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Utilization of Microorganisms for Treating

Wastewater Polluted with Heavy Metals
Jong-Soo Heo and Ju-Sik Cho

Abstract

As a basic research on applying the microbial strains which had been isolated and proved to
remove heavy metals, such as Pb, Cd, Zn, and Cu in This laboratory to actual wastewater
treatment, optimum condition of the treatment system with addition of single or multiple species
of pollutants and microorganisms were investigated at small scale.

Concentration of the bacterial inoculum was 3000mg/L and 1500mg/L of MLSS for treatment
with single and multiple species, respectively. Removal rates of heavy metals were expressed at
HRT’s (Hydraulic Retention Time) of 12, 24, and 48 hr.

Removal rates of Pb, Cd, Zn, and Cu after 12 days at HRT of 24hr with addition of single
and multiple species were 93%, 90%, 80%, and 39%, and 75%, 90%, 74%, and 48%, respectively.

Judging from these results, treatment capability of the isolated strains is excellent. Hence, the

microorganisms are expected to be applicable to actual wastewater treatment.
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Table 1. Heavy metal tolerant microorgani-
sms used.

Heavy
metal

Microorganisms Isolated source

Pb P. ageruginosa Industrial wastewater
Cd P putida
Zn P. chlovoraphis

Cu P. strutzer

Mine wastewater
Industrial wastewater
Mine wastewater
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Table 2. Composition of the influent waste-
water.

Composition Concentrahon(mg/@)

Glucose 1000
Monosodium glutamate 150
(NH2).CO 50
NaCl 150
CaCl, 8
MgSO,, 7H,0O 5
KH,PO, 22
K:HPO, 56
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Fig. 1. Operation system of activated sludge
process.
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Table 3. Result of operating in an activated sludge reactor treated with 100mg/¢ of Pb.

Operating HRT Days after treatment

factor (hr.) 0 2 4 6 8 10 12
12 7.00 742 7.26 7.55 7.58 7.67 7.35
pH 24 7.00 7.36 7.68 7.52 7.54 7.75 827
48 7.00 7.25 8.25 8.01 7.68 7.86 801
MLSS 12 2980 2700 3220 3090 2970 2850 2630
(mg/0) 24 3150 3040 3250 3600 3650 3300 3160
& 48 3100 3380 3400 3270 2718 2540 2310
12 120 80 80 70 100 80 60
SV 24 150 160 160 170 170 180 180
48 130 140 90 110 90 100 80
12 40.3 29.6 249 227 337 28.1 22.8

SVI 24 47.6 52.6 49.2 472 46.6 54.5 57.0
48 419 414 26.5 336 331 394 346
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Fig. 2. Removal rate of Pb in wastewater
treated with 100mg/¢ of Pb at 30°C.
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Table 4. Result of operating in an activated sludge reactor treated with 100mg/¢ of Cd.

Operating HRT

Days after treatment

factor (hr.) 0 2

4 6 8 10 12
12 7.20 7.65 7.61 7.63 7.87 7.73 811
pH 24 7.20 7.04 7.08 7.28 7.38 7.87 7.89
48 7.20 7.77 7.74 7.87 7.83 8.17 8.02
MLSS 12 3133 3246 3326 3423 2954 2760 2504
(mg/0) 24 3104 3184 3208 3574 3648 3427 3351
m 48 3298 2926 2932 2754 2530 2230 2118
12 100 120 110 90 80 70 80
SV 24 120 160 180 200 160 180 180
48 120 80 80 65 80 60 60
12 31.9 37.0 330 26.3 27.1 26.2 32.0
SVI 24 387 50.3 56.1 56.0 43.9 52.5 53.7
48 36.4 273 273 236 31.6 269 28.3
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Fig. 3. Removal rate of Cd in wastewater
treated with 100mg/¢ of Cd at 30°C.
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Fig. 4. Removal rate of Zn in wastewater
treated with 100mg/¢ of Zn at 30°C.
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Table 5. Result of operating in an activated sludge reactor treated with 100mg/¢ of Zn.

Operating HRT Days after treatment
factor (hr.) 0 2 4 6 8 10 12
12 6.81 6.99 7.07 7.14 7.38 7.50 7.70
pH 24 6.81 6.91 7.16 7.36 7.40 7.56 7.84
48 6.81 6.86 6.91 6.88 6.84 7.13 7.60
MLSS 12 3104 3169 2840 2728 2514 2607 2498
(mg/) 24 2988 3366 3276 3463 3392 3265 3300
48 3162 3180 3580 2928 2977 2592 2614
12 90 80 80 70 60 70 80
SV 24 100 150 140 160 140 150 120
48 100 120 120 120 100 100 80
12 29.0 252 28.2 25.7 239 26.9 320
SVI 24 335 446 427 46.2 413 459 364
48 31.6 37.7 342 41.0 33.6 386 30.6

Table 6. Result of operating in an activated sludge reactor treated with 100mg/Z of Cu.

Operating HRT : Days after treatment
factor (hr.) 0 2 4 6 8 10 12
12 6.87 6.90 7.22 7.30 7.40 761 7.92
pH 24 6.87 7.16 7.32 7.65 7.55 7.85 8.02
48 6.87 6.86 7.03 7.10 7.37 7.60 7.66
MLSS 12 3114 2912 2610 2718 2600 2632 2324
(mg/0) 24 3096 3238 3324 3360 3366 3291 3327
48 3218 3214 2956 2706 2754 2580 2346
12 100 100 80 80 70 40 40
Y 24 120 120 110 130 120 110 130
48 90 100 90 20 70 60 40
12 32.1 34.3 30.7 294 26.9 152 17.2
SVI 24 32.3 37.1 33.1 38.7 35.7 334 39.1
48 28.0 311 30.5 33.3 254 233 17.1
atglon, HRT 24 2 48413+ A9 A 12 (4) Cu 9SS
9 F 27 80% 2L 90%= 4 HRT 48A|7tew = H4F Cudl 100mg/¢ A d=xe3o Cu W
sl AL Aol N F& A2 518 AEFT DERFANE A o2y 39
vreRy o), pH, MLSS, SV 2 SVI WslE Zs)xzuy HRTH 2
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Fig. 5. Removal rate of Cu in wastewater
treated with 100mg/¢ of Cu at 30°C.
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Fig. 6. Removal rate of Pb in wastewater
treated with mixed heavy matals at 30
°C.
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sludge reactor treated with mixed heavy metals.

Operating HRT Days after treatment
factor (hr.) 0 2 4 6 8 10 12
12 7.00 7.04 7.20 7.30 7.30 747 7.58
pH 24 7.00 7.20 7.38 7.59 7.55 7.78 8.02
48 7.00 7.10 7.22 7.37 7.50 7.55 791
MLSS 12 5983 6122 5872 5666 5427 5122 4873
(mg/2) 24 6100 6432 6654 6524 6322 6426 6432
m 48 6010 6127 5938 5872 5727 5633 5572
12 300 240 200 180 160 170 150
Sv 24 350 360 360 370 350 340 370
48 320 310 330 290 280 250 230
12 50.1 39.2 340 318 29.5 332 30.8
SVI 24 574 56.0 54.1 56.7 52.9 53.7 57.5
48 53.2 50.6 56.1 494 48.9 444 413
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