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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%,

Wk HHH . 2025-02-27; &I HEH: 2025-07-06

HEWH : JeatmiRH S E (213110500381310)

YE# A . 1 2R3 (ORCID: 0009-0007-3061-4096), M F1 A= 254542 241155 . E-mail: xsp925686553@163.com. il g1
#: # EE (ORCID: 0000-0002-7980-0259 ), # %, {4, MFmIETT 5% . E-mail: yghan@bjfu.

edu.cn


mailto:xsp925686553@163.com
mailto:yghan@bjfu.edu.cn
mailto:yghan@bjfu.edu.cn
https://zlxb.zafu.edu.cn
https://doi.org/10.11833/j.issn.2095-0756.20250158
https://doi.org/10.11833/j.issn.2095-0756.20250158
https://doi.org/10.11833/j.issn.2095-0756.20250158

43 B4 1) RS A RO e AN [R] 8 S R0 e A K IR (9 5 167

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 pg+ 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

r L Ml DX K AT G b s e E N, R K AR K RS e i R E A TR, W
Vallisneria natans J&—Fidi I G8 JJ B I UOKAEY) , T2 AEE TIENA T, EAT LU KA SZ 15
PURREE, TTLIXS /K B B4R F L 7K AR A 0 07 FH A5 R DG 403 5 P B A A P 9 R b K A
HHRE ) S B BRI R PR S EAROC, ARA B YR YE b FH RS IR LA (W] T AR 55 250 i R4 IR
JEHR L AKIRFE o acH . MRAARKESE AR, Mg K BRI, SRS B A 58 B[R] T
TR 55 2 QAT S e o B A K BT, ANOO SEBR I B 2008 ), AR A B 5 PR A S s .

TR BB S ISOK th A S R e R Y R A B, BRARK eSS Y 88 B AT A K 5, [ e i AR
FR 1 I BREAE FH 81 JEC U T B 3 e Y, LA i 1 TR 2 R RN A 5 Qe B B T AR AR A B S Y
FUREXT SRR AT 2 CEZ, AibnEE ] DR R AR AR TS, TS v 54 4k 15 Je 1)
BOR . RV T ORI FAE K R F RREI R I B A SO R g A AR A AR K B B
S, 6T SRR A R NS AN K BRI BEGE T 4 Fhelet AR 22 T B B v R A K
SO, RIS RO 2 e Xt B AR AR SCR AN R . B E I AN BESE T 3 bk R Ok i SR N R AE KA
SO, IR 3 FP AL B AR B BN, T R A S e A Ok 2 IR R A IF Y T A5
FEFON AR R AU BRHERI 520, A RRB S G N S SRR L A, (HWUR AR S A ML i
R, WA RSB, B AR LA R R AR T R
G X R RIIE AR (A . A RGO FE b ARIRT P E A . B SRR AR s BRIk
IR i SRR B A e AR A A T TS, A B 3 A ok v Ab 2 R -1 E T, EL RS B A 3 o
PR A YR R R . EATSEN WER T AR I AR A JE OS5 K AR IR, & SRR P in AR Ay 2%
K T AR PR R

HAT, TR F AT 5T R 2 A0 24 % THRh LT . AN FIEE P akoek Rk A28 5T, i 2 o 7 55 1
TR R INKH AR BT R ma B 5 50 o BRI, AR08 o 7 AR AR 1 5 A RS Ve L FH RS B A LA [R] T AR
AT R, ORI SR T R oK R A RSB RER RCR EATARSY DA SRR A B B R
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116°08'31"E). BEHUMLAGI/KAEY) 5 L, 1t A A B TV I0 8 i W FR 58
FEREH TP, BRI - RGN A . WP AR A R RIS, MRS EUEhR: A

> _ o ! =l ~ kol At =

PLECN 10.13~10.76 g-kg ™', AN 0.42~0.56 g kg ', x1 BPAHAREENSH
Bk i RN 42.12~53.43 mg-kg', B BE N 0.53~0.61 Table 1 Particle size and weight distribution of pebbles
g-kg!, HEAMBEN 7.46~834 g kg, TN 7.47~7.78 Kif%(d)/mm Juti o5 /%
mg-kg o REENAFIVEE SRR LA, REOA d=20.00 44.0524.05
R BT o8 A 1 R . R DR 1000 =d=20.00 Hrora
I S2 I3 47 9T K A 3 35 K HE B (40°00715 7N, SO0=d=1000 739433

0.25=<d<<5.00 0.35+0.38
116°38'06"E).,

d<<0.25 0.60+0.17

1.2 HRFE

W R [ ()8 B A AR A BR 2, IR BV K R, A MER S Bk A8, KA EARZY 50 em, &4
70 cm, JKFECAHREDAE R 1852 O BEIEE, A —E 2 1Y Hoagland B3R, & MR 2 JRE N FIALHE

WP 40 5 mm G AR , S S8 0 0 B AR BEA , T Am%E 26 kg, B —& 43 3 B IR e %
i, IR U B A T A, BEHIIAL B S AR K — S AR AR (7 g), HEE T KR EFE T LA
. NHER. mAA 65, 40, 85 cm MY EAEURHME T, FECEST. BT IER mIR AR A AR, 4
PRI 22 5 38 BH ) FGEE R AT 2 F o

TEARE 3 B B R Ue L RS O A R B DU R AR A T3 o . i 6 AR, A 5RO R
0. 30%. 60%. 70%. 80%. 90%. ¥&as AR IR (ck), ZXF AR o 0, AN SREA, A REFK
PR K . KB R 0~1 ke Hil", IMARE K S0L, KAIEE 30 cm, ZJ5 WA HOIA
UM A AR ERE A7 (B0 50 mL, B EVEE N 1 mg-mL ") I TS 4L, W10 5 BOK %646, 5%
W, RTOKFCIRDL . BECH 3133 mg- L, EBEN 1.57 mg- L7, R 967.33 pg- LY, FERJE YR A i
H7.72 mg-kg o BEFPALHES 3 Yk, KT 2024 4 5 HIFIRZE 2024 47 10 HE5R,

1.3 H@mR&ESKAE

M KEEF R, B R R . RIS URT (6 A, 0d) RE 1R, ZJERI7 H (30d). 8 H (60
d). 91 (90d) rulRAE 13k, Bt 4 YOKMERSE, Hirb, & BRI 4 UCRE, WK ITE 6.
7. 8 AR&E, Bt 3k W nslerth e i 8, B met 6 A, 0d)RE 1R, ZF7H (30
d). 8 J (60 d) 4rillskEE 11k, Bt 3 WIKVE R, fERRHATRAEZAT, Wi e L5k, L
B ORAT N I KL e AN A . DOKTET R 77 10 em WAL B AL, SR AE 250 mL WK A, KT AE 10 om PRARHX
R, IFPEARIUE ST RVRAG o B AUH BB 2o Bk R B0 3 ik 55 1 o G BE VA DI E (HY 636—2012), SV FHAH R
B 6 GEE R SE (GB 11893—89), /K H i JEF28 YEik I E (HT 694—2014), FE e g Hp i J5 2%
eI E (GB/T 22105.2—2008).

TESE T A RS 2 5 XA AR ) R A T I o 1 S 25 AR R AR AR IR A Ve T,
WK AR BRAE ) 2R TETBR B 17K 73, RGP BT i, SR R A KRS T A TR T A B, SRS RH:
TR
1.4 HELE

BAEL BB EBRR (R) HA AN R=(Cy—C)/Cypx100% ., Hirf, C; W% i WA, Maiah
BRI, Co MEE . BB )G B R .

f#i F Excel 2022 22 FECHE, F|F SPSS Statistics 27 #4782 ANOVA &0, WEMKFER
0.05, F Origin 2022 7EA .
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b HRCR EBR R R, A3k 70.32% F 68.56%, 45 Ak P K R R R E R B & 9.30~15.22
mg-L™'; 76 60 d i, BREGEN AT RN 0 AL AN, HA Kb FEXT BA 5 bR R RE1E 70%~80%,
AL BRI P R T R AR RRTE 6.48~11.7 mg-L™" 5 7E 90 d I, & BF A 3 5 7 55 % K 30% Ry Ak HiH
HERN K P SR RO, BRI 94.93%, FiRWAEILE 1.59 mg- L', FRKSOP A AL 5 R
H90% MALFRAL, 5 A AL B 2% R 2 (P<<0.05).

40 ~ 100 a
a a a a a a a
? 80 a
Soth b on o f c
e I
% B 60
‘]:L 20 k- &6
ﬁ i E 40
il 5
i b b cd N bc de be Fad]
& 10 | a < c
c
c
0 = - - - - = - 0
ck 0 30 60 70 80 90 ck 0 30 60 70 80 90
5 A % 7 AT 2%
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B{1 KPERRETRE SR ERFEEL

Figure 1 ~Changes in total nitrogen concentration and corresponding removal rate in water

22 KHPBBEERBRHERE
WE 2 Fros: #8330 d BF, K Sk L BRI RE S B RME (I 80%), K rf R e B N

% 0.14~0.52mg-L™'; £ 60 d B}, FEINAITEIRFN 0. 60%. 70% . 80% M HIXT K H B 2 B a3
M3 90%, I INF B T BV Ol 0.10~0.35 mge L'y E 90 d i, 4% 4b BHOK oM B R R R E
949%0~98% , I G147 B 7 55 RN 30% (T RN K RS S BR R e, N 97.43%, R E AR,
90.04 mg- L', R RN 0 BALERAN, B RN 30% AL S HABAL BRAH 2% 5 B3 (P<<0.05).
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B2 Ry EBRREREAA A TREEA
Figure 2 Changes in total phosphorus concentration and corresponding removal rate in water
2.3 KkhEERBRHR
WE 3 FrR: 7E 30 dBF, KPR BRRIG K B T 70%, TR 164.18~256.00 pg- L7,
HA RS B A 3 T 7 55 R R 30% BB L BRAUR B, i 83.03%; TE 60 d I, 45 Ah HRLAH 2B R ik B B K
B, BEYEET 99%, BLEF/K A 5T i ik B AR W19 967.33 g L' FFE A 4.00~15.80 pg-L™' N, #5RA
BB R 30% HOK AP TR AR AR (4.00 pge L), EFRFREE (99.59%), BRELERA 0 H1 60% 11
Rb3AN ARG FER 30% AL EE 5 HA AL FUA L 25 7 i 2 (P<<0.05).
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Figure 3 Changes in arsenic concentration and corresponding removal rate in water

24 EREEPHHRESBEN

WE 4 s : 7830 d B, A Ab B R i A 10 o 32 - ‘:b'Od‘b:'30d-60d

WRCRE A KRR AN T 85 ek I B BRI O R BRI I O T
9.55 mg-kg ', JCYCIL RN F1 5 AL 40 60% ER T T
AbFE ik 8.96 mg kg !, R R A 80% Hy Ak B fif Eor

[t o B b TSN, AR A B A A 5T O RO RS §4_
& BFH#) 8.75 mgekg ! ZEAs AE 60 d iF, IR AP =

BT P BORIT R RE, Horr, BERER 30% (i 4b2Erh =T
JiG e 5 40 o i 3 B AR, O 7.31 mgekg !, R NS IS IES INS NS IEN 18
R ZR X2 AL B U b B A WOROR B, BR ok b, ok %@%%%%g%m 20
1zﬁﬂ¥ii@%&£z@ﬁﬁﬂﬂaﬁﬁﬂP>0“% 5 B RS 5 3 2
25 BERNSERUHNRKE %R 8 E(P<0.05).

NFE 2 AT B R AR ) e BRAR Y B4 R FUR S e R A A
30%. 90%. 60%. 80%. 70%. O FREHHFHL 7 % Figure 4 Changes in arsenic content in substrate sediment

FANPE, P B 4ok 8.028. 7.719. 7.221,
6.806. 6.694. 6.584 g, MMITTIHEAFH, 30% HIREHE £ KL 57 75 005 Fg b K B R fefE -

R2 BERZEVERINTREMBRKE

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

FEBRA HE T 5 2 % fif [ /g T/ BA/mg S /mg fifi/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+0.224 277.132+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 7.719+0.691 319.5534+28.607 37.821+3.386 1.930+0.173

INFE 3 AL RGP A TR 5 Rk 30% [ B AN IRZE K s Y B R B L T 3 RS ek AL R
JE VR I B R/ N TR]D, o B = BRI R 90% . 30% . 60% . 80%. 70% . O (4385044 5L i
SR, MEERE R R 0. 70% . 80%. 60%. 90% . 30% HOKE DN A7 KL moR A B, Al = E)
AR K 0. 70% . 80%. 60% . 30% . 90% FHE TN A1 5L 5 7 T KA FE . FE AL TR IR A5 YL KB 7 B3
FE s AE S S Bl YR SRR R AR FR A
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x3 KPpFRYMEEMENERKRBHHTEYRE

Table 3  Pollutant content in water and pollutant content in substrate sediment

ke e
T B P 5%
BE/mg S /mg fif/mg BH/mg S /mg fil/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

3 3tk
3.0 BINAERAREERNEERBERIRNZNE

RIS AT (30 d), AALHERA S EUFERE LB RTE, SO0 A e W e, RN R 5
RAFAGIE T BSOS BT ARTR], 355 AR R b R AR 22 2 e, S AR R ]
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AT R B AR AR (07 1, DTRI09SR S 48 A B K AR R ) 3% 43 5 3 R 5 L
VEF . 28 FIXTIRELER A3 3240 Bl 2e o, 2 DR Oh 5 R 08 %o JHL A W B AN A R, 90 s L S i A 4
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FEPRHE T IEFURIE . 75 FAR R 5 KR Z 18] 32 50 R I AS R RCR P, A5 I 1K M B U R vk
PRAEA, TR R T R SR IR A B s A AR A B O 5 B 2T i I A SR R TE+2 2
Tegifi+E K Zea mays W5+ W) LD K35 HE LA 515 K Hp AU 25 PR LA B R EER ok
5, AHE RS R A Y IR A R AT, B SE FHG K  ib B4% T B RAEA
32 BNAERAREBEERMNEEEEMHARNT

ATFGE R : 30 d B 7K FP i BT e Ve BT B AP, A A S A 2 SRR B ik 0%, 17T SR B JFG U v A i
JRAR U PN 3R RO T R RS R AL LUE VR . WM R O 32, RS2 KK pH ., SAALIE JE
OF . BEEREL . PR ORI MR AR N I, AT BEE R A pH RS Ak A D E A7 T v e A i R 1
FEHRE, oo KA 2 BR 0 7 X S U AT 2R S A [ A B s P KR R A e
B ASTEIEA 2 MBS, IS MRl K v ) JURE 4 I BB 7 KA, S5 26 e TV 1 FH % 78 31 35
JRIEJR PP, R &A REICE, Hhgk. 5. a0 S by a3 Z ), el
L AN R o 1 S 380 4k SR 0 3 T e 2l 3B R X T ok, AT L i
PRI RO A e B S5, IR A LR = B B S B A & R B TR R, SR h i AR 5
FRES 0 95 KoK h SR Sk Mt A5 m B T R 5 Ak . IR 30 d b i &1, LA
UUVEMER . IRUEME B 32, ()  0 iehth ELA OVE FH . R385 1 (60 d), 7K i 25 bR 353k 99%,
T B ) R BRI E BRI T A gk, HEZErRE i — 2 AT R Y, R4 XK i E A
HEWER, e 3285 AR RS U0 A RLRS FLISU T, DR e P — e b T 50k A 45 B
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