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Table 1 Facilities and sanitary management at 182 hot

springs
Facilities Number (%)
Sorce of hot spring
Temperature
- 2 60T 55 (30.2)
- 50-59TC 67 (36.8)
- < 50T 60 (33.0)
pH
- =285 31 (17.0)
- 75-84 74 (40.7)
- 60-74 35 (19.2)
- 30-59 527
- <30 37 (20.3)
Quality
- Chloride and/or bicarbonated spring 60 (33.0)
-~ Simple hot spring 49 (26.9)
- Sulfate spring 34 (18.7)
- Sulfur spring 39 (214
Disinfection
- Present 41 (22.5)
- Absent 141 (77.5)
Storage tank
- Present 104 (584)
- Absent 74 (41.6)
Temperature
- 2 60T 34 (370)
- 50-59TC 25 (27.2)
- < 50T 33 (359)
Material
- FRP 56 (57.1)
- Concrete 27 (276)
- Wood 771
- Other 8 (82)
Cleaning frequency
- Every month or more 20 (20.2)
- Every 2 to 6 months 23 (23.2)
- Every year 14 (14.1)
- As necessary 15 (15.2)
- None 27 (273)
Distribution pipe
Regular cleaning
- Present 59 (34.5)
- Absent 112 (65.5)
Bathtub
Volume of bath
- < 50md 82 (51.9)
- 50-99m3 34 (215)
- = 100m3 42 (26.6)
Main material
- Tile 77 (41.0)
- Stone 83 (44.1)
- Wood 15 (8.0)
- Concrete 13 (6.9)
Drain and cleaning frequency
- Daily 134 (744)
- Every 2 days 22 (12.2)
- Every 3 to 6 days 12 (6.7)
- Every week or less 12 (6.7)
Cleaning procedure
- Brush 64 (38.6)
- Brush + detergent 52 (31.3)
- Brush + disinfection ( + detergent) 31 (18.7)
- Non brush (HPW and/or disinfection) 19 (114)

*HPW: High-Pressure Water Jet
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Table 2 Microbial contamination of hot spring samples (n = 403)

Organism Parameter Bathtub PI(r)l‘l;gnfgugc:tt e Stt(;fkge Source Total
Legionella spp. No. of positive samples/total (%)  78/198 (394)  33/148 (22.3) 5/21 (23.8) 3/36 8.3)  119/403 (29.5)
with = 102 CFU/100mL 29/198 (14.6) 9/148 (6.1) 2/21 95) 1/36 (2.8) 41/403 (10.2)
Geometric mean (CFU/100mL) 8.1x10 41%x10 80x10 48%x10 66x%10
Maximum count (CFU/100mL) 68x 103 40x103 6.7 x 102 1.8x102 68 x 103
Amoebae No. of positive samples/total (%)  57/188 (30.3) 6/137 (4.4) 4/21 (19.0) 1/33 (3.0) 68/379 (17.9)
Geometric mean (PFU/100mL) 35%x10 20x10 12x10 5 32x10
Maximum count (PFU/100mL) 25x103 1.0x102 50x10 5 25108
Mycobacterium spp. No. of positive samples/total (%) 7/189 (3.7 0/136 (0.0) 0/21 (0.0) 0/34 (0.0) 7/380 (1.8)
Geometric mean (CFU/100ml) 21x10 21x10
Maximum count (CFU/100mL) 1.0x102 1.0x10?
Escherichia coli No. of positive samples/total (%) 80/198 (40.4) 6/124 (4.8) 1/17 (59) 0/30 (0.0) 87/369 (23.6)
Geometric mean (MPN/100mL) 42x10 1.2x10 9 38x10
Maximum count (MPN/100mL} 24X103 1.5x102 9 24x108
Pseudomonas aeruginosa  No. of positive samples/total (%)  60/195 (30.8) 5/121 4.1 1/17 (5.9) 1/29 (34) 67/362 (18.5)
with = 10 MPN/100mL 32/195 (16.4) 17121 (0.8) 1/17 (5.9} 1/29 (34) 35/362 (9.7)
Geometric mean (MPN/100mL) 28%x10 74 14x108 24x102 28x10
Maximum count (MPN/100mL) 24x103 15%102 14x108 24x102 24x103
Staphylococcus aureus No. of positive samples/total (%)  60/195 (30.8) 3/121 (25) 0/17 (0.0) 0729 (00) 63/362 (17.4)
with = 102 MPN/100mL 13/195 (6.7) 0/121 (0.0) 0/17 (0.0) 0/29 (0.0) 13/362 (4.1)
Geometric mean (MPN/100mL) 23x10 33 21%x10
Maximum count (MPN/100mL) 24x108 4 24x108

Table 3 Isolation of Legionella and Amoebae at different temperature and pH

No. of positive samples/total (%)*

Inlet faucet/pouring gate,

Characteristic Bathtub Storage tank, Source
Legionella spp. Amoebae Legionella spp. Amoebae
Temperature
55C = 1/26 (3.8) 0724 (0.0)
50-54T 0/4 (0.0) 0/4 (0.0) 4/31 (12.9) 0/28 (0.0)
45-49C 4/11 (364) 5/11 (45.5) 10/39 (25.6) 0/39 (0.0)
< 45T 74/183 (404) 52/173 (30.1) 26/109 (23.9) 11/100 (11.0)
pH
85 = 15/30 (50.0) 2 11730 (36.7) 2 10/35 (286) 2 7/30 {23.3)
75-84 40/81 (494) = 31/74 419) ¢ 20/80 (25.0) 2 2/74 27)
60-74 21/44 (47.7) 2 15/42 (35.7) ¢ 10/37 (27.0) 2 2/35 6.7)
30-59 2/11 (182) @ 0/11 (0.0) ¢f 1/8 (125) 2 0/8 (0.0)
<30 0/32 {0.0) 0/31 (0.0) bd 0745 (0.0) ® 0/44 (0.0)

*Isolation differed significantly between a and b; c and d; e and £.

(Tukey multiple comparison test, p < 0.05).
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Table 4 Legionella species and serogroups isolated in hot spring water (n = 403)

No. of positive samples (%)

Organism pH Temperature (T)
Total
<75 75 < < 45 45 =<
L. pneumophila 102 (85.7) 27 (794) 75 (88.2) 84 (84.0) 18 (94.7)
serogroup 1 26 (21.3) 13 (382) 13 (15.3) 18 (18.0) 8 42.1)
2 1 (0.8) 1(12) 1(1.0)
3 21 (176) 5(14.7) 16 (18.8) 17 (17.0) 4211
4 17 (14.3) 388 14 (165) 12 (120) 5 (26.3)
5 25 (21.0) 4 (11.8) 21 (24.7) 22 (22.0) 3 (15.8)
6 26 (21.8) 5 (14.7) 21 (24.7) 22 (22.0) 4211
7 4 (34) 447 330 1{5.3)
8 6 (5.0) 388 3395 5 {6.0) 1(.3)
9 5@42) 3 @88 2 (24) 5 (5.0)
10 8 (6.7) 269 6 (7.1) 7.0 1(63)
11 2 (L7 129 1.2 2 20
13 1 (08) 1(1.2) 1.0
15 1 (038) 1(12) 1(LO)
UT 28 (23.5) 4 (11.3) 24 (282) 22 (22.0) 6 (31.6)
L. dumoffii 2 (L7) 129 1(L2) 1(1.0) 1(6.3)
L. londiniensis 8 (6.7) 1(29) 7 (82 4 (4.0) 4 (21.1)
L. micdadei 1 (0.8) 1(12) 1(1.0)
L. oakridgensis 5 (4.2) 5 {5.9) 5 (5.0)
L. rubrilucens 217 2 (24) 2 (20)
Other Legionella spp. 23 (19.3 10 (294) 13 (15.3) 21 2L0) 2 (105)
Total 119 (100) 34 (100) 85 (100) 100 (80) 19 (100)
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Table 5 Risk factor analysis for Legionella contamination in bathtub water (uni- and multivariate logis-

tic regression analysis)

Risk factors

Legionella spp.

univariate model multivariate model

positive/total (%) OR (95%CI) OR (95%C1I) P
Total 64/137 46.7)
Legionella contamination of inlet faucet/pouring gate water
- Legionella-positive 19/23 (82.6) 7.28 (2.32—22.8)c 6.98 (214-22.8) 0.001
- Negative or not examined 45/114 (39.5) 1.00 1.00
pH
-260 62/120 (51.7) 1.00 1.00
- <60 2/17 (11.8) 0.12 (0.03-057)> 0.12 0.02-063) 0012
Quality of hot spring
- Chloride and/or bicarbonated spring 26/42 (61.9) 1.86 (0.79-437)
- Simple hot spring 21/45 (46.7) 1.00
- Sulfate spring 9/24 (37.5) 0.69 (0.25—-1.89)
- Sulfur spring 8/26 (30.8) 051 (0.18~141)
Chlorine concentration
- = 0.2 mg/liter 2/8 (25.0) 0.36 (0.07-185) 0.28 (0.04-183) 0.185
- < 0.2 mg/liter 62/129 (48.1) 1.00 1.00
Volume of bathtub
-=50m3 38/65 (58.5) 249 (1.25-4.96)> 2.74 (1.28—-589) 0023
-<50m3 26/72 (36.1) 1.00 1.00
Cleaning procedure
- Brush 10/38 (26.3) 1.00
- Brush + detergent 27/51 (52.9) 315 (1.27-781)
- Brush + disinfection { + detergent) 15/30 (50.0) 280 (1.01-7.74)
- Non brush (HPW and/or disinfection) 12/18 (66.7) 560 (1.66—18.9)°
Main material
- Stone 32/57 (56.1) 142 (0.68-294)
- Tile 28/59 (475) 1.00
- Concrete 2/10 (20.0) 0.28 (0.05-141)
- Wood 2/11 (18.2) 0.25 (0.05-1.24)
Drain and cleaning frequency
- Daily 57/109 (52.3) 1.00
- Every 2 days 3/12 (25.0) 0.30 (0.081.18)
- Every 3 days or less 4/16 (25.0) 0.30 (0.09-1.00)

ap = 001 to 0.05.
bp = 0.006 to 0.009.
¢ p < 0001
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Table 6 Risk factor analysis for Legionella contamination in inlet faucet/pouring gate, storage
tank, and source waters (uni- and multivariate logistic regression analysis)

Risk factors Legionella spp. univariate model multivariate model
positive/total (%) OR (95%CI) OR (95%CI) p
Total 41/201 (204)
pH
-2 60 40/149 (26.8) 1.00 1.00
-< 60 1/52 (1.9) 005 (0.01-040 006 (0.01-048) 0.008
Temperature
-2 55C 1/26 (3.8) 012 (0.02-0932 010 0.01-077) 0.027
-50-54T 4/25 (16.0) 047 (015-142) 037 (0.12—-1.18) 0.092
- < 50T 36/150 (24.0) 1.00 1.00
Quality of hot spring
- Chloride and/or bicarbonated spring 16/73 (21.9) 0.70 (0.31-1.57)
- Simple hot spring 16/56 (28.6) 1.00
- Sulfate spring 5/34 (14.7) 043 (0.14-131)
- Sulfur spring 4/38 (10.5) 0.29 (0.09-0.96)
Chlorine concentration
- = 0.2 mg/liter 2/17 (11.8) 0.50 (0.11-2.26)
- < 02 mg/liter 39/184 (21.2) 1.00
Storage tank
- Present 29/103 (28.2) 281 (1.34-589 162 (0.72-365 0240
- Absent 12/98 (12.2) 1.00 1.00
Cleaning frequency (storage tank or pipe)
- Every month or more 8/24 (33.3) 159 (054-471)
- Every 2 to 6 months 7/34 (20.6) 0.82 (0.28—-241)
- Every year or less 11/46 (23.9) 1.00
- None 15/97 (15.5) 0.58 (0.24-1.39)
ap = (004

b p = 0.004 to 0.006.
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Legionella Contamination Risk Factors in Non-circulating Hot Spring Water

Tatsuya KARASUDANI", Toshiro KUROKI?, Katsumi OTANI, Seiichi YAMAGUCHI®, Mie SASAKI®,
Shiocko SAITOQ®, Masahiro FUJITA”, Kanji SUGIYAMA?®, Hiroshi NAKAJIMA®, Koichi MURAKAMI®,
Toshitsugu TAGURI"™, Tsuyoshi KURAMOTO", Fumiaki KURA", Kenji YAGITAY, Shinji IZUMIYAMA",
Junko AMEMURA-MAEKAWAY, Toshio YAMAZAKI®, Kunio AGATA® & Hiroo INOUYE”
"Ehime Prefectural Institute of Public Health and Environmental science, ?Kanagawa Prefectural Institute of Public
Health, *Yamagata Prefectural Institute of Public Health, “Yamagata Prefectural Murayama Public Health center, ®
Miyagi Prefectural Institute of Public Health and Environment, ®Akita Prefectural Institute of Public Health, "Gunma
Prefectural Institute of Public Health and Environmental Sciences, *Shizuoka Prefectural Institute of Public Health
and Environmental Science, *Okayama Prefectural Institute for Environmental Science and Public Health, “Fukuoka
Institute of Health and Environmental Sciences, "Nagasaki Prefectural Institute for Environmental Research and
Public Health, "Kagoshima Prefectural Institute for Environmental Research and Public Health (currently working at
Kagoshima Prefectural Ijyuin Public Health center), **Department of Bacteriology, Y Department of Parasitology and
Division of Biosafety Control and Research, National Institute of Infectious Diseases, T'sukuba Research Labora-
tory, Aquas Co, Ltd.

We examined water from 182 non-circulating hot spring bathing facilities in Japan for possible Legionella
occurrence from June 2005 to December 2006, finding Legionella-positive cultures in 119 (295%) of 403 sam-
ples. Legionellae occurrence was most prevalent in bathtub water (39.4%), followed by storage tank water
(23.8%), water from faucets at the bathtub edge (22.3%), and source-spring water (8.3%), indicating no statis-
tically significant difference, in the number of legionellae, having an overall mean of 66 CFU/100mL. The
maximum number of legionellae in water increased as water was sampled downstream : 180 CFU/100mL
from source spring, 670 from storage tanks, 4,000 from inlet faucets, and 6,800 from bathtubs. The majority -
85.7%- of isolated species were identified as L. pneumophila : L. pneumophila serogroup (SG) 1 in 22%, SG 5 in
21%, and SG 6 in 22% of positive samples. Multivariate logistic regression models used to determine the
characteristics of facilities and sanitary management associated with Legionella contamination indicated that
legionellae was prevalent in bathtub water under conditions where it was isolated from inlet faucet/pouring
gate water (odds ratio [OR]=6.98, 95% confidence interval [CI]=2.14 to 22.8). Risk of occurrence was also
high when the bathtub volume exceeded 5m® (OR=2.74, 95% CI=1.28 to 5.89). Legionellae occurrence was
significantly reduced when the bathing water pH was lower than 60 (OR=0.12, 95% CI=0.02 to 0.63). Simi-
larly, occurrence was rare in inlet faucet water or the upper part of the plumbing system for which pH was
lower than 6.0 (OR=0.06, 95% CI=001 to 048), and when the water temperature was maintained at 55C or
more (OR=010, 95% CI=0.01 to 0.77). We also examined the occurrence of amoeba, Mycobacterium spp., Es-
cherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus in water samples,
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Sanitary control of bathing water by monochloramine disinfection - prevention of Legionella

contamination —



(Objectives) Microbiological contamination of whirlpool baths with Legionella, a causative agent of
pneumonia, is an important issue in Japan. Chlorination in those bath waters was mandatory asked in
emergencies after several outbreaks of legionellosis, and chlorination is established as the usual
measure until now. However, chlorination has some difficulty to maintain the cleanliness of bath
waters, and the detections of Legionella are reported repeatedly even now. Chlorine in bath waters
sometimes reacts with substances that occur naturally in or are added to hot and/or cold springs
and/or wells. Residual active chlorine (hypochlorous acid) is also decreased under the condition of high
pH. Strict maintenance of adequate chlorination levels is also unpopular with guests at facilities due
to the strong odor of chlorination (the odor maybe comes from trichloramine). An alternative measure
is demanded to avoid those problems. In this study, we focused on monochloramine disinfection as an
alternative which is applied for municipal drinking water in the USA for prevention of biofilms and
disinfection by-products. We applied the monochloramine disinfection for a whirlpool bath model
running in our laboratory.

(Methods) Monochloramine concentration was maintained around 3mg/L while volunteers took baths
in the whirlpool bath for 2 weeks. A monochloramine solution was added to the bath water
immediately after it was made by mixing diluted sodium hypochlorite and ammonium chloride in a
beaker of well water (pH 8.4). Amoebae, Legionella and heterotrophic bacteria were monitored during
the test by using the usual culture methods. Chlorine concentrations were measured by the
N,N-diethyl-p-phenylenediamine (DPD) ferrous titrimetric and colorimetric methods, the indophenol
method, the salicylate method, and the HS-GC/MS method.

(Results) Microbiological contamination was suppressed successfully in the bath during the 2 weeks
period, by daily disinfection using monochloramine. Legionella and/or host amoebae were not detected,
and heterotrophic plate counts were 0 or very low. The measurements of the bath waters were almost
the same by using the DPD titrimetric method, the DPD colorimetric method, the indophenol method,
and the salicylate method so the measurements of total residual chlorine (free plus combined chlorine)
could be considered as the monochloramine concentrations. A small amount of dichloramine and no
trichloramine was detected by using the DPD titrimetric method. No trichloramine was confirmed by
using the sensitive HS-GC/MS method. Volunteers noticed little odor during the bathing, which
provided additional evidence supporting the above possibility. This monochloramine disinfection was
also successful in suppressing the typical chlorine odor.

(Conclusions) We found monochloramine disinfection to be very recommendable as a measure for the

sanitary control and the prevention of Legionella contamination in alkaline bath waters.

HFEX—U—N': Legionella, bath, monochloramine, disinfection, chlorine
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