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ABSTRACT:
The first experiment using wetland macrophytes for wastewater treatment was conducted by Käthe Seidel in

Germany in 1950s and the horizontal sub surface flow constructed wetland concept was initiated by him in 1960s which
was primarily called as the “root zone” method. Since then the constructed wetland concept has emerged as a very
popular green and environmental friendly technology for the treatment of municipal as well as industrial waste water.
India being an agriculture dominating economy is currently facing serious problem regarding discharge of untreated or
partially treated chemical fertilizer plant effluents into lotic and lentic water bodies which is leading to eutrophication
due to presence of excess nutrients among which phosphorus is a major constituent. So, large number of researches and
studies has been made to remove and retrieve phosphorus from waste water using constructed wetland technology. This
review paper demonstrates two case studies about phosphorus removal enhancement by applying a mixture of
ferronickel slag with iron slag as the constructed wetland substrate at a certain ratio which has shown satisfactory
phosphorus adsorption capacity besides maintaining a near neutral pH and the positive effect of using mixed culture of
wetland vegetation that resulted in nearly double phosphorus removal efficiency than that of a monoculture vegetation
system.
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INTRODUCTION:
Phosphorus is an essential element for all the life forms on the Earth. It is a mineral nutrient and also is an
essential component of nucleic acids and intermediary metabolites like sugar phosphates and adenosine di-
phosphate and tri-phosphates (ADPs & ATPs).[6] Being an essential nutrient, phosphorus and various forms of
phosphates are largely used in fertilizer production plants and chemical fertilizer industries such as Di
ammonium phosphate (DAP) and Mono ammonium phosphate (MAP). Through the years since the green
revolution; chemical fertilizer plants have gradually obtained more and more importance in industrial arena
and eventually have become a major industry especially in an agriculture dominating nation like India.

CPCB in its report on pollution assessment of river Ganga has identified the chemical fertilizer industry as
one of the gross polluting industry (CPCB, 2013).[12] Wastewaters from chemical fertilizer industry mainly
contain organics, alcohols, ammonia, nitrates, phosphorous, heavy metals such as cadmium and suspended
solids. [12] The nature of effluent streams varies in terms of its constituents and complexity. Nitrogen (N) and
phosphorus (P) are the natural parts of the aquatic ecosystem, but their excessive presence leads to the
eutrophication and potential toxicity to the aquatic species. As far as India is concerned waste water treatment
is still one of the major challenges that we are facing. Though safe disposal of industrial and domestic waste
water to the natural water bodies are very much important, India is yet to achieve the desired proficiency in
this matter. As a consequence large amount of untreated or partially treated chemical fertilizer effluents are
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directly discharged into lotic and lentic water bodies that leads to eutrophication due to high concentration of
nutrients resulting in noxious algal blooms and also hypoxia in that particular water body.

More than nitrogen; phosphorus (non renewable essential nutrient element) is considered as the primary
nutrient for the eutrophication of surface waters, both lotic and lentic. Phosphorus is a very dynamic,
biologically active element. After phosphorus inputs arrive in receiving water, they may release phosphate and
organic phosphates to solution in the water column and various phosphorus compounds may be chemically or
enzymatically hydrolyzed to orthophosphate, which is the only form of phosphorus that can be assimilated by
bacteria, algae, and aquatic plants. Phosphorus particulates may be deposited in the bottom sediments of a
water body, where microbial communities gradually use many of the organic constituents of the sediments,
ultimately releasing much of their phosphorus contents back to the water column as orthophosphate. Hence,
one should not assume that particulate phosphorus or dissolved organic phosphorus is inert in these aquatic
systems because under appropriate conditions these forms of phosphorus can be converted into dissolved
orthophosphate.

Once delivered to a lake, reservoir, or estuary, phosphorus is usually retained fairly efficiently by a
combination of biological assimilation and the deposition of sediments and biota to the bottom sediments.
This efficient trapping of phosphorus inputs makes these systems sensitive to pollution with excessive
amounts of phosphorus. If the system is oligotrophic (low primary production), the bottom waters will remain
oxygenated throughout the year and most of this phosphorus will be stored in the bottom sediments.[6][17][16]

However, in eutrophic systems (excessive primary production), bottom waters often become anoxic during the
growing season and even shallow waters may become diurnally anoxic overnight during warm, windless
weather. When these conditions occur, much of this phosphorus in bottom sediments is released and diffuses
back into the water column. Therefore removal of phosphorus especially from chemical fertilizer plant
effluents and potential reuse as fertilizer is considered as an issue of high priority and large amount of
researches have been done focusing on removal of phosphorus by various technologies till date.

Among them constructed wetland is a relatively reliable and environmentally friendly ecological
engineered system that has been largely in use for treatment of fertilizer plant effluents for phosphorus
retention and removal and also becoming a very popular waste water treatment approach worldwide. With
respect to phosphorus removal, it primarily involves processes like adsorption, chemical precipitation,
complexation into substrates, plant uptake etc.

Among various processes, plant uptake and adsorption are two major responsible methods of
phosphorus removal from waste water. Evidently many new ideas have been applied and various
modifications have been done to the constructed wetland vegetation and the substrate for achieving higher
phosphorus removal efficiency and to recover the phosphorus more easily. Various studies and researches
have shown that macrophyte species used as constructed wetland vegetation may exhibit a species-specific
ability to aerate water, uptake heavy metals and nutrients by providing organic carbon and affecting plant
productivity and thus, the polyculture of macrophyte might out-perform monoculture in treatment ability.[7] As
a result treatment wetlands could be expected to be smaller and less expensive.[13]

As far as adsorption is concerned; phosphorus adsorption capacity of a material is the fundamental
parameter for selection of that material to be used as substrate media in the CW system. Numerous researchers
have demonstrated the potential of various materials (blast furnace slag, alum, calcite, zeolite etc.) to remove
phosphorus in CWs.[18] Since 1980s the affinity of steel slag for phosphorus binding has been studied and
many experiments have reported steel slag to be an efficient substrate for phosphorus removal. Although
researched have been conducted on many slag (blast furnace slag, rapid cooling slag, ferronickel slag) to
examine their adsorption capacity in CWs, the use of most slag is limited due to high pH of the CW effluent
that may result in serious geochemical consequences within the aquatic environment of the receiving water
body. In order to meet the specific objective to retain a near neutral pH in CW effluent mixtures of various
types of steel slag is being investigated for the treatment of phosphorus containing fertilizer effluents.

The following two case studies will elucidate the enhanced phosphorus removal performance of
mixed iron slag at near neutral pH and the performance of macrophyte polyculture in CWs.
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PHOSPHORUS REMOVAL ENHANCEMENT USING STEEL & FERRONICKEL SLAG
MIXTURE AT NEAR NEUTRAL PH - CASE STUDY: 1

This study was conducted by a group of scientists in South Korea and was funded by Basic Science
Research Program through the National Research Foundation of Korea (NRF) and Ministry of Education.[2]

The research was mainly led by J.Park and S.Kim of Gyeongsang National University, South Korea and the
results were published in June 2016. The objective of the study was to enhance phosphorus removal while
achieving near neutral pH in aqueous solution utilising steel slag with ferronickel slag.

Four kinds of slag were used in the experiment namely: i) Blast furnace slag (BFS), ii) Basic oxygen
furnace slag - air cooling (BOFS-A), iii) Basic oxygen furnace slag – rapid cooling (BOFS-R) and iv)
Ferronickel slag (FNS) each having different physico-chemical composition. The maximum phosphorus
adsorption capacities (mg/kg) were in the order BOFS-R (3233) > BOFS-A (2320) > BFS (607) > FNS (260)
based on Langmuir adsorption isotherm. The pH of the slags were in the following order: BOFS-R (11.9) >
BOFS-A (9) > BFS (8.9) > FNS (7.5). The BOFS had the highest phosphorus adsorption capacity whereas
FNS exerted the lowest pH among them. In order to achieve the effective phosphorus removal at near neutral
pH, the slags were mixed (BOFS-A+FNS & BOFS-R+FNS) in batch experiments.

 RESULT

FIG: 1. Changes in the amount of phosphorus adsorbed and
pH under different mixing ratios of BOFS-A:FNS (A) and
BOFS-R:FNS (B)
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Results have been shown in the above figure and it can be seen that in order to achieve effective phosphorus
removal at near neutral pH utilising steel and ferronickel slags, the optimum mixing ratio of BOFS-A+FNS
(A) was 3:7 and for BOFS-R+FNS (B) was 7:3. It can also be concluded that BOFS-R+FNS at a mixing ratio
of 7:3 will be far more suitable for the application in CWs as it has shown high phosphorus removal efficiency
besides maintaining a near neutral pH.

PERFORMANCE OF DIVERSE PLANT SPECIES IN PHOSPHORUS REMOVAL – CASE STUDY:
This study was conducted by H.Wang, Y.Ge, J.Z.Wu (University of Hangzhou) and C.Huang,

J.Chang (University of Shaoxing); China. This study was funded by National Science Foundation of China
and the results were published in December 2013. [1]

A subsurface vertical-flow CW (800 m2) was built in 2009 at Dongyang City, Zhejiang Province,
China. The structure of CW was (40×20×1.1) m.

During the experimental period (August to October, 2012), the sewage was supplied once every two days and
the flow was controlled by a water-level activated pump. The CW was fed with pre-treated real eutrophic
water with total phosphorus = 2.5 mg/L from Dongyang river. Compartments were also made in the CW
which were 3×3 m in size, spaced 0.5 m apart. It was also ensured that each plant has the similar growth
environment. There was no physical barrier to isolate the compartments, so the samples were collected in the
centre of each compartment at a depth of 30 cm to avoid the edge effect.

Plant species used in the study were Cyperus alternifolius L. (Ca), Iris tectorum Maxim. (It), Arundo donax L.
(Ad), Thalia dealbata (Td), Coix lacryma-jobi L. (Cl), and Lythrum salicaria L. (Ls), which were commonly
used in CWs of China. All planted species had similar length to ensure similar initial biomass and were
transplanted eight seedlings per m2. Samples were collected at an interval of 1,4,8,16,24 and 48 hours for
analysis.

 RESULT
After the completion of the study it has been seen that species composition had a significant effect on total
phosphorus concentration in the effluent and also on the removal efficiency. The effluent total phosphorus
concentration for monocultures was higher than the two species mixture and the phosphorus removal
efficiency of the two species mixture was found to be significantly higher than the monocultures.

Fig: 2 Fig: 3

Species composition No. Of plots

Ad, Ca, Cl, It, Ls, Td 18

Ca+Cl, Ca+Td, Ca+Ad, Ca+It, Ca+Ls, Cl+Td,
Cl+Ad, Cl+It, Cl+Ls, Td+Ad, Td+It, Td+Ls,

Ad+It, Ad+Ls, It+Ls 45

Plant species and composition used in the study

Fig-2 showing improved total Phosphorus removal efficiency in the effluent and Fig-3 showing reduced
total phosphorus concentration in the effluent for two species mixtures
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From figure-2 it can be seen that for two species culture the total phosphorus concentration in the effluent has
dropped down to nearly 1.4 mg/L from nearly 1.9 mg/L in the monoculture. From figure-3 we can see that the
phosphorus removal efficiency in the two species mixtures has become nearly double from approximately
22% to 42 %. So based on the above results it can be concluded that the plant mixtures were very much useful
for improving phosphorus removal performance as well as the treatment efficiency of CWs.

CONCLUSION:
Phosphorus is a non renewable essential element for plant’s nutrition, while it is also considered as the

primary nutrient responsible for eutrophication of inland surface waters. Therefore the removal and recovery
of phosphorus from waste water has become an issue of top priority for environmental engineers and
scientists. Among various modified or new techniques which have been applied in the CWs for the
enhancement of phosphorus removal the mix culture vegetation and mixing of various iron slags at proper
ratio and there use as the CW media have gained significant attention and have also given desired level or
somewhat increased level of phosphorus removal. The two case studies which have been included in here
definitely show the applicability of these two types of modification. However further researches and studies
are required in this field as the nutrient removal capacity of CWs depends on so many other factors like
hydraulic retention time, organic loading rate, types of macrophyte and also up to some extent on the
environmental condition etc.[4][5][11] The design and the structure of the constructed wetland also play a key
role in nutrient removal. For further studies mix culture vegetation can be used with a suitable media at
varying hydraulic loading rates to find the optimum phosphate removal conditions either in a multi stage
combination of   vertically up flow and down flow CW or in circular flow corridor CW aided with vertical up
flow and down flow of waste water.
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