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Abstract

Biosorption could be an effective process for the removal of toxic heavy metal
ions from wastewater. In this study, the powder of three different species of marine green
algae namely; Caulerpa racemosa, Enteromorpha intestinalis and Ulva lactuca were used
to build up three types of fixed-bed columns for removal of heavy metal ions Cd?*, Pb?,
Cu®, Co?, Zn*, Mn*, Ni**, Fe?* and Cr® from three chemical industrial effluents. The
C. racemosa column was relatively more efficient to remove metal ions from the different
effluent samples followed by U. lactuca and E. intestinalis with mean metal ion
bioremoval efficiencies of 83%, 80% and 76% respectively. Toxicity assessment test
using Pseudokirchneriella subcapitata showed that, the biological treated effluents with
algal columns reduced its toxicity as ECsq values were very high significantly increased
from 6% to 98%. This study verifies the possibility of using dried marine green algae as
valuable material for the removal of toxic heavy metals from industrial wastewater.

Keywords: Caulerpa racemosa, Enteromorpha intestinalis, Ulva lactuca, Heavy metals,
Industrial wastewater.

Introduction

The release of different pollutants into environment has increased
noticeably as a result of industrialization, and thereby lowered the quality of the
environment to alarming levels (Sari and Tuzen, 2008). Heavy metal pollution
has become a more serious environmental problem in the last several decades as a
result of its toxicity and insusceptibility to the environment. In addition to their
toxic effects even at low concentrations, heavy metals can accumulate throughout
the food chain, which leads to serious ecological and health hazards as a result of
their solubility and mobility (Kumar et al., 2006).

Numerous conventional methods such as ion exchange, precipitation,
ultrafiltration, reverse osmosis and electro dialysis have been used for the removal
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of heavy metal ions from aqueous solution (Liu et al., 2009). These conventional
techniques can reduce metal ions, but they do not appear to be highly effective
when applied to low strength wastes with heavy metal ion concentrations less than
100 ppm (Wang and Chen, 2009). The most popular of these technologies is
activated carbon adsorption and widely used but it is expensive. Therefore, there
is a growing interest in using low-cost, effective and easily available materials for
the removal of metal ions (Ozer et al., 2008). Recently, bioremoval has emerged
as an alternative treatment technology for heavy metals. There have been a
number of reports stating the success of such technology (Pagnanelli et al.,
2001). To ensure the applicability of this technology, more works are still needed
for the removal of a mixture of heavy metals at various operating conditions
(Apiratikul and Pavasant, 2006).

Bioremoval has been studied in various types of biomass including
marine algae (Liu et al., 2009), bacteria (Ozdemir et al., 2009) and fungi (Zafar
et al., 2007). Marine algae offer advantages for bioremoval because their
macroscopic structures offer a convenient basis for the production of biosorbent
particles suitable for sorption process applications (Vieira and Volesky, 2000).
Although there have been a number of studies on the use of brown algae for heavy
metal removal, limited studies have been directed towards the use of green marine
algae for this purpose. The green marine algae could be used live or dead.
However, non-living biomass is not affected by the toxicity of metal ions and the
adsorbed metals could be easily recovered from the biomass by many chemical
and physical methods, leading to repeated use of the biomass and better process
economy (Abu Al-Rub et al., 2004).

The principal objective of the present study was to explore the feasibility
of using the dried green algae Caulerpa racemosa, Enteromorpha intestinalis and
Ulva lactuca for removal of toxic heavy metals from industrial effluents through
continuous system.

Materials and Methods
Preparation of algal powder:

The green marine algae Caulerpa racemosa (J. Agardh), Enteromorpha
intestinalis (Linnaeus) and Ulva lactuca (Linnaeus) were collected in May and
June 2008 from Abo-Quir Bay, Alexandria, Egypt. The collected algae were
washed with seawater, tap water, and then deionized water several times to
remove impurities. The washing process was continued till the wash water
contains no dirt. The washed algae were then completely air dried for 10 days.
The dried algae were then cut into small pieces and were powdered using
domestic mixer. The powdered materials were sieved to obtain 1-2mm particles
then directly used as adsorbents.
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Sampling of industrial effluent:

Three industrial effluents belong to different industries; Talkha for
Chemical Fertilizers Factory, Kafr El-Zayaat for Salt and Soda Factory and El-
Fayoum for Chemical Production Company were chosen to investigate the
efficiency of algal columns to remove heavy metal ions. Composite effluent
samples were collected, at working hours of the factories, in polyethylene
containers from their outfalls. Effluent samples were thoroughly mixed; six liters
were filtered through GF/C Whatman glass filters. The first one liter filtrate was
discarded and five liters were stored at 4°C in dark to be used for chemical and
toxicity assessment analysis. The hydrogen ion activity of the filtered industrial
effluents was adjusted at the pH 6.0 (Optimum pH for heavy metal removal; Azab
et al., 2008) by using 0.1 N nitric acid or sodium hydroxide solutions. pH adjusted
effluents were passed through the different types of algal columns.

Column experiments:

Continuous-flow removal experiments were conducted in a laboratory-
scale glass column with an internal diameter of 2.0 cm and 35 cm in length
(Figure 1). Two plastic sieves both with pore size of 0.2mm were installed at the
top and bottom of this column. Individual columns were packed with 5.0 g of
individual algal powders. The pH adjusted effluent was pumped up flow through
the bed using a peristaltic pump connected at the bottom of the column.
Experiments were carried out at flow rate 15ml min~' (Lodeiro et al., 2006).
Samples of the biologically treated effluents were filtered through GF/C Whatman
glass filters, in order to separate the dissolved fraction from possible suspension
material that may influence the heavy metal measurements. The filtrate was
subjected for toxicity assessment and metal ion analysis.

Figure (D): Experimental
arrangement of the removal
packed bed column.

(1) pH adjusted effluent

(2) Peristaltic pump

(3) Valve

(4) Flow meter

(5) Column

(6) Bottom sieve

(7) Packed algal powder

(8) Top sieve

(9) Algal treated effluent
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Determination of heavy metals:

The analyses of heavy metals in raw and biological treated effluents were
measured as described by APHA (1989). Acidified filtered samples were
analyzed for metal concentrations using Perkin-Elmer atomic absorption
spectrophotometer (Model 2380). The metal removal efficiency of algal powder
was calculated from the following equation.

% of metal removal = [(C;-Cy)/ C;] x 100

Where: C; and C; are the initial and final metal ion concentrations (mgl'l),
respectively.

Toxicity assessment of untreated and treated industrial effluents:

The method described by Koukal et al. (2003) was used to carry out
toxicity test of GF/C filtered industrial effluent; pH adjusted effluent and
biologically treated effluent. Growth inhibition test with Pseudokirchneriella
subcapitata (NIVA-CHL1) (formerly known as Selenastrum capricornutum), was
performed in algal medium according to the OECD guideline for testing of
chemicals No. 201 (OECD, 2006). The initial algal density of 5x10° cells I were
incubated for five days at 23+1°C under continuous illumination of 40puEm?s™
provided by cool white fluorescent tubes. Cell counts were determined at the end
of incubation period using a standard haemocytometer. ECs, and SC,q express the
minimum effluent concentrations inhibiting and stimulating the algal growth by
50% and 20% respectively.

Statistical analyses:

Data were presented as mean replicates from three runs and were
analyzed statistically using Student’s t-test for independent samples. Statements of
significant differences were based on accepting P< 0.05 according to SPSS

(1999).
Results

Some chemical properties of the three industrial effluents are
demonstrated in (Table 1). The effluent of El-Fayoum for Chemical Production
Company and Kafr-Ezayyat for Salt and Soda Factory were acidic with pH value
of 5.43+0.2 and 3.92+0.2, respectively. Talkha for Chemical Fertilizers Factory
effluent was alkaline with pH value of 9.86+0.2. Concentrations of the heavy
metal ions varied slightly from one effluent to another. The concentrations of
different metal ions of El-Fayoum for Chemical Production Company ranged
from 0.48+0.1 mgl™ to 1.57+0.2 mgl™* while those of Kafr-Ezayaat Salt and Soda
Factory ranged between 0.47+0.1 mgl™ and 2.71+0.2 mgl™. The concentration of
metal ions of Talkha for Chemical Fertilizers Factory varied from 0.48+0.1mgl™
to 2.54+0.2mgl ™.
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Table (1): PH values and heavy metal concentrations (mgl™) of the investigated raw
industrial effluents.

Effluent El-Fayoum for Chemical Kafr-Ezayyat for Salt Talkha for Chemical

Production Company and Soda Factory Fertilizers Factory
pH 5.43+0.2 3.92+0.2 9.86+0.2
Cd 0.97+0.1 0.78+0.1 0.66+0.1
Co 1.21+0.1 0.51+0.1 0.68+0.1
Cr 0.53+0.1 0.47£0.1 0.83+0.12
Cu 0.54+0.1 0.74£0.1 0.95+0.14
Fe 1.66+0.2 2.71+0.2 2.54+0.2
Mn 0.48+0.1 0.63+0.1 0.88+0.1
Ni 1.57+0.2 0.56+0.1 0.55+0.1
Pb 0.79+0.15 0.88+0.15 0.48+0.1
Zn 0.64+0.1 0.95+0.1 0.75+0.1

Values are expressed as mean + standard error of three replicates.

The efficiency of algal columns to remove metal ions from industrial effluents
displayed obvious variations that were mainly dependent on algal column, metal
ion and the effluent type. The efficiency of algal column to remove different metal
ions ranged between 49% to 98% from EIl-Fayoum for Chemical Production
Company effluent (Figure 2), 34% to 98% from Kafr-Ezayyat for Salt and Soda
Factory effluent (Figure 3) and 43% to 98% from Talkha for Chemical Fertilizers
Factory effluent (Figure 4) with complete removal of highly toxic metal ions such
as Cd, Cu, Cr, Mn, Ni and Zn from the three industrial effluents. In general, the C.
racemosa column was relatively more efficient to remove metal ions from
different effluent samples followed by U. lactuca and the lowest one was recorded
for E. intestinalis with mean metal ion bioremoval efficiencies of 83%, 80% and
76% respectively (Figure 5).

120

@ C. racemosa B E. intestinalis M U. lactuca
100 - T

80 -

60 -

% of metal removal

40 A

20 A

Co Mn ' Cd ' Cr Cu ' zZn ' Ni ' Pb ' Fe
Figure (2): Percentage of bioremoval Heavy metal  of different heavy metals from
El Fayoum for Chemical Production company effluent. Error bars represent the

standard errors of three replicates.
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Figure (3): Percentage of bioremoval of different heavy metals from Kafr-Ezayyat

for Salt and Soda Factory effluent. Error bars represent the standard errors of three
replicates.
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Figure (4): Percentage of bioremoval of different heavy metals from Talkha for
Chemical Fertilizers Factory effluent. Error bars represent the standard errors of
three replicates.
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Figure (5): Mean efficiency of algal column to remove different heavy metals. Error
bars represent the standard errors of three replicates.

Dose-response curves illustrating the relative growth (% of the control
count, considering control=100%) of Pseudokirchneriella subcapitata at different
effluent doses are given in Figure (6). Values of ECs, were derived from dose-
response curve (Figure 7). It has been noted that the higher ECs, value, the lower
the toxicity of a given effluent subsample.

The adjustment of industrial effluents pH to 6.0 brought about substantial
decrease in their toxicities. In this context, the ECsy of raw and pH adjusted
effluent of El-Fayoum for Chemical Production Company, Talkha for Chemical
Fertilizers Factory and Kafr-Ezayyat for Salt and Soda Factory were increased
significantly from 13% to 39%, from 4% to 6% and from 9% to 28% respectively
(Figure 7). Algal treated samples of Talkha for Chemical Fertilizers Factory and
El-Fayoum for Chemical Production Company effluents induced marginal algal
growth stimulation at very low concentration with SC,, ranged from 1% to 10%.
While biologically treated samples of Kafr-Ezayyat for Salt and Soda Factory
effluent exhibited marked algal growth stimulation at higher concentration level
with SCy reached to 60% (Figure 6).

Biological treatment of effluent samples with different algal columns
decrease the effluent toxicity by increasing its ECsy value. The data (Figure 7)
reveal that the ECs, of algal treated effluent of El-Fayoum for Chemical
Production Company was very high significantly increased (P<0.001) from 39%
to 98%. Algal treated effluent of Kafr-Ezayyat for Salt and Soda Factory showed
a very high significant increase (P<0.001) of ECsq from 28% to 98%. Also, the
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ECs, of Talkha for Chemical Fertilizers Factory was very high significantly
increased (P<0.001) from 6% to 50%.
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40 +
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—O— Raw effluent - - - pH adjusted effluent ——C. racemosa
—<>—E. intestinalis —{— U. lactuca

Figure (6): Dose-response curves of P. subcapitata grown for 5 days at different
concentration of effluents; (a) EI-Fayoum for Chemical production Company, (b)
Kafr El-Zayaat for Salt and Soda Factory and (c) Talkha for Chemical Fertilizers

Factory.
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Figure (7): Efficiency of algal column to reduce toxicity of different industrial
effluents.
*** Very high significant increase of algal treated effluent compared to pH adjusted.
Error bars represent the standard errors of three replicates.

Discussion

Concentration of heavy metal ions in the industrial effluents varied from
one effluent to another and in general ranged from 0.47+0.1mgl™ to 2.71+0.2mgl™
(Table 1). These results are in agreement with Sari and Tuzen (2008), Lesmana
et al. (2009) and Ozer et al. (2009) who reported that, the primary sources of
heavy metal ions into environment are the wastewater of several industrial
processes such as; electroplating, metal finishing, chemical fertilizers, tanning,
chemical manufacturing, mining and battery manufacturing.

The dried green algal columns of C. racemosa, E. intestinalis and U.
lactuca were capable to remove different heavy metals from industrial effluents
with mean metal ion bioremoval efficiencies ranged from 76% to 83% (Figure 5).
These results are in accordance with El-Sikaily et al. (2007) who used marine
dried green alga Ulva lactuca for the removal of toxic chromium ions from
aqueous solution and wastewater. They found that, the maximum efficiency of
removal was 92%. Ulva lactuca has a sheet-like thallus with two cells thick;
resulting in a relatively high surface area of structurally uniform which can
explain its high efficiency to remove metal ions (Turner et al., 2007). Kumar et
al. (2006) studied the removal of zinc and copper from aqueous solution by Ulva
fasciata. They found that the removal of heavy metal ions by U. fasciata were

about 74% and 94%, respectively.
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The high efficiency of C. racemosa column to remove metal ions from
industrial effluents may be due to the presence of various functional groups on the
surface of dried algal biomass which can act as binding sites for heavy metals.
This explanation is in agreement with Pavasant et al. (2006) who found several
functional groups on the surface of dried Caulerpa sp. such as carboxylic acid,
amine, amide, amino, sulfonyl, and sulfonate groups. Apiratikul and Pavasant
(2008) investigated the biosorption of the three heavy metal ions (Cu*?, Cd*? and
Pb*?) both in batch and column systems with dried biomass of Caulerpa
lentillifera. They found that about 83% of heavy metal ions could be adsorbed on
free binding sites in the biomass.

The success of dried green algal columns in removing toxic heavy metal
ions from different industrial effluents, reducing the effluent toxicity and
improving the growth of standard test alga P. subcapitata, especially at lower
concentrations of biologically treated effluents. This can be easily noticed from
the SC,,and ECs, of treated effluent samples (Figures 6-7).

A strong evidence to that mentioned before concerning the toxic effect of
different heavy metal ions to the standard test alga (Figures 6-7) comes from the
work of Koukal et al. (2003) who reported that, the photosynthetic activity of P.
subcapitata in the presence of Cd*? and Zn*? showed a progressive decrease with
increasing metal concentration. The ECs, were found at concentrations of 200ugl™
and 390pugl™, respectively. Aruoja et al. (2009) determined toxicities of Zn*?,
Cu*? and Ti* to P. subcapitata using OECD 201 algal growth inhibition test.
They found that, the metal ions of Zn*? were most toxic followed by Cu** and
Ti**. The ECso were 0.04mgl™, 11.55mgl™ and 35.9mgl™, respectively. Moreover,
Lavoie et al. (2009) reported that, P. subcapitata was more sensitive to Cd*?
exposure with an ECs, of 273ugl™.

The results of this study introduce a good hope to use the dried green
algal columns of C. racemosa, E. intestinalis and U. lactuca for removal of heavy
metal ions from different industrial effluents. The high biosorption efficiency and
low cost makes these algal columns as an effective, cheap and alternative
technique for processing wastewater containing heavy metals.
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