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This experiment was carried out to evaluate the sanitary quality of sea water at popular swimming
beaches such as Haeundae, Kwanganri and Songjeong which are located in the suburbs of Busan
Korea. One hundred and seventy five sea water samples were collected from the 25 stations during
the both summer seasons in 1979 and in 1980. The sampling stations were established in the above
3 swimming beaches and the estuary of Suyeong river (See Fig.1.).

To evaluate the sanitary quality, coliform group, fecal coliform, viable cell count and Vibrio
parahaemolyticus were observed. The median value of coliform group MPN of the samples ranged 2, 300
to 6,500/100m! in Kwanganri, 670 to 910/100m! in Haeundae and 430 to 460/100m! in Songjeong
swimming beach. Geometric mean of fecal coliform MPN was 3,200/100m! in Kwanganri, 500/100m
in Haeundae and 360/100m/ in Songjeong swimming beach. Composition of coliform was 23% Escheri-
chia coli group, 20% Citrobacter freundii group, 419% Kiebsiella aerogenes group and 16% others. The
density of Vibrio parahaemolyticus in Kwanganri was much higher than those of in other beaches by
5to 6 times. Plate count of the samples in the estuary of Suyeong river was varied from 300 to 8.5X
105/m! during the study period. No remarkable difference was observed in bacterial density by tide
in swimming beaches but the bacterial density of sea water at ebb tide was obviously higher than

those of the samples at flood tide in the estuary of Suyeong river.
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Fig. 1. Location of sampling stations in swimming
beaches (Busan area).
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Table 1. General characteries of sea water by area

Area Sampling pH Temperature(°C) Salinity(¢:,)
period Range  Average Range  Average Range Average
Kwanganri Jun. 1.98-8.11 81 15.5—18.5 16.8  33.36—3400  33.36
Aug. 7.50—7.77 7.6 24.0—24.7 24.4 26.82—28.98 28.06
Haeundae Jun. 7.87-8.29 8.1 15.0—17.0  15.9  33.31—33.79  33.62
Aug. 7.39—7.82 7.7 23.0—24.2 23.4 29.24—30.78 30.08
Suyeong Jun. 7.05—8.07 7.6  15.0—22.8  18.6  11.85—-33.81  28.31
Aug. 7.01—7.68 .4 23.0—25.0 24.1 3.08—-30.22 20. 80
Songjeong Sept. 7.81—8.06 7.9  15.0—16.3 156 31.11—32.26  32.09
Aug. 7.88-8.15 8.0 23.0—26.4 24.2 33.30—33.78 33.62
1) pH o] 5 675 8o A& BIK 11.85% 3.08%4,02

SR kS pHE 889 M 7.39~8.100] % %S WIAMES HEim ge] BiEEEd 2
Gom L WS SHEL S0 M EAE  OMET + 9% RS BASIA % B
sgol Mestel 97 Eshor, FEEAAEQ 680l 8 o #Ake pH, A, MAWEG AEES F M
Aack 27 5o EAS 20T ABIT BT RT o Bl ne oS EAMEC Y M
o) feki 601 8 3] ThE EEmEch W& ol AWelrlel Mk EHEHY Aoz BEsc

& JEh I gtk 2. FEAEIRETE
2) A SfE WAkIBEe] Wkell B MBHRE Table 2

SEAS KBS HRMO RARBMI A o Kiksid e

Table 2. Bacteriological examination resilts of sea water at swimming beaches in Busan

(Aug. 1979)
MP i/100m! .
Sampling — - - __ Plate count/m!_ Number of
Area : Total coliform Fecal coliform R Modia ]
tume "Range  Median Range  Median ange Median  samples

Kwanganri A. M. 460 — 2,400 2,300 26 — 2,400 2,150 70—1,700 870 12

P.M. 890—24,000 6,500 430—11,000 4,600 100—8,000 3,100 12
Haeundae A.M. 43 — 2,400 670 23 — 1,600 350 53 — 650 420 12

P.M. 75—11, 000 910 75 — 4,600 710 150 — 840 430 10
Songjeong A. M. 43 — 2,400 430 7.2 —1,100 320 30—1,100 450 10

P. M. 15 — 4,600 460 15 — 2, 400 410 40—1,700 830 11

A. M:around 08:00 in the morining, P. M:around 14:00 in the afternoon.
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Fig. 2. Coliform MEN’s of sea water collected
at Kwanganri and Haeundae swimming
beaches (Aug. 1979).

Smith&(1973)2 Salmonellas} =L BE G
ERENE BET BRREREA XBER 230/100
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Table 3. Examination results of sea water at swimming beaches in Busan

(Sept. 23—27, 1979)

Samolin MPN/100m(
Area timpe g Total coliform Fecal coliform Plate count/m!
Range Median Range Median Range Median
Kwanganri A.M. 95-—1,500 370 43 — 140 77 45 — 56 50
P.M. 460-—11,000 7,100 360—4,600 290 160—300 230
Haeundaze A.M. 4 — 43 12 4 — 43 12 36 — 51 33
P. M. 23 — 430 160 23 — 140 160 29 — 37 44
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Table 4. Coliform MPN’s of sea water by tide (Jun. and Aug.1980)

Total coliform MPN/m!

Fecal colifom MPN/100m!

Station
number June August June _ August

Ebb-tide Flood-tide Ebb-tide Flood-tide Ebb-tide Flood-tide Ebb-tide Flood-tide

* 1 930 430 750, 000 460, 000 93 43 7,500 46, 000

2 240 430 230, 000 240, 000 93 3.0 9, 300 24,000

3 150 93 460, 000 240, 000 9.1 9.1 21,000 24, 000

4 93 23 46, 000 460, 000 43 3 360 24, 000

5 93 140 93, 000 75, 000 43 43 75, 000 7, 500

6 93 9.1 150, 000 27,000 43 3.6 46,000 2,700

7 93, 000,000 4,600,000 46,000,000 46,000,000 2,400,000 900,000 21,000,000 9,300,000

3 24, 000, 000 2,400,000 24,000,000 36,000,000 2,400,000 1,500,000 24,000,000 1,500,000

9 4, 300, 000 240,000 1,500,000 150,000 930,000 210,000 460, 000 93, 000

10 4, 300, 000 240, 000 240, 000 7,500 930,000 43,000 210, 000 7,500

11 11,000 930 1, 500 930 930 930 1,500 430

12 930 43 1,500 430 7.3 3.6 930 93

13 1,100,000 1,100,000 1,400,000 15, 000 43,000 11,000 1,100, 000 9, 300

Al4d 930 240 4,600 430 43 43 930 430

15 140 93 6, 200 1,500 30 3 430 430

16 93 23 240 43 43 23 240 15

17 93 36 1,100 240 91 21 460 43

18 43 9.1 210 430 39 9.1 200 210
19 44 11 150 9.1 43 9.1 93 9.1

* Station from 1 to 6: Kwanganri beach, y¢Station from 7 to 13: Estuary of Suyeong river,
and AStation from 14 to 19: Haeundae beach.
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Fig. 3. Total coliform MPN’s of sea water
collected at Kwanganri and Haeundae

swimming beaches (Jun. and Aug.1980).
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Fig. 4. Total coliform MPN’s of sea water in
Kwanganri and estuary of Suyeong river
by tide (Jun. and Aug. 1980).
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Fig 5. Change of coliform MPN’s of sea water
in the estuary of Suyeong river by dist-
ance from the Seyuong bridge(Aug. 1980).
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#%e Eifid)Ax. 95.6%7F E.coli type Iolgtx 3}
of FEMEFEHS E.coli type I o] HFRE W&
st 9ieh.

A Sl A E.coli type 1S 25F{#hE £HY #
17% FEstolvh.

E.coli type 18] ¥iRfl HBHEES »al EZRH
BArsEEE 9.4%, WEE 23%, KBIL #Ost
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o BEEe A7 MRS Bistae 23A €A
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Bl HEEd K HHRIACE e d902 B
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Table 5. Coliform classification results by IMViC reaction and E.C. test

Kwanganri Haeundae Suyeong Total

Types Number of ,, Number of Number of 9% Number of ,,

strain 70 strain o strain 4 strain o
I 6 9.38 7 23.33 13 21.05 25 16. 56
Escherichia coli [ 0 - 0 — 4 7.02 4 2.65
group n 1 1.56 2 6. 67 1 1.75 4 2.65
v 1 1.56 0 —_ 1 1.75 2 1.32
sub total 8 12.50 9 30.00 18 31.57 35 23.18
Citrobacter 1 9 14.06 2 6. 67 8 14. 04 19 12.58
freundii group J 6 9. 38 0 — 5 8.77 11 7.28
sub total 15 23.44 2 6.67 13 22.81 30 19. 86
Klebsiella I 21 32.81 13 43.33 16 28.07 50 33.11
aerogenes group | 1 1.56 1 3.33 1 1.75 3 1.99
i 2 3.13 0 — 0 — 2 1.32
v 3 4.65 1 3.33 3 5.26 7 4.64
sub total 27 42.19 15 50. 00 20 35.08 62 41.06
Untyped 14 21.87 4 13.33 6 10. 54 24 15.90
Total 64  100.00 30 100.00 57  100.00 151 100. 00
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Fig.6. Change of plate count of the samples by
tide and distance from the Suyeong brid-
ge (Aug. 1980).

Table 6. Density of Vibrio Parahaemoly-
ticus in sea water at swimming
beaches in Busan (Aug. 1979)

V. parahaemol yticus

MPN/100m! Number of

Area

1

Range Median sampres
Kwanganri 61—3,500 590 24
Haeundae 36 — 270 120 22
Songjeong <30—1,700 90 21
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I e

= 7%"3
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HEH LHEY EBELRE 43} ol E HRd 25
8 WBEMEE Rmslz 19794 873 95, 19804
653 8 e)ol 175/ BEHE Wstd KIBEE, B
BERABE, —REFY Bl oy RER
S RBEES] MRE BT HEE Bl O
s 7.

L WREE B KBEE BRHs Gk
= BERE 2,300~6,500/100ml, ¥gEE 670~910/
100ml, A= 430~460/100mi 2 BERBEABIEY &
BB KEE BAR REEQDY HEES 45
7t7te] #ist g o

2. BEZABH FERY SfhEe ERREY
558 2,150~4,600/100m!, ¥gERE 350~710/100mi,
HTE 320~410/100mi 2 BB KIEE KEL )
4 A@stdleh. ol HMAHTTASY KB WOk
PES 2 Ao Hwdd.

3. IMViC reactionel] #3F KIBEEES MK
Escherichia coli group 239, Citrobacter freundii
group 20%, Klebsiella aerogenes group 419% ik
16% 2. vhebite}.

4 —REBEES fhREE BREY 58, 870~
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3,100/mi, ¥oR|ug 420~430/ml, A% 450~830/mig
3, 58 KE)le] MASL dv KEL TR 5
B S ARt on BABRS wAde 22 4
ERel© WEREc Ml WA 4535 =3

5. Bgevl mel o Bel dikflis REEY 58
K 100miE 590019 3, WRES BFAHE £45
120, 900] ¢ o}.
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