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Accumulation Characteristics and Release Regularity of Nutrients in Sediments

of a Surface-flow Constructed Wetland After Long-term Operation
ZHU Yi-meng', JIANG Cui-ling', ZHU Li-qin®* , DU Guan-chao’, GAO Xu®’, CHEN Hong-wei’, LI Feng-dong’,

ZHANG Hai-kuo', ZHANG Xue', QIN Wen-kai’, LI Yi-ping’
(1. School of Hydrology and Water Resources, Hohai University, Nanjing 210098, China; 2. School of Marxism, Hohai University,

Nanjing 210098, China; 3. Yanlong Lake Drinking Water Sources Administrative Office, Yancheng 224014, China; 4. Water
Conservation Office, Yancheng 224001, China; 5. School of Environment, Hohai University, Nanjing 210098, China)

Abstract: Sediments serve as an important carrier during the migration and transformation of pollutants in surface-flow constructed
wetlands. Exploring the accumulation characteristics and release patterns of nutrients is of great significance for assessing the
purification functions of constructed wetlands after long-term operation. The contents of total organic carbon (TOC), total nitrogen
(TN), and total phosphorus (TP) in sediments at various locations of the 5-year-old Yanlong Lake surface-flow constructed wetland
were analyzed and static release experiments with cylindrical core samples were carried out. The results showed that after five years,
sediments at this site have become moderately polluted and the nutrient accumulation level is mainly being affected by the influent flow,
water depth, and plant effects. Additionally, (D nutrients in sediments were found to increase along the flow direction; @) they also
increase as the depth of overlying water increases and are relatively affected by the carbon; 3 healthier growth of the wetland plants
could lead to more nutrients being accumulated in sediments. The release trend of nutrients fell after a rise and basically reached
equilibrium after 20 days, and the release rate was mainly affected by the accumulation level of nutrients, which is similar to the trend
in light nutrient containing reservoirs. Plant residues contained in the sediments were associated with the stronger release of nutrients.
These results can provide a scientific basis for solutions aimed at maintaining the purification capacity of long-running surface-flow
constructed wetlands.

Key words : surface-flow constructed wetland ; long-term; sediment; nutrient; accumulation; release
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Fig. 1 Schematic diagram of the sampling position
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Fig. 2 Column core sample static release experiment
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Fig. 3 TOC, TN, and TP contents of sediments
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g TOC TN TP

HEKAL  5734.60 £1690. 07 725.37 £212.10
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Table 4  Evaluation results for the sediment pollution degree

Py B LG BT 25 5 F LRI 25 5 TP PP 2553
Org-index HAY 35 Org-N/% HAY =35 P; E3i] 35
A EK B 0. 04 I HIE 0. 07 i} LR 0.27 I T
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1 ~2 dikBH A, 249°05.69 ~6.31 mg-L~". 54~
FEFE TN AR OR BE AR B AT 10 d B Z/K TN ¥

JEW SRR A, 10 d ZJ5 FE KRR R B
REPPAl. C RN FEK TN W E S HE 4 42
R, SHE 4 MY FEEREEER (P <
0.01), H EEKWKELES 2 d gk 3 9.82
mg-L~", —ELHI5 7d ABYE R — 5 B K F
R EHR 9. 90 mg- L™, HeHFERY 13 KR E i
FEHMAES 7 d S, 99 3.34 ~3.90 mg-L™". 5
AFERE TP BRI B a4 5 TN 284K, 0 ~ 10
d HEE B, 10 d Z 5%t e, WRE i KAEHR
ST d U, 450,20 ~0.25 mg-L~", Hifr A 22
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~66.68 mg+(m’+d) "', BRT CZERNREHCIRAS H
FERGE R R, B 4 MR IR BIRAS. TN 1Y
A R 2 - 9.03 ~ 15.53 mg- (m*-d) ',
Horp A ZEFRCH C 28R BHCIRES B C 28 F I Bk
R, AR 3 AR RRA. TP B P RE
TOERJEE K —3.30 ~0. 11 mg- (m*-d) ', BT C
ZERUCRERCIRASAN, HB 4 A HERER A I R A

%5 JKiE COD, TN #1 TP ) E&BEHIEZE /mg- (m?-d) !

Table 5 Equilibrium release rates of COD, TN, and
TP in sediments/mg- (m?*+d) !

SRAEAL CcoD TN TP

A KGR -30.18 5.70 -1.78

A XA -25.79 -9.03 -2.01

B X35 -57.05 -7.07 -2.25

B X3 -39.60 -5.86 -3.30

C XZEH 66. 68 15.53 0.11
3 iTfig
3.1 R A LR R Ve 8 IR 5 K EAURRE &
AUT1PS

MU K 5 ), 2 I I U 75 77 #h 5 iR
Thra%. BRI APRDRAS (WK 5) , kT
ARBURLY 1 EEIE 7K 7 1) 32 i 1 O, LU A9 o

Trends in release concentrations of COD, TN, and TP
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Fig. 5 Particle size distribution of sediments
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ST IT 45 3 —3. Di Luca 25" 240 W57 T bl
HRAE (18 9 Ab T3 1l G Ui v Sl 7 A R B,
KA S R AR T K AL. X5 TR 0 25 R A
FEZE, A B FL R 3 R K I 4 ey B A (] 3 A
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Table 6  Correlation coefficients between the nutrient salt content and grain size of sediment

TREf TOC N TP

<4 pm >64 pm <4 pm >64 wm <4 pm >64 um
A XZEH 0. 741 0.379 0.818 -0.820 0. 980 -0.149
A X7 0.917 0. 063 0. 475 -0.989 0. 784 -0.851
B X35H 0. 680 -0.745 0.534 -0.453 0. 186 -0.095
B X3 0.753 -0.811 0.923 -0. 884 0.903 -0.938
CXZEHE 0.756 -0. 088 0. 888 -0.318 0. 866 -0.276

XFTARFIK IR, e Fh & b E K
WM, Bz e R R IR, — Ok, &
T b FEAREE K AL 2 5 4, 25 X BRI i S
BEK TR B IR . e | & s, AR T
AR AR, P KRB I X 38, A AL
B %) o e 5 00 S 4, T A B S K R/ TOC &5
B S50/ ).

XPTARFFEAEY), S EMEEENS, ™
FoRAS [F) A AR 40 o 2 2 T B i I Dl 1 8 Rk SRR
SN, RS [ S a i, A K i R Y
C XIS EFRHTEHE T A M BIX, C XFh
FEAEY) 28 B G i B 34, B RE R, AR ZEHH:,
WCE S AR R AR B B R I S T £, R
ZXA LT P E A BRSO, 24 BT IR
TE SR TR, LFEP T, AP A
TIRHZAT 4 a JFJRVETS e e iimg iz, F2 2
T HMEMEY L LRRREA 3 R
iR, IR Tk 4 5 BT R K IR
50 cm BV AR A A O Bl B A RE B ik 5 R e il
TR C KA A KRR A OUARAT , H o
A=K S BRI A RS U Y e e 2 i ik
PR TERUN. I3 —J7 T, ASUH A AL T Y
FET A ZE AR C XI5 Yl die ™ H 9 T 22 i (A
RV HVE TR Z B i R s ma AR R, H
HEMKBEHD ) WL ¢ X A KA Y in &
JEEVRTE YL s B0 e, R e 0 2 TR M S TR 1
RGBT WS YA XS Y o A ] B AR
FRUAE T s S dh RN B TR, Ak A& AT &
VIR AL OTE, RS RREA
T5 k.

HHEBR XA o HT 5 & B, 30 i e
B IR R 0 B RUK - 22 HE UK K B 5 5K
Vergeles %52 X 1270 % — 4 N T 1B #3547 8 a J5 1Y)
DU 23 P45 TOC . TN F1 TP 5 543 %1 421 900 |
4 100711 500 mg-kg ™", 439 Fb &k I8 i =5 533.76%
355.15% F1234.35% , %0 Hi AL B ) 2 A2 16 5K,

ZAE - B E K ) COD, TN F1 TP ¥k B 43 51 R
209.2, 2.7 F16.4 mg-L~", £k % W) 22 70 150 s 1 43
MR 6.1, 1.7 F10.2 mg-L™", SE/KAKFH b2k
TR Ve T4 YL AR 5 1 B 2L J A

3.2 FMmHA T IRHUE I E SR LB

FERTASE T e BT 58 o, BRI
SERS ) KR R Z RO T = 2 R R
SE AR e W AR R R B A, A
B XJE IR B G AR I 3 F I R G
TR, RH R XS A AN, EEH
SR b K K T b ELJRS T TS Y R B A X A
TEHARSEAET, JRUEE 77 58 10 W2 B 55 0 ik [ i &
A, M B KE SRR AR T IS U SR Bl A
VBB RS, U i B SRR BRI i, ) =2 0
W BRI, TS8R R BT Sk B (5 18
PWEFRREREEMEXR, JKIREFRE S &M
o, IR BT ARz b K CoD
TN 1 TP ¥ B 4351 4 5.52 . 1.90 F10.08 mg-L~",
BRT TN K IVIShRiES, Hp#as 7 Ik
P, TR Te R Bk o BB vy, B FRER I K
P, FEAKEFRIRWRET S, Xl TR R
TeABOLEChT | KU F5 50 BRI AUk AL,
BOKWBE TR, iU (0 W B 238 3020 ¥ A a8, VR A
SRS A, KRB SRR R LS
T, BEFE RIS, R A B RE K T R RE
51, BEUKEFIRE R BRI G TRE.

B 8 23 T VS 1 R I R 5 B AR X
FHEC (W2 7), COD MIREHGERAE 3 A~ X P i) 22 57
K, CXJEJE COD BB A 5. TN Fl TP BB
A AR B B SR AL I K B S AR, Ab
T AR KT, AR TR ). SRk vl Eh
eI MR 20 5 47 BB BRI 2 A
23 (A] 2% Sk, Hih A F B ORRBRR BE ARG, T € X
VB A . JIEYR TOC, TN Al TP 5 5 H
COD ., TN F1 TP f4~F-fii B jilt 8 5 22 1] (1) A 5C R By
Sk 0.833.0.724 F10.708, I MM LK R,
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I FAEJK COD MR EE IS A A B XM 8 f5 e AT,
C XY TN At BT[] A 1 B e v 3 i v ) 155 0.
JRH 2R C KB ZERA K TR, AR R
A, HEEEEERRT B REAER, ERENR et
NI SN WIS N kA S A K7L 4 N S ST
KK PR B K. T s B 4 BF ST T
IR )G e X AR AR B s ), & B 5 A R A 3% Ak
(RIICTR TN BRI EAE 66 d SLI6 A P % i T X 1R
11 TP AR B 7 55 30d A st A 5 % B A 155
— 80 MR K B K R W I A el K AR
COD ¥ FEZE R B R AE— MR = A K. ARSE
BT AR B BEAR Y ORI A 20 25 d, AR N ik
IR g R I N R SO PN D i VR =i e o o
C X 77K COD HI TN W B = OGO, FEfRas ke
AT 80 d J5, XA T TAMI, R A B IX
FREKE SRR L K C X TP HRJE #5556 0K
BT, I C X /K COD A TN VR EE H L T
—EREE M T, 4350 8.08 mg-L~" fi1 5.23
mg L' BRIVBEHBEA RS T 5K & & — 3 fs
WORR, AR Z BN AL SO A S5 1 FR . R
Db 194 i Ul 5 TR ER R 5 LB AT A b e R ) R
TETAERAEY) , IRIE & Y B IR & S 308
FRER RO R AL, REALRE N A IRA LA OTER
(R AL
x7 HtMRREREFROBRERER /mg-(m?-d) ™!
Table 7 Release rate of nutrients in sediments

of other study areas/mg- (m?-d) !

5T IX CcoD TN TP

T i 20 — 0.25 0.003 6
TSl — 80 ~83 -2-~5
P — — 2.80 ~7.03
ZLA I3 — — 0.59 ~1.25
Lz g (34 7~20 — —
TR A S — 7.28~20.02  -0.62~ —0.25
AT 11 7k 36 — — 0.33 ~1.67
ATk 237 — 72.52 ~128.37 —

4 i
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