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Abstract: This study investigates the spatiotemporal distribution characteristics and main influencing
factors of carbon, nitrogen, and phosphorus in sediments of a large surface-flow constructed wetland
during the long-term purification of lightly polluted water. Sediment samples were collected from 28 sites
in Lake Yanlong, northern Jiangsu Province, and the contents of total organic carbon (TOC), total nitrogen
(TN), and total phosphorus (TP) were measured. Correlation analysis among TOC, TN, and TP was
conducted, followed by comprehensive pollution and organic pollution assessments of the sediments.
Results indicated that the average contents of TP, TN, and TOC in the sediments were 529 mg/kg, 953
mg/kg, and 0.85%, respectively. A highly significant positive correlation was observed between TN and TP
(r = 0.729, P < 0.01), and a significant positive correlation was found between TN and TOC (r = 0.251, P
< 0.05), suggesting that organic nitrogen and organic carbon in the sediments may share common sources.
Spatially, (1) along the flow direction, TP and TN contents generally decreased across different zones, with
the highest nutrient concentrations and most severe pollution occurring in the pretreatment zone; (2)
vertically, sediments in the pretreatment and deep purification zones exhibited surface enrichment of
nutrients, with the highest values concentrated in the 0-30 cm layer, while the emergent and submerged
plant zones showed relatively stable vertical profiles with no clear trends with depth; and (3) compared to
2017, nutrient levels in the emergent plant zone decreased along the flow direction, while TP and TOC
increased significantly, likely attributable to high plant density, lodging, and decomposition of plant
residues. Pollution assessment based on comprehensive and organic pollution index methods
demonstrated that the overall sediment quality of Lake Yanlong was relatively good. With the exception
of the pretreatment zone, which was moderately polluted by nitrogen and phosphorus, other areas were
classified as clean or lightly polluted. Organic pollution was light in the pretreatment and deep purification
zones, while other regions were clean. These evaluation results provide a scientific basis for localized
dredging operations. Overall, the purification performance of Lake Yanlong wetland weakened after long-
term operation, with hydraulic retention time (HRT) and influent concentration identified as key influencing
factors, and pollutants showed a clear accumulation trend. The findings offer scientific support for
sediment pollution assessment and operational management of large surface -flow constructed wetlands
receiving long-term lightly polluted inflows.
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Tab.1: Average influent and effluent water quality and removal rates in Lake Yanlong (2017-2023)

TH BEIKIK 5 /(mg/L) tH7K 7K J5i/(mg/L) PN RS

BE (TN 1.41 0.90 35.95%

Jaf (TP 0.19 0.10 47.15%
ERIR Eh TR 4L (CODww) 531 5.10 3.82%
A (NH3-N) 0.44 0.26 42.32%
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Fig. 1 Location of Lake Yanlong area (a) and arrangement of sampling sites (b)
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Fig. 3 Spatial distribution of TOC in sediments
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Tab.2. Removal rates of TN, TP, CODwmy,, and NH3-N in each sub-zones of Lake Yanlong (2023)

P TN TP CODy, NH;3-N
AL HE X 3.99% 10.96% 0.85% 12.40%
KX 20.38% 27.90% 2.42% 35.45%
VUK IX 13.26% -72.23% -23.12% -24.41%
REFLIX 6.22% 52.76% 17.60% 19.74%
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Fig. 4 Vertical distribution of nutrient salts in the sediments of Lake Yanlong
2.3 RREFEG EHIETEL
FEARRE A X2 B A A S A% G, 5 2017 SRR TARA G s 30 i L e BT 45 3 B R 1PT, 2023
FEHKEYIX A KRR TP M1 TOC & &5 2017 FAHEL, AROANWER EF, JEH A KRGS
EABRANMEKEYX P, B XA C XEJR TP M TOC &85 2017 FEHELB AR NHEN LT #
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Fig. 5 Temporal and spatial distribution of nutrient salts in the sediments of Lake Yanlong
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Tab. 3 Comparison of key design parameters between the emergent plant zone of Lake Yanlong and other surface-flow

constructed wetlands

F 5T X 35k A (>10*m?) (M) AEIIREOA0%md) K 45 BN E](d) K 3535 (m/d)
R HE KA X 41.2 0.3-0.5 30 0.5 0.73
RPN THg b8 0.9 0.3-2
LR L H B 6.8 1.6 0.25 0.2-0.4
RPN LG40 866 0.3-0.5 38 7 0.035
RPN LG 1.63 0.5 3 0.86
T A TigHhla 1 0.3 1
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Tab.4 Comparison of sediment pollution levels between the emergent plant zone of Lake Yanlong and other study areas

JRVEF 175 ek ~F
T 72 X 45k
S/ (mg/kg) SME/(mg/kg) SE PR %
R KR X 375 746 1.11
N 532 1502 2.35
BB E TR R LI e 665 6750 225
HLigpno 438 1461 1.77
TR A TR 500 1600 1.50
I B b [46) 260 2300 1.05
550 23247 8 N LI 1500 4100 2.19
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Tab.5 Integrated contamination level of sediment in each sub-zones of Lake Yanlong

1

R4y X SN £ Stp EHR FF £
ThAbHE X 1.38 2 1.75 4 1.66 3
HEKAEDX 0.66 1 0.89 2 0.84 1
VUKAEDX 0.80 1 1.11 3 1.04 2
RIEHLIX 0.95 1 1.28 3 1.20 2
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Tab.6 Classification criteria for the integrated contamination level of the sediment of Lake Yanlong

LSRRG St Stp fH FF B
1 <1.0 <0.5 <1.0 B
2 (1.0,1.5] 0.5,1.0] (1.0-1.5] BEEY
3 (1.5,2.0] (1.0,1.5] (1.5-2.0] HES R
4 >2.0 >1.5 >2.0 EFER
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Fig. 6 Distribution of combined contamination indices of the sediment of Lake Yanlong
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Tab.7 Organic contamination levels of sediments in Lake Yanlong

e 0C/% ON/% oI 493
T HE X 0.67 0.13 0.09 i}
KX 0.60 0.06 0.04 I
VUK X 0.26 0.08 0.02 I
R ELIX 0.50 0.09 0.05 1
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Tab.8 Criteria for grading the degree of organic contamination of sediments in Lake Yanlong

TiH 0I<0.05 0.05<0I<0.20 0.20<0I<0.50 01050
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g 1 I il v
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Fig. 7 Distribution of organic contamination indices in the sediment of Lake Yanlong
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