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ON THE POSSIBILITY OF OBTAINING
ALGAL PROTEIN IN THE PROCESS
OF DOMESTIC SEWAGE TREATMENT

The purpose of the investigation was to answer the question whether the components of do-
mestic sludge can be used for culture of algae. It could be expected that such a culture, because of
high dynamics of its development and protein content, will yield a remarkable amount of valuable
biomass. Control culture was conducted at the same time on mineral Uspienski medium. In culture
of Chiorella 394 conducted under constant laboratory conditions, the number of algal cells, bio-
mass and protein content increased. The amount of protein obtained from 1 dm3 of domestic sew-
age was equal to 342.9 mg. At the same time the concentration of pollutants in the effluent was re-
duced. The culture of this strain on mineral medium gave much worse results, the increments in the
number of cells, biomass and protein content being distinctly lower.

1. INTRODUCTION

Intense search for new unconventional sources of protein, which could be used as a com-
ponent of fodder, has been conducted all over the world since a number of years. The atten-
tion was paid to algae because of high dynamics of their development as well as high concen-
trations of proteins and other valuable components [9].

Strains of algae of the genera Chlorella and Scenedesmus appeared to be particularly useful,
since their biomass is composed of about 50% of protein [12] with high content of exogeneous
amino acids [6]. These algae may also be rich sources of vitamins A, By, B,, B¢, B3, C, K,
nicotinic acid, folic acid, and biotin [8], [9].

A direct usage of some species of algae as feed encounters, however, serious difficulties.
They are chiefly due to the fact that thick cell walls composed of cellulose cannot be digested
by animals other than ruminants. The latter have at their disposal cellulolytic enzymes which
make possible the decomposition of algal cell walls. Hence, only in such a case algal protein
might be used as a component of fodder.
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Algae, in which metabolic process runs correctly, produce some substances of antibiotic
and toxic nature. Purine bases of nucleic acids, high amounts of which are contained in algae,
are in metabolic processes transformed into uric acid which can cause some disturbances in
animal organisms. That is why algae should not be used as a basic protein feed, but as its
supplement. There are, however, some species of algae containing smaller amounts of nucleic
acids, e.g., Spirulina maxima [2] from which protein feeds produced on industrial scale [9].

Another property of algae is their ability to biocumulate many contaminants, such as
metals and aromatic hydrocarbons [1], [6], [7] harmful to both men and animals.

Algal cultures on domestic sewage, which is a waste material, make it possible to obtain
cheap and valuable algal biomass, contributing at the same time to the reduction of pollu-
tants in water environment.

The purpose of the present paper was to study the possibility of algal cultures (Chlorella,
strain 394) on nutrients contained in domestic sewage.

2. MATERIAL AND METHODS

The investigations were performed on algae of the genus Chlorella, strain 394. As it follows
from our investigations [3], its culture on domestic sewage gave a remarkable increment of
biomass with the highest protein content. The strain 394, obtained from the Institute of Exper-
imental Zootechnique at Zator near Cracow, was isolated from among other 21 strains subject
to investigations. This strain, after having been adapted to domestic sewage for 14 days, was
used as experimental culture. Domestic sewage came from the intermediate sewage pomping
station “Szczytniki” in Wroctaw. The same strain of algae growing on the Uspienski mineral
medium [11] was a control culture. The culture of algae was conducted for 29 days in 3 repli-
cations.

The culture of algae by a continuous method was conducted in 2 dm3 glass reactors, con-
sisting of 2 glass pipes 68 c¢m long, of which one was placed into the second one. Crude domes-
tic sewage (0.75 dm3/24 h) was dosed to the internal pipe and after its sedimentation clarified
in the external pipe. Scheme of the experimental set-up is presented in figure. Domestic sewage
was fed by means of metering pump of the type 309, produced by UNIPAN and aerated by the
pump manufactured in Veb Elmet Hettstedt. Laboratory tests were performed in air-condi-
tioned room at 293 * 2 K (20 + 2°C) at fluorescent light of 4500 lux. The number of algal cells
was determined in Fuchs—Rosenthal chamber. The obtained results were calculated for 1 dm3
of algal culture. In order to determine dry weight of algae, 10 cm3 of the culture was subject
to centrifugation. Biomass was then washed with distilled water and centrifuged again. Super-
natant was rejected and the sediment suspended in 10 cm? of distilled water and dried at 378 K
(105°C) until the weight became constant. Dry weight was calculated for 1 cm3 of the culture.

Total protein content was determined in biomass of algae after 10 cm3 dose of their cul-
ture was centrifuged. Algal biomass after supernatant removal was washed with physiological
solution, treated with 10 cm3 of 3% sodium dodecyl sulphate and put into a freezer at 259 K
(—14°C) for 2 h. Thereupon, the samples were defrosted and centrifuged; total protein was
determined in supernatant on spectrophotometer (C. Zeiss, Jena) at the wavelengths A=260 nm
and A =280 nm. The content of total protein was read out from the nomogram [10] . Chemical

oxygen demand in the flowing-in and -out wastewater was determined by dichromate meth-
od [4].
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3. RESULTS

Synthetic ability of algae grown on nutrient compounds present in domestic sludge was
investigated under laboratory conditions.

The obtained results are presented in tab. 1. As it may be easily seen, the growth of algae
on domestic sewage was much more intensive than on the Uspienski medium. This fact is
proved by both the number of cells and dry weight of algae falling to 1 dm3. The data con-
cerning protein content in the examined material are of a particular interest. Biomass of algae
grown on domestic sewage was characterized by distinctly higher content of proteins than
that of algae culture conducted on mineral medium. The number of algal cells in experimental
chamber increased gradually up to the 29th day of experiment. In the last few days, this
number slightly dropped. In control chamber the number of cells initially increased, but after
few days it remained almost unchanged (16.8—18.2 cm3/cm3). In the last day of investiga-
tions, the number of cells amounted to 134% of that in control chamber, assumed to be 100%.
Dry weight of algae increased both in experimental and control chambers. In the 28th day
of experiment, the amounts of biomass in experimental and control chambers increased 7
and S times, respectively.

The total protein content (calculated for 1 mg of dry weight) in biomass of algae grown
on domestic sewage increased distinctly in the first period, later on it remained almost un-
changed, whereas in control chamber it slightly varied during the whole time of experiment.
In the last day of investigations, the amount of protein in biomass of algae on domestlc sewage
was two times higher than that determined in the inoculant. '

The measurements of COD showed that algae grown on domestic sewage contrlbuted toa
remarkable reduction of pollutant concentrations in the effluent. COD removal in the treated
domestic sludge with respect to that in the crude one ranged from 35 to about 65%.



Table 1

Development of Chlorella 394 algae and the COD values

Cell number Dry weigh{ of algae Total protein COD
min/cm3 of culture mg/cm3 mg/mg of dry weight mg 02/clm3
Time
Control to Control to Control to
of culture Experi- Control experiment-  Experi- Control  ©Xperiment-  Experi- Control experiment- Crude Treated COD
days mental set-up II al set.-up mental setup II al set.-up mental set-up 11 al set‘-up sludge  sludge removal
set-up I ratio set-up I ratio set-up I ratio %
% % %
14.6 14.6 100 0.22 022 100 0.160 0.160 100 2822 0 -
152 137 110.9 0.30 024 125.0 0212 0.110 1927 2822 9826 652
8 175 17.4 100.6 0.62 0.58 106.9 0.305 0.115 265.2 2080 13493 35.1
11 18.2 16.8 108.3 0.98 0.78 125.6 0.331 0.118 280.5 208.0 106.67 48.7
15 215 175 1228 124 091 136.3 0.308 0.132 2333 2’{1.6 133.08 507
18 22.7 18.2 1247 1.22 097 1258 0.358 0.166 21587 271.6 113.33 58.3
22 23.0 17.3 1314 1.36 095 143.1 0.330 0.162 2037 2064 129.00 389
25 243 17.2 141.3 1.49 1.07 139.2 0.315 0.150 210.0 2064 10464 49.3
29 233 174 1339 1.48 1.13 131.0 0.336 0.158 212.6 2064 9798 41.1

B¢ T1-0621 -
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4. FINAL REMARKS

From the analysis of the obtained results it follows that the growth of algae of genus Chilo-
rella, strain 394, on domestic sewage is more intensive than that on mineral Uspienski medium.
This observation is verified by comparison of all results obtained for experimental and control

chambers.

Protein contents in dry weight of algae present in chambers and in the treated effluents,
determined during the period of investigations, were used to compute the amounts of protein
obtained from the algal cultures on crude domestic sewage and on mineral medium. The ob-

tained values are presented in tab. 2.

Table 2

Protein content in experimental and control set-ups during the culture Chlorella 394

Control set-up

Experimental set-up

Time mg of protein mg of protein
ot ;:;,t ;u' © In chamber In effluent In chamber In effluent
v=2dm3 ¥=0.75dm3 ¥v=2dm3 ¥ =0.75dm3

0 70.4 0 70.4 0

1 64.5 242 89.3 33.6

2 55.5 20.8 108.3 40.6

3 528 19.8 1272 447

4 68.9 258 1774 66.5

5 85.1 319 2276 85.3

6 101.0 379 2778 104.2

7 1172 439 328.0 1230

8 1334 50.0 3782 1418

9 150.3 56.4 468.4 175.6
10 1672 62.7 558.6 209.5
11 184.1 69.1 648.8 243.3
12 198.1 743 6775 254.1
13 212.1 795 706.2 264.1
14 226.1 84.8 7349 275.6
15 2402 90.1 763.8 286.4
16 2675 100.3 800.4 300.1
17 2948 1105 837.0 3139
18 3220 120.7 8735 327.6
19 3185 1194 8795 329.8
20 315.0 118.1 886.2 3323
21 311.5 116.8 892.8 3348 ~
22 3078 1154 897.6. 336.3 '
23 3122 117.0 910.0 341.2
24 316.6 1185 9237 346.4
25 321.0 1204 938.7 352.0
26 330.0 1237 9527 357.3
27 339.0 127.1 966.7 362.5
28 348.0 130.5 980.7 367.8
29 357.1 1339 994.6 373.0

Sum of protein in chamber and effluent,

2827.1 mg.
Protein from 1 dm3 sludge, 119.3 mg

Sum of protein in chamber and
effluent, 8144 mg.
Protein from 1 dm3 sludge, 119.3 mg J
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As it may be seen, the culture of algae conducted for 29 days gave 8144 mg of protein
from 23.75 dm3 of domestic sewage, while the algae grown on the Uspienski medium gave
only 2827.1 mg of protein. Hence, it follows that 1 dm3 of domestic sewage yielded 342.3 mg
of protein, whereas the mineral medium gave only 119 mg. The results obtained by us prove
that remarkable amounts of protein can be obtained from cultures of algae on domestic sewage.
This statement was the basis for further investigations, the purpose of which was to examine
the possibility of algal cultures under natural climatic conditions in four characteristic seasons
of the year.

5. CONCLUSIONS

1. The investigations have shown that the culture of Chlorella, strain 394, can be conduc-
ted on mechanically treated domestic sewage, in constant laboratory conditions.

. 2. The culture of Chlorella 394 on domestic sewage yielded 342.9 mg of protein (counted
for 1 dm3 of sewage).

3. Chlorella 394 grown on domestic sludge contributed to the reduction of COD from
35.1% to 62.5%.

REFERENCES

[1] BOGEN H.J., Biotechnika — osiggniecia i perspektywy, WP, Warszawa 1979.

[2] CLEMENT G., Spirulina, a protein-rich algae, Inst. Francais du Petrole, 1975.

[3] DZIENDZIEL E., MOSKAL J., PAWLACZYK-SZPILOWA M., Ocena rozwoju hodowli wybranych

" szczepdw glondw na Sciekach bytowo-gospodarczych (in press).

[4] HERMANOWICZ W., et al., Arkady, Warszawa 1976.

[S] LOWRY J.0,, et. al., J. Biol. Chem., 193 (1951), p. 256.

[6] MIERNIK A., Ocena warto$ci biatka glonowego otrzymanego w metodach oczyszczania $ciekow prze-
mystu azotowego, Materiaty Zjazdowe XXI PTM, Olsztyn 1987.

[7]1 PAWLACZYK-SZPILOWA M., MOSKAL J., Badania nad mozliwoscig oczyszczania wybranych ro-
dzajow $ciekow przy pomocy glonéw. Etap I, Instytut Inzynierii Ochrony Srodowiska Politechniki
Wroctawskiej, 1981, report.

[8] PODBIELKOWSKI Z., Glony, WSiP, Warszawa 1978.

[9] PRONCZUK A., ROSZKOWSKI W., Nowe produkty biatkowe — charakterystyka produkcji i warto-
$ci odzywczej, Zywienie cztowieka IV, No. 4. (1977), p. 159.

[10] RICHTERICH R., Chemia Kliniczna, PZWL, 1971.

[11] SIKORA Z., Praktyczne i teoretyczne aspekty zastosowania masowych kultur glonéw, Wiad. Bot.,
2 (1971), p. 123.

[12] WIERNY A., Przeglad hodowtany, 10 (1966), 16.

BADANIE MOZLIWOSCI UZYSKANIA BIALKA GLONOWEGO
W PROCESIE OCZYSZCZANIA SCIEKOW BYTOWO-GOSPODARCZYCH

Podjeto badania nad mozliwoscia wykorzystania sktadnikéw $ciekéw bytowo-gospodarczych do hodo-
wli glonéw. Mozna byto przypuszczad, iz hodowla glonéw na $ciekach, z powodu duzej dynamiki rozwoju
i wysokiej zawartosci biatka, pozwoli uzyskaé znaczng ilo§é cennej biomasy. Réwnolegle prowadzono bada-
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nia kontrolne, w ktérych glony hodowano na mineralnym podfozu Uspienskiego. W hodowli glonéw Chlo-
rella 394 w siatych warunkach laboratoryjnych stwierdzono przyrost liczby komérek glonéw, biomasy
oraz przyrost zawarto$ci biatka. Z 1 dem3 §ciekéw bytowo-gospodarczych uzyskano 342.9 mg biatka.
Réwnoczesénie stwierdzono obnizenie stgZenia zanieczyszczeri w odptywajacych Sciekach. Znacznie gorszy
przyrost biomasy, liczby komérek i zawartosci biatka uzyskano prowadzac hodowl¢ glonéw na mineralnym
podtozu.

BO3MOXHOCTH ITIOJIYYEHUS BEJIKOB BOIOPOCJIEH
B MPOLIECCE OYUCTKHU BBITCBO-XO3SIMCTBEHHBIX CTOYHBIX BOI

HccnenoBaHa BO3MOXHOCTE MCIONB30BaHMSI COCTABHBIX JIEMEHTOB OLITOBO-XO3AMCTBEHHBIX CTOY-
HBEIX BOJ| JJIA pa3BedeHHs Bomgopocie#. MoxHO GbUIO CYHOUTh, YTO pa3BeleHHE BOOOPOCHEH Ha CTOYHBIX
BOfax MO3BOJIMT IMOJIyUMTh GONBLIOE KOJNHMYECTBO GHOMacChl. IlapajuleNbHO BelId KOHTPOJNBHBIE HCCIIe-
[OBaHMsl, B KOTODHIX BOJOPOCITM Pa3sBOOMIM Ha MHHEPAILHOM OCHOBaHMHM YcheHcxoro. B passenmenun
popopocneit Chlorella 394 B NOCTOAHHBIX J1aGOPAaTOPHBIX YCIOBMAX YCTaHOBWIH HPHPOCT YHCNIA KJIETO-
YeK BOJOpOCHei, GHoMaccel ¥ comepxaHua GenkoB. U3 1 mm” GBITOBO-XO3SHCTBEHHEIX CTOYHBIX BOJ
nonyunnu 342,9 Mr GenkoB. OZHOBPEMEHHO YCTAHOBWIH NOHMWKEHHE KOHLIEHTPAUMH 3arpA3HEHHI B cre-
KaOLIMX CTOYHBIX BOHAX. 3HAUMTEIBHO XYZJLIMH MpHpOCT GHOMACCHI, YHCIIa KJIETO4eK U conepxaHusa Ger-
KOB II0JIyYWIH B pa3BeJeHHH BOOOPOCIIe HA MHHEPAITBHOM OCHOBaHUH.



