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Abstract: Discussion on filamentous fungus separation and optimization of degradation conditions of sludge filtrate from
silk-degrading hydrothermal treatment is of great significance to the efficient and safe treatment of sludge filtrate from
biological enhanced hydrothermal treatment. In this study, filamentous fungi that can efficiently degrade hydrothermal
treatment sludge filtrate were isolated and screened from surplus sludge, and their treatment conditions were optimized.
The results show that filamentous fungus Mucor sp. LS-1 has a good degradation effect on hydrothermal treatment
sludge filtrate, and the optimal inoculation concentration of sludge filtrate is 50% (V/V ) original filtrate (~7000 mg/
L), and the optimal inoculation concentration of fungus is 15% (V/V ). Mucor sp. LS-1 Treatment of sludge filtrate
under the optimum conditions can make filtrate COD decrease 64.65%, obviously improving the effluent quality of
sludge filtrate. During the treatment of sludge filtrate by Mucor sp. LS-1, the degradation of COD in the filtrate is
mainly related to the adsorption and biodegradation of filamentous fungi. Therefore, using Mucor sp. LS-1 to degrade
hydrothermal treatment sludge filtrate is a new high-concentration sludge filtrate degradation technology with great
potential.
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Introduction

By the end of 2017, December and December, our cities and counties have built a total of 5027 sewage treatment
plants with sewage treatment capacity as high as 188 million cubic meters per day, producing 80% sludge with annual
water content of 50 million tons and over 10,000 tons. It is expected that the municipal sludge output will reach 60
million tons, 90 million tons, 10,000 tons and 1,2 tons by 2020. There are a lot of organic matter, pathogenic bacteria,
parasites, heavy metals and other substances in the sludge. If not disposed of safely, it will have a serious impact on the
environment. Therefore, how to reduce the volume of municipal sludge and eliminate the harm, 40 and finally realize
recycling are major problems in sludge treatment.

Hydrothermal treatment technology is an effective sludge pretreatment technology. Sludge hydrothermal treatment
technology refers to heating sludge to 130 C and above in a closed container and maintaining it at saturated vapor
pressure for 30~90 min, which causes microbial flocs in sludge to decompose, cells to rupture, macromolecules to
release and further decompose into micromolecules to release intracellular bound water, resulting in easier separation
of water from sludge particles, thus greatly improving sludge dewatering performance”'During the hydrothermal
treatment of sludge, the release of intracellular harmful substances due to microbial cell rupture, as well as the
dissolution and hydrolysis of solid organic matters, will significantly increase the content of dissolved organic matters
in the sludge filtrate, and at the same time produce a large amount of toxic substances, such as phenol, furfural and

derivatives thereof®'". The dewatered filtrate produced after hydrothermal treatment of municipal sludge has high
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organic concentration and complex composition, which makes it difficult to treat’"> '),

Filamentous fungus treatment is a biological conditioning method, because it has obvious advantages in

21l Hydrothermal treatment sludge filtrate

detoxification of organic wastewater and degradation of organic matter'
belongs to high-concentration organic wastewater, and research on degradation of hydrothermal treatment sludge filtrate
by filamentous fungi is rare. Filamentous fungi have the following advantages in treating organic wastewater: (1) to
form hyphal spheres and adsorb and capture small particles, heavy metals and water-soluble organic substances; (2)
Degradation of Organic Matter in Wastewater; (3) biosolids separated from wastewater after fungal treatment contain
a large amount of organic matter and nutrients, which can be used for composting; (4) fungi also have the effects of

221 Therefore, this study attempts to isolate filamentous fungi from

inhibiting pathogenic bacteria and reducing odor,'
sludge, which can efficiently degrade hydrothermal treatment sludge filtrate, and study the optimal treatment conditions,

so as to provide a reference for efficient and safe treatment of hydrothermal treatment sludge filtrate.
1. Materials and methods

1.1 Materials to be tested

The tested sludge is taken from the sludge concentration tank of a sewage treatment plant in Lishui, and its basic
physical and chemical properties are as follows: pH 7.42, solid content ,2.7%, organic matter, 45.6%. The sludge is
placed at 121°C for hydrothermal treatment for 30 min. After cooling to room temperature, the hydrothermal treatment
sludge is filtered with Whatman #1. The filtrate is the hydrothermal treatment sludge filtrate, and its basic properties
are as follows: pH 6.43, chemical oxygen demand (COD)-14000 mg/L. Hydrothermal treatment sludge filtrate shall be

stored in 4 and C refrigerators for later use.

1.2 Medium

Martin’s solid medium is prepared by potassium dihydrogen phosphate, k, 2, hpo, 4, 1.0 g, magnesium sulfate
heptahydrate, mgso4, 7h, 2, 0.5 g, peptone, 5.0 g, glucose, 20.0 g, and agar, 15 g to 20 g. Dissolve all the ingredients
and add distilled water to make up the volume to 1000 mL ,115 ,30 min"**.

The preparation method of potato-glucose broth ,PDB, 200 g potato is peeled, cut into small pieces, put into 1000
mL distilled water and boiled, 20 min and then filtered with 8 layers of gauze, and 20 g glucose is added to the obtained
filtrate. After it is fully dissolved, the liquid is fixed to 1000 mL, then it is filled into conical bottles while hot, and then

it is sterilized in 115, 30 min***.

1.3 Isolation, screening and molecular biological identification of filamentous fungi

Isolation and purification of filamentous fungi: microbial isolation with concentrated sludge. 150 mL of raw sludge
was placed in a 250 mL conical flask and incubated in a shaking table at 28°C for 12 h at 180 r/min to allow rapid
growth and enrichment of microorganisms in the sludge. In a sterile environment, the enriched sludge is gradient diluted
with sterile water, respectively diluted to 10 ,3 ,10 ,4 and 10 ,5 ,then 100 pL is taken from the solutions of various
dilution degrees respectively to a Martin solid medium (fungus selective medium) plate, placed in a 28 C constant
temperature incubator for inverted culture to obtain several fungi, and then separated and purified respectively.

Filamentous fungi screening for degrading hydrothermal treatment sludge filtrate: 135 mL of hydrothermal
treatment sludge filtrate is added into a 250 mL triangular flask, then 15 mL of PDB-free filamentous fungi inoculum is
inoculated, and the triangular flask is placed in a shaking table at 28 degree C. and 180 r/min for constant temperature
culture for 3 days. Each processing setting 3 parallel, while setting blank processing. Sample 10 mL per day, filter with
Whatman #1 filter paper, and measure the COD of the filtrate. 1 and 1 fungal strains capable of efficiently degrading
hydrothermal treatment sludge filtrate were screened out.

Molecular biological identification: Genome DNA extraction and PCR amplification 18S rDNA-Its sequence are
carried out on the screened target filamentous fungi. The primers are fungi ITS (Internal Transcribed Spacer) sequence
to amplify universal primers Its] and Its4. Then, the products of PCR and PCR are entrusted to relevant companies for
bidirectional sequencing. The obtained nucleotide sequence results are submitted to NCBI database for comparison, and

typical strain series are found for homology comparison. Mega 6.0 software is used to construct phylogenetic tree to
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determine the classification status of the strain.

2. Results and discussions

2.1 Isolation and screening of objective filamentous fungi

The original sludge was screened for microorganisms through Martin’s medium, and after separation and
purification, 11 strains of fungi with different forms were obtained. Inoculate fungus inoculum into the sludge filtrate
of hydrothermal treatment to study the degradation of the sludge filtrate by fungi, so as to screen out the target fungi
capable of efficiently degrading the sludge filtrate of hydrothermal treatment.

By comparing the degradation effects of fungi on hydrothermal treatment sludge filtrate, finally, the 4# strains
used in this experiment were selected. Through sequencing and homology comparison, the fungus was identified as
Mucor, with strain numbers of MUCOR and SP. LS-1 .The evolutionary tree is shown in Figure 1. The mycelia of
this bacterium on Martin’s medium are dark gray, and the mycelia are longer. After PDB, medium culture, 2 days,the

mycelia are dispersed evenly and do not intertwine into mycelial balls.

Mucor circinelloides f. lusitanicus ATCC:1216b

40 |Mucor circinelloides f. lusiranicus strain CBS 968.68

Mucor sp. LE-W15

Mucor sp. UTHSC 03-1823

Mucor circinelloides f. lusiranicus strain CBS 969.68

I—Muco! sp. LXM7

96 1 Mucor sp. LS-1

Mucor sp. UTHSC 03-1044
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Figure 1. The development tree of Mucor sp. LS-1 and ITS related strains.

2.2 Effect of hydrothermal treatment sludge filtrate concentration on degradation effect of
filamentous fungi

High concentration sludge filtrate has inhibitory effect on fungal activity, and the presence of a large number of
toxic substances has toxic effect on fungi, affecting the degradation efficiency of fungi on sludge filtrate. Clarifying
the optimal inoculation concentration of sludge filtrate plays an important role in improving fungal activity and
improving the treatment efficiency of sludge filtrate. The degradation effect of Mucor sp. LS-1 on sludge filtrate with
different dilution ratios is shown in figure 2. MUCOR and SP. LS-1 have degradation effects on sludge filtrate with
different dilution ratios, and the larger the dilution ratio, the more obvious the degradation efficiency. COD of the
filtrate decreased obviously in the early stage, which may be that Mucor sp. LS-1 has strong adsorption performance.
After Mucor sp. LS-1 treated 100%, 75%, 50% and 25% filtrate respectively for one day, COD degradation rates were
24.72%, 28.27%, 39.45% and 45.97% respectively, while COD degradation rates were 40.22%, 44.66%, 57.31%
and 60.83% respectively after 3 days of treatment. It can be seen from this that the degradation rate of fungi to 75%
filtrate and COD only increased by 3.55~4.44% . It may be that there are high concentrations of harmful substances in
the filtrate, which inhibit the growth of MUCOR and SP. LS-1 ,thus affecting its degradation effect on sludge filtrate.
However, the degradation rates of Mucor sp. LS-1. LS-1, 50%, filtrate ,COD and 14.73~17.09% ,significantly higher
than that of 75% and filtrate treatment. This is mainly because the concentration of harmful substances in sludge filtrate
decreases, weakening its inhibitory effect on filamentous fungi. although the degradation rates of Mucor sp. LS-1.
Is-1, right , 25%, filtrate, COD and cod are still improved, the improvement effect is not obvious. At the same time,
the sludge filtrate is diluted to 25%. The overall treatment efficiency of the filtrate decreases and the treatment cost
increases, which is not conducive to the efficient and economic treatment of the filtrate. Therefore, in order to improve
the treatment activity of MUCOR and SP. LS-1 and the treatment efficiency of sludge filtrate, it is appropriate to select
50% (V/V) sludge filtrate, i.e. hydrothermal treatment sludge filtrate COD with a concentration of about 7000 mg/L as
the treatment concentration of MUCOR and SP. LS-1.
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Figure 2. The degradation of COD in hydrothermal treated sludge leachate with different dilution levels by filamentous
fugal Mucor sp. LE-1.

2.3 Effect of inoculation amount of filamentous fungi on degradation effect of sludge filtrate
from hydrothermal treatment

Inoculation amount of filamentous fungi has an important influence on the degradation of sludge filtrate, which
is mainly manifested in the fact that the degradation efficiency of sludge filtrate is not significant when the inoculation
amount of filamentous fungi is too low, while the treatment cost increases when the inoculation amount of filamentous
fungi is too high " <rt1>0> 3 shows the degradation effect of Mucor sp. LS-1 on 50%(V/V) sludge filtrate with
different inoculation amounts. As shown in the figure, the more fungi are inoculated, the more obvious the degradation
efficiency of sludge filtrate is. When the inoculation amount is gradually increased from 5% to 20% , MUCOR , SP.
LS-1 and adsorption removal rate for sludge filtrate are respectively 7.15%, 21.83%, 35.14%, 40.62%, MUCOR ,SP.
LS-1 have strong adsorption performance for sludge filtrate. The adsorption efficiency of filamentous fungi on sludge
filtrate will directly affect its biodegradation efficiency®”. As the reaction progresses, filamentous fungi biodegrade
the sludge filtrate. When the sludge filtrate was treated with filamentous fungi with different inoculation amounts 3
days later, the degradation rates of filtrate COD were 21.62%, 47.31%, 64.65%, 66.86%, The degradation efficiency of
filamentous fungi on sludge filtrate gradually increases with the increase of inoculation amount. When the inoculation
amount exceeds 15% ,the degradation effect of sludge filtrate is not obvious. There are some substances in sludge
filtrate, which are not easily degraded by filamentous fungi. In addition, too much inoculation will reduce the overall
treatment efficiency of sludge filtrate, increase the treatment cost, and lead to difficulty in dehydration in the later stage.
The experimental results are similar to those of Zheng Xiang and other researchers[28]Mycelia itself is the reason for
improving sludge dewatering performance. The larger the amount of mycelium added, the better the sludge dewatering
improvement effect and the higher the relative cost. The mycelium can wrap the sludge after being added to the sludge,
reduce the size of fine flocs in the sludge and increase the dehydration performance of the sludge. Therefore, for Mucor
sp. LS-1. LS-1 and treating hydrothermal treatment sludge filtrate, 15% inoculation amount can effectively degrade

high-concentration sludge filtrate and improve effluent quality.
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Figure 3. Degradation of COD in hydrothermal treated leachate by Mucor sp. LE-1 with different inoculum sizes.
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2.4 Study on degradation of sludge filtrate from hydrothermal treatment by filamentous fungi
In order to further clarify the degradation of sludge filtrate by filamentous fungi, the degradation effects of different

activities Mucor sp. LS-1-1 on hydrothermal treatment sludge filtrate were studied. The results are shown in Figure 4.
At the early stage of treatment, the adsorption removal rate of activated Mucor sp. LS-1 on sludge filtrate was 35.14%.
Due to the biodegradation of the filtrate by filamentous fungi, the removal rate after treatment 1 and days can reach
56.37%. With the extension of treatment time, the treatment effect continues to increase, and the removal rate reaches
the maximum after 3 days, 64.65%, filtrate, COD, concentration decreases to 2474.5 mg/L After the filamentous fungi
are inactivated, the adsorption removal rate of the filamentous fungi to the sludge filtrate in the early stage is 43.34%
,and the adsorption performance of the filamentous fungi to the sludge filtrate is improved. The reason may be that high
temperature treatment increases the active sites on the hypha surface. Due to the inactivation of filamentous fungi, the
sludge filtrate adsorbed in the early stage cannot be effectively biodegraded. The sludge filtrate on the hypha is gradually
desorbed, and the concentration of filtrate COD gradually increases. After treatment 3 days, the removal rate of filtrate
COD decreases to 10.73%. Therefore, the mechanism of filamentous fungi degrading high-concentration sludge filtrate
is that filamentous fungi first adsorb high-concentration filtrate through the adsorption of hyphae, and then biodegrade

through microbial degradation.
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Figure 4. Degredation of COD in hydrothermal treated sludge leachate by Mucor sp. Ls-1 with different activities.

3. Conclusion

In this paper, a filamentous fungus, MUCOR, SP. LS-1, which can efficiently degrade hydrothermal treatment
sludge filtrate was isolated from excess sludge. The optimum conditions for the filamentous fungi to degrade
hydrothermal treatment sludge filtrate are as follows: the inoculation concentration of sludge filtrate is 50% (V/V)
(original filtrate) (~7000 mg/L), and the inoculation concentration of fungi is 15% (V/V). Mucor sp. LS-1-1 Under
optimum conditions, sludge filtrate from hydrothermal treatment COD reduction 64.65% and filtrate COD removal are

mainly related to the adsorption and biodegradation of filamentous fungi.

References

1. Guo Fanli, Li Shengmao, Ma Yao, Bai Pengming, .2017-2021, Shenzhen: CIC Consulting Industry and Policy
Research Center, 2016.

2. QIAN L, WANG S, XU D, GUO Y, TANG X, WANG L S. Treatment of municipal sewage sludge in supercritical
water: a review. Water Research, 2016, 89:118-131.

3. WANG L, ZHANG L, LI A. Hydrothermal treatment coupled with mechanical expression at increased temperature
for excess sludge dewatering: Influence of operating conditions and the process energetics. Water Research, 2014,
65: 85-97.

4. Xun Rui, Wang Wei, Qiao Wei; Study on Water Distribution Characteristics and Dehydration Performance of
Hydrothermal Modified Sludge; J; Environmental Science; 2009; 30 (3) :851-856.

5. BURGER G, PARKER W. Investigation of the impacts of thermal pretreatment on waste activated sludge and

20 | Zhenyu Wang et al. Probe - Environmental Science and Technology



development of a pretreatment model. Water Research, 2013, 47(14): 5245-5256.

6. Wang Zaizhao, Jia Tong, Wang Jiaoqin, Gong Lei; Effects of Hydrothermal Pretreatment on Physico-chemical
Properties of Sludge; Journal of Environmental Engineering Technology ;2016 ;6 ;(5) ): 440-446.

7. WANG L, LTI A, CHANG Y. Relationship between enhanced dewaterability and structural properties of hydrothermal
sludge after hydrothermal treatment of excess sludge. Water Research, 2017, 112: 72-82.

8. Wang Zhijun, Wang Wei; Change Law of Solid Organic Matter in Sludge Pyrolysis; ; Water Supply and Drainage in
China ;2004 ;20 ;7 ;1-3.

9. BECKER R, DORGERLOH U, PAULKE E, MUMME J, NEHLS 1. Hydrothermal carbonization of biomass: Major
organic components of the aqueous phase. Chemical Engineering Technology, 2014, 37(3): 511-518.

10. WANG L, LI A. Hydrothermal treatment coupled with mechanical expression at increased temperature for excess
sludge dewatering: The dewatering performance and the characteristics of products. Water Research, 2015, 68: 291-
303.

11. YIN F, CHEN H, XU G, WANG G, XU Y. A detailed kinetic model for the hydrothermal decomposition process of
sewage sludge. Bioresource Technology, 2015, 198(14): 351-357.

12. WIRTH B, REZA T, MUMME J. Influence of digestion temperature and organic loading rate on the continuous ana
erobic treatment of process liquor from hydrothermal carboni zation of sewage sludge. Bioresource Technology,
2015, 198(4): 215-222.

13. L1 W, GUO J, CHENG H, WANG W, DONG R. Two-phase anaerobic digestion of municipal solid wastes enhanced
by hydrothermal pretreatment: Viability, performance and microbial community evaluation. Applied Energy, 2017,
189: 613-622.

14.MANNAN S, FAKHRU’L-RAZI A, ALAM M Z. Use of fungi to improve bioconversion of activated sludge. Water
Research, 2005, 39(13): 2935-2943.

15.FAKHRU’L-RAZI A, ALAM M Z, IDRIS A, ABD-AZIZ S, MOLLA A H. Filamentous fungi in Indah Water
Konsortium (IWK) sewage treatment plant for biological treatment of domestic wastewater sludge . Journal of
Environmental Science and Health, Part A, 2002, 37(3): 309-320.

16.Lu Li Chao, Jia Qing, Cheng Zhuo Wei, Liu Wei, Bu Yan Feng. Research Progress on Degradation of Volatile
Organic Compounds by Fungi . Environmental Pollution and Prevention, 2014,36 (8): 78-83.

17.Lei Zhu, Li Nanhua, Hu Ziquan, Cao Yang, Chen Zhaoran, Zhao Haiquan. Application of Composite Microbial
Preparations in Landfill Leachate Treatment . Environmental Engineering, 2014,32 (1): 6-9.

18. Zhao Jie, Nie Maiqian, Chen Lina, Su Junmei, Liu Jiachang. Isolation of Aerobic Dominant Strains and Their
Degradation of Organic Acidic Substances in Landfill Leachate . Water Treatment Technology, 2009,35 (1): 57-60.

19. Li Chaoxia, Zhu Jianliang. Study on biodegradation of papermaking wastewater by immobilized white rot fungi .
Water Treatment Technology, 2005,31 (12): 23-26.

20.Ji Yongzhen, Wang Qunhui, Huang Liming, Li Xuesong. Biological Purification of Refractory Organic Pollutants by
White Rot Fungi . Journal of Agricultural Engineering, 2006,22 (6): 211-214.

21.Zhang Anlong, Yip Wong, Wang Xueqing, Zhao Chengxin, Huang Yujie. Isolation and identification of a highly
efficient phenol degrading fungus and preparation of its microbial inoculum . Microbiology Bulletin, 2018, 45 (7):
1450-1461.

22.Xie Ying, Cao Yanni. Screening of a Low Temperature Fungus and Its Adsorption of Heavy Metal Ions .
Environmental Engineering, 2018, 36 (6): 58-62.

23.Li lixin, Zhang si, Wang dong, ma Fang. research progress on fungal hyphal spheres . acta sinica sinica, 2018, 69
(6): 2364-2372.

24.Zhou Yu-jun, Fu Hao-yi, Fan Xian-feng, Wang Zhenyu, Zheng Guan-yu. Isolation of Filamentous Fungi for
Improving Sludge Dewatering Performance and Its Mechanism for Promoting Sludge Dewatering . Environmental
Science, 2015 (2): 612-618.

25.Yong Yang, Zhang Fengying, Chen Cen. Study on the Improved Formula of PDA Medium . Brewing Science and
Technology, 2012, (4): 29-31.

Probe - Environmental Science and Technology Volume 2 Issue 12020 | 21





