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Remediation of urban black-odorous water based on
hydrophilic sludge ceramsite

YU Ting CAO Mengxi CHEN Lufeng PAN Yu CHEN Bolei
FENG Chang XIONG Fei LIANG Yong ™

(Hubei Key Laboratory of Environmental and Health Effects of Persistent Toxic Substances,

School of Environment and Health, Jianghan University, Wuhan, 430056, China)

Abstract  The reconstruction of aquatic plant communities, particularly submerged plant
communities, is widely acknowledged as an effective approach for the remediation of water bodies.
Recently, the treatment of urban black-odorous water bodies has primarily focused on pollution
interception and dredging. Efforts to restore ecological functions have predominantly centered on
cultivating floating and emergent plants on ecological floating islands. Moreover, closed water
systems such as urban hardened ditches are incapable of supporting submerged plant life due to their

hardened bottom material, resulting in minimal ecological restoration effect on in urban black-
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odorous water bodies. The present study takes the Qingyuan River at Jianghan University as a typical
representation of urban hardened ditches with black-odorous water bodies. It employs hydrophilic
sludge ceramsite as “new soil” for planting Vallisneria natans (Lour.) H. Hara, thereby establishing
an “underwater forest” ecosystem to achieve in-situ ecological restoration of urban black-odorous
water bodies. After planting submerged plants, the biomass of submerged plants significantly
increased from 241.20 g to 1566.13 g. The biodiversity of aquatic microorganisms in the Qingyuan
River significantly improved, with a notable decrease in the relative abundance of Cyanobacteria.
The overall water quality improved from below Class V to nearly Class 111, and the system operated
stably for two years without returning to a state of black and odorous water. In this system, the sludge
ceramsite serves a dual purpose: firstly, it provided a stable rooting medium, enabling submerged
plants to thrive in hardened ditches without natural sediment; secondly, it created habitats for
plankton and microorganisms. The application in Qingyuan River utilizes hydrophilic sludge
ceramsite for the ecological restoration of urban black-odorous water bodies. This approach not only
repurposes sludge from the urban ecosystem by converting it into ceramsite for freshwater ecosystem
restoration but also achieves the harmless and resourceful recycling of sludge. This innovative
approach provides a new direction for the restoration and ecological reconstruction of urban black-
odorous water bodies, as well as contributes to the national goal of achieving carbon neutrality.

Keywords hydrophilic sludge ceramsite, submerged plant, freshwater ecological restoration,

ecological reconstruction, biodiversity.
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Bk M Y N TR M 75 /K Ab FRUS , BEAE P H AR AT 5 S P8 BRI A HAth 75 e Ab 8 O = v U, [t
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o R S RS AE A R 1000 °C BE 4 20 min il £ 1M A 5 K PR TS Ve R R Y T 556 45 44 Hitachi
SUS000 14 Hi T 2. 555 (SEM) FIEE TG (EDS ) #47 RAE. M ACK A0 (1) 15
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ARWFFEME T3 TS A W a5 6 WK Brdg br. Horr, i 4R (DO) Sk F Ak 2= 448 3k 15 (HT 506-
2016) ({45 X 22 2 BOK 5 43 B4, YSIproQuatro) MM %2 5 5 i iR £k 45 %X (CODy,) % R 1 75 (GB/T
11892-1989) (3% 22 4 7% % AL, Titrette) il 22 ; 24 & (NH,'-N) 2k I 44 IG5 43 56 06 B v (HT 535-2009)
(R ARAT L4360 E BE T, UV-7504) I 7 5 fiFf R 48 20 (NO5 -N) SR A B 7 (15 16 (HI 84-2016) (5 13,
AQ-1100) W 5E 5 &L (TN) SR FHBPE o8 B 2 B 1 A 55 S0 53 66 BE 1k (HY 636-2012) (5240 AT WL 435 B
11, UV-1800PC) ; &t ( TP) SR H 4H R & 43 0% B ¥ (GB/T 11893-1989) (45 41 1] UL 43 S B if, UV-
7504) I 5E .
1.5 AR ST

fifi F§ TGuide S96 Magnetic Soil /Stool DNA Kit ( KAR (LR (b5 A BRA R, # BB Ui 45, M
18 4~ KE i b 2 B 4> 3 X 4 DNA. F 5] % 338F: 5°- ACTCCTACGGGAGGCAGCA-3Fil 806R: 5°-
GGACTACHVGGGTWTCTAAT-3" 4" M 41 16S rRNA 15748 X V3—V4. PCR =¥ 7E Bl Ig B BEIR 46
M, I8 7 Omega DNA 4l fk i85 £ (Omega Inc., Norcross, GA, USA) 4li fk. Wi £ 4lifk. i) PCR F=4), 1
Ilumina Novaseq 6000 - &5 _F JE4T 2 x 250 bp BB K. {#i il USEARCH ¥ AU B K T 97% (454 4%
4 89 77 51 53 e B — A $AE 4 22 0 (OTU) . B s 45 28 1A% 3 B & A W 5 B o0 https:/ngde.cncb.
ac.cn/bioproject/, i H 4“5 PRICA021118, GSA %5 CRA014420. £ T QIIME2 1 iy #h 2 D1 43 25 4%,
i SILVA %048 24T OTUS/ASV #4770 J5brid:, BAF B R 70%. FIFH QUME2 R A: X £ HEA Y Fh 2
BEMEE Ze P00 4T Alpha %56 . SR 32 A8 FR 087 7363194 Beta ZHREME, PR RE S A Fh &2 2. SR BN
EWIE =S i R BN IEA L

2 ZEE 59718 (Results and discussion)
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it AL G AR 7 S B SR T R ) T B A Y e R B G U AR SR FH B4 2 7K 1 15 0 B R 1 W K ]
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AR SOKG SRR AT U8 R AR R K A R ) A 355 R ot (B AL 158, T TR K 2B AR ), PRS2 IR K 2B
BRGNS RE . AR TA% G0 R TR AT 4 B 42 iR 7 00 150 5 e 0% =, 0 T B bz 48 A <3 284 1=
S FRATL LK AL AN T 76 151 5 2% 8 v 2 5 P r R DT/ AT 4 AR 3 Ak A 22 Wl 4[] st S B m 3 3 A [R] 8 0
PR AR T T TN SR, ST AR ) ) v BRI (8] 2 ¢) . ASBIF 5 v, oy ORI S5 1Y) 53 BE
B A ) B Y L A AE AT ) B 34 R ARP LA Y 241.20 g W E K & 1566.13 ¢ (K] 3 a), f4)
MM 40 em HE K 2 120 em (B 3b). H& R AR M, ALY RE 0 BE ) 2—3 BRBTRIAR, B 70 BE A9 4
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E et Sl Al 8.495 10.580
g 04r
z e Si 27316 35411
2
§ 02 K 1.515 2.735
| Fe 2.466 6.358
Hydrophilic sludge ceramsite Total 100.000 100.000
r | | g gy s s A —— . S — - e g
c - -Pi = \ FiFE Fif Before planting S B y | Fihb )5 After planting

2 Rk r@ﬁ/}w@ﬂ’]%kﬂa) $7J< rémw%ﬁm SEM Al EDS(b), ,%ém rimm%ﬁﬁffﬁ{mkifﬁ%ﬁu}:(c d)
Fig.2 water sorption of hydrophilic sludge ceramsite(a), SEM and EDS of hydrophilic sludge ceramsite(b), hydrophilic

sludge ceramsite before and after planting submerged plants(c, d)
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Fig.3 Changes in submerged plant quality (a), length (b) and tiller number (¢ and d) at planting site
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), RFADUKAY) (KSR A M (] 4 d, £, 275 50D,

300213
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Eaid

Fig.4 Construction of ‘underwater forest’ freshwater ecosystem by planting submerged plants with hydrophlhc sludge

ceramsite
schematic diagram of planting sites and control sites (a), water quality before (b) and after (c) planting, water quality changes
at control sites (d, f) and planting sites (e, g) from 2022 to 2023

R PEA S K A 5 8 P R AR T K A AR 7K TR BRAR R K AR 28 R G0 FH T ikt K BT 1 S BRAsUR
TR (2022 4F 11 ) AZ2(2023 422 ) FEZE (2023 45 5 H O DIE T R SR RS K BT
KSH HA(DO) . BB (TP) . BA(TN) . A (NH,-N) AR 2 (NO; -N) By 45 & B, Uik #E
YA s AL (370 4765) 1Y) DO é‘iﬁfﬁ S IR, FLAR LT BRI (] 3 ) B, & 2023 AR
Z2/KH& DO i nlik 11.47 mg L, A 25 TR AAY AT B5 e WI BEfd; 1 TP. TN, NH,-N, NO;-N
WAL T HE A0, 2P TR ARG CGE ). 5 Qe B L, 35T E 5 R K58 5 b o
(GB 3838-2002)"), iz FH R 7K PR 15 Y BRI 1 0K AR P 19 s 7 (37 4750 B0t B SRR L, SV K B
M VBT EE M3 D). Hrf, KR TN NV 252022 4F 11 J 2744, > 8.0 mg L) KBTIk E &
U T 25(2023 4F 5 H 445, < 1.0 mg-L™); NH,-N M IV 25(2022 4F 11 A 2745, > 5.0 mg- L) K Filk 5 &
VT 125(2023 4F 5 A 3"F0 4745, < 0.15 mg-L™"); TP A% V 25(2022 4F 11 A 1745, > 0.5 mg-L™) /K ik &2
2024/ T2 (2023 4F 5 A 37F1 4745, < 0.05 mg-L™) ; &5 4 2 81 45 B0 (CODy,,) $2 T+ 2 11 25 (2023 4F
5H 45, <25 mg L") /KJ; DO $27FZE 1 20K (2023 45 5 H 3%F0 4%55, > 11 mg- L) (% 1). DL 45
FEW, 2 KT U8 B A P A T K AE PR Ik BRI IR K A2 28 R G B A T WK T, S 15
PEFERAL ™ 40 1 PR AR SRR A BB .
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Table 1 Comparison of main pollution index and surface water environmental quality in Qingyuan River sampling sites

Jagiva sy ] DO/ TP/ TN/ NH,"-N/ NO;-N/ CODy/
Sites Time (mg-L™) (mg-L™") (mg-L™) (mg-L™") (mg-L™") (mg'L™")
2022.11 8.10 0.39 6.92 251 1.58 5.60
TFOWT HE )
' 2023.02 8.37 0.08 1.93 0.71 0.84 3.28
Control site
2023.05 5.88 0.14 1.80 1.38 0.53 5.30
2022.11 5.37 0.56 8.87 5.30 1.34 5.80
# IR
2 W“‘“"j) 2023.02 10.69 0.05 1.17 0.39 0.55 4.12
Control site
2023.05 7.49 0.12 0.97 0.36 0.33 3.50
2022.11 6.33 0.16 291 1.02 1.12 430
~ 5
3 (Wﬁ“‘;) 2023.02 10.06 0.08 1.28 0.43 0.44 2.96
Planting site
2023.05 11.36 0.03 1.09 0.13 0.76 3.50
2022.11 5.59 0.12 133 0.43 0.83 3.30
g 5
4 (Wﬁ“‘;) 2023.02 10.36 0.06 1.19 0.22 0.13 3.20
Planting site
2023.05 11.47 0.03 0.69 0.12 0.46 2.40
2022.11 2.74 0.50 6.79 445 0.22 8.00
# IR
3 W“‘“"j) 2023.02 6.02 0.43 6.94 4.92 1.13 4.08
Control site
2023.05 6.93 0.23 1.80 1.43 0.53 4.10
250 — >75 <0.01 <02 <0.15 — <2.0
e — >6 <0.025 <05 <0.5 — <40
25t — >5 <0.05 <1.0 <1.0 — <6.0
[V — >3 <0.1 <15 <15 — <10
V) — >2 <02 <20 <20 — <15

2.4 ARSI R A Ak

TUACAE ) AT 8 5 AR s e S0 0 Bl A5 AR, 7K rho s ik S i) P v O 5 i) A 285 S A R A ) 2
14 S B PR ZR PO 2 T 3 PR S KR T B DR AR R o B B4 A DG Y, AR SO AT 1 2 K M T e B R
A1 E FE TR WOV G54 S AR W 2 R 43 IR TG K S /D REK aORN 22 K S8R 5 e B R AR AR, 42
i 16S rRNA | 7551 26731 /4325 ¥ 5T (operational taxonomic units, OTU ). H:H1, Jo LK 18k 14 75 e g
KLAMNZEA 2749 4> OTU, T HNJZE (4722 4> OTU). D FOK I 15 e B RSN Z A 3843 4> OTU, 2 T H:
P2 (4924 4~ OTU) . 2 BK B TS e M KL AN 2 A 3508 4~ OTU, B £ F H M JZ (3364 4~ OTU) (K 5).
SR BT IS B AFTETUKAEY), 15 V8 B ki 8 )2 8 T A W R S 3 2 T4 2, ik R W R K 15 Ve P
LIRSS K438 A S A ) B B RN S . AR A o A AR B v, AT SRAR B T S U B R A DL B4 B
[T, 235 k25 8 B 1 ( Proteobacteria) , TFTF B 1] ( Bacteroidota) , J& B B 7] ( Firmicutes) , TR FF B 1]
(Acidobacteriota) , %725 15 '] ( Chloroflexi) , JUZR 1 | ] (Actinobacteriota) , Wi #:1 ] ( Cyanobacteria) , 12 e il
Ak B 1] ( Nitrospirota) 1 2f 5. iy 18 '] ( Gemmatimonadota) (& 6 a) . H. v, 4 % 1 J@ 19 22 # 1)
(Proteobacteria) FE AL IR TE 1 [ ] ( Nitrospirota ) 1515 e Fel R AR AR X = BE 3 5, HLAE 2 Sk RS 75 Je e
P22 5 35 (K 6 b o). IR B FUATF 1] (Bacteroidota) . AT 11 (Fusobacteriota) F1 22 K IR
A IR BE TR ] (Firmicutes ) 7515 Je BB NS B A X =F B 4% £, HFEE UU/KAE Y36 £, 1508 B ks P A
225 w2 (K 6 d, e B D). HETERUCE VRN TAE YRS A &, TE4ERE R M I5 i 2 FE
KA T BE & EAE L 6 g h w] AL, R DT KR B R K 38R T e Bk TR, 2 AR e
(Myxococcota) FIE SN I ( Bdellovibrionota ) %5 1 £ 1 i A= 0 BE AR 1] T 43 A A6 15 e BRI 3R )2, K AR s
it SEC P T T LA R M ¥ e R 2 AR PN A W R v A A U 2 LR B e B UKW S £ 05, it
SEVG PR KL INZ L SR )2, A KIS 15 Je B L OTU (34 £ T Jo v fl Z2 oK 3k (1) 5 e B ki, 3 15 B AE
Vi A R ) A B E R L [RIS2 e R, A3 0 T BB A7 AE R ) J8 R 2,
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Fig.5 Venn diagram of colonizing microorganisms in hydrophilic sludge ceramsite
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ANOVA difference analysis for each species (b-i)
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