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Phosphorus cycling in a simulated wastewater-affected mangrove ( Avicennia

marina) wetland system

CHEN Gui-Kui', CHEN Gui-Zhu? (. College of Agriculture, South China Agricultural University, Guangzhou 510642, China;
2. Institute of Environmental Science, Zhongshan University, Guangzhou 510275,China). Acta Ecologica Sinica,2005,25(3):627~632.
Abstract: A greenhouse experiment was conducted to investigate the cycling of phosphorus in an artificial mangrove wetland
system receiving P-containing “wastewater”. Avicennia marina was selected as the only tested mangrove plant species, which
grew in tanks containing soils collected from a mangrove tidal wetland in Shenzhen, South China. Artificial seawater with
salinity of 15%, was pumped into and out of the tanks at regular intervals to simulated semi-diurnal tidal conditions. Synthetic
wastewater containing various levels of phosphorus (control, C,, Csand C,,) was discharged into the artificial wetland twice a
week for a year.

The results show that large amounts of phosphorus in the “wastewater” were removed by the soil after entering the
artificial wetland system and the amount of soil-retained phosphorus increased with increasing content of phosphorus in the
importing wastewater although the amount of phosphorus remained in the artificial tidal water also increased with increasing
content of phosphorus in the importing wastewater. In general, the content of phosphorus in different organs was in the
following decreasing order: leaf>>stem>root. However, the content of phosphorus in different organs of the mangrove plant
was not significantly different among the different wastewater treatments. This indicates that the retention of phosphorus by
the mangrove plant was predominantly through the increased biomass rather than through the increased content of phosphorus
in the plant organs. The total amount of phosphorus retained by the plant increased with increasing content of phosphorus in
the importing wastewater (from control to C;) and then decreased (from C; to Cy). The work here has demonstrated that
artificial wetland system had good effects on removing phosphorus from the synthetic wastewater. The removal rates were
81.23%.94.40% and 95.63% for treatments C;, C; and Cyo, respectively. Therefore, this study has implications for the
management of wastewater using mangrove wetlands.
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1 #RERE
1.1 KM

TRAEY A DEER Verbenaceae) ZF £ WML WY 0 & B (Avicennia marina) WL LT AL E B #3052 Bl Al K2
BRAFEHMEPHE, SHRARBHTIEBIRARATIRE. BKE2HENNERKEETRHALEK,ZRER 15
BHEKEHEE.

1.2 FAEER

BEBREAHERGETI RIMYEERTERINEYRERSE HEEFEREATARBE KRS CONMTRE

(FD. 5FCHH 10 FCOWRBEIBKRAESYRLHREERES KM 5 FFM 10 £,
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Table 1 Pollutants and its’ concentration of artificial synthetic wastewater

1539 .4 Pollutants Total-N  Total-P K Fe Mn Zn Cu Ni Pb Cr Cd
¥ Concentration(mg/L) 51.0 10.0 50.0 30.0 5.0 5.0 2.0 1.0 1.0 0.5 0.1
1.3 LRI

ERETEIAMMELBH RS RRHL RS MEA  BHHINMEEZZRAEM I MV AEARA D, TREMBMY
W PVC A, K/ K :0. 75m () X 0. 5m(FE) X 0. 4am (F) ., LB A E 100kg(ATF L EIER(FH 0.3m), B 1
~NAMIRETBEYIMHE IS HKASTE. BV~ TAHEREFRB T EAHEY ., SRALF 24~ RAENBYA.E
HLSAER 10 R EBKAAEA, Lk L% 2,

£2 FALESAER

Table 2 Treatment groups of wastewater discharging

A FE B WY Avicennia marina planted AF B BEMEY Non-Avicennia marina planted
Treatment I 1 I N \Y Vi Vi VI

¥ JE Concentration SEA  ERWE  SGORE L0fiEE WEB O EREE  SERE  10FKE
RE Code name Cao Car Cas Caro Ceo Cai Ces Chio

i ERT BN KEM B ik BB W B X 24h HFHKFE KA A T KERA SN EENTRET BIRKR.E
YRR 2 B EENE K BMEARANBE R WEY P IF. MU RSE 2 > AESR 1 KEWEK, KHEEHRKITE
BEXMRERKS FEERFEE.

1.4 15KHER

HEEBHERE EREFEARHATHERR HRATESK KA SAMFEER SEMIOEERENATIE K. &
AR FREPAEARRENE K OHEIMNANERED  BRERENEGHA 1.75L, EHRERFE1E.

1.5 BERESHTHE ’

F2AMABEREW KR BEABUKEE 1 MHIEFEYKER, BB RA%RSERER 2,

ELERRNEESELESY LR U~15cm) TR (15~30ecm) U AL A M ESR 1 MREH, X T E LR, M5 HE
BT H 6 B e ST,

MY BRI LERE MRS, 2 AR OCTRT HESRH A THEEYEMNT S EER ICCTHREEE. R
FHYRET B, S AL E. EYAESHEL IR FER LR,

2 #RE548H
2.1 KEFRESDEPROHTL
FElamWiBRT 2 MAER 1 KAVAK ERHUERY KHERFRBUEEPKRE  lal 6 RELRAENHY
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W% 4 Tidal tank
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_*0.05111

1 883 Power supply; 2 T4 Timer;
3 FMIZ Pump for flooding thde; 4 iE¥|Z Pump for ebbing tide;
5 Hi4% Wire; 6 /K& Hosepipe; ¥ {51 Avicennia marina

Bl HERELUBSRERER

Fig.1  Sketch map of the Avicennia marina artificial wetland
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Table 3 Total P concentration in tide water taken away from the artificial system(mg/L)

£} 5] Treatment 1 2 3 4 5 6
Cao 0. 455+0. 074 0.16840. 008 0.39140. 025 0.22240.019 0.16240. 023 0.11540. 010
Car 0.580+0. 070 0.2134+0.018 0.47940. 051 0. 625+0. 025 0. 25940. 030 0.34740. 014
Cas 0.836**+0.048  0.416**+0.086  0.992**+0.060  1.303**40.058  0.356**40.045  0.505* * £0. 009
Cao 2.238%*40.145 1.776* *+0.090  2.148** 4+0.050  2.129**+0.126  2.628" *+0.068  2.131**30.038
Cso 0.678+0. 056 0.178+0.013 0.68840.076 0.32940. 016 0.143+0. 023 0.14540.014
Ce 0.77140. 094 0.22240. 006 1.337** +0.044  0.685:+0.025 1.091**+0.082  1.156* * 0. 027
Cas 2.146" *40.056  2.950* *0.066  2.276**£0.051  2.156* *£0.050  2.944" *£0.045  3.249* * 4-0.028
Caio 4.843**4+0.165 5.262**+0.065 5.656** +0.101  4.325" *+0.053  7.251"*40.076  9.683** +0.110

Mean+SD(n=23), * p<C0.05, * * p<0.01,3 /T + & i, & i35 K 4b 3 4 4+ 5| 5 7 & 5| % BB A Z 8] # 47 e # There were significant

difference between each treatment and it’s control at a probability levels of 0. 05and 0. 01 according to ¢-test

4 THEPER
Table 4 Total P concentration in soil

BB E Location of sample S & Total amount
2 Upper(P %) F )& Lower(P %) of phosphorus(g)

JELE B

Net increment{(g)

#1 | Treatment

# 5% Baseline 0. 025940. 001 0. 025940. 001 73. 6903
Cao 0. 024740. 001 0.025740. 001 71. 5987 —2.0916
Cas 0. 02754 0. 001 0. 0255+0. 001 75. 3029 1. 6126
Cas 0.0341* £0. 002 0. 0323+0. 003 94. 4412 20. 7509
Cato 0.0424* * £0. 002 0.0415* £0. 003 119. 1784 45. 4881
Cao 0. 02554 0. 001 0. 0262+0. 002 73. 4082 —0. 2821
Ca 0.027620. 001 0. 0271£0. 001 77.7511 4. 0608
Cas 0.0357* £0. 003 0.0326* +0. 003 97. 0810 23. 3907
Caio 0.0438* * £0. 001 0.0405* * £0. 001 119. 9022 46. 2119

Mean+SD(n=13), * p<{0.05, * * p<0.01,Rf ¢t W, F 5 KA HA 2 5% 5 2 18 # 17 Lb B There were significant difference
between each treatment and it’s baseline at a probability levels of 0. 05 and 0. 01 according to ¢-test after one year test

ARMEAMAKLENET P BEZREA AXWELEE P RFRMN 0.0259%  BZEBAER 0. LU MBENLE
EE 0. 115 % EAE, B 2RI 0. 004 %I F0 TG # 0. 015 % E R, HEHIIBHEE 0. 026%™, ik 4 TH,HI5 Kt
HRENAG RSP RABRES WAL RAERB KM, B KMARKEFRISEY P Al RIgE 4 AR B ey R H .

2.3 HYEEPENEL
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MEEMENOEREKS R E RS BRETNENERAR S, RS RBEAYRESE S P BB MRITFHES X .ot
SESH X EABEHRNARAFRTERPARTRAERT AP BIF 2L BB SH> S FEERSHE>HTH>
B, REFHTEANHERER  FLBHEKZEHTPEAAEER URERSEY P E 1 FHIXBRPAKMAENRE
FRX AFREKNERBRAFORE ., X5SHR SO HFRERMAL.

®5 AERREVEERELARIRCOD

Table 5§ Total P concentration in different organs of Avicennia marina plants

HYRE R/ ik B J§ After a year trial
Plant organ Before trial Cao Cai Cas Cato
# Root 0.0633+0. 001 0. 0723+0. 006 0.0771£0. 005 0. 0863+ 0. 002 0. 0948+0. 006
% Stem 0.0702+£0. 002 0. 0752£0. 006 0. 0785+0. 006 0. 0896+0. 005 0. 0995+0. 006
H Leaf 0.108740. 001 0.1110£0. 005 0.114240. 001 0.116540. 004 0.1204+0. 007

Mean+SD(»=3), RRER - BEFABMBEF E 4. TEFEEF (»>0.05) There were no significant difference among different

treatment groups in the same plant organ according to ANOVA

BERRAENES 21 A BHEKNEDR . ZXH.
ERAEBREHERTNHERGA XEH BT BRI
KA, REREEAEFBESE 45 RO FHRKBA.E

x6 laiXBHESAEA 45 KEWH AR ST KR
Table 6 Net assimilative amounts of total-P in 45 plants of each

group during one year study (g)

MERMERRHFABEKRSHETRBRASHWEEYE, MY RE

» X Cao Cal Cas Caro

ZAERSPREN . GERENLBESEITELEAHYE Plant organ

B AR R S B CED TR B L 6 OF & VA 35 2 # Root 0.4366  0.4882  0.4834  0.5644
, % Stem 0.6419  1.0394  1.5621  1.0797

6}) ° M- Leaf 0.4728 1. 0157 1. 0644 1. 1347

2.4 WEYESPEMATH BB Total 1.5513  2.5433  3.1099  2.7788

GAABHAEENSAREYEALEEITHEY
B FAMNEHREYN S P B AWMHTHELEEYHFFENS P BIARERE 7 PHEEYHE .
2.5 SMRGEF PR

MREAEBEBRGSAHECREOEN, N P EKE, LEHNEY 3P TRETHIEIER 7,

x7 RAURZEPPHIE(Q
Table 7 Distribution of total-P in the artificial system (g)

JK & Seawater + 3 Soil 4 Plant
A A i T i o W wE

Input Output Retention Output Retention Litters
Cao 0.0762 0.1979 o 2‘. 0916 1.5513 0. 4509
Cai 5.1162 0. 3186 1. 6126 2.5433 0. 6921
Cas 25.2762 0. 5638 20. 7509 3.1099 0. 9825
Caro 50. 4762 1.7011 45. 4881 2.7788 0.5775
Cro 0.0762 0.2774 0.2821
Cpg; 5.1162 0. 6154 4. 0608
Cas 25.2762 1. 8617 23. 3907
Caio 50. 4762 4. 3667 46.2119

2.6 P {ERBURH RSP AR

BRREFRHAEDHEN P EFERLEFRAE, MTHRENMEHURLE S P OEF, T REEY R OEF & E AT
FARPRER NELRERGFETHHEESHASKY T LREEMNHLE, HRSNEPERULAHYDRBENE
FEHEHE Cao~Can LW P WIRFFE KK N 2. 1175 g.3. 1891g.3. 7348 g 1 3. 1408g, 54K 7T PHAEKYHEN P WER
W B HEY CaonCarCasHl Caro P TR AT 4512k 4. 70a.4. 61a,3. 80a Fl 5. 44a,

METHEHNHAEZEYSPRSHEVBEBRKENEL R, AAEEERR NACER/(FEE+HHER),. RN Cadl
22.52%, Carfll 21.39%, Casf 24. 01%, Carof 17. 21%,F 3928 21. 28%, 5K AL B4 Y1928 20. 87 %, AT J0AE 45 Bt W Wi i 9%
R REEEEY RS, R R FE, FI5 KA RAR M E R 53 BA EER, 3 8RS KEE A8 Y g
BRI T ERE Y PR RRRCA AN, TR, YR ERSRYBEIEEAYA T AK  FRAENETE
AHEMHE,
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2.7 BYBHAREXTKF P HELKN
RGEXHE KGR0 T AR R R RAR  la AN L RREY H PFRBSKEMAK P BZ HE AR R, |
RTAHEHEEKEBRENTKP P WEAERLR 8. B Cao.Col AR AR K, BARP TR,

F8 HEREMRENTKRPHELECD

Table 8 Purification rates of total-P in the artificial wetland system

i B Item Ca1 Cas Caro Cri Cas Cgio
13 F R4 Soil subsystem 31.52 82.10 90.12 79. 37 92.54 91.55
MY F R4 Plant subsystem 49.71 12. 30 5.51 — — —

B % 4L # Total purification rate 81.23 94. 40 95.63 79. 37 92.54 91.55

BR SN, RIS KA EEENHIN, AN Ca RIIWLIHTFREXM PHHEAEANRE, MHEYTFREX P H%
HETH., PEIEHEHEEYREENEHERTE RRERK U C RN LB FREMSRLERMLL C RAIN L
BT RAEMHESARME BRI REYH Ca RILAMEYE Cs RIE . XERTHEY A 53975 Ry R RIEERSN, 5
—ANEERETRR . EREYNRETEE—NEH THERYEEARRIFR, DRREBEDDREYRAM LR REER
WAER L BT - L RGBS R MR EE TR L EREA,

REABRMYESHSARTHRT LE EEYTUSSEAER, TURKRBITEY, MAEBRRPIRHREDRER
EEE CARRT ERF /S OIREDRETEENRYRE, EMNARALABR— M ERXNESRE, TUEY-LRREXT
ERMBEE RS RATIEMEH.

3 it

B LR R RAT AN Y S5 K e B 5 BE P M SR ER D &, Rt YA KR TR, 7 R A
MK ERRG P EREHILE FAER, TP RSB LY P M EARAR AR . 55—, TSRl R P
RENEEPNRIBE BEEF - CHER FTULARAEYS HEREE IR —WEBBRE. 5K F P R ERL
B RREMA,

SKBREAENER BEMENREMS - BRTERERERY P WE WS ENERLMARON.EHESRENR
GHEW, RERBITNEARN. FREZH REBRENALEKNEATENELEBERERSE —ENF w0, HE
PEDGEERESTMAK CREAFRBHZEER, EHAMBY AR EFATEKHRESR, EHZRREKENESHF
BRYNHP), SHANFRS "ER-K., B B TFARALERSRENERYRLRRS SR TRB R XXy
RERKHBERBAZS.

References ;

[1] Boto K G, Willington J T. Nitrogen and phosphorus nutritional status of a northern Australian mangrove forest. Mar. Ecol. Prog.
Ser., 1983,11:63~69.

[ 2] Lin P. Mangrove Ecosystem in China. Beijing: Science Press, 1997.

[ 3] Breaux As, Farber S, Day J. Using natural coastal wetlands systems for wastewater treatment; an economic benefit analysis. Journal
Environmental Management, 1995, 44:285~291.

[4] Clough BF, Boto K G, Attiwill P M. Mangrove and sewage: a reevaluation. In: Teas HJ ed. Biology and Ecology of Mangrove.
Lancaster; Dr W. Junk Publishers,1983. 151~161.

[5] ChenGZ, Miao S Y,Wong Y S, et al. Allocation,cycle and purged effects of nutrient pollutant N in artificial wastewater in simulated
Kandelia candel wetland system. Acta Scientiae Circumstantiae, 1996,16(1) :44~50.

[6] MiaocSY, Chen GZ, Wong Y S, et al. Allocation and circulation of phosphorus in artificial wastewater within a simulated mangrove
wetland system. Acta Ecologic Sinica, 1999, 19(2):236~241.

[7] MiaoSY, ChenGZ, Wong Y S, et al. Allocation and capacity of zinc in artificial wastewater in simulated wetland system with Kandelia
candel. Chin. J. Appl. Environ. Biol. , 1999, 5(1):8~10.

[ 8] Dwivedii S N, Padkumar K G. Ecology of a mangrove sw:;mp near Juhu beach, Bombay with reference to sewage pollution. In; Teas HJ
ed. Biology and Ecology of Mangrove. Lancaster; Dr W. Junk Publishers,1983.163~179.

[9] Tam NFY,Wong Yushan. Mangrove soils as sinks for wastewater borne pollutants. Hydrobiologia,1995,293:231~242.

[10] Chen G K, Chen G Z, Wong Y S, et al. Effect of artificial wastewater on some eco-physiological characteristics of Avicennia marina

seedlings. Chin. J. Appl. Ecol., 1999,10(1):95~98.



632 £ 5 % # 25 4
[11] Chen G K, Chen G Z, Wong Y S, et al. Effect of synthetic wastewater on Avicennia marina growing under simulated tidal conditions.

Marine Environmental Science, 2003,22(3):39~43.

[12] Chen G Z, Chen G K, Tam NFY, et al. Purifyiné effects of Avicennia marina simulated wetland system on sewage. Marine
Environmental Science, 2000,19(4) ;23~26.

[13] Department of pollution control management, National environmental protection bureau. A reference manual for pollution prevention and
management of water. Beijing: Chinese Environmental Science Press, 1991. 95~114.

[14] State E P Administration. Methods for the examination of water and wastewater analysis,3rd ed. Beijing: Chinese Environmental Science
Press, Beijing,1998. 280~286.

[15] Nanjing Institute of Soil Science, Academia Sinica. Physical and Chemical Analysis of Soil. Shanghai: Shanghai Science & Technology
Press, Shanghai, 1983. 95~97.

[16] Chou C H, Bi C C. Dynamic distribution of nutrients and variation of environmental factors on Tamshui estuary ecosystem. Proc. Natl.
Sci. Counc. B. Taiwan, 1990,14(3):131~141.

[17] Lin P, Lin G H. Studies on the mangrove ecosystem of Jiulongjiang River Estuary of Fujian N .accumulation and biological cycle of N
and P in Kandelia cande community. Acta Phytoecologica et Geobotanica Sinica, 1985,9(1):21~30.

(18] Zhang X R, Luo X, Chen Y H. The mangrove and the acid tidal flat soil. Journal of Natural Resources, 1991, 6(1):55~61.

BEM:

[2] #kBS. FELIRKESR. bR P H R, 1997.

[5] BREZR.Z4%.BEWL.%. ALISKPH N EEDKIE RS DK REF RIS MBR. R EER,1996,16(1):44~50.

[6] Ba PRk, REL, % ATHEKFHBERMNKINREREFHHRSEF. £EFEM],1999,19(2):236~241.

[7] 4%, FEX. BREL.4 SUARVEKGBRAEFINIRS LRER. NASHFRAEYER, 1999, 5(1): 8~10.

[10] BREEZE.BREEZR.REL. S AIBKNARRYEERESHENER. BAES¥HR,. 1999, 10(1):95~98.

(111 BREEZE, BREEZR R L, %, ATISKX BB A K MR, BRI 2003,22(3):39~43.

(12] BREEZR,BREESE, BRI, %, A5 RERNE M REX S KA AR, ¥ REHR2,2000,19(4):23~26.

(13] BERFERFPRIBREEF. KSRPEEETR. b5 PEFRHERE DR, 1991, 95~114.

(14] EFRFRRBOKMBEAKERMSH T EIRES. AMBKEW AT HEGE 3. Jb3 . EFER 2 AL, 1998. 280~-286.

(15] +EMEEERLHFRN. LREEIT. L. BERERR B, 1983, 95~97.

(17] #WS. #EHE. MBI OOKABER V. KABHENR BN RTANER. BAYESESHEYENT,1985,9(1):21~30.

(18] AR, BRe . BRAT4E. AWMMMBMEEMME L. BAFIRER, 1991, 6(1):55~61.



