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ABSTRACT

Water hyacinth . crassipes) approaches being a scourge in many parts of the
world, choking waterways and hindering transporbruphem. At the same time it is
known to readily abstract heavy metal ions fromewand, thus, aids in the removal of
heavy metals found in such waters. This study idens the possibility of using dried
parts of the plant as an inexpensive adsorbenthi®rremoval of heavy metals from
cadmium solution. Water hyacinth is dried and ussdbiosorbent as removal of
cadmium in agqueous solution. Parameters that sed tor these studies are dosage of
biosorbent, contact time, pH and temperature. dreysis was done by using Atomic
Absorption Spectroscopy where initial concentratwas 20 mg/L; the amount of
biosorbent was from 0.4 to 4 g/L, pH range betw2dpn 10, contact time between 10
until 50 min, and temperature range between 25| @i degree celcius. The best
conditions were found to be biosorbent at dose @iL.2 pH of 7, and contact time of 40
min and 38C for temperature. The results obtained show tmatdried Water Hyacinth
performed well for the removal of cadmium as hematals. As a low cost adsorbent,

Water Hyacinth can preferable for removal of heangtals from wastewaters.



ABSTRAK

Keladi bunting (E. crassipes) merupakan tumbuhan yang sedang menular ke
seluruh dunia, menyumbat saluran air dan juga nmedaghg pengangkutan di air
terutamanya. Pada masa yang sama, keupayaan kelatihg sebagai alat untuk
menyerap cas logam berat dari air, dan seterusmrabantu menyerap segala logam
berat yang ditemui di dalam air. Tesis ini juganmpertimbangkan keupayaan keladi
bunting dalam bentuk yang kering atau serbuk selsgtpenyerap logam berat yang
murah khasnya untuk menyerap ion logam kadmiummaaia penyahkumbahan. Keladi
bunting dikeringkan dan digunakan sebagai penyé&gpm kadmium dalam larutan
cecair. Parameter yang dikaji di dalam tesis atmh dos penyerapan keladi bunting,
masa, pH dan suhu. Di mana, nilai optimum yang rdipé daripada hasil kajian
dianalisa menggunakan “Atomic Absorption Spectrpgtaengan nilai awal kepekatan
20 mg/L; dengan dos 0.4 kepada 4 g/L, pH diantdrm@ga 10, masa diantara 10 hingga
50 minit dan juga suhu diantara 25 hingga 60 dacgbius. Hasil kajian menunjukkan
keputusan nilai yang optimum iaitu pada dos 2 gil,7, masa pada 40 minit dan suhu
optimum pada 35 darjah celcius. Ekperimen yanghtelijalankan telah menunjukkan
keputusan yang baik iaitu keladi bunting sebagat penyerapan logam berat yang

berkesan.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Nowadays, Water Hyacinth or in scientific naBiehhornia crassipes have been
disturbing mankind ecosystem especially makingytelto the lake, river and etc. Water
hyacinth is believed has a potential to remove eastals from water such as Cadmium
(Cd). Zhuet al. (1999) have studied the ability of water hyacinthtake up and
translocate six trace elements namely As(V), CA@)(VI), Cu(ll), Ni(ll) and Se(VI)

under controlled conditions.

Nevertheless, the mobilization of heavy metals e tnvironment due to
industrial activities is of serious concern dueh® toxicity of these metals in human and
other forms of life (Vieira and Volesky, 2000; Bsteset al., 2000). Removal of toxic
heavy metals from industrial wastewater is essenftam the standpoint of
environmental pollution control (Yuamt al., 2001). Many industries, especially
electroplating, battery and plastic manufacturiaelgase heavy metals such as cadmium

and zinc in wastewater (Olguin and Hurnandoz, 1998sad and Pandey, 2000).

However, heavy metals such as*’Cdr®*, FE€" are essential micronutriens for
plants but when it present in excess, they canrbeaextremely toxic. Cd is one of the
most toxic heavy metals and is considered non-&asdar living organisms. Cd has

been recognized for its negative effect on the renwent where it accumulates



throughout the food chain posing a serious thre@diuiman health. Science Asia, 2004,

also quote that Cd pollution has induced extreraelyere effects on plants.

Recently, researcher has shown an interest inrgeatastewater with benefit of
cost effective and environmentally friendly techoweés for the remediation of soil and
wastewater polluted with heavy metals elementsef®&Asia 30, 2004). Plants which
have the ability to absorb and accumulate nonessenetals such as Cd and Pb, and
this ability could contribute to environment by rewing pollutant metals (Holan and
Volesky , 1994).

Water hyacinth is a free floating aquatic plant Iwelown for its production
abilities and removal of pollutants from water (Malik et al., 2007). It has been
discovered that water hyacinth’s quest for nutsecan be turned in a more useful
direction. The plant has been shown to accumuiate elements such as Ag, Pb, Cd
and Zn.The focus on water hyacinth as a key stepastewater recycling is due to the
fact that it forms the central unit of a recyclieggine driven by photosynthesis and
therefore the process is sustainable, energy efiticand cost efficient under a wide

variety of rural and urban conditions (Science/a2004).

1.2  Objective of Study

The objectives of this study are to study the piaérof water hyacinth as a

wastewater treatment method to remove cadmium &gueous solution.

1.3  Scope of Study



The scope of this study is to study the effectbiotorbent dosage, contact time,

pH and temperature in the removal of cadmium frguesus solution.

1.4 Problem Statement

Water hyacinth is listed as one of the most pradecnd active plants on earth
and it are considered as one of the world's waygatc plants. It cans double its size in
5 days and a mat of medium sized plants may coramillion plants per hectare that
weigh 270 to 400T (A. Malik, 2007). However, italkso known to be an accumulator of
heavy metal ions and has been widely studied as @Volverton, 19751; Blaket. al.,
1987; Pintoet. al., 1987). However, two main disadvantages emerge tlosnpractice.
First, ponds have to be constructed if they areawailable in place and, second, heavy
metals produce phytotoxic effects on plants resgltin inhibition of chlorophyll
synthesis and necrosis (Blageal., 1987; Satyakalat al., 1992; Delgadt. al., 1993).
Additionally, the metal sorption capacity of theedr biomass of aquatic plants has been
recently investigated (Scheindet. al., 1994). Compared to living systems, dried
biomass presents advantages for conservation ptenand handling, being able to be
applied in waste water treatment plants as a simpibent material. To date, however,
the individual parts oE. crassipes (stems, roots, leaves of the plants) have not been
studied. Also, there has been little direct congmari of the relative heavy metal
biosorption byE. crassipes and its parts to biosorption by various other bibeats.



CHAPTER 2

LITERATURE REVIEW

2.1 Background Study of Cadmium

Figure 2.1: Cadmium metal solid

Cadmium is a lustrous, silver-white (as shown iguré 2.1), ductile, very
malleable metal. Its surface has a bluish tingketha metal is soft enough to be cut with
a knife, but it tarnishes in air. It is solubleaaids but insoluble in alkalis. It has similar
in many physical to zinc but it forms more compleampounds. More details on

properties of cadmium are shown in Table 2.1.

Cd has been recognized for its negative effect len @énvironment where it
accumulates throughout the food chain posing aserhreat to human health (Holan

and Volesky, 1994). Chronic dust or fume exposae give permanently damage to the



lungs, producing shortness of breath and emphyséra.risks of absorption via dermal
contact are negligible.

In every year, a very large amount of cadmium isaged into the environment,
about 25,000 tons. Cadmium is one of the mosttmetals affecting the environment.
Mining and metallurgy of cadmium, cadmium electedplg, battery and accumulator
manufacturing, pigments and ceramic industries evastters contain undesired amounts
of Cd2+ ions G.H. Pinoet al., 2009

While, in aquatic ecosystems cadmium can bio actateun mussels, oysters,
shrimps, lobsters and fish. The susceptibilitycemlmium can vary greatly between
aquatic organisms. Salt-water organisms are knawhet more resistant to cadmium
poisoning than freshwater organisms. Mean timemals that eating or drinking
cadmium also sometimes gets high blood-pressuies, disease and nerve or brain
damage. This scenario shows that the damage sff@ctcadmium not only to

environment but to animals and aquatic.

Meantime, when humans expose to cadmium exposudeeys and lungs are the
most effected organs. As mentioned above, cadmpoisoning may be acute by
ingestion or inhalation or the poisoning may beoait at lower levels, which can cause
kidney damage by the mechanism described abovechidonic exposure, cadmium

accumulates in the body, particularly the kidneys &ver.

Other health effects that can be caused by cadrarem
1) Diarrhoea, stomach pains and severe vomiting
2) Bone fracture
3) Reproductive failure and possibly even infertility
4) Damage to the central nervous system
5) Damage to the immune system

6) Psychological disorders



7) Possibly DNA damage or cancer development

8) muscle cramps

Table 2.1 Chemical properties of cadmium

ltems Properties

Atomic numbe 48

Atomic mas 112.4 g.mc™

Electronegativity according to Paul 1.7

Density 8.7g.crr at 20°(

Melting poin 321 °C

Boiling point 767 °C

Vanderwaals radit 0.154 nn

lonic radiu: 0.097 nm (+z

Isotope 15

Electronic she [ Kr]4d™ 5¢°

Energy of first ionisatio 866 kJ.mc™

Energy of second ionisati 1622 kJ.mc™*

Standard potenti -0.402 \

Discovere: Fredrich Stromeyer |
1817




2.1.1 Cadmium in Water

WHO, 1992 said that the average cadmium conterithenworld’'s oceans has
variously been reported as low as <5 ng/L and 5@Q by OECD (1994 Jensen and
Bro-Rasmussen (1992to as high as 110 ng/L (CRC 1994 00 ng/L (Cook and
Morrow 1995 and 10 to 100 ng/L_(Elinder 1985 These high levels have been noted
found by Elinder (1985), around certain coastaharand meanwhile WHO (1992), and
OECD (1994), found that the variations of cadmiuwnaentration with the ocean depth,

presumably due to patterns of nutrient concentnatithave also been measured. Even
greater variations are quoted for the cadmium custef rainwater, fresh waters, and
surface waters in urban and industrialised aréasels from 10 ng/L to 4000 ng/L have
been quoted in the literature depending on spelafiation and whether or not cadmium

totals or dissolved cadmium is measured.

As in natural way, cadmium usually is a minor cadosent of surface and
groundwater. It believe OECD (1994), that cadmimay exist in water as the hydrated
ion, as inorganic complexes such as carbonatesoxiges, chlorides or sulphates, or as
organic complexes with humic acids. Cadmium ca&o &inter aquatic systems through
weathering and erosion of soils and bedrock, atimesp deposition direct discharge
from industrial operations, leakage from landfadisd contaminated sites, and the
dispersive use of sludge and fertilizers in agtimeél. Since cadmium is a major
compound that usually been used in industry, anditsis highly contributed to
problematic environment supported by WHO (1992koabktate that much of the
cadmium entering fresh waters from industrial sesrenay be rapidly adsorbed by
particulate matter, and thus sediment may be afsignt sink for cadmium emitted to
the aquatic environment. Cook and Morrow (1995pdiave shown of some data that
recent sediments in lakes and streams range frarfo@.9 ppm in contrast to the levels

of generally less than 0. 1 ppm cited above fasHmaters.

The rivers which believe have excess cadmium cartacanate surrounding

land, either through irrigation for agriculturalrposes, dumping of dredged sediments or



flooding. It has also been demonstrated that sivean transport cadmium for
considerable distances, up to 50 km, from the so(AHO 1992). Nonetheless, studies
of cadmium contamination in major river systemsroee past twenty to thirty years
have conclusively demonstrated that cadmium leuglshese rivers have decreased
significantly since the 1960s and 1970s (Cook amartv 1995, Elgersmet al., 1992,
Mukunoki and Fujimoto 1996, Van Assche and Ciaald®92). For example, studies on
the Rhine River Basin from 1973 through 1987 intlidathat the point source cadmium
discharges to the Rhine River decreased from 130Ltot per year over that 14-year
time span, a reduction of over 90% (Elgersehal., 1992). Similarly, data on total
cadmium and dissolved cadmium at the Dutch/Gernoadds over the period from 1971
to 1987 have shown comparable reductions (Van Wk Marquenie 1989) (Levels of
cadmium in environment, http://www.cadmium.org/Jhe distribution of cadmium to
waters play big role whether cadmium emitted toensis able or unable to enter the

food chain and affect human health.

2.2 Background Study of Water Hyacinth Eichhornia crassipe)

hitp://badangperkasa fotopages.com,

Figure 2.2 Water Hyacinthi burplish black color.
Water hyacinth with broad, thick and glossy ovai@ves, water hyacinths can be

raise till 1 metre in height. The leavaiso can rise to 10-20 cm across, supported above



the water surface by long, spongy and bulbous staliihile the feathery, freely hanging
roots are purplish black color. An erect stalk mups a single spike of 8-15
conspicuously attractive flowersnostly lavender to pinkish in colour with six aist
Water hyacinth grows over a wide variety of wetlayyges and prefers nutrient-enriched
waters. However, it can tolerate considerable tianan nutrients, temperature and pH
levels. The optimum pH for growth of water hyaciml6—8. It can grow in a wide range
of temperature from 1 to 40°C (optimum growth a+2b.5°C) but it is thought to be
cold-sensitive (Wilsort al., 2005). Fruit a 3-celled capsule with many seaden not

in bloom, water hyacinth may be mistaken for frdmts(Limnobium spongia). Water
Hyacinths are the only large aquatic herb that ft@at on the water unattached to the
bottom. They float on bloated air-filled hollowalestalks that give them their Malay

name that means "pregnant tuber". Their rootsuralerwater in a dense mat.

The Water Hyacinth has special adaptations whieralowing them to grow and
spread rapidly in freshwater. They can withstaxitleenes of nutrient supply, pH level,
temperature, and can even grow in toxic water. yTdgrew best in still or slow-moving
water. Water hyacinth also known as one of theegigrowing plants, water hyacinth
can reproduces primarily by way of runners_or sigleventually forming daughter
plants. They may also reproduce via seeds. Thaymm water hyacinthEjchhornia
crassipes) is a vigorous grower known to double its popwlatin two weeks. Water
hyacinth grows over a wide variety of wetland typasd prefers nutrient-enriched

waters.

2.2.1 Environmental Problems by Water Hyacinth

Water hyacinth is listed as one of the most pradecnd active plants on earth
and it are considered as one of the world's waygatc plants. It cans double its size in
5 days and a mat of medium sized plants may coramillion plants per hectare that
weigh 270 to 400T (A. Malik, 2007). These densetsmaterfere with navigation,
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recreation, irrigation, and power generation (BEpsté998). Many large hydropower

schemes have to devote significant time and monegigaring the weed in order to

prevent it from entering the turbine and causinmag@e and power interruptions. The
blockage of canals and rivers can even cause damgélooding. On the other hand,

increased evapotranspiration due to water hyacathhave serious implications where
water is already scarce. Water hyacinth can algsemt many problems for the

fisherman such as decreased fish population, diffaccess to the fishing sites and loss
of fishing equipment, resulting in reduction in datand subsequent loss of livelihood
(A. Malik / Environment International 33, 2007).

Water hyacinth is blamed for the reduction of buedsity as well. These mats
competitively exclude native submerged and floateayed plants and its associated
fauna, thereby causing an imbalance in the aquaittco-ecosystem. Diversity of fish
stocks is also affected. Low oxygen conditionsdagin the mats create good breeding
conditions for mosquito vectors of malaria, encéiihaand filariasis. Lately the
hyacinth has invaded many tropical lakes includiagge Victoria, East Africa where it
caused several of the above described problems asclheduction in fish catch,
interference with transportation and water supplg breeding of snails, mosquitoes and
snakes (Mailu, 2001, and Mironga, 2004). Plumn2€05b) reported that the density of
snails Biomphalaria sudanica (hosts of the diseaganismSchistosoma mansoni) was
increased in the vicinity of water hyacinth in LakKiegtoria, East Africa. Until only a few
years ago, Simberlofét al., 1997; Langeland and Burks, 1998 reported thamntagor
problem with water hyacinth in Florida were actyalbvering as many as 125,000 acres

of water with up to 200T of hyacinths per acre.

2.2.2 Water Hyacinth as Metals Removal
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In the last few decades, significant progress ordmediation of metals and
radionuclide has been made (Prasad and De Oliaeéas, (2003); Malik, 2004).
Aquatic plants are known to accumulate metals ftbeir environment and affect metal
fluxes through those ecosystems. Water hyacinth éx@eptionally high affinity and
accumulation capacity for several metals (Zaranygkaal., (1994); Polprasert and
Katiwada, 1998; Zhet al., 1999). Therefore, it is used as a biomarkeriamatroduced
in wetlands for water phytoremediation (Satyakald damil, 1992).

Due to these reasons, investigations on metal isarmtapacity of the dried
biomass of water hyacinth have gained momentumI€Tal2). Compared to living
systems, dried biomass presents advantages foem@ti®n, transport and handling.
Metals are mostly concentrated at the roots of miayacinth, indicating that the root
system could act as an efficient biosorbent foiowesr materials which are soluble in
water (Low and Lee, 1990; Habal., 1993; Lowet al., 1994).

Therefore, the usefulness of the dried biomasoofliving water hyacinth roots
in removing metal ions from solution has been a&tyivesearched in the last decade
(Table 2.2). The efficient sorption of uraniumpper as well as basic dyes by dead
water hyacinth roots has been demonstrated (LoaV..e1994; Shawky et al., 2005). Al
Rmalli et al. (2005) have shown that more than 9#%rsenite (As(lll)) and 95% of
arsenate (As(v)) were removed from a solution dairtg 20Qug As/L within 60min of
exposure to a powder produced from dried rootser@Inas been little direct comparison
of the relative heavy metal biosorption by wateadigth or its parts with biosorption by
various other biosorbents. Schneider et al. (19@®jever, have shown that dried roots
and aerial parts of water hyacinth are better blwsmat than yeasOandida parapsilosis),
bacterial Mycobacterium phlei) and fungal Rhizopus oryzae) strains. The authors
suggested that the dried biomass of the plant nightlaced in simple bags and used in
a very low-cost metal ion removal system for deaomhation of chemical and mining
industry wastewaters. Udaya Simha et al. (2002)vskathat the root of water hyacinth

is an effective and attractive proposition compatedactivated carbon in removing
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fluoride from water bodies. Further, activatedocar prepared from water hyacinth plant
has been found to show better adsorption of poltatdike dyes and phenol than
commercial activated carbon and the same has lssshfar the removal of metals like
Hg and Pb also (Table 2.2).

Table 2.2 Pollutants biosorption by dried/processed wayaicinth plant part (A. Malik,

2007)
Pollutant Water Maximum Reference Comments
hyacinth part sorption
capacity/removal
Basic  dyes| Dried root: Methylene  blu¢| Low et al.| Sorption depend
(methylene (128.9mg @) and| (1995) on pH, sorbent
blue and Victoria blue dose and dye
Victoria (145.4 mg &) conc.
blue)
Pb, Cd, Cul| Dried roots an( Pb (47 mg ™), Cd| Schneider €] WH found to be
Zn aerial parts (27), Cu (23),al. (1995) better biosorbent
Zn(20) than yeast
bacterial and
fungal strains
Pk, Cu, Zn,| Treated rooi Acidic and basi( Yao anc
Cd, Cr, Mn, treatments Ramelow
Ni, Co, Au, increased the (1997)
Ag (5 mg I metal uptake
Lead (1!-25| Activated 16.61 mg " at| Shekinah e| Pb remova
mg ) carbon pH 5, particle size al. (2002) increased with
prepared from (125-180um) increase in  pH
water hyacinth from2to 4
Mercury (1(- | Activated 28.4 mg (' at pH| Kadirvelu et| Sorption
40 mg 1) carbon 5, particle size al. (2004) dependent on
prepared from (125-180um) contract time, pH
water hyacinth Hg(ll) and carbon
conc. Data fitted
both  Freundlich
and Langmuir
isotherm models
Organic Activated MB (139 mg (%), | Al Rmalli et | Activated carbor
pollutants viz| carbon CR (154), PNR al. (2005) prepared from
methylene prepared from (149), P (59) WH showed
blue (MB),| water hyacinth better adsorption
Congo red than commercial
(CR), p- activated carbona‘
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nitrophenol
(PNP),
phenol (P)
Arsenic Powdered driel| 93% of As(lll) | Shawky el As conc. In
root and 95% of As(v) al. (2005) | treated solution <
removal from 10 pg ™ (WHO
200ug  As T guideline  limit
within 60 min value)
Uranium (2(- | Dried root: 64000L°" pg ¢* Rapid  sorptior
100pugmtY)) depends on pH,
sorbent dose and
U conc.; follows
Langmuir
isotherm

2.3 Biosorption

The search for new technologies involving the reahasf toxic metals from
wastewaters has directed attention to biosorptiased on metal binding capacities of
various biological materials. Biosorption can befimed as the ability of biological
materials to accumulate heavy metals from wastewhteugh metabolically mediated
or physico-chemical pathways of uptake (FourestRodx, 1992). Algae, bacteria and
fungi and yeasts have proved to be potential matsdorbents (Volesky, 1986). The
major advantages of biosorption over conventionadatment methods include
(Kratochvil and Volesky, 1998 a):

1) Low cost;

2) High efficiency;

3) Minimisation of chemical and lor biological sludge;
4) No additional nutrient requirement;

5) Regeneration of biosorbent; and

6) Possibility of metal recovery.

The biosorption process involves a solid phasebésuror biosorbent; biological
material) and a liquid phase (solvent, normallyexatontaining a dissolved species to
be sorbed (sorbate, metal ions). Due to highenigffof the sorbent for the sorbate
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species, the latter is attracted and bound therdiftgrent mechanisms. The process
continues till equilibrium is established betwedme tamount of solid-bound sorbate
species and its portion remaining in the solutidme degree of sorbent affinity for the
sorbate determines its distribution between thel sotd liquid phases. (Biosorption of
heavy metals, N. Ahalya, T.V. Ramachandra* | andD.R.Kanamadi 2.,
http://www.ces.iisc.ernet.in/energy/water/papergbiption/biosorption.htm#6)

2.3.1 Mechanism of Metal Biosorption

Adsorption and desorption studies invariably yigltormation on the mechanism
of metal biosorption: how is the metal bound witkive biosorbent. This knowledge is
essential for understanding of the biosorption esscand it serves as a basis for
guantitative stoichiometric considerations which n&ttute the foundation for

mathematical modeling of the process.

A number of different metal-binding mechanidnase been postulated to be active in
biosorption such as:
1) Chemisorptions by ion exchange, complexation, doattbn, chelation

2) Physical adsorption, microprecipitation.

Boya Volesky, 1999, said that there are alpossibility oxidation/reduction reactions
taking place in the biosorbent. Due to the comipfesf the biomaterials used it is quite
possible that at least some of these mechanismadcirey simultaneously to varying

degrees depending on the biosorbent and the soletieironment.

2.3.1.1 lon Exchange

Cell walls of microorganisms contain polysacchesicand bivalent metals ions

exchange with the counter ions of the polysacckaridFor example, the alginates of
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marine algae occur as salts of, Kla', C&*, and Md*. These ions can exchange with
counter ions such as GO CU*, and ZA" resulting in the biosorptive uptake of heavy
metals (Kucuyak and Volesky, 1988). The biosorptd copper by fungGaboderma
lucidium (Muraleedharan and Venkobachr, 1990) and Aspaggilliger was also up
taken by ion exchange mechanism. lon exchangetioaacare stoichiometric and
reversible, and in that way they are similar tceotplution phase reactions.

For example:

NiSO, + Ca (OH),= Ni (OH),+ CasSQ 2.1)

2.3.1.2 Complexation

The metal removal from solution may also take @lag complex formation on
the cell surface after the interaction betweemtle¢al and the active groups. Aksu et al.
1992 hypothesized that biosorption of copper byulgaris and Z. ramigera takes place
through both adsorption and formation of coordmatbonds between metals and amino
and carboxyl groups of cell wall polysaccharideéSomplexation was found to be the
only mechanism responsible for calcium, magnesigagmium, zinc, copper and
mercury accumulation by Pseudomonas syringae. avioganisms may also produce
organic acids (e.g., citric, gluonic, fumaric, lacand malic acids), which may chelate
toxic metals result in the formation of metallo-@ngc molecules. These organic acids
help in the solubilisation of metal compounds ahelirt leaching from their surfaces.
Metals may be absorbed or complexed by carboxyluggofound in microbial

polysaccharides and other polymers.

2.3.1.3 Chelation

Chelation(from Greek, chele. Meaning claw) isbireding - or complexation — of
a bi — or multidentate ligand. These ligands whach often organic compounds are

called chelant, chelator, chelating agent, seqriegtagent form a chelate complex. The
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term is reserved for complexes in which the metalis bound to two or more atoms
the chelating agent, although the bonds may becampination of coordiation or ionic

bonds. Figure 2.8hows the example of chelati

2
N
[ o
—HN /;_<|:|
< M
A

Figure 2.3 Metal-EDTA chelate

Virtually all biochemicals exhibit the ability toigbolve metals catior Thus
proteins, polysaccharides, and polynucleic acids excellent polydentate ligar for
many of the metal ionsln addition to these adventitious chelators, sé\a®aproduce!
to specifically bind certain metal Such chelating agents include the porphyrin rimc
hemoglobin or chlorophyll and the 3'-chelating siderophores secid by

microorganisms.

2.3.2 Factors Affecting Biosorption

The investigation of the efficacy of the metal Wetdy the microbial biomass
essential for the industrial application of biogmp, as it gives information about t
equilibrium of the pocess which is necessary for the design of theetgnt.

The metal uptake is usually measured by the paexm@gtwhich indicates tt
milligrams of metal accumulated per gram of biogsotbmaterial and 'qH' is reported
a function of metal accumuli, sorbent material used and operating conditi

The following factors affect the biosorption prose
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1. Temperature seems not to influence the biosorgierformances in the range of 20-
35°C (Aksuet al. 1992)

2. pH seems to be the most important parametireimiosorptive process: it affects the
solution chemistry of the metals, the activity loé functional groups in the biomass and
the competition of metallic ions (Friis and Myergith., 1986, Galuset al., 1987)

3. Biomass concentration in solution seems to arfae the specific uptake: for lower
values of biomass concentrations there is an iser@athe specific uptake (Fourest and
Roux., 1992; Gadckt al., 1988). (Gaddkt al., 1988) suggested that an increase in
biomass concentration leads to interference betwbenbinding sites. (Fourest and
Roux., 1992) invalidated this hypothesis attribgtithe responsibility of the specific
uptake decrease to metal concentration shortagelinion. Hence this factor needs to
be taken into consideration in any application afrobial biomass as biosorbent.

4. Biosorption is mainly used to treat wastewatbers more than one type of metal ions
would be present; the removal of one metal ion t@ynfluenced by the presence of
other metal ions. For example: Uranium uptake ibynlass of bacteria, fungi and yeasts
was not affected by the presence of manganeseltcobpper, cadmium, mercury and
lead in solution (Sakaguchi and Nakajima., 199h)contrast, the presence of’Fand
Zn** was found to influence uranium uptake Riyizopus arrhizus (Tsezos and Volesky,
1982) and cobalt uptake by different microorganis®msmed to be completely inhibited

by the presence of uranium, lead, mercury and ag§akaguchi and Nakajima, 1991).

2.4  Atomic Adsorption Spectroscopy (AAS)

Atomic absorption (AA) is the standard method fbe analysis of specific
metals. It is widely practiced in environmentalabsis. The general aspects of the
techniques are:

a) mg/L toug/L detection is routine
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b) analysis is generally very specific to a given edam(although interferences are
common)

c) some techniques offer multiple compound analysi®f@ injection

d) the techniques are fast and relatively inexpensive

(Refer to appendix D for further explanation on AAS method and applications)

2.5  Current Studies of Biosorption of Cadmium

2.5.1 Sorption of Cadmium and Zinc from Aqueous Saoltions by Water Hyacinth
(S.H. Hasanet al., 2007)

The water hyacinthEichchornia crassipes) has been successfully utilized for the
removal of Cd(ll) as well as their admixture fromngples of aqueous solutions. The
growth of the plant after 16 days of exposure ® thetal ions showed an increasing
trend up to 2.5 ppm of Cd(ll) concentrations, hogrethe growth became nondetectable
or inhibited above these concentrations. The divenatal uptake by the plant was
dependent upon the concentration of the metal haddtration of the exposure time.
The metal uptake from a mixture of Cd(ll was retibecby a rate constant quite different
from those solutions containing only one metal igawater hyacinth based system can

be used to remove Cd(Il) and Zn(ll) from water/\easiter.

2.5.2 Removal of Cadmium and Zinc by Water Hyacinth Eichhornia crassipes
(ScienceAsia 30, 2004)

Toxic heavy metal pollution of water and solil isnajor environmental problem,
and most conventional remediation approaches doprmtide acceptable solutions.
Wetland plants are being used successfully fopthgoremediation of trace elements in

natural and constructed wetlands. This study detnates the phytoremediation
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potential of water hyacinth Eichhornia crassipes,the removal of cadmium (Cd) and
zinc (Zn). The phytoaccumulation of heavy metéld, and Zn, by water hyacinth E.
crassipes, was studied. Water hyacinths were eadtun tap water, which was
supplemented with 0.5, 1, 2 and 4 mg/L of Cd and(®,20, and 40 mg/L of Zn, and
were separately harvested after 0, 4, 8 and 12 dBlys experiment showed that both Cd
and Zn had effects on plant relative growth. Remh@f metals from solution was fast
especially in the first four days. The accumulataf Cd and Zn in shoots and roots
increased with the initial concentration and alsthwhe passage of time. Plants treated
with 4 mg/L of Cd accumulated the highest conceimnaof metal in roots (2044 mg/kg)
and shoots (113.2 mg/kg) after 8 days; while thtosated with 40 mg/L of Zn
accumulated the highest concentration of metaloiotsr (9652.1 mg/kg) and shoots
(1926.7 mg/kg) after 4 days. The maximum valuekiofoncentration factor (BCF) for
Cd and Zn were 622.3 and 788.9, respectively, siggethat water hyacinth was a
moderate accumulator of Cd and Zn and could be tesé@at water contaminated with

low Cd and Zn concentrations.

2.5.3 Sorption of Cd ions onto akagan’eite-type nawcrystals (Deliyanni, Matis,
2005)

The aim of this paper is to remove cadmium iomsnfraqueous solutions by
sorption onto synthetic akagan’eite-type nanockystaéhis material was shown to be a
promising inorganic adsorbent due to its favoucharacteristics. Synthetic akagan’eite
was prepared in the laboratory according to a netvoae In this paper, the effects of
adsorbent amount, initial cadmium concentration,valtie of solution, concentration of
background electrolyte ions and temperature vanatn the treatment process of
cadmium removal by akagan’eite were investigateliypical adsorption isotherms
(Freundlich and Langmuir) were determined for thechanism of sorption process.
From the aforementioned results, the following ¢@nconcluded: Sorption depended

greatly on the solution pH value, increasing asiptfeased; for a change of around 2.5
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pH units, cadmium removal varied between 0 and 10@admium removal was shown

to decrease with the increase of the electrolyts in solution.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

The experiment was conducted start from the pegjper of biosorbent of dried
water hyacinth, where the water hyacinth was dread, grind and stored. Then, 100
mg/L cadmium solution as stock solution was pregar€éhe parameters that have been
studied are; dosage of biosorbent, contact time, guid temperature. Lastly, the
experiment was analyzed using AAS to measure theeperemoval of biosorbent water
hyacinth as a removal of cadmium solution. Fig8ideshow the overall process for this

experiment.

BiosorbentPreparation

Cadmium Solution Preparation

Study Effect (biosorbermtosage, contact
time, pH, temperature)

Analysis by Atomic Adsorption
Spectroscopy

Figure 3.1: Overall process diagram of experiment.



3.2

Equipments Requirement

Equipments used in this experiment;

1.

3.3

© © N o o bk~ 0N

Jar Test

Z-5000 Polarized Zeeman Atomic Absorption Spectotpimeter

Hybridization Incubator Shaker

pH meter (HM 30P)

Erlenmeyer Flask

Micro pipette (range 1QQ.)

Electric balance Shimadzu (AW220)
Oven

Octagon siever (OCT-DIGITAL 4527-01)

Chemicals Requirement

Chemicals used in this experiment;

1.

S o

Cadmium Nitrate Tetrahydrate (solid)
Cadmium Standard Solution

Distilled Water

NaOH

HCL

Dried Water Hyacinth (solid)

22
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3.4 Experimental Procedure

3.4.1 Biosorbent Preparation

The Eichhornia crassipes used in the experimentation was obtained from wild
specimens growing in Pekan, Pahang. The rootsadhal parts (stems plus leaves) or
the whole plant were washed,dried at 60°C and gtanna bladed mixer to less than
0.59 mm (Tyler 28 mesh). The biomass preparatibrerse is shown schematically in

Figure 3.2. No pretreatment is used in this expemnitzl.

washing
!1.___
i drying Biosorbent
h
grinding - - °-
\ - - .
S T screening
Eichhornia crassipes N

packing

Figure 3.2 Procedure for preparation Bfchhornia crassipes biomass.

3.4.2 Cd solutions preparation

A stock solution of cadmium was prepared by digagl AR grade of Cadmium
Nitrate Tetrahydrate, Cd(N{R4H,O in distilled water, respectively at an initial
concentration of 1000 mg/mL. For the experimemdial concentration used is at 20

mg/L.

The concentration is measured as below:
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3

Concentration >
(3.1

Where;
m = mass

P =volume
(3.2)

For dilution to determined initial concentratiohistequation is used:

MiVi = Mfo
Where M is molarity, V is volume, and the subsaipand f refer to the initial and final

values.

3.4.3 Effect of Water Hyacinth Dosage
To determine the effect of the cadmium ions frortutson by the biosorbents,

500 ml of a cadmium solution was stirred usingt@at for 30 min at room temperature,

25°C with different range (0.4 g/L, 0.8 g/L, 1.2 g6 g/L, 2.0 g/L, 2.4 ¢/L, 2.8 g/L, 3.2
g/L, 3.6 g/L and 4.0 g/L) of water hyacinth biosenl. The concentration of heavy metal

ions in solution was determined both before theoahiction of the biosorbent and after

the reaction of the biosorbent with the metal cioimg solution. The amount of heavy
ions abstracted from solution was determinading atomic adsorption

metal
spectroscopy, by the difference in metal ion cotregion from the two analyses

performed before and after introduction of the basm

3.4.4 Effect of Contact Time
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Contact time is one of the important parameterdadein order to remove
cadmium ions from solutions. In this experiments&mples of 20 mg/L cadmium
solution are prepared with 1.0 g biosorbent &C25Each sample is stirred in Jar Test

with varies time started for 10 minutes with 10 aot@s interval time until 50 minutes.

3.4.5 Effect of pH

To determine the effect of pH on the removaladmium solution 500 mL of Cd
solution was stirred for 30 min with 2.0 g/L of barbent. The initial concentration is 20
mg/L. 5 samples were prepared with different raoigpH start from pH 2 until pH 10,
two solution of HCI and NaOH is used to adjust ppH is measured by pH meter and

the conclusion analyzed of Cd is using atomic guigmm spectroscopy.

3.4.6 Effect of Temperature

Parameter of temperature is determined to seeefflieet of biosorbent water
hyacinth in removal cadmium ions in cadmium solutid0 mg/L of cadmium solutions
is stirred for 30 minutes with 1.0 g of biosorbeilemperature is set with variables from
20°C, 30°C, 40C, 50C and 60C, for this purpose the samples is shake usingeshak

incubator.
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3.4.7 Summary of Parameters

Table 3.1:Summary Parameter on Methodology
Parameter Characteristics
1. Biosorbent Dosage| T: 45, pH: 5.5+ 0.2, Time: 30

min

Dosage range: 0.4 g/L, 0.8 g/L,

1.2 g/L, 1.6 g/L, 2.0 g/L, 2.4 g/L,
2.8¢g/L,3.29d/L,3.6g/Land 4.0
g/L

2. Contact Time T: &, pH: 5.5 + 0.2, Dosage:

2.0 g/L

Time range: 10 min, 20 min, 30

min, 40 min and 50 min

3. pH T: 25C, Time: 30 min, Dosage:
2.0 g/L,
pH range: 2, 4,6, 7, 8, 10

4. Temperature pH: 5.5 £ 0.2, Time: 30 min,

Dosage: 2.0 g/L
Temperature range: 25, 30C,
35°C, 40C, 45C, 50C, 55C,
60°C

3.5  Analyzing the Cadmium Removal

Concentration of Cd solution is determined by gsabsorbance value measured
before and after treatment at 228.8 nm with Atosdsorption Spectroscopy. Before
analyze the sample by AAS, the biosorbent will ered using filter paper.Refer
appendix details on usage of AAS



CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 Introduction

The factors that influenced the removal of cadmiynusing water hyacinth are;
Biosorbent dosage

Contact time

pH

temperature

A

4.2 Effect of Biosorbent Dosage

The biosorption of cadmium by Water Hyacinth assbrbent was initially
determined. Data obtained is depicted in Table 4t1s readily noted th&E. crassipes
is a particularly good adsorbent for these divateatals (SCHNEIDERt al., 1995)
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TABLE 4.1: Sorption of Cd(ll) by Water Hyacinth as biosorbeB8 min reaction with
agitation, rpm = 80 rpm, initial pH 5.5 + 0.2

Initial Final
Dosage Concentration | Concentration Removal
Sample| (g/L) (mg/L) (mg/L) (%)

1 0.0 20 20 0.00
2 0.4 20 1.25 93.75
3 0.8 20 0.86 95.70
4 1.2 20 0.59 97.05
5 1.6 20 0.52 97.40
6 2.0 20 0.46 97.70
7 2.4 20 0.65 96.75
8 2.8 20 0.62 96.90
9 3.2 20 0.62 96.90
10 3.6 20 0.58 97.10
11 4.0 20 0.56 97.20

There is general consensus that dosage is the &eynpter, along with metal
concentration and solution composition, in detemgrbiosorption levels. Accordingly
the objective of this work was evaluating the bipsion of Cd* by dried water hyacinth
from aqueous solution and to determine the effgicisorbent dosage on uptake levels.

Result obtained shows that the optimum dosageied dvater hyacinth is 2.0 g/L
with percent removal of 97.70%. First sample act@strol for this experiment. With
initial concentration at 20 mg/L, the biosorptioh@d®* range at (93 — 97) % show the
excellent removal capacities of €ty dried water hyacinth. From I.A.H Scheneiger
Al (1995), considering the large surface area oBh&assipes parts, it is not surprising
that these materials are excellent biosorbentsidtivalent metal ionsFigure 4.1 show
the graph of the biosorption of Edthe effect of dosage biosorbent to cadmium metal
solution. The decreasing of percentage presefigune 4.1 show that at more than 2.0
g/L of dosage, dried water hyacinth is slightlyffiiéent to remove the Cd. In this case,
higher metal adsorption from these particles ishaited to mass transport inside the
sorbent particles (G.H. Pireb al. / Minerals Engineering 19, 2006).
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Figure 4.1: Effect of Water Hyacinth dosage on Cd removalti@hiCd concentration =
20 mg/L, T = 28C, Contact Time = 30 min, pH = 5.5 + 0.2, Mixingesl; rpm = 80)

4.3 Effect of Contact Time

Table 4.2:Sorption of Cd(ll) by Water Hyacinth as biosorbetD g/L of biosorbent
dosage with agitation, rpm = 80 rpm, initial pH %.5.2

Contact Initial Final
Time Concentration Concentration Removal
Sample| (min) (mg/L) (mg/L) (%)

1 0 20 20.0 0.00
2 10 20 0.94 95.30
3 20 20 0.82 95.90
4 30 20 0.54 97.30
5 40 20 0.51 97.45
6 50 20 0.66 96.70

From Table 4.2, the optimum sorption of cadmiumaipt from dried water
hyacinth was observed at 40 minutes with percemow@l of 97.45%. From research,
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G.H. Pinoet. al (2006), the range contact time for removal of heaegal by dried water
hyacinth are at 30 minutes until 60 minutes. Thxpesiment was conducted with
different contact time at range from O minutes Iusli minutes with 10 minutes interval
time. As illustrated in Figure 4.2, from O until 30inutes, water hyacinth biosorbent
absorb rapidly cadmium ions from the solution ahdnt it continued at a relatively
slower rate up to maximum sorption. In the begignof experimental run adsorption
values were not high but the percentage of metsh@sorption increased with increasing
time (S. Kocaoba, 2007).

120

100 —¢ >— —0

80

60

Percent removal

40

20

0 10 20 30 40 50 60

Contact Time

Figure 4.2: Effect of Water Hyacinth Contact Time on Cd remaojaitial Cd
concentration = 20 mg/L, T = 25, Dosage = 2.0 g/L, pH = 5.5 + 0.2, Mixing speed,
rpm = 80)
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4.4 Effect of pH

Table 4.3:Sorption of Cd(ll) by Water Hyacinth as biosorbeftp g of biosorbent

dosage with agitation, rpm = 80 rpm, contact tirer8ns

Initial Final
Concentration Concentration Removal
Sample pH (mg/L) (mg/L) (%)

1 2 20 0.71 96.45
2 4 20 0.71 96.45
3 6 20 0.69 96.55
4 7 20 0.53 97.35
5 8 20 0.67 96.65
6 10 20 0.75 96.25

According to the objectives of this study was taleate the biosorption of Cd2+
by dried of water hyacinth from aqueous solutiod o determine the effects of pH (in
range 2-10) on uptake levels. From the study ofeffidct, the optimum sorption by
dried water hyacinth was observed at pHTfis result was support by research G.H.
Pinoet. Al (2006), pH at 7 show the best pH of water ydicas biosorbent as removal
of Cd*. The Cd* removal increased from 96.45%, at pH 4, to 97.38%pH 7. As
illustrated in figure 4.3, there have been decrgpsialue after pH 7 until 10 from
97.35% to 96.25%, this because of the inefficientybiosorbent in uptake cadmium
from the solution. As pH is further raised, once thulk solubility limit is reached, the
sorption is greatly reduced because the metaldaemoved from solution by the bulk
precipitation (I.A.H. Schneideat al., 2001). At lower pH, the amount of adsorbed was
found to decrease because the surface area ofd#web&nt was more protonated and
competitive adsorption occurred between H+ protand free metal ions towards the
fixation sites (C.A. Coles and R.S. Yong, 2002)eidfore, H+ ions react with anionic
functional groups on the surface of the adsorbadtrasult in restriction of the number

of binding sites favorable for the adsorption oftah@ns (S. Kocaoba, 2007).
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Figure 4.3: Effect of Water Hyacinth pH on Cd removal (Init@t concentration = 20
mg/L, T = 25C, Contact Time = 30 min, Dosage = 2.0 g/L, Mixameed, rpm = 80)

4.5 Effect of Temperature

Table 4.4:Sorption of Cd(ll) by Water Hyacinth as biosorbetD g/L of biosorbent
dosage with agitation, rpm = 175 rpm, initial pi3 %.0.2, contact time 30 mins

Initial Final
Temperature Concentration | Concentration Removal
Sample (°C) (mg/L) (mg/L) (%)

1 25 20 0.58 97.10
2 30 20 0.55 97.25
3 35 20 0.53 97.35
4 40 20 0.65 96.75
5 45 20 0.58 97.10
6 50 20 0.57 97.15
7 55 20 0.50 97.50
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In order to find out the most suitable temperattines experiment were run with
different temperature start at room temperature25fc. From figure 4.4, the result
above at T=3% shown the positive value as the best conditiantlie temperature
parameter. From studies of effect temperaturerenipitation of cadmium,hie results
show that yield decreases by an increase in thpdrature and the optimal temperature
is 30°C, M. Abdalbake and O. Shino, 2004). These factag simultaneously affect the
binding sites on isolated fungal and bacterial ggecausing reduction in heavy metal
removal. Energy-independent mechanisms are lesly Itk be affected by temperature
since the processes responsible for removal agellaphysiochemical in nature (Gulay
et al., 2003). The Langmuir and Freundlich constantséoption of cadmium versus the
temperature are presented. It comes out from #bgetthat the value dKF, which
consists a measure of the sorbent capacity, wasagsed as the temperature was rising,
showing that the rate of adsorption also incredBediyanni, Matis, 2005). As illustrated
in figure 4.4, after T =35°C, there have been decreasing in cadmium uptake by
biosorbent water hyacinth, this is show that thesbibent have reach to it maximum

potential as absorbent.

97.4
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Percent Removal
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Figure 4.4: Effect of Water Hyacinth Temperature on Cd remdiratial Cd
concentration = 20 mg/L, Dosage = 2.0 g/L, Confacte = 30 min, pH =5.5+ 0.2,
Mixing speed, rpm = 175)



CHAPTER 5

CONCLUSION

51 Conclusion and Recommendation

The dried or nonliving water hyacinth has the pt# to remove cadmium from
aques solution. From the study, it shows that pgrokremoval of Cd increased by 98%.
As for the best contact time in biosorption of’Cé in range (30-40) minutes. The
obtained results showed that pH highly affected uptake capacity of the biosorbent.
For Cd* ions the best value of pH for biosorption was @ &emperature at T=36
show as the best removal of ion Cd from cadmiumtgnl. The obtained result shows
thatE. crassipesis excellent biosorbents for adsorption of metakion wastewaterThe
water hyacinth has been successfully used for émeoval of Cd(ll) from aqueous

solutions.

In this study, dried water hyacinth is used asdibent without pretreatment, this
can be improved by undergo pretreatment beforantlee used as a removal of heavy
metal. This is also suggested by Afi al, (2004), pretreatment with fungi or chemicals

to increase the biodegradability of water hyacinth.

Water hyacinth is one of the plant species thatet#d considerable attention
because of its ability to grow in heavily pollutegiter together with its capacity for
metal ion accumulation. As a result, one of itsmgriutility that has found world-wide

acceptance is in treating wastewaters (Tchobanegibal., 1989). It is suggested that
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water hyacinth is used as one of the removal favhenetals since it is economical and
easy to use. The unique capacity of water hyadimtecavenge and concentrate the
pollutants from relatively low strength wastewatdras also been established. The
progress in pilot/full-scale application of the wahyacinth-based wastewater treatment
systems has revalidated their beneficial applicat{&. Malik, 2007). It is also

recommended that the dried biomass of the planhtrbg placed in simple bags and

used in a very low cost metal ion removal system.

This study have shows the ability of water hydtias a good biosorbent for
removal of heavy metals. In this study, the usaigbe whole water hyacinth is not fully
utilized; leaves are the only part used in the @rpent as a biosorbent while roots are
not. From research Schneideral, (1995), the study shows that root have moretgbili
to absorp heavy metal than leave. It is suggegstatifor the next study, can take this
opportunity to learn about the differences and kadihity as biosorbent, which one of
them can be a better biosorbent for waste watetrirent.
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Calculation of stock solution and concentration

a) Stock solution of cadmium solution
Mass of CdNOg.4H,O =Xxg
Volume =1 liter (L)

Concentration need to prepared for stock solutid®80 mg/L

Using formula (3.1),

Concentration = mass per volume
1000 mg/L =xg/1lL
Xg = 1000 mg

=1 g

So, mass of CdiDs.4H,0 needed is 1 g.

b) Initial concentration from stock solution
From stock solution,

Initial concentration use for this experiment isr@@/L

Using formula (3.2),
N = M¢V¢
1000 mg/L x ¥ =20mg/Lx0.5L
Vi =0.01L
=10 mL
Notes:

For volume, Vit can changed depend on the volume of beakerask fthat is
used for the experiment.
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Atomic Adsorption Spectroscopy
Ref: Skooget. al, Analytical Chemistry, 7" Edition, 1999

Terminology

Atomic absorption (AA) is the standard method toe inalysis of specific metals. It is
widely practiced in environmental analysis. Theegahaspects of the techniques are:
e) mg/L toug/L detection is routine
f) analysis is generally very specific to a given edam(although interferences are
common)
g) some techniques offer multiple compound analysi®f@ injection

h) the techniques are fast and relatively inexpensive

Principle of Atomic Adsorption Spectroscopy

When metal cations enter a flame (or high T fuenacplasma), metal is quickly
reduced to elemental (atomic) state.
For instance,

Fe2+ + 2e- ---> Fe0 (2.1)
Kinetic energy from gaseous collisions in a flameites outer electrons to higher energy
level. This excitation is a UV-visible transitioright at a characteristic wavelength IA
is absorbed. A diagram for the energy states d@llilim during AA is shown as an

example inFigure 2.4

8527525, excited state, &

Photon absorption
0+ hv-=¢"

6526p2P; 12 ground state, 0



Figure 1: Thallium in flame Aa, max= 378 nm)
Emission spectroscopy

As electrons "fall back" to ground state, photoresenitted for the transition to a
metastable energy staté*Y and a portion of the deactivation is without iegtbn.
Photons are emitted at characteristic wavelengthstliat are usually different than the
wavelengths for absorption. Only 1% or so of tteres are involved in the transition for
a flame, and a more energetic source (such as glgsma) is usually needed to take
advantage of emission for chemical analysis. AangXe energy diagram for Thallium

is shown in Figure 2.5.

excited state, &

Bs27sE 51 el

Photon emission

%E £ -= e +hv
T
& §| 6526p2P2
= deactivation {no radiation)
6526p2Fy;z

ground state, 0

Figure 2: Thallium in flame with emisSion\g, max= 535 nm)

Flame Atomic Adsorption

A monochromatic beam of light is generated by thade ray tube. The lamp is
selected from a set of available lamps in ordem#&dch the wavelength range with the
characteristic wavelength (at maximum absorptia) the specific metal. A metal
solution is aspirated into a flame by a nebulized &urner assembly, shown in Figure
2.6. A variety of gas mixtures can be chosen taiolthe best flame temperature for the
exitation of the metal. In order to promote thghast number of transitions (more light
absorbed), the light should be aligned with theertinal region of the flame. A

schematic of an air/acetylene flame is shown iufe@.6.
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Following Beer's Law the absorbance A is directtpgmrtional to concentration
(A = ebC). The molar absorptivity e is a functioh the wavelength and flame
temperature. The other critical factor is the agtmath length b. This corresponds to the
length of the light beam segment that is within fleene. The burner head can be

readjusted in order to get a different level ofssenty.

Figure 3: Nebulizer and burnér éssembly for flame atomic giigm. Adapted from
Skoog (1984)

| _ﬂﬂu Fist
/' " cone

l.l'.'\ \ I terconal

! =" rgicn
[ 7 "";*I—
i1
| |I | II Primgry
I -_){___ccrrbustiun
'.\ zona

FIGURE 36 Schoematic diagram of an acetylene/air
flame.

Figure 2.7: Diagram of air/acetylene flame. Adapted from Sk{t@g4)
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Calibration techniques follow closely with thoseedsfor spectrophotometers.
However, because the aspirator sometimes getsediodige rate of sample introduction
into the flame can be uneven, and standards shmeildhecked often. One common
aspect of the methods (many times ignored by nowsxers) is filtering samples and
keeping the solution acidic. All samples, standagshd rinsing solutions should contain
a background acid concentration near 0.1 N (aciiesadepending on the analysis).
Also, the rinse solution should be aspirated duthng periods between samples. This
way, most metal ions are maintained in solutiother than precipitating within the

aspirator. Samples containing moderate turbidity @&so clog an aspirator.

Most modern Flame AA’s have automated optics céstand a computer
interface. There are a variety of manual checks should be done, however, to assure
data quality. These steps include running extestaaldards as samples, checking blanks
often, running matrix spikes and checking the catibn curve. If a significant

interference is found, it is usually recommendetiyt@n alternate wavelength.

Furnace Atomic Absorption Spectroscopy

An electrothermal furnace may be used as the aanit source, and the optical
methods can be based on either absorption spegpypgStandard Methods 3113) or
emission spectroscopy. A furnace assembly is shoglaw in Figure 2.8. A small
sample (L) is placed on a hot furnace platform in a graphitbe (1200 - 3000°C). The
atoms are excited and both absorption and emissiensignificant. There are two

principle advantages of the furnace.

First, the residence time of the metals within ligat path is much higher than
the flame, and atomic absorption methods are aP0tit000 times more sensitive for
furnace methodsandard Methods 3113). The other advantage is that a small sample

volume is needed. Two disadvantages of the furnaethod are slower throughput and
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a higher level of interferences. Specialized insnts and methods are also available
that use magnetic fields to greatly enhance selgctind reduce interferences (Zeeman
Effect).

+ Internal gas £
Caaphile - rieinal gas Tav

lurriace = — . -
g Lo s |
y s s
"
-

To
apmElee
Phinmeier

o -
Extarnal gas Pl |r ‘
i 1

Figure 5. Schematic of Furnace (Electrothermal) Assembly.
Adapted from Skoog (1934)

Figure 4: Schematic of furnace (Electrothermal) Assemblyapteéd from Skoog(1984)
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Element data for uses Atomic Adsorption Spectroscop

Cadmium

1. Analytical conditions

Lamp current "9 mA
Wavelength :228.8 nm

Slit :1.3nm

Burner head : Standard type
Burner height :5.0 mm
Flame . Air-acetylene
Oxidant gas pressure : 160 kPa

Fuel gas flow rate : 2.0 L/min

2. Notes

(1) Measurable Condition Range

Upper measurable concentration limit lies at app6omg/L.

(2) Standard Solution

By diluting the stock solution with pure water, page a standard solution for
analysis. At this stage, make sure solution adigi@dding a small volume of HCL
or HNG; to the stock solution.

The diluted solution cannot be stored for a longetand must be prepared just before

each analysis.



(3) Examination of Analytical Conditions

Burner height and fuel gas flow rate as conditiopgmum for analysis should be set
up while atomizing a solution at 0.2 to 0.4 mg/L.

Cd can be dissociated into free atoms sufficientltyh an air-acetylene flame. The
free atoms are distributed relatively uniformly @ flame. Therefore, atomic
absorption sensitivity for Cd is not changed rerabik and is apt to cause self-
absorption of the resonance emission spectrumeitn@tiow cathode lamp. It should

therefore be used at a low current.

(4) Remarks on Analysis

When Cd solution is prepared at a low acidic cotregion, hydroxide is produced
and degrades atomic absorption sensitivity. Ieatefore required to keep the acidic
concentration constant.

Analysis of Cd is affected by coexisting Si.
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Figure 1: Jar Test is used to mixed up between cadmiumisoland dried water
hyacinth

Figure 2: pH meter to adjust pH concentration of Cadmiunugoh
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Figure 3: Hybridization Incubator

Figure 4: Atomic Adsorption Spectroscopy,AAS
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Figure 5: Filtration using filter paper
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Table of Each Element

Analysis Mode Flame/Manual

Analysis Name - Standard Analysis

Comment

Dasaiijation

Meas. Date L 212612008 2:52 PM

Elemeant : Td ST0 Unit

Sample ID  Sample Name

5T

STD2

STD3

STD4

—oefficient I
=
K1=1.481000E-001
Ki=2 424000E-002

Zarr, Coaf - L8725

JNE-007  Tap water
JNk-002
JNK-003
JE-C04
JME-005

272612008 252 PM

LMK Unit
Cong, BsDi%) ABS REF
G.I;I{] .00 00004 -0.0073
.20 0.00 0.0808 -0.0148
(.40 0.00 01206 -0.0183
0 80 0.00 a1224 00232
ABS
1 - -
.10 |
|
051
0,00 l—\ T
0.00 050
Coonod ppm |
3.26 0.00 05074  0.5321
0858 0.00 21523 00289
0.59 0.00 01112  -0.04386
062 080 07006 -0.0494

0.4 000 00919 -0.0538



Table of Each Element

Analysis Mode | Flame/Manual
Analysis Name . Standard Analysis
Comment !

Dascription

Meas. Date 311002008 4:40 PM

Element : Cd STD Unit

Sample ID  Sample Name
STD1

8STD2

STD3

STD4

Coeflicient : K1=1.260143E-001
Cor.Coef, : 0.9556
UMK-001  Tap water
UNK-0D2  sample 1t
UNK-003 sample 2t
UNMK-004 sample 3t
UNK-005 sample 1pal
UnK-008 =sample 2pal
UNK-007 sample 3p

3/10/2008 4:45 FM
UNK Unit

Conc. RSD(%) ABS

0.00 0.00 0.0002
0.20 0.00 0.0551
0.40 0,00 0.0714
0.80 0.00 0.1086

K0=1,472000E-002

0.11 0.00 0.0005
0.94 0.00 0.1328
0.82 0.00 0.1176
0.72 0.00 0.1081
0.69 0.00 0.1015
0867 0.00 0.0237
0.75 0.00 0.1088

REF

-0.0255
-0.0408
-0.0536
-0.0598

-0.0887
-0.0731
-0.0819
-0.0830
-0.09386
-0.0875
-0.0829



Table of Each Element 3132008 2:27 PM

Analysis Mode  : Flame/Manual
Analysis Mame  : Standard Analysis

Comment
Description
Meas. Date : 3/13/2008 2:27 PM
Element . Cd STD Unit ; UMK Unit
Sample ID  Sampls Mame cong, RED{(") ABS REF
STD1 0.00 0.00 0.0005 -0.0023
STDZ2 0.20 0.00 00558  0.0060
STD3 0.40 0.00 0.0853 0.0062
STD4 0.80 0.00 01008 0.0118
Coafhcient HC3=--
ABS
Ka=—
K1=1.143429E-001 010 ] %
iKC=1.548000E-002 ]
Com. Coef. 1 0.9422 ! = *
0.05 - ¥ e
200
0.00 0.50
Conc
UMK-001  Tap water 0.13 0.00 0.0003 -0.008%
UNK-002 sample 41 0.60 0.00 0.0841 0.0063
UINK-003  sample 5t 0.66 0.00 0.0811  0.0072
LINK-004 sample 1pa 2.56 0.00 0.2079 0.0558

UNK-005 sample 2pa 0.71 0.00 D.O0985 00066



Table of Each Element

Analysis Mode : Flame/Manual
Analysis Name Standard Analysis
Comment

Description

Meas. Date 1 3F25/2008 11:00 AM
Elerment : Cd STD Unit :

Sampie 1D Sample Name

S5TD

57102

STD3

STD4

Coefficiant PRE=—
Ki=—
K1=1.391571E-001
K0=1.112000E-002

Com.Coef, 1 0.9783

UNK-001  Tap water

UNK-002 sample TZ25

372572008 11:00 AM

LMk Unit
Cong. RSD{%) ABS REF
Q.00 0.00 0.0001 -0.0057
0.20 0.00 0.0497 -0.0085
Q.40 Q.00 00727 -0.0088
Q.80 0.00 041168 -0.0065
ABS
J ®
010 -I
-
0.05 . - 3
ﬂ.m --_ T 4 0 k0 A
0.00 0,50
Conc
0.07 0.00 00007 -0.0305
0.58 0.00 0.0918 00195
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Table of Each Eement

Fiama/Manual
Standard Analysis

Amanes Mods
Sralss Name

Comment

Teescription

Mgz Date L 3125/2008 11:48 AM
E=ment - Cd STD Unit !

Sampig 1D Sample Name

=T

=T

STD3

=704

_o=fficient D K3
K2=-—
K1=1.380857E-001

i K0=1.208000E-002
Corr.Coal. ;087386
_NH-D01  Tap water

_NH-D02  sample T?E

3252008 11:46 AM

UINK Urit
Conc. RSD(%) ABS REF
0.00 0.00 00001 -0.0125
020 0.00 0.0827 -0.0M48
0.40 0.00 00728 -0.0183
0.80 0.00 01175 -0.0161
SRS
! T
010+
.-"..-..
0.05 | ___‘, -
il
ﬂ.m _r . T I. —_—
0.00 0.50
Cong
-0.09 0.00 0.0002  -0.0404
0.55 0.00 008380 -0.0275



Table of Each Element

analysis Mode  : FlamefManual
“nalysis Neme | Standard Analysis
Comment

Description

Meas, Date L W25/2008 12.08 PM

=lement : Cd STD Unit

Sample D Sample Name

ST

STD2

STD3

=704

Coefficient K=
Ka=--
k1=1.48342BE-001
Ki=1.5258000E-002

Corr.Coed. - 10,9643

UNK-001  Tap water
UNK-002  sample T25

3/25/2008 12:08 PM
UNK Linit
Conc. RSD(%) ABS
0.00 0.00 0.0002
0.20 0.00 0.0582
0.40 0.00 D.0849
0.80 0.00 0.1255
ABS
010
[ ]
n.os e ol

0.00

-0.10
0.53

0.00 0.0003
0.00 0.0935

REF

-0.0192
-0.0381
-0.0626
-0.0786

-0.1312
-{.1555



Table of Each Element

4nalysis Mode
Lnzlysls Mame
Comment
Description

Waas, Date
Siement ; Cd

: Flame/Manual

. Standard Analysis

3i25/2008 12:36 FM

STO Unit

Sample D Sample Name

STD1

5TD2

STD3

STD4

Coefficient | K3
KE=—
K1=1.291571E-001
KC=1.082000E-002

Corr.Coef. :0.9782

JNK-001 Tap water

UNK-002  sample T25 40

32512008 12:36 PM

UMK Lnit
Cone. RSD(%) ABS
0.00 0.00 0.0001
0.20 0.00 0.0478
0.40 £.00 0.0872
0.80 Q.00 0.1090
ABS
0.10 [
s
0.05 .
= -
ﬂ.m - T
0.00 0.50
Conc
-0.08 0.00 0.0:004
0.85 0.00 0.094E

REF

00056
0.0144
0.0189
0.0270

0.0077
0.0255



Table of Each Element

Analysis Mode  : Flame/Manual
Analysis Name Standard Analysis
Comment 3§

Description
Meas. Date - 3f25/2008 1:11 FPM
Eiement : Cd STD Unit '

Sample ID  Sample Name

sSTDM
STD2
STD3
STD4
Coefficient D R3E—-
=
K 1=1.296857E-001
Ki=1.276000E-002
Comr.Coef. ;10,9666
UNK-001  Tap water
UNK-002  sample T25 45

3282000 4:11 PM

LMK Unit
Conc. RSD{%) ABS REF
0.00 0.00 0.0001 0.0024
0.20 0.00 0.0814 Q.0147
0.40 0.00 0.0712 0.0150
.80 0.00 0.1100 G.0225
ABS
o
019
| .
0.05 1 - =
D00 P
0.00 0.50
Conc
-0.10 0.00 -0.0001 0.0024
0.58 0.00 0.0280 00188



Table of Each Element

znaysis Mode  : Flame/Manual
snalysis Name | Standard Analysis
~ommaent 2

Description

Wzas. Date - A2E2008 1:43 PM
Ziement : Cd STD Unit

SamplelD Sample Name

=T

STD2

STE3

=TD4

Coefficient K=
K_E—_
K1=1.336857E-D01
K.0=8.160002E-003

carr.Coef, . 0.9782

UNK-0D1  Tapwater
JUNK-D02 sample T25 5U

3/25/2008 1:43 PM

Conc.
0.00
0.20
040
.80

ABS

010

0.05 -

UNK Unit

RSD(%) ABS REF

0.00
0.00
0.00
0.00

2.00

-0.07
0.57

0.00
0.00

00000 -0.0001
00428 D.0DBE
00804 0.0105
0.1138 0.0203

eyt e,
0.50
Canc
00001 0.0002
D.0847 0.07180



= ——————
shee of B TEmeE
Ansiysis Mocs FameManua
Analysis Name Standand Analysis
Comment
Description
Meas. Date 3/25/2008 2:14 PM

Elermnent : Cd STD Unit

Sample ID  Sample Name
STD1
STDZ
sSTD3
a8TD4
Coeflicient : K=
Ko=—
K 1=1.535000E-001
k.C=9.398088E-003
Corr.Coef. - 00884

UNK-001 Topwater
UNK-002 sample T28 55

REF

-0.0212
-0.0321
-0.04320
-0.0469

-0.0778

LIMEFC Uit
Cone. RSD(%) ABS
0.00 0.00 0.0001
0.20 0,00 00487
040 0.00 0.07es
i0.80 0.00 0.1270
ABS
010 —
! .
0.05 - T
0.00
0.00 0.50
Conc
-0.08 0.00 0.0001
050 0.00 0.0883

00724

D-10



