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ABSTRACT 

Pig farm industry is g rowing in Malays ia and consequentl y had polluted the nearby water way 
with the ir intensive farming. Therefore, (his s tudy is to examine the potent ia l of two fl oa ting aquatic 
macrophytes, namely water hyacinth (Eichomia crassipes) and water letruce (PiSlia SlraLiOles) in 
improving the water qua lity o f pig farm wastewater which onl y trea led by lagoon or ox idation po nds 
tradi tionall y. In (he 1:5 d ilution o f animal rann wastewater, water lettuce and pol yculture of both plan(S 
had the highest percent reduction o f total nitrogen with 98.97% and 98. 18%, respec( ively, with the in iti a l 
level of 35.67 mgll to the final level of 0.37 mgl l in water lettuce cu lture systems and from 38.50 mgll to 
0.70 mgll in polyculture systems. AI! the plants cultures were able to reduce the level of total suspended 
so lid significantly where polycuitures presented as the best system, with the percent reduction of 78.86%, 
from 40.0 mgl\ to 8.4 mgl!. The TSS level in the wastewater had improved from Class IV to Class I 
according the classification of the Interim National Water Quality Standard of Malaysia (INWQS). In 
addition, all the sys tems \vere able to reduce the organic matter in wastewater evidenced from the 5 days 
biochemical oxygen demand (BODs). with the average initial level of 33.65 mg/I to average fi na l level of 
6.93 mgl!. The BOD, level in the wastewater had also improved from C lass V to C lass !II in water lettuce 
culture and po lycu lture while to C lass IV in water hyacinth and contro l/a lgal systems. 

Key words: Water hyac inths (Eicho rnfa crass;pes), water lettuces (Pistia slratioles), tota l nitrogen, total 
suspended solid, BOD,. 

ABSTRAK 

Industri penlemakan babi sedang mengembang di Malays ia dan secara Jangsungnya telah 
meningkatkan masa lah pencemaran air di kawa'\an pera iran sekeliling ladang berkenaan. O leh demikian. 
kaj ia n in dijaJankan untuk menilaikan keupayaan dua je nis tumbuhan aquat ik , iaitu waler hyacimh 
(Eichornia c}'(fssipes) dan Waler Jellllce (P is/ia slralioles) dalam me mpe rbaiki qualit i ai r buangan ladang 
babi lema kan yang biasa hanya dirawat dengan kolam pengoks idaan. Dalam pencairan 1 :5, "":ater Jelluce 
dan pergabungan dua jenis tumbuha n be rkenaan (poJycullure) mencata( peratus penyingki ra n nitrogen 
te rbanyak de ngan 98.97% dan 98. 18% berikulan , di mana dari tahap pe lmu laan 35.67 mg/ l kc tahap ak hir 
0.37 mgll dalam s is tem IValer /efluee dan dari 38.50 mgll ke 0.70 mgll dalam s iste m po/yell /lure. Kesemua 
s iste m C\.Jlnbuhan d idapal i berkeupayaa n mengurangkan jumlah pepejal terampai dalam air buangan ladang 
babi di mana sistem polyculture memberikan keputusan terbaik, dengan 78.86%, dari 40.0 mg/I ke 8.4 mgll. 
Kualiti jumlah pepejal terampai dalam air buangan ladang babi dibaiki dari Kelas IV ke Kelas I mengikul 
Piawai Interim Kualiti Air Kebangsaan Malaysia (fN\VQS). Tambahan lagi , semua sis tem dalam kajian ini 
berjaya mengurangkan bahan organik dalam air Jadang babi dengan nilai pelmintaan ok~igen biokimia·5 
(BOD, ) menumn dari 33.65 mg/I ke 6.93 mgll seca", puratanya. Nilai BOD, da lam air buangan rurut 
diperbaik.i dari kelas V ke ke las III bagi s istem water lettuce dan polyetl/lure; ke ke las IV bagi sistem waler 
hyaCinth dan sys tem kawalan. 

Kata kunci : WaleI' hyacinths (Eichornia crass/pes), water lettuces (Pistia stratiotes)) jumlah nit rogen) 
jumlah pepejal terampai , pennintaan oksigen biokimia-5 hari (BODs). 



CHAPTER! 


INTRODUCTION 


Li vestock industry especially pig farms in Malaysia has grown from the 

traditional family sized farm to the industrial livestock farm. Therefore, the traditional 

way of discharging the waste into the lagoon or ponds is no more effecti ve and adequate 

in treating the wastewaters (Abdullah, 2003). The intensive li vestock farming acti vi ties 

could become the plincipal of euthrophication in the surface water as it was polluted with 

the nutrients from animal waste, namely nitrogen and phosphorus. [n addition, the dail y 

routine of cleaning and bathing from the pig-site is adding pollutants to the surface water 

(Kin son et aI., 200 I). 

In Malaysia and other tropical countries, pigs are hosed down with water twice a 

day; once in the morning and again in the afternoon (Teoh et aI., 1988; Choo et at., 1987). 

The water is used to wash the concrete floor, to cool the animals and also to remove the 

wastes. The wash water carries animal faeces, urine and spilled feed from the pig houses 

through a network of open drains in the farms (Teoh et aI., 1988). The discharge of pig 

waste polluted the rivers, drains, other water ways and the sUITounding lands if no proper 

and adequate treatments are carried out. For example, one of the little rivers in Serian, 

Sungei Rayang had been declared as "Dead River" as a result of pollution by the nearby 

farms (Dav idson, 2002). 

Animal waste can be effecti vely used as the plants fertili zers as it contains the 

major plant nutrients (N, P and K); oppositely it can be the cause o f water pollution 

where the biochemical oxygen demand (BOD) is the major concern (Nicho lson, 1994). 

In a study by Fallowfi eld et at. (1994), animal slurries are strong potential pollutants. 
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The content of total suspended solids in pig slurry was found to be 24.9 mg/I, BODs was 

10.2mg/1 and the content of organic-N was 1.0 mg/!. 

Water pollution from the agriculture acti vities had been recognized as the severe 

environmental issues since several years ago (Abdullah 2003; State o f Veterinary, 200 I). 

From the study done by Abdullah (2003) , most of the pig farms in Sara wak do not have 

effi cient systems in treating the effluent from the falms and it is a practi ce for them to 

discharge the e ffluent to the ri ver directl y without any treatment. Thus, pollution from 

the livestock farming had prompted the government to enact the Natural Resources and 

Environment (Control of Livestock Pollution) Rules in 1996. This rule which came into 

force on I January 1997 required all livestock fann s to install fac ilities fo r the trea tment 

of livestock wastes prior to the issuance of licenses by the Controller of Environmental 

Quality and the treatment should fulfiJl certain prescribed standard (NREB, 200 1). 

Under this rule, farm operators have to build at least two oxidation ponds of 

appropriate size and depth according to the animal population and should be prepared to 

treat the waste within four months after the issues of licenses. From the research by 

Abdullah (2003) on the effectiveness of oxidation ponds in removing organic matters and 

nutri ents, it was found that the reduction of BODs in the selected pig falms ranged trom 

14.7% to 21. 3%, the reduction of total suspended solid was 45.1 % to 28.5%, while the 

ammo nica l-nitrogen had been removed by 8.9% to 28.4% and the nitrate by 15.7% to 

16.9%. Prev ious researches showed that cultivation of vascular aquatic macrophytes like 

water hyacinth, duckweed, and cattails in ponds and reservoirs, offer potential 

alternatives for treating sewage and industrial effluents (Reddy, 1983 ; Wooten and Dodd, 

1979; Wolverton and McDonald, 1979; Boyd, 1969), and agricultural e ffluents (Reddy, 

1983; Reddy e l al., 1982). Therefore, by culti vating the aquatic macrophytes on the pig 
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farm oxidation ponds, it is believed that it will enhance the removal of di fferent 

contaminants. 

Water hyacinth and water lettuce are chosen for this study because they can be 

found locally. These two plants are often found to be grown in shallow ponds fo r pig

food in Malaysia (Polunin , 1987). With this study, we hope to know the potential of the 

water hyac inth and water lettuce to remove nutrients from the pig fa rm wastewater 

besides culti vate as pig food. Moreover, the biomass could be harvest fo r the production 

of gaseous fuel (Reddy and DeBusk, 1985; Shiralipour and Smith, 1984), fiber (Reddy 

and DeBusk, 1985; Nolan and ](jrmse, 19874) and compost and organic soil amendments 

(Reddy and DeBusk, 1985; Parra and Hortenstein, 1974). Polprasert e l af. ( 1994) 

reported a case study on silaging and composting of water hyacinth plants generate fro m 

ponds treating pig fann wastewater in Thailand. They found these two recyc ling options 

were indeed technicall y and economicall y feasible to be implemented at fa lm scale levels. 

In addition to that, it is found that these large-leaved floating species have a faster 

rate in removing N and P than the small-leaved floating species such as the duckweeds in 

the previous study (DeBusk and Reddy, 1991). 

Eichhornia crassipes or commonly known as water hyacinth belongs to the 

Pontederi acea Family. It is known as "Keladi Bunting" locally in Malaysia. Water 

hyacinth is a large leaf floating plants. Its smooth round leaves have stalk; that are 

swollen at the base, appearing inflated but actually filled with spongy tissue (Smith, 

1989) . The flowers are grown as crowded spike and with a lavender yellowish colour 

(S mith, 1989). 

PiSlia slratioles is a tropic plant from Araceael Arum family. It is commonly 

known as water lettuce which origin from the Africa or South America. Water lettuce is 
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also a large leaf floating plants. It has light, green and thick leaves, rosettes occurring 

singly or connected to others by short stolons (Smith, 1989) . Flowers of water lettuce are 

inconspicuous and are group together on small fleshy stalk which nearl y hidden in leaf 

axils (Smith, 1989). 

1.1 Objectives 

The objectives o f the stud y were to examine the e ffectiveness of wa ter hyacinth 

(Eiclzlzornia crassipes) and water lettuce (Pistia stralioles) individuall y and together with 

a polyculture of both o f these aquatic macrophytes in reducing nutri ents (to tal nitrogen) 

and organic matter (BODs 311d total suspended solid) in wastewater from pig farm , and to 

propose a wastewater management practice by using aquatic macrophytes. 
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CHAPTER 2 

LITERATURE REVIEW 

Floating aquatic macrophytes-based treatment systems is typically a secondary 

wastewater treatment to reduce the concentration of organic matter and the excess 

nutrients from municipal, agricultural and industlial wastewaters (Sooknah and Wilkie, 

2004; DeBusk and Reddy, 1991 ). The nutrient removal capacities of di fferent aquatic 

plants have been proved by many research workers (Tlipathi and Upadhyay, 2003; 

Debusk and Reddy, 199 1; Tripathi el ai., 1991 ). However, from the li terature, there are 

only few studies have been reported on the application of aquatic macrophytes in animal 

manure-based wastewater treatment (Sooknah and Wilkie, 2004). These include only the 

application of water hyacinth in piggery wastewater (Costa et ai., 2000; Polprasert et ai. , 

1992) and application of water hyacinth in dairy manure wastewater (Sooknah and 

Wil kie, 2004; T ripathi and Upadhyay, 2003; DeBusk el ai, 1995; Whiteheac el ai., 1987). 

Among these, onl y Sooknah and Wilkie (2004) included water le\\uce in their research. 

Water hyacinth is better known and widely researched as an aquatic macrophyte in 

treating wastewaters (Aoi and Hayashi, I 996). 

Costa el ai. (2000) in Brazil studied the tertiary trea tment of piggery wastes in 

water hyacinth ponds. They fo und out that seasonal variations are important facto rs in 

influencing the water hyac inth producti vity and performance. However, the plant was 

found to remove around 50% of the applied organic loads (COD, BOD, r·., and TP) 

even under values of 11 0 kg/haJday applied for total nitrogen surface loads. 

Sooknah and Wilkie (2004) in Mauritius reported that water hyac inth and water 

lettuce were successfully improv ing the water quality of anaerobicall y digested Hushed 

dairy manure wastewater (ADFDMW) in a 3 1 days batch growth experiment. Water 
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hyacinth reduced total Kjeldahl nitrogen (TKN) by 91.7%, and suspended solid by 92.0%; 

water lettuce cultures reduced the TKN by 87.6% and suspended solid by 80.6%. A 

polyculture of three plants, namely water hyacinth, pennywort and water lettuce in I: I 

dilution of ADFDMW exhibited the best perfonnance where TKN was reduced by 88. 5% 

and suspended solid by 8 1.7%. While Tripathi and Upadhyay (2003) in India studied the 

nitrogen removal in dairy wastewaters by water hyacinth was 7 1.8% and the nitrogen 

content of the plant found to have increased by 58.5%. 

Other than that, Reddy and DeBusk (1985) studied the role of eight selected 

aquatic macrophytes in removing nitrogen and phosphorus from nutrient enriched water 

by using microcosm retention ponds. From the study, the nitrogen uptake was most 

efficient by water hyacinth, followed by water lettuce, perUlywort, Lemna, Salvina, 

Spirode/a and egeria dutillg summer season. 

Aoi and Hayashi (1996) in Japan had studied on the effectiveness of water lelluce 

111 removing nutrients by perfonning experiments under batch and continuous culture 

using the artificial culture solution and treated sewage as feed water. The study was 

carried out in the dry and rainy season where they discovered that water lettuce could 

grow up better than water hyacinth even under low solar radiation. They establi shed that 

the weight and the size of the water lettuce are a function of llutrient concentration, 

temperature and solar radiation. From the experiment they have done, the water lettuce 

that was cultivated in rain water was smaller than that in treated sewage water. The small 

unit was almost 2-3 cm long, I cm wide and the wet weight was 0.35 g whi le the big unit 

was almost 25 cm wide, 40 cm long in roots, 15 cm tall and the wet weight was 50 to 70g. 

Sooknah and Wilkie (2004) also recorded that the biomass growth for water 

hyacinth and water lettuce after 31 days treatment were 24.7 g dry wt.m,2 per day and 1.0 
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g dry wt.m-2 per day respectively in diluted waste water. Reddy et al. (1983) reported 

productivity ranges for water hyacinth and water lettuce are 38-64, 19-40 g dry wt.m-2 per 

day, respectively in freshwater bodies (Sooknah and Wilkie, 2004). While DeBusk el ai. 

(1995) measured the summertime productivity of water hyacinth in a 1:1 dilution of 

primary dairy lagoon effluent was averaged 33.2 g dry wt.m-2 per day. 

In the study of Reddy and DeBusk (1987) in the utilization of aquatic plants in 

water pollution control, they had established the following criteria in selecting a plant for 

inclusion in water treatment systems. These include: 

• Adaptability to local climate 

• High photosynthetic rates 

• High oxygen transport capability 

• Tolerance to adverse concentration of pollutants 

• Pollutant assimilative capacity 

• Tolerance to adverse climatic condition 

• Resistance to pests and diseases 

• Ease of management 

In most research, water hyac inth and water lettuce were found to grow better 

during summer season or dry hot season than other aquatic macrophytes (Aoi and 

Hayashi, 1996; Redd y and DeBusk, 1995). Therefore, in a tropical country like Malaysia, 

water hyacinth and water lettuce are better selection for aquatic macrophytes-based 

treatment systems as they performed better under hot climate (Aoi and Hayashi , 1996; 

Reddy and DeBusk, 1985). 
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2. 1 ,\fechanisms Involved in Nutrients Remo,'ul 

A number of biological, chemical and physical mechanisms, such as plant uptake, 

ammoni a-N vo latilization, P-precipitation or adsorption, denitrification occur which 

contribute to wastewater nutrient removal (Debusk and Reddy, 199 1). Plant uptake of 

nitrogen is one of the processes involved in the removal of N in an aquatic-macrophyte 

based treatment system (Sooknah, 2000). There are several of nitrogen transformation 

take place wit hin such systems (Table \ ) which including mineralization (organic N to 

ammonium), immobilization (ammonium and nitrate to organic N), nitrification 

(ammonium to nitrate), vo latilization and denitrificati on (nitrate to nitrous oxide and 

nitrogen gas). 

Table 1: Nitrogen transfo m1 31ion influenced by microbial respirati on in an aquat ic macrophyte wastewater 
treatment system (Sooknah,2000; Reddy, 1985) 

Resp iration Nitrogen TraJl~romlkllion 
Aerobic Ammon ification Org-N NH,-N 

Immobilisation Nl-!., - Org-N 
Nito fication NI-L,-N  NO,-N 

Facultative anaerobic Denitrification NOrN  N;: O I 2 

A mmonifica tion Org-N - ,NH.,-N 
Immobili sati on NH,-N  Oro-N 

Anaerobic Dissimilatory 
NOr N reduction - NH,-N 

It is found that aquatic macrophytes utili ze NH4-N prior to NOyN as nitrogen 

source (Aoi and Hayashi, 1996; Aoi and Ohba, 1995 ; Reddy, 1983) . Ammonia 

volatili zation more active in the conditions of pH 9-9.5 where submersed species like 

elodea or algae are found; in water hyacinth and pennyworth systems where the pH is 

relatively between 6.7 to 7.0 will inactive the ammonia volatilization (Reddy, 1983). 

In floating aq uatic macrophytes , nitrification potentially occurs in the water 

COIUIlUl and in the rhi zosphere under low organic carbon concentration (Sooknah , 2000). 

Nitrification involves the biological oxidation of ammonium to nitrate. N ittification rates 
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in these systems coul d be limited by oxygen supply since oxygen concentration of the 

water under fl oating plants is usually low. In the study done by Sooknah and Wilkie 

(2004), N0 3-N was detected in the plant cultures. This indicated that nitrification 

happened in the system where ammonia was oxidized to NO]-N by nitrifYing bacteria. 

The support by the roots of the aquatic plants and the transport of oxygen to the roots 

provided more favorab le conditions for nitrifying bacteria to establi sh in the plant 

cultures. Nitrate will be taken up when the ammonia level in water is low. 

Denitrification is the most important mechanism in reducing N03-N levels of the 

water. It occurs in the absence of oxygen, when facu.1tative anaerob ic microorganisms 

utilize nitrate as a tenninal electron acceptor during their respiration (Sooknah, 2000). 

Some of the NO)-N could be lost through denitrification in anoxic zones and through 

diffusion into the underlying sediments (Tripathi el al., 1991). Denitrification can 

possibly occur in the root zone of floating plants. The dense cover of floating plants, 

example like water hyacinth depletes disso lved O2 of the underlying water to less than I 

jlg/mL and thus creating anaerobic conditions (Reddy, 1983; Reddy, 198 1). These 

conditions favor the denitrification process, thus maximizing NO)-N removaL 

2.2 Mechanisms in Organic Matter Removal 

Floating aquatic macrophytes also work as the trickling filter where suspended 

solids passing through the roots get entrapped, accumulate and fmally settle by means of 

gravity or get metabolized by microorganisms, whereas particulate matter settles at the 

bottom of the pond (Sooknah, 2000; DeBusk and Reddy, 1991; Tchobanoglous, 1987). 

Bio-ox idation by bacteria attached to the root and in the water column is the main 

dissolved organic matter removal mechanism (Reddy and DeBusk, 1987). Further 
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removal mechanisms include plant uptake and accumulation/degradation in the sediment 

after sorption onto particles (Sooknah, 2000). 

The amount of biochemically degradable organic matter present in a water samp le 

is typically measured by the biochemica l oxygen demand (Chapman and Kimstach, 1996). 

It is defined by the anlount of oxygen required for the aerobic microorganisms present in 

the sample to oxidize the organic matter to a stable inorganic form . The bacteria attached 

to the root of the floating plants will oxidize the wastewater carbon as an energy source 

and syn thesis of new cell s (DeBusk and Reddy, 1991; Tchobanoglous, 1987). 

In addition , the plants enhance BODs removal by transporting O2 from the 

atmosphere into their root zone and thus creating an oxidized rhi zosphere (DeBusk and 

Reddy, 199 1; Moorhead and Reddy, 1988). Bac teria in the rhizosphere can utilize this 02 

as an electron acceptor during the oxidation of wastewater carbon (DeBusk and Reddy, 

1991; Reddy e/ al., 1989). The reactions which utili ze free-oxygen as an electron

acceptor are predominant as they are the most energy efficient (Sooknah, 2000). A 

summary reaction of the multiple biochemical steps involved has the fonn: 

C5H70 2N + 502 ---> CO2 + NHJ + 2H20 + energy 

where CSH70 2N is a generalized formula of bacterial biomass obta ined from 

experimental studies (Sooknah, 2000; Metcalf & Eddy, 1991). In the absence of free 

oxygen, bacteria utilize other inorganic molecules such as nitrate and sulphate as 

alternative electron-acceptors (Sooknah, 2000; Reddy & Sutton, 1984; Stowell el at., 

1981). 

11 


- ~~--~~- -, 



CHAPTER 3 


MATERIALS AND METHODS 

3.1 Aquaric Macrophytes 

The water hyacinth (Eichornia crassipes) and water lettuce (Pistia stratiotesj for 

this study were obtained from the Agriculture Research Center, Semonggok. Around ten 

stalks of each plant were provided. They were planted in different tank tilled with tap 

water to accumulati ve the plants to grow before the experiment was carri ed out. This was 

done a month befo re the first experiment was carried out. Suitable densities were 

harvested for the first experiment while the remaining was keep growing in the tank until 

the second experiment started. The dry chicken manures were added once a week as 

nutrients for the plant to grow. About 109 of it was added every time. 

The size of water hyacinths used in first experiment and second experiment were 

approximately 10 cm wide and 8 em tall with roots of 10 cm long. Whil e the water 

lettuce were approximately 15 cm wide and 10 cm tall with roots of 10 cm long in the 

first experiment and around 20 em wide and 10 cm tall with roo ts of 15 cm long. 

In the first and second experiment, only young crops of water hyac inth of about 

one month old were chosen to grow in the wastewater. For the water lettuce, the crops of 

about one month old were used in the first experiment and the crops of about four months 

old were used in the second experiment. Leaves which were seriously wilted 

(approximately 70% of the leaves) were removed. 
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3.1 Wa~·tewater 

The wastewater was sampled from one of the pig fal111 in l Oth mile with plastic 

containers. The characteristics of the collected wastewater are presented in Table 2. 

Table 2: Characteri stics ofwastewa ler sampled from the pig falm before dilution 

Parameter nits Mean value 
TN mgil 1l0 ± 5.0 
TSS mg/I 142 ± 10.7 
DO mg/I 1.85± 0.02 
BOD, rog/ I 117 

3.3 Experimental Set Up 

The experiment was in a batch culture system where the containers were placed 

under a roof of transparent plastic in order to avoid addition of rain wa ter (Appendix I) . 

The height of the roof from the land was about 1.20 meter tall. Rectangular plastic 

containers (O.625m length x 0.4201 width x 0.39m height) with a working depth of 0.3 m 

each, a surface area of 0.2625m2 and a capacity of 48L of water were used in this study. 

3.4 Fir,,1 Experiment/or Dill/tion Determination 

A tJial experiment was carried out to look [or the suitable dilution o f was tewater 

to the distill water for the plants to grow. Four dilutions, i.e. I :0, I: 1, 1:5 and 19 were 

chosen to assess the suitable condition for the plants to grow. Four containers were used 

in this experiment. The ratio of the 1:0 dilution refers to 48 liter of wastewater with no 

dilution with distill water; I : I refers to 24 liter of wastewater diluted wit h 24 liter of 

distill water; 1:5 refers to 8 liter of wastewater diluted with 40 liter o f dJstill water and 

1:9 refers to 4.8 liter of was tewa ter diluted with 43 .2 liter of di still water. Wa ter hyacinth 

and water lettuce with simil ar densities were planted in each of the dilution. The growths 

of the plants in different dilution were observed over thirteen days. 

13 


I 



3.5 SecoJ/d Experimental Set Up 

Using the chosen 1:5 dilution, the second experiment was set up at the same 

location. The systems for this study were water hyacinth monocuiture, water lettuce 

monoculture and polyculture of plants and the control/algal systems. Three replicates of 

each were filled with 8 liter of wastewater and 40 liter of di still water. Twelve plastic 

containers were used in this experiment. 

The roots of the plants were washed thoroughly under tap water before they were 

placed and kept in separate container. The plants were initially stocked to cover 40 to 50 

percent of the surface area of each container. Similar densities of every plant were placed 

in every set of treatments. The duration for this experiment was 20 days. 

The water volumes that were lost through evaporation were replaced by deionized 

water every other day. Water sampling was performed on the second day following the 

volume adjustment in order that the added deionized water would not affect the analysis. 

3.4 Samplillg 

Physico-chemical properties of the wastewater were analyzed 7 times over a 14 

day period on days 0, 2, 4, 6, 8, 11 , 14 or to the days until the concentration of the 

parameters reached the satisfactory level. The water samples were consistently taken 

during in the mid morning. Composite samples were obtained by dipping a 100 ml

graduated cylinder at three places ac ross the surface of the contai ner of every set of plant 

cultures and control/alga l systems and combining them. The wet weight and dry weight 

of the plants for every treatment and the control/algal systems were recorded initially and 

at the end of the study. The DO level in each tank was measured in situ using DO meter 

on the sampling day. 
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3.5 Water Quality Analysis 

Water quality including total suspended solid (TSS), total nitrogen (TN) and 5

days biochemical oxygen demand (BODs) in the wastewater were monitored during the 

study of treating animal farm wastewater using aquatic macrophytes. 

3.5.1 Total Suspended Solid (TSS) 

Total suspended solid in the wastewater was analyzed using the standard method 

2540 D Total Suspended Solids Dried at 103-1 05°C (Clesceri et aI., 1998). The water 

sample was filter through a glass-fiber filter disk. The filtrate was dried in an oven at 103 

to 105°C for one hour. The dried filtrate was cooled in desiccators to balance 

temperature and after that to be weight. The cycle of drying, desiccating and weighing 

was repeated until a constant weight or until weight changes was less than 4% of the 

prev ious weighing or 0.5mg was obtained. The con ten t of TSS in the sample was 

calculated by using the following equation ( I ). 

mg total suspended solids/L = (A-B) x 1000 (I) 
Sample vo lume, mL 

A= weight of filter dried residue, mg 
B = weight of filter, mg 

3.5.2 Total Nitrogen (TN) 

DR/2010 Spectrophotometer was used in the analysis of TN in wastewater (Hach, 

1996). The Method 10071 (Nitrogen, Total, Test 'N) was selected where the range of TN 

concentration it can read is from 0.0 to 25.0 mg/L. The diluted wastewater samples from 

every container were collected in clean plastic bottles. Immediate analysis was done after 

every sampling from the experiment site. Only 5ml samples were required for every 
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analysis. Suitable di lution was done prior to the digestion of the Sm] samples. The 

samples were first digested with alkaline persulfate in a COD reactor at 10SoC for half an 

hour. The purpose of digestion is to converts all fonns of nitrogen to nitrate. After 

cooling the digested samples to the room temperature, sodium metabisulfite was added to 

eliminate halide interferences. Later, chromo tropic acid was added to react with nitrate. 

Under strongly acidic conditions, nitrate fonned a yellow complex with an absorbance 

maximum at 4 JOnm. 

3.J.3 Five Days Biochemical Oxygen Demand (BODs) 

The BODs of the wastewater was analyzed by using the standard method S210-B 

5-Day BOD Test (C!esceri et ai., 1998). The dissolved oxygen (DO) in the wastewater 

was measured initially and after five days incubation using the standard method 4S00-0 

C Azide Modification (Clesceri et ai., 1998). The BODs was then computed from the 

difference between initial and final DO using the following equation (2). 

BODs (mg/J) = (DO reading initial- DO reading final) x dilution factor (2) 

.1.6 Plllnt Biomass Analysis 

3.6./ P {lIllf Biomass Growlh 

The fresh weights of plants for every treatment were taken at the beginning and at 

the end of the study. To obtain the initial biomass dry weight, two sets of water hyacinth 

and water lettuce with the similar fresh weight were taken. They were later dried for 72 

hours or until a stable weight obtained at 105°C and this measured weight were used to 

estimate the initial and final operational density. The initial and final biomass of the 
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plants (g dry weight) was calculated using the percentage conversion from wet weight to 


dried weight of the plants biomass, equation (3). 


Percentage conversion ~ (A - B) x 100 (3) 

A 

A ~ fresh wet weight of the plants (g) 

B ~ dry weight of the plants after 105° C oven (g) 


Therefore the biomass of plants initially and after experiment can be calculated 

based on equation (4). The biomass yields (g dry wt. m-2
) of each plant in different 

system were calculated using equation (5). The productivity (g dry wt. m-2 day't) and 

average growth rate (day") of the plant were calculated using equation (6) and (7) 

respectively. The surface areas of the containers used in calculation were 0.2625 m_ 2 

Biomass of plants (g dry wt.) ~ Wet weight x percentage conversion (4) 

Biomass yield (g dry wt. m-2
) ~ Final biomass - initial biomass (g dry wt.) (5) 

Surface area of the container (m-i ) 

2Productivity (g dry wt. m-2 day") ~ Biomass yield (g dry wt. m- ) (6) 
Days of growth 

Average growth rate (day") ~ Productivity (g dry wt. m-2 dai') (7) 
Initial biomass (g dry wt. m-2

) 

3.6.1 P lant Biomass Content 

All plants samples were oven dried at 80°C for a period of 48 hours, grounded to 

pass through a 40-mesh (less than Imm) sieve, and analyzed for total nitrogen and 

phosphorus in the initial stage and final stage of the experiment (Reddy and DeBusk, 

1985). The content of total nitrogen in the plants was analyzed initially and at the end of 

the study. 
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