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ABSTRACT

This study was conducted to monitor microbial species dynamics within the aquifer due to long term operation of
geothermal heat pump system. The species were identified by molecular biological methods of 16S rDNA. Groundwater
sample was collected from both open (S region) and closed geothermal recovery system (J region) along with the control.
J measured and control as well as S measured found Ralstonia pickettii as dominant species at year 2010. In contrast,
Rhodoferax ferrireducens was dominantly observed for the control of S. In 2011, Sediminibacterium sp. was universely
identified as the dominant species regardless of the monitoring places and type of sample, i.e., measured or control. The
difference in the dynamics between the measured and the control was not critically observed, but annual variation was
more strikingly found. It reveals that possible environmental changes (e.g. ORP and DO) due to the operation of
geothermal heat recovery system in aquifer could be more exceedingly preceded to differentiate annual variation of
microbial species rather than positional differences.
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Fig. 1. Locality of measured and control wells in geothermal recovery system.
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Table 1. Analysis Results of groundwater in site
Site Conditions
Sample Date
Temp. (°C) pH EC (uS/cm) ORP (mV) DO (mg/L)
S 2010-06-18 18.2 7.54 233 179.4 7.51
2011-05-25 18.1 7.25 236 7.0 7.67
; 2010-06-17 14.6 6.20 324 1872 3.29
2011-05-24 16.7 7.60 236 114 7.35
2010-06-18 18.0 6.91 114 23.1 5.64
S control
2011-05-24 18.6 6.71 139 12.0 7.62
2010-06-17 15.8 7.61 343 117.8 2.36
J control
2011-05-24 15.9 7.19 419 6.9 2.93
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Fig. 2. Phylogenetic tree of clones for the Location J and Jcontrol
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Table 2. Sequencing Results of Clones for the Location J (June, 2010)

27

Sample Species closely related (NCBI No.) Identities Gaps
J-1 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1320/1415 (93%) 32/1415 (2%)
J2 Methylibium petroleiphilum PM1 chromosome (NC_008825) 1359/1533 (88%) 59/1533 (3%)
J-3 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1424/1452 (98%) 7/1452 (0%)
J-4 Burkholderia phytofirmans PsJN chromosome 2 (NC_010676) 1317/1376 (95%) 18/1376 (1%)
J-5 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1395/1401 (99%) 4/1401 (0%)
J-6 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1387/1400 (99%) 3/1400 (0%)
J-7 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1344/1403 (95%) 18/1403 (1%)
J-8 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1388/1397 (99%) 1/1397 (0%)
J9 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1442/1454 (99%) 5/1454 (0%)
J-10 Janthinobacterium sp. Marseille (NC_009659) 1316/1405 (93%) 28/1405 (1%)
J-11 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1392/1404 (99%) 8/1404 (0%)
J-12 Burkholderia phytofirmans PsIN chromosome 1 (NC_010681) 1427/1454 (98%) 12/1454 (0%)
J-13 Burkholderia phytofirmans PsIN chromosome 1 (NC_010681) 1425/1449 (98%) 7/1449 (0%)
J-14 Methylococcus capsulatus str. Bath (NC_002977) 1311/1409 (93%) 28/1409 (1%)
J-15 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1393/1457 (95%) 19/1457 (1%)
J-16 Ralstonia solanacearum PSI07 (NC_014311) 1308/1391 (94%) 41/1391 (2%)
J-17 Variovorax paradoxus S110 chromosome 1 (NC_012791) 1404/1453 (96%) 9/1453 (0%)
J-18 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1396/1397 (99%) 0/1397 (0%)
J-19 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1444/1454 (99%) 6/1454 (0%)
J-20 Burkholderia phytofirmans PsIN chromosome 1 (NC_010681) 1419/1452 (97%) 10/1452 (0%)

Table 3. Sequencing Results of Clones for the Location Jcontrol (June, 2010)

Sample Species closely related (NCBI No.) Identities Gaps

Jeont-1 Propionibacterium acnes HLO30PA1 P (ADYB01000002) 1476/1494 (98%) 6/1494 (0%)
Jeont-2 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1393/1398 (99%) 1/1398 (0%)
Jeont-3 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1393/1398 (99%) 1/1398 (0%)
Jeont-4 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1341/1368 (98%) 9/1368 (0%)
Jeont-5 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1387/1401 (99%) 6/1401 (0%)
Jeont-6 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1388/1398 (99%) 1/1398 (0%)
Jeont-7 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1389/1398 (99%) 2/1398 (0%)
Jeont-8 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1447/1454 (99%) 3/1454 (0%)
Jeont-9 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1445/1455 (99%) 5/1455 (0%)
Jeont-10 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1447/1451 (99%) 1/1451 (0%)
Jeont-11 Leptothrix cholodnii SP-6 (NC_010524) 1257/1377 (91%) 32/1377 (2%)
Jeont-12 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1448/1454 (99%) 4/1454 (0%)
Jeont-13 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1431/1452 (98%) 6/1452 (0%)
Jeont-14 Dechloromonas aromatica RCB (NC_007298) 1350/1412 (95%) 31/1412 (2%)
Jeont-15 Leptothrix cholodnii SP-6 (NC_010524) 1260/1382 (91%) 37/1382 (2%)
Jcont-16 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1446/1455 (99%) 4/1455 (0%)
Jeont-17 Leptothrix cholodnii SP-6 (NC_010524) 1260/1378 (91%) 33/1378 (2%)
Jeont-18 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1361/1478 (92%) 44/1478 (2%)
Jeont-19 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1332/1416 (94%) 29/1416 (2%)
Jeont-20 Leptothrix cholodnii SP-6 (NC_010524) 1261/1382 (91%) 37/1382 (2%)
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Fig. 3. Phylogenetic tree of Clones for the Location J and

Table 4. Sequencing Results of Clones for the Location J (May, 2011)

Jcontrol (May, 2011).

Sample Species closely related (NCBI No.) Identities Gaps
J-1 Sediminibacterium sp. 1-32 (AM990455.1) 1468/1480 (99%) 6/1480 (0%)
J-2 Sediminibacterium sp. 1-32 (AM990455.1) 1461/1480 (99%) 6/1480 (0%)
J-3 Uncultured bacterium 1454/1507 (96%) 26/1507 (2%)
J-4 Sediminibacterium sp. 1-32 (AM990455.1) 1466/1484 (99%) 10/1484 (1%)
J-5 Sediminibacterium sp. 1-32 (AM990455.1) 1462/1483 (99%) 9/1483 (1%)
J-6 Pseudomonas aeruginosa strain S164S 1502/1506 (99%) 1/1506 (0%)
J-7 Sediminibacterium sp. 1-32 (AM990455.1) 1462/1483 (99%) 9/1483 (1%)
J-8 Uncultured bacterium 1460/1506 (97%) 25/1506 (2%)
J-9 Sediminibacterium sp. 1-32 (AM990455.1) 1462/1483 (99%) 9/1483 (1%)
J-10 Sediminibacterium sp. 1-32 (AM990455.1) 1461/1484 (98%) 10/1484 (1%)

Table 5. Sequencing Results of Clones for the Location Jcontrol (May, 2011)

Sample Species closely related (NCBI No.) Identities Gaps

Jeont-3 Sediminibacterium sp. 1-32 (AM990455.1) 1466/1483 (99%) 10/1483 (1%)
Jeont-5 Sediminibacterium sp. 1-32 (AM990455.1) 1462/1481 (99%) 8/1481 (1%)
Jeont-6 Sediminibacterium sp. 1-32 (AM990455.1) 1465/1479 (99%) 5/1479 (0%)
Jeont-7 Sediminibacterium sp. 1-32 (AM990455.1) 1464/1482 (99%) 8/1482 (1%)
Jeont-8 Sediminibacterium sp. 1-32 (AM990455.1) 1455/1499 (97%) 26/1499 (2%)
Jeont-9 Sediminibacterium sp. 1-32 (AM990455.1) 1461/1499 (97%) 25/1499 (2%)
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Table 6. Sequencing Results of Clones for the Location of S (June, 2010)

-

=
T

Sample Species closely related (NCBI No.) Identities Gaps
S-1 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1441/1456 (98%) 5/1456 (0%)
S-2 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1389/1403 (99%) 8/1403 (0%)
S-3 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1394/1403 (99%) 6/1403 (0%)
S-4 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1448/1455 (99%) 4/1455 (0%)
S-5 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1445/1454 (99%) 3/1454 (0%)
S-6 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1442/1457 (98%) 7/1457 (0%)
S-7 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1431/1452 (98%) 4/1452 (0%)
S-8 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1442/1452 (99%) 1/1452 (0%)
S-9 Methylibium petroleiphilum PM1 chromosome (NC_008825) 1332/1474 (90%)  48/1474 (3%)
S-10 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1392/1399 (99%) 2/1399 (0%)
S-11 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1424/1463 (97%) 18/1463 (1%)
S-12 Polaromonas sp. 1S666 (NC_007948) 1386/1465 (94%)  38/1465 (2%)
S-13 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1445/1457 (99%) 6/1457 (0%)
S-14 Leptothrix cholodnii SP-6 (NC_010524) 1265/1379 (91%)  32/1379 (2%)
S-15 Methylibium petroleiphilum PM1 chromosome (NC_008825) 1340/1472 (91%)  46/1472 (3%)
S-16 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1406/1463 (96%)  22/1463 (1%)
S-17 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1392/1400 (99%) 3/1400 (0%)
S-18 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1415/1457 (97%)  10/1457 (0%)
S-19 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1442/1455 (99%) 5/1455 (0%)
S-20 Ralstonia pickettii 12D chromosome 1 (NC_012856) 1377/1404 (98%) 9/1404 (0%)

Table 7. Sequencing Results of Clones for the Location of Scontol (June, 2010)

Sample Species closely related (NCBI No.) Identities Gaps

Scont-1 Novosphingobium aromaticivorans DSM 12444 (NC_007794) 1417/1462 (96%)  20/1462 (1%)
Scont-2 Rhodoferax ferrireducens T118 (NC_007908) 1364/1407 (96%)  18/1407 (1%)
Scont-3 Rhodoferax ferrireducens T118 (NC_007908) 1365/1404 (97%)  15/1404 (1%)
Scont-4 Sphingopyxis alaskensis RB2256 (NC_008048) 1294/1423 (90%)  48/1423 (3%)
Scont-5 Rhodoferax ferrireducens T118 (NC_007908) 1365/1403 (97%)  14/1403 (0%)
Scont-6 Rhodoferax ferrireducens T118 (NC_007908) 1365/1404 (97%)  15/1404 (1%)
Scont-7 Rhodoferax ferrireducens T118 (NC_007908) 1365/1401 (97%)  12/1401 (0%)
Scont-8 Methylibium petroleiphilum PM1 chromosome (NC_008825) 1332/1474 (90%)  48/1474 (3%)
Scont-9 Novosphingobium aromaticivorans DSM 12444 (NC_007794) 1416/1460 (96%)  17/1460 (1%)

Table 8. Sequencing Results of Clones for the Location of S (May, 2011)

Sample Species closely related (NCBI No.) Identities Gaps
S-3 Sediminibacterium sp. 1-32 (AM990455.1) 1464/1477 (99%) 3/1477 (0%)
S-4 Uncultured bacterium (FR853751.1) 1467/1496 (98%) 9/1496 (1%)
S-5 Uncultured bacterium (FR853751.1) 1484/1492 (99%) 2/1492 (0%)

Table 9. Sequencing Results of Clones for the Location of S control (May, 2011)

Sample Species closely related (NCBI No.) Identities Gaps

Scont-2 Sediminibacterium sp. 1-32 (AM990455.1) 1459/1484 (98%) 12/1484 (1%)
Scont-3 Sediminibacterium sp. 1-32 (AM990455.1) 1462/1488 (98%) 16/1488 (1%)
Scont-4 Sediminibacterium sp. 1-32 (AM990455.1) 1464/1482 (99%) 8/1482 (1%)
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