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A B S T R A C T

Short-chain fatty acids (SCFA), raw substrates for biodegradable plastic production and preferred carbon source
for biological nutrients removal, can be produced from anaerobic fermentation of waste activated sludge (WAS).
This paper reports a new, high-efficient and eco-friendly strategy, i.e., using free nitrous acid (FNA) pretreatment
combined with Tea saponin (TS), to enhance SCFA production. Experimental results showed 0.90mg/L FNA
pretreatment and 0.05 g/g total suspended solids TS addition (FNA+TS) not only significantly increased SCFA
production to 315.3 ± 8.8mg COD/g VSS (5.52, 1.76 and 1.93 times higher than that from blank, solo FNA and
solo TS, respectively) but also shortened fermentation time to 4 days. Mechanism investigations revealed that
FNA pretreatment combined with TS cause a positive synergetic effect on sludge solubilization, resulting in more
release of organics. It was also found that the combination benefited hydrolysis and acidogenesis processes but
inhibited the methanogenesis.
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1. Introduction

Activated sludge process is the most widely used technique for
treating municipal sewage. As a byproduct of this process, large
quantities of waste activated sludge (WAS) are inevitably generated (Ni
and Yu, 2008; Zhao et al., 2015a; Wang et al., 2017a; Wang et al.,
2017b). For example, in 2015, the production of WAS reached 34
000,000 tons in China (Luo et al., 2016). The WAS disposal put great
challenges due to its continuous production and the high disposal costs
accounting for up to 60% total operation cost of the wastewater
treatment plants (WWTPs) (Guo et al., 2013). Meanwhile, WAS con-
tains considerable organics (e.g., carbohydrate and protein), therefore
reusing WAS as an abundant cheap resources is considered a more
preferable way for WAS management (Wang et al., 2013a; Wang et al.,
2015a; Zhao et al., 2016a; Xu et al., 2017).

In recent years, anaerobic fermentation of WAS has attracted more
and more attention because the generated short-chain fatty acids
(SCFA) could be used as a preferred carbon source to remove biological
nutrient or a raw substrate to produce the biodegradable plastic poly-
hydroxyalkanoates (PHA) (Zhao et al., 2015b; Wang et al., 2015a).
However, the SCFA production from WAS was generally at low levels,
due to the fact that sludge solubilization was commonly the rate-lim-
iting step and the produced SCFA could be rapidly consumed by me-
thanogens (Chen et al., 2013; Li et al., 2016; Zhao et al., 2015c). Many
efforts were performed, focusing on the enhancement of SCFA yield by
using a lot of pretreatment methods such as biological, mechanical and
chemical (Yuan et al., 2006; Zhao et al., 2015c; Li et al., 2016; Wang
et al., 2017c).

Recently, it was recorded that free nitrous acid (FNA or HNO2), as
an effective pretreatment approach, could significantly enhance sludge
solubilization and degradability (Pijuan et al., 2012; Wang et al.,
2013b; Zhao et al., 2015b). FNA, at parts per million (ppm) levels, had
a powerful biocidal effect on sludge microorganisms (Pijuan et al.,
2010; Zahedi et al., 2016). It was reported that FNA pretreatment at
2.13mg HNO2/L for 24 h significantly enhanced sludge disintegration
(Wang et al., 2013b). The result of recent research shown that the yield
of SCFA from anaerobic fermentation of WAS was obviously enhanced
after the pretreatment of FNA at 1.8 mg HNO2/L (Li et al., 2016). FNA
pretreatment has many advantages to be a method to stimulate energy
recovery and utilization from WAS, such as green, renewable and low-
cost input since FNA could be generated in-situ by the nitritation of
sludge anaerobic digestion liquor. Therefore, FNA as a promising
strategy to stabilize WAS exhibited a good application prospect. How-
ever, Wang et al. (2014) reported that nitrite could be removed by
denitrification during WAS anaerobic fermentation process. It is widely
accepted that four processes, such as solubilization, hydrolysis, acid-
ogenesis and methanogenesis, are involved in WAS anaerobic fermen-
tation (Zhao et al., 2016b), which means FNA may mainly affect the
front stage of the SCFA production process (such as solubilization),
have little effect on the other stages. Above result suggest that further
enhancement of SCFA yield under solo FNA pretreatment fermentation
may be possible. And any promotion of SCFA production in solo FNA
pretreatment would have significant ecological and economic benefits,
because the large quantity of WAS were produced from WWTPs per
day.

Higher SCFA yield and shorter fermentation time were achieved by
combining FNA pretreatment with alkaline fermentation, sodium do-
decylbenzene sulfonate and rhamnolipid treatment, which simulta-
neously enhanced sludge hydrolysis and inhibited methanogenesis
(Zhao et al., 2015b; Zhao et al., 2016b; Wu et al., 2017). Although
alkaline condition effectively suppressed methanogens, a large amount
of chemical such as NaOH was required and the approach was not
environment friendly. Rhamnolipid and sodium dodecylbenzene sul-
fonate were indeed high-efficiency and cost-effective surfactant. But it
were difficult to be degraded during WAS anaerobic fermentation
process (Jiang et al., 2007; Zhou et al., 2015). Considering their

antimicrobial properties (Uemura et al., 1999; Díaz De Rienzo et al.,
2016), it might have negative impact on subsequent sludge disposal and
the utilization of fermentation liquid. Since surfactants have many ex-
cellent characteristics, we hypothesize whether highly degradable bio-
surfactant combined FNA pretreatment could simultaneously enhance
SCFA production and as much as possible to reduce the impact on the
environment.

Tea saponin (TS), a green bio-surfactant produced by plants, has
attracted more and more attention due to its effective role in heavy
metal removal from soil sediments (Liu et al., 2017). TS was extracted
from seeds, leaves or roots of plants, which means that TS is more green
and eco-friendly than other biosynthesis or chemical synthesis of sur-
factants (Wang et al., 2012). Actually, anaerobic fermentation of WAS
is a biological process, with numerous microbes being involved (Zheng
et al., 2013; Wang et al., 2017d), which indicates TS might be degraded
in the process of sludge anaerobic fermentation. Additionally, TS was
reported to suppress methane production of rumen microbiota due to
the characteristic of antimethanogenic (Ramírez-Restrepo et al., 2016).
Consequently, it is assumed that TS could also be used as an efficient
and eco-friendly method to improve the yield of SCFA from WAS
anaerobic fermentation. Although the characterization of TS and its
effects on heavy metal removal from soil sediments were widely in-
vestigated. Until now, however, the impact of FNA pretreatment com-
bined with TS on SCFA yield from WAS anaerobic fermentation has
never been documented.

The aim of this study was to assess the effects of FNA pretreatment
combined with TS addition on the production of SCFA from anaerobic
fermentation of WAS. Firstly, the feasibility of enhancing SCFA pro-
duction from WAS anaerobic fermentation by FNA+TS and degrada-
tion of TS was tested. Secondly, details of how combined FNA pre-
treatment and TS affect each process of WAS anaerobic fermentation
were investigated. The outcome of this study may have potential ap-
plication to promote energy recovery in WWTPs by a cost-effective and
eco-friendly way.

2. Materials and methods

2.1. Sources of WAS

The raw WAS used in this work was withdrawn from the secondary
sedimentation tank of a WWTP with anaerobic-anoxic-aerobic process
in Changsha, China. The sludge retention time (SRT) is about 20 d. The
collected sludge was concentrated by settling at 4 °C for 24 h prior to
use. The main characteristics of WAS in this study are as follows: pH
6.85 ± 0.03, total suspended solids (TSS) 14,850 ± 210mg/L, vola-
tile suspended solids (VSS) 10,430 ± 145mg/L, total chemical oxygen
demand (TCOD) 13,150 ± 220mg/L, soluble chemical oxygen de-
mand (SCOD) 174 ± 15mg/L, total protein 7831 ± 320mg COD/L,
total carbohydrate 1210 ± 105mg COD/L, total nitrogen in sludge
supernatant 9.6 ± 0.4, total phosphorus in sludge supernatant
19.8 ± 1.1.

The biosurfactant TS (C57H90O26) was purchased from Carry Herb
Bio Tech Co., Ltd. (Xian, China). The solid content of TS is 95% and the
concentrations of protein, carbohydrate, NH+

4 -N and PO3−
4 -P in TS

solution are presented in Supplementary Material. Other chemicals
used in this study were of analytical grade.

2.2. Effect of different FNA levels on SCFA yield with TS addition from
WAS fermentation

This test was conducted in 9 identical plexiglass bottles with a
working volume 1000mL, and 600mL of WAS was firstly added to each
bottle. Different volumes of nitrite stock solution (2.0 N) were added
into 7 bottles to gain 0, 150, 200, 250, 300, 350, 400mg NO−

2 -N/L,
respectively. Subsequently, the pH in each serum bottle was controlled
at 6 via adding either 2.5M sodium hydroxide or 2.5M hydrochloric

Q. Xu et al. Bioresource Technology 254 (2018) 194–202

195



Download English Version:

https://daneshyari.com/en/article/7068146

Download Persian Version:

https://daneshyari.com/article/7068146

Daneshyari.com

https://daneshyari.com/en/article/7068146
https://daneshyari.com/article/7068146
https://daneshyari.com

