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USING PLANTED CONSTRUCTED WETLANDS TO TREAT WASTEWATERS
FROM CIRCULATING AQUACUL TURE OF CLARIAS FUSCUS
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Abgtract : The vertica-flow congructed wetland which was in the base of gravel- Canna indica was desgned and gpplied to purify
wadewatersfor reusng in the culture of Clarias fuscus. Observations were taken on parameters of water qudity during breeding
Clarias fuscus. The results showed that the planted condructed wetland had consderably efective purification in water body of
aquaculture. The average renova rate of BODs ,00D ,and TN of wastewaters during breeding periods was 81. 77 % ,55. 55 % ,and
65 % regectively. After being purified ,the water qudity partly acoorded with the Nationd Sandard of Fshery Water Qudlity ,and
the culture water could be recycled. However ,because there was o trestment in the control pond ,BODs ,G0D and TN increased
continualy. The turbidity degree was obvioudy higher than thet in the experimental pond. Algae bloomed in the control pond. This
gudy denondrated the advantage for planted congtructed wetlands which were snple mechanisms and eadly generdized to treat-

ment of wastewaters in circulating aquaculture.
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Gongructed wetlands conditute a conpound ecosys:
tem that incorporates various trophic levels including mi-
croorganiam, micro-algee, benthic invertebrates and
plants ,al for which can exert a synerg gic dfect of wage
renoval through physca ,chemical and biologica process
es,achieving dfective renoval of sawage conponentst!.
In 1953, it was found firdly that condructed wetlands
oould remove a massdof organic metter and minerd in Ger-
many'?. In the 1980" s and 1990’ s, congtructed wetlands
were widdy used in treating domedic sewage from
cities®!. In aguaculture ,the growth of aquetic and tdluric
plants were used for nutrient uptake from farming wastew-
aters to fulfill the requirements for purification gandards
which are not only of concern by eologigs but d < legal
demands in many European countries where fish farms are
not alowed to release dfluents containing higher concern-
trations as permitted by these dandards. To achieve low
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dfluent concentrations, the fidrvegetable and fidraga
symbiotic sysem were widdy egdablished and goplied in
aquaculture. Therdore , recycling aguacultural waters is
the dgn to diginguish nodern aquaculture from traditional
aquaculturel® 1. At present ,a modern eootype and close
integrated production sysem based on the ecologica engi-
neering criteria which alow sygem gability and sif-con-
trol are inevitable in atrend of developmenta aquaculture-
agriculture sysem in the world!”!. Congtructed wetlands
provide many bendfits ,such as high dficiency ,low inveg-
ment low cog ,low energy expenditure and chegp opera
tional cogts,and © on!®!. Gonpared with costly biochemi-
ca water purifying methods, such as rotating bio-disc,
anaerobic bdfled reaction filter (ABRF) ,and hiologica
reaction badns ,condructed wetlands have potential gppli-
cation and broad extension prospect!®’ . Wetland plants are
better for enhancing nitrification of the sysem on condi-

Foundation item :Aan of Science and Techrology from Quangdong Province (No. 2004B20301017)
Corresponding author Liu Wen-Sheng (1965 —) ,born in Chenhai , Quangdong Province ; Prdf ;mgjor in aquaculture and ichthyology. E-mail :wdiu @scau.

edu. cn



34

32

tions!™®! . Lin proposed that planting a wetland with mecro-
phytes with high productivity could be an ecoromic way
for removing nitrate from groundwater™. Accordingly ,in
the year 2003 - 2004 ,researches were conducted to evalu-
ate dfectiveness of congructed wetlands for purification
and recycling of waters for breeding Clarias fuscus ,in or-
der to find a new nodd of aquaculture ingalations inte-
grating wage treatment with plant production ,which will
be hdpful to environmenta protection and water saving
aquaculture in the country.

1 Materialsand methods

1.1 Culture ponds and congructed wetlands The
volume of each culture pond was about 41nt (length:
width:height = 15.7m 2.9m 0.9m) . They were disn
fected before stocking. An acconpanying congructed wet-
land was desgned in vertica-flow ,and conposed of five
sep-by-step purifying ponds ,each of which was 6. 6nin
wolume (length :width:height =4m 2.2m 0. 75m) . Inte-
grated wetland features included Canna indicas planted
into the gravel of 30 - 50mm in diameter and covered by
gravel supporting media with 40cm height. The young
mecrophyte was seded a a dendty of 4 rows and 8
gands. The experimental pond was connected to the wet-
land while the ocontrol pond was mot connected. Weaters
punped from the exerimenta pond flowed into the con-
dructed wetlands by way of conduit. After sep by dep
purificetion ,they flowed back to the origna pond ,and the
water body of experimental pond was recycled. By oon-
trary ,waters of the ocontrol pond were punped from one
end and flowed into the other end of the pond without
passng through condructed wetlands. This system operat-
ed for one week initid period of wetland gabilization be-
fore socking.

1.2 Ry d Clarias fuscus and parameters o water
quality All fry of CQarias fuscus with severrcentimeter
goproximetely in totd length chose to breed were grong,
no disease and unhurt. Following a dip in 3% st olu-
tion for five minutes,730 fry in total number were put in
the experimental pond and the control pond separately.
The culture dendty was 16 fry/ nf. Daily ,water punps

each with the power of 350 watt were operated for purifi-
cation and circulating twice ,separately in the norning and
gternoon three hours at a time ,except for rainy days. Af-
ter that agueous sanples began to be taken for examna
tion and teg.

The water sanpling places included farming ponds
and the outlet of condructed wetlands. Aqueous sanples
from four corners of farming ponds were combined gopro-
priately. Water tenperature ,pH,DO and turbidity were
checked and measured every two days. BODs ,GOD and
TN were teded every five days. The water sanpling laged
for one nonth. BODs ,GOD and TN were measured ac-
cording to“ dilution and seeding method” ;* potassum
dichromate method” | K, S Osoxidation ultraviol et- pec-
trophotometry” regectively. Bxcept for BODs ,al aqueous
saples being acidulated by sulfuric acid in advance were
determined in the laboratory within 24 hours when the pH
was less than two. A water analyzer with functions made in
HANNA Ingruments S1 was used in this experiment.

2 Resultsand analysis

2.1 BODsand COD removal  Overal BODs trended
to rise both in the control pond and in the experimentda
pond during the culture period (Tab. 1) . The highest con-
centration on an average of the control pond was 55. 5mg/
L measured in the 27" day. At that time ,the values were
much lower in the experimenta pond ,when the highes
mean val ue measured was 35mgy/ L on day 23 indicating
that both pond sygems perfformed differently. Relatively ,
the BODs concentration was obvioudy lower in the experi-
mental pond than it was in the control pond. Aqueous
samples of wetland outflows were collected determination
of BODs which was degressve by the time. Anong them,
the highest value was only 8. 75mg/L in the 13" day ,and
the lowveg value was 1. 95mg/ L ,which was teged at the
lag time. In this eval uation of condructed wetlands ,aver-
age BODsremova was 81. 77 % ,while the highes value
was 92. 11 %. Hfective renova of BODsin this particular
wetland desgn for fishery water was observed ,and the ca
pability of purification was postive corrdation with the
degree of sawerage.
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Tab.1 The change of BODsdf water body in one month (mg/L)
Time(d) 2 7 18 23 27
Qontrol 23.35+0.74 38.70+0. 48° 47.30+0.61° 43.10+0.72° 46.00+0.84° 55.50 +0.91°
Bxperimental 19.20+0.56 21.95+0.61° 24.70 0. 39° 33.10+0.83° 35.00 0. 73" 24.700.67°
Wetland ouiflet 5.40+0.22% 8.75+0.47° 4.10£0.55° 3.800.36° 1.95+0.412

Notes:val ues within a column with the same superscript |etter are not sgnificant difference among groups( p > 0. 05)

Q0D d 9 congantly rose both in the control pond and
in the experimental pond with time (Tab. 2). In the 23
day ,00D o ponds reached the highes point ,which was
330.4ng/ L and 211. 5mg/ L, regpectively. Theredter ,con-
centrations descended in the 27"day because me waters
were gppended. GOD concentrations in the experimental
pond were obvioudy lower than those in the control poad.

The meximum di screpancy was 167. Imgy/ L and the mini-
mal one was 83. 5ng/ L. The variation of GOD in wetland
outflows was likdy the same as tha of BODs. It was
91. 29my/ L in the 13"day. And it descended to 30. 48my/
L in the 27" day. The average QOD removal of congructed
wetlands was 55. 55 %. Obvioudy ,the worse qudity of fish-
ery waters was ,the higher dficiency of remova was.

Tab.2 Thechange d COD o water body in one month (mg/L)
Time(d) 2 7 18 23 27
Qontrol 183.5+4. 9P 198.3+5.12° 216.2+7.78° 250. 4 + 6. 43° 330.4+6.99° 289.0+6.04°
Bxperimentd 98.2+3.86% 98.25+4.03% 115. 3+ 4. 59 139.1+5.02° 211.5+5.67° 121.9+4.76°
Wetland outflet 67.88+3.20% 91.29+4.21% 46.38 +3.28% 33.04+3.45° 30.48+3.33°

Notes:va ues within a column with the same superscript letter are not Sgnificant difference anmong groups( p > 0. 05)

Gongructed wetlands have srong cgpability of remmov-
ing BODs and GOD from the indudrid wadewater ,the €-
fluent of animal farms and the domegtic sewage. Average
BODs remmova was 80 % while NHs-N decreased by an av-
erage of 95 % through udng congructed wetlands to treet
ammonia asociated with a refinery dfluent'™ . The remova
rate of COD was reported nore than 60 %!, Epedialy ,
the renovd dfect of the subsurface condructed wetland is
nore than 75 %™!. The best renova dficiency of BODs
and COD was nore than 85 %! . Nevertheless ,investigar
tions alout the dfectiveness of condructed wetlands for
trestment of wastewaters in aquaculture were sl dom report-
ed. This experiment demondrated the potentid for subsur-
face condructed wetlands to decrease BODs and QOD of
watersfor being recycled and breeding Qarias fuscus. The
dfective renovad of BODshy the congructed wetland was
quite obvious in the breeding period. The water qudity of
the condructed wetland outflow came to the gandard of
fishery weters. However BODs of the control pond ascend-
ed continudly in a nonth because weters of the pond were
mot purified. QOD remova rates by condructed wetlands
ranged from 30. 01 % to 75 %. After being purified ,the war
ter of the experimenta pond was obvioudy inproved and
became nore geady ,and there were ot large numbers of

agee gppearing during the period of culture. However ,a-
gee bloom gopeared severd times in the control pond.

2.2 The removal dficiency of total nitrogen Tab.3
indicates an upward trend in TN concentrationsin both fish
ponds reaching the highes mean vaue in the control pond
which was dgnificantly greater than thet in the experimen
td pond which reached a mean v ue a the end of the tes
period of lessthan 1/ 3 of the control pond. During purifi-
cation period ,there was no sgnificant difference anong TN
ooncentrations which increased sl in the experimentd
pond. The concertration of TN descended &ter the water
flew through the congructed wetland. And the higher TN
ooncentrations of irflows were ,the nore obvioudy thet of
outflows descended. The variation of TN concertrations in
oufflovs was between 1.91mg/L and 2 18my/L. This
dowed that the congructed wetland had much grong re-
nova dfect on TN infarming water body ,and the average
removd rate reached to 65 %. In exerimentd period ,the
ooncentration of TN in the control pond was very high ,.and
thisis the reason for gppearing dgae bloom savera times.
Besdes the increasng o TN concentrations resulted in the
acidification of water quality!™®!. Generally ,it iseasy to de-
teriorate when the pond is gagnant ,in which waters have
not been renened for long time ,noreover it accepts much
nore nitrogen during the fishery term.
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Tab.3 The change o TN of water body in one month (mg/L)
Time(d) 2 7 18 23 27
Qontrol 7.49+0.52 11.61+0.94° 12.54 +0. 67° 12.57 +0. 95° 18.42 +0. 86° 16. 25 + 0. 88°
Bxperimental 4.34+0.26 4.78+0.85° 5.90 +0. 88" 5.90+0.84° 5.85+0.59% 6.98+0.97°
Wetland outlet 2.05+0.212 1.91+0.12% 2.16+0.35% 2.18+0.412 2.18+0.44%

Notes:val ues within a column with the same superscript letter are not gnificant difference anmong groups( p > 0. 05)

2.3 Thechange o pH,DO and turbidity Vauesdf
pH were not quite different between the control pond and
the experimental pond in the breeding term. The changes
ranged from 7. 03 to 8. 36 which were in the extendon of
pH vauesfor the aguaculture water qudity. The pH value
changed irregularly and it was closdly linked with the
weather. Smetimes ,there was one level changed exiging
from norning to evening a day. As an inportant index of
the water quality in fishponds, pH directly dfected on
chemical and biologic functions in the water body as well

as growth of the fish. But in this tes ,pH was not out of
the range of the norma need for gronmth of Clarias fuscus.
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As a wiole ,the vdue o disolved oxygen (DO) in
the water of fishponds changed a little. Seen from the
mensuration ,the val ue in the experimental pond was high-
er than that in the control pond. It showed that the amount
o DO was heightened &ter the water was purified by con-
dructed wetlands. The survival and growth of the fish
mainly depends on DO vaues which mug be nore than
3mg/L at any time during 24 hours according to the gan-
dard of fishery water qudity. Certainly, because the
suprabranchia organ asdgs its breath , Clarias fuscus has
a grong ahility to endure low oxygen ,and can grow ror-
mally even when the DO of watersis below 0. 8mg/L.

The turbidity was decided by the number of the
plankton and tiny particles in the water which was the im-
portant bad s to eva uate the purification eficiency of weter

trestment sygsem and date of the water treatment techr
nique. The turbidity in the control pond was much higher
than that in the eqperimenta pond in this experiment. War
ters of the control pond gopeared in black-green colour and
there were dgae blooms savera times late in the culture
term. The extert of pollution was pricked up because o the
eutrophication arose from nore and nore organic metter.
This condition was di sadvantageous to larias fuscus.
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Fg.3 The change o turbidty in water body in FTU units
3 Conclusions

In this gudy ,the condructed wetland in the base of
gravel- Canna indica was used as the conpanion sysem of
culture ponds for breeding Carias fuscus. It was denon-
drated that the vertica-flow condracted wetland had a
good renpoval dficiency to organic metter ,sugpenson ,and
plankton. The results showed that Canna indica which
had the characterigics of rapid growth, much biomass,
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gdrong dooling ,and fas regeneration and © on could &-
fectively improve the culture water qudity and cultura en-
vironment. After circulating purification by congructed
wetlands, the removal rate of BODs,COD and TN was
81. 77 % ,55. 55 % and 65 % regectively ,and the turbid-
ity degree descended obvioudy ,the disolved oxygen in-
creased on the contrary. Egpecially ,the outflow of wetlands
measured up to the sandard of water quality for aquacul-
ture. For the firg time the congructed wetland was used
internaly to receive farm efluents of Clarias fuscus and
asdged probably to lve problems,such as the eutrophi-
cation of waters in aquaculture ,the pollution to environ-
ment outsde water. Then the overall objective would be
redized that hedthy aguaculture without environmental
pollution is egablished to help for protection and redorar
tion of naturd environment. This aqucultural nodel of cir-
culating purification with characterigics and advantages
making it easy to be goplied generdly in China isfacility
and dfective aswell as.
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