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KBFERE G C & mHAAE ST R, B TREREREZ ML, COKT5RBRTT3hiT
X)) A WGBSR, 2020 AF ™ E i K 36 TR AR KR RN K B 20% DL E, SUHEERE X A B 309% LU
o 3T T KA R B A 8 i Sk I A B AR S O T R S K B I AT R S A ) T R AR

UEAE R, BR80T IR B (O VS K A BRI e HETOPR UE ) (GB 18918-2002) — 21
ABRUEFN T V5 7K FEA R T SO0 RS FHZK K BT ) (GB/T 18921-2002) 1y 15 7K A T & K A hy 4=
K 25 A B 1 S5 F KRR KT — G A FRUERK A BRSPS & (TN 15mg' L™, TP0.5mg'L™)
Bew, WABRE (ORI BUEARE) (GB 3838-2002)V 28K B (TN 2 mg-L™', TP 0.4 mg-L™), H
WA 15 2 FR A TA R KR & A 5B TR R R I S (TN 0.2 mg L', TP 0.2 mg- L), [Hib, Hig=M
KA & 78 IR A R P A A ] P A 20 2% B 1 o A R ) i
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1 #MRl5RE*%
1.1 ARITR
TR FOW K R T T 2 KR
X (ULE D, B YR 9.65%10° m?, KR
J50.8~3m, FHKIEA N 14m, BEHRAN
2.09x10°m’, K ZR T XA X MK, 7K i
WHAKRTXFME T X, 40 XK FEH
mF, JFRKEE, T XAk T X Ah K.
KE T XA KR FEE A KT B &0 =8 -
BRI, FAEKT RBAKKEIER —HR AR ERONOPES T8

HeE, FHREKEY 4x10°td', B/KEA S & 1 SCOEKRSRHE =55 75 &
(K EHR 80%., BT /AKFAKZRBAI 114 Fig. 1 Location map of sampling points in

experimental water body

MKHEE, WK KA Y 2.78%10° m?, H
7K TR 2.34x10° m® (19 7 A~ W 7K HE A MK AR St (T FR 29 1.71x10° m* . A2 2.55%10° m®), 1%
T K S A S L A BRI AK R T X,

KA XAMK KR EZR R K, BRI AR A KR 12 AWKHEER, WKICK Y
1.46x10°m?, H A /KA 1.93x10° m® /9 3 />R ZKHE FT A F K 4R 3t (TR ZY 9.5%10° m*, 28R
1.4x10* m®) F1IC K 1 AR 1.9x10° m® 19 1 [ K HE 0 28/ A T 3 4 B R 4 (constructed rapid
infiltration, CRI), 43 i FR 7K 8 WO A AT CRI B AR BRJSIE A K R T IX
1.2 MiRFG&E

HRAE Hb 2R 7K TG 7K Wa I AR BEFE ) (HI/T 91-2002) 47 52 36 K AR K BEAR S5 SR 4R, 455K
RIBEX R ARG M, AKFESEMEILE 1. KR T KBRS 64, WHAKFERMNHI15~6 5
KRR, 1S RFESUR KRB AL, 6 5 RAE SR K EHE B 5l B KRR S . KR T IX K
FKAE 3, WK FE 5308 75 ~9 5 RS . 2015—2017 4F, B H 7E& R SBUKFE 4 1K,
THEK T8 bR AT Bk BE A R KA & 38 FR AR o BT R A

TR ) 2R S RN ORAE S BESCHR T B D7 7R KRR ZK B WD 0t H A 46 0 (TN) . BB (TP) . fh2i 5
A (COD), & TFW) (SS). M4k % a (Chla), ¥ f# % (DO) HIZE A & (SD). TN (4 7 & FH w1 it it
i B0 T i 52 A1 43 6O B 3R (HT 636-2012)1% TP A4 1 %2 R FH 4H R &% 43 Ot O B 3% (HT 670-2013)1,
COD A4 52 >R F H1 4% BR #1115 (GB 11914-1989)1" ) SS Ayl 52 % F &1 & ¥ (GB 11901-1989)!"), Chla Ay
I 7 % 430606 B2 6 (SL 88-2012)11, DO R I #E #5\ DO X (HACH HQ 30 d) Ml &, SD 9l & &
FERLTL
1.3 S E

BEFTE R A CENA OKIE) &8 RV 7 B BB AR E ) (b B IREE W S, B
Ui AT 20011090 45) HAYZE A B SRR AT EOE S 1T . £ Chla, TP, TN F1 COD 4 4545
(14 ¥ B2 (BRI SD 8 FR (H 15325 BRLITURS A 10 4 F2 RS HR B Fryy )1 FIZR A B FRRE B Fryy o™, 11
B (1)~ (6).

FTLI(Chla) = 10(25 + 1.0861nCChla) (1)
Frome = 10(9.436 + 1.6241n Cyp) @)
Friny = 10(5.453 +1.6941n Cqy) 3)

FTLI(COD) =10 (0 109 +2.661n CCOD) (4)
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Friysp) = 10(5.118 = 1.941n hgp) 5)

Frug) = Z Wi Frug (6)

A Froyow M Chla B8 FRAREFEE; Copa M Chla IR IE, mgm™; Fryqp B TP 9 E FRARESE
s Cop B TPIIWREE, mgL™'; Frymo N TN BEFRREIEE; Cy BTN, mg L5 Fryycon
h COD [EFRIREHREL; Coop  COD IR, mg'L™'s Fpyysp N SD IEFRREFEE; hgy N
£, m; Frye BEREEFORSIEEG w05 M SE00 8 FRS IS B AR AL E 5 Fry,, B Rl
SHNE FRRETREL

A Chla fE A HEUES L, WSS j Fh S 8009 H— AR A DAL W, 1935877 1 =X (7).

r
W;= er] (7)

X ry BYHUE S AR OGS T A 7 k07 W, AR DGR

PATHRAR BN Frpyo AR, SR 0~100 ) — F 51 3% SLECE X K 1A 8 3% 12 BE #4753 OF M
Fryy5y<30 29 23 & 3% (oligotropher), 30<Fy, ;<50 Jg 1 J% (mesotropher), 50< Fy <60 44 & & &
7+ (light eutropher), 60< Fy,<70 24 ' & & & J% (middle eutropher), Fy,>70 24 # & & 5% (hyper
eutropher). 7ER—EFARE T, Frpyp BR, KEAE SRR BB ™ 5

K 1 SPSS(19.0) A #4784l AL 35 43 #r . 1 Excel BAFAE B I 0 $0 8 #4773 #r o
2 #HR5iTE
2.1 TN M TP REERIEMNE K

2015—2017 4%, R HI/KFR TN, TPAEFuk AR WL IEl 2. 3E 34E2K, /KR & KM A TN,
TP W FE B A R T R, KUK BB AT KR T XK E M, &4 TN, TP R E
PRI, TN, TPIRE AN 15 R 6.5~9.0 mg L™, 0.35~0.46 mg'L™' FREH| 65k
FEi4~5mg L™, 0.1~0.15mg L™, XRMFAKIEN FERAOKERA T mWEEN, P53y, H
RUZERE T 72 00 MK A6 BEVE R Y OKIR R I KM B £ . DUKEWR D). #MAeEY . s
WM AE S RGFER T, TN, TP U5 Wk R L T, (R fbCR B IRE A, KEK
Ui 6 SR FE S TN, TP ¥k B B Hb 267K IV 25457 (TN 1.5 mg' L', TP 0.l mg' L) b A —EH M, /K
RN XWAKFITI, S TN, TP B ZIE PR LTS, BR 95 RAE A TN, HAa%&
J5TN. TP M LA LE 0.3~1.5 mg' L', 0.02~0.05 mg-L™' J3h, B3 T H LKV EbRiE, Kikk
R GE, 3X IR AR T K AVE N AN KK IR A N, P 5 Y PR AR A 28 R 48 A1 AE
S LOESE O
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Fig. 2 Variation of annual mean concentration of TN and TP at different sampling points
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22 COD M SSKEERENTK

2015—20174F, WHL/K R COD. SS4F--F-2uk B AR 4L ULIE 3. 3 34Fk, WKW, K&
I XA X COD 4R ¥k B #4 2 0 Fta 38, X vl e th T IRPE R Ve BEC . RIEIK A da P 2210
PR R 7 % i R A2 R S AMIR M A TS, KR T IX COD 4E 38 12~20 mg- L™, B 31 A5 A 5Lk
WEAE AN, 45 05 COD 13k B Mo R K IV IR i . 7K R T IX COD 4EITE 10~15 mg-L™', Ik 5| i K
IVEFRAE, AR R FAK M ERE. KR T X&EKHERCOD BESTINIX, FEEHRT
FKIKIEATR 8. K ZREh SS AW B AR AL LR PR AR . B shie K, H T X7 £ SS 4E ik B
YIm P RA KT RK SS YR JEFR(E 10 mg L™, EEEH T SS MM . UUKMY AN . a2
N Bl TP 555 i A R 3
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Fig. 3 Variation of annual mean concentration of COD and SS at different sampling points

2.3 Chla #1 DO REBRENT L

2015—2017 4F, @ Hh7K R Chla, DO AF-F-Y ik B2 A2 4L UL 18] 4, 3 3 4F %, /K& [ IX Chla ¥ JiE
WK MBI T 4~7 1%, BEREHEE LIHES, RRMEREE 0.035mg L, X5 RIEMHILTE
Hi K A& Chla Z8 (b HLAERPY — %, [FIRF, /KR T X DO BA S MA@ 1 b I, & 5 DO ¥ ik
B Hb R K M 2EARHERLE B S5 mg L', 35~6 5 KA DO WK (2017 4F 55 S BRAM) £ 2K KT ik
KT AR UERLAE 19 7.5 mg L' (IR AR T 90%) . 78 B4 10 b /K AR I s M 22 A B EE /N 1 m A9
#LT, Chla #1 DO 2 B % FAHEaH H A TR WK, FE0Eh TR R SR Y)
KoK AT 8. KR T IX Chla, DO WEW ZH FIHEaH, HHBMTKR T XKKEMHE.
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Fig. 4 Variation of annual mean concentration of Chla and DO at different sampling points
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24 FESEMBHRNSTHANZEEL

2016 4F 3 H—2017452 A, {@Hi7K & TN, TP, Chla il COD 4 /™48 fr 1Y 2= 15 A8 £k Al 25 6] 28 1k
FLAEEILIE 5. M S() FIE S(b) B i, KR T XAMN, PISIYIREY W& TR, KERZ,
FEEETHNBAL, FBAERZE, N PS5y KR T M TR GER R AN, FEMKE
W2z, XFEARE., XIS HAK] BAOKFZEN AR, 5—Jrm M, Y.
WEEY . ShAF A R AR S R G XS N P s YW i B R e fb 0% 32 2 0 R 058 i 3, ik
MENFIMRKRKER S, £, ®E, &%, KRNTKX N, PIsYRERHZEN SRR S T X
FHFEN PR, HH TRMMK N, PIs A mEt, N P 5 ek B b 2s [ 22 b ) LA I I .

ME S Filt, KRT XSS Chla FiAELE, HE, EEMNWME, EKREMXRMK 5
BEE B, KR T X Chla & &IFE/KF T BRI ERRE LIRS, R, EEMATRERL
FFE TR, 45 35S SRR RIFE T RS, HAFEChla T RE4LS . 55
16 TR AL S W E T HAM &, S SRS DR B 2Fm . X EEREH FiRHK
RO 355 45/ S SR SIEKMEY R Z MUK L, £F. . kAEKET,
T AR A B B R) 25 R BBV R o S 3, T L o S5 K AR AL ) 5 1 A ) B A B AR R E iR — 2
FREE EA e A KP4k BOKEFRAM KRR, MRHASREFOSCRRM, KiE
HEKME P A WCE], AP R AE AR R A A, B RIS S, DT 1 4% 2 T O ) KR VA K v 2K
JEFN Chla & @I, KR X4 Chla iR EAMLEHE NS, ERaTES. &5, HIFKR
AAHELAFRDN RS, BERATFEMKTE. NE S FEH, KR TX CODHFZE., LEMIK
L, BB RKEMXTEAL, ANFEZET KT AR R KR TIX COD & 2L H 2
B B, &%, KR MEA LFEE . B FKKIE COD fifa AN, 7K & 1T X COD B
BALF T X, H COD EahiBlie N, ¥yl ik K M Ehrik,

151 0.6
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Fig. 5 Variation of quarterly mean concentration of TN, TP, Chla and COD at different sampling points
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25 BEFUEERMN 1 ORMKEEEFRURETN
2017 4, B KK S B IR0 R E TEM L Table 1  Eutrophication status evaluation of
1, NEI1EE, KETKX 64 HELE wetland waterbody
IRZSHEHL Froyy P90 60~70, 111X 34> 4 30~ i Frug) BRRA R
60, | XEMLTrhEEERRE, TXKHEE ! 6745 ERE AR
BTFHEFRRE, KRITXEERBERITX 2 67.22 R
W™, X FEORm T 1 XK K (TN 3 68.44 PR R
15mgL'. TP0SmgL )N, P&EFEim AR 4 68.43 RS
B, mAKRIDXAZWRMAK (TN 1.5mg- L', TP 5 67.29 R E IR
0.l mgLYN., PEFRHMAER /D, BHRKR 6 6181 PECRE SR
I XA 8 A B2 B — o (AR 3, 9 5 RAE S 7 4258 i
FRF K AR Ak T3 B B R A, X2 T AT 8 38.94 th %
WK R A TE KR B M 22 . UDTKAEYI A o SL17 RIEEER

T A A R G N 5 2 R R e R A K A
W WA M S . KR T KOKIEH T N, PEFREEELTESKEKT, Col T XAKME
RAFIFUAAE Y R A K A, T8 [ XOKMRE B IR LA Chla, DO ZE4F 768 = Wk B K F- o
2.6 EEFLHIERN

KR E B IR IR TR T TN TP 8575 YL v B W 2 i Ak KA, JI iR el . %)%
LR EO% K A Chla 3R B3 A BB, WA s 28 iR T 51 K& DO, SS W sh & 451k .
FIIH SPSS(19.0) B A4 X MK 1R 2K R AR AT T K-S IES AT, S5 hrMEA Sig=0.2>0.05,
RMIES A, s R 22, ATLLEH, Chla's TP, TN 1E 0.01 /KF F & B & & (P<0.01),
R FRECH—0.993, —0.973; 5 SS 7E 0.05 /K- F 12 B FHI S (P<0.05), HAHKRECHN-0.761, 5 COD,
DO 7E 0.01 /K°F 5 2 1 3 AH ¢ (P<0.01), M X FRE K 0944, 0918, X HE AWML~
Chla 575 Y W48 bR AH /3 W 2R B, 24 Chla ¥k B W35 b IR, 328 2 PR AR K B0 & 51 R KR
TN, TP, SS¥ & W & ML, /K&K COD. DO ¥ B34 i, /KK i% I B FEAK. F#F, DO TP,
TN 7 0.05 7K P T 52 i A ¢ (P<0.05), FHERE 7 0-0.891. —0.861, FUIFELFEHALMT, Kik
ERRGH —EEILRE ), TN, TP EREAL; MRERAGL T, Wibdfbig )ik, TP,
TNWREE Bt SXORBECh, S8R B 0 i R WSO A TS e A S /2, AT TP, TN ¥
JEREAR, DO MJE R AN ; SR eSS A Ay B A, MR A IS oK, B ISR A RS

F2 RHMIKEEZEKRIEFMMEX ST

Table 2 Correlation analysis of main water quality indicators of wetland water body

TiH Chla TP TN SS COD DO
Chla 1.000 —0.993%* —0.973%* -0.761* 0.944%* 0.918%*
TP —0.993%* 1.000 0.990%* 0.775% —0.903* —0.891*
TN —0.973%* 0.990%* 1.000 0.769% —0.859* —0.861*
SsS -0.761 0.775% 0.769* 1.000 -0.570 —0.445

COD 0.944%* —0.903* —0.859* -0.570 1.000 0.973%*
DO 0.918%* —0.891% —0.861* —0.445 0.973%* 1.000

T *RR1E0.05 KU B BN, **F7RAE0.0 1K (RUI)_E B A5G
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B AR B2 25 I FE K i DO, WA SR W o 2 Bk BB K b, s RS 4%, 51 TP, TN ¥
FEFRR E T KRR & X R 8 W TLAL . KO P A — AR AR TR KR ) 1 2 vk B e B K B U
B R B KR B AR L VA M U AR W R R B AICR A2 IR A IS R, T M A 1 2
ARXTR . BEE R BE W, T 30k, BHKAK BRI RRE, KR T XA
P B E SR, WA I Chla, DO Wk W2 FREAI TN, TP VKB W& & s oL, I st
] D (R0 b KA o8 R ke AR R TR AR BE R R 2, E T AR K it DO, i UK A IR 480 1 9 o 3
LA
27 BEFWAREXRRIT

B, & E A KB A KT RS RS R AR 22 5L, XK . KR
BARB/NA A RE A R MR AKIR, —H A bR R KK EIRNK LR F3A . B E IR SR B R
i, JEE AL M BE B SRR, B, ARG T AR KA R R K K A 3 T S K A
BE LB IR BT . AR A, TR M B K AR A BE 2 b K S e fr L UL K. RS
PG Z )7 R RS0 . 5, AR DR AR 7K 25 T M SOU AR S AR A T G B far g 4 T TE K
ISR AV, A58 Gk R 5 7K TR B 0 260 i R 8 o T AR K 7K BT 2220, H AR 8 L T
R g Ak b SR TR B O AL 5 W A B T2 O FROAT A L A 1 HE PR #E (TN 5.5 mg- L', TP
0.06 mg-L™"), AR T EEE WAL S IREE P, I v SR AT 3t 45 Hb 32 KPR A AKOK I8, K iR
KRR 2 AR A B L PN, a8 ] B s ) P A K AR K B K SRR B0 LR, R A A2 4 b R
KRBT . MO . M . K SCAME, AT ETXHE MR —SeiE I . K REE . KRR BT
IRei Zom & RGN, R s A LUK Y @RS RS, IR &R 5L aE
Jio FJa TN 5 36 T 0 M SOUL K A AR A B B, AT A AR K RN I 2 ks Y, R
JEKAERE Y B ZE R RS S | TR A AN VR B 3 S A BB AT B, RO PR R S K AR K T AR
R,
3 #ig

D) B WA S R G KRR . B g I RO R RCR R BRI OE B
ZRE. KE AFE, HAREBICRIEA S, & R AN R K AR Sh g 22 . DK
HEA R 5 B A2 25 2R G AR S 58 38 0K ARSI R 40 1 — k5 Y BTk

2) AR K . AR I KR AR KK IR 2 DK R KA A F o s B R . ks 3R, &
R T A KK E . BEE R AT & TR KRN . 220 M A4 K %5 A Chla ¥
I LT R M KR T B SR, FIE S KR TN, TP A1 SS ¥k B B & BE ML, COD. DO ¥
JEE B TR 37 B R A

3) 1E R G0 % B A /K 0] 19 52 900 S5 UK AR 19 8 38 R A TR BRE R X SR I 3tk B, mT AFZE

KA AR B 7K BT FR K St L DR A A2 400 A R B AR A 2R e 4 A A R K R K A A A
3 A7 T A T S UK AR B B SR SR A A B
2 F X
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Evaluation, mechanism and treatment of landscape water eutrophication in
city wetland
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Abstract The eutrophication is prone to occur when reclaimed water is reused as water source of landscape
water. To address this issue, the landscape water bodies in different zones of a city wetland with their own water
source from the reclaimed water or runoff rainwater were taken as the research object. Through analyzing the
water quality indicators of TN, TP, COD, SS, Chla and DO, the spatial and the seasonal change rules of
pollutants were investigated, then the eutrophication degree of wetland water was assessed, and the
corresponding mechanism was also studied. The results indicate that the moderate eutrophication level occurred
in the wetland water with the main water source from reclaimed water, while the middle nutrient level occurred
in wetland water with the main water source from runoff rainwater. The wetland ecosystem had a certain
purification performance on the nitrogenous and phosphorus pollutants in high concentration derived from the
reclaimed water, but the purification efficiency was limited, which was significantly affected by seasonal factors.
The seasonal algae bloom led to the decrease of TN and TP concentrations, SS and SD in the water, while the
increase of COD. The excess input of nitrogenous and phosphorus salts was the main reason for the algae
proliferation and eutrophication of wetland water. To conclude, the effective strategy for the eutrophication
treatment is proposed, which includes the regulation of water quality and volume of reclaimed water source, the
construction of healthy ecosystem of landscape water and the long-term maintenance and management of water
body.

Keywords eutrophication; city wetland; landscape water; runoff rainwater; reclaimed water; nutrient salts
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