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Abstract

As a part of a study on the development of microbiological methods for petroleum exploration, the distribution
of the average survival rate for heterotrophs to various heavy metal ions and hydrocarbons were surveyed and com-
pared by the use of plate count method. In consequence of the average survival rate to heavy metal ions(2 hours
treatment) and hydrocarbons(1 hour treatment) for heterotrophs isolating from soil samples(50cm depth) which lo-
cated in Doum mountain(A, B and D site) and Aedowon(C site) at Pohang area, the survival rate of heterotrophs
for nickel(600ppm), cobalt(500ppm), cadmium(100ppm), mercury(20ppm), zinc(400 ppm) and lead(500ppm)
were 73.7%, 82.6%, 76.8%, 9.5%, 77.8% and 73.6% at A site, and 67.9%, 82.5%, 86.0%, 5.8%, 82.5% and
91.7% at B site, 87.8%, 79.8%, 87.5%, 7.0%, 84.2% and 47.7% at C site, and 71.8%, 76%, 85.9%, 1.2%,
79.6% and 88.3% at D site, respectively. Also the survival rate of heterotrophs from A, B, C and D site to pentane
and hexane(each concentration is 20% ) were 26.7% and 42.5%, 11.8% and 8.1%, 44.3% and 36.2%, and 12%
and 3.5%, respectively. Therefore, heterotrophs from B and D site that alternated gravelstone, muddy sandstone and
sandstone were higher survival rate to the heavy metal ions than heterotrophs from A site which mainly composed
gravelstone. Also, heterotrophs from C site which mainly composed muddy sandstone and once produced natural gas
were showed relatively higher survival rate to the heavy metal ions and hydrocarbons than the other sites. Conseque-
ntly, we confirmed that the distributions of tolerant heterotrophs to heavy metal ions and hydrocarbons were differ
from the lithological composition.
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YL, o]Ee EAGRE AHFIULY RIIERAL A
FE e BErLEY EFRNFOE FHe A3
ZAHGeochemical survey) 2 788 4 i1, o]& ®©A}
HHES T met 42 dejrkA] B, 9 S 7R 9§
of ZAA Y wie} A2 g Adsto] AMgstn gl
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AE EAol 213+ pH} redox potential?] ¥W3h AHacid)
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T2 ARZ ARGE.

£ dve 7189 B, 353 Wl i #e A
ol AEg vjgoz AFeitE & & e WSS
HAPERE ey 8 Bskeart nAdEEE A9y
Aol Afasirast o3d Z3d Fa49 U
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Fig. 1 Sampling site and location map at Pohang
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97 e AY w29
balt, 500 ppm ; cadmium, 100 ppm ; mercury, 20
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=91 600ppm(Ni), 500ppm(Co), 100ppm(Cd), 20ppm
(Hg), 400ppm(Zn), 500ppm(Pb), 20% (pentane, he-
xane) & AYFER AYSHYLE o] FLEL Zng Hos}
3L Michaelis and Riesed] EFAIR 7] £xo ujny
HHEY 52 FRold FE43 vilsa HYswe
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qof we}, = EY, @, #5 BHET Agd w4
FTEEY "3ray v uAde T8 AR ok
& Aoz Agdrh

ESR|o| it ZLAUMT BT

EYAGeA AAY LE AEE FI5Y BraR
Heshe AR F 2T R ZAME HF FH5YRA
79 & A, B, C, D A9EE v u¥ w(Table 1), T2
Aqdez v A AYY YF 1.15X107(CFU/g soil)
# olgtez FAHHE C A9 9.99X10°%(CFU/g soil)°l
vlg) A9, of¢h, Algtel Ejstal e B AHE 1.12X
10°(CFU/g soil), 281 D A¥L 2.18X10°(CFU/g

Table 1 Average number of heterotrophic bacteria in
site A, B, C, and D

i - Nl E I e i
1 1.92X107 21 7.46X10°
2 7.13X10° 22 1.49X107
3 1.31X107 23 1.15X107
4 1.53X107 24 2.18X10°
5 4.80X107 25 1.25X107
6 1.91X107 26 3.68X10°
7 5.23X10° 27 4.54X10°
8 5.93X10° 28 2.40X10°
9 1.23X107 29 3.53X10°
10 1.08X107 30 1.23X10°
11 5.59X10° 31 3.27X107
12 7.58X10° 32 1.65X107
13 8.11X10° 33 1.53X107
14 7.91X10° 34 3.41X10°
15 1.08 X107 35 1.24X107
16 1.49X107 36 1.01X107
17 1.18X107 37 3.23X10°
18 1.12X107 38 2.26X107
19 9.81X10° 39 8.15X10°
20 7.13X10°  |Average  1.15X107

to be continue.
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Site(B)  AYFES Mo [site(D) Aferat oon "
1 1.54X 107 1 1.74X10°
2 2.80X10° 2 447X107
3 5.24X10°
3 8.51X107 4 1L67X107
4 1.48X10° 5 1.20X10°
5 4.20X107 6 155x10°
7 406X 10°
6 5.14X107 3 3.68X10°
7 2.65X107 9 5.69X107
o 801X 107 10 6.71X 107
11 4.36X10°
9 1.35X10° 12 3.46X107
10 2.02X10° 13 4.94X10°
11 2.47X107 H 3433107
15 3.59X10°
12 2.07X107 16 3.09X10°
13 199X 10° 17 3.41X10°
y 550X 10" 18 2.43X10°
' 19 3.04X10°
15 5.05X107 20 4.51%X107
16 8.14X 107 21 2.41X10°
22 1.47X10°
Average  1.12X10° 23 491X 10°
Site(C) A‘I’fgﬁggtﬁ,‘;h"f 24 1.73X10°
I 245X10° 25 9.58 X107
26 1.67X10°
2 1.18X10 27 461X10°
3 1.74X107 28 8.25X10°
29 9.11X107
4 B30X10° | 55 gs53x10°
Average  9.99X10°  |Average  2.18X10°

soi) 0.8 F&ggA|o] wjad Ho|] EF3t Yt
a8y ole AR Gor 1 Fr VRS B EX
3= B59Y AT FE w3y, dulage g
Ao Hi#FA9 514X 107(CFU/g soil) Hx & 2ol E
HolA ogkt) ojAL thAAGAA o 10cm ZojelA
AT A5} TGS Hat 50cm ZololA AT A
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A X|of EQUMTO| Z2LD} ElSpA0 e MER
¥ =2 AFA 78 A& 9t 100-150m 7HE
o2 F 39 AYAM EYARE HAT A AYGe F=2
A%oZ FAHE AEF AGolth, o] A AY ELE F
25 B3lri2 Aedte 2SS A Z7H(Table
2), AR e 6 £79 FIEH 2 79 @3l5Ld
3 25 A 92 AEES UehiAY, TE T4
o} FI1H 0 FolX A Yol HFE Fol B 5
A%Th A G FFEQ Nidl g HF AF &L 73.7
%, Cox 82.6%, Cd& 76.8%, Hge 9.5%, Zn 77.8
%, Pbx= 73.6%, 11 @FFA AT 26.7%, I
& 425%9 AEEE Ve gAY EG w8 S5
£ Pt 10% AT =& AEES Yehle v gl
A FHES YN 9L AFELS By o] Ao gAXY
€ H1Y FF5E&E ®o] TR v Aoz ud
"ot 22y g3l gid 424 A g vlE
e Be Aoz Jepded, o/ dA sty
wol ¥ Zue] 4% oz ¢ B A gA G
HlE AREFY B YT we AYGo|x, ® FFo| &
BaSel =257 47] g 24 Adetn 4"
.

=
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B X|Y EYMZe 25T ElsfeAol CiE M=E

¥YFFEA FYolA AAF oz e 4
< g A3 B AL F2 99 o] Algto] st
e FdF Aok, o] B A9 %94 100-150m
o2 FAS v £ 16 AHAN EFE AFsA
&3} g3l i3 AEEE 2AMS 23(Table 3),
Y3 o] FAE wet T Aol JehtA 4%

B A¥Y Fa&d Ui Hd PEEL Nid 67.9%,
Co¥ 825%, Cd¥ 86.0%, HgE 5.8%, InS 82.5%,
PbtE 91.7% o|UH, ©3}Fi0l Hee 11.8%, FAke

¥

H

8.1% % AELE Bl A Aol 3| Nist HgE AF
BEE FES dE AEE0] & ASE YyEstoy @
shednd] i AEEE A AGRT 9 e oA e
ofrtE A G2 ojgEdl HAH FaH0] ¥l Yo
2 gosy e A9 B sy ARzt o
Folzol 38 Aojck

C XY EYMTe] Z34D Elsfeao| e MES

Aty NEEF 7kt BE2HAE Jed (gL F
ojgfo g TAHH FEF NG 2 sixvl BEHUH F
A F XL FAER Yo AEE AFHT 4§y,
Uz 33xe] FHE 20-30m HEBoE EFANEE AFH
o FE5T B3ea A o AEES FAAL
(Table 4). CAY TR Fa&o] i P HEES
Nio] 87.8%, Co’} 79.8%, Cd’} 87.5%, Hg’} 7.0%,
Zno] 84.2%, Pb7} 47.7% & 1g]3 ¥4 Heo]
44.3%, Aol 36.2% 9 AELE el pbt YR
CoZ A Yatae A, B, D A vl3] dwrHoz F54
# galeh] dig) vnd g AELE 2e Aoz 2
AE QAT oA o] AFo] FRE ooz FAHo HE
¥ 354 ol vimy g1, & sl BEd Ao
Hol gslras & AYRT HA4 #6537 i)z
wad

D X EUMT E340 ElsleLof TS MEE

EFFEEANA g4 wHoz Yeer $AS ug
100 - 150m HEo2 F 30 NHAN ESE A D
AYE ¥YFFEAF B AHye] 7 Jgoz 74
H AEZL Um] gEe B Y7 FUG dY, o
o, ARgtol didta Qe g Fo|th?. o] D AY EY
Age FE&E B3eh Ayl pE A28L 2A
A3}(Table 5), Nioll 3 BAYEELE 71.8%, Co= 76.
0%, Cd& 85.9%, Hge 1.2%, InS 79.6%, Pbe 88.3
%5 281 @skrad Agd 442 47 120% 9 3.5
%9 AZE&E el D AGe A A3} Hz g
g3k HEES B A9AY Yoz vy, FR4
9 Co, Hg, Ni?l A% 42 6.6%, 8.3%, 1.9% A% W
HEES, C4, Zn, PbY] B$E 0.1%,1.8%, 147% A%
L AEES YR A A9ETE 3259 U A=
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Table 2. Survival rate of heterotrophic bacteria for various heavy metals and hydrocarbons in area A (Unit 5 %).

Metal &

Site Hydrr;);- Ni Co Cd Hg Zn Pb pentane hexane
1 53.3 12.3 6.0 9.4 60.0 59.1 5.5 135
2 >100 72.7 45.9 57.1 92.6 65.8 11.4 5.8
3 >100 1000 100 7.1 100.0 72.5 30.0 76.4
4 »100 94.1 >100 6.4 73.3 84.5 40.9 37.1
5 27.3 >100 30.2 2.6 72.5 74.5 3.3 4.3
6 72.7 65.4 76.4 2.9 2100 50.0 7.7 23.1
7 >100 97.6 81.8 20 100 98.2 19.2 93.3
8 ND >100 85.4 14.3 83.0 65.4 29.0 5.0
9 >100 42.9  >100 16.3 >100 73.3 8.9 37.7
10 846 100 ND 11.8 30.8 61.1 8.3 25.8
11 97.8 86.2 35.7 5.3 »100 91.7 16.7 14.3
12 50.0 100 100.0 206 100 85.7 26.5 19.4
13 87.0 100.0 100.0 1.9 84.3 74.2 7.1 215
14 97.6 89.8 67.7 3.1 100.0 90.9 29.6 37.3
15 358  >100 90.9 2.5 92.9 88.2 17.1 39.7
16 475 100 67.3 ND 92.3 49.1 »100 66.7
17 33.3 889 1100 0.4 >100 88.9 9.0 8.5
18 86.7 905 100 14.3 86.7 84.2 357 10.9
19 68.3 61.9 87.4 ND 327 63.3 35 5.1

20 75.8 89.3 90.2 2.1 66.7 60.4 26.1 9.1
21 83.1 70.0 66.2 6.4 78.0 56.6 51.7 52.0
22 58.1 >100 55.9 11.8 70.0 52.7 190  )100
23 92.3 92.3 78.6 9.2 65.4 77.9 17.3 36.1
24 >100 50.0 5.4 ND 80.0 74.2 296 100
25 75.3 38.5 37.3 3.8 61.1 72.7 12.9 70.0
26 >100 ND 50.0 1.9 15.4 48.9 10.5 100.0
27 93.3 75.0 93.0 ND 778 100 19.4 56.3
28 83.3 273 100 ND 89.7 85.7 30.0 62.3
29 75.0 100.0 2100 ND 98.5 80.2 ND 30.0
30 86.4 92.9 84.6 ND 56.0 49.2 12.6 33.3
31 8.1 1000  »100 2.2 85.2 81.7 3.7 14.4
32 55.5 91.7 81.3 5.3 78.3 >100 >100 436
33 58.3 64.7 72.7 16.3 27.3 86.4 15.0 57.9
34 94.3 2100 54.2 3.1 71.2 71.4 53.3 33.3
35 90.9 97.1 88.0 20.7 80.0 86.7 57.1 62.7
36 35.3 >100 86.8 15.6 »100 75.0 49.2 72.8
37 250  >100 100.0 1.8 04.4 70.8 18.2 60.0
38 93.9 857 2100 6.8 76.9 52.8 34.3 65.1
39 76.0 636 100 8.3 60.0 65.0 43.8 53.3
Average 73.7 82.6 76.8 9.5 77.8 73.6 26.7 42.5

ND, not detected.
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Table 3. Survival rate of heterotrophic bacteria for various heavy metals and hydrocarbons in area B (Unit ; %)

Metal &
. Hydroca- -

Site rbon. Ni Co Cd Hg Zn Pb pentane hexane
1 100.0 1000 100 1.8 74.2 98.1 0.9 0.2
2 82.8 97.1 34.6 3.8 »100 >100 0.9 0.5

3 411 100.0 100.0 26.7 770 100 5.9 ND
4 68.2  »100 >100 2.6 >100 68.4 14.8 29.2
5 44.4 1000  >100 ND ND 75.6 18.0 3.9
6 63.6 69.9 80.0 1.4 96.1 70.4 10.0 8.4
7 487 83.3 84.6 5.9 61.9 100.0 5.2 11.0
8 46.9 53.6 94.1 1.7 793  >100 2.7 3.3
9 73.3 50.0 87.1 0.5 >100 94.1 13.9 6.5
10 850 100 42.0 1.0 83.3 92.0 3.1 50
11 60.0 80.4 84.2 0.7 714  >100 27.5 140

12 65.3 7100 2100 20.9 1000 100 66.9 ND
13 76.5 63.5 >100 7.7 75.9 78.6 3.2 17.1
14 81.6 85.7 100 ND 894 100 1.1 3.1
15 66.7 52.9 84.2 3.3 71.0 100.0 11.3 6.6
16 82.9 83.3 85.9 30 57.3 90.0 35 39
Average 67.9 82.5 86.0 5.8 82.5 91.7 11.8 8.1

ND, not detected.

Table 4. Survival rate of heterotrophic bacteria for various heavy metals and hydrocarbons in area C (Unit ; %)

Metal &
Site Hyd;rlc));: Ni Co Cd Hg Zn Pb pentane hexane
1 89.2 72.5 2100 17.4 75.0 40.0 46.9 52.2
2 2100 54.8 >100 1.0 82.5 57.3 39.6 37.2
3 69.2 91.7 »100 2.4 95.2 50.7 62.7 16.0
4 92.9 »100 50.0 7.3 84.0 42.6 28.1 30.2
Average 87.8 79.8 87.5 7.0 84.2 47.7 44.3 36.2

go| gutgoz ot wo Ao APt ® B XY
o Ao} vjudw, YA g D Yo} 3.9%9 0.2
% AE AEE] %R UAAE A & AY %1t
g AEES Yol AAHeE D AYe B A
H3 F5&% gskedd] gd AEgo] AY v zdAY
G wrha E ¢ Qirk o] o)fE L FHEI Ao
A%k D A9F d¥e A5FA gAo] ¥ TS F
5 WA HA HEA A I eld Aeg 44
F ok 2y dAFHoze B (9% D Yy g@ils
&9l Fado] Uid BEE] AY vkdga B &
9o A= Ze Az FAHE X9 ddteid FF54
3 22 A HEs FAE F Ak 284 7}

27t F2HAY F239 C A9 wusd pbE A9
e RE S5 g@strad ng 4280 B AY
AY WA dehg el me AEee 2t 9 s
GA ST F AN WM FFET A, Gk e
HA Y wsprio] e AL FEZA Jofl 7k
gl wd, g, 2w Rass Asishe 7 &

€ Ak S LT ¥, AREA HEAA A
Al A7k sl e A WF FE&5T weles
AP 2EZ2A R 7t gskrd Askde 2t
A&HTE o] v 4Ee gApgo] A feAte] shte) B
ZARE B89 4 YT Aol Algdrh
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Table 5. Survival rate of heterotrophic bacteria for various heavy metals and hydrocarbons in area D (Unit ; %)

Metal &

Site Hyd:g:— Ni Co Cd Hg Zn Pb pentane hexane
1 52.0 51.5 74.2 0.6 664  »100 20.9 1.4
2 57.0 53.5 95.0 ND 90.2 75.4 9.0 30
3 >100 62.4 ND 0.2 >100 95.9 0.8 0.4
4 75.3 80.8 94.2 0.3 65.0 84.1 8.3 40
5 87.5 60.7 90.8 ND 36.1 >100 2.5 0.1
6 79.8 93.3 77.4 0.3 90.3 100 20.7 35
7 55.1 84.1 72.4 ND »100 2100 1.6 0.3
8 80.9 79.3 85.4 0.4 >100 >100 494 0.2
9 56.4 154 100 ND »100 93.7 5.4 2.5
10 61.5 643 100 0.1 63.9 63.7 40 0.7
11 73.8 61.9 85.5 3.6 81.4 99.2 45 0.1
12 50.2 68.4 91.0 ND 97.7 97.1 47 21.2
13 853 100 99.5 0.2 100.0 94.1 50 0.1
14 50.0 67.0 92.7 0.2 >100 74.0 1.4 0.1
15 44.1 436 100.0 0.2 >100 >100 2.7 0.1
16 47.1 81.9 79.4 0.1 335 76.5 2.3 0.1
17 1000  »100 100.0 2.5 88.0 88.7 62.5 20
18 60.2 94.6 90.8 0.1 89.0 7100 0.5 0.1
19 85.7 486 100 ND >100 >100 4.8 0.2
20 54.2 716  »100 ND 320 96.6 65.0 17.8
21 74.3 >100 80.1 3.1 »100 68.2 11.9 0.2
22 46.6 55.4 86.1 0.1 731  >100 5.7 1.3
23 83.4 88.6 80.1 0.1 90.8 95.8 0.9 0.2
24 >100 »100 99.3 0.7 90.1 84.3 10.3 17
25 66.2  )100 38.8 10.3 37.4 32.0 13.8 52
26 952  »100 81.7 0.1 82.9 71.5 1.0 70
27 788 100 >100 ND 97.1 94.0 1.8 1.7
28 98.1 70.0 90.2 ND 59.5 71.6 29.5 25.7
29 86.0 82.8 92.7 ND 348 93.3 2.9 0.6
30 700  »100 >100 0.1 87.5 100.0 5.8 2.2

Average 71.8 76.0 85.9 1.2 79.6 88.3 12.0 3.5

ND, not detected.

S 2 (100ppm), +2(20ppm), °}<1(400ppm), #(500ppm)

HAES o438 AR E Adstr] % A7
d§o T Bslgisl FF&o U FEGFATY AES
EEE gy o sl vlusigch X¢A 99
=93 22(A, B 9D AT g AG(C AF) A
BT 50cm HolZ MHAT EYAF F5&5 FRES 2
AZE )Y, dEAE 1AL Aestd AEEE wud
A3, F549 UYA(600ppm), ZLE(500ppm), /HEH
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o thal A NG 47t 73.7%, 82.6%, 76.8%, 9.5%,
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