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Quantitative Microbial Risk Assessment on Legionella Infection
in Children Playing in Interactive Fountains
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Recently interactive water fountains are gaining popularity in making public facilities in South Korea. The total
number of interactive fountains is rapidly growing at the rate of >50% annually. In this study, we performed
quantitative microbial risk assessment to estimate infection risks in children by Legionella spp. while playing in
interactive fountains. The exposure dose for a given concentration of Legionella in water was calculated using
water-aerosol partition rate of Legionella, exposure duration, inhalation rate, and deposit rate of aerosols in the lungs
following inhalation. The dose was converted to infection risk by using the dose-response function developed for L.
pneumophila. High weight and/or old children, i.e., 12-year children, running around in fountains were the highest
risk group by showing >0.05 infection probability for fountain waters containing >10* CFU/L Legionella. The result
supported the current guideline by Korea Centers for Disease Control and Prevention, which permits use of water
with <10° CFU/L Legionella cells for all purposes. However, the results still warrant further evaluation of the
guideline to accommodate risks for children because the dose-response relationship in the model was developed for
healthy adults. Further risk assessment studies need to be conducted by employing dose-response model for children

who generally carries weaker immune system than adults.

Keywords: Legionella, acrosol, children, interactive fountains, quantitative microbial risk assessment

2o Bl HYUSHe Fol BB 9L §EE Sht i
248 97 2GS A9 FFIT Uk 24T AR
AET W7 719000 3} A2 LGB SAAAL 4712010

Hof| 4477]40] o]2= AR B1E Hl 3] Oo™(Ministry of
Environment Korea, 2010), 2013 69 10¥4#} 4 H 2 &%}
2ol k29, 201149 325742 mhets viehE4=o] =7} 2012
Y 5067|AZ 55.7%9 ZVEER F33ts S Her
(http://www.me.go.kr). 2B} F53l= vietEo] n]PESH
2] Qr ol digt HeEl= FoFstod, A7) HEARE oF 17% 9]
HjehiolA] A e et A he Ao miel
g}, vhErEe] Bl ol8AHE thRE 124] ofsle] o}5E
SlE), AU E £ ARSL Aiel 529 o] date] ¢
3] A1 Ho]1 Q)tkKim et al., 2009).

HigEo] thigh @3 2] AL ‘EE0ld £HAEY

L_ol

T v

*For correspondence. E-mail: zoyful@gmail.com; Tel.: +82-51-663-
4643; Fax: +82-51-627-4645

A ] H(@FEE, 2010.8.26)’ 2. 2, T +to] 100 ml F 200
CFU H|Rl, Legionellast2 tg<to] HEE Aol tistod At
HARE AL 11 YRS Basle she 2709 nldEsh ¢t
A4 & T QU ol A2 obgE0] HIGRESE 0183t
A 25 88 PR HEA2 EE, St 2ol wheo
A o2& A 22 FAshAA &= Fo =S AW
2 whobsols B0l TSk, S 52 Ao ofsto] &3
71 AFS Aholut 257] AT Aol 2T = 7] b2l
I 7] AR 23] ASS HEE & e TSRt
HAAES S A SR ARSsto] BE|siH, 287
AT AL 4= s LAY 7, Legionella w-& 8 B
ghde= Aot Bejshe S gshar qlth

FZ 2 ofde]S9] &0l A BT FH BH 2HE
Fxoid, @3 A AFo] A A o= ofdolEAE
a3HA] HES|Hotof & I g Ao] A|7] Hrh(Nett et al., 2010).
FAAAY S A 2 Aol Wk 100 mlg 200
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Table 1. Parameters and their estimates used in risk assessment of Legionella infection for individuals using interactive fountains

Parameter Description Best estimates ~ Unit Distribution Source
Fraction of cells partitioned into 5 CFU/m’/ 5 61 2 Azuma et al. (2013),
Fu aerosols among total cells in water 2.3x10 CFU/L NI2.3x107, (3.6x107)°] Rose et al. (1998)
h Inhalation rate of Korean children 0.3°0.6 m’h’ Monte Carlo simulation http://SizeKorea kats.go kr
by age Jang et al. (2007)
_ Time spend in fountains operating . 2 L .
T without a break 49.5 min N (495, 14.6%) Swimming hours in Jang et al. (2007)
Discrete distribution
T, Duration of fountain operation 20-60 min Pr(20)=0.17, Pr(30) = 0.39 This study
Pr(40) = 0.06, Pr(60) =0.39
t Apparent time spend in fountains 0.59 h Minimum between This study
T;and T,
£ Fraction of aerosols deposited into 05 constant Azuma et al. (2013)
lungs
d No. of cells to which lungs get =25 CFU Monte Carlo simulation This study
exposed by Cy
- Coefficient in exponential 006 constant Armstrong and Haas (2007)

dose-response model

Azuma et al. (2013)

Az o] E&TF2 Aglo] AL didol &=+ 35 0.03
o]&}e] W2 Y =E FAISH SFAIT, thdato] L A/de
7%, Heglo] H2 ob5of| 7t Al Yl e <0.43 =50 o]
£ &= Slol, A3 TR R o] vigrES9] 8 ARARI obs =
of thgt i8S A o= #efstA] £ 7HsAd ol A7I=E A
THZo, 2012). ESE, At AE Aot Legionellayt 525 £
Atk @8 IR AL, &5 F HWFHEY £ Legionellast
9] 28] AT=7} itk Mol IRl ojof fadt Baf7go]
o & 4 vk &, @Y (o2 tdato] AEEHA ¥ &
7t vigEolA E501E ot obsolA dAedesE &
e Yei=g BeEjstA] £ 7hs/del k. giRedets &
A7} gk 11120 AER v 57 sk vt &
Yo A9, 39, A5, WY Sof MW TG Bl gt
Legionellawt A} 2HA o] HIEAS] B 11 =31 QltH(Fenstersheib
et al., 1990; Hlady et al., 1993; Jones et al., 2003; Kebabjian,
2003; O’Loughlin et al., 2007; Palmore et al., 2009; Haupt et
al., 2012). o] A& 1 2stH, 55t HITE S50°] J9=
Qlte] obEg=0| Legionellaxtol ZHEE 7Hs/d= Hrt B3]
=i K =
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Ll dAgof tiet o 2he] JFof| A Aol AA FFAIE Y
v 8= F Legionellad2] BE XA} 4288 F| o] 2 H} QJth(Lee
et al., 2008, 2010a, 2010b; Korea Centers for Disease Control
and Prevention, 2012; Park et al., 2012). 71 Z1}o]| w2, oF
7% =] theFet wiE §<ollA] Legionella spp.7t HEEH,
1.6% 2] E-2=82=0)| A Legionella spp.7} ~10° CFU/L®] 5 =&
AZx]11 9tHKorea Centers for Disease Control and Prevention,
2012). = viT-g<roll A Tkl Legionella F-50] L= A
9k, L. pneumophila sgl @3 o] 7173 W8] AEAh d24&

I 2] A9 7 ol 5321 ecotypeo] A5
(Park et al., 2012), S o]l R 1 %] R] 9+ L. pneumophila ST-K1
ol SHYo] ARAN AHH OB RESh Ao W
9ich(Lee et al., 2010a, 2010b). 3+H, 3+=221 Q1A 7} Legionella
spp.oll =& A=E FAEF o R=Z AR 2, A7 <
T 5 oF 15%7} Legionella spp.©] gt FAE E/3 Aoz
UehH(Lee ez al., 2008), B A L d2pE(EE gy 2
o2 AkslA| EX] Q= Legionella spp.ol] 3t =Zo] FU
ol A FHLleHA Y=L l= AR Belrt wetx, vl
S7h BEIL Sl FUle) ATHE BolN BREE oolzE
o ot f Rl eddleks R I e S BY ALE oAket
g Yo, viegE0| 8= 5 Legionella spp.?] F&=5 Hth
AR5 Aoz AT oS A7 e
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Fig. 1. Schematics of the compartment model used for quantitative
microbiological risk assessment of Legionella infection from use of
interactive fountains (symbols, parameters described in Table 1;
ellipsoid, input quantities; rectangle, calculated quantities; hexagon,
predetermined coefficients; X, multiplication).
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2 A7te A nYESH 918 B7Hquantitative microbial
risk assessment) 2.2, opFo] BIEGo| A £350]F St
&<t Legionella spp.©l 23 Z4E Ysi=rt o= A=A HF
Sh= AS BXE ST 85 F Legionellarte] F=HE o}
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A 9 Eo] &8 F UAYSHE Legionellawt T EE A}
3t B35S X359 (Egan et al, 2011; Buse et al, 2012;
Azuma et al., 2013; Bouwknegt ef al., 2013), 3t o}5-0] vl &2
+old wolE WA SHEA FUSHE B71E FN
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9] Ry(v&= =0 AT TFEMY 5L &2 234 &
9, gt obFo] 13] E&0]E ok 3¢t 43 22 Eolnhil 37]
% TFE Legionelladt =(n)= 3719 Fom< 371 59
Legionellaxt2] 5%=(C) 8 FoE2 AAE =9tk Y 22 &
olutil F71of| T/ Legionellagto] YHT 3Z7|3o] Boj
2k 9 J7ete g, A& H|E(F1)9 Legionellagto] EHL
2 do kete Aoer A4 4= glom, I o] ok59
Legionellatol i3t e&3F(d)ol et AFE &3F2
dose-response function®] 2l5te] ZHHE &g, & Y=(P)=2
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=Z Monte Carlo simulation& AA|5}] 3t o529 P 273
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al., 2013). 2] AH-9of| = 20107} 2011 A ZH2+ 15729}
147]2:9] HjEg5ol A 10° CFUILE tha A3jshs =9
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Al El= )& F4= Rose 5(1998)0] AW =G4 4] endotoxin
9] oo 2F T{F Sl 7123k 451, Azuma 5(2013)
o] 272 BN Legionella ZHET IS T Sfet
o] AHg T HTHRE 7k 5 St B8 A4S cHTable 1), &
Z=0} A3lo] SARE ARIE S1= ASJol\A] Brevundimonas diminuta
= Serratia marcescens?} LegionellaS t)2]sl=2 A A5}t
€ Ao A 10°-10° CFU/m’/ CFU/LE] Fagto] S = o)
Z](Schoen and Ashbolt, 2011), Table 104 AFEE AFEEZE
ErollA Bt e Ueidie ZeR ddEdt Ce
Table 18] AHF-EEZE W2+= 99 FugkS A48t C. = C,
Fy o #A 2 AAst4t.
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e oo 2E0l =g H e A o2 Hob E50] AR =3 Al
Zto g g 4= Qlek. ob5E0| 13] E50lE she Ad2ele
AZEE Tl @Al Aol Uehd 9 AIRKT)E ARS8
thJang et al., 2007). T= 49.58-% BFO 2 3} AHEELR
BAE 4= AU K (Table 1), B 9 vigEae IHTh
HE AL FAE 2GS A5E AT F, T AR EE T
At & &8 F712 AAHEshe BAE gt /7] w2,
Aol gl AHeld 2RE Tie £ 13 d% AT
(To)oll w2t BAEfofof sttt & AFolA A&, T4k S,
e, A Aol Y11 10871 9] upekEapol] tiste] 7,5 24t
5191, Table 10]4] 7]<&3t ukel o] 20, 30, 40, 60202
St O EE Z= Ao SAHUT F2 3023 6029
TFAEE 7HRAL, 2471 201 B 408 RS E A
& YA & oF5 Bolge AlEdeld Foll Sl
Table 19] 7]&qF 232} o|iHRE | A T2 = 242 sht
29| Ti9t T8 BRI, 7 3 5 o &2 Ak obsol 2
oA g Rl dfloj2E 0] leF T AR 2 SISt Table 1).
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exercise) 9] FFTAZ FESIAL QU= Hl, BFEESFoA B0l
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28} YA, BT A7), AHS 27|12 S Ao et
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ATt A - ob59] Ho) 27] E HERS At
2 5 oeuz BAo| IGQadlt AX4X 2 A6} Size Korea
(KATS, 2010) Q1AI5=2] HH&7g xpz2of vehd 74 o4 3t
919] AFA|Zo](trunk height)e} 7H&EH|(girth) A&x] EZE
g3tk 7204 G T ol 4 2] AHA| Dol et 7S E 1 E H]
3+ A1}, 144 0|51e] G T 204 0]81e] of o] AAFE AR
o9} 7h5Ed Q] Hj&E Ho|BR, 124 0|39 otF-& Egs}
£ o] Mol &3h= F A9 A A Lol AT v&
2 7 AA o AA A F 2] vlgo] AFE 5 ATt 204] 49
B SFE, Size Koreao]] Ueht= £ AF <] 3t ob52)
A dole] NAFT 204 34d2] B AAZ0](638 mm)<]
AAZTH] v &S Fate] 7-124) o5 £ &5 AAsATh
Q] =& AS=(Jang et al., 2007)0] TEH 204 T2 oA
o] FX], A7), H71E & ] B¢ TFES 77 037, 0.74,
144 m’ho|g o, S5 43 WYSES BP= o4l s
E XA A g o) Hgt Z obs ol tiste] E5HES T2
A3l 3EE BA AEE 204 o] Hat SEES A
g3ttt obs 2] 7R E5-F3S Hohe oI EE X v}
SR04 o5 FEES F3to] AAE AT AL, AL
o, -, W, HE, =A% AL ool YIA|gE 147) vieE
Frof| A Bm0|E 3h= 1802 obg2] 35S 157 aste] 374
5043 F o= Aol Agshe &5 sk A RARI =T,
A, A7), H7] §8 < obsol 42 32%, 35%, 33% = F-%
of 7i7tE oA ERES Bt HEZXOZ 3t ot 35
B2, 7] E57% B2 vt F29I= ot 53
2R3l B Aol 204 A4 BE £ ES A5,
T3 ob5o] A& A5k Size Koreaol w2 AW AHA| 2
olo] RE S dglow, AYH A Lol EX FE F o g
292 A ste] 204 of 2] St AR A 2 1k A Fu&=
204 9 Bt TFES Bt At
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A FYs 3719 R 3FE A%t 23X 1Y F&
ARGty = ht o] BARZ g ofFo| HIFESE 13] o] 82 o &
Aotz 3719 RoWE 4Pt £, 37 F Legionella
T & C8 Ft, n=v C,2 BAZ oo Y} 22 &
A3t Legionellawt 2] E5(n)S& F3tHtt o159 Legionellagt
of gt & A== Fol EGdte Legionellawt M3Z 9] 4(d)
Z 47 3}E ch(Armstrong and Haas, 2008; Schoen and Ashbolt,
2011; Buse et al., 2012; Azuma et al., 2013; Bouwknegt et al.,
2013). =&%F d= n/lY Legionellad & 473t v|&(F)°] =
of =% 4= Q= AL R HotA, d = n FLE ALY FiL 3t
2 0.59 42 A, ol 55 Aol digt 483
24 ZA3KKliment, 1973)0] W2 A o|1l, Legionellaw-©] H|°|
Sgst= v 2 E&8-H v 9lth(Azuma et al., 2013). AFY =
Legionellag Xl Y=ol thst 3 A-1(Schoen and Ashbolt,
2011)% AP o2 A o] 2Bo] Ho w2 Y=g A

BIE=9] Legionella 74 3= 363

33t Schlesinger (1995)9] A7HS 2-8-351o] Qo2 Fsh= o
o 2EE0] Hlof| st Bl&S ZAstE=T, 1 H&20.10
-0.65°]3itk. & AF9} Azuma 5(2013)0] F, gro2 ARESH
0.5% o] lofl 3w, 27|17} H|w A Z-2(< 6 mm) | =
£9] ¥ <} vlgof HRstRon, B3 BE O ALhE Ted
gh= olFo] lol, o9 Yt A2 FYEE= BE 2719 oflo]
2E Fgs4ict

Legionellad &S 2= P2l LA

LE&5F doll 2ATHA T =g AL skl HAdA|

o] uwal Eo|Z <l dose-response functiono] I Q3}c}.
Legionella spp.©] gt dose-response TA= 7|4 7] 19] 7o
Z=E3= Legionella pneumophila®] 8 &3O 2 311,
Ao dzks YA RS =2 she A ZE (54 1)°]
2007d ZigEe] HAed2s sl Brlel gl o851
Qlth(Armstrong and Haas, 2007, 2008; Egan et al., 2011;
Schoen and Ashbolt, 2011; Buse et al., 2012; Azuma et al.,
2013; Bouwknegt et al., 2013). & AL A& =ZTF do]| s}
of, Al r& 0.0620.2 SHe 4] 19] A4e48 AHE T A=
P& AaIAT

—_

Pid)=1-¢"" 34

3H, 3 obE o] A% 4= Ao AA vt EpolA EEolE
T QoBR 3 obsS PEWAFCE T o, o 2ol 2
7 vl o] g0 g3t Y=g A st of it} gt ofFo]
AT A S Hol= FUg HgESA x HY EEolE g
thd, gt 2 EEolollA #AsHs A HsliE PE &85,
hEA o] g o3t Qe P2 424 29} Zo| AXketth
(Haas et al., 1999).

Py =1-(1-P)" 42

SHZEM

£ AFoA AMgE FAEA A F-2eES 0.055 AHE-5t
At} A=, & A9EE, B3 0.05 oY o LT =E9
A=t A= AL R 45Tt F 7HA] 37k Aol &
Ast= EA7|HO R v|24Z Bl Mann-Whitney U test
£ A8t

Z 1

Sl 371% vel 2=

EZ2A7HD), & b E0] HIEESTE 18] o|88k= T EUl=
AZHE, T-124)19] ZF A7 10,0009 9] oFs-& AlEH o]t
APt RS ), 172 2 vieES] Gt olste] A
&0}, 20, 30, 40, 60&0] JYFH o= UelrhFig. 2). TFE
(& 0.1-2.1 m* h' 9] W95 Ho|HA, Z Ads FF& o
203-06m’ h'& Bk shAh AP SFEL G %

n AL

ot
el
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Fig. 2. Frequency distribution of time spent in fountains among
children in 60,000 simulations.

= S¢S SHORE 224 ¢, 3719 FRIPE Hol=
trimodal £EE Eth ZZe] HANIGL ofsEo] AA
(standing), Z7](walking), |7](running) oA S == %
& TFEC TSt FAH O, obsEL AA AT Ht EF
o #@ol 2FE Z2A ¥ 2 9FE F= HrdS AABHA
ok AlEFo)dE 7 ofgEE TFEN =EAREE F3t] £
Fol AfFshs ¢ FYshe T71F S AP SHATHFig. 3).
HHEEE 18] 0]83k= oks9] fRo] 7-124] Alol 2 53}
ot 7H4 5t S o, obE 5 Bt 028 m*9] 715 FUSHY
on, Huto] olgEL 0.22 m’ 0|3k ¥ FYSIATHFig.
3A). o] 2.00 m’ FYFo] Al BH o] AE L, 0.37 m” o4}
SUFE B3 052 25% 2 g obs ] 9¥H EF
B 5 TUF 2Aol tie 9Tl 2 M, TFEL TRIVHA
2, 8579 o]Ath(Fig. 3B and 3C).

vleR=0] 84271 107-10° CFU/L 9] Legionellagtol ©J3}

of @G Aoz 7Pt ok EEol 5 FUT 3710l =2
FHE Legionella #A) 5 ol H&Fet #AQ] =8 AH8L =
SHDLE APt 23l 26 CFUY k&o] BSEHUA
T, 10° CFU/L®] 4230] obd Z$4= 7)) CFU ol3to] Ea}st
SrHFig. 4A). 53], AHTYER gRedzks A
(Korea Centers for Disease Control and Prevention, 2012) A}
sl Eglols Su 217t Beas Aoz 44 10°
CFU/L n|9te] =3 ¥ 919 &2 0.03 CFU 1Yo 2 uju]
3kdct. 10" CFU/LS} 10° CFU/LY] +3& Kol Rt 247t
0.24 CFU%} 2.45 CFUQ] 11 &S R, =4 7F538 =&
= Bt obgY A8 S5FHIE =&l F= I H]
w3}7) §15te], 10° CFU/LY] 38 7Hl #4808k 9t
o] o}5-g jAte R APYR duke] HES Fig. 4B2} 4C0]
FEAISHTE obF 9] Aol wet =ETo] HS5she S E
SGA, S FH o WE &5 Alol= sttt 531, AA
3 ok 53 Hi ol 5O BT AYI Aol 2 BeATkFig. 4C;
Mann-Whitney U test, P <0.001).

HishHESo| Bix|dzts sz AR

9 Ao A 7 2 ETS Hol AL HElgo| 2 A
F2l 12419}k He E5-FFoldnh =& vk A=, Hel
T E A BE0]S 3R= 124)] oF5-ES0] 10° CFU/LY] Legionella
LATE 7 E5E o83k 2o 7MY B2 Y=g B
ol zAo|eH, Ad 0.799 A=t A= HAkFg. 5).
A9 B2V sttt 7PYst RS W, <= F Legionella o
L5 9= 10° CFU/L S%ol| A B 0.169 (0.036-0.456,
95% CDZE AXt=]o], 433t al=rt Qe Ao 2 A= Tt
(Fig. 5A). 10’ CFU/L9] Q. A& S 7}7 92=0] A2 HH 0.019
(0.004 ~ 0.059)] W& o =r} Q= Aoz eyt 10°
CFU/L £<=9] 7%, o 0.0149] $J3l=E B, Hat $3l
=71 0.0022, 13 9] o] 82} F H 2 =7 HAS5S
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Fig. 3. Distributions of volume of air inhaled by children playing in interactive fountains. (A) density distribution of volumes, (B) box plot (1st,
25th, 50th, 75th, and 100th percentiles) by ages, (C) box plot by activities (code: R, running; S, standing; W, walking).
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Fig. 4. Distributions of number of Legionella cells inhaled by children playing in interactive fountains. (A) box plot (Ist, 25th, 50th, 75th, and
100th percentiles) by concentration of Legionella cells in a fountain water, (B) box plot by ages, (C) box plot by activities (code: R, running; S,

standing; W, walking).
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Fig. 5. Distributions of risk of infection by Legionella for the highest risk group. (A) box plot (1st, 25th, 50th, 75th, and 100th percentiles) by
concentration of Legionella cells in a fountain water, (B) box plot by ages, (C) box plot by activities (code: R, running; S, standing; W, walking).
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