H T R MR K F F AR, 2025,42(X): 1-9 https://zIxb.zafu.edu.cn
Journal of Zhejiang A&F University DOI: 10.11833/j.issn.2095-0756.20250158

SIS 1 AR, wh L, TAFRE, 2. RO UD A7 5L O[] 2 15 50 o R AR BRCR B2 [0]. #V AR RO 222417, 2025,
42(X): 1-9. XIAO Senpei, HAN Yuguo, WANG Mengyao, et al. Effect of different coverage rates of cobblestone substrate on
purification of water quality by Vallisneria natans[J]. Journal of Zhejiang A&F University, 2025, 42(X): 1-9.

IR ERARBERNE RS KGRI
WAk, BEEV, EFE, Foa, 0 B, KOk

(1. dbgthfolb k2 K AR FEBE K 2R E R MO AT R R B S 0%, dbat 1000835 2. db Mol K2 1hvg
HEGMAESRGEERE MR A OMAF s, 1078 58 042200; 3. bk IR A S E S d0, Jhat
101117; 4. JbaTmi g R IX AR TAESR:, dbat 102100)

WE: [ B&y] @ EAHEE Vallisneria natans ¥ X RER L RBIFBERARRAERELE, WITEEERR LK
BT HARIRT F e N BACR, AKABSE A ARBHIE LR, [ F4H]2024 5510 A, ABE LA HRAELE
R RRIR, #I0 B AR SRR, BEATHMKE, 2AEBITCEEEA 0. 30%. 60%. 70%. 80%. 90% # &1+
T, AAREFARATHER. SBRmaR, [BR] ARRGRGENEERELZT, TEHRKPER. &
BiA e B Bl £, BAREIAMAN I BB ERNEE, K P T EhEhFERZL LG THR 0k
B, FERGLANKF G £ 2ik1F, I, FRY TR ABRIE TR TA G IP 4 09 B E R L3t K R 4 e Ae 3] — 2 4R
Ao EREBRELEMEPEREFH 0% RS, RMEREARMEG 3133 mg L' THE 159 mg L', XhFA
94.93%; XAk ETRFEMIBEEFH 0% MR, RERZARNN 156 mg: L' THE0.04mg L', KRFEA
97.43%; B W R AL 97 B B A F A 30% MR B, KEREMRA 96733 pgr L FHE 400 pgrL, K EA
99.59%. F E M AW : BIFERARARABLEESRETAHER. EH M LhAREA BF L7 (P<0.05),
(538 ] 4897 5 LR R R B 2 R A5 EA KRR AR = A i, S99 6 KRB E 5 h 30% B, EExbkik P ag
R BHE, APe9 KRR RIF, B4 K3 537
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Effect of different coverage rates of cobblestone substrate on purification of
water quality by Vallisneria natans

XIAO Senpei', HAN Yuguo'?, WANG Mengyao®, LI Hongwei', LIU Zhen', ZHANG Wengqian'

(1. Key Laboratory of National Forestry and Grassland Administration for Soil and Water Conservation, School of Soil
and Water Conservation, Beijing Forestry University, Beijing 100083, China; 2. National Field Scientific Observation
and Research Station of Forest Ecosystem in Jixian County, Shanxi Province, Beijing Forestry University, Jixian
042200, Shanxi, China; 3. Beijing Water Resources Dispatching and Management Center, Beijing 101117, China;
4. Beijing Yanqing District Forestry Workstation, Beijing 102100, China)

Abstract: [Objective] By covering the substrate sediment of Vallisneria natans with cobblestone substrate at
different coverage rates, discussion on the ability and effect of V. natans in purifying water pollution in different
growth environments, providing data support for water ecological restoration and application. [Method] From
May to October 2024, using sandy loam soil as the substrate for planting V. natans and pebbles as the covering
substrate, artificial planting experiments were conducted to study the purification effect of V. natans on total

nitrogen (TN), total phosphorus (TP), and arsenic (As) in water at cobblestone coverage rates of 0, 30%, 60%,
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70%, 80%, and 90%, respectively. [Result] Under different coverage rates of cobblestone substrate, the
purification of TN, TP and As in water by V. natans was different. With the increase of coverage rate, the
overall removal rate of pollutants in water increased first, then decreased, and then increased. V. natans itself
was the main way to purify water quality, followed by pollutant precipitation and the adsorption of substrate
sediment and cobblestones. The TN removal rate was highest when the cobblestones coverage rate was 30%,
decreasing from the initial 31.33 mg-L™' to 1.59 mg+ L', with a removal rate of 94.93%; The TP removal rate
was highest when the cobblestones coverage was 30%, decreasing from the initial 1.56 mg- L™ to 0.04 mg-L™",
with a removal rate of 97.43%; The removal rate of As was highest when the cobblestones coverage was 30%,
decreasing from the initial 967.33 ug- L™ to 4.00 pg- L', with a removal rate of 99.59%. Analysis of variance
showed that there were significant differences (P<<0.05) in the removal efficiency of TN, TP and As in water
with different cobblestones coverage rates. [Conclusion] The coverage rate of cobblestones have an impact on
the purification of water quality by V. natans. When the coverage rate was 30%, V. natans has the best removal
effect on TN, TP, and As in the water. [Ch, 4 fig. 3 tab. 37 ref.]

Key words: cobblestone; coverage rate; Vallisneria natans; purification of water quality; total nitrogen; total

phosphorus; arsenic
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116°08'31"E) . IR0 pE OB GT/K AR Y v 75, 3 i R A U901 1 ) SR BH 0
LR A T g e N, 3 b ARG O A . Wb IR e B R BUR U, WIS R

oy S > —~ . -1 MY ~ g g2 =]
f8F5: AHLFE N 10.13~10.76 g-kg ', ME N 0.42 *1 BOGEARESNE
0.56 g kgil ’ Eﬁi ﬁ‘af‘ /ﬁ jj 42.12~53.43 mg- kgil ’ E“ @4% Table 1 Particle size and weight distribution of pebbles
4 0.53~0.61 g-kg™', HEBE N 7.46~8.34 g-kg', i Rif%(d)/mm JFdik i /%
K 7.47~7.78 mg-kg ', REUN A HAEE AR VE LAY d220.00 44.05+4.05
Bl RPN AR SRR A AT S g 1R il 10.00<d<20.00 47.61+334
5 N y S Ny N .00=<d<10.00

S P /K At I S DX 3 3 7K 2 3 75 7K HE i j 395433

0.25<d<5.00 0.35+0.38
(40°00'15"N, 116°38'06"E).
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1.2 HARFE

H RN [T P B AR A BR 25, PR RIS K R, TOAER AP KA T, KFE EARYY 50 em, =24
70 cm, ZKAH LAAIRPAE R [ B FEIS, I —E i 1) Hoagland & R, &N PERESR 2 JEVE R HiAb 3

FEAPHE 3 5 mm G FHPEEFURUE , 58 0 00 HAEREAN , FAm%e 26 kg, U — &R 43 5L B g%
K, IR P B IR R BEBCTAL B S AR K — B T R AR (7 ), HEE PR R T B
B FHEAE. Fk 65, 40, 85 cm MY T KDEMT T, RECE ST S B 1k PR T R K R e a6 2
S, FEYARIT 2 B LE I PH R R T .

FERRAE 0 B B U8 RS OE A 3L 5 LU R A AR A T A a6 . 0 L e 6 b B, R R 05
H 0. 30%. 60%. 70%. 80%. 90%. B&as FAXIIR (ck), ZA IRAFPRET B, AEmREON A, HA LR
JEVEFNRIE K . AR IAR RS B0 A1 2 0~1 kg, MIAGRER K S0 L, KAIEZ 30 em, 25 A4
IR P U FR A (B S0 mL, Fif iR JE R 1 mg-mL ™) FFHHUaTE S, ®IUOnm 5 B
KR, REWI, MK ECIRA: ME N 3133 me L', MBEN 1.57 mg- L', 1k 967.33 ug- L', 3
JRREJE R AR R 7.72 mg- kg BAEFACHEE A 3 WK, I T 2024 4F 5 HIFUR &= 2024 4F 10 A 45
1.3 #HERESWRAZE

M KFEF AR, B S R . IR TP LRI (6 A, 0d) R&E 1R, ZJEH7H (30d). 8 H (60
d). 97 (90 d) 7R 1k, Eit 4 YOKMERSE, Hrb, &, BKFESIT 4 UCREE, MUK T 6.
7. 8 AR&E, Bt 3 M@ nslerh e i 8, I mnr 6 A, 0d)RE 1 IR, ZF7H (30
d). 8 J (60 d) 7 5IRE 1k, &SIt 3 WIRIRME . TEREHIT R ZAT, 5P Lok, L
BOORAR N B K LR FEAZE o DK N7 10 em BYA B AL, R4 250 mL AY/KEE, IEIRFE 10 em AL HL
FE, IFLEARIUR ST VARG o S U B 2o 7 T B 00 A 25 A o e B D (HT 636—2012), S I H R
B3 OGN AE (GB 11893—89), K Hfift HIJE 2 GIENE (HY 694—2014), FEJ5TJIE I8 rh i FH 2%
e E (GB/T 22105.2—2008).
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WK AR L BRAT M R T 5R B8 K o3, FREBUE Y A B BT i, SRS AR A MR e A TR T AR B, R FR
T,

1.4 HiELE

MAL BB EBRE R) HEAR K R=(Cy—C)/Cox100%., Hoh, C J5s i RA . Sisaimp
P FTERVREE, Co AL, BBl A 10 s i Wk B

4 F Excel 2022 ¥ FRXLHE , FFH SPSS Statistics 27 #F/7 HL [N ANOVA W &40 #r, B MKFEH
0.05, FH Origin 2022 1EK .
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b HRCR EBRR S, B3k 70.32% F 68.56%, 4% kb P K R R B YR B & 9.30~15.22
mg-L'; 7£ 60 d i, BRAGUN A LT 35 00 0 AL FRAL , A A BT R bR R R e 7E 70%~80%,
ALK R RS R R AR RRTE 6.48~11.7 mg-L™" 5 7E 90 d I, & BFf7 3 i 78 55 58 K 30% AYAb B,
TR K P R RS R, ERREIL 94.93%, FEWELE 1.59 mg- L', FRKE 0N/ LA o5 R
1 90% AL FRAN, 5 HAMANEEAR 25 R B3 (P<0.05).
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Figure 1 Changes in total nitrogen concentration and corresponding removal rate in water
22 kAAEBEBIE
WE 2 PR 7830 d BF, K S PRk R A BB RS (AT 80%), K Hh Bl o vk B 44
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20 - 100 ab a b
d a2 abc? atbg apd s bcabc ce
d
~ a a a a a a a
[ O N N N - 80 rq
& S
= 1.2 - M 60 H
& «
1 0.8 = 40
= o o
® a
g5 0.4 + 20 H
= a (ed, (g€ [ed od b¢a | oo
o e o |
o LU _E_h_l_l_l_ - o u
ck 0 30 60 70 80 90 ck 0 30 60 70 80 90

B 50 2 % B 00 T %
[CJ]0d CJ30d EE60d HEEO0d
R IR R ) — SRR 6/ 6 0 4 7 7 o 2 1] 2 57 .35 (P < 0.05).
B2 kP BB R At KRR AL

Figure 2 Changes in total phosphorus concentration and corresponding removal rate in water

2.3 KAAMERKE

WK 3 FrR: 7630 d B, K LRI YT 70%, 5T B 164.18~256.00 pg+ L7, I
HR S B A 5 S5 5 Rk 30% RO L RO AR, 1K 83.03%; fF 60 d B, A AbHLAH X BRI IR R ek
B, BEIIET 99%, BLEF/K A BT i i B IR W19 967.33 pg- L' FFE A 4.00~15.80 pg- L' 4, #ERA
FE T 35 RN 30% (7K AT B v B AR (4.00 pge LY, EBRREE (99.59%), BREE G RN 0 Fil 60% 1Y
AbFAN, B EEFN 30% AL EE 5 HA A U L 25 R i 2 (P<<0.05).
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Figure 3 Changes in arsenic concentration and corresponding removal rate in water
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9.55 mg-kg ', FLUCHE I U 41 3 R 75 h 60% K ER T T T T
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SE ETEE 875 mgekg ' ZE Ay s AE 60 d N, JE TR AP =
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HR Z X632 Ak PHEC V8 Hh B i W SRR e i, B ek Ab, ck 0 &%;;—g;%;g/ 80 90
]Zﬁﬂﬁig@%&%Z@ﬁﬁmigﬁﬁup>0%% R 15 KB R B e R RS S 5.2 1]
25 EEXSTEYEREE %5 B3 (P<0.05).
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30%. 90%. 60%. 80%. 70%. 0 FIRSOPAILR7E =5 Figure 4 Changes in arsenic content in substrate sediment

AL, T B 8.028. 7.719. 7.221,
6.806. 6.694. 6.584 g, ILITEIFH, 30% B HI A KL 55 0 B K B 3R fe k.

R2 HERZEYERNTREUHRKE

Table 2 Final biomass of V. natans and its absorption of pollutants

T B A B T %% fif i /g T /g MA/mg S /mg fii/mg
0 65.804+2.252 6.584+0.167 272.578+6.914 32.262+0.818 1.646+0.042
30 95.700+1.972 8.028+0.440 332.359+18.216 39.337+£2.156 2.007+0.110
60 81.333+1.296 7.221+0.313 298.936+12.958 35.381£1.534 1.805+0.078
70 72.600+1.628 6.694+0.224 277.1324+9.274 32.801+1.098 1.674+0.056
80 79.602+2.333 6.806+0.263 281.768+10.888 33.349+1.289 1.702+0.066
90 90.800+£2.018 7.7194+0.691 319.553+28.607 37.821£3.386 1.930+0.173

JNFE 3 AT RO BRA ET TE R 30% [ B ANIRZE K s YW R B A T 3 S e A KL
JRVERY T i R/ AR TR, A B = BRI 90% . 30% . 60% . 80% . 70%. O HIRGEHH A 3L
SERAPE, BB SRR 0. 70% . 80%. 60% . 90% . 30% KRR A1 5L 5 AT 26 A b B, Al ik v 3
AN 0, 70% . 80% . 60%. 30%. 90% FHE B £ o 7 3 R AL HR . 3 A I RS U 15 Y W R 43 B3
FEHE T, DE A SR YR R S AR R TR
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Table 3  Pollutant content in water and pollutant content in substrate sediment

K JiEJe
TG B A B B 55 %
BA/mg A /mg /mg A /mg BB /mg f/mg
0 226.000£19.500 2.500+0.500 0.210+0.014 1067.922+12.586 43.238+1.318 46.511+0.028
30 79.500+11.500 2.000+0.500 0.200+0.045 1154.641+6.716 36.663+2.656 46.160+0.154
60 123.000+16.500 4.000+0.500 0.200+0.013 1144.555+3.542 38.618+1.034 46.361+0.091
70 177.000+15.500 4.500+0.500 0.315+0.016 1112.368+6.226 40.699+0.598 46.378+0.072
80 166.500+7.500 4.000+0.500 0.290+0.035 1118.232+3.388 40.651+1.789 46.375+0.100
90 79.500£15.000 3.000-+0.500 0.330+0.034 1167.438+43.607 37.177+2.886 46.107+0.139
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