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Geochemical Analysis and Fates of Pathogenic Indicating Bacteria on
Seawater Intrusion in a Sand Box Model

So-Jung Lee - Hun-Ju Park - Eun-Hae Sung - Myung-Ho So - Chang-Gyun Kim"

Department of Environmental Engineering, Inha University

ABSTRACT : In this study, seawater intrusion was assessed employing a kind of biological parameters such as Escherichia coli and
Enterococcus faecalis while lab-prepared reclaimed water was recharged to prevent seawater intrusion. Chemical factors indicating sea-
water intrusion such as CI, Ca®’, ng and specific conductivity were also simultaneously investigated where an ion exchange between
a matrix in artificial aquifer and cations in solution was estimated. Both Escherichia coli and Enterococcus faecalis were shown to be
very sensitive against degree of salinity during saline water intrusion. Enterococcus faecalis more strongly resisted against salinity than
that of Escherichia coli. The ratio of Enterococcus faecalis divided by E. coli in the process of seawater intrusion increased up to more
than 50~100 times in 18 hours whereas E. coli was died off more than 90% during pumping and recharge rate kept at 10 mL/min.
However, when the rates of both recharge and pumping was kept at 5 mL/min, Enterococcus faecalis | Escherichia coli was sustained
in the range of 2.5~5.0, while Escherichia coli showed dimished death rate. Chemical factors such as CI, Ca”, Mg2+ and specific con-
ductivity showed more than 0.9 of high correlation each other well explaining the degree of seawater intrusion. The degree of ion ex-
change between artificial aquifer and saline water can be efficiently interpreted by both minus ANa, AMg variation and positive A
Ca variation.
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Fig. 1. Schematic diagram of the sand box reactor.

FY vAER] E coli & Enterococcus faecalis= 242+ 500
mLol| 3|F3H= Nutrient A B]X|(Beef extract 1.5 g,
Peptone 2.5 g, BT X554 0.5 L)9} Brain Heart Infusion
NA] BJA|(Calf brains, infusion from, 200.0~3.85 g Beef
heart, infusion from, 250.0~4.9 g Bacto proteose peptone,
5.0 g Bacto dextrose, 1.0 g NaCl, 2.5 g Na,HPO,4, 1.25 g
G2, 0.5 Lol 478 ARE wjefstd A 2ol =
17 23 JEF o, Al rdEe] A
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FEFE wora H AR Y 22 FYEE Ao
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3} 279 P G 2 ¢ 2SS VEeE Y
< Y3 H(Table 1). E3F S5FHFE ALY = 53
SH wAsh, p A ES 2xo wztelA WhgElEE E
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5o A3 A9ES ug o2 E coli(ATCC 11775)¢ AS-
18A1%Y, Enterococcus faecalis(ATCC 19433)9] 735 60A]
7 Eo AFS ST TY ojgh o] AY Azte]

Table 1. The operation condition of the sand box reactor

Flow velocity(ml/min)
Indicator |Operation| Water Fresh|Sali
organism time | temp.(C) | Recharge [Extraction rest Satine
water | water
5 5
26.5~27.0
10 5
ichi 5 5 3 3
Escher{chza 18 hrs
coli 5 10
6.0~6.5
10 10
Tidal Effect
5 5
Enterococeus oy o | 60~65 | T
faecalis
10 10
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AY Aol mE Z7be] Ax vAEE AEAFHE E
coli®] 7% 3AZF tAL2 S F W, Enterococcus fae-
calis®] 735 1223t pAS R o]FojHth Alg AH+=
50 mL9] centrifuge tube(Corning Incorporated, USA)S A}
&t Fxo] oW F 20970 AR AXE Alw AHH
£ o]gate] FAlo AFEHAT AFE ASANX E coli
AFstz] 3] 2 Aol FHAFHREY A 8z
of wjE S87IFNA 8T dHETT AT A H
A G H A 8319 0™, Enterococcus faecalis T
2 i AEE 19853 U. S. EPAYA F3X3F Original
Enterococci Methodlz)(Method 1106.1, Membrane Filtration
Technique)oll 3t AlFstAth. 488 Al % 1004,
1,0008H, 10,0008H¢] 3 Aufo] wE d+E AlFstd 2t
AR T8 ZE23ATh HAEE 2 25 A7|A%
% Z=AA(Conductivity Meter, Model 30, YSI, USA)E
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3 045 pm membrane filterZ H*JE] 3 & £ A|RZ
ol g&tAtt. AHE A8 T ol BAS fotd AT
o AEel 1% ¥Ee] HNO:EE Akl A4 8]
FHANA WA= 0] complexion A B &
ol2¢ A 9 mAEY AR s Ao,
A A7EA] 4TolA W Bastidoh 8 85 ol
o] A 42 VarianAte] FEARET= WEE%
2] (ICP, Liberty Series II, USA)E o] &3l¥ 1, &
2ol Hgolxste] olezmzulETI(IC, Water 432
Conductivity Detector, Korea)E ©]-83}] £4I3}4t}
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Jfoca = (MClsample = MClpiesh) / (MClosea = MClfiesh) 1)
Mimix = fsea X Migea T (1 = foca) X M fiesh )
Am; = Misample = Mimix (3)

37X, fea : Fraction of seawater

Mcisample © Cl concentration of sample

o) Ashera B4 0 B0 AE B AE 5y 387

Mclseas Mclfesh © Concentration in seawater and fresh-
water of the CI

mimix - Conservative mixing concentration for other
dissolved species

Migeas Migiesn © Concentration in seawater and fresh-
water of the species i

Am; : The enrichment or depletion of the species I

2.5, ML APHE 4
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o RRoz A AR TELLTES DA Bt
Log(N; / Np) = - Kt 4)
Nt : Number of bacteria after time t
No : Number of bacteria at time 0
t : Time

K : Die-off rate(time'l)
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T 2 Gy ASg FAH W3= Golden SoftAl
9] Surfer8& ©]-&3to] YeRAAUTE Surfer8= Golden Soft-
ware INCOlA A28 3D 2g)Y Z2g8og B A
A= Surfer8S ©]&3te 22k HHd FHIAEEHS %
gske dl ol &tk AT I A HeE 28
sl7] f1ste] A AIRE 18AIZAAIE 1,000 ps/em ©]/3e]
HIAEE 28k HAHRES 7IEoR IAFHESE A
kst om, A@Azto] 60AIMHA] F7HeE Z9-ell= 2,000
ps/em ©)Fe] HIHAEE7F AA et WAHFES 7IES
2 3t Azt wmE e E WA AR S7HES Pl
stk Fig. 2 % 32 247} 18AIRF H 60AIM7HA] sl
AFell e HRERe ¥y Higrke WdE UEd

olty. IF FVhe Wisle & 2 I 21 wE o
&t FE HEIAT ) £5F5 5 mL/min® 2 1F
%4E 5 mL/min @ 10 mL/minEg 83 39 A
ol mE 1,000 ps/em ©]F] HIHAEET}F AR 5=
HA HAFEs Ve R 9535 5AS Witk &
F7F 10 mL/min?) -5, A7 7HA] 9413 o] F-ell= 1,000
us/em o] AT WH HFEL 5%, 1843t o]Fo
€ 27%=2 S7FtAT 59 ¢ 2044 F57F 5 mL/
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Fig. 2. Variation of areal fraction(%) showing more than 1,000 ps/cm according to various recharge and pumping rates(18 hrs).
(R; Recharge, P; Pumping, Tidal; Tidal effect, e.g., RO5P10, recharge 5 mL/min, pumping 10 mL/min)
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Fig. 3. Variation of areal fraction(%) showing more than 2,000 ps/cm according to various recharge and pumping rates(60 hrs).

(R; Recharge, P; Pumping)
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Table 2. Correlation coefficients and data taken from analysis
of water samples

Ca K Mg Na Cl  NO; SO, SC

Ca 1

K 0.49 1

Mg || 098 0.53 1

Na | 0.76 0.66 0.68 1

Cl | 099 054 099 074 1
NO; || 0.94 044 098 058 095 1

SO4 || 036 036 027 051 046 038 1

SC || 095 063 095 0.77 098 090 0.62 1
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Fig. 4. The relationships between CI and Na' concentrations
during seawater intrusion.

Fig. 5. The relationships between CI' and Ca®" concentrations
during seawater intrusion.
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Fig. 7. Die-off rate of Escherichia coli through the sampling
points in summer(R; Recharge, P; Pumping).
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Fig. 8. Die-off rate of Escherichia coli through the sampling
points in winter(R; Recharge, P; Pumping).
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Fig. 9. Enterococcus faecalis' die-off rate through the sampl-
ing points in winter(R; Recharge, P; Pumping).
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4 %

X
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Fig. 11. Temporal variation of Enterococcus faecalis/E. coli
with various recharge and pumping rates(R; Recharge,

P; Pumping).
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