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ABSTRACT

Objectives: Cryptosporidium, a protozoan parasite, has been recognized as a frequent cause of waterborne
disease due to its extremely strong resistance against chlorine disinfection. Although there has as yet been no
report of a Cryptosporidium outbreak through drinking water in Korea, it is important to estimate the health risk
of Cryptosporidium in water supply systems because of the various infection cases in human and domestic
animals and frequent detection reports on their oocysts in water environments.

Methods: This study evaluated the annual infection risk of Cryptosporidium in tap water using the quantitative
microbial risk assessment technique. Exposure assessment was performed upon the results of a national survey
on Cryptosporidium on the water sources of 97 large-scale water purification plants in Korea, water treatment
efficacy, and daily unboiled tap water consumption. The estimates of the US Environmental Protection Agency
on the mean likelihood of infection from ingesting one oocyst were applied for effect assessment.

Results: Using probabilistic methods, mean annual infection risk of Cryptosporidiosis by the intake of tap water
was estimated to fall within the range of 2.3x 10 to 1.0x 10 (median 5.7x 10*). The risk in using river sources
was predicted to be four times higher than with lake sources. With 0.5-log higher removal efficacy, the risk was
estimated to be 1.8x10™, and could then be lowered by one-third.

Conclusions: These estimations can be compared with acceptable risk and then used to determine the adequacy
and priority of various drinking water quality strategies such as the establishment of new treatment technology.

http://dx.doi.org/10.5668/JEHS.2013.39.1.32
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Fig. 1. Scheme on risk assessment of Cryptosporidium in tap water.
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Table 1. Summary of epidemiological studies on cryptosporidiosis in Korea

. No. positive  Positive
Surveyed period Surveyed area No. toal rate(%) Genotype Reference
1992 Seoul (Immunocompetent) 4/853 0.5% C. parvum  Chai et al., 1996"
1992-1995 Jeollanam-do (Immunocompetent) 244/2,293 10.5% C. parvum  Chai et al., 1996
1996.11-1997.2 Z‘I‘I‘:‘I‘;i‘l‘(‘)‘c ()J;%l;‘:;l;'do 1/153 0.7%  C.parvum Chai et al., 1998
1996.11-1997.2 Zﬁlrfﬁéfgg;nl;eytzgggsangnm'do 6/138 43%  C.parvum Chai et al, 1998
Chorwon-gun, Kangwan-do o 5)
1993.8 (Immunocompetent) 9/461 1.9% C. parvum  Seo et al.,, 2001
2001.9-2002.6  Chuncheon-si, Kangwan-do 15/691 2.2% C. parvum  Yu et al., 2004'®
2002.6 Gokseong-gun, Jeollanam-do 119/1,458 82%  C.parvum Yu et al, 2004
(Immunocompetent)
2001.9-2002.6 gﬁ;ﬁ‘ﬁ;ﬁ;&t‘gﬁ;“emg"“’“ 21/1,945 1.1%  C.parvum Yu et al, 2004
2001.9-2002.6  [1aman-gun, Kyoungsangnam-do 2/485 04%  C.parvum Yu et al., 2004
(Immunocompetent)
2001.9-2002.6 gg;ﬁﬁi;i‘ﬁbgz;‘;“gmgnm'do 2179 1.1%  C.parvum Yu et al, 2004
1995-2003 Seoul (HIV-diarrhea) 7/67 10.5% C. parvum  Guk et al., 2005'7
2003.8-2004.7  Jeollanam-do (non-HIV diarrhea) 9/942 1% C. parvum Lee et al., 2005'®
2000.12 Hwasun-gun, Jeollanam-do 7127 25.0% O PAVUML b et al., 2006
C. hominis
2000.7 25 coastal islands, Jeollanam-do 38/2,541 15% O PAVUIML Lo et al, 20062
(Immunocompetent) C. hominis
2004-2006 Gyeonggi-do (Gastroenteritis) 23/6,071 0.4% C. parvum Huh et al., 2009
2004-2006 Korea (Hospitalized - diarrheal Patients) 215/76,652 028%  C. parvum Cheun et al.,2010*
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Table 2. Summary of Cryptosporidium infection cases in domestic animals of Korea

Agz)l?tal N;J\iopciiltt;\l’e/ POSlt(loje) rate Genotype surveyed area Reference
. 0
67/754 8.9% C. parvum  Chungju-si, Chungcheongbuk-do ~ Yu et al., 2004'®
Catile 107/109 98.2% C. parvum  Gokseong-gun, Jeollanam-do Yu et al., 2004
7/17 41.2% ¢ parvum, Hwasun-gun, Jeollanam-do Park et al., 2006'
C. hominis
Dairy cattle 84/84 100% C. parvum  Gokseong-gun, Jeollanam-do Yu et al., 2004'9
62/589 10.5% C. parvum  Chungcheong-do Yu et al., 2004%
Pig 48/482 9.9% C. parvum  Chungju-si, Chungcheongbuk-do  Yu et al., 2004
4/11 47.7% C. parvum  Gokseong-gun, Jeollanam-do Yu et al.,, 2004
Deer 9/13 69.2% C. parvum  Gokseong-gun, Jeollanam-do Yu et al., 2004'©
Goat 3/7 42.9% Cp .. Hwasun-gun, Jeollanam-do Park et al., 2006'
C. hominis
Cat 6/56 10.72% ¢ parvum, Deajeon-si Park et al., 1996*"
C. muris
19/144 13.2% C. parvum  ChunChon-si, Kangwan-do Kim et al., 1998%
b 529 17.2% C. parvum  Kwachon-si, Kyoungki-do Kim et al., 1998
0
¢ 0/11 0.0% C. parvum  Sangju-si ,Kyoungsangnam-do Kim et al., 1998
1/73 1.4% C. parvum  Songnam, Kyoungki-do Kim et al., 1998
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Table 3. Estimates on individual annual risk of infection by Cryptosporidium in finished water of each large-scale water

purification plant in Korea

No. Plant-mean of oocysts (/L)

Number of plants

Mean of individual annual infection risk

Medium Range
1 0.1875 1 9.7 x 107 44 x10° ~ 1.7 x 107
2 0.0875 1 44 x 107 2.1 x10° ~ 7.6 x 107
3 0.0625 2 45 x 107 2.0 x 10° ~ 7.9 x 107
4 0.0500 5 24 x 107 12 x 107 ~ 45 x 107
5 0.0375 1 1.9 x 107 9.0 x 10* ~ 3.4 x 107
6 0.0250 5 1.3 x 107 59 x 10" ~ 2.3 x 107

. T FHo| g% 4N
FxRE T WA M= W =E9rke o
T 5 FRE AYELIYY

= St FEE S8 s ojFein. 2
2y A2 ﬂﬁiéiﬂﬂ% F=7F i

1:(“%0“ /\Elzﬂ _?,]-Hcﬁﬂ 7]-01] i]-_Q.B‘]— u]-s]- @Ekx%
= FHAA o2 e o} 2000

YEE 1097 £52 100 L¥S = 2404 338}
5 T dxgo] A& o] gl

qow —5%‘—% HHOﬂ

Jo 4y i O o 12
e &

o,

o

=
LSO

Ak

of

o2l

=

2

ol

QL
‘&

o
=
;2

OM FJUrF/} ] AYESye]
EEA, T 977H 20| AT ES e
123 AEE AFEZAY AL HloHE A
o] ZAR= eaugolA] Lo g Ak
%E/‘\—Lali]ﬁ xS vfefgh oA,
HlolEl7F A5E e gfol Btala g
ABE 7% E3a)] Bt AT =& 93
]6HA1‘~ BAANEFS) 13] BN SR
Ao=Z xgﬂ-&h:} 3 o] AE|RA}
Hqupd o] AL 7EE ojok dth B
T BEE s i%‘ii Tl sl
AMe 35gol et Ry AFEA| ool F3et

TAE & YA, ALl Foldh g AP AolA

O
o & so it
ia‘ oH‘ F.R

2 o

(o3

Fk‘l
H

=

we oY oX Ao oo

>~
Sgﬂohm{ﬂ-r&ljz
w2 X

http://www.kseh.org/

3d7F Matrix spike tests Ha3to] Ha 46%2] 3
F& (89 13-73%) RIS AR7E /1o 10
dzke] Fa3|ego] 2% Ra% JH? wk
H g4 2 729 e de UK AEEE 3
]Xq—i lal, AHEAZ U HolHe 59 B
A & skeF 249 a7t vk CC-PCR (Cell Culture
- Polymerase Chain Reaction)2 W3 283 gk

= HAFFIAR R Fxgo] AEH AR 60

g1

N & 221(37%)7t CC-PCR ¥4 & E4& 71
dES FRetalthal Basiinh it 2 Aol
T W IrER A% ARl deidst 84
2 AAEE e sl deids el &
ekate] ddlolels ati® A gt T Kt
A feleg7hE fside A T
A o] s =t & Aol

® AgellM Al el g A7l

Q4= 2 5log, 4 3.0logE 283t Zﬂ% Aol
BF AL ST mYd oo uiitE F5Ee
2, 200297 AFH e vt F4AE7)
ol whet AR HA P Atk 17
wFolth. WHO((2009)= 489 =HE F5o34]
2eo Ao AAES 2.5log HYZ Hom P
USEPA T3t E2RFAEE ARXHA FFAIT
g% Y X9 95% ol’do] 0.3 NTU ©]&t7t 5
S5 fARYEL e v FEEg Al

4t 3.0log=2 H7I8IATE? ol= 143]¢] A&
TR T E 03_?—9} e SNEC] gt HeA1H 2
I, HA-SH2AY v EEHFA A2 AL A
71E0] 2.9~4.4log (H 3.7log o701 o 3 1
=9] 247l A ZALNA SrokER] AAE
o] 2.84logeIAtHe Bole AHHTH? Ly}

7es B

J Environ Health Sci 2013: 39(1): 32-42



40 o=y - Yy . x2

M= ¥t Fo] AHELEYR FAAIE 83

FEErAE LR SWE APS Fal 3.3~4.8log
o] AAEES BT A Silem,® I &

TUE olgshe AAl Aegelr AHESEYH R
AAEe] Ad AT 12~ 1.7logE

ZHepaL ARFH7EA] HA 2.0~23logE 234
3t o) 3714 AR A ALl Ht 29log(1.9~
39log)d2 &I Hart )itk

=& Slo] ErhE Fad ks FRE &
EFolth. AeH o= Hewel A3 s=g7il
AME it 210 58S A& 22 60°C
qog BE Folw dxdo] 474 B¥¢gsiEn
2, 8 27 S8 D A5 Asi=rt
o B7re & ok =3 S8 APy A,
AACEEel et debd £ e, vise] S8
ZAPIME Yol E AFLFS 555 U Bol &
Hlghke 43E B3ty fevEddE 79, A
&ohe 497 B3 2 9

o

73
o
=

1o
ofl
=
fru
L)
rr
i
o
dlo

o flr

o W Y

e o

¢
>
o
N
[

)

ol
(L2 e
B

=

u
ol
R
o

>

2yt @A fevetelN FxE=

g
q
[o

&, 2 AR BHayh ARsleg Y
S ZAl3F Robertson et al.(2002)2] &5 =
T HolHE &3ttt Ud==e] 3 £5
vdde 85239 10* faEle 7159
R RE Hrksl] 918 QMRACNA o] & W
24+ A9E &8 vk gk

SEIAl= Alol AdFe A-ESIEYR
o] e} ol o5k HdgEe] WAE vER
Ao 2, HE Volunteer studiesol] &3] A& 4= 3
th Hxo AHEAZIUR AFRTAARNA AL
S8 dxGolA ] D5 1327[0I A5 AR
o] A&t T2} o] F7HE ARPIEATE
Bl AHEEEIYR] ZFE ] HeTE vig- Y
S TS A o2 SRIESA, USEPAE o] &
6319 Al AFE skl e A
e ot HAPHETES 4~16% HHAGFHT
9%)= H7Felth & At SEluel Al

e ol o kI

Yot = do do oo B HT ¥ 2 oft
fu o o ok

>
T

J Environ Health Sci 2013: 39(1): 32-42

q F AH B4, 9y, 59 2309 w3
AE S wek el Wiyl wekd £
7] W] B A7 2YF A sHich
53] wejgo] oksle St Wl duBAE Y
st 2ol v Aktuz w83
wrgwEo] A gsojol & Jlolc.

e B WAHAE Bral, B Ave §
et 45ee) agEsTelte TEd ot
PNEs SRE g% AN TS,
53] 23093} oL Telsl FEEA WY
o2 galE WS =Esgirked 9o} drky
AT, o)l PHELS FF TR B0l
U vk gEdi el AgelsEg FsherE
§9 & 9om, o8 B feltet A4 Hegel
A9l e ek FFHe olshel 71o1g
g Ao sljErt

B Ao e Seuet iR A58 977149

TUF 5 AHESTHUS EXAHRIE 7|2

o FEES AYELTUR| o A79ls=

£24 o s FG3IGth dadge dx
1 A

\
3}

o

[of

=
=
= g AR as 2y ASAYs G

d

T
off

off' o

TE &3 95t W 8% 9 vy |
I AHAA ZEEE vlolHE 283t Monte Carlo
Simulations &3t A3= t3 2o

N

1 f2lust FRe] SHESTY el ofd A

FE HAL 23x10%~ 1.0x10°9] HI=2 F

= Aol tis) ArAeled hdelu
WA 55 3 fsi=dEt ok 2a%

b o dlo

3. A5 E ArdoR ogshe A9s Bad
olg3ke A9e) BAIAEE F1 P VE
9.9x10* (F$] 44x10™* ~ 1.8x107)

http://www.kseh.org/



28|z}

H-Zo

| JEEAFECF0| et IR HoF A 41

==
Z 26x10% (HY 1.1x10% ~ 48x10HZ, 3¢ National Primary Drinking Water Regulations; Sur-
ol &A] oF 4] AE =S ANYIES 2= AS face Water Treatment Rule; 1989.
= =490} 6. United State Environmental Protection Agency.
oM o Occurrence and Exposure Assessment for the Final

4. =R A3, daeds sd3 AeAea Long Term 2 Enhanced Surface Water Treatment
0] A9 v A7EAE g FEES F= A Rule. Office of Water (4606-M) EPA 815-R-06-00;
o= vertor], J5ggeIe] UEd AAES 2005. o
it 0.5log AT A9 A7 ARSHEE 13 7. VROM - Inspectorat.e. ITlspectorate Gulqehpe—

N ’ _ Assessment of the microbial Safety of drinking
TEoR UE F Us Ao SHAUTH Water; 2005.

51871 A7SEI=E drlE & AAA 4 b 8. Joint FAO/WHO Codex Alimentarius Commission.
e 71eHl 77 o9 AA| - A=Al 17 Principles and Guidelines for the Conduct of Micro-
o} A}s|Ael Frelyt Wasit ey dA) 2o ?ig(;l;)gical Risk Assessment : CAC/GL-30 (1999) ;
A9l E_L%E'}:EF’]E]%O“ g A<l =g et 9. Robe.rtson B, Sinclair MI, Forbes AB. Case-control
o7 FAse 4 AFAETA Mot AR study of sporadic cryptosporidiosis in Melbourne
Ae7le =Y, A5-ds WA 5 FJFY Y= and Adelaide, Australia. Epidemiol Infect. 2002;
2 A2 Y 9 B4 AR A4 Fed B 128: 419-431.

10. Craun GF, Brunkard JM, Yoder JS, Roberts VA
Zz187F = 2= 9L Ao L3l olzls vpHES ? ? > ?
T':_} A ’\j\a Aol . t‘y‘)\ 121 Carpenter J, Wade T, et al. Causes of outbreaks
FF TaatE Aol vkl 9] 2739 associated with drinking water in the United States
A= FYs=dUe 88 4 o, ol E3 from 1971 to 2006. Clin Microbiol Rev. 2010;

Selvbe A gl AgsEe) he v 3 23(3): 507-528. ,
g0 olae] 7]od 2= 9IS Ao e FhET). of 11. Nichols G, Chalmers R, Lake I, Sopwith W, Regan
o - G 5lal ol =] - o M, Hunter P, et al. Cryptosporidiosis : A report on
2] &5 Hoh A3 el =71t ol FeA7] 4 the surveillance and epidemiology of Cryptosporid-
AMe AHEAZIUE AU 2 2APPHY ium infection in England and Wales. Drinking

M e AAY ee% AR 2D eug) Water Directorate; 2006.
Alol] Adlet LaptesbA] golE SHRe 9a o 12. Inomata A, H(?sal?a M, Yaguchi K. Contamlnat.lon
=glolol 3 705 AlE of raw and drinking water by protozoan parasites
T7F FAH R & Aow Almdn and an attempt on risk assessment of infection
caused by drinking water consumption. Ann Rep
E25 Tokyo Metr Inst PH. 2006; 57: 313-318.

13. Chai JY, Lee SH, Guk SM, Lee SH. An epidemio-

1. World Health Organization. Guidelines for Drink- logical ey 1°f Cl’yp’gs%”; ’i{”’” P ‘lnfe"(;

ing Water Quality Vol. 2. Health Criteria and Other ginlin ran dom i{se ecteJ 1;13 a 1t'an;[s ?99;011343‘;
Supporting Information. 2™ Edition; 1996. p.56- 58. ”30 ]z;.r;am- 0. Rorean arasttol. ; 34Q);
2. Korich DG, Mead JR, Madore MS, Sinclair NA, 14 Ch-' J\é S TE. Han ET. Guk SM. Park TK
Sterling CR. Effects of ozone, chlorine dioxide, ’ al_ > Song » Han 2 u‘ » rar o
. . o Choi MH, et al. Two endemic foci of heterophyids
chlorine, and monochloramine on Cryptosporidium . ] - R
o . ] . and other intestinal fluke infection in southern and
parvum oocysts Viability. Appl Environ Microbiol. western coastal areas in Korea. Korean J Parasitol
1990; 56(5): 1423-8. 1998: 36(3): 155-161 ) ‘
3. Byun SH, Lee MY, Cho EJ, Yoon TH, Kim TH, 5 3603): e . . .
L . . . 15. Seo M, Huh S, Chai JI, Yu JR. An epidemiological
Han SH. Inactivation of infectious Cryptosporid- . . .
. . . survey on Cryptosporidium parvum infection of
ium parvum by various dsinfectants. Korean J inhabitants in Ch K do. K
KSEE. 2007; 29(5): 533-539. o oL 30 a0 R

4. Bahk GJ, Oh DH, Ha SD, Park KH, Joung MS, arasttol. > 39(2): 201-203.

16. Yu JR, Lee JK, Seo M, Kim SI, Sohn WM, Huh S,

Chun SJ, et al. Quantitative microbial risk assess-
ment model for Staphylococcus aureus in Kimbab.
Korean J Food Sci Tech. 2005; 37(3): 484-491.

. United State Environmental Protection Agency.

http://www.kseh.org/

et al. Prevalence of Cryptosporidiosis among the
villagers and domestic animals in several rural areas
of Korea. Korean J Parasitol. 2004; 42(1): 1-6.

J Environ Health Sci 2013: 39(1): 32-42



l:_l‘l-/C\) F?él .

HIAK] .
—|I-'|'o

0| - ES o

(=3
=

roh
lon

= .
T [ul)

- QA

o

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Guk SM, Seo M, Park YK, Oh MD, Choi KW,
Kim JL, et al. Parasitic infections in HIV-infected
patients who visited Seoul National University Hos-
pital during the period 1995-2003. Korean J Para-
sitol. 2005; 43(1): 1-5.

Lee JK, Song HJ, Yu JR. Prevalence of diarrhea
caused by Cryptosporidium parvum in non-HIV
patients in Jeollanam-do, Korea. Korean J Parasi-
tol. 2005; 43(3): 113-4.

Park JH, Guk SM, Han ET, Shin EH, Kim JL, Chai
JY. Genotype analysis of Cryptosporidium spp.
prevalent in a rural village in Hwasun-gun, Republic
of Korea. Korean J Parasitol. 2006; 44(1): 27-33.
Park JH, Kim HJ, Guk SM, Shin EH, Kim JL, Rim
HJ, et al. A survey of Cryptosporidiosis among
2,541 residents of 25 coastal islands in Jeollanam-
do (Province), Republic of Korea. Korean J Para-
sitol. 2006; 44(4): 367-372.

Huh JW, Moon SG, Lim YH. A Survey of Intesti-
nal Protozoan Infections among Gastroenteritis
Patients during a 3-Year Period (2004-2006) in
Gyeonggi-do (Province). South Korea, Korean J
Parasitol. 2009; 47(3): 303-5.

Cheun HI, Cho SH, Lee JH, Lim YY, Jeon JH, Yu
JR, et al. Infection Status of Hospitalized Diarrheal
Patients with Gastrointestinal Protozoa, Bacteria,
and Viruses in the Republic of Korea. Korean J
Parasitol. 2010;48(2):113-120.

Yu JR, Seo M. Infection status of pigs with
Cryptosporidium parvum. Korean J Parasitol. 2004;
42(1): 45-7.

Park BK, Cho SW, Kim HS, Satoshi K. Prevalence
of cat Cryptosporidiosis in Taejon area. J Vet Sci.
1996; 4(1): 39-45.

Kim JT, Wee SH, Lee CG. Detection of Cryptospo-
ridium oocysts in canine fecal samples by immun-
ofluorescence assay. Korean J Parasitol. 1998,
36(2): 147-9.

Chung HM, Oh DH. Cryptosporidium and Giardia
(oo)cysts in Korean rivers and the effect of sample
matrix. J Korean Soc Water Quality. 2006; 22(2):
271-6.

Lee MY, Cho EJ, Lee JH, Han SH, Park YS. A sur-
vey of Cryptosporidium oocysts in water supplies
during a 10-year period (2000-2009) in Seoul,
South Korea. Korean J Parasitol. 2010; 48(3): 219-
224,

Park SJ, Kim JM, Kim TS, Chung DI, Lee MY,

J Environ Health Sci 2013: 39(1): 32-42

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Nam SH, et al. Distributional characteristics of
Cryptosporidium and Giardia in raw water of large
water treatment facility in Korea. J Korean Soc
Water Quality. 2010; 26(2): 261-7.

Hashimoto A, Hirata T. Cryptosporidium oocysts
and Giardia cysts in Sagami river and its tributar-
ies. J Water Environ Tech. 1998; 21(2); 119-122.
Lee MY, Cho EJ, Kim DY, Lee EK, Oh SJ, Ahn
SK. Improvement of validity and efficiency for
detection of Cryptosporidium Oocysts and Giardia
cysts in environmental water samples. Korean J
Microbiol. 2003; 39(1): 27-35.

LeChevallier MW, Giovanni GD, Clancy JL,
Bukhari Z, Bukhari S, Jeffrey S, et al. Comparison
of method 1623 and cell culture-PCR for detection
of Cryptosporidium spp. in source waters. Appl
Environ Microbiol. 2003; 69(2): 971-9.

World Health Organization. Risk Assessment of
Cryptosporidium in Drinking Water : WHO/HSE/
WSH/09.04. 2009. p. 28-66.

Dugan NR, Fox KR, Owens JH, Miltner RJ. Con-
troling Cryptosporidium oocysts using conventional
treatment. J Am Water Works Assoc. 2000; 92(12):
64-76.

Niminski EC, Bellamy WD, Moss LR. Using sur-
rogates to improve plant performance. J Am Water
Works Assoc. 2000; 92(3): 67-78.

Park SJ, Chung HM, Choi HJ, Jun YS, Kim TS,
Chung DI. Evaluation on removal efficiency of
Cryptosporidium using surrogate in pilot plant of
conventional water treatment process. J Korean Soc
Water Quality. 2010; 26(3): 399-405.

Lee MY, Cho EJ, Byun SH, Kim TH, Oh SJ. Eval-
uation on removal of Cryprosporidium oocysts and
Giardia cysts by flocculation and sedimentation.
Korean J KSEE. 2004; 26(4): 397-403.

Regli S, Rose JB, Haas CN, Gerba CP. Modeling
the risk from Giardia and viruses in drinking water.
J Am Water Works Assoc. 1991; 83: 76-84.
Roseberry AM, Burmaster DE. Lognormal distribu-
tions for water intake by children and adults. Risk
Anal. 1992; 12: 99-104.

Mons MN, van der Wielen JM, Blokker EJ, Sin-
clair MI, Hulshof KF, Dangendorf F, et al. Estima-
tion of the consumption of cold tap water for
microbiological risk assessment: an overview of
studies and statistical analysis of data. J Water
Health. 2007; 5(Suppll): 151-170.

http://www.kseh.org/



