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Evaluation of Expanding Application of Bacteriological Items in Drinking water
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Abstract

This study was conducted to evaluate the characteristics of current indicator bacteria and the necessity of expanding
application of indicator items in drinking water using 197 groundwater and 187 spring water samples in Busan area. We
investigated current items such as Standard plate count bacteria (SPC), Total coliforms (TC), Fecal coliforms (FC) pertaining
to the standards for dinking water quality in Korea and additional items such as Fecal streptococci (FS), Pseudomonas
aeruginosa (PA), Salmondla spp., Shigella spp., regulated in foreign countries, which could waterborne epidemic.

TC was detected maximum value of 51%, and FC, SPC, FS and PA were detected 18.1%, 8.9%, 3.9%, and 1.3%,
respectively, but Salmonella spp. and Shigella spp. were not detected at all. The detection rate of groundwater was about 2°%7
times higher than that of spring water. The results of identification of the detected TC was E. coli (31.9%), Enterobacter spp.
(25.5%), Klebsdla spp. (20.2%) Serratia spp. (16.0%), Citrobacter freundii (3.2%), Kluyvera spp. (2.1%) and Hafnia alvei
(1.1%), while that of detected FC was E. coli (80.6%), Klebsiella pneumoniae (9.7%), Enterobacter sakazakii (3.2%),

Enterobacter cloacae (3.2%) and Citrobacter freundii (3.2%).

In the results of this study, FC could be estimated as a proper indicator item for fecal contamination in drinking water
because FC showed much more specificity on feces than FS. Even though FC was not detected in spring water, FC was
detected with isolation rate of 5.3%. Therefore, FC was estimated as a important item for inspecting spring water quality.
Additionally Pseudomonas aeruginosa, Salmonella spp., Shigella spp. are needed to monitor for screening waterborne

epidemic in drinking water.
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Table 1. Microbial items mainly managed by foreign countries
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USEPA EU

AUSTRALIA

Aeromonas hvdrophila
Mycobacterium avium
intracellulare (MAC)
Helicobacter pylori
Acanthamoeba Parasite
Microsporida Algae
Adenoviruses
Calciviruses
Coxsakieviruses

Cvanobacteria, toxin

Salmonella
Pathogenic staphylococci
Fecal bacteriophages

Enteroviruses

Animal cules(worms—larva)

Aeromonas
Campuylobacter
Legionella
Klebsiella
Mucobacterium
Pseudomonas aeruginosa
Salmonella
Shigella

Vibrio

Yersinia
Acanthamoeba
Cryptosporidium
Giardia
Adenoviruses
Enteroviruses
Hepatitis viruses
Norwalk viruses
Rotaviruses
Reoviruses

Toxic algae

Table 2. Current microbial regulation of groundwater and spring water in Korea

Parameter

Groundwater

Spring water

Standard plate count

Total coliforms ND*/100mL
Fecal coliforms ND/100mL
Escherichia coli ND/100mL

Yersiniaspp.

below 100 CFU' /mL

below 100 CFU/mL
ND/100mL
ND/100mL
ND/100mL

ND/2L

" Colony forming unit.  * Not detectable.
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Table 3. Results of isolation of indicator bacteria
No. (%) of isolates
Source No. of samples A - - N - -
SPC TC FC ES PA Sal Shi
Ground water 197 19(9.6) 71(36.0) 22(11.2) 2(1.0} 2(1.0) 0(0.0) 0(0.0}
Spring water 187 15(8.0) 124(66.3) 47(25. 1) 3(7.0) 3(1.6) 0(0.0) 0(0.0)
Total (%) 384 34(8.9) 195(51.0) 6918 1} 5(3.9) 5(1.3) 00.0) 00.0)

" SPC, standard plate count: TC, total coliforms: FC, fecal coliforms: FS, fecal streptococci: PA, Peudomonas

aeruginosa; Sal, Salmoella spp.; Shi, Shigella spp.
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Fig. 1. Isolation rate of indicator bacteria in ground water and
spring water.

*SPC, standard plate count; TC, total coliforms FC,
fecal coliforms: FS, fecal streptococci; PA,
Pseudomonas aeruginosa; Sal, Salmoella spp.; Shi,
Shigella spp.
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Fig. 2. Comparison of standard plate count in groundwater and

spring water.
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Fig. 3. Comparison of standard plate count and total coliforms in
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EFAA T (Total coliforms) W EHANAHE T (Fecal

coliforms)

iq{%ﬁ% Escherichia, Enterobacter, Klebsiella,

Citrobacter<s

BE ete] £ AEel 71 BRAOR AR 9

= 7P el | ARAges AL

W 2o AEE-E Uelo] & Z9] oA EE AE-3itt = F
ofll W=t AP groll A Fa 3t AFEAEE ARG =L QL

FEA B colist Ze
gttt Al AE e

L

AR Ho2 s st,

BUA T EL oA R

b

A
SR Tl 2] 9e TS
FLFE) o] MATR PAAIT

|

P



=S
o
i
1o,
2

%—’

fu
>
N
Y
=
lo
i
Jé)i

¢

ox -
)
o
"
o
flo
fu

ox
e}
O
o 1
Uy
=
&
- Olﬂ
z 2
o 1o
o fok
Hl
i fo
r}o jmed
g N
offf Kl
&

M
o

o,
N
N
I+
o
no
cs
fu
Hr
£
R
2
2
e

ol
=2
o

ol

=

r>~
oo
oX

P

2

iRch N

4 rr

T 3
rE ok
fo i
m A
)
Hl
o {o
~
F-T% o

ot
ik

Lo

R e
=

P
B ox
o = M

=

oY
o
uf

o
T
po AL
fd

oY
5
A

—
Do
(o))
N
5 =
Y
-3
]
flo
i)
2 dr
4
ox,
o
32
o
s
R
O
ok
EN
1o
-3
-3

T A R fo o

2
re
2,
=,
R
N
2
Of¢
Ok
uly
i)

T
r\o
ox

To| wAY g7 Zo vla| &
o 2AE AT nol 9, e,
ok ATl FRES F vRUY

64.7%2F 62.1%= 712] H|s=shA vehd A

e
o
med
2
i)
e
ik

L 5.0
= &gs

Mo

i}
1o
i
o
o
i
>
2
ne
flo
>
O
ok
&
2
>
fr
Hr 3
rE
to
A

ol
)
o3
£l
[

Bc)
M
4
ox

o[ﬂ
s
12
T
i
3
fr
P
7
2
g

A=
koo

T T =2

&l of

oFEigof tig A
el o,

2427} Bet 6 A

pas)
o
fu

Tl deipcied T

Fig. 4. Comparison of Total coliforms and Fecal coliforms in
groundwater and spring water.
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Table 4. Classification data of total coliforms isolated from groundwater and spring water

No. (%} of isolates

Stain Ground water Spring water Total
Escherichia coli 9 (26.5) 21 (35.0) 30 (31.9)
Klebsiella 10 (29.4) 9 (15.0) 19 (20.2)
Kleb. pneumoniae 6(17.6) 4(6.7) 10 (10.6)
Kleb. oxvtoca 2 (5.9) 4(6.7) 6 (6.4)
Kleb. omithinolytica 1(2.9) 1(1.7) 2(2.1)
Klesiella spp. 1(2.9) 0 (0.0) 1(1.1)
Enterobacter 7 (20.6) 17 (28.3) 24 (25 .5)
Ent. sakazakii 2(59) 6 (10.0) 8 (8.5)
Ent. cloacae 2(59) 4(6.7) 6 (6.4)
Ent. aerogenes 1(2.9) 3(5.0) 4 (4.3)
Ent. agglomerans 1(2.9) 3 (5.0} 4(4.3}
Enterobacter spp. 1(2.9) 1(1.7) 2(2.1)
Serratia 6(17.6) 9 (15.0) 15 (16.0)
Ser, liquefaciens 1(2.9) 4(6.7) 5(5.3)
Ser. odorifera 2(59) 3(5.0) 5(5.3)
Ser. marcescens 1(2.9) 1(1.7) 2(2.1)
Ser. fonticola 1(2.9) 1(1.7) 2(2.1)
Ser. ficaria 1(2.9) 0 (0.0) 1(1.1)
Citrobacter freundii 2(5.9) 1(1.7) 3(3.2)
Kluyvera spp. 0 (0.0) 2(3.3) 2(2.1)
Hafnia alvei 0 (0.0) 1(1.7) 1(1.1)

Total 34 (100.0} 60 (100.0} 94 (100.0}
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Fig. 5. Classification of origin in total coliforms isolates. Fig. 6. Classification of origin in fecal coliforms isolates.
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Table 5. Classification data of fecal coliforms isolated from groundwater and spring water

No. (%) of isolates

Strain

Ground water Spring water Total
Escherichia coli 9(81.8) 16 (80.0} 25 (80.6)
Klebsiella pneumoniae 1(9.1} 2 (10,0} 3(9.7)
Enterobacter 0 (0.0} 2(10.0 2 (6.5)
Enterobacter sak azakii 0 (0.0} 1(5.0) 1(3.2)
Enterobacter cloacae 0 (0.0) 1 (5.0} 1(3.2)
Citrobacter freundii 1(9.1) 0(0.0) 1(3.2)

Total 1 (100.0) 0 (100.0) 31 (100.0)
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Table 6. Identification result of fecal streptococcus isolated from groundwater and spring water

No. (%} of isolates

strain Ground water Spring water Total
Enterococcs faecium 1 (50.0) 5(385) 6 (40.0)
Enterococcs durans 1 (50.0) 5(385) 6 (40.0)
Enterococcs faecalis 0 (0.0} 2(15.4) 2(13.3)
Enterobacter spp. 0(0.0) 1(7.6) 1(6.7)
Total 2 (100.0) 13 (100.0) 15 (100.0)
Table 7. Percent relationship of coliforms from groundwater and spring water
FC/TC' (%) E. coliTC (%) E. coli/FC (%)
35.4 31.9 80.6
" FC: tecal cdiforms, TC: total cdiforms
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Fig. 7. Comparison of the detected fecal coliforms and fecal
streptococci in groundwater and spring water.
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