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Abstract: The tributaries of Liao River are the pollutants sources of the mainstream. The large-scale constructed
wetland in the tributary estuary may control the pollutants input from the tributaries to the mainstream. In order to
understand the efficiency of the tributary estuary constructed wetland - Qixing wetland, the Nemerow Pollution
Index was used to evaluate the variation characteristics of organic matter and nutrient based on the long-term
monitoring of water quality in the wetland. The removal of pollutants was calculated, and the mathematic models
were used to simulate and predict the pollutants reduction. The results showed that the Nemerow Pollution Index
was higher in the entrance of the tributaries. Wanquan River was the most seriously polluted tributary. The
tributary water was purified when it flowed through the wetland. 26.83 t of COD, 2.63 t of ammonia nitrogen
(NHz-N) and 0.40 t of total phosphorus (TP) could be removed by the Qixing wetland with the reduction rates of
35.3%, 37.9% and 52.9%, respectively. The model simulation showed that Decay equation could reasonably
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describe the concentration variation of COD, TP, NH,"-N and NO3-N. The multi-parameter regression model and
Monod mechanism model could simulate the ¢,y (NH4-N) and ¢y (NO3-N) concentrations in wetland well. The
parameters of Monod mechanism model were obtained: kyps™ = 24.987 L/(M? ), Kmax, no2” = 77.696 mg/(m? d), Kg
no2 = 0.114 mg L1 which could be used in the prediction of Coy (NH;™-N) and coe (NO35-N) in the wetland.
Therefore, both the multi-parameter regression model and Monod mechanism model can be applied to simulating
and predicting the variations of ammonium and nitrate nitrogen in similar wetlands.

Key words: Qixing wetland; Nemerow Pollution Index; Water quality assessment; Removal efficiency;
Mathematic model
1 3[% (ntroduction)

bEAE TR E Tl s gERE e, KEFHYLEFIHENKAE, FBUKMEBIAE. CA K
FR: N TR ] AR b 38 AR 75 V57K & Tolk 7K (Vymazal, 2009; Shehzadietal., 2014) , [F]i
Wa DAzl AE SRS 4 (Hametal,, 20100 o HIEMEAK. MMEAL, 72K R E 545 BB R o
HHT, N TIRHAERR S WIVH KA ORA B A o FoAd RS AN v AR o JRT, 6 N TR 55 2%
IV S o3 BT A IR R ko

KBV SRR H 2 B #EROTF KIS B &, I KIS E BRI (Frenietal.,
2011; Zhangetal., 2012; Hijosaetal., 2011; Careyetal., 2011) . HAj, /KA FREN TIETEGN
WP G g AR 0L, N TR M EMESE (BIRFEE, 2011, RAESE, 2012) o Hp Wl Z s e 8okt
R, @RS TR, AMUEBE T &M R B R 5 388, R 7 s K5 R E, o
TG EEHh S i 7 KRG 175 Y LAY GeA2 R (Yang etal., 2011) , ISR KIRSE VRN 7 A 22 1)
RFH (Yietal, 2012; Maetal., 2013) . #0kiK&5: (2013) FIFH PR 2 5 Yt S0 xat i s AR H A7 el
X 2 B MR KA BT VPO, WA B & B T5 ek, N S BURT HEAT Hb R R KU BERIVG B 42
B3RS . @I R R N TR AT A, BSTAHRLECE AR, X TR IS AT R AR B
PR X (Hijosaetal., 2011; Mayoetal., 2005) . #AH WAAAA ZEp 5 FEARAL . 2 eS80 m] T4
T4 J Monod# LA 4% (I giRag, 2011; MH4#SE, 2011) o FEJEOT AT DLE A bR IR 3t Y Oy ek
ZIAHRKFR, 2B EER RS IR ATS 4 2 BRI s2ma R R, Monod ML A5 28 i) 57 22 b AL Z | [ R
1592 Dong4s (2012) FIH 2 e ml AR T i b b B4 S HO0 T15 Gl 22 BR8UR_ s, K
LA A AT S R 5 NH,-N B 2B 55 . Saeed% (2011) FJ A et j5 Monod ML A R 45 4 A 4L 17
Wi R G EAA I LB SR, T RBY SRR N L3R K SR A AR R PP Al S B A fr IR
NI

VLA FE I8 A I VAT R X G R VR K 5 M 5 SR AT PR, B R R SRS e B K
5 R IR R G B IR TS Gk BEA A AT L AR, DU RS AR IS 47 R .

2 #R5J5E: (Materials and methods)
2.1 HFFE XIS SR R i

ICP R AL TR B TP AR P X, N, KBS Y™ E (A, 2011; Wenetal., 2011;
Zhang etal., 2010) . £ &I HIAMGEE, I T T S5 4 OO A B, T /K45 21 235 2L
3o AHR I SIS R AR IR, CCN TS B E R 2 — o KRB TR H S T30S
WA E A 2 — o sl, R e s, HH i ZEPH s SR 15 4, DLk
SURTIR B ik )

FIAE DXIRAE P 3RRT7.5°C, FRFEKE672.9mm, [FNZEHTET~8H . M E DK ARG M iR A
BT, KA LS5 (Phragmites australis). 77 (Typha orientalis). 7 (Zizania latifolia) #E/KHE
e~ PR LAE (Nelumbo nucifera) . 2% (Trapa bispinosa) . #3%3% (Nuphar pumilum). 2 (Hydrilla
verticillata) %4 F . HEERM D R f) . JEFLAeR Loy TR S K B S I A TR K
Je oy T K, 10 PH /N5 2 T M A o R IR R T A16.7>10° mP, /K% L.5 m, 7K &1.010’
m3,

-G MR H KARRE AT R4, I8 920124E5—10H , B HRE—IR. KA mxmE LR, FH
{84 2K I 2 4% (Thermo Orion Star) X7k (T) . pHFIVEMSA (DO) BHATHLZMIE . 1# I /KEER &
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WX FRZIKFE (0-15cm) HEATREE, TREHEIE1RIN250 mLB I KA (L10%HERIZIE, FFHHAiKiE
Yo o FEE TARRIEA N R 2RI RSt s, I35 KK c(CODe)~ ¢(NH4 -N) A c(TP). 4 #T K
KA K W A3 4736 s 77 (B RIREAR AR5, 2002) o B EEFRIZEIGE & S0 K HY E s Gl
SESRIXFIIED » W 98 SR, s e,

Bl -BEEMRESmR
Fig.1 The sampling sites of Qixing wetland
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Fig.2 The flow of three tributaries and outlet

22 AP SIS R LR RO ik
221 WP IGRIREOT R
WHED TS RARHOR — M AT RS, BV T IR RN BEAT T (504, 2012) , JFARHEAEN
FR75 S5 2%, WK BTG Gt Ol o BT 7T 15 Gt BXCOD . & & B AL, T4 PRt yGB 3838—2002
(R AT EARUE) VKR, mg L™
MR AR V5 Gedia Bon] LUK K s 70 e84, kL.
F1 AEBBRRESKRSE (FE, 2012)

Table 1 Nemerow pollution index and category of water quality
Iff <05 05-<1.0 10-<2.0 2.0-<50 5.0~10.0 >10.0
LE91 i HE RHG
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MRS 2 S AR R AR AR TS RV & 8, TS YRR N R R, RIR A Rk
Ko HTAAMENIRAE SAE, g5 H-10H ICOD. &R S ERICRIT I . Kk
SEENE A SO PR BB D, JFEE S KEREIA, AT
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10 3
Ivli :Z(ZQn,iCn,i _Qn,outcn,outj <3)
n=5\_i=1l n

2.3 iSRRI T E
231 IR

TEPR TR AEAE N TR AR, # BN SCR TR A2 itk o0 SR B R B, S S o<t O R << A\ )
BT o AESZER R o U DA ST Gt IR B 2 TR & D7 128 H R
232  ZIuB IRl AR

2 JC S AR AR AR AT Feim it b s Gt KR FE Bk R b, 25 RE A FhREM N 2, MU SR R A
HH A R ST S RN A R R o BT LRS-

y:f(X1’X27X3’X4"') (4

HAd, X1 Xor Xgr Xg —--NEZAKZ .
2.3.3  Monod HLHi A

EEFRMNER ARG, W RAMAKRBE RS, 5o Ey. MAEY. HERSENER
TRAEEHEA . NEH A 1R B S 2B K AR E AT iR etk . I, KR kT
iy 75 FE T LR IR A :

Qoutcout Ve Qincin ~ rlt (2)

K roN5S |25 WA O I L B AN AR W R s R, mglds t EE], de

T CUlFESE, 2006) R, N TIRHOX S FRM 2 bk 2 S 5 Y8 e AR W R g i 2 5% . Monod L
FERIGES T — 5T H 5 SR GulfESE, 2006; Cheynsetal., 2010), 4EFEMIFE/KA IR () &
INFRIRIE R (K) B, & IR R B R R HI N &R, B RS — SR NB) 1% (ERE R
WERITEL T (RE c>>K), A BT RE A E I B K EY) & O B I RE 4 i R 25, Bl R IR B i K
. #Hit FoRUl, Monod LTI B iE T E e 3 FAEH 175 Wb it #2 (Yassine etal., 2013).
R, ] DUB B 2R G i AE 05 U B il FE A5 & Monod HLHITR AR . 2 T I8 90 H 0 o 328 T TR AR 1 55 e B TR
REH, F e AT R R

r=Kk, A ¢

e koo NERMAHE, mg(m?d)t: K EMARH, mgLt A JiBHiE ROm, A 2.0x10° m?.

HR4E Monod HLHIERY, KILARM MBS r o] DURYE L F 7R 5 (Sklarzetal., 2010):

I(max,NH‘f ><CNH}
MNh: = K 4
SNH; +CNH;

k XC
_ max,NO, NO,
N@‘{R““‘ (5)

S.NO; +CNog

A Ky (Mg (MP Ay A1 Ks; (mg L) #9709 i 255541 Monod 2%, Hr ke N 1 8I5 40T
BUREL Ksi o i 05 32 s 4.
24 HdEkbr

A SCAHFH Matlab 7.0, SPSS 17.0 J OriginPro 8.0 258 f4F ik 47 £ 4 b 22
3 ZHR 538 (Results and discussion)
3.1 CEBHUKFEEN 515349 LR ACR
3.1.1 KV

K H WD K5 Geta Buant-C R IB b K BT ZE -, RIRMUK TG WL AE FEY 15 0 e AR
TREHIE (F 2). IEN IR COD. &R . MEMEAR . WETATLLE N, MEZTAL, NS85
IR TREA LIMES. £7, 8, 9 AR L e BB AR, X EE S B gAY K%

(3
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B H A s shE R4 5% (Cossu et al., 2001; Salvato etal., 2010; Fornietal., 2001; Pauer etal., 2000),
[ E KB L, KR E RS S Gas; TAKZEHIS5 RS A FTFHK, KEWAED, jSRfEa T ™E,
JISRIN A5 et 5, MR EEVS GeEH B PP i y5 4y, X5 RISy T RE M AT KE K. /D
T HS AR R T TR, 6 A AT SH RN R, SEUS R E LT TS e A
. MBEE KRR ANRE, KAESIRHEE, Rl D WD AR DRSS, X Wi
TG SR K R RS ey B B S B R TR ) ST IR TS B T R A iR 21 O
BAER, XHIKBUROUE BB SEEER, w7 DRI SO B4 18110 R

B2 KRARZHERAES

Table 2 Nemerow Pollution Index of water quality

KAE 5 )] 6 7H 8H 94 10M

1 1.52 8.35 5.45 2.58 1.82  20.49
21.38 16.14 7.43 14,52 4.58 32.28
2.19 3.01 4.04 454 3.54 19.58
1.56 2.30 1.82 3.74 1.53 9.77
2.36 2.14 3.38 2.83 1.47 9.75
241 2.01 4.46 2.88 2.29 11.72

oo OB~ W DN

312 VSHMEBRMRITAE

5 H-10 A 2% X 8 FE fe i, YIRS SR I I, AR A K T, 78 BRI (] B A= i e
Bt AR O 75 G 1) 2o B £ BAR HR AR IR AR 2 N o TSR AR IR HBXS COD B &N 26.83 t, HilvE
K 35.3%:; MEAMEREEN2.63t, HIHEN 37.9%; W EBEERREE N 0.40t, HIJHZE N 52.9%.
TS FRYI R L R, S RRIEIRER N 13, X S5 ER B AR A K. e YT R
Ry XTBERIHIRAR I 50%, X8 BT IR NI WIE A, I R 20 TR Bl (1 W P 8 AR, [ AR AR T 1
M — AN EER R 7] W-BEIRHE 5 F-10 X &5 B n £ R SUR BN B2
3.2 ISR ST
321 IR

XK CODL & MR B RSB DR BT IS, AR S e R
o fERA. R 3 AT, TEWOTREX T COD ki, TREMLA N 0.60, kit EN 0.38;
BT FEXT A AL E BRI RV A YR A A TR S 1, 11 HLZR PR A B0 TR R &
KRBT R BRI EEE T RRE, RO T B RIS TR 2, bR At R R
B ARBEAR L P TG AR UL, R e BSOSt e 2R

F3 BHE YRR

Table 3 The decay functions of pollutants in wetland

g R R
75 i LA Raki A FE
COD  y=0.39x+7.65 r?=0.38 y=2.24x°% r?=0.60
A& y=0.55x+0.18 r’=0.58 y=0.50x"" r’=0.59
% y=0.81x-0.31 r?=0.91 y=0.58x112 r?=0.86
MA y=1.35x+10.99 r?=0.60 y=6.58x%%¢ r’=0.35
M y=0.04x+0.13 r?=0.06 y=0.16x°1° r?=0.05

Ry NHNYRETE R, x ANDRE.

FROTRE AR T AT ERA S, HE TR SRR R, ARRAER IR KRS . K
A E R R RIS, EASREXTS Y 2 bRt RE R U AT S mie, [T Y0 2% SR 5 S B iR 2 [8] 7% 22
L3N
322 ZuuBHEHER

SEAREH DRI (S, 2011 1R E4E, 2014), EEGHKIKE cn. /KIR(T). pH. c(DO)
T2 ¢(CODer) A HI KK FE Cou FISEIRI 2. e FH SPSS BAERT Cout (NHa™-N)H Coue (NO3-N) 55 5 50 [K] 25 22 [1]
AR RVERE T 404, 45 R ansk 3 fiow.
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R4 KRS %R R R

Table 4 Correlation coefficient between cout and their influence factors

Cin Cin

N pH DO T  CoD
(NH,-N)  (NOs-N)

C
o 0.764 — 0528 -0.313 0.359 -0.228
(NH,-N)
Cout .
— 0.803 0260 0276 0873" -0.188
(NO3z-N)

VE: CRORBEMSE, P<0.05.
AHRVE M, 1R P U B S A B IR cin REHS RS Cou ARORIEEIA . pH X2 A 1k
JEE IR AR, T AR A R HE IR B g K, DO A3 —E HIEEIA, 1K DO KA ) T /K& & &
IR c(COD) FRISEIMHEL /N o o S BUFIAS U Y VR B 5 H R B i R R AT 2 o 3 80m 3 40, 13
HZ S 1772
Coust (NH"-N) = -5.874+0.6465C;, (NH, -N)+0.838>pH-0.159>D0+0.012<T, (R?=0.996)  (6)
Cout (NO3-N) =-0.234-0.014>c;, (NO3 N)+0.029>pH+0.002xD0+0.005%T, (R*=0.791)  (7)
% FES MR AR GHE L T NH, N R B A0 B B B ACR (R?=0.996), it 1 NOs-N ¥
FERAU IS IR R T 0.791. £ 0SB nl AR A 2 3 28 45 25 B RO AN LB AR S IR R 2 B 2 3R M )
HWRR, BRI THE RGBSR R, [HHAGEX T R G4 2R E 241075 3 L R R gk T e R il
&, FULIRZ 00T ASRETE 42 Wy 5 G 2 bR 72 DA R S s M DR 20 e R R s (44, 2010)
3.2.3  Monod WA
E-CREH 1 SR ET, KR TAE 030 m A4, KR EIFEIRE, KPR IEAL R Z AL
ERNE RS, 2014), BEEDLR, it 2P i Ko 5 m, i KT /K& NH,-N K (Sklarz
etal,, 20100, NH,'-N (TR AL T— s 1%, 2 Knna =Kmax na TKs, nma > T

r..=Axk . xc (8)

NH7 NHZ NH7

X IR TTFEREATRAR, 152 Kapa =24.987 L {m* €)™, Kax, no2 =77.696 mg {m? d) ", Ks no2=0.114 mg L7

FH P 3 T LA H < SIS TTAL Coue (NH™-N)5BE 401 28 HA e i A4 1 R?=0.780; Hi 1Ak cou (NO3™-N)
SRR A EE E, R?=0.930. Wynn £ (2001) %:T- Monod MR ST AR R (B8 Y, B
HIBEAUL T VRN AR A TTAE Cour (NHS™-N)A Cour (NO5-N). HHHESE (2011) FIH] Monod HLI A8 AL 541
TP TR 22 Cope (NHL-NYIAEAL, BRI HIALAFOR (R*=0.900). Monod ML &
G5 N FR A 0 00 A AR U I R B AR i s e ) L BRI RS, B T LRI AL YR, B8 S A At ik T G
PIRIEBRAT M. R, Monod AL 58 3E T BB HE A Cour (NH,-N)FI Coue (NO3-N)ZEALHLHI, AHIES
Hor] F B R S A IR T

o HIKIK B o HIKIKR &
3.01 o — BEME 9 54 FAE

o

5 64 1A 8H 94 10A 564 TH s 9 10f
wFoEC D m | AD
B3 HKIEE SR MES
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Fig.3 The comparison of observed values and simulated values

4 %5 (Conclusion)

(1) SCRARETS G i m, JUH AT R Oy s Sl iR A, TRt D Abvs Gt $iof s
Ko [Rltk, PWHEE V5 GedRE0RR 08 S i b S W rh K B AR AR, AT ORI I R4 XK PR B B i S ¥ o

(2) WYAEKMN-CEEHY COD £ EEN 26.83t, HIRF N 35.3%; MR AN EEN 2.63
t, KRy 37.9%; XM EEREEDy 0.40 t, HIJRZEy 52.9%. A -1 AR I M6 SRS B ) 25 BR AL
RERE, RN BPHAE ORI G a F i e, R T g der,  H S SRR I ) o0 B L
TR XK CE R

(2) P ITRERERIN T XT3 F G OR — s 2 0S80 A B R A A B, 7R TR Coue
(NH4"-N)(R?*=0.996)Hl Coyt (NO5-N)(R?*=0.791) 1254k, ; Monod HL I B 1 NH,™-N FIH8L-4 & R?=0.780,
Xt NOz-N Hi FIK B (KA % R*=0.930, %t Monod ML ri SR AT T AT 13 : ke '=24.987 L {m” €)™,
Kimax, No2 =77.696 mg {m” €)™, Kg no2=0.114 mg L. K, £ 765 %(ml 47 & Monod LI R A d7 i
LT IZHE Coue (NH,™-N)FIT coue (NO3-N)IFIZEAY,,  AHICHEEZY S 45 mT FH -T2 ALLe 1 B 2 S5 A 80 R B2 (1 T

FTAEEEFN: Koks (1967—) , 5, fd, #FRE. WA, KRETIEC 200 &5 . Email:
songyh@craes.org.cn.
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