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Abstract — Ecological characteristics of microbial populations inhabiting heavy metal polluted
soil were investigated. The samples were collected from 293 sites around an factory and industry
at Gyeoungsangbuk-do. We measured the contents of seven heavy metal elements (Cd, Cu, As,
Hg, Pb, Cré+, CN), seven sites have been seriously contaminated by mercury and chrome. A
quantitative evaluation of microbial populations in mercury and chrome contaminated soil was
examined by using plate count method. Bacterial numbers in polluted soil samples ranged from
7.4 % 10° to 9.3 x 107 cfu g~!, about 10~ 100 fold less than the count for the unpolluted soil.
Moulds were not detected in chrome polluted soil. The log values of actinomycetes of each
contaminated soil samples were log ranged from 6.18 to 7.52. The ratio of actinomycetes was
similar to unpolluted soil. The investigation showed actinomycetes to be the major microbial
population inhabiting the mercury and chrome polluted soil.

Thirty-one isolates among the total isolates were examined for antibacterial activity. These
isolates were identified based on a phylogenetic analysis using 16S rRNA gene nucleotide
sequences, they were categorized in three major phylogenetic groups, belong to the Streptomyces
(6 strains), Saccharopolyspora (3 strains), Nocardiodes (1 strain). On the phylogenetic tree, the
clade consisting of five isolates were distantly related to all of the established Streptomycetes
genera, indicating the possibility as members of new species.
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1993). w3t Hg= FALHA Y e} 5744 F FHp
A Al F=dt popAbg S Host e AEAY W&
2 st 7] 9 =FgAe o] A7 FA=
A FE= et o9} FHsled W] F Bk Pl wE A
AB_,] qu],g]_ Eoo}:ooﬂ HEL% EoF /\‘l_/\gi],7]_ ’:l"“ﬁ
Aef Aol v od3F So] FAFE ¢ITH(Klaassen 1980).
*‘%3‘4%]7} AR AYe EYFddE FF% vzt

FF% 29 ARG A vepda glow, A
Sl = 100“‘17} Lét F= EAES FF52 HEA
mels 23 474 F5EA0 axes 2] &4

S A2l 71\4% g 7|AH, Holats A=

23 Azt stEe = F59oh (Khanm er al. 1983;
Baker et al. 1994)
FE4 A=Y UE A AT 9
Z24&037 QEt BoFo 9 Lzal A I QL
% 1995, 31 & 2002)F B Z3led, v]AFo| AEA
fe w@e) w2 ALl A HelN 7188
ool AU BT e Fo4 e T340 o)
2 4R GdR 4% % A57)H) P4 mad
v} 91t} (Foster 1983; 1t 5 1992). o] 3 FF-Zrell o3k
o)A E2] efgt 57z sl v AEES FF&
of A3t WAL Ad 4 Al "ot But opet AR
9 FFE Kol A=) del, FFE WA AAE
2 conjugation W 5& Edle, A2 AHolHx A=F
He] Fa4 WAUAE A AU Y= Replasmid
ez 2l A AN 22 28537 9} (Rubens et
al. 1979; Perry and Silver 1982; ] 5 1993). & |+l
A ol ndEe o4T edx e gEEn 2
Lupge) Pgo] FEHT Yok 2 AFE FIE 0
o dgEE AREE W 2934 FYAAE ez
s 24u@ pasRon olF T34 2o §
23} 67h28e) 29w} A7 b ) Ao
P S P
2 540 e A =skack

g iy

—

ME 2wy

1 2ok A5 AR 2 BFRA

FTaAG el A e ANEE W 23 AL Z A
o F FF% 290 AdEHE 2930 A9 ez
EFANEE AFATT EFARE B 2Hoz R
I5cm ol 3ol AHex TF £33 ohg 4°CY &

FAYREE 334 O FROIF T, L S,

2
W67 AT S ) (Ab #5) F pHelw,
234 2T ANFRAEAL o4 TASAL
o, Alghe %%%Eﬂds_i a3, ffE TfaIEvtE
JP=or BAM3lgu (B 21 e 9w 2AL 3
745

2. A 33
k3

FHE L9EY} AR T ExIE HEe ERE
95} 8-Fo okvl x| (Nutrient Broth : beef extract 10 g,
peptone 10 g, NaCl 5 ¢, pH 7.0)8 AM&-8}g 11, F%o] A
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5. 16S rDNA$] PCR F%

16S IDNAE =Z317] 9s|A] E. coli 16S tDNA ¥ &
9] conserved sequenceE 7]& 2. 3}e] 27F (5-AGAGT-
TTGATCCTGGCTCAG-3") primer2} 1492R (5-AAGG-
AGGTGATCCAGCCGCA-3’) primerg o] &3¢}
(Horada 1978; Klaassen 1980). 16S rDNA Z3 x4 4]
u}-2- (polymerase chain reaction; PCR)& $)8}ed 33
DNA 1pL (50~ 100 ng)el] 27F primer, 1 uL; 1492R prim-
er, 1 pL.; Ex Taq polymerase, 0.25 uL; dNTP, 4 uL; 10X
buffer, 5 uL; H>0, 37.75 uLE 0.2 mL PCR H}-2- tubed]
Y3 4 E¢3 ¥ 9% #7e @} PCR (GeneAmpR
PCR System 9700, Applied Biosystems) ¥F-2-& Al A|5}¢]
o} 94°C, 687} ¥+-2-3} o} 94°C, denaturation 18, 55°C,
annealing 1%, 72°C, extension 2%-& 303] HhE-3}3, 72
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8lod 1 X TAE bufferell A 100V, 25 mAZ 3087+ #7)
%3} & ethidium bromide (EtBr)2 205-7F 3413}
UV (Gel documentation system, Bio-Rad)s}ol|#] 2&Fgls}
a2, PCR AA kit (Qiagen Inc)E o] 43t A A 3t}
AA % 16S IDNAE 2333 x4 (Spectrophotometer,
UVIKON 930)% °]83led =& Falslyiv]
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1uL (90ng)ell F=Fe] 20uL7t H=F FFH 33 FF7
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rpmel| A} 258-7F AA A H e} 250 uLe] 70% ethanol®
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Table 1. Physicochemical analysis of soil samples from Gyeongsangbuk-do area

(Unit: mg/kg)

Investigation item . Number
Source pH Cd Cu As Hg Pb Cro* CN Oil of area
Low 44 0000 0480 0.000  0.0000 105 000  0.00 -
imbrued High 83 0470 11280 0400 00395 1000 000  0.06 - 30
Average 6.0 0.33 3873  0.075  0.0128 398 000  0.00 -

. . Low 3.8 0000 0130 0.000  0.0000 080  0.00  0.00 0.0000
Liquidihe arﬁ‘g‘i";gumy High 9.7 0840 44225 0388 00543 60.00 015 029 566150 153
water Average 6.5 0.152  4.028 0050 0.0098 533 000 001 3.7422

dof Low 53 0065 2360 0036  0.0057 0.65 000 000 -
;;Seeci Al water  High 7.0 0370 42955 0238  0.1441 1290 005 0.0 - 6
Average 66 0.166 10968  0.131  0.0376 558 002  0.00 -
General waste LW 42 0000 0200 0.000  0.0000 0.60 000  0.00 0.000
reclamation  High 74 1730 70250 0308 00574 3050 010 006  20.383 82
erasure Average 59 0.125 3512 0039 00133 3.88 000  0.00 1.547
Sof Designation ~ Low 75 0045 2535 0000  0.0000 260 000  0.00 0.2
w(e)lslge waste reclama- High 7.5  0.045 2.535 0.000 0.0000 2.60 0.00 0.00 0.2 1
tionerasure  Average 7.5 0.045 2535 0000  0.0000 260 000 0.0 0.2
Low 41 0000 0835  0.000  0.0000 125 0.00  0.00 -
Metal mining  High 68 0.635 73300 1050 0.6510 89.00 0.05 013 - 21
Average 52 0238 9523 0255 0.0653 1453  0.00  0.03 -
Total 293
Table 2. Heavy metal concentration of soil collected from pollut ed factory and industry area
Soil Source Heavy metal (ppm)
sample (region) cd Cu As He Pb cré+ CN pH
MK-20  Metal mine 0.64 8.5 0.6 0.65 21.6 0 0 4.4
MK-13  Metal mine 0.21 7.16 0.25 0.29 10.25 0 0.1 4.5
ML-5 Special water 0.37 421 0.09 4.21 0.65 0 0 7.1
MM-4 Metal refinery 0.11 2.94 0 0.13 4.2 0 0 75
Mp-12  Reclamation and 0.17 458 0.04 0.01 3.95 0.1 0 7
incinerating facility
MF-142  Factory and industry 0.1 0.77 0.08 0.01 2.6 0.1 0 8.2
MY-4 Scrap iron drippings 0.16 13.28 0.32 0 19.1 0.05 0 7.8
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Fig. 1. Comparison of the number of microflora. The samples were
collected from mercury and chrome polluted soil at Gyeong-
sangbuk-do.

£ =A38 A3} HeCl 50 ppm& A7 wjR|elA ] v
AE = 15%x100~1.7%x 100 cfu g'e] ¢ 37, 100 ppmE
%9 HeClhZ 713 viR) oA 1.8% 10~6.5% 10%cfu
g o] ZgH e, e mopuck 100 o) ¥ ¥
3 2lEe] #A= g (Fig. 2).
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SESozRY WAHF 5075, 6713F LHEGor
B 100952 22t Belsle) AAFF Escherichia coli

&} Staphylococcus aureusol] |3+ Z& g ZAPSIAT
3 A3} S aureusdl| Z2E}EE A Vel ’“E_h
HEYAAN 575, 67128 LPdE=SINAM 1135

Log No. of colonies
B~

Control soil MK-20 MM-4

rD: Noadded  [3:HgCl, 50ppm, [=3: HgCl, 100ppm

Fig. 2. Comparison of the number of actinomycetes on HgCl,
added to the SCA medium.

Table 3. Number of antibacterial isolates collected from heavy
metal polluted soils.

Test bacteria

Total
Sample isolate S. aureus E. coli
(ATCC 6538) (1AM 1026)
Polluted by Hg™* 50 5 6
Polluted by Cré+ 100 11 15

Hslem, E colio] AJHE Ze gF= & &
Foll A 675, 67}2F 24 .
o 283 GramoFA 2 A9 AA
FHE JEP #F = 6&%‘—0}314(Tab1e 3).
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@tamycetaceae

Streptomyces albofuciens (AB0O45880)

Kitasatospora setae (U93332)

Streptomyees pseudovenezuelae (AJ399481)

Streptomyces peucetius (AB045887)

Streptomyces clavuligerus (AB045869)

Streptomyces echinatus (AJ399465)
Streptomyces griseorubiginosus (AJ399488)

~

MF142-1

MF142-15
MM4-11

MF142-17
MM4-17

142-11 Streptomyces lateritius (AF454764)
Streptomyces venezuelae (AB045890)

Streptomyces setonii (D63872)

Streptomyces virginiae (D85123)

Nocardicidaceae

Nocardioides fulvus (AF005017

MF142-3

Bifidobacterium bifidum (M38018)
Propionibacterium freudenreichi (X53217)
Nocardioides plantarum (Z78211)
Nocardioides simplex(Z78212)
Nocardioides luteus (AF005007)
Nocardioides albus (AF004988)

w’charathn'x longispora (X76964)

Pseudonpcardioidaceae \

MF142-14

MM4-4b

MF142-21
Saccharopolyspora spinosa (AF002818)
Saccharapolyspora gregorii (X76962)
Saccharopolyspora rectivirgnla(X53194)
Pseudonocardia hydrocarbonoxydans (XT6935)
Saccharopolyspora caesia (X76960)

Amycolatopsis azurea(X53199)
Amycolatopsis mediterranei (X76957)

Fig. 3. Phylogenetic relationship within the actinomycetes cellected from mercury and chrome polluted. The isolates were found to fall with
in three major phylogenetic group; suborder Streptomycetaceae (6 strains); suborder Nocardioidaceae (onestrain) and suborder
Pseudonocardioidaceae (3 strains). Scale bar is 5 nucleotide substitution in 100 bases.

(Fig. 3).
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