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PVA Removal from Textile Wastewater by the Symbiotic PVA-utilizing Bacteria. Chul Ki Kim',
Yong-Jin Choi*, Chul-Woo Lee', Yeon-Taek Rim' and Jae-Keun Ryu'. Graduate School of
Biotechnology. Korea University, Seoul, 136-701, Korea, 'National Institute of Environmental
Research, Seoul 122-040, Korea.-The current processes of the textile wastewater treatment are
mostly consisted of a combination of a physico-chemical and a biological treatment. The overall effici-
ency of these processes is, however, assessed to be fairly low. It is even worse during the summer
season when temperature of the wastewater rises above 40°C. Therefore, a feasible process of the textile
wastewater treatment which can work efficiently at higher temperatures was investigated in this work.
We used a bench scale reactor consisted of one 4 liter anaerobic and one 8 liter aerobic tank, and the
thermophilic symbiotic PVA degraders, Pasteruella hemolytica KMG1 and Pseudomonas sp. KMG6
that had been isolated in our laboratory. In the preliminary flask experiments, we observed that the
thermophilic symbiotic PVA degraders could not grow in the wastewater substrate. Then, we isolated
the mutant strains by acclimating the KMG1 and KMG6 strains to the wastewater medium. The mu-
tant symbionts (KMG1-1 and KMG6-1) were isolated through 6 times successive transfers into the
fresh wastewater medium after 5 days culture for each. The mutant strains obtained grew well in the
mixed medium composed of 75% wastewater and 25% synthetic medium, and supplemented with 0.5%
PVA as a sole carbon source. During the culture for 14 days at pH 7.0 and 40°C, the bacteria as-
similated about 89% of the added PVA. The symbionts degraded equally well all the PVA substrates
of different molecular weight (nd=500~30000). In contrast to the flask experiments, in the reactor sys-
tem the mutant strains showed very low levels of the PVA and COD removal rates. However, the
new reactor system with an additional aerobic tank attained 82% removal rate of COD, 94% of PVA
degradation and 71% of color index under the conditions of 5% inoculum on the tank 2, incubation
temperature of 40°C, dissolved oxygen level of 2~3 mg// and retention time of 30 hours. This result
ensures that the process described above could be an efficient and feasible treatment for the PVA con-
tained textile wastewater at higher temperatures.
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Fig. 1. Diagram of the anaerobic and aerobic floated media

reactor.
A, B: Anaerobic tank C, D: Aerobic tank (1) E, F: Aerobic tnak (2)
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Table 1. Composition of the Suzuki's medium

Ingredient content
PVA 5.0 g/l
(NH,),S0, 1.0 g/
KH,PO, 1.0 g1
K,HPO, 8.0 g/l
MgS0,-7H,0 (.2 g/l
NaCl 0.1 g/l
CaCl,- 2H,0 0.02 g/l
FeSO, 0.01 g/l
Na,MoQ,-2H,0O 0.5 mg/l
Na,W0,- 2H,0 0.5 mg/!
MnSO, 0.5 mg/l
Vitamin mixture* 1.0 ml/1

pH was adjusted to 7.5, *Vitamin mixtare contained Ca-pan-
tothenate 400mg; inositol 200 mg; niacin 400 mg; p-am-
inobenzoate 200 mg; pyridoxine 400 mg; thiamine 400 mg;
biotin 2 mg; and vitamin B, 0.5 mg in 1 liter of distilled water.
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Table 2. General composition of the wastewater used in this
work

Component

Contem (ppm)
CcOD 307
PVA 300
T-N 0.03
T-P 6

T-N : Total Nitrogen, T-P : Total Phosphate

Table 3. Effect of wastewater proportions in the synthetic
medium on PVA degradation and removal of COD

Bacterial strains Wastewater (%)

50 75 100 50 75 100
PVA degradation (%) COD (ppm)

KMG1, KMG6 85 17 1 780 1300 1350
KMGI1-1, KMG6-1 91 89 23 690 700 1290

*COD of the original wastewater supplemented with 0.5% PVA
and 0.1% ammonium sulfate was 1410 ppm. Cultivation was car-
ried out at 40°C for 14 days with reciprocal shaking in the syn-
thetic medium containing 0.5% PVA and various proportions of
the wastewater.
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Fig. 2. Effect of temperatures on the PVA degradation.
Symbols, @, 37°C. A, 40°C. Cultivation was carried out in the
75% wastewater medium supplemented with 0.5% PVA as a sole
carbon source and 0.1% ammonium sulfate as a nitrogen source.
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Fig. 3. Effect of pH on the PVA degradation.

Symbols; A, pH 5; O, pH 6; @, pH 7, @, pH 8, ¢, pH 9; O,
pH 10. Cultivation was carried out at 40°C in the 75% wastewat-
er medium supplemented with 0.59% PVA as a sole carbon
source and 0.1% ammonium sulfate as a nitrogen source.

Table 4. Effect of PVA concentrations on PVA degradation
PVA concentration (g/1) PVA degradation (%)

Table 5. Effect of polymerization degree of PVA on PVA de-
gradation

Polymerization degree PVA degradation (%)

500 95
1500 94
2000 92

30000 04

2.5 92
5.0 93
7.5 90
10.0 79

Cultivation was done at 40°C for 14 days in the 75% wastewat-
er medium supplemented with various concentrations of PVA.
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Cultivation was carried out at 40°C for 14 days in the 75%
wastewater medium supplemented with 0.5% of each type of
PVA indicated in the table.
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Fig. 4. Effect of various nitrogen sources on PVA degradation.
1. Yeast extract, 2. Corn steep liquor, 3. Ammonium sulfate, 4.
Peptone, 5. Urea, 6. None. Cultivation was carried out at 40°C
for 10 days mn the medium supplemented with 0.5% PVA as a
sole carbon source and (.2% each of the nitrogen sources in-
dicated in the figure.
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Fig. 5. Effect of phosphate concentrations on PVA degrad-
ation.

Symbol; @, Removal rate of PVA. Cultivation was carried out
at 40°C for 14 days in the 75% wastewater medium containing 0.
5% PVA, 0.2% ammonium sulfate and various concentrations of
potassium phosphate {dibasic).
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Fig. 6. Time course of COD change and PVA removal in the
effluent from the anaerobic reactor.

Symbols; Wastewater concentations. @, 50%; 7], 75%; O, 100%;
—, PVA degradation; ---, COD. Reaction was performed at
40°C in the mixed medium shown in the figure. The media were
supplemented with 0.5% PVA as a sole carbon source and 0.2%
ammonium sulfate as a sole nitrogen source.

Table 6. Color, COD and PVA removal by Pasteruella hemolytica KMG1-1 and Pseudomonas sp. KMG6-1 at various HRTs in

the two-tank reactor system

HRT (hr)
Reactor 20 30 40
blank Biologically treated* blank Biologically treated* blank Biologically treated*

wastewater COD (ppm) 700 700 700 700 700 700

PVA

degradation (%) 0 0 0 0 0 0

color index 529 529 529 529 529 529
anaerobic tank  COD (ppm) 650 650 520 520 520 520

PVA

degradation (%) 14 14 17 17 16 16

color index 509 509 442 442 438 438
aerobic tank COD (ppm) 550 530 320 300 310 294

PVA

degradation (%) 42 46 68 70 69 70

color index 398 395 233 230 231 230

*5% inoculum of KMGI1-1 and KMG6-1 was applied onto the aerobic tank. Textile wastewater supplemented with 0.2% PVA and

0.1% ammonium sulfate was used in the reactor experiment.
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Fig. 7. Time course of COD change and PVA removal in
the effluent from the aerobic reactor.

Symbols; Wastewater concentrations. @, 50%; O, 75%; O,
100%:; —, PVA degradation; ---, COD. Reaction was carried out
at 40°C, DO of 2~3 mg/l and HRT of 30 hours in the mixed
media shown in the figure. The media were supplemented with
0.5% PVA as a sole carbon source and 0.2% ammonium sulfate
as a sole nitrogen source.
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Fig. 8. Effect of PVA concentrations on COD and PVA re-
moval.

1. Wastewater, 2. Effluent from anaerobic tank, 3. Effluent from
aerobic tank(1), 4. Effluent from aerobic tank(2). Symbols; PVA
concentrations (ppm). @, 300; A, 700; [0, 1400; —, PVA de-
gradation; ---, COD. Reaction was carried out at 40°C, DO of 2~3
mg// and HRT of 30 hours in the mixed media shown in the fig-
ure. The media were supplemented with 0.5% PVA as a sole car-
bon source and 0.2% ammonium sulfate as a sole nitrogen source.

Table 7. Removal of color, COD, and PVA at various HRT in the three-tank reactor system.

HRT (hrs)
Reactor
20 30 40 60
wastewater COD (ppm) 700 700 700 700
PVA degradation (%) 0 . 0 0
color index 529 529 529 529
anaerobic tank COD (ppm) 650 520 520 480
PV A degradation (%) 14 17 16 19
color index 509 442 438 402
aerobic tank (1) COD (ppm) 550 320 310 150
PVA degradation (%) 42 68 70 87
color index 398 233 231 221
aerobic tank (2) COD (ppm) 450 70 65 55
PVA degradation (%) 68 94 94 95
color index 388 222 220 164
cell number KMG1 1x10° 8§x 10’ 4x10° 1x10°
(cells/ml) (8 x 10"
KMGS5 (1x10%) 4% 10° 2x10° 1x10° 2% 10°

*5% inoculum of KMGI1-1 and KMG6-1 was applied onto the aerobic tank2. Textile wastewater supplemented with 0.2% PVA and

(0.1% ammonia sulfate was used in the reactor experiment.
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