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Abstract; Using ion beam biotechnology in combination with soil-less plant cultivation on artificial substratum (floating beds), the
experiments were conducted with Ipomoea aquatica Forsk. Plants were attached to floating-beds which were placed on the surface
of artificially nutrient entiched tank water, in order to study the punfication and remediation efficiency of ion beanrtreated 1.
aquatica cultivars. The results show that N ion beams with 25keV energy and dosages of G 2.6, 3.9 5.2 6.5 7.8 9.1X
10PN " Gons)/ em? affected 1. aquatica diy seeds differently, with the dose of 3. 9X 10°N" Cions)/ em® improving effectively the
performance as expressed by various biological indices. After ion beam application [. aquatica cultivars grew well in nuirient en-
riched water bodies increasing the growth of leaves and stem, number of leaves, length and area of roots, plant height and
weight more remarkably than observed in the control. The net removing rates of TN, TP were as high as 75% and 82%, respec-
tively. Especially under the dose of 3. 9 107 N" (ions)/em® the net removing mates of TN, TP were highest for 77% and
85%., respectively. Itwas proved that ion beam application improves phytoremediation and may be used to purify nutrient rich wa-

ter bodies.
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lon beams have been widely used in the semiconduc-
tor industry and applied for surface modification of materi-
als since the 1970s, while nobody had discussed how
these ion beams could be used in geretic modification in
biological science, even few people paid attention to bio-
logical effects induced by ion beam and their possible use
in genetics. In 1986, Yu et al. have discovered the ge-
netic effects in rice mediated by low enemgy iond 7.
Since then ion beam radiation has been widely used to im-
prove crops and the performance of micwobes. By using
N' ion implantation into rice seeds, Yu et al. firstly dis-
covered the genetic effects on rice in M2 generation,
therehy opening a new field: jon radiation mutation' '™ .
It has been shown that the method has many advantages,

such as lower damage rate, higher mutation rate, and a

wider mutation spectrum. Recently developed ion bean
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biotechnology has resulted in seven new varieties and more
than 3000 breeding materials of rice, wheat, tomato,
maize, sweet-potato, rape, soybean, and tulip. The
planting area of these varieties is over one million
hectares, and the gain output has increased by 95 million
tons. The crops exhibit their good characteristics with
higher yield rale, broader disease resistance, shorter
growing period and higher quality from ion beam induced
mutation. lon beam mutation has also been used for modi-
fication of micw-organisms. Nine new strains of industrial
microbes have been cultivated and a new strain for pro-
ducing vitamin C has resulted in high production rates. In
1993, Yu et al. also discovered that ion beam etching
could form micro-holes on the walls of cells. Based on
this discovery, foreign genes have been successfully deliv-
ered into mature embryo cells of rice, wheat, and tobacco

etc. Using this methods DNA from one kind of crop has
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been transferred into other plants' ' . With the develop-
ment of low energy ion beam application, more studies
have been performed in plants and micwbes breeding,
gene modification, risk assessment of environmental ion
exposure, and the role of low energy ions in the chemical
origin and evolution of life.

Lake Chachu, with an average depth of about 3m, is
one of the five largest freshwater lakes in China. Before
the 1950s, it was well-known for its scenic beauty and for
its richness in aquatic species. The serious eutrophication
has caused negative ecological effects and impaired human
health while also affecting the social and economic utility
of the lake. Over the last decades, with the population
growth and the economic development in the drainage
area, nutrient-rich effluents have drained increasingly into
the lake. This has resulted in contamination and eutrophi-
cation, disrupting the lake ecosystem structure. The dete-
rioration of water quality has caused unpleasant taste of
fish and fish kills are now quite regularly eported during
summer seasons * 1. So controlling eutrophication and
restoring the ewsystem of the Lake Chaohu have strongly
been suggested and attracted the attention of scientists,
local and central governments as well as the general pub-
lic. As typical nation-wide case studies on lake eutrophi-
cation, comprehensive research on Lake Chaohu has been
carried out for more than 20 years, including the investi-
gation and assessment of pollution sources and water qual-
ity, the eutrophication mechanism, the srategies for eco-
logical restoration and for environmental management.
Some environmental and ecological engineering measures
have been implemented, and acquire a certain ef-
fectd ® 7. However, it is not easy to control eutophica-
tion ultimately, since the lake ecosystem is a very com-
plex system with many interacting natural and man-made
factors.

Aquatic plants have shown tremendous capacity to
reduce the level of nutrients (N and P), biological oxygen
demand (BOD ), absorb toxic metals, and foster settle-
ment of total suspended solids from eutrophic waters. Ni-
trogen and phosphorus nutrient emoval via cultivated
aquatic plants is necessary to reduce eutrophication in
such as lakes, reservoirs, ponds, and marshes. The ni-
trogen and phosphows nutrient uptake by aquatic plants
was very widely researched and practically used in many

water bodies ®*!

, in particular in artificial wetlands.
However, the use of aquatic plants in purifying eutrophic
water is still mainly at experimental stage and is currently
a developing area in water environmental management. It
largely depends on the life stage and geretics potential of
the macrophytes, their purification ability is limited in
nature. In eutrophic water bodies purification often re-
quires that grown-up biomass of aquatic plants must be re-
moved from the water bodies and disposed or recycled.
However, removal of surplus biomass of aquatic plants
from water is rather difficult to handle. [. aguatica is a
floating plant, growing rapidly, with a high biomass yield
and relatively easy to handle. As a pollution tolerant
species it is growing widely in China and it is supposed to
purify nutrient-polluted water. To improve its purification
efficiency, we have used ion beam irradiation techmology
to induce modifications to the performance of I. aquati-
ca, and it is postulated that the effect of ions bean con-
tributes to the purification ability of the plant.

1 Materials and methods

1. 1 Plant material The experiments were performed
with 1. aquatica Forsk. obtained from “the Fengle seeds
corporation”, with the “Thailand narrow leaf” variety be-
ing selected as test plant. The conditions for ion beam
treatment on /. aquatica seeds were established at the
Department of IBBE, ASIPP, CAS, China (unpublished
data). The untreated plants were used to provide the ex-
perimental control. The seeds of 1. aquatiaa by ion beam
treatment were sown. Then, the plantlets were grown up
to their height of about 5—10cm at the beginning of the
experiments.

1. 2 Low energy ions implantation Ion beam treat-
ment using N ions with low energy of 25keV and current
of 20mA were chosen as the sources which were produced
by the ASIPP s ion beam bio-engineering instrument. For
each ion beam treatment, the specimens were fixed onto a
petri dish arranged in two groups, one to be exposed to
the beam and another as a vacuum wreated control. The
pulse treatment technique was used; the pulse time was
10s and the interval between two pulse was 50s. In each
pulse, the application dose was Dy= 2.6 10"ions/ an’.

The dosages used were counted as accumulating data
(from 1000 to 3500) multiplied by Do. Pulsed beam
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modes were adopted using periodical beam sweeping

across the exposure holes of the sample holder with each
pulse bombarding the target to a dose of 0, 2.6, 3.9,
5.2, 6.5 7.8 and 9.1 10N (ions)/ em’, marked
symbol were Bo, Bis Bz, B3, B, Bs, Bg respectively.
The operating pressute in the target chamber was kept at
approximate 10 ° Pa which caused the ambient tempera-
ture to be approximate 0 °C or lower. During application
the specimens were normally exposed to this environment
for 1. 5—2h. Four replicates were used for individual
species in each experiment. The experiment on each
species was repeated at least three times.

1.3 Planted floats The planted floats (33cm>< 32an
X 3em ), made from polyethylene foam, were used to
support floating-beds for higher plants growth near or at
the water surface. On the bottom of the float, there was a
2an layer of sand. The sand was washed to minimize the
availability of nutrients from this substrate. The bottom of
the float had three rows of holes (diameter lem and four
holes per 1w ), through which the wots of plants could
elongate into the water. To prevent loss of sand, the holes
were filled with sponge. The floats were then placed in
plastic trays (46emX 33emX 24em) filled with artificial
nutrient rich water similar to those from known water bod-
ies and planted with young seedlings grown from ion
bean-treated seeds of I. aquatica. After measuring the
initial fresh weights, the 12 plants wemre transplanted
evenly in per float per treatment and per replicate, and
then covered by a sand layer of 1.0cm, total 7 treatments
add 1 control, and replicated three times. There were to-
tal 288 plants used in the whole experiment. The plastic
trays without treated plants were used as controls. The
plastic trays were weekly and exclusively irrigated with
distilled water because of evaporation loss.

1.4 Artificially nutrient-enriched water According to
the eutrophication standard of Lake Chaohu declared in
1990, its high eutrophication level is based on average nuiri-
ent concentrations of 4. @0mg/ L, 0. S55mg/ L for TN, TP.
These levels were referred to for preparing the nutrient en-
riched test water for the growth chamber experiments. Dis-
tilled water was used while nutrients were alded in different
oncentrations using NH4Cl, Ca (NO3), °4H0, NaH,POa,
thereinto 1/ 4 was anmonia-nitiogen, 3/4 were nitrate-nitio-

gen, while the phosphorus was added as soluble inoganic P

consisting of mono-ammonium phosphate. Desired amounts of
hydroponic culture solution were dissolved in tap water and
diluted to the designed TP and TN concentrations. The solu-
tion was replaced fortnightly. Only one initial nutrients levels
('IN ncentration: 4. 0mg/L. and TP ncentration: 0. 55
me/ L) was considered for treatment. The treatments were
undertaken in a two-factorial design producing seven treat-
ments of different dosages. The all selected dosage and ener-
gy levels were similar to those in the biological effects of ni-
trogen ion beam application on I. aquatica M; genemtion
(unpublished data).

1. 5 Growth chamber hydroponic culture system set-
up A growth chamber hydroponic culture system was
used in this study to investigate the suitability of I.

aquatica to remove TP and TN from nutrient-enriched
Lake Chaohu water. The growth chamber hydwponic cul-
ture system was set-up in a green house lo simulate the
Lake Chaohu eutrophication status. I. aquatiax young
plants were transferred to the growth chamber of the hy-
dwoponic culture system, at the start of the experiment.

The untreated plants were used as controls. There were 12
plants in each floats two replicates for each treatment,

and 12 plants in each replicate, total 7 treatments plus 1
control. Total 288 plants were used in the experiment.

After 56 growing days the experiment was teminated and
the growing state of creeping-stem plants was recorded.

1 6 Sanple collection and chemical analysis At the end
of the growth trials plants were cardully emoved from the
floats, gently washed with tap water, blotted with absorbing
paper and the fresh weights were measured. After drying at
70°C for 48h, the dry weights and water contents were record-
ed. During the curse of the experiments, water samples were
collected every seven days from each system. The concentia-
tions of total phosphows and total nitwgen in the culture solu-
tions were measuted by wsing the standard methods ™~ . The
N content of plant material was detemined by the semi-micwo
Kjeldahl method and the P content was according to the Ames

nethod. For comparison, plant samples wlleded fran the auil-
tivating seedlings d land sites were adso analyzed.

2 Results

2.1 Effect of N ion at different doses on germina-
tion of I. aquatica seeds
The influence of ion beam iradiation to seeds on the
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gemination rate induced in /. aquatiar is shown in Tab. 1.
Different dosages had different influences on the gemination
rate. In the case of nitragen ion irradiation to the “Thailand
narrow leaf ” variety, the gemination rate increased when
the dosage increased 1o levels enployed in By to Bz, and es-
pecially the treated dose B2=3.9X 10°N" Gons)/ an” was

the most effective one and had obvious a long-tem activated

effect. However, the germination rate decreased when the
dosage increased to levels higher than Bs. This showed that
ion irradiation possesses the advantage of causing lower dam-
age to I. aquatica seeds than other methods, and remediate
fast after application. The appopuate dose condition could
stimulate gowth, nevertheless growth was blocked and re-
strained by exorbitant dosages.

Bb. 1 FEffect of N' ion treatment with different dosages (B, to B: see material and methods) at the stage of seed germination of Ipomoea aquatiar Forsk

on the rate of germmation and overall growth asessment. Two replicates for each treatment a total of 7200 seeds were used in the exp eriment

Dose Tested seed numbers Gemination number Gemination rate%} Growth state
CK 300 210+10.5 70+3.5 Normal
By 300 210+10.5 70+3.5 Normal
B 300 225+11.3 75+3.8 High
B, 300 243+12 2 8144. 1 Higher
B, 300 231+11.6 774+3.9 High
B, 300 19549.6 6513.3 Common
Bs 300 14+7.2 48+2.4 Bad
Bs 300 #+4.2 38+1.9 Worse

2.2 Effect of N' ion application at different doses
on seedling characteristics of 1. aquatica

There had been a higher influence on growth and de-
velopment low energy N ions application was undertaken
during the seedling phase of I. aquatica. The leaves ap-
peared curly which was abnormal and the plant shape
changed. In the case of irradiation with nitrogen ion
beams. the induced mutation rate was 1. 2% induced in
plants in the field, moreover the mutation increased when
the dose increased. The majority of the treatments with
various dosages of N fons beam radiation had Tittle influ-
ence on seedling and young plant rates in the field. The

seedling rate and young plant rate was higher than control

and other treatments in the field when the dose was at lev-
el B,=3.9X 10"N " Gions)/an? and at Bs=15.2X 10'

N Cions)/em?

dosage increased to the levels of Bs and Bs. The experi-

But these rates decreased when the

ments indicated the importance of appropriate dose treat-
ment to achieve accelerated . aquatica outgrow of
seedling successfully. Different doses N ion beam have
definitely intiated an activated growth effect as expressed
by some of the studied biological characteristics (such as
seedling rate; young plant rate, plant height, etc. ) of 1.
aquatica seeds when treated in seedling phase with low
enewgy ions irradiation. From the total mutation range of
every biological character, there was the trend of suge
changes among dosages.

Tab. 2 FEffect of N* on treatment applied at different dosages on selected performance characteristics of I. aquatica. CK= controls B, to Be= expla

nations see material and methods. Two replicates for each treatment a total of S000 individual young plants were investigated in the experiment

Characters CK By B, B, B, B, Bs By
Seeding mte (%) 6.643.1 @.553.1 63.903.2 688+3.4 6.843.4 60.453.0 42.2+2.1 35.7+1.8
Young plant rate % 61.343.1 61.3%3.1 62.613.1 64.01+3.2 63.243.2 58.1+2.9 39.8+2.0 31.9+1.6
Plant height (em) 4.1+0.2 4.010.2 4.5+0.2 5.44+0.3 51403 4.9+0.3 4.610.2 4.44+0.2
Fresh weight (&) 0.3020.02  0.300.02 0.38:0.02 0.49-0.03 0.474002 0.41£0.02 0.3940.02  0.310. 2
Leaves number 4+0.2 4+0.2 4+0.2 610.3 6+0.3 4+0.2 4+0.2 4+0.2
Leaf length (em) 3.440.17 3.5+0.18 3.640.18 3.940.20 3.940.20 3.74+0.19 3.740.19 3.740.19
Stem thickness (cm) 0. 1620.008 0.16=0.008 0. 18+0.009 0.264-0.013 0.25+0.013 0.2340.012 0.227+0.011 0.19+0. 010
Root length (em) 5.2+0.26 5.1+£0.26 5.640.28 6.8+0.34 6.5+0.33  6.0+030 5.710.29 5.440.27
Root range (em) 2.840.14 2.8+0. 14 3.440.17 4.2+0. 21 4.2+0.21 4.0140.2 3.840.19 3.540.18
Side oot number 12+0. 60 11£0.55 15+0. 75 20=1. 00 18£0.90 18£0. 90 147+0. 70 131+0. 65
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2.3 Effect of N ion implantation different doses on
the growth of I. aquatica in eutrophic water

bodies
Low energy ions application on I. aquatica showed

normal and positive growth effects in media representing nu-
trient levels known from nutrient-enriched waters and this
was shown under most treatment conditions when conpared
with the control. The leaves appeared fresh green; the ot
stem, and leaf were full-grown. The grow-out characteristics

were impwoved further. There was more obvious increase than

in contwls for leaf length, leaf number, stem thickness, and
other factors. After four days, plants in every dose treatment
grew new wots three days earlier than in the control. It was
most obvious for the tieatments By=3.9X 10N Gons )/
em’and Bs=5.2X 10N Gions ¥/ em’ (Tab. 3). At higher
dose levels, however, the grov-out characters were worse
compared to controls, therefore only appopriate dose treat
ment could help impove I. aquatias perfomance. The
growth characteristics were in the order of B.>B3> B> By
> Bs> (K> B> Be.

Tab. 3 Effect of N' ion treatment with different dosages on the growth of I. agquatica in nutrient enriched waters (simul ating eutrophic conditions). Val
ues are mean values of the respective numbers indicated. Two replicates for each treatment, a total of 288 individual plants were used in the experiment

Root Root Root
Plant Fresh . Root Stem Leal Leaf

Dose weight length range
height(cm) weight(g) number thickness(cm) number length Cem)

(2 (em) (em)
CK 12.4+0.62 2.46+0.12 0.59+0030 11.1£0.5% 0+1.5 5.4+0.27 0.2+0.02%6 840.4 4.2+021
By 12.140.61  2.454+0.12 0.56+E0.028 10. 740. 54 254+1.3 5.010.25 0.4840 04 810. 4 4.0 £0.20
B, 13.8+0.60 2.0+0.14 0.8+004 12.4+0.2 36+1.8 6.240.31 0.35940 030 10+0. 5 4.3+0.22
B, 16.61+0.83 3.4840.17 1.66+008 15.3+0.77 48+2.4 7.6+0.38 0.74+0.037 16+0. 8 5.44+0.27
B, 15.9+0.80 3.284+0.16 1.60E0 080 14.6+0.73 M“M+2.2 7.1+0.36 0.7040.035 1440. 7 4.9+0.25
B, 14.84+0.74 3.0440.15 1.20+0065 13.3+0.67 39+2.0 6.61+0.33 0.66+0 033 124+0. 6 4.7+0 24
B 13.5+0. 68 2.0+0.14 0.8+0.043 12.1+0. 61 35+1.8 5.94+0.30 0.57+0028 10£0.5 4.3+0.22
Bs 11.240.5%6 2.1540.11 0.38+0.019 10.8+0.54 24+1.2 4.7+0.24 0.48+002 810. 4 3.84+0.19

2.4 The effects of N' ion treatment at different dos-
es on I. aquatica removal efficiency for TN in
nitrogen-enriched water bodies

Tab. 4 shows the remediation effects of N uptake by
1. aquatica plants that have been treated by N' ion
beam irradiation. The ability for TN uptake was improved
in principle. This obvioudly can increase the remediation
effect in nutrient-enriched waters when using this plant. It
is clear that TN was emoved in each treatment better than

in the control. The removal rate and net emoval rate was

85% and 75% respectively. The remediation effect was
dose dependent from B;—Bs but was higher than in the
control By. Treaments B;= 3.9 X 10°N" Cions )/ em’
performed best. The TN removal rate and net removal rate
was 87% and 77%, respectively. The results indicated
that it is feasible to use the technique of ion beam irradia-
tion as an performance improving biotechmology, while
combining the technique with floating-beds (soilless culti-
vation technique ) where plants are attached to artificial
substrates, thereby improving the ability of nitrogen up-

take by /. aquatiar to nutrient-enriched waters.

Tab. 4 The removal effectiveness of I. aquatica after N" ion beam treatment at different dosages based on an iitial TN levd as found in nutrient-enriched wa-
ters (K= contro; By to B— treatment dosages (see material and methods). Data represent mean values. Two replicates for each treatment a total of 288

individual phnts were used in the experiment

Treatment K B B, B, B; By Bs B
Pre-experiment (mg/ L) 4.60
Post- experiment (mg/ L) 4. 1440.21  0.8640.04 0.7840.04 0.6040.03 0.6440.03 0.6940.04 0.7240. 04 0. 744-0. 04
Ranoval rate (%) 10405  81.30+4.07 83.04+4.15 86.9+4.35 86.08+4.30 85.00+4.25 84.35+4.22  8.91+4.20
Net removal rate ( 4) 0405 71.30+3.57 B.0M+3.6 76.9%+385 76.08+3.80 75.00+3.75 74.35+3.72 B.9IE3.D0
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2.5 The effect of N ion irradiation at different doses

on the removal efficiency of /. aquatica for TP

Tab .5 shows the effects on P uptake when 1. aquatica
was treated by N ion bean imadiation. The ability of TP
uptake was improved. This obviously can increase the reme-
diation effect when such treated plants are placed in nutri-

ent-emriched waters. It is clear that TP was renoved in each
treatment better than in the contol. The removal rate and
net emoval rate was 86% and 83%. respectively. which
was higher than in the contwol By. Especially one may expect
the best emediation effect at the dose B=3.9X 10°N"
(ions)/ an’s where the TN removal rate and net removal rate
was 89% and 8 % respectively.

Tab. 5 The removal effectiveness for total phosphorus (TP) of 1. aquatica after N* ion beam treatment at different dosages based on an initial TP level
as found in the eutrophic state of the investigated lake. Data represent mean values Two replicates for each treatment, a total of 288 individual plants

were used in the experiment

Treatment CK Bo By

B3 By Bs Bs

Pre- experiment

(mg/L)

Post-experiment

0. 550

0.5287+0.026 0. 094=+0. 005 0.09140.005 0. 063==0.003 0. 068 4=0. 003 0.07530.004 0.082==0.004 0.092=0. 005

(mg/L)
Removal rate
0 4.00£0.2 8291144.15 8.4544.17 88.55+E4.43 87.64+4.38 86.3714.32 8.M0+£4.25 83.27+4. 16
0
Net removal rate
4.00+0.2 78.9143.95 79.45+3.97 84.55+4.23 83.64+4.18 &.37+4.12 81.0F4.05 M.27+3.%

%)

3 Discussion

Although this study demonstrated the potential for N
and P removal by I. aquatica after ion irradiation and
subsequent culture in a controlled environment, some
critical questions need to be answered before application
of this methodology can be rcommended for the field.
Firstly, the effects of water movement on plant growth of
ion irradiated plants. The water movement caused by
wind, wave and row in field circumstances has a two-sid-
ed effect on plant growth of any type, whether ion-irradi-
ated or mot, while wind-created currents brings more nu-
trients and other elements to the rhizomes, such movement
(particularly strong winds) may also cause physical dam-
age to plant roots that have received ion-irradiation be-
cause of potential structural modifications. The actual ef-
fects of ion irradiation treatment on plant growth may de-
pend on the intensity of water movement. Usually rapid
waler exchange is beneficial as it brings more nutrients to
the roots, avoiding a depletion of the gradient for nutrient
uptake at the wot surface.

Secondly, in any natural or engineered ecosystems
for wastewater treatment, the consequences of ion beam

irradiation treatment on plant physiology Cespecially

bioaccumulation of pollutants content in eutrophic waters )
is poorly understood. The uptake of nutrients such as the
overall N and P removal is only a fraction of the eutrophi-
cation problem. The N and P removal at system level
which involves both water plants and microoganisms and
their interaction should be investigated. Thirdly, the po-
tential of rapid spread of plants that had been modified by
ion-irradiation treatment has to be tested. For the plants
used in our study, /. aquatica one can at least state that
it is a native plant. However, ion irradiation treatment on
1. aquatica is considered to modify the plant to become
an “exotic” species. The ecological and ecnomic conse-
quences of such modermn modifications of I. aquatica
need further research. Appropriate dosage condition could
stimulate better growth. Growth was restrained by exorbi-
tant dosages. The investigation results primarily proved
that the specific ion beam application employed here im-
poved phytoremediation capacity and this could perhaps
be used to better assist purification of eutrophic water bod-
ies. This new approach and science initiative should receive
further attention for developing and wsing ion irradiation in
order to impwve aquatic phytoremediation in eutrophic water
areas, thereby contributing to the environmental potedion

for a sustainable ecological aquatic system.
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4 Conclusions

The study demonstrated that ion beam treatment applied
to 1. aquatica has the potential to enhance the performance
of the plant thereby emoving significant larger amounts of N
and P fom wastewater than the contwl plants. The technolo-
gy was very effective when used in cmbination with the
floating-plant systems. The method described overcmes
some of the intrirsic disadvantage of floating plant system
and keeps their advantages such as eliability and high effi-
ciency as well as the option for confinement and contol. Fu-
ture research work is to investigate the nolecular mechanism
of ion irradiation in order to become able to acquire the ob-
jective mutant, and to study the transmissibility of curent
morphologic and physiological effects by ion beam irradia-
tion, and to assess this methodology on /. aguatiax health
and the potential ecological risks before the technique can be

applied in the open environment.
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