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Abstract—Five aquatic macrophytes, Acorus calamus, Lythrum
salicaria, Monochoria korsakowii Alisma orientale and Sagittaria
sagittifolia were tested for the relative growth rate (RGR) and
abilities of removing total nitrogen(TN) and total phosphorus
(TP) by the manipulative indoor experiment. Result revealed that
the RGR of M. korsakowii was the highest(0.818) among the five
macrophytes, while that of A.orientale was the lowest (0.172).Also
the abilities of different macrophyte species to remove nitrogen
and phosphorous contrast sharply with one another. The results
showed that A. calamus, L. salicaria, M. korsakowii and
A.orientale had stronger ability to remove TN, the removal rates
were 97.7%, 94.9%, 96.4%, 91.2% respectively. A. calamus and
L. salicaria had stronger ability to remove TP, the removal rates
were 96.1% and 83.4%. The order of TN purification capacities
was: A. calamus > M. korsakowii > L. salicaria >A.
plantago-aquatic> S. sagittifolia. But for TP, the order was A.
calamus > L. salicaria >M. korsakowii >A.orientale> S.
sagittifolia.
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. INTRODUCTION

Nitrogen and phosphorus contained in agricultural effluents
and industrial wastewaters are mainly responsible for
eutrophication[1]. It is evident that eutrophication has become
a serious water pollution in many countries. Hunhe River,one
of the most important river in liaoning province, supply water
to the seven cities[2]. Over the last two decades, with the
population growth and the rapid economic development in the
drainage area, nutrient-rich effluents have increasingly
discharged into the river. This has resulted in severe
contamination and eutrophication of this river[3]. Occurrence
of eutrophication affect the lives of local people that depend
upon these water sources for their daily requirements. Thus,
efficient remediation methods for controlling eutrophication
and restoring the aquatic ecosystem are being pursued.

In recent years, there has been an ever-increasing interest in
the study of nutrient-accumulating plants for environmental
remediation application, termed as ‘phytoremediation’. One
method of phytoremediation is phytoextraction, which uses
aquatic plants to remove pollutants from contaminated waters
by concentrating them in the harvestable aboveground
parts[4].Previous studies have demonstrated the -effective
removal of inorganic nutrients N and P in wastewaters by using
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various aquatic macrophytes,such as Eichhornia crassipes[5,6],
Cyperus papyrus[7], Typha latifolia[8],Pisitia stratiotes[9] and
Phragmites communis[10] , in natural or semi-natural
systems.Their growth is rapid and are effective to provide
potential alternatives for treating agricultural effluents and
industrial wastewaters. However, the geographical position will
affect their purification capacity[11]. The experiment was
taken on the basis of resource surveys to the wild aquatic plants
in the upstream watershed of Hunhe and Acorus calamus,
Lythrum salicaria, Monochoria korsakowii Alisma orientale
and Sagittaria sagittifolia were choosen for experiment.

The present study is part of a larger investigation into
management options for enhancing biological nutrient removal
from wastewater using natural and constructed wetland
technology. The objectives of this study were to compare the
extent of nutrient (total nitrogen and total phosphorus) removal
from wastewater by five local plant species Furthermore it can
provide a reference for screening accumulators for
phytoremediation of contaminated water in the northeast
China.

1.  MATERIALS AND METHODS

A. Experimental set-up

Five aquatic macrophytes, Acorus calamus, Lythrum
salicaria,Monochoria korsakowii ~Alisma orientale and
Sagittaria sagittifolia were collected from the field. Plants were
carefully washed using tap water then distilled water to remove
all the debris, then kept for 5 days in clean water to acclimatize.
After the adaptation period, the plants were cultivated in 50%
Yoshida solution for 1 week. Samples were transplanted to the
clear culture buckets (diameter 8 cm, height 15 cm, volume 3.5
L), three plants for each. The nutrient medium was changed
into 100% Yoshida solution for 1 week. Then the desired
amounts of NH,NO; NaH,PO,2H,0 were dissolved in
distilled water to achieve the appropriate contamination level:
TN 14mgL ™, TP 3mgL™.

Buckets and other non-biological materials were cleaned
with 10% HCI solution and thoroughly rinsed with distilled
water before utilization. These plants were grown in
experimental buckets filled with 3 L of artificial sewage in a
greenhouse at a temperature of 23+2C.



The experiment was conducted from July 1, 2011 to August
1, 2011. Fifteen clear culture buckets were used to establish
five treatments with triple replication. The six treatments
included five monocultures (A. calamus, L. salicaria, M.
korsakowii, A.orientale and S. sagittifolia) and no plants (as
control).

The microcosms were arranged in three rows and randomly
placed. The contaminated water was continuously aerated with
an aquarium air pump. Losses in culture volume due to
evapotranspiration were countered by addition of deionized
water to the original level every other day.

B. Sampling and analysis

During the course of the experiments, water samples of
250ml were collected every 7 days from each tank. Water
samples were collected from water surface of the buckets and
kept at 0—4 <C until analysis within 24 h. The concentrations of
total nitrogen (TN),total phosphorus (TP)were measured
according to the Standard Methods for the Examination of
Water and Wastewater as prescribed by American Public
Health Association[12]. Removal of TN and TP was calculated
using the following equation:

R(%)=[(Co-Cy)/ C] X 100

where Cy and C, represent the initial concentration and final
concentration, respectively.

After 30 days of incubation, dry weight was determined
after drying the plants at 70T until constant weight. The
relative growth rate (RGR) was calculated as the ratio of dry
weight difference between dry weight at the end of 30 days of
incubation and dry weight at the beginning of the experiment
over [(Wt30 - Wto)Wto]

The results were analyzed statistically by the SPSS
(Version 11.0). One-way analysis of variance was carried out
with SPSS11.0. The significant difference was set between
treatments at p < 0.05 or p < 0.01. Multiple comparison was
also made by the least significant difference (LSD) test.

I1l.  RESULTS AND DISCUSSION

A. The growth of five species

The growth of five species was favorable at the end of
experiment (Fig .1.). In principle, high nutrient removal
efficiencies can be achieved due to the very high growth rates.
M. korsakowii grew relatively rapidly, which was reflected by
the RGR of 0.818. The RGR of S. sagittifolia was the lowest
(0.039) in the five marophytes.The LSD test has shown
statistically significant difference (p<0.05) between A. calamus,
L. salicaria, A.orientale, S. sagittifolia and M. korsakowii. The
relative growth rate (RGR) of A. calamus, L. salicaria,
A.orientale, and S. sagittifolia showed no significant difference.
Physical and chemical processes associated with the water
column and vegetation are primarily responsible for N and P
removal from the overlying water[13]. Most macrophytes
species can assimilate N and P directly through their roots,
shoots and leaves[14]. It was inferred that M. korsakowii had a
greater potential to extract nutrients from wastewater due to the
thin and loose root mat that allows water—plant interaction.
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Figure 1. Relative growth rate (RGR) of five aquatic macrophytes in the
experiment. Results are means =standard deviation (n = 3). Means with
different letters are significant (P<0.05) according to the LSD test.

B. N removal from the simulated wastewater

The TN removal profiles from the simulated wastewater by
the cultivars tested are shown in Fig .2. The five aquatic
macrophytes could be effectively used in reducing the TN
concentration compared to the control(p<0.01).
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Figure 2. Total nitrogen (TN) concentration (mg/L) of the
wastewater

Except for S. sagittifolia, the TN concentration in other four
species declined to a low level after be cultured for 21 days,
and tended to level off in the latter 7 days. In particular, A.
calamus had the best removal effect with the removal rates of
97.7% compared to 28.36% in control. L. salicaria, M.
korsakowii and A.orientale had stronger ability to remove TN,
the removal rates were 94.9%, 96.4%, 91.2% respectively(Table
1).The TN removal efficiency was found to be in the order of
A. calamus>M. korsakowii>L. salicaria>A. orientale >S.
sagittifolia.



TABLE [.COMPARISON OF THE CONCENTRATION OF TN, TP
BEFORE AND AFTER TRIAL (MEAN =+ SE)

Species Co(mgL™)  Ct(mg L™ R(%)

TN TP TN TP TN TP
L.salicaria 14 3 0.71140.051  0.49840.142 949 83.4
A. orientale 14 3 1.23840.195  0.72540.125 912 75.8
A. calamus 14 3 0.32340.095  0.11640.045 97.7 96.1
M. korsakowii 14 3 0.50740.076  0.60240.083 96.4 79.9
S. sagittifolia 14 3 7.89140.375  1.80640.098 43.6 335
Control 14 3 10.0304.175 2.380#0.107 284 20.7

The inorganic forms are nitrate (NOjg), nitrite (NO,),
ammonia (NH3), and ammonium (NH,). Volatilization, plants
or microbes uptake and oxidization of ammonia to nitrate in the
nitrification process, are the main pathways of ammonia
removal from the system. Nitrate and nitrite in this system are
removed by plant uptake ordenitrification[15]. Once nitrogen
has been denitrified, it is released in the atmosphere as nitrous
oxide (N,O) or dinitrogen gas (N,). Denitrification brings about
the removal of nitrogen from the aqueous system and is the
most important removal pathway for nitrogen in most wetlands
[16].

C. P removal from the simulated wastewater

The TP removal profiles from the simulated wastewater by
the cultivars tested are presented in Fig .3. The five aquatic
macrophytes could be effectively used in reducing the TP
concentration compared to the control(p<0.01).
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Figure 3. Total phosphorus (TP) concentration (mg/L) of the
wastewater

The concentrations of TP had varying degrees decline in
the treatment waters and the decline trends were essentially
same. It declined rapidly in early 14 days, and became
relatively stable after 21 days. The removal effect of A.
calamus on TP was the best among all tested species; its
removal rate was 96.1%, followed by L. salicaria(83.4%). M.
korsakowii and A. orientale had stronger ability to remove TP,
the removal rates were 79.9% and75.8%(Table 1).

Three mechanisms associated with hydrophyte are involved
in sequestering P. First, most aquatic macrophytes species can
assimilate P directly through their thalli, shoots and leaves, a
process that bypasses the soil nutrient reservoir.Second,
periphyton growing on the hydrophyte can removes nutrients

directly from the water. Third, the elevation in pH that results
from intense aquatic macrophytes and periphyton
photosynthesis can lead to CaCO; supersaturation, which in
turn may facilitate removal of P via coprecipitation[17,18]. We
did not quantify the relative effect of each of the foregoing
mechanisms on total nutrient removal in our study, although
the partitioning of nutrient uptake has been investigated by
others[19,20].

Although plant uptake played a significant role in the
removal of N and P, it did not account for all of the N and P
loss from the system, indicating the possibility of biochemical
and physico-chemical processes functioning in the system. The
reductions of N and P observed in the control samples implied
these processes were at work reducing nitrogen and
phosphorus.

Studies done by using simulating conditions of
“Micro-environment” have limitations. For example, the spatial
scale does not generally reflect what occurs in nature, and
abiotic conditions may be affected by the experimental
conditions. Microcosms however, are extremely useful for
controlled mechanistic investigations and have previously been
used to test plants’ ability to treat wastewater.

IV. CONCLUSIONS

This study showed that five aquatic macrophytes could be
used in reducing the N and P levels of nutrient enriched waters.
Vegetated treatments had significantly lower TN and TP in the
wastewater than unvegetated treatments. High growth rates and
removal capacity of M. korsakowii suggested that the plant
could be alternatively cultured in northeast China to maintain
the treatment system efficiency at maximum level.
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