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ABSTRACT
Phytoremediation had been well accepted worldwide as one of the successful green technologies for domestic
wastewater treatment. This technology utilizes aquatic macrophytes to extract macronutrients from the
wastewater and accumulate them in their plant tissues. The macrophytes are continuously multiplied and grown
until the nutrients in the wastewater become exhausted. Hence, the macrophytes contain high concentration of
macronutrients. In a manner to manage the wastewater treatment using the phytoremediation system, currently
the macrophytes are harvested and disposed in landfill sites. Knowing that the macrophytes contain high
concentrations of macronutrients, an attempt was made to produce an organic fertilizer from them.
The phytoremediation system was designed and fabricated in the Hydrology Laboratory in Universiti Teknologi
MARA (UiTM), Shah Alam. The macrophytes such as Water Hyacinth (Eichhornia crassipies), Caladium
(Caladium sp.) and Water Lettuce (Pistia stratiotes) were used in the phytoremediation system. The
macrophytes were harvested and windrow composted to produce local phyto-organic fertilizer, which was
named as PhytoLizer (PL). The PL were analyzed for their physico-chemical parameters such as total carbon
(TC), total nitrogen (TN), carbon-nitrogen ratio (C/N), phosphorous (P), potassium (K), sulfur (S) as well as pH
and moisture content (MC). The performance of the PL produced was then characterized and reported.
Keywords: Aquatic Macrophyte, Domestic Wastewater Treatment, Nutrients, Organic Fertilizer,
Phytoremediation.

INTRODUCTION
Most of the phytoremediation system used for wastewater treatment shows its ability to remove and
extract macronutrients primarily the nitrogen and phosphorous components [1, 2, 3, 4]. Thus the technology
currently becomes popular as an alternative technology in wastewater management. This is due to its ability to
protect both the environment and public health in an economical way at a lower cost compared to the
conventional wastewater treatment [5, 6]. Previous studies mainly focused on the species and the efficiency of
the aquatic macrophytes to extract nutrients which were regarded as contaminants in the wastewater [1, 4, 7, 8,
9]. However, very limited studies have focused on the management of post-harvested aquatic macrophytes.
Hence, the post-harvesting stage of the macrophytes becomes essential since naturally decay or dead aquatic
macrophytes are directly supplied to organic contaminants in treated wastewater [1, 9]. At present, these
macrophytes are harvested and disposed in landfill sites [10].
Knowing that these macrophytes contain high concentrations of macronutrients, an attempt was made
to produce an organic fertilizer named PhytoLizer (PL) from them. The transformation of harvested
macrophytes from the phytoremediation system to compost was through the windrow composting process.
Windrow composting is acknowledged as the most efficient way to dispose organic waste, is a low-priced
technology and suitable to produce organic fertilizers in large scales [11]. The technology is an open aerobic
biological process that uses naturally occurring microbes to transform organic substances into a humus-like
product [12, 13].
Recently, the application of organic fertilizers in the Malaysian agricultural activities has become
popular as a result of excessive increases in the agricultural products [14]. In addition, the government has
imposed policies on organic farming system. This is due to the capability of the organic fertilizer to act as an
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input to sustain soil fertility [14, 15]. Furthermore, supplies of organic fertilizers in the market were imported
from neighboring countries since the production of domestic organic fertilizer is very minimal [16].
Therefore, this study aims to develop and characterize an organic fertilizer (PL) generated from
phytoremediators (local aquatic macrophytes) harvested from the phytoremediation system of domestic
wastewater. Nutrients extracted by these phytoremediators are stored in the composted phytoremediator and
directly used as organic fertilizers. This waste to wealth concept possibly contributes to the supplementary
organic fertilizer source and at the same time makes the phytoremediation system become sustainable.

MATERIALS AND METHODS
This study is performed in 3 phases: a) Design and fabrication of the phytoremediation system,
b) Phytoremediation of nutrients from domestic wastewater, and c) PhytoLizer production through windrow
composting process.
Design and fabrication of the phytoremediation system
The phytoremediation system was designed and fabricated in the Hydrology Laboratory of the Faculty of
Civil Engineering in Universiti Teknologi MARA (UiTM), Shah Alam as shown in Fig. 1 and Table 1. This
system was designed as a continuous system to harmonize it to the conventional wastewater treatment system
when an integrated wastewater treatment system was to be used at site. The wastewater samples were collected
from the Mawar Residential Sewage Treatment Plant in Universiti Teknologi MARA (UiTM), Shah Alam. As
for the sampling, the containers were thoroughly rinsed with 10% of nitric acid and distilled water. Aquatic
macrophytes were chosen as they were low-priced and easily available locally. They consisted of the water
hyacinth (Eichhornia crassipies), caladium (Caladium sp.) and water lettuce (Pistia stratiotes). They were
collected from the Section 8 Lake in Shah Alam. Each of the macrophytes was cleaned thoroughly with distilled
water [8], softly trashing the soft tissues, before placing them in separated containers.
Table 1: Experimental details of the phytoremediation system
Experimental Detail
Dimension of phytoremediation system
Depth of wastewater
Volume of wastewater
Flow of wastewater

1, 2 Phytoremediation Tank
5 Level Meter

Description
0.66 m x 0.44 m x 0.35 m
0.22m
34L
6L/min

3 Water Pump
6 Discharge Valve

4 Flow Meter

Fig. 1: Schematic diagram of the phytoremediation system
Phytoremediation of nutrients from domestic wastewater
The macrophytes were cultured separately in the system filled with 24 L of domestic wastewater and in
another system as the control without any macrophytes. As for the experiment, the wastewater was further
filtered by using a cotton sieve to trap the major suspended solids. Volume losses in the treatment due to water
e-ISBN 978-967-960-322-4

666

International Conference on Agricultural and Food Engineering for Life (Cafei2012)
26-28 November 2012
sampling and/or evaporation were countered by adding distilled water [3]. The experiment was conducted until
the macrophytes showed symptoms of death (survival capacity) or the results of the nutrient concentrations in
wastewater became significantly consistent.
PhytoLizer production through windrow composting process
The phytoremediated macrophytes (PL) were harvested from the phytoremediation system. As for the
control compost (CC), macrophytes were harvested at their original habitat without having any wastewater
treatment. They were cleaned thoroughly with saline water (2M NaCI), aqueous EDTA (2g/L), tap water and
deionized water [12], softly trashing with the soft tissues, before placing them in separated windrow composting
reactors. This procedure was important in order to free the macrophytes from adhering microflora and muck.
The macrophytes were categorized as: a) PhytoLizer of Water Hyacinth (PLWH), b) PhytoLizer of Caladium
(PLCD), c) PhytoLizer of Water Lettuce (PLWL), d) Control-Compost of Water Hyacinth (CCWH), e) ControlCompost of Caladium (PLCD), and f) Control-Compost of Water Lettuce (CCWL). They were then weighed
before being put into the windrow composting reactors. Each of the reactors was supplied with 0.5 kg of
harvested macrophytes.
The composts were prepared by the windrow composting method. They were windrow composted until
they reached the maturity state (approximately 90 days). In a manner to generate the average moisture content of
45-65%, the entire macrophytes were sprinkled with adequate water [13]. This indicated that the microbial
activity happened perfectly during the composting process and led to an increase in the temperature. This
average moisture content of the reactors was monitored and maintained at this average within periodic
monitoring. The composting process was monitored and observed once in a week until the maturing period. The
completion of the composting process was indicated when the content of composts did not lead to a rise in
temperature after mixing the contents [13].
The composts were characterized for their physico-chemical parameters. TC was determined by the dry
combustion method at 540°C for 4 h [17] and TN was determined by the Kjeldahl method [18]. The
phosphorous (P), potassium (K) and sulphur (S) content in the solution were analyzed using the UV/VIS
Spectrophotometer. Carbon-nitrogen (C/N) is the ratio between TC and TN values. pH was determined by the
aqueous extract of compost which was obtained by mechanically shaking the samples with double distilled
water at a solid and water ratio of 1:10 (dry weight/volume) for 1 hour [13]. Moisture content was determined
by the gravimetric method by drying the samples for 24 hours at 105°C [19].
Data Analysis
The data were analyzed for mean, standard deviation (n=3) and error bar with 5% of value using the
statistical package within Microsoft® Excel Version 2010.

RESULTS AND DISCUSSION
The physic-chemical compositions of the PL and CC were tabulated and compared to the commercial
organic fertilizer and green manure, as shown in Table 2. The physico-chemical compositions of the PL and CC
were compared with respective aquatic macrophytes, as shown in Fig. 2.
Acidity condition of PhytoLizer, control-composts and commercial organic fertilizer
The pH levels varied at the ranges of 7.44 to 8.01 and 7.53 to 8.13 for the PL and CC, respectively (Table
2). Hence, the CC was more alkaline than the PL. However, these pH values were still within the preferred
ranges which were 6.5 to 8.5 as mentioned in Fong et al. [20]. The increase in the pH values during the
composting process was caused by the microbial activity. The pH of the final compost was generally between
7.00 and 8.50 in which the limiting pH value could help to sustain the soil pH on light land [21]. According to
Sánchez-Monedero et al. [22] and Dias et al. [23], the factors affecting the pH were the formation of ammonium
from protein degradation, the mineralization and nitrification of N, the initial decarboxylation of organic acids
and the production of humid acids.
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Table 2: Physico-Chemical Compositions of the PhytoLizer (PL) and Control-Compost (CC) Compared to Commercial Organic Fertilizer and Green Manure

WH

CD

WL

WH

CD

WL

Range of Physico-Chemical
Contents from Commercial
Organic Fertilizers* [15, 24]

7.99±0.21
57.17±1.86
24.16±4.40
2.18±0.01
0.39±0.03
3.40±0.00
0.54±0.00
11.08

8.01±0.03
56.27±0.32
20.93±0.00
1.79±0.00
0.33±0.01
4.87±0.02
0.27±0.00
11.69

7.44±0.16
56.94±2.33
24.18±0.03
2.40±0.02
0.59±0.01
2.90±0.01
0.46±0.00
10.08

8.01±0.23
58.92±0.73
23.65±0.01
2.25±0.02
0.34±0.01
1.69±0.04
0.26±0.00
10.51

8.13±0.15
57.01±0.64
25.65±0.50
2.05±0.05
0.47±0.03
8.46±0.02
0.24±0.02
12.51

7.53±0.42
58.96±1.42
40.88±0.43
2.40±0.03
0.31±0.02
1.20±0.04
0.57±0.02
17.03

4.50-9.80 [1:5]
40.00-50.00
8.40-45.00
0.70-4.40
0.04-8.85
0.38-6.94
0.20-0.30
3.80-42.70

PL

CC

Parameters
pH [1:10]
MC [%]
TC [%]
TN [%]
P [%]
K [%]
S [%]
C/N Ratio

Range of Physico-Chemical
Contents from Green
Manure# [15, 24, 25]
6.60 [1:5]
< 20
26
0.4-4.0
0.04-1.39
0.18-5.81
0.2-0.3
20.9

Mean ± standard deviation of three samples (n=3)
WH: Water Hyacinth, CD: Caladium, WL: Water Lettuce, TC: Total Carbon, TN: Total Nitrogen, P: Phosphorous, K: Potassium, S: Sulphur, C/N: Carbon-Nitrogen Ratio
*The sources of commercial organic fertilizers consisted of oil palm wastes base, green manure base (e.g. sawdust, paddy straw, farm yard, fruit bunches) and manure base
(e.g. cattle manure, goat manure, poultry manure).
#
The sources of green manure consisted of sawdust, paddy straw, barley straw, farm yard and fruit bunches.
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Figure 2: Physico-Chemical Compositions of the PhytoLizer (PL) and Control-Compost (CC) with the
respective Aquatic Macrophytes. WH: Water Hyacinth, CD: Caladium, WL: Water Lettuce, TC: Total Carbon,
TN: Total Nitrogen, P: Phosphorous, K: Potassium, S: Sulphur, C/N: Carbon-Nitrogen Ratio
Error bar denotes error amounts of mean (n=3) with 5% value
Moisture content of PhytoLizer, control-composts and commercial organic fertilizer
MC is a vital parameter to ensure that the microbial activity is in optimal condition during the composting
process. Materials in dry compost will not decompose efficiently. Both Tchobanoglous et al. [26] and Liang et
al. [27] recommended that 50% MC was the minimal requirement for the rapid increase in microbial activity.
Meanwhile, Kumar et al. [28] recommended that MC for maximum microbial activity in composted materials of
green waste and food waste at a low C/N ratio (19.6) was 60%. Liang et al. [27] also declared that MC was
important during the composting process for transporting dissolved nutrients to microbes for their physiological
and metabolic activities. Table 2 shows the moisture profile of the PL and CC which is in the range of 56.27%
to 57.17% and 57.01% to 58.96%, respectively. It was seen that the PL satisfied the guidelines recommended by
both Tchobanoglous et al. [26] and Liang et al. [27]. It also showed that the MC of PL was higher than the
commercial organic fertilizer and green manure.
TC condition of PhytoLizer, control-composts and commercial organic fertilizer
The TC of the PL and CC in this study ranged from 20.93% to 24.18% and 23.65% to 20.88%, respectively
(Table 2). The TC value was highest for PL (24.18%) and CC (40.88%) for both the WL species (Fig. 2). The
results showed that the TC values of PL and CC were still in the range of commercial organic fertilizers except
for CCWL (40.88%) where only CCWL was beyond the green manure value (26.00%). This result indicated that
organic matters (OM) were difficult to decompose in WL during the period of windrow composting process
compared to the other species. Reflecting upon this fact, Li and Zhang [29] and Solono et al. [30] have also
mentioned that organic matters (OM) such as lignin were difficult to be degraded and they would be
decomposed gradually during the humification of OM. Hence, lignin was a contributor for the major part of TC
element in the composts that became humus. Whereas, biodegradable compounds such as sugars, organic acids,
phenols, proteins and peptides were easily decomposed. During composting, OM was oxidized and transformed
to CO2, H2O and new microbial biomass [30].
TN condition of PhytoLizer, control-composts and commercial organic fertilizer
The PL and CC had a concentration of TN ranging from 1.79% to 2.40% and 2.05% to 2.40%, respectively. The
TN content was richest in the WL species for both the PL and CC (2.40%). It was remarkable that the TN of PL
were in the range of the commercial organic fertilizer (0.70% - 4.40%) and green manure (0.40% - 4.00%). The
TN content is the sum of the organic bonded N and the inorganic N (ammonium-nitrogen NH4+, nitrate-nitrogen
NO3--N and nitrite-nitrogen NO2-). In the present study, the TN concentration in PL was lost during the
composting period. In the other report of Barrington et al. [31] and Guo et al. [32], TN significantly decreased
from about 16% to 76% until the end of the composting period. This phenomenon as the result of nonnitrogenous organic compounds were mineralized through three processes which were the weight loss of
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composts; NH4+ variation due to mineralization and to volatilization of organic bonded N, ammonia leaching
and immobilization; and NO3- -N variation due to nitrification and to leaching, denitrification and
immobilization [33, 34]. In this experiment, over added moisture and leaching were the major factors that
affected the losses of the TN content, especially in PL. In order to reduce TN losses, the composts must be
controlled by adjusting the pH value, controlling compost temperature, adding P and Mg and inoculating
microbes [35, 36].
C/N condition of PhytoLizer, control-composts and commercial organic fertilizer
The C/N ratio of the PL and CC ranged from 10.08 to 11.69 and 10.51 to 17.03, respectively (Table 2).
CCWL (17.83) had highest C/N ratio compared to PLCD (11.69) (Fig. 2). Both Fong et al. [20] and Liang et al.
[27] have indicated that the optimum C/N ratio was approximately 25. From the results obtained, there was no
PL and CC that achieved the range for green manure (26) and the optimum C/N ratio (25). Somehow, they were
still in the range of the commercial organic fertilizer. There were enormous different values between the
theoretical of C/N ratio and the present experimental results. This was because the existence of TC in both PL
and CC was too low; thus it affected the value of C/N ratio. The ratio between C and N played an important role
in the composting process where decomposition was decelerated if C (C/N ratio high) was in excess and the
compost became malodourous if N (C/N ratio low) was in excess [37]. In order to encounter the ratio between C
and N, brown materials such as leaves, straw, hay and sawdust which are high in carbon could be used. They
could also be used as bedding material.
P, K and S condition of PhytoLizer, control-composts and commercial organic fertilizer
In this study, PL and CC had a concentration of P ranging from 0.33% to 0.59% and 0.31% to 0.47%; K
ranged from 2.90% to 4.87% and 1.20% to 8.46%; and S ranged from 0.27% to 0.54% and 0.24% to 0.57%,
respectively. The contents of P, K and S were richest in PLWL (0.59%), CCCD (8.46%) and CCWL (0.57%),
respectively (Table 2 and Fig. 2). It highlighted that PL was at the range of commercial organic fertilizer and
green manure for the P, K and S contents. In addition, PLWL exceeded the level of S content for both commercial
organic fertilizer and green manure. According to the Official Fertilizer Standards of Korea [38], the contents of
the P and K in organic fertilizer should be larger than 0.43% and 0.83%, respectively. Therefore, in the present
study, the contents of P of PLWL (0.59%) and CCCD (0.47%) and K of all of PL passed the requirement. The low
nutrient contents of P and S in PL and CC were remarkable in this study. The decrease of the P and S contents
throughout the composting process might be a result of phosphate loss by volatilization and leaching [34] and
volatilization and transformation of the S components [39, 40].
Performance of PhytoLizer and Control-Composts on the Influence of Aquatic Macrophytes
The phytoremediation process totally depended on the characteristics, capabilities and needs of the
macrophytes. Even though the macrophytes were capable to extract, accumulate and concentrate the nutrients in
their tissues, and/or convert them into non-toxic constituents [41, 42], the different plant species had different
variation abilities for the nutrient uptake. It was notable that macronutrients accumulated by the WH and WL
from the domestic wastewater contributed to the enrichment of the existence nutrient contents in their tissues.
Thus, PLWH and PLWL significantly reached the high values of TC, P, K and S, and TN, P and K, respectively,
compared to CC for the both species. Meanwhile, CD marked high values of TC, TN, P and K for CC compared
to PL. This consequence was almost certainly because the CD species was not an accumulator in the
hypereutrophic condition. This related to the fact that they were emergent species where their roots were
naturally connected to the soil, whereas WH and WL were floating species where their roots were directly in
contact with water. Hence, they did not react well in the state of hypereutrophic condition of the domestic
wastewater.
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CONCLUSIONS
In conclusion, PL showed high nutrient contents in WH and WL through their capability to accumulate
and store nutrients in plant tissues and ability to maintain it throughout the composting period. Nutrient contents
were the major aspect before any fertilizer was marketed. Through the results discussed above, the PL surpassed
the minimum nutrient requirement practiced by the commercial organic fertilizer which included green manure
bases. This was led to evidence that PL could be considered as an organic fertilizer and therefore making PL
potentially be applied in the Malaysian agricultural sector.
The analysis of heavy metals of the PL and CC needs to be stressed on in future studies. This is an
important measurement criterion for quality and safe practice before application in the organic farming system.
The influence of nutrients in plant tissues after the phytoremediation process also needs to be assessed since
nutrient accumulation from domestic wastewater by macrophytes showed a beneficial effect on PL and CC. The
authors also recommend that an approach to control nutrient losses during the composting period need to be
carried out since this period is vital for nutrient reservation, especially for PL.
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