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ABSTRACT 

The three submerged macrophytes: Myriophyllum spicatum L., 
Potamogeton pectinatus L. and Ceratophyllum demersum L. were 
cultured outdoors in media containing domestic wastewater and 
different water salinities using a mixture of different amounts of 
seawater and dechlorinated tap water. This experiment was to 
examine their conventional use as pollutants biosorbant in culture 
media (in glass basins) with salinities 3.35. 6.70. 10.05. and 13.40%0. 
Their potential on the reduction of dissolved ammonia, phosphate and 
iron from domestic sewage was estimated. All test plants could 
tolerate salinity of 3.35%0, with highest ammonia-N and reactive-P 
reduction in Myriophyllum media (85 & 95%. respectively). Nutrients 
(N&P) reduction was considerably lower in the other plant media, at 
the same salinity. No increase in fresh weights of Myriophyllum and 
Potamogeton was detected at saliniTy 6.70%0. Potamogeton 
pectinatus could tolerate higher salinities (10.05 and 13.40%0) after 
its recovel)". although with lOll' biomass yield as well as low nutrient 
reduction. Myriophyllum spicatum was less tolerant to such high 
salinities and it exhibited signs of exhaustion. Ceratophyllum 
demersum was the least plant in salinity tolerance since it lost its 
fresh weight at salinities higher than 3.35%0. Iron concentrations were 
completely exhausted from all culture media at different salinity 
levels. Thus, it is recommended to use M. spicatum for treatment of 
such pollutants in salinity levels up to 6. 70%0 more readily than the 
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other T11'0 TesT plants. Further experimenTs should be conducTed to 
Crall/aTe other aquatic macrophytes as potentials for sewage 
TreaTmenT aT d~fferent saliniTy lerels. 

INTRODUCTION 

The recycling and reuse of urban wastewater is considered today one of the 
most attractive options for the development of a sustainable source of water for 
agricultural, mdustnal and urban non-potable purposes. Recycling of wastewater 
can have the multiple benefit of protecting the environment and serving as a 
major source of water and nutrients for the soil. 

The systems of aquatic treatment based on usage submerged, floating and 
emergent (rooted aquatic vascular plants) to wastewater renovation in managed 
pond or wetland systems. Earlier research had screened a large number of 
submerged, temperate climate macrophytes for their vegetative growth potential, 
tolerance to variations in temperature and low light levels, ability to survive 
wastewater's high organic and nutrient loading environments (\\'hite and 
Bishop, 1984). Elodea spp., Potamogetoll spp., Ceratophy/lllm demersllm, 
Salvillia molestra and Itydri//a verticil/ata are the most common submerged 
plants found in polluted streams and were recommended by Finlayson (1984), 
Ozimek (1985) and Timofeeva & Stom (1988) for wastewater treatment 

Ghobrial (1994) used Potamogeton pectillatlls. Ceratophy/lllm demersllm, 
Elodea canadensis, Spirode/la polyrrhiza (and also, Azolla jilicllioides, 
Ghobrial, 1998a) to experiment submerged and floating macrophytes, for 
tertiary treatment of domestic wastewater. The author cultured these plants in 
media contained rruxtures of dechlorinated tap water and different 
concentrations of domestic wastewater. These plants were found to have a 
potential in removing large amounts of nutrients (nitrogen and phosphorus), 
with additional biomass harvest and protein mcrease in plant tissues. 
Ghobrial (l998b and 2000) investigated the use of E. canadensis and 
C demersllm as potential for removing heavy metals from industrial and 
do mestic wastewater respectively. 
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In a new trial for sewage treatments, three submerged plants namely; 
Myriophyllum spicatum, Potamogetoll pectinatus and Ceratophyllum 
demersum, were experimented as potentials for removing pollutants (NIL-N, 
P04-P and Fe) from domestic wastewater. These plants were cultivated in media 
enriched with 20% domestic sewage and different salinities using mixtures of 
seawater and dechlorinated tap water. The widespread species M spicatum and 
P. pectinatus are chosen as they are the most abundant submerged macrophytes 
in the freshwater and oligohaline marshes (Grillas, 1990). They can produce high 
biomass (Van Wijk, 1988) and have similar growth patterns. M spicatum is 
known to have a rapid and effective dispersal, mainly by plant fragments (Smith 
and Barko, 1990). C demersum was chosen because it is known to be one of 
the disturbance- tolerant aquatic plants (Murphy et aI., 1990). 

The objective of this study was to quantify the impact of domestic 
wastewater and increased seawater (salinity) on growth performance of the three 
selected macrophytes The ability of these plants to reduce dissolved ammonia, 
phosphates and also iron from domestic sewage was estimated. 

M4 TERIALS AND METHODS 

,",'ater samples: 
Domestic wastewater was taken from the main sewer, which collects the 

sewage from the western district of Alexandria City. The wastewater was left in 
big plastic jars to settle 24 hrs and the supernatant liquid layer was used for the 
experiment. Tap water was left also for three days to get dechlorinated water. 
Seawater was collected freshly from the Eastern Harbour of Alexandria city and 
then filtered. 

Plant samples: 
The three submerged macrophytes; the water milfoil Myriophyllum 

spicatum, Sagopond weed Potamogetoll pectinatus and the coontail 
Ceratophyllum demersum were collected during May (growing season) from a 
drainage channel in Abis village which is, more or less, away from direct 
exposure to agricultural pollutants. The average water temperature was 23.5°C. 
Plants were transported, sorted and planted in small containers filled with 
dechlorinated tap water and allowed to acclimate to laboratory. After the 
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the plants decayed and sank after 2 weeks. Ceratophyllum demersum leaves 
were detached after three days and sank on the bottom of the basins. 

Table (1) shows the percentages reduction of N & P and the plants yield at 
different salinity levels. The three test plants tolerated low salinity level (3.35%0) 
although Wlth small biomass yield, which amounted to 0.17, 0.29 and 0.10 gig 
initial freshweight for Myriophyllum, Potamogeton and Ceratophyllum 
respectively. At this salinity level, dissolved ammonia as well as reactive 
phosphate were highly reduced from the media of M. spicatum but were slightly 
reduced from the media of the other test plants. 

Haller (1974) suggested that water with salinity 3.33%0 was required for the 
maximum production of Lemna, in which sodium is needed by all plants for 
metabolism of carbon dioxide and chloride for photoreduction of Ohy'gen in 
chloroplasts. This may explain the tolerance of all test plants to salinity 3.35%0 
used in the culture media, but with low production. 

Fresh weights of M.spicatum and P. pectinatus did not record any increases 
at salinity 6 70%0. The obvious sign of plant intolerance to higher salinity is the 
tissue mortality of C. demersum which lost its initial weight by 2.9% Munns 
( 1993) noted that plant death under high salinity conditions is caused by a rapid 
nse In salt concentratIOns in cell walls or cytoplasm when the vacuoles can no 
longer companmentalize the salts. Also, increased salinity can affect plant 
growth by the imposition of water stress through increased osmotic potential as 
mentioned by Hale and Orcutt (1987). 

Within seven days exposure to salinity 6.70%0, about 80% of the dissolved 
ammonia and 97% of reactive phosphate were removed from the media of 
M. spicatum. Considerably low reduction of both nutrients was noticed in the 
other culture media. 

However, the effects of salinity were temporary and disappeared with 
exposure to higher salinity (10.05%0) Thus, M spicatum and P. pectinatus, 
initially produced new leaves to replace old leaves. When such plants grew in 
media with salinity 10.05%0, they yielded 0.021 and 0.49 gig initial fresh weight 
respectively. This was accompanied by ammonia removal of 50% from culture 
media of M. spicatum and 41 % from media of P. pectinatus. Exposure of 
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found, by the lack of correlation between phosphate removal and growth of 
submerged macrophytes. 

Iron was completely exhausted from all culture media at all salinity levels 
might be because its amounts were so small than needed by the test plants (0.2 
mg/l is optimum). 

The pH of the final treatment solutions ranged from 7.30 (3.350/00) to 7.12 
(13.400/00). 

Generally, dissolved ammonia and phosphate reductions from the control 
media (without plant) did not exceed 16% (for NH4-N) and 15% (for P04-P). 
However, positively significant correlation was found between initial ammonia
N load and its reduction from culture media of Myriophyllum and 
Ceratophyllum (r = 0.89, p<0.05 & r = 0.68, p<0.05 respectively), while it was 
insignificant in Potamogeton culture media (r = 0.17, p<0.05). On the other 
hand, initial reactive - P load had insignificant effect on its reduction from all 
culture media of the test plants. 

It is to be taken into consideration that self-purification processes might 
improve the quality of water. Bacteria as well as higher microorganisms 
(epiphytes) which grew on the surface of the macrophytes forming a biofilm, 
probably have played a major role in nutrients (N & P) consumption from 
sewage compared with plants role (Orth et af., 1987). In addition Carpenter and 
Lodge (1986) mentioned that the productivity of the epiphyte complex ranges 
from 4 to 98% of host macrophyte productivity. 

By applying the technique of Stepwise Linear Regression analysis between 
salinity and the reduction of estimated nutrients (N & P), the models are 
described as follows: 

Myriophyllum spicatum: 
S%o 15.218 0.092. % NlL-N reduction 
So/oo. 12.504 0.743 %P04-P reduction 
S%o 9.045 22.542 gig. Fresh weight yield 
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Potamogeton pectinatus : 
S%o = 13166· 0 156 0/0 NH~-1\ reduction 
S~()(). = 9.046 - 0.074 % PO~-P reduction 
S%o. = 7.176 + 5.049 gig Fresh weight yic::ld 

Ceratopllyllym demersum : 
S%o 12.539 - 0.206 % NlL-N reduction 
So/oo 7.943 + 0.053 % PO~-p reduction 
S%o 10.489 - 26.422 gig Fresh weight yield 

Table (2)	 Correlation between salinity and reduction of dissolved 
ammonia and reactive phosphate and fresh weight yield of 
the test plants (n =4. p<O.05). 

Salinity correlation with 
Plant species 

NH4 -N 
reduction (r) 

I P0 4-P reduction 
(r) 

I 

!! Myriophyllum spicatum - 0.347 
r 
I - 0.819* 

rr Potanwgeton pectinatus r - 0.677* l - 0.093 
Ii Ceratopllvllum demersum - 0776* ...L 0.140I 
~ . i - 0.940* 

i 

* Significant differences at p<0.05. 

From. the results computed by correlation and regression it could be 
indicated that, the three test plants exhibited differences in salinity tolerance 
which could be due to adaptation period, age of plants and the stress caused by 
variations in salinity as postulated by Van Wijk et af. (1988). 

However. Hester et af. (1996) reported that field collection sites of relatively 
higher salinities may not necessarily yield clones that are more salt tolerant. 
Furthermore, it is unclear whether sufficient time was allowed for the plants to 
de-acclimate from their respective field salinites. This might explain the low salt 
tolerance of the test plant particularly C demersum. 
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Potamogeton pectinatus was able to withstand salinities up to 1340%0 more 
frequently than M. spicatum, although with low biomass production. Thus, 
confirming the fact that P. pectinatus is more salt tolerant than M. spicatum as 
found in several studies (Stanly, 1974 and Watkins & Hammerschlag, 1984). 
However, Haller (1974) indicated that M. spicatum was tolerant to low 
salinities, but toxicity (signs of death) occurred in salinity around 13.31%0. 
Compared to the results of the present experiment M. spicatum could survive 
salinities up to 1005%0, which is lower than given by Haller (1974). Regardmg 
the pollution stress caused by addition of domestic sewage it could be concluded 
that M. spicatum could \\~thstand such salinity but with low nutrient removal 
(~, P) 

Howard and Mendelssohn (1999) addressed the capabilities of four marsh 
plants to recover after salinity pulse effects. This might explain the capabilities of 
production of the test plants M. !>picatum and in particular P. peetinatu!> after 
e},..posure to loss in their fresh weights at salinity 6 70%0 thereafter they recover 
at higher salimty ( 10 05%0) as shov..rn in Table I 

In conclusion, the three test plants exhibited different salinity tolerance The 
best. which could tolerate salinity up to 13.40%0, was Potamogeton pectinatus 
with small yield increases followed by Myriophyllum spicatum, which tolerated 
lower salinity (1005%0). Ceratoplzyllum demersum lost a part of its fresh 
weight at salinity 6.70%0 and higher. Nutrients (N, P) reduction and plant 
grovvth were affected, generally, by salinity Thus it is recommended to use 
M. spicatum efficiently for domestic sewage treatment at optimum salinity of 
6.70%0. 

REFERENCES 

A.P.RA., 1985. Standard methods for the examination of water and 
wastewater. Am Pub!. Health. Assoc .. New York. 

Carpenter, S.R and Lodge, D.M., 1986. Effects of submerged macrophytes on 
ecosystem process. Aquat. Bot. 26: 341-370. 

III 





EFFECT OF SALINITY ON WASTEJ17ATER TREA TMENT ABILITY 

Hale, MG. and Orcutt, D.M., 1987. The physiology of plants under stress. 
John Wiley & Sons, New York. 

Haller, W. T., 1974. Effects of salinity on growth of several aquatic 
macrophytes. Ecology 55: 891-894. 

Hester, M. W.; Mendelssohn, 1.V. and McKee, KL., 1996. Intraspecific 
variation in salt tolerance and morphology in the coastal grass Spar/ilia 
patens (Poaceae). American Journal of Botany. 88 (12): 1521-1527. 

Hintze, I L., 1993. Number cruncher statistical system (NCSS), Version 5.03 
5/93. 

Howard, R. 1. and Mendelssohn, 1. A., 1999. Salinity as a constraint on 
growth of oligohaline marsh macrophytes. II. Salt pulses and recovery 
potential American Journal of Botany. 86: 795-806. 

Koroleff, F., 1969. Determination of ammonia indophenol blue. International 
councel for exploration of the sea (ICES), CM. 1969/ C : 8 (mineo). 

Munns, R., 1993. Physiological processes limiting plant growth in saline soils: 
some dogmas and hypothesis. Plant, Cell and Environment. 16: 15-24. 

Munns, R. and Termaat, A., 1986. Whole-plant responses to salinity. Australian 
Journal of Plant Physiology. 13: 143-160. 

Murphy, 1. and Riley, 1. P., 1962. A modified single solution method for the 
determination of phosphate in natural waters. Analitica Chemica Acta, 27: 
31-36. 

Murphy, K 1.; Roslett, B. and Springuel, 1., 1990. Strategy analysis of 
submerged lake communities : an international example. Aquat. Bot. 36: 
303-323. 

113
 






