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Treatment effect of Oenanthe javanica-Myriophyllum quitense constructed wetland on swine
wastewater XIE Chen'?, LI Xi>*", HE Xingbing""”, XU Yinghua®®, JIA Zhongzheng®, LI
Yuyuan®®, WANG Jie’, WU Jinshui®® (1. College of Biology and Environmental Sciences, Jishou
University, Jishou 416000, China; 2. Key Laboratory of Agro-ecological Processes in Subtropical
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Technology, Xinxiang 453003, China; 5. Anhui Runhang Agricultural Science and Technology
Development Co., Ltd., Huainan 232100, China), J. Plant Resour. & Environ., 2024, 33(1) . 26-34

Abstract: Oenanthe javanica ( Bl.) DC.-Myriophyllum quitense Kunth constructed wetland was
constructed in Huainan City of Anhui Province, and the treatment effect of the constructed wetland (the
hydraulic retention time is 37 d) on swine wastewater from pig farm was studied. The results show that the
total removal rates of O. javanica-M. quitense constructed wetland to total nitrogen, total phosphorus, and
chemical oxygen demand in swine wastewater are 96.52%, 92.79%, and 65.27% respectively. The output
water concentrations of total nitrogen, total phosphorus, and chemical oxygen demand in the constructed
wetland are 1.96, 0.14, and 39.60 mg + L' respectively at 50 d of test operation, which all reach the
class V standard of GB 3838-2002, in which, the output water concentration of total phosphorus reaches
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the class Il standard. The removal contribution rates of plant absorption to total nitrogen and total
phosphorus in the constructed wetland are 19.30% —56.32% and 23.38% —97.10% respectively, in
which, the average removal contribution rate of M. quitense absorption to total nitrogen and total
phosphorus are 49.84% and 90.41% respectively, which is the main pathway for nitrogen and phosphorus
removal in the constructed wetland ; the exponential reduction model is the best reduction model along the
way of total nitrogen, total phosphorus, and chemical oxygen demand in M. quitense wetland, and the

] (~0.24-0.01C )¢ (~0.23-0.09C,0)1
equations are y=( —10.80+1.30C, ) e , ¥y=(0.97+1.33C,) ) e , and y=(23.56+

0.83Ci0)e(_o'zhoomtl))t respectively. The output water concentrations of total nitrogen, total phosphorus,
and chemical oxygen demand in M. quitense wetland were predicted by using the above model, the
concentration of each pollutant can reach the first level standard of GB 8978 —1996 at the hydraulic
retention time of 24 d, and reach the class V standard of GB 3838-2002 at the hydraulic retention time of
36 d. In conclusion, it is entirely possible to achieve effective treatment and up-to-standard discharge of
swine wastewater through the combination of economic wetland ( planting O. javanica) and ecological

wetland ( planting M. quitense) .

Key words: swine wastewater; Oenanthe javanica (Bl.) DC.; Myriophyllum quitense Kunth; constructed

wetland ; reduction model; model prediction
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Fig. 1 Plan schematic diagram of Oenanthe javanica-Myriophyllum quitense constructed wetland ( CW)
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Fig. 2 Changes of input and output water concentrations and
removal rates of pollutant in Oenanthe javanica-Myriophyllum quitense
constructed wetland
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Table 1 Removal rates of pollutants in Oenanthe javanica-
Mpyriophyllum quitense constructed wetland (CW)"
T b 55 2 Ry/% Rp/% Reon/ %
Wetland
grade CK T CK T CK T
CW1 321 10.41 3.66 9.11 2.58 7.34
CwW2 4.37  10.00 3.42 10.17 3.18 7.85
CwW3 4.76 9.59 3.91 10.47 2.86 6.75
CwW4 523 12.11 3.16 12.57 2.56 8.50
CW5 5.89  39.72 5.24  38.32 2.77  23.30
CW6 6.24  10.92 6.15 9.50 3.62 3.31
cw7 5.78 1.47 5.08 2.56 2.26 2.57
CwW38 6.31 1.04 4.87 0.06 2.71 1.67
CwW9 6.61 0.26 4.51 0.03 3.26 1.98
Bt Total  48.40  96.52  40.00  92.79 25.80  65.27
”RN SR E R Z Removal rate of total nitrogen; Ry : B EGRR

Removal rate of total phosphorus; Reop : th2575 5 gf[%‘fﬂ‘— Removal
rate of chemical oxygen demand. CK: X} H&Z The control group; T:
AbFEZH The treatment group.

M CW5 2 CW9 B GGB W, WY SR T =IEK
FrRER AT e b rp 4 SR R R AR ka3, Hodr K
FEHY A AN 38.50~42.12 g - kg™ SRR FE A 4
AEEN 10.02~24.62 g - kg™ o AW A W B
(46.90 g - m™) FKIRE A EBRE(95.60 g - m™)
DL CWS S, #5 i b HoR i g sox Vi s 2101
B BTk %N 19.30% ~ 56.32% , Hirdh | 4800 2 500 1
) 22 % BT R H 1 (45.09% ~56.32%)
SR (F2) I s Y R R KT
GBI R A T A S T 1 e P S R A

T EBRBSE R SR REE (X£SD) Y

Table 2  Absorption characteristics and removal contribution rates of total nitrogen and total phosphorus of plants in Oenanthe javanica-

Myriophyllum quitense constructed wetland (CW) (X+SD)"

G MSCRFAE R 255 TRk %

SR R AE R 22 55 TRk

T Hh 43 2% Absorpti()n Lhdrdcteﬂbtlbb and removal contribution Absorption characteristics and removal contribution
Wetland B,/ (kg * m~?) rate of total nitrogen rate of total phosphorus
grade C,/(g-kg™') A /(g -m™?) C/(g+m™?) R,/ % C,/(g-kg™') A /(g -m™?) C/(g+m™?) R/ %
CW1 0.15+0.03b  42.12+7.52a  5.66+0.82b 25.90+1.24b 21.92+1.51a  6.34+0.24b  1.41£0.20b  3.54x0.13d  39.80+7.20a
w2 0.13£0.02b  41.58+5.93a  5.16+0.79b 26.60+3.20b 19.30+3.71b  6.42+0.18ab  1.33+0.11b  4.54+0.15¢  29.31%6.11b
CW3 0.13+0.04b  41.31%£6.74a  5.21£0.97b 26.80+3.42b 19.43+2.74b  6.94+0.23a  1.50+0.04b  6.41+0.42b  23.38+1.42b
CwW4 0.35+0.12a  38.50+4.83a 11.60+2.81a 48.30+3.00a 24.02+1.93a  7.01+£0.56a  3.83+0.12a  7.75:0.44a 49.39+2.81a
CW5 2.75+0.0la  24.62+4.65a 46.90+0.75a 95.60+5.14a 49.11+£3.02b  3.37+0.37a 13.00£0.41a 14.70+0.72a  88.40+8.72b
CW6 2.48+0.12b  11.64+1.69b  5.16+0.36b  9.16+3.61b 56.32+2.70a  2.22+0.41b  4.58+0.27b  6.08+0.21b  75.34+3.90bc
cw7 2.23+0.11c ~ 10.58+1.52b  3.04+0.28¢  6.50+0.82b 46.70+5.94b  1.91+0.14c  0.96+0.08c  1.00£0.03¢  96.01+3.51a
CW8 2.21+0.08¢  10.19%1.27b  2.66+0.30d  5.12+0.44b 52.00+4.62ab 1.81+0.08c  0.60+0.04c  0.63:+0.02¢  95.21+2.45a
CW9 2.02+0.13d 10.02£0.57b  1.71£0.36d  3.79+0.48b 45.09+1.91b  1.75+£0.10c  0.34£0.08¢c  0.35+£0.0lc  97.10+5.83a
1>Bp; FH Y4 W& Plant biomass; C,: Y B A (BB & & Total mtrogen (total phosphorus) content in plants; A : FE W) B A CRBE) TR

Amount of total nitrogen ( total phosphorus) absorbed by plants; C

s KR

& () 2Pk Removal amount of total mtroven (total phosphorus) from

water; R, : ZBRTIHA®R Removal contribution rate. [R5 H1AS[F] /] ‘?%ﬂi%ﬂ“*ﬂﬂuziﬁl/ﬁ [ 2% 531 1) 22 57 8 3% ( P <. 05) Different lowercases in the

same column indicate the significant ( P<0.05) differences between different grades of the same wetland.
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S b KT RS 1 6.34~7.01 g - kg™,
SR BB SN 1.75~3.37 g - kg'' L MM
BRI B4R AR CWS R CW6 2%, 43 1k 13.00
M4.58 g+ m™?, WHEFHT CW7.CWS8 M CW9 2 ; 11K
FrRHL T, CW4 2R Y R Ik B R T
3%, KIEEBEEIRE (14.70 g - m™) DL CW5 Sl
5, W = T 8 9, A5G0 b AR P RSO0 T
SRR ZZBR TR N 23.38% ~97.10% , Hoh K
PRI Hb Y 2 PR DTRR R AL S (75.34% ~97.10% ) ,CWT |
CW8 Fll CW9 2 LR DT IL 95% L) |, 3] I
iy H R AR T 2 ) SRR

2.3 REISH

231 w&EmMEes KTF-GIUEEAN TR (CW)
JG 5 P (CWS5 ZE CW9 ) BRI 8 1 Ay v Ak

x3 FMEEEHSRMEENRERNEERTE

RGN T RlE A B E AR A T RS E A5
FEARYEIX 5 G0 H AT e ik B AR Atk A7 il 2R
A, Hoh a5 U AR RS, Tk B
BRI KR BE R B 1T 20,35 .40 A1 60 d LA
FORVR R K R B B AR Y iE 17 10,1525 F130 d
() 8 AL SMBHR A T AU A, 25,3 Rl
AL ORI, A i R 2 T AR TR R 1Y
BRUR ik 23 A A5 R EU(RY) KT 0.9,
LMEAE AR R BRI /N (R*>0.7) (AR 5] 1 25
(P<0.05) /K, Hoh 35 5040l & 1 45 40 2 8505 3 i 2
#(P<0.01) /K,
R R Al N Ak 2 5 S A 0 7K R i
UG M2 R 5L, 32— e [ A A B A5 2 4575 e i
FEHIERE R G M AR (R 3)

Table 3 Regression equation of pollutant reduction model along the way of Myriophyllum quitense Kunth wetland

1594 Pollutant FR I Model

2D Formula®

2% Linear

A Total nitrogen

R Z5I Quadratic polynomial

F8%X Exponent

S Total phosphorus ZM: Linear

ZIRZI Quadratic polynomial

F841 Exponent
26k Linear

b2 % & Chemical oxygen demand

ZIRZIK Quadratic polynomial

541 Exponent

y=(2.40-0.18C ) t+(27.78+0.55C, )
y=(=1.21+0.09C,; ) 2+(9.17-0.78C; ) 1+ ( ~7.54+1.60C; )

L (20.24-0.01C )
y=(-10.80+1.30C, ) e
y=(0.81-0.23C, ) t+( 1.57+0.66C,, )

y=(=048+0.12C;)) £ +(4.17-1.07C; ) 1+(=2.91+1.79C;)
(0.23-0.09C,)¢

y=(0.97+1.33C; ) e

y=(=10.15-0.03C;) 1+(9.72+0.89C;, )

¥=(0.89+0.02C,;) > +(~16.44-0.17C;, )t +(18.09+1.09C;)

y=( 23.56+0_83Ci0)e(—0.27+0.01q0>1

Dy 1G9 K% Output water concentration of pollutant; Cy: 15 4e#iE /K ¥ % Input water concentration of pollutant; ¢ 7K J1{5+ B4 B} ] Hydraulic

retention time.

232 BAKRELFN PSR AT YY)
SRR KR B B e B AT 50 d RV BB VR T 4)
SIS 171.26 F117.60 mg - L") DL K 7k e i 3 v A1
BT 45 F155 d 1Y 3 AL ER A Lok 3 AL
HEFTRH OGRS 30 AR AR PP A, AR B0 25 R (3% 4)
R 4515 YoMl BE AL HULE 55 S [R] S A s 3 2
FHIIKF AR B R T AT 0.8, Ui 3 A
P HAT B B SCR s WA XS BT IR 25, 4515
YL Fe BOREHY (4 AF X 25 AR 25 B AR A /N B BH
JRE BN TR | BRI A 2 A 1 R 1 DA T
A B H] ool 5 70 Ay B A, 2 250 308y = (-10.80+
130G, )e il

(0.23—0.09()i0)l

y=(0.97+1.33C,)e

(=0.27+0.01C )¢

y=(23.56+0.83C,) e .
LRI B0 bz A 7T 0 R) B BB A L2 5 4

B PE K e EE 89.12.9.50 1 140.00 mg - L' 43
Bl AR B IR R | i et K e AR
{5 BRI ] EAT IO, 8558 (R 5) W K 45 B IS
[]2h 6 d B, R Rl R Ak~ 7 S K VR B 9 )
45292 .6.97 Fl 116.27 mg - L™, ¥k FI( & & F 5
V35 eI HERC R HE) (GB 18596—2001 ) 5 £ 7K 1115 4
FE Ry 24 d B SR SV R 2 A KR B 43
WK 6.76 .0.48 F1 66.54 mg - L™, BIIABN (5K L4545
HERPRAEY ( GB 8978—1996 ) — 2 bR v (ELA LA A A
W /NT a5 T 15 mg « L7 MBELABERR R, e
JENTEAET 0.5 mg - L7 A i S aE VR B2/ T3l
S5F 100 mg - L) s AEK I BRI 36 d B EVA
SV I 2 SR KR 4 3R 0.86.,0. 13 Fi
38.08 mg - L7', 43k B ( b £ K B 5L T b E)
(GB 3838—2002) V &R,
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Table 4 Test results of pollutant reduction model along the way of
Myriophyllum quitense Kunth wetland"

FELHLUEL 55 SEEL A AR DG 2R 8

Correlation coefficient of *EXHL.l@j:T’fﬁiﬁf
R simulated values with measured Relative root mean
Model values square error
TN TP COD TN TP COD
45 d
L 0.82 * 0.81 = 0.85 * 0.76 0.98 0.25
Qp 0.98 ##x  0.96 #x 091 * 0.26 0.43 0.67
E 0.98 #x:x  0.97 ##x (.88 * 0.32 0.33 0.31
50d
L 0.80 0.84 = 0.81 = 1.06 1.11 0.63
QP 0.95 #%  0.97 ##% (.88 * 0.39 0.86 1.23
E 0.95 %% 0.95#x  0.85=* 0.58 0.87 0.62
55d
L 0.80 0.81 = 0.81 0.95 1.02 0.69
Qp 0.96 #x  0.96 #*  0.83 * 0.44 0.49 1.29
E 0.97 #%  0.97 %%  0.80 * 0.40 0.31 0.65

D1, Zdk Linear; QP e/ & 25N Quadratic polynomial; E: LR
Exponent. TN ; VA JE Total nitrogen concentration; TP JsX i a7id
J& Total phosphorus concentration; COD; Ab2E T AR Chemical
oxygen demand concentration. * ; P<0.05; ## ; P<0.01; #xx ; P<
0.001.

x5 FIERRHSRMIGEABEE TR
Table 5 Prediction effect of pollutant reduction model along the way
of Myriophyllum quitense Kunth wetland

KB B ARIER K S R T]/d

S Hydraulic retention time to meet
Pollutant each standard"

1 2 3
S Total nitrogen 6 12 24
S5 Total phosphorus 6 24 30
k2348 & Chemical oxygen — 18 36
demand

1. GB 18596—2001; 2: GB 8978—1996 — % The first level of GB
8978-1996; 3: GB 3838—2002 V 2 Class V of GB 3838-2002. —:
JE W F 2L i5F5 The stock solution is up to standard.

3 Mgk

3.1 ATIERMITEMHERIRREZNF
KRN e N T i e 8 R K AL B
BRI A Y R RBRACR , B BR300 5
A3AF 96.52% ,92.79% Fl 65.27% ; £ AN 2 i I b Xt
HHYIE) LR EEAE, Ho, W5 g2 R R i
e, R A AR R Ak 2 R TR Y S R R il s B
39.72% 38.32% Fl 23.30% , b %1% H K 7K B &
B REE1T 50 d B A TR b rp B BB bR
A KR E A3 1.96.,0.14 F139.60 mg - L',

BIW WA T (CF S IR YT g ) HE R b )
(GB 18596—2001) , 1] i | b 3 7K IR 5T 5t 52 b o )
(GB 3838—2002) V Z&hrifE, I Susieuke B2 ik 2 1l 2%
PR, RGN IR B A H e T 8OR 5
AR I A 58 25 SR I A — 2, Bl Bk R AR F
F % IRERN 2 8 10 1t X WA T VD b IX (1 R 2 75 7K
HREVAL VBRI L T S Y B R BR R A 80% LU L Li
ZELRIRIRSE T A I v Y s %o 1) g e X ) A V8 T 1Y)
FBRAER 55 5 7 0 b b is G oK vk BE (AR
BB EE SR 4.95 F10.17 mg - L") B0 WAL T
(R T5 K AL 38T V5 Je Wy HE T A ) (GB 18918—
2002) —Z% A ARiE (EEURLEIE IR 2 /N T A T
15 f10.5 mg - L™, HL, RAIESh 7 A T4 af
ASEET S35 K TS Ye A sk 25 B
KEM IR aE BRI . N T IR 5 G i) 2= BRAL
i = 3 AN AR A O R TR W B AN B A
FEAR0 ) Hoop Sl B A RIRE 4 SR e
TR R B PR R R — Y AR
KIEAYITEN TR M i VR, 5, KA A Y g
MK B B IR0 R, IR B R T &R
A BRI SCRI RS AR AR R, R AR B 1t 4
WAL A T A 2 A BRI R A DA i
PEGAE IR VR A B 5 T i R A R R B —
SEREEEMSRICVE- . J3 48, KAAEIAR 2 I 5 AE
BN HE o TP A R B R R R B L
Mk, B THRBEKS U EESR(KERT
70 mg « L") SRR, 236 AE 90 40 M 7 A — 2 A 7 E
VERD, I 22 7K A2 A R B8 AE 37 98 19 /K b IE 3 2
K, MR i 5AT T 52 0 B A A B R (i B A8 A
WHERT 200 mg - L") Y HERIUR 4 — MK A
Py KSR AR (R AR T 900 t) Xt
TSYY RS R AE R | I T DA B g T
FEFH R KON £ B AR A TR b 2 R e 1
iRy, MM KES 3 AZ 12 A,
R ZA YR A BRI T H 2 e A
SN BE IR A TS I — S E BB, HRl, S
T T $E T I 5 10 b 7 4% Z X6 S 1 7K P T
W RBRRIHEITE . BN A TR KA
SRt ] (i it S TR %o 5 A B K TP BB A 25 B 5 DTG
25V 3 g %o M A ) P B AL, R BEE T (Acorus
calamus Linn.) SEINBHA A 0] 12T A T 18
XSGR 7K 15 Y I 2 R R (HE = 15 e 85 T 43 )
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WOPR, S KOTSRS IR BE R K Y Ab BECR 33

e T 24.6%F121.1%) . HTHEGINE#EERKR
AR, XS Qe L BRASCR I R A S AR S
T H BN H IR TSR , &R 158U A FF
it — 25T
32 KEEYMALEMBZRMEHBHUERTHKE
FEZMETF

FEYR N TR (CW) o SRR 1Y £ B 2
AWML EZMVER, A5 AR T X A, Al
T RE I 0 A e AN TR BV B AL R R
F R BRAOR , BV LB Rk 2 7 A 1 B R B Ry
G HE T 48.12.52.79 11 39.47 AN 4345, Horp R4 W
WCHE N T30 b v e R 1 25 o BT K R 0 Sl
19.30% ~ 56.32%H1 23.38% ~97.10% , T4 HIFHHF
FEERAFAER R 25, Gaballah 5517 & SR H 1
XPEVA S 25 B B DTk — N B A 10% 5 B
SR SE S B AT 2 A RV TN T b 1 9 I A
AR WO 75 7K S 1 2 B ASE B1 A PR A 11 R
YER, B 25 BR BTk 10% , ARBFFEH, 400
JRE T WA A R R 1) T 2 2% B BTk R 8 3
49.84%F190.41%, =X Fp2E WK — 5
VR HL S TAG G, 55—y D5 BT e A ) %) A W e S K AR
R R B vk B s WA 56 Y AR g R, T
CW6 245 CW9 Zrr, 1 Hb AR Hy WSO K A4 i BV /U
SRR LR BT CWS 9, PR AR X R LA 1
PRI AT e A2 F T SRR e W 1 72 43 ok A K AR, >4
IR B — e R B DLE | A AR K A2 B3R A BRI
A Bt TR SR i RR S A A
RUR 7K AEA ), ANAHE 7K A ) 55 | 35K SE AR ) WA 7 5% 47
FEK AR, AR RIRE AR, ik — 2Tt
TR A AL B AR B B O Rk, R
LAY N & N TR R 58] e B A 0158 3%
EORERERZ WA
33 AIRHMANSEENESIENAISES

N T 1 Y 255 335 g A2 R HE T AR IO FH G 5
HEH T, N TR ) 255 30 s B 45 A B R AR 2
o1 E R <o N IR 3| N =Y VG B UK 75 ) N IR LT 32 LB U
PRASCR R U BT 5 A9 AR SRS, AN e 1 38 £ T
3 FH AL BESCR A () K A A 55 5 IR 3 e e
AT E AR MR Y LA B TT R Y M 25 5 b 3R 45 ]
W 4R R A 2 e 0 L AR A SRR L
L TR (FEZKOT) 54 SR (FhiE SR 3 )
AREE AR, 58 4T LLSCEN) S5 1 7K A R0 Ak

FIRPRHEL . 38 5 S 5 0 b A% 75 e ) B AR VR R
WA AT, T A8 K 455 B B[] Sy 24 d B 4505
ey b 7Kl B sk BT K 256 HE ORI ) (GB 8978—
1996) —Zhnife, FEK S5 A B IH] 2y 36 d B 4515 4L )
Hh K W 2 35 ) Ml e K R BE 0T B AR E ) (GB 3838—
2002) VZArifE, DLk, 38 1 M i B K T R AT Ak
PR P 2B 3k 8%, AR T e I o Al B4
TF %A FR2N W) FH 3R /K b /K | BN B P2 (T
K45 TIARTG, BREREEDS R KT 25 bR 3ok ¥ R
TR BN BRI 1.5 T 70, X Se 3 B i & T Y s A e
A EEWMIR RS AT . P KK AR B SR 5 1
Hi A AS AL B AR PR AT A LS A SR B R K R A
b PR (B AR FH A GE AR A R A0 N FH S
T
3.4 &g

DAL B0 R A R B 5T X, SR KT -2
BN TR A BEAE I 1 28 kK, BAT e HLBH S 1)
15 YL IR, , B B2 T R R R A
B33 135 2 96.52% 92.79% F165.27% , ik 4635 47
50 d BF BV SABE AL 2 T AU 0 S KR B 4
1.96.0.14 139.60 mg « L™, H KK 5t o] 3k 21| ( b 3
IKIRES B EEARUME) (GB 3838—2002) V 2K kRife, Hirh
SV B R B T 28 AR . 0 R WAL T it v R
SV Y 2 BR BTk R 4 A 19.30% ~ 56. 32% Fil
23.38% ~97.10% , Horp | £ 2 8 M ARC% e S8 e 1l
SFHEBRTTHRE ST 49.849% F1 90.41% , A
RBRBEN R BIRAR SR AR B0 BB B mT LA R4
B LR R B b T G v B Bl S BRSO A TR R AR
b, B8 BT SR N T b S5 TR S8 A e e it o 2
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