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Effects of Grouts and Temperature Change on Microorganisms
in Geothermal Heat Pump
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ABSTRACT

Objective of this study was to examine the effects of grouts and temperature change on microorganisms in geothermal heat
pump. Groundwater samples were obtained from wells in the heat pump system during installation (Oriental medicine
hospital) and in the heat pump system under operation (Business incubation center). Grouts are the volclay sodium
bentonite. Real-time PCR was used to evaluate total bacterial number and 16S rDNA. The results showed that total
bacterial number of groundwater in the heat pump operation was greater than that of non-operation case, which indicates a
temperature effect on the bacterial culture. In addition, high concentration of grout showed an elevated bacteria number. In
the mean time, a long-term field monitoring is essentially required to confirm the effects of the grouts and the temperature
changes.
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Fig. 1. Groundwater sample (H) and bentonite used in the
experiment.

Fig. 2. Agjtation mixing of groundwater with bentonite.

Table 1. Groundwater samples used in this experiment (Lee et al., 2008)

Location

Business incubation center of S Univ. (heat pump), 120 RT

Oriental medicine hospital of S Univ. (control), 300 RT

Sample 1D Temperature Sampling
D 23°C June 16, 2008
H 15°C June 14, 2008
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Fig. 3. Filtration and centrifugation of groundwater sample for
DNA analysis (after treated by bentonite).

EE 718 F(Fig 39 #FF), ARl e vgEER
B DNAE FE3190H HEUolE iyt 39] hbEY
(H) AEE 100mLE 3,000 ppmEF 3850l 155
ZF A2 (Hanil Science HA-1000-3, 9141E-2]7])51
(Fig. 39] 95, #2819 FHENN DNAZ FE3190)
AAE T AR e vAEERE AE(cel)ES B
23171 131 Fast®Preplnstrument (Q-Bio gene)E ©]&
3 Speed 491X 5237t HEFEZ MEHE 33 (bead
beating)3l] IHE PARRE AEE RerFh 1 F
Fast®DNASPIN Kit (Biol01 system, Q-Bio gene)® ARE-
sl B F A4 DNAS &390

Real-time PCR (HAIRF SEEAAAES) W 53
373 Hsle) wE v JES FEE v FERE o)
B3t WE ARE Ulol] A Wl Hus AEsky 7
TS EAoE melshs b f-83kA olgEe] st B
gl A= Real-Time PCR (Bio Rad, MiniOpticon
Real-time Detection System)S AREE}] Z} A|RoM &
B F 734 DNA F Aol 7K A= 168 DNA
RS o= AA Al 32 AHE HrRsIse
w, 28] AME ZElo]™(primer) %2 Table 29+ 2T}

Real-time PCR (AAI7F SR AANRS) W 71&
PCR "X © Uolrt 52 DNAE AlolE(cycle)d
2w SZAPTEAN HREE FPEF] S ANk
2 ZA3te] E(standardy?}t Hlirle] DNAS] Z7|3S
A 5 e ot 7MY F83% e Ct e
o|RL =4 ZFH (probe)2] FF(fluorescence)iro] 71
(base liney?t WHEE x| AlolE ~(&FF Fho 7]

£ g2 ¥l 37 % 9l HEE SedA) 218

= Al 7] $EA A S wEske At "ok
AuzRe VAR 5 43 e ERY CE TS
T AgAS 25l A59] DNAS FH38ict
AR e WA Alge] 7%+ DNA 0.3 L,
£ zejolw 2} 200 pM, Z]1 FHAPEFAA(SYBR
Green dyey’} X% iQ SYBR Green Supermix (2X,
Bio-Rad, USA) 25 uLol| BT SHG5E HUIsle] 2189
Z BaE 50yt IS 233 1 3 50 pLe Al
TE ¥4 pCR HHo] Yl Real-Time PCRE )83}
o] ZEZPY Fol AAEE dsDNA (1571 DNARE
A3l Wgshe ALY FR AVIE AR
ZA39T 48 29 AL =ol7) 98 BE 14
2] FEre 7E fRixiel 4 23 ke S3sid)
o AJESAE (D) ¥ FPEAH) A3k AR
PAE FRMS st 23 & 94 DNAY
A F gede RIS A8k 168 35 Eato]w(27F-
5 AGA GIT TGA TCM TGG CTC AG 3, 1492R-5 TAC
GGY TAC CTT GIT ACG ACT T 3l 93t &8 &
33Tt PCR FEAHE-S WinzardSV Gel 2 PCR
Clean-Up System (Promega, USA)° & A5lH e A
AE 16SDNA 44 PCR AHES pGEM-T easy
vector (Promega, USAYI AEAIZTE A& PCR AHE
& SFHEE coli XL1-Blue)Z 2718 (transformation)e}53
T, X-Gal} IPTGE *2]E LY (Luria-Bertani) Hj
Aol FAASE AEE wjdste] oY Hio] ERld
FRYHEZAD Be sid F2U] AJANNE 3
£ Alrre] 168 DNA 772 78S 48t
Fot. TE GG BAE vE SRR EATE
(NCBI: National Center for Biotechnology Information) -
Aol SEF dlofeu|ol2e] 7|Z3le AAlsIATH

45

3. Z I}

3.1 X5l W HIELO|E ¢ & O|dEe| sxEY
B Ao Aslg Alge] 42 e 8l ARRE
EFAEE PCR 34 2 HAREE 53 A=A

Fig. 4= 247 B35S 10918 sl4g A|Ee] FF4

(standard curveyS YEPATE EE3H B Ao AREE Al
29 F AT F3A BA = AR ERlsle AT

Table 2. Primers used for amplification of 16S rDNA gene (Muyzer et al., 1993; Lee et al., 2008)

Target Primer Sequence(5'-3") PCR condition
Bacteria 341f CCTACGGGAGGCAGCAG 95°C min, 60°C 1
(181 bp) 518r ATTACCGCGGCTGCTGG min, 72°C 2 min
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Fig. 4. Fluorescence data of standard sample and standard curve.
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Fig. 5. Quantification results of 165 rDNA gene for D, H, H-1B
and H-10B samples.
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Fig. 6. Phylogenetic tree of D (business incubation center)
groundwater sample.
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Fig. 7. Phylogenetic tree of H (oriental medicine hospital)
groundwater sample.
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