32
ﬁé‘b ;’; %H @t&J T b (D

/IR JNMENTSCIENCE
PAik: http://www.aes.org.cn

A FEWAHE N TR B2 AR AERT T
M, A, HHE, RFCF, &%, 8%, 57T, UM, s, £F

g A
Mg, 2y, B B, S ASFEREYZAE N TR s & m R AR )], Al R R2E 24, 2020, 39(10): 2409-2419.

TEZR IR View online: https://doi.org/10.11654/jaes.2020-0761

AT RGBS B

Articles you may be interested in

KRR AN R R K P 3R 5E FE K O 2545 1 BE T HE AR

AR, BRPREE, 22l FBULDL, X%, 2545
ANy FREERLF24]. 2020, 39(10): 2397-2408  htips://doi.org/10.11654/jaes.2020-0816

THRALR R TRR M R (Y A B2 A1

BRI, 248, Rk, g, Tl
LV FRBE R3] . 2020, 39(7): 1585-1593  https://doi.org/10.11654/jaes.2019-1324

L3+ N T30 2R 0 X T K v T B R KA ) BEL P R
XZG V6, i, V52, 5P, B i, XIZEH], BhhaiE
LA IETRLE2A4]. 2019, 38(5): 1060-1068  htps://doi.org/10.11654/jaes.2018-1216

IR A RS A 25 SR P R A P ) 52 i

AT, XUEE, MR, T, i, REeK
LV FRBE R3] 2016, 35(1): 157-163  htps://doi.org/10.11654/jaes.2016.01.021

DFeRBFISRBX vKES B Biid I (S m BIF 5

RIA, ACH, BUIZ, BEA, 8B, ML
Fly FEERL4. 2020, 39(9): 2015-2025  https://doi.org/10.11654/jaes.2020-0091

KEMIE AT, A ELZIHE R


http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0761
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0816
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2019-1324
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2018-1216
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2016.01.021
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0091

2020,39(10): 2409-2419 xR A F OB R F F R 2020410 H

Journal of Agro-Environment Science

Mw, A, WH B, S R RERYIALE TR R B L RIS A0 FRETR 22441, 2020, 39(10) : 2409-2419.
YE Lei, LI Xi, TTAN Ri-chang, et al. Characteristics of phosphorus fate in constructed wetlands with different plant combinations[J].
Journal of Agro—Environment Science, 2020, 39(10): 2409-2419.

T ey N

FEisRL S 0SID

AEEMAEE N LIE PR E mFIET R
P&, FAC, @B 8, ZAGE, R4, ABAE, BT T, LAY, BT,
A"

(LR AR b R 2F KRS AR TRR2E B, K7 4101285 2. ERRE B i ol A= S5, Kb 4101255 3. 151 ma DV 2= 93
SIRERLE G, KV 4100065 4. FPITT ARSI R, T4 Hil 528403)

& E N TIRHE AR A 55 G 16 20 FE SR AR 10 B R S AKTR I E XA . DU Fr B XA 53 X 8,
PLAR A 35 BH K K A 3 15 7K B HE KR 6 T8 BUE 6 15 K it BEXE 4, 38 o 87 A0/ DRSS, BF 98 7 1 7K 4l P 4 IR
(Myriophyllum elatinoides ) 5 #E KA 85 B3 (Iris pseudacorus) JK A 32 N#E (Canna glauca) AR A TE (Pontederia cordata) FITHE FE )
TR IKAFE D)+ TR KAE D) R AE A 20N TR, DA AS R P 2 A Ok A 00 ol 1) AL B8ORS R R AR (9 2 M R IR . 3—9
F 85 R M AR O T AR A5 K P R A B A A FRACR , UJCHLE R R B £ IR K (TP) WeJE h 2.16~
5.93 mg- L, B AHYI A K TP BE 0.34~0.48 mg- L AR TIRBLTS K HERL— 2 A R1fE(0.5 mg- L), ALRIN 2 BE+1R L B i 1Y
R RCR Bt 5 AN TRV A A T Sl 071 for 28 AL B Ly 45.50~47.13 gom™-a™', SRR B+ R L B2 A HliK 47.13 g m -2,
25 TR T BRI M P 1 39.62 g e e a s ISR I B T T R A ) 2 T b 2 R R I TR R AR L o R b R L R 1) 72.44%~
75.62% KAEREY) TP AR 9.65~12.51 g-m™-a™, Wb BRTE S04 19 21.00%~26.54% ; i 50 H AP0 206 N 0 b L 402 e 0
b UG 8 R BT 7 B 8 A7 1) L A8 2 1.719%~4.89% , S8 T WA L A81) 0.97 %0~ 6.28 %% - 5% HEE i 1 i 8 WA R o B4 1t 6 67 £ 174 L
B 18.11%~21.29% . AEPNLH A58 ) T 4L 22 i U8 W% B 4 0 1) 0412 s A 0 0l ) R A%

SRR AR TR TS Y s N VR B AL G HE KA V7 KA

FESHES X703 XEREG:A  XEHE1672-2043(2020)10-2409-11  doi:10.11654/jaes.2020-0761

Characteristics of phosphorus fate in constructed wetlands with different plant combinations
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WANG Hui"
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University, Changsha 410006, China; 4.Zhongshan Bureau of Ecology and Environment, Zhongshan 528403, China)

Abstract: Constructed wetland (CW) technology is an important method of agricultural non—point source pollution treatment, and
phosphorus removal is the main source of difficulty in sewage treatment. This study used a subtropical hilly region as the research area and
combined rural farming wastewater, domestic sewage, and farmland drainage to form compound sewage as the treatment object. Through

field experiments, wetlands were constructed with floating water plants (Myriophyllum elatinoides) alone or M. elatinoides in combination
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with different emergent aquatic plants (Iris pseudacorus, Canna glauca, or Pontederia cordata), to explore the influence of different plant

combinations on the effectiveness of phosphorus treatment and removal in the CWs. The results from March to September showed that the
plant combination wetland had a significant effect on phosphorus in rural sewage, and this effect was mainly seen in the removal of
inorganic phosphorus. Total phosphorus concentration in wetland inlet water ranged from 2.16~5.93 mg + L', and the outlet water
concentration ranged from 0.34~0.48 mg- L™ among the different plant combinations; these values were lower than urban sewage discharge
standard Grade A (0.5 mg+L™"). The phosphorus removal effect was greatest in the M. elatinoides + P. cordata wetland. Total phosphorus
load of the CWs varied from 45.50~47.13 g-m™+a”" among the different plant combinations, and the wetland composed of M. elatinoides +
P. cordata had a total phosphorus load of 47.13 g+m™+a™", which was significantly higher than the 39.62 g-m™-a™ value measured in the
control wetland. Sediment adsorption and precipitation were the main phosphorus removal mechanisms in the CW's, accounting for 72.44%~
75.62% of total phosphorus removal. Total phosphorus accumulation of aquatic plants ranged from 9.65~12.51 g+ m™ - a™', and this
accounted for 21.00%~26.54% of total phosphorus removal. In the experiment, compared to the M. elatinoides wetland, the proportion of
total phosphorus removed from plant combination CWs through sediment adsorption decreased by 1.71%~4.89%, and phosphorus
adsorption by plants increased by 0.97%~6.28%. Compared to the control wetland, the proportion of total phosphorus removed decreased

by 18.11%~21.29%. Utilizing plant combinations in CWs can delay the adsorption saturation time of the sediment and increase the

phosphorus absorption rate of plants.

Keywords: agricultural non—point source pollution; constructed wetlands; plant combinations; emergent aquatic plant; floating plants
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Figure 2 The concentrations of TP of inlet and outlet water of each plant combination
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Table 1 Changes of TP content in sediments of wetlands with different plant combinations(g-kg™)

HEMR 3A 41 54 61 7H 8 1 9H
Combination name March April May June July August September

SR e+ i 0.22+0.05¢E 0.33+0.04bD 0.46+0.04cC 0.71#0.11bB  0.750.08bA  0.78+0.15bA 0.78+0.15¢A
SN B+ N 0.21+0.08cE 0.32+0.02beD 0.64+0.14aC 0.72+0.11bB 0.77+0.13bA  0.78+0.15bA 0.79+0.11cA
SN BE+IR 0.31+0.07aE 0.49+0.10aD 0.57+0.17bC  0.74+0.12aB  0.8120.10aA  0.84+0.17aA 0.87+0.18aA
L2 B 0.24+0.01bE  0.32¢0.03bcD  0.55+0.11bC  0.72+¢0.15bB  0.77+0.08bA  0.80+0.10bA  0.83+0.08bA

Xif HE 0.22+0.05¢E 0.31+0.02cD 0.61+0.11aC 0.68+0.07cB 0.79+0.09aA  0.82+0.09bA  0.85+0.06aA

VE [ A P AN )N B3R A R 28 53 225 (P<0.05) o [AlA 4t Hh AN I RS B3R A IR 28 5 0. 25 (P<0.05) . Rl
Note: The different lowercase letters in the same column indicate the significant differences among treatments (<0.05). The different capital letters in
the same row indicate the significant differences among months (P<0.05).The same below.
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Figure 3 Removal rates of various forms of phosphorus in sewage



20204 10 B

W3, 5 AR 2 N3t bl 25 1) AR AE AT

2415

R Zh 77.33%, SN 8 B + 42 0 R M A IR
72.44% AKX F X REIT 21% . FPIBRBE R AE 9.26~12.51
g -m”, AH Y)W i R M BR B S BT Y 20.26%~
26.54%. FEY A A TR H R Y o kA N A I R R T
Bim TR NR B (1%~6%) o SRIN R B +12
£ R I R O 26.54% , SRR e+ 55 AR b Yk
Z i 21.94%, HREEZERARE (P>0.05),
2.5 BMKIMERFSTKTP EBEHEXMEST
S3HT b 32 B KRS R - 5 LB AR CE (R 4)
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Figure 4 The content of TP in the aquatic plants

R2 AEKEENESEYMER KRS

Table 2 The biomass and phosphorus removal of aquatic plants with different plant combination patterns

EX7/

R B T AR i WY R BRBERE(3—9 )

C()mfﬁﬁﬁﬁlame Plant biomass/(kg-m™) Phosphorus removal per unit area/(g-m™) Total plant (1eph(jsph()rizati()n/
41 6 J1 951 41 611 951 (grm™)
SN e 0.90+£0.03a  0.75+0.04a  0.54+0.07c  4.29+0.11a  3.22+0.13a  1.75%0.22¢ 9.26+0.85h
AN e+ 0.81£0.05b  0.76£0.04a  0.51£0.02c  3.84+0.19b  3.12+0.11a  1.7120.07c¢ 9.66+0.94h
HEH 0.27+0.02¢ 0.98+0.06e
SN e+ 0.81£0.02b  0.68+0.04b  0.41£0.04d  3.74+0.06b  2.79+0.11b  1.26+0.11d 10.08+1.31b
EIN 0.62+0.06h 2.29+0.24h
RPN e+ 0.89+0.05a  0.41+0.02c  0.1940.01f  4.20+0.20a  1.68+0.04c  0.57+0.04f 12.51£1.22a
MR 1.56+0.07a 6.05+0.25a
R3 AEEWAE R PBENEE
Table 3 The fate of phosphorus in wetland with different plant combinations
sk {Ei&éﬁ?@%i TP B ot i E%%éﬁi ‘ a4y Ll F@Jﬁ Lt 451
Combination name Total removal in wetland/  Phosphorus rem(jval by plant/ Sediment adforptmn/ Plant scale/ Sediment scale/
(gem™) (g'm™) (grm™) % %
LRI T+ i 45.50+4.26b 9.66+0.94h 33.54+4.03¢ 21.23+211b 73.72+2.07d
Ve PN 45.94+1.22b 10.08+1.31b 34.74+1.70b 21.94+2.38h 75.62+1.90¢
SRR e+ 4R £ 47.13+2.94a 12.51+1.22a 34.14+3.86¢ 26.54+4.19a 72.44+5.17d
ESS|§eeei 45.70+1.70b 9.26+0.85h 35.34+3.27h 20.26+1.22b 77.33£5.70b
pagilst 39.62+4.99c¢ 0 37.13+3.74a 0 93.73+6.73a
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F4 BMKIMES K TP RBREHEX
Table 4 Correlation between wetland water environment and TP removal rate
¥4 5 T Environmental factors EC pH T Eh DO 2 BR% Removal rate
EC 1.00 0.47 -0.48 0.26 0.64 0.22
pH 1.00 -0.98%%* 0.96%* 0.94* 0.95%
T 1.00 =0.94%* -0.96%* -0.96%*
Eh 1.00 0.88* 0.97%*
DO 1.00 0.87
E S 1.00

TE 0 SHAEOCHETE 0.01 P B3 (U)o AHSCHELE 0.05 /KK B3 (RUR) .

Note: ** indicates the correlation is significant at 0.01 level (double—tailed). * indicates the correlation is significant at 0.05 level(double-tailed).

93.73% , 5 KA o W 5% 1) 709%~87% A — (Y,
A4 BHEE Y W FF 25 AE 33.54~37.13 g~ m™2, N HEIE 3
TS VR B 75 f B v (37.13 gom2) , G0 2 W+ 5 5 i
R B AK (33.54 g-m™) o X HEZH v e /0 A 40 1 W% A
Y, 32 2530 3 ) PR R RN 3 ok 5 BR K HR i 2, 24
T VR HF 15 7K r Ay 8 28 T UE W B 22 I TG vk 1o A Y ok
PEATBEUEAL A o TG U6 5T Ak e B R S V0 %) W
A7, oA AR ST 9 2% BH 224 b - SR B BE T S R
Z97E 0.39~0.56 g- kg o ZELT I7 ST R 2 4 43
WIEE Y TP Al 155 0.83 g-kg', IR VR & 5 I VG,
B g SR o PV I U R R A T S AT R A B
BrR g, mEIATLUEH,3—6 HIJEJE TP E
TR o TRV BT 53 Sy R it B o0 1 5 RS P A4~ i B, PRl
WA oA 2 R o A s ] ) S S 9 A R S R
B 22 K F LAt T K +HE KA AL G, TR A F AN ) 2
R AP 8 3R R R 2R TR V7 KR ) 4
W2 AT I 7K F G S5 A SO i KR A U R 2
3 20 MR ZR S0 A FH 3 TR U R A i R0, TR I e
HEK A B B ORI R AR — BB BRI UE TP
BB AU YR TP B RS , 2B N T3 iz 17 77 A
SAEYA G, S B+ 8 B 2 5 I 25 IS e i 1
SR B IR, SR TR i+ B A AR5 o P RE
R FR RIS S D0, A BT R e s
FEY T AR f R R A/ N FUAR R R R
PN, RER B 15 K PR ™, TEZ A
TR, — LR — G R R R B E A ek 2 a4
SEARIR A, A v 1 b HLA SEIR O R L, SRR
P BT AL A I R M A e P SRR R
L A W AR g Ak B T 5 A HH K K R
3.2 iR AE Y RO BR B BT

W 3 R, RIS 1] 4541 A ol i 22 ol
Wy B B B S R E 9.26~12.51 g - m™, M 1 2H 4518 b 5%

LR BN AR ) DTRRAR B 1%~6% . FE A B
SR A Wy FOAEARBE & B AN Ry, T ELAR I
G HARARDUA G . & 4 o SRR 5 ok e 55 I
M HL AR TR, SEK A A R B VT
e EI S AT R . XA R T AN B LA
BRI R AR N 3, 5 K v B R R 1l
TERALN . SEKAEY LR T B ER  EEORIE K
Vel & w5 WA B — @ KO s e Fl T HAE K
LN iR RETE =y 2 A h B s A A7, B AR KR
TR R VAL v A R R SR T KO ) A ik
(IR 2R BB ISCBE TR IS U HP 1 78 5= S5 K 4 WP AN AL S
B HA BRI RE ™, R BT 2 Z= S I
TR RIR G B I TIRIR 8 5 32 S, P
Fh Z A R AR T e B 2 5 35, A D b o] Sh S
T 27 BE ) s . AE P ALA TR Y bR B Tk Y
AANFIFEEE 3T, SN2 B+ 2 0 B2 A5 S THECR
oMW MY BRIk 12.51 g-m™2, T 38 A 240
W E T AT RO S . B UR BAE KR
G R AR AL, (AR 2R GO R = ORI )
WAL o 7—9 2 R I g AR K g s, B (]
PR FEHEA TR A 43 BE , T AR W DR G i EL A AR A4
TP &% it BEA B e AE e R (B . ARG 1R B
BRI T 0 A g 2542 g m B T
F P LRI 1) 4.69 g-m?, 0] BE S KU A
Ko AHPEH GXF TR B TR /K A BRASCRAR T 5 Vi
15K, R ) R W T R 9 1 1Y 20.26%~
26.54% , 1= T ARG AECTRIEGE Hh 1 FH A 4 18 i Ak PRI
e 35 K (HEK TP ¥ BE 0.15 mg - L) £ 0.8%~9.6%,
EARG T S 5 V1] 4o I et s Ak 3w A 70 i ) 55 7 R
JK (7K TP ¥ BE 25.5~44.5 mg- L) i 56 Y 22.5%~
59.6% . Ut B IFE K +HEAKAE Py FpE A AR S b A
PR, e e M BR i A R TR A T K B R 1 BT
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TEALFIH
3.3 IRMIBREER N E R S5
FEL ) 20 G 308 o X6 i o 25 B A AT ) 22 ] 4

SR, T b 1) AR B B 03 A A AN TR R B T 4
Tt FEPUALE X T PP AL BERCRALF X RE AL, X
HEZH 7 Ak B35 3R AT o 1 b 35 1 7 s T A Ak i & A= B
B FRE. AT R R TET PP = B o ) BRI B
FEBRP BT LA S RS VR B B i T R I U8 W R
UK 555 5, X HEZH B PP A BEACR B A AR R 8. PP
MEABEAE P A o A s B S TR S0 il T
HASERKR S AV 2 Y H SR X ] fE &
T I HE 40 0 M PP A B0 AIR F R BE A A 3 R
BN 24 6 R SE e IR B, T 1B H X T PP Y
AbFRACR A S [ B Rz I AR T e i i
7K H1 DIP J2& DTP %) 3= 2240 43, Fr DLW & A3 A 3 1
e i T DTP A9 49 LA S0 B oy o 2
AR, MR B AW T, W B RE s | AL B
R Z TRESY, HRE W (6—9 7 ) #E /K TP ¥k 2
TR RRA, b 30 18] S AR 0 A K 1) 2B B, K AR
FE R TF ICHLIE A 5 SR AR R, (A ) 20 5 0 Hh 4 ¢
AR A Ak B AR T X HEZE B S B 7R b e
AT R DA TR o T R RR RS AR T A
FHORE ) W ISCHE R B F AR T BT AR R S
T HA AR AR R TG 7, X AT e AR P 2 5 1 X
DOP [ F H T H A 4 A 0 E 2R, 71,
B A K BT A FEOR T . TR TR
a5t ()RR SR L B A Sk, FL 2 kK v i [ml i)
FEM P — 2 S EAL BRI T .

TF 7K +HE 7K R 9 20 98 b 6 T AR A5 7K R TP Ak
PSR T B S IR S 0l B XS B b, AR fa
T A AN RCR IR i B R 2 R AL & 2
] 22 AN B 3 (P<0.05) . FXIRLLm 5, ASRII R
R TR K+ BEAK A Y 4 S A A B R SOR)
A M A FRACR B T B R Y . AR RE kG
MR HB GRS, i — AR B Hb AR S R G I BRBE AR
3BT b A5 PRI IR 55 8 S BRAICRE 2 ) A A DG, 45
RUNFR 5 PR, 157K TP R BRECRE 57K PR il B (7)
BERAE, SERE (pH) A LE R A7 (Eh) 1EAH
Ko pHIE ML AL 5 i S S D 2 IE AR O . X
5 EREPR A —B R S S FEURTR A
R B B RR TS, AT 68 T et M K AR R B . pH {H 8~12
BB S5 AT ) T 5L S5 6 TP B I B, i R R T
TR W b PR S ) AR AR SR AR A AR ) — X AR DX

il P SR MR K, AR TR IR DX SR BRI i o
TR R G EOKF AT RERZ M AL/ o i P
DU RAAREE h F  (EA RE e — e R Bk
PO, B A PR E A A TR HBR B il T LA
ok AL T S Ao A R P DA T ] 3 R M
Jext 157K TP AW R 55 A o 53 &b, R E D Bl A
W At A A SETE B P R o A T M AP 35 T 2 )
Tl A, DT T b R A A3

4 ZEig

) A4 205 455 2T i b PR T BB W5 £ of 7
45.50~47.13 ¢-m™, I TP B R g 7F 33.54~34.73 g+
m, JiC Ve W B OT k50 b PR B £ T Y 72.44%~
75.62%. AHEC TSR0 B0 b, SRR B 5 HE VK A
Py RS X R 1 0 b 57 TR FRBR W 171 47 0.21~1.42
g-m™, H e AR IS U M B ok bE ] 1.719%~4.89%,
FIE A2 222 1 106 M2 SR AL T, ARG U i R XU

(2) FEL 1 20 6 v BSR4 TP R R 7
9.65~12.51 g~ m™, IR & ¥ + 12 1 708 #b e KN
12.51 g-m™. AH 4 W Wi o 0 b R 9 BT R LG 19 R
21.23%~26.54% . K IFAKAY)+HEAKAE P A A B
RESE N Hh B 28 Bk . AHEC T — PR SN2 e it
Hb 3807 AR W TR L 51 0.97%~6.28%

(3) £ FH Y 41 A 1 L 7K S 29 B 4 0.34~0.48
mg - L™, SRAN R 3 + 88 i R0 b 5 K A BRSO B
PR ERAN 92.0%
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