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Abstract

The ecolbgical restration of water quality in Qianling Lake was conducted by artificial wetland, which transfomed N and P in

wastewater into essential matters in organian tissues, so pollutants discharged into Q ianling Lake were reduced for the pumpose of restoration
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Qianling Lake (106°47'E, 26°33'N) is bcated in the mid-
west of Qianling Park in Guiyang, Guizhou W hen Q ianling Lake
was firstly built, there was beautiful and peaceful scenery with
shimmering fishes and prawns shoals The source of water
guality deterioration in Q ianling Lake can be traced back o Xi-
aoguan Lake, the upstream of Qianling Lake The head-
stream of Xiaoguan Lake is located in Pianpo and Yaguan
County of Qianling Town, Guiyang, where domestic sewage
is directly discharged into Xiaoguan Lake Qianling Lake and
Xiaoguan Lake were not polluted significantly, because there
was no industry and large-scale breeding industry. Since
1990s, the princpalwork of pig raising has devebped gradu-
ally, while 600 t hunan and livestock sewage or domestic
waste leachate have been disorderly discharged into the
source area of Yaguan County every day, and then flow s into
Xiaoguan Lake or Qianling Lake finally. Accordingly, algae in
Qianling Lake and XiaoguanLake grows, andwater devebps in-
o eutrophicaton rapidly or even water quality deteroraton™.

Advantages of A rtificial W etland

A rtificial wetland, constituted by substrate with a certain
proporton of gravel, cinder, sand and soil, is an aquatic plant
after being cultivated and selected, which also constitutes a
special ecosystem for animals and plants®. Meanwhile, root
of plants also release enough oxygen for microorganisms in
avage with respiraton’™. The water purificaton with wetland
is a complicate process, and also a result of the comprehen-
sively physical and chemical or biolbgical effect for wetland,
which contains precpitaton, absompton, ion exchange, com-
plex reacton, nitraton, denitrificaton, nutrient absomption,
bibtransfoimaton and microrganiamn decompositon W etland
has the following distinctive advantages in non-point source
polluton control due o its special ecobgical effect and existing
fom™.
Biological purification of sewage

There is nitogen, phosphorus, inorganic matter, organic
matter and microorganisn for plant growth in sewage, which
is hard to decompose inwastewater treatmentprocess and al
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0 a big problen for wastewater treament Canna, lucky-
bamboo and reed are planted in artificial wetland based on
certain filler, so sewage is discharged into artificial wetland
like svamp. W hen eutrophic water flow s through artificialwet-
land or is filtrated by sand and stone, varibusmicrobial activi-
ties in plant rhizosphere including aerobic or anaerobic
process and plant absoption decompose pollutants in water,
so water has been purified by the combined action of plant,
microorganian and soil, which utilizes sewage resource in a
betterway®'. Toxic substance is not found in hunan and live-
stock sewage of the upstream of Q ianling Lake, but nitrogen,
phosphorus, inorganic matter and organic matter are w ith high
concentraton Thus, it's hamful for discharging into the lake,
but a better fertilizer for aquatic plants
Favorable environm ental controlling effect
Artificialwetland technology by cooperation of Shenzhen
and European Union has achieved ecolbgical and econom ic
benefits significantly through many years practice Theirwa-
ter quality purification engineering w ith artificialwetland system
means that tropical or subtropical plants such as reed and
Canna w ith certain proportion are planted into the ditch consti-
tuted by fillers of sand and fine stone Accordingly, the origi-
nal sewage with serous polluton is purified when flowing
through pools, and comes up o the standard of natonal sur-
face watef®. The demonstration pmoject of polluton rem edia-
tion in a biolbgicalway for Honggi River in Yunnan mainly in-
volves p lanting demonstration area for aquatic plant and purifi-
caton area for phytoplankton, which is lbcated in north and
south of Honggi River in Qilu Lake respectively. This project
belbngs o natural wetland restoration engineering of surface
water system with the btal area of 35 hm’ and the btal engi-
neering invesment of 1 214 8 thousand Yuan, which has
been constructed since early 2002 and constituted tvo shore-
line wetlands with mainly emerged plants such as cattail or zi-
zania latifolia and water hyacinth or water chestnut, while its
vegetaton coverage reaches over 90%. It has rich biodiversi-
ty with over thirty kinds of artificial or natural grown aquatic
plants, so a wetland ecosystem with complete structure and
ratonal distributon has been constituted by emerged plant,
fbating-leaved macmophyte, flbating plant and submerged
plant, which has realized its propagation and development ba-
sically. After the artificial salvaging or treating of aquatic
plants in the wetland, the secondary polluton has been pro-
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hibited when removing the lake nutrient bad According o the
tracing monitoring and statistical analysis of this project area,
the ttal removal of N and P polluton bad reaches 37. 4 t and
8 31 t respectively, accounting for 17. 7% and 26. 8% of the
whole removal of totalN and P poliuton bad in Honggi R iver,
which reduces the polluton of Honggi River o Qilu Lake
W hen thewhole water quality of Q ilu Lake is categorizedV - ,
the water quality is up to category V surface water in engi-
neering area, while polluton index of the total P is even cate-
gorized 1- Il standard wate®'.
Solving problems for fund deficiency

The operation cost of sewage treament in artificial wet-
land is bw with 0. 1 - 0. 2 Yuan per ton accounting for 1/10 -
1/5 of the traditonal secondary treament Furthemore, the
capital invesiment is also bw with 150 - 180 Yuan per ton ac-
counting for 1/5 - 1/2 of the traditonal secondary treament
plant”. Mearwhile, wetland plants can also be used as in-
dustrial raw material and life resources Reedsw ith an area of
2267 hm® are planted abng the lake by Jiangsu Yancheng
SUND Paper Co. , Ltd, and then irrigated with papemaking
wastewater for a large amount of reeds harvest per year,
which solves the supply problem for papemaking raw materi-
als effectively. Yunnan Yaonigou wetland is bcated in Yaoni-
gou lake inletwith an area of 1 5 hm?, the btal engineering
invesment of 1 679. 8 thousand Yuan including 585 thousand
Yuan land requisition cost and 5 720 t treatment capacity each
day, which is the first large-scale artificialwetland in Yunnan
The wetland was constructed and put into operaton in early
2002, and then the status is good with stable operation after
nearly o years operaton test, the removal rate of each pol
luton index is as folbows respectively: CODCr 87. 8%, BOD
568 7%, SS 96. 3%, TP 32 4% and TN 36 0%, while the
outletwater quality changes from category V before treament
o category Il Comparedwith sewage treament plants of the
same scale, the wastewater treatnent cost of sewage treat-
ment plants ismuch higher than thatofwetlands in invesiment
and operaton Forexample, Luchong sewage treatmentplant
was put into operaton in August 2001, while it can treat1 000
t sewage with less polluton each day, and the wastewater
treament cost is 0 55 Yuan per ton However, the
wastewater treatment cost of Yaonigou wetland per on isonly
0 05 Yuan, which is 1/10 of Luchong sewage treament
plant, and the construction cost of wetland ismuch bwer than
that of sewage treament plant For example, wo sewage
treament plants in Chengjiang County costs amost 40 millon
Yuan for construction cost, including 26 millon Yuan construc-
tion cost invested by county sewage treamentplant and 3 79
million Yuan construction cost invested by Luchong sewage
treamentplant As for the treament effect, artificial wetland
is the same effective as sewage treament plant, but as for
sewage with less pollution, thewater quality from artificialwet-
land ismuch better than that fom sewage treament plant®.
Strong ecosystem restoration

Artificial wetland plays an mportant ole in water re-
source, clmatic regulaton, water conservaton, flbbod storage
and regulation, promoting deposition and creating land, pollu-
tant degradation, maintenance of biobgical diversity and pro-
viding life resources for human, which not only can absorb
SO, , nitogen oxide and CO,, increase O,, purify air, re-
move urban heat island effect or light polluton and absorb
noise, but also is hepful for protecting wild anmals and en-
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hancing aesthetic value of landscape in lbcal areas For ex-
ample, after reedwetland being constructed in Yancheng, the
amount of birds increases o twice as before, while condense
reeds can not only absorb a large amount of municpal
wastewater, but also attract many red-crowned cranes 0 in-
habit™. Thus, artificialwetland has strong envimmmental reg-
ulating function and eco bgical benefits, which finds away out
of urban wastewater and forms an ecolbgical landscape and
tourist site o beautify or purify envionment, so artificial wet-
land overcom es deficiencies such as sewage sludge after tra-
ditonal sewage treament to protect natural ecological effect

Qianling L ake Restorations Combined A rti-

ficial W etland and Xiaoguan Reservoir
Nitrogen and phosphorus removal by Xiaoguan reservoir
w ith local conditions

From Fig 1, the water quality of Q ianling Lake is mainly
influenced by swine wastewater, where no toxic matters are
found, while the main pollutants are nitogen, phosphorus, in-
organic matter, organic matter and microorganiam. There-
fore, the key © solve problems is o remove nitogen and
phosphorus, but nitogen and phosphorus are nutrient ele-
ments for plant grow th and components for organiam. In this
case, nitogen and phosphorus in sewage are transfomed in-
o that in organian tissues by different ways, and water eu-
trophication leads b mass propagaton of microorganian s af-
ter sewage is discharged into Xiaoguan reservoir On the one
hand, microrganisn can decompose or transfom N and P in
wastewater into essentialmatters in organism tissues o purify
water, buton the other hand, the death and excessive propa-
gaton of microorganism swill lead to water quality deterioration
due b oxygen deficiency. Accordingly, Guizhou Institute of
Enviormental Science Designing introduces advanced tech-
nology from Japan, and supply oxygen for water with water
tunnel, so water quality of Xiaoguan reservoir has been m-
proved greatly, but the supplied oxygen has not been utilized
completely Phytoplankton can absorb nitrogen, phosphorus,
inorganic matter and organic matter in water o reduce nutri-
ents in water, so water eutrophication can also be promoted
M eanwhile, phybplankion can also be used as forage for
svine, which constitutes an ecobgical cycle o solve water
polluton and increase economic benefits Hydmoponics has
been devebped by waters of Xiaoguan resenvoir, while vege-
tables have been planted © meet people’s demands, and
some forage crops have been used for pig raising Aquacul-
ture can also be develbped by Xiaoguan reservoir, and aquat-
ic anmals can live on aquatic plants and microorganians,
which absorbs nitogen, phosphorus, inorganic matter and or-
ganic matter fundamentally © reduce water polluton and gain
certain econom ic benefits
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Fig. 1 Process ofQianling Lake restoratonw ith artificialwet-
land
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Furtherw ater purification with artificial wetland

W ith the help of Xiaoguan resenoir, nitrogen, phosphor-
us, inorganic matter and organic matter in water decreases
Artificial wetland has been constructed in the downstream of
Xiaoguan resenvoir o purify water, which also reduces nitro-
gen, phosphorus, inorganic matter and organic matter On
the one hand, nutrients in water have been decomposed by
microorganigns, and on the other hand, nitrogen, phosphor-
us, inorganic matter and organic matter in water have been
transfomed into essentialmatters forplant growth The plants
should be easy b grow in bbcal areas, and have strong deter-
gency, develbped roots and fbourish leaves, lerance against
polluton, cold-hardiness or high disease and insect resist-
ance’!. Besides blerance againstpoliuton, the plants should
have certain enpyment, and some econom ic plants should al-
0 be selected based on above function or even some forage
crops can be used for pig raising

Potential B enefits of A rtificial W etland
Nitrogen and phosphorus removal

A rtificialwetland solves the most serious problem of nitro-
gen and phosphorus removal in sewage treament, while wa-
ter quality can reach category Il surface water after being
treated by artificial wetland and be discharged into natural
water®.
Rich animal or plant-based products

Phytoplankton such as water hyacinth and duckweed
planted in Xiaoguan Lake can provide forage for swine, while
fish, shrmp and shellfish bred in Xiaoguan reservoir or lotus
rhizome, water caltrop, euryale ferox and watempack planted
inwetlands albng the downstream of Xiaoguan Lake are all
nutritous subsidiary food, and even some wetland anmals
and plants can be use as medicine Thus, artificial wetland
provides rich anmal or plant-based products for bcal peo-
ple®. Many animals and plants are also mportant rav mate-
rials for light industry. For example, reed is an mportant pa-
pemaking rawv material
Tourist value and environm ental beautification

From plant distribution, color colbcaton, constructon of
landscape style pavilon or view enjpying pool and coordination
of the surounding envionment, some omamental plants are
cultivated in the wetland o beautify envionrment and increase
urist value
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Educational and scientific value

Artificial wetland ecosystem has rich species of anmals
and plants, which plays an mportant role in natural science
education and research Some artificialwetlands can offer ob-
jects, materials and test bases for education and scientific re-
search Moreover, artificialwetland can also be an education
centre for wetland protection, which concentrates on wetland
ecological restoraton, wetland ecotourian or coordinative de-
velbpment of envimmment and socb-economy to develop col-
orful propaganda and education activity.

Conclusions

Nitogen, phosphorus, inorganic matter and organic mat-
ter in swine wastewater and domestic sewage of the down-
stream can be removed by artificialwetland technolbgy, andN
or P inwastewater is transformed into essentialmatters in or-
ganign tissues, which reduces the water quality deterioration
resulted from water bloom caused by excessive propagation of
microorganians Mearwhile, a series of biobgical products
are obtained by the biolbgical cycling, and Q ianling Park is al
s0 beautified, which has mportant educational meaning and
practical value
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