
protozoa were removed over 1.0log at the proper concentration range of coagulants, and up to over 2log at
the optimal concentration of coagulants. Considering the 1.5log target removal for Giardia in the processes
of coagulation, sedimentation, and filtration, this results implies that the target could be satisfied. However,
the removal of protozoa and turbidity was reduced, and optimal PAC concentration was narrowed in low
turbidity and cold temperature (5°C). These results suggest that the drop of coagulation efficiency may be
occurred in winter if the conditions are not optimized. Despite the effect of water temperature, the relation
of turbidity and protozoa removal appeared to be good. The various kinds of coagulants did not significantly
affected for removals of turbidity and protozoa when the concentrations of Al,O, were considered.
Prechlorination did not increase or decrease the removal of turbidity and protozoa in optimum condition at
room temperature, pH 7, 15mg/L of PAC concentration.
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A Gadl g YA o] Eopa mAE AIAE 9
g Aede 3 A-Y gE A E (model
organisms) 2 7HEE0] o] & YMEES EA7|&y
Aaxel 9 #Aerlee] dig A7t gis] Ay
of kot IfldlAl= AFE ta Hel A5t
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g A7 =8 At 5, 2006; 9 F, 2006:
A =, 2002).
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(WHO, 2002; USEPA, 1989), £3] gaa A3z
A £t T Mt ARE L M Fad
P A E 89 F g By 3tk (Dugan,
et al., 2001: Betancourt and Rose, 2004: Emelko,
B&oA 24 datE ve AHEATYY S

=
U E

N
e

=}
EL

= o A

= Ra

3

i

2%

7o
=13
=]

o]

§I-‘O‘J‘\_

o efef <3

=} O
g

[e]

2 Y3ted 6709 S00mL = AAdH
ZA A4S 400mL A ¥
Cryptosporidium parvum oocyst R Giardia lamblia
cyst B 2k (107/8mL., Waterhorne Inc., USA)& <14+

532

$H%-&- (phosphate buffured saline, 150mM, pH 7.2)
o slXste 24 AR & YAFE HEFo| | x
(0cells F27} A 2hzke] Ao dFeba, $AA
20,5, 15,25, 35 4Smg/lo] HE2 95l 2
500mLZ w3 & IL H]o]#A o) %A Jar
tester(Dong Yang science co., Korea) <l 4
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2.2. Jar test =4

2.4, SEHOl ot dE =A

S A5geln Qe sole E
(polyaluminum chloride, PAC), & &}
2H(Poly Aluminium Chloride Silicate, PACS) 2
Aol & (FeCly - 6H,0)-& AMg-3td &5 & 5 30NTU
2 248 A8 g d-e, T4 pll Z7oA 48
atgich Feld g 47l E ((ALOH),Cl ))& ALO,
10.2%20 AFE &3t n, ZedadTo gitat
(PACS)& ALO; 17.1%% AES AFLsict, ALg
gk PACS} PACS 25 Fx2jAle] 713 112 2 &

Z]
4

ul

Al 715 25 A 8519 o) (data not shown) . & 314 o]
AL FALAL VEH 2 2 ZATEdE 94
Aol dS AHSStES Ho] gloy Hed &3
A Fo g AHEE e BUde Aol EE 1A
i PAC % PACSS} 22 Fra dgstgr}.

2.5, ME Flof| ot A =AL

T3Sl e A 79 IF B A& A
EBE(GNTU) 2 282 (30NTU) Al dis) 24
ST AdA Fof Ao A48 dAFEE Ao}
FEEELAE FYUstda, ARdLasre &
A& BT o-Eg4l &4 05mL(FE) & ¥
A7l A& 10mLE ¥ & 5~1087F 9|3t
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2.6. &n xjofclo}, AREAZE|CE EH
g5 9 pHE turbidometer(2100P, Hach Inc.)
o}

é‘;g 01'93 =

g}
pH meter(twin pH, Horiba Inc.)=
A Ao R ZH et

APeAFYYE L Aotdoles thE 2
Moz Z43tArt. Jar testoll A HH F
100mLE A &84 £ 3kl L4172 (3,000rpm, 30
)@ 5, o mLE AN 45U AAND 5
F2 A% smL2 2HstAth {ﬂﬂ A& 8$mL &
80/.1L§‘ 2= o]t o] W ]. 7-]1/\]74
Cryptosporidium oocysts 2 szdm cysts°ﬂ o) 3 ¢ g
A2 748 fluorescence isothiocyanate (FITC) 2 4 <
27| E (Meridian Diagnostics. Inc.) 9} 4" 6-diamidino-
2- phenylindol (DAPI) &9 (150mM PBS 50mL ol
2mg/mL DAPI 104LZ #7}ate] THE 1/5000 314

Aoz FPddg 3 & Hv|H (Axioplan, Carl
Zeiss, Germany) .2 3 A4t FITC 33
QM & Carl ZeissAl9) filterset 23 (excitation, DBP
485/20 + 546/12; beamsplitter, DFT 500 + 560
emission, DBP 515~530 + 580~630) FE{ S, DAPI
P Ao Filterset 01 (excitation, BP 365/12;
beamsplitter, FT 395; emission, LP 397) HEJE AME
[Feia=

kel

2.7. HAHE M2 best-fit equation

SAA FolFo] wE AAE 4749
Neegch, 244 Fol gl o2t A7 g0l
o AYEE fAste delde
max(A) ¢} simple exponent with two parameter(C)
SHA Folgkd mt F7F F e
B)# Lorentzian 4

2o

o)
U D‘je]'é‘

<7}t

exponential rise to

equation £

) o] Bl & Gaussian equation

parameter(D) & ARE-8tGliTh Zt7tel F4& tha
Zon guo] & gh=x] R BAMYR &lst
9t} (data not shown) .
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F=y,+
ety ®)
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3. An ¥ 1H
3.1 o I
Eahed wAE 2xe dFE A A
o] PAC Q%o & gxo 94559 ¥ 43
2 25°C 423} 5°Ce) AoA Faatgiet. ofw A
43 AEe Adnxed AU ES sHSE A6ty
BEA g 248G Fede AHEAX Y
&, Aotrjol 2% 15mg/L°ﬂ*1 Mg EA AEHA
o ALoME 3 Agze AS PAC FYF
2 el

15mg/L o] Aol A 2+ AYFE 95% ©)%
paste] oMo A3 FAteT. AHE Al
29 4% 334 FUeEZvel de BRsted
P FEC] Frdr e stdev, Hiee PAC
25mg/L o] FYAldlob INTUR Zrasdtgln, 2
YA EEL PAC 45Smg/LAXE < 1500~7 0007}
A 7h sk ct(Fig. 1),
AEE AR
He d4s
SNTU9 A
o A jar testE Gy Bh T}
FtEdo R Zzﬂé}od A
Adel 23t u¢ FA A3E
12} A el A = 54 AAES
ERrhe Eokdd] wete 23 A= g2 A
AZET AAEER T4 APz AU
(Fig. 2). ©t%% PAC 35mg/L o1& Fdsiof INTU
= AR EE L PAC 45mg/LAM &
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Fig. 1. Residual turbidity, Cryptosporidium and Giardia according to the PAC concentration at 25°C and 5°C.
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Fig. 2. The effects of temperature on turbidity (a) and Cryptosporidium (b), Giardia (c) removal at low turbidity water of 5 NTU (pH 7.6, 38
mg/L-alkalinity).
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Table 1. The coefficient (%) of regression analysis among the log removal of turbidity, Cryptosporidium and Giardia at each condition.

Condition Regression Coefficients (1)

Turbidity vs Cryptocporidium Turbidity vsa Giardia ~ Cryptocporidium vs Giardia Remark

Room Temperature 0.86 0.85 (%)
(25°C, pH7-7.6) 0.89 0.77 0.97 (Log)
Low Temperature 1 0.71 0.87 (%)
(5°C, pH7-7.6) 0.92 0.93 0.87 (Log)
Low Temperature 2 0.91 0.96 (%)
(5°C, pH7-7.6) 0.91 0.86 0.95 (Log)

Table 2. Removal of turbidity, Cryptosporidium, Giardiain 5 NTU sample at each concentration of various coagulants.

Coagulants Concentration(%) of Removal of
Coagulants as ALO, Turbidity Cryptosporidium Giardia
PAC 0 0 8.0 08 5.8
0.51 14.0 24 10.3
15 1.53 90.0 87.2 91.1
25 2.55 92.0 912 96.0
35 357 92.0 936 96.9
45 4.59 84.0 976 97.8
PACS 0 0 10.0 -19.6 576
5 0.86 78.0 80.4 619
15 2.57 92.0 96.1 924
25 4.28 96.0 100.0 89.8
35 5.99 92.0 922 89.0
45 7.70 94.0 98.0 96.6
FeCl, 0 - 10.0 -10.2 255
5 - 440 64.6 738
15 - 82.0 937 98.0
25 - 920 97.6 99.3
35 - 92.0 100.0 100.0
45 - 92.0 100.0 100.0
S0l RAY AFSEs} o) § wan, $3 pH ¥4
3.2. SEM &Rl €% b vhe Aol Qo MY F AEst dom 5
SHA BRY B 2] H8l B AN Aol W Zerhe wol A
€ U FegdA del 2ole TYdadFrle SRA FEo g v sk PACS?P Smg/Le] ¢
(PAC), Z298tLdF o HPACS) B d3A] & FRdME e ddFE = P‘P 2k A A8t
A (FeCl, - 6H,0)8 tio 2 Agatar. A A FFe) S 2T 1/l o 39l £
PAC ([Alv(OH)nCls JE A F) WM Fol @ oA HHY AASE Hith 101 de) 7

LR RN )
e A WA g g2 2
PACS = 7]3— PAC $8AE 15=3} *]?ﬂ Zﬂ&i Smg/Lel SRA FYA]
ALO,S) BEE 17 X £ 4 o g $5ad Yehle 54 uan §5geA
Jholel $44%S AT Aol FIAGIAE £ T el AE5E PACS A9, PACSH ¥l et
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Table 3. Removal of turbidity, Cryptosporidium, Giardia in 30 NTU sample at each concentration of various coagulants
Coagulants Concentration(%) of Removal of
Coagulants as Al,O, Turbidity Cryptosporidium Giardia
PAC 0 0 11.0 1.3 48
5 0.51 49.7 72.4 70.7
15 1.53 90.7 942 98.8
25 255 94.7 99.4 99.4
35 357 95.0 99.4 98.2
45 4.59 98.0 100.0 99.4
PACS 0 0 13.3 24.7 391
5 0.86 90.0 92.1 94.3
15 2.57 98.3 100.0 99.3
25 4.28 98.3 100.0 91.4
35 5.99 97.7 100.0 98.6
45 7.70 98.7 100.0 98.9
FeCl, 0 1.3 -10.9 35.6
5 723 89.9 93.2
15 93.3 100.0 99.1
25 97.3 98.4 99.5
35 98.0 100.0 100.0
45 98.3 100.0 100.0
Ao AAE A $UA FUYol o moked, AR ARHL Byt BB APRAT Jar
PACS B% &34l 985 sle 275 AL0) & test F AFAL FEE %@fﬂ A3 AHE AR
#ol 10.2% 24 PACSS] 17148t wonz 3  Z+2 0, 0.1, 2.0mg/lL.gxn, AE: Age A4S= 7}
Al FAFE SFF FEE BAs vusdt. 7240 03,2 Omg/L‘“‘E}
PACE /g3l e Z9ole A% 2 28w A8 30NTUSY metx Almdld 4794 N 34
ZRol A (ALO,) Fol 2.55% o3l HAS & U W B AYEAFATS L Aol o}
FAREES Yehidlen, PACSE A8t e 72 AALE 247 9773 98.4% . 96.63} 99.1%, 97 83}
Folle A8 gl a8 A5 BFA(ALO;) d#F  984%E JeRRUTH 0.7ppme] TELAL HAAE
o] oF 1.5% ool HA9 SHAAgEd £2st oM zhz}t 9743 97 9% 98.63F 99 0%, 99.13}
of A4 AAEE Yehile GR0lF G AT 93%S dehiger], 3.0pme AFELE B
= YEIU BolAE 242 97 23 98.1%, 94.03} 98.8%. 97.73%
¥ Ade A9l eash 4 S #F 9.4%F vehlo] AFALE WA ge AR
& AEThE A FHRA PACS PACS, 934 A9 Aol & Uehha] @82 & & itk (Fig. 3).
ol 7te] g} AAFE AAAEY Aol X SNTUQ] AEs Al 8o A% opzirba) 2 x}%ogi
He Aoz AREH, AsolEY HeE BER A oAl @US By HE AYEaveUg 2
o ABEEY AA 2 A FAFANNE & Aolrjole] A A& Zzt 91,03 91.2%, 83,57
HH o o] FojA = A S eI 90.2%, 9133 95.2%%, 0.7ppme] ZHF A4 H7H
BoMe Z42F 9043 92.2%, 9443 94.5% . 93 53}
3.3, MYA xg|o 9 95.2%% JebUIlen, 3.0ppme] AFAL A7
HALE Foata] ¥ whg7|9) 5% 557107 BolM e 2zt 9083} 93.4%, 87 87 95.3% . 87.0%}
7 3. 0mg/L HEE 945 T8 wg7)ol PAC(IS  952%% Uehlo] A7DAE Hrlelr ¢ Alge)
mg/L)E Folste] E38F Jar testZ FYSIATh. A Aol & vEhlA &S & & AUldH ojRe
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Fig. 3. The effects of prechlorination on the efficiency of coagulation at optimal condition (pH 7.0, 25°C)
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