Journal of Environmental Protection, 2013, 4, 1251-1257
Published Online November 2013 (http://www.scirp.org/journal/jep)
http://dx.doi.org/10.4236/jep.2013.411145

3% Scientific
9,
43¢ Research

Biosorption and Chemical Precipitation of Lead Using
Biomaterials, Molecular Sieves, and Chlorides, Carbonates,
and Sulfates of Na & Ca

Lovell Agwaramgbo’, Nancy Magee, ShaKayla Nunez, Kayla Mitt

Chemistry Department, School of Science, Technology, Engineering, and Mathematics, Dillard University, New Orleans, USA.
Email: "lagwaramgbo@dillard.edu

Received August 10", 2013; revised September 11", 2013; accepted October 13", 2013

Copyright © 2013 Lovell Agwaramgbo et al. This is an open access article distributed under the Creative Commons Attribution Li-
cense, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

Lead, a heavy metal, is a well known contaminant in water and has been reported to cause serious health implications to
humans, animals, and plants. One of the processes for heavy metal remediation of contaminated water is chemical pre-
cipitation. In this present work, chemical precipitation of lead from a contaminated aqueous matrix by chlorides, car-
bonates, and sulfates of sodium and calcium was compared to lead removal by molecular sieves and biomaterials (fish-
bone, grape and spinach). The order of lead removal from 1400 ppm of lead solution is sodium chloride (31%) < cal-
cium chloride (62%) < burnt grape (83%) < charred spinach (92.3%) < sodium phosphate (95.8%) < sodium carbonate
(97%) < molecular sieve sphere (98.7%) < sodium sulfate (99.3%) < calcium sulfate (99.7%) < molecular sieves ground
(99.71%) < fishbone (99.87%) < calcium carbonate (99.9%).
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1. Introduction

Heavy metal contamination, especially lead, has been a
constant common problem worldwide [1]. Military firing
ranges, ammunition manufacturing facilities, agricultural
and waste disposal practices, mining industries and other
industrial processes are major sources of these hazardous
heavy metals. Chronic exposure to these heavy metals
poses a major threat to soil, water, and food safety be-
cause of their inherent toxicity to living organisms, espe-
cially humans [2]. Several methods that have been pro-
posed for the removal of these heavy metals from the soil,
and water include adsorption and chemical precipitation
[3-7], Lime treatment [8], ion exchange [9,10], extraction
[11] and a host of other techniques delineated in Zvino-
wanda’s paper [12]. In as much as these methods which
have great potential for heavy metal remediation, they are
expensive and they (a) require large amount of reagents
(b) generate large volumes of reagents and (c) need further
treatment of their waste and (d) may lead to incomplete
mitigation and expensive waste disposal. Although use of
activated carbon in separation has been practiced for cen-
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turies, its use in heavy metal remediation has been great-
ly explored recently [13-18].

Recent research studies have reported the use of bio-
materials such as apatite [4,5,12], chitosan [13,14], rice
hulls, dead biomass, crab shell, bark, coconut fiber [15],
soil, fruits and vegetables, and fishbone [18-21], seed pow-
der [22], and woodchar [23] in heavy metal remediation.
Similarly, there is a growing research interest in the use
of some micro-porous materials such as zeolites in heavy
metal remediation [24-28]. The study reported here com-
pares chemical precipitation or adsorption of lead from
contaminated aqueous solution by commercial chemicals
(chlorides, carbonates, and sulfates of sodium and calcium)
and biomaterials (Charred grapes and spinach, fishbone)
and molecular sieves.

2. Materials & Methods

The lead nitrate was purchases from Fisher Scientific while
sodium chloride, sodium carbonate, sodium sulfate, so-
dium hydrogen phosphate, calcium chloride, calcium car-
bonate, calcium sulfate and molecular sieves (spheres, 8 -
12 mesh) were purchased from Aldrich Chemicals and
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were used without further purification. Fishbone was ob-
tained from stockfish bought from Norway. Grape and
spinach were bought from local Wal-Mart store.

2.1. Preparation of Lead Nitrate Solution 1400
ppm

Using an analytical balance, 1.4 g of lead Nitrate from
Fisher Scientific (L6200) was dissolved in enough de-
ionized water (added incrementally) to give 1000 ml of
solution. Then a stirring bar was dropped into the volu-
metric flask and the mixture was stirred until all the lead
was completely dissolved. The flask was wrapped with
aluminum foil to avoid much exposure to light while the
solution continued to stir at room temperature until it was
used.

2.2. Preparation of the Chloride, Carbonate, and
Sulfate Salts of Sodium and Calcium and
Sodium Phosphates

Triplicate 4 g samples of each of these sodium and cal-
cium salts were weighed in separate 50 ml centrifuge
tubes, respectively for each salt. Each tube was labeled
accordingly.

2.3. Preparation of Charred Grape and Spinach

Separate triplicate 4.0 g samples of ground charred grape
and spinach (heated in a metal wire basket in an oven
until charred, then ground into fine powder and sieved
with a 500 pm sieve) were weighed into their respective
50 ml centrifuge tubes labeled CCG and CCSP

2.4. Preparation of Stockfish Bone Substrate

Six-3ft dried stockfish from Norway were bought from a
local market, deboned after soaking in water at room
temperature for 3 hr. The bones were washed with de-
ionized water and dried in an oven at 50°C for 24 hr. The
dried bones were pulverized using a blender and sieved

with 500 pm sieve. Three 50-ml centrifuge tubes were
charged with 4.0 g of the fishbone respectively. The tubes
were labeled FB-S.

2.5. Reaction of the Substrates with Lead

Into each of the respective triplicate centrifuge tubes con-
taining the substrates was added 40 ml of 1400 ppm of
lead nitrate solution prepared above. The tubes and their
contents were vortexed, secured tightly on a heavy duty
Eberbach 6000 shaker, and agitated for 48 hr at room
temperature.

2.6. Sample Preparation and Analysis

Sample Preparation

After 48 hrs, the shaker was stopped and the centrifuge
tubes and their contents were centrifuged at 3000 rpm for
ten minutes. The resulting supernatant in each tube was
respectively transferred into another labeled clean centri-
fuge tube. All the labeled centrifuge tubes with their liquid
contents were sent to PACE Analytical Services, Inc for
lead analysis using EPA method 6010.

2.7. Sample Analysis for Lead after Reaction

After the reaction period, the lead concentration (in ppm)
in the liquid from each reaction tube was analyzed using
EPA Method 6010C (Inductively Coupled Plasma-Atomic
Emission Spectrometry (ICP-AES)). Note ICP-AES pro-
duces emission spectra specific for each element and ex-
ploits the fact that excited electrons emit certain amount
of energy at various wavelengths as they return to the
ground state. The intensity of the emitted energy is pro-
portional to the concentration of the metal in the sample
relative to a reference standard.

3. Results

Data on Table 1 show residual lead in ppm in each reac-
tion vessel after contaminated water was treated with each

Table 1. Residual & removed lead in contaminated water after treatment with substrates.

Sample [Pb] in PPM Std. Dev. Std. Err. % Lead removed

Control (Ctr) 1393 4.7 2.72 0
NaCl (NaCl) 960 87 50 311

CaCl; (CC) 517 19.1 11 63
Na,COs (SCarb) 37 8.5 4.9 97.3
CaCO; (Ccarb) 1.06 0.63 0.36 99.92
Na,SO,4 9.7 0.61 0.35 99.3
CaSO, 43 0.04 0.03 99.67
Na;HPO, 59 3.7 2.2 95.8
Charred Grape 241 12 7 82.7
Charred Spinach 74 13.14 7.58 92.3
Fishbone 14 0.5 0.29 99.89
Molecular Sieve Sphere (MSS) 18.6 3.98 2.3 98.7
Molecular Sieve Ground (MSG) 4 0.51 0.29 99.7
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substrate for 48 hrs and the percent of lead removed
compared to the control: ctr. (1393, 0%); sodium chlo-
ride (31%); calcium chloride (63%); charred grape (83%);
charred spinach (92.3%); sodium phosphate (95.8%); so-
dium carbonate (97%); molecular sieve sphere (98.7%);
sodium sulfate (99.3%); calcium sulfate (99.7%), mole-
cular sieve ground (99.71%); fishbone (99.87%); and cal-
cium carbonate (99.9%).

Figure 1 shows residual lead in the reaction mixture
after substrates were agitated with lead solution. Figure
2 shows the amount of lead remaining in the reaction mix-
ture after sodium salts (chloride, carbonate, and sulfate)
reacted with the lead solution when compared to the
amount remaining in the fishbone reaction and the con-
trol while Figure 3 shows the amount of lead remaining
in the reaction mixture after calcium salts (chloride, car-
bonate, and sulfate) reacted with the lead solution. Fig-
ure 4 compares the residual lead after the reaction of
lead solution with sodium and calcium salts.

4. Discussions

The results on Table 1 and Figures 1-4 showed that for
each class of salt, the calcium salts removed more lead
from contaminated water than the corresponding sodium
salts. Furthermore, the data showed that of all the sub-

1600

strates, calcium carbonate had the highest percent of lead
removal from contaminated water (99.92%). Figures 5
and 6 revealed that Fishbone was very effective in re-
moving lead surpassing all substrates, except calcium
carbonate. Those figures also showed that ground mo-
lecular sieve removed more lead than molecular sieve
spheres, suggesting the influence of particle size or sur-
face area in sorption efficiency of solid substrates. This is
in agreement with the findings by Aliabadi et al. on the
effect of particle size on chromium adsorption where 20 -
30 mesh lignocellulosic solid waste adsorbed more chro-
mium than the corresponding 30 - 50 mesh substrate [28].
Of the biomaterials, charred spinach and grape removed
less lead than molecular sieves and calcium salts (carbo-
nates and sulfates) except for calcium chloride. This could
be attributed in part to the fact that during the heating in
the charring process, their tannin poly-phenols or phyto-
chemical components decomposed, evaporated or dena-
tured. This temperature effect on substrate’s lead removal
potential has been reported by Agwaramgbo et al. [19,
20].

5. Conclusion

Calcium salts (chlorides, sulfates, and carbonates) are bet-
ter lead precipitators than the corresponding sodium salts.
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Figure 1. Residual & removed lead in contaminated water after treatment with substrates.
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Figure 2. Residual lead concentration after contaminated water was treated with sodium salts (chloride, carbonate, sulfate,
and phosphate) compared to fishbone and lead control.
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Figure 3. Residual lead concentration after contaminated water was treated with calcium salts (chloride, carbonate, and sul-
fate compared to fishbone and lead control.
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Figure 4. Comparison of residual lead concentration after contaminated water was treated with chlorides, carbonates, and
sulfates of sodium and calcium.
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Figure 5. Comparison of residual lead concentration after contaminated water was treated with calcium salts, molecular
sieves, and natural biomaterial (fishbone and charred grape and spinach).
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Figure 6. Comparison of percent lead removal by calcium salts, molecular sieves, and natural biomaterial (fishbone and
charred grape and spinach).
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Ground molecular sieves adsorbed more lead than the
salts of sodium and calcium, except for calcium carbon-
ate. The fact that ground spherical molecular sieves re-
moved more lead than un-ground one suggests that size
and surface area affect the efficiency of heavy metal ad-
sorption by solid substrates. Although the biochar (charred
spinach and grape) did not remove as much lead as the
calcium sulfate and carbonate, yet, they removed a sig-
nificant amount of lead ranging from 80% - 92% lead
removal. Additionally, the fact that ground fishbone,
another biomaterial, removed more lead than all the com-
mercial chemical substrates, except for calcium carbon-
ate suggests that biomaterials can become viable cheap
and safe alternative for the remediation of heavy metals
in water and industrial effluents.
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