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This study was performed to investigate the effects of microbial augmentation on the biological
treatment of paper mill wastewater. Three bacteria (KN11, KN13, KN27) capable of degrading ar-
omatic compounds and a bacterial strain (GT21) producing an extracellular cellulase were isolated
from soil and wastewater by selective enrichment culture. Through morphological, physiological, and
biochemical taxonomies, isolated strains of KN11, KN13, KN27, and GT21 were identified as
Acinetobacter sp., Neisseria sp., Bacillus sp., and Pseudomonas sp. and named Acinefobacter sp. KN11,
Neisseria sp. KN13, Bacillus sp. KN27, and Pseudbmonas sp. GT21, respectively. For analysis of non-bi-
odegradable and chemical oxygen demand (COD)-increasing matter in a paper mill wastewater, we
utilized GC/MS to detect aromatic compounds and their derivatives containing several substituted
functional groups. The microbial augmentation, J30 formulated with the mixture of bacteria including
Acinetobacter sp. KN11, Neisseria sp. KN13, Bacillus sp. KN27, and Pseudomonas sp. GT21, was used
for the treatment of paper mill wastewater. The optimum temperature and pH for COD removal of
the microbial augmentation, J30, were 30C and 7.5, respectively. For evaluation of the industrial ap-
plicability of the microbial augmentation, J30 in the pilot test, treatment efficiency was examined us-
ing paper mill wastewater. The microbial augmentation, J30, showed a COD removal rate of 87%.
On the basis of the above results, we designed the wastewater treatment process of the activated

sludge system.
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Table 1. Taxonomical properties of isolated strains
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Characteristics Strains
KN11 KN13 KN27 GT21

Morphological

Gram staining - - + -

Shape rod cocci rod rod

Size (cocci) 0.7

Size (width of rod) 0.5~0.9 08~1.2 0.7~0.9

(length of rod) 1.0~17 31~35 14~27

Spore - - + -

Motility + - + +

Acid fast — - — —

Cultural

Colony color yellow-milky yellowish milky-white yellow-milky

Growth in air + + + +

Growth anaerobically - - - -

Growth at 25T + + + +

Growth at 40C + + + +

Growth at 65C - - - -

Growth at pH 5.7 + -

Growth at 7% NaCl — - + —

Physiological

Catalase + + + +

Oxidase — + + +

O/F (Oxidation/Fermentation) F @) F (@)

Carbohydrates, acid form

Glucose - + + +

Lactose - - + -

Sucrose - - + +

Xylose - - + +

Hydrolysis of

Gelatin - - + +

Starch — - + —

Voges-Proskuer reaction - - - -

Nitrate reduction - + + +

Indole reduction + - + -

Urease - - - +

Chemical

Mol% G+C of DNA 39 52 46 61

Table 2. Characteristics of microbial augmentation, J30 A3, et A 13 AP FRNAE FAFed 45 tiE)

Characteristics Contents 763%°] Ml A F& Aeags B F7]28 A=A
Total viable count 1.8x10" CFU/g Aol Me Aol tial 44.4%, AN E 713%, WF
Bulk density 0.298 FollM= 789%= st & Qh RAOZ ZAHHUY Z71%
Water content 25.6% Ao Agd W3t xgla A Z7)9 93 BOD 7}

Particle size 50~100 mesh
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Table 3. Characteristics of a paper mill wastewater

(unit: mg/1)

Wastewater BOD CODwin COD¢ TOC T-N T-P
Influent 93.78 1523.0 2614.0 1130.4 63.214 1.374
Chemical treatment 21.25 372.5 672.3 283.2 5.017 0.674
Aeration tank 5212 96.5 162.1 61.3 16.318 3.142
Sediment tank 29.62 76.2 1454 524 14.156 1.769
Effluent 19.73 73.5 121.3 437 13.175 1.385

Table 4. Respiratory rate of a paper mill wastewater

Oxygen consumption Relative

Wastewater .
rate (ADO) respiration rate

Influent 0.87+0.02 0.32
Chemical treatment 1.59£0.01 0.71
Activated sludge 2.41+0.06 1.00
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Fig. 1. Effect of pH on the efficiency of COD removal in paper
mill wastewater. The symbols; O: Psedomonas sp. GT21,
®: Acnetobacter sp. KN11, [0: Neisseria sp. KN13, B:
Bacillus sp. KN27, A: microbial augmentation, J30.
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Neisseria sp. KN13, B: Bacillus sp. KN27, A: microbial
augmentation, J30.
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