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ABSTRACT

The aim of this work was to apply 1,10 phenanthroline and eosin for trace lead
analysis. Optimum condition on lead absorption including pH, reagent concentration,
lead concentration and reaction time were determined using UV Spectrophotometer.
In addition, influences of metal ions i.e. Arsenic, Cadmium, Chromium, Nickel, Zinc
and Copper, on reactions were also observed. All data were statistically analysed by
ANOVA and Duncan’s multiple range Test at 95 % confidence interval.

The results from this work clearly demonstrated that this method could be used
for trace lead determination. Suitable reaction conditions occurred through 1,10
phenanthroline and eosin solutions with lead at the pH level of 4.5, with the optimum
concentration of 1,10-Phenanthroline and Eosin at 2.5x107° M. Also, this method is
applicable to the sample with lead at the minimum concentration of 0.1 ppm, without
effect from any metal interferences. Even though, it has been found that As, Cr < 0.2
ppm., Cd, Cu, Zn < 0.05 ppm and Ni < 0.03 ppm did not effect this experiment, but
some foreign ions tended to behave as interference after a longer measuring time.
Therefore, the sample measurement should be promptly done after the reagents are
added in order to prevent interference.

KEY WORDS : TRACE LEAD ANALYSIS/ EOSIN / PHENANTHROLINE
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CHAPTER 1
INTRODUCTION

1.1 Statement of the Problem.

In a few decade, water pollution was the extremely attentive problem in
Thailand, especially heavy metal contamination is quite critical in Bangkok and
peripheral areas. Due to industry expansions have been increased then wastewater is
also consequently increased. However, among the several heavy metal contamination
in wastewater, lead is the one which impact to the human health.

In term of environmental mornitoring, there are a lots of trace lead
determination method namely atomic absorption spectrophotometry (AAS),
colorimetry, and electrochemical techniques such as anodic stripping voltammetry
(ASV), mass spectrometry (MS), redioactivation methods and titration methods.
However, these methods are expensive, complicate and need in specific instrument.
Although atomic absorption spectrophotometry was more widely used for trace lead
analysis, spectrophotometry on various reagents may be better choice in some places
because of its simplicity and cheapness.

For spectrophothometry, the studies of binary complexes of lead with single
reagent have been reported. Many reagents have been reported as reagent for
spectrophotometric determination of lead [1-17]. However, this technique have been
limited due to unsatisfactory for various reasons such as insufficiently sensitive for
lead determination at trace levels and suffer from limitations such as critical pH,
extraction peroid, strictly temperature control and interference from a large number of
ions that usually associated with lead etc.

In the past two decades, the ion-pair complex formation techniques between
organic dyes and different ternary complex, wherein central ion reacts with two

different ligands, have aroused considerable interest. Since the publications relating to
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the use of ternary and multicomponent complexes are rapidly increasing in frequency
both in the chemical literature of spectrophotometry and spectrofluorimetry

Recently, there has been literature reported on the using of 1,10-
phenanthroline and eosin for extraction and spectrophotometric determination of lead
and other metals [18-21]. Especially, work done by M.A Rauf [18] has indicated
about the reaction of 1,10-phenanthroline and eosin with lead and changing of color
from orange to pink. In addition, the result also showed the detection limit of this
technique that it was 0.4-2.0 ppm and the complexes were still stable over than 48
hours at 25 °C. Thus, this technique are very simplicity and produce stable complex
compound. Therefore, it is considerably worthwhile to develop a method that easy to
perform in order to determine trace lead (<0.2 ppm.) contamination in water

Nowadays, the community participations to environmental monitoring are
encouraged by the governmental policy. Therefore, environmental monitoring
measurement with simple performance should necessarily be developed. Accordingly,
the simple method for lead determination by using 1, 10-phenanthroline and eosin is
interesting to be developed. Therefore, aim of this work is to investigate the method
for trace lead’s determination by using 1, 10-phenanthroline and eosin to form the

complex, in order to see if this method is applicable for environmental monitoring.

1.2 Objectives

1.2.1 To study the optimum condition of lead complex reaction with 1,10-
phenanthroline and Eosin.

1.2.2 To study the absorbance of the lead complex compound that occured
from the reaction of lead with 1, 10-phenanthroline and Eosin.

1.2.3 To study the interference of some heavy metals.

1.3 Scope of the Study

1.3.1 This work was performed in laboratory.

1.3.2 This experiment will be conducted only quantitative analysis of the
chemical reagents

1.3.3 The effect of temperature and retention time on absorption of the

complex at 3 condition were investigated i.e. taking sample for measuring
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immediately at room temperature, overnight at room temperature, and overnight at 20°
C.
1.3.4 Synthetic lead wastewater was used in this experiment.
1.3.5 Spectrophotometer at wavelength 558 nm.was used for detection.
1.3.6 Six heavy metals as interference i.e. As, Cd, Cr, Cu, Ni, and Zn. were

used

1.4 Hypothesis

1.4.1 The absorbance of the complex compound would be varied to Lead
concentration

1.4.2 The other heavy metals are not interferences to Lead kinetics

1.5 Conceptual Framework.

Independent Variables
- Concentration of Pb (NO3), Control Variables
- Concentration of 1, 10-Phenanthroline - Temperature

- Concentration of Eosin - Time to measured
- Buffer Solution of pH

A 4

Dependent Variables
- Absorbance of the Lead complex

Figure 1-1: Conceptual framework.
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CHAPTER 2
LITERATURE REVIEWS

2.1 Lead and its compounds.

Lead (atomic number, 82; atomic weight, 207.19; specific gravity, 11.34) is a
bluish or silvery grey soft metal. It has the melting point 327.5°C and the boiling point
of 1740°C at atmospheric pressure. It has four naturally occurring isotopes of 208,
206, 207 and 204 in order of abundance, but the isotopic ratios for various mineral
sources are sometimes substantially different. This property has been used to carry out
non-radioactive-tracer environmental and metabolic studies

Although lead has four electrons in its valence shell, only two ionize readily. The
usual oxidation state of lead in inorganic compounds is therefore + 2 rather than + 4.
The inorganic salts of lead (II), lead sulfide, and the oxides of lead are generally
poorly soluble. Exceptions are the nitrate, the chlorate and, to a much lesser degree,
the chloride. Some of the salts formed with organic acids, e.g. lead oxalate, are also
insoluble.

Under appropriate conditions of synthesis, stable compounds are formed in which
lead is directly bound to a carbon atom. Tetraethyllead and teramethyllead are well-
known as organolead compounds. There are of great importance owing to their
extensive use as fuel additives. Both are colourless liquids. Their volatility is lower
than for most gasoline components. The boiling point of tetramethyllead is 110°C and
that of tetraethyllead is 200°C. By contrast, the boiling point range for gasoline
hydrocarbons is 20-200°C. Thus evaporation of gasoline tends to concentrate
tetraethyllead and tetramethyllead in the liquid residue.

Both tetramethyllead and tetraethyllead decompose at, or somewhat below, the
boiling point. Analysis of automobile exhaust gases shows that the ratio of
tetramethyllead to tetraethyllead increases as the engine warms up, indicating that

tetramethyllead is more thermostable than tetraethyllead (Laveskog, 1971). These
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compounds are also decomposed by ultraviolet light and trace chemicals in air such as
halogens, acids, or oxidizing agents (Synder, 1967)

In freshwater, lead forms a number of complexes of low solubility with many of
the major anions, including hydroxides, carbonates, sulfides and (less commonly)
sulfates. Lead also partitions favorably with humic and fulvic acids, forming
moderately strong chelates. At pH 10, Pb(OH)" dominates all other species.
Speciation shifts to favor chloride and hydroxide complexes in saltwater.
Approximately 75% of lead in rivers is in suspension and 25 % in solution, but in

saltwater, the corresponding ratio is approximately 50:50.

2.2 Source of Lead

2.2.1 Natural sources
The major natural sources of lead emission are windblown and
volcanic dust, with lead concentrations on the order of 10 ppm. (Nriagu, 1989; Nriagu
& Pacyna, 1998). Other natural sources include wild forest and sea salt spray. To a
much lesser degree, continental particulate and volatile also release lead into the
ecosystem. The total global emissions of lead by natural sources were approximately

59 10° g/year (Freedman, 1995). However, the natural sources resulted in rarely high

lead concentration in the environment.

2.2.2 Anthropogenic sources
At present, increasing concentration of lead in the environment is
associated with human activities. The global emission of anthropogenic source is

about 20,000 x 10° g/year (Freedman, 1995). Lead was used in some traditional ethnic

cosmetic and it was constituent of solder and varnishes used on interior of food cans.
In addition, lead was also found in paint flakes from old paint containing a high
percentage of it (Alloway & Ayres, 1997). Agriculture is indicated as the important
sources because of lead-arsenic contained pesticide, phosphate fertilizer, sewage
sludge, composts and manure also released lead into the ecosystem (Nriagu, 1989:

Nriagu & Pacyria, 1998). Although, the main sources of lead pollution are petrol and
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particulate in exhaust fumes from petrol combustion, but only about 80% of gasoline
worldwide is leaded (Walsh, 1997). Thus, lead contamination from mining and
smelting of the ore, usually lead sulphide, is also important. The activities associated
with mining and smelting include acid mine drainage with soluble lead, tailing from
ore dressing that oxidize to release soluble lead, and smelter fumes which produced
lead aerosols (Alloway & Ayres, 1997). Other significant sources of lead are in
manufactures and disposals such as batteries, alloy, semi-conductors and other
electrical components, polymer stabilizers, printings and graphics (Nriagu, 1989;
Nriagu & Pacyna, 1988; Alloway & Ayres, 1997). Finally, cement production and
solid waste incineration emitted lead into the environment (Nriagu, 1989; Nriagu &

Pacyna, 1988)

2.3 Fate and distribution of Lead in the environmental media

2.3.1 Lead in the atmosphere

Lead is emitted into the atmosphere from many sources in form of
dust, fumes and aerosols. The global lead emission to the atmosphere from natural
sources was 12.2x107 tons, whereas, the emission from anthropogenic sources was
140.4x107 tons, about eleven time of the natural sources (Nriagu, 1989; Nriagu &
Pacyna, 1988). The combustion of gasoline containing lead additive released large
amount of lead particulate. Lead containing particulates in the exhaust of vehicles was
0.01-0.1 pm in diameter, but these particles can cluster to form larger particles with
the size of 0.3-1 um (Alloway & Ayres, 1997). Steel manufacture, which usually
involves a lot of recycling of scrap, is often the sources of atmospheric aerosols. The
particles that are larger than 10 pm tend to settle out rapidly under gravity, but those
smaller than 10 pm remain in the atmosphere for 10-30 days and then washed out;
these smaller than 0.3 pum form settlement, impaction and diffusive deposition

(Alloway & Ayres, 1997). Thus, lead can be transferred to the aquatic environment

and soils.
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2.3.2 Lead in the aquatic environment

Typical background concentrations of lead in hydrosphere can be
divided into two types of locations, fresh water which lead concentration reported in
ranges of 0.06-120 pg/l, and the other, sea water containing lead about 0.03-13 pg/l
(Boen, 1979). Anthropogenic lead present in aquatic system are from many sources
such as, direct input from atmospheric fallout, runoff from agricultural lands and waste
dump sites, effluent and corrosion of waste from manufactures. The solubility of lead
ions in solution depends on the concentrations of anions and chelating ligands present
in the water, pH and redox status and the presence of adsorbent sediments. Lead ions
in solution can be absorbed into aquatic plants and animals, and can cause toxicity in
sufficiently high concentration (Bowen, 1979).

The national Research council of Thailand reported that lead
concentration in sea water in the Gulf of Thailand were significantly higher than the
average concentration found in most sea. Polprasert et al., (22) has reported on lead
concentrations in the water of Chao Phraya River at the ranges between 0-200
mg/litre. However, the highest value of 200 mg/litre are presently existed at the river

mouth.

2.3.3 Lead in soils and sediments

A wide variety of industrial wastes emitted lead into soil, for
example, fallout of aerosols from incinerators, disposal and utilization of wastes,
wastes dumps and weathering of pigments and paints. In addition, deposited aerosol
particles, ash disposal and leaching from fossil fuel combustion also caused lead
polluted in soil. Moreover, humid and clay colloids in soil affect on the adsorption of
metal, so lead ions can contaminate in soil in soil for 740-5900 years, depending on
the soil type and their physico-chemical properties (Alloway, 1997). Lead was taken
up and accumulated by plants, but it has low transfer coefficients for soil and plant,
only about 0.01-0.1, because it is usually strongly bound to the soil colloid (Kloke et
al., 1984).
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2.4. Trace Lead analysis

Recently, substantial advances have been made in developing methods for the
metals quantification at low concentration. In order to provide improved quality
assurance, such measurements, various reference materials in different matrices have
been produced (Muramatsu & Parr, 1985).

With the increased interest in measuring lead in the low pg/kg and ;,tg/m3 range
in both environmental and biological samples, there is particularly needed for attention
to analytical sensitivity and reliability. Once the lower concentrations are measured,
the problems of laboratory contamination become more significant and quality control
including quality assurance programmes are important. The following were some

methods for utilizing Lead measurement which the researchers had been recognized

(23).

Lead Measurement Method

1) ring colorimetry 18) mass spectrometry

2) X-ray spectrometry 19) neutron activation analysis
3) amperometry 20) photometric titration

4) voltammetry 21) proton activation

5) atomic absorption spectrophotometry 22) coulometry

6) atomic fluorescence spectrophotometry 23) inverse chronopotontiometry
7) automated radio analytical method 24)  emission spectrometry

8) luminescence method 25) isotope dilution

9) mass spectrometry 26) M - photon activation

10) neutron activation analysis 27)  volumetry

11) ring colorimetry X-ray spectrometry 28) colorimetry

12) amperometry 29) solvent extraction

13) voltammetry 30) gravimetry

14) atomic absorption spectrophotometry 31) ion selective electrode

15) atomic fluorescence spectrophotometry 32) iodimetry

16) automated radio analytical method 33)  high performance liquid
17) luminescence method chromatography

Source: (23)

However, the method for the determination of trace lead, which was widely
use, had been mainly atomic absorption spectrometry and spectrophotometry based on
various reagents (24-26). Among these methods, the spectrophotometry is most

convenient for use as its simplicity and low cost.
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2.5 Spectrophotometry

A spectrophotometer is employed to measure the amount of light that a
sample absorbs. The instrument operates by passing a beam of light through a sample
and measuring the intensity of light reaching a detector.

The beam of light consists of a stream of photons, represented by the purple
balls in the simulation shown below. When a photon encounters an analyte molecule
(the analyte is the molecule being studied), there is a chance that the analyte will
absorb the photon. This absorption reduces the number of photons in the beam of

light, thereby reducing the intensity of the light beam.

2.5.1 Visible Molecular Absorption Spectrophotometry

Visible spectroscopy is spectroscopy that is done using radiant energy that is
between 380 and 800 nm Wavelength. It is called visible spectroscopy because this
range of wavelength can be detected by the human eye.

The term spectrophotometry, rather than spectrometry, is used for absorption
measurements because they involve measuring, either simultaneously or sequentially,
the ratio of the radiant power transmitted through a sample solution to that transmitted
by a blank solution. This ratio, the transmittance (T), is used to calculate the
absorbance (A = -log T). Under suitable conditions, the absorbance is directly

proportional to analyte concentration through Beer’s law (A = abc)

2.5.2 Theory of Spectrophotometry
1) Absorbance Spectrum: The extent to which a sample absorbs light
depends strongly upon the wavelength of light. For this reason, spectrophotometry is
performed using monochromatic light. Monochromatic light is light in which all
photons have the same wavelength.
In analyzing a new sample, a chemist first determines the sample's absorbance
spectrum. The absorbance spectrum shows how the absorbance of light depends upon
the wavelength of the light. The spectrum itself is a plot of absorbance vs wavelength

and is characterized by the wavelength (4,,,,) at which the absorbance is the greatest.
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The value of A, is important for several reasons. This wavelength is
characteristic of each compound and provides information on the electronic structure
of the analyte. In order to obtain the highest sensitivity and to minimize deviations
from Beer's Law, analytical measurements are made using light with a wavelength of
Amax-

2) The Beer-Lambert Law

From Law of Beer-Lambert, the obtainable absorbance value is the negative
log of the transmittance.

A=-log T EQUATION G.1

This value is more useful in spectrophotometry than transmittance, because of
plot of absorbance vs concentration yields a straight line. A plot of transmittance vs
concentration is an exponential. The - log calculates the inverse of transmittance, so
that absorbance increases with increasing concentration. Transmittance would
decrease as we increased the amount of red dye in our example. The relationship of
Absorbance to concentration was shown by two biochemists to follow the equation for
a straight line, y = mx +b, where m 1s the slope of the line and b is the y intercept. If
the measurement is made in such a way that b = O (that is, a solution containing no dye
has no absorbance), and if we substitute absorbance for y, concentration for x, and
variant for m, we arrive at the formulation of the Beer-Lambert Law:

A= C
where A = absorbance
C = concentration
= the extinction coefficient
Note that variant is equal to the slope of the straight line which will result from a plot
of absorbance (y axis) vs concentration (x axis).

To use a spectrophotometer it is necessary to establish a known series of
dilutions containing known quantities of a solute. One of these will contain no solute
and is known as the blank. It is used to adjust the instrument to read 100%
transmittance or 0 absorbance. In use, a 0% transmittance value (infinite absorbance)
is established by placing a curtain between the light source and the photocell.
Electronic control is then exerted so that the meter will read 0% Transmittance on its

scale. The blank sample (containing no solute or dye) is inserted, the curtain opened
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and the meter readjusted to read 100% transmittance. All other measures are then
made by merely inserting the samples into the light path and measuring the %
transmittance. Most spectrophotometers have a built in means of direct conversion of
this reading to absorbance.

After recording the absorbance for a series of standards, a plot is made of the
absorbance value (y axis) vs the concentration (x axis). The slope of the line is the
extinction coefficient.

Note that this may be computed directly by rearrangement of the Beer-Lambert law to
=A/C EQUATION G.2

This value can be calculated for each reading and the average taken as the
value of variant. Remember that this value is a constant. Thus, once calculated, it can
subsequently be used to determine an unknown concentration by one more
rearrangement of the Beer-Lambert law

C=A/ EQUATION G.3

Any measured value of A can be readily converted to a corresponding
concentration merely by dividing the absorbance by .

The use of the Beer-Lambert law is easy to visualize with red food coloring. It
is not as easy to visualize, but none the less, just as accurate to measure wavelengths
of light which are not visible. Either infra red or ultraviolet can be used. UV is more
useful to biologists since many molecules (all proteins and nucleic acids) absorb
ultraviolet light. The only changes that need to be made is the use of quartz cuvettes
instead of glass tubes. Glass absorbs UV light and thus is inappropriate for use in a
UV spectrophotometer. An instrument capable of using visible light (usually with a
tungsten or halogen lamp source) and UV light is known as a UV/Vis
Spectrophotometer.

Colorimetric methods may also be used for the determination of microgram
quantities of organolead compounds in a solution. Here the classical separation using
dithizone is used; with the addition of EDTA to complex any inorganic lead thus
removing possible interferences. The tetraalklylead compounds are trapped in a
solution of iodine monochloride hydrochloric acid in which they are quantitatively

converted into dialkyllead halides. The lead is then preferentially extracted with nitric
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acid —hydrogen peroxide solution and an aliquot analysed using electrothermal atomic

absorption.

3) Selection of Wavelength: Spectrophotometric absorbance measure-
ments (27) are ordinarily made at a wavelength corresponding to an absorption peak,
because the change in absorbance per unit of concentration is greatest at this point; the
maximum sensitivity is thus realized. In addition, the absorption curve is often flat in
this region; under these circumstances, good absorbance to Beer’s law can be
expected. Finally, the measurements are less sensitive to uncertainties arising from
failure to reproduce precisely the wavelength setting of the instrument. In the study of
Rauf (18) showed the absorption band characterized the solution spectra of mixed
ligand complexes (lead + phen + eosin) formed with Ay.x at 558 nm. It was interest to

use this spectrum in this work to determine lead by these reagents.

2.6. Reaction of Complex-formation.

Most metal ions react with electron-pair donors to form condition compounds
or complex. The donor species, or ligand, must have at least one pair of unshared
electrons available for bond formation.

Ternary complex, wherein central ion reacts with two different ligands, have
aroused considerable interest in the past two decades. West (28) has classified ternary
complexes into two major categories: coordination unsaturated type and ion-
association type. The coordination unsaturated ternary complex results when a binary
complex (‘binary’ here refers to a complex containing one type of central ion and
another type of ligand, regardless of their stoichiometric ratio) has free coordination
positions available on the central ion, allowing further reaction with a different ligand.
Alternatively, if the binary complex is charged, the ion-association with an ion of
opposite charge (usually dye stuff) may occur. In addition, multicomponent complexes
(metal ion with more than two regents) are used for spectrophotometric and
spectrofluorimetric determination of inorganic. The modes of formation of all three
types of complex together with improvements in selectivity and sensitivity which

accompany their formation, have been extensively discussed in a series of reviews
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(29). Since the publications relating to the use of ternary and multicomponent
complexes are rapidly increasing in frequency in the chemical literature of
spectrophotometry and spectrofluorimetry and also possible simultaneous analysis
based on multiwavelength and derivative measurements and being the most widely

used detection technique in flow injection analysis (FIA).

2.7. The Reagent Use in Trace Leads determination

2.7.1. 1,10-Phenanthroline monohydrate

o-Phenanthroline is a photometric reagent for Fe, and it is also used as a
reagent for solvent extraction of anions. This reagent is slightly soluble in water (3.3
g/L, at room temperature) and benzene (14 g/L, at room temperature), and fairly
soluble in alcohol (540 g/L), acetone and diluted mineral acids. Proton dissociation
constants are reported to be pKal = 0.70 and pKa2 = 4.98(u = 0.1, 25 °C). o-
Phenanthroline forms a red chelate with Fe(I) [logB3 = 21.1(u = 0.1, 20 °C),
maximum wavelength = 510 nm, Mol.Abs = 11,100]. This chelate is difficult to
extracted using organic solvents. The redox potential of FeL3’" FeL3**(L:
phenanthroline) in 1.0 M of H,SO4 solution. is reported to be 1.06 V. The color

changes from red to slightly blue (almost colorless).

Figure 2-1 The structure of 1,10 phenanthroline

As this reagent also forms stained complexes with Cu, Ni and Co, and
colorless complexes with Cd and Zn. o-Phenanthroline can be used as colorimetric
reagent of Cu, Ni and Co, and as a masking reagent of Cd and Zn. FeL3** is also used
as a counter cation in precipitation detection and the ion-pair extraction of colorless
anions.o-Phenanthroline is applicable to determine Mn [Bunseki Kagaku, 32,

287(1983)].
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2.7.2. Eosin Y

Eosin Y is the most common counterstain to alum hematoxylin in the
Hematoxylin and Eosin method (H&E). It stains satisfactorily from both aqueous and
ethanolic solution. It is one of the dyes in Papanicolaou's EA solutions for staining
exfoliative cytology. It is used as the counterstain in the Gram-Weigert method for
Gram positive bacteria and fibrin, and can also be used to make Romanowsky stains. It
is widely used in numerous other procedures. It is strongly fluorescent, but this
property is hardly ever used

Eosin Y is a fluorescent dye used in biochemistry etc. Used for extraction-
photometric and fluorimetric determination of many metal, e.g. Co, Pb, Hg, Ag, Zn;
tritrimetric determination of Br’, I'. This reagent has red crystal with bluish tinge, or

brownish-red powder.

Eosin

Figure 2-2: The structure of Eosin

Eosin Y is a water soluble anionic dye suitable for fibers, coloring
agrochemicals, fertilizers, detergents, inks. It is used in coloring motor fuel and
organic pigments. It is also used in as a biological stain, and in pharmaceuticals.

S. Walenty and J.Bernard (19) had studied the spectrophotometric
determination of trace amount of lead (II) by ion paired extraction with cryptand
(2.2.2) and eosin. And A. Sanz-Medel et al (20) had studied the extractive fluorimetric
determination of lead with 18-crown-6 and eosin. The method based on solvent
extraction of the ion-paired formed between the eosinate anion and the cationic

complex of Pb** with 18-crown-6. The relative standard deviation is 3.7% at the 0.1
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ppm level. The metal : ligand : counter ion molecular ratio in the ion-paired extracted
is 1:1:1.  Other work done by K.A. Idriss et al (21) had reported on the
spectrophotometric studied of the mixed-ligand complex of lanthanum (IIT) with 1, 10
phenanthroline and eosin. The color of the complex was change from orange-yellow
to pink. The formation of the coloured complex was instantaneous in acidic solution
(pH 4.0-4.5) and the complex was easily extracted. The stoichiometry of the ternary
complex was determination by Job’s method and the mole ratio method. The results
of this work had indicated that the ternary complex was La: 2 (1,10 phenanthroline): 2
eosin. In addition, The reaction of phenanthroline and eosin to lead had also been
studied by M.A. Rauf et al(18) in which the stoichiometries of the complexes were
study by Job’s method. And the molar ratio of the lead to phenanthroline was 1:2 and
lead to eosin was 1:1, thus the overall composition of lead phenanthroline and eosin

complex was found to be 1:2:1. The chemical equation is shown as follows.

Pb(NO3), + 2(C12HsN2 Hy0) + 2(CHeOs5BraNa,) —»Pb(C12HsN, ), (C20HeOsBrsNa,),

2.8. The Factors influence Complexes Formation.

Various works on complexes formation for spectrophotometry have reported
that pH, temperature, time and reagent concentration are important factors to support
the complexes formations (30);

pH. Since pH plays an important role in complex formation, proper
adjustment of pH or the use of buffer often eliminates certain interfering reactions.
K.A. Idriss (21) reported that the maximum color development of the mixed-ligand
complex of lanthanum (IIT) with 1, 10 phenanthroline and eosin was obtained at pH 4-
4.5. Similarly the study of M.A. Rauf (18) showed that the maximum color
development of the ternary complex of lead with 1,10 phenanathroline and eosin was
obtained at pH 4.5

Reagent concentration. The amount of reagent required is dictated by the
composition of the absorbing complex formed. An optimum concentration of reagents
should be determined, since either not enough reagents or too much reagent can cause

deviation from Beer’s law.
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Time. Formation of the absorbing complex may be slow, in some cases
requiring several minutes or a few hours. In the study of M.A. Rauf (18) showed that
the complexes of lead and two ligands (1,10 phenanthroline and eosin) were stable up
to 48 hr at 25°C.

Temperature. The optimum temperature should be established in the
procedure. Certain reactions require elevated temperature to decrease the time
necessary for complete color development. M.A. Rauf (18) has reported on the
stability study of the complex that these complexes are very temperature sensitive and

they start dissociating above 30°C.
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CHAPTER 3
MATERIALS AND METHODS

The study of 1,10 phenanthroline and eosin for lead concentration
determination was design as shown in Figure 3-1. Optimum condition on lead
absorption including pH, reagent concentration, lead concentration and reaction period
were determined. In addition, the influences of metal ions i.e. Arsenic, Cadmium,
Chromium, Nickel, Zinc and Copper, on reactions were observed. All experiments
were repeated 3 times for the reliability of the results. This research work has been
carried out at Faculty of Environment and Resource Studies, Mahidol University,

Salaya Campus, Nakonpathom Province.

Lead complex from 1,10 phenanthroline& Eosin

\ 4

Determination of optimum pH level for complexation reaction
e Various pHi.e.4,4.5,5
e Various Phen & Eosin 1, 1.5, 2, 2.5, 3, 3.5x10° M

y

Determination of suitable concentration of 1,10 phenanthroline
e Various conc. of Phen at 1, 1.5, 2, 2.5, 3, 3.5x10° M

A 4

Determination of suitable concentration of Eosin
e Various conc. of Eosin at 1, 1.5, 2, 2.5, 3, 3.5x10° M

l

Optimum condition for lead complex reaction

Additional Experiment

. A
1
Minimum detection limit of trace lead Interference I Influence of storage time
e Various conc. of Pb at 0, 0.05, 0.1, e Various metal ions. i e Various measuring time
1
1
1

0.15, 0.2, 0.25, and 0.3 ppm. to measure

Figure 3-1: Experimental design of this work.
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3.1 Materials and Chemical reagents

3.1.1 Materials
1) Glassware
2) Test tube
3) Electric balance
4) Pipette
5) Micropipette
6) UV Visible Spectrophotometer and Cuvette
7) Watch
8) Hood

3.1.2 Chemical reagents
1) Stock Lead Solution
2) Stock Arsenic Solution
3) Stock Zinc Solution
4) Stock Cadmium Solution
5) Stock Chromium Solution
6) Stock Nickel Solution
7) 1, 10-phenanthroline
8) Eosin
9) Acetic acid
10) Sodium acetate

11) Deionized water

3.2 Experimental Preparation

3.2.1 Stock Solution.

Lead solutions with the concentration of 0-0.35 ppm were prepared using
Stock lead solution of 1000 ppm. These lead solutions were introduced into 25 ml
volumetric flasks in which each flask has already contained 6 ml of buffer solutions of

pH 4, 45 and 5. Then an amount of 2 ml of 1-3.5x10° M 1,10-Phenanthroline
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solutions were further introduced into the flasks, followed by 2 ml of 1-3.5x10° M

of Eosins, at this stage they were mixed thoroughly.

3.2.2 Synthetic Wastewater

The wastewater used in this study was synthetic wastewater which consists
of single heavy metal of lead. All of reagent used in this study was prepared from
deionized water. The containers used for wastewater were thoroughly rinse with 1:1

nitric acid, then distilled water and then followed by deionized water.

3.3 Experiments

3.3.1 Investigation of the Effect of pH

In this section, the optimum pH using in this method was investigated.
Lead solution with the concentration of 0.2 ppm was used. The samples were adjusted
and controlled at 4, 4.5 and 5, using acetate buffer. The concentration of
Phenanthroline and eosin were varied between 1x10° and 3.5%107 M, and the
complexing solution absorbances were measured using Spectrophotometer at Amax 558

nm.

3.3.2 The Effect of 1,10 phenanthroline and eosin to lead complex.

In this section, the study was divided into 2 parts. The first part was the
study of the optimum concentration of 1,10 phenanthroline and the second part was
the optimum concentration of eosin. They were designed by using the results obtained
from the previous experiment (3.3.2).

In addition, in the first part Lead solution with the concentration of 0.2
ppm was used while the concentration of Eosin that gave the highest absorption in the
previous experiment was fixed but the concentration of Phenanthroline in the range of
1-3.5x10™ M. were varied.

In the second part, the optimum concentration of Eosin was studied. This
experiment the concentration of Phenanthroline at the optimum concentration which
gave the maximum absorption was fixed but the concentration of Eosin were varied in

the range of 1-3.5x10™ M.
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3.3.3 The Effect of Reaction Time.

In this section, the effect of the reaction time was studied. Lead solution of
0.2 ppm was used, then the optimum concentration of 1,10 phenanthroline and eosin
which was studied in section 3.3.2 were added into the sample and pH were adjusted
to meet 4.5. In addition, the reaction times at various stages from 1 - 3 hrs were

applied.

3.3.4 Detection Limit.

In this section, the minimum concentration of lead which would be
detected by this method was investigated. The experimental design by using the result
from 3.3.2. The optimum concentration of 1,10 phenanthroline and eosin were added
into the sample and adjusted pH to meet 4.5, then varied the concentration of lead
from O to 0.30 ppm., and the measurement was done by using Spectrophotometer at

Amax 358 nm.

3.3.5 Interference Investigation.

In this section, the effect of foreign ions which act as interference to this
method was investigated. The 1,10 phenanthroline and eosin (2.5x10~ M) were added
into the sample and adjusted pH to meet 4.5 then vary concentration of foreign ions,

Arsenic, Cadmium, Chromium, Copper, Nickel, Zinc, that used as lead.

34 Data Analysis

All data from the studies of pH, concentration of chemical reagents,
concentration of lead and interference were examined and were statistically processed
In order to compare the results, one-way analysis variance (ANOVA) at 95%
confidence (o = 0.05) using Duncan New Multiple Range test (DMRT) and the
package program of SPSS version 10.0. has been applied.
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CHAPTER 4
RESULTS AND DISCUSSION

Attempts have been made to develop trace lead analysis by using 1,10
phenanthroline and eosin. In order to seek the optimum condition, the factors that
effect the complex compound formation such as pH, concentration of Phenanthroline
and Eosin were studied. Including the concentration of lead that can be detected by
this method and also the interference of other heavy metal. For determination of lead
complex compound, the UV spectrophotometer at wavelength 558 nm has been used.

The experimental result can be drawn as follows:

4.1. Investigation of the Effect of pH .

In this section, the pH of samples were adjusted and controled at 4, 4.5 and 5,
using acetate buffer. However, the concentration of Phenanthroline and eosin were
varied between 1x10~ and 3.5x10° M. And the complexing solution absorption was
measured using Spectrophotometer at room temperature. The result obtained are
presented in Figure 4-1.

0.15

0.13
0.11 -

o 009 —— Absorbance of Lead
% 0.07 at pH 4

':E 0.05 —=— Absorbance of Lead
Z 003 at pH 4.5

< o001 g ‘ : Ry \ ‘ Absorbance of Lead

20.01 - . 5 \3/ 4 atpH 5
-0.03
-0.05

-0.07 1
-0.09 -

Concentration of Phen + Eosin ( x 10° M)

Figure 4-1: Lead absorption immediately measuring at pH 4, 4.5, 5 and 558 nm,.
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It can be seen that at pH 4.5, the sample of lead gave the maximum absorption
and pH 4 and 5 were followed. Thus, it could be concluded that the optimum pH for
this method was pH 4.5. This result was consistent to work done by M.A.Rauf (18)
who found the maximum color development for the ternary complex of lead with 1,10
phenanthroline and eosin was attained at pH 4.5.

As the results presented in Figure 4-2, the effect of measurement time of 3
groups of sample were conducted at different time. Namely, the first group was
immediately measured after adding the reagent whereas the second group was
measured after kept over night at room temperature and the third group was measured
after kept over night at 20°C. The results showed that the absorbance trend of the
samples in the presence of Phenanthroline and Eosin Eosin 2.5x10° M at pH 4.5
were as follows; with keeping over night at 20°C was maximum (0.1228) and higher
than the group of immediately measureing (0.0969) approximately 26%, whereas the
group that was kept one night at room temperature give the lowest absorbtion (0.0859)
and lower than immediately measureing 11%.

However, the samples adsorption in the presence of Phenanthroline and Eosin
3x10° M which was kept one night at room temperature rather high when compare
with the others groups in the presence of Phenanthroline and Eosin 2.5x107 M.. As
we can see the maximum absorption was of 0.0974 in the presence of Phenanthroline
and Eosin 3x10° M whereas the others were of 0.0969 and 0.0859. This might be due

to the effect of temperature that was not stable causing the diffrrences of the results.
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a)

—— Absorbance of Lead
atpH4

—=— Absorbance of Lead
atpH4.5

—— Absorbance of Lead
atpHS5

b)

—— Absorbance of Lead

atpH 4

—=*— Absorbance of Lead

atpH 4.5

—+— Absorbance of Lead

atpH S

c)

—— Absorbance of Lead
atpH 4

—=— Absorbance of Lead
atpH 4.5

—+— Absorbance of Lead
atpH 5

Figure 4-2: Lead absorption in each period measurement at pH 4, 4.5, 5 and 558 nm :
a) immediately measuring, b) overnight at room temp, c) overnight at 20°C
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4.2. The Effect of 1,10 phenanthroline and eosin to lead complex.

The experiments design by used the result from the previous experiment.
Optimized pH (4.5) at concentration of Phenanthroline and Eosin 2.5x10~ M that give
the maximum absorption was used. .In this section, the study was divided into 2 parts.
In the first part, the concentration of Eosin at 2.5%10° M was fixed and the
concentration of Phenanthroline were varied between the range of 1-3.5x10° M. As
shown in Figure 4-3, the samples which were measured immediately after addition of
reagent and after kept one night at 20°C gave the maximum absorption at
concentration of Phenanthroline 2.5x10* M. But the sample which kept one night at
room temperature gave the maximum absorption at concentration of Phenanthroline
310 M. This might be due to the effect of temperature that cause the occurrence of

interference from Eosin that might be precipitated when the temperature change,

0.19 -
0.16 -
0.13 - —+— Absorbance of Lead
8 immediately measuring
= |
= 0.1
2 —=— Absorbance of Lead
o .
% 0.07 - over night at room temp
0.04 - —— Absorbance of Lead
’ over night at 20° C
0.01
L T T T 1
-0.02 J) 1 2 3 4

Concentration of Phen ( x 10 M)

Figure 4-3 Lead absorption with various concentration of Phenanthroline at different
time of measurement, 558 nm

In the second part, the optimum concentration of Phenanthroline at 2.5x10 M
was fixed but the concentration of Eosin were varied between the range of 1-3.5x107
M. As the results presented in Figure 4-4, it can be seen that the maximum absorption
of all groups were at concentration of Eosin 2.5x107 M., then they were gradually
declined after this point, meaning that there were no effect of increasing concentration

of Eosin to absorption. However, the results of the samples that kept overnight at
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room temperature (0.1173) is slightly higher than either immediately meaasuring

(0.1063) or kept overnight at 20°C (0.1029).

0.19
0.16 -
0.13 - —+— Absorbance of Lead
g immediately measuring
=
..cé 0.1 1 —=— Absorbance of Lead
3 over night at room temp
2 0.07 -
< -+— Absorbance of Lead
0.04 - over night at 20° C
0.01 -
L T T T * 1
-0.02 J) 1 2 3 4

Concentration of Eosin ( x 10° M)

Figure 4-4 Lead absorption with various concentration of Eosin at different time of
measurement, 558 nm

From this experiment it could be assumed that the optimum concentration of
1,10-Phenanthroline and Eosin was 2.5x10° M. At this concentration, lead complex
would give the maximum absorption. In addition, the group of sample that was kept
over night at room temperature would give the maximum absorption at the
concentration of Phenanthroline 3x10° M and Eosin 2.5x10” M which was differrent
from the others that gave the maximum absorption at the concentration of
Phenanthroline and Eosin of 2.5x10” M. These might be due to the effect of the
unstable temperature as previously mentioned above in section 4.1 of the effect of

pH to the reaction.

4.3. The Effect of Reaction Time

In the study on the effect of reaction time, the concentration of lead 0.2 ppm.
with Phenanthroline and Eosin at the concentration of 2.5x10” M were used in this
experiment. After adding Phenanthroline and Eosin into lead solution, the sample then
was adjusted pH to meet 4.5., then time measurement were varied from 1 - 3 hrs. In

addition, the reaction of Phenanthroline, Eosin and deionized water has also been
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conducted as blank test, in order to see if the lead complex compound, which is stable
compound, was occurred in the reaction.

As the results presented in Figure 4-5, the absorbance trend of the reaction
with Lead was gradually increased with reaction time, the same as the reaction with
deionized water (without lead) which was pararally increased. It could be assumed
that the complex formation might not be completed. However, after results
subtraction between the reaction with Lead and blank reaction, the calibration graph of
lead absorption become no change with time, demonstrating that reaction should be
completed once after adding reagent. Therefore, there must be some change occurred
duing to Eosin in which (31,32) stated that changing of pH and temperature could be
an effect of the intensity of colour of Eosin. Accordingly, increasing of absorption of
the samples. Thus, we can be stated that this result is consistent to work done by
M.A Rauf (18) which reported that the complex compound of lead, phenanthrolene
and eosin was stable up till 24 hrs., meaning that there should not be any effect of
measuring time to lead complex formation. This result is quite opposited to the
aforementioned results, which seem to have the effect of measuring time to the
absorption value. Therefore, it is possible to explain this phenomena with the same
reason. Apart from measuring time, the important factors influencing to increasing of
absorption, changing intensity of colour of Eosin due to temperature variation should

be in consideration.
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Figure 4-5: Absorption of lead at various time of measurement

a) kept at room temperature b) kept at 20° C
4.4. Detection Limit.

The purpose of this investigation is to find the minimum concentration of Lead
that can be detected by this method. Therefore, this reaction with various
concentrations of Lead (0—0.3 ppm) were used in the presence of Phenanthroline and
Eosin at 2.5x10~ M. Addition of acetate buffer into the sample has been conducted in
order to adjust pH to meet 4.5. Then, the samples were subjected to absorbance

determination at different times.
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As the results presented in Figure 4-5, the absorbance trend of all measuring
groups were increased with an increasing of Lead concentration. All absorption data
in each concentration were also statistically processed by one way ANOVA and
Duncan’s multiple range test. (see in Appendix B-4). It is appeared that lead
absorption value were significantly difference since the concentration of lead at 0.1
ppm and greater, meaning that this method is applicable to the sample with lead at the
minimum concentration of 0.1 ppm. However, work done by M.A. Rauf (18) has
reported that the range of the detection limit of ternary complex of lead, phenthroline
and eosin was at 0.4-2.0 ppm., which is quite difference to this work. This might be
due to the difference of reaction condition such as the concentration of reagent and the
temperature.

In consideration to measuring time, it is appeared that the lead absorption of
the sample that was kept one night at 20°C gave the highest absorption in every
concentration when compared with the orthers, which were measured at once and kept
one night at room temperature. However, it can be seen that the results obtained from
the condition that was kept overnight at room temperature is rather scattered whereas
the others are clearly linear. This could be assumed that, in term of sample measuring
we should not keep the sample overnight at room temperature, if necessary it should
be cool down at least 20°C. Lastly, measuring the samples of this reaction at once

after adding reagent is recommended
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4.5. Interference Investigation.

4.5.1 Interference Concentration: The study on the effect of interference,
the synthetic wastewater at various concentration of foreign ions in place of lead with
adjusting pH to 4.5 were used. The foreign ions used in this experiment were Arsenic,
Cadmium, Chromium, Copper, Nickel and Zinc. They were chosen from Industrial
wastewater standard (33). Addition of Phenanthroline and Eosin at the concentration
of 2.5x10° M were further mixed, and the samples were taken for absorbance
determination. As the results shown in Table 4-1.

As the absorbance of deionized water and lead were 0.4122, and 0.4649, the
foreign ions that did not act likely interference should not give absorbance higher than
lead (0.4649) and should not statistically be different with blank (deionized water).
From the statistical analysis, the results showed that at the concentration of As, Cr <
0.2 ppm.; Cd, Cu, Zn < 0.05 ppm.; and Ni < 0.03 ppm., they were no significantly
differences of the absorption value from the deionized water at p-value > 0.05.
These experimental results demonstrated that there were no any influence of As, Cr <
0.2 ppm.; Cd, Cu, Zn < 0.05 ppm.; and Ni < 0.03 ppm to the reaction of lead with
1,10 Phenanthroline and Eosin solution. However, it can be seen that these
contaminant (foreign ion) are quite minimal, the contaminant of measured wastewater,
therefore, should be extracted before lead determination. Likely, Nopakao (31) has
reported the using of Trioctyphosphine oxide (TOPO) for the extraction of Lead from

salicylate media.
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Table 4-1 The heavy metal absorption in each concentration at pH 4.5, 558 nm

Sample Concentration Absorbance of solution mean Absorbance
ppm.) 1 2 3 (Metal-DZ water)
Deionized
- 0.4137 04118 04111 0.4122 0.0000
water
Pb 0.20 ppm 0.4702 0.4572  0.4672 0.4649 0.0527
As 0.20 ppm 0.4122 0.4108  0.4096 0.4109 -0.0013*
Cd 0.05 ppm 0.4594 0.4554  0.4629 0.4592 0.0470%*
0.10 ppm 0.5022 0.4890  0.4877 0.4930 0.0808
0.15 ppm 0.5333 0.5255 0.5325 0.5304 0.1182
0.20 ppm 0.5726 0.5675  0.5722 0.5708 0.1586
Cly 0.20 ppm 0.4172 0.4150  0.3910 0.4077 -0.0045*
Cu 0.01 ppm 0.4166 0.4205  0.4083 0.4151 0.0029*
0.02 ppm 0.4280 0.4309  0.4281 0.4290 0.0168%*
0.03 ppm 0.4223 0.4384 0.4359 0.4322 0.0200%*
0.04 ppm 0.4190 0.4427  0.4232 0.4283 0.0161%*
0.05 ppm 0.4540 0.4609  0.4421 0.4523 0.0401*
0.10 ppm 0.5558 0.5377  0.5655 0.5530 0.1408
0.15 ppm 0.6243 0.6254  0.6253 0.6250 0.2128
0.20 ppm 0.6872 0.6980  0.6946 0.6933 0.2811
Ni 0.01 ppm 0.4271 0.4143  0.4210 0.4208 0.0086*
0.02 ppm 0.4363 0.4322 0.4397 0.4361 0.0239%*
0.03 ppm 0.4455 0.4463  0.4465 0.4461 0.0339*
0.04 ppm 0.4558 0.4665  0.4628 0.4617 0.0495
0.05 ppm 0.4724 0.4748  0.4709 0.4727 0.0605
0.10 ppm 0.5271 0.5286  0.5142 0.5233 0.0086
0.15 ppm 0.5685 0.5773  0.5660 0.5706 0.1584
0.20 ppm 0.6208 0.5857  0.5905 0.5990 0.1868
Zn 0.05 ppm 04717 0.4496  0.4518 0.4577 0.0455%*
0.10 ppm 0.6581 0.4605  0.4657 0.4631 0.0509
0.15 ppm 0.4881 0.4918  0.4938 0.4912 0.0790
0.20 ppm 0.5196 0.5337  0.5199 0.5244 0.1122

Remarks: * Statistic test using one way ANOVA and Duncan’s multiple range Test showed the
significant different from the deionized water at p-value > 0.05.
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4.5.2 Effect of Measuring Time to Interference: This study has been
carried out in order to reconfirm about the effect of time to the absorption of the
foreign ion at the level of concentration which did not act as interference that obtained
from previous studies. Then time measurement were varied from 0-3 hrs.

As the result shown in Figure 4-7, it can be seen that there were no the
influence of Cd and As to the reaction of lead in the presence of 1,10 Phenanthroline
and Eosin when the measuring time was left longer. While the others, Ni, Cr, Zn, and
Cu, are potentially obstruct the occurrence of the reaction. In order to decrease the
effect of the interference (foreign ions) that might cause an increasing of lead
absorption, the measurement of sample, therefore, should be done immediately after
adding reagent. In addition, it is also found that the adsorbance of Cr and Zn tend to
be increased with increasing time, showing the tendency of instable compound
formation along with the time adding. In case of Ni and Cu, the occurred compound
are more stable as we can see from the measurable adsorbance in which there are no
any variation. Considerably, the application of this method in Ni and Cu analysis is

also possible. However, further studied is recommended.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The Quantitative Analysis of trace lead using 1,10 phenanthroline and eosin
reaction was an experimental research. The objective is to investigate a suitable
condition and optimum concentration of phenanthroline and eosin solutions to react to
lead. In addition, the interference of lead and absorbance measured by UV
spectrophotometer had been done. The conclusion can be drawn from this work are as
follows;

5.1.1 The suitable reaction pH of phenanthroline and eosin solutions with
lead was occurred through 4.5. The absorbance trend of the samples with the
concentration of Phenanthroline and Eosin Eosin 2.5x10° M at pH 4.5 were as
follows; with keeping over night at 20°C was maximum (0.1228) and higher than the
group of immediately measuring (0.0969) approximately 26%, whereas the group that
was kept one night at room temperature give the lowest absorption (0.0859) and lower
than immediately measuring 11%.

5.1.2 The optimum concentration of 1,10-Phenanthroline and Eosin was
2.5%107 M.. On the other hand, this method is applicable to the sample with lead at
the minimum concentration of 0.1 ppm. In term of sample measuring we should not
keep the sample overnight at room temperature, if necessary it should be cool down at
least 20°C. Lastly, measuring the samples of this reaction at once after adding reagent

1s recommended.
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5.1.3 In the study of the effect of interference, it had been found that the
wastewater used in this experiment should have the concentration of As,Cr <0.2 ppm.,
Cd,Cu,Zn < 0.05 ppm and Ni< 0.03 ppm. However, it can be seen that these
contaminant (foreign ion) are quite minimal, the contaminant of measured wastewater,
therefore, should be extracted before lead determination. The measurement should be
promptly done after the reagents were added because of some foreign ions tended to

behave as interference after a longer measuring time.

5.2 Recommendations

5.2.1  The chemical reaction between complex of Phenanthroline and eosin
and lead should be further investigated.

5.2.2  The effect of interference should be further studied on the other
interference substances such as organic matters.

5.2.3  Because of the water sample used in this experiment was synthetic
water. Another source of sample such as industrial wastewater or water from the water
resource is recommended for further investigation.

5.2.4  There are the other interested techniques and reagents should

continuously be investigated
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-V-530-

Figure A-1 UV-spectrophotometer V530 with Computer PC.
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Figure A-2 Pb solution in each concentration

Copyright by Mahidol University
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The statistical analysis of the absorbance of Lead in each concentration of
phenanthroline at 558 nm pH 4.5 measuring immeadiately, room temperature

Descriptives
The absorbance of Lead
95% Confidence Interval for
Phen N Mean Std. Deviation| Std. Error Mean Minimum [Maximum
Lower Bound | Upper Bound
0.0010 | 3 |4.96667E-02| 1.42760E-02 | 8.24224E-03 | 1.42032E-02 | 8.51301E-02 .0337 .0612
0.0015| 3 |3.12667E-02| 2.09421E-02 | 1.20910E-02 |-2.075650E-02| 8.32898E-02 .0076 .0474
0.0020 | 3 [5.79000E-02| 6.07701E-03 | 3.50856E-03 | 4.28039E-02 | 7.29961E-02 0511 .0628
0.0025| 3 .106433 1.08002E-02 | 6.23547E-03 | 7.96043E-02 133262 .0941 1142
0.0030 | 3 [8.48000E-02| 3.28900E-02 | 1.89890E-02 | 3.09679E-03 .166503 .0503 1158
0.0035| 3 |6.81000E-02| 3.02392E-02 | 1.74586E-02 |-7.018369E-03 143218 .0332 .0865
Total 18 |6.63611E-02| 3.08472E-02 | 7.27076E-03 | 5.10212E-02 | 8.17011E-02 .0076 1158
Test of Homogeneity of Variances
The absorbance of Lead
Levene
Statistic df1 df2 Sig.
2.141 3 12 130
ANOVA
The absorbance of Lead
Sum of Squares | df |[Mean Square| F Sig.
Between Groups| 1.059E-02 5 | 2.118E-03 |4.552| .015
Within Groups 5.584E-03 12 | 4.654E-04
Total 1.618E-02 17
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Mean Difference (I-

95% Confidence Interval

(I) Conc Phen (J) Conc Phen 7 Std. Error Sig. Lower Bound Upper Bound
LSD 0.0010 0.0015 1.84000E-02 1.76135E-02 317 -1.997646E-02 5.67765E-02
0.0020 -8.233333E-03 1.76135E-02 .649 -4.660980E-02 3.01431E-02
0.0025 -5.676667E-02* 1.76135E-02 .007 -9.514313E-02 -1.839020E-02
0.0030 -3.513333E-02 1.76135E-02 .069 -7.350980E-02 3.24313E-03
0.0035 -1.843333E-02 1.76135E-02 316 -5.680980E-02 1.99431E-02
0.0015 0.0010 -1.840000E-02 1.76135E-02 317 -5.677646E-02 1.99765E-02
0.0020 -2.663333E-02 1.76135E-02 156 -6.500980E-02 1.17431E-02
0.0025 -7.516667E-02* 1.76135E-02 .001 - 113543 -3.679020E-02
0.0030 -5.353333E-02% 1.76135E-02 .010 -9.190980E-02 -1.515687E-02
0.0035 -3.683333E-02 1.76135E-02 .058 -7.520980E-02 1.54313E-03
0.0020 0.0010 8.23333E-03 1.76135E-02 .649 -3.014313E-02 4.66098E-02
0.0015 2.66333E-02 1.76135E-02 156 -1.174313E-02 6.50098E-02
0.0025 -4.853333E-02* 1.76135E-02 .017 -8.690980E-02 -1.015687E-02
0.0030 -2.690000E-02 1.76135E-02 153 -6.527646E-02 1.14765E-02
0.0035 -1.020000E-02 1.76135E-02 513 -4.857646E-02 2.81765E-02
0.0025 0.0010 5.67667E-02* 1.76135E-02 .007 1.83902E-02 9.51431E-02
0.0015 7.51667E-02* 1.76135E-02 .001 3.67902E-02 113543
0.0020 4.85333E-02* 1.76135E-02 .017 1.01569E-02 8.69098E-02
0.0030 2.16333E-02 1.76135E-02 243 -1.674313E-02 6.00098E-02
0.0035 3.83333E-02 1.76135E-02 .050 -4.312844E-05 7.67098E-02
0.0030 0.0010 3.51333E-02 1.76135E-02 .069 -3.243128E-03 7.35098E-02
0.0015 5.35333E-02* 1.76135E-02 .010 1.51569E-02 9.19098E-02
0.0020 2.69000E-02 1.76135E-02 8153 -1.147646E-02 6.52765E-02
0.0025 -2.163333E-02 1.76135E-02 243 -6.000980E-02 1.67431E-02
0.0035 1.67000E-02 1.76135E-02 .362 -2.167646E-02 5.50765E-02
0.0035 0.0010 1.84333E-02 1.76135E-02 316 -1.994313E-02 5.68098E-02
0.0015 3.68333E-02 1.76135E-02 .058 -1.543128E-03 7.52098E-02
0.0020 1.02000E-02 1.76135E-02 .573 -2.817646E-02 4.85765E-02
0.0025 -3.833333E-02 1.76135E-02 .050 -7.670980E-02 4.31284E-05
0.0030 -1.670000E-02 1.76135E-02 .362 -5.507646E-02 2.16765E-02
Dunnett T3 0.0010 0.0015 1.84000E-02 1.76135E-02 914 -5.720160E-02 9.40016E-02
0.0020 -8.233333E-03 1.76135E-02 981 -6.429692E-02 4.78303E-02
0.0025 -5.676667E-02* 1.76135E-02 .041 -.110163 -3.370016E-03
0.0030 -3.513333E-02 1.76135E-02 731 -.164689 9.44227E-02
0.0035 -1.843333E-02 1.76135E-02 976 -.139263 .102397
0.0015 0.0010 -1.840000E-02 1.76135E-02 914 -9.400160E-02 5.72016E-02
0.0020 -2.663333E-02 1.76135E-02 592 . .
0.0025 -7.516667E-02 1.76135E-02 .070 -.160309 9.97536E-03
0.0030 -5.353333E-02 1.76135E-02 467 -.194424 8.73568E-02
0.0035 -3.683333E-02 1.76135E-02 712 -.146552 7.28858E-02
0.0020 0.0010 8.23333E-03 1.76135E-02 981 -4.783025E-02 6.42969E-02
0.0015 2.66333E-02 1.76135E-02 592 . .
0.0025 -4.853333E-02* 1.76135E-02 .040 -9.331195E-02 -3.754719E-03
0.0030 -2.690000E-02 1.76135E-02 .845
0.0035 -1.020000E-02 1.76135E-02 1.000 . .
0.0025 0.0010 5.67667E-02* 1.76135E-02 .041 3.37002E-03 .110163
0.0015 7.51667E-02 1.76135E-02 .070 -9.975362E-03 160309
0.0020 4.85333E-02* 1.76135E-02 .040 3.75472E-03 9.33119E-02
0.0030 2.16333E-02 1.76135E-02 939 . .
0.0035 3.83333E-02 1.76135E-02 578 -7.769213E-02 .154359
0.0030 0.0010 3.51333E-02 1.76135E-02 731 -9.442275E-02 164689
0.0015 5.35333E-02 1.76135E-02 467 -8.735685E-02 194424
0.0020 2.69000E-02 1.76135E-02 .845
0.0025 -2.163333E-02 1.76135E-02 939 . .
0.0035 1.67000E-02 1.76135E-02 999 -.116570 .149970
0.0035 0.0010 1.84333E-02 1.76135E-02 976 -.102397 139263
0.0015 3.68333E-02 1.76135E-02 712 -7.288580E-02 146552
0.0020 1.02000E-02 1.76135E-02 1.000 . .
0.0025 -3.833333E-02 1.76135E-02 578 -.154359 7.76921E-02
0.0030 -1.670000E-02 1.76135E-02 999 -.149970 .116570

* The mean difference is significant at the

a Range values cannot be computed.

.05 level.
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The absorbance of Lead
Conc Phen N 1 Subset for aztlpha =.05 .
Duncan®® 0.0015 3 3.12667E-02

0.0010 3 4.96667E-02 | 4.96667E-02

0.0020 3 5.79000E-02 | 5.79000E-02

0.0035 3 6.81000E-02 | 6.81000E-02 | 6.81000E-02
0.0030 3 8.48000E-02 | 8.48000E-02
0.0025 3 .106433

Sig. .076 .089 .060
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Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.

The statistical analysis of the absorbance of Lead in each concentration of
phenanthroline at 558 nm pH 4.5 overnight room temperature

Descriptives
The absorbance of Lead
95% Confidence Interval for
N Mean Std. Deviation Std. Error Mean Minimum [Maximum
Lower Bound |Upper Bound
0.0010 3 |3.93000E-02| 1.78874E-02 | 1.03273E-02 | -5.134829E-03 |8.37348E-02| .0187 .0509
0.0015 3 |3.80000E-02| 1.01237E-02 | 5.84494E-03 | 1.28512E-02 |6.31488E-02| .0275 .0477
0.0020 3 [5.79000E-02| 6.07701E-03 | 3.50856E-03 | 4.28039E-02 [7.29961E-02| .0511 .0628
0.0025 3 114967 2.29457E-02 | 1.32477E-02 | 5.79665E-02 171967 .0942 .1396
0.0030 3 .180667 7.43579E-02 | 4.29306E-02 | -4.048698E-03 .365382 1148 2613
0.0035 3 6.24333E-02| 4.57638E-02 | 2.64217E-02 | -5.125019E-02 176117 .0246 1133
Total 18 |8.22111E-02| 6.12864E-02 | 1.44453E-02 | 5.17341E-02 112688 .0187 2613
Test of Homogeneity of Variances
The absorbance of Lead
Levene
Statistic df1 df2 Sig.
3.642 5 12 .031
ANOVA
The absorbance of Lead
SS(llllrlr;r(;fS Mean Square F Sig.
Between Groups | 4.663E-02 9.327E-03 | 6.500 .004
Within Groups 1.722E-02 1.435E-03
Total 6.385E-02
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Mean Difference

95% Confidence Interval

(I) Conc Phen (J) Conc Phen (1) Std. Error Sig. Lower Bound | Upper Bound
LSD 0.0010 0.0015 1.30000E-03 3.09288E-02 967 -6.608804E-02 6.86880E-02
0.0020 -1.860000E-02 3.09288E-02 .559 -8.598804E-02 4.87880E-02
0.0025 -7.566667E-02* 3.09288E-02 .031 -.143055 -8.278624E-03
0.0030 -.141367* 3.09288E-02 .001 -.208755 -7.397862E-02
0.0035 -2.313333E-02 3.09288E-02 469 -9.052138E-02 4.42547E-02
0.0015 0.0010 -1.300000E-03 3.09288E-02 967 -6.868804E-02 6.60880E-02
0.0020 -1.990000E-02 3.09288E-02 .532 -8.728804E-02 4.74880E-02
0.0025 -7.696667E-02* 3.09288E-02 .029 -.144355 -9.578624E-03
0.0030 -.142667* 3.09288E-02 .001 -.210055 -7.527862E-02
0.0035 -2.443333E-02 3.09288E-02 445 -9.182138E-02 4.29547E-02
0.0020 0.0010 1.86000E-02 3.09288E-02 .559 -4.878804E-02 8.59880E-02
0.0015 1.99000E-02 3.09288E-02 589 -4.748804E-02 8.72880E-02
0.0025 -5.706667E-02 3.09288E-02 .090 -.124455 1.03214E-02
0.0030 -.122767* 3.09288E-02 .002 -.190155 -5.537862E-02
0.0035 -4.533333E-03 3.09288E-02 .886 -7.192138E-02 6.28547E-02
0.0025 0.0010 7.56667E-02* 3.09288E-02 .031 8.27862E-03 .143055
0.0015 7.69667E-02* 3.09288E-02 .029 9.57862E-03 .144355
0.0020 5.70667E-02 3.09288E-02 .090 -1.032138E-02 .124455
0.0030 -6.570000E-02 3.09288E-02 .055 -.133088 1.68804E-03
0.0035 5.25333E-02 3.09288E-02 115 -1.485471E-02 119921
0.0030 0.0010 141367* 3.09288E-02 .001 7.39786E-02 208755
0.0015 .142667* 3.09288E-02 .001 7.52786E-02 .210055
0.0020 122767* 3.09288E-02 .002 5.53786E-02 190155
0.0025 6.57000E-02 3.09288E-02 .055 -1.688043E-03 133088
0.0035 .118233* 3.09288E-02 .002 5.08453E-02 185621
0.0035 0.0010 2.31333E-02 3.09288E-02 469 -4.425471E-02 9.05214E-02
0.0015 2.44333E-02 3.09288E-02 445 -4.295471E-02 9.18214E-02
0.0020 4.53333E-03 3.09288E-02 .886 -6.285471E-02 7.19214E-02
0.0025 -5.253333E-02 3.09288E-02 B4l S -.119921 1.48547E-02
0.0030 -.118233* 3.09288E-02 .002 -.185621 -5.084529E-02
Dunnett T3 0.0010 0.0015 1.30000E-03 3.09288E-02 1.000 -7.296777E-02 7.55678E-02
0.0020 -1.860000E-02 3.09288E-02 732 : .
0.0025 -7.566667E-02 3.09288E-02 .079 -.162451 1.11174E-02
0.0030 -.141367 3.09288E-02 338 . .
0.0035 -2.313333E-02 3.09288E-02 991 -.200678 154411
0.0015 0.0010 -1.300000E-03 3.09288E-02 1.000 -7.556777TE-02 7.29678E-02
0.0020 -1.990000E-02 3.09288E-02 321 -6.256535E-02 2.27653E-02
0.0025 -7.696667E-02 3.09288E-02 .078 -.167589 1.36558E-02
0.0030 -.142667 3.09288E-02 324
0.0035 -2.443333E-02 3.09288E-02 975
0.0020 0.0010 1.86000E-02 3.09288E-02 732 . .
0.0015 1.99000E-02 3.09288E-02 321 -2.276535E-02 6.25653E-02
0.0025 -5.706667E-02 3.09288E-02 220
0.0030 -.122767 3.09288E-02 403
0.0035 -4.533333E-03 3.09288E-02 1.000 . .
0.0025 0.0010 7.56667E-02 3.09288E-02 .079 -1.111744E-02 162451
0.0015 7.69667E-02 3.09288E-02 .078 -1.365578E-02 167589
0.0020 5.70667E-02 3.09288E-02 220
0.0030 -6.570000E-02 3.09288E-02 .820 . .
0.0035 5.25333E-02 3.09288E-02 .696 -.132450 237516
0.0030 0.0010 .141367 3.09288E-02 338
0.0015 142667 3.09288E-02 324
0.0020 122767 3.09288E-02 403
0.0025 6.57000E-02 3.09288E-02 .820 . .
0.0035 .118233 3.09288E-02 478 -.197258 433725
0.0035 0.0010 2.31333E-02 3.09288E-02 991 - 154411 200678
0.0015 2.44333E-02 3.09288E-02 975
0.0020 4.53333E-03 3.09288E-02 1.000 . .
0.0025 -5.253333E-02 3.09288E-02 .696 -237516 .132450
0.0030 -.118233 3.09288E-02 478 -.433725 .197258

* The mean difference is significant at the .05 level.
a Range values cannot be computed.
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Conc Phen N 1 Subset for ;lpha =.05 ;

Duncan™ | 0.0015 3 3.80000E-02

0.0010 3 3.93000E-02

0.0020 3 5.79000E-02| 5.79000E-02

0.0035 3 6.24333E-02| 6.24333E-02

0.0025 3 .114967 114967

0.0030 3 .180667

Sig. 478 .104 .055

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.

The statistical analysis of the absorbance of Lead in each concentration of
phenanthroline at 558 nm pH 4.5 overnight 20° C

Descriptives
The absorbance of Lead
95% Confidence Interval for
N Mean Std. Deviation | Std. Error Mean Minimum |Maximum
Lower Bound | Upper Bound
0.0010 3 |4.72667E-02| 4.94099E-03 | 2.85268E-03 | 3.49926E-02 | 5.95408E-02 | .0420 .0518
0.0015 3 [3.02000E-02| 9.24067E-03 | 5.33510E-03 | 7.24490E-03 | 5.31551E-02 | .0215 .0399
0.0020 3 [5.05667E-02| 6.37913E-03 | 3.68299E-03 | 3.47200E-02 | 6.64133E-02 | .0435 .0559
0.0025 3 123533 1.10500E-02 | 6.37974E-03 | 9.60835E-02 .150983 .1109 1314
0.0030 3 [9.14333E-02| 1.57424E-02 | 9.08888E-03 | 5.23270E-02 .130540 .0818 .1096
0.0035 3 [7.63000E-02| 2.88574E-02 | 1.66608E-02 | 4.61422E-03 147986 .0433 .0968
Total 18 [6.98833E-02| 3.45017E-02 | 8.13214E-03 | 5.27260E-02 | 8.70406E-02 | .0215 1314
Test of Homogeneity of Variances
The absorbance of Lead
Levene
Statistic dfl df2 Sig.
4.489 5 12 .015
ANOVA
The absorbance of Lead
SSclll;Zr(;]; df Mean Square F Sig.
Between Groups| 1.753E-02 5 3.506E-03 | 15.546 .000
Within Groups | 2.706E-03 12 2.255E-04
Total 2.024E-02 17
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Dependent Variable: The absorbance of Lead

Mean Difference

95% Confidence Interval

(I) Conc Phen (J) Conc Phen (L) Std. Error Sig. Lower Bound Upper Bound
LSD 0.0010 0.0015 1.70667E-02 1.22618E-02 189 | -9.649576E-03 4.37829E-02
0.0020 -3.300000E-03 1.22618E-02 792 | -3.001624E-02 2.34162E-02
0.0025 -7.626667E-02* 1.22618E-02 .000 -.102983 -4.955042E-02
0.0030 -4.416667E-02* 1.22618E-02 .004 | -7.088291E-02 | -1.745042E-02
0.0035 -2.903333E-02* 1.22618E-02 .036 | -5.574958E-02 | -2.317090E-03
0.0015 0.0010 -1.706667E-02 1.22618E-02 189 | -4.378291E-02 9.64958E-03
0.0020 -2.036667E-02 1.22618E-02 123 | -4.708291E-02 6.34958E-03
0.0025 -9.333333E-02* 1.22618E-02 .000 -.120050 -6.661709E-02
0.0030 -6.123333E-02* 1.22618E-02 .000 | -8.794958E-02 | -3.451709E-02
0.0035 -4.610000E-02* 1.22618E-02 .003 | -7.281624E-02 | -1.938376E-02
0.0020 0.0010 3.30000E-03 1.22618E-02 792 | -2.341624E-02 3.00162E-02
0.0015 2.03667E-02 1.22618E-02 123 | -6.349576E-03 4.70829E-02
0.0025 -7.296667E-02* 1.22618E-02 .000 | -9.968291E-02 | -4.625042E-02
0.0030 -4.086667E-02* 1.22618E-02 .006 | -6.758291E-02 | -1.415042E-02
0.0035 -2.573333E-02 1.22618E-02 .058 | -5.244958E-02 9.82910E-04
0.0025 0.0010 7.62667E-02* 1.22618E-02 .000 4.95504E-02 .102983
0.0015 9.33333E-02* 1.22618E-02 .000 6.66171E-02 .120050
0.0020 7.29667E-02* 1.22618E-02 .000 4.62504E-02 9.96829E-02
0.0030 3.21000E-02* 1.22618E-02 .022 5.38376E-03 5.88162E-02
0.0035 4.72333E-02* 1.22618E-02 .002 2.05171E-02 7.39496E-02
0.0030 0.0010 4.41667E-02* 1.22618E-02 .004 1.74504E-02 7.08829E-02
0.0015 6.12333E-02* 1.22618E-02 .000 3.45171E-02 8.79496E-02
0.0020 4.08667E-02* 1.22618E-02 .006 1.41504E-02 6.75829E-02
0.0025 -3.210000E-02* 1.22618E-02 .022 | -5.881624E-02 | -5.383757E-03
0.0035 1.51333E-02 1.22618E-02 241 | -1.158291E-02 4.18496E-02
0.0035 0.0010 2.90333E-02* 1.22618E-02 .036 2.31709E-03 5.57496E-02
0.0015 4.61000E-02* 1.22618E-02 .003 1.93838E-02 7.28162E-02
0.0020 2.57333E-02 1.22618E-02 .058 | -9.829096E-04 5.24496E-02
0.0025 -4.723333E-02* 1.22618E-02 .002 | -7.394958E-02 | -2.051709E-02
0.0030 -1.513333E-02 1.22618E-02 241 | -4.184958E-02 1.15829E-02
Dunnett T3 0.0010 0.0015 1.70667E-02 1.22618E-02 343 | -2.079681E-02 5.49301E-02
0.0020 -3.300000E-03 1.22618E-02 998 | -2.736849E-02 2.07685E-02
0.0025 -7.626667E-02* 1.22618E-02 .010 -.120004 -3.252893E-02
0.0030 -4.416667E-02 1.22618E-02 .183
0.0035 -2.903333E-02 1.22618E-02 728 . .
0.0015 0.0010 -1.706667E-02 1.22618E-02 343 | -5.493015E-02 2.07968E-02
0.0020 -2.036667E-02 1.22618E-02 228 | -5.386051E-02 1.31272E-02
0.0025 -9.333333E-02* 1.22618E-02 .003 -.136301 -5.036602E-02
0.0030 -6.123333E-02 1.22618E-02 .061 -.127192 4.72565E-03
0.0035 -4.610000E-02 1.22618E-02 450 . .
0.0020 0.0010 3.30000E-03 1.22618E-02 998 | -2.076849E-02 2.73685E-02
0.0015 2.03667E-02 1.22618E-02 228 | -1.312718E-02 5.38605E-02
0.0025 -7.296667E-02* 1.22618E-02 .014 -.119070 -2.686300E-02
0.0030 -4.086667E-02 1.22618E-02 144 -.102243 2.05093E-02
0.0035 -2.573333E-02 1.22618E-02 .804 . .
0.0025 0.0010 7.62667E-02* 1.22618E-02 .010 3.25289E-02 .120004
0.0015 9.33333E-02* 1.22618E-02 .003 5.03660E-02 .136301
0.0020 7.29667E-02* 1.22618E-02 .014 2.68630E-02 119070
0.0030 3.21000E-02 1.22618E-02 282 | -2.527120E-02 8.94712E-02
0.0035 4.72333E-02 1.22618E-02 387 | -6.442241E-02 .158889
0.0030 0.0010 4.41667E-02 1.22618E-02 183 . .
0.0015 6.12333E-02 1.22618E-02 .061 | -4.725647E-03 127192
0.0020 4.08667E-02 1.22618E-02 144 | -2.050928E-02 .102243
0.0025 -3.210000E-02 1.22618E-02 282 | -8.947120E-02 2.52712E-02
0.0035 1.51333E-02 1.22618E-02 .993 -.103646 .133912
0.0035 0.0010 2.90333E-02 1.22618E-02 728
0.0015 4.61000E-02 1.22618E-02 450
0.0020 2.57333E-02 1.22618E-02 .804 . .
0.0025 -4.723333E-02 1.22618E-02 387 -.158889 6.44224E-02
0.0030 -1.513333E-02 1.22618E-02 .993 -.133912 .103646

* The mean difference is significant at the .05 level.

a Range values cannot be computed.
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Wanchai Tanglearkpipat
The absorbance of Lead
Subset for alpha = .05
Conc Phen| N I > 3 7
Duncan®® | 0.0015 3 3.02000E-02

0.0010 3 4.72667E-02

0.0020 3 5.05667E-02 |5.05667E-02

0.0035 3 7.63000E-02(7.63000E-02

0.0030 3 9.14333E-02

0.0025 3 123533

Sig. 139 .058 241 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.

The statistical analysis of the absorbance of Lead in each concentration of Eosin
at 558 nm pH 4.5 measuring immeadiately, room temperature

Descriptives
The absorbance of Lead
95% Confidence Interval for
N Mean Std. Deviation | Std. Error Mean Minimum [Maximum
Lower Bound | Upper Bound
0.0010 3 2.71000E-02 | 1.99750E-03 |1.15326E-03| 2.21379E-02 | 3.20621E-02 | .0258 .0294
0.0015 3 3.59333E-02 | 3.26241E-03 |1.88355E-03| 2.78291E-02 | 4.40376E-02 | .0331 .0395
0.0020 3 5.12000E-02 | 2.53202E-02 |1.46186E-02|-1.169874E-02| .114099 .0342 .0803
0.0025 3 .106433 1.08002E-02 |6.23547E-03 | 7.96043E-02 133262 .0941 1142
0.0030 3 9.77000E-02 | 5.79583E-02 |3.34623E-02 [-4.627652E-02| .241677 .0444 1594
0.0035 3 -7.333333E-04| 3.88027E-02 |2.24028E-02(-9.712471E-02| 9.56580E-02 | -.0342 .0418
Total 18 5.29389E-02 | 4.68990E-02 |1.10542E-02| 2.96166E-02 | 7.62612E-02 | -.0342 1594
Test of Homogeneity of Variances
The absorbance of Lead
Levene
Statistic dfl df2 Sig.
3.694 5 12 .030
ANOVA
The absorbance of Lead
Ssélllizrz]; df Mean Square F Sig.
Between Groups | 2.612E-02 5 5.223E-03 | 5.560 .007
Within Groups | 1.127E-02 12 9.395E-04
Total 3.739E-02 17
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Mean Difference

95% Confidence Interval

(I) Conc Phen (J) Conc Phen (L) Std. Error Sig. Lower Bound | Upper Bound
LSD 0.0010 0.0015 -8.833333E-03 2.50271E-02 730 | -6.336274E-02 4.56961E-02
0.0020 -2.410000E-02 2.50271E-02 .355 -7.862941E-02 3.04294E-02
0.0025 -7.933333E-02* 2.50271E-02 .008 -.133863 -2.480393E-02
0.0030 -7.060000E-02* 2.50271E-02 .015 -.125129 -1.607059E-02
0.0035 2.78333E-02 2.50271E-02 288 | -2.669607E-02 8.23627E-02
0.0015 0.0010 8.83333E-03 2.50271E-02 730 | -4.569607E-02 6.33627E-02
0.0020 -1.526667E-02 2.50271E-02 .553 -6.979607E-02 3.92627E-02
0.0025 -7.050000E-02* 2.50271E-02 .016 -.125029 -1.597059E-02
0.0030 -6.176667E-02* 2.50271E-02 .030 -.116296 -7.237260E-03
0.0035 3.66667E-02 2.50271E-02 169 | -1.786274E-02 9.11961E-02
0.0020 0.0010 2.41000E-02 2.50271E-02 .355 -3.042941E-02 7.86294E-02
0.0015 1.52667E-02 2.50271E-02 .553 -3.926274E-02 6.97961E-02
0.0025 -5.523333E-02* 2.50271E-02 .048 -.109763 -7.039262E-04
0.0030 -4.650000E-02 2.50271E-02 .088 -.101029 8.02941E-03
0.0035 5.19333E-02 2.50271E-02 .060 | -2.596074E-03 106463
0.0025 0.0010 7.93333E-02* 2.50271E-02 .008 2.48039E-02 133863
0.0015 7.05000E-02* 2.50271E-02 .016 1.59706E-02 125029
0.0020 5.52333E-02* 2.50271E-02 .048 7.03926E-04 109763
0.0030 8.73333E-03 2.50271E-02 733 -4.579607E-02 6.32627E-02
0.0035 .107167* 2.50271E-02 .001 5.26373E-02 161696
0.0030 0.0010 7.06000E-02* 2.50271E-02 .015 1.60706E-02 125129
0.0015 6.17667E-02* 2.50271E-02 .030 7.23726E-03 116296
0.0020 4.65000E-02 2.50271E-02 .088 | -8.029407E-03 .101029
0.0025 -8.733333E-03 2.50271E-02 733 | -6.326274E-02 4.57961E-02
0.0035 9.84333E-02* 2.50271E-02 .002 4.39039E-02 152963
0.0035 0.0010 -2.783333E-02 2.50271E-02 288 | -8.236274E-02 2.66961E-02
0.0015 -3.666667E-02 2.50271E-02 169 | -9.119607E-02 1.78627E-02
0.0020 -5.193333E-02 2.50271E-02 .060 -.106463 2.59607E-03
0.0025 -.107167* 2.50271E-02 .001 -.161696 -5.263726E-02
0.0030 -9.843333E-02* 2.50271E-02 .002 -.152963 -4.390393E-02
Dunnett T3 0.0010 0.0015 -8.833333E-03 2.50271E-02 159 | -2.265576E-02 4.98910E-03
0.0020 -2.410000E-02 2.50271E-02 154
0.0025 -7.933333E-02* 2.50271E-02 .028
0.0030 -7.060000E-02 2.50271E-02 .594
0.0035 2.78333E-02 2.50271E-02 .895 ! .
0.0015 0.0010 8.83333E-03 2.50271E-02 159 | -4.989096E-03 2.26558E-02
0.0020 -1.526667E-02 2.50271E-02 .950
0.0025 -7.050000E-02* 2.50271E-02 .037
0.0030 -6.176667E-02 2.50271E-02 .683
0.0035 3.66667E-02 2.50271E-02 759
0.0020 0.0010 2.41000E-02 2.50271E-02 154
0.0015 1.52667E-02 2.50271E-02 950 . .
0.0025 -5.523333E-02 2.50271E-02 221 -.154700 4.42331E-02
0.0030 -4.650000E-02 2.50271E-02 .898 -.275038 182038
0.0035 5.19333E-02 2.50271E-02 .628 -.115486 219352
0.0025 0.0010 7.93333E-02* 2.50271E-02 .028
0.0015 7.05000E-02* 2.50271E-02 .037 . .
0.0020 5.52333E-02 2.50271E-02 221 -4.423313E-02 154700
0.0030 8.73333E-03 2.50271E-02 1.000
0.0035 107167 2.50271E-02 185
0.0030 0.0010 7.06000E-02 2.50271E-02 594
0.0015 6.17667E-02 2.50271E-02 .683 . .
0.0020 4.65000E-02 2.50271E-02 .898 -.182038 275038
0.0025 -8.733333E-03 2.50271E-02 1.000 . .
0.0035 9.84333E-02 2.50271E-02 446 -.153593 .350460
0.0035 0.0010 -2.783333E-02 2.50271E-02 .895
0.0015 -3.666667E-02 2.50271E-02 759 . .
0.0020 -5.193333E-02 2.50271E-02 .628 -.219352 115486
0.0025 -.107167 2.50271E-02 185 . .
0.0030 -9.843333E-02 2.50271E-02 446 -.350460 153593

* The mean difference is significant at the .05 level.
a Range values cannot be computed.




Wanchai Tanglearkpipat

The absorbance of Lead
Conc Eosinl N Suliset for alpha = i()5
Duncan 0.0035 3 -7.333333E-04
0.0010 3 2.71000E-02
0.0015 3 3.59333E-02
0.0020 3 5.12000E-02 | 5.12000E-02
0.0030 3 9.77000E-02
0.0025 3 .106433
Sig. .078 .057

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.
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The statistical analysis of the absorbance of Lead in each concentration of Eosin
at 558 nm pH 4.5 overnight room temperature

Descriptives
The absorbance of Lead
95% Confidence Interval for
N Mean Std. Deviation | Std. Error Mean Minimum |Maximum
Lower Bound | Upper Bound
0.0010 3 2.43667E-02 | 3.54448E-03 [2.04641E-03| 1.55617E-02 | 3.31716E-02 .0203 .0268
0.0015 3 3.61000E-02 | 4.10731E-03 |2.37136E-03| 2.58969E-02 | 4.63031E-02 .0328 .0407
0.0020 3 4.82333E-02 | 1.84958E-02 |1.06785E-02| 2.28731E-03 | 9.41794E-02 .0359 .0695
0.0025 3 117300 1.97871E-02 |1.14241E-02| 6.81461E-02 .166454 .1022 1397
0.0030 3 8.65000E-02 | 7.79912E-02 [4.50283E-02| -.107241 280241 -.0001 1512
0.0035 3 3.76667E-02 | 5.86935E-02 [3.38867E-02| -.108136 183469 -.0177 .0992
Total 18 5.83611E-02 | 4.84610E-02 |1.14224E-02| 3.42620E-02 | 8.24602E-02 | -.0177 1512
Test of Homogeneity of Variances
The absorbance of Lead
Levene
Statistic dfl df2 Sig.
4.240 5 12 .019
ANOVA
The absorbance of Lead
Ssélllizrz]; df Mean Square F Sig.
Between Groups| 1.934E-02 5 3.869E-03 2.256 115
Within Groups | 2.058E-02 12 1.715E-03
Total 3.992E-02 17
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Mean Difference (I- . 95% Confidence Interval
(I) Conc Phen (J) Conc Phen 1 Std. Error Sig. Lower Bound Upper Bound
LSD 0.0010 0.0015 -1.173333E-02 3.38142E-02 | .735 -8.540818E-02 6.19415E-02
0.0020 -2.386667E-02 3.38142E-02 | .494 | -9.754151E-02 4.98082E-02
0.0025 -9.293333E-02* | 3.38142E-02 | .018 -.166608 -1.925849E-02
0.0030 -6.213333E-02 3.38142E-02 | .091 -.135808 1.15415E-02
0.0035 -1.330000E-02 3.38142E-02 | .701 -8.697484E-02 6.03748E-02
0.0015 0.0010 1.17333E-02 3.38142E-02 | .735 -6.194151E-02 8.54082E-02
0.0020 -1.213333E-02 3.38142E-02 | .726 | -8.580818E-02 6.15415E-02
0.0025 -8.120000E-02* | 3.38142E-02 | .033 -.154875 -7.525155E-03
0.0030 -5.040000E-02 3.38142E-02 | .162 -.124075 2.32748E-02
0.0035 -1.566667E-03 3.38142E-02 | 964 | -7.524151E-02 7.21082E-02
0.0020 0.0010 2.38667E-02 3.38142E-02 | .494 | -4.980818E-02 9.75415E-02
0.0015 1.21333E-02 3.38142E-02 | .726 | -6.154151E-02 8.58082E-02
0.0025 -6.906667E-02 3.38142E-02 | .064 -.142742 4.60818E-03
0.0030 -3.826667E-02 3.38142E-02 | .280 -.111942 3.54082E-02
0.0035 1.05667E-02 3.38142E-02 | .760 | -6.310818E-02 8.42415E-02
0.0025 0.0010 9.29333E-02* 3.38142E-02 | .018 1.92585E-02 .166608
0.0015 8.12000E-02* 3.38142E-02 | .033 7.52516E-03 154875
0.0020 6.90667E-02 3.38142E-02 | .064 | -4.608178E-03 .142742
0.0030 3.08000E-02 3.38142E-02 | .380 | -4.287484E-02 104475
0.0035 7.96333E-02* 3.38142E-02 | .036 5.95849E-03 .153308
0.0030 0.0010 6.21333E-02 3.38142E-02 | .091 -1.154151E-02 135808
0.0015 5.04000E-02 3.38142E-02 | .162 | -2.327484E-02 124075
0.0020 3.82667E-02 3.38142E-02 | .280 | -3.540818E-02 111942
0.0025 -3.080000E-02 3.38142E-02 | .380 -.104475 4.28748E-02
0.0035 4.88333E-02 3.38142E-02 | .174 | -2.484151E-02 122508
0.0035 0.0010 1.33000E-02 3.38142E-02 | .701 -6.037484E-02 8.69748E-02
0.0015 1.56667E-03 3.38142E-02 | 964 | -7.210818E-02 7.52415E-02
0.0020 -1.056667E-02 3.38142E-02 | .760 | -8.424151E-02 6.31082E-02
0.0025 -7.963333E-02* | 3.38142E-02 | .036 -.153308 -5.958489E-03
0.0030 -4.883333E-02 3.38142E-02 | .174 -.122508 2.48415E-02
Dunnett T3 0.0010 0.0015 -1.173333E-02 3.38142E-02 | .140 | -2.791622E-02 4.44955E-03
0.0020 -2.386667E-02 3.38142E-02 | .567
0.0025 -9.293333E-02 3.38142E-02 | .066
0.0030 -6.213333E-02 3.38142E-02 | .850
0.0035 -1.330000E-02 3.38142E-02 | 1.000 ; .
0.0015 0.0010 1.17333E-02 3.38142E-02 | .140 | -4.449548E-03 2.79162E-02
0.0020 -1.213333E-02 3.38142E-02 | .933
0.0025 -8.120000E-02 3.38142E-02 | .087
0.0030 -5.040000E-02 3.38142E-02 | .930
0.0035 -1.566667E-03 3.38142E-02 | 1.000
0.0020 0.0010 2.38667E-02 3.38142E-02 | .567
0.0015 1.21333E-02 3.38142E-02 | .933 . .
0.0025 -6.906667E-02 3.38142E-02 | .084 -.149859 1.17261E-02
0.0030 -3.826667E-02 3.38142E-02 | .985
0.0035 1.05667E-02 3.38142E-02 | 1.000
0.0025 0.0010 9.29333E-02 3.38142E-02 | .066
0.0015 8.12000E-02 3.38142E-02 | .087 . .
0.0020 6.90667E-02 3.38142E-02 | .084 | -1.172614E-02 .149859
0.0030 3.08000E-02 3.38142E-02 | .997 .
0.0035 7.96333E-02 3.38142E-02 | .558
0.0030 0.0010 6.21333E-02 3.38142E-02 | .850
0.0015 5.04000E-02 3.38142E-02 | .930
0.0020 3.82667E-02 3.38142E-02 | 985
0.0025 -3.080000E-02 3.38142E-02 | .997 . .
0.0035 4.88333E-02 3.38142E-02 | .991 -.242323 .339990
0.0035 0.0010 1.33000E-02 3.38142E-02 | 1.000
0.0015 1.56667E-03 3.38142E-02 | 1.000
0.0020 -1.056667E-02 3.38142E-02 | 1.000
0.0025 -7.963333E-02 3.38142E-02 | .558 . .
0.0030 -4.883333E-02 3.38142E-02 | .991 -.339990 .242323

* The mean difference is significant at the .05 level.
a Range values cannot be computed.




Wanchai Tanglearkpipat

The absorbance of Lead
Conc Eosinl N Suliset for alpha = i()5
Duncan 0.0010 3 2.43667E-02
0.0015 3 3.61000E-02
0.0035 3 3.76667E-02
0.0020 3 4.82333E-02 | 4.82333E-02
0.0030 3 8.65000E-02 | 8.65000E-02
0.0025 3 .117300
Sig. 119 .075

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.
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The statistical analysis of the absorbance of Lead in each concentration of Eosin
at 558 nm pH 4.5 overnight 20° C

Descriptives
The absorbance of Lead
95% Confidence Interval for
N Mean Std. Deviation | Std. Error Mean Minimum |Maximum
Lower Bound | Upper Bound
0.0010 3 2.72667E-02 | 5.23864E-03 |3.02453E-03| 1.42532E-02 | 4.02802E-02 .0217 .0321
0.0015 3 3.46000E-02 | 5.23737E-03 |3.02379E-03| 2.15897E-02 | 4.76103E-02 .0305 .0405
0.0020 3 6.14000E-02 | 1.72711E-02 [9.97146E-03| 1.84963E-02 .104304 .0457 .0799
0.0025 3 .102633 6.11746E-03 |3.53192E-03| 8.74367E-02 117830 .0968 .1090
0.0030 3 6.14333E-02 | 2.67788E-02 |1.54607E-02|-5.088857E-03 127956 .0369 .0900
0.0035 3 6.76000E-02 | 2.14119E-02 {1.23622E-02| 1.44099E-02 .120790 .0543 .0923
Total 18 5.91556E-02 | 2.86022E-02 |6.74161E-03| 4.49320E-02 | 7.33791E-02 .0217 .1090
Test of Homogeneity of Variances
The absorbance of Lead
Levene
Statistic df1 df2 Sig.
2.715 5 12 .073
ANOVA
The absorbance of Lead
Ssélllizrz]; df Mean Square F Sig.
Between Groups| 1.078E-02 5 2.155E-03 8.256 .001
Within Groups | 3.132E-03 12 2.610E-04
Total 1.391E-02 17
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Mean Difference (I-

95% Confidence Interval

(I) Conc Phen (J) Conc Phen I Std. Error Sig. Lower Bound Upper Bound
LSD 0.0010 0.0015 -7.333333E-03 1.31916E-02 .588 -3.607532E-02 2.14086E-02
0.0020 -3.413333E-02* 1.31916E-02 .024 -6.287532E-02 -5.391350E-03
0.0025 -7.536667E-02* 1.31916E-02 .000 -.104109 -4.662468E-02
0.0030 -3.416667E-02* 1.31916E-02 .024 -6.290865E-02 -5.424683E-03
0.0035 -4.033333E-02* 1.31916E-02 .010 -6.907532E-02 -1.159135E-02
0.0015 0.0010 7.33333E-03 1.31916E-02 .588 -2.140865E-02 3.60753E-02
0.0020 -2.680000E-02 1.31916E-02 .065 -5.554198E-02 1.94198E-03
0.0025 -6.803333E-02* 1.31916E-02 .000 -9.677532E-02 -3.929135E-02
0.0030 -2.683333E-02 1.31916E-02 .065 -5.557532E-02 1.90865E-03
0.0035 -3.300000E-02* 1.31916E-02 .028 -6.174198E-02 -4.258017E-03
0.0020 0.0010 3.41333E-02* 1.31916E-02 .024 5.39135E-03 6.28753E-02
0.0015 2.68000E-02 1.31916E-02 .065 -1.941983E-03 5.55420E-02
0.0025 -4.123333E-02* 1.31916E-02 .009 -6.997532E-02 -1.249135E-02
0.0030 -3.333333E-05 1.31916E-02 .998 -2.877532E-02 2.87086E-02
0.0035 -6.200000E-03 1.31916E-02 .647 -3.494198E-02 2.25420E-02
0.0025 0.0010 7.53667E-02* 1.31916E-02 .000 4.66247E-02 .104109
0.0015 6.80333E-02* 1.31916E-02 .000 3.92914E-02 9.67753E-02
0.0020 4.12333E-02* 1.31916E-02 .009 1.24914E-02 6.99753E-02
0.0030 4.12000E-02* 1.31916E-02 .009 1.24580E-02 6.99420E-02
0.0035 3.50333E-02* 1.31916E-02 .021 6.29135E-03 6.37753E-02
0.0030 0.0010 3.41667E-02 1.31916E-02 .024 5.42468E-03 6.29086E-02
0.0015 2.68333E-02 1.31916E-02 .065 -1.908650E-03 5.55753E-02
0.0020 3.33333E-05 1.31916E-02 .998 -2.870865E-02 2.87753E-02
0.0025 -4.120000E-02* 1.31916E-02 .009 -6.994198E-02 -1.245802E-02
0.0035 -6.166667E-03 1.31916E-02 .649 -3.490865E-02 2.25753E-02
0.0035 0.0010 4.03333E-02* 1.31916E-02 .010 1.15914E-02 6.90753E-02
0.0015 3.30000E-02* 1.31916E-02 .028 4.25802E-03 6.17420E-02
0.0020 6.20000E-03 1.31916E-02 .647 -2.254198E-02 3.49420E-02
0.0025 -3.503333E-02* 1.31916E-02 .021 -6.377532E-02 -6.291350E-03
0.0030 6.16667E-03 1.31916E-02 .649 -2.257532E-02 3.49086E-02
Dunnett T3 0.0010 0.0015 -7.333333E-03 1.31916E-02 722 -2.942949E-02 1.47628E-02
0.0020 -3.413333E-02 1.31916E-02 327 4 .
0.0025 -7.536667E-02* 1.31916E-02 .001 -9.939076E-02 -5.134258E-02
0.0030 -3.416667E-02 1.31916E-02 575
0.0035 -4.033333E-02 1.31916E-02 344 . .
0.0015 0.0010 7.33333E-03 1.31916E-02 722 -1.476283E-02 2.94295E-02
0.0020 -2.680000E-02 1.31916E-02 465 . .
0.0025 -6.803333E-02* 1.31916E-02 .001 -9.205495E-02 -4.401171E-02
0.0030 -2.683333E-02 1.31916E-02 88
0.0035 -3.300000E-02 1.31916E-02 460
0.0020 0.0010 3.41333E-02 1.31916E-02 327
0.0015 2.68000E-02 1.31916E-02 465
0.0025 -4.123333E-02 1.31916E-02 246 . .
0.0030 -3.333333E-05 1.31916E-02 1.000 -.115174 115108
0.0035 -6.200000E-03 1.31916E-02 1.000 -8.825692E-02 7.58569E-02
0.0025 0.0010 7.53667E-02* 1.31916E-02 .001 5.13426E-02 9.93908E-02
0.0015 6.80333E-02* 1.31916E-02 .001 4.40117E-02 9.20550E-02
0.0020 4.12333E-02 1.31916E-02 246
0.0030 4.12000E-02 1.31916E-02 458
0.0035 3.50333E-02 1.31916E-02 429
0.0030 0.0010 3.41667E-02 1.31916E-02 575
0.0015 2.68333E-02 1.31916E-02 733 . .
0.0020 3.33333E-05 1.31916E-02 1.000 -.115108 115174
0.0025 -4.120000E-02 1.31916E-02 458 . .
0.0035 -6.166667E-03 1.31916E-02 1.000 -.108440 9.61063E-02
0.0035 0.0010 4.03333E-02 1.31916E-02 344
0.0015 3.30000E-02 1.31916E-02 460 . .
0.0020 6.20000E-03 1.31916E-02 1.000 -7.585692E-02 8.82569E-02
0.0025 -3.503333E-02 1.31916E-02 429 . .
0.0030 6.16667E-03 1.31916E-02 1.000 -9.610633E-02 108440

* The mean difference is significant at the .05 level.
a Range values cannot be computed.
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The absorbance of Lead
. Subset for alpha = .05
Conc Eosin| N I > 3 7
0.0010 3 2.72667E-02
0.0015 3 3.46000E-02 | 3.46000E-02
0.0020 3 6.14000E-02 |6.14000E-02
0.0030 3 6.14333E-02 |6.14333E-02
0.0035 3 6.76000E-02
0.0025 3 .102633
Sig. .588 .076 .663 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.
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The statistical analysis of the absorbance of Lead in each concentration at 558 nm
pH 4.5 measuring immeadiately, room temperature

Descriptives
The absorbance of Lead
95% Confidence Interval for
Pb N Mean Std. Deviation | Std. Error Mean Minimum |Maximum
Lower Bound | Upper Bound
conc 0.00 3 .522533 7.92107E-03 |4.57323E-03| .502856 542210 5136 5287
conc 0.05 3 .539067 1.47127E-02 |8.49438E-03| .502518 575615 5221 .5483
conc 0.10 3 551367 1.72541E-02 [9.96165E-03| .508505 .594228 .5320 5651
conc 0.15 3 .570233 1.86827E-02 |1.07865E-02| .523823 616644 5504 .5875
conc 0.20 3 .594733 9.85613E-03 |5.69044E-03| .570249 619217 .5834 .6013
conc 0.25 3 .613767 9.51122E-03 |5.49131E-03| .590139 .637394 .6074 .6247
conc 0.30 3 .626567 7.20578E-03 |4.16026E-03| .608667 .644467 .6192 .6336
Total 21 .574038 3.86273E-02 |8.42916E-03| .556455 591621 5136 .6336
Test of Homogeneity of Variances
The absorbance of Lead
Levene
Statistic dfl df2 Sig.
18177 6 372
ANOVA
The absorbance of Lead
Sséllﬂrzz df Mean Square F Sig.
Between Groups| 2.751E-02 6 4.585E-03 | 27.538 .000
Within Groups | 2.331E-03 14 1.665E-04
Total 2.984E-02 20
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Mean Difference (I-

95% Confidence Interval

(I) Conc Lead (J) Conc Lead 1 Std. Error Sig. Lower Bound Upper Bound
LSD conc 0.00 conc 0.05 -1.653333E-02 1.05356E-02 139 -3.912990E-02 6.06324E-03
conc 0.10 -2.883333E-02* 1.05356E-02 .016 -5.142990E-02 -6.236765E-03
conc 0.15 -4.770000E-02* 1.05356E-02 .000 -7.029657E-02 -2.510343E-02
conc 0.20 -7.220000E-02* 1.05356E-02 .000 -9.479657E-02 -4.960343E-02
conc 0.25 -9.123333E-02* 1.05356E-02 .000 -.113830 -6.863676E-02
conc 0.30 -.104033* 1.05356E-02 .000 -.126630 -8.143676E-02
conc 0.05 conc 0.00 1.65333E-02 1.05356E-02 139 -6.063235E-03 3.91299E-02
conc 0.10 -1.230000E-02 1.05356E-02 263 -3.489657E-02 1.02966E-02
conc 0.15 -3.116667E-02* 1.05356E-02 .010 -5.376324E-02 -8.570098E-03
conc 0.20 -5.566667E-02* 1.05356E-02 .000 -7.826324E-02 -3.307010E-02
conc 0.25 -7.470000E-02* 1.05356E-02 .000 -9.729657E-02 -5.210343E-02
conc 0.30 -8.750000E-02* 1.05356E-02 .000 -.110097 -6.490343E-02
conc 0.10 conc 0.00 2.88333E-02* 1.05356E-02 .016 6.23676E-03 5.14299E-02
conc 0.05 1.23000E-02 1.05356E-02 263 -1.029657E-02 3.48966E-02
conc 0.15 -1.886667E-02 1.05356E-02 .095 -4.146324E-02 3.72990E-03
conc 0.20 -4.336667E-02* 1.05356E-02 .001 -6.596324E-02 -2.077010E-02
conc 0.25 -6.240000E-02* 1.05356E-02 .000 -8.499657E-02 -3.980343E-02
conc 0.30 -7.520000E-027* 1.05356E-02 .000 -9.779657E-02 -5.260343E-02
conc 0.15 conc 0.00 4.77000E-02* 1.05356E-02 .000 2.51034E-02 7.02966E-02
conc 0.05 3.11667E-02* 1.05356E-02 .010 8.57010E-03 5.37632E-02
conc 0.10 1.88667E-02 1.05356E-02 .095 -3.729902E-03 4.14632E-02
conc 0.20 -2.450000E-02* 1.05356E-02 .036 -4.709657E-02 -1.903432E-03
conc 0.25 -4.353333E-02* 1.05356E-02 .001 -6.612990E-02 -2.093676E-02
conc 0.30 -5.633333E-02* 1.05356E-02 .000 -7.892990E-02 -3.373676E-02
conc 0.20 conc 0.00 7.22000E-02* 1.05356E-02 .000 4.96034E-02 9.47966E-02
conc 0.05 5.56667E-02* 1.05356E-02 .000 3.30701E-02 7.82632E-02
conc 0.10 4.33667E-02* 1.05356E-02 .001 2.07701E-02 6.59632E-02
conc 0.15 2.45000E-02* 1.05356E-02 .036 1.90343E-03 4.70966E-02
conc 0.25 -1.903333E-02 1.05356E-02 .092 -4.162990E-02 3.56324E-03
conc 0.30 -3.183333E-02* 1.05356E-02 .009 -5.442990E-02 -9.236765E-03
conc 0.25 conc 0.00 9.12333E-02* 1.05356E-02 .000 6.86368E-02 113830
conc 0.05 7.47000E-02%* 1.05356E-02 .000 5.21034E-02 9.72966E-02
conc 0.10 6.24000E-02* 1.05356E-02 .000 3.98034E-02 8.49966E-02
conc 0.15 4.35333E-02* 1.05356E-02 .001 2.09368E-02 6.61299E-02
conc 0.20 1.90333E-02 1.05356E-02 .092 -3.563235E-03 4.16299E-02
conc 0.30 -1.280000E-02 1.05356E-02 244 -3.539657E-02 9.79657E-03
conc 0.30 conc 0.00 104033 1.05356E-02 .000 8.14368E-02 126630
conc 0.05 8.75000E-02* 1.05356E-02 .000 6.49034E-02 .110097
conc 0.10 7.52000E-02* 1.05356E-02 .000 5.26034E-02 9.77966E-02
conc 0.15 5.63333E-02* 1.05356E-02 .000 3.37368E-02 7.89299E-02
conc 0.20 3.18333E-02* 1.05356E-02 .009 9.23676E-03 5.44299E-02
conc 0.25 1.28000E-02 1.05356E-02 244 -9.796568E-03 3.53966E-02
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) Mean Difference (I- . 95% Confidence Interval
(I) Conc Lead (J) Conc Lead ) Std. Error Sig. Lower Bound Upper Bound
Dunnett T3 conc 0.00 conc 0.05 -1.653333E-02 1.05356E-02 177 -8.038023E-02 4.73136E-02
conc 0.10 -2.883333E-02 1.05356E-02 439 -.101377 4.37100E-02
conc 0.15 -4.770000E-02 1.05356E-02 .176 -.125238 2.98377E-02
conc 0.20 -7.220000E-02* 1.05356E-02 .006 -.111981 -3.241863E-02
conc 0.25 -9.123333E-02% 1.05356E-02 .002 -.130175 -5.229185E-02
conc 0.30 -.104033* 1.05356E-02 .001 -.137723 -7.034402E-02
conc 0.05 conc 0.00 1.65333E-02 1.05356E-02 77 -4.731356E-02 8.03802E-02
conc 0.10 -1.230000E-02 1.05356E-02 .993 -8.363876E-02 5.90388E-02
conc 0.15 -3.116667E-02 1.05356E-02 .536 -.105982 4.36490E-02
conc 0.20 -5.566667E-02 1.05356E-02 .085 -.123333 1.19992E-02
conc 0.25 -7.470000E-02* 1.05356E-02 .037 -.141641 -7.758689E-03
conc 0.30 -8.750000E-02* 1.05356E-02 .019 -.150098 -2.490245E-02
conc 0.10 conc 0.00 2.88333E-02 1.05356E-02 439 -4.370998E-02 101377
conc 0.05 1.23000E-02 1.05356E-02 .993 -5.903876E-02 8.36388E-02
conc 0.15 -1.886667E-02 1.05356E-02 .939 -9.887601E-02 6.11427E-02
conc 0.20 -4.336667E-02 1.05356E-02 209 -.119293 3.25594E-02
conc 0.25 -6.240000E-02 1.05356E-02 .083 -.137681 1.28811E-02
conc 0.30 -7.520000E-02* 1.05356E-02 .043 -.146646 -3.753793E-03
conc 0.15 conc 0.00 4.77000E-02 1.05356E-02 176 -2.983772E-02 125238
conc 0.05 3.11667E-02 1.05356E-02 .536 -4.364899E-02 105982
conc 0.10 1.88667E-02 1.05356E-02 939 -6.114268E-02 9.88760E-02
conc 0.20 -2.450000E-02 1.05356E-02 .657 -.105211 5.62115E-02
conc 0.25 -4.353333E-02 1.05356E-02 234 -.123638 3.65717E-02
conc 0.30 -5.633333E-02 1.05356E-02 113 -.132846 2.01789E-02
conc 0.20 conc 0.00 7.22000E-02* 1.05356E-02 .006 3.24186E-02 111981
conc 0.05 5.56667E-02 1.05356E-02 .085 -1.199918E-02 .123333
conc 0.10 4.33667E-02 1.05356E-02 .209 -3.255944E-02 119293
conc 0.15 2.45000E-02 1.05356E-02 .657 -5.621146E-02 105211
conc 0.25 -1.903333E-02 1.05356E-02 482 -6.212544E-02 2.40588E-02
conc 0.30 -3.183333E-02 1.05356E-02 .093 -7.024506E-02 6.57840E-03
conc 0.25 conc 0.00 9.12333E-02* 1.05356E-02 .002 5.22919E-02 130175
conc 0.05 7.47000E-02* 1.05356E-02 .037 7.75869E-03 141641
conc 0.10 6.24000E-02 1.05356E-02 .083 -1.288111E-02 137681
conc 0.15 4.35333E-02 1.05356E-02 234 -3.657167E-02 123638
conc 0.20 1.90333E-02 1.05356E-02 482 -2.405878E-02 6.21254E-02
conc 0.30 -1.280000E-02 1.05356E-02 717 -5.034121E-02 2.47412E-02
conc 0.30 conc 0.00 .104033* 1.05356E-02 .001 7.03440E-02 137723
conc 0.05 8.75000E-02* 1.05356E-02 .019 2.49024E-02 150098
conc 0.10 7.52000E-02* 1.05356E-02 .043 3.75379E-03 .146646
conc 0.15 5.63333E-02 1.05356E-02 113 -2.017893E-02 .132846
conc 0.20 3.18333E-02 1.05356E-02 .093 -6.578398E-03 7.02451E-02
conc 0.25 1.28000E-02 1.05356E-02 g7 -2.474121E-02 5.03412E-02

* The mean difference is significant at the .05 level.

The absorbance of Lead
Subset for alpha = .05
Conc Lead N I > 3 1 5
Duncan | conc 0.00 3 522533
conc 0.05 3 .539067 .539067
conc 0.10 3 551367 551367
conc 0.15 3 .570233
conc 0.20 3 594733
conc 0.25 3 613767 | 613767
conc 0.30 3 .626567
Sig. .139 263 .095 .092 244

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.
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The statistical analysis of the absorbance of Lead in each concentration at 558
nm pH 4.5 overnight room temperature

Descriptives
The absorbance of Lead
95% Confidence Interval for
N Mean Std. Deviation | Std. Error Mean Minimum |Maximum
Lower Bound | Upper Bound
conc 0.00 3 .578500 8.76413E-03 |5.05997E-03] .556729 .600271 .5729 .5886
conc 0.05 3 .572600 2.58581E-02 [1.49292E-02| .508365 .636835 .5526 .6018
conc 0.10 3 .596967 5.03024E-03 [2.90421E-03| .584471 609462 5915 .6014
conc 0.15 3 .650100 1.91831E-02 (1.10753E-02| .602447 .697753 .6354 6718
conc 0.20 3 .643533 3.93468E-02 [2.27169E-02| .545790 741276 .6140 .6882
conc 0.25 3 .657267 4.04190E-02 |2.33359E-02| .556860 157673 .6106 .6812
conc 0.30 3 704333 2.55578E-02 |1.47558E-02| .640844 767823 .6831 71327
Total 21 .629043 5.07992E-02 |1.10853E-02| .605919 .652166 .5526 1327
Test of Homogeneity of Variances
The absorbance of Lead
Levene
Statistic df1 df2 Sig.
3.364 6 14 .029
ANOVA
The absorbance of Lead
SSclllLrlr;r(e)zz df Mean Square F Sig.
Between Groups| 4.166E-02 6 6.944E-03 9.773 .000
Within Groups | 9.948E-03 14 7.105E-04
Total 5.161E-02 20
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Mean Difference (I- . 95% Confidence Interval
(I) Conc Lead (J) Conc Lead ) Std. Error Sig. Lower Bound Upper Bound
LSD conc 0.00 conc 0.05 5.90000E-03 2.17646E-02 790 -4.078036E-02 5.25804E-02
conc 0.10 -1.846667E-02 2.17646E-02 410 -6.514703E-02 2.82137E-02
conc 0.15 -7.160000E-02* 2.17646E-02 .005 -.118280 -2.491964E-02
conc 0.20 -6.503333E-02* 2.17646E-02 .010 - 111714 -1.835297E-02
conc 0.25 -7.876667E-02* 2.17646E-02 .003 -.125447 -3.208631E-02
conc 0.30 -.125833* 2.17646E-02 .000 -.172514 -7.915297E-02
conc 0.05 conc 0.00 -5.900000E-03 2.17646E-02 790 -5.258036E-02 4.07804E-02
conc 0.10 -2.436667E-02 2.17646E-02 282 -7.104703E-02 2.23137E-02
conc 0.15 -7.750000E-02* 2.17646E-02 .003 -.124180 -3.08 1964E-02
conc 0.20 -7.093333E-02* 2.17646E-02 .006 -.117614 -2.425297E-02
conc 0.25 -8.466667E-02* 2.17646E-02 .002 -.131347 -3.798631E-02
conc 0.30 -.131733* 2.17646E-02 .000 -.178414 -8.505297E-02
conc 0.10 conc 0.00 1.84667E-02 2.17646E-02 410 -2.821369E-02 6.51470E-02
conc 0.05 2.43667E-02 2.17646E-02 282 -2.231369E-02 7.10470E-02
conc 0.15 -5.313333E-02* 2.17646E-02 .029 -9.981369E-02 -6.452973E-03
conc 0.20 -4.656667E-02 2.17646E-02 .050 -9.324703E-02 1.13693E-04
conc 0.25 -6.030000E-02* 2.17646E-02 .015 -.106980 -1.361964E-02
conc 0.30 -.107367* 2.17646E-02 .000 -.154047 -6.068631E-02
conc 0.15 conc 0.00 7.16000E-027* 2.17646E-02 .005 2.49196E-02 118280
conc 0.05 7.75000E-02%* 2.17646E-02 .003 3.08196E-02 124180
conc 0.10 5.31333E-02* 2.17646E-02 .029 6.45297E-03 9.98137E-02
conc 0.20 6.56667E-03 2.17646E-02 167 -4.011369E-02 5.32470E-02
conc 0.25 -7.166667E-03 2.17646E-02 747 -5.384703E-02 3.95137E-02
conc 0.30 -5.423333E-02* 2.17646E-02 .026 -.100914 -7.552973E-03
conc 0.20 conc 0.00 6.50333E-02%* 2.17646E-02 .010 1.83530E-02 111714
conc 0.05 7.09333E-02* 2.17646E-02 .006 2.42530E-02 117614
conc 0.10 4.65667E-02 2.17646E-02 .050 -1.136934E-04 9.32470E-02
conc 0.15 -6.566667E-03 2.17646E-02 167 -5.324703E-02 4.01137E-02
conc 0.25 -1.373333E-02 2.17646E-02 .538 -6.041369E-02 3.29470E-02
conc 0.30 -6.080000E-02* 2.17646E-02 .014 -.107480 -1.411964E-02
conc 0.25 conc 0.00 7.87667TE-02%* 2.17646E-02 .003 3.20863E-02 125447
conc 0.05 8.46667E-02* 2.17646E-02 .002 3.79863E-02 131347
conc 0.10 6.03000E-02* 2.17646E-02 .015 1.36196E-02 .106980
conc 0.15 7.16667E-03 2.17646E-02 147 -3.951369E-02 5.38470E-02
conc 0.20 1.37333E-02 2.17646E-02 .538 -3.294703E-02 6.04137E-02
conc 0.30 -4.706667E-02* 2.17646E-02 .048 -9.374703E-02 -3.863066E-04
conc 0.30 conc 0.00 125833 2.17646E-02 .000 7.91530E-02 172514
conc 0.05 131733* 2.17646E-02 .000 8.50530E-02 178414
conc 0.10 107367+ 2.17646E-02 .000 6.06863E-02 154047
conc 0.15 5.42333E-02* 2.17646E-02 .026 7.55297E-03 100914
conc 0.20 6.08000E-02* 2.17646E-02 014 1.41196E-02 .107480
conc 0.25 4.70667E-02* 2.17646E-02 .048 3.86307E-04 9.37470E-02
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Mean Difference . 95% Confidence Interval
(I) Conc Lead (J) Conc Lead (L) Std. Error Sig. Lower Bound Upper Bound
Dunnett T3 conc 0.00 conc 0.05 5.90000E-03 2.17646E-02 1.000 . .
conc 0.10 -1.846667E-02 2.17646E-02 308 -5.707830E-02 2.01450E-02
conc 0.15 -7.160000E-02 2.17646E-02 .069 -.152186 8.98594E-03
conc 0.20 -6.503333E-02 2.17646E-02 454
conc 0.25 -7.876667E-02 2.17646E-02 .356
conc 0.30 -.125833 2.17646E-02 .073
conc 0.05 conc 0.00 -5.900000E-03 2.17646E-02 1.000
conc 0.10 -2.436667E-02 2.17646E-02 812 . .
conc 0.15 -7.750000E-02 2.17646E-02 120 -.178794 2.37944E-02
conc 0.20 -7.093333E-02 2.17646E-02 445 -.250838 .108971
conc 0.25 -8.466667E-02 2.17646E-02 331 -.268008 9.86749E-02
conc 0.30 -.131733* 2.17646E-02 .031 -.246117 -1.734977E-02
conc 0.10 conc 0.00 1.84667E-02 2.17646E-02 308 -2.014496E-02 5.70783E-02
conc 0.05 2.43667E-02 2.17646E-02 812
conc 0.15 -5.313333E-02 2.17646E-02 203
conc 0.20 -4.656667E-02 2.17646E-02 .664
conc 0.25 -6.030000E-02 2.17646E-02 .509
conc 0.30 -.107367 2.17646E-02 .093 ! .
conc 0.15 conc 0.00 7.16000E-02 2.17646E-02 .069 -8.985943E-03 152186
conc 0.05 7.75000E-02 2.17646E-02 120 -2.379442E-02 178794
conc 0.10 5.31333E-02 2.17646E-02 203 . .
conc 0.20 6.56667E-03 2.17646E-02 1.000 -.160694 173827
conc 0.25 -7.166667E-03 2.17646E-02 1.000 -.178119 163785
conc 0.30 -5.423333E-02 2.17646E-02 314 -.154771 4.63041E-02
conc 0.20 conc 0.00 6.50333E-02 2.17646E-02 454 . .
conc 0.05 7.09333E-02 2.17646E-02 445 -.108971 250838
conc 0.10 4.65667E-02 2.17646E-02 .664 ! .
conc 0.15 -6.566667E-03 2.17646E-02 1.000 -.173827 .160694
conc 0.25 -1.373333E-02 2.17646E-02 1.000 -.191199 163732
conc 0.30 -6.080000E-02 2.17646E-02 .566 -.240077 118477
conc 0.25 conc 0.00 7.87667E-02 2.17646E-02 .356 . .
conc 0.05 8.46667E-02 2.17646E-02 331 -9.867493E-02 .268008
conc 0.10 6.03000E-02 2.17646E-02 509 . .
conc 0.15 7.16667E-03 2.17646E-02 1.000 -.163785 178119
conc 0.20 1.37333E-02 2.17646E-02 1.000 -.163732 191199
conc 0.30 -4.706667E-02 2.17646E-02 780 -.229793 135659
conc 0.30 conc 0.00 125833 2.17646E-02 .073 : .
conc 0.05 =13 1/83¢ 2.17646E-02 .031 1.73498E-02 246117
conc 0.10 107367 2.17646E-02 .093 . .
conc 0.15 5.42333E-02 2.17646E-02 314 -4.630406E-02 154771
conc 0.20 6.08000E-02 2.17646E-02 .566 -.118477 .240077
conc 0.25 4.70667E-02 2.17646E-02 780 -.135659 .229793
* The mean difference is significant at the .05 level.
a Range values cannot be computed.
The absorbance of Lead
Subset for alpha = .05
Conc Lead| N I > 3 7
Duncan | conc 0.05 3 .572600
conc 0.00 3 .578500
conc 0.10 3 .596967 .596967
conc 0.20 3 .643533 | .643533
conc 0.15 3 .650100
conc 0.25 3 .657267
conc 0.30 3 704333
Sig. .306 .050 .559 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.
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The statistical analysis of the absorbance of Lead in each concentration at 558
nm pH 4.5 overnight 20° C

Descriptives
The absorbance of Lead
95% Confidence Interval for
N Mean Std. Deviation | Std. Error Mean Minimum [Maximum
Lower Bound | Upper Bound
conc 0.00 3 .594833 1.82500E-02 |1.05367E-02| .549498 .640169 .5766 .6131
conc 0.05 3 .617400 2.64960E-02 [1.52975E-02| .551580 .683220 .5972 .6474
conc 0.10 3 .637033 4.64901E-03 |2.68411E-03| .625485 .648582 .6335 .6423
conc 0.15 3 .662933 9.01850E-03 |5.20683E-03| .640530 .685337 .6536 .6716
conc 0.20 3 .684933 4.56545E-03 |2.63586E-03| .673592 .696275 .6806 .6897
conc 0.25 3 717500 6.24500E-04 [3.60555E-04| .715949 719051 7170 7182
conc 0.30 3 729867 7.37044E-03 [4.25532E-03| .711557 748176 71222 7369
Total il .663500 4.91886E-02 |1.07338E-02| .641110 .685890 .5766 7369
Test of Homogeneity of Variances
The absorbance of Lead
Levene
Statistic dfl df2 Sig.
3.623 6 14 .022
ANOVA
The absorbance of Lead
SS;I:;IZZ df Mean Square 7 Sig.
Between Groups | 4.596E-02 6 7.661E-03 [44.185| .000
Within Groups | 2.427E-03 14 1.734E-04
Total 4.839E-02 20
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Mean Difference (I-

95% Confidence Interval

(I) Conc Lead (J) Conc Lead 7 Std. Error Sig. Lower Bound Upper Bound
LSD conc 0.00 conc 0.05 -2.256667E-02 1.07509E-02 .054 -4.562503E-02 4.91694E-04
conc 0.10 -4.220000E-02* 1.07509E-02 .002 -6.525836E-02 -1.914164E-02
conc 0.15 -6.810000E-02* 1.07509E-02 .000 -9.115836E-02 -4.504164E-02
conc 0.20 -9.010000E-02* 1.07509E-02 .000 - 113158 -6.704164E-02
conc 0.25 -.122667* 1.07509E-02 .000 -.145725 -9.960831E-02
conc 0.30 -.135033* 1.07509E-02 .000 -.158092 -.111975
conc 0.05 conc 0.00 2.25667E-02 1.07509E-02 .054 -4.916943E-04 4.56250E-02
conc 0.10 -1.963333E-02 1.07509E-02 .089 -4.269169E-02 3.42503E-03
conc 0.15 -4.553333E-02* 1.07509E-02 .001 -6.859169E-02 -2.247497E-02
conc 0.20 -6.753333E-02* 1.07509E-02 .000 -9.059169E-02 -4.447497E-02
conc 0.25 -.100100* 1.07509E-02 .000 -.123158 -7.704164E-02
conc 0.30 -.112467* 1.07509E-02 .000 -.135525 -8.940831E-02
conc 0.10 conc 0.00 4.22000E-02* 1.07509E-02 .002 1.91416E-02 6.52584E-02
conc 0.05 1.96333E-02 1.07509E-02 .089 -3.425028E-03 4.26917E-02
conc 0.15 -2.590000E-02* 1.07509E-02 .030 -4.895836E-02 -2.841639E-03
conc 0.20 -4.790000E-02* 1.07509E-02 .001 -7.095836E-02 -2.484164E-02
conc 0.25 -8.046667E-02* 1.07509E-02 .000 -.103525 -5.740831E-02
conc 0.30 -9.283333E-02* 1.07509E-02 .000 -.115892 -6.977497E-02
conc 0.15 conc 0.00 6.81000E-02* 1.07509E-02 .000 4.50416E-02 9.11584E-02
conc 0.05 4.55333E-02* 1.07509E-02 .001 2.24750E-02 6.85917E-02
conc 0.10 2.59000E-02* 1.07509E-02 .030 2.84164E-03 4.89584E-02
conc 0.20 -2.200000E-02 1.07509E-02 .060 -4.505836E-02 1.05836E-03
conc 0.25 -5.456667E-02* 1.07509E-02 .000 -7.762503E-02 -3.150831E-02
conc 0.30 -6.693333E-02* 1.07509E-02 .000 -8.999169E-02 -4.387497E-02
conc 0.20 conc 0.00 9.01000E-02* 1.07509E-02 .000 6.70416E-02 113158
conc 0.05 6.75333E-02* 1.07509E-02 .000 4.44750E-02 9.05917E-02
conc 0.10 4.79000E-02* 1.07509E-02 .001 2.48416E-02 7.09584E-02
conc 0.15 2.20000E-02 1.07509E-02 .060 -1.058361E-03 4.50584E-02
conc 0.25 -3.256667E-02* 1.07509E-02 .009 -5.562503E-02 -9.508306E-03
conc 0.30 -4.493333E-02* 1.07509E-02 .001 -6.799169E-02 -2.187497E-02
conc 0.25 conc 0.00 .122667* 1.07509E-02 .000 9.96083E-02 145725
conc 0.05 .100100* 1.07509E-02 .000 7.70416E-02 123158
conc 0.10 8.04667E-02* 1.07509E-02 .000 5.74083E-02 103525
conc 0.15 5.45667E-02* 1.07509E-02 .000 3.15083E-02 7.76250E-02
conc 0.20 3.25667E-02* 1.07509E-02 .009 9.50831E-03 5.56250E-02
conc 0.30 -1.236667E-02 1.07509E-02 .269 -3.542503E-02 1.06917E-02
conc 0.30 conc 0.00 .135033* 1.07509E-02 .000 111975 158092
conc 0.05 112467* 1.07509E-02 .000 8.94083E-02 135525
conc 0.10 9.28333E-02* 1.07509E-02 .000 6.97750E-02 115892
conc 0.15 6.69333E-02* 1.07509E-02 .000 4.38750E-02 8.99917E-02
conc 0.20 4.49333E-02* 1.07509E-02 .001 2.18750E-02 6.79917E-02
conc 0.25 1.23667E-02 1.07509E-02 .269 -1.069169E-02 3.54250E-02
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) Mean Difference (I- . 95% Confidence Interval
(I) Conc Lead (J) Conc Lead ) Std. Error Sig. Lower Bound Upper Bound
Dunnett T3 conc 0.00 conc 0.05 -2.256667E-02 1.07509E-02 .956 -.123786 7.86531E-02
conc 0.10 -4.220000E-02 1.07509E-02 275 . .
conc 0.15 -6.810000E-02 1.07509E-02 .072 -.145883 9.68306E-03
conc 0.20 -9.010000E-02 1.07509E-02 .070 .
conc 0.25 -.122667* 1.07509E-02 .036 . .
conc 0.30 -.135033* 1.07509E-02 .009 -.210239 -5.982790E-02
conc 0.05 conc 0.00 2.25667E-02 1.07509E-02 .956 -7.865313E-02 123786
conc 0.10 -1.963333E-02 1.07509E-02 918
conc 0.15 -4.553333E-02 1.07509E-02 448
conc 0.20 -6.753333E-02 1.07509E-02 oy
conc 0.25 -.100100 1.07509E-02 .109
conc 0.30 -.112467 1.07509E-02 .094
conc 0.10 conc 0.00 4.22000E-02 1.07509E-02 275
conc 0.05 1.96333E-02 1.07509E-02 918 A .
conc 0.15 -2.590000E-02 1.07509E-02 .144 -6.466886E-02 1.28689E-02
conc 0.20 -4.790000E-02* 1.07509E-02 .002 -6.839966E-02 -2.740034E-02
conc 0.25 -8.046667E-02* 1.07509E-02 .006 L .
conc 0.30 -9.283333E-02* 1.07509E-02 .003 -.126130 -5.953652E-02
conc 0.15 conc 0.00 6.81000E-02 1.07509E-02 .072 -9.683061E-03 145883
conc 0.05 4.55333E-02 1.07509E-02 448 . .
conc 0.10 2.59000E-02 1.07509E-02 144 -1.286886E-02 6.46689E-02
conc 0.20 -2.200000E-02 1.07509E-02 211 -6.062360E-02 1.66236E-02
conc 0.25 -5.456667E-02* 1.07509E-02 .045 . .
conc 0.30 -6.693333E-02* 1.07509E-02 .006 -.103577 -3.029007E-02
conc 0.20 conc 0.00 9.01000E-02 1.07509E-02 .070
conc 0.05 6.75333E-02 1.07509E-02 227 3 .
conc 0.10 4.79000E-02* 1.07509E-02 .002 2.74003E-02 6.83997E-02
conc 0.15 2.20000E-02 1.07509E-02 211 -1.662360E-02 6.06236E-02
conc 0.25 -3.256667E-02* 1.07509E-02 .033 . .
conc 0.30 -4.493333E-02* 1.07509E-02 .021 -7.806090E-02 -1.180577E-02
conc 0.25 conc 0.00 .122667* 1.07509E-02 .036
conc 0.05 .100100 1.07509E-02 .109
conc 0.10 8.04667E-02* 1.07509E-02 .006
conc 0.15 5.45667E-02* 1.07509E-02 .045
conc 0.20 3.25667E-02* 1.07509E-02 .033
conc 0.30 -1.236667E-02 1.07509E-02 432 d .
conc 0.30 conc 0.00 .135033* 1.07509E-02 .009 5.98279E-02 210239
conc 0.05 112467 1.07509E-02 .094 . .
conc 0.10 9.28333E-02* 1.07509E-02 .003 5.95365E-02 126130
conc 0.15 6.69333E-02* 1.07509E-02 .006 3.02901E-02 .103577
conc 0.20 4.49333E-02* 1.07509E-02 .021 1.18058E-02 7.80609E-02
conc 0.25 1.23667E-02 1.07509E-02 432
* The mean difference is significant at the .05 level.
a Range values cannot be computed.
The absorbance of Lead
ConcLead| N Subset for alpha = .05
1 2 3
Duncan | conc 0.00 3 .594833
conc 0.05 3 .617400 .617400
conc 0.10 3 .637033
conc 0.15 3 .662933
conc 0.20 3 .684933
conc 0.25 3 717500
conc 0.30 3 729867
Sig. .054 .089 .060 269

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.
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The statistical analysis of the heavy metal absorption in each concentration at pH
4.5, 558 nm

Descriptive Statistics
Dependent Variable: Absorbance of solution

Conc of Soln Mean Std. Deviation N
Distilled water 457467 4.04269E-03 3
Pb 0.2 ppm 480033 7.11782E-03 3
As 0.2 ppm 448033 5.82437E-03 3
Cd 0.2 ppm 490267 4.27122E-03 3
Cr 0.2 ppm 457733 7.01522E-03 3
Cu 0.5 ppm .640833 5.31445E-03 3
Ni 0.5 ppm .695833 5.75876E-03 3
Zn 2 ppm 1.270233 1.78912E-02 3
Total .617554 267366 24
Tests of Between-Subjects Effects
Dependent Variable: Absorbance of solution
Type III Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Power
Corrected Model 1.643 7 235 3414.824 .000] 23903.766 1.000
Intercept 9.153 1 9.153| 133161.339 .000 133161.339 1.000
CON_as 1.643 7 235 3414.824 .000] 23903.766 1.000
Error 1.100E-03 16 6.874E-05
Total 10.797 24
Corrected Total 1.644 23

a Computed using alpha = .05
b R Squared =.999 (Adjusted R Squared = .999)
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Multiple Comparisons
Dependent Variable: Absorbance of Solution

. . 95% Confidence Interval

(I) Conc of soln (J) Conc of soln{Mean Difference (I-J) Std. Error Sig. Lower Bound Upper Bound
LSD Distilled water ~ Pb 0.2 ppm -2.256667E-02* 6.76933E-03 .004 -3.691701E-02 -8.216319E-03]
As 0.2 ppm 9.43333E-03 6.76933E-03 .183] -4.917015E-03 2.37837E-02
Cd 0.2 ppm -3.280000E-02* 6.76933E-03 .000) -4.715035E-02 -1.844965E-02
Cr 0.2 ppm -2.666667E-04 6.76933E-03 .969 -1.461701E-02 1.40837E-02]
Cu 0.5 ppm -.183367% 6.76933E-03 .000) -.197717, -.169016
Ni 0.5 ppm -.238367* 6.76933E-03 .000) -.252717, -.224016
Zn 2 ppm -.812767% 6.76933E-03 .000] -.827117, -.798416
Pb 0.2 ppm  Distilled water 2.25667E-02% 6.76933E-03 .004 8.21632E-03 3.69170E-02
As 0.2 ppm 3.20000E-02*% 6.76933E-03 .000) 1.76497E-02] 4.63503E-02]
Cd 0.2 ppm -1.023333E-02 6.76933E-03 150 -2.458368E-02 4.11701E-03
Cr 0.2 ppm 2.23000E-02% 6.76933E-03 .005 7.94965E-03 3.66503E-02
Cu 0.5 ppm -.160800%* 6.76933E-03 .000] -.175150] -.146450
Ni 0.5 ppm -.215800% 6.76933E-03 .000) -.230150] -.201450
Zn 2 ppm -.790200% 6.76933E-03 .000] -.804550 -.775850
As 0.2 ppm  Distilled water -9.433333E-03 6.76933E-03 .183] -2.378368E-02 4.91701E-03
Pb 0.2 ppm -3.200000E-02%* 6.76933E-03 .000] -4.635035E-02] -1.764965E-02|
Cd 0.2 ppm -4.223333E-02% 6.76933E-03 .000] -5.658368E-02] -2.788299E-02|
Cr 0.2 ppm -9.700000E-03 6.76933E-03 81§/, -2.405035E-02 4.65035E-03
Cu 0.5 ppm -.192800% 6.76933E-03 .000) -.207150 -.178450
Ni 0.5 ppm -.247800%* 6.76933E-03 .000] -.262150 -.233450
Zn 2 ppm -.822200% 6.76933E-03 .000] -.836550) -.807850
Cd 0.2 ppm  Distilled water 3.28000E-02*% 6.76933E-03 .000) 1.84497E-02] 4.71503E-02]
Pb 0.2 ppm 1.02333E-02] 6.76933E-03 150 -4.117015E-03 2.45837E-02
As 0.2 ppm 4.22333E-02% 6.76933E-03 .000] 2.78830E-02 5.65837E-02
Cr 0.2 ppm 3.25333E-02% 6.76933E-03 .000] 1.81830E-02 4.68837E-02|
Cu 0.5 ppm -.150567% 6.76933E-03 .000] -.164917, -.136216
Ni 0.5 ppm -.205567* 6.76933E-03 .000] -.219917, -.191216
Zn 2 ppm -.779967* 6.76933E-03 .000] -.794317, -.765616
Cr0.2 ppm  Distilled water 2.66667E-04] 6.76933E-03 .969| -1.408368E-02 1.46170E-02]
Pb 0.2 ppm -2.230000E-02%* 6.76933E-03 .005) -3.665035E-02 -7.949652E-03]
As 0.2 ppm 9.70000E-03 6.76933E-03 171 -4.650348E-03 2.40503E-02]
Cd 0.2 ppm -3.253333E-02% 6.76933E-03 .000) -4.688368E-02 -1.818299E-02
Cu 0.5 ppm -.183100% 6.76933E-03 .000) -.197450 -.168750
Ni 0.5 ppm -.238100% 6.76933E-03 .000) -.252450 -.223750
Zn 2 ppm -.812500% 6.76933E-03 .000] -.826850) -.798150
Cu 0.5 ppm  Distilled water .183367* 6.76933E-03 .000) 169016 197717
Pb 0.2 ppm .160800* 6.76933E-03 .000] 146450 175150
As 0.2 ppm .192800%* 6.76933E-03 .000) .178450 207150
Cd 0.2 ppm .150567% 6.76933E-03 .000) 136216 164917
Cr 0.2 ppm .183100%* 6.76933E-03 .000] 168750 197450,
Ni 0.5 ppm -5.500000E-02* 6.76933E-03 .000) -6.935035E-02 -4.064965E-02
Zn 2 ppm -.629400% 6.76933E-03 .000] -.643750) -.615050
Ni 0.5 ppm  Distilled water .238367* 6.76933E-03 .000) .224016 252717
Pb 0.2 ppm .215800%* 6.76933E-03 .000] .201450 230150
As 0.2 ppm .247800%* 6.76933E-03 .000) .233450 .262150)
Cd 0.2 ppm 205567 6.76933E-03 .000) 191216 219917
Cr 0.2 ppm .238100%* 6.76933E-03 .000) .223750 .252450)
Cu 0.5 ppm 5.50000E-02*% 6.76933E-03 .000] 4.06497E-02] 6.93503E-02]
Zn 2 ppm -.574400% 6.76933E-03 .000] -.588750 -.560050
Zn 2 ppm Distilled water .812767* 6.76933E-03 .000] 798416 827117
Pb 0.2 ppm .790200% 6.76933E-03 .000) 775850 .804550)
As 0.2 ppm .822200%* 6.76933E-03 .000 .807850 .836550)
Cd 0.2 ppm 179967 6.76933E-03 .000] 765616 194317
Cr 0.2 ppm .812500%* 6.76933E-03 .000) 798150 .826850)
Cu 0.5 ppm .629400% 6.76933E-03 .000) .615050 643750
Ni 0.5 ppm .574400%* 6.76933E-03 .000) .560050 .588750)

Based on observed means.
* The mean difference is significant at the .05 level
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Subset

Conc of Soln

1

3

Duncan™  As 0.2 ppm
Distilled water
Cr 0.2 ppm
Pb 0.2 ppm
Cd 0.2 ppm
Cu 0.5 ppm
Ni 0.5 ppm
Zn 2 ppm
Sig.

LW W WWWWww|l Z

448033
457467
457733

198

480033
490267

150

.640833

1.000

.695833

1.000

1.270233
1.000

Means for groups in homogeneous subsets are displayed. Based on Type III Sum of Squares The error

term is Mean Square(Error) = 6.874E-05.

a Uses Harmonic Mean Sample Size = 3.000.

b Alpha = .05.
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The statistical analysis of the heavy metal absorption in each concentration at pH

4.5, 558 nm

Descriptive Statistics

Dependent Variable: Absorbance of Solution

Conc od Soln Mean Std. Deviation N
Deionized water 412200 1.34536E-03 3
Pb 0.2 ppm 464867 6.80686E-03 3
Cd 0.05 ppm 459233 3.75278E-03 3
Cd 0.10 ppm 492967 8.02268E-03 3
Cd 0.15 ppm .530433 4.29108E-03 3
Cd 0.20 ppm 570767 2.83608E-03 3
Cu 0.05 ppm 485667 2.24277E-02 3
Cu 0.10 ppm .553000 1.41099E-02 3
Cu 0.15 ppm .625000 6.08276E-04 3
Cu 0.20 ppm .693267 5.52208E-03 3
Ni 0.05 ppm 460100 1.74072E-02 3
Ni 0.10 ppm .523300 7.91644E-03 3
Ni 0.15 ppm .570600 5.93549E-03 3
Ni 0.20 ppm .599000 1.90313E-02 3
Zn 0.05 ppm 457700 1.21742E-02 3
Zn 0.10 ppm .528100 112613 3
Zn 0.15 ppm 1491233 2.89194E-03 B
Zn 0.20 ppm 524400 8.05543E-03 3
Total 524546 7.20093E-02 54

Tests of Between-Subjects Effects
Dependent Variable: mnsganduaduuasvaaiingy

) 4 Type III Sum of e Wioun Stare F Sig. Noncent. | Observed
Squares Parameter Power
Corrected Model 246 17 | 1.445E-02 17.878 | .000 303.933 1.000
Intercept 14.858 1 14.858 18378.137 | .000 | 18378.137 1.000
CONC_as 246 17| 1.445E-02 17.878 | .000 303.933 1.000
Error 2.910E-02 |36| &.085E-04
Total 15.133 54
Corrected Total 275 53

a Computed using alpha = .05
b R Squared =.894 (Adjusted R Squared = .844)
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Subset
Conc of Soln.1 N I > 3 1 5 7
Duncan Deionized water 3 412200
Zn 0.05 ppm 3 .457700(.457700
Cd 0.05 ppm 3 .459233(.459233
Ni 0.05 ppm 3 .460100(.460100
Pb 0.2 ppm 3 464867
Cu 0.05 ppm 3 485667 (.485667
Zn 0.15 ppm 3 .491233(.491233
Cd 0.10 ppm 3 .492967.492967
Ni 0.10 ppm 3 .523300(.523300
Zn 0.20 ppm 3 .524400(.524400
Zn 0.10 ppm 3 .528100(.528100
Cd 0.15 ppm 3 .530433(.530433
Cu 0.10 ppm 3 .553000(.553000
Ni 0.15 ppm 3 .570600(.570600
Cd 0.20 ppm 3 .570767(.570767
Ni 0.20 ppm 3 .599000(.599000
Cu 0.15 ppm 3 .625000
Cu 0.20 ppm 3 .693267
Sig. .066 197 .102 .083 077 270 1.000

Means for groups in homogeneous subsets are displayed. Based on Type Ill Sum of Squares

The error term is Mean Square(Error) = 8.085E-04.

a Uses Harmonic Mean Sample Size = 3.000.

b Alpha = .05.
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