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Selection of Microalgae for Advanced Treatment of Swine Wastewater and Optimization of
Treatment Condition. Kim, Seong-Bin, Seog June Lee, Chi-Kyung Kim', Gi-Seok Kwon’,
Byung-Dae Yoon, and Hee-Mock Oh*. Environmental Microbiology R.U., Korea Research In-
stitute of Blosclence & Biotechnology, P.O. Box 115, Yusong, Taejon 305-600, Korea, 'School
of Life Sciences, Chungbuk National University, Cheongju 361-763, Korea, *Natural Science
College, Andong National University, Andong 760-749, Korea—The feasibility of algae as means
of removing nitrogen and phosphorus from secondary treated swine wastewater was studied. Among
the tested 7 species of Chlorella vulgaris (UTEX 265), Chlorella sp. GE 21, Botryococcus braunii
(UTEX 572), Botryococcus sp. GE 24, Scenedesmus quadricauda, Phormidium sp. GE 2, and Spiru-
lina maxima (UTEX 2342), C. vulgaris was selected for its fast growth and abilities to remove nitro-
gen and phosphorus and to produce algal biomass from swine wastewater. C. vulgaris grew well at
357, and the optimum initial pH for growth was 8.0. In the effect of light intensity, the growth of C.
vulgaris was limited under a light intensity of less than 40 pE/m’/s. The secondary treated swine
wastewater contained 58.7 mg/l of total nitrogen and 14.7 mg/l of total phosphorus, and was diluted to
75, 50, and 25% with groundwater to be treated. Nitrogen and phosphorus were removed by C. vul-
garis in all diluted swine wastewaters among which the most effective removal was in 75% swine
wastewater (swine wastewater:groundwater=3:1). There was a tendency of linear increase in nitrogen
and phosphorus removal time with increasing concentration of swine wastewater. Under the optimized
culture condition, total nitrogen and total phosphorus were effectively removed to 95.3% and 96.0%,
respectively, in 25% swine wastewater after 4-day incubation.
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Table 1. Analysis of swine wastewater treated with activ-
ated sludge process

Characteristics Treated swine wastewater
CODy,,, mg/l 40.00
SS, g 0.12
pH 8.01
TN, mg/1 58.65
NO;-N, mg/l 9.75
NH,"-N, mg/l 45.44
TP, mg/l 14.71
PO;-P, mg/l 3.17
TOC, mg/l 42.35
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15
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Fig. 1. Growth of seven algal species in 25% secondary
treated swine wastewater. Cultivation was done for 27 days
at2 25T on a rotary shaker under a light intensity of 50 pE/
m’/s.

Chlorella vulgaris (UTEX 265) (O), Chlorella sp. GE 21 (@),
Botryococcus braunii (UTEX 572) (N), Botryococcus sp. GE 24
(&8), Scenedesmus quadricauda (8), Phormidium sp. GE 2 (),
Spirulina maxima (UTEX 2342) (B).
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Fig. 2. Effect of temperature on cell growth and the re-
moval of nitrogen and phosphorus in 25% swine wastewater.
Cultivation was done for 6 days at each temperature on a ro-
tary shaker under a light intensity of 50 pE/m’/s.

Dry cell weight (@), Total nitrogen removal efficiency (O), To-
tal phosphorus removal efficiency (#).
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Fig. 3. Effect of pH on cell growth and the removal of ni-
trogen and phosphorus in 25% swine wastewater. Cul-
tivation was done for 13 days at each pH on a rotary shaker
under a light intensity of 50 pE/m’/s.
Dry cell weight (@), Total nitrogen removal efficiency (0), To-
tal phosphorus removal efficiency (A).
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Fig. 4. Effect of light intensity on cell growth and the re-
moval of nitrogen and phosphorus in 25% swine wastewater.
Cultivation was done for 9 days at room temperature under
each light intensity.

Dry cell weight (@), Total nitrogen removal efficiency (O), To-
tal phosphorus removal efficiency ().

90.7%, 87.9%=2 ‘iepydrt. A4} Q1o AAEgL pH
7914 971A] & Ao] S Ho]X] ¢fo} of okl W]l
A pH Hislel w17kslx] oE ZAow Hgdrh ol
Gordon 5[8]19] X9} zbo] tiy-F-o] FF{+= <fatate]
AN FHe| S Holed], E wARFE oFdzte]d
A 279 Aol gl o, 2571 A8l ot
Wi 2) 8] pH7} S7ksh= A o2 wedso)

X C vdgaris®] AT} #3524} 1] AjA e
v x|z Bee] Fg 2AE] 8ke] 250-ml Ab 2}
230l 25% FAME 100 mlY =945 Y2 vAZHFE
AEek 3 5 uE/mY/sollA 160 UE/m¥/s7HA] thekstAl
o] ZF=& light chamberellr] 97F A x]ufofsiedc).
Fig. 4914 ¥ nle} o] 40 puE/m?/s o)slellAe 259
Ago] A5 Wtk FE7) 40 uE/m*/s o142 T
A ARTolxE 27 Aot 4o} Q9] AARSE
< v)sisich upebr] EdlS 2e)ell 4% 40 uE/m?
/s 01Ake] sho] FFolok Frke A2 Y 4 9k

SO s =349 34 A6 & C owud-
garis®] AR AL} F09] AALEE AR A
= Fig. 59 e}, wiekE = 30Ce} pH 8.0004 144
7k whoksted-g o], Bl 75%(E-H 52| shpr=3:1) ol A
2o vlH 279 AAH(53.5 mg/l/day) 3} A4} Q1] A
A& g0 2+ 85.0%, 94.8%% wl2A Eskch 1evh
100% EF5ol % 31 lag time$ol] 272 AA}o] o]
FoA, =d5F M5 s 22 L R
At =AY FE7} 284F lag timeo] AR E A




80 Kim et al.

120 1.00 §
L=}
-75 5
100 S
2 7 L s0 2
| | 3
80 | P L 25 >
I -
L a

0.00

N

Removal efficiency of N & P (%)
- [+2]
o o
! i

N
o
i

S
N

A

o

25 75 100

Percentage of swine wastewater

Fig. 5. Effect of percentage of swine wastewater on cell
growth and the removal of nitrogen and phosphorus in the
swine wastewater. Cultivation was done at 30C, pH 8.0 for 14
days on a rotary shaker under a light intensity of 50 LE/m’s.
Dry cell weight (@), Total nitrogen removal efficiency (), To-
tal phosphorus removal efficiency (#).
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Fig. 6. Cell growth of Chlorella vulgaris and the removal of
nitrogen or phosphorus at 25% swine wastewater.

Cultivation was done for 6 days at 35C in a 3-/ fermenter under
a light intensity of 150 pE/m’/s.
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Table 2. Summary of cell growth of Chlorella vuigaris and nitrogen or phosphorus removal under different culture conditions

. Productivity N P
Treatment Condition
(mg/l/day) removal rate (mg/l/day) rtemoval (%) removal rate (mg/l/day) removal (%)

Temperature (C) 25 413 4.04 76.4 1.08 85.9
30 45.0 4.24 89.3 0.84 72.2
35 50.0 4.39 953 1.16 96.0
40 46.7 4.19 82.6 1.01 815
pH 6 313 241 87.5 0.69 85.1
7 31.3 2.44 88.8 0.67 89.2
8 43.8 2.46 90.7 0.64 87.9
333 1.87 88.1 0.64 86.7
Light-intensity 13 16.1 1.26 455 0.38 76.3
(UE/m’/s) 40 35.1 2.39 91.0 0.68 88.3
90 272 2.44 88.2 0.87 89.6
160 349 2.29 90.0 0.99 90.7
Percentage of 25 330 1.92 82.5 0.38 84.5
swine waste-water . 50 50.9 3.21 854 0.79 92.7
75 53.6 3.63 85.0 1.32 94.8
100 38.4 2.07 553 1.21 925
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