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Detection and Distribution of Bacterial Pathogens in Raw Water and During Water Treatment
Process by Polymerase Chain Reaction. Hong Ki Park*, Eun Young Jung, Jong Moon Jung and Pyung
Jong Yu. Water Quality Institute, Water Works HQ of Busan Metropolitan City, Kyoungnam, 621-813, Korea
- The development of polymerase chain reaction (PCR) technology has the potential to solve for isolat-
ing pathogenic microorganisms from environmental samples than traditional plate counting methods.
We have been detected pathogenic bacteria from raw water and water treatment process in Busan
metropolitan city by PCR method. According to the result of survey from July 2004 to October 2005,
80 out of 92(87.0%) were positive for bacterial pathogens in raw water samples and positive rate of
Shigella spp., Yersinia spp., Salmonella spp. and Legionella spp. were 46.2%, 40.7%, 17.6% and 9.9%,
respectively. Pathogenic bacteria in raw water was mainly distributed through the lately Autumn to
the winter and more highly detected Maeri than Mulgum region. During the period of survey in wa-
ter treatment process, Shigella spp. was highly detected but all of bacterial pathogens were entirely
removed after in post-ozonation step. These suggest that waters supplied in Busan metropolitan city

may be safe against the pathogenic bacteria.
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E3 D 354 BF3PE ARS o2 20044 794
2005 109744 F13(85388 A4 A4S o 18) 2
Aoz NEE H53o A4 vAEe EAE AAAAY
th(Fig. 1).
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Fig. 1. Sampling sites for surveying of pathogenic bacteria in
Nakdong river(No.1 site = Mulgum, No.2 site = Maeri)
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autosequencer ABI PRISM 3700 DNA Analyzerg |83}«
97N S BB
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DNA mini kit)& o] &3}o] 3233t WA wjdd A8 1
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Z} B Ho 200 ul AL bufferE Ar7}sle} 1527 2AAE A
vortexingd} 70C, 1087F dhSA AT w8 & 200 i

Sample (0.2~2 1)

|
Filtration (0.45 pm membrane, Millipore)
!
Shaking culture in TSB media (37°C,200rpm,>24hr)
l
Centrifugation (8,000rpm, 10min)
| I
Supernatant discard Pellet
|
Nucleic acid extraction
l
PCR
!
Electrophoresis
l

Detection of pathogenic bacteria nucleotide

Fig 2. Isolation and Identification of pathogenic bacteria in
environmental water samples
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PCR (Polymerase Chain Reaction)

HAdA vAE AEE AT 657 primers B4 7|
AE genomed EojFo 2 AEY 4 Qe F7INEE A
285 tHTable 1). PCR 8- 3 100 pl [DNA template,
10xPCR buffer, Z}7+¢] Forward, Reverse primer (50 pmol/
ul), 5U/pl Taq polymerase (Takara Co., Japan), HyO]¢| |
& &9 PR W8-S FP3A

PCR-E& 94T oA 45%, 56 Co| A 45%, 72T~ 60x% &
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10~37 mg/13 NHsNE& £4%~024 mg/l 42 Ye
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Table 1. Primers for the PCR amplification of bacterial strains
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Strains Target gene Primer Oligonucleotide sequence(5'—3') Amplification region(bp)
oy w Gom CNmTCCOWMG
saverdi spp D OICIOCAGAGAGTCTGS M
Siglaspp ISR L CRGTTTACAA 0
e wn  DOMOCCmomooe
Escherichia coli 165 rRNA fr"erv‘”;:;: Siggggég’g&%?gﬁgng 585

£4q BR712AY B33 Wi B 3 50|

$49 A7 HolATH18.19].

0jMESY FEEN

Brdd A Ha nAEe EAe AU TEA)
o] & FAAE Ha Aok webA wAEsy 2AE A
FAFANA HHE A5 U4 AW E Yoe FEA
o] Agel k] +4R 3T, £33, F 5ol o= AL &
A A75E Ao e ARIEE FoH31].

AR VA E FEQ FHRAT TS 2WAD BIFAR e
21~2100 MPN/100 ml, wja]x&de ZA$oe 22~2800
MPN/100 ml 918 B mgdAHY FA7} & Ao
Uehdon £20] 52 A nAEe AEFo] B2 A
07 ZAE AT o= 5Yg Wy o g 200197 20029 A
A Ze ARE gz z2A3 FUAF TS 10~8100
MPN/100 ml Bt} @e BRI E2 B YTH19)]

A5S T AFHYZAY 58S Idse
AHEEHG YT F4 Y A T (Heterotropic Plate Count)-
A0 A 32x10°~7.6x10' CFU/mIE YEhdE] o] 2x&
2001~2002d 9] e AHo|M ZAlE 1.6x10°~85x10"
CFU/mls} Hl%:3 78S Hole Ao etk A8
27 &9 A%E EUE SHEE F AH 0¥ A%
T AA AFLste FAC Qo AR SASAE A F
o2 A UEty] Wi 94 i BAF F2aE
Qta} olo] WE Ao} g H oA

dEow
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AflT YN DME AE Y RESY

AR FFEL 637 HdAY v E EFEAFE W ¥}
o] DNAS &% ¥ PCRE 4A3t¢ledl 1 23 Fig. 334
22 Z7be] DNA bandg #38 & ok wely Az=
primers= o] A3 2}tz ste B WY TS
of g #=7t Hojuh $F5A12 AAAEE 2L o

PCRE A3t AEAQF-E St 1 23 F 463
N2 NaF 807 AlgolM 557 WA Ul*& o] Ha
39 ol AEEE AeR YeokTable 2. LYALY
Eclic 94 A5 BFdA AEHYoH, 75}%_’-‘-%” ks
7 (Enterotoxigenic E.coli}& HFf e EA31A 2 AL
E ZAEATG v & 344 Mgy Fede
Shigella spp. 46.2%, Yersinia spp. 40.7%, Legionella spp.
17.6% 18] 31 Salmonella spp. 9.9% 9] AZ&L Z7} Bt}

Fig 3. PCR amplification of pathogenic bacteria.
1. Legionella spp.(650bp), 2. Yersinia spp.(359bp), 3. Salmo-
nella spp.(314bp), 4. Shigella spp.(500bp), 5. ETEC(368bp),
6. E.coli(585bp)

Table 2. Average detection ratio of pathogenic bacteria of
Nak-dong river water in Mulgum and Maeri region
by PCR based method

strains No. 1 No. 2 average
Legionella spp. 17.4% 17.8% 17.6%
Yersinia spp. 39.1% 42.2% 40.7%
Salmonella spp. 8.7% 11.1% 9.9%
Shigella spp. 435% 48.9% 46.2%
ETEC spp. 0% 0% 0%
E.coli spp. 100% 100% 100%

# No.l site = Mulgum, No.2 site = Maeri
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Table 3. Detection of pathogenic bacteria from each step of water treatment process using biological activated carbons by PCR

based method

Sampling time(day/mo/yr)

orzha:lri:m Step 30/05/2005 20/06/2005 27/07/2005 30/08/2005 28/09/2005 28/09/2005
Nol No2 Nol No2 Nol No2 Nol No2 Nol No2 Nol No2

Salmonella spp. 1 — - + — — + — - - — — —
) — _ _ — _ — _ - _ - _ _

3 — — _ — _ _ _ — _ _ _ _

4 — - — _ _ _ _ - — - — —

5 — _ — — — _ _ _ _ - _ _

6 — - — — _ _ — - —_ — — —

7 — — — — _ — - — — — —

8 — — — — _ - _ — — _

Shigella spp. 1 + + + + + + + + + + + +
2 + + + + + + + + — - + +

3 + + + + + + + + - - + +

4 + + + + + + + + - - + +

5 + o+ + + - + + + - - + +

6 — — _ _ _ _ — _ — — _ _

7 — _ — _ _ _ _ - _ _ — —

8 — — — _ — — - _ — — —

Yersinia spp. 1 + + + + — + + + - - - _
2 + + - + - - + ~ - - -

3 + - — + - - + ~ - - - —

4 + — - + — - + - - - - -

5 + — - + — - + - - - - -

6 — _ — _ _ _ - _ _ — — —

7 — _ — — _ — _ - _ — — —

8 — — — _ _ _ _ _ _ — — —

Legionella spp. 1 + + + - + + + + - - + +
2 + - + - + + - + - - - -

3 + - + - + + - + - - - -

4 + - + - + + — -~ — — — -

5 - — - - + + - - - - - -

6 — _ — _ _ — - — _ — — —

7 — — - — — - — - — — — —

8 —

# Step 1 is a water sample from raw water tank.

Step 3 from pre-Cl, contactor.

Step 3 from pre-O; contactor. Step 4 from sed-

imentation basin. Step 5 from filtered water tank. Step 6 from post-O; contactor. Step 7 from BAC effluent. Step 8 from

Treated water

% No.l site = Hoawamyung water plant, No.2 site = Duksan water plant

¥ “4+” = Detected, “—” = Not Detected
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