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ABSTRACT

This study. collaborated Gifu University, Japan. was performed to analyze chemical pollutants and
microorganism and to clarify the distribution of sulfate-reducing bacteria and their insolubihization
of heavy metal ions in leachates sampled seasonally between 1994 and 1996 from Nanjido waste
landfill site, sampled 4 times between 1995 and 1996 from Pusan and Daejeon waste landfill site, and
sampled 1 time between 1992 and 1994 from Hokkaido. Nagoya, Osaka and Hukuoka waste landfill
site in Japan.

The results were as follows :

1. The temperatures of internal leachate and leachate effluent were 40°C and 30°C, respectively,
and the pH values of both leachates were about 3.0 at Nanpdo waste landfill site. The concentration
of S0, * gradually increased with the degree of stabilization and that of NO,-N was detected in a
part of sampling sites at one and half vears, and in all sampling sites at 3 years after completion of
landfill.

2. The organic substances in leachate of Nanjido waste landfill site decreased with the degree of
stahilization and they were very fluctuated with measuring point and time. The concentration of or-
ganic substance and heavy metals in internal leachate were higher than in leachate effluent and
those of Cd, Hg, and Pb were lower than detection limit except a part of samples in 1996.

3. APCs in internal leachate and leachate effluent were not much different and the minimum of
APCs in internal leachate and leachate effluent were 1.0 X 1(*/m/ and 4.0 10"/m/, respectively.

4. The maximums of SRBs in Nanjido, Pusan, and Daejeon waste landfill site were 9180 MPN/m/,
24000 MPN/ml and 348 MPN/m/, respectively and the maximum of SRBs in Japan waste landfill
site was 9300 MPN/ml.

5. During 2-week-SRB culture, the values of MPN were high at 50°C for initial culture period and
at 30°C for last culture period . MPN started to appear at first day and rapidly increased between
7th day and 9th day. )

6. Cadmium and copper were insolubilized by SRB within 6 hr and 1ron and zinc were done within
48 hr. The rates of nsolubilization of Cd. Cu. Fe, Zn, T-Cr were 100%, 99.5%. 95.0%, 99.8%, 16.1%
after 48 hr treatment with SRB, respectively.

Keywords : Leachate, SRB, Insolubilization, Heavy metals.
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Table 1. The kind of sulfate reducing bacteria”

The name of bacteria

The main electron-donor

Desulfovibrio desulfricans
D.ndgarits
D.salexigens
D.afrivcanus
Dgigas
D.baculatus
D.sapovorance
D.baarsit
D.thermophlus
D.sulfodismutans
D.fructosovarans
Desulfovibrio sp.

Desulfococcus mudtivorance
D.ntacini

Desulfobacter postgatie
D.hvdrogenophilus
Dlatus

D.curvatus

Desulfonema limicola
D.magnum

Desulfobacterium indoricum
D.phenolicum
D,autotrophicum™
D.catecholicum™

Desulfotomaculum nigriticans
D.rumunis

D.ortentis

D.antracticum

D.acetoxidans

D.sapomandes

Desulfomonas pigra
Desulfobulbus propinicus

Desulfosarcina variabilis

For,
Lac,
Lac,
Lac,
Lac,
Lac, Pyr, Mal, H,

Lac, pyr. FA(C+-Ci)

FA(C]’CIS)

Lac, Pyr

Lac, Ale(C.-Cp)

Lac, Pyr. Mal, Fum. For, H..Glycerol. Fructose
Lac. Pyr. Mal, Fum. For, For. Eth, Amino acids

Lac, Pyr, Mal, H,, Coline, Alc(C,-Cy)
Pyr

Pyr, Mal

Pyr. Mal

Pyr

Lac, Pyr, FA(C,-C..). Arom, Ale(C,-Cy)
pyr. Mal, fum, Suc, FA(C,-C). Alc(C.-Cy). H., Nicotinate

Ace

H., Ace, Eth, pyr
Ace

Ace. Eth, pyr

Lac, Pyr. Fum, Suc, FA(C-C,y), H.
FA(C.-Ci), Arom, Fum, Suc

For. Ace. Pre, Alc(C2-C4)}, pyr, Mal, Fum, Suc. Indole

For, Ace. But. Alc(C,-C,y), pyr, Mal, Fum, Suc, Phenol, Benzoate
H., Alc(C.-C,), pyr. Mal, Fum, Suc, FA(C,-Ci). Lac

FA(C.-Ci), Alc(Ci-C)), pyr. Mal, Fum, Lac. H.. Catechol

Eth
For

Lac, Pyr,
Lac, Pyr,
Lac, Pyr
Lac. Pyr
Ace, But. Ale(C., Cy)

Pyr, FA(C,-Ci), Arom, Ale(C.. C.. C.)

Pyr
Pro. Lac, Pyr, H.. Alc(C.. Cy)

Lac. Pyr, Fum, Suc, Fa(C,—~C..), H,, Arom. Ale(C~C))

Lac : Lactate, Pyr : Pyruvate, Mal : Malate,
Propionate, But : Butyrate, FA @ Fatty acids,

*H,+CO, can be utilized for electron-donor.

Ace © Acetate. Pro:
Alcohols, Eth @ Ethanol, Arom : Aromatic copounds.

Fum : Fumarate, Suc : Succinate, For @ Formate.
Ale:
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SRB;  sulfate-reducing bacteria utiizing lactate
and propionate

SRB; : sulfate-reducing bacteria untilizing ace-
tate

SRB; : sulfate-reducing bacteria utilizing hy-
drogen

MB : methane-producing bacteria

H715F] dF o2 EAPIEA(0) WAl AgA)
e abA SO E o] &84 11'7]%‘?5 ] U
FrelsHs oUAE o)4-3t slch f7]E AbEHA
A7) H (F2A- 21 S0, el ddsle] HS7F A3
e} oo Ho| Funkgo o8l 7] e2 &
2(H21) Fed A (donor), SO 52 -’Fﬁ‘.(21 24 5
S Al(acceptor)7} deb, FAab FRI4L, 24 5
= At o2 shated 3@ e] 4%k °1|L1 z]flo]
2} Azb=lv] ghabed ghel o] SO, "9} 3ho] b o
2 okt #1E ssizte Al el 9
ATPS} 370 2] EAxe] Fhodofl ofsl chg-3f o] WA
Ho 7 Al3Ys]o] Zhri AzHEs qlct

ATP Sulfurylase®] #}8-(adenosine phosphosul-
fate : APS2]A#A)

Table 2. Km and AG" value of I, and acetate utilization on sulfate reduction and methane producton”

Reaction Substrate Km(mM) AG"(k]J/mol)
Sulfate reduction H, 0.001 -151.9
Acetate 0.2 - 71.7
Methane production H. 0.006 -135.6
Acetate 3.0 - 31.0
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Fig. 3. Sampling sites of Nanjido

Table 3. Analytical method & instrument.

Sangam-dong Q

Sungsan grand bridge

31

Parameter Analytical method & instrument
Temp. Mercury-filled celecius thermometer marked for every 1°C
pH Orion model 940 pH meter
DO ¢ DO meter
TBOD Standard methods
TCOD(Mn) 4
TS Total residue dried at 103-105°C
Vs TS-FS(FS=Total fixed residue at 550-600°C)
FS TS-VS
SS Total nonfiltrable residue at 103-105°C
T-P Automated ascorbic acid reduction method
Cl Mercuric nitrate method
SO.? Dionex ion analyzer(Model, LCM-3, VDM-2)
T-N UV spectrophotometric method
NH:-N Phenate method
NOs-N Dionex ion analyzer(Model, LCM-3, VDM-2)
TOC Shimadzu TOC analyzer (Model, TOC-500, 5000)
Conduct. TOA electronics{Model, CM-20S)
ORP Orion model 940 ORP meter
T-Hg Nippon instrument automatic mercury analyzer(Model, SP-3)
T-Cr Varian A. A. S.(Model, spectrAA30)
Cu ”
Cd "
Mn ”
Fe ”
Pb ”
Zn ’
APC Plate count agar
SRB MPN count method
Coliform ”

Korean Journal of Environmental Health Society, Vol. 23(3)
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Table 4. Nutrient agar & coliform medium.
tunit © % (W/V)

Nutrient agar medium Coliform medium

Meat extrct 0.5 Beel extract 0.3
Polypepton 1.0 Pepton 0.5
NaCl 0.5 Lactose 0.5
Agar 1.5
pH 70

Table. 5. Composition of medium.
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(unit : % (w/v))

Parameter Count of SR.B. Enrichment of S.R.B. Artificial leachate
Yeast extract 0.1 0.1 0.1
Polypepton 0.2 0.2 0.2
Sodium lactate 0.35 0.35 0.35
K.HPO, 0.02 0.02 0.02
Na.S0, 0.15 0.15 0.15
MgS0,.7H) 0.2 0.2 0.2
FesS0,.7H.0 0.02 0.02
(NaCl) (0.2) (0.2) (2)
Ascorbic acid 0.02 0.02 0.02
Agar 0.3
pH 7.5 7.5 7.5
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Table 6. Result of analysis at Najido landfill leachate (1). unit : mg/!
Division Leachate effluent Intrenal leachate
94 95 96 94 95 ‘96

Parameters (Mean +$.D.) (Mean+S.D.)

Temp. ('C) 33.8+4.0 33.82£0.9 30.6+4.0 41.811.2 41.5+1.1 39.3%+1.1
pH 3.0+0.1 8.3+0.0 8.3+0.1 7.7+0.1 8.4+0.1 8.1+0.2
DO 0.610.06 0.5+0.46 0.41+0.12 1.0+£0.12 1.0+0.57 0.8+0.10
Cl 3020+ 674 30631235 23311426 2645t 731 2906+ 158 2312+549
SO, ¢ 22134 91+12.1 2941:173.1 39+89 1414452 2541+ 82.9
ORP(mV) 75+25 21134 86130 96+ 34 -8+43 46+64
Conduct. (ms/cm) 23.6+1.86 20.20+2.00 1544197 26.5+1.85 20.31+2.49 17.3+4.41
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Table 7. Result of analysis at Napdo landfill leachate (I1). unit : mg//
Division Leachate effluent Internal leachate
‘94 95 96 ‘94 ‘95 ‘96
Parameters (Mean+S.D.) (Mean+S.D.)

TOC 592+ 108 731+3 4591260 1214 +£205 1782+ 2611 2019+559
TCOD 1102+ 250 1058+ 155 679:+531 974 +418 1612+ 162 8514222
SCOD 802+ 197 1067 £ 147 398 +208 338+ 376 1263+ 206 598 + 248
TBOD 151+ 26 432+ 1849 169+98 2224-+999 40761553 1853+1125
SBOD 114421 175+69 11469 608+749 2549+ 191 1303+793
NH«-N 674+119 697 £173 527 1284 745+223 980+ 140 7191403
NOs-N ND ND 238=11.8 ND 18.2+1.9 150.4%+31.3
T-P 25+15 135+1.8 49126 50+1.6 16.0+3.6 7.5+29
T-N 1614+ 152 1891+ 252 1438 +375 1689+241 2223+ 289 1487 +390
SS 56+ 13 91427 49139 212473 173148 1664129
TS 979511856  7273+1068 10053+ 657 6733+1294
VS 306142005 27851273 4491+1397 4022+2158
FS 5792+1085  4489+797 - 5562+ 1657 3887 12686

ND=not detectable
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HeS L6 %10 AbAdapel ulszgh pRjolmt shalad ghgltol 23t
MnS 25~10" o oa s L .
i o 284 8ol 1 A0 A 2H1c)
PbS 2.5x107
Snd Lox10" 2. EETE NTTQ FX 9 SFAEEIATNL
7nS 1% ) .
n L & 34 238
Table 9. Result of anaysis in Nanjido landfill leachate(111). unit © mg/!
Division Leachate effluemt Internal leachate
04 05 96 ad 95 96
Parameters

(Mean +5.D.)

(Mean+ S.D.)

Fe(unfiltered.)
(filtered.)
T-Cr(unfiltered.)
(faltered.)
Mn(unfiltered.)
(filtered.)
Zn(unfiltered.)
(filtered.)
Culunfiltered.)
(filtered.)
Pb(unfiltered.)
(filtered.)
Cd(unfiltered.)
(filtered.)
T-Hg(unfiltered.)

8.27842.376
4.27841.095
0.924 1 0.336
0.451£.0.093
0.142+0.019
0.105+0.022
0.316:£0.111
0.1764:0.122
0.055+0.021
0.0231 0.007
0.0714 0.032

ND

ND

ND

ND

5.700 1 1,100
1.512:-1.230
0.664 + 0.420
0.469:r (0.292
0.088 +0.029
0.0581 ¢1.024
0.363 £0.518
0.067£0.035
0.050 * 0.005
0.028 +0.004
0.038 £ 0.012

ND

ND

ND

ND

3.935 £ (.780
2.327 t0.573
0.290 + (1.263
0.219:1 0.200
0.188 10188
0.076 + 0.040
0.177+0.141
(.075.4 0.072
0.162 +0.14%
0.078 + 0.042
0.1614 0.080

ND

ND

ND

ND

15.290 +0.984
2,025 110,758
1.175+40.495
0.605 1 0.134
0.653 1 0.275
0.097:+.0.045
2.723 1 0.580
2.102.40.712
0.33440.124
0.055 £0.071
0.094 +0.017

ND

ND

ND

ND

15.700 1 1.280
1.700 +0.201
1.000+0.250
1.000 +0.340
0.700 +0.310
0.200.1.0.090
3.200 £0.530
0.700-+0.400
0.500+:0.145
0.300 £ 0.160
0.104 +£0.120

ND

ND

ND

ND

15.870 £2.330
1.949:£0.697
0.701 £ 0.543
0.8944:0.325
0.628£0.522
0.131£0.153
3.022+1.332
0.625+0.257
3.289+2.969
1.9301 2.046
0.143:20.087
0.043:£0.009

ND=not detectable
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SRR EE E

a142°Cel sl 3§+
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Table 10. Resuit of analysis temp. APCs in Nanjdo landfill leachate in '94-'96

Fell 4 o

gro) ghalw|s]

Si Division Temp.('C. Avel) APCsefurml, Avel)
Site
No.l 40 1.1x10°
No.2 40 79X 1"
No.6 26 1.6 10"
Leachate effluent No.7 27 L3>
No.& 26 1.2x10°
Min-Max 16-42 LOX10-7.7x 10
Ave£S.D. 31.8+5.1 1.2%10°
No.3 41 R.0x10°
No.4 29 6.5%10"
Internal leachate No.5 53 6.2Xx10°
Min-Max 26-55 4.0x10"-4.5 = 10"
Ave=S.D. 41+49 5.0x10°

Table 11. Result of SRB of Nanjido landfill leachate at 30°C and 50"C culture m 1994.

unit : MPN/m/

division 30C 50°C
Site 1st 2nd 3rd 4th 1st 2nd 3rd 4th
No.1 64 24 240 24() 1.8 3.3 3.3 34.3
No.2 49 0 2.4 49 34.8 0 3.3 3.3
o No.6 348 24 240 240 49 2.4 24 79
Leachate B
effluent No.7 2400< 24 790 790 34.8 2.4 79 79
Min-Max (-2400< 0-79
AvexS.D. 345.2+603.4 29.21£29.3
No.3 2.4 24 2.3 24 34.8 3.3 23 23
No.4 2400< 348 2400< 2400< 0.2 0.2 0.9 2.3
Internal No.5 4.9 4.9 4.9 4.9 3.3 4.9 4.9 4.9
leachate -
Min-Max 2.3-2400< 0.2-348
Ave+S.D. 6351 1068.6 39.7+97.9
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2) ZHkdid 7o) BE 5l MPNO] wigl
Table 11,12,132 32| = o2} A &% SRB2
Az 72} AFfolwd, Table 143 WA 2 H4k 9

A FH2A 2 S Ao wel MPNSollA] 7
& zfolg Holx glov eRFEFHct RIS
o4} Hr} gho] sheliedr}, 3 50°C whekw )
30°C wfeko] Ao] mEAH B A7|ollA] we e
F vepgtont, No.5RAH -2 30°CRe) 50°C ujgkol

71& g A A&+ 5 SRB 7AF Ao} SRBE Hud der vehd AL dAxAEF 227}
Table 12. Result of SRB of Nanjido landfill leachate at 30°C and 50°C culture in 1995. unit : MPN/m/
division 30°C 50°C
Site Ist 2nd 3rd 4th Ist 2nd 3rd 4th
No.1 22.1 240 24 240 24 34.8 17.2 24
No.2 91.8 91.8 240 240 348 240 240 130
- No.6 2400 790 940 2400 348 348 91.8 91.8
Leachate -
effluent No.7 940 940 940) 240 54.2 79 34.8 542
Min-Max 22.1-2400 17.2-348
Ave+SD. 673.7+762.5 133.4+126.5
No.3 4.9 130 130 34.8 542 542 17.2 13
No.4 9180 9180 9180 9180 2.3 0.9 0.9 0.9
Internal No.5 0 4.9 2.3 0.8 109 79 3.3 54.2
leachate -
Min-Max 0-9180 0.9-542
Ave+S.D. 30851 4501.0 116.2+201.8

Table 13. Result of SRB of Nanjido landfill leachate at 30°C and 50°C culture in 1996.

unit * MPN/m/

division 30°C 50°C
Site Ist “nd 3rd dth Ist 2nd 3rd 4th
No.1 24 24 24 24 24 17.2 240 13
No.? 24 130 54.2 240 130 7.9 130 49
No.6 348 49 130 2400 24 17.2 91.8 348
Leachate ; z )
effluent No.7 2400) 172 240 940 348 17.2 34.8 54.2
Min-Max 24-2400 0.9-348
Ave+S.D. 386.9+ 718.5 82.6+107.4
No.3 34.8 130 34.8 2.3 23 34.5 13 3.3
No.4 9180 2400< 9180 9180 X 0.9 2.3 2.3
Internal No.5 0 7.9 0.8 3.3 7.0 4.9 4.2
leachate -
Min-Max 0-9180 0.9-54.2
AvexS.D. 2512.81+4076.8 12.616.5

Table 14. Result of SRB of Pusan & Daejeon landfill leachate at 30°C & 50°C culture.

unit : MPN/m/

Site Daejeon landfill leachate Pusan landfill leachate
Division D1 D2 D3 D4 P5 P6 p7
NaCl 30°C 13 4.9 348 240 9180 2400 24000<
0% 50°C 0 1.1 22.1 0 172 34.5 27.8
NaCl 30°C 0 [A] 0 0 1090 542 24000<
2% 50°C 0 0 0 0 1090 348 16090
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Fig. 5. MPN variation of SRB at 30°C for 2 week cul-
ture
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Fig. 6. MPN variation of SRB at 50°C for 2 week cul-

ture
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Table 15. Comparison of SRB of leachate in differ-

ent waste disposal sites. unit : MPN/m/
Location Leachate Min. Max.
*Nanjido Effluent 0 2400<
Internal 0 9130
*Daejeon Effluent 22.1 348
Internal 13 240
**Pusan Effluent 348 24000<
***Nagova  Effluent 0.9 68
**()saka Internal 0.7 9300
*Hokkaido Effluent 23.5 1100
*Hukuoka Effluent 6.8 2400<

*Solid waste landfill site
**Sea-based solid waste landfill site
*+*Gea-based hazardous waste landfill site
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Zghedut. o) 72 SuloFAl AbE shsbg4v) A3
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Table 16. Removal of heavy metals by sulfate-reduc-
ing bacteria

Time(hrs) Cd Cr Cu Fe Zn

No 9.85 4.46  19.30 9.18  19.30
moculum

0 5.89 4.72 7.78 16.00  14.40

100.00  100.00  100.00 100.00 100.00

2 3.78 4.38 4.79 1230 12.70

64.18 9280 6157 7688 88.19

4 1.30 4.04 0.95  12.10  12.70
22.07 8559 1221 7563 88.19

6 0.59 3.93 0.62 11.00 11.50
9.98  82.25 797 6375  79.86

8 0.09 3.71 0.48 9.93  10.30
153 78.60 6.17  62.06  72.53

10 0.03 3.91 041 1230 9.47
0.51  82.63 3.60 7250  58.06

12 0.03 3.90 0.28 1160 8.36
0.51  82.63 3.60 7250  58.06

16 0.03 3.26 0.17  11.50 7.66
051  69.07 219 7Ly 5319

24 3.73 0.24 7.59
- 79.03 3.08 52.71

32 0.00 3.60 0.04 1.64 1.95
0.00  76.27 0.51 1025 1354

48 (.00 3.96 0.04 0.80 0.03

0.00  83.90 0.51 5.00 0.21

Upper data show soluble heavy metal concentration
(my 1)
Bottom data show heavy metal residence(%)

100

& o . |
g Q OO a

- s 8

. N ° a *(d
—% 6 \ a \ aCr
| '\\ \ 4Cu
g 4 \ o Fe
g L ;nl am
o] \

A}

o .

0 8 16 p} 2 4 8

Fig. 7. Removal of heavy metal by sulfatereducing
bacteria.
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