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Abstract
Water pollution is increasing due to urbanization and industrialization. Waste water pollution raised concern because of its 
influence on plants and humans. Water hyacinth (Eichhornia crassipes) is used for the removal of pollutants because of its 
phytoremediation efficiency. In this study, water hyacinth (Eichhornia crassipes) has been tested for simultaneous elimina-
tion of phenol and cyanide from mono and binary component aqueous solution in batch systems. The plant was grown at six 
concentrations of phenol and cyanide in the ratio of (10:1), i.e. 100:10, 200:20, 300:30, 500:50, 700:70 and 1000:100 mg/L 
in aqueous solution. The effect of process parameters such as initial concentration of phenol and cyanide and pH was evalu-
ated. The plant was found capable of eliminating up to 96.42% of phenol (300 mg/L) and 92.66% of cyanide (30 mg/L) 
during the 13 days cultivation time at pH 8. The calculated Km of the root length elongation for phenol was 5.20 mm and the 
Vmax was 12.52 μg phenol/g root/h. However, the calculated Km of the root length elongation for cyanide was 0.39 mm and 
the Vmax was 14.99 μg cyanide/ g root/h. In the Eichhornia crassipes plant, the biochemical parameters such as chlorophyll, 
protein and sugar content have been indicated a decreasing trend due to uptake of phenol and cyanide throughout cultivation. 
Toxicity to 100–1000 mg/L of phenol and 10–100 mg/L of cyanide was measured by measuring the relative transpiration 
over 13 days. At 100 mg/L of phenol and 10 mg/L of cyanide, only a small reduction in transpiration but no morphological 
changes were noticed. Both pollutants are absorbed through the root of the Eichhornia crassipes plant by plasmalemma and 
become accumulated into the root cells and stem of a plant. Thus, this study will be beneficial for the decontamination of 
highly polluted waste water.
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Introduction

Water is one of the furthermost significant natural resources, 
necessary for all forms of life. This water resource is being 
polluted by several anthropogenic actions such as rapid 
growth of urbanization, industrialization and populations 
that finally make the environment polluted (Singh and Balo-
majumder 2016). Phenol and cyanide pollution signifies an 
important environmental problem due to toxic effects of 

pollutants, their resistance and subsequent determination 
(Busca et al. 2008; Dash et al. 2014). It is difficult to pre-
dict the features of steel plant wastewater by stated values 
in the literature as every industry is sole in respect to the 
manufacture, technology and chemicals used. The steel plant 
wastewater is categorized as the most contaminating among 
all in the industrial sectors (Maran˜o´n et al. 2008; Staib 
and Lant 2007). The steel plant wastewater is a complex 
and variable mixture of polluting substances like organic 
and inorganic elemental products (Maran˜o´n et al. 2008). 
Among complex steel plant wastewater with several types of 
polluting substances, phenol and cyanide wastes are major. 
US Environmental Protection Agency (US EPA) and mini-
mal national standard (MINAS) of central pollution control 
board (CPCB) limit for cyanide in effluent as 0.2 mg/L and 
for phenol as 0.5 mg/L (Busca et al. 2008; Dash et al. 2014). 
Therefore, it is important the removal of both compounds 

 * Neetu Singh 
 neeturbs@gmail.com

 Chandrajit Balomajumder 
 chandfch@iitr.ernet.in

1 Department of Chemical Engineering, Indian Institute 
of Technology, Roorkee, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s13201-021-01472-8&domain=pdf


 Applied Water Science (2021) 11:144

1 3

144 Page 2 of 15

for letting down the concentrations to below under regula-
tory limits.

There are several treatment methods employed for the 
wastewater like reverse osmosis, adsorption, ion exchange, 
leaching, oxidization, precipitation, biodegradation, solvent 
extraction, etc. (Akcil 2003; Vedula et al. 2013). The above 
mentioned physicochemical processes for treatment had 
thoughtful limitations, so it has become essential to look 
for substitute and environment friendly treatment methods. 
In current years, phytoremediation, which was well-defined 
as the use of green plants to reduce organic and inorganic 
environmental pollutants (Hejna et al. 2020; Mahalakshmi 
et al. 2019a; Cunningham and Ow 1996; Yadav et al. 2018), 
has been accepted as a cheap and eco-friendly alternative 
treatment technology. Aquatic plant-based cost-effective 
treatment technologies can be approved by emerging coun-
tries for wastewater. Furthermore, it has many advantages in 
comparison with other treatment methods (Shi et al. 2020; 
Abbas et al. 2019; Daud et al. 2018; Gerhardt 2017; Legui-
zamo et al. 2017; Rezania et al. 2015; Pilon-Smits 2005; 
Yadav et al. 2018). To make the phytoremediation and eco-
friendly technology, plants should have the subsequent char-
acteristics such as quick growth rate, high biomass yield, 
the uptake of a large amount of pollutants, the capacity to 
transport pollutants in aboveground parts of plant, and a 
mechanism to tolerate pollutants toxicity (Ali et al. 2013; 
Arslan et al. 2017; Burges et al. 2018; Cunningham and Ow 
1996; Rezania et al. 2015b). Other factors like pH, nutrient 
availability and salinity highly effect the phytoremediation 
potential and plant growth (Rezania et al. 2015c; Reeves 
et al. 2018 and Tewes et al. 2018; Yadav et al. 2018). Pol-
lutants bind to efficient sites on the surface of the roots, a 
process that is additional enhanced by the accumulation of 
pollutants in the roots and the transfer to other parts of plant. 
Among several plants for phytoremediation, water hyacinth 
(Eichhornia crassipes) is used for the removal of pollutants 
because of its capability to grow in highly polluted water 
(Mahalakshmi et al. 2019b; Sarkar 2017; Ebel et al. 2007; 
Roy and Hanninen 1994). Eichhornia crassipes can bear 
significant variation in nutrients, pH levels (optimum growth 
at 6–8 pH) and temperatures (from 1 to 40 °C, optimum 
growth at 25–30 °C). The pollutant removal from wastewater 
comprises both fast and slow mechanisms, whose influence 
differs for different pollutants. The major characteristics of 
Eichhornia crassipes are their rapid growth rate with exten-
sive root system, not serving as food for animal or humans, 
and informal control of their population by eliminating 
the antagonistically spreading parts, which could even be 
collected and refined as a renewable source of bioenergy 
(Wilkie and Evans 2010).

Therefore, the main aim of present study is to evaluate (i) 
the efficiency of floating aquatic plant, Eichhornia crassipes, 
for the removal of phenol and cyanide (ii) The effects of 

process parameters (initial concentration, pH, and biochemi-
cal parameters) on phenol and cyanide removal. The nor-
malized relative transpiration (NRT) and Michaelis–Menten 
kinetic parameters were analyzed.

Materials and methods

Chemicals and reagents

All the chemicals used in this study were obtained from 
Himedia Laboratories Pvt. Ltd. Mumbai, India. Synthetic/
simulated phenol and cyanide solution was prepared and 
diluted with double distilled water for preparation of dif-
ferent concentration. Stock solutions of phenol and cya-
nide were obtained by dissolving the appropriate quantities 
of phenol and sodium cyanide, in 1 L of millipore water 
(Q-H2O, Millipore Corp. with resistivity of 18.2 MX-cm), 
respectively. Stock solution containing 100 mg/L cyanide 
was prepared by dissolving 0.0189 g of NaCN and stock 
solution comprising 1000 mg/L of phenol was prepared by 
dissolving 1 g of pure phenol crystal in 1 L of millipore 
water. The concentrations of phenol was varies (100–1000 
mg/L) and cyanide varies (10–100 mg/L).

Experimental setup for study

Eichhornia crassipes was obtained from Solani River 
Roorkee, India from the stationary water body and cleaned 
using floating tap water and put in the 5% Hoagland’s nutri-
ent solution for experiment (Hoagland and Arnon 1950). 
The plants were used with the similar weight and size and 
5–6 weeks old and placed in container for test. The study 
was accompanied in seven plastic pots, installed in artificial 
photosynthesis chamber at the Indian Institute of Technol-
ogy Roorkee, India.

The plants were grown with controlled operating con-
ditions 45 µ mol/m2s1 photon flux intensity and 60% rela-
tive humidity at 30 ± 1 °C. Eichhornia crassipes plants 
were grown in 1 L experimental pots filled with 900 mL 
Hoagland nutrient solution and kept in phytoremediation 
chamber. In phytoremediation chamber, artificial light was 
delivered for all plants with a light period of 12 h (light-on) 
and 12 h (light-off) maintained with fluorescent tube lights). 
The treatments were replicated three times; plant and water 
samples were collected from pots after 13 days cultivation 
for further study. The growth length of Eichhornia crassipes 
plant root and shoot was measured randomly with a ruler 
after every 4 days of culture to determine the effect on the 
physical health of the plant by phenol and cyanide concen-
tration. In all studies, phenol at a concentration of 300 mg/L 
and cyanide concentration of 30 mg/L were used, excluding 
the effect of initial concentrations was tested.
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Samples collection and physicochemical analysis

To observe the remaining concentration of phenol and cya-
nide, water samples were collected aseptically periodically 
from all the pots at 13 days of treatments. Suspended parti-
cles were separated by filter paper. Phenol and cyanide were 
estimated by standard methods as defined in APHA (2001). 
The analysis of cyanide and phenol was carried out using a 
UV spectrophotometer (HACH DR 5000) by calorimetric 
picric acid with a wavelength 510 nm and 4-aminoantipyr-
ene methods with a wavelength 520 nm, respectively.

Surface morphology parts of plant were determined by 
using field emission scanning electron microscopy (Fe-
SEM) and energy dispersive X-ray (EDX). Field emission 
scanning electron microscope (FE-SEM Quanta 200 FEG, 
FEI Netherlands) was used to determine the surface mor-
phology and chemical composition of the element present 
on the surface of plant. Accumulation of protein, sugar and 
chlorophyll in roots, leaves and stem was determined by 
using digestion method (Dubois et al. 1956; Lowry et al. 
1951; Maclachalam and Zalik 1963). For the estimation of 
accumulation of phenol and cyanide in different parts of 
the plant, the samples were crushed. These samples were 
digested with  HNO3–HClO4 in 2:1 ratio (v/v) and diluted to 
100 mL with millipore water (Dubois et al. 1956).

The removal capacity of cyanide and phenol was calcu-
lated by (Eq. 1):

where

qm is the plant removal capacity (mg/g),where  m1 and  m2 
are the weight of the plant (Eichhornia crassipes) before 
uptake  (t1) and after uptake  (t2), respectively.
cf is the final concentration of pollutants in plant and solu-
tion (mg/L),where  m1 and  m2 are the weight of the plant 
(Eichhornia crassipes) before uptake  (t1) and after uptake 
 (t2), respectively.
ci is the initial concentration of pollutants in plant and 
solution (mg/L),where  m1 and  m2 are the weight of the 
plant (Eichhornia crassipes) before uptake  (t1) and after 
uptake  (t2), respectively.
v is the volume of solution (L),where  m1 and  m2 are the 
weight of the plant (Eichhornia crassipes) before uptake 
 (t1) and after uptake  (t2), respectively.
w is the fresh weight of plant (g).

where  m1 and  m2 are the weight of the plant (Eichhor-
nia crassipes) before uptake  (t1) and after uptake  (t2), 
respectively.

(1)qm = (cf − ci) × v
/

w

(2)
Relative growth rate (RGR) (Maine, 2001) =

(

m2 − m1

)/(

t2 − t1
)

Bioconcentration factor (BCF) was considered for differ-
ent parts of plant as root, stem, and leaves by the following 
equation:

where Cp,plant is the pollutant concentration in the part of the 
plant (mg/kg) and Cp,solution is the pollutant concentration in 
the solution (mg/L).

Translocation factor (TF) (Pandey 2012) for pollutants 
inside a plant was calculated by the given equation as:

where Cp,stem is the pollutants concentration in stem of plant 
and Cp,root is the pollutant concentration in root of plant.

The relationship between pollutant concentration (C) and 
uptake rates (V) was plotted and fitted to the equation pro-
posed by Michaelis–Menten model (Roshani and Naraya-
nasamy 2010).

where V is the rate of phenol and cyanide absorption when 
its concentration in solution is C, Vmax is the maximum 
rate of phenol and cyanide uptake, C is phenol and cyanide 
concentration in the uptake solution, and Km is the Michae-
lis–Menten constant.

The mean normalized relative transpiration (NRT) is cal-
culated by given equation.

where C is the concentration of pollutants in mg/L, it is 
the time period in h till the end of the experiment, T is the 
absolute transpiration in g/h and i is replicate 1, 2,…, n and 
j is control 1, 2,…, m for plants.

Results and discussion

Characterization of Eichhornia crassipes plant

FTIR

FTIR analysis of Eichhornia crassipes plant was carried out 
for leaves, stem and roots, before and after treatment of phe-
nol and cyanide to determine the occurrence of functional 
groups on the surface of the plant as shown in Fig. 1a, b and 
c, for leaves, stem and roots, respectively.

It was observed from figures that the strong band is found 
around 3411.67  cm−1 in FTIR spectrum of leaves, root, and 
shoot of the Eichhornia crassipes, before uptake of phenol 

(3)Bioconcentration factor (BCF) = Cp,plant

/

Cp,solution

(4)Translocation factor(TF) = Cp,stem

/

Cp,root

(5)V = (Vmax × C)∕(Km + C)

(6)NRT(C, t) =
1∕n

∑n

i=1

Ti(C,t)

Ti(C,0)

1∕m
∑m

i=m

Tj(0,t)

Tj(0,0)
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Fig. 1  a FTIR analysis of plant 
leaves: (i) Unloaded with phe-
nol and cyanide and (ii) loaded 
with phenol and cyanide. b 
FTIR analysis of plant stem: (i) 
Unloaded with phenol and cya-
nide and (ii) loaded with phenol 
and cyanide. c FTIR analysis 
of plant root: (i) Unloaded with 
phenol and cyanide and (ii) 
loaded with phenol and cyanide
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and cyanide due to the vibrations of N–H and O–H func-
tional groups. The change was found in peak area around 
N–H and O–H functional group after uptake of phenol and 
cyanide. The peak around 2927.86  cm−1 due to C-H group 
was found increase after the uptake of phenol and cyanide. 
Peak increase at 1639.45  cm−1 relates to –CH stretching 
owing to the occurrence of conjugated hydrocarbon groups, 
carboxylic groups, aromatic hydrocarbons, and carboxyl 
and carbonate structures representing uptake of phenol; 
however, peak at 1403.05 to 1156.50  cm−1 corresponds to 
inorganic nitrates marking a possible uptake site for cyanide. 
An increase in absorbance around peaks at 1403.05  cm−1 
reveals the uptake of cyanide in the form of nitrates and 
amines. Further peak around 755.64  cm−1 relates to uptake 
of pollutants owing to the occurrence of methylene groups. 
In addition, the peak around 523.63  cm−1 to 1639.45  cm−1 in 
the FTIR spectrum of Eichhornia crassipes parts, i.e. leaves, 

stem, and roots, signifies the C–C bond stretch. These shifts 
in the peaks indicated that there were pollutants binding 
process taking place at the surface of the plants. It could 
be observed from FTIR spectrum of Eichhornia crassipes 
that more uptake of pollutant was found in stem and roots 
than leaves.

Fe‑SEM analysis

From the SEM micrographs (Figs. 2, 3 and 4), it is clearly 
seen that phenol and cyanide concentration has affected the 
structure of plant biomass. Phenol and cyanide loaded on 
the plant surface (Figs. 2b, 3b and 4b) revealed the forma-
tion of swollen texture with an accumulation of phenol and 
cyanide ions on the surface of leaves, stem and roots. This 
solid structure displays uptake of phenol and cyanide species 

Fig. 2  a SEM analysis of 
Eichhornia crassipes leaves 
unloaded with phenol and cya-
nide and b loaded with phenol 
and cyanide (at a magnification 
of 1 K)

Fig. 3  a EM analysis of Eich-
hornia crassipes stem unloaded 
with phenol and cyanide and b 
loaded with phenol and cyanide 
(at a magnification of 1 K)
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by water hyacinth through small pores present on the surface 
of plant biomass from the liquid medium.

EDX analysis

EDX analysis was carried out to understand the presence 
of elements on the surface of water hyacinth plant before 
and after treatment of phenol and cyanide concentration 
at optimum condition. Figure 5(a and b) shows the pres-
ence of 41.40% and 39.00% of carbon, 44.72% and 45.64% 
of oxygen, 0.00% and 0.31 sodium, 6.69% and 7.82% of 

potassium, 1.83% and 2.06% phosphorus in unloaded phe-
nol and cyanide and loaded phenol and cyanide of the 
plant leaves, respectively. Figure 6(a and b) shows the 
presence of 39.96% and 43.34% of carbon, 39.14% and 
42.47% of oxygen, 14.9% and 11.65% of potassium, 2.50% 
and 2.83% phosphorus and 0.00% and 3.1% of nitrogen 
in unloaded phenol and cyanide and loaded phenol and 
cyanide of the plant steams, respectively. Similarly, the 
presence of elements on the surface of plant root Fig. 7(a 
and b) is as follow: 42.07% and 46.32% of carbon, 40.91% 
and 47.28% of oxygen, 0.00% and 0.63 sodium, 4.08% 

Fig. 4  a SEM analysis of Eich-
hornia crassipes roots unloaded 
with phenol and cyanide and b 
loaded with phenol and cyanide 
(at a magnification of 1 K)

Fig. 5  a EDX analysis of Eichhornia crassipes leaves unloaded with phenol and cyanide and b loaded with phenol and cyanide
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and 1.4% of potassium, 0.75% and 0.77% phosphorus and 
3.74% and 3.99% of nitrogen in unloaded phenol and cya-
nide and loaded phenol and cyanide of the plant shoots, 
respectively.

It is observed from the EDX analysis results that the 
weight% of phenol and cyanide was found as increase the 
amount weight % of C, O, N and Na after phytoremediation 
(Singh and Balomajumder 2016).

Fig. 6  a EDX analysis of Eichhornia crassipes steam unloaded with phenol and cyanide and b loaded with phenol and cyanide

Fig. 7  a EDX analysis of Eichhornia crassipes roots unloaded with phenol and cyanide and b loaded with phenol and cyanide
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Influence of process parameters on phenol 
and cyanide removal by Eichhornia crassipes

Influence of pH

The results of influence of pH on removal of phenol and 
cyanide by Eichhornia crassipes are presented in Fig. 8a and 
b, respectively. To evaluate the effect of pH on phenol and 
cyanide removal, the plants were grown at pH range (2–12), 
under the identical conditions. It is observed from figure 
that percentage removal of phenol and cyanide increases 
very gradually in acidic region (up to pH 8) and decreases 
sharply thereafter.

Phenol remains constant in acidic pH range where the 
phenol remains in undissociated forms. Though at pH more 
than its pKa (9.96), a reduction in removal percentage is 
observed representing phenol removal mostly in its undis-
sociated form. Since cyanide has a pKa of 9.39 maximum 
removal of cyanide is found at pH 8–10. In pH range (4–8), 
there is a reduction in percentage removal of cyanide which 
could be recognised to hydrolysis of weak acid dissociable 
cyanides to hydrogen cyanide. As a result, hydrogen cyanide 
is very hydrophilic its affinity to be removed at low pH is 
noticeably reduced. Though at higher pH, the cyanide occurs 
in undissociated form.

It may be owing to reasons that the maximum removal of 
phenol found in pH range 7–8 and cyanide removal occurs 
in pH range 8–11 (Busca et al. 2008; Dash et al. 2009). The 
uptake increases with the pH increases due to the deproto-
nation of the active sites (Smolyakov et al. 2010). Pollutant 
removal through bioaccumulation is strongly depends on pH 

and found maximum at pH above 8 for aquatic plants. Lower 
removal of phenol and cyanide at higher pH is due to the 
occurrence of excess  OH− ions competing with pollutants 
for the adsorption sites. At pH 8, noteworthy removal of the 
phenol and cyanide still followed (Fig. 8a and b).

It is well-known that the pH controls the plant growth 
through affecting availability and movement of ions (Jacob-
son et al. 1962). The adsorption of either hydrogen ions 
or hydroxyl ions takes place quite strongly. At higher pH, 
hydroxyls are favoured, whereas hydrogen ions are adsorbed 
favourably at lower pH. Therefore, hydration of plants sur-
face gives the properties of an ion-exchanger to the plants 
surface; freely adsorbing cations or anions from the solu-
tion. It is also cleared from FTIR study that the surface of 
plant contains a number of functional groups like carboxyl, 
sulphate, phenolic, carbonyls, phosphate, etc., which are 
responsible for growing negative charges on its surface.

Influence of initial concentration

The influence of initial concentration on removal of phenol 
and cyanide by Eichhornia crassipes is shown in Fig. 9a 
and b, respectively and in Table 3.1. To study the influence 
of initial concentration with contact time, initial concen-
tration was varied from 100–1000 mg/L for phenol and 
10–100 mg/L for cyanide.

From the Figure, it is clear that uptake of phenol and 
cyanide was observed to decrease with the increasing time of 
exposure of the plant and then becomes constant. It could be 
observed from Figures that the reaction may be slower due 
to the reduction of the pollutant concentration.
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At initial stage, there was a high concentration gradi-
ent available between bulk solution and plants and as time 
proceed equilibrium was maintained between bulk solution 
and plants. The phytoremediation capability of the plant was 
stated by the observation of pollutant concentrations before 
and after uptake. The increasing tendency of percentage 
removal with the increasing cultivation period. However, 
uptake capacity was found to be decreased with the increase 
in time. It was observed that phenol and cyanide concentra-
tion decreased with time from day 1 to day 13.

The reduction in percentage removal of phenol and cya-
nide with the increase in the initial concentration depends 
on the uptake capacity of the particular plant site, trans-
port mechanism and tolerance limit of the plant (Scragg 

2006). The decrease in initial growth, could be owing to 
the decrease of a fraction of the cells, produced by the pol-
lutant toxic effect (Scragg 2006). Accumulation of phenol 
and cyanide onto the surface of plants is due to biosorption 
monitored by vigorous uptake into cells of the plant (Dhir, 
2009). The accumulation capacity of pollutants depends on 
the basis of variation of affinity and competition between 
ions during uptake (Dhir et al. 2009). The reduction in per-
centage removal of phenol and cyanide with the increase in 
the initial concentration depends on the uptake capacity of 
the particular plant site, transport mechanism and tolerance 
limit of the plant (Reynel-Avila et al. 2011; Scragg 2006).

Table 1 indicates the growth analysis of plant at different 
age of plant and treatment with various phenol and cyanide 
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crassipes a phenol b cynaide. (Reference operating conditions: Initial pH 8, Temperature 30 °C)

Table 1  Measurement of shoot and root length of the Eichhornia crassipes at different growth period under the treatment of various phenol and 
cyanide concentrations

Eichhornia crassipes

Age (days) Length and weight Control Phenol:100
Cyanide:10

Phenol:200
Cyanide:20

Phenol:300
Cyanide:30

Phenol:500
Cyanide:50

Phenol:700
Cyanide:70

Phenol:1000
Cyanide:100

4 Roots length (cm) 10.10 9.81 9.00 8.70 7.72 6.86 5.90
Shoots length (cm) 12.41 11.90 10.30 9.60 8.95 7.59 6.79
Dry weight of plant (gm) 9.88 9.74 9.00 8.12 7.68 6.55 5.01

8 Roots length (cm) 14.66 14.00 13.60 12.05 11.06 9.95 8.90
Shoots length (cm) 16.57 15.20 14.05 13.68 12.07 10.70 9.90
Dry weight of plant (gm) 8.00 7.98 7.00 6.89 6.00 5.01 4.88

13 Roots length (cm) 16.60 16.22 15.99 14.83 13.10 11.90 10.21
Shoots length (cm) 17.99 17.2 16.60 16.00 15.09 14.8 12.20
Dry weight of plant (gm) 6.98 6.77 5.00 4.89 4.36 4.30 3.98
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concentrations ranging between 100–1000 mg/L of phenol 
and 10–100 mg/L of cyanide. It was seen that the length 
of shoot and root of Eichhornia crassipes plants increased 
gradually at the initial stage of low concentration of phenol 
and cyanide. This might be due to the uptake of phenol and 
cyanide species as a nutrient material for the growth of plant. 
However, increase in phenol and cyanide concentration 
causes significant decrease in shoot and root length of plants. 
From 13 day old Eichhornia crassipes plants presented in 
Table 3.1, drastic reductions in shoot and root length of the 
plant were observed at 1000 mg/L of phenol and 100 mg/L 
of cyanide concentration as compared to the control plants 
viz. 17.99 to 12.20 cm of shoot length, 16.60 to 10.21 cm 
of root length and 6.98 to 3.90 gm of dry weight of plant.

The results revealed that the growth rate of plants is 
highly affected by initial concentration of phenol and 
cyanide.

Influence of phenol and cyanide on biochemical 
changes of Eichhornia crassipes

The effect of phenol and cyanide on biochemical param-
eters of Eichhornia crassipes, is shown in Table  2. To 
study the influence of phenol and cyanide on biochemical 
parameters of plants, initial concentration was varied from 
100–1000 mg/L for phenol and 10–100 mg/L for cyanide.

The toxic effect on the plant was detected due to reduc-
tion in chlorophyll, sugar, and protein content of the test 
plants for binary solution of synthetic/simulated wastewater. 

Chlorophyll contents are significant indicators of loss of the 
photosynthetic system of the plants encouraged by the envi-
ronment (Maxwell and Johnson 2000).

The strong reducing ability of phenol and cyanide may 
cause phytotoxicity to the plants. The reduction in param-
eters chlorophyll, sugar, and protein contents of the Eichhor-
nia crassipes indicated a comparable tendency of deteriora-
tion equivalent to the increase in the concentration of phenol 
and cyanide. The reduction in parameters was detected with 
the increasing exposure time (Cheng et al. 2007). It could 
be owing to deterioration in sugar content at the higher con-
centration; therefore, the energy of the plant was reduced. 
Similar clarifications on reduction in chlorophyll, protein 
and sugar contents in several aquatic plants for phenol and 
cyanide uptake were described by Xiao-Zhang and Ji-Dong 
(Xiao-Zhang 2008). After 5 days, the new young branch 
was grown for both mono and binary solution of phenol and 
cyanide. This might be owing to the fact that at initial stage, 
plants were in stressed situation; after 5 days of operation, 
the plants were accommodated in to the toxic environments. 
The formation of (reactive oxygen species) ROS such as 
superoxide and  H2O2 throughout the stressed condition was 
due to the biochemical mechanism of the plant.

Relative growth rate (RGR), bioconcentration factor 
(BCF) and translocation factor (TF)

To study the effect of RGR, BCF and TF on the removal 
of phenol and cyanide using Eichhornia crassipes, initial 

Table 2  Chlorophyll, sugar and 
protein variations in Eichhornia 
crassipes after 13 days exposure 
to phenol and cyanide in binary 
component solution

Plant part Phenol concen-
tration (mg/L)

Cyanide 
concentration 
(mg/L)

Chlorophyll content 
(mg/g dry weight)

Sugar content 
(mg/g dry 
weight)

Protein content 
mg/g dry 
weight)

Roots 100 10 – 50.90 ± 0.98 57 ± 0.99
200 20 – 48 ± 0.88 55.78 ± 0.75
300 30 – 42.65 ± 0.44 50.91 ± 0.36
500 50 – 32.87 ± 0.38 31.87 ± 0.44
700 70 – 29.87 ± 0.72 24.81 ± 0.85

1000 100 – 27 ± 0.28 20.93 ± 0.54
Stem 100 10 – 32.43 ± 0.76 79.87 ± 0.55

200 20 – 30.98 ± 0.32 75.67 ± 0.05
300 30 – 25.54 ± 0.54 71.87 ± 0.77
500 50 – 23.44 ± 0.19 67.87 ± 0.88
700 70 – 21.44 ± 0.62 50 ± 0.76

1000 100 – 19.87 ± 0.54 45.87 ± 0.54
Leaves 100 10 18.73 ± 0.43 50.54 ± 0.21 128 ± 0.90

200 20 15.87 ± 0.11 49.00 ± 0.73 121 ± 0.22
300 30 12.65 ± 0.45 41.97 ± 0.54 104.12 ± 0.57
500 50 13.99 ± 0.76 39.88 ± 0.62 92.08 ± 0.81
700 70 11.43 ± 0.97 33.96 ± 0.43 89.65 ± 0.22

1000 100 9.87 ± 0.77 29.83 ± 0.18 85 ± 0.43
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concentration was varied from 100–1000 mg/L of phenol 
and 10–100 mg/L of cyanide. The effect of RGR, BCF and 
TF is shown in Tables 3 and 4.

The relative growth rate of the plant at different concen-
trations of phenol and cyanide was calculated by weigh-
ing the initial weight of fresh Eichhornia crassipes before 
uptake of phenol and cyanide and final weight of the plant 
after uptake of pollutant after 13 days. The relative growth 
rate (RGR) of Eichhornia crassipes plant materials was 
calculated at different initial concentrations of cyanide and 
phenol by using Eq. (2) (Maine et al. 2001).

The bioconcentration factor was calculated by dividing 
the concentration of the toxic pollutant phenol and cya-
nide in the plant to the concentration in synthetic/simulated 
nutrient solution given in Eq. (3). The concentration of toxic 
pollutant phenol and cyanide in the parts of the plant was 
estimated by acid digestion with  HNO3–HClO4 in 2:1 ratio 
(v/v) (Singh et al. 2008).

The growth of plant was increased with the decrease 
in initial concentration of phenol and cyanide with time. 
The plant growth was inhibited at the higher concentra-
tion of phenol and cyanide owing to decrease in dissolve 
oxygen (D.O) and the osmotic influence on the cell of the 
plant (Chandra and Yadav 2010). The measurement of RGR 
can be used to determine the plant health throughout the 
experimental period, and BCF was calculated to determine 
the capability of plant for the accumulation of phenol and 
cyanide.

The RGR value of the Eichhornia crassipes was observed 
as 0.069, 0.069, 0.061, 0.052, 0.039 and 0.021 mg/day at 

100, 200, 300, 500, 700 and 1000 mg/L, respectively, for 
phenol in mono component solution. Hence, no toxic effect 
of phenol on the Eichhornia crassipes was found for the 
concentration ranging from 100 to 200 mg/L, then constant 
RGR value as 0.069 mg/day. RGR value for cyanide in mono 
component solution was found to be decreased from 0.030 
to 0.010 mg/day at increase initial concentration from 10 to 
100 mg/L. Similarly, when the pollutant concentration in 
water increases, the amount of pollutants accumulation in 
plants increases; therefore, the RGR value decreases. The 
RGR value for binary component solution of phenol and 
cyanide ratio (10:1) was observed to be 0.066, 0.064, 0.061, 
0.050, 0.031, and 0.018 mg/day with the increase in initial 
concentration (Table 3). Therefore, it was found that RGR 
value is more for the mono component solution of phenol 
and cyanide than the binary component solution. This is due 
to the fact that both components show antagonistic effect 
on each other; as a result, the growth of plant reduced in 
binary solution. Therefore, RGR value is reduced for binary 
component solution.

In monocomponent solution, the BCF value for phenol 
was found to be 900, 610 and 543 in stem, leaves and roots, 
respectively, while BCF value for cyanide was found to be 
800, 623 and 500 in stem, leaves and roots, respectively 
(Table 4). Therefore, the BCF value of phenol and cyanide 
in stem of Eichhornia crassipes was more than other parts 
of the plant. This demonstrates that phenol was more accu-
mulated in the stems of Eichhornia crassipes than cyanide. 
BCF was calculated to determine the ability of Eichhornia 
crassipes for the accumulation of phenol. BCF for phenol in 

Table 3  RGR in plants after 
13 days exposure to phenol and 
cyanide in mono and binary 
component solution

Eichhornia crassipes

Mono-component solution Binary-component solution

Phenol (mg/L) RGR Cyanide(mg/L) RGR Phenol (mg/L) Cyanide(mg/L) RGR 

100 0.069 10 0.030 100 10 0.066
200 0.069 20 0.028 200 20 0.064
300 0.061 30 0.025 300 30 0.061
500 0.052 50 0.020 500 50 0.050
700 0.039 70 0.016 700 70 0.031
1000 0.020 100 0.010 1000 100 0.018

Table 4  BCF and TF in plants 
after 13 days exposure to phenol 
and cyanide in mono and binary 
component solution

Eichhornia crassipes

Mono-component solution Binary-component solution

Phenol(mg/L) BCF TF Cyanide(mg/L) BCF TF Phenol and cya-
nide (mg/L)

BCF TF

Stem 900 1.01 Stem 800 1.00 Stem 1123 0.98
Leaves 610 1.01 Leaves 623 0.90 Leaves 810 0.87
Roots 543 0.89 Roots 500 0.90 Roots 600 0.79
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mono component solution was 543, but for multicomponent 
solution, BCF was found to be 600 which shows high abil-
ity of Eichhornia crassipes for the accumulation of phenol. 
This shows that phenol was more accumulated in the root of 
the plant in the presence of cyanide. Though, since the stem 
biomass was higher than root biomass, phenol and cyanide 
in the stem part had the maximum proportions of the pol-
lutant in the entire plant. In addition, the value of BCF for 
phenol and cyanide in multicomponent solution was found 
more than mono component solution. The translocation fac-
tor is used to define the translocation of pollutants from roots 
to stem and stem to leaf (Ma et al. 2001). The value of TF 
greater than 1 shows that the plants have able to transloca-
tion of pollutants (Ma et al. 2001). The value of TF of phe-
nol and cyanide ranged from 1.01 to 0.89 and 1.00 to 0.90, 
respectively, in the stem to roots of Eichhornia crassipes in 
mono component solution. The data show that the phenol 
translocation is more than cyanide in roots to stem of the 
plant. According to Baker and walker 1990, the TF varies 
species to species and metal to metal (Baker and Walker 
1990). The value of TF more than 1 defines that the plant has 
capability to transfer pollutant from root to stem (Ma et al. 
2001). The TF value more than 1 indicated that Eichhornia 
crassipes effectively transfer pollutants from root to stem. 
The TF of phenol and cyanide in binary solution is 0.98 to 
0.79, indicate TF is reduced in binary component solution. 
Low value of TF of pollutants to parts of plant could be 
due to adoption of pollutants inside root cell to reduce it 
non-toxic.

Uptake kinetics parameters for phenol and cyanide

The uptake kinetics of phenol and cyanide were carried 
out for two growth stages of plants. Outlet solution con-
taining phenol and cyanide was collected, and the rate of 

phenol and cyanide uptake was predicted from the differ-
ence in concentration at the inlet and outlet. The rate of 
phenol and cyanide uptake by plants was calculated by 
linear regression analysis of 4 consecutive sampling times 
of phenol and cyanide solutions measured from the pots 
during depletion. At each stage, the weight of the absorb-
ing roots of the plant was also determined (Nye and Tinker 
1977). It was assumed the uptake experiment that uptake 
of water by the plant roots, which further transports to the 
body of plant and due to transpiration some water may get 
lost, did not affect the phenol and cyanide concentrations 
in the liquid medium.

The phenol and cyanide ions uptake kinetic parameters 
(Vmax and Km) of plants are given in Table. 3.4. The Vmax 
and Km were calculated with the help of fitted coefficients 
obtained by fitting the solution phenol and cyanide con-
centration and uptake rate data on the Michaelis–Menten 
equation (Roshani and Narayanasamy 2010).

For water hyacinth plant, at root length elongation stage, 
the values of Vmax were obtained as 12.52 μg/g root per h 
for phenol and 14.99 μg/g root per h for cyanide, which 
decreased to 5.84 μg/g root per h and 5.68 μg/g root per h 
for phenol and cyanide, respectively, at total height change 
stage. Also, Km values at 5.20 mM and 0.39 mM for phenol 
and cyanide at root length elongation stage increased to 
5.83 mM for phenol and decreased to 0.25 mM for cyanide 
at total height change stage (Table 5). Also, during 4 to 
13 days of water hyacinth during the root length elonga-
tion stage, the maximum phenol and cyanide uptake per 
unit weight of the roots were 0.085 and 0.088 μg/g root 
per h for phenol and cyanide with 9.608 mM of phenol and 
0.514 mM of cyanide concentration.

Table 5  Values of Vmax and Km for phenol and cyanide uptake equation at different growth stages of Eichhornia crassipes 

Water hyacinth

Initial concentration of phenol (mM) Vmax Km

Growth stage of water hyacinth 1.053 2.111 3.180 5.301 7.400 9.608 (μg phenol/g 
root/h)

(mM)

Uptake rate (μg/g root/h)
Root length elongation 0.021 0.034 0.053 0.063 0.071 0.085 12.52 5.20
Total height change 0.010 0.015 0.021 0.026 0.032 0.039 5.84 5.83

Initial concentration of cyanide (mM) Vmax Km

Growth stage of water hyacinth 0.051 0.103 0.154 0.257 0.360 0.514 (μg cyanide/g 
root/h)

(mM)

Uptake rate (μg/g root/h)
Root length elongation 0.019 0.031 0.043 0.056 0.072 0.088 14.99 0.39
Total height change 0.01 0.016 0.022 0.029 0.032 0.039 5.68 0.25
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Normalized relative transpiration (NRT)

Figure 10a and b shows the variation in % NRT with time for 
Eichhornia crassipes plant, respectively. Normalized relative 
transpiration is expressed as the degree of the toxicity of pol-
lutants in the plants. Transpiration can be calculated directly 
by measuring the weight of the plant with pot (Trapp et al. 
2000). The transpiration is normalized with respect to initial 
transpiration. To consider the fact that healthy trees grow 
quickly and therefore increase transpiration, the normalized 
relative transpiration (NRT) is calculated by using Eq. 6.

Water hyacinth with 1000 mg/L of phenol shows % NRT, 
i.e. 55.09%, and plants with 100 mg/L of cyanide show % 
NRT, i.e. 58.91%. This variation is due to toxicity of phe-
nol and cyanide for plant. In the phenol and cyanide toxic-
ity experiments, phenol and cyanide decreased the relative 
transpiration of water hyacinth; higher concentrations led to 
lower transpiration. At the lowest concentration (200 mg/L 
of phenol and 20 mg/L of cyanide), transpiration was only 
slightly reduced and the plants survived without any mor-
phological changes. The transpiration rate is a very sensi-
tive toxicity parameter because stress factors, e.g. toxic sub-
stances, have a high impact on the water balance of plants. 
Therefore, chemical stress makes a quick decrease in tran-
spiration and a drying of leaves.

Conclusions

The current study highlighted that Eichhornia crassipes used 
as a good accumulator of phenol and cyanide. The plant was 
successfully removed up to 96.42% of phenol (300 mg/L) 
and 92.66% of cyanide (30 mg/L). During 13 days contact 
with phenol and cyanide, biochemical parameters such 
as protein, sugar and chlorophyll contents have shown a 
decreasing trend due to accumulation of phenol and cyanide. 
The influence of physicochemical parameters with time such 
as pH and initial concentration of phenol and cyanide were 
also evaluated. Phenol accumulation was found toxic above 
concentration 200 mg/L indicate toxicity symptoms, i.e. 
delay in growth and yellowing of the leaves at pH 8. How-
ever, cyanide was indicated toxic symptoms above 20 mg/L 
concentrations. BCF and RGR value was found more for 
the mono component solution of phenol and cyanide than 
the binary component solution. BCF shows that phenol was 
more accumulated in the root of the plant in the presence of 
cyanide. The value of TF more than 1 indicated that Eich-
hornia crassipes effectively transfer pollutants from root to 
stem.
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