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ABSTRACT 

The environment enveloping the earth, acts as the life supporting media for all 

living organisms on the world. It is important to have a trouble free environment for the 

well being of all living things created by the nature. The recent detection of perchlorate, a 

chemical radical, is one of many chemical contaminants hampering the natural balance 

needed for a better environment. Perchlorate is a manmade industrial byproduct; a toxic 

chemical substance contaminating the ground water. The toxic effects of perchlorate on 

living beings have been found to be drastic and sometimes fatal. Devising perchlorate 

countermeasure technologies calls for engineered solutions that would remove this 

substance from water in a cost effective manner. 

An experimental study was carried out to investigate the perchlorate filtration 

capability of woven and nonwoven fabrics. The adsorption of the anionic reactive radical 

(C104') by fabrics that act as the filter medium has been determined using ion 

chromatography. Commercially available woven and nonwoven fabrics with specific 

characteristics were used as the experimental filter medium in the study. The filtration 

ability of the countermeasures medium in removing the perchlorate anion was analyzed 

and compared with the other fabrics used in the study. 

Resuhs showed that among the various woven and nonwoven fabrics used as 

fihers, activated carbon fabrics having high carbon deposition were found to exhibit the 

highest ability to adsorb perchlorate ions in the filtration process. This work has shown 

that textile fabrics can serve as perchlorate fiher mediums contrary to the resuhs available 
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in the public domain. Moreover, the fabric fihration treatment method has been proven to 

be effective in removing perchlorate from the contaminated medium in a simple and 

effective manner. 
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CHAPTER 1 

INTRODUCTION 

The toxic effects of perchlorate ions in surface and ground water are a growing 

concern in the United States of America and elsewhere (1,2). Perchlorate salts serve as 

the source for perchlorate ions, which in turn contaminate the natural waters. Perchlorate 

sahs are used as energetics boosters or solid oxidants in missiles and rockets. Therefore 

the major source of pollution is largely due to the military services, space program, and 

supporting industries (2). 

Iodide is an essential component for the proper functioning of the thyroid 

hormone in human beings. Even low concentrations of perchlorate disrupt the iodide 

uptake by the thyroid gland in the human body and resuhs in various disorders. Thyroid 

helps to regulate metabolism in aduhs and plays a major role in the mental and physical 

development as well as metabolism in children. In expectant mothers, malfunctioning of 

thyroid affects the fetus and leads to behavioral changes in the newborn. Insufficient 

levels of the thyroid in children result in metal retardation, impaired physical 

development, and decreased learning ability. The disruption of iodide uptake due to 

perchlorate leads to changes in thyroid hormone levels, which may eventually lead to 

thyroid gland tumors (3). 

In the United States alone, perchlorate occurrence in ground water has been 

reported in 20 states (4). Based on a preliminary toxicity assessment, the US 

Environmental Protection Agency (EPA) has estimated a safe limh of perchlorate in 



drinking water to be 1 ̂ g/L. The current perchlorate threshold limh stipulated by the 

CaHfornia Department of Health Services is 4pg/L (5). 

The treatment of perchlorate contamination in water still remains an unsolved 

enigma due to the physical and chemical nature of perchlorate anions. In this study, a 

filtration process using highly porous activated carbon fabric and a regular nonwoven 

fabric was investigated. To the thesis author's best knowledge, the examination of 

perchlorate filtration efficiency of nonwoven fabrics by ion chromatography is novel and 

heretofore not reported in the literature. 

In modem appUcations involving water and wastewater treatment, activated 

carbon has a prominent place because of its unique characteristics such as high surface 

area and pore volume. The two forms of activated carbon fabrics (ACFs), namely 

granular activated carbon and powdered activated carbon, are used widely in the various 

treatment processes. Activated carbon is used in water and wastewater treatment process 

primarily as an adsorbent for the removal of relatively low levels of organic and 

inorganic contaminants by transfer from the dissolved phase to the solid carbon surface. 

Activated carbon, a nonpolar material, has a high affinity for other nonpolar substances, 

which makes them most effective in removing a variety of organic compoimds. Activated 

carbon is also used to remove trace metals such as cadmium and lead; h also has been 

found to be effective in removing some polar organics (17). Certain characteristics like an 

extended interparticulate surface area and a high degree of porosity are imparted to 

activated carbon fabric by using a wide range of amorphous carbon-based materials. The 



adsorbent characteristics of activated carbon make it very useful for a wide variety of 

processes such as filtration, purification, deodorization, purification, and separation (18). 

The efficient adsorptive nature of activated carbon can be attributed to hs 

characteristic properties such as large surface area, high degree of surface reactivity, 

universal adsorption effect, and favorable pore size. Having a high surface area is a 

unique property of the ACFs thereby helping achieve them high adsorption rates. In fact, 

surface area values as high as 2500 m /̂g have been reported (15). A sample of activated 

carbon is generally characterized based on hs total surface area, carbon density, particle 

size distribution, and adsorptive capacity. All of these factors influence the adsorption 

rate and adsorption capachy (9). Though the chemical nature of ACFs adsorptive surface 

is important, it is usually given less importance. Adsorptive capacity is characterized by 

the effectiveness of the activated carbon in removing a given contaminant. The 

commonly used iodine number describes the carbon's capacity to adsorb low molecular 

weight substances, while the molasses number characterizes a carbon's adsorption 

capacity for more complex compounds (8). 

Nonwoven (NW) fabrics are generally sheets or webs, which lack a defimte 

structure. The filtration process in nonwoven fabrics is brought about by the interiocking 

nature of one fiber with the other (19). The fibers are interlocked or bonded to each other 

by various bonding methods. The bond existing between the fibers compensates for the 

absence of frictional forces between the fibers and enables the fabrics to better fiher the 

perchlorate ions (16). 



An attempt has been made in this study to adsorb the perchlorate present in 

water samples. The physical properties of the fabrics were effectively exploked for the 

fihration process. Different fabric fihers have been used to remove perchlorate ions. The 

experiments were done according to standard operating procedures. Resuhs from the 

study are reported in subsequent chapters of the thesis. 

Information on the use of Ion Chromatography (IC) for the objective 

quantification of perchlorate ions is presented in the following chapters. Resuhs from the 

study are substantiated with explanations for the different fabric fihers that were used in 

the study have been presented in this thesis. 



CHAPTER 2 

TOXICITY OF PERCHLORATE ESf THE ENVIRONMENT 

2.1 Source of Perchlorate 

As stated in the introduction, the main source of perchlorate anions in the 

environment, are the perchlorate salts resuhing from manmade activities. Perchlorate is 

generally available as a salt of ammonium, potassium, magnesium, or sodium. Whh the 

development of advanced analytical instruments to detect even low levels of perchlorate 

concentrations, all sources of perchlorate present in the environment and the extent of 

then toxichy could be identified. The low levels of detection limits have been set by the 

California Department of Health Services (20). 

In the mid 1940s, perchlorate was manufactured in large amount to meet the 

growing needs of the military services, space program, and their supporting industries. 

Perchlorate serves as an oxidizing component and a primary ingredient in solid 

propellants for rockets, missiles, and fireworks. Perchlorate has to be disposed of 

periodically due to hs limhed shell life; therefore, large volumes of perchlorate have been 

dumped in Nevada, California, and Utah since the 1950s. It is expected that the amount 

of perchlorate that has been dumped would increase to 164 million poimds in the near 

future (36). Shortly after the development of advanced analytical techniques, the detection 

of perchlorate was made easy and accurate. Perchlorate has been detected at various 

manufacttiring shes, in well water, and in drinking water supplies in 1997 (20). 

Perchlorate released from two faciUties in Nevada has contaminated ground water, which 

in ttim has contaminated Lake Mead and Colorado River (3). The American Water Works 



detected perchlorate concentrations in the range of 4-6.4ng/L in 16 states in the Unhed 

States (20). The EPA has reported 75 perchlorate releases in 22 states of the Umted 

States. With the awareness of the toxichy of perchlorate and whh advanced analytical 

techniques, the EPA has proposed a reference dose for perchlorate in drinking water to be 

Ipg/L. On the other hand, the California Department of Heahh Services has 

recommended a safety limh of 4fig/L as the allowable perchlorate limh in drinking 

water (5). The following map (Figure 2.1) shows the states, which have been detected for 

the presence of perchlorate. 
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Figure 2.1: Distribution of Perchlorate Across the United States. (Adapted from 
www. mindfiilly. org/Pesticide/ 2002/Perchlorate) 



2.2 Properties of Perchlorate 

The physical and chemical nature of the perchlorate anion plays an important role 

in devising treatment methods. The structural arrangement of the perchlorate anion is 

such that the central chlorine atom is covered by four surrounding oxygen atoms thus 

preventing any direct attack on the chlorine atom, which makes h difificuh to destroy 

perchlorate ions by common chemical reactions. However, the perchlorate anion is 

soluble in an aqueous medium and can persist for many decades in the environment 

without deterioration (6). 

CI 

Figure 2.2: Structural Arrangement of Perchlorate Anion. 

Perchlorate is a good oxidizing agent in the reactions of the following type (21): 

In acidic conditions: 

CIO4 + 2H" + 2e- • CIO3 + H2O E° = 1.23 V (2.1) 

In basic condhions: 

C104 + H20 + 2e- • CIO3+2OH- E°= 0.36 V (2.2) 

A high concentration of perchlorate in acid can cause explosions; also, h is 

dangerous when used whh chloric acid for iodine determination (21). The explosive 



nature of perchlorate oxidants is explained by the coupling of thermodynamic factors 

with the production of thermally expanding small gas molecules. The force of the 

explosion is attributed to the amount of hot gas released. Perchlorate reacts very slowly 

with a reducing agent in dilute acid or base solutions and does not exhibh a explosive 

nature (20). 

2.3 Perchlorate Toxicity 

2.3.1 Perchlorate Effects in Thyroid 

The thyroid gland is the largest of the organs that functions exclusively as an 

endocrine gland. It regulates growth, cell differentiation, and the metabolism of lipids, 

proteins, and carbohydrates through the production of T3 and T4 hormones (22). The 

perchlorate ion, because of hs similarity in size whh iodide, competes with iodide for 

uptake in the thyroid gland. As a resuh, perchlorate blocks the thyroid hormone 

production (21). The thyroid helps to regulate metabolism in aduhs. The thyroid plays a 

major role in the mental and physical development in addhion to conttolling metabolism 

in children. In expectant mothers, malfimctioning of the thyroid affects the fetus and 

leads to behavioral changes in the newborn. Insufficient levels of thyroid in children 

resuhs in mental retardation, impaired physical development, and decreased learning 

abilhy. The disruption of the iodide uptake due to perchlorate leads to changes in thyroid 

hormone levels, which may eventtially lead to thyroid gland tumors (3). 



2.3.2 Perchlorate in Human Beings 

Active transport of perchlorate from the exterior into the cell and addhional 

transport from the cell into the follicular lumen has been detected. Perchlorate is 

eliminated from the body is by excretion through urine. It has been found that 

perchlorate reaches peak blood levels three hours after oral intake (24). 

Perchlorate has been used to treat fatal diseases. It was reported that Graves' 

disease was medically cured using perchlorate to reduce the production of the thyroid 

hormone, consequently increasing the thyroid stimulating hormone thereby inducing a 

negative effect (21). Perchlorate has also been used to cure a disease known as 

thyrotoxicoses, which is induced by a hormone caUed amiodarone (20). Amiodarone 

interferes with the deiodination of T4 hormone to T3 hormone, resuhing in an increase in 

the total and the free T3 hormone in plasma and tissue (28). 

2.3.3 Perchlorate in Animals 

When conducting an experiment whh labeled perchlorate ^̂ 0104* in animals, 

Anbar et al. found increased perchlorate concentrations in the thyroids of rats and rabbhs. 

The concentration of perchlorate has not been found be more than 4 to 5 ̂ g/L because of 

hs low specific activity. Higher perchlorate concentrations have been detected in the 

thyroids of rats and Guinea pigs. Studies on guinea pigs found that perchlorate after 

passing through the placenta from the mother depleted thyroid hormone production in the 

fetus (25). 
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2.3.4 Perchlorate in Plants 

Plants have been observed to absorb perchlorate from water and soil. This 

phenomena has been used to clean up perchlorate-contaminated soil and water. 

Phytoremediation is the use of plants to clean soil and water contaminated with organic 

and inorganic pollutants. Thirteen vascular plant species have been evaluated for 

perchlorate removal efficiency. Except for water weed and duck-meat plants, all other 

plants exhibhed a tendency to absorb perchlorate from perchlorate-contaminated 

solutions (30). It has been reported that willow trees were found to be the most favorable 

woody plants for plant-mediated transformation of perchlorate into chloride (29). In the 

remediation of perchlorate in the contaminated water, two phytoprocessess have been 

identified to be important: 

a. The uptake and phytodegradation of perchlorate in true branches and leaves and 

b. Rhizodegradation. 

2.4 Treatment Technologies for Perchlorate 

Perchlorate treatment methods used to remove perchlorate from water can be 

classified into two categories: 

1. Destructive technologies, 

2. Removal technologies. 

The destructive processes include chemical reduction, biological reduction, and 

electrochemical reduction. The physical removal processes include anion exchange, 

membrane filtration, reverse osmosis, and electrodialysis (2, 6). Though the reverse 
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osmosis and nanofiltration methods have been of some use in treatment, they proved to 

be expensive and complicated. The California San Gabriel Valley is evaluating ion 

exchange process for removing approximately 30 to 200 ^g/L of perchlorate from ground 

water (20). The major drawback in adopting removal technologies for perchlorate 

removal from natural waters is that these methods leave behind waste brines, which 

contain high concentrations of perchlorate needing further treatment and disposal. 

Phytoremediation is another technique used to treat perchlorate-contaminated soil and 

water using the growth of plants (30). Although perchlorate hardly reacts with any 

reducing reagent, h has been found that ozone-peroxide followed by liquid phase carbon 

treatment removed perchlorate from the ground waters in the San Gabriel valley (20). 

Recently, much attention has been paid to the biochemical reduction of perchlorate where 

microbes are used in the treatment process (20). 
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CHAPTER 3 

CHARACTERISTICS OF FILTERS 

3 1 Activated Carbon fWoven) Fiher 

3.1.1 Activated Carbon Fihers 

A wide variety of carbon-rich raw materials including wood, coal, peat, coconut 

shells, nut shells, bones, and fruh stones are used in the manufacture of activated carbon 

fabrics making h inexpensive and versatile. Activated carbon is manufactured in two 

different forms. They are granular activated carbon (GAC) and powdered activated 

carbon (PAC). Among the existing forms of activated carbon, the granular form is used 

as the filter medium through which the contaminated water or air is passed. GAC is 

composed of particles with sizes greater than 0.8mm. The powdered form is mixed whh 

the contaminants and then fihered or settled to obtain treatment. The particle size of PAC 

is smaller than that of granular activated carbon. While GAC is found to have a larger 

internal surface area and smaller internal pores, PAC has larger pores and a smaller 

internal surface area (9). 

3.1.2 Characteristics of Activated Carbon 

Yang and Kaneko reported that the high adsorptive nattare of activated carbon 

fabrics (ACFs) is mainly attributed to hs large specific surface area, pore volume, and 

uniform microporosity. The adsorbing property of an activated carbon fabric is 

selectively explohed in the filtration process to decontaminate perchlorate anions from 

contaminated water streams. The pores of ACFs are partially oxidized or modified with 
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other chemical substances to enable the adsorption process. Furthermore, according to 

them, the ACFs have split-shaped micropores and nonpolar surfaces. Nonpolar vapor 

molecules can be easily adsorbed even whhout the application of any external pressure 

(7). These properties make ACFs highly effective in the adsorption of contaminants in 

water purification systems. 

The effectiveness of activated carbon as an adsorbent medium is also due to hs 

unique properties including a large surface area per unit volume, a high degree of surface 

reactivity, universal adsorption effect, and favorable pore sizes. Activated carbon is often 

characterized by hs extremely large surface area. The raw materials used in the 

manufacture of activated carbon and the activation process play an important role in 

modifying the characteristics of activated carbon (9). The complex internal surface area 

of the woven fabric is usually divided into three components. Channels and pores with 

diameters less than 2 nm are commonly known as micropores. These micropores 

generally contain the largest portion of activated carbon's surface area. On the other hand, 

pores with diameters between 2 and 50 nm are known as mesopores and pores with 

diameters greater than 50 nm are defined as macropores (9). 

For comparison, a given type or sample of activated carbon is usually quantified 

based on four primary criteria: (1) total surface area; (2) carbon denshy; (3) particle size 

distribution; and (4) adsorptive capacity. Of course, all these factors influence the 

adsorption rate and capacity of the ACFs. The total surface area is measured by the 

adsorption of nitrogen gas onto the carbon and is expressed in square meters of surface 

area per gram of carbon. Since the gas molecules used to measure the adsorption are very 
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small, h should be noted that this method of measurement of surface area may be 

misleading when considering the adsorptive capacity of a carbon for large organic 

macromolecules. Compounds with large molecule weights may have then adsorption rate 

limhed by pore size considerations in the activated carbon fabric (10). 

The controUed-pyrolysis approach for carbon fibers yields a surface area of 200-

1000 m /̂g and the surface area of steam-activated fibers are found to be 3000 mVg. 

Carbon denshy is the weight of one millilher of carbon in ah. Bulk denshy is also 

sometimes used for carbon as h is for soil and is expressed in pounds per cubic foot or in 

kilograms per liter (10). Particle sizes in carbon are measured using standard US sieve 

sizes as for soil constituents. Particle size distributions are important in carbon systems 

because they influence handling of the activated carbon material. For example, in 

granular carbon, the particle size affects the hydraulic loading and backwash rates for a 

fiher. On the other hand, particle size is often important because of hs effect on 

adsorption rates as well. 
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Figure 3.1: SEM Picture of Activated Carbon (x39) 

3.2 Nonwoven Fabric Fihers 

Nonwoven fabrics are unique engineered materials whose properties are entirely 

different from those of woven fabrics. Nonwovens have a flat tangled textile structure. 

The earlier known production of nonwoven fabrics dates back to the 1930s, while the 

full-fledged commercial use of nonwovens began only in the mid sixties. As is implied 

from the term, these fabrics are not woven but are manufactured using a highly 
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productive process that avoids intermediate steps such as fiber preparation and yam 

spinning. 

Nonwoven fabrics can be broadly classified broadly into: (1) Needlepunching; (2) 

Thermalbonding; (3) Meltblowing; (4) Spunbonding; (5) Air laying; and (6) 

Hydroentangling. 

Nonwoven fabrics provide cost-effective solutions for the growing needs of high-

tech industries. Whh the availabilhy of different manufacturing processes and raw 

materials, nonwoven fabrics with varied fiber deniers, lengths, types of consolidation, 

and weight per unit area can be manufactured. Nonwoven fabrics can be porous or dense, 

hydrophobic or hydrophilic, hard or soft, flexible or stiff in nature. Nonwoven fabrics are 

used in various fields like health care, hygiene, engineering, household utilities, 

automotive industry, cleaning, filtration, clothing, and food wraps. 

3.2.1 Manufacturing Methods of Nonwoven Fabrics 

The different methods of forming nonwoven substrates or fabrics provide 

enormous opportunhies for a wide variety of fibers, fabric forms, and films to be used as 

raw materials. The nature of the manufacturing methods and the properties of the 

nonwoven fabrics make them similar to paper making. 
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There are three main routes to web forming in nonwoven manufacturing. They 

are: 

1. Drylaid systems with carding or airlaying; 

2. Wetlaid systems; and 

3. Polymer based system that includes spunlaying (spunbonding) or specialized 

technologies like meltblown, flashspun fabrics, and so forth. 

Nonwoven fabrics do not have a defimte geometrical stmcture. The relationship 

between one single fiber and another gives them their primary shape while the interlacing 

of the fibrous web does not contribute for the internal cohesion of the fabric. The 

interlacing nature of the nonwoven substrate enhances certain properties like adsorption 

and fihration. These properties of nonwoven substrates enable them to have a broad range 

of end-use applications. The bonding of fibers provides the required web strength and 

compensates for the lack of sufficient frictional forces in the fibers. 

The next step in the manufacturing process of nonwoven fabric after the 

formation of the web is the consolidation of the webs. There are three methods by which 

consolidation of the webs are done. They are: 

1. Chemical means through chemical bonds; 

2. Mechanical means through friction bonds and 

3. Thermal means through cohesion bonds. 
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The properties of nonwoven fabrics depend on various factors like the choice of 

raw material, density of the fibrous material, and the choice of consolidation. The 

parameters can be varied to obtain a deshed nonwoven fiber with required properties (16). 

3.2.2 Properties and Applications of Nonwovens 

Nonwoven fabrics possess a wide range of physical and chemical properties, 

which mainly depend on the nature of the raw materials used in the manufacture of 

nonwoven fabrics. In fact, nonwoven fabrics developed from recycling fibrous waste or 

second quality fibers left over from industrial processes like weaving or leather 

processing also finds advanced application in such uses as automotive textiles. 

Nonwoven products take an essential and important place in our day-to-day activhies. 

They are used in home furnishing, clothing, automotive uses, constmction, filtration, 

agriculture, health care, engineering, industrial and, commercial goods. 

Following are some of the properties exhibited by nonwoven fabrics (16): 

1. Adsorbency- the capacity or tendency of a material to adsorb another 

substance. 

2. Breathabilhy- the abilhy of the material to allow air transfer or chculation 

between two mediums (31). 

3. Drapeability- an aesthetic sense of the fabric that describes the extent to which 

a fabric is slender or stiff. 

4. Flame Resistivity-resistance to catch fire. 
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5. Heat Scalable- acts as a good insulator to heat. 

6. Light- the fabric is light in weight. 

7. Lint-Free- the fine raveling found on any cotton or linen fabrics are absent in 

nonwoven fabrics. 

8. Mouldable- the fabrics can be woven in any desired shape. 

9. Stable- nonwoven fabrics are stable under extemal conditions. 

10. Tear Resistant- resistance against tearing. 

11. Water Repellant- these fabrics are hydrophobic in nature. 

Among the varied properties and applications of nonwoven fabrics, the 

adsorbency and the porosity characteristics were explohed in the study to remove 

perchlorate ions from a contaminated water stream. The adsorption process results due to 

the structural arrangement of the fibers while the porous nature of the fabric helps in 

retaining oxides and dust particulates from the water stream. Nonwoven fabrics have 

been used to filter air and gases in the past. Some of the examples of nonwoven filters are 

Hevac, Hepa, and Ulpa fihers (16). 

3.2.3 Advantages of Nonwoven Fabrics 

1. Nonwoven fabrics have high coefficients of fiiction. On oil or water-stripped 

surfaces, the coefficient of friction is found to be 0.28. 

2. High mechanical load capachy and wear resistance. 
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3. The fabrics possess a hardness varying between of 55 to 95 Shore "A", 

4. Posses a self-healing tendency and good resistance against edge stripping. 

5. Due to the high poroshy, dust particulates and oxides are effectively retained 

by the fabric. This property of nonwoven fabrics is used in the separation and filtration 

processes. 

6. Nonwoven fabrics offer a high degree of durabilhy, which extend through the 

operating cycle life (16). 

3.3 Adsorption Phenomena 

The principal phenomenon behind the filtration process in the ACF is the 

adsorption process (8,11, and 16); the high adsorption capachies are attributed to the net 

positive surface charge during the adsorption process (13). Adsorption is basically the 

preferential parthioning of substances from the gaseous or liquid phase onto the surface 

of a solid substrate. The process of adsorption involves separation of a substance from 

one phase accompanied by its accumulation or concentration on the surface of the other. 

The adsorbing phase is called the adsorbent, and the material concentrated or adsorbed at 

the surface of that phase is called the adsorbate. Physical adsorption is caused mainly by 

Van der Waal's forces and electrostatic forces, acting between the adsorbate molecules 

and the atoms, which compose the adsorbent surface. The adsorption phenomenon is 

operative in most natural, physical, biological, and chemical systems. Adsorption 
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operations employing solids, such as activated carbon and polymeric adsorbents, are used 

widely in industrial applications and for purification of water and wastewater streams (8). 

3.4 Factors Affecting Adsorption of Activated Carbon 

Effective adsorption (i.e., the adsorption capachy of an adsorbate by the 

adsorbent) depends on various factors such as: 

1. Surface area of the adsorbent- as the surface area increases, the adsorption 

increases. 

2. Pore size of carbon in ACFs- as the pore size of the carbon decreases; the 

effective mass of adsorption increases. 

3. Solubility of solute in aqueous solution-the solubility of the solute is inversely 

related to hs adsorption by the carbon. 

4. Temperature-the adsorption process is found to decrease at elevated 

temperatures, and 

5. pH- optimum pH is favorable for effective adsorption. 

The rate of adsorption in the fihration process is influenced by: 

1. The size of the activated carbon particle in ACFs- As the carbon 

particles size decreases; the adsorption rate increases. 
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Concentration of solute in solution- the higher the concentration 

gradient across the surface of the carbon particles; the greater is the rate 

of adsorption. However, very high solute concentration may cause a 

negative effect on the adsorption process. 

Temperature of solution- low temperature is normally preferred (9). 
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CHAPTER 4 

ABIOTIC PERCHLORATE REMOVAL USING NOVEL FILTERS 

4.1 Filters for Perchlorate 

The process of removing perchlorate by fihration is an abiotic process as h does 

not involve any biological microorganisms. The fabrics used as the filter medium in the 

perchlorate filtration study were activated carbon fabrics and nonwoven fabrics. The 

activated carbon is a woven type. In the subsequent experimental process, composhe 

filters made of various combinations of woven and nonwoven fabrics have been used in 

the study. Both woven and nonwoven activated carbon fabrics used in the study were 

obtained from American Kynol, Inc. Resuhs from the filtration study using activated 

carbon fabrics are presented in this chapter. The characteristics of the activated carbon 

fabrics and nonwoven fabrics used in this study are given in Tables 4.1 and 4.2. 

4.2 Activated Carbon Fabric: Woven Type 

Among the various types of activated carbon fabrics available, fabrics with certain 

specifications have been chosen in this study to conduct the filtration experiments. The 

specifications of the chosen activated carbon fabrics are summarized in the following 

table. 
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Table 4.1: Specifications of Activated Carbon Fabrics 

Sample 
ID 

1 

2 

Fabric 
Type 

Woven 

Woven 

Weight 
[g/m'l 

92 

137 

Specific 
Surface Area 

fmVgl 

2500 

2500 

Sample 
Specification 

AC-507-25 

AC-5092-25 

4.3 Nonwoven Fabrics 

Table 4.2: Specifications of Nonwoven Fabrics 

Sample 

ID 

A 

B 

C 

D 

Fabric Type 

Nonwoven 

Nonwoven 

Nonwoven 

Nonwoven 

Weight 
(g/m') 

40 

40.60 

41.70 

55.60 

Denier x 
Length 

1.5x1.5 

1.5x1.5 

1.5x1.5 

1.5x1.5 

Fiber Type 

100% 
Polyester 

100% 
Polyester 

100% 
Polyester 

100% 
Polyester 
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The nonwoven fabrics used in the study were developed at the nonwoven 

laboratory at The Institute of Environmental and Human Heahh, Texas Tech Univershy. 

The "state-of-the-art" HI needlepunching nonwoven technology was used to develop 

lightweight 100% polyester needle webs. Details of the nonwoven webs developed are 

given in Table 4.2. 

4.4 Solutions and Reagents 

A 100 ng/L concentrated solution of sodium perchlorate was purchased from 

AccuStandard, Inc. This solution was used to prepare all the perchlorate standard 

solutions including the calibration standards used in the Ion Chromatography analysis. 

All the standard solutions used in the experiments were prepared with 18.2 MQ.cm Milli-

Q water with a 0.45 ûn outlet. The eluent (100 mM NaOH) was prepared by dissolving 

8.0 grams of 50% NaOH in the reagent water to a final volume of 1.0 L and was used 

under a 5psi helium blanket. The perchlorate standard solutions and the calibration 

standards were prepared by standard procedures. 

4.5 Experimental Details 

4.5.1 Filtration whh a Single Laver of Activated Carbon Fiher 

A 25 ppb standard perchlorate solution was prepared whh 18.2 MD.cm Milli-Q 

water with a 0.45 ûn outlet. First, a single layer of activated carbon fabrics with 

specifications AC-507-25 and AC-5092-25 were used as the fiher medium. Six trials 

were done for each sample of the ACF at different shes on the fabric at room 
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temperattire. The standard solution was fihered at a constant flow rate of 40 drops/min 

using the two different samples. For each type of activated carbon fabric, six samples 

were generated. The fihered samples were labeled and stored in the refrigerator for 

further tests and studies. 

4.5.2 Filtration with Double Layers of Activated Carbon Fiher 

The same fihration procedure adopted for the single layer ACF fiher was adopted 

for the tests carried out on the double layer filters using 25 ppb standard perchlorate 

solution. In this experiment, a double layer of the activated carbon fabric serves as the 

filter media. Five trials were carried out on various sections of the fabric at room 

temperature. Totally, ten samples were collected and stored in the refiigerator for further 

trials. 

4.5.3 Fihration whh Regular Nonwoven Fabric Filters 

Four different types of nonwoven fabrics as given in Table 4.2 have been used in 

filtration studies. Procedures followed were similar to those of activated carbon fabric 

fihers. On each fabric, four different sections of the fabric were explored. In total, eight 

fihered watered samples were collected and stored for further experiments. 

4.5.4 Filtration whh Woven and Nonwoven Fihers 

A composhe layer filtration experiment was conducted using a muhilayer 

composhe consisting of one activated carbon fabric and one nonwoven fabric. From the 
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two types of activated carbon fabric fihers used in the study, the AC-5092-25 fiher was 

chosen for this particular study. This is because of the higher fihration efficiency of the 

perchlorate ions exhibited by the AC-5092-25 filter when compared with the AC-507-25 

fiher. Because of hs high filtration efficiency, the nonwoven fabric weighing 40g/m was 

used to form the composhe fiher with the ACF (AC-5092-25). 

The 25 ppb standard perchlorate solution was fihered through various 

combinations of fabric filters, which are: 

1. Nonwoven (40 GSM) - Woven (AC-5092-25); 

2. Woven - Nonwoven - Woven; and 

3. Nonwoven - Woven - Nonwoven. 

Filtration trials were made on four different sections of each combination of the 

composhe fiher media at room temperature. Twelve samples of the fihered water were 

collected, labeled, and stored for fiirther experiments. Finally, all the fihered samples 

were fihered through a microspore fiher, and collected in 5 mL IC vials, which were 

covered with IC blocks. Fihered samples were mn in Ion Chromatography using the EPA 

314.0 method to determine the perchlorate concentration after filtration through the 

various fabric filters. Resuhs obtamed from the IC experiments are discussed in the 

following chapters. 
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CHAPTER 5 

DETERMINATION OF PERCHLORATE CONCENTRATION 

USING ION CHROMATOGRAPHY 

5.1 Background 

In the past five years, various approaches have been proposed for analyzing 

perchlorate using Ion Chromatography. A new methacrylate based stationary phase was 

proposed by Nah et al. (33) and a novel eluent using cyanuric acid was proposed by 

Maurino and Minero (34). The two approaches gave chromatograms at various mg/L 

levels, but no particular limh of detection (LOD) was specified and retention times were 

long. Okamoto prescribed a practical procedure with a phenoxide eluent. This method 

attained a LOD of 0.7 fig/L whh a retention time of 8 min; the presence of sulfate 

reduced the perchlorate recovery rate to 91 to 93% (35). Later, h was found that 

P-cyanophenol was a toxic and harmful substance under the toxic substances control act 

(TSCA) inventory of the EPA and the oxidation products of the eluent poisoned the 

column and suppressor components, thereby reducing efficiency and lifetime of the IC 

unit. Subsequently, the LOD was improved with the invention of better IC methods. 

LODs as low as 0.3 jig/L could be attained using 100 mM NaOH eluent and an AS 11 

column with a 1000 nL injection. But again, the presence of sulfate reduced the recovery 

of perchlorate from 93 to 100%. To enhance the efficiency of the method further, a AS 16 

stationary phase with a LOD of 0.15 |ig/L for a retention time of 10 min was developed. 
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In this method, the recovery of 20 ng/L perchlorate was 94 to 97% for a 50 to 1000 mg/L 

of sulfate concentration (4). 

5.2 Ion Chromatography 

The concentration of perchlorate in reagent water, surface water, ground water, 

and drinking water can be determined whh Ion Chromatography using the US EPA 

Method 314.0. Ion chromatography is a separation technology that uses an anion 

exchange column to separate anions moving through the colunm, which are then 

measured by a detector system at the outlet of the column. IC is a simple automated 

system for the determination of trace amount of perchlorate using an online 

preconcentration technique. This method is widely used to determine high concentrations 

of common anions like perchlorate, nitrate, phosphate, sulphate, fluoride, and chloride in 

water samples because of hs high tolerance limh and hs abilhy to attain low limits of 

detection. The LOD for this method is 0.77 \ig/L for a 2 to 20 mL reagent water sample. 

The perchlorate anion has a high retention time when compared to other anions, which 

helps in overcoming a lot of uncertainties commonly associated with retention time based 

identification. Perchlorate concentrations upto 400 ng/L can be determined in water 

samples to be tested in the IC. This is done by correlating the peak area with an r̂  value 

of 0.9997. Even very low concentrations of perchlorate in the environment are found to 

affect the nervous system of humans and cause a number of human heahh problems. 

These concerns call for a refinement in the detection limh to a higher level of accuracy to 

detect even very low concentrations of perchlorate. At such precision levels of detection, 
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other analytical methods like photometry, electrophoretic preconcentration, suppressed 

conductometric CE, and electrochemical measurement are generally inadequate to attain 

lower threshold limhs of detection (4). 

IC can also be classified as a liquid chromatographic method in which a liquid 

permeates through a porous solid stationary phase and elutes the solute into a flow-

through detector. The stationary phase is usually in the form of smaller diameter uniform 

particles packed into a cylindrical column. The diameter of the particles generally ranges 

from 5 to 10 mm. The column is constmcted with rigid materials like stainless steel or 

plastic and is generally 5 to 30 cm long and the internal diameter is in the range of 4 to 9 

mm. A high pressure pump is required to force the mobile phase through the column at 

typical flow rate of 1 to 2 ml/min. The sample to be separated is introduced into the 

mobile phase by a manual or automatic injection device prior to the colunm. The 

detector usually contains a low volume cell through which the mobile phase passes 

carrying the sample components (32). 

Any chromatographic system can be divided into its basic hardware 

instmmentation and chemical components. The hardware instmmentation components 

are the pump, injector, detector, and data station, whereas the chemical components are 

the mobile phases and the stationary phases. In any chromatographic method, the 

composhion of the mobile phase provides the chemical envhonment for the interaction of 

the solutes whh the stationary phase. Separation can be achieved by controlling and 

manipulating these interactions, which will in turn affect the retention times of the 

various sample components (32). As stated by Urbansky, h is therefore convincing that 
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Ion Chromatography would dominate environmental analytical chemistry because of hs 

limh of detection level and hs availabilhy (2). A typical Ion Chromatography system such 

as that used in the study is shown in Figure 5.1. 

Figure 5.1: Ion Chromatography Unit 

5.3 Equipment Details 

The equipment and the method adopted in this study specifies an IC colunm and 

analytical conditions, which were determined to be the most effective for the widest array 

of sample matrices. The colunm and condhions were chosen in such a way that greater 

tolerance for the highest levels of common inorganic anion interference can be obtained. 

In this study, a Dionex IC25 chromatograph equipped whh an AGl 1 guard column was 

used in conjunction with an AS 16 analytical column for separation. The 100 mM NaOH 
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eluent was used isocratically at a flow rate of 1.0 mL/min. An ASRS-ULTRA suppressor 

operated at 300 mA in the extemal water mode was also used. A suppressed conductivhy 

detector, Dionex CD20 was used to measure the conductivhy. The system control was 

carried out with Dionex PeakNet 6.0 software. All solutions were prepared in 18.2 

MH.cm Milli-Q water with a 0.45 pm outlet. A sodium perchlorate standard solution was 

obtained as an IC custom standard from AccuStandard, Inc. The eluent (100 mM NaOH) 

was prepared by dissolving 8.0 grams of 50% NaOH in reagent water to a final volume of 

1.0 L and used under a 5 psi helium blanket. Perchlorate standard solutions, perchlorate 

spiked samples, and the conductivhy calibration standards were prepared as prescribed in 

the standard procedures (10). 

5.4 IC Supplies 

The following accessories were used during the analysis of water samples in the 

ion chromatography unit: 

1. Analytical Balance- The balance is used to accurately weigh target analyte sah 

for stock standard preparation. The senshivhy of the balance used is ± 0.1 mg. 

2. Top Loading Balance- The balance is used to accurately weigh reagents such 

as sodium hydroxide solution, which is used in the preparation of eluents to be 

filled to mn the IC. The sensitivity of this balance is ± 10 mg. 

3. IC Vials- Five mL IC vials were filled with the water samples to be tested and 

fed in the autosampler. 
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4. Weigh Boats- These are used for weighing the eluent reagents. These are 

generally made of plastics and are disposed after weighing. 

5. Micro Beakers- These are disposable, plastic beakers used during sample 

preparation. 

6. Syringes- Disposable 10 mL plastic syringes were used during sample 

preparation. 

7. Particulate Fihers- These are specially designed syringe fihers for IC 

applications. These 0.45 micron cartridges are used to remove particulates 

from the fihered water samples while the samples are manually loaded in the 

autosampler. The particulate fihers are purchased from Gelman IC Acrodisc 

(10). 

5.5 Eluent Solution 

Every column used in an IC is unique in hs configuration and the eluent is 

specific to the nature of the column used. The eluent used in this method is a 50 mM 

sodium hydroxide solution. This is prepared by adding 8.0 grams of 50 % sodium 

hydroxide in 2.0 L of reagent water. The eluent was stored in sealed reservoirs under low 

pressure helium. Carbon dioxide present in the atmosphere when reacted whh the eluent 

causes carbonate contamination; this resuhs in poor reproducibility of perchlorate 

retention times, elevated instmment conductivity, and increased baseline noise. 

Therefore, the eluents are stored properly to prevent atmospheric exposure (10). 
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5.6 Calibration Standards 

Calibration standards are standard solutions prepared from the primary dilution of 

perchlorate stock solutions with specified concentrations. This is carried out to examine 

the normal functioning and to have a control on the accuracy of the resuhs from the IC 

unh. The calibration curve obtained by mnning the calibration standards in the IC is used 

in the study to determine the final concentration of perchlorate in the filtered water 

samples. 

Initially, since the standard reference concentration of perchlorate before 

filtration was set as 25 jxg/L, the calibration standards were denominated in the order of 

5, 10, 20, 40, 50 and 100 \ig/L. Perchlorate standard solutions and the calibration 

standards were prepared as per standard procedures. A few samples of DI water were 

included along with the calibration standards fed into the IC. A DI water sample is placed 

in the beginning after every two calibration standards and at the last of the test set. All the 

standards and the DI water were filled in 5 mL IC vials and fed into the autosampler. The 

calibration standards have to be mn before mnning the fihered water samples for analysis 

in the IC (10). 

5.7 IC Procedure 

The eluent, calibration standards, and water samples to be tested were made 

available in appropriate condhions before the beginning of the experiments. To start a 

test, the IC unit is primed for 5 minutes to stabilize the unit's operation. This is done in 

the local mode of the unh. Once primed, the remote mode comes into action 
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automatically. The eluent solution is filled in the respective bottles according to the unit 

configuration. 

The analysis is done whh the help of a software called PeakNet Analysis, once the 

eluent is filled in bottles, the PeakNet is activated and a method by name Perchlorate 1 

was adopted to determine the perchlorate concentration in water samples. The calibration 

standards along whh the DI water are loaded followed by the water samples to be tested 

in the autosampler tray of the IC. The fu-st IC vial is then swhched to the inject poshion 

so that the loop contents are transferred to the preconcentration column by the wash 

solution pump followed by the remaining samples. The water pressure of the IC is then 

turned on and checked for hs accuracy. In PeakNet, the schedule of the loaded samples is 

recorded according to their order of injection. The loaded schedule is saved and activated 

to start the analysis. The unh is monitored for stabilization and accuracy. After 

perchlorate is separated from the other anions in analytical column, the corresponding 

suppressed signal is detected by the conductometer. The perchlorate concentrations are 

recorded as peak areas, which are then calculated to determine the final perchlorate 

concentration (10). 
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CHAPTER 6 

RESULTS AND DISCUSSIONS 

This chapter presents the resuhs from the sttidy of the filtration of perchlorate by 

different fabric fihers. 

6.1 Calibration and Standardization 

The resuhs obtained from the IC are calibrated and the final concentrations of 

perchlorate in the water samples were determined. The standard calibration curve was 

generated whh the data obtained from the IC by mnning the standard perchlorate 

solutions of 5 ppb, 10 ppb, 20 ppb and 50 ppb, respectively. The final perchlorate 

concentrations of the samples were determined by using the standard calibration curve as 

the reference for the respective sample concentrations. 

6.2 IC Calibration Curves 

The calibration curves obtained by mnning the standard solutions and samples in 

the IC were recorded. Using these curves, perchlorate concentrations were determined. 

When the DI water was mn in the IC, a zero peak m the curve was obtained that indicate 

a zero perchlorate concentration. The standard solutions of 5, 10, 20, 50 ppb were mn to 

obtain perchlorate peaks, which enable the calibration of perchlorate concentration. The 

sample's peak area is also obtained to determine hs perchlorate concentration. The peak 

areas obtained for the calibration standards are shown in Table 6.1. The standard 

calibration for different perchlorate concentrations is given in Figure 6.1. 
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Table 6.1: Peak Area Values for Calibrated Perchlorate Standards 

Peak Areas of Standards 
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Figure 6.1: Standard Calibration Curve 
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6.3 Filtration Resuhs with Single Layer of Activated Carbon Filter 

6.3.1 Activated Carbon Fabric Fiher ('AC-5Q7-25̂  

As is evident from Table 6.2, the average final concentration of perchlorate in the water 

samples fihered through ACF (AC-507-25) is 15.47 ppb. This resuh shows that the activated 

carbon based filtration method adopted in this thesis study is working and could be a potential 

method for perchlorate filtration. Also, based on the standard deviation value (SD=0.59), h is 

evident that the results are highly reproducible. The resuhs showed that there is an average 

reduction in perchlorate concentration of some 37% when all samples were compared. 

Table 6.2: Concentrations of Perchlorate whh AC-507-25 Fabric 

1 Trial 

1 

2 

3 

4 

5 

6 

InMKtl 
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tpî >> 
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Final 
jCjEinjX'Jitr.Uioq 

<Wb} 
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16.42 

15.56 
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9.82 

8.75 
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8.95 

9.41 

9.20 

I'entMitrtiiP 
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(%) 

40.08 

35.72 

32.99 

36.52 

38.41 

37.55 
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6.3.2 Activated Carbon Fabric Filter rAC-5092-25^ 

As is evident from Table 6.3, the average final concentration of perchlorate 

fihered by the ACF (AC-5092-25) is 10.63 ppb. This indicates that the average 

perchlorate fihration efficiency by activated carbon (AC-5092-25) for all trials is 59% 

Table 6.3: Concentrations of Perchlorate whh AC-5092-25 Fabric 

24.52 

24.52 

24.52 

24.52 

24.52 

24.52 

9.52 

9.44 

10.67 

14.67 

9.39 

10.08 

14.99 

15.08 

13.84 

9.842 

15.12 

14.43 

61.17 

61.50 

56.46 

40.13 

61.67 

58.86 
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Table 6.4: Average Concentration Comparison between two ACFs 

Average Concentration After Filtration 

Sample 1 
(AC-507-25) 

Sample 2 
(AC-5092-25) 

14.64 ppb (0.59)* 

10.63ppb (2.04) 

Values within parentheses indicate standard deviation 
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Figure 6.2: Comparison of Average Final Concentration of Perchlorate after Filtration 
by the Two ACFs 
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6.4 Fihration Results with Double Layer Activated Carbon Filter 

6.4.1 Double Laver Activated Carbon Fabric Fiher ('AC-507-25) 

As is evident from Table 6.5, the average perchlorate concentration after fihration 

by the double layered ACF (AC-5092-25) is found to be 14.47 ppb. The average 

perchlorate filtration efficiency in this case is 23.72% 

Table 6.5: Perchlorate Concentrations for Double Layered ACFs (AC-507-25) 
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6.4.2 Double Laver Activated Carbon Fabric Fiher (AC-5092-25') 

As is evident from the Table 6.6, the average perchlorate concentration after 

filtration by the double layered ACF (AC-5092-25) is 19.66 ppb. The perchlorate 

filtration efficiency in this case is 23.93% 

Table 6.6: Perchlorate Concentrations for Double Layered ACFs (AC-5092-25) 

1 

2 

3 

4 

5 

24.52 

24.52 
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4.29 
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23.72 

23.66 

23.70 

23.69 

43 



Table 6.7: Average Concentration Comparison 

Average Perchlorate Concentration After Filtration 

Sample 

1. AC-507-25 

2. AC-5092.25 

Single Layer of ACF 

14.64 ppb (0.59)* 

10.63ppb (2.04) 

Double Layer of ACF 

14.47 ppb (1.14) 

19.66 ppb (0.626) 

* Values within parentheses indicate standard deviation 
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Figure 6.3: Comparison of Average Final Concentration of Perchlorate after Filtration by 
the Two Double Layered ACFs 
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6.5 Filtration Resuhs whh Regular Nonwoven Fihers 

6.5.1 Sample A 

As is evident from Table 6.8, the average concentration of perchlorate fihered by 

the nonwoven Sample A is 18.26 ppb giving a perchlorate filtration efficiency of 25.49% 

Table 6.8: Concentrations of Perchlorate with Nonwoven Sample A 
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6.5.2 Sample B 

As is evident from Table 6.9, the average concentration of perchlorate fihered by 

the nonwoven Sample B is 19.48 ppb giving an average perchlorate fihration efficiency 

of 20.52% 

Table 6.9: Concentrations of Perchlorate whh Nonwoven Sample B 

^lVi«}f? 

I—
1 

2 

3 

4 

55ata]^ltj 

B 

B 

B 

B 

''lidaty ' ; 

24.52 

24.52 

24.52 

24.52 

19.68 

19.72 

19.02 

19.53 

19.73 

19.57 

22.43 

20.35 

46 



6.5.3 Sample C 

As is evident from Table 6.10, the average concentration of perchlorate fihered by 

the nonwoven sample is 19.24 ppb with perchlorate filtration efficiency of 21.52% 

Table 6.10: Concentrations of Perchlorate with Nonwoven Sample C 

24.52 

24.52 

24.52 

24.52 

19.63 

19.01 

19.2 

19.13 

19.94 

22.47 

21.69 

21.98 
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6.5.4 Sample D 

As is evident from Table 6.11, the average concentration of perchlorate fihered by the 

nonwoven Sample D is 19.42 ppb with perchlorate filtration efficiency of 20.78% 

In general, based on the fihration resuhs, regular nonwoven fabrics provide 

perchlorate filtration whh efficiency slightly above 20% 

Table 6.11: Concentrations of Perchlorate with Nonwoven Sample D 

D 

D 

D 

D 

24.52 

24.52 

24.52 

24.52 

19.52 

19.66 

18.89 

19.62 

20.39 

19.82 

22.96 

19.98 
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Table 6.12: Average Concentration Comparison 

Average Final Concentration 

Sample 

A 

B 

C 

D 

Concentration 

18.26 (0.76)' 

19.48 (0.32) 

19.24 (0.26) 

19.42 (0.35) 

"̂  Values within parentheses indicate standard deviation 

Final Concentration of Perchlorate 
X2 
A 
a 
a 
O 

• P H 
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•^ 
a Oi 
o d 
o r.-) 

<u + j 

c« u 
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xi y 
u <D 

Q^ 

20 
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19 
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17 
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16 
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mffniffffv 
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mm 
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BA 

OB 

QC 

• D 

Figure 6.4: Comparison of Average Final Concentration of Perchlorate after Fihration 
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Figure 6.5: Perchlorate Filtration by the ACF and Nonwoven Filters 

As the aim of the study was to investigate the perchlorate filtration capability of 

different fabric filters, a general comparison was thought necessary. As is evident from 

Figure 6.5, all the fabrics in general had fihration efficiency of 20% or higher. 

Remarkable resuhs were achieved whh regard to the perchlorate filtration efficiency by 

single layer of activated carbon fabrics whh filtration efficiency above 35%. For the 

following experiments using composite fiher, the fabrics with higher efficiency were 

chosen to obtain maximum filtration efficiency. The ACF (AC-5092-25) and nonwoven 

fabric (sample A) were chosen for this case. 
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6.6 Filtration Results whh Woven and Nonwoven Composite Fiher Fabrics 

6.6.1 ACF-NW 

As is evident from Table 6.13, the average concentration of perchlorate fihered by 

the ACF-nonwoven fabric filter is 10.11 ppb with perchlorate fihration efficiency of 

58.77%. These resuhs prove that the fihration is predominantly achieved by adsorption 

process which is influenced by the porous stmcture of the material used. 

Table 6.13: Concentrations of Perchlorate with NW-ACF 

T Vials 

1 

2 

3 

4 

Sample 

NW-ACF 

NW-ACF 

NW-ACF 

NW-ACF 

Concentration 

(ppb) 

24.52 

24.52 

24.52 

24.52 

Final 
Concentration 

(ppb) 

9.73 

10.03 

10.28 

10.39 

Percentage 
Difference 

(%) 

60.31 

59.09 

58.07 

57.62 
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6.6.2 ACF-NW-ACF 

As is evident from Table 6.14, the composhe fabric combination (ACF-NW-

ACF) resuhed in a perchlorate concentration of 6.36 ppb with a fihration efficiency of 

74.03% 

Table 6.14: Concentrations of Perchlorate with ACF-NW-ACF 

iTrials 

1 

2 

3 

4 

Sample 

ACF-NW-ACF 

ACF-NW-ACF 

ACF-NW-ACF 

ACF-NW-ACF 

Initial 
Concentration 

<ppb) 

24.52 

24.52 

24.52 

24.52 

Final 
Cojimtitr&tiiya 

(ppb) 

6.89 

6.05 

6.32 

6.21 

Percentage 
DiHerence 

. . . M J, ' : 

71.90 

75.32 

74.22 

74.67 
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6.6.3 NW-ACF-NW 

Table 6.15 shows that the composhe fabric fiher (NW-ACF-NW) could again provide 

higher filtration efficiencies as high as 61.49%. In this case, the composite fabric (NW-ACF-

NW) resuhed in a concentration of 9.4 ppb after filtration. 

Table 6.15: Concentrations of Perchlorate with NW-ACF-NW 

Trials 

1 

2 

3 

4 

Sample 

NW-ACF-NW 

NW-ACF-NW 

NW-ACF-NW 

NW-ACF-NW 

Initial 
Concentration 

.(ppb) 

24.52 

24.52 

24.52 

24.52 

Final 
Concentration 

(ppb) 

9.11 

9.54 

9.79 

9.33 

Percentage 
Difference 

(%) 

62.84 

61.09 

60.07 

61.94 
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Table 6.16: Average Concentration Comparison 

Average Final Concentration 

Sample 

1. ACF-NW 

2. ACF-NW-
ACF 

3. NW-ACF-NW 

Concentration 

10.1075(0.29)' 

6.3675 (0.37) 

9.4425 (0.29) 

* Values within parentheses indicate standard deviation 

a 
o 

A 

a 
(J 

a 
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.̂ ^ 
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Figure 6.6: Comparison of Average Final Concentration of Perchlorate after Filtration 
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Figure 6.7: Perchlorate Filtration by Composite Filters 

As discussed, composite fabric fihers offer more filtration than individual ACFs 

and regular nonwoven fabrics. As is evident from Figure 6.7, composite fabrics provide 

highest fihration efficiencies making them the better candidate for perchlorate fihration. 
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6.7 Statistical Analysis 

In this section, a brief discussion is provided on the statistical analysis that has 

been carried out on the resuhs. The final perchlorate concentrations of the sample sets 

after fihration were tested for statistical significance. Inhially, h was assumed that there 

is no difference between the mean of the sample sets. One way analysis of variance 

(ANOVA) tests on all the sample sets concluded statistically that Fcaiculated is greater 

than Fstandard thereby rejecting the null hypothesis. The calculated F values for all the 

sample sets at 95% confidence limh (i.e., at a= 0.05), are shown in Table 6.17. 

Table 6.17: F-Values of the Sample Sets 

Sample Sets Analyzed 

1. ACF- S ingle Layer 

2. ACF-Double Layer 

3. Nonwoven Fabrics 

4. ACF-NW Muhilayer 

Fcalculated 

31.16 

11.6 

5.79 

15.71 

I^Standard 

4.96 

5.32 

3.49 

4.26 
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Since the F calculated > F standard, the test statistics lies outside the critical region, 

which resuhs in the rejection of null hypothesis of equal means between all the sample 

sets. This variation in the adsorptive capachy between the samples sets can be attributed 

to the difference in the specific weight of the samples. In a simple sense, resuhs obtained 

show that the fabric fihers are able to fiher perchlorate ions. The concentrations of 

perchlorate before and after filtration through different fabric fihers are different. 
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CHAPTER 7 

CONCLUSIONS 

7.1 General Summarv and Conclusions 

The thesis work was aimed at evaluating the perchlorate fihration capabilities of a 

set of woven and nonwoven fabrics. Fabrics with specified characteristics were analyzed 

and used in the filtration process. Since the perchlorate anions are fatal toxic substance 

contaminating water, devising methods to fiher perchlorate ions is of immediate 

importance. Effective filtration of perchlorate anions has been achieved by activated 

carbon fabrics that served as fabric fihers in the fihration process. Furthermore, 

composhe fabrics involving activated carbon fabrics and nonwoven fabrics provided the 

highest level of filtration in the study. 

In summary, the fihration experiments conducted between two different types of 

activated carbon fabrics showed that the fabric with higher unit weight had higher 

fihration efficiency than the lighter fabric. An important resuh from the study is that the 

fihration of perchlorate is basically achieved by the surface adsorption. The higher the 

surface area and the poroshy of the fabric; the higher is the filtration capabilhy. The 

thesis has provided valuable information that nonwoven fabrics could serve as fihers for 

perchlorate removal. This result is significant as it will pave the way for new end-use 

applications of nonwoven fabrics. 

58 



7.2 Recommendations for Future Work 

Following are some suggestions for fliture work in the advancement of this 

research: 

1 To investigate the effect of fabric surface area of activated carbon fabrics; 

2. To determine the effect of different fibers and weight of nonwoven fabrics on 

their filtration efficiency and 

3. To investigate the fihration capabilhies of fabric fihers for heavy metal and 

other toxic substances. 
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APPENDIX A 

CHROMATOGRAMS 
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Figure A. 1: Chromatogram of De-ionized Water Sample 
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Figure A.2: Chromatogram of 10 ppb of Perchlorate Standard Solution 
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Figure A.3: Chromatogram of 25 ppb of Perchlorate Standard Solution 
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Figure A.4: Chromatogram of Water Sample Filtered Through Single Layer of ACF 
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Figure A. 5: Chromatogram of Water Sample Fihered Through Double Layer of ACF 
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Figure A. 6: Chromatogram of Water Sample Filtered Through Nonwoven Fabric 
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APPENDIX B 

ANOVA RESULTS 

71 



B. 1 Activated Carbon Fabric- Single Layer 

sum 
sum of 
squares 

N= 
c= 

Total SS 
Groups SS 
Error SS 

Total 
groups 
ertor 

Final 
Concentration 

(ppb) 

14.692 
15.761 
16.429 
15.564 
15.101 
15.311 
92.858 

2138.092018 
12 

2045.091861 
93.00015667 
70.37363333 
22.62652333 

ss 
93.00015667 
70.37363333 
22.62652333 

F= 
F(0.05(l), 1, 10 

Final Concentration 

(ppb) 

9.521 
9.44 

10.674 
14.678 
9.398 
10.087 
63.798 

df 
11 
1 
10 

31.10227422 

P<0.0005 

156.656 

ms 

70.3736 
2.26265 

4.96 
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B.2. Activated Carbon Fabric - Double Layer 

sum 
sum of 
squares 

N= 
c= 

Total SS 
Groups SS 
Error SS 

Total 
groups 
error 

Final Concentration 

(ppb) 

15.28 
13.54 
14.53 
14.65 
14.36 

0 
72.36 

2987.3094 
10 

2427.638533 
559.6708667 
56.16013333 
503.5107333 

SS 

559.6708667 
56.16013333 
503.5107333 

F= 
F(0.05(l), 1, 10 

Final Concentration 

(ppb) 

17.85 
19.41 
20.85 
19.98 
20.23 

0 
98.32 

df 
11 
1 

10 

1.115371125 

P<0.0005 

170.68 

ms 

56.1601 
50.3511 

4.96 
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B.3. Nonwoven Fabrics 

Sum of d.f Mean F 
Squares Squares 

3.870 3 1.290 5.793 
2.672 12 0 2227 
6.542 15 

The probability of this resuh, assuming the null hypothesis, is 0.011 

Group A: Number of hems= 4 
17.3 18.0 18.9 18.9 

Mean= 18.3 
95% confidence interval for Mean: 17.75 thm 18.78 
Standard Deviation = 0.765 
High =18.9 Low = 17.3 
Median = 18.4 
Average Absolute Deviation from Median = 0.612 

Group B: Number of hems= 4 
19.0 19.5 19.7 19.7 

Mean= 19.5 
95% confidence interval for Mean: 18.97 thm 20.00 
Standard Deviation = 0.322 
High= 19.7 Low =19.0 
Median = 19.6 
Average Absolute Deviation from Median = 0.212 

Group C: Number of items= 4 
19.0 19.1 19.2 19.6 

Mean= 19.2 
95% confidence interval for Mean: 18.73 thm 19.76 
Standard Deviation = 0.270 
High= 19.6 Low =19.0 
Median = 19.2 
Average Absolute Deviation from Median = 0.172 
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Group D: Number of hems= 4 
18.9 19.5 19.6 19.7 

Mean= 19.4 
95% confidence interval for Mean: 18.91 thm 19.94 
Standard Deviation = 0.360 
High= 19.7 Low =18.9 
Median =19.6 
Average Absolute Deviation from Median = 0.218 
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B.4. Composite Filters 

Sum of d.f Mean F 
Squares Squares 

31.85 2 15.92 157.1 
0.9124 9 0.1014 
32.76 11 

The probability of this resuh, assuming the null hypothesis, is less than .0001 The 
probabilhy of this resuh, assuming the null hypothesis, is less than .0001 

Group A: Number of hems= 4 
9.73 10.0 10.3 10.4 

Mean= 10.1 
95% confidence interval for Mean: 9.747 thm 10.47 
Standard Deviation = 0.293 
High =10.4 Low = 9.73 
Median = 10.2 
Average Absolute Deviation from Median = 0.228 

Group B: Number of hems= 4 
6.05 6.21 6.32 6.89 

Mean = 6.37 
95% confidence interval for Mean: 6.007 thm 6.728 
Standard Deviation = 0.366 
High = 6.89 Low = 6.05 
Median = 6.27 
Average Absolute Deviation from Median = 0.238 

Group C: Number of hems= 4 
9.11 9.33 9.54 9.79 Mean = 9.44 
95% confidence interval for Mean: 9.082 thm 9.803 
Standard Deviation = 0.291 
High = 9.79 Low = 9.11 
Median = 9.43 
Average Absolute Deviation from Median = 0.222 
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