
Statistical key factors optimization of conditions for hydrogen 
production from S-TE (solubilization by thermophilic enzyme)
waste sludge 

Liang Guo a,b,⇑, Jun Zhao b, Zonglian She b, Mingmin Lu b, Yan Zong b

a Key Laboratory of Marine Environment and Ecology, Ministry of Education, Ocean University of China, Qingdao 266100, China 
b College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China 

h i g h l i g h t s

� Hydrogen production from S-TE sludge could be affected by different factors.
� Statistical key factors for S-TE slu dge H2 produc tion were optimized using uniform design.
� Maximum hydrogen yield and optimum conditions could be predicted from regressi on model.
� Comprehensive effect of factors on nutrients and metabolites changing was investigated.
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a b s t r a c t

Waste sludge can be solubilized after S-TE (solubilization by thermophilic enzyme) pretreatment as the 
cryptic growth occurs at the expense of the cell lysate. The hydrogen production from S-TE sludge is
greatly influenced by many factors. In this study, factors including pH, C/N, C/P, and Fe2+ affe cting hydro- 
gen production from S-TE sludge were optimized using uniform design. The optimum condition for max- 
imum hydrogen yield of 68.4 ml H2/g VSS (volatile suspended solid) could be predicted from regression 
model, and the optimum conditions were pH of 6.4, C/N ratio of 38, C/P ratio of 265, and Fe2+ concentra-
tion of 85 mg/L. There was interaction effect of factors on hydrogen production from S-TE sludge. Diffe r-
ent pH, C/N, C/P and Fe2+ conditions could influence the VSS removal rate, carbohydrate and protein 
utilization. When the highest compositions of acetate and ethanol and lowest propionate were observed 
in metaboli tes, effective hydrogen production was also achieved.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction 

The thermop hilic aerobic treatment can be applied for sludge 
reduction integrated in the wastewater handling units. When ther- 
mophilic aerobic bacteria are subjected to optimal conditions for 
their growth, such as in the thermop hilic aerobic reactor, they per- 
form enzymatic hydrolysis at expenses of other microbial cells.
Using the theory of lysis enzyme secrete by thermopile bacteria 
to hydrolysi s the waster sludge, it developed the S-TE (solubiliza-
tion by thermophilic enzyme) technolo gy (Song and Hu, 2006 ).
The scheme of the S-TE process was proposed by Kobelco-sol utions 
Co. (Japan) and applied at full-scale in a small WWTPs in Japan 
Sawatari water quality control center (Sakai et al., 2000; Shiota 

and Hasegawa, 2002 ). The sludge was solubilized after S-TE 
pretreatmen t both by the thermal effect and the thermophili c en- 
zyme, where cryptic growth occurs at the expense of the cell lysate 
(Foladori et al., 2010 ). Cryptic growth is termed that some organic 
substance which was released after waste sludge solubilization 
could be reused by sludge microbial. In the temperature range 
from 60 to 75 �C, the biodegradat ion of the macromolecul es mak- 
ing of the sludge organic matter is generally improved in relation 
to the flocs structure disintegr ation and its partial solubiliza tion 
(Camacho et al., 2003 ). Microbial cells in sludge might be break 
down or hydrolyze into micro-molecul es which could be used as
substrate for hydrogen production. In our previous study, methan- 
ogen in the waste sludge could be restrained after S-TE pretreat- 
ment, and the S-TE pretreated sludge was fit for hydrogen 
production (Guo et al., 2008, 2010a,b ).

The biologica l H2 generation is greatly influenced by many 
factors, including C/N and C/P ratios (Argun et al., 2008 ), strain 
type, substrate concentr ation, cell concentration, metal ions,
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temperature and pH, etc. (Das and Veziroglu, 2008; Lee et al., 2008;
Skonieczny and Yargeau, 2009; Yasin et al., 2011; Zhang and Shen,
2006; Zhao et al., 2012 ). Thus, it is of great significance to find
appropriate levels of different factors in order to increase the 
ability of anaerobic sludge to produce H2. Several researche rs have 
reported the optimization of fermentati on H2 production by statis- 
tical method to investigate the effects of different factors on
fermentative H2 production (Shi et al., 2010; Sreela-or et al., 2011 ).

If there are S factors of which each factor has Q levels in an
experiment, where Q > 1, then the orthogonal array is often used;
if a design of Q level experiments is proposed by the theory of uni- 
form distribut ion which will be called the uniform design (Wang
and Fang, 1981 ). Some applicati ons to material, architectur e, med- 
icine and military, chemical industry showed the advantages of the 
uniform design as compared with the orthogonal array and other 
methodology (Fang, 1994; Wang and Fang, 1981 ). Uniform design 
could decrease the number of experimental times, automate d clas- 
sification the experimental factors and order rank according to the 
significance, through the discussion of results to prediction the 
affecting factors (Lv and Ding, 2012; Zhang et al., 2009 ).

Although many studies have been done on the effect of environ- 
mental factors on hydrogen production from various kinds of
synthetic substrates and wastes, but the information on the statis- 
tically optimization of environm ental factors on bio-hydrogen pro- 
duction from S-TE pretreated sludge are still lacking. Therefore, the 
main objective of this work was to explore the effects of pH, C/N, C/
P and Fe2+ on H2 fermentative using the uniform design method.
The information obtained from this study could find the optimum 
H2 production conditions from S-TE pretreated sludge.

2. Methods 

2.1. Preparation of feedstocks 

The fed sludge was taken from the secondary treatment stage of
waste water treatment plants (WWTPs) in Qingdao. Prior to use,
the sludge was sieved by grid size 2.0 mm to remove coarse 
matters and stored at 4 �C prior the usage. Then, the sludge was 
pretreated by S-TE (solubilization by thermophlic enzyme) method 
(Guo et al., 2010a,b, 2012 ). The characteristics of raw sludge and 
S-TE pretreate d sludge are shown in Table 1. It was found that S-
TE pretreatment could enhance the releasing of SCOD (soluble
chemical oxygen demand), protein, carbohydrat e and NHþ4 –N into 
the liquid phase by 20.3, 6.0, 3.3, 3.0 times, respectively . SS (sus-
pended solid) and VSS (volatile suspended solid) were all decrease 
as solubilization and reduction effect of S-TE on waste sludge.

2.2. Bio-hydrogen fermentation 

Substrate (100 ml) was anaerobically (blow N2 for 10 min) incu- 
bated at 35 �C in 250 ml serum bottles with stirring of 125 r/min 
and was not added other nutrients . The bottles were capped with 
silica gel stoppers. Under identical condition , three fermentation 
bottles were measured and their average of data was reported to
prevent any possible errors introduced by sampling procedure. Dif- 
ferent condition s of pH (5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9), C/N (21, 24,
27, 30, 33, 36, 39, 42, 45), C/P (100, 125, 150, 175, 200, 225, 250,
275, 300) and Fe2+ (20, 30, 40, 50, 60, 70, 80, 90, 100 mg/L) were 
investigated in S-TE sludge fermentation. The initial conditions of

pH, C/N, C/P and Fe2+ could be adjusted through dosing. The 
concentr ation of H2 was tested frequent ly during fermentation 
and the H2 production was also recorded during the whole 
examina tion.

2.3. Experimen tal design and data analysis 

C/N, C/P, pH, and Fe2+ were chosen as four independent factors 
and the maximum H2 production rate (Rm) were selected the 
depende nt output variable. A four-paramete r nine-level experi- 
mental design of uniform design method was used to find the 
optimum H2 production condition and was given in Table 2. The 
experime nts were performed at random order and the Y values
are response, such as Rm to the independent variables X1, X2, X3

and X4, which are pH, C/N, C/P, and Fe2+, respectivel y. Regression 
analysis was performed with the data obtained to estimate the 
response function as below:

Y ¼ bþ RaiXi þ RaiiX
2
i þ RaijXiXj ð1Þ

where Y is the response of hydroge n yield, b is the constant coeffi-
cient, ai, aii and aij are the coefficients estimated by the model. They 
represe nt the liner, quadratic and cross-produ ct effects of the X1, X2,
X3 and X4, respective ly. The parameter s of the response equation 
and analysis of variance (ANOVA) were evaluated using SPSS 17.0.

The accumulative volume of hydrogen produced (H) over the 
time course during the batch tests was fitted with the Gompertz 
equation (Lay et al., 1999 ):

H ¼ P exp � exp
Rme

P
ðk� tÞ

� �
þ 1

� �
ð2Þ

where P is the hydrogen potential (ml), Rm is the maximum hydro- 
gen productio n rate (ml/h), k is the lag phase time (h), and e is
2.71828 1828.

2.4. Analytica l methods 

The volume of produced biogas was determined by draining 
saturated salt water method and the biogas contents were ana- 
lyzed with a gas chromatograp h (SP-6890, Lunan Ruihong, Shan- 
dong) equipped with a thermal conductivity detector (TCD) with 
a 2 m column packed with Porapak Q. The soluble metabolites of
VFAs (volatile fatty acids) and ethanol were measured with a gas 
chromatogr aph (Shimadzu GC2010, Japan) equipped with a flame
ionizatio n detector (FID) and a capillary column (DB-FFAP,
30 m � 0.25 mm � 0.25 lm). The pH was measured with a digital 
pH-mete r (PHB-5, Aolilong, Hangzhou). The concentration of COD 

Table 1
Characteristics of raw sludge and S-TE pretreated sludge.

pH SS (g/L) VSS (g/L) TCOD (mg/L) SCOD (mg/L) Protein (mg/L) Carbohydrate (mg/L) NHþ4 –N (mg/L) TN (mg/L) TP (mg/L)

Raw 7.3 ± 0.1 21.8 ± 0.4 8.8 ± 0.2 12,896 ± 25 293 ± 13 74.8 ± 6.3 37.7 ± 5.8 43.8 ± 3.7 228.3 ± 17.2 2.1 ± 0.1 
S-TE 6.9 ± 0.1 17.8 ± 0.3 7.6 ± 0.2 11,924 ± 28 6230 ± 22 520.3 ± 25.1 162.6 ± 12.3 174.3 ± 13.9 267.9 ± 14.5 3.2 ± 0.1 

Table 2
Results of U9

⁄(94) uniform design.

Run X1 X2 X3 X4 (mg/L) Y (ml H2/g VSS)

1 5.0 27 250 100 1.3 
2 5.5 36 175 90 55.8 
3 6.0 45 100 80 56.6 
4 6.5 24 275 70 41.6 
5 7.0 33 200 60 50.3 
6 7.5 42 125 50 23.6 
7 8.0 21 300 40 38.0 
8 8.5 30 225 30 35.6 
9 9.0 39 150 20 29.0 

52 L. Guo et al. / Bioresource Technology 137 (2013) 51–56



Download English Version:

https://daneshyari.com/en/article/681129

Download Persian Version:

https://daneshyari.com/article/681129

Daneshyari.com

https://daneshyari.com/en/article/681129
https://daneshyari.com/article/681129
https://daneshyari.com

