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Abstract:
The current study was designed to remove Lead, Copper and Zinc from
industrial wastewater using Lettuce leaves (Lactuca sativa) within three forms (fresh,
dried and powdered) under some environmental factors such as pH, temperature and
contact time. Current data show that Lettuce leaves are capable of removing Lead,
Copper and Zinc ions at significant capacity. Furthermore, the powder of Lettuce
leaves had highest capability in removing all metal ions. The highest capacity was for
Lead then Copper and finally Zinc. However, some examined factors were found to
have significant impacts upon bioremoval capacity of studied ions, where best
biosorption capacity was found at pH 4, at temperature 50º C and contact time of 1
hour.
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Introduction:
In the recent decades, heavy
metals have been received considerable
attention as a consequence of the
increased environmental pollution
from industrial, agricultural, energy
and municipal sources [1]. Several
techniques were applied to remove
heavy metal ions from industrial
wastewater such as activated carbon
adsorption [2], chemical precipitation
[3], reverse osmosis [4], electrodialysis [3] and ion exchange [5].
However,
recently
more
attention has been focused on possible
biological methods for the removal of
heavy metals from industrial waste
water [6], such as microbial biomass
[7], and biological wastes [8,9]. These
biosorbent materials are characterized
being less expensive, high bio-removal
efficiency, metal selective, non sludge
generation, possible ion recovery [10],

and
environmentally
sound
methodology [11]. The technique of
plant residues heavy metal ions
adsorption was world widely used for
waste water treatment [12] such as peat
and nut shells, coconut shells, rice
husk, tea waste, peanut hulls, almond
shells, peach stones, citrus peels, and
many others [13]. These biosorbent
materials
consisting mainly of
polysaccharides, proteins, and lipids,
functional groups that can bind metal
ions such as carboxyl, hydroxyl,
sulphate, phosphate, and amino groups
[14]. The importance of any given
group of biosorption of a certain metal
by a certain biomass depends on
several factors such as number of sites
of biosorbent material, the accessibility
of sites, the chemical state of the site
(availability) and affinity between site
and metal (binding strength) [15].
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(metal ion solution free from leaves).
All samples were left for almost one
hour at 40º C. Afterwards, each sample
was passed through 0.45µm filter
paper and metal concentration was
determined by using Flame Atomic
Absorption Spectroscopy (FAAS) [16],
and the technique of Fourier Transform
infrared analysis was employed to
determine the functional groups
responsible for metal uptake, using
(FTIR) spectroscopy [3]. The test
carried above was reassessed for the
examination of possible effects of
different levels of pH, temperature and
contact time. For pH, the range was 1 –
6, and temperature range was from 10º
C to 60º C applied for all metals.

Materials and Methods:
Industrial wastewater samples
were collected from the wastewater of
pasting unit before wastewater
treatment unit, about 20 cm below the
surface in Babylon 2 factory at AlWaziriya area / Iraq-Baghdad. (500 ml)
wastewater samples replicated three
times per week using pre-sterilized
glass containers was collected in four
random periods between 8th to 29th
June 2011. Each sample was divided
into two sub-samples, the first was
examined for chemical & physical
analysis and the second was employed
for bioremoval of Lead, Copper and
Zinc ions. Samples of industrial
wastewater were collected, 4 times at
weekly rate, from pretreatment tank of
pasting unit in Babylon 2 factory.
Some factors such as pH and
temperature were recorded in situ
while the others such as heavy metal
content were laboratory assessed.
Lettuce leaves were collected from
local market and washed thoroughly by
de-ionized distilled water (DDW) and
used subsequently in the various leaf
forms examination; Three Lettuce leaf
forms have been used, the first was as
fresh pieces; the second was as dried
pieces and finely powdered leaves that
sieved through 1.18 mm stainless steel
sieve. All leaf forms were examined
for bioremoval of Lead, Copper and
Zink from aqueous synthetic solutions
(100 mg/l) under various factors such
as pH, temperature and contacting
time.
Synthetic aqueous metal solution
was prepared by taking 20 ml of metal
solution (100 mg/l) of Lead, Copper or
Zinc ions and placed into 50 ml
volumetric flasks and pH was adjusted
to 5. About 0.1g of Lettuce leaves as
fresh, dried and powder was added to
each flask in three replicated
experiment in addition of control

Results and Discussion:
All obtained data were subjected
to various biometrical analysis such as
analysis of variance and least
significant difference. Table 1 shows
the mean values of temperature, pH,
Pb, Cu, and Zn of industrial
wastewater. The temperature values
were ranged from 31.1±0.1 º C of 1st
week sample (8/6/2011) to 31.7±0.05 º
C of 4th week sample (29/6/2011). For
pH data, the highest value (7.99±0.3)
was found in water sample of 1st week
(8/6/2011) while the lowest value
(7.15±0.04) was recorded in sample of
4th week. Regarding heavy metals
content, the highest content was found
in case of Pb ions that ranged from
4.0±0.7 mg/l in sample of 2nd week to
5.1±0.2 mg/l in 4th week sample,
followed by Zn ions content which was
almost similar levels ranging from
3.9±1.1 mg/l (1st week sample) to
4.1±0.4 mg/l (3rd week sample). In
case of Cu ions, again recorded values
were almost similar to each other and
varied from 1.1±0.2 mg/l (3rd week
sample) to 1.5±0.9 mg/l (1st week
sample).
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Table 1: Mean value ± standard deviation of several water variables.
Variables
Temp. ° C
pH
Pb (mg/l)
Cu (mg/l)
Zn (mg/l)

Mean value ± SD of some industrial wastewater components
1st week 8/6/2011 2nd week 15/6/2011 3rd week 22/6/2011 4th week 29/6/2011
30.1±0.1
31.0±0.1
30.3±0.2
31.7±0.05
7.99±0.3
7.4±0.4
7.37±0.09
7.15±0.04
4.1±0.74
4.0±0.7
4.6±0.7
5.1±0.2
1.5±0.9
1.2±0.2
1.1±0.2
1.4±0.22
3.9±1.1
4.0±0.4
4.1±0.4
4.1±0.6

Regarding to biosorption capacity
of Lettuce leaves; Table 2 shows mean
biosorption capacity of Lettuce leaves
examined at different forms and
presented in Figure 1. It is clear that
Lettuce leaf forms shown significant
ability for bio-removing heavy metals
from industrial wastewater. However,
powdered leaves had higher values of
bio-removed
heavy
metal
concentrations than those fresh and
dried leaf pieces (LSD = 3.481).
Furthermore,
highest
metal
concentration (48.7 ± 1.1 mg/l) was
recorded in case of Lead, followed by
Copper (28.4 ± 1.7 mg/l), while the
lowest metal concentration (26.8 ± 0.9
mg/l) was found in case of Zinc
(Fig.1). These values of biosorbed
heavy metal concentrations were
significantly differed from each other.
Highest capacity of Lettuce leaves may
be due to the surface area of leaf
particles
[17,
18]
and
other
environmental factors such as pH and
temperature that may affect the
biosorption mechanisms.

Factors affecting biosorption
1- pH
It is very clear that increased pH
(Fig. 2) had significant effects (P ≥
0.001) upon biosorbed metal ions of all
heavy metals under test. Also, these
heavy metals varied significantly from
each other, but the highest biosorption
concentrations were recorded for Pb
ions in all pH values, followed by Cu
while the Zn ions shown the lowest
bio-removed concentrations. However,
it seems clearly that pH 4 was the best
value for getting optimum bio-removal
capacity for Lead, Copper and Zinc
ions. Various studies have examined
the possible impact of pH upon heavy
metal
biosorption
of
different
biosorbent materials and reported
similar findings [19]. Recent study
showed that highest lead bioremoved
by okra wastes were achieved at pH
range of 4.5 – 5.5. Cd ions bioremoved
by corn, durian, pummel and banana
was found to be high at pH 5 [20].
Optimum pH value for copper
biosorption by marine algae was within
a range of 4 – 6 [21]. A study by [22]
had shown that highest lead

Table 2: The mean values of Lead,
Copper and Zinc concentrations
(mg/l) biosorbed by various Lettuce
leaf forms.
Lettuce
leaf
forms
Dried
pieces
Fresh
pieces
Leaf
Powder
LSD

Mean metal biosorbed
concentration (mg/l) ± SD
Lead
Copper
Zinc
25.6±0.5

16.8±0.8

11.4±0.4

36.9±1.2

21.2±1.7

20.1±1.6

48.7±1.1

28.4±1.7

26.8±0.9

3.481
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bioremoved by maize leaf occurred at
pH 3. The pH of aqueous solution
plays a significant role in the
biosorption process. This is partially
due to the fact that H+ ions are strongly
competing adsorbents. The pH affects
the specification of metal ions and the
ionization of surface functional groups
[18].

powder was at 45° C while for Cd bioremoval, it was 25° C. These
contracting values may be related to
several variables such as biosorbent
species,
quantity,
and
other
environmental factors [5]. However,
the adsorbed species might have
enough energy from temperature of the
system and subsequently be desorbed
at even a faster rate than adsorption
rate, or may be due to linkage of cells
in both higher and lower temperature
extremes which may reduce the
availability surface area of contact [25,
26].

2- Temperature
Figure 3 shows mean biosorbed
metal concentration (mg/l) by Lettuce
leaves from solution of Lead, Copper
and Zinc at different temperatures.
Apparently, increased temperature had
significant impacts on bio-removed
metal ions (LSD = 4.013 mg/l) of these
heavy metals resulting in increased
biosorption capacity but up to 50 º C.
The highest capacities were found in
case of Lead that ranged from 17.6 ±
0.4 mg/l to 66.1 ± 0.4 mg/l, and varied
from 14.9 ± 0.8 mg/l to 62.3 ± 1.1 mg/l
and from 11.9 ± 0.1 mg/l to 46.6 ± 1.2
mg/l for Cu and Zn respectively (Fig.
3). Analysis of variance (LSD = 4.013
mg/l) shows significant differences (P
≥ 0.001) firstly between increased
temperatures and secondly between
heavy metal ions biosorbed by Lettuce
leaves. The current results are similar
to those of various studies that
examined different biological materials
[3, 23]. Recent study [24] has reported
that highest Cr bio-removed by tassel

3- Contact time
The impacts of various contact
times upon all Pb, Cu, and Zn bioremoved by Lettuce leaf (Fig. 4) are
quite obvious but nevertheless, one
hour contact time seems to be optimum
in case of all heavy metal examined in
this study. However, highest capacities
(19.3 ± 0.5 mg/l to 68.2 ± 0.8 mg/l)
were recorded for Pb biosorption,
followed by those (16.2 ± 0.9 mg/l to
61.2 ± 0.7 mg/l) of Cu and (13.7 ± 0.3
mg/l to 44.7 ± 0.8 mg/l) Zn (Fig. 4).
The analysis of variance (LSD = 2.041
mg/l) of contact time effects shows
significant differences (P ≥ 0.001)
between firstly increased times and
secondly between heavy metals
biosorbed by Lettuce leaves. The
obtained results are agreed with other
studies [27, 28, 29]. However other
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work [30], has reported that required
contact time for best copper bioremoved by orange peels was less than
one hour (40 minutes).

Fig. 5: FTIR analysis of Lettuce leaf
in synthetic solution
From the current work, it seems
clearly that the ability of Lettuce leaves
were significantly effective for the
removal of Pb, Cu, and Zn ions from
industrial wastewater as it had been
reported for various biosorbent plant
materials [13, 18, 26, 29] and would
successfully be applied for various
heavy
metals
from
industrial
wastewater
since
it
seems
environmentally sound.

Figure (5) shows the spectra of
the biosorbent of Lettuce leaf after
exposure to heavy metals solution for
each metal. The FTIR spectra represent
broad bands at 3365-3423 cm-1, giving
-OH and -NH groups. Bands observed
at about 2850-2956 cm-1 assigned to
the -CH groups, while the bands at
1660-1734 cm-1 represent -COO, the
bands at 1640-1653 cm-1 are due to COOH groups and the peaks at 12261400 cm-1 represent the -C=O groups.
However, the peaks at 1049-1200 cm-1
is corresponding to the -C-O
stretching, and peaks at 850-894 cm-1
are probably caused by -C-N bonding
in amines. The previous results showed
that the chemical groups that bind the
metals are hydroxyl, carboxyl, amide
and amine groups. This explains the
reason behind the binding sites as they
are nearly associated with the same
sites. Also, this may indicates that
bond stretching occurred to a less
extent due to the exchange of hydrogen
ions with Lead, Copper and Zinc, and
subsequently peak absorbance was
attenuated [31].

References:
1. Adriano, D. C. 2001. Trace
Element
in
the
Terrestrial
Environment. New York. Springer.
2. Singh, C.K.; Sahu, J.N.; Mahalik,
K.K. Mohanty, C.R.; Mohan, B.R.
and Meikap, B.C. 2008. Studies on
the Removal of Pb (II) from
Wastewater by Activated Carbon
Developed from Tamarind wood
Activated with Sulphuric Acid. J.
Hazard. Mater.153:221-228.
3. Ahalya, N.; Ramachandra, T.V.
and
Kanamadi,
R.D.
2005.
Biosorption of Chromium (VI) from
Aqueous Solution by the Husk of
Bengal Gram (Cicer arientinum).
Elec. J. Bio technol. 18 (3), 44-48.
4. Xia, Y and Liyuan, C. 2002. Study
of
Gelatinous
Supports
for
Immobilizing Inactivated Cells of
Rhizopus oligosporus to Prepare
Biosorbent for Lead Ions. Internat.
J. Environ. Studies. 5(16):33-38.

6611

J. Baghdad for Sci.

Vol.11(3)2014

5. Volesky, B. 2003. Sorption and
Biosorption. Sorbex. Inc. St.
Lambert
(Montreal).
Quebec,
Canada.
6. Recatala, L.; Sanchez, J.; Arbelo,
C. D. and Sacristan, D. 2010. Can
be References Values of Heavy
Metals Useful as Soil Quality
Standards? Contributions from
Assays
in
Representative
Mediterranean Agricultural Soils.
19th World Congress of Soil
Science, Soil Solutions for a
Changing World, 1-6 August.
Brisbane, Australia.
7. Volesky, B. and Holan, Z.R. 1995.
Biosorption of Heavy Metals. Bio
technol. Prog. 11: 235-250.
8. Barker, A. V. and Bryson, G. M.
2002. Bioremediation of Heavy
Metals and Organic Toxicants by
Composting. The Scientific World
Journal. 2:407-420.
9. Chockalingam,
E.
and
Subramanian, S. 2006. Studies on
Removal of Metal Ions and
Sulphate Reduction Using Rice
Husk
and
Desulfotomaculum
nigrificans with Reference to
Remediation
of
Acid
Mine
Drainage. Chemosphere, 62: 699708.
10. Tunali, S. and Akar, T. 2006.
Biosorption Properties of Botrytis
cinerea Biomass. J. Hazard. Mater.
131:137-145.
11. Sancey, B.; Trunfio, G.; Charles,
J.; Minary, J. F.; Gavoille, S.;
Badot, P. M. and Crini, G. 2010.
Heavy Metal Removal from
Industrial Effluents by Sorption on
Cross-Linked Starch: Chemical
Study and Impact on Water
Toxicity. J. Environ. Manag. 1:1-8.
12. Feizi, M. and Rastghalam, Z.
2012. The Effect of Treated
Wastewater
Irrigation
on
Accumulation of Heavy Metals in
Selected
Plants.
The
1st
International and The 4th National

Congress on Recycling of Organic
Waste in Agriculture, 26-27 April,
Isfahan, Iran.
13. Khan, N.A., Ibrahim, S. and
Subramanian, P 2004. Elimination
of Heavy Metals from Wastewater
Using Agricultural Wastes as
Adsorbents. Malaysian J. Sci.,
23:43-51.
14. Doyurum, S. and Celik, A. 2006.
Pb (II) and Cd (II) Removal from
Aqueous Solution by Olive Cake. J.
Hazard. Mater, 138 (1):22-28.
15. Regine, H. and Volesky, B. 2000.
Biosorption: a Solution to Pollution.
Int. Micro. Bio. 3:17-24.
16. Zafar, M.N.; Nadeem, R. and
Hanif, M.A. 2007. Biosorption of
Nickel from Protonated Rice Bran.
J. Hazard Mater. 143: 478-485.
17. Gad, N. and Zaghloul, A. M. 2007.
Minimizing the Health Hazard of
Lettuce Cultivated in some Heavy
Metals Affected Soils. Australian J.
Bas. Appl. Sci. 1 (12):79-86.
18. Lu, D.; Cao, Q.; Li, X.; Cao, X.;
Luo, F. and Shao, W. 2008. Kinetics
and Equilibrium of Cu (II)
Adsorption
onto
Chemically
Modified Orange Peel Cellulose
Biosorbents.
Hydrometallurgy.
64:1122-1127.
19. Hashem, M. 2007. Adsorption of
Lead from Aqueous Solution by
Okra Wastes. Int. J. Phys. Sci, 2(7),
178-184.
20. Eslamzadeh, T.; Nasernejad, B.
and Pour, B.B. 2004. Removal of
Heavy Metals from Aqueous
Solution by Carrot Residues.
Iranian
J.Sci.
&
Technol.
Transaction. 28(A):16-19.
21. Yu, Q. and Kaewsarn, P. 2002.
Biosorption of Copper (II) from
Aqueous Solution by Pre-treated
Biomass of Marine Alga Padina sp.
Chemosp., 47:1081-1085.
22. Scheiwer, S. and Patil, S.B. 2008.
Pectin-rich
Fruit
Wastes
as
Biosorbents for Heavy Metal

6611

J. Baghdad for Sci.

Vol.11(3)2014

Removal: Equilibrium and Kinetics.
Bio. Res. Technol.99:1896-1903.
23. Al-Qahtani,
K.
M.
2012.
Biosorption of Binary Mixtures of
Heavy Metals by Medicago sativa.
World Appl. Sci. J. 16 (3): 465-473.
24. Saikaew, W. and Kaewsarn, P.
2009. Cadmium Ion Removal Using
Biosorbents Derived from Fruit Peel
Wastes. Songklanakarin J. Sci.
Technol. 31(5):547-554.
25. Zvinowwanda, C.M.; Okonko,
J.O.; Agyei, N.M. and Shabalala,
P.N.
2009.
Physiochemical
Characterization of Maize Tassel
Adsorbent: Part I .Surface Texture,
Microstructure
and
Thermal
Stability. J. Appl. Poly. Sci. 2:19231930.
26. Boamponsem, G. A.; Kumi, M.
and Debrah, I. 2012. Heavy Metals
Accumulation in Cabbage, Lettuce
and
Carrot
Irrigated
with
Wastewater from Nagodi Mining
Site in Ghana. Intern. J. Sci. &
Technol. Res. 1 (11): 124-129.
27. Cordo, B.; Loderio, P.; Herrero, R.
and de Vicente, M.E.S. 2004.

Biosorption of Cadmium by Fucus
spiralis. Environ. Chem. 1:180-187.
28. Martin Peinado, F. J.; Romero, F.
A.; Arco, L. E.; Sierra, A. M.; Ortiz,
B. I. and Abbaslou, H. 2012.
Assessment of Arsenic Toxicity in
Spiked Soils and Water Solutions
by the Use of Bioassays. Spanish J.
of Soi. Sci. 2 (3): 45-56.
29. Osma, E.; Serin, M.; Leblebici, Z.
and Aksoy, A. 2012. Heavy Metals
Accumulation in some Vegetables
and Soils in Istanbul. Ekoloji, 21
(82): 1-8.
30. Habib, A.; Nazrul, I.; Anarul, I.
and Shafiqul Alam, A. M. 2007.
Removal of Copper from Aqueous
Solution Using Orange Peel,
Sawdust and Bagasse. Pak. J. Anal.
Environ. Chem.8 (1&2): 21-25.
31.Kamsonlian, S.; Suresh, S.;
Majumder, C. and Chand, S. 2011.
Characterization of Banana and
Orange
Peels:
Biosorption
Mechanism. Intern. J. Sci. Technol.
& Manag. 2 (4): 1-7.

إستخدام أوراق نبات الخس كمواد مازة إلزالة أيونات العناصر الثقيلة من مياه
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:الخالصة
صممت الدراسة الحالية إلزالة أيونات الرصاص والنحاس والزنك من مياه الفضلة الصناعية باستخدام
 تحت بعض الظروف البيئية،) مطحون، مجفف،( وبثالثة أشكال (طريLactuca sativa) أوراق نبات الخس
 أظهرت نتائج الدراسة إمكانية استخدام أوراق نبات.مثل األس الهيدروجيني ودرجة الحرارة ووقت التماس
 إذ تفوقت معاملة أوراق الخس بالشكل،الخس في إزالة أيونات المعادن الثقيلة تحت الدراسة بشكل معنوي
 كما أشارت النتائج إلى أن أعلى نسبة إزالة للعناصر المدروسة كانت للرصاص ثم.المطحون على باقي األشكال
 إذ سجلت أفضل، كان للعوامل البيئية تأثيراً معنويا ً على قابلية إزالة األيونات أعاله.النحاس والزنك على التوالي
. مئوي وبوقت تماس ساعة واحدة11  بدرجة حرارة1 قابلية إمتزاز عند أس هيدروجيني
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