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Validation of Korean Water Quality Standards to Hot Springs for Agreement with Legionella-Incidence Risk
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Observed trends in climate change, globalization and an aging population have an effect on public health conditions in
Korea, prompting a reevaluation of current environmental regulations. In this study, we evaluated the performance of the
total coliform (TC) standard, which is the only microbiological standard in the current regulation regime for hot spring water,
by estimating correlation with the presence/absence of Legionella, a non-fecal opportunistic pathogen with heat-tolerance.
Microbiological data in 7 studies that surveyed Legionella in hot spring waters were subjected to meta-analyses with the
odds ratio (OR) as the effect size. The presence/absence of Legionella was significantly correlated to TC levels
[OR =3.1(1.5-6.4, 95% ClI), p = 0.002]. Due to there being no direct explanation as to the reason for the occurrence of TC,
mesophilic fecal bacteria, being coupled with Legionella presence, the mechanism of the correlation between the two kinds
of bacteria was further investigated. Legionella presence was more prevalent with a high heterotrophic plate count [HPC;
4.0(2.2-7.2); p < 0.001] and water temperature [4.3(1.4-13.6), p = 0.011] when the temperature range was <40°C. How-
ever, it was reverse-correlated with water temperature when the temperature was >50°C [0.2(0.1-0.4), p < 0.001]. There-
fore, bacterial standing crops in hot spring waters appear to be determined by water temperature in general, and this
forces TC and Legionella levels be correlated. In accordance with this relationship, HPC rather than TC reflect the levels of
non-fecal contamination better. Therefore, employing HPC as the sole microbiological standard, or adding HPC into the
current standard of hot spring water assessment, is suggested as a proactive measure to prevent health issues arising
from contamination.
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Table 1. List of studies subjected to meta-analysis.
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Method for detection®

Code? Location No. of samples - Reference
Legionella TC HPC

HO06 Taiwan 91 PCR/CFU CFU CFU Hsu et al. [6]

HO9 Taiwan 34 PCR/CFU CFU CFU Hsu et al. [7]

Hu10 Taiwan 72 PCR/CFU CFU CFU Huang et al. [9]
Hu11 Taiwan 68 PCR/CFU CFU Huang et al. [8]

Q13 China 96 CFU MPN CFU Qin et al. [19]

K09 Japan 403 CFU Karasudani et al. [11]
F13 Japan 43 CFU Furuhata et al. [4]

@Designations for data sources used in figures, tables and descriptions of this study.
PAbbreviations: TC, total coliforms; HPC, heterotrophic plate count; PCR, polymerase chain reaction specific to Legionella spp.;
CFU, colony forming unit from plate cultures; MPN, most probable number from broth culture test.
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of tigt FA AT (random effect)yE =Yt THTFOEH
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[5]. o1& A (water body)o| Al YEtU= A7) 9] Aot
H AFY FFE et AY, 4 A B2 A7E &
27)9] oA E BFY = 0B8R, £AV|E Lo o
&gt Aol Histe] HgElojof st FA 9 fAFS HA
ol At Aoz AnHh WEEAS 93 44 At
< SAZ2IHY 3 RoJA A5dH= ‘metafor’ 7] 4]
£ &8t ZE FAH AR AA A fFYeE

HO6 — 1.77[-1.13,4.66]
H09 —_— 1.10[-0.50,2.70]
Hu10 —-— 0.38[-0.72,1.48]
Hu1 —_— 1.79[-0.57 ,4.15]
Q13 —.— 166 0.99,2.34]
RE Model — 1.25[ 0.55,1.96]
[ T T 1
200 000 200 4.00 6.00

Observed Outcome

Fig. 1. Forest plot of log odds ratio (95% CI) of Legionella
presence/absence against total coliform abundance. symbols:
square, centered at the log odds ratio value estimated for an indi-
vidual study with the side length as Mantel-Haenszel weight; hor-
izontal lines, 95% ClI; diamond, centered at the log odd ratio value
estimated by meta-analysis with its 95% CI as the horizontal edges
of the diamond.
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Table 2. Odds ratios from meta-analyses for Legionella presence/absence when risk factors were above the cutoff values®.

Risk factor Cutoff OR SE LCI UCl P
TC 0-100 CFU/100 ml 3.10 1.45 1.51 6.39 0.002
HPC 400-30,000 CFU/ml 4.00 1.35 2.22 7.22 <0.001

Temp 30-35°C 4.37 1.78 1.40 13.58 0.011
Temp 40°C 0.60 2.38 0.1 3.28 0.554
Temp 50°C 0.23 1.37 0.13 0.43 <0.001

8Abbreviations: OR, odds ratio; SE, standard error of OR; LCI, lower confidence limit of OR at 95% confidence level; UCI,
upper confidence limit of OR at 95% confidence level; P, probability from t-test on the null hypothesis of OR = 1; TC, total coli-
forms; HPC, heterotrophic plate count; Temp, water temperature.
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Fig. 2. Forest plot of log odds ratio (95% CI) of Legionella HO6 50 —_ A27[-2.14,-0.40]
presencel/absence against heterotrophic plate count. H11750 — . 128[-346, 0.90]
K09_50 —a— 1.72[-2.66,-0.78]
RE Model —_— -1.46[-2.08,-0.85]
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Fig. 3. Forest plot of log odds ratio (95% CI) of Legionella
presence/absence against water temperature by three cutoff
ranges. panels: top, cutoff < 35°C; middle, cutoff = 40°C; bottom,
cutoff = 50°C, codes: study codes in Table 1 followed by tempera-
ture cutoff value for odds ratio.

9] A9 30,000 CFU/mlZ A}ol3t R oy (Fig. 2), ©|2A H
AolA a7 9 o] AL FATHA] g2 ALE HAH
ATH@Q=1.19, df =3, p=0.75). HERZ4] 23}, A 2dt
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ol QA B H Lol ofate] 82 oWt FhHE
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of wet thE A Uehdel Rl AL, 35°C vlate] LW
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o § wolx|t Hol gulEgieh. oled Aaki 50°C Hg
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2849 JFRAL Fol 2 A gotek PR
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Ao Z A4 4 t}. Furuhata et al. [4] 33-38°C 7t
oA ER el etert S7beke AT 40°C ool Al w3
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roll A HAedet HEE0] FFTHA 45°CoA FL 3
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Karasudani et al. [11]2 45-50°CE cutoffZ A2 w], 1
o]de oA HALde HEFF 227 Rl & B
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718" 22-0] AL QA3 oFE7 B 1 E T}, Serrano-
Suaresz et al. [21]12 24FFu|HoA $=&0] 25-65°CE
A o, 20 R edetdt HEECl Y AREE 7L
A AL $AS}YE L (rho =-0.34, p <0.05), Mathyis et al.
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Shgith BhH o) 4-28°CY W& 229 YZAg4-5 EAT
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Tiiretgen et al. [22]9] 23S L. pneumophila®l 7} 421}
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40°C Hro} F2 99 A oA HA| e datof tigt 85
g E= AAE| 29 vl sk, 20| 50°CE HoA
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3 Hredat, 18 et HRedetF o] B2
ABYL 2o Higt 371 FFY Al vhSo] A
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ol BAste Aew Az 4 Qv

U] 232 B3 A olgks Hol, B A9 vg
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avty 2Fer FEAG15]. W 1,027 2HF F,
45°C o]A+e] =& Hol= X2 197/ 2= ¢F 18%9 &
T34, 77%2] LHFTL 25-40°Ce] £ Bl ukebd, &
g 2 AT} A edett HEEL AUEE
HolA = 129 MM 2Hee 22 79 4ueA
£ HYA = BT 25-40°CY] =2 He oA 29
ot AT E WEAL dAE, ElA edett e A%
o] ZHEHHY, o] Al FEEZ AZ AT TAE 21,
AEWHol tha daigt R ezt AEEY, TR
w7 Gt 9te] I LA £4-S st
£ Aol AAg Wolgt & 4 YA 2y £ Ao
A AREE HE ARE FolA 25-40°CY 2HF|A &
AE ARE AdstY THAAT AR AWt »
& AT = s A vERA o] 7HEstA gkttt R
o ARofA Am7t Rud FeH7E AEE 95 Az o
3 @ 2H|E Abst= Ao] 7hsstAl Et7] Wzl et
A, Sl -39 ditheE A st ARASeE 3¢
o] mYETHY kA FEE g T AR B
A2 HEY AYA A& Adstoor H7tE 4 &
o2 AlgHth

Y oft

Z E

# 479 A3} 2AFANN BUY 099 AEA FHY
FR47 3T WARY PO FHHT BARY 2y
AR GA 2 deko] AT YA=E FAHOE 5
AT 4 9 AR FrAH YT EE PAAe 9
gkl g AHES BHY LN EA FhgF Lol
VYO WYY 4 Gk Fe deAA BRI WA
ofstof ThestA EEA Qo & AFE 171l of



HES AT, A edetd e dubadl $24 §
FEATT 3 EH Ao Al vE7FAI 2 40°C o] 5t
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