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Purification of Concentrated Organic Waste Solution by
Phototrophic Bacteria and the Utilization of Byproducts
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%1 Purification of polluted water, including
crganic materials, under natural

biological process

Ammonia B.O.D.
ppm ppm
Heterotrophs growing stage over 5,000 over 5,000
After growth of photosynthetic _ _
bacteria 200-500 200-600
Photoautotrophs growing stage 10-50 10-60

B1ELY, WL TWELD, EBER-3IKRT &
T, 42k ERITHS. TOBHRIEED
HEEIC & - Tid, BEKOFKBRABIRICARE—TdH
D, REFICIIKBORKNSBEAINT, Zh 5%
ftshicLiBAShATLE D, THbLEAIEY
RITK LB SORMABRPEET S SV KIIT
A arFF s Eicliz. ZOBERBHELSDOT
HARMEMDHD | {05 4#E TOTHIA%E D
3T, MER, E# LSS RARMERDOTORKE
AT 3&HILTH 3. Thick bz ®
ElbEha e,



Vol. 3 No. 6 (1982) 553

(3)
(1) (2)
N\ ¢ 1
Waste | 17 =
solution ™3 e o g [ N
uthion i + B
% ) g
:
55 &
\_c( e
0{? (:\1
) 25" go LY
Sludge 05 &0
; ) 32 o8
PS8 53 =8
+Pptant i 20
i i
PSB Soil

Green algae

Tank 1. Receiving tank. The liquid waste is rcceived in this tank and the suspension acrated
for 20 h (even during the inflow of waste solution, e.g. sewage). The pH will vary according to
aeration, especially for liquid waste containing protein. Higher aeration increasc pH and vice
versa. For liquid waste from pharmaceutic industry (penicillin and erythromycin production)
aeration is not required. In this case Tank no. 1 is used as a storage tank for short periods. If
storage is to be prolonged it is essential that aeration be carried out to prevent deterioration
of the waste product by anaerobic fermentation. Afterinitial aeration, the aerobic environment
is eliminated by the stoppage of air supply. The large particlcs settle on the bottom of the tank
and the supernatant is transferred to Tank no. 2. This conversion of the conditions from
aerobic to anaerobic is essential in order that the accumulation of siudge be avoided. New
liquid waste is added and the aeration resumed. This tank is a closed system type and the
atmosphere containing the unpleasant odour is piped into Tank no. 3, or to an earth column
to be purified.

Tank 2. Photosynthetic bacieria (PSB) tank. This tank is illuminated continuously by combined

day light and artificial light. The suspension is agitated but not aerated by mechanical pro-

pellers. In most cases the pH will remain at a suitable level, however, for waste water from

penicillin production, it is advisable to adjust the pH (pH = 7-0-7-5) with an alkaline solution.

After 24 h 20-30 per cent of the liquid is transferred to a by-pass settling tank. The PSB cellsy
are collected by simple precipitations with hydrolyzed chitin solution (0 01-0-001 per cent for

liquid waste) and the supernatant is transferred to Tank no. 3. (If the separation of PSB cells

is not required, the suspension can be used directly as fertilizer.) The 70 -80 per cent remaining

liquid is used as starter for the next purification.

Tank 3. Algal culture tank. Tank no. 3 is aerated by the gas produced from Tank no. 1, and
by the air. If the liquid from Tank no. 2 is deficicnt in mineral clements (e.g. from erythromycin
production), small quantitics of N, P, K, Mg should be added to promote the growth of algae.
The liquid is maintained for totally 5 days. The aeration is stopped every day and the algal
cells are collected. The algal cells settle down to the bottom of the tank and can be readily
harvested. (At this point in the process 20-30 per cent of the purificd water can be released.)
However, this harvesting operation can be obviated if nylon netting is set on the surface of the
algal tank. By overflooding the culture, the algal cells will be collected by the nylcn net. The
algal cells can then be used as animal and fish fecd.
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%2 Example of purification of waste solution from swinery

Supernatant in

.. precipitation Discharged
Original tank after PSB* water
treatment

BOD (ppm) 6,600 380 15
COD (ppm) 3,364 354 64
SS (ppm) 6,540 450 17
Kjeldahl
nitrogen (as N) (ppm) 915 328 7.8
pH 6.8 73 71

* PSB : Photosynthetic bacteria

%3 Example of purification of waste solution from bean cake factory

Supernatant in

.. precipitation Discharged
Original tank after PSB* water
treatment

BOD (ppm) 11,300 340 15
COD (ppm) 9,800 270 17

SS (ppm) 3,930 23 5
Kjeldahl

nitrogen (as N) (ppm) 3850 280 u

pH 6.4 78 72

* PSB : Photosynthetic bacteria

%4 Source of waste materials purified by photosynthetic bacteria

Various kinds of microbial industry (beer, antibiotics, amino acids,

nucleic acids, etc. fermentations)

Various kinds of chemical synthesizing industry (synthetic fibers,

synthetic resins, chemical fertilizers, chemicals, etc.)

Various kinds of food industry (canned food, bottled food, cakes,

miso, tofu, : bean cake, etc.)

Petroleum industry

Starch and wool industry

Others : activated sludge, excrement, other organic materials
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%5 Composition of general component of
photosynthetic bacteria, chlorella, and
yeast cells

(g/100g dry weight)

Photosynthetic
bacteria Chlorella Yeast
Crude protein 60.95 55.52 505
Crude fat 9.91 8.07 1.1
Soluble carbohydrates  20.83 21.04 393
Crude fibre 2.92 12.09 2.1
Ash 5.39 3.28 7.0

* Photosynthetic bacteria : Rhobopseudomonas capsulata
Chlorella : Chlorella vulgaris

Yeast : Saccharomyces anomalus

%6 Amino acid composition of the cell
hydrolysates of photosynthetic bacteria,
chlorella and yeast

(g/100g dry weight)

Photosynthetic*
bacteria Chlorella* Yeast*
Lysine 2.86 2.1 3.76
Histidine 1.25 1.06  0.90
Arginine 3.34 3.24 2.50
Aspartic acid 4.56 4.74 311
Threonine 2.70 228 265
Serine , 1.68 212 275
Glutamic acid 5.34 462 621
Proline 2.80 212 L7
Glycine 241 228 218
Alanine 4.65 2.98 2.86
Valine 3.51 302 320
Methionine 1.58 0.27 051
Isoleucine 2.64 244 263
Leucine 4.50 4.46 3.54
Tyrosine 1.1 0.96 1.30
Phenylalanine 2.60 2.65  2.20
Tryptophan 1.09 0.64  0.66
NH3 4.01 258 530

* Photosynthetic bacteria : Rhobopseudomonas capsulata
Chlorella : Chlorella vulgaris

Yeast : Saccharomyces anomalus
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%7 Vitamins, pigments, and other elements
contents in photosynthetic bacterial cells
per 100g dry weight

Vitamin Element
2g/100g %
B 3,600 N 9.75
Bs 3,000 P 2.49
Folic acid 2,000 K 0.21
Bz 200-2,000 Si0; 0.82
C 20,000 Ca 0.87
D 10,000 1.U. Na 0.31
E 31,200 Fe 0.13
Mg 5.0
RNA 49% Mn 0.00
DNA 1.0% Cu 0.0021
Bacterio- 5.61% Zn 0.11
chlorophyll
Carotenoid 4.17%
pigments
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#&8 Effect of photosynthetic bacteria on survival of young fry of crucian carps*

Survival numbers

Survival ratio

after 1 month (%)
Control 69.3
Treatment
(with 0.1% PSB cells) ** 96.5

* The experiment is carried out in a tank of 2 tons capacity with an initial numder of 4000 fry.

** The PSB cells were obtained from waste treatment plant of fish meat industry. The bacterial powder
contains only 50 per cent of PSB cells, the other half is made up of heterotrophic

bacteria (contaminants).
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&9 Effect of photosynthetic bacteria, on egg laying by hen
Total weight Average Average
[ .
Total number of ronoengtiz/e 2?:;23 (v)vfe1ght
egg
eggs/6 months . ‘
B8 (kg) laid by ®
200 birds
Control 24,408 1,486.5 13615 60.911.5
Treatment
(+0.01% PSB*) 28,116 1,729.1 1567 61.540.3
*See text.

#*10 Effect of photosynthetic bacteria as fertilizer on the production of citrus fruit
Average Average Total Average Average
number weight weight sugar contents of
of fruit of fruit of fruits content carotenoid
per tree (g) (g) (%) pigments per

peel of one

fruit (mg)
Control 44 96 4,224 8.38 1.91
Treatment 48 112 5,376 8.87 2.02
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