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Abstract There is potential in the utilization ofmicroalgae for the purification of wastewater as
well as recycling the resource in thewastewater to produce biodiesel. The large-scale cultivation
of microalgae requires pretreatment of the wastewater to eliminate bacteria and protozoa. This
procedure is costly and complex. In this study, two methods of pretreatment, UV irradiation,
and sodium hypochlorite (NaClO), in various doses and concentrations, were tested in the dairy
wastewater. Combining the efficiency of biodiesel production, we proposed to treat the dairy
wastewater with NaClO in the concentration of 30 ppm. In this condition, The highest biomass
productivity and lipid productivity of Chlorella vulgaris reached 0.450 g L−1 day−1 and 51 mg
L−1 day−1 after a 4-day cultivation in the dairy wastewater, respectively.

Keywords DairyWastewater .Chlorella vulgaris . UV Irradiation . SodiumHypochlorite
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Introduction

The increasing consumption of energy with the improving of living standards means that the
world supply of energy resources will reach its limit more rapidly, and the resulting prospect
of an energy shortage becomes one of our most serious problems [1]. Microalgae are
considered to be potential feedstock candidates for biofuels for their high photosynthetic
efficiencies, high-growth rates, and low land requirements [2, 3]. But the high cost would
seriously limit the development of sustainable microalgae biofuels technology [4, 5]. Except
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for power consumption, carbon dioxide, and water, fertilizers contribute 14.8 % of raw
materials and utility costs of microalgae biomass [6].

For animal wastewater rich in nitrogen and phosphorus, the direct emissions would have
unfriendly effects to the environment [7].With the development of dairy industries, treatment of
dairy wastewater becomes an important environmental challenge in many countries. An
effective and widely used method of treating animal waste involves anaerobic treatment
followed by post-treatment in high-rate oxidation ponds [8]. Although this method can solve
the pollution problem, the wastewater has not been utilized as resources. Thus, it’s necessary to
link pollution control and resource utilization. Contrary to conventional wastewater treatment,
bio-utilization of the nutrients for microalgal production has been regarded as a very promising
strategy which can simultaneously satisfy both energy needs and wastewater treatment [9–11].

Microalgae can effectively grow and utilize nutrients and metals in the wastewater, provid-
ing an attractive means to wastewater treatment in a sustainable manner with low cost [12, 13].
However, the growth of microalgae is strongly restricted by the presentation of bacteria and
protozoa in the wastewater. In previous studies, wastewater is mainly pretreated through
autoclaving or filtration [14, 15]. Due to time consumption, energy, and complexity perspective,
such pretreatments may not be feasible for large-scale cultivation [16, 17]. Ultraviolet (UV)
disinfection is used in air and water purification, sewage treatment, protection of food and
beverages, and many other disinfection and sterilization applications [18]. Chlorination is
widely used in wastewater treatment. Bleach (sodium hypochlorite (NaClO)) is frequently used
in the aquaculture hatcheries [19]. Post-chlorinated domestic wastewater can support
microalgal growth. And the pre-chlorinated wastewater could be attributed to the presence of
protozoans and rotifers which are known and documented as microalgal predators [20].

In this study, we compared the sterilization effect of UV irrigation and NaClO in dairy
wastewater. Then, we comprehensively evaluated the feasibility of using the dairy wastewater
as a growth medium for biodiesel production with Chlorella vulgaris. The nutrient removal
through the C. vulgaris cultivating in the dairy wastewater was also investigated in this paper.

Materials and Methods

Algae Strain and Culture Condition

The C. vulgaris strain used in the study was maintained in BG-11 medium [21]. All
cultivations of C. vulgaris was performed in 1.3-L glass photobioreactors (PBRs) (Ф=6×
70 cm) containing 500 ml of liquid media and grown at 25±1 °C and illuminated with white
fluorescent lamps at the single side of the PBRs (light intensity of 300±10 μmol photons
m−2 s−1) continuously.

Characteristics of Wastewater and Experiment Layout

The dairy wastewater was collected from the Aochun Dairy Co., Ltd. of Foshan, Guangdong,
China. Large solid particles were removed by sedimentation and filtration with filter paper
(Wypall X70, Kimberly–Clark Professional). After filtration, the nutrient composition of the
dairy wastewater was determined following the Hach DR 2800 Spectrophotometer Manual.

The experiments in this project were carried out with two pretreatments of dairy waste-
water. Ultraviolet C (UVC) light-emitting diodes with peak irradiance at 253.7 nm were used
as the sterilization device whose UVC intensity was 117 μW cm−2. In all cases, the light was
switched on for 30 min before the start of the reaction to stabilize the emission power and
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spectrum. Clean enamel plate (30×40 cm) with 500-ml filtrated dairy wastewater placed
under ultraviolet light. The distance between the UVC light and the surface of the dairy
wastewater was 100 cm. UV irradiation was performed in a dark room at 25 °C for 5, 10, and
15 min, respectively. Subsequently, the pretreated dairy wastewater was transferred into
sterilized glass PBRs. In the Sodium hypochlorite treatment time, 500-ml filtrated dairy
wastewater was transferred into sterilized glass PBRs. Then, a certain amount of sodium
hypochlorite (terminal available chlorine at 10, 30, 50, 70, and 90 ppm) was respectively
added into PBRs. Sodium hypochlorite treatment was performed in a dark room for 12 h and
then placed under sun exposure for 1 day to remove the oxidation activity. And ultimately,
sodium thiosulfate solution (1 mol L−1) was used to neutralize residual chlorine.

The initial optical density (OD680) in all cases was 0.27. Each treatment was aerated with
air supplemented with 5 % CO2 at a rate of 1 vvm.

Sampling and Nutrients Analysis

Samples after UV and sodium hypochlorite treatment and liquid samples at the end of the
culture were collected for nutrient analysis. The whole experiment ended after 4 days.
Samples were centrifuged at 5,000 rpm for 5 min and supernatants were collected for
analyses of ammonium (NH3-N), total Kjeldahl nitrogen (TKN), total phosphorus (TP),
and chemical oxygen demand (COD). Those characteristics of the dairy wastewater were
determined using Hach DR2700 spectrophotometer (Hach Co., Loveland, CO, USA) fol-
lowing the manufacturer’s manual. Removals for those parameters were calculated by
dividing the difference between concentrations after filtration and final of the experiment
concentrations by concentration after filtration, and then multiplied by 100.

Algal Growth Determination

The biomass of microalgae at the beginning and end of the cultivation was harvested by
centrifugation at 5,000 rpm for 5 min, and then washed twice with distilled water. The
collected biomass was dried by lyophilization.

The biomass concentrations and productivities during the culture period were calculated
from the equations as follows:

CB g L−1� � ¼ X = V
Pbiomass g L−1day−1

� � ¼ X−X 0ð Þ=T

Where X and X0 were the concentrations of dried biomass at the end and beginning of the
cultivation, respectively; V was the cultivation volume; and T was the culture time.

Lipid Content and Fatty Acid Analysis

Total lipids were determined by the method of Bigogno et al. [22] with slight modification.
The lipid contents were calculated from the equation

CL g g−1
� � ¼ WL=WA

Where WL (gram) was the weight of the extracted lipids andWA (gram) was the dry algae
biomass.
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The lipid productivities of the batch cultivation were calculated from the equation

Plipids g L−1day−1
� � ¼ WG � CL=V � T

Where WG was the cumulative algae biomass production, V was the cultivation volume,
and T was the cultivation time.

The lipid composition was determined as fatty acid methyl esters (FAMEs) through the
direct transesterification method according the procedure of Slover and Lanza with modifi-
cation [23]. Twenty milligrams of freeze-dried sample were put into a capped test tube and
extracted three times with 2.5 ml of H2SO4-CH3OH (v/v=2:98) under stirring at 80 °C for
2.5 h. After the suspension cooled, 1 ml of hexane and 1 ml of saturated NaCl solution were
added to form separated layers in the tube. The upper clear layer of alkane was pipetted out
for analysis by a gas chromatograph (Shimadzu GC-2010, Kyoto, Japan) that was equipped
with a flame ionization detector. To each specimen, 0.1 mg of an internal standard (methyl
heptadecanoate, Fluka, Sweden) was added. Separation was achieved on a HP-5 capillary
column (30 m×0.25 mm×0.25 μm; Hewlett-Packard, USA) with N2 as the carrier gas at a
flow speed of 1 ml min−1. One microliter of the sample solution was injected in split mode
(split ratio=1:30) for each analysis. The injector temperature of the machine was set at
250 °C and the column temperature program was set as follows: the initial temperature was
195 °C and maintained for 12 min; then it rose to 230 °C at a rate of 10 °C min−1 and
maintained for 15 min. Identification of the components was preceded by comparing the
retention times and fragmentation pattern with a Supelco 37-Component FAME Mix
(Sigma, USA).

Results and Discussion

Growth Assessment of Chlorella vulgaris

The results of batch cultivation experiments obtained by different pretreatments were
shown in Table 1. Although C. vulgaris could survive in all cases including in the
untreated wastewater, the biomass concentration and productivity of C. vulgaris
culture in untreated wastewater were obviously lower than pretreated samples. In fact,
the microscopic examination showed many species of bacteria, green algae, diatoms,
and two species of freshwater protozoa in the untreated wastewater. These original
biological contaminants limited and threatened the growth of C. vulgaris and limited
the lipid yield of C. vulgaris.

The treatments of sodium hypochlorite and UV irradiation could inactivate or kill
these original microorganisms effectively. And the sterilization results were confirmed
with microscope. All sterilization means could not eliminate 100 % of the contami-
nants from the cultivation medium. But the relatively pure culture of C. vulgaris after
these pretreatments showed significant improvement in both biomass concentration
and biomass productivity. And the NaClO pretreatment obtained better results than the
UV irradiation treatment. Among the serial treatment tests, the highest biomass
concentration and biomass productivity of C. vulgaris were 1.870 and 0.450 g L−1

day−1 when the concentration of available chlorine was 70 ppm. The biomass con-
centration was comparable to the biomass concentrations of Nannochloropsis salina
cultured in bubbling system under night–day cycle and different cycles of CO2

supplying [24].
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Nutrient Removal Efficiencies

Dairy Wastewater Characteristics Before and After Pretreatment

Results of the wastewater characteristics experiments showed that different treatments and
doses lead to varying degrees of change (Table 2). The COD, TKN, and TP have slight
reduction while the NH3-N displayed a certain degree of increase after ultraviolet treatments.
And the reduction of COD, TKN, TP and the increase of NH3-N were more obvious under
sodium hypochlorite treatments.

Dairy Wastewater Nutrients Removal by Algae Growth

The variation in COD, TKN, TP, and NH3-N of samples after different pretreatments for the
4-day batch culture was depicted in Fig. 1a–d, respectively.

TKN was greatly reduced by 86.5–95.4 and 63.6–87.3 % under UV and sodium hypo-
chlorite treatments, respectively (Fig. 1b). Unexpectedly, a significant reduction (94.4–94.8
and 91.6–99.7 %) of TP was found in all of the samples (Fig. 1c), which was higher than the
results by Woertz [25] who achieved around 76 % phosphate reduction when treating

Table 1 Biomass concentration and biomass productivities of different samples (mean ± SD)

Biomass concentration (g L−1) Biomass productivity (g L−1 day−1)

Untreated 0.861±0.066 0.198±0.017

UV 5 min 0.935±0.001 0.216±0.001

10 min 0.967±0.076 0.224±0.019

15 min 1.218±0.036 0.287±0.009

Available chlorine 10 ppm 1.339±0.145 0.317±0.036

30 ppm 1.815±0.098 0.436±0.025

50 ppm 1.814±0.003 0.435±0.001

70 ppm 1.870±0.118 0.450±0.030

90 ppm 1.835±0.048 0.441±0.012

Table 2 Characteristics of the dairy wastewater before and after pretreatment (means ± SD)

Parameters COD (mgL−1) TKN (mg N L−1) TP (mg PO4
−3 L−1) NH3-N

(mg N L−1)

Before pretreated 1,560 97.0 63.1 51.9

After UV irradiation pretreated 5 min 1,530±14 92.5±0.7 59.7±0.4 60.6±0.0

10 min 1,535±21 95.5±1.5 62.1±0.4 61.5±0.4

15 min 1,505±36 92.5±3.5 62.9±0.1 62.0±1.9

After sodium hypochlorite pretreated 10 ppm 1,273±33 85.5±5.5 59.4±0.8 70.8±0.6

30 ppm 1,338±12 65.0±1.0 60.0±0.5 70.6±1.0

50 ppm 1,353±29 64.0±3.0 59.3±0.1 68.9±0.1

70 ppm 1,352±4 70.5±2.5 60.6±0.5 70.3±0.5

90 ppm 1,364±24 59.0±4.0 58.3±0.2 68.1±0.7
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digested dairy manure with algae at a lower starting concentration of 7.7 mg PO4
3− L−1.

These results are also better than the results reported by Wang et al. [26] who found that a
wild-type Chlorella sp. cultivated in 10- to 25-fold diluted manure could provide removal
rates of 75.7–82.5 % for TKN and 62.5–74.7 % for TP. The unexpected high TP removal
might be caused by the pH around 8.0 at the end of experiment which could contribute to
coagulation and adsorption of inorganic phosphates [27].

Ammonium was almost completely removed within the 4-day growth period in all
samples regardless of the initial concentration (60.6–70.8 mg L−1) was (Fig. 1d). The result
was in accordance with the results using agro-industrial wastewater and synthetic wastewa-
ter as culture media [28, 29]. Although not as efficient as the nitrogen and phosphorus
removal (Fig. 1b, c), the removals of COD in the dairy wastewater after different pretreat-
ments were 73.7–74.8 and 51.5–65.8 %, respectively (Fig. 1a). A previous study reported
that the maximum of COD removal with 73.18 % was achieved when Arthrospira
(Sprirulina) platensis was cultivated in 25 % olive oil mill wastewater pretreated by
12.5 g L−1 NaClO [30].

These results showed that removal rates of COD and TKN after sodium hypochlorite
treatments were lower than those after UV treatments, although the biomass concentrations
of algae under sodium hypochlorite treatments were higher. This may be due to a wide range
of reasons. As we talked about before, the relatively pure culture of C. vulgaris after these
pretreatments showed significant improvement in both biomass concentration and biomass

Fig. 1 Characteristics of the dairy wastewater before and after 4-day cultivation (a, b, c, d refer to COD,
TKN, TP, NH3-N, respectively). The values above the columns refer to the removal rate of each pretreatment
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productivity, but no sterilization methods could kill all contaminants from the culture
medium. Microscopic examination showed several microorganisms (mainly bacteria) had
grown. Thus, we assumed the organic compound was partly biodegraded by the bacteria.
The biodegradation was enhanced by the continuously provided air. The air enriched the
medium with oxygen, which was utilized by the bacteria to perform an enzymatic attack and
to biodegrade organic compound [30, 31].

Algal Lipid Content and Fat Acids Composition

Table 3 shows lipid content and lipid productivity of C. vulgaris cultivated in the pretreated
dairy wastewater. Lipid contents of C. vulgaris in dairy wastewater after sodium hypochlo-
rite pretreatment were roughly at the same level, but the lipid productivities were evidently
different. The highest lipid content was 14.38 % under 15-min UV pretreatment. However,
the lipid productivity was 44 mg L−1 day−1 in this condition. This value was lower than the
productivity of all sodium hypochlorite treatment except the 10 ppm one. The highest lipid
productivity was 51 mg L−1 day−1 when concentration of available chlorine was 30 ppm.

The lipid content of C. vulgaris coincide with former reports which showed 14.7 % of the
lipid content and 20.22 mg L−1 day−1 of lipid productivity of C. vulgaris cultivated in Bold’s
basal medium at 25 °C[32]. The highest lipid yield of microalgae reported currently were
17 mg L−1 day−1 on dairy wastewater and 24 mg L−1 day−1 on municipal wastewater [33].

Table 4 shows the fatty acid profiles derived from triacylglycerol, phospholipid and free
fatty acids in C. vulgaris cultivated under different conditions in our research. Hexadecanoic
acid (C 16:0), linoleic acid (C 18:2), and linolenic acid (C 18:3) were the abundant fatty
acids. Hexadecanoic acid(C 16:0) was the most abundant fatty acid in C. vulgaris under all
treatments, ranging from 36.85 to 45.30 % of the total fatty acids. The proportion of
octadecadienoic acid (C 18:2) and linolenic acid (C 18:3) were different but not obvious,
18.80–23.40 and 16.90–24.20 %, respectively, which were obviously lower than the con-
tents of hexadecanoic acid (C 16:0). Our results were in agreement with a former report [14]
which showed that hexadecanoic acid (C 16:0), linoleic acid (C 18:2), and linolenic acid (C
18:3) were the abundant fatty acids in Chlorella pyrenoidosa cultivated with Bristol’s
solution and the diluted sample with 500 mg COD L−1. Compared to Bristol’s solution,
there were remarkable reductions in the relative content of hexadecadienoic acid (C 16:2)
and oleinic acid (C 18:1) while an increase exist in hexadecanoic acid (C 16:0) for the
diluted piggery waste samples.

Table 3 Lipid contents and lipid productivities of different samples (mean ± SD)

Lipid content (%) Lipid productivity (mg L−1 day−1)

UV 5 min 11.43±2.02 27±5

10 min 13.35±0.14 32±2

15 min 14.38±0.04 44±1

Available chlorine 10 ppm 11.05±1.13 37±8

30 ppm 11.28±0.04 51±3

50 ppm 11.08±0.32 50±2

70 ppm 10.30±0.71 48±1

90 ppm 10.50±0.78 48±2
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According to the European Standard EN 14214, the content of linolenic acid in biodiesel
for vehicle is limited and additional treatment, like hydrogenation, is required to meet the
standard [34, 35]. In conclusion, taking lipid productivities, removal rates of nutrients, and
hexadecanoic acid proportion of the total fatty acids into consideration, we suggest using
30 ppm available chlorine pretreatment for C. vulgaris cultivation with dairy wastewater to
get the desired lipid production.

Conclusion

The direct emission of dairy wastewater would have unfriendly effect on the environment. New
techniques which can link pollution control and resource utilization are necessary. In this study,
we investigated the pretreatment of dairy wastewater by UVand NaClOwhich were feasible for
large-scale cultivation. The highest biomass productivity and lipid productivity of C. vulgaris
could reach 0.450 g L−1 day−1 and 51 mg L−1 day−1, respectively. And the ideal nutrition
removals were obtained in the end of cultivations. Those findings in our research could provide
a potential solution which combined pollution control and resource utilizationwith low cost and
high feasibility for further scale-up microalgal biodiesel production.
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Table 4 Summary of FAME profiles of C. vulgaris cultivated with different pretreatments

Fatty acid UV Available chlorine

5 min 10 min 15 min 10 ppm 30 ppm 50 ppm 70 ppm 90 ppm

Saturated fatty acids (% of total
fatty acids)

45.90 50.55 50.45 47.90 50.30 46.30 45.75 54.80

C14:0 1.60 1.50 1.35 2.65 2.50 4.85 3.90 4.55

C16:0 40.80 45.00 44.70 41.65 44.20 36.85 37.15 45.30

C18:0 3.20 3.85 4.00 3.60 3.30 4.20 4.70 4.65

C24:0 0.30 0.20 0.40 0.00 0.30 0.40 0.00 0.30

Monounsaturated fatty acids (% of
total fatty acids)

10.50 5.55 6.40 11.00 11.60 9.55 6.70 9.55

C14:1 0.00 0.30 0.45 1.40 2.90 2.65 2.50 3.00

C16:1 5.15 2.10 2.45 4.75 3.40 1.25 0.00 0.55

C18:1 1.00 0.60 0.00 1.60 1.80 0.85 0.00 0.00

C20:1 3.80 2.55 2.80 2.45 3.50 3.90 2.80 4.80

C24:1 0.55 0.00 0.70 0.80 0.00 0.90 1.40 1.20

Polyunsaturated fatty acids (% of
total fatty acids)

46.55 44.05 43.15 41.20 38.00 45.15 47.60 35.70

C18:2 23.30 22.20 22.25 20.90 19.90 23.10 23.40 18.80

C18:3 23.25 21.85 20.90 20.30 18.10 22.05 24.20 16.90
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