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Analysis of Bacterial Community Structure in Leachate-Contaminated Groundwater using Denaturing
Gradient Gel Electrophoresis. Kim, Jaisoo, Ji-Young Kim, So-Yeon Koo, Kyung-Seok Ko', Sang Don
Lee, Kyung-Suk Cho*, and Dong-Chan Koh'. Department of Environmental Science and Engineering, Fwha
Womans University, 11-1 Daehyun-dong, Seodaemun-gu, Seoul 120-750, Korea, 'Ground & Geothermal
Resources Division, Korea Institute of Geoscience & Mineral Resources, Gajeong-dong 30, Yuseong-gu, Daejeon
305-350, Korea — This research has been performed to clarify the relationship between hydrogeochemistry
and bacterial community structure in groundwater contaminated with landfill leachate. We collected and ana-
lyzed samples from 5 sites such as leachate (KSGI1-12), treated leachate (KSG1-16), two contaminated
groundwaters (KSG1-07 and KSG1-08) and non-contaminated groundwater (KSG1-13). pH was 8.83, 8.04,
6.87, 6.87 and 6.53 in order; redox potential (Eh) 108, 202, 47, 200 and 154 mV; electric conductivity (EC)
3710, 894, 1223, 559 and 169.9 puS/cm; suspended solids (SS) 86.45, 13.74, 4.18, 0.24 and 11.91 mg/L. In
KSGO01-12, the ion concentrations were higher especially in CI™ and HCOj5 than other sites. The concentra-
tions of Fe, Mn and SO~ were higher in KSG1-07 than in KSG1-08, and vise versa in NO#™. In the compari-
son of DGGE fingerprint patterns, the similarity was highest between KSG1-13 and KSGI1-16 (57.2%),
probably due to common properties like low or none contaminant concentrations. Otherwise KSG1-08
showed lowest similarities with KSG1-13 (25.8%) and KSG1-12 (27.6%), maybe because of the degree of
contamination. The most dominant bacterial species in each site were involved in a-Proteobacteria (55.6%) in
KSG1-12, y-Proteobacteria (50.0%) in KSG1-16, B-Proteobacteria (66.7%) in KSG1-07, y-Proteobacteria
(54.5%) in KSG1-08 and B-Proteobacteria (36.4%) in KSG1-13. These results indicate that the microbial
community structure might be changed according to the flow of leachate in grounderwater, implying changes
in concentrations of pollutants, available electron acceptors and/or other environmental conditions.

Key words: Leachate, landfill, bacterial community structure, groundwater, denaturing gradient gel electro-
phoresis, hydrogeochemistry
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FelAsket 9 v E EAE 3l v AR & AES
(KSG1-12), A& Mgl F wH(KSG1-16) E 2943}
4(KSG1-07, KSG1-08)%} wiAXI814= (KSG1-13)2 A3 3}
ey

AF == Ak Age #5AY A FIEA R84
< veRlZ] 9I8le] okE ShEA 2%, ]S (pH)
2 A7 E % (electric conductivity: ECYE F43le] o]&°]
oA ZE veRd F ARE AFEHAT &5, el
F=(pH) ¥ H7|HE=ZEC)E A A pH RE|(Orion
Co., USA) & A7 =% w|E](Horiba Co., Japan)S ©]&
sle] A FA sl o, dylel e WELAAE AAF
22 ARgsled A sle] EAITH22). ARERIA 9 (redox
potential: Eh) S34-& #ApollA] Wi (Pt) ASE o] &3l &
Aol o AL Zobell 848 o]-&3le} A EXS
g A8l Al 045 pme] WrEel B2 o3t F
o] 22 Ao @ AP E sl S0l 2 WYAR A3l
AGAR pakEgich ARAR $HkE 23k AR F8
oko] &(Ca, K, Mg, Na, S)¢} $F<4(Al, Ba, Fe, Mn, Li,
Sr, Znye Z39HE-F7](Ultrasonic nebuliseryt A3Hs F-=
AgtEelzr} YAPEES1-E47] (Geoplasma, Jovin Ybon,
France)& A}-§-8le] EA3lgl v, CI, F, POF, NOj,
NOj3, Br, SOf &°]&2 o]z Znl&E 13 3)(DX-120,
Dionex, USAYE ©]-83l] FA319iv}h. NH;-Nzk &= 249
oF-& Portable Spectrophotometer(Hach Co., USA)E o] -&
Slod FAA BAE Saslsde}. F-7-22 (suspended solid:
SSy> of=Hell dudt ¢Ae s $Yg e s &
Asloiet.
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goz AEego] AL 7oz Aok A8 (KSGI-16,
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BERE FAE Isialet. QAR o8 FAE 3

w517] A&, A" 250 mi fA T A3 A BE 200
miell ¥ 9,000 rpmellA] 10& FoF YdEe|st F Absl
S W2 Ropal FAES Al 2% 1.5 ml tubeol] o
12,000 rpmellA] 10 £ 33t 44 Relsld FAE 3531
o}, oJahgel] ofsl] FAE B3l Slsl, Wl BEi(pore
size: 0.2 pm)E 7} A|RE A7) F AR] 2] FAE
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1.5 ml tubeel] 2oy ©]& 12,000 rpmel|lA] 105 &9t AR
23l FAE 353t

RolAl FA 0.5 g(FF%) 2235 BIO101 FastDNA
SPIN Kit(Q-Biogene, USA)S ©]%-3}o] genomic DNAE
FZ3l9 ol 53 DNAE template®. 313 16S DNA
gene primerel 341fGC[16]¢} 518r primer[18]E ©] -3}
PCR=S 8§39 oH(PCR system 2700, Applied Biosystem,
USA)[3]. PCR AlE-2 DGGEE #4389t} DGGEx
Dcode "MSystem(Bio-Rad, USA)S A}4£-3}e}, 8% poly-
acrylamide gelS ©]-£3led urea HEZ 40~60%(100%
denaturant; 7 M urea, 40%(v/v) formamide) ¥ $| 2. 3}
50VellA 124]7F 5=t A7)°3% 3deH3]. DGGE fingerprint
9} frAMdE Gel Comparll version 3.5 softwared o] 23|
FAE 3L Jaccard coefficient® E & 31w}

RUX MY ¥ AISLYE RAIZEY

DGGE fingerprint25-€] HJ#3<l band 14715 Aehfe]
DNAE 323} ¥ 3411} 518r primerE AM3] PCRE &=
8393 oH[3]. PCR AHE-2 pGEM-T Vector System(Promega,
USA)YE ©]43ll cloning 3 F E.coli DH5cell 334 A %3}
ArH3]. FAARE 1419 clone® ZYHE] plasmids 53
gt 4714 9E EABIEH3]. FAR 971422 Basic
Local Alignment Search Tool(Blast) algorithm-S A}-8-3}¢]
GenBank database?} B] 3} tH1,3]. 2+ 2152 DNAY7]
AMezt Z4zke] A" 1 &9 971M9E proBiosys version
1.0(proBionic Co., Daejeon, Korea)®] 7] A Zh& o4
ste] AFEATHH FALE S e

=2 SEy Mg S8t X[5kre| WXIskEA S Hin

A pHE 3} ®|e}5A| 22 EA-S A B (Table 1),
ZZ4¢l KSG1-12%= pH 8.83°2F ek Al 7] (methanogenic
phase: pH 7.5-9))| sFslil @2 e FEAe] K== At
23437 (acid phase: pH 4.5-7.5)= olu] At Abegle- o 4
UREH6]. =, FETE 29529 Felshs ¥4 A
AR os oln] RalE f7)Ab 52 sk HlstiAdT

o] $x0=2 veke] YA 37 pHI} Fobrl Z2E Hal
ot A]ael KSG1-16%] pHe8.04% oFaze|Adelglet. #|
&A1 2.9 KSG1-07, KSG1-08 18] X KSG1-13-& 27+
6.87, 6.87 12| 65322 ] YBBAo| Hga T4 pH
WL (6-8)3tell HFHA[7], L9 F A3AlE7 v
A)eppe] pHe) v]3l SAHAE vl v 42 Zles
Hol A3 2L gisid Aoz Alsdd.

Z+ g AH A 2 KSGI-12(14.7°C), KSG1-16
(11.0°C), KSG1-07(15.0°C), KSG1-08(12.1°C), KSGI-13
(10.6°C)& Yehdt=s] KSG1-128} KSG1-07¢] Abjd oz
Fo] T2 olfis 29} w2 A, FES
JefS wo] Rk x[3lpe]7] wiFol] nAE 28l o3t o
Ab oA 8] WhEol] 7]l A= AlERn. g Mg
dl KSG1-162 57] Foll =31 defolMe] oz o
B e vl Foin]sliot

Ab3keld A 9= KSG1-1654 KSG1-08°] 202 mVe} 200
mVEZ 7} =43 2 922 KSGI-13(154 mV)T
KSG1-12(108 mV) <=0] %1 & KSG1-07& 47 mVZE 7}3
Wkek(Table 1). KSG1-127} & o]-f= A ]o)7] o &
off Z4ke] w7)e} Ao <3t w2 ST E Wiy
7ol 244 F KSG1-08°] KSG1-018c}h &4 =7 o}

e wigAZHE AZE £ B dojr] Eallel g A
AEA AREAFe] A7) WjEo 2 6]

gupd 02 A Zpoll= TCEY PCE Z& 944 33HE
& f71E2 Wol £4 Q7] Wl Fell Eaf® Parole(Cl)
olu} FrhAbd (HCO; ) 22 2ol Wy} &2d (6],
E A7lME fol "xrt 34 R olel vl A
JIAEEE AEPKSGI-12)94 7F A VhoH(Table
1, 2). ¥ EGgtel vHAIZRE 713 He] "ozl o9 |
3142(KSG1-08), X ] 4>(KSG1-16), ¥] 2.9 A 5}4(KSG1-
13y ¥l yA Jepdo n 8 EFAE £33 P78
(suspended solid: S$S)2 9 A] A ZEF(KSGI-12)oA &
Aol s g 6 o4 WatE 1 ko2 Hels
(KSG1-16), B12% ABK(KSG1-13), 23A3HK~(KSG1-07,
KSG1-08) 422 vreluch(Table 1). #el4e} vlesd A)s}
T LgAskpe s mlAER T G2 FAEA ] =
ol $iEl A 22 29I FellMe 7E7t 1 KSGl-

Table 1. The physico-chemical properties of leachate-contaminated groundwater samples and the concentrations of nitrogen cori-

pounds and trace elements.

Eh EC SS Nitrogen Trace (ug/L)
Sample pH —

(mV)  (uS/em) (mg/L) NH;N TN Al Ba Fe Li©  Mn Sr Zn
KSG1-12 883 108 3710 86.45 2005 205 8 53 199 408 267 560
KSGl-16  8.04 202 894 13.74 . 172 20 24 14 68 133 610 4
KSG1-07  6.87 47 1223 4.18 1 11 23 2190 35 10400 1520 20
KSG1-08  6.87 200 559 0.24 0 <5 7 7 24 277 623 5
KSG1-13  6.53 154 169.9 1191 <5 4 16 10 121 174 10
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Fig. 1. A map showing the flow directions of groundwater and the location of landfill.

080] & v} Asf=oA] TAe] A2 KSG1-07Rv A
Yehd Hlez Az

W R] 2] FE5o 28t 2|Fe ol A viep s dubA
ol ARSIl A& vl 258 vlebAd 27, ez,
(27, Azl 27, Aasd 2z =3 9 ekR|et
L2 7| SR FEICH4, 5] F AT 29A
o] o] 2EMAANE Bl ke 9A sl KSG1-07¢]
Al 9 A)slel KSG1-08%5} A (Fe), %H7HMn) 2832 3
AFA (80 )0l vl T2 TEE ZEFUL AAANOI Vs
Ex U2 vehd 7]Ee] Bl dubdel A o= A
= dAFE o 4 UKo (Table 1, 2). 34, GEHoHNH3)
it 7180 LEER AE(KSG1-12)00 7wk
I FE ol 2ug H IS (affinity) Wl A3k =7t

A AR FEE A|dHHEA 29 AEel KSGl-
07%% KSG1-084= A9 AEHA 92 2R JAZG
(Table 1)[6]. ¥l &5 F K9} Mgs 2 o] 23} %33
ol AE4(KSG1-12)R = 28~ (KSG1-07, KSG1-08,
KSG1-13)A @& F=& el 7 21 Aspe] =
2 Ca7} L. 9ASH(KSG1-07, KSG1-08)A =2 o] -f-=
2132 Q) e33F2l 7 ZTH(Table 2). Na: tH-2e] cfo]oE
Foll 71 A3k=r) shol yAl #RA|&= Helw] Cl¢} v
Aol 9158 & 4 UTH(Table 2)[10].

DGGEO| 2/gt 0|42 =& S v
X|akp A5 2N 343 SSEHE] genomic DNAS
E3}o] H7]ed-53 A=}, KSG1-07, KSG-12, KSG1-13 %

Table 2. The concentrations of various cations and anions of leachate-contaminated groundwater samples

Sample Cation (mg/L) Anion (mg/L)
Na Ca K Mg SiO; Cl NO; SOy NO, Br HCO; CO; CO;(ag)
KSG1-12 350 41.6 1946  36.6 15.3 5946 541 6.6 21.92 1.86 14798 36.4 42
KSGl1-16 69.5 71.9  29.55 15 26.3 169.7  77.0 20.3 120.6 0.4 2.3
>KSG1-07 111 133 7.26 18.5 20.3 282.7 1.9 38.1 1.332 4794 0.1 122.3
KSG1-08 314 77.3 2.7 11.1 28.9 119.2 31.0 11.0 170.8 46.1
KSG1-13 13.9 16.9 0.998 2.58 28.2 15.4 32.4 0.6 459 ' 25




170 Kmetal.

KSG1-12 KSG1-16 KSG1-07 KSG1-08 KSG1-13
- °
= g c
. d i c
i -~y
! fg¢ !
:Z LI o B * o d
4 =g R
- T g
, ] { ) e ”‘w‘{; ¢ 5
P:g - ¢ ;“32 Y H
‘=g : ‘L“z & C - ME
b - g
—~y
—~ll

a: High G+C Gram*, b: a—Proteobacteria, ¢: B—Proteobacteria, d: y-Proteobacteria
e: CFG group, f: Cyanobacteria, g: Uncultured bacterium

Fig. 2. DGGE profiles of 16S rDNA amplification fragments and corresponding bands for groundwater samples KSG1-12 (a),

KSG1-16 (b), KSG1-07 (c), KSG1-08 (d) and KSG1-13 (e).

KSG1-16 A|Z2FE = W2 ok genomic DNA7} 55
glov}, KSG1-08 A| 23l =38] 28] genomic DNAZ}
ZZ259oh@E vAIA). KSG1-088] 7% SS 2% 713}
wer=d), o]2ldt A3 KSG1-08 Al89] nE 257} o}
2 A5H v F3-8 AARgHEL o] 9} Zo] KSGI1-08¢]
24 Azt = £78k v T A v olfe
KSG1-078c} He] "ojx] A3y} o] & A2 2d&=r}
o] o} 038 vl e A3t Ul 5o dFE
o] A7] W<l ALoE AR

KSG1 A &2] DGGE fingerprint(Fig. 2) A& band
X2 7)Zo2 u)ws] B (Table 3), KSG1-072 KSGI-
08, KSG1-12, KSG1-13, KSG1-162+2) AL} 247t 34.4,
36.4, 39.1, 48.0%% viePget. =3k KSG1-08} KSG1-12,
KSGI-13, KSG1-1628] FAMEE 27.6, 25.8, 37.5%=. 1}
ehytt}l. KSGI-129} KSGI-13, KSGI-16%2] fAlx:
30.0, 40.9% °], KSGI1-133} KSG1-16%] FAEE 57.2%
2 veget. A3 22 KSGI-133% KSG1-160] 57.2%%
7 A VAl KSG1-083 KSG1-137} 25.8%%. 714 ¢
< ZkE Bddh

B2 A5kl KSG1-1334 22]42¢l KSGl-160] 714
T2 RS Bol AL 2957t W2 B4 diel o4
EA of3rg 7P AA e Al FRTERE AR
E3] $JolA 153t vke} zo] AbAvt wo| X3 A
AF ol 9 Al A8 £FAEAlA Ak} 3
Hgo= ola] 37| (aerobic)olt 2FE7]Ad (micro-aerobic)
T2 3 4ol € 4 o 3hH, KSG1-080] ¥l

Table 3. Similarity analysis (%) of DGdE banding patterns.

Sample KSG1-12 KSG1-16 KSG1-07 KSG1-08 KSG1-13
KSGI-12  100.00

KSG1-16  40.91 100.00

KSG1-07  36.37 48.00  100.00

KSG1-08  27.59 37.50 34.38 100.00

KSGI-13  30.00 57.15 39.13 25.81 100.00

295 Al A ut AFFs] A3k wFell Bl A
SHR(KSGI-13)3HL 717k IS4 728 714 Zlo=
of|Abo] E¢lEd], KSG1-1339] frAMAd-2- 25.8%2 vi-$- ot
2 7L v$ Eol3t Asjolgle). 3EF, o9} FHAeisled Hr}
A8 A7 B sl g KSG1-08% KSG1-129] e
FAFEQ27.6%) s 2957t & ALz AAEE e
Ao AaE e GR|shre] LA Aolo)] o3k A2 AlF
3k

HSLYEN RAIZ 24

Table 4= A3l A|2HEZ A= nAEFE A5
LA 02 ofd Fthel] L3R5 BEN]EE Vel
o} AE4] KSG1-12914% a-Proteobacteriacl] 4-3= ¢
HEFEol 556%= 74 ®3L uncultured bacterium®]
222% 18]Il y-Proteobacteria®} cyanobacteria’} ZH7;
11.1%2 HEEsigdc}t H2l4e] KSG1-162 y-Proteobacteria
o 3l= wE°] 50.0%= AY ¥4I a-Proteobacteria®h
CFB group®] 27} 16.7%$% 2 high G+C Gram™2} B-Pro-
teobacteria’} 27t 8.3%E et} 717k o XAl
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Table 4. Relative levels of bacterial clones related to various phylogenetic groups in clone libraries from leachate-contaminated

groundwater samples

% in the following groundwater samples

Phylogenetic group Symbol
KSG1-12 KSGl1-16 KSG1-07 KSG1-08 KSG1-13

High G+C Gram™ a 0.0 8.3 0.0 0.0 11.1
a-Proteobacteria b 55.6 16.7 11.1 9.1 1.1
B-Proteobacteria c 0.0 83 66.7 273 36.4
y-Proteobacteria d 1.1 50.0 11.1 54.5 11.1
CFB? group e 0.0 16.7 11.1 0.0 11.1
Cyanobacteria f 11.1 0.0 0.0 0.0 0.0
Uncultured bacterium g 222 0.0 0.0 9.1 11.1

'Symbols for fig. 2.
2Cytophaga-Flexibacter-Bacteroides group.

E(KSG1-07)lA 7F w2 $-EE°] B-Proteobacteriadl]
&3 66.7%2 ¥ FEEE s oH 1 94 o-
Proteobacteria, y-Proteobacteria®} CFB(Cytophaga-Flexibacter-
Bacteroides) groupell 2+ 11.1%2] 2EE ®odrh o o
A5} KSG1-082 54.5%2] v EFEo| y-Proteobac-
teriaol] €3} 27.3%7} B-Proteobacteriacll 18] 9.1%
7} 247} a-Proteobacteria®} uncultured bacteriumel] 4-3}93
o £AEeRE FAEE KSG1-139] A8l = -4-3)
== n|AEFE] B-Proteobacteriacl] 36.4%% 714 @o] #
EIE T U A= high G+C Gram”, a-Proteobacteria, -
Proteobacteria, CFB group3} uncultured bacteriumel] 27}
11.1%9] 128 225 vepligle)

oj9} 7] Zpzke] Aol whE AFLAS w|AE A
50+t BF 2 ol 4 ARE AFHE 29
29 ERlEEby o eixAEE 7] MR B2
ol o]e]] FFFS Wh2- AJEEH o] HFeR o]F o
Wk vAEEREET} o2 JepdSE «ddE = Utk
g DGGERAel g3 fAk=rt 71 717" KSG1-13
3 KSGl-16:= 7P 43R Al Ao a=2x 713
B oAl AN FelM FEoR REsle v Ee] S
o g 3ok A& BEo depM AuRy &4
(KSG1-12)lM%= a-ProteobacteriaZ} 78 Bkl A&z
vi2. 2 9% 28K SG1-07) 4= B-Proteobacteria’} &
o] B 2 AR (KSG1-08)el| A3 y-Proteobacteria”} 714
wekow ofF o We| pAlEles FAEE KSGI-139]
2= ©}A] B-Proteobacteriaz} 7HAF ko) tE Al B2
TS FAF FEIGIC o]gd HEFEY #AHTE
Hike L Q=) 83 AAgA 9 F5el vt 2k
S Aot A& Sl vietdde] 4 & e
2 JAEREE Archaeas 913 £ primersg AH831A] o
of A&o] <k Hid

Fig. 2 7} Al22] DGGE bandZ viepd 7oz M=z 3
AR e bandSe] P7IM AL BAse] ARy T
e BAEEE FHEL =24 e EFEoE vhHY

+=4l o-Proteobacteria, B-Proteobacteria ZL2] 3l y-Proteo-
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