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Evaluation of the Effect of Mine Drainage on the Aquatic Environment by
Quantitative Real-time PCR
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ABSTRACT : Metals and sulfate can be considerably dissolved at low pH condition in the acid mine drainage(AMD) and it would
make an environmental problems. There are only few of acid mine drainage treatment systems in Korea which are operating, but
these still have an effect on the surrounding stream. In this study, quantification of indicator microorganisms was conducted to
judge the environmental impact of AMD on microflora by quantitative real-time PCR in the drainage samples of four mines and the
water samples of each surrounding stream. Two species of iron reducing bacteria(Rhodoferax ferrireducens T118 and Acidiphilium
cryptum JF-5) were selected for indicator bacteria based on 16S rRNA cloning analysis, and sulfate reducing
bacteria(Desulfosporosinus orientus), iron and sulfur oxidizing bacteria(Acidothiobacillus ferrooxidans) and iron oxidizing
bacteria(Leptosprillum ferrooxidans) were included into indicator since these were found in the previous studies on the mining area.
Thereafter, the comparative analysis of four mines were established by the microbiological variation index and it was determined
that the biological environment effect of AMD is highest in Samtan mine which doesn t contain treatment system by the value.

Key words : 16S rDNA, real-time quantitative PCR, mine drainage, Molecular biological monitoring
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Table 1. Locations of water samples of the four mines and mine drainage treatment systems

Coal Mine Sample Location Treatment system Capacity
S1 Control stream
S2 Leachate of the mine tailing
Samtan - - No treatment system
S3 Mine drainage
S4 Stream including effluent
Y1 Control stream Oxidation pond >
Yuchang Y2 Mine drainage SAPS > 800 m3/day
Y3 Stream including effluent Constructed wetland
T1 Control stream SAPS >
Taejung T2 Mine drainage Oxidation pond > 200 m3/day
T3 Stream including effluent Constructed wetland
H1 Control stream o
Hamtae H2 Mine drainage Neu?rallzatlon > 8,000 m3/day
- - settling tank
H3 Stream including effluent
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stk AtslEt A 9= ORP meter(Horiba D-52
portable pH/ORP meter, Japan), A7|A=EE A7
% Z47](YSI conductivity meter, Model 30, USA)E
0]-831%13 pHE pH meter(Orion 3—Star portable pH
meter, USA)E o]&3to] 4530t

AEEA A QL (BOD), 2718 (Ferrous iron)©]
Standard Methods®ol &8to] EA =Gt SO42- &=
ol ARutE I 1(IC, Yong Lin Instrument, Water
432 Conductivity Detector, Korea)oll 2l3lo] AA =

s e dAbe] ot EoE AAYE T ¥ fE
AgEet=ut $EEFEA7|(ICP-OES, Varian, Liberty
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A& 100 mLE 0.45 yum pore size®] membrane
filter2 ©3}8}al o] membrane filterE vAE &4
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FastPrep®Instrument(Q-Bio gene, USA) ¥
FastDNA®SPIN Kit(Biol01 system, @—-Bio gene,
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o}, 7t W&o st NdE9 52 2elst] dl 165
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ACT T 3)°] 93t 28 a 4 A4S (Polymerase chain
reaction; PCR)E 33} % tH(PCR Machine,
Techgene). PCRY FHAHE2 Winzard®SV Gel %
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Center for Biotechnology Information) A&
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Table 2. Primer sets for quantitative real-time PCR of target bacteria and the temperature condition

Target Primer Sequence (5'-3) PCR condition Product size (bp) Reference
338i CCTACGGGAGGCAGCAG 95 1 min,
Bacteria 60°C 1 min, 181 15)
518r ATTACCGCGGCTGCTGG 72 2 min
Desu . Dor-F GTGGTTTAATTCGACGCAACGCGA 95°C 30 sec,
esullosporosinus 60°C 30 sec, 153 This study
orientus Dor-R TGCGGGACTTAACCCAACATCTCA 72°C 30 sec
Acidithiobacil Afe-F AGGTGTAGCGGTGAAATGCGTAGA 95°C 30 sec,
cidithiobacillus 60°C 30 sec, 176 This study
ferrooxidans Afe-R ACACTCAGTACGCTAGGCACCAAA 72C 30 sec
_ Lie-F TCGCATATCAGAACGATGCGGTGA 95°C 30 sec,
Leptosprilum 60C 30 sec, 131 This study
ferrooxidans Lie-R AACACACAAGGCGACCTCTCTCAT 72C 30 sec
Rhodoferax Rie2-F ACAGAGGGACAATACGCCAACCAT 95°C 30 sec,
ferrireducens 60T 30 sec, 186 This study
T118 Rie2-R CCGGTTGGCAACAAAGATGGTGAT 72°C 30 sec
o Acr—F CGGCCGAGAAGTTCATGCACAAAT 95°C 30 sec,
podipnium 60°C 30 sec, 195 This study
cryptum JF-5 Acr-R AGACGATGATCTGCTTGCCGGAAT 72 30 sec
3 EAAY &5 7] copies/mL =

standard DNA7P 492 A "}, S
genomic DNAE iAo 2 7t xZzfto|mof tfs}o]

——‘6]—

A}

q
[e)

‘o

S Aude wA] A9
3]

Standard DNA+=

PCRe 93t S35 skl HAst] A 2kshint. FA1d

standard DNA= EH45%
oA &¥=(0.D.260)%
AASFATE

numberE

Rzl 0] 260 nmo} UV 13
ZA3ste] kS Al 23] copy

Table 3. Water quality of samples in four mines

(0.D.260 % 50 pg/mL for dsDNA)
(bp of DNA X 660 g/mole)

X (6.022 X 1023 copies/mole) X 10-6

A7) A& Ed) A4 copy number?] Logkat 1024,
1034, 1048l 1058 34 ¥ PCRAHES A A7 A% PCRE
5Fo] d-& Ct(Threshold cycle)gt Atele] 12 & 18 4
AL et Cta2 FF(fluorescence)dte] base line
AU 2HY cycle 24 AF S BEsts Heg

AFEHETH B AF oA E MiniOpticon Real-time
Detection System(Bio Rad, USA)& o]&dlo] Z} AR
A FEE 5 g i Fol digt &
o] f+712+2] copy numberE 7 33t

tlo

genomic DNA & A€

Sample pH ORP  Conductivity S042- BOD Fe2+ Fe Mn Al Cu Mg Ni

(mV) (uS/cm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
S1 71 283 721 0.99 0.16 2.66 0.30 0.13 1.15 0.06 9.68 0.00
S2 2.8 551 2036.0 245.70 0.26 7.73 82.54 44.39 202.85 0.49 170.24 4.66
S3 6.6 93 665.0 11.81 0.31 3.75 6.34 5.58 17.76 0.03 92.59 0.00
S4 4.5 381 535.5 17.54 0.37 6.23 37.05 10.39 25.74 1.71 118.53 0.27
Y1 7.1 105 524.0 11.05 1.53 6.20 1.89 7.85 0.72 0.02 155,31 0.00
Y2 6.2 -19 1889.5 62.65 0.12 335.99 156.29 16.86 0.38 0.02 186.27 0.00
Y3 6.7 103 601.0 14.84 0.84 2.71 1.86 1.10 4.84 0.08 126.94 0.00
T1 7.0 -112 199.3 0.94 0.87 2.85 3.09 0.05 2.77 0.03 16.50 0.00
T2 2.7 166 3258.0 45 .96 0.39 464.48 628.80 63.56 120.26 0.04 182.56 4.23
T3 6.5 -289 355.0 6.35 0.90 3.46 6.33 1.17 0.72 0.03 51.83 0.00
H1 7.2 -152 1376.0 2.01 1.36 2.30 87.07 8.78 1.89 0.03 107.15 0.00
H2 6.0 -398 1340.5 47.67 1.01 434.78 114.42 14.29 2.01 0.04 187.38 0.24
H3 6.8 =300 504.0 11.42 0.66 5.61 2.66 0.88 2.94 0.04 81.72 0.00
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Table 4. Identified species of mining area based on 16S rRNA gene sequence analysis

Sampling site Species (NCBI accession number) |dentities Gaps

Samtan Novosphingobium aromaticivorans DSM 12444 (NC_007794) 1412/1456 (96%) 15/1456 (1%)
Pedobacter sp. BAL39 1103467000516 (NZ_ABCM01000001) 1425/1493 (95%) 14/1493 (0%)
Arcobacter butzleri RM4018 (NC_009850) 1422/1493 (95%) 23/1493 (1%)
Rhodoferax ferrireducens T118 (NC_007908) 1464/1505 (97%) 12/1505 (0%)
Acidiphilium cryptum JF=5 (NC_009484) 1397/1465 (95%) 18/1465 (1%)
Staphylococcus epidermidis RP62A (NC_002976) 1514/1514 (100%) 0/1514 (0%)

Yuchang Flavobacterium psychrophilum JIP02/86 (NC_009613) 1418/1483 (95%) 12/1483 (0%)
Sinorhizobium medicae WSM419 (NC_009636) 1439/1468 (98%) 11/1468 (0%)
Aeromonas hydrophila subsp. hydrophila ATCC 7966 (NC_008570) 1491/1510 (98%) 8/1510 (0%)
Acinetobacter baumannii ATCC 17978 (NC_009085) 1452/1512 (96%) 21/1512 (1%)
Rhodoferax ferrireducens T118 (NC_007908) 1448/1512 (95%) 21/1512 (1%)

Taejung Rhodoferax ferrireducens T118 (NC_007908) 1468/1498 (97%) 4/1498 (0%)
Pseudomonas syringae pv. phaseolicola 1448A (NC_005773) 1475/1506 (97%) 8/1506 (0%)
Flavobacterium psychrophilum JIP02/86 (NC_009613) 1423/1485 (95%) 19/1485 (1%)
Yersinia enterocolitica subsp. enterocolitica 8081 (NC_008800) 1463/1493 (97%) 12/1493 (0%)
Methylibium petroleiphilum PM1 (NC_008825) 1450/1497 (96%) 4/1497 (0%)
Ralstonia pickettii 12D ctg64 (NZ_ABDZ01000009) 1498/1501 (99%) 0/1501 (0%)

Hamtae Pseudomonas syringae pv. phaseolicola 1448A (NC_005773) 1475/1507 (97%) 10/1507 (0%)
Polaromonas sp. JS666 (NC_007948) 1464/1502 (97%) 10/1502 (0%)

A2 g2 WA A& genomic DNA 0.3 g FEY s ¥ 2 L9e 12 o e AeE 24
L, =4 primer 2} 200 xM, 712]3L SYBR Green dye’} em Aealde] glenz HE4 B FAker) s

E3HE iQ SYBR Green Supermix(2X, Bio—Rad, USA) StRol= AHe 4
25 ylo) B TFFE 7@7}@0% AN&E] F Ha= 50 w7t pH7} 7.1914 4.5,

S (SDoNA} 3HA BHF(S4)ANA Zzh
A71HEZ7} 72,1014 535.5 uS/cm,

HEE AT 1 & 50 pLe Al®E MJ white PCR HEZ7F 0.3 A 37 mg/L= F43] s}, o]of &t
tubed] ¥l Real-Time PCR Olﬁf?}‘ﬁ PCR =34 3 4 A W S| AR A4 A 2| Al o] A E

Zol MAEE dsDNAZ <l8) #33l= SYBR Green I I Qlo] zF FAhS A S kA ARl 5}

dye 3% AI71E AL R SAIYT), SIS o FolA o] pHHSZF 4% 7.10014 6.7, B 7.0914 6.5

3} 2}, 7] A (initial denaturation)Zg- 95C oA FHef 7.20014) 6.8% Areto] ] 1 W3}Zo] Woron o]
7t 44 cycle® denaturation, annealing 12|11 L Axr o HIE EFAE o) B 4 9=, §AS

extension@} 72Co| A 58719] final extension® 2 T4 HAE=w 7} 1,894

1.86 mg/L, =78 3.09914 6.3

woleh A Ao L =017] Yaf ZE gened F mg/LE FHEl= 2.30914 5.61 mg/LE JA| 11 F7hE0]

2 reference gene(standard DNA)Y} 7| 234 HH= wolth £AANE 23k oz AlgHolE ”EF—J A&L
S o Tahu2srl 2= shAo] 7P 2 wske oo on A
Q¥

WAoo 93 Fabe] Helsvt kol g e
[e]

2 23 9 Aom perEr,

= =
3.2. D|¥= 28 24 Za A ¥ Y njd=s M3
3.1. Zihif 3 FH SIMO| 7 2 Znt 470 Akl AER & A=A e Alat 5 NCBI9|
A AEY +EEA Z3E Table 39 YeRi A gene bank | H[o] X2} 95% o] UA[Sl= F-= Table

E(S2)9F ey 9] % 40l eI glet, o] o] WA oY A28E st

= = —
AbEZ(T2) o) A] 3 o]3l& w9 woron o] T AR S X3t Rhodoferax ferrireducens T1189-2 41t 53} e 4 3%
sto] F47t el o] Fahula(Y2 2 H2) AlEolA A71A At Aol A o] Bl om] ARgAtel A= o] At
E Aol Al Y R §45F FE7F she oA Abggihil ol A AR E Ao el T4 A
v - A SAEA Aere] Fe A&7t FA) 39999 Acidiphilium cryptum JF-50% ¥FAE|Qlc)
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Fig. 1. Variation of copy number of 16S rDNA gene against the control samples(upper stream)

E3 oY FEF ARl e A= U Ralstonia
pickettii 12DW7} e gAtol EAstoiTt, o] Lo oe F
& At (Arcobacter butzleri RM4018, Staphylococcus
epidermidis RP62A, Flavobacterium psychrophilum
JIP02/86, Aeromonas hydrophila subsp. hydrophila
ATCC 7966, Pseudomonas syringae pv. phaseolicola
1448A, Novosphingobium aromaticivorans DSM
12444 9 Polaromonas sp. JS666)% WA S ATt

oA E A éﬂ HE v E 5 ke 54 U
Eld X EZo 2 2 £ 913 AR ofAR|= Rhodoferax
ferrireducens T118, chdiphj]ium cryptum JF-55 4174
sto] Agwketgict, o] €jof 7]Eof FAte] et Ao w o

AR mAE F 3AM L F Q] Desulfosporosinus

Table 5. Total copy number of specific gene of indicator bacteria

orientus'?, AAFSEQ Leptosprillum ferrooxidans'® 2
9 Bl Acidothiobacillus ferrooxidans'Vg A%
A} wE = sk
FFS B7lstaLA} sl AR E &S] DNAo| Sol4
Ql ZetolwE AA|, AEtetl e 1 §7]4E-2 Table 29]
vebd A A Al&9 F Al g A SH5] §
3 16S rDNAS A& o 3= Zetolw 2l 3382t 518r1
= AR8-SFRIT

Ztﬁ/\

[*]

Fig. 12 & Al¢& Yetdl+ 16S rDNA genes A%
o ARE 7 FAHY ’%HETOH A7 A7 8Hd (control) 9

Al&Ql S1, Y1, T1 % Zo& 3lo] 7k |79

Indicator 168 D. orientus A. cryptum JF=5 L. ferrooxidans _R. ferrireducens T118 A. ferrooxidans
standrc: oraph 0.997 0.997 0.998 0.998 0.998 0.998
St 6.45E+08 3.99E+07 2.72E+07 1.18E+05 3.17E+06 2.35E+05
S2 5.87E+07 2.59E+06 1.33E+07 4.04E+05 8.45E+05 3.42E+05
S3 1.14E+08 4.43E+06 7.62E+06 3.17E+04 1.04E+06 2.59E+05
S4 3.80E+08 1.23E+07 9.30E+06 1.08E+05 4.21E+06 5.30E+05
Y1 3.87E+09 1.98E+08 1.13E+07 1.31E+06 7.15E+06 3.48E+05
Y2 2.05E+06 2.05E+05 2.05E+05 3.02E+05 2.05E+05 2.05E+05
Y3 3.13E+09 1.81E+08 1.32E+07 9.89E+05 4.72E+06 1.80E+05
T 3.22E+08 1.25E+07 2.62E+07 1.46E+05 4.05E+06 1.64E+05
T2 3.86E+07 1.69E+06 5.03E+06 2.95E+05 3.46E+06 3.14E+05
T3 2.19E+08 9.85E+06 2.12E+07 2.91E+05 1.67E+07 1.77E+05
H1 7.24E+08 4.27E+07 1.65E+07 1.96E+05 8.41E+06 6.43E+05
H2 1.85E+07 7.14E+05 1.08E+07 1.10E+05 1.54E+06 2.28E+05
H3 1.03E+09 5.84E+07 7.55E+06 7.06E+04 1.50E+07 4.04E+05

| Journal of KSEE | Vol.32, No.2 | February 2010



BE frriradhoan

=

L
Limy
]
i
3
i
=
-y
T
a
[m]
=]
1]
5

m
1

SELLLE NS "

2

T

=

£ 2

-

¥=1E0

o=

= §

3 o

== 1 ELH?

e

=i

£

E 1.Ea03 =

= | 52 =1 B4 ¥l w2 Y3 T1 T2 T3 H1 H2 H3
Sample

Fig. 2. Variation of copy number of sulfate and iron reduction bacteria against the control samples(upper stream)
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Table 6. Microbiological variation index of mine drainage effect to stream

Microbiological variation index of

mine drainage effect to stream Samtan Yuchang Taejung Hamtae
16S (Total bacteria) 0.029 0.011 0.022 0.020
D. orientus 0.067 0.005 0.014 0.018
A. cryptum JF=5 0.063 0.010 0.012 0.047
L. ferrooxidans 0.008 0.020 0.058 0.084
R. ferrireducens T118 0.019 0.026 0.093 0.036
A. ferrooxidans 0.066 0.052 0.007 0.035
Average 0.042 0.021 0.034 0.040
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