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Relationship between Microflora and Environmental Factors in Groundwater
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2 9 : Asule] HEF s ecinte FRIAAE sfetslr] Asle] 19954 9 HepdEd 34 Al
187 F-oll ARt AstBA 59742 R3lE Msto] ZAsIA et ATA] B Zole HF 801 m
oldrt. Ashrel Eeld 374 aqlel 4ol FE - 747 6.9, 20.1 °Ce] FFZES Ve
3ehd g99lol HF EE2A4LH HF ALY ALE 47 6.5 mg/l, 10.7 mg/lo 2 EAsAct. o] ¢ 2
213ty 37dstollAl m QRS BEGL glol, FF FH5YYATF-NA (HPC-NAFE 14X10°
CFU/mio 2 Jelt s FF £4od ki #-YEPD(HPC-YEPD)GE 0.59X10° CFU/mio2 F<of of -
NA%=9] 42.1% $Zoll Dty HAFTS AA 5904 F 27.1%Q 167044 AEHJDL HF 6.7
CFU/mlo| g3, QutFH 23.7%) 147404 AEHReH A& AR NA Y FFL 3.9 CFU/mlo3]
o} Rsle] Ealshed 37 2919 FSod A F-NAY FE5GUAF-YEPDS] A8 A}, FEdg
A F-NAol| gk 82449 AAX 71 008728, B 408 Hlon, thE $HaAEL AT A
£ 5 43E Jeblch E59RAF-YEPDS] 7 3174 9 Q17 o) AAAFE Lol FE 0.0957, & 0.
0019, AAHA A4 001512 F FHE HAch FEGUSAT-NAT &g vX = dF a0 €4+
£, EERL, Fhol 2] FE, R Zo| a3 A AidFo[UR, F5HG YA F-YEPDE F40]2
s, $EAL, AR AL, BA 0] Zo], 29 AR 1 Jgg vt

Abstract : This study was conducted to find out the relationship between microflora in groundwater and its
physico-chemical environmental factors at the 59 sites, where distributed at 3 cities and 18 counties in Jeonranam-
Do, Korea. The average values of environmental factors were as followings; pH 6.9, temperature 20.1 °C,
dissolved oxygen 6.5 mg/l, the depth of wells 80.1 m, and nitrate 10.7 mg/l. The average value of microbial
population size; Heterotrophic bacteria-NA (HPC-NA) and heterotrophic bacteria-YEPD (HPC-YEPD) were
1.4X10° CFU/m! and 0.59X10° CFU/ml respectively. HPC-YEPD numbers were 42.1% of HPC-YEPD.
Coliform bacteria were detected at 16 sites, and its average numbers were 6.7 CFU/ml. General fungi were
detected at 14 sites, and its had average numbers were 3.9 CFU/ml. The correlation coefficient was calculated
value as relation index between the microbial population sizes and environmental factors in groundwater. In case
of HPC-NA, the correlation coefficient value with dissolved oxygen was 0.087. But it showed negative correlation
coeflicient with other factors. In case of HPC-YEPD, the correlation coeflicient value with pH, temperature and
nitrate were 0.0957, 0.0019 and 0.0151 respectively. It was concluded that the population size of HPC-NA were
influenced by the order of temperature, dissolved oxygen, pH and the depth of wells and that HPC-YEPD were
influenced by the order of pH, dissolved oxygen, nitrate, the depth of wells and temperatue.
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Figure 1. The sampling sites in Jeonranam-do, Korea.
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JAPAN)Z 24893, A 8}5 A|3F9] Zoli= gAY o
#& #2359}, 18] pHi= pH meter(Fisher, USA)E ALE
3l 238ttt NO,-Ne= g4 0o Ao ua 2.5%
brucine sulfate 24 WA 71% 470 nme] 3ol A (Doran et
al., 1988) BFH A2 S48kt

HHX] 3 ok

THYGAT-NAS AT Jd9uA2 Nutrient Agar ¥j=]
(agar 15 g, peptone 5.0 g, NaCl 5.0 g, yeast extract 2.0 g,
beef extract 1.0 g, per 1 liter pH 7.4)9] colony7} 30~1002
2 AFHEE g3t FAT LA 30°C oA 24417 A
ujok3le] colonyE Algstd ).

T4 GAT-YEPD S AdPufxl2= YEPD dhdul=](agar
20 g, peptone 20.0 g, dextrose 20.0 g, yeast extract 10 g, per
1 liter pH 7.0)& AH8-3l] FEFIFATE-NAT 22 whior
HFF Avsia.

h AT AHujx]2= m-Endo LES $Hdul=](bacto yeast
extract 1.5 g, bacto casitone 5 g, bacto thiopeptone 5 g, bacto
tryptose 10 g, bacto lactose 12.5 g, sodium desoxycholate 0.1
g, potassium diphosphate 4.375 g, potassiam monophosphate
1.375 g, NaCl 5 g, sodium lauryl sulfate 0.05 g, sodium sul-
fate 2.1 g, bacto basic fuchsin 1.05 g, per 1 liter pH 7.2)0l} 9
4 50m/& 045m pore size?] membrane filter(Millipore,
USAYE AHS-3t o3fated 37°CollA] 244135t v &
24 B o= colonyE AF3G et

Aubaie]l MeulAZ  Czapek FHHBJR](sucrose 30.0 g,
agar 15.0 g, NaNO; 3.0 g, K,HPO, 1.0 g, KCl 0.5 g, MgSO, -
7H,0 0.5 g, FeSO, - 7H,0 0.01 g)5 40°CHEZ A3 A A
A A2l chioramphenicol 1 g/1-2 wixloll A Ado] 3wl
g UE F 295 0.1 mig EREET F 30°ColA 543 GA

Hj¥3le] colonyE A58t oh.
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Mgt AlEEe] EaUs BAS Ao, vEY] HEFF
AL T §H429 F F23 290  F4hoj29 Fri=
pH 5.1~pH 9.3 &} ¥l AJAtH(Table 1). pH 6 nlTto] 3.4%
9l 27) A, pH 7 nixto] 40.7%21 2478 A&, pH 8 ujgio]
45.8%21 2770 A, pH 9 ujute] 6.8%3) 478 A, pH 9 o|4+
o] 1.7 %<l 17) Adoidr}. HiF o] FEE 6924
VB S HAH Fhol2 FE FH AFH YR FA
49} 47424 ol A= pH 5434 kg Tt

2 AUt Alge] 59 ¥FE 152°C~29.5°CE B
I A&Fre HFeEE 201°CE YT 22 oyE
2o AAGE £R3F FHaedoz BA grhLee et al,
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Table 1. The environmental factors of the groundwater in Jeon-
ranam-do, Korea.

No‘. of pH Tcmgcraturc D. O. Depth(m) NO;-N

Site (°C) (mg/1) {mg/1)
site 1 7.2 20.6 8.5 80.0 1.8
site 2 6.7 17.2 8.2 100.0 0.7
site 3 7.6 15.2 9.2 140.0 0.0
site 4 54 15.8 8.7 30.0 544
site 5 6.2 16.0 63 50.0 419
site 6 7.2 15.7 8.6 40.0 204
site 7 6.4 19.0 6.2 18.0 23.6
site 8 7.7 15.6 8.8 20.0 13.0
site 9 6.3 18.0 34 80.0 1.9
site 10 6.8 23.0 7.2 72.0 235
site 11 7.3 24.0 8.4 67.0 12.6
site 12 74 19.0 6.1 80.0 11.7
site 13 8.0 22.5 1.1 80.0 29
site 14 6.6 165 59 80.0 0.5
site 15 7.0 20.0 6.0 60.0 0.6
site 16 6.2 16.7 8.0 24.0 24.3
site 17 7.6 18.0 8.3 80.0 nd
site 18 6.3 194 8.3 50.0 nd
site 19 6.5 19.0 52 85.0 129
site 20 89 23.0 8.4 60.0 8.6
site 21 7.2 22.0 92 70.0 33
site 22 6.5 24.0 25 80.0 17.7
site 23 6.1 20.0 8.2 80.0 31
site 24 54 24.0 9.2 25 30.5
site 25 8.1 21.0 4.2 150.0 nd
site 26 7.8 19.0 3.6 145.0 nd
site 27 6.6 20.0 4.1 100.0 13.3
site 28 6.7 21.0 6.8 120.0 5.6
site 29 7.6 18.0 72 72.0 18
site 30 7.1 22.0 6.2 83.0 2.8
site 31 6.2 24.0 58 200.0 18.2
site 32 7.6 22.0 4.7 58.0 1.3
site 33 6.1 19.0 6.9 30.0 124
site 34 7.1 18.0 8.6 186.0 10.8
site 35 7.0 18.0 54 56.0 4.2
site 36 9.3 21.0 6.4 16.0 174
site 37 7.0 295 36 760.0 nd
site 38 6.4 21.0 64 75.0 0.5
site 39 7.2 23.0 54 68.0 3.7
site 40 7.4 21.0 5.6 100.0 0.0
site 41 6.4 19.0 8.5 70.0 22
site 42 7.7 20.8 8.6 50.0 12.5
site 43 6.9 21.0 10.1 10.0 47
site 44 7.7 18.0 5.8 40.0 0.3
site 45 6.6 21.0 8.9 100.0 8.1
site 46 6.9 20.0 8.8 0.0 42
site 47 6.6 19.0 8.6 30.0 6.7
site 48 8.4 17.0 34 80.0 0.9
sitc 49 7.5 17.0 6.0 60.0 233
site 50 6.5 18.0 7.7 75.0 12.6
site 51 7.3 18.0 94 10.0 4.0
site 52 7.0 19.0 5.0 80.0 78.1
site 53 6.8 22.0 14 50.0 17.7
site 54 7.3 21.0 6.7 80.0 7.1
site 55 7.1 23.0 5.1 70.0 15.2
site 56 7.1 22.0 4.8 30.0 18.8
site 57 6.3 22.0 5.6 35.0 135
site 58 7.0 23.0 4.8 75.0 nd
site 59 6.6 215 4.4 35.0 22
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1995). et ZAA 22 X 20°C v]vlo] 45.7%21
2778 A3, 25°C vlgko] 52.5%1 317 A&, 25°C o]4to] 1.7%
ol 17 A™oeltt. o] F 20| 295°CE BRI N F L 25
2 7Nt AMEsta Qe X Go) el tEX Y Ak &
EHTRE EUTHTable 1), 2H ot FALe] FAYA = B2
oko] microflorayt EREH= Aoz 119 vt U AN
(Heinen and Lawers, 1981), T}2 oj® A EE HUx nAEE
o] A&7 £xe] HE Aty & 4 Ut

A Etelol] §24k49] %S 1.1 mg/lA H3 10.1 mg/!
7R Ve S FiERE 6.5 mg/IGth. £EAAZELS 3 mg/l
uluke] 5.1%Q] 37] A=A, 6 mg/l v gto] 35.6%21 2175 AH, 9
mg/I T]7ro] 50.8%<1 307 AA, 9 mg/! o] A4S 8.5%21 570 A
Holqrt. Astre] T2 7157 AR HFEA| Xt

Zx= ghte) gelo 2 Byl © vk 9ti(Gounot, 1994.).

A4 BEAS AAIE 94F EHULY Fas AR
2 &BA o] Zo]9ld|(Duxbury and Tate IT1., 1981) X F &
2oz £E2HE Ao RE gol 25 me] AFA S,
760 me] At A Ay T bt ot & Ao g
® A3t5 Zole] BEXE By 50 m w|vle] 28.8%21 1770 &
2 100 m w)9to] 50.8%% 307% A, 150 m n|gko] 11.9%<1
770 A3, 200 m mgre] 5.1%2] 3 FA, 200 m< Yi=Ao| 3.
4%<1 2 Aol Art.

AN R LAE A AEHR) e AHANAMEEH Hz 781
mg/l 7HA] A& 0] FAIA Gl ulel ExtolE BP0, J
e 107 mg/lo|Yrt. ZAX G & FRE2 FRIHEY, 10
mg/! m9ke] 59.3%¢] 357) A&, 20 mg/l njwte] 25.4%2)
1570 R, 30 mg/1 nTto] 8.5%3] 57) AA, 40 mg/! njto]
1.7%<] 17} A, 50 mg/I v]wto] 1.7%%) 170 AA, 60 mg/1
mlgko] 1.7%2 170 AA, 70 mg/l o]AHo] 1.7%] 17) & & o]

Aot

njdE 2=

B Ao A fed AstrAUe] FH5GFANT-NAY #+
HA 5 CFU/IN A3 10.5%x10° CFU/mie] HY e 1o
o (Table 2), F A F5G YA F-NA(HPC-NA)9| A9+
1.4x10° CFU/migdt}. 1.0x10° CFU/mi ol7el HAL
57.6%2] 3478 A3, 2.0x10° CFU/m!l 7|72 18.6%%] 117
A7, 3.0x10° CFU/ml w|%ke 5.0%21 370 H A, 4.0x10°
CFU/m! 7[gke 10.1%<] 67) A A, a28lxm 5.0x10° CFU/
ml BTl A7 gl HEH 2}z 3.4%%1 2717
(Figure 9, 10).

£2 N F-YEPDL 0 CFU/mlolA Hx 55x10°
CFU/ml, 3 0.59x10° CFU/mio|gth. ©] $£x]= ulaz
7}l ¥ 11l (Ekendahl and Pedersen, 1994) v AE-4=9] )
of 233le #oe2A, THAYAT-NALY 42.1% FF
2eAth 2AN G S Ao dz TR 29, 1.0x10°
CFU/ml! 92 86.4%3) 517 " oe|rt. 2.0x10° CFU/
ml 9Tk 3.4%20 278 AAol}. ®§ 3.0x10° CFU/mi,
4.0x10° CFU/mI, 5.0x 10° CFU/m! w5k}, 5.0x 10° CFU/

o
HEe



Table 2. Population size of microflora. ml o)A A& A “% 7% Z+ 17)81t}.
HPC, Coliform . EH;S'"E‘% -Q—Ot:}% X A‘] Z}' %E]Tftﬂ) O] q}%’--ﬁl—% ;\(_—1
No.of = HPCNA = yppnyirobes  bactern  Coner™ B8 2) ggioiah 597) A 5 27.1%00 2ahs 1670 AN A&

o]

Sit CFU/ml! CFU/ml ]

e (CFU/mMD - ceu/my (cRussomy Y™ goag qem o] 428 Aasel dREe Wi 6.7 CFU/
site 1 1.8x10° 0.08x10° nd nd ml/$tHTable 2). thAro] ttEx|g 8l vk & 44 59
site 2 3.5x10z 1.0x10° . nd nd HA 570 A= Edod oAl 7E-NA(HPC-NA)o] =te] 7S
site 3 0.2x10 0.005x 10 nd nd 3

A= * T Z]i= o -17!4
sie 4 02x10°  01x10°  02x10° nd 1% 4.0x10° CFU/mi, #2307 10" CFU/migld], %
site 5 40x10° 25%10° 22%10° nd 58] "AatA Aol 27t B 4urh 5= 5AE 290
site 6 12x10°  0.04x10° nd nd AN A7 AT grlel] ke vxtin B of, A
site 7 0.005x 10° nd nd nd -

X o7 2o XA A9 FR]7 A vk Ao golog
site 8 2.1x10° 0.27x10°  0.03x10° nd N T_] P o dEe
site 9 0.11x10°  0.02x10° nd nd Atz ) Zake] AT A& EA-E @7 8906dA B2ud, ¢
site 10 0.11x10°  0.07x10° nd 0.005x 10° Aol ¢tor X gRHEE odo w£H 7l540 & AL
site 11 3.3x10° 0.9x10° nd nd 2 Brlm, 22Ao] 35 mel AA 5704 A3 RPEEES o
site 12 12x10°  0.05x10°  0.005x10° 0.02x10° - TE}“’OTU ] CoeT ,ﬁ] 1 e fHZ; 8 ©l
site 13 1.9)(103 0,05)(1()3 nd nd T}I\J ] E}:T: Z\oﬂ [LI' }\gjélo T"]’ T':‘ﬂ/‘o JOJ—?_]_O] 'Trbioﬂ ogﬁg:
site 14 1.4x10° 0.08x10° nd nd & 3e AHolgtn AR EH T
site 15 0.04><10': 0.01><10j nd nd olu] ¥ 1 glubt) Z(Federspiel et al., 1991) # 2] 5714 A
site 16 0.33x10°  0.01x10° nd nd 2ol AulER, A A7 x %ol. Thx =
site 17 0.3x10° 0.11x10*  0.02x10° nd = EJL%“ 4R 59 A4 FollA 23.7%<1, @] 147) 4
site 18 0.22x10° nd nd nd Huto] HE&HAoh. a2la WATY Ao} FASH HEE
site 19 0.01x10° nd nd nd Azqrel g7 a)E 16.7 CFU/mig T Table 2).
site 20 1.1x10° 1.1x10° nd nd
site 21 32x%x10° 0.03x10° nd nd ) R _
ste 22 05x10°  02x10° nd nd Xatrel B2 - 25ty FHe0l| ME alds B2
site 23 0.16x10° 0.08x10° 0.03x10° 0.05x10° ol A =AM A)3HRe) B - 3FEH4 2418 BA S Axje}
site 24 5.1x10° 0.05x10°  0.01x10° 0.05x10° mAEae A AFE /41 zhzre] QS Eg9
ite 25 0.4x10° 0.08x 10° d nd - - N )
G 26 45x10° nd nd nd Al-NA, F&HFGAR-YEPDY A3 33 #AE ZA}skel
site 27 29%10° 0.06x 10° nd nd A Eo)eke] 714 GE FE Ao FolArE ALd A3
site 28 0.02x10°  0.01x10°  0.01x10° nd Fro| &9l ELo kAT -NAT e A A4 -0.07462
site 29 038x10°  02x10° 0.01x10° nd A =200 EEol Eaodoky - NAﬂr 2 ARE By
site 30 0.75x10°  0.13x10° nd 0.005x 10° o o
ste 31 005x10°  0.03x10° nd 0.01x 10° i, $%9YAE-YEPDS] AAAFE 0.095824 STHIY
site 32 0.06x10°  0.005%10° nd nd A -YEPDY 7ZA$-+= %——’—*T—%"&H]i}-NAA S =
site 33 2.7%10° 0.5%10° 0.01x 10° nd pH 5.4~pH 9.3 W9ol A Fa0)29 Fio A ARE
site 34 056x10°  0.3x10° nd nd
site 35 0.45x 10° nd nd nd
site 36 0.17x10*  0.11x10° nd 0.01x 10° 54
site 37 1.0x10° 0.9%x10° nd 0.005x 10° ]
site 38 12x10° nd nd nd o ]
site 39 3.7%x10° 3.5%x10° nd nd ”E“ i
site 40 12%10°  0.05x10° nd 0.01x 10° £ 44 -
site 41 19%10°  09x10° nd nd i = - -
site 42 0.11x10°  0.05x10° nd nd O ] -:"' - -
ste 43 045%10°  027x10°  0.04x10° nd % 3. - 5 -
site 44 0.33%x10° nd nd nd Q0 3 n® m
site 45 092x10°  0.04x10° nd 0.005x 10° 5 ] - f'r -
site 46 0.32x10°  085x10° 0.36x10° 0.02x10° = . LI -
site 47 105x10°  5.5x10° nd 0.02x 10° ICIN P == m
site 48 43x10°  4.0x10° nd nd S 1 - -
site 49 025%10°  0.03x10° nd nd m - -
site 50 3.7x10° 0.09%x10°  0.005x10° nd o il =
site 51 0.55%10°  0.35x10°  03x10° nd 5 13 -
site 52 0.3%x10° 0.2x10° nd nd +— 3 L]
site 53 0.18x10°  0.18x10° nd nd *
site 54 1.2%x10° 6.5x10° nd nd 0
site 55 2.7x10° 1.9%10° 1.3x10° nd a4 - I .
site 56 1.5x10° 0.28x10° nd nd 2 4 5 6 7 8 9 10
site 57 0.7% 10" 0.5x10° 12x10°  0.02x10° pH
. 3 3 3
site 58 0.4x10 . 0.1x10 . nd 0.005x 10 Figure 2. The relationship between pH and total microbes in the
site 59 0.85%x10°  0.67x10° nd nd groundwater.
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Figure 3. The relationship between pH and heterotrophic bac-
teria in the groundwater.
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Figure 4. The rclationship between temperature and total mi-
crobes in the groundwater.

e, e 898 Hrke AR A7 HHdM e ¢
& FEE L9 HFigure 2, 3).

4:29] 7%= 15.2°C~29.5°C FHoA 23 259%
A TE-NATFE] FAA = -0.225524 § A#g BT, 7L
7 £ QWA F-YEPD SO A#AFE 00019024 2
2o Yol nlekelr| s sl A Addg By 23y
259 A9 population size2] ¥ #AAE 493 Avka
B 54 21} (Heinen and Lawers, 1981), 4 Hel 2=t
9] 15.2°C~29.5°Col A= @A FelA] FAE & F UA
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Figure 5. The rclatonship between temperature and heterotro-
phic bacteria in the groundwater.
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Figure 6. The relationship between dissolved oxygen and total
microbes in the groundwater.

T ABEAE ASF Wk ARt ofrte R MAEE
oAl A&alezA of HejY Lx} A@gadoR g
%32k& i (Figure 4, 5).

SR FEYYAMT-NAS A= 0087302 A
AAE BT, FEFEAT-YEPD I FBAFE 0.02672
2A ¥ 3a-& Boici(Figure 6, 7).

A stBA e ol FELGFAT-NAS FAA = -0.0628,
F4A AT -YEPD IS FAAFE 0012724 wleksri=
bt B9 dol7h Ao A S Fo| Ahdhe AoR

89



:'_\45

el . Lt -
4 =

T - -

Q,

o 33 - L

-

:_O/ . - =

o ﬂ - ﬁ--

QL) -~ = - -

-g 2% - -‘ --:-

m - - =-m -_-

o - -

e e -

8‘15 = = m

6 p - -

3 ]

D

L o

12345678 91011
D.O.(mg/l)
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