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Shift of phosphorus sink-source functions of constructed wetlands and a theoretical explana-
tion

ZHANG Qi
( Nanjing Institute of Geography & Limnology, CAS, Nanjing 210008 ,P. R. China)

Abstract: A mathematical model was presented to calculate phosphorus flux across water-soil interface of construc-
ted wetlands by employing hydrodynamic dispersion and sorption theory. A critical value of inflow phosphorus con-
centration ( Cy) was derived from the model. The critical value can be used to indicate the shift condition as nutri-
ents sink or source of wetlands. According to the model, removal of phosphorus is a joint effect of hydrodynamic
dispersion and sorption. During the first few years after construction of wetlands, the sorption process is dominant
resulting in a low value of Cj,. During that period, the condition of the wetland as a nutrient sink can be easily sat-
isfied, which make the wetland effectively remove phosphorus. After several years’ running, the wetland soil may
become sorption-saturated, which make the hydrodynamic dispersion process dominant. This further results in an
increased value of Cj. At that stage, the condition of the wetland as a nutrient sink may be hardly met, and the
wetland may function as a nutrient source rather than a sink. The model presented in this paper is physically based
and can explain the decline of phosphorus removal efficiency of a wetland with time and the shift condition as a sink
or a source. The model was used to interpret the observation data of a constructed wetland right upstream of Fuxian-
hu Lake, Yunnan Province. It was concluded that the wetland did not have apparent phosphorus removal effects af-
ter two years’ operating with a value of 0. 58 mg/L for C,,.

Keywords: Constructed wetland; sink-source function; hydrodynamic dispersion; sorption; phosphorus flux model

T A W) S ) 62 T A S AR WAL AW 0T L () 75 e W O — R 2 AR AR . A TR AR
MRy R B RAE— RSP AL A B AOE R, B R e 8 b sl 1 O SUS ) REE ALK AT
FFARUEARGE , AR AR AT A3 — i P 0 e , AT /N A W5 e B iy, T e i M A D — o

« PEBEERE E AR IR ([H5E A RBLE RS (40471018 ) | o [ERR A B i R RS I A5 B RIT G 3 42 ( CXNI-
GLAS -2004 — 1) BF7 P8 2 0] [\ BURMIFRE S 36 5 WE B, 2006 — 02 — 14 HiUH§ ;2006 - 05 - 29 His 2k, 5kaF,
B ,1966 44 P, W98 B ; E-mail ; qzhang@ niglas. ac. cn.



A THIR IR AR LR 2 A A e A 20 b AR 47

AT IRA BRI E A oKE R, TR U IE M g AT TR, RS 3 s . BB TT 3%
KSR TSR B | B RS H (R R ) SR R AR , XS Y R R BR AR I AR A E R
A TR AE F AW LZ Hr. Craft SFEFTHELNT 15 4R\ T8 M5 A A [ 2R M Ak 20 B 19 25 R L
FRAET X A, 5 e, S b ot UL A T 6 22 R, , 36 Ao 2R S 2 0 35 47 ] 2R 97
BB 5 FEE , 2 %o Bl A 124 R 45 0 M A7 B ) R S B S, T, 75 R M R LGB AT RO 1 - 3 4F
o, B0 2 BRI B, PR 7 S B 1 o B AO DUTE DR R TR A B . B IR MG AT ) A B,
W B TSR, B AR B R B R BR. Craft (%R 3% , B A1 50 28 M L Y 1S K 30 ¢/ (m® + a) F
MR HLETT Z ARG 1 -2 ¢/ (m® - a)'®'. Elder J% Stanley Hl Ward f9BFS348 /5 T 38 Mo % 0 . B J2 R AR
RIARTEETS | BT A A I B EAIE (R A B B IR = D) X FhIE - R0
e BT il % A 75 R —AE SR RAE G )™ . Elder (9WFF0R % B, BB A 00 7= 11 , 2600 FRAFSE A3 D
LI IR BB, Ho i, King, Pant 1 Reddy 126890107 | 36 3 32 7K SC 4 {1 9 5w 7T i 2 25
FeW I T RERE S K FE M. Richardson MR, IR AIRHLAE: 8 REA LSRG SR AT LI
R R W , P9 M AR, R R R B IR A A A M. Richardson i — 48, 1K
5 7K Ak 90 M 7 52 AT JLAF J5 708 0 Bl TR R A, 3 I, 3 b K R 1 LA A R 8 O D e, T o B
ﬁﬁ"rl]”-

R BT K S0 - T Y 00 1 45 PR 2 A B, L RETE 7S R 6 I AN R 2 ] FE AR e e
*F F B AR BRSO T WIS B, BT - WA R TR R . R,
EL A ST 28, AR T 480, Pt % 9 4 46 B LA O A AS o B, 30 o 2 55 o W 6 7 DBRIK., T 9 X
S B B R B R A . PR, 38 RSB HIT — U5 S A A B LT , 480 A 40 AR e o TF W PR R b
BRI SRR M B AT T 00, O M B, A T LA T S A SR K B ik R O o
VARG A 007 B , £ T IR MK — -+ ST RE A R MIT — WESh ARSI T B R , O I AR
itz A AL S 0 ) Tl a8 35 1 el 1 32 AR IAE T .

17k - + R ERfEE&E

Fisher F1 Reddy [ii] W] , ply 9 b - 5285 55 40 95 0 9 10 DX sl 051X, AIF 9 - 390 465 3 400 5 1% 480 3 sl g
RONE A E Fit VA XS K (A 5 FR A 0 P LA TR R . Pant A1 Reddy HE35 0 + 38 v (8% 1] +
J2 AR R B T RS SCIRREgs ' 508 & MR A — K SRR 1] (28 d) v KA g A e FE 3
TIUAS R 2 KRR T KRB, ERES A LA K 45 BRI TR P BT A A B R BE A R n,
W HGH 2 /. ZIFAE R, AT 2K v A B O T AR BE (B EPCw ) B, = B84 25 X il
TR 75 00, M ) K AR, ORI IR, XN S50 B OR AT, IR e TR 19 32 9 K PR 0 H ARl i
BE/NF i EPCw B, 2 LK AR AT A P49 T i /K ARG FE Y, BT T il 2 1) Ui . S Setif o fl o 118
Hbu = 18 5 A AR 22 RV AE AR P I 2 3 AR K L A 8 2%, s 2 SR I s R . AR EAh iR K
— St b @ ek o A2 K Bl o YA ORI Bk P A4 o AR BT ] XS AR A SRR Y 1K - RS b
fite A ik )ik E R 1, Pl A R TR R Y ] 1 AR PR TR K AR T Y, s A P
##i ( mechanical dispersion) J& 4 2 P BRI 2h 1 2 —. eAb, T 2 Sk R AFEAE Bk BEBE S, 1
1 ( molecular diffusion) th 2+ 2 ThBERALAY SN S, WU 9 80 28 AU FR 0 K 380 1 3R hy-
drodynamic dispersion) ,F,, ,{[E 1 /5. F, "R H,

C C

g % ~ Vs s % (1)
K, Fp ksl HsRis R A BE it ([M/L/T]) ;D" R F9 8RB L /T]) sV K #E L/T]
oy AR REUE ([L]) ;0C/0Z K - +F 0 Z Jy i O BERBIE ([ M/LY /L] ) 5

AN A S — TR Y8, A I PR MU L. oK SR RE 1) 5 A O [ B
3% HUR A T i AU BT AS % K ST 1 A R AR, (1) TS R

L . ac
Fp == (D +V'ﬂ‘r)'a_z (2)

F,=-D"



.8 J. Lake Sci. (#1A# %) ,2007,19(1)

7 BEAG 0 W — A% R 1 Langmuir B2 780, 3¢ % ik 2 7
= s,

ik o e Yo Fp =- f—)ri—(g;— (3)

o Lo Kb, Py R (M/12/T]) 5o HAA([L2/M]) 58

ST h A 0 BB ([ M/L2/T1) 5 Cy ok beh i

WEE(CM/LP]) s $1 B R B BRI A £ (K (LI 1 Ak

1k s () FR, LB T M 5k P e B A e A
Fig. 1 A conceptual model for mass flux across K, Cp BRI, R BRRE A, WA A B BB A B, 728 ik ] 14 1
soil-water interface of wetlands HRHA A2 FoR. RETTEERE , MR T
i1, PR B {FLRE RS ) 25 Al ft) | DAY 3t ) 8 Al A 1

AR/, R SE R S B HAEN 0.
FnC(2) M (3) 543K (2) v i 7 B i o3 39 22 0 2o, UL 6 BE P K — = 5 T 4% 49 Joc il ik 28 1k

A

D" +a,+V a*f-Cy

F=F,+F, = d .(CS_CW)_I+¢1'C- (4)
K F K - R E A ([M/L/T]) sd D9 5K 0K % A B 3 e i) + 2 IR ([ 1L]) ¢ R+
HEwEHeE ([M/L7]).

K (4) FTR, 7K — T T Ak O 7K B 0 B ORI B 3 ) 4 R R 25 R, Rl 3 R (R G 9 0.5 my/
L). diE 3 # F, MZ, 2 Cy T Cs i, /KBS VRIBUE RS (F), A IEMR) , 2 K (A P A9 B HEA
THE(F, hfafl). Bmmpihsk Fp R3] F ek, % sk SR AR5 8l R o I3 1, RAT Y
Cy KT Cp B, 130 A BATIER BRI B (F A MR WREE(H C, 5 SRR + 6T - IR fE
ARG FE. Cp WSS SUE T AR TR, BEOR R Cp VR ATHE/D , (IR M 7E K 2RO T HR %
PRI INAE. SRJS , BEH T 906 T BRI, W BHE RTE#Teiss , F 2k m F, thEE7E, C, (HEH A,

A 5 B ) A W 55
0.0 0.5 “ 1.0 1.5 2.0 o
0.0 " 0. ==
-0.21 p -0.1
& o 022
~0.41
-0.3
L Kpliz ~0.4
-0.8 -0.5
P2 Langmuir WHHEOH F,, Cy B ISR Pl 3 7K 5 ik R B %o i ik £ 5
Fig. 2 Relationship of F,,C, and Fig. 3 Effects of hydrodynamic dispersion
B for Langmuir sorption model and sorption on phosphorus flux
s (4) R, 2 Cy = O F = 0L G DK S A R R BRI,

D, =d/(D* +a;-V),C; =a-Cs,liz(4) 7118 Cy H:
Co=[+(a-B-Dy+1-C5)* +4C; - (a-B Dy +1 - C;)1/(2a) (5)

2 AR
JOL bR ASERY IR 2= g P AL 1 A S AsHl il 1 3 s 0000 S 4he A 4 7. S sHiRT Rl L 1 i



K AR R AL LR o AR AR R A R G AR 49

BT 2 — , W AR 8. 01 km® |, ZAE PR RE T ik 1032. 7 mm , ZAEF-H4R ik 3. 31 x 10°m’. i i 28
A, EEZACH RIS, H 1T EZ 50K AW Z /7S 0T e w5 e, Wi B8 7 A ik, 8
M py 3 AN HS AR A A T il X A« DOt R O X R AT X, e b e R X A AR K, O 11550 m®. R P X
SRR Ry BRI A o, BRI 3. KTk 5 | AR b , 2808 3 PR A . 33T 2003 45 10 A #ERERE Az
1. F2005 46 H 6 H -2005 49 H 26 HAPZIRHAEMR. REEMSN 1 -2 d, 40 BI7E R X kK O A
K CSREE R R R SR, WIS AR A Z R (NH, ) AAL(NO; ) A (TN) (R LR (PO; ™ ) FLAA W
(TP) , K44 I 2% 30k 16].

2.57 —— bk
5. (h)

2.0
=3 = 4
- = —
@ 1.9 )
= 1.0 o
- 0.5 =
Z e I f

0.0 - = - ' . . R 2 .

6/6 (Vi 8/T 9/7 6/6 T/7 8/7 9/7
B OTH) [ IH)

6, 0F L
~ B.0f ~ L.
S 40f 3 0.
i 3.0 et 0.
= 2.0} ¥ 0.
- L.OF = 0
0.0 0.
B H)
Pl 4 350 1 3 3t DX HY 2K U v 2 L A (2005 4F)
(a)NH,; #&BE; (b)NO, ~ ¥ ; () TN J B8 ; (d) TP B
Fig. 4 Observed inflow and outflow N, P concentrations 2005
(a) NH, ;(b)NO,  ;(c)TN;(d)TP
L. —o— ik .21 —a— B
~ 0. (=) Ot —o— ihk ~L0f (b) —A— R
= I g &
2 0. D "’ : é
fg: 0. =3 '.*.. . .a‘. = o E‘
&= o 0 = —m o N
> 0, . 1 L 0.0 ' L 1 :
8/8 8/23 9/7 9/22 B/8 8/23 9/7 9/22
HIWIH) HIW(/H)

Pl S Ttk w ik e 3 A8 1h S e BN b (19 35 ik (2005 4 )
(a) BERREL WAL fL ; (b) BERRARAE SARE (3 fik
Fig. 5 Coneentrations of soluble phosphate in inflow, outflow and total phosphorus

(a) Phosphate concentrations; ( b) Phosphate concentration in relative to TP



50 J. Lake Sci. (#1A# %) ,2007,19(1)

Pel 4 Sy b 2 AT X 00 S0 Fsf 2 P 2 ) K e B L. b Pl 4 (a — o) AT DL, 7K o 0 A e BE A1 T b K e B
FERE KA HE KA A B 1, 22 2200 7K 26 A2 B, T RADA R 1 it S et B LAY H 1 B A
ANTFE G RT , FEUA R KRR 25 A8 U A O R s 19 L bR Th k. T P 9 B Ak S e R B Y3
P Tl A A B S S TS AR e, e L 3 R i A BN B E 0 SRR XA R S
S RWIA A" . i 4(d) AT, AR Bl e I AT T S A, I 2 3L X uh A i A WD 1 2 R
S VFEERE P KR BB 2 0. 410 1 0. 428 mg/L, 3B AE WL A BE A, X S A9 T fiE R
HCATEAG IR X B AT AT 22 PR, B, PR B A TR 33125 S 5 Mitsch Fll Reeder AT 57 45
FEARL, 7] 7 35 AR 2 R A9 — > et X9 K 33 3t 03000 320 A 0 | 1 /K B A e e 1 2 9102 0. 247 11 0. 248
mg/L!"7.

0.6 — K R 10 T S0 M AR R 1 437 2 0, 124350 M T 3 P
0.4 ° AR 65 4 7K e 3 At 2 B0 1 A T8 K ik E K R B, S0P 5 () 7.

S 02 Zg o o AN HUHE 5 R (0 1 K e E R A A — B, 2B
LI e o R T SRHTIA I M KK o, BB A0 E R A AR, TN 5
. R o, o (b)7R. SR RIS 1 ik, 25 T 7K 3 ) S O 3 B8 A
o ° € | R (4) Wi A TR AT I PERE (0 KR , T B MR o i
0455 06 T AT ARV , 35 LR FHI 1) 28 91 4K R B R 1 4
gLy B7. PR 6 Ay ey 00 A 15 0 R S 0 X 1 K Bl v 22 5

PEl 6 6000 Ml itk K BB HE 2% B BE RIS R, 00 F (B4R K e /N T AR BE 5 1F F
LK BRI (1 % R fif % th K VR B K T HE K o B T o AL 2 4 S ) 5 4

Fig. 6 Correlation of difference of inflow HAHLR ZRA Y T 3 i F 2k, HERM R ILER. dii

and outflow TP concentrations with inflow P IrBRA Cy 24 0. 58 mg/L, B AT Y BEAK IR EE Cy KT

TP concentration 0. 58 mg/L i, 3 M A ] GEHE B &6 400k, A8 BT UL R AR

HAT 219% s i BEATF 0. 58 mg/L, BERATE K 2RI T,

M A B B SRR DR B HOS T AR 25 , R BRI AT REC B TR AL TEIKIE 2L 2505
A RT LARE I (4) X2 4 1z 17 E S PEAI 0 5 Bt 2087

3 &k

AT 25 Rk Pl SR P YRR 32K 30 5 B G i R HbAR B 2 S5 P A B ), WA R T 25 o R
AARFE EFRACR. CARFFERA SRR, 100 R A7 B0 R E 1Y BRACR , 10 5 22 B AT GE
A9 2 BRACR. A SOR FI/K 8l 1 SRR B e N7 T eI K — - Fm Bl R, O fh s TR
1L — WA 00 01 e 5 B B (L. AR 2R, 3 bl X % 1 40 B 2 K 8l T R IR R B A [ R T A 45 . i b
A GE TR B P S I S B (PR, Y RE AR S ¥ 5 BRI B, BEAT IR AT, R B
TARLAN W BRHAE F 80581 , 2K Bl 1 R BOT Bk 3 S0 T, (s 5 e BE (R4 O R M e K 25U L ANREA AL
Wi, ST AT RERECE. A SCHRNZAYOK — 5 1o W e AR LA A o LA, 1 R 096 R R0 b %
KERTIAEAIIRACHLBEANL - WAL, L FIZ B P i) A e 0 DI 3t 4 0 00 i A 1 128 43 #r
AR HAL — PR e B (R 0. 58 me/ L. BHs B, 0B B 17 AR IR O 2 A A H A BRI AL
. AEHE— WA A B IFE5 G 3 NS5, K T LU S TEAN 9 2 0, (BT 0 %0 M e 1)
TE R A A LUt
it : HA TR A IR A At X 4E 5 L TAEAFE] T P AR ) WL IR 55 3 A AT S AT S
BB Aot Jy W) B SR AR50 & L Ao 8).

4 S 30Hk

(1] R, @I, A GBS R L BRBOL. AL FREEfRY, 2002, 21(5) : 471 -473,476.
(2] XZCHE. ANTIRMAEAR A IR TS Jedi il v A R FE. BREERARTSE, 1997, 10(4) : 15-19.



KA TR AR - 2 AR A e R R A6 AR 51

(3]

(4]

W, [ B, KRR AR A 1 505 S 4% 5 05 iy B AT, T RERSEAL A, 2001, 23(3) .
70 -72.

Wil , SREkAE, 2530, FLARRA. Pl s U8 v A TR A BRBE ORI T, A= 45274, 2005,
16(10) : 1913 - 1917,

Jordan T E, Whigham D F, Hofmockel K H et al. Nutrient and sediment removal by a restored wetland re-
ceiving agricultural runoff. Jouwrnal of Environmental Quality, 2003, 32. 1534 - 1547.

Craft C B. Dynamics of nitrogen and phosphorus retention during wetland ecosystem succession. Wetlands E-
cology and Management, 1996, 4(3). 177 - 187.

Elder J F. Nitrogen and phosphorus speciation and flux in a large Florida river wetland system. Water Re-
sources Research, 1985, 21(5) . 724 - 732.

Stanley E H, Ward A K. Inorganic nitrogen regimes in an Alabama wetland. Journal of the North American
Benthological Society, 1997, 16(4) . 820 —832.

King D L. Nutrient cyeling by wetlands and possible effects of water levels. Coastal Wetlands. Lewis Pub-
lishers, Chelsea Michigan, 1985. 69 - 86.

Pant H K, Reddy K R. Hydrologic influence on stability of organic phosphorus in wetland detritus. Journal
of Environmental Quality, 2001, 30. 668 - 674.

Richardson CJ. Mechanisms controlling phosphorus retention capacity in freshwater wetlands. Science, 1985,
228(4706) ; 1424 — 1426.

Fisher M M, Reddy K R. Phosphorus flux from wetland soils affected by long-term nutrient loading. Journal
of Environmental Quality, 2001, 30. 261 —-271.

Pant H K, Reddy K R. Potential internal loading of phosphorus in a wetland constructed in agricultural land.
Water Research, 2003, 37. 965 —972.

Zhang ), Volker R E. Lockington D A. Dispersion-based transport boundary condition in numerical model-
ling of density-dependent groundwater flow. Handbook and Proceedings of Water 99 Joint Congress, Bris-
bane, Australia, 6 —8 July 1999, Volume 2. 785 —790.

Fetter CW. Contaminant Hydrogeology. USA: Macmillan Publishing Company, 1993.
CKFNPEACKEI 53 B7 T ) 4 22 2. K RBEAK W 4o By 7 3, S IO RR. b AT b [ SRR AL 2 Y i
i, 2002.

Mitsch W J, Reeder B C. Nutrient and hydrologic budgets of a great lakes coastal freshwater wetland during
a drought year. Wetlands Ecology and Management, 1992, 1(4) . 211 -222.



	0701_P46_GRAY.TIF
	0701_P47_GRAY.TIF
	0701_P48_GRAY.TIF
	0701_P49_GRAY.TIF
	0701_P50_GRAY.TIF
	0701_P51_GRAY.TIF

