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Indigenous Soil Microbial Community using Microbial Diversity
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ABSTRACT

Since oil leakage is one of the most common nonpoint pollution sources that contaminate soil in Korea, the capacity of soil microbial
community for degrading petroleum hydrocarbons should be considered to assess the functional value of soil resource. However,
conventional methods (e.g., microcosm experiments) to assess the remediation capacity of soil microbial community are costly and
time-consuming to cover large area. The present study suggests a new approach to assess the toluene remediation capacity of soil
microbial community using a microbial diversity index, which is a simpler detection method than measuring degradation rate. The
results showed that Shannon index of microbial community were correlated with specific degradation rate (V;..x), a degradation factor.
Subsequently, a correlation equation was generated and applied to Michaelis-Menten kinetics. These results will be useful to
conveniently assess the remediation capacity of soil microbial community and can be widely applied to diverse engineering fields
including environment-friendly construction engineering fields.

Key words : Oil-Contaminated soil, Remediation assessment, Microbial diversity, Correlation analysis
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Fig. 1. Degradation Rate (DR) and Specific Degradation Rate ( V2
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Table 1. Microbial Diversities of Each Samples

Bzt ndE 4o 3 VEE edwdled Bk 7Y N

Sample name | 16S Shannon index 16S Evenness 16S Richness ARHD Shannon index | ARHD Eveness | ARHD Richness
1 3.80 0.824 100 2.16 0.763 17
2 4.10 0.835 136 2.95 0.806 39
3 3.95 0.850 104 3.08 0.859 36
4 3.74 0.810 101 2.65 0.860 22
5 3.62 0.800 92 0.98 0.900 3
6 3.74 0.806 103 1.95 0.607 25
7 3.40 0.758 89 2.71 0.853 24
8 3.96 0.807 135 3.07 0.833 40
9 1.55 0.572 15 2.53 0.808 23
10 3.31 0.774 72 - - -
Table 2. Correlation Analysis of Microbial Diversities and Degradation Factors
Microbial Diversites DR Log (DR) 1/DR Vi Log (Vna) 1V
16S rRNA Pearson Correlation Coefficient 0.430 0.373 -0.316 0.228 0.525 -0.742
Shannon Index|  Sjgnificance Probability (p-Value) 0.142 0.209 0.293 0.454 0.065 0.004
16S rRNA Pearson Correlation Coefficient 0.510 0.458 -0.413 0.195 0.508 -0.637
Richness p-Value 0.075 0.116 0.161 0.522 0.076 0.019
16S rRNA Pearson Correlation Coefficient 0.373 0.327 -0.264 0.242 0.535 -0.728
evenness p-Value 0.209 0.275 0.384 0.426 0.060 0.005
ARHD Pearson Correlation Coefficient 0.489 0.471 -0.451 0.221 0.349 -0.256
Shannon index p-Value 0.107 0.122 0.141 0.491 0.266 0.426
ARHD Pearson Correlation Coefficient 0.534 0.507 -0.017 0.075 0.285 -0.342
Richness p-Value 0.074 0.093 0.959 0.817 0.369 0.277
ARHD Pearson Correlation Coefficient 0.014 0.141 -0.543 0.158 0.079 0.074
evenness p-Value 0.966 0.662 0.068 0.624 0.808 0.818
mg cell Pearson Correlation Coefficient 0.929 0.818 -0.676 -0.223 -0.614 0.993
p-Value 0.003 0.024 0.096 0.631 0.142 0.000

o FFS vA= fRAte]7] W] AR Btk 539
B odqtof] A}E3) primer toluene dioxygenase -k FZ0]
7Fseht EAF o2 HAEE & glal, 574 £l 7)osh=
toluene monooxygenase A2} 7Z0] Byt A AltAdo]
S v o7t drk E74 AsheEo] 5 Fall Atk
HFdH =& o] vhe o, 54l wellols 873]
st fraxlEe] 43 28-S shm(Wackett, 1990; Furkawa
et al., 1993; Kukor and Olsen, 1996), o2] f-72 &2 E0]
B3P0 9Qisle] Sl A Wael A8l Falh o)

ole} 22 off®2 54 &7<l Fal 31k T AA)
L] TS sk 168 tRNA 5714} Shannon indext}
evenness”} 23l 5445 tiHlel] $& ZO0R Holw, F Ty

W T vE ek tiiE/de] 323l Pearson gl B pvalue
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LRI Viwt= 7147, 53] Shannon index<] #ko] 3.5 o<l
785 Via®] Fh0] H43] S7F8h= Fde HERIE ekl
A4 E9] 16S rRNA -4} Shannon index= 2% 45 HA
oo Zlo= defA] 3lof(Ki, 2008), & S AREEI Vs
223 79, Shannon index7} 47} {& Eok] tisjrls o=
= BAo] dasirk Bl #3) nE & T 2 consortium
] V= 2.11~2.44/hr 2 G2 glow, duk A4 2HoME
0.41~1.45/hr= 244 glof(Table 3), & Je49] BFdde &
ek B gkl 974 168 rRNA §%37} Shannon index7}H4]
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2 A7 A9 54 v S Ve o]t o]$-2] Non-
decelerating shape®] 7]&717} G@eXH A JekG7p7 1 Bk}
o] 9=F o 2 TS ARAEYHTE 22 S ME L V&
717k 543 ARE & AUk ol vAE AR T FU1E
Eeire] E3l 54S nAE TR o s 28 o 9Pt
F& UERY o]& BAsk= 37 a9 B8¥kE AR

3.2 EYO| RRAtsE Tt X 2 T
B frreddsks e vde T #57¢] Shannon
index& Fig. 29] ga2]o] tiddlar, =&3F Vs A<

wke2w 29lo] Michaelis-Menten kineticsol] t¢]gho 24 1

Table 3. Kinetic Parameters of Toluene Degradation in Soil

ofube] - Al -

HES

7Y 4= ¢Jr}k Michaelis-Menten kinetics2 £4 &394 552
% AR Ealehet] dasg e S 7 o o,
15 2A B4k md=dst vlatste] B 243t 7ts
ojB= 9713k} Michaelis-Menten kinetics= Eq. (1)3} 2tk

P

O

dt

Vmax >< SX ‘X-O
ds

Ko+5 0

oI, AL mofe) @ QB AETA) ReISEDR, mg/Lih)
O], Vyur= specific degradation rate (hr'), S&= E59lo] o]
1, Xo= BEYQ] nJAE F5(mg cell/g soil), Ks= EF2] half
saturation coefficient (mg/L)o]c}. o] 2]S HH3s}e] Eoke] i)
B 5 X0l Ug 4o upnd Eq. (2)9F 2tk

Kyln §)+5—50
_ 0
K= <V, @

max

oJ71A, Sy B 27] E54 s=(mg/L)o|aL ST (A &
E74 Fx(mg/L)olH ri= EsAkKhr)olc) vt B A5 Ay}
EgF] &5l #3oll= lag timeo] Qo] o]& aefd a7
Ak SJolA A3 10714 A B o) vAE AAE k=
Fofgh A3 F 23%9] 54 29 lag timed} v E AYEfshe]
ARHD 375

&g 168 +RNA 704 )
o] 47kl o] Qo] 3|ARA S & A} Fig. 37 22
Zg2le] yhath o]F HAT lag timed} x7te] A2 Eq.
(3)7 2tk

-

L=a— 3)

Culture Half-Saturation Coefficient Ks| Specific Degrad_zlition Rate Vyax Initial Conc. Reference
(mg/L) (br™) (mg/L)
Natural soil - 0.24+0.10 100 This study
LID soil - 1.64+0.20 100 This study
Natural soil 17.40 0.41 100 Alvarez et al., 1991
Natural soil 17.40 0.83 - Chen et al., 1992
Natural soil 20.27 - - Goldsmith and Balderson, 1988
Pseudomonas strain PPO2 15.07 2.44 - Ohet al., 1994
Consortium 11.03 2.11 - Ohet al., 1994
Sludge from WWTP 7.75 1.45 20-100 Tabak et al., 1991
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Table 4. Example of Assessment for Necessary Microbial Concentration

in Soil under Specific Target Toluene Concentration and Time Fig. 4. Assessment Graph for Necessary Microbial Concentration

in Soil
x=0.001(L=63.1 h) So (mg/L) n oot
=240 hr

$=20 mg/L 60 100 150 1200 ) 400 % 4?(]- Shannon index& T-RFLP& Esﬂ B3 & Fig. 29
cellig soiD §707F 5 % 168 RRNA $34 58 T8 x2 215313 Eq.

18 3.1 56 | 86 | 115 | 225 _ . _ _
(3)Z 53 lag time (L)& B2tk oA 3 LA Vi 2
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