23 7 Vol 23,Na 7

2003 7 ACTA ECOLOGICA SN ICA Jul , 2003
1 2 2 2 1
) ) b b
(1 , 510650; 2 s 525011)
4 .
2 , ,
COD BOD 97.7% 78.2% 91.4% 95.3%,
97.1% 71.5% 73.7% 89.8% s ,
) COD BOD > >
BOD> COD, COD> BOD> ,
4 ,
3 s , 4
; , , 3 ,
3

Ecological effectiveness of constructed wetlands in treating oil

ref ined wastewater
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Abstract: W astew ater produced from the oil refinery of the M aoming Petro-Chemical Company, China
Petro-Chemical Corporation contains high concentrationsof organic and inorganic pollutants, therefore it
cannot be discharged directly into river or sea unless being treated first Four plant gecies, V etiveria
zizanioides, Phragmites australis, Typha latifolia, and L epironia articutala were planted in large

ocontainers as constructed vertical flow wetland to test their efficiencies in the purification of oil refined
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w astew ater and their grow th inw etlands pakedw ith oil refinedw astev ater. T he resultsgotten from a 2-
month treatment indicated that the purifying ratesof constructedw etlandsfor oil refined w astew ater w ere
all very high at the beginning, w hich renoved 97. 7% of anmoniaN, 78.2% of COD, 91.4% of BOD,
and 95. 3% of oil in the first batch of highly-concentratedw astew ater (HOW ), and 97. 1% of anmoniaN ,
71.5% of COD, 73.7% of BOD, and 89.8% of oil in the first batch of low-concentrated w astew ater
(Low). But the performance of w etlandsw as decreased and becam e basically stable as time passed The
efficiency of wetlands in removing the pollutantsw as aw ays in order of anmoniaN > oil > BOD >

COD, but the net renoval of plants to then was ranked asCOD > BOD > oil and anmoniaN. In the
beginning, thepurifying function of plantsw as quitew eak, but it gradually increasedw ith the acceleration
of plants grow th How ever, therewas aimost no significant difference in the renoval efficiencies anong
the four gecies The four tested eciesproduced better grow th inw etlandsw ith HCW orL CW thanw ith
clean water, butV. zizanioides, P. australis, T. latif olia produced fewer tillers in HOW than those in
LCW, while thiswas contrary to L. articutala This inferred that HOW might danage the first three
gecies, and promote the grow th of L. articutala During the period of clean w ater cultivation, the new
tiller producing rate of V. zizanioidesw as the low est anong the four gecies, but it gradually rose during
the period of treatment water ak, while the tiller-producing rates of the other three ecies were
distinctly low ered Itw as therefore suggested that V. zizanioidesmight have a stronger adaptation to the
harsh envirorment than other gecies tested in the experiment, egpecially in the situation of long time of
adaptation to the enviroorment However, the above results ranains to be further verified due to the
Imited observation time of only two months

Key words constructed w etland, w astew ater treatment;, phyto-renediation; oil-refined w astew ater
: 1000-0933(2003) 07-1344-12 5718 A

W ater is the source of life, and is the basic condition of human survival The severew ater pollution
and insufficient supply are now adays two difficult problen sabout thew ater environment around the globe
In China, thewater problen ismore prominent and urgent There is only 2500 m®water resource per
capita in China, less than one-fourth of the world’'s average In 1999, the total wastew ater discharge
anount in Chinawas 40.1 billion tons, and COD in the wastewv ater was 13. 9 million tons, but the
treatment ratew asonly 29. 65%. A sa result, about 80% of waters, including 45% of ground w ater and
90% of cities drinkingw ater, have been polluted at varying degrees™?!.

Guangdong is one of the most developed provinces in China, but its pollution, esecially industrial
pollution, is al® quite severe For exanple, the M aoming Petro-Chamical Company (M PCC), China
Petro-Chamical Corporation in Southwest Guangdong, discharged 13.12 million tons of oil refined
w astew ater and 7. 48 million tons of ethylene-produced w astew ater in the year 1999 alone A Ithough the
company has strongly recognized the mportance of environmental protection, and invested substantially in
building up new purifying plants and in enlarging the cgpacity of old plants, w hich have made the present
ability of the company to treat w asten ater become much stronger than before How ever, therew as still
only 63.4% of oil refined w astaw ater reached the effluent standard in 1999, indicating that the company
still hasamajor task w ith gpecial reference to w astew ater purification

W etland is regarded to be very effective in the field of enviromrmental protection, egecially for
w astew ater treatment For exanple, Knight et al. , through statistic calculation to a set of more than 1300
data, show ed that themean purifying ratesof constructedw etlandsfor livestock w astew aterw ere 65% for
BOD, 53% for TSS, 48% for NHsN, 42% for TN, and 42% for TP"®. Due to its low expense, low
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energy-consumption, high effectiveness and sustainability, wetland treatment systems are regarded as a
prom ising w astew ater-treating technique, and are being used by more and more countries and regions,
particularly by developing nations“ . Constructed wetlands also have been used to treat petroleum
industry effluents, but they are still concentrated mainly on the ramoval of COD, sugpended snlids, and
heavy metals®. There has been very poor documentation to date on the purification of constructed
w etlands for themain pollutantsof petroleum industry effluents, such asoil, phenol, and benzene

M any experiments and observations have confirmed that vetiver grass (V etiveria zizanioides (L. )
Nash) has excellent effects in erosion control, amelioration of harsh il conditions, w astew ater

purification, and other envirormental uses® ™

For example, vetiver established in wetland could
effectively remove extra lids and nutrients in aquaculture sludge, and the removal rates to sugpended
wlids, total COD, total kjeldahIN, total P, and disolved Pwere 96% 98%, 72% 91%, 86% 89%,
82% 90%, and 92% 93%, regpectively!™. This pecies can alw purify over 87% of anmoniaN and

74% of total P from landfill leachate!™!

Phragmitesaustralia (Cav. ) Trin ex Steudel and Typha latif olia
L., the wo common gecies in South China aswell as in tropical and subtropical regions of the globe,
have alo been strongly proved to be effective with regard to their ability to renove pollutants™ *"1
L epironia articutala Rich , a local geciesof South China and a potential pollutant-purifying plant, grow s
mainly on natural w etlands nearby mine tailingsor industrially polluted areas, but there has been no any
report on its effectiveness for w astewv ater purification In general, there are very feav documentson the
purification of wetland systems using the above four gecies for industrial w asten ater, egecially oil
refined w astev ater. It is hoped, therefore, that the present study would provide information, firstly to
demonstrate the ability of the four plants in purifying w astew ater from oil refinery by using constructed
w etlands, secondly to screen out the highly effective pollutant reanoving gecies, and thirdly to offer an
econom ical and effective pollutant purifying method for industrial w astew ater, egecially for oil-refined
w astew ater.
1 M aterialsandM ethods
1.1 Experimental materials

The experimentw as set up at thew astew ater treatment station of M PCC, and smulated constructed
w etlandsw ere used in this experment The il used in thew etlandsw as dug from a local nursery; it is
sandy loany wil, and its chemical features are listed below (T able 1).

Table1 Chemical character istics of il used in constructed wetlands

Organicmatter Total N Total P Total K Total S  AvailableN Available P Available K
(g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
4 57 6 10 Q33 Q14 4 48 Q11 300 12 7 74 7

pH

The tested w astew ater in the trial consisted of a highly concentrated w astew ater (HOW ) and a low
ooncentrated wastevater (LOV ). The former was the flotation wastevater, having the highest
concentration of pollutants the latter was the HCW after having been physically and chemically treated
Of the tested 4 herbaceous gecies, V. zizanioides, P. australis, and T. latif oliaw ere collected from the
nursery of South China Institute of Botany (SCB), among than the first had been grow ing in the xeric
envirorment, and the latter two in the hydrophytic one L. articutala was oollected from a natural
w astew ater discharging channel beside the oil-shalew aste dump inM aom ing, w hichw asvery smilar to an
artificial w etland of w astew ater purification
1.2 Trial designs and arrangements

Smulated artificial w etlandsw ere constructed in large earthen containers, filledw ith w astew ater for
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purification Threew ater treatments (HCW, LOW, and cleanwater (QW)) and 4 plant treatments (V.
zizanioides, P. australis, T. latifolia, and L. articutala) were used In addition, 2 groups of control
were al® included in the trial, which were HOW wetland w ithout plants and L W w etland w ithout
plants A ll treatmentsand controls had three replicates During the trial period all the containersw ere all
grow n in open air under an open franew hichw as covered by a large cloth canopy w hen it rained to prevent
rainw ater from entering the containers

L arge earthen containers, 70 an high and 90 an in dianeter, w ith an outlet drain for each one on the
bottom w ere custom-made for the trial Each containerw as then filledw ith 87. 1 kg (DW ) of il and then
was plantedw ith 18 slipsof one of the above 4 gecies Due to the big differencesof sten dianeter anong
different gecies, T. latifolia, P. australis, V. zizanioides, andL. articutalaw ereplantedw ith 1 tiller,
2, 3, and 5 tillers, repectively, for each slip in order to make each gecies have as identical as possible
biomass when planting Prior to planting, their tops and rootswere all pruned to 30 an and 5 an,
repectively. A fter planting, clean w ater w as loaded into the pots until thew ater level was 10 an higher
than the il surface The survival ratesw ere recorded and dead slipsw ere replaced 15 days later. During
the period of establishment, clean w ater was added to the containersonce every 2 4 days to supplement
w ater loss by evapo-trangiration At the end of the 2Zmonthsestablisiment period, the ilwas let to dry
up, then the 3 treatment waterswere loaded, 55 kg for each container. Samples of w astew ater w ere
wllected from the drains for chemical analysis 8 days after loading A fter each test was over, all
w astew aters w ere discharged and containersw ere let open until the il become amost dry, then the
second and third batches of w astewv ater were loaded, and the sane operation as the first batch was
repeated 8 days after each batch of wastev aterswas loaded Concretely seaking, the three batches of
w astew aters lasted in constructed wetlands from July 17" 25", August 6™ 14", August 21% 29",
repectively. Obviously, the experment can be divided into two stages the stage of clean water
cultivation, w hichwas from M ay 4™ to July 16", and the stage of treatmentw ater cultivation, whichw as
from July 17" to September 9"
1.3 Observationsand analysis
1 31 Plant growth in wetlands The observation included the survival rate, plant height and tiller
number. The latter wo dataw eremade tw ice, w hichwereprior to loading treatmentw ater (July 16) and
in the end of the experiment (September 9), regectively.
1 3 2 Analyses of wastevater The analyses included pH, ammonia nitrogen (AN), oil, sulfide,
volatile phenol (v P), benzene, COD, and BOD. pH wasmeasuredw ith a pH meter COD valuesw ere
measured through measuring the consumption of disolved oxygen w hile the w astev atersw ere oxidized
with KM nO4 BOD was al® referred to as the consumption of disolved oxygen after the w astew aters
were incubated 5 days at 20 in an incubator AmmoniaN w as detem ined w ith direct distillation; V P
and sulfide were measured by colorimetry; oil was determined by ultraviolet gpectrophotometry, and
benzene by gas chromatography!*®!
2 Realtsand D iscussion
2.1 Quality of wastew aters at loading time and purifying efficiency of the physical and cheam ical m ethod

The levels of AN, COD, BOD, oil, VP, and benzene in w astev aters before (HCW ) and after
(LoW) being treated by the physical and chem ical methods at thew astew ater treatment plant are listed in
Table 2 It showed that the concentrations of these pollutants, except for pH and sulfide, in HOW ,
irregective of w hich batch w astew ater, w ere aimost all higher than the Second Grade Standard (SGD) of

W astev ater D ischarge L mits WDL) in Guangdong (DB44,/26-2001). A fter HON was physically and
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1348 23

chemically treated, the contentsof thesepollutantsinL CW significantly decreased, and aimost all of tham
reached SGD w ith the exception of AN and oil in the second batch; someof them, such asBOD, V P, and
benzene were even low er than the First Grade Standard T his indicated that the physical and chemical
purifying efficienciesw ere good, from the lowest, round 30% for AN to the highest, nearly 100% for
benzene (Table 2). Considering that acidity and sulfide in HOW completely met the discharge standard,
and V P and benzenew ere aimost all renoved by the physical and chemical methods in the first and second
analyses, these four pollutantsw ere not measured any longer in the third analysis In addition, it can be
seen from Table 2 that thew ater quality of w astew aters is quite changeable and the physical and cheamical
removal rates are al® unstable For exanple, VP in HON was 1. 8mg/A in the first batch and becane
into 8.48mg/A in the second, increasing by nearly 4 timmes BOD and other pollutants had the smilar
changes
Table 2 Quality of wastewatersat the different loading stages?

W astew ater type pH AN COD BOD Oil Sulfide VP Benzene
W ater quality of the first batch of w astew aters at the time of loading (17 July 2002)
HOW 7 10 22 132 41 36 Q 18 180 8 972
LCwW 7 22 17 87 8 2 60 Q 08 Q 07 Q 005
Purifying rateb (%) - 22 7 341 80 0 83 3 55 5 96 1 > 99 9
W ater quality of the second batch of w astew aters at the time of loading (6 A ugust 2002)
HCW 7 21 29 196 26 47 Q 46 8 48 9 30
LCwW 7 02 18 67 67 13 Q 05 Q 05 Q 005
Purifying rate (%) - 379 65 8 74 2 72 3 89 1 99 3 > 99 9
W ater quality of the third batch of wastew aters at the time of loading (21 A ugust 2002)
HCW - 50 174 78 61 - - -
LCW - 34 78 92 54 - - -
Purifying rate (%) - 320 55 2 88 2 91 1 - - -
W astew ater D ischarge L imits in Guangdong Province, China (DB 44,26-2001) ¢
Second grade 6 9 15 120 30 8 10 Q5 25
First grade 6 9 10 60 20 5 a5 Q3 20

a The unit of all dataismg/A; Q 005 is the instrumentmeasuring low est limit of benzene; b Referred to aspurifying rates
of the physical and chemical method; ¢ Issued by Guangdong Provincial Bureau of Environmental Protection on 20 A ugust
2001
2.2 Purifying benefitsof constructedw etlands in the first batch of w astew aters

The quality of the first batch of w astew aters after being treated in w etlands for 8 days is shown in
Table 3, which indicated that: 1) apart from a snall rise in pH, all other pollutants dropped sharply, and
furthemmore AN, V P, and benzene all reached the instrument measuring low est Imits, and partsof BOD
and sulfide alo reached their regective lowest Iimits 2) comparing HOW with LCW, the drop of
pollutant levelsw as higher in the former than in the latter; and 3) the purifying ratesof w etlandsfor AN,
COD, BOD, and oil were all in the order of AN > oil > BOD > COD, irrepective of the type of
w astew aters, LCW or HOW. The reaonsfor the highest purifying rate for AN w ere probably due both to
its strong volatility and the easy transformation feature into nitrateN orN2**. Kantavanichkul et al als
found that TKN andNHsN were renoved over 90% by constructedw etlandsw ith V. zizanioides!”. It is
interesting that the renoval of AN was the low est by using the physical and chenical method (T able 2),
w hereas it was the highest by wetland systens (Table 3). The ramoval rates of oil by constructed
w etlandsw ere al® quite high, up to 89.8% inLCW and 95.3% in HCW. The latest report pointed out

that the removal efficiencies of reed beds to mineral oil were 88% 96% . In addition to these, there
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w as another phenomenon in Table 3 that treatmentsw ith plants had the aimost sane purifying efficiencies
as thosew ithout plants (controls), which is revealed more clearly in Table 4

The effectiveness of plants for pollutant purification in the present expermentwas not  distinct in
the beginning of the experiment (Table 4). The net purified anounts com ing from plantswere very low,
and ome of them w ere even negative, namely the purifying effectivenessof the treatmentsw ith plantsw as
even poorer than ocontrols Thiswas probably due to the relatively snaller biomass and the relatively
poorer adaptation to the w astewv ater environrment at the beginning Table 4 al show s that therewere
amost no significant differences anong different gecies with regard to their purifying efficiencies to
pollutants, except for partsof COD (P> 0.05). Overall the purifying effectiveness of L. articutalaw as
slightly better comparedw ith other 3 gecies

Table 3 Quality of the first batch of wastewater safter 8 days treatment in wetlands™

T reatment pH AN COD BOD oil Sulfide VP Benzene
W ater guality and removal rates of HOW
CK 8 51+ Q 16 Q5 321+44 41+Q7 180+0Q09 Q11 Q 02 Q 005
97. 7) (75 8) (90 0) (95 0) (38 9)
V. zizanioides 7. 57+ Q 05 Q5 309t59 44+11 130037 Q11 Q 02 Q 005
(97 7) (76 5) (82 3) (96 4) (38 9)
T. latif olia 792+ Q 09 a5 26 4+ 6 6 3808 240+010 Q 01 Q 02 Q 005
(97.7) (80 3) (9a 7) (93 3) (94 4)
P. australis 7. 86+ Q 18 Qa5 317t 11 3304 Q85007 Q 03 Q 02 Q 005
97 7) (75 8) (91 9) (97 6) (83 3)
L. articutala 7. 82+ Q 15 Qa5 23 5+ 33 20 2 10+ Q 15 Q 07 Q 02 Q 005
(97. 7) (82 6) (95 1) (94 2) (61 1)
M ean purifying rate (%) 97. 7 78 2 91 4 95 3 63 3 - -
W ater quality and ramoval rates of L CW
CK 8 10+ Q 05 Qa5 26 0+ 5 4 2801 Q55002 Q 02 Q 02 Q 005
(97 1) (70 1) (65 9) (90 8) (75 0)
V. zizanioides 782+ Q 22 Qa5 28 5+ 2 7 20 Q 93+ Q 07 Q 02 Q 02 Q 005
(97 1) (66 7) (75 6) (84 5) (75 0)
T. latif olia 7. 96 Q 27 Qa5 24 6+ 2 0 20 Q 77+ Q 10 Q 01 Q 02 Q 005
(97 1) (71 3) (75 6) (87 2) (87 5)
P. australis, 759+ Q 11 a5 27. 7+ 1 4 20 Q 31+ Q 02 Q 02 Q 02 Q 005
(97 1) (67 8) (75 6) (94 8) (75 0)
L. articutala 788+ Q 11 Qa5 16 4+ 4 2 20 Q 51+ Q 03 Q 02 Q 02 Q 005
(97 1) (81 6) (75 6) (91 5) (752 0)
M ean purifying rate (%) 97.1 715 73 7 89 8 77.5 - -

* The units of all observed data (parts aremeans + ) are the same as those in Table 2, data in parentheses are
purifying rates (%); mean purifying rate is the average value of purifying rates in each colunn; 0.5, 2.0, 0.01, 0.02,
and 0. 005 are the instrument measuring lowest Imitsof AN, BOD, sulfide, V P, and benzene, repectively. W hen the
measured data are snaller than the instrument measuring lowest limits, they are treated as the instrunent measuring
lowest Imits

2.3 Purifying benefitsof constructedw etlands in the second batch of w astew ater

T he second batch of w astew atersw as loaded after the first batch w as discharged for 11 days, and then
ollected samples for analysis 8 days later (Table 5). The changes of concentrations were basically
oonsistent with the first batch (1) pH values slightly increased (2) A Il pollutants decreased at varying

degrees, anong then V P and benzene of all treatmentsw ent dow n to their repective instrument
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measuring lowest limits, o did parts of AN and Table4 The net renoval of COD, BOD and oil by
sulfide Thisfurther indicates thatw etlandsprovided Plants in the first batch of wastewaters*

very high ranoval rates of these pollutants, the Treament  Species CcoD  BOD Qil
highest of w hich was benzene in HCW, up to over HCOW V. zizanioides 12 -03 Q 50
99%. (3) The ramoval rates of wetlands to AN, T. latif olia 57 Q3 -0Q60
COD, BOD and oil still presented in order of AN > P. australis 04 08 09
oil > BOD > COD. (4) M ost purifying ratesof this L. articutala 86 21 -030
batch were lower in comparison with those of the LOW V. zizanioides - 25 08 - 038
. . . . T. latif olia 14 Q8 - 022
first batch, but those inL CW had a higher reduction )

P. australis - 13 Q8 Q 24

. . 0

rate, egecially COD, which dropped to 35.8%. L. articutala 96 Qs Q04

This is perhaps because the purifying ability of

* Concentrations are expressed by mgA; * -
w etlands decreasesw ith age (5) Overall purifying

indicates an increase of pollutants after being* purified”
effectiveness of wetlands to high concentration by plants

pollutants (in HOV ) was better than to low concentration pollutants (in LOW ), except for AN. (6)
Purifying efficiency of plants still was not very high, namely the difference of purifying ratesw as very
snall betw een treatmentsw ith plants and w ithout plants (CK).

Table 5 Quality of the second batch of wastewater safter 8 days treatment in wetlands*

T reatment pH AN COD BOD oil Sulfidle VP Benzene
W ater quality and removal rates of HOW
CK 865+Q06 29tQ1 659+88 98t0Q7 353+008 Q 04 Q02 Q 005
(90 0) (66 3) (62 3) (92 6) (91 3)
V. zizanioides 7704010 15+03 494+66 67+11 222+034 Q 02 Q 02 Q 005
(94 8) (75 0) (74 1) (95 3) (95 7)
T. latif olia 802+t025 21+tQ04 586x23 7910 237031 Q 04 Q 02 Q 005
(92 8) (69 9) (69 7) (94 9) (91 3)
P. australis 78011 1301 53350 57+ Q02 290+ Q07 Q 03 Q 02 Q 005
(95 5) (73 0) (77. 9) (93 8) (93 5)
L. articutala 798034 09+01 50183 29+ 04 240+0Q15 Q 04 Q 02 Q 005
(96 9) (74 5) (82 0) (94 9) (91 3)
M ean purifying rate (%) 94 0 717 84 6 94 3 92 6 - -
W ater guality and removal rates of L CW
CK 812+ 011 1303 40670 2101 244+020 Q 01 Q 02 Q 005
(92 8) (38 8) (68 7) (81 5) (80 0)
V. zizanioides 7. 95+ Q 20 a5 43 629 20 159+ 043 Q 01 Q 02 Q 005
97. 2) (34 3) (70 1) (87.7) (8a 0)
T. latif olia 8 14+ Q 07 a5 49 5+ Q 9 32t02 1610 33 Q 01 Q 02 Q 005
(97 2) (25 4) (52 2) (87.7) (8a 0)
P. australis, 7788005 13t04 452+47 24+ Q1 168+008 Q 01 Q02 Q 005
(92 8) (32 8) (64 2) (86 9) (8a 0)
L. articutala 8 20+ Q 10 a5 353 2+35 26+£04 185013 Q 01 Q 02 Q 005
97. 2) (47 8) (61 2) (85 4) (80 0)
M ean purifying rate (%) 95 4 35 8 63 3 85 8 80 0 - -

* The unitsof all observed data are the sane as Table 2, and others have the sasnemeanings as Table 3

Table 6 show ed that the net renoving anountsof treatmentsw ith plants to AN, COD, BOD and oil
in HOW w ere all positive values, indicating that plants began to produce purifying efficiency to these
pollutants in the second batch of w astew aters This result alo suggests that w etlandsw ith plantsw ere

more effective in treating HCW than L CW , because the net ranoving anounts to pollutants inL CW w ere
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lower, close to Oor even negative This inferred that the purifying ability of plantsw ere still unstable at
this stage Regarding the purifying effectiveness anong different ecies, itwas stillL. articutala, w hich
performed slightly better than V. zizanioides, P. Australia, and T. latifolia On thewhole, the four
gecies had smilar purifying abilities to w astew ater.

2.4  Purifying benefits of constructed wetlands in Table6 Thenet removal of AN, COD, BOD and oil
the third batch of w astew ater by plants in the second batch of wastewaters*

The third batch of w astewv atersw as loaded after T reatment Species AN COD BOD Oil

the second batch of w astew ater w as discharged for 7 HOW V. zizanioides 14 165 31 131
days The results of water quality and purifying T. latif olia as 73 19 116
ffici . 8 d aft tavi . tland P. australis 16 126 41 Q063
efficiencies ays after staying in wetlands are L. articutala 20 158 69 113
presented in Table 7 The purifying abilities of LOW V. zizanioides Q8 - 30 Q1 Q85
w etlands to the 4 pollutantsw ere still ranked asAN T. latifolia 08 -89-11 083
> oil > BOD > COD, further inferring that AN P aus_“al's 0 -46-03 amn
. . L. articutala 08 &54-Q05 059

was one of the most easily bio-renoved elements ] o
* The data are expressedwithmg/A. “ - " indicates an

from w astew ater w hile COD w as one of the hardest .y -
increase of pollutants after being” purified” by plants
bio-reanoved elanents In comparion to the
purifying rates of the second batch, those of the third batch did not have a clear increase or decrease,
suggesting that w etlands began to enter a relatively stable state In general, the purifying rates of the
third batch of wastew aters were still quite high, over 50% w ith the exception of COD in LCW. In
Table 7 Quality of the third batch of wastewater safter 8 days treatment in wetlands*

W astew ater T reament AN coD BOD oil M ean purifying
type rate(%)
HCW CK 22+02 81 3+40 8717 3 10+ Q 13 83 2

(95 6) (53 3) (88 8) (94 9)
V. zizanioides 11+Q1 63 7+ 7. 9 56x03 2 85+ Q 56 87 3
(97 9) (63 4) (92 8) (95 2)
T. latif olia 11+Q3 51 0+ 5 8 41+0Q7 2 13+ Q 07 89 9
(97 8) (7 7) (94 7) (96 6)
P. australis 12+Q4 537+ 21 51+Q7 1 89+ Q 89 89 3
(97. 7) (62 2) (93 4) (96 9)
L. articutala 11+Q2 613+ 50 52+08 235+ Q44 88 0
(97. 7) (64 8) (93 3) (96 2)
M ean purifying rate (%) 97. 3 64 3 92 6 96 0 87. 5
Low CK Q7tQ1 59 7+ 1 4 49+Q3 2 03+ Q 04 57. 7
(98 0) (23 5) (46 4) (63 0)
V. zizanioides Qa5 45 7+ 36 2303 167004 70 7
(98 5) (41 4) (74 6) (68 5)
T. latif olia Q5 400+ 10 2504 125+ Q77 74 2
(98 5) (48 7) (72 5) (77. 0)
P. australis Qa5 43 0+ 8 8 2301 152+ Q 44 72 5
(98 5) (44 9) (75 0) (71 5)
L. articutala Q5 47. 7+ 7. 8 24+ Q01 1 30+ Q 09 71 8
(98 5) (38 9) (74 3) (75 3)
M ean purifying rate (%) 98 4 39 6 68 6 71 1 69 5

* The unitsof all observed data are the sane as Table 2, and others have the sasnemeanings as T able 3
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addition, the purified effect of HOW by wetlandsw as higher than that of LCW smilar to the first two
batches of w astew ater.

Regarding the net purifying ability of plants, the four gecies began to produce net removing rates to
all pollutants in both types of wastev aters (Table 8). Furthemore the renoved amounts of the four
eleanentswere COD > BOD > oil and AN, which was completely contrary to the order of their removal
rates by wetlands (Table 3, 5, and 7). Combined w ith purification of plants in the first wo batches of
w astew ater, itwas found that the purifying capacity of plants inw etland system s gradually increased w ith
wetland’s running Thiswas obviously associated with gradual grow th and development of the plants
resulting in a gradual increase of biomass, and al® they gradually adapted them selves to the w astew ater
environrment as they grew in wetlands It is positive, therefore, that the purifying ability of plants in
w etlands becam e stronger and stronger asplantsgrev up. In addition, there stillwas no clear distinction
of the purifying benefits anong the 4 gecies to sane pollutant or same ecies to different pollutants On
thewhole, the effectivenessof T. latif oliawas best, L. articutalawas second, and P. australia and V.
zizanioideswere last Itw as suggested, therefore, thatw etland covered by several plant gpeciesm ight be
superior to that by single gpeciesw ith reference to removal efficiency of pollutants
2.5 Survival and grow th of plants in w etlands Table 8 Thenet ranoval of AN, COD, BOD and oil

On the 15" day after planting, the survival rates by plants in the third batch of wastewater s

were investigated, 100% were recorded for V. W astevater

i Species AN COD BOD Oil
zizanioides, P. australis, andL. articutala, butonly ype
I . H V. zizanioi 12 176 31 Q2
91.3% for T. latifolia, indicating the last gecies ov zizanioides
s T. latif olia 11 303 46 10
was difficult to be tranglanted For growth, the
. . . P. australis 10 276 36 12
four gecies all grev better in wetlands with two )

) ) ) L. articutala 11 200 35 Q8
types of w astewv ater than in thosew ith clear w ater in LONW V. zizanioides Q2 140 26 Q3
tem s of plant height and tiller number (Table 9). T. latif olia 02 197 24 Q8
This was probably due to the presence of some P. australis Q2 167 26 a5
nutrients in wastevater It was also found from L. articutala Q2 120 25 Q7

Table 9 that V. zizanioides, P. australis, and T.
latif olia produced less grow th in HCW than inL QW ,
particularly their tiller numbers Thisisperhapsbecause that HON contained higher levelsof phyto-toxic

* Concentrations are expressed inmg/A

materials to the three gecies than LCW. L. articutala was different from tham, and it grewv better in
HCW than in LCW, inferring that this gecies might be more tolerant to pollution than the other 3
gecies Considering the original habitats of the four secies, V. zizanioides, P. australis, and T.

latif olia w ere taken from the nursery of SCB under a good habitat condition, whereasL. articutalawas
from a leachate-discharging wetland near the oil shale residue dump where it established naturally.

ThereforeL. articutala original habitat was closest to that of the experment, and probably due to this
reaon thatL. articutala grew better than other three gecies M oreover, the stronger ranoving efficiency
of L. articutala as shown in Table 4 and 6w asprobably alo due to this reason M any plants can assume
adeptive tolerance, meaning that plants generally produce or increase tolerance to one harsh envirorment

after grow ing for some time in the gecial envirorment™* !

For exanple, T. latifolia from metal-
contam inated sites accumulates considerably moremetals, up to nearly tw ice asmuch Zn and Pb and three

tinesasmuch Cd, in roots than those from the uncontam inated sites’®.
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Table 9 Growth of the four plants tested in constructed wetlands

First investigation (July 16™) Second investigation (Sep. 9™
Species trveva:‘r:eernt Plant height N umber of tillers Plant height N umber of tillers
(an) (N um. /clump) (am) (N um. /clump)
V. zizanioides aw 102 9+ 10 9 4514 110 7+ 9 8 54+ 15
LCw 104 3+ 8 7 4719 136 8+t 8 5 8§8+25
HCW 104 5+ 7. 0 49+ 22 136 9+ 10 5 84+ 31
T. latif olia cw 84 7+ 92 3415 120 2+ 17 3 4320
LCwW 83 3+ 13 3 3310 133 2+ 19 2 6220
HCW 84 6+ 11 6 3613 125 8+ 19 3 5825
P. australis aw 81 8+ 16 2 42+14 87 7+ 17. 9 49+21
LCW 74 3+ 12 7 39+20 106 3+ 18 5 64+ 30
HCW 82 1+ 10 3 4313 113 1+ 10 8 6335
L. articutala cw 82 2+ 4 4 159+ 41 101 9+ 9 0 17 7t 5 9
LCwW 811+ 70 173t 41 126 7+ 7. 7 28 8+ 7 6
HCOW 86 1+ 6 1 16 9+ 3 4 129 8+ 6 5 333t78

The tillering rate is the ratio of tiller number observed in the last time to the current nunber'?. The
tiller numbersof each slip of V. zizanioides, P. australis, T. latifolia, andL. articutala,were 3, 2, 1,
and 5, regectively at the timeof planting A nd then combinedw ith Table 9, the tillering ratesof the four
grasses in different stages, cleanw ater cultivation and treatmentw ater cultivation stages, are calculated in
Table 10 At the establishment stage in clean w ater, the tillering rate of V. zizanioidesw as the low est,
inferring it w as affected negatively by the change of habitat from the xeric to hydrophytic environrment
The slow growth of V. zizanioides in the beginning could be explained by the gradual increase in
parenchyma density in both root and shoot of vetiver plant as it changes from dry land to wetland
conditions . The other three Pecieswere all collected from hydorphytic habitat, as a result they were
hardly influenced by thew etlands envirorment At the treatment w ater phase, the tillering rates of P.
australis, T. latifolia, and L. articutala tangibly decreased, w hereas those of V. zizanioides increased
This revealed that V. zizanioides could acclmatize itself to the hydrophytic environment after it was
transferred to the nav one Thiswas probably because that the size and number of air chanbers in the
leaves of V. zizanioides gradually became larger, and furthemore air chanbers accumulated ergastic
substancew hen it was transplanted from dryland to wetland®. Ergastic substance is possibly related to
the storage of contamninantsfrom thew etland Once adgpted, V. zizanioides can produce quite rapid tiller
forming rate even it is in wastevater It might be inferred, thereby, that the tillering gpeed of
V. zizanioideswould become faster and faster relative to other three gecies as it matures although it is
not a hydrophyte as the other three Pecies

Table 10 Tiller ing rates of the four plantsbefore and af ter wastewater irrigation

st V. zizanioides P. australia T. latif olia L. articutala

e

a W LCOW HOW COW LCW HONW OV LOW HowW oW Low  How
Cleanw ater stage 150 157 163 210 19 170 340 330 360 318 346 338

Treatmentwater stage 120 187 171 117 164 147 126 18 161 111 166 1097

Liao X D. Studieson Plant Ecology and Systen M echanisns o Constructed W etlands f or Pig Fam in South China
Ph D. Thesis, South ChinaA gricultural U niversity, Guangzhou, China 200Q
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3 Conclusion

It might be concluded from the foregoing results

(1) The concentrations of pollutants in oil refined w astew ater w ere quite high, especially in HOW ;
they exceeded the second grade of WDL in Guangdong, China T he tested indicesof L CW that cane from
HCW after physical and chem ical purification, aimost allmetWDL.

(2) In general, the pollutants removal rates of physical and chemical methods for oil-refined
w astew ater w ere high despite the continuously changing concentrationsof the pollutants and the relatively
unstable ranoval efficiencies

(3) In the beginning, the wetlands could remove amost all pollutants in wastew aters, but their
efficiencies becane slower and then becane relatively stable with time The purifying efficiencies of
w etland w ere in order of AN > oil > BOD > COD.

(4) At the start of the trial the purifying function of plants was quite weak A s time passed,
how ever, the function of plants gradually increased w ith acceleration of plant grow th and increase of
biomass But there were only snall variations anong purifying abilities of different gecies The net
reanoved anountsof plants to pollutants ranked asCOD > BOD > oil and AN.

(5) Al tested secies, V. zizanioides, P. australis, T. latifolia, and L. articutala had better
grow th inw etlandsw ith any type of w astew aters than in w etlandsw ith clean w ater. How ever, the tiller
nunbersof the first three pecies in HOW were faver than those inLCW, except forL. articutala, This
result wasperhaps related to the natural habitat of L. articutala, whichw as a natural effluent w etland of
oil-shalew aste dump in the locality and very similar to the habitat of the experiment; w hereas the other
three gpeciesw ere collected from the nursery having different grow ing conditions

(6) During the phase of cleanw ater cultivation, the tiller producing rateof V. zizanioidesw as low est
among the four gecies Thisw as al aswciated probably w ith their original habitats, asV. zizanioides
was sampled from the xeric environrmentw hile other three peciesw ere from the hydrophyticone During
the phase of treatment w ater cultivation, V. zizanioides possesses stronger tiller-producing ability than
the other three gecies after it has acclimatized itself to the hydrophytic envirorment
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