2020 %5 A
May 2020

TEHEK 22
Journal of Irrigation and Drainage

#39% #54#
No.5 Vol.39

NEYRE: 1672 -3317 (2020) 05-0127 - 11

EeESFHRERE

ITEH,

TR S AR S A

B, FIF, THRL, XKk, £ & I5&

(AEFHHEKRF RREXRESIR, AFEE &3k 014010)

7 ZE: [B8] AZRRRT T ANRAKART LI HET ERATREZE AT AR, SRERAL
BREZREFMAZTR, HHEGFAE, [FR] AMBALLSFRF R, EFRALTERRF Rk LML -5
AARALASANE %, BHRT HikEN 2d, #4i5/724d69H AT, s e 7aBa, ALBRAL, L4
FRER G, AAEEFNARGITEMNIAKARCOD, TNy NH N A= TP a9 AR R, [BR] dHEa, ALEHRZF
Y. AOFREG., AOESHLALIICOD. NH, N, TPWERXREEESZ 25, & A4 COD #¥-FHEk
F 57 % 13.59%. 35.02%. 45.30%. 70.71%, #NH, -N 69-F 3k %5 7 #11.22%. 31.14%. 85.89%. 80.59%, *ITP
8- FH AR ES AR 2.77%, 57.84%. 37.51%. 74.60%; ALEBHFZLR, LEFREAATTIN XX RERTLHE,
fa5atim, AR SNARALEREER, & FZRMTN 69-F3 £k £45 7] 430.98%. 32.75%. 8.13%. 60.07%.
[£2i] Z6AEFNERERETE KBIRT AL (HEAKFTEMEIRAE) (GB3838—2002)V £ K & A _EAR

AR

B, BITMAAER, obE AREGR, B AKE L AFIR A G RALEL A % B H BORARER T J A RO IR DL,
GLE R T A S AT R AN RIT SR AL,

X BRI BEFRAL; ALEBRAL:; REASFNAL; SV L; FRipmiz

hESHES: X524

EFEB
127-137.

YRS : A doi:

10.13522/j.cnki.ggps.2019219

SfH#, FDF, F SEETRLURFETENRKETEMER S EFRHKFR, 2020, 39(1):

WANG Zhichao, LYU Weixiang, LI Weiping, et al. Composite Ecological Purification System for Removing Contaminants

in Water Flowing into Recreational Lakes [J]. Journal of Irrigation and Drainage, 2020, 39(1): 127-137.

05 &

WA A B IR T E S WRARIK R SR
FHIE B B SR IFA ALK S RS
AR, B AR DX FRA AT (K8 TR 6
i B IR AT R B TR RN 2 8] 58 R AFAE
B BN, HRT, e e E IR
Jiti 32y N B KA B N TR ARSI
MRS QB AR it DL RV BRIR A TTE S JRVe
iy VORISR EIDTEIR . TR A7) S5 A I e
IRGEE VAN C3iFe -9 I Aitb=y VR MEVEY S RE ]
T R 7KV BT K AL BB B HE K, b 787K IEANR,
€ HANK G55, Hib/KIRTERR, KingkE, K
JIEEI A (HRT) 80, BRENESS, & Wiy

Yrks BEA: 2019-09-02

EEWMB: W HIAX BAREEESTE %8 (2019LH05011); N E
i X SRR R (NJZY19132); A5 EVAIX BHE 813 5]
FIH (KCBJ2018033); WM& HAARI A EIH (2018LH04002); {1
KT RS IR PR AL R H  (NH2018003)

fEE®f: TEH (1988-), 5. PP, {4, FENIOKEIHEGYRE
i 54 AMEE T ST . E-mail: wzc5658@126.com

BIEEE: THY (1967-), %&. #¥%, -+, FENFKIG Y K
AR F . E-mail: ylh0730@163.com

ety e 25 o AT RN KON T I AW 5 36 R I ¥ B
WL, fHHREWE R ED . Hik, RES
TE NS G A A FHA 5, PR AN K 8 N8 7K A4
75 YA FE R TR G 39 T B K AR R SR
FIA SR . [oFsedt e Bar, B AN RALE
WA ANIE TS BeIRR A% 7 AT T 2 D 7T, BlanEss
W, NTEg™S, Hr, A TIEH RS 5H
G NI T2 R 52 RN TR T2, %K
BN TR W5 e £ R SRR RRE R,
FRFL TR 27%~68%F1 13%~72%1, fEixts/k
BEE T, AR S Y 2 b L BRI R R 2
— o (HH T RANELLBER RS 51 E KRG MR
AL S ORI R JE S, RN TR R
QAR GEEE, MEGEINE, PFREEEE, R
FH e &R S35 50 (8 BORCR BRI, 1E R R St DO
AR, SEIRESAE NO HE R pntot,
(K b iE B N LR R B RS S M RE R 22
2 RN TR R G0 P 3 R TREE K 52
WU o T T RS PR MR S ZE AR RS
XS Yl KR A — 2 R, HAE Mo, TR,
127



FEBLHEZK 23] http://www.ggpsxb.com

Bl FAEVRRTUVRIERE 2, AR ERIRAE
Y ILvE K A BE T O i A8 K Bl 1 88 A SR
BTG G R R AR A 3 K AR RS e 1]
AN, GEUS IR, NIRRT A2 ATk
Gt IRBNHIA A IRTS BeBria M 25 2RKi5 /K A 2R
BOWE K AR BEAL B . CUIN SE] H 3T S50 v
BERBSERGLZEN, KEEAE, KRBV, SHms
18 BT A7 AE— SEAI U AL, TR I S B ia
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12.43 cm, ¥@H 33.04 g, ZEMRUKEE I 1 500~2 500
mg/kg, BETRISRE /) 500~1 500 mg/kg. AL R 2
K E R NG IEKBIAR R, ¥ N Hoagland
BRI TG 7% 21 do BR300 1R S 350 6 P A Sk T BT 3
P H b R SO AR R K IR R 2 KR T
Fe BRI HK, T 2019 45 7 H 3 H 07:00 HUff, %
R 1 d B LR, A RN 100 mm 1 E TR
RFESRAER)Z 30 om RIEJRIEFE A, 762 FRIEFET
MRS A 55 2 )5 F R IR YBRAS EHAE, A AR EE =1
RIG RS, JRVERE SAEFESEULER 1. SLIR i+
8 F LA 1) CHb 2R /KRB 5 f b v ) (GB 3838—2002)
95V KB T SV AN K, HL 3R KRB o
PAEE I FEhR S WA 2. K CIRIN. S, BEHR —
SR A I I BEIME T RE T H KK, I
U [ A 3k 7T T3 B3 H e DR O K A b K
REMETE (£ 100 mL) S5/KEARRCHIRS VK
WIS FIK, B2 5 KBRS Fabs 3 3 FioR.
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Table 1 Characteristic parameters of sediment

ST Total phosphorus/

S5 Total nitrogen/

S HUBK Total organic carbon/

#E &4 Sample ) ) pH 18 ) CIN
(g kgt (g kgt (g kgt
T———
A 0.8240.11 1.3320.15 8.8140.10 15.3541.07 10.8640.95

Sediment of inlet channel

k2 MFRILFERE AT AL
Table 2 Environmental quality standard limit of surface water

, e S Total nitrogen/
432 Classification A 9

A ¥4 Organic compound/

% Ammonia nitrogen/ KB Total phosphorus/

(mgi™) (mgi™) (mgi™) (mgi™)
I < 0.2 15 0.15 0.02 G, FE0.01)
1l < 0.5 15 0.5 0.10 GV, FE 0.025)
11 < 1.0 20 1.0 0.20 (i, FE 0.05)
v < 15 30 15 0.30 Ci. FE0.10)
v < 2.0 40 2.0 0.40 G, FE0.20)
& 3 KB RKKR
Table 3  Quality of test water
KRR BE/(mg LY AHW(mg L) HA/(mg LY S(mg LY VA (mg L7 "
Wiater quality index Total nitrogen Organic compound Ammonia nitrogen Total phosphorus Dissolved oxygen PH
R L6 TG Test range 6.05~9.25 72~156 2.630~3.216 1.223~1.569 5.86~6.32 8.12~9.06

IR 4 AL, HRANTRA .. BEFIRA
. NIt R4, SEESMLRS. TR R
7 0.81 m>0.60 m, JiE£#B 0.65 m>0.44 m, 75 0.59 m
RIBERLKAE, =SB G BT, B4KES
AEN 100 L BRI V K TR T 1540
R H, HEWKRG SRS @AY R 3
S0 A PSRRI S %, BLIS B %05 R itk
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AR F CUA B L BRI TS B B I, JCH DA I BP0 e e R e, TR Sk A A
SRR EE, (HEERN TR RGN TRAF UK e .
IR ARG EIA B 2, MR R B AR A AR, iz %A SPSS 24.0 Al Microsoft Excel 2010 4
ARG 1% AR VLTR8BS PR AL, K 4rht CRL PI(EFAruEZE, F Duncan £ 5 HLEHE M &4 %
£ 10~20 mm). KARFA CRifR 4~6 mm). Hid Ol g2 [r =5k, Hri p<0.05 RPEAF EEHEZER,
F2~5mm) @11 3R EIEALAANTR  FH Origin 9.1 #AFAERIEE.
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I A 3k 8 1) 28005 G 2% R AR L 22 IR ], ST AR
IR 155 A BEK TG Gk AR A SR TR TS G — SR
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Fig.1 Diagram of experiment device iz
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Je (#3500 mD JBE 5 FRAW, @it g AT
B8, YRR G, A RRE. K5
F 201947 H 3 H_E409:00 £ 7 H 26 H L4 09:00
BT, SLHT 24 d. RAEEGHK, RRHEEEY)
WEKIEERE N 2 d, HPEAERIF I E S
—RASE_RGUKIMTERES L do 2 d Tk
F- 09:00 MIKAR H R4 200 mL ZKFE, 23 5030 E A HL
) (COD). & (NH,-ND B (TND . B (TP,
WA (DO) FEIKE. AWFFCRH T HK HRT,
B2 BN KA (R KA B B[], S 1Ay ok
5 A W R R 2H A BRI e 78 43, R AR AR s s
V55 A SEORL R TR P S AR P A RIS R], kit
VE - B SR 2 ) B SR A A S BT TR o e
Wa, HEYHEE TR, BETHHET, /280 C
THTFEREREFRERE OEfE 0.01 @),
it 0.25 mm i 5 BIAEPIFE d A HoS04-Ho0, T«
T i SR B B R A T SR Ao SR R, 1
V) R DL Y6 BRI E o ZKBTHE A s I 2 8

B2 TRAEEZFREMATABhAHEENR

Fig.2 48 h dynamic change of dissolved oxygen content in

different treatment systems

HE 2 /& H, 48h N, XA DO EALAH
XA, H DO iEIKERELE 5.6 mg/L i, 5H
fi kb BE R G DO EAFEREZRM (p<0.05). &
HIRRARS. N LM RSG5 E 6485174 DO
BAERT 12 h WSR3 B T i
AR S R TEAR R, TR SFIR RS
W T A UK PR, U FEID, FEIR RS
HERAWE S KAEEILFEENT, DO FEkE
HILE T A TR R4 DO i Sk fE Ak A7 7E %
KIS R, ZRPINFEMEMEHFEA G, M
VIR AWEAE S KAIEAERTHEHEEAE,
SHH DO JAEIKETE 20 mg/L LAR, 6 h LU RS
AT BREIRES . HEATERG S5 N LR RS
DO ®ZE MR/ (p>0.05), BAEAESEILRFIES
—RETHTRARGM A, HARGEMA TR
FEXE 24 h LLRTH T 2.0 mg/L, (HIEKARBEN S — &
G )5 0 B AR ) AR B G B B SR R, VAT
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(a) Dynamic changes of organic matter concentration
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IR Z 6 PT DS 1 3R 2 AR RE 53 VS R AU
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WUTE B AR A P 75 BV R A R, AN TR R o bl
TR B RS A LR R b s 2208, 5 & A i L &
g0 v A BLJT I 2 BR ARCR 38 4F T AL B R G
(p<0.05), 146 HA] Hfe K 2 PR %04 80.56%, + %
REAFE - RETHBEIARACENEM T REAHL
i, FAENRAEHRNE —RGE, SHRMRME
DA IR ShAE R B 2 B L5244, 8 T FETR = A AL
A A BBIE AN B 5 A H A K S L R 36 0E 4T 24 d I,
FAbEE R 4t CODg, V3 LB KRB NET N: B
ERE RS (70.71%) >HEATFIK RS (45.30%) >
AN TR 2% (35.02%) >%FHE4L (13.59%). H &%
IK&ES . NTiEH RS HIK CODe, ik & =T 40
mg/L, V18 THELH VEK, BEE5ETH LRGN
CODc; [ LB R T HoAh kb #E &R 55, HHiI7K CODg;
JREREE <40 mg/L, IEFIHLEER VIOK UL ARt

—5— WA
100 HERR RS
—a— N TR RS
—o— HAEBIFLRS

80

60

40 r

A2 %1%

Organic matter removal rate/%
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fif 8] Time/d
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(b) Dynamic changes of organic matter removal rate

B 3 RRAERGHE MR EREAA S LR EGH S TR

Fig.3 Dynamic changes of organic matter concentration and its removal rate in different treatment systems

2.2.2 SRR BT 097 E SR AT

PRI AL FENT NH,-N 25 SRR A7 7 2 2 bk
(p<0.05), NTiBHARS. EAFKRAGN TN 5%
WMRERAREE (p=0.474), HEXEH., BEES
LR GAIAE REZER (p<0.05). HIE 4 7] LIEH,
KA NH, =N TN SR S 2 R R a0
[ 5 AR RGN NH,-N ER R 76%LL F, H
HAETFIRRG TN BRSO 2, R0 A s 25 B
RPN 45%, 5 N T R 42 5 RN
(p>0.05). IXA&F N EVFIR R GR RIS R %:
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(c) Dynamic changes of Ammonia nitrogen concentration
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Fig.4 Dynamic changes of nitrogen concentration and its removal efficiency in different treatment systems

FES KB B S TN BRI A T E, X
FE T REK TN BRI IZHT T, %A BE R Gk Ik
YR AR« KR5S 5L 5 2 18 R i R i R P 22
FELAIR A P 5 2 SR B A N e, R el i 2 4 12
TR, SR KESE, TN LRI
1492, SRBGWIRIAEAE AR R G0 NH, N EFR

MR TEEESIHLARGNIEN, XEFAEEE
B LRGE —RAE AR ZE, TR NHS-N 72
NHEZRGE BT ARSI R ok 4k 2Lk, 3
H R BRFAN T LRSI E SRR R RN, (HIL
T N L R G0 NH, N BB RO 8,
56 WA TR B MK £ R AT IL 61.70%. REGHEAT 24 d 1,
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NH, N P EERFB KBV NET N: SEFIKRS
(85.89%) >H AT RS (80.59%) >N T
ARG (31.14%) >XHFHRAL (11.22%); TN P2k
REHKBVNA: BEESIHMERSE (60.64%) >EH
FIRARG (32.98%) > N T 248 (31.33%) >Xf
ML (8.11%). EfTHAN], EAIFRAL NH, N H
KB B B AR AR ET 1.0 mg/L, {H /K TN &Kk
E¥IET 2.0mg/L, J&THERS VK, NTIEA
i 7K NH, N, TN 8K R 2.0 mg/L,
KRIABIHFR V R AR E; B A LR RGN RIS 4
I LB BRI T A ab 2, JLEHIH K NH, N,
TN B E<2.0mg/L, iERHE VIKbrE.
2.2.3 SRR BT A d i & SR AT

B 5 AN TR] Ab L 28 G0 Bl BRI R 25
REh&B. B 5 aI%n, SALEEXT TP 12547
TEREZ M (p<0.05), HEAFRRG/KAEHH TP
LBRFAN TR, (AR S BRI SEH .
HEFIKRARGHE 0~14 d BEEEMAYNAE K E5HAR
DL SR AR IUTRR A (P B, L BRI R AP AR 2%
BTt EaE. (HTE 14 d GEEEFIKR RGBS 1
LR TR, RIATETFIK RGN A HBE S W1
AP REAME. A TR RA ST A LSRR
TERT 10 d P EBREUERBESECR, BRI B e
[f) 88.70%. 88.01% T F&FI MK 43.46%. 55.27%.
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Y, SO FERUR A N TRt RS xf IR X}
TP LBRTEHA AR . T 24 d B, TP P35k
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M (277%). EAEBFICRGENT TP 1 2BRAR
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VIR EIRFE B sh iR, (HIBAT A Ha, HHK TP R
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BEAFKAG S N TR RGN TP KR EWRE
mT 0.4 mg/l, JETHIRS VK, EBREEAE.
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(b) Dynamic changes of Total phosphorus removal rate

M5 FRAERAEHRERE EHLREGHE LTI
Fig.5 Dynamic changes of total phosphorus concentration and its removal rate in different treatment systems
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TR EE R, R VERLLS , TR A R LA e 1
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Table 4 Biomass and nitrogen and phosphorus content of Iris wilsonii

FRK Root length/(cm 4k T & Dry weight/(g #%7)

& Nitrogen content/(mg #£™)

4 B 5 Phosphorus content/(mg 4% 7%)

,—?‘

= o} R G AL HT oy i} L5 i} Y=
Before test Post test Before test Post test Before test Post test Before test Post test

1 19.50+1.91° 8.5140.64° 146.79+14.14"° 14.78:4.07°
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5, AT RAERAEAE BB VE % 5 (p<0.05).

Note 1, 2, 3 and 4 represents the composite floating bed system, the constructed wetland system, the first system of the composite ecological purification

system, and the second system of the composite ecological purification system respectively; the same letters a and b represent there are no significant difference,

and different letters represent the existence of significant difference (p < 0.05).
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Composite Ecological Purification System for Removing Contaminants in
Water Flowing into Recreational Lakes

WANG Zhichao, LYU Weixiang, LI Weiping, YU Linghong’, YANG Wenhuan, WANG Zhan, WANG Gaogiang
(School of Energy and Environment, Inner Mongolia University of Science and Technology, Baotou 014010, China)

Abstract: [Objective] Wetland is an effective technology to remediate contaminated water and has been used to
remove pollutants from waters flowing into recreational latkes in urban areas. However, a single small wetland
might not be effective enough while multiple wetlands need a large amount of matrix. The purpose of this paper is to
present an improved composite ecological purification system to resolve these problems. [ Method] The proposed
composite ecological purification system was an aerobic-anoxic, and it was constructed based on the micro-aerated
single floating bed. We experimentally tested system. During the experiment, we measured removal COD, total
nitrogen (TN), NH," and total phosphorus (TP ) from water flowing into a lake, and compared the results with results
obtained from the control, a constructed wetland and a composite floating bed system. In all treatments, the
hydraulic retention time was 2 days and the experiments were running for 24 days [Result] For the constructed
wetland system, the composite floating bed system and the composite ecological purification system, their removal
efficiency was 13.59%, 35.02%, 45.30% and 70.71% respectively for COD, 11.22%, 31.14%, 85.89% and 80.59%
respectively for NH,", 2.77%, 57.84%, 37.51% and 74.60% respectively for TP, and 30.98%, 32.75%, 8.13% and
60.07% respectively for TN. The proposed system significantly improved TN removal compared to the control.
[ Conclusion] The effluent from the system met the Class V standard for Surface Water Environmental Quality (GB
3838—2002). Operation of the proposed system was more stable and robust even under instant load increase. It
improved denitrification and reduced phosphorus release. The results have implications for ecological control of
exogenous pollutants in urban recreational lakes.
Key words: compound floating bed system; factitious stage wetland system; compound ecological purification
system; inferior class V; contaminant interception
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