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A Study on pollution of spring in Incheon Area
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Abstract

In order to investigate water pollution of spring, we carried out the experiments
on mineral water, rainwater and surrounding soil of several springs collected in
Incheon area from February to August in 2007. The results were as follows.

1. Soil : This study investigated the pH and organic matter contents in the soil
which effect on microorganisms. The pH value was from 4.5 to 5.3 on average and
organic matter contents ranged from 1.09% to 5.6% and E. coli, K. pneumoniae, S.
faecalis and other microorganisms were isolated.

2. Natural mineral water : As the rainfall increased, the concentration of Nosz-N,
consumption of KMnQO; and the number of microorganisms was increased while the
other physicochemical items were not affected. The microorganism isolated in the
natural mineral water were as follows: E. coli, K oxytoca S. faecalis, S. facium,
and so on from evacuation; E agglomerans, E. amnigenus, E. cloacae, E. sakazakii
and so on from the environments and evacuation. Detection of these microorganisms
shows that the environment around the spring had been exposed to excrements of
the warm blood animal.

3. Rain : The coliforms in the rain were the identical one detected from the mineral
water and the soil.

In conclusion the quality of natural mineral water is influenced by rain, resident
bacteria of soil and surrounding environment. This study will be the basic data of
characteristics of spring in Incheon area and also this result will give useful aids
for the efficient control of spring.

Key words : spring, mineral water, rainwater, soil, microorganisms
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Table 1. Characterization of spring used in this study

No. Name Location Catchment | Style of Water
well supply state
NamGu Munhaksan yes rubber .
1
Inhak 63-2 (small) hose Tunning
2 Halabeoji NamGu Munhaksan no pipe running
68-2
NamGu Munhaksan , .
3 | Yeonkyeongsan 68-2 yes pipe running
4 Hobulsa Cheongryangsan 65-2 no spring still
5 Cheongcheon Jangsusan 55-110 unknown pipe running
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Table 2. Detection of coliforms according to rainfall

Name About 20mn About 50mm About 100mm
Inhak 6/147(42.9%)" 7/8(87.5%) 6/6(100%)
Halabeoji 0/14(0.0%) 1/8(12.5%) 6/6(100%)
Yeonkyeongsan 9/14(64.3%) 4/8(50.0%) 5/6(83.3%)

* No. of detected samples/No. of total samples
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Table 3. Classification data of coliforms isolated from the natural mineral water

Coliforms

Name

From natural
environments

From evacuation

From natural environments
and evacuation

Inhak

Hafnia alvei (2)"
Serratia ficaria (4)
Serratia liquefaciens (1)
Serratia marcescens (2)

Escherichia coli (15)
Klebsiella oxytoca (7)

Citrobacter braakii (1)
Citrobacter freundii (1)
Enterobacter amnigenus (5)
Enterobacter asburiae (1)
Enterobacter cloacae (13)
Enterobacter sakazakii (2)

Halabeoji

Serratia ficaria (4)
Serratia liquefaciens (1)
Serratia odorifera (1)

Escherichia coli (8)
Klebsiella oxytoca (1)

Citrobacter braakii (1)
Citrobacter freundii (1)
Enterobacter cloacae (3)
Enterobacter gergoviae (1)

Yeonkyeong-
san

Hafnia alvei (1)
Serratia ficaria (2)
Serratia liquefaciens (1)
Serratia marcescens (1)
Serratia odorifera (2)

Escherichia coli (10)

Citrobacter braakii (2)
Enterobacter amnigenus (1)
Enterobacter cloacae (14)
Enterobacter sakazakii (3)

* () : Detected number

Table 4. The isolation of fecal streptococcus from natural mineral water and soil

Date of sampling Fecal streptococcus Date of sampling Fecal streptococcus
Mar. 15 ND* May 20 D™ (Inhak)™
Rainfall 8.5mn May 23 ND
Mar. 23 ND Jun. 13 ND
Mar. 24 ND D (Inhak)
Mar. 25 D (Inhak) Jun. 27 D (Halabeoji)
Mar. 26 ND D (Yeonkyeongsan)
Rainfall 18.5mmn Rainfall 95mm
Apr. 21 D (Yeonkyeongsan) D (Inhak)
Apr. 22~30 ND Jul. 3 D (Halabeoji)
May 16 ND D (Yeonkyeongsan)
Rainfall 53mn Jul. 4 D (Inhak)
D (Inhak) : D (Yeonkyeongsan)
May 17 D (Halabeoiji) Jul. 5 D (Inhak)
D (Yeonkyeongsan) Jul. 8 ND
D (Inhak) Jul. 7 D (Inhak)
May 18 D (Halabeoji) Jul. 9 ND
D (Yeonkyeongsan) Jul. 31 D (Inhak)
D (Inhak) D (Inhak)
May 19 D Aug. 22 D (Yeonkyeongsan)

* ND : Not detected
** D ! Detected
+++ () : Name of detected spring
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Table 5. The variation of physicochemical items and coliform counts from soil

Organic .
Name Date of pH Moisture mgtter T-N NHs-N Ccoéilfggn
sampling (%) con(ytent (mg/kg) (mg/kg) (/100g)
(4
Feb. 21 5.3 12.8 1.92 1,391 10.7 80
Mar. 23 5.6 7.9 1.68 1,086 6.6 240
Apr. 30 5.4 8.4 1.24 1,027 9.6 230
Inhak May 16 5.2 10.9 1.34 1,060 4.2 1,300
Jun. 13 5.4 7.2 1.13 1,055 3.6 1,700
Jul. 31 5.3 7.2 1.17 989 7.3 800
Aug 22 5.4 12.2 1.09 1,018 7.1 16,000
Average 5.3 9.5 1.37 1,090 7.0 2,907
Feb. 21 4.5 17.9 2.84 2,364 12.9 40
Mar. 23 4.4 16.8 2.62 2,818 11.4 50
Apr. 30 4.7 15.7 2.50 2,159 11.8 230
Halabeoji May 16 4.2 24.4 3.21 2,759 3.1 500
Jun. 13 4.3 17.2 3.16 2,541 2.5 900
Jul. 31 4.8 15.2 2.74 2,314 9.1 500
Aug 22 4.9 14.5 2.61 2,098 10.2 500
Average 4.5 17.4 2.81 2,436 8.7 389
Feb. 21 4.5 25.1 5.60 3,739 8.3 40
Mar. 23 4.6 18.4 5.47 4,606 11.2 30
Apr. 30 4.4 19.7 4,93 4,002 7.1 80
Yeonkyeong~s| May 16 4.8 30.3 4,16 4,759 3.3 340
an Jun. 13 5.0 21.3 5.45 4,325 3.0 800
Jul. 31 4.3 23.8 4.89 4,125 11.4 900
Aug 22 4.2 41.7 4,72 3,979 10.8 700
Average 4.6 25.7 5.03 4,220 7.9 420

Z47ke) ok FUFATFE 720
BEde AR Z5E F4d g e
toem Q18 k5EyF HHE 2,907/100g, &
ol¥#] okE{E 389/100g, 1Elm A
SFFElE 420/100g.2 Q3 ekrEle] Eok
NN FgA T A=A Jeld Q18
ofre] & RATETY AF Ao B F 9]
o ®=¢ =Y pHY FuURIIFE
R=0.98922 9 Aude JeE
AT M AR o HFTIt 71 MY Qg
G F718 999 F43FE] A
= A2 ZAFEREH o)A okl £4
o] =g} A2 R wel Eoke] .7t
HHos TS 2= FoE B Xy
g obrEH Y UAE QEEE B A9 AR
F 49 A e 28 ARE Az
Blofd ZoZ Ho Mtk X3, EYmAE
ol HAXLBA pH7 6.0~7.59 ALE
ARMEHA, 7180 g 4o e pHE
Bl AAs EYelr AuHoz nyEe
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Table 6. The isolation of coliforms from natural mineral water, soil and rain

Coliforms
Sample From natural . From natural environments
. From evacuation .
environments and evacuation
Citrobacter braakii
Hafnia alver Citrobacter freundir
Natural Serratia ficaria .. . Enterobacter amnigenus
) . . Escherichia colr .
mineral Serratia liquefaciens . Enterobacter asburiae
. Klebsiella oxytoca
water Serratia marcescens Enterobacter cloacae
Serratia odorifera Enterobacter gergoviae
Enterobacter sakazakii
e Escherichia coli Citrobacter freundii
. Serratia ficaria .
Soil Serratia marcescens Klebsiella oxytoca Enterobacter cloacae
Klebsiella pneumoniae Enterobacter sakazakii
Serratia ficaria Escherichia coli
Rain Klebsiella oxytoca Enterobacter cloacae
Klebsiella pneumoniae
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Table 7. Comparison of physical and microbiological characteristics in other springs

Hobulsa Cheongcheon

ngple W.T | Cond. | . L+ | Coliform ol g | cond | L | Coliform
€1 (0) | (useny | B2Cteria | counts iy | oo | (us/eny | B2CHETI | counts

(CFU/mt) | (MPN/100m0) (CFU/mt) | (MPN/100m0)
Feb. 7 | - | - - - 80| 88 | 106 2 ND"
Feb. 21| 8.0 | 87 59 g 73| 89 | 109 0 ND
Mar. 15| 80 | 91 2 2 90 | 172 | 115 9 i+
Apr. 30| 95| 99 20 23 95 | 323 | 122 0 ND
Jun. 13 | 185 93 0 ND 130] 204 | 118 0 ND
Jul. 31 |14.0| 99 35 8 135] 382 | 137 5 7
Aug. 22 | 145 | 97 14 2 40| 353 | 152 3 1

* ND : Not detected
*x + . Detection of Enterococcus

AT TEAL e AT X3} A A9 gFE Y HAFgE FolEu @
AHAQA Y wor TYFo] B Y FHE Ave R LFowRy |
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Table 8. Effect of disinfection maintenance on the catchment well

Sampling date Residual Total Bacteria Coliforms Fecal coliforms
ping aa Chlorine(ng/e) (CFU/nb) (/100me) (/100me)
09:00° - 8 D™ D
Jun. 7 10:00 _ ~ ~ -
11:00~17:00 wran
(1time/hour) 0.11 0.45 0 ND ND
09:00~17:00
Jun. 8 (1time/hour) 0.10~0.09 0 ND ND
Jun. 11~15 2time/day - 0~ 16 ND ND
Jun. 19~20 1time/day - 0~3 ND ND
Rainfall 16.5mm
Jun. 21 1time/day - 60 D ND

* Before disinfection, ** Immediately after disinfection

=xx D ! Detected, **** ND : Not detected
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