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Efficiency of mangrove wetlands in nitrogen and phosphorus removal from wastewater

LIU Yong"?, ZHANG Shihan"?, XIAO Yayuan"’, WU Peng"*, WANG Teng"?, LI Chunhou"*

(1. Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculture and Rural Affairs, Observation
and Research Station of Pearl River Estuary Ecosystem of Guangdong Province, South China Sea Fisheries Research Institute, Chinese
Academy of Fishery Science, Guangzhou 510300, China; 2. Shanghai Ocean University, Shanghai 201306, China; 3. Southern Marine
Science and Engineering Guangdong Laboratory (Guangzhou), Guangzhou 511458, China)

Abstract: To assess the efficiency of mangrove wetlands in pollutant removal from mariculture pond wastewater, artificial wetland systems
were constructed using seedlings of Kandelia candel, Aegiceras corniculatum, and Rhizophora stylosa. Artificial wastewater with different
concentrations of nitrogen and phosphorus was loaded daily (5, 10, 15 times, and 25 times) in the constructed mangrove wetlands. The
results showed that the removal rate of ammonia—nitrogen decreased with increasing nutrient concentration, and the removal efficiencies of
K. candel were significantly higher than those of R. stylosa and A. corniculatum (P<0.05) under 15 times concentration treatment. All three
mangrove seedlings showed a good removal efficiency of nitrite—nitrogen after a month of treatment with the constructed wetlands. However,

the concentration of nitrate—nitrogen was relatively stable in the mangrove plant treatment system. Furthermore, phosphate concentrations
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decreased rapidly even after three days of treatment in the mangrove wetland systems. Overall, mangrove constructed wetlands, which

exhibited a good removal efficiency of nitrogen and phosphorus from the wastewater of aquaculture ponds, can be widely applied in

mariculture.

Keywords : mangrove; constructed wetland; nitrogen; phosphorus; wastewater purification
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Figure 1 Schematic diagram of the experiment
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Table 1 Concentration of nitrogen and phosphorus in different treatments by artificial sewage (mg-L™")

HIrRh 554 10541 15 524 25 %41
Nitrogen and phosphorus 5 times concentration 10 times concentration 15 times concentration 25 times concentration
NH:-N 22.75 69.95 113.25
NOs:-N 2.50 7.50 12.50
NO>-N 4.00 12.99 20.00
PO -P 1.65 4.95 8.25
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Figure 2 The height increment of mangrove seedlings in different treatments by artificial sewage
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Table 2 Removal rate of constructed mangrove wetland system on nitrogen and phosphorus from artificial sewage (% )

Qb3 Treatment NHi-N NO;-N NO;-N POI-P

5% 25 11 Control 58.7+8.2b NA. NA. 97.9+0.1a

S times A K. candel 97.7+0.4a N.A. 98.4+1.6a 98.3+0.4a
concentration .

LI R. stylosa 97.9+0.1a N.A. 95.4+3.3a 98.7+0.4a

HATER A. corniculatum 97.8+0.3a N.A. 98.7+0.2a 98.5+0.5a

10541 %5 1 Control 67.8+2.2¢ N.A. N.A. 98.2+0.9a

10 times B K. candel 99.2+0.3a NA. 99.7+0.1a 98.2+0.1a
concentration .

LS R. stylosa 95.5+0.4b N.A. 94.2+1.9b 98.9+0.6a

HiAEM A. corniculatum 95.8+0.8b N.A. 99.6+0.2ab 99.0+0.3a

15454 2311 Control 89.0+7.1b N.A. N.A. 98.8+0.6a

15 times i K. candel 95.9+0.7a 22.9+10.6a 99.3+0.7a 99.1+0.1a

concentration .

LTI R. stylosa 73.8+2.9¢ 10.6+21.7a 85.8+11.6a 98.0+1.4a

HALER A. corniculatum 62.3+6.8d 12.6+18.1a 98.7+0.5a 98.7+0.7a

25 fF 4 %3 [ Control 79.8+11.3a N.A. N.A. 98.2+0.5a

25 times i K. candel 81.2+0.8a 10.4+13.2 86.0+3.9a 98.9+0.7a
concentration .

LI R. stylosa 79.7+1.8a 43.9+10.7a 73.2+10.8a 99.2+0.5a

HALERS A. corniculatum 82.9+2.5a 38.9+9.5a 35.5+10.3b 97.8+1.3a

TE B R V- (AR E2E (n=4) | 7] — b PRy P 28 N [ TR AN [N B 2 1) 22 53 {2 (P<0.05) s NLAL ARG J5 e L /8 TV 2, NI T

R,

Note: Data are shown as the mean + standard deviation (n=4) ; different letters in the same column and same group are significantly different at P<0.05,

as determined by the LSD test. N.A. indicates that the concentration after the experiment was higher than the initial concentration , which is not suitable for

calculating the removal rate.
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Figure 3 Removal efficiency of constructed mangrove wetland system on different concentrations of NHi=N in artificial sewage
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Figure 4 Removal efficiency of constructed mangrove wetland system on different concentrations of NO;=N in artificial sewage
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Figure 5 Removal efficiency of constructed mangrove wetland system on different concentrations of NO>=N in artificial sewage
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Figure 6 Removal efficiency of constructed mangrove wetland system on different concentrations of PO =P in artificial sewage
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Table 3 Purification efficiency of constructed wetland with different plants on marine sewege

o ™ TP NH:-N NO:-N NO-N PO;-P s e s
WORE i FRE W ERE O OWE ERE W ERE WK ERE OWE BB Qi Buerimen Growthage
Specy  Concentration/ Removal Concentration/ Removal Concentration/ Removal Concentration/ Removal Concentration/ Removal Concentration/ Removal %o limeld of plants
(mg-L")  rae/%  (mg'L')  ratef%  (mg'l')  rate/%  (mgel')  rae/%  (mgeL')  rae/%  (mgel')  ratel%
FiFg 45 ~20 25 >90 1.5 >99 25 24.0 5 7 AW
P australis 14 o 20 40 834 55 >99 50 210
0.I~10 5360 023-071 8499  04~06 3842 0.1 60.92 20 30 FHE
EIN 45 >90 25 >90 15 >99 25 5 7 FEm
Coindica 11 >90 40 >90 55 >99 50
Fi 45 =50 25 >90 15 >99 25 =50 5 7 AW
Tlatifolia 41 o 20 40 590 55 >99 50 20
%™ 350 90.8 5.0 98.5 30.0 >90 100 >90 20 40 BRI
§. glanca .14 60 73.05 15 93.94 2 60
FIE 267 7119~ 45 8288~ 216 9163~ 0.1 0.02 20 18 Y
A. marina 84.66 87.14 97.98
2.68 91.42 0.89 95 3.61 20 30 il
HilteRs 275 978 2.50 4.00 90.5 1.65 979 20 29 —EE4i
A 4550 95.8 5.00 8.00 954 330 99.1
corniculatum
69.95 622 7,50 124 12.00 843 495 98.9
1133 829 125 393 20.00 213 8.5 99.5
e 2.68 71.64 0.89 95 0.11 3.61 20 30 ik
Koeandel 146 5756 144 6389 031 6123 014 364 60 K
075 97.7 2.50 400 88.3 165 983 20 29 —E4i
4550 99.2 5.00 8.00 95.5 330 99.1
69.95 959 7.50 2.1 12.00 96.6 495 98.9
1133 81.2 125 10.0 20.00 617 825 99.6
i 275 97.8 2.50 4.00 55.6 1.65 988 20 29d  —HF4hE
R.stylosa 4550 955 5.00 8.00 56.2 3.30 983
69.95 738 7.50 111 12.00 48 495 98.9
1133 79.7 125 438 20.00 753 825 99.7

T < IR P U AR Va6 e I A

Note: The values in the blue shading are the date measured in current study.
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