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Purification effect of three combined substrate vertical subsurface flow
constructed wetlands on slightly polluted river water
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Abstract A vertical subsurface flow constructed wetland with construction waste, iron-carbon and
volcanic rock loaded nano-alumina was constructed. The purification effects of the combined
substrate wetland and the single substrate wetland on COD, ammonia nitrogen and total phosphorus
in simulated micro-polluted river water were compared, and the degradation effects of the combined
substrate wetland on fluoride and 12 kinds of pharmaceuticals and personal care products (PPCPs)
were further evaluated. The results indicated that during the 6 month experimental period, the

combined substrate wetland exhibited comprehensive pollutant removal capabilities when the
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influent concentrations of COD, ammonia nitrogen, and total phosphorus were 30 mg- L™,
1.5 mg-L', and 0.5 mg-L"', respectively. The average removal efficiencies for COD, ammonia
nitrogen, and total phosphorus were found to be 82.9%, 86.6%, and 67.4%, respectively. The effluent
quality met or exceeded the Surface Water Quality Class [l standard. In addition, the average
fluoride removal rate of the combined substrate wetland was 18.6%, and the degradation effect of the
12 kinds of PPCPs was significantly different. Metagenomic analysis of microbial communities has
shown that Proteobacteria is the dominant phylum in different substrate wetland microbial systems,
and the population abundance at the genus level is significantly different in each system. In addition
to dominant bacteria, Actinobacteria, Microbacterium and Hydrogenophaga were found to be
abundant in the combined substrate. At the same time, the abundance of nitrogen metabolism genes
and phosphorus metabolism genes were the highest in the combined substrate wetland, indicating that
the combined substrate wetland system has a richer microbial community environment, which also
explains why the system has a better purification effect on different pollutants.

Keywords constructed wetland, Yongding river, combined substrate, metagenomics analysis.
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Table 1 Physical parameters of four substrates

FORFhS LAEBY(mL-g ") LB % KA /mm
Substrate type Pore volume Porosity Partical size
A 0.052 10.23 6—12
JES5RTR1d 0.155 28.20 8—16
PRliEyE- i SRid s 0.243 39.03 8—12
17R3 0.228 47.02 15—25
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A E, BRIGAL BRI IOKFE L (AR 1 em), B 3EAL (A2 S om) B RAESL T L. S EHE &2 5 om &b
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A 1E] 12 h.
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Fig.1 Schematic diagram and real picture of the vertical subsurface flow wetland.
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2 25 59718 (Results and discussion)

2.1 ARBEHEHXT COD. & A MBI SR

1E 6 A L5 S Y, R RIEBHE Hb X COD . 2 ZURLEBE 1 A R DL IR 2. 25 5 R, FEiEK
COD & £}y 30 mg-L™" B, AT %) 3 b B — SEORE 5l 3 b 20 4 SEUREE M 0 3 7K COD ¥k B2 41K T
10 mg-L™', ik 2 i /K 138K FibR i (COD<15 mg-L™") . X M8 28 s 47 SR M i COD MY Kt 7T [ 2=
20mg-L™' AR (JLIE] 2a), A3 HERK 27K BibrifE (COD<20 mg-L ™). AN [FIEDEFZH X COD 1) 23 B4 M
o B HE S FE Ay 2 204 HURE(82.9% ) S8k A HURL (81.8% ) >HH K HURL(79.1% ) > S B 3% UK} (75.4%) >
WhA ERE(53.6%).
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Fig.2 Purification effect of different substrate wetlands on various pollutants.

H1 1 2b iR, TEE K Z A MR 1.5 mg L i, FriiaY 3 Fhip— R0kl Y 3 Fi 24 SE0RHE b 1Y
KRR E A WP 2 S Horh, SRR IR EORE | 0 K SFORERIZH 5 DR b 1Y K SRR B AR T
0.5 mg-L™", W] 3AZ M F oK T 27K bR . Bk HURHE b K Z AR BEAR T | mg L', WA S| oK 2K
K BhRE (A <1 mg-L™). X BRZE B A0 BORRR 0 1 HOK R AR EETE 1 mg L' B R iF 38, alis B oK
IV 287K b i (R A <1.5 mg L) . AN [ IEOREZH 0] 220 U0 25 5530 DA s B HEFIGE - 4K IFORL(94.4%)
>2H A HURH(86.6% ) >EE SRR IR HURL(79.6% ) > Bk FUR}H(52.6% ) >3 A1 5URH(31.5%) .

11 2¢ Bz, FE#EK SRR D 0.5 mg- L™ i, Frillil Ay 3 Fh B —JEORLal 3 i 45 SE0RHE b Y 1
KRB A I 25 S L B A EORIE M A9 HH KRB IR BE R AR T 0.1 mg- L, ] ik B i 5K
I 287K oo o 245 BEORE R4 R SECRHE B B AR T 0.2 mg- L™, n] ik B e K I 2K b v
FESHL B I IEURHE i 11 K BB B2 KT 0.3 mg- L, nT Ik B ZRIK IV K BAR . Xof REZH A7 EURHT H
HKEBERFEAR T 0.4 mg L', AlGARIHBERIK V2K BTARIE. AN [R) BURHE G SO 4 25 BR 25 DA e I HES I
P e SR by I R (89.2% ) >k ik SFLRH (80.3% ) >2H 5 LKL (67.4%) >4/ K UKL (56.9% ) > A7 Sk
(39.6%).
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Yy AT B T = Y, JFAE 2 50 d BSEEG R, K A AL v B IR s Tk K B, X
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Fig.3 Purification effect of combined substrate wetland on fluoride and 12 kinds of PPCPs.

A BURREHI XS 12 Ff PPCPs (9 25 BRAAT B 22 5. XURUFIR . B 25 . & B2 SRR S5 4 Fif
PPCPs ) EBRFAE 25%—35% Z 0], EFRFCRAXN 2. W3 HIFIRER | 4L DURE | Al i S5 FE
FEK 7K 5 Fft PPCPs 1 22 Bk HTE 50%—T75% Z ], 25 BRACR o 45 5 250K 7K . WmE DS RIXT 2 1 22 5 19
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Fig.4 Composition of bacterial community collected from the different substrate wetland at the phylum(a)

and genus(b) levels
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2 5 5L )i 7 J& ( Sphingomonas, 12.3%) . ¥ 5 B J& (sphingobium, 12.4% ), {H H: Fi& A= AR 88 T 1Y 40 s A
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AN, £ AN FEA i AL 72 R I 1 2 5 S A A R e o R Y 4 B 2 B 0 AU Y amoA N
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FIRohRe LR B 2 Tigfb a2, BN FEE WU & T . =5 il 72 09 58 N = A
5 AFEAR TR HET R 2 205 OB 94 K SEURE > 1 S 857 3 SF0RE> Wb A7 EDRE > Bk EORL, 2 5 [l A A R #h 148 5
IR FE D B 5 ASFEAS T HEIT S OKIFORE> B AR 17 OB > 21 6 R > i OB A SE0RE, X4
fERE T 9K IEDRE 41 G URERTE SR 17 0L BAT T 4 i A RCR B SR A
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Fig.5 Functional genes related to nitrogen (a) and phosphorus (b) metabolism in different substrate wetland.
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3 458 (Conclusion)

(1) AHIF 5 ) S 100 S8 SR I 3 /00 K /i 4 5 SR 1) T BV LI Mo X COD . &AL Bl . Ak iy 25
A AL RO AR, TEBIRIME V KO K B 55T, ZBR3R5301°8 82.9%. 86.6%. 67.4% Fil 18.6%, i}
K I e A B MR 2K BiAnifE L L. [RIE, 241G DR X 12 Ff PPCPs LA AN [ 72 B2 A i AR50 R, W
FOFR . EEZF . AR SRR BP0 K BRRCR AT 22, LBRRAE 25%—35% Z[A]. M| 3E: | H
JEIRMR . AHL VU | A7 9% S5 FI S0 R B R R BUR 45, BBRRAE 50%—75% Z 0], 3 Z89% 7K | minedk
L X o BE 3 1 1 25 BRSO B b, 25 BB AE 85%—95% Z [H].

(2) B TE VA 11 ¥R AN [ EURNE M i A ) R G2 LA AR B 1], g KT B R = B e R A
W25 5. AR R TARS RN, i R T F RS A A 1], LA SCAAT B s g S i s, 3R )
AR b R G B T B U R VR

(3) A 5 DR == o R e A0 35 PR = B 280 70 4 6 SEDRIE b v o iy, R 17 4L SEDRI I %o 13t 20 B
W P RICRL T B — SEORH I 1 7y D K]
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