Journal of Korean Society on Water Quality, Vol. 26, No. 3, pp.399-405 (2010)

EFHXE| ZdSHo|M Cryptosporidium FAIHE 0| S &t
Cryptosporidium MHEE =7}

sy’ - el - AsE - [y -

Azol - Aehs - WS
njstel
Hoipa

Evaluation on Removal Efficiency of Cryptosporidium using Surrogate
in Pilot Plant of Conventional Water Treatment Process

Sangjung Park” - Hyenmi Chung - Heejin Choi - Yongsung Jun” - Jongmin Kim - Taeseung Kim - Dongil Chung

National Institute of Environmental Research
“Incheon Metropolitan Waterworks Research Institute
(Received 5 October 2009, Revised 16 March 2010, Accepted 22 March 2010)

Abstract

In order to quantify removal efficiency of Cryptosporidium in water treatment process and evaluate factors influencing
removal efficiency of Cryptosporidium in each step of water treatment process, large pilot plant system (100 m3/day) and
Cryptracer, surrogate of Cryptosporidium, were used. The removal efficiency of Cryptracer was around 0.8~1 log in
coagulation process and 3.3~4.8 log in sand filtration process under ordinary environmental conditions. Factors influenced
removal efficiency of Cryptracer were high fluctuate turbidity and water temperature. High fluctuate turbidity made difficult to
adjust optimum PAC concentration, caused to drop removal efficiency of coagulation process (0.5 log). Inadequate
coagulation process influenced to sand filtration process (2.1 log), caused to decline of removal efficiency in the whole process
(2.6 log). Low temperature below 2°C also influenced coagulation process (0.6 log). Therefore, It is shown that careful
attention in the control of Cryptosporidium is needed in flood period, when high fluctuate turbidity would be, and winter

period of low temperature.
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Fig. 1. Schematic diagram of pilot plant.

Table 1. Specification of pilot plant
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Facilities Specification Retention time
Presedimentation L 25M x W 0.6M x H 1.7M 10 min
Mixing L 0.6M x W 0.6M x H 0.9M 3 min
Coagulation / Flocculation L 225M x W 1.2M x H 1.05M 30 min
Sedimentation L 75M x W 1.2M x H 1.7M 3 hr
Filtration L 0.55M x W 0.6M x H 2.3M(x2) 15 min
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Table 2. Comparison between Cryptracer and Cryptosporidium oocyst

Item Surrogate (Cryptracer) Cryptosporidium oocyst
Material Polymethylmethacrylate (PMMA)
Diameter 50 um+0.5 40~6.0 um
Specific gravity 1.19 glcm? 1.05~1.10 glem?

Zeta potential -29 mV (pH 6.6)

-25 mV (pH 6.0 ~ 6.5)

Number around 10*4/L (Colloidal liquid)
Color Blue (under fluorescent filter of 340~380 nm)
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Fig. 2. Comparison of removal (a) between Cryptosporidium and Cryptracer, and the regression analysis (b) of removal of

Cryptracer and Cryptosporidium.
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Table 3. The number of Cryptracer spiked, particle counts and water parameters in each condition

. Cryptracer Particle counts (/10mL) Turbidit
Condition spiisd (L) 37 um Total (NTU)y pH Temp.
Mean 3,049,000 - 50.9 7.2 15.1
1 Max 6,620,000 - 92.7 7.2 155
Min 1,115,000 - 36.3 7.1 15.0
Mean 11,410,000 - 12.1 7.4 16.8
2 Max 13,050,000 - 19.1 7.4 17.0
Min 9,840,000 - 6.8 7.3 16.5
Mean 3,689,000 310,000 1,712,000 3.1 6.9 23.0
3 Max 4,615,000 515,000 3,539,000 1.7 7.0 23.0
Min 2,845,000 117,000 961,000 1.4 6.8 23.0
Mean 4,325,000 149,000 1,629,000 1.2 7.1 20.6
4 Max 5,325,000 175,000 1,761,000 1.6 7.2 21.0
Min 3,235,000 110,000 1,396,000 0.9 7.1 20.0
Mean 9,655,000 1,280,000 4,491,000 2.6 8.0 1.2
5 Max 11,300,000 1,378,000 4,899,000 2.7 8.2 2.0
Min 8,940,000 1,183,000 4,180,000 2.5 7.8 1.0

Table 4. The removal efficiency of Cryptracer and turbidity by coagulation, sand filtration and whole process at each experiment

Log removal ratio of

. Cryptracer Turbidity Particle counts
Condition —
Coagulation Filtration Whole Coagulation Filtration Whole Filtration
3~7 um Total
1 0.53 2.13 2.66 0.44 0.69 1.13 -
2 0.77 478 5.55 0.67 1.47 2.14 -
3 1.04 3.26 4.30 0.71 1.43 2.14 1.72 1.48
4 1.06 381 4.87 0.81 1.03 1.84 1.43 1.66
5 0.56 3.09 3.64 0.50 1.23 1.73 2.45 2.31
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ment process at 3, 4 and 5 condition.
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Fig. 4. Fluctuation of turbidity (a,c,e,g,i) at each condition, and fluctuation of particle counts (b,d,fh,j) according to particle
size after sand filtration process during the running time.

TEEN st=EadEslx| ®M26A F35, 2010



EFEFFAe| TARHOIM Cryptosporidium FAFX[E 0|88t Cryptosporidium MAHES Tt 405

S8, AR, AHs, AeY, ol 5Y, @A, 55, 4
2(2010). = 5%E/

d o R BFE 474 AHELZTIYE 2
Aoltlel RESY. #IHF FFEHFFIA, 26(2),
pp. 261-267.

g, A998, 4@0(2007). SAFAZFAM F&, S
A F7, 194 F9 BE FHE2EHAYUEFH Ao}
Yol AA 2& Wste] #S AT FfTESS A, 21(5),
pp. 531-538.

Fdm, 978 (2006). 4 = pH WEr E58H A
A FZdA AR EEF g2 AAC A= 9. FoF
TEZ 35 %], 20(1), pp. 71-78.

74 #(2002). FEA ol B JE.

Dupont, H. L., Chappell, C. L., Sterling, C. R., Okhuysen, P.
C., Rose, J. B., and Jakubowski, W. (1995). The Infectivity
of Cryptosporidium parvum in Healthy Volunteers. N. Engl.
Jour. Med., 332, pp. 885-859.

Edzwald, J. K., Tobiason, J. E., Parento, L. M., Kelley, M. B.,
Kaminski, G. S., Dunn, H. J., and Galant, P. B. (2000).
Giardia and Cryptosporidium removals by clarification and
filtration under challenge conditions. J. AWWA, 92, pp.
70-84.

Finch, G. R., Black, E. K., Gyurek, L. L., and Belosevic, M.
(1993). Ozone Inactivation of Cryptosporidium parvum in
Demand-Free Phosphate Buffer Determined by In vitro
Excystation and Animal Infectivity. Appl. and Envir.
Microbiol., 59, pp. 12:4203.

Hirata, T., Chikuma, D., Shimura, A., Hashimoto, A., Moto-
yama, N., Takahashi, K., Moniwa, T., Kaneko, M., Salto, S.,
and Maede, S. (1999). Effects of ozonation and chlorination
on viability and infectivity of Cryptosporidium parvum
oocysts. Water Science and Technology, 41, pp. 39-46.

Joret, J. C., Baron, J.,, Langlais, B., and Perrine, D. (1997).
Inactivation of Cryptosporidium sp. oocysts by ozone
evaluated by animal infectivity. Proceedings of International

Ozone Conference, pp. 739-744.

Korich, D. G., Mead, J. R., Madore, J. S., Sinclair, N. A., and
Sterling, C. R. (1989). Chlorine and Ozone Inactivation of
Cryptosporidium Oocysts. In Proc. of the Water Quality Tech-
nology Conference Proceedings. Philadelphia, PA. Denver,
CO.: AWWA.

Mac Kenzie, W. R., Hoxie, N. J., Proctor, M. E., Gradus, M. S.,
Blair, K. A., Peterson, D. E., Kazmierczak, J. J., Addiss, D.
G., Fox, K. R., and Rose, J. B. (1994). A massive outbreak
in  Milwaukee of Cryptosporidium infection transmitted
through the public water supply. N. Engl. J. Med., 331(3),
pp. 161-167.

Nieminski, E. C. and Ongerth, J. E. (1995). Removing Giardia
and Cryptosporidium by conventional treatment and direct
filtration. J. AWWA, 87, pp. 96-106.

Ransome, M. E., Whitmore, T. N., and Carrington, E. G. (1993).
Effect of Disinfectants on the Viability of Cryptosporidium
parvum Oocysts. Water Supply, 11, pp. 75-89.

States, S. M., Sykora, J., Stadterman, K., Wright, D., Baldizar,
J., and Conley, L. (1995). Sources, occurrence and drinking
water treatment removal of Cryptosporidium and Giardia in
the Allegheny river. Proceedings of the 1995 Water Quality
Technology Conference. New Orleans, AWWA, Denver,
CO. pp. 1587-1601.

Sundermann, C. A., Lindsay, D. S., and Blagburn, B. L.
(1987). Evaluation of Disinfectants for ability to kill Avian
Cryptosporidium Oocysts. Companion Animal Practice, 2,
pp. 36-39.

Tom, H. and Brian, C. (1997). Particle counters as tools for
managing Cryptosporidium risk in water treatment. Water
Science and Technology, 36(4), pp. 143-149.

US EPA (1998). Federal register 40 CFR Parts 9, 141, and
142 National Primary Drinking Water Regulations: Interim
Enhanced Surface Water Treatment ; Final Rule.

Walter, Q. B. and Joan, B. R. (2004). Drinking water treat-
ment process for removal of Cryptosporidium and Giardia.
Veterinary Parasitology, 126, pp. 219-234.

Joumal of Korean Society on Water Quality, Vol. 26, No. 3, 2010



