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ABSTRACT

This study evaluated the potential threat of agricultural and human activities to groundwater in the Noseong stream
watershed, a typical agricultural area, through hydrogeochemical characteristics and microbial community analyses. The
groundwater in the study area was Ca-SO4 and Ca-HCO; types alluvial aquifer mainly used for agricultural and living
purposes, and contained high levels of NO;™ and CI ions generated from anthropogenic sources such as fertilizer, livestock
wastewater, and domestic sewage. Proteobacteria was most abundant in all samples with an average of 46.1% while
Actinobacteria, Bacteroidetes, and Cyanobacteria were dominant on an occasional basis. The prevalence of aerobic
bacteria such as the genus Mycobacterium, Flavobacterium, and Sphingomonas suggests that groundwater was well
connected with the surface layer. The potential pathogen Mycobacterium was detected in most samples, and other
pathogenic bacteria were also widely distributed, indicating the vulnerability to contamination. Therefore, an integrated
management system is required to secure the sustainable use of groundwater in agricultural areas with high groundwater

dependence.
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A A AthKo et al., 2008). FEAH] A5}
LS T2 A Ahof o3l doju olzigh eHdd
o] Mo R ssIR, ARl ShHTY 7=, Pk
AlZEl 2 RES] =, EYY] f71-A o] UTh(Lee et
al, 2017; Yoon et al., 2020). GTA|¥el E=akr]9]
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e T FES FEske FHoEA g T8
ok HZ Al el tig B ST el A|s
W mAEell thigh Q1Ao] FTkekdar &S] Alsk ®
37 1S W95k= microcosm TS 53 PIAE
M3t 09 BAe) F, Astely wae] JnwlE =
AR A7) Ehabs] $a)E]al QIthDe Vet et al., 2011;
GRIEBLER and LUEDERS, 2009; Hassan et al., 2015;
Kim et al., 2020; Korbel et al., 2017; Lee et al., 2018;
Sang et al., 2018; Spanevello and Patel, 2004; Zeng et
al., 2017; Zhang et al., 2016). LAY A}5olA &
M S o S ddel] ffste] rEjR|E
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Sampling- site*
Weir

Fig. 1. Sampling locations of groundwater wells in the study area (Noseong stream watershed).

Ak A% FAEE, A7IHERE, pH, 854k, 4F
SIEAANS FHE FESHAH (Multi 3620 1DS,
WTW, Germany)s ©]-83t Alg A3 2ol S7431A
o Bl AlEe @7 o] HE wizlR] AskE
purging ¢+ F AFSAT. sl T F8 8 ol
(Ca*", Mg*, Na', SiO(aq), K), = 2°]2(CI, SO7,
NOy, HCOy) §&, PI¥E T3 4L A% A& A
FHataok. 7o 8F Yol 8 ol A4S Hst
o AJ&E 0.45 pum membrane filter(Advantec, Japan)S
o83t F-REAS AAT T 47 30mLE FlE
A g7]o A(FIEFITHJeong et al., 2015). 5 ol
A= 75, 871 WH F3 3SR flal @
ZdollAl AAHHNOs)YE 3718t pHE 2 o8k A8k
Jeong et al., 2015). HCO; A1&9] 4%, 125mL &
ol 871 o83l A5E AT S
A BAE 98l AR 2 LE Fat AgEel AFsHa ¥
AR @CE FAsH AR ettt

23.F2 EE o2 24

Al ARl F8 8 ol & B0l =

fr

247} A% Zet=el B335 (ICP-OES; Optima
7300 DV; Perkin Elmer, USA)?} o] &= &2rtE 12)3)(IC;
ICS-1500; Dionex, USA)E ©]-83l] ZA3Itt. HCOy
(total alkalinity) &%= AFs-Z77](T50 Titrator; Mettler-
Toledo, USA)S ©]&3le] =43t} Ca®, Mg*, Na',
SiOx(aq), K', CI, SO, NO; FX9 detection limit
Z¥z} 0,02, 0.1, 0.1, 0.06, 0.01, 0.01, 0.05, 0.04 mg/L
ojc}.

24. DNA & % 7|Me 24

H7NME BAS St AFHET AIRE 022um
membrane filter(Advantec, Japan)E ARE-3l] oj3}sk &
TE= 20°Col] 23 F DNA FZo ARSI v
A E-2] genomic DNA(gDNA)= o33 e ZHE
DNeasy PowerWater Kit(Qiagen, USAYS ©|-83}e] A=
Ate] el we} FESIAtt. AT A7 1M BEA (next-
generation sequencing, NGS)2 Macrogen Inc.(Korea)2]
Miseq(lllumina, Inc.) ZHIZ o]&3}le] wAHE2] 16S
ribosomal RNA(/6S *RNA) FAALe] V3-V4 J9S
tgos AlzAte] WRol] wet St NGS 232
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Fig. 2. Box and whisker plots showing statistical analysis results for the concentrations of (a) major cations (Ca, Mg, Na, K, and SiO,
(aq)) and (b) major anions (HCO;, Cl, NO;, and SO,). The edges of the boxes are the 25%and 75% quartiles and the bars indicate the 10%
and 90% data spread. Red line presents the mean value and outliers are indicated by solid circles.
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Table 1. Field parameters measured in this study

Sample Temp. (°C)* EC (uS cm™)° pH DO (mg/L) ORP (mV)!
NG-01 14.6 244.0 6.4 6.4 307.0
NG-02 15.0 229.0 7.0 5.6 288.8
NG-03 15.8 227.0 7.0 6.6 193.8
NG-04 153 423.0 52 2.1 248.6
NG-05 15.5 356.0 6.4 44 236.8
NG-06 14.8 222.0 6.1 8.2 267.1
NG-07 16.2 260.0 6.5 6.8 170.0
NG-08 16.3 359.0 6.5 3.0 277.2
NG-09 16.8 246.0 72 5.4 308.1
NG-10 16.6 245.0 59 4.0 272.8
NG-11 16.3 416.0 6.6 8.6 240.0
NG-12 17.6 130.7 6.6 8.0 209.0
NG-13 16.3 180.2 6.7 32 205.4
NG-14 16.2 148.5 6.2 1.3 189.1
NG-15 223 212.0 6.3 7.0 242.7
NG-16 19.5 300.0 6.5 9.1 259.4
NG-17 16.3 493.0 6.5 49 258.0
NG-18 14.4 240.0 6.5 4.6 -10.8
NG-19 16.0 780.0 6.6 25 204.9
NG-20 21.1 635.0 6.9 7.6 140.5
NG-21 17.9 339.0 73 0.0 -68.4
*Temperature

®Electrical conductivity
“Dissolved oxygen
dOxidation-reduction potential

= AP &8l ol 2 TEEHM Q19
oM E X3kl 82 4 Uth(Hounslow, 2018). A
?-Z]oﬂg] L= Cate= 22-722mg/L«] _\J-I:HHE]- =]
H*HE HolH HCO5, SOt Z+2} 0.49, 0.552] A=A

FE Hole WHH CI, NOyoh= 242} 0.867 0.78] %
WS RS BT mep Apdde) g2 carel
ke A1 9a) He] 94 o] Fsde 22
& 5 ok Aske W Na RS F2 AR 84
e ool Al 53 BelE egRdny

H fE7= 3tk 859 Naw I3 9.2-652mg/L
o] TE WIS Holn AA5HS W ol~ HCO; 9]

AAIGTE 0.695 HolE vhd Ql9)d e¢log Halu=
NOs<e] A= 0.182 wig- e HPdS Holug

A9 SRt AEEA 7Nt o= HrkEh
W20 e Mg ABlEEolY 4k BEe] &3l 9
3] skl 85 M) 739 Ca¥9t fARH A1”
7193} <1914 2999 FUL E3) XH—’FOH g=9 A
o7 d=dr) X]O]*r‘ Y KE URE 359 g
o2 9% AoF 2mg/lL olslE EA)3HSacther and

De Caritat, 1996). 7A9e] K'= ¥ 2.7mgL (1.1-
132mgL)2 AFHR 5l K $52 275k gl
1917 88l o8l Aekroll BEHUE 7FsAdel Uk
A7A Gl Aakd HF FEE 332mg/LO-111.9
mgL)E HE= & FEA7IES 28k e, &5
w2t 5948 B4 203 mgLn=7), MAE& FHH 456
mg/L(n=9), 33 TN 29.0 mg/L(n=5)2] H#ks B
ot AAANOyeIU 94(ChY] FE7t 34HE(S04)
9] Fxof| Hlg) &2 AL ANH 2949 73S AL
SFCH(Kim et al, 2002; Yang et al, 2015). A1FE)]
Ao Ak FEw 2me/l ©olstelH Hd) 133 mg/L
ArZ 7 ol T 91914 9o TRE £9S
ouslEz AR bl AX FHEFol <3t x|}
T L] 3] WAL = AR AFETH( Mueller
and Helsel, 1996) AFAGe] AHe- AFHR] =AY L
2 3BHIE, i, S, g T ot 2de
150l B Wk ope} EH| ARgRke] Bol EY ¥
Ak LS doZd 7}—“01 = 1 5o AES

Appsl= A YEEIE
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AS-S HAFATHKo et al., 2008). ARG ¢
2kde] Fwrt w9 sBHLEA E¥ske 54ES Hol
ZoE Hol Ut HRE T3k Fikd 2990] dofujar
U= AT wHEH, AdFoE Tl e g A

-
G(NG-09, 14, 18, 21)9] 7% 3 HolA m]gE
ok gzl whgo] Js vHS Ao=E FAHEL) CI o]
22 APk, B wjEE, f7)1E B8 AR 0
HiEEs 242 guiA Jdom g kA x4
&2 gkl oJalf 2, {2, 1A vaEe] oJgh Azt
Hhgo] Ao YA ¢k7] wiitol| thedst 378 FARE
o] AREEIL UTh(Stites and Kraft, 2001). A<
7dF CI& 5.7-852mg/Le] WHE Ht 265 mg/l &
TE Hon HuHo= wHEEo] 3% sRAIHeR
55 st TR A4S Btk I9E 299 A
21 CIF NOs9| #AIE Ard Ja3AS 0.6729] =
2 AHIAE ERl sl o HYS wiAIS Cre
EAle tiFE A 8A, AL, VSRR 2 HIRY

+—Ca

AR 22 1913 e<doll 71R1E 4 Uth(Sherwood,
1989; Stites and Kraft, 2001). 3akae] 749 7Rkt
x3Ee] e dsldEe] Aoy A3 (gypsum)e}
22 ke BEe &l o8l M = AT AT
A Aol 79 Ca¥ FFol So» T F7lel wiet
Hlgldoz Zrlsle 43S HoFo] s 80,79
71902 sdRES] 83l 7FsAdo] =55 ANSHAINL
AROGS Asledlel 28 752 Uehe 34
(S0 T durdo= 38t vlg, Hu] 9 Adsl
T Az el sl AAEE LAGEAZ IHA Uk
Iuk o g Aale] QAFM IS A= Hale) A
3ol DA APAAS HolFed), A7AYe] BS-
ke 1o} g 30m ©J3k] FF #YoH, T2 F
A 7P} R3Sk Qo] Akt sV A
galrol] Y A7 Bl Q= A= FekE)

33. 78 /8 84

AFAGe] Al A B3-S HAoRsh] s 78 &
= o] AE-S Piper diagram(Piper, 1944)l =AISHA
THFig. 3). ATAe] Adl5E Ca-HCOFAMHE] Ca-

10 60 80
Cl+NOy —>

Fig. 3. Piper diagram for the groundwater samples collected from study area.
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Fig. 4. Gibbs diagrams showing the ratio of TDS and Na'/(Na* + Ca®>") or CI/(Cl" + HCO5") and indicating mechanisms controlling the
groundwater chemistry in the study area.

SO &7FA9] JYol &5 UH- AlE= Na-HCO;H< A &4 vkl o3l FAEE Na-HCO; 73S X
3RS & 4 Aok JA A8 AR 57%(h=12)= Ca- o=t AP} Askete] Hke- H ol wgl ]F
SO, f3o=z BREom o= AP = 3slgE) o3 FAEUS Ao E HAdHE) ook Na9l F5(65.2

T
A 71918F Aoz et Xgl A5 38%(nm=8)= mg/Ly} & X3k AR Bls] TA3] =7] wjFol] A
3P Aslre] sl 548 UYEE Ca-HCO, AeA g3F olefdll w=A3H sFAIGAA Y] st T
Aok 53], Akl 9AXIgE NG-21 #HA<] G} AR QIgh e ofgt JF= 7EE AL

o
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Table 2. Pearson’s correlation matrix of groundwater hydrogeochemical parameters
Temp EC pH DO ORP Ca Mg Na K Fe Mn SiO, CI NO; SO, HCO; TDS DOC
Temp 1
EC 0.136 1
pH 0.181 0.023 1
DO 0.273 -0.138 0.094 1
ORP  -0.090 -0.070 -0.314 0.357 1
Ca 0.091 0.877 -0.016 0.133 0325 1
Mg 0.049 0.899 -0.064 -0.094 0.175 0.892 1
Na 0.257 0.585 0.228 -0.421 -0.581 0.202 0.306 1
K -0.281 0.254 -0.625 -0.228 0.148 0.214 0231 0.121 1
Fe -0.268 -0.118 -0.009 -0.050 -0.538 -0.251 -0.140 -0.161 -0.004 1
Mn  -0.259 -0.112 -0.010 -0.055 -0.538 -0.246 -0.132 -0.162 -0.003 1.000 1
SiO,  0.102 0.014 -0.286 0.132 0.188 0.126 -0.066 -0.024 -0.146 -0.335 -0.334 1
Cl 0.030 0.926 -0.028 -0.119 0.044 0.863 0.835 0.437 0.164 -0.126 -0.120 0.177 1
NO; -0.195 0.714 -0.187 0.091 0.293 0.776 0.783 0.182 0.281 -0.278 -0.279 0.218 0.672 1
SO, 0.190 0.782 -0.014 -0.213 -0.325 0.554 0.691 0.618 0.424 0.093 0.100 -0.356 0.547 0405 1
HCO; 0.445 0.651 0423 -0.261 -0.315 0.492 0.519 0.694 -0.041 -0.155 -0.148 -0.160 0.507 0.100 0.632 1
TDS  0.117 0.987 0.004 -0.129 -0.042 0.887 0.903 0.595 0.280 -0.189 -0.184 0.081 0.901 0.765 0.768 0.652 1
DOC 0347 0.719 -0.110 -0.311 -0.317 0.483 0.615 0.570 0.233 0.036 0.045 -0.196 0.679 0.201 0.745 0.623 0.667 1
All values in bold print are significant correlations (p<0.05)
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Fig. 5. Microbial taxonomic compositions of groundwater samples at plylum (a) and class (b) level.
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Table 3. Alpha diversity indices at the 97% OUT level of groundwater samples

Sample No. of OTUs Richness Diversity - Goods
Chao 1 Shannon Simpson coverage (%)
NG-01 18362.0 19375.5 11.7 1.00 96.6
NG-02 12880.0 15255.0 10.0 0.98 96.2
NG-03 7739.0 9327.2 7.8 0.96 97.6
NG-04 9908.0 11857.1 9.7 0.99 97.0
NG-05 7330.0 9412.6 9.6 0.98 97.9
NG-06 8011.0 10397.5 8.1 0.97 97.3
NG-07 9811.0 12500.4 9.6 0.99 96.8
NG-08 14236.0 17048.5 10.4 0.99 95.5
NG-09 12653.0 15363.8 9.2 0.96 95.9
NG-10 6998.0 9526.2 8.0 0.95 97.6
NG-11 13487.0 17080.4 10.1 0.99 95.4
NG-12 12088.0 157312 94 0.98 95.7
NG-13 7307.0 9594.5 7.6 0.92 97.6
NG-14 644.0 792.7 7.0 0.98 99.9
NG-15 9669.0 12358.8 9.2 0.98 96.7
NG-16 14796.0 17167.8 10.8 0.99 95.7
NG-17 10913.0 12799.8 9.7 0.99 96.9
NG-18 13387.0 141342 10.7 0.99 97.5
NG-19 2135.0 25224 4.7 0.75 99.5
NG-20 12138.0 131294 10.7 1.00 97.4
NG-21 10528.0 11137.6 9.8 0.99 98.1

34. 04 28 24
A T A U s TR o B4
et 7MY A4S st 24 AR 2019
AEZ2HE AFA ME, 23 AE7 7H AES Al
ofslal 2,963,56170¢] A7 LS dAeH Z4 ART
115,000712] @7 MBS S F=3t] B4 73
B} tH(Table 3). 3 OUT(Operational Taxonomic Unit)
= 10,239.0°]11, FTFE5 (richness)E® YER= Chaol&=
12,214.90]0H, 3o thFd(diversity)s UER=
Shannon®} Simpson index= Z}Z; 9.29} 0.972 YER)
t}. Z} A|89] coverage T2 Hit 97% oo R 7 Al
59| BAS Z st Ko R S HFE Hds
o A7F AR sk AEks Btk Alske
T, slekA 9 AHEH BEA4S viEo g v
o] tpketAl Exst. sHARE, e dovt 54 o]
1&gl et rAES] thedo] HAEHA HH AR
A FAEAE g3 vE 4 JITHGRIEBLER and
LUEDERS, 2009).
A7IAE 7IRF mAE R 24 A9, F emle] &
o

e e

N

(phylum)22 TA=o] 93l ©|F Proteobacteria’} 71

A3} 92 ™ ODI, Actinobacteria, Bacteroidetess™

o2 ZA5ItH(Fig. 5a). Proteobacteria= THFE2] |5}
oA 71 @o] AR = F O Z(GRIEBLER and
LUEDERS, 2009; Lee et al., 2018; Zeng et al., 2017;
Zhang et al., 2016) A A8oA Bt 46.1%= A
sl 9o HA 16.3%NG-19YE FHi 78.7%(NG-
06Y/HA] F5A ®3xslal k. oD T2 F4kh 87
oA EAE= v]AE(Nelson and Stegen, 2015)2 3
7.6%= AP NG-01 AlZOlA 284%2 7 =
H1&-S Holal NG-07 AlBoA 0.5%2 71 A Ye}
ST} Actinobacteria= | &Eol F2IE 7R F-A 0
et EAlskal AFRTE 2R sk ARolA 3]
WFARE WA E2(GRIEBLER and LUEDERS, 2009;
Korbel et al, 2017; Oh Yong et al., 2020)
59%% AAEaL AT F71ES BT 4+ A=
Bacteroidetes(Sang et al., 2018; Thomas et al., 2011)
= Bt 53%%2 E=A8HH.e™ Y] Nitrospirae, OP3,
Cyanobacteria, Firmicutes 5 3 5% ©|3l= EAl8}
I ARO NG-20 AlEA Nitrospirae(22.4%), NG-19
A&l A Cyanobacteria(66.9%), NG-14 Al E|A] Fir-
micutes(11.0%)7} =4 EA5= 54S B, 53]

Bacteroidetes= ¥ 7S AAE 4 o o

o

;
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3 3714%1Q] Cyanobacteria®] &A= 0 A %42
Fridoll oJgh FFo = Ak

ABe] 71 & ¥ES XBR|SR= Proteobacterias 7
(class) g=TollA] B8R Alpha, Beta, Gammaproteo-
bacteria’} 212 et 10.6(1.8-29.6), 16.6(2.8-35.0), 10.9
(1.7-33.6)%= L2A FEXEo] 1o™ Deltaproteo-
bacteria= Hi 6.9(0.4-27.00%S RISl ATKFig. 5b).
Alphaproteobacteria= 7l-¢- T Fo02 =0 3l

H g EHE, Wl e AF @Y o] A I
Ao ABES = = EAS zE=TH(Kersters et al.,

2006). A& AAH R AL AHTS E3EF= Rhizobiales
@ 3.6% ARA f7lEelY 45 AAEoAR
AH8-81= purple non-sulfur bacteria® 3X3$15l= Rhodos-
pirillales =+(1.4%), "3 f715S B3lsbAY vlo|e2
& Aol 38 9IS 3= Sphingmonadales 5-(3.7%)

==

(Balkwill et al, 2006; Oh and Choi, 2019)] 1A
Alphaproteobacteria®] 82%% 2FA|glal At 53],
F2el FR| oA F2 WA= Rhizobiales 22 &
4 34 Y s B3 EY Jty o] =
NAER EYe] 1387 A&rkse A5 S8l T2
gk 93-S studlckar ¢elA Ut Wang et al., 2016).
w9~ gekek tiAl 7132 AY3l 1= Betaproteobacteria
Bolle T2 F718PE0A At 23 H 8HE9] o]
7V (Ferrous ion, Fe*' )& AHIAIZIM SeH-7]19% 47

S @ 4 &= Gallionellales =(5.5%)°] 7P @o] &
Askar UAtH(Hallbeck and Pedersen, 2014). ©]52] &

N

14 2 aPse o] FHa Aalgol sl olg
4 =Rle) 9lo] HY|E Se A me v e
AA &&= 5% AUthDe Vet et al, 2012; De Vet
et al, 2011; Katsoyiannis and Zouboulis, 2006). B=3F,

| 2o ]

- 2 E @

E ., & & & 38 o
= 84 8 S 8 B =
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Fig. 6. Heatmap illustrating abundance of the OTUs at the genus level. Genera are present for top twenty OTUs those whose highest
sequence abundance across the samples. Dendrograms on the vertical and horizontal axes are based on the Bray Curtis dissimilarity

matrix.
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A71A e 5717 SN ok R f7) sk
s Rhodocyclales &(1.9%)(Oren, 2014)
T 0% FES Bkl ik theee] Hedds X
el oshx oz F Q3 Gammaproteobacteria 742
Legionellales =¥} Xanthomonadales Z-0] HA|ZHo 2 11
2 BFsfaL deH 53], A7EEE IRl ks
o]&38t 4= = Methylococcales &-(Orata et al., 2018)
o] NC-14 Al8°) =& HIE(13.60%)E A5t Je
EAS B9 ¥, Deltaproteobacteria 732 FA| 3
A vl vk HlER EAEIAL O NG-16 A9
26.98%= = YeRhs 548 B3t HjdddolA|
T AAag7 Aol e AeE 4zl NBl4 H(de
Voogd et al.,, 20152 A=8H2] WAAZ &8 71s730]
$J= Bedellovibrionales &-(Bratanis et al., 2020), %
ol EAsh B84 7S 3lIshe Myxococcales
E-(Huntley et al., 2010)0] thHE-2 2|8}t JAch.
Z(genus) ol AR WE PRAE #Re EAAS
I A3t 7 w2 NEE EAlskE A9 2070
&5 WO E heatmap 45 THSAHFig. 6). AR
= 3A FHe 2FoE FREUCY 7 EAe] A
TS BolAle LTt HA 152 Agrobacterium,

Sphingobium, Hydrogenophaga, Flavobacterium, Limno-

habitans®} 7Xo] TIFE T oA =2 s = &
718 HEC] $Hske SAHOE Hol A ARTY o
S A B Y= AoeE AFHTH(Kasalicky et al.,
2013; Lacroix and Citovsky, 2013; Lee et al., 2015;
Waskiewicz and Irzykowska, 2014; Yoon et al., 2008).
Crenothrix polyspra®] 735 Z31slet AAE vAE= &
A ol 244 &3 FJHES vheEo] A$g ARl A
£ do7)7|= K (Wolfe, 1960). T=SF, Crenothrix 452
27N F SR W' Askss e % Al
wj 7ol sE2A oA 719as) B e AFE S T
23 A8 2 Fgo] 75T Ao|t(Stoecker et al.,
2006). FRIA 15 WASId FANA 8EE o7
A o] (Fe?M)S -84 HEQ) S48 (ferric hydroxide)
2 2BIAFIE Gallionella 0] 73}l ItH(Pedersen,
2011). & Ak} mdEe] A9 d AskE 8 ¥ 4]
o] fRle] H7|= 3A|Th, AAdE HilslEdl o) S5
&S AASE 715 & = Jti(Hassan et al, 2015;
Kim et al, 2020). &g+ o] Igolle o714 HA=E<]
Bdellovibrio &3} Nevskia 0] BlnZ] =& HIx = &3)
e WA A, TEA vAES Meiothermus <5
(Spanevello and Patel, 2004y 2 Zfol] A]2]s}H
ZAkS Akl BAE71V3TR] Lactobacillus 450) 271
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Ho] i 29s wHd & e %‘Pr WS EAI
(Slover and Danziger, 2008). AJ¥1 o 4
|02 AMEE #HS s /\)\9— 3
EFEe Mycobacterium 40 39313 = 5SS H
oIt} Mycobacterium 452 B, A, A%, A8l
4 sl o] Tkt el Mlslar o §9, A
T 2 AFH o8] HPET] vl T Bl thsk
#2]7F B3k A o|th(Forbes et al., 2018; Percival
and Williams, 2014; Schulze-Rébbecke, 1993).

g

35 HMH Hald ojdE 22

A 2,415,000702] F7IES- S(genus) oA H
AeAs W, 117,931709] F7IMB4.88%)°] A 1
LA vlAE 9714 < (Ghilamicael et al., 2018; Ibekwe
et al, 2013)2 EFEAHFig. 7). ZA 2770 & FolA]
Mycobacterium 4:°] Hit 1.6%Z 7 =2 Hl&2 &
ke Ao FRIFAN oW NG-02, NG-08, NG-09 A]
FollAl 247} 2334, 14.83, 21.46%2 EAlskaL ATt
ol WL FE FUEOE AREIA oy S8R
ABSPAT HE 2 Aol v AR A 7
22 7ol W E7] Wil Fort Fasitt
(Pachepsky, 2011). 53], Mycobacterium latzerense=
HIAdHo R AT A AZHdAME 25 s o]
T B A B¥ol ¥ Zer RIuHAY
(Delafont et al., 2017). o5tz 414 23S doZ
A= Bacillus,
Pseudomonas, Shigella <5 5% ITAS Aol 3823}
A BEXsl= EFHS EMHKanamori et al., 2016;
Ramirez-Castillo et al., 2015). & X|99] A X3l

Clostridium, Escherichia, Legionella,

2 2842 A= Al Bong FEXY Ak
o] A¥HAR] 4 Tt WiEA| J”&d A goltt.
4. &4 =

B A7 A3ARN s2AY = F99 Ak
£ gfez 54 9 wAESE 548 BAEth o
TAHL AFGE Ui ARUTFoR FE QSRS
2 Y80 F AL glom %%{i TE9} slslet
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T o] vl e A= vEhdth vAE 9] AT
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