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ABSTRACT

In this study, the TPH(Total Petroleum Hydrocarbon) contamination and microbial ecological characteristics in petroleum-
contaminated site were investigated through the correlation among the vertical TPH contamination distribution of the site,
the geochemical characteristics, and the indigenous microbial ecology. The high TPH concentration showed in the vicinity
of 3~4 m or less which is thought to be affected by vertical movement due to the impervious clay layer. In addition, the
TPH concentration was found to have a positive correlation with Fe>*, TOC concentration, and the number of petroleum-
degrading bacteria, and a negative correlation with the microbial community diversity. The microbial community
according to the vertical distribution of TPH showed that Proteobacteria and Firmicutes at the phylum level were
dominant in this study area as a whole, and they competed with each other. In particular, it was confirmed that the
difference in the microbial community was different due to the difference in the degree of vertical TPH contamination. In
addition, the genera Acidovorax, Leptolinea, Rugoshibacter, and Smithella appeared dominant in the samples in which
TPH was detected, which is considered to be the microorganisms involved in the degradation of TPH in this study area. It
is expected that this study can be used as an important data to understand the contamination characteristics and
biogeochemical and microbial characteristics of these TPH-contaminated sites.
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ABA AN 5 Al A S AL
(Adams et al., 2020; Zheng et al., 2021).

-+ linear chain alkane, cycloalkanes, polycyclic
aromatic hydrocarbon¥} 72 Sl71x]e] B3 74
k34~ (Total Petroleum Hydrocarbon, TPHYS X%
slar glem, TPHel olsfl B 3 Askr7t LHwA &
W AR o] ol Yk o2}t B B A5t
T 9] BtEgoR s o WLl s wde}
717} |4 %tH(Lee and Chang, 2019). =3k Bk 2}
Aeehs et Har o] Askd et opet,
A[el Bk AefAlo] Fd&S A FoHKim and Cho,
2006). A, EXSINE FA9F Al TE3A Sgt
2 A wed e, =1 Ak 153
Fo oA BRo=E Fa) & ofFoxA] et A7
7t 29S8 UL et al., 2018).
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A7} F3YE = (Han et al, 2008), 7Y EY

gete] tiiA]l WHs T skl EYS7IFER (Soil
sl

3}/2H1% (Chemical Oxidation/Reduction) 59 &3}t
2 WS Blgo] UR @o| Eil 23 29, Au AT,
A HFRINA] BHE, 2 wislel] @ T Aol Al
7153l ATHKim, 2010). 3+, A E5) H(Biodegrada-
tion), A=38H4 55 (Bioventing), E Y732 H (Landfar-
ming)#} 22 AESE WHES ASgEdd ddse
AE T2 R BslrAE S dURA|de R o]gsie
AEstr o7 Hajlgh= WO 2 (Barker et al., 1987) A+
tiFog AAHel g old mdE Al At
Bgzdo] HlEofor Stk A= lTh(Prenafeta-
Boldu et al., 2002; Siles and Margesin, 2018).
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o] BEsHA 9l AAstets 545 TPH 29 741 4
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EG 9 el 34 Ul B rAES Folle A
A FEIGFAE HAFAAZ o8 = = vAES
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Lopez-Echartea et al, 2020; Yergeau et al, 2012),
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W A8 F9 A71A VAR e Ry L P2
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Husldth. W TPH 557} 3,819 mgkgd) TAE @
e EF59% FEFF L pH 67 D)=
Bacillus sp.2} Cupriavidus sp. 2] TPH A|AEE0] &
T 87%eldez UehdthPark and Lee, 2012). T3
LAA] 2 EYRHD FREZ 299 EYelA Tt
Aol Bk Zlog WAENOM, Chioroflexi, Firmicutes
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Fig. 1. (a) Geological maps and soil sampling points, (b) land use from 1919 to 2015 of the study area.
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o] FZ3F &l 0.1 mLe} Ferrozine & (pH7) 4.9
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"S- 39 0.1 mL =3} Ferrozine &8 4.9 mLe} Hb

A2 F Sk

P

24. EY O|ME DNA & ¥ 28 24
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5 mol3ke] EF Al thallA] Fast DNA Spin Kit for
Soil(MP Bio)S ©]-8-3lod A2ALe] HPHe w2} genomic
DNA(gDNA)E FZ3199TE 2% DNAY] F=¢ &%
o gk QA/QCE Multiskan SkyHigh Microplate Spec-
trophotometer(ThermoFisher scientific; USA)?} op7f=2~
(AgaroseydS AMESH A7|95ATS B3l SIS

%235 DNAE 16S rRNA gene f371e] V3ojA]
V4 49 EPCE 3} fusion primers 341F(5-
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XXX-TCGTCGGCAGCGTC-AGATGTGTATAAGAGAC
AG-CCTACGGGNGGCWGCAG-3")8} 805R(5-CAAGC
AGAAGACGGCATACGAGAT-XXXXXXXX-
GTCTCGTGGGCTCGG-AGATGTGTATAAGAGACAG-
GACTACHVGGGTATCTAATCC-3)S AME3l] PCR=Z
SZEA)Z43L, Quanti-iT PicoGreen dsDNA Assay kit under
QuantiFluor System@ “FAIS}AT. A A7 |ME 4
(NGS, Next generation sequencingq= %I34(Chunlab, Inc.,
AL, FEpllA o] Fo1% 2, Tllumina MiSeq sequencing
system(Tllumina, USAYS A}FE3}Th. EzBioCloud H]©]
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48 gaelEoR AEsidrt. EzBioCloud 16S rRNA
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23} EzBioCloud BloJE o]0l & 425(<97%
AV Z AMEEA] 9k reads RSk cluster fast
command2E ARSI 71 OTUS A4d3h7] €18l de-
novo E¢XERS FaETH
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MI1(Fig. 2(a)), M2(Fig. 2(b)), M3(Fig. 2(c)) AHNA
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e), (O, (2)) AHANE MI~M39| Hlg| %S TPH &
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A1 6,000 mg/kg olde] w9 H& x| TPH/} HEY
AThFig. 2(d)). MSAHAAE 1-2m 4ZElA 1,000
mg/kg °de] TPHZ} #HEEHNCH, MeIAE 8.75~9
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3,500 mg/kg®] TPH7} HEHATHFig. 2 ()<} (D).
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Fig. 2. The core logs and depth profile of TPH and Fe** concentration each sampling site. (The yellow and green bars of the bar graph

indicate Fe*" and Total Fe, respectively. The red line represents TPH).
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Table 1. TPH concentration, OTU and o~diversity of 23 soil samples

Sample name D?Ef)h (rrlz/llig) Valid reads Good’s (OC/SVﬂage OTUs ACE Simpson
MI1-1 0.5 0 15400 97.40 1340 1686.16 0.02
MI1-2 1.5 345 32884 98.48 2486 2815.11 0.02
M1-3 2.5 0 10197 97.60 1053 1233.73 0.02

M1-4-1 3.25 0 33147 98.43 2889 3210.86 0.02
M2-1 0.5 0 30581 98.73 2118 2368.49 0.04
M2-2 1.5 71 13800 98.62 936 1056.14 0.06
M3-1 0.5 303 21278 96.43 3133 3683.55 0.01
M4-1 0.5 0 33440 98.60 2026 2366.72 0.02
M4-2 1.5 1650 45183 98.96 2484 2789.86 0.02
M4-4 3.5 338 26299 98.95 1026 1259.99 0.04
M4-5 4.5 65 38470 99.41 2233 2344.74 0.01
M5-1 0.5 639 36308 97.20 3849 4642.3 0.01
M5-2 1.5 1183 26562 98.07 1777 2218.67 0.04
M5-3 2.5 104 38436 98.59 2225 2637.36 0.02
Mé6-1 0.5 325 41543 98.30 3078 3575.4 0.01
M6-2 1.5 267 47459 99.40 1323 1536.76 0.11

M6-3-1 2.25 476 37685 99.49 1028 1157.6 0.1

M6-4-2 3.75 145 50228 99.15 4201 4404.05 0

M6-5-1 425 0 41708 99.53 1828 1932.76 0.01

M6-5-2 4.75 0 37236 99.53 1858 1942.71 0.01
M7-1 0.5 1781 24617 98.50 1494 1791.31 0.03
M7-2 1.5 3617 28701 98.40 1537 1961.91 0.04
M7-3 25 525 23037 98.72 1215 2815.11 0.04

3l 16 S rRNA geneol] Tigh XAY] A71ME B4&
Ty, rdE 7 54 2 a-diversitys FoRRSTH
(Table 1). F 2370¢] Algoll th3t valid reads®} Good’s
coverage®] 41 7S 10197~502287 96.43~99.53% 0 =,
2T F= JE A5YS & & Uk ZF AR sPs)
T TPHEES MAE & 54 2 oS veplie
ACE, Simpson X455 37 I8 A}, TPH 5=/}
0 mg/kgll A|ZE-L Simpson A5} 0.019014] 0.04H <]
Y2 JelATE TPHZF HEE AlEAAE 0.010014
0.119] 9= YePdt). Simpson Ag+= vAE £ IS
TE YRR Flo] &S ool =tk wahA
TPH &7} && A8 ool "ojA|aL vl
TPH &57} 2 ARolX HolAe 21 IIE + 2
Ao, TPH/F =Rl AlE= o]9f 2 o]
ERA] 24th(Jiao et al., 2016). E3E0

T AT} vRPIAZ TPHSF F T o2 A
2 7 PS¢ JoH Li et al(2020y= TPH
2 299 EY vAESY alpha tMT OTU 7t
FAdtvkal Bt
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AAF o2 ARG rE v 549L phylum
ol AHKRM | Proteobacteria?t Firmicutes’} QA&
oM BT HEHJCH 247t 88.5%~4.06%3F 74.1%~
1.14% HAZ AsHAl Uehdth(Fig. 5). M4, M6, M7
ol Aminicenantes OP8°] ZAZEH AL M1, M2, M5,
M7 Ao Chloroflexi7t =7t ZAAETSE HES =
H-§o] Foj=e FAHE FR1E 4 Qo

M4 A9 3.5m, 45m 71F EXME LA 2
Zy Caldiserica(4.0%)2}  Planctomycetes(3.5%)7} =
QI Spirochaetes= M4 3.5m(5.5%), M6 0.5m
(3.8%)2F M7 b ZANIA 21.3%7F LAEATE M3
AN Gemmatimonadetes(3.4%YF AZE AL M62]
2.25m Tkl YX|g AlgolA Proteobacteria’} A2
88.5%5 AHAetE HoldS 7FAAL AUtk Li et al
(2020b) AT FFLE A3t BENA Firmicutes?}
Proteobacteria® Tk $-AISH Y= AS & 4 =t
B ATt Z|He] tfFEe] AFolAM Proteobactera?} 7345}
W Firmicutes’} S7Vhe 5785 BTHp<0.05) (Fig. 6).

B A | Pseudomonas, Rhodococcus, Acinetobacter, Al-
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Fig. 5. Microbial taxonomic compositions in soils of (a) M1, (b) M2, (c) M3, (d) M4, (e) M5, (f) M6, and (g) M7 at phylum level.
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Fig. 6. Correlation analysis between abundance of Proteobacteria
and Firmicutes in TPH-contaminated site.

Burkholderia, Arthrobacter,
Methylobacterium &ol| &3k vAESC] AR FEs)
FAE Bl Bt 43 A 0.2 ™(Chaudhary
et al., 2021, 2013; Lopez-Echartea et
al, 2020; Yergeau et al., 2012), 17 A|FoX= Rho-
dococcus’t M1-13 M4-1914] 2.11%, 0.95% HIEZ 1}
Ehdar ol9] AREL 0.08% ©l3tE YEhdth X,
Acinetobacter= E5 0.01% ©J3}2 HAEHNoH YR
HAEES HAEHA 23Tt
UPGMA(Unweighted Pair Group Method with Arith-
metic Mean) Clustering 2%}, TPH7} #HEE]A] 22 A
s HEE A Atolrtolel] $1218hH M6-1~M5-3
AR ME e 5485 JElO], speciesTo
*3 F Aol FAMdel EX W TPHEES} #&0]
A (Fig. 7). E3F, TPH/F As=d o
7} 2leITpl 4 sl ga 271

LA frAIEE A= YeRTHFig. 3(c)).
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Fig. 7. UPGMA (Unweighted Pair Group Method with Arithmetic
Mean) clustering at species level and TPH concentration.
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5.63%% YERLO™, Leptolinea= 5.29%, 4.45%% A}
sk HISE e TPH Eallol] #ofshs mlA=E= gkl
Hch(James et al, 2002; Obuekwe et al., 2009; Wang
2016). o]2lol] Al LFEh = S (genusy’F A
2 t&d], TPH} HEHA] &2 A8X= Betaproteo-

=ch. TPHZF AEE A
FFo=z 3
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Fig. 8. Microbial taxonomic compositions of (a) phylum level, and (b) genus level in soil without TPH and with TPH.

bacteria® Albidiferax’} 3.97%, Nitrospirae®] EU335192 g A Uehdt). 53] Rugoshibacters YAZE Q8¢
7} 150%] BlEE HlwE Fe HEE Ueidth TPH B9 Z713HCA 313%E2 A AEEd
7} AEE AFAAX= Deltaproteobactera®] Smithella?} (Chaudhary et al., 2021), Smithello= n-alkaneS -3
4.45%, Actinobacteria® GQ396959 g7t 4.23%, Betapro- g 4 Jukar 2R YtHGray et al, 2011; Ji et al,
teobacteria®] Rugoshibacter7} 2.79%<] H|E&Z H|uZ 2020; Toth and Gieg, 2018). TPH £ A=o| uz}
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