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ABSTRACT

Promoting biomass production of the involved strains simultaneously with efficient nutrients
removal from wastewater is realistic significance to ensure successful application of microal-
gae-based process for wastewater treatment. Enhancement of biomass productivity and
nutrients removal by mixotrophic cultivation of Desmodesmus sp. CHX1 was conducted in this
study when treating aerated piggery wastewater. The results showed that air-stripping might
be an effective option as a pre-treatment to remove ammonia nitrogen from piggery waste-
water. Mixotrophic cultivation of microalga-bacteria system significantly promoted algal
growth and nutrients removal efficiency with the maximal biomass and lipid productivity
being 0.869 g l�1 d�1 and 118.2mg l�1 d�1 (14.5% of the lipid content), respectively, which
were superior to other reported values. Nutrients in the piggery wastewater were also
removed efficiently, for example, the removal rates of total nitrogen, ammonia nitrogen and
total phosphorus were 87.3%, over 95%, and 93.1%, respectively. This study suggested that
mixotrophic cultivation of microalgae-bacteria system might be a practical alternative to effi-
ciently enhance nutrients removal from piggery wastewater coupled with biomass produc-
tion. A slight reduction of chemical oxygen demand (COD), however, indicate that it cannot
replace the traditional biological treatment, and more researches are required to find the
optimum balance between reduction in COD value and biomass production.

Keywords: Enhancement; Desmodesmus sp. CHX1; Mixotrophic cultivation; Biomass produc-
tion; Nutrients removal

1. Introduction

Effluents from intensive pig farms often contain
high concentrations of nutrients (organic and inor-
ganic), which have been identified as the main causes
leading to surface water eutrophication and ground-
water pollution [1,2]. Therefore, the wastewater must

receive suitable treatment before being discharged into
water bodies. Conventional biological treatment pro-
cesses, including activated sludge process [3] and
anaerobic digestion followed by post-treatment in
high-rate oxidation ponds [4], exists for the removal
of nutrients from wastewater, but these treatment
technologies only focused on the innocent treatment
and neglect the resourceful utilization of the

*Corresponding author.

1944-3994/1944-3986 � 2013 Balaban Desalination Publications. All rights reserved.

Desalination and Water Treatment
www.deswater.com

doi: 10.1080/19443994.2013.769917

51 (2013) 7004–7011

November



wastewater, additionally, lower removal efficiency of
nutrients associated with occupying large land area
retarded widespread implementation in rural areas. In
this context, to develop and implement cost-effective
technologies that can reduce export of nutrients into
the watershed while increasing farm profits was cru-
cial for the establishment of sustainable farming [5].

Microalgae-based process has been proposed as an
alternative biological treatment to solve the problem
[6]. In this system, microalgae could serve as a dual
role of bioremediation of wastewater as well as gener-
ating biomass for high-protein feed supplements or
biofuel production with concomitant carbon dioxide
sequestration [7–10]. With the above-mentioned mer-
its, many studies have been conducted for treating
piggery wastewater, including diluted primary efflu-
ent [10,11], secondary effluent treated by anaerobic
digestion [4,12] and effluent from wastewater treat-
ment facilities [13,14]. However, the success of the
wastewater treatment system heavily depends on the
performance of the involved strains. Also, the varia-
tions in the composition of wastewater would limit
such a notion as only specific strain performs their
potential. Many researchers pointed out that algae iso-
lated from local wastewater treatment plant site or
real water body can adapt to the practical conditions
better and show higher removal efficiency [15–17]. In
our previous study, a newly isolated microalga identi-
fied as Desmodesmus sp. (strain CHX1) has presented
fast growth and high nutrients removal efficiency
when growing in diluted piggery effluent collected
from a local stabilization pond, being considered as a
candidate strain involved in the ongoing major collab-
orative efforts on mass cultivation of algae on piggery
wastewater for bioremediation and biomass produc-
tion between Zhejiang University and the local Gov-
ernment [18]. However, the dilution of wastewater
prior to biological decomposition is a serious restric-
tion to be used commercially. To enhance the practical
feasibility of using Desmodesmus sp.CHX1 for treating
piggery wastewater, pretreatment other than dilution
is mandatory. Ammonia air-stripping commended by
Bonmati and Flotats [19] might be a good option as a
pre-treatment, as high concentration of NHþ

4 –N was
observed in the piggery wastewater.

Recently, industrial cultivation of microalgae has
not been realized mainly due to the slow growth and
low biomass production of the involved strains. So,
improving growth and biomass production of
Desmodesmus sp. CHX1 is also important for its subse-
quent industrial cultivation. Wang [11] proposed that
mixotrophic cultivation of microalgae could offer the
possibility of greatly increasing the cell density and
productivity, and was considered to provide a

simplified way to produce algal oil and simulta-
neously treat high organic content wastewater [20–22].
Zhao et al. [23] also suggested that native bacteria in
the natural water bodies often contributed to algal
growth, and were recognized as an important factor
in the physiology and dynamics of algal blooms [24].
Despite the advantages of the native bacteria, waste-
waters engaged in the previous studies were always
used after being filtered or auto-claved to prevent the
strains interaction with other microorganisms. Few
investigations on the use of algal-bacterial systems for
the treatment of livestock effluents have been reported
[25,26]. There is, indeed, a lack of basic research
addressing the practical processes treating piggery
breeding effluent based on algal-bacterial system
under mixotrophic cultivation condition.

Therefore, this study attempted to evaluate the fea-
sibility of air-stripping without adjustment of initial
pH as a pre-treatment to reduce NHþ

4 –N concentra-
tion of piggery wastewater, and preliminarily to
investigate the characteristics of biomass production
and nutrients removal from piggery wastewater dur-
ing the treatment of pretreated piggery wastewater
based on algal-bacterial system under mixotrophic
condition.

2. Methods and materials

2.1. Algal strain and medium for pre-culture

The strain used in this study was isolated from a
local pond and identified as Desmodesmus sp. CHX1
with assistance of both morphological observation and
DNA sequencing (Genebank No.: JX258841). The
isolated microalga was maintained in a modified
BG-11 medium, which consists of the following com-
ponents shown in Table 1 and de-ionized water was
adopted as the solvent, on an orbital shaker at
150 rpm at 27± 2˚C with two-compacted fluorescent

Table 1
Components of BG-11 medium

Component Content
(mg l�1)

Component Content
(mg l�1)

NaNO3 1,500 Na2-EDTA 1

K2HPO4·3H2O 40 H3BO3 2.86

MgSO4·7H2O 75 MnCl2·H2O 1.81

CaCl2·2H2O 36 ZnSO4·7H2O 0.222

Na2CO3 20 CuSO4·5H2O 0.079

C6H8O7·H2O 6 NaMoO4·2H2O 0.39

Fe(NH4)3C18H10O14 6 Co(NO3)2·6H2O 0.049
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lights (Philips TLD 55W fluorescent lamp) providing
round-the-clock illumination at light intensity of
60lmol photo m�2 s�1.

2.2. Piggery wastewater

The wastewater was collected from a stabilization
pond located in a piggery farm in Xiaoshan District,
Hangzhou City, China, which was mainly composed
of urine and flushing water directly discharged from
the breeding zones. Wastewaters from different loca-
tions around the pond were sampled, mixed and
stored in two 25 l buckets. After being sent to the lab-
oratory, portions of the wastewater required for the
experiment were transferred into sterile transparent
plastic bottles and stored in a refrigeratory maintained
at 4˚C to avoid the variation of the composition with
collection time. The characteristics of the effluent were
summarized in Table 2.

2.3. Pretreatment of the collected piggery wastewater

In the preliminary experiment, the raw wastewater
resulted in algal aggregations when directly adopted
as the growth medium, showing an inhibitory growth
of Desmodesmus sp. CHX1. It might be attributed to
high concentration of NHþ

4 –N in the wastewater [18].

Therefore, we attempted to remove NHþ
4 –N from the

wastewater by air-stripping prior to the subsequent
application for the cultivation of Desmodesmus sp.
CHX1. The wastewater without adjustment of initial
pH was aerated through air that had been sterilized
with a 0.2lm membrane filter at a flow rate of
1,500mlmin�1 for a period of 12 h per day at room
temperature. After seven-day cycle, pretreated waste-
water was prepared as growth medium, and the pre-
treated wastewater after being auto-claved (121˚C for
30min) was adopted as the positive control.

2.4. Batch experiments

Treatments, namely as T1, T2, and T3 were
adopted in the experiment, and descriptions were
shown in Table 3. After being adjusted initial pH to
10.0 by 1.0M NaOH, 500ml of above-mentioned
growth medium was put in sterile 1,000-ml conical
flasks, and algal culture (OD690 = 2.08) was inoculated
at 10% (v/v). Light was continuously supplied (Philips
TLD 55W fluorescent lamp) at an intensity of 100lmol
photo m�2 s�1 measured at the surface of the flask
with an illuminance meter (ZDS-10, Shanghai Cany
Precision Instrument Ltd., China). Batchwise cultiva-
tion lasted for eight days at 27 ± 2˚C, and then, media
were harvested per two days for measurement. No
inoculations were served as the corresponding nega-
tive control to observe the variation of the composition
of the growth media with cultivation time elapse. All
experiments were carried out in triplicate and average
values with standard deviation were reported.

2.5. Determination of algal growth

Biomass concentration (DCW, dry-weight of the
cells in culture medium, g l�1) was estimated by an
equation that corroborated the dry-weight determina-
tions [18]:

DCW (g l�1Þ ¼ 0:9914OD690 � 0:0216;R2 ¼ 0:9455

where OD690 was the absorbance measured at 690 nm
by a UV–vis spectrophotometer (Thermo Evolution
220, USA).

The specific growth rate was calculated by fitting
the cell dry weight:

GR (day�1Þ ¼ ðlnX � lnX0Þ=t;

where t (day) was the time between the two measure-
ments, X and X0ðg l�1Þ were the concentrations of
biomass at day t and t0, respectively.

Table 2
Characteristics of the piggery wastewater used in the
experiment

Item Concentration (mg l�1)

Before pretreatment After pretreatment

pH 7.44 ± 0.01 8.00 ± 0.00

Total N 898.2 ± 3.26 88.0 ± 4.07

Total P 19.6 ± 0.39 7.51 ± 0.11

ðNHþ
4 –NÞ 854.3 ± 46.6 86.5 ± 4.74

CODcr 2116.9 ± 139.2 1616.9 ± 80.2

Total Cu (lg l�1) 530.9 ± 6.20 492.0 ± 7.81

Total Zn (lg l�1) 261.7 ± 6.71 144.5 ± 0.00

Table 3
Description of culturing media

Treatment Medium

T1 Pretreated wastewater after auto-clave

T2 Pretreated wastewater

T3 Pretreated wastewater bubbled with air
containing 5% CO2 (v:v) that had been
sterilized with a 0.2 lm membrane filter at a
flow rate of 100mlmin�1
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The biomass productivity during the culture per-
iod was calculated from the equation:

Pbiomassðg l�1day�1Þ ¼ ðX � X0Þ=t;

where X was the concentrations of biomass at the end
of the cultivation, and X0ðg l�1Þ was that at the begin-
ning, and t was the duration of cultivation (eight
days).

2.6. Measurement of lipid production

Total lipid was determined by the method of Zhou
et al. [17]. The cell suspensions were collected and
centrifuged at 5,000 rpm for 15min. Then, the pellets
were freeze-dried and stored at �20˚C before analysis.
The lipid contents were calculated from the equation:

Clipid ðg g�1Þ ¼ WL=WA

where WL (g) was the weight of the extracted lipids
and WA (g) was the dry algal biomass.

The lipid productivity was calculated from the
equation:

Plipidðg l�1day�1Þ ¼ ðCtX � C0X0Þ=t

where C0ðg g�1Þwas the content of microalgae lipid at

the beginning and Ctðg g�1Þ was that at the end of the

cultivation, X and X0ðg l�1Þ were the concentrations of
biomass at the corresponding end and beginning,
respectively, and t was the duration of cultivation
(eight days).

2.7. Chemical analysis

Liquid sample for nutrient analysis was collected
and filtered through a 0.45lm pore-size membrane.
The filtration was collected and properly diluted for
analysis of total nitrogen (TN), ammonium ðNHþ

4 –NÞ,
total phosphorus (TP), chemical oxygen demand

(COD). TN, ðNHþ
4 –NÞ, TP and COD were determined

following the standard methods [27].

3. Results and discussion

3.1. Characterization of wastewater before and after
pretreatment

The characteristics of the piggery wastewater
before and after pre-treatment were shown in Table 1.

Wastewater was rich in ðNHþ
4 –NÞ with the concentra-

tion being as high as 854.3mg l�1, which was much
higher than 750mg l�1 as shown by Tam and Wong
[28] who observed a complete inhibition of Chlorlla
vulgaris. Hereby, pre-treatment with the aim of reduc-

ing the ðNHþ
4 –NÞ concentration in the wastewater was

adopted prior to the cultivation of Desmodesmus sp.
CHX1, and avoided retarding the algal growth
observed in the preliminary experiments. After aera-

tion for seven-day cycle, ðNHþ
4 –NÞ concentration was

remarkably reduced from 854.3 to 86.5mg l�1, and a
fraction of TN, TP, COD, Cu, and Zn was also signifi-
cantly reduced. This indicated that air-stripping with-
out adjustment of initial pH could be adopted as an
effective pre-treatment method to reducing toxicity of
piggery wastewater which contained high concentra-

tion of ammonia nitrogen. Generally, ðNHþ
4 –NÞ at nor-

mal cultivation levels was preferred by many
microalgae species [29], and the uptake of ammonium
was considered to be important in the removal of
nitrogen during wastewater treatment [30].

3.2. Growth of Desmodesmus sp. CHX1 under cultivation
conditions

Algal growth, as indicated by biomass concentra-
tions in piggery wastewater under cultivation condi-
tions, was shown in Fig. 1. With no obvious lag phase
exhibited, the newly isolated Desmodesmus sp. CHX1
survived in all samples of piggery wastewater, which
indicated that piggery wastewater after pre-treatment
presented less-toxic and valuable compounds required
for growth of microalgae and further testified that air-
stripping could be adopted as an effective pretreat-
ment process. Fast growth of Desmodesmus sp. CHX1
was observed in T3 treatment, followed by in T2
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Fig. 1. Growth curves of Desmodesmus sp. CHX1 in
pretreated wastewater under different cultivation
conditions.
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treatment, both of which were quite superior to T1
(the control) which was autoclaved for repressing
microbial activity. By comparison, there was a signifi-
cant difference in biomass productivities between the
best and the control cultivation, which were 0.869 and
0.222 g l�1 d�1, respectively. It indicated that no sterili-
zation of the wastewater simultaneously with CO2

addition could enhance algal biomass productivity,
and further demonstrated that the isolated strain Des-
modesmus sp. CHX1 is capable of mixotrophic growth.
More studies have reported that CO2 addition aug-
ments carbon availability in the medium for algal
growth and also serves to mitigate pH inhibition to
the native bacteria [26,31]. Bacterial growth in the
wastewater in turn could enhance microalgal metabo-
lism by releasing growth-promoting factors [25] or by
reducing O2 concentration in the medium [32,33].
Consequently, the symbiotic microalgal-bacterial rela-
tionship under mixotrophic cultivation is shown to be

a good strategy to obtain a large biomass and high
growth rates [34–36]. For the newly isolated microalga
Desmodesmus sp. CHX1, no sterilization of the effluent
simultaneously with CO2 addition might be
alternatively indeed standard practice in the latter
experiments.

3.3. Nutrients removal efficiencies of Desmodesmus
sp. CHX1 under cultivation conditions

Removal efficiencies of ðNHþ
4 –NÞ, TN, TP and

COD during cultivation period by Desmodesmus
sp. CHX1 were shown in Fig. 2. Most of the nitrogen
in the pretreated piggery wastewater was in the form
of ammonium nitrogen, which was one of the forms
of inorganic nitrogen that could be directly assimi-
lated for all eukaryotic algae, including Desmodesmus
sp. CHX1, and therefore could be readily available to
algae [12]. Results from this experiment showed that
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Fig. 2. The removal rates of (a) TN, (b) ammonium nitrogen, (c) TP and (d) COD calculated from their concentrations at
the initial and final stages of the cultivation of Desmodesmus sp. CHX1 in pretreated wastewater under different
cultivation conditions (TN: total nitrogen; ðNHþ

4 –NÞ: ammonia nitrogen; TP: total phosphorus; COD: chemical oxygen
demand).
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ðNHþ
4 –NÞ removal of over 95% was achieved for all

inoculation treatments as indicated in Fig. 2(b). The
concentration dropped from 66.6 to 0.3mg l�1 in T1,
from 102.9 to 0.86mg l�1 in T2, and from 109.3 to
2.97mg l�1 in T3, respectively. Remarkable reduction
in TN and TP were also observed for all inoculation
treatments; 80.5–87.9% removal of TN and 47.6–93.1%
removal of TP were superior to the published results
obtained by Wang et al. [11] who found that Chlorella
pyrenoidosa cultivated in diluted primary piggery
wastewater could provide removal rates of 54.7–74.6%
for TN and 31.0–77.7% for TP. Moreover, a slight
reduction in COD was observed in the axenic culture
condition (T1), indicating Desmodesmus sp. CHX1
could utilize organic carbon as a source of energy and
a substrate for the cell growth. COD removal was
enhanced in T3 when the piggery wastewater was
proceeded by algal-bacterial process with the addition
of CO2, which was in agreement with results reported
by de Godos et al. [37], who observed 76% of COD
was removed in piggery wastewater associated with
microbe in high rate algal ponds.

Microalgae could assimilate a significant amount
of nutrients because they require high amounts of
nitrogen and phosphorus for proteins, nucleic acids
and phospholipids synthesis. Nutrient removal can
also be further increased by NH3 stripping or P pre-
cipitation due to the raise in the pH associated with
photosynthesis [15,31,38,39]. In this study, the media
pH of T1 and T2 were also significantly ascended dur-
ing the cultivation period (Fig. 3). Compared with the
negative control, the reduction in nutrients was
significantly enhanced due to the metabolism of Des-
modesmus sp. CHX1, which might be reasonable to
conclude that the nutrients removal in T1 and T2
treatments was attributed to the conjunction of algal
metabolic uptake and phosphates-precipitation as well

as NH3-stripping. Unlike the process of T1 and T2,
the medium pH of T3 was around seven with assis-
tance of CO2 addition, and consequently, the nutrients
removal was mainly related to the utilization by the
involved algal-bacterial strains, which performed a
practical significance of increasing the recovery of
nutrients in the wastewater into biomass production.
Therefore, efficient nutrients recovery from piggery
wastewater coupled with fast growth were propitious
to the practical potential of the newly isolated micro-
alga Desmodesmus sp. CHX1 for treating piggery
wastewater under the condition of mixotrophic culti-
vation.

3.4. Lipid content and lipid productivity of Desmodesmus
sp. CHX1 under cultivation conditions

Microalgae based on wastewater for biofuel pro-
duction have received considerable attention [17] and
selection of fast-growing and high-lipid-productivity
strains is of fundamental importance to the success of
commercial applications of microalgae [40]. Therefore,
in this study, we also investigate the lipid production
performance of the isolated strain Desmodesmus sp.
CHX1 when grown on pretreated piggery wastewater.
The results showed that lipid contents grown in pig-
gery wastewater were roughly at equal level, ranging
from 9.90 to 14.5% (Fig. 4), which is similar to those
reported in the literatures, showing that in general a
moderate lipid content of 10–18% was obtained from
Scenedesmus sp. [41–43]. But the lipid productivities
were evidently different. The highest lipid productiv-
ity of 118.2mg l�1 d�1 was obtained in T3, followed by
55.3mg l�1 d�1 of lipid productivity in T2, and
21.9mg l�1 d�1 in T1 (Fig. 4). The lower level of lipid
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productivity in T1 should be due to its lower biomass,
which was almost half of that in T3 (Fig. 1).

Griffiths and Harrison [40] have demonstrated a
general correlation between biomass productivity and
lipid productivity, further indicating that lipid produc-
tivity is a key indicator of species for biodiesel produc-
tion. The biomass and lipid productivity obtained in
the present work was superior to those reported else-
where using different strains of microalgae [11,17,44].
For instance, Wang et al. [11] reported that mixotrophic
cultivation of C. pyrenoidosa in diluted piggery waste-
water had the maximum lipid productivity of
6.3mg l�1 d�1 when the initial COD was 1,000mg l�1.
In Woertz’s et al. report, the maximum lipid productiv-
ities of C. vulgaris achieved for microalgae culture in a
semi-continuous mode were 17mg l�1 day�1 on dairy
wastewater and 24mg l�1 day�1 on municipal waste-
water [44]. This suggests that in continuous culture
mode the lipid productivity in piggery wastewater
might be improved by continuous supplementation of
nutrients such as ammonium, which has a limited con-
centration in batch cultivation. If this method could be
adapted on a commercial scale, transforming piggery
wastewater into biodiesel by algae approach with no
food competition issues and provide a valuable mode
of degrading sewage for environmental protection [11].
More research is required to find the optimum balance
between lipid productivity and nutrients recovery.

4. Conclusions

Air-stripping could be adopted as an effective pre-
treatment method to reduce toxicity of piggery waste-
water with a high concentration of ammonia nitrogen
prior to its utilization for the cultivation of Desmodes-
mus sp. CHX1, and mixotrophic mode provides an
effective method for reducing the values of TN, TP
and ammonia nitrogen into a profitable biomass pro-
duction, further indicating that Desmodesmus sp. CHX1
is a strain with potential uses in the development of a
large-scale process of piggery wastewater treatment.
However, the treatment we proposed is not enough,
and is necessary to fit together with conventional
treatment as to get a significant reduction of COD. It
is highly recommended that more experiments are
conducted to find the optimum balance between
reduction in COD value and biomass production on a
large scale.
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