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(ABSTRACT) 

Wastewaters from textile dyeing and finishing industries are often high in 

color, organic matter, metals and toxicity. Treatment is usually required before 

discharge into a sewer or body of water. Pretreatment often consists of chemical 

coagulation to remove color and solid matter. Aerobic biological treatment is 

incorporated to remove degradable organic matter and additional color and solid 

matter. 

The wastewater studied in this research project consisted of thermosol 

dye, print, and bleach and finish waste streams. The goal of this research project 

was to continue work on this wastewater that was initiated by Weber (1994). 

Pretreatment experiments were performed on the bleach and finish stream in an 

attempt to reduce organic content. Also, bench scale, aerobic biological 

reactors were operated at hydraulic residence times (HRT) of 4 and 7 days, to 

determine if higher reductions in color, organic matter or solids would be seen 

compared to Weber’s results from the 3 day HRT operation. Toxicity tests were 

performed on reactor effluents to determine if toxicity remained after treatment 

was performed.



The bleach and finish did not respond favorably to the majority of 

pretreatments. An 84% color reduction was produced with adjustment of the pH 

to 4.5 and chemical coagulation with 400 mg/L of a blend of inorganic aluminum 

and a polyamine (AL220: Polymer Systems, Inc.). A 65% reduction in COD 

resulted from coagulation using 100 mg/L of Nalco polymer 9764, a polyamine. 

The bench scale reactors were-operated at sludge ages of 15, 20 and 30 

days and hydraulic residence times of 4 and 7 days. The 4 day HRT COD 

removal results were similar to Weber’s (1994) results, while the 7 day HRT 

operation resulted in COD removals of 89 to 92%. Analysis of the steady state 

data produced kinetic coefficient values K,, k, Y and k, for the 7 day operation of 

2.6 mg/L, 0.16 day’, 0.74, and 0.05 day”. 

Toxicity tests performed on effluent from the 7 day HRT operations were 

passed. Short term chronic tests, using Pimephales promelus, resulted in No 

Observed Effect Concentrations of 100%. Acute tests, using Ceriodaphnia 

dubia, yielded LC50 values of greater than or equal to 100%.
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CHAPTER |. INTRODUCTION 

Years ago, industries were not strictly regulated regarding the treatment 

and disposal of wastes that were generated. Recently, regulations for all 

industries, including the textile industry have become much more strict. 

Industries are being forced to look more closely at the pollutant composition of 

the wastes that are produced and to utilize treatment methods capable of 

removing the pollutants prior to discharge to water bodies or publicly owned 

treatment works. 

Due to the aqueous volume of dyeing and printing processes and the 

variety of dyes in use, the textile industry generates a large amount of liquid 

waste with high color content. Colored water is not only aesthetically 

displeasing to humans, it can also signal the possible presence of other 

pollutants. Colored effluent that is discharged to a receiving stream that is 

incapable of diluting the color can block the transmission of sunlight to aquatic 

organisms that require sunlight for metabolism, thus leading to a breakdown in 

the aquatic ecosystem. 

Another contaminant of textile waste, due to fabric preparation processes, 

is chemical oxygen demand. The fabric preparation processes produce waste 

streams with large amounts of natural fibers, synthetic compounds, surfactants 

and resins. Many of the constituents present in the waste stream require



treatment to meet discharge limits imposed through regulations. 

Effluent toxicity is also a concern for the textile industry. Metals, dyes, 

surfactants, various auxiliary compounds and finishing agents contribute to the 

toxicity of waste streams. These agents should be removed or degraded to an 

acceptable level prior to discharge. 

A study of effluent from a bleaching and finishing plant (hereafter referred 

to as "the Plant") was continued from the point at which Michelle Weber 

concluded her research. The resulting thesis, entitled Pretreatment and 

Biodegradation of Wastewater from a Dyeing and Finishing Industry, contains 

additional information that may be of interest to the reader. The Plant continues 

to work with 100% cotton, and 50/50 and 70/30 polyester cotton blends. Textile 

industry processes include preparation, which covers scouring, sizing/desizing 

and bleaching, and thermosol dyeing, printing and finishing. 

The Plant provides on-site treatment for the waste that is produced. 

Pretreatment of the thermosol dyeing and printing effluent is provided by 

chemical coagulation and dissolved air flotation (DAF). Much of the color and 

some metals and organic material are removed in pretreatment. Secondary 

treatment, which provides the majority of organic reduction and further reduction 

of color, occurs in an aerated lagoon, followed by a clarifier that provides for 

removal of biomass and precipitated chemicals. The bleach and finish effluent 

moves directly to the aerated lagoon. Sludge from the DAF and clarifier is



digested aerobically, then put through a belt filter press and subsequently dried 

in a sludge dryer before transport to a landfill. Clarifier supernatant flows 

through a chlorine contact system for disinfection, then a dechlorination system 

prior to discharge into a small stream. The addition of the sludge dryer is the 

only major change that has occurred since the completion of Weber's work. 

Figure 1, drawn by H.R. Diz, another Environmental Engineering graduate 

student, shows the Plant's treatment layout. 

Flow equalization is not provided, either before pretreatment or secondary 

treatment. As mentioned earlier, the bleach and finish waste stream is currently 

untreated prior to introduction into the aerated lagoon. This waste stream 

carries a high organic concentration, hence a high COD. Pretreatment to reduce 

the COD could lessen the impact on the aerated lagoon. Also, Plant personnel 

have limited knowledge concerning biomass concentrations and fluctuations in 

the aerated lagoon. Treatment optimization cannot be obtained without control 

of the lagoon. In the past, the Plant has failed effluent toxicity tests. Metals or 

some other agent used in one of the processes are thought to be the cause for 

failure. 

On the basis of the above information, the goals of this study included: 

(1) investigation of pretreatment processes for the bleach and finish 

waste stream, primarily to remove COD, secondarily color;



(2) operation of bench scale aerobic reactors, at HRT levels of 4 and 7 

days, to treat the Plant's waste stream combination and determine 

biological kinetic coefficients. 

(3) | measurement of chromium concentration in reactor influent and 

effluent waste streams to determine if discharge limits were met; and, 

(4) | acute and chronic toxicity assessment of bench scale effluents 

using Pimephales promelus and Ceriodaphnia dubia.
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CHAPTER Il. LITERATURE REVIEW 

Dyes and pigments are used to provide colored products in several 

industries, with almost 0.5 billion pounds per year (Ib/yr) of commercial color 

production occurring in the U.S. The textile industry is a heavy user of dyes and 

colorants. It has been estimated that "the total dye consumption of the textile 

industry is 1 billion Ib/yr". (Porter, 1973) 

Production of textiles is accomplished using both wet and dry processes. 

The EPA (1978) has categorized the wet processes, which produce the majority 

of aqueous waste, as: 

(1) Scouring 

(2) Bleaching 

(3) Dyeing or Printing 

(4) Special Finishing 

It is easy to see how volumes of liquid waste can accrue from the manufacture of 

textiles when one considers that 10% of cotton fabric weight consists of natural 

impurities which are removed during processes such as scouring (Junkins, 

1983). In many dyeing processes, only 85-90% of the dye is retained by the 

fabric, the remaining 10-15% of the dye in solution is discharged with the liquid 

effluent (Barker and Barbour, 1994). 

Often, textile effluents do not have a large BOD content but starches,



surfactants and synthetic sizing agents such as polyvinyl alcohol (PVA), which is 

removed in the scouring process and used in the sizing and dyeing operations, 

can contribute as much as an additional 10,000 mg/L COD to the overall mill 

effluent (Lin and Lin, 1993). 

Current technology has provided textile manufacturers with an abundance 

of sizes, dyes, auxiliary chemicals, and finishing formulas that were not available 

before. Sometimes biodegradability information is not known. Many mills are 

having to cope with tightened regulations concerning discharge limits for 

polluting effluent constituents such as biological oxygen demand (BOD), COD, 

total suspended and dissolved solids (TSS and TDS), fats, grease, and metals 

as regulatory agencies are becoming more vigorous about the problem of 

effluent pollution (Davis, 1991). Although color is not currently regulated, many 

state and federal environmental agencies are contemplating the establishment of 

limits (Tincher, 1993). Constituent toxicity is also an area of growing concern. A 

number of studies have been conducted in areas such as dye, surfactant, metal 

and chlorinated organic toxicities (Carlson and Kosian, 1987; Horning, 1974; 

Huber, 1984; Little and Lamb, 1973). 

The fact that mills use batch style production and can change chemicals, 

dyes, and types of fabrics being produced from a day to day, even hour to hour 

basis, makes the waste that is produced highly variable and difficult to treat. 

Treatment system design is almost "a matter of custom tailoring" due to all the



possible production variable combinations (Leary, 1980). Regardless of the 

variability involved, waste treatment usually consists of some form of primary, 

secondary, and often tertiary treatment. Equalization is a recommended first 

step due to the changing characteristics of the waste, especially prior to biologic 

treatment to reduce shock to the microorganisms. For the removal of color and 

organics, many mills use a combination of chemical coagulation and biological 

treatment (Junkins, 1983). There are many coagulants, polymer formulas, and 

biological treatment schemes available to choose from when designing a 

system. Often, jar testing with the various chemicals coagulants and operation 

of bench scale biologic systems will aid in determining the best form of treatment 

for a particular waste stream. 

An outline of textile manufacturing processes which are conducted at the 

Plant will be discussed in the following literature review. Waste treatment 

processes will also be presented, as will toxicity issues which effect the textile 

industry. 

2.1 TEXTILE MANUFACTURING PROCESSES 

Manufacturing processes themselves have not changed much recently. 

Natural fiber growth and synthetic fiber manufacture, combing, spinning, 

preparation, coloring and finishing still comprise the work done by the industry. 

The processes described below occur at the Plant to produce natural, and



natural and synthetic blends of woven fabric. 

2.1.1 Bleaching 

The bleaching process, along with processes like sizing, desizing, and 

scouring, is considered to be a preparatory step in the textile manufacturing 

industry. Fabric known as “grey” material enters the plant and is first scoured to 

remove excess fibers and other nonessential matter. Bleaching is performed by 

“soaking the cloth in a standing bath containing an oxidizing agent in solution, or 

in a continuous bleaching process". Cotton bleaching involves the use of 

hypochlorite or hydrogen peroxide. Those two agents as well as peracetic acid 

or sodium chlorite are used on synthetic fabrics (EPA, 1978). 

More recently, mills have begun to use hydrogen peroxide more 

exclusively due to the fact that it reacts to form water and oxygen, two much less 

harmful products than are formed by some of the other bleaching agents. In 

some cases, the production of oxygen can increase the dissolved oxygen 

content of the effluent. (Porter, 1970) 

The bleaching process in a cotton mill regularly consumes almost 50% of 

the water required for all of the manufacturing processes (Park and Shore, 

1984). Bleach effluent alone can be acidic and toxic, but in general does not 

add to the overall organic load of the mill effluent (EPA, 1978). However, bleach 

effluent combined with desizing and scouring effluents can contribute up to 87%



of the COD load from a cotton textile mill (Park and Shore, 1984). 

2.1.2 Dyeing and Printing 

Once the fabric has been through the preparatory stages, it is ready to be 

dyed and or printed. Fabric appearance is changed through the use of dye. 

“The purpose of a dye is to penetrate the fabric or yarn thoroughly and reflect 

certain wavelengths of light to give the fabric or yarn a characteristic 

appearance" (Childers, 1993). Demands for better and brighter fabrics and 

colors have driven the development of new fabrics and dyes (Porter, 1970). 

Continuous or exhaust methods can be used to dye (ATI, 1990). Some of 

these methods include stock, top, piece, and cross or union dyeing (Childers, 

1993). Some of the commonly used dyes can include reactive, disperse, direct, 

basic, vat or sulfur. Sulfur dyes have a poor affinity for cotton making it 

necessary to maintain a high concentration of dye in the bath. Due to the 

inability of the dye to penetrate and remain on the fabric, much is lost in the 

effluent (Nemerow, 1952). Sulfur dyes can also contribute to the toxicity of the 

effluent due to the presence of chromium in the compounds used in the 

necessary oxidation step (Hickman, 1993). Direct dyes are resistant to light 

degradation and have varying adsorptive tendencies onto organic matter. 

Sometimes, physical or chemical treatment is required for removal (Porter, 

1973). Basic dyes are water soluble and can be readily adsorbed to organic 
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matter (Porter, 1973). Special carriers are sometimes required to "achieve 

satisfactory penetration of the dye into the fiber" when synthetic materials are 

undergoing the dyeing process. 

Many auxiliary chemicals are used in the dyeing process and are discharged 

with the effluent once the process is completed. Many of the auxiliaries are not 

biodegradable and may cause a problem in activated sludge systems (Porter, 

1970). 

"For printing, the fundamentals of dyestuffs, fabrics, fastness properties, 

and many other factors are similar to dyeing. However, the aim of printing is the 

localized application of color." Printing can be accomplished through the use of 

pigments or dyes (ATI, 1990). It is necessary to follow the printing operation 

with a chemical wash to fix the color, followed by another wash and rinse as the 

final step to remove any remaining chemical (EPA, 1978). 

According to the EPA (1978), effluents from the dyeing and printing of 

cotton and synthetics can represent 15 to 35% and 5 to 80% of the total plant 

BOD and solids loads, respectively. Furthermore, dyeing and printing processes 

in cotton textile production contribute between 10 and 20% of the total effluent 

pollution load while consuming 15% of the water that is used (Park and Shore 

1984). The major concern is often the high color content that the dye and print 

solutions contribute to the effluent. 
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2.1.3 Finishing 

Finishes are often added before or after the dyeing process to give a 

certain quality to the material. According to Porter (1970), "a treatment of a 

fabric that modifies its physical or chemical properties may be classified as 

finishing". Among the many possible finishes are waterproofing, fireproofing, 

and brightening (EPA, 1978). 

Finishes do not usually contribute heavily to the volume of effluent or to 

the pollution level. Park and Shore (1984) and EPA (1978) estimate 

approximately 15% of the total pollution load can be traced back to finishing 

compounds. Finishing at the Plant is considered a dry process which can utilize 

PVA, resins, acrylic emulsion binders, softeners and silicone. These 

constituents enter the waste stream only when it is necessary to dump the 

finishing mix (Barker and Barbour, 1994). 

2.2 WASTE TREATMENT 

Many treatment options exist for textile and other process waste effluents. 

The variability of textile waste, due to the numerous types of dyes in use and the 

batch style processes used by many mills, makes workable treatment design 

difficult. Each effluent is unique and many times a procedure designed for one 

type of effluent stream will not achieve the same levels of constituent removal, 

whether it be color, COD, or total suspended solids, in another effluent stream. 
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2.2.1. Pretreatment Options 

There was not much information available in the literature that discussed 

pretreatment of bleaching and finishing wastes. The bulk of the literature 

focused on pretreatment of effluents from dyeing processes. Pretreatments 

which are commonly used include chemical oxidation, ion exchange, reverse 

osmosis, carbon adsorption, filtration, chemical coagulation, sedimentation, and 

equalization. The majority of the following section will describe studies that 

focus on equalization, chemical coagulation and oxidation, but other methods 

will be touched upon. 

Equalization is often utilized as a form of pretreatment, although 

descriptions are often included with discussions concerning primary treatments 

like screening and neutralization. According to Rodriguez and Quimicas (1991), 

"equalization of fluid effluent is understood to be the operation of installing a 

basin which lessens flow rate and concentration variations in liquid effluents". 

They go on to say that it is often the biological systems that suffer the most from 

highly variable influents because of their "sensitivity and specificity to the 

medium in which they find themselves". Foess ef a/. (1977) stated that 

equalization "benefits biological treatment by producing increased uniformity in 

the concentration and flux of organics and nutrients in the wastewater, as well as 

more stable retention periods and biomass concentrations in the aeration basin" 

and that equalization "improves the settleability of wastewater and provides 
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some BOD reduction and odor removal (if aeration is used for mixing in the 

aeration basin)". 

Yu and Lo (1992) undertook a pilot-plant study in an attempt to save a 

full-scale treatment plant. The wastewater treatment plant was receiving 

industrial influent flows from various types of surrounding industrial plants. This 

influent fluctuated widely with COD values ranging from 100-1660 mg/L, high 

metal concentrations (e.g. Cu to 19 mg/L and Zn to 37 mg/L), pH levels varying 

from 1.4-12.0, and grease concentrations of up to 470 mg/L. They studied 

equalization periods of 8, 12 and 24 hours and chemical precipitation with 

sodium hydroxide or calcium hydroxide as a means of reducing the wide 

variations in influent flow parameters before introduction of the flow to the 

aeration basin. They concluded that the combination of equalization to dampen 

pH and COD variations and chemical precipitation to remove metals and grease 

produced a much safer influent to the aeration basin. 

Foess et al. (1977) studied two flow equalization systems in southeastern 

Michigan. One system featured in-line equalization and the other featured side- 

line equalization where only greater than average flow was introduced into the 

equalization tank. Foess et a/. (1977) concluded that influent flow variations 

were dampened and made more uniform by both equalization systems, but that 

secondary effluent analysis indicated that variables other than flow equalization 

were important in determining the quality of effluent flow from the aeration basin. 
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They listed those variables to include "mixed liquor settleability, organic loading 

intensity, and wind and density currents". According to Foess ef a/. (1977), the 

municipal pollution control field has not widely accepted and applied flow 

equalization regardless of the advantages which are thought to exist. Operating 

problems and questions concerning cost effectiveness were to blame. He cited 

that the 24-hour composite BOD removal was not significantly effected by 

equalization in a pilot study conducted by Boon and Burgess (1972). 

- The effectiveness of FeSO,, alum, and FeCl, with polyelectrolytes for the 

removal of COD from knit and woven fabric mills wastewaters was studied by 

Germirli et a/. (1990). FeSO, was able to remove 83 and 92% of the COD ata 

dose of 100 mg/L, while 400 mg/L of alum could only remove 33% of the COD. 

Nearly as poor results were cited for FeCl,, with 200 mg/L removing 50% of the 

COD. A dose of 800 mg/L was required before reductions of 93% were 

obtained. 

Tunay ef a/. (1990) performed treatability studies on reactive and direct 

dye process effluents using alum, ferric and ferrous salts, and anionic polymers. 

It was concluded that ferric chloride provided optimum results for the direct dye 

samples at a 400 mg/L dose, plus 5 mg/L of a polymer, administered at pH 9. 

Reported COD removals were in the 30 to 40% range. Only 250 mg/L of ferric 

chloride with the same polymer dose and pH level was required to remove 50% 

of the COD from a weak reactive dye sample. Alum provided poor results in 
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each case. 

Alum and cationic polymers were examined by Stahr et a/. ( 1981) for 

effective effluent color removal. When a cationic polymer was used alone, 200 

mg/L was required to bring about effective color removal. Only 10 mg/L of the 

polymer was required when used in combination with 300 mg/L of alum. Alum 

alone was also unable to reduce color effectively. The researchers noted that 

initial color of sample and type of dye used influenced the amount of removal 

that was possible. In particular, the highly water soluble acid dyes which were 

studied did not respond well to chemical coagulation. 

Horning (1977) studied the effects of precipitation by lime, alum, and 

ferric iron salts, adsorption by powdered activated carbon (PAC), and oxidation 

by ozone on a wide variety of dyes used in the textile industry. He found that 

dosages of 8 to 80 mg/L alum or 1500 mg/L PAC could generally reduce color to 

less than 100 ADMI units. PAC provided more color removal than alum when 

reactive or basic dyes were studied, but PAC was not useful with vat or disperse 

dyes. He noted that if the dyes contained enough carbonate alkalinity to cause 

formation of calcium carbonate, then lime was the most effective coagulant. An 

ozone dose of 1 mg/L was effective for color removal in reactive and basic dyes, 

but ineffective for use on disperse dyes. Results concerning direct dyes were 

highly variable. Ozone was not effective in producing significant reductions in 

total organic carbon (TOC) levels. 
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�A�c�c�o�r�d�i�n�g� �t�o� �H�a�t�t�o�n� �a�n�d� �S�i�m�p�s�o�n� �(�1�9�8�6�)�,� �d�i�s�p�e�r�s�e� �v�a�t� �a�n�d� �s�u�l�f�u�r� �d�y�e�s� 

�a�r�e� �n�o�t� �r�e�a�d�i�l�y� �a�d�s�o�r�b�e�d� �b�y� �c�a�r�b�o�n� �a�t� �a�n�y� �p�H�,� �b�u�t� �t�h�a�t� �g�o�o�d� �c�o�a�g�u�l�a�t�i�o�n� �r�e�s�u�l�t�s� 

�f�r�o�m� �a�l�u�m�i�n�u�m� �s�u�l�f�a�t�e� �a�d�d�i�t�i�o�n�.� 

�A� �p�i�l�o�t� �t�e�s�t� �c�o�n�d�u�c�t�e�d� �b�y� �D�a�v�i�s� �(�1�9�9�1�)� �a�t� �a� �d�y�e�i�n�g� �a�n�d� �f�i�n�i�s�h�i�n�g� �m�i�l�l�,� 

�w�h�i�c�h� �p�r�o�c�e�s�s�e�d� �m�o�s�t�l�y� �w�o�v�e�n� �s�y�n�t�h�e�t�i�c�s� �a�n�d� �b�l�e�n�d�e�d� �f�a�b�r�i�c�s�,� �a�t�t�e�m�p�t�e�d� �t�o� 

�d�e�t�e�r�m�i�n�e� �i�f� �l�e�v�e�l�s� �o�f� �B�O�D�,� �C�O�D�,� �T�S�S�,� �f�a�t�s�,� �o�i�l�s�,� �g�r�e�a�s�e� �a�n�d� �c�o�l�o�r�,� �c�o�u�l�d� �b�e� 

�r�e�m�o�v�e�d� �t�h�r�o�u�g�h� �p�r�e�t�r�e�a�t�m�e�n�t� �p�r�i�o�r� �t�o� �d�i�s�c�h�a�r�g�e� �t�o� �t�h�e� �l�o�c�a�l� �s�e�w�a�g�e� �t�r�e�a�t�m�e�n�t� 

�p�l�a�n�t�.� �T�h�e� �s�y�s�t�e�m� �i�n�c�l�u�d�e�d� �c�h�e�m�i�c�a�l� �c�o�a�g�u�l�a�t�i�o�n� �w�i�t�h� �o�r�g�a�n�i�c� �p�o�l�y�m�e�r�s� �f�o�l�l�o�w�e�d� 

�b�y� �d�i�s�s�o�l�v�e�d� �a�i�r� �f�l�o�t�a�t�i�o�n� �(�D�A�F�)�.� �F�o�l�l�o�w�i�n�g� �t�h�a�t� �t�r�e�a�t�m�e�n�t�,� �t�h�e� �e�f�f�l�u�e�n�t� �w�a�s� �p�u�t� 

�t�h�r�o�u�g�h� �a� �s�a�n�d� �f�i�l�t�e�r� �a�n�d� �a�n� �a�c�t�i�v�a�t�e�d� �c�a�r�b�o�n� �f�i�l�t�e�r�.� �T�h�e� �r�e�s�u�l�t�s� �i�n�c�l�u�d�e�d� �a� �7�0� �t�o� 

�9�5�%� �r�e�d�u�c�t�i�o�n� �i�n� �B�O�D�,� �C�O�D�,� �f�a�t�s�,� �o�i�l�s�,� �g�r�e�a�s�e�s�,� �a�n�d� �s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s� �f�r�o�m� �t�h�e� 

�c�h�e�m�i�c�a�l� �c�o�a�g�u�l�a�t�i�o�n� �a�n�d� �t�h�e� �D�A�F� �a�l�o�n�e�.� �C�o�l�o�r� �w�a�s� �n�o�t� �e�f�f�e�c�t�i�v�e�l�y� �r�e�m�o�v�e�d� 

�h�e�r�e�,� �b�u�t� �w�a�s� �i�n� �t�h�e� �a�c�t�i�v�a�t�e�d� �c�a�r�b�o�n� �f�i�l�t�e�r�.� �C�h�e�m�i�c�a�l� �c�o�a�g�u�l�a�t�i�o�n� �a�n�d� �D�A�F� �d�i�d� 

�r�e�m�o�v�e� �e�n�o�u�g�h� �c�o�n�s�t�i�t�u�e�n�t�s� �p�r�i�o�r� �t�o� �e�n�t�r�a�n�c�e� �i�n�t�o� �t�h�e� �c�a�r�b�o�n� �f�i�l�t�e�r� �t�o� �p�r�o�l�o�n�g� �t�h�e� 

�l�i�f�e� �o�f� �t�h�e� �c�a�r�b�o�n� �a�n�d� �r�e�q�u�i�r�e� �r�e�g�e�n�e�r�a�t�i�o�n� �l�e�s�s� �o�f�t�e�n�.� 

�G�a�r�d�i�n�e�r� �e�t� �a�/�.� �(�1�9�7�8�)� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �c�h�l�o�r�i�n�e� �i�s� �t�h�e� �c�h�e�a�p�e�s�t� �o�x�i�d�a�n�t� 

�a�v�a�i�l�a�b�l�e�,� �b�u�t� �t�h�a�t� �o�z�o�n�e� �a�n�d� �h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e� �c�a�n� �a�l�s�o� �b�e� �u�s�e�d�.� �T�h�e�y� �f�u�r�t�h�e�r� 

�s�t�a�t�e� �t�h�a�t� �t�h�e�s�e� �c�h�e�m�i�c�a�l�s� �a�r�e� �o�f�t�e�n� �u�s�e�d� �i�n� �t�e�x�t�i�l�e� �b�l�e�a�c�h�i�n�g� �p�r�o�c�e�s�s�e�s� �a�n�d� �t�h�a�t� 

�t�h�e� �c�h�e�m�i�c�a�l�s� �m�a�y� �b�e� �e�f�f�e�c�t�i�v�e� �i�n� �t�r�e�a�t�m�e�n�t� �o�f� �t�h�e� �e�f�f�l�u�e�n�t�.� �A� �w�a�r�n�i�n�g� �a�b�o�u�t� �t�h�e� 

�n�o�n�-�b�i�o�d�e�g�r�a�d�a�b�i�l�i�t�y� �o�f� �c�h�l�o�r�i�n�a�t�e�d� �o�r�g�a�n�i�c�s� �w�a�s� �i�n�c�l�u�d�e�d� �t�o� �i�l�l�u�s�t�r�a�t�e� �t�h�a�t� 

�c�h�l�o�r�i�n�e� �i�s� �m�o�s�t� �l�i�k�e�l�y� �n�o�t� �t�h�e� �b�e�s�t� �c�h�o�i�c�e� �f�o�r� �c�o�l�o�r� �r�e�m�o�v�a�l� �w�h�e�n� 
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�b�i�o�d�e�g�r�a�d�a�b�i�l�i�t�y� �i�s� �o�f� �c�o�n�c�e�r�n�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �W�o�l�d�m�a�n� �(�1�9�7�4�)�,� �o�x�i�d�a�t�i�o�n� �w�i�t�h� �3�5� �m�g�/�L� �o�f� �c�h�l�o�r�i�n�e� �f�o�r� �3�0� 

�m�i�n�u�t�e�s� �w�a�s� �s�u�f�f�i�c�i�e�n�t� �t�o� �r�e�m�o�v�e� �c�o�l�o�r� �f�r�o�m� �s�o�m�e� �d�y�e� �a�n�d� �p�r�i�n�t� �e�f�f�l�u�e�n�t�s�,� �b�u�t� 

�t�h�a�t� �o�t�h�e�r�s� �r�e�q�u�i�r�e�d� �5�0�0� �m�g�/�L� �o�f� �a�l�u�m� �o�r� �4�0�0� �m�g�/�L� �o�f� �f�e�r�r�i�c� �c�h�l�o�r�i�d�e� �e�a�c�h�,� �p�l�u�s� �1� 

�m�g�/�L� �o�f� �a�n� �a�n�i�o�n�i�c� �p�o�l�y�m�e�r� �t�o� �r�e�m�o�v�e� �c�o�l�o�r�.� �A�n� �a�d�d�i�t�i�o�n�a�l� �b�e�n�e�f�i�t� �f�r�o�m� �t�h�e� �m�e�t�a�l� 

�c�o�a�g�u�l�a�n�t� �p�o�l�y�m�e�r� �c�o�m�b�i�n�a�t�i�o�n� �w�a�s� �r�e�m�o�v�a�l� �o�f� �B�O�D� �a�n�d� �C�O�D�.� 

�B�r�o�w�e�r� �a�n�d� �R�e�e�d� �(�1�9�8�6�)� �n�o�t�e�d� �t�h�a�t� �c�h�l�o�r�i�n�e� �a�n�d� �h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e� 

�d�o�s�e�s� �o�f� �1�0�0� �a�n�d� �3�0�0� �m�g�/�L� �a�r�e� �o�f�t�e�n� �s�u�f�f�i�c�i�e�n�t� �t�o� �r�e�m�o�v�e� �c�o�l�o�r� �f�r�o�m� �s�o�m�e� �d�y�e� 

�w�a�s�t�e�s�.� �W�i�t�h� �t�h�a�t� �i�n� �m�i�n�d�,� �t�h�e�y� �p�e�r�f�o�r�m�e�d� �a� �s�t�u�d�y� �u�s�i�n�g� �o�x�i�d�a�t�i�o�n� �w�i�t�h� �s�o�d�i�u�m� 

�h�y�p�o�c�h�l�o�r�i�t�e� �a�n�d� �h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e� �t�o� �r�e�m�o�v�e� �c�o�l�o�r� �f�r�o�m� �t�w�o� �d�y�e� �w�a�s�t�e�s�.� �T�h�e� 

�r�e�s�u�l�t�s� �s�h�o�w�e�d� �v�a�r�i�a�b�l�e� �e�f�f�e�c�t�i�v�e�n�e�s�s�.� 

�G�r�o�f�f�'�s� �(�1�9�9�1�)� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�e�x�t�i�l�e� �w�a�s�t�e�s� �i�n�c�l�u�d�e�d� �s�e�v�e�r�a�l� �r�e�f�e�r�e�n�c�e�s� �t�o� 

�v�a�r�i�o�u�s� �m�e�t�h�o�d�s� �o�f� �p�r�e�t�r�e�a�t�m�e�n�t� �u�t�i�l�i�z�e�d� �b�y� �o�t�h�e�r� �r�e�s�e�a�r�c�h�e�r�s�,� �i�n�c�l�u�d�i�n�g� �t�h�e� 

�f�o�l�l�o�w�i�n�g�.� �M�a�m�o�n�t�o�v�a� �(�1�9�9�0�)� �s�t�u�d�i�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �i�n�-�b�u�l�k� �c�o�a�g�u�l�a�t�i�o�n� �w�i�t�h� 

�F�e�,�(�S�O�4�)�,� �f�o�l�l�o�w�e�d� �b�y� �c�o�n�t�a�c�t� �c�o�a�g�u�l�a�t�i�o�n� �i�n� �a� �f�i�l�t�e�r�i�n�g� �b�e�d� �f�o�r� �a� �t�e�x�t�i�l�e� �w�a�s�t�e� 

�w�h�i�c�h� �c�o�n�t�a�i�n�e�d� �a�n�i�o�n�i�c� �a�n�d� �n�o�n�i�o�n�i�c� �s�u�r�f�a�c�t�a�n�t�s�,� �d�y�e�s�,� �c�h�r�o�m�i�u�m�,� �i�r�o�n�,� �w�o�o�l� 

�k�e�r�a�t�i�n� �d�e�c�o�m�p�o�s�i�t�i�o�n� �p�r�o�d�u�c�t�s�,� �d�i�s�p�e�r�s�e�n�t�s�,� �a�n�d� �i�n�o�r�g�a�n�i�c� �d�i�s�s�o�l�v�e�d� 

�s�u�b�s�t�a�n�c�e�s�.� �A� �n�e�u�t�r�a�l�i�z�a�t�i�o�n�-�c�l�a�r�i�f�i�c�a�t�i�o�n� �s�t�u�d�y� �b�y� �B�e�r�e�z�i�n� �(�1�9�8�9�)� �r�e�s�u�l�t�e�d� �i�n� 

�c�o�l�o�r� �r�e�m�o�v�a�l� �o�f� �9�9�%�,� �d�y�e� �r�e�m�o�v�a�l� �o�f� �9�8�%�,� �a�n�d� �s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s� �r�e�m�o�v�a�l� �o�f� 

�8�0�%�.� �P�o�l�y�v�i�n�y�l� �a�l�c�o�h�o�l� �(�P�V�A�)� �c�o�u�l�d� �b�e� �r�e�c�o�v�e�r�e�d� �a�t� �a� �l�e�v�e�l� �o�f� �9�0�-�9�6�%� �b�y� 

�u�l�t�r�a�f�i�l�t�r�a�t�i�o�n� �m�e�m�b�r�a�n�e�s� �(�P�u�d�y�s�h�e�v�a� �e�f� �a�/�.�,� �1�9�8�9�)�.� �A�n�o�t�h�e�r� �s�t�u�d�y� �(�W�a�n�g�,� �1�9�8�9�)� 
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�r�e�p�o�r�t�e�d� �t�h�a�t� �p�o�l�y�v�i�n�y�l� �a�c�e�t�a�t�e� �a�n�d� �C�O�D� �c�o�u�l�d� �b�e� �r�e�m�o�v�e�d� �a�t� �g�r�e�a�t�e�r� �t�h�a�n� �9�0�%� 

�a�n�d� �8�5�-�9�0�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �W�a�n�g�'�s� �(�1�9�8�9�)� �s�t�u�d�y� �f�o�c�u�s�e�d� �o�n� �v�a�r�i�o�u�s� �e�l�e�m�e�n�t�s� 

�s�u�c�h� �a�s� �t�e�m�p�e�r�a�t�u�r�e�,� �p�H�,� �f�l�o�w�,� �p�r�o�c�e�s�s�i�n�g� �p�r�e�s�s�u�r�e� �a�n�d� �e�f�f�e�c�t�s� �o�f� �m�e�m�b�r�a�n�e� 

�p�o�r�e� �d�i�a�m�e�t�e�r� �t�o� �r�e�a�c�h� �c�o�n�c�l�u�s�i�o�n�s� �o�n� �r�e�m�o�v�a�l� �e�f�f�i�c�i�e�n�c�y�.� 

�2�.�2�.�2� �T�r�e�a�t�m�e�n�t� �O�p�t�i�o�n�s� 

�H�i�s�t�o�r�i�c�a�l�l�y�,� �t�h�e� �t�e�x�t�i�l�e� �i�n�d�u�s�t�r�y� �h�a�s� �r�e�l�i�e�d� �o�n� �b�i�o�l�o�g�i�c�a�l� �t�r�e�a�t�m�e�n�t� �o�f� 

�p�r�o�c�e�s�s� �e�f�f�l�u�e�n�t�.� �B�i�o�l�o�g�i�c�a�l� �t�r�e�a�t�m�e�n�t� �h�a�s� �r�e�p�e�a�t�e�d�l�y� �p�r�o�v�e�n� �t�o� �b�e� �m�o�r�e� �a�b�l�e� �t�o� 

�p�r�o�v�i�d�e� �r�e�d�u�c�t�i�o�n� �o�f� �o�r�g�a�n�i�c� �m�a�t�t�e�r� �t�h�a�n� �c�h�e�m�i�c�a�l� �c�o�a�g�u�l�a�t�i�o�n�.� �B�i�o�l�o�g�i�c�a�l� 

�t�r�e�a�t�m�e�n�t� �c�a�n� �b�e� �a�e�r�o�b�i�c� �o�r� �a�n�a�e�r�o�b�i�c�,� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �s�u�s�p�e�n�d�e�d� �m�e�d�i�a� �o�r� 

�f�i�x�e�d�.� �A�d�s�o�r�p�t�i�o�n� �w�i�t�h� �c�a�r�b�o�n� �i�s� �u�s�e�d� �m�o�r�e� �o�f�t�e�n� �n�o�w� �t�h�a�n� �i�n� �t�h�e� �p�a�s�t� �f�o�r� 

�r�e�m�o�v�a�l� �o�f� �o�r�g�a�n�i�c� �m�a�t�t�e�r�.� �P�r�o�b�l�e�m�s� �d�o� �e�x�i�s�t� �w�i�t�h� �r�e�g�e�n�e�r�a�t�i�o�n� �a�n�d� �s�o�m�e� �f�o�r�m� 

�o�f� �p�r�e�t�r�e�a�t�m�e�n�t� �i�s� �u�s�u�a�l�l�y� �r�e�c�o�m�m�e�n�d�e�d� �t�o� �p�r�o�l�o�n�g� �t�h�e� �a�d�s�o�r�p�t�i�v�e� �l�i�f�e� �o�f� �t�h�e� 

�c�a�r�b�o�n�.� 

�H�o�r�n�i�n�g� �(�1�9�7�7�)� �s�t�u�d�i�e�d� �b�i�o�l�o�g�i�c� �t�r�e�a�t�m�e�n�t� �a�n�d� �f�o�u�n�d� �t�h�a�t� �B�O�D� �w�a�s� �r�e�a�d�i�l�y� 

�r�e�m�o�v�e�d� �w�h�i�l�e� �t�o�t�a�l� �o�r�g�a�n�i�c� �c�a�r�b�o�n� �(�T�O�C�)� �w�a�s� �m�o�r�e� �r�e�s�i�s�t�a�n�t� �t�o� �d�e�g�r�a�d�a�t�i�o�n� �b�y� 

�t�h�e� �m�i�c�r�o�b�e�s�.� �H�e� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e�r�e� �w�a�s� �m�o�s�t� �l�i�k�e�l�y� �s�o�m�e� �p�o�r�t�i�o�n� �o�f� �t�h�e� 

�w�a�s�t�e� �m�a�t�e�r�i�a�l� �t�h�a�t� �w�a�s� �n�o�t� �r�e�a�d�i�l�y� �b�i�o�d�e�g�r�a�d�a�b�l�e�.� �A�l�s�o� �n�o�t�e�d� �w�a�s� �t�h�e� �f�a�c�t� �t�h�a�t� 

�c�o�l�o�r� �r�e�m�o�v�a�l� �w�a�s� �d�i�f�f�i�c�u�l�t� �a�n�d� �w�a�s� �n�o�t� �a�c�h�i�e�v�e�d� �t�o� �a�n�y� �e�x�t�e�n�t�.� 

�A� �c�a�s�e� �h�i�s�t�o�r�y� �p�r�e�s�e�n�t�e�d� �b�y� �K�e�r�t�e�l�l� �a�n�d� �H�i�l�l� �(�1�9�8�2�)� �c�o�n�c�e�r�n�e�d� �t�h�e� 

�t�r�e�a�t�m�e�n�t� �o�f� �w�a�s�t�e� �f�r�o�m� �t�h�e� �d�y�e�i�n�g� �a�n�d� �f�i�n�i�s�h�i�n�g� �o�f� �s�y�n�t�h�e�t�i�c� �k�n�i�t� �f�a�b�r�i�c�s�.� 
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�A�e�r�a�t�i�o�n� �b�a�s�i�n�s� �t�h�a�t� �c�o�n�t�a�i�n�e�d� �s�o�l�i�d�s� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �r�a�n�g�i�n�g� �f�r�o�m� �6�4�0� �t�o� �8�6�0� 

�m�g�/�L�,� �w�i�t�h� �9�0�%� �b�e�i�n�g� �v�o�l�a�t�i�l�e�,� �w�e�r�e� �o�p�e�r�a�t�e�d� �t�o� �t�r�e�a�t� �t�h�e� �p�r�o�c�e�s�s� �e�f�f�l�u�e�n�t�s�.� �T�h�e� 

�b�a�s�i�n�s� �o�p�e�r�a�t�e�d� �v�e�r�y� �s�m�o�o�t�h�l�y� �a�n�d� �c�o�n�s�i�s�t�e�n�t�l�y� �p�r�o�d�u�c�e�d� �e�f�f�l�u�e�n�t� �w�i�t�h� �B�O�D�,� 

�a�v�e�r�a�g�e�s� �o�f� �c�l�o�s�e� �t�o� �2�2� �m�g�/�L�,� �a�n�d� �C�O�D�,� �T�S�S�,� �a�n�d� �c�o�l�o�r� �a�v�e�r�a�g�e�s� �o�f� �1�5�0� �m�g�/�L�,� 

�1�5� �m�g�/�L�,� �a�n�d� �4�0� �p�l�a�t�i�n�u�m�-�c�o�b�a�l�t� �(�P�t�-�C�o�)� �u�n�i�t�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�A�n�o�t�h�e�r� �s�t�u�d�y� �(�A�b�o�-�E�l�e�l�a� �e�f� �a�/�.�,� �1�9�8�8�)� �d�e�t�a�i�l�e�d� �t�h�e� �o�p�e�r�a�t�i�o�n� �o�f� 

�c�o�n�t�i�n�u�o�u�s� �f�l�o�w� �b�i�o�l�o�g�i�c�a�l� �r�e�a�c�t�o�r�s� �t�h�a�t� �t�r�e�a�t�e�d� �e�f�f�l�u�e�n�t� �a�f�t�e�r� �c�o�a�g�u�l�a�t�i�o�n� �w�i�t�h� �a� 

�l�i�m�e�-�f�e�r�r�o�u�s� �s�u�l�f�a�t�e� �c�o�m�b�i�n�a�t�i�o�n�.� �R�e�a�c�t�o�r� �i�n�f�l�u�e�n�t� �C�O�D� �a�n�d� �B�O�D� �r�a�n�g�e�d� 

�b�e�t�w�e�e�n� �9�9� �a�n�d� �1�4�3� �a�n�d� �1�9� �a�n�d� �2�3� �m�g�/�L�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �R�e�m�o�v�a�l� �e�f�f�i�c�i�e�n�c�y� �w�a�s� 

�n�o�t� �e�n�c�o�u�r�a�g�i�n�g� �w�i�t�h� �e�f�f�l�u�e�n�t� �C�O�D� �a�n�d� �B�O�D� �v�a�l�u�e�s� �a�v�e�r�a�g�i�n�g� �8�2� �a�n�d� �2�0� �m�g�/�L�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� 

�G�e�r�m�i�r�l�i� �e�t� �a�/�.� �(�1�9�9�0�)� �r�e�p�o�r�t�e�d� �o�n� �t�h�e� �e�f�f�e�c�t�s� �o�f� �b�i�o�l�o�g�i�c� �t�r�e�a�t�m�e�n�t� �a�l�o�n�e� 

�o�n� �r�e�m�o�v�a�l� �o�f� �C�O�D� �a�n�d� �B�O�D�.� �T�h�e� �e�f�f�l�u�e�n�t�s� �t�h�a�t� �w�e�r�e� �s�t�u�d�i�e�d� �w�e�r�e� �f�r�o�m� �w�o�v�e�n� 

�a�n�d� �k�n�i�t� �f�a�b�r�i�c� �f�i�n�i�s�h�i�n�g� �m�i�l�l�s�.� �R�e�p�o�r�t�e�d� �C�O�D� �r�e�m�o�v�a�l�s� �r�a�n�g�e�d� �f�r�o�m� �7�4� �t�o� �8�0�%�,� 

�w�h�i�l�e� �B�O�D� �r�e�m�o�v�a�l�s� �r�a�n�g�e�d� �f�r�o�m� �6�1� �t�o� �9�9�%�.� �T�h�e� �a�u�t�h�o�r�s� �n�o�t�e�d� �t�h�a�t� �i�t� �w�a�s� �m�o�s�t� 

�d�i�f�f�i�c�u�l�t� �t�o� �r�e�m�o�v�e� �B�O�D� �f�r�o�m� �d�i�r�e�c�t� �d�y�e�i�n�g� �p�r�o�c�e�s�s� �e�f�f�l�u�e�n�t�s�.� 

�A� �s�y�s�t�e�m� �w�h�i�c�h� �i�n�c�l�u�d�e�d� �s�c�r�e�e�n�i�n�g�,� �p�r�e�a�e�r�a�t�i�o�n�,� �f�l�o�t�a�t�i�o�n�,� �a�n�d� �c�h�e�m�i�c�a�l� 

�t�r�e�a�t�m�e�n�t� �w�i�t�h� �f�e�r�r�o�u�s� �s�u�l�f�a�t�e�,� �h�y�d�r�a�t�e�d� �l�i�m�e� �a�n�d� �a� �p�o�l�y�e�l�e�c�t�r�o�l�y�t�e� �i�n� �a� 

�c�o�a�g�u�l�a�t�i�o�n�,� �f�l�o�c�c�u�l�a�t�i�o�n� �a�n�d� �s�e�t�t�l�i�n�g� �s�t�e�p�,� �p�r�i�o�r� �t�o� �a�n� �e�x�t�e�n�d�e�d� �a�e�r�a�t�i�o�n� 

�a�c�t�i�v�a�t�e�d� �s�l�u�d�g�e� �p�r�o�c�e�s�s� �w�a�s� �d�e�s�c�r�i�b�e�d� �b�y� �N�i�c�o�l�a�o�u� �a�n�d� �H�a�d�j�i�v�a�s�s�i�l�i�s� �(�1�9�9�2�)�.� 

�I�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� �p�r�i�m�a�r�y� �a�n�d� �c�h�e�m�i�c�a�l� �t�r�e�a�t�m�e�n�t� �c�o�m�b�i�n�a�t�i�o�n� �w�a�s� �a�b�l�e� �t�o� 
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�r�e�m�o�v�e� �5�0� �a�n�d� �7�0�%� �o�f� �B�O�D� �a�n�d� �C�O�D�,� �w�h�i�l�e� �b�i�o�l�o�g�i�c�a�l� �t�r�e�a�t�m�e�n�t� �w�a�s� �a�b�l�e� �t�o� 

�i�n�c�r�e�a�s�e� �t�h�e� �o�v�e�r�a�l�l� �r�e�m�o�v�a�l�s� �t�o� �9�0� �a�n�d� �8�0�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�G�r�o�f�f� �(�1�9�9�1�)� �c�i�t�e�d� �a� �s�t�u�d�y� �b�y� �T�o�n�g� �e�t� �a�/�.� �(�1�9�8�9�)� �c�o�n�c�e�r�n�i�n�g� �a� �s�y�s�t�e�m� 

�w�h�i�c�h� �i�n�c�l�u�d�e�d� �c�h�e�m�i�c�a�l� �c�o�a�g�u�l�a�t�i�o�n�,� �f�i�x�e�d� �f�i�l�m� �b�i�o�l�o�g�i�c�a�l� �o�x�i�d�a�t�i�o�n�,� �p�r�e�s�s�u�r�i�z�e�d� 

�a�i�r� �f�l�o�t�a�t�i�o�n�,� �a�n�d� �f�i�l�t�r�a�t�i�o�n�.� �T�o�n�g� �d�e�s�c�r�i�b�e�d� �i�n�c�r�e�a�s�e�d� �C�O�D� �a�n�d� �c�o�l�o�r� �r�e�m�o�v�a�l� 

�w�h�e�n� �t�h�e� �s�u�r�f�a�c�e� �a�r�e�a� �o�f� �t�h�e� �f�i�x�e�d� �f�i�l�m� �m�e�d�i�a� �w�a�s� �i�n�c�r�e�a�s�e�d�.� �A�l�s�o� �c�i�t�e�d� �w�a�s� �a� 

�d�i�s�c�u�s�s�i�o�n� �b�y� �S�e�e�k�a�m�p� �(�1�9�9�0�)� �w�h�i�c�h� �d�e�t�a�i�l�e�d� �t�h�e� �t�r�e�a�t�m�e�n�t� �o�f� �n�a�t�u�r�a�l� �a�n�d� 

�s�y�n�t�h�e�t�i�c� �s�i�z�i�n�g� �c�o�m�p�o�u�n�d�s� �w�i�t�h� �a� �t�w�o� �s�t�a�g�e� �a�n�a�e�r�o�b�i�c� �l�o�o�p� �r�e�a�c�t�o�r�.� �T�h�e� 

�r�e�p�o�r�t�e�d� �C�O�D� �r�e�d�u�c�t�i�o�n�,� �f�r�o�m� �t�h�e� �o�r�i�g�i�n�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �2�7�,�4�0�0� �t�o� �5�,�4�8�0� �m�g�/�L�,� 

�w�a�s� �8�0�%�.� 

�S�o�m�e� �r�e�s�e�a�r�c�h� �h�a�s� �b�e�e�n� �c�o�n�d�u�c�t�e�d� �t�o� �c�o�m�p�a�r�e� �b�i�o�l�o�g�i�c�a�l� �t�r�e�a�t�m�e�n�t� �t�o� 

�a�d�s�o�r�p�t�i�o�n� �b�y� �c�a�r�b�o�n�.� �H�a�g�a�r� �a�n�d� �R�e�i�l�l�y� �(�1�9�7�0�)� �r�e�p�l�a�c�e�d� �a� �b�i�o�l�o�g�i�c�a�l� �s�y�s�t�e�m� �w�i�t�h� 

�a� �c�a�r�b�o�n� �a�d�s�o�r�p�t�i�o�n� �s�y�s�t�e�m� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �l�e�v�e�l�s� �o�f� �B�O�D� �a�n�d� �s�u�s�p�e�n�d�e�d� 

�s�o�l�i�d�s� �(�S�S�)� �r�e�m�o�v�a�l� �t�h�a�t� �w�o�u�l�d� �r�e�s�u�l�t�.� �I�n� �e�v�e�r�y� �c�a�s�e�,� �t�h�e�y� �f�o�u�n�d� �t�h�a�t� �r�e�m�o�v�a�l�s� �o�f� 

�b�o�t�h� �p�a�r�a�m�e�t�e�r�s� �b�y� �t�h�e� �c�a�r�b�o�n� �s�y�s�t�e�m� �w�e�r�e� �i�d�e�n�t�i�c�a�l� �t�o�,� �o�r� �g�r�e�a�t�e�r� �t�h�a�n� 

�r�e�m�o�v�a�l�s� �b�y� �t�h�e� �b�i�o�l�o�g�i�c�a�l� �s�y�s�t�e�m�.� 

�S�h�e�l�l�e�y� �e�f� �a�/�.� �(�1�9�7�6�)� �c�o�n�d�u�c�t�e�d� �a� �s�t�u�d�y� �w�h�i�c�h� �i�n�c�l�u�d�e�d� �i�n�d�i�v�i�d�u�a�l� 

�p�r�e�t�r�e�a�t�m�e�n�t� �s�c�h�e�m�e�s� �f�o�r� �a� �t�e�x�t�i�l�e� �d�y�e�i�n�g� �a�n�d� �f�i�n�i�s�h�i�n�g� �w�a�s�t�e�;� �o�n�e� �u�s�i�n�g� �a�l�u�m� 

�a�n�d� �t�h�e� �o�t�h�e�r�,� �e�x�c�e�s�s� �l�i�m�e�.� �T�h�e� �e�f�f�l�u�e�n�t�s� �f�r�o�m� �e�a�c�h� �p�r�e�t�r�e�a�t�m�e�n�t� �s�c�h�e�m�e� �w�e�r�e� 

�t�h�e�n� �t�r�e�a�t�e�d� �w�i�t�h� �b�a�t�c�h� �a�c�t�i�v�a�t�e�d� �s�l�u�d�g�e� �t�r�e�a�t�m�e�n�t� �o�r� �a�d�s�o�r�p�t�i�o�n� �u�s�i�n�g� �g�r�a�n�u�l�a�r� 

�a�c�t�i�v�a�t�e�d� �c�a�r�b�o�n�.� �T�h�e� �o�b�j�e�c�t�i�v�e� �w�a�s� �t�o� �c�o�m�p�a�r�e� �r�e�m�o�v�a�l� �e�f�f�i�c�i�e�n�c�i�e�s� �o�f� �t�h�e� 

�2�1



�p�r�e�t�r�e�a�t�m�e�n�t� �c�h�e�m�i�c�a�l�s� �a�n�d� �o�f� �t�h�e� �b�i�o�l�o�g�i�c� �a�n�d� �a�d�s�o�r�p�t�i�v�e� �s�y�s�t�e�m�s�.� �T�h�e� 

�r�e�s�e�a�r�c�h�e�r�s� �f�o�u�n�d� �t�h�a�t� �l�i�m�e� �o�u�t�p�e�r�f�o�r�m�e�d� �a�l�u�m� �a�s� �a� �p�r�e�t�r�e�a�t�i�n�g� �a�g�e�n�t�,� �p�r�o�v�i�d�i�n�g� 

�a�s� �m�u�c�h� �a�s� �6�2�%� �r�e�m�o�v�a�l� �o�f� �C�O�D�.� �B�o�t�h� �t�h�e� �b�i�o�l�o�g�i�c� �a�n�d� �c�a�r�b�o�n� �t�r�e�a�t�m�e�n�t� 

�s�y�s�t�e�m�s� �p�e�r�f�o�r�m�e�d� �f�a�i�r�l�y� �e�v�e�n�l�y� �i�n� �t�h�i�s� �s�t�u�d�y�,� �p�r�o�v�i�d�i�n�g� �a� �s�a�t�i�s�f�a�c�t�o�r�y� �l�e�v�e�l� �o�f� 

�t�r�e�a�t�m�e�n�t�.� �T�h�e� �b�i�o�l�o�g�i�c� �s�y�s�t�e�m� �d�i�d� �n�o�t� �r�e�m�o�v�e� �m�u�c�h� �a�d�d�i�t�i�o�n�a�l� �c�o�l�o�r� �f�r�o�m� �t�h�e� 

�s�y�s�t�e�m� �a�n�d� �a� �n�o�n�-�r�e�m�o�v�a�b�l�e� �T�O�C� �f�r�a�c�t�i�o�n� �r�e�m�a�i�n�e�d� �a�f�t�e�r� �t�r�e�a�t�m�e�n�t� �b�y� �c�a�r�b�o�n�.� 

�T�r�e�a�t�a�b�i�l�i�t�y� �s�t�u�d�i�e�s� �a�r�e� �o�f�t�e�n� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �b�i�o�l�o�g�i�c� �s�y�s�t�e�m�s� �i�n� �o�r�d�e�r� �t�o� 

�d�e�t�e�r�m�i�n�e� �t�h�e� �k�i�n�e�t�i�c� �c�o�e�f�f�i�c�i�e�n�t�s� �o�f� �t�h�e� �s�y�s�t�e�m�.� �A�n� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �k�i�n�e�t�i�c� 

�c�o�e�f�f�i�c�i�e�n�t�s� �o�f� �a� �s�y�s�t�e�m� �w�i�l�l� �h�e�l�p� �t�o� �e�n�s�u�r�e� �"�p�r�o�p�e�r� �w�a�s�t�e� �s�t�a�b�i�l�i�z�a�t�i�o�n�"� �(�M�e�t�c�a�l�f� 

�&� �E�d�d�y�,� �1�9�9�1�)�.� �T�h�e� �c�o�e�f�f�i�c�i�e�n�t�s� �a�r�e� �u�s�e�d� �t�o� �d�e�s�i�g�n� �t�h�e� �f�u�l�l� �s�i�z�e� �s�y�s�t�e�m�.� �A� 

�t�r�e�a�t�a�b�i�l�i�t�y� �s�t�u�d�y� �w�a�s� �p�e�r�f�o�r�m�e�d� �b�y� �G�h�o�s�h� �e�t� �a�/�.� �(�1�9�7�8�)� �u�s�i�n�g� �t�w�o� �d�i�f�f�e�r�e�n�t� �w�a�s�t�e� 

�c�o�m�b�i�n�a�t�i�o�n�s�.� �T�h�e� �f�i�r�s�t� �w�a�s� �a�n� �e�f�f�l�u�e�n�t� �f�r�o�m� �a� �m�i�l�l� �t�h�a�t� �p�e�r�f�o�r�m�e�d� �d�y�e�i�n�g� �a�n�d� 

�f�i�n�i�s�h�i�n�g� �o�f� �s�y�n�t�h�e�t�i�c�s� �a�n�d� �w�o�o�l�.� �T�h�e� �s�e�c�o�n�d� �w�a�s� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e� �s�a�m�e� �d�y�e� 

�m�i�l�l� �e�f�f�l�u�e�n�t� �a�n�d� �a� �m�u�n�i�c�i�p�a�l� �e�f�f�l�u�e�n�t�.� �C�o�n�t�i�n�u�o�u�s� �f�l�o�w�,� �c�o�m�p�l�e�t�e� �m�i�x�,� �a�c�t�i�v�a�t�e�d� 

�s�l�u�d�g�e�,� �b�e�n�c�h� �s�c�a�l�e� �r�e�a�c�t�o�r�s� �w�i�t�h� �m�i�x�e�d� �l�i�q�u�o�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �3�,�0�0�0� �m�g�/�L� 

�w�e�r�e� �u�s�e�d�.� �S�l�u�d�g�e� �a�g�e�s� �r�a�n�g�e�d� �f�r�o�m� �9� �t�o� �5�0� �d�a�y�s�,� �w�h�i�l�e� �t�h�e� �h�y�d�r�a�u�l�i�c� �r�e�t�e�n�t�i�o�n� 

�t�i�m�e�s� �r�a�n�g�e�d� �f�r�o�m� �8� �t�o� �2�0� �h�o�u�r�s�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �k�i�n�e�t�i�c� �c�o�e�f�f�i�c�i�e�n�t�s� �i�l�l�u�s�t�r�a�t�e�d� �i�n� 

�T�a�b�l�e� �1� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �s�t�u�d�y�.� 

�A� �t�r�e�a�t�a�b�i�l�i�t�y� �s�t�u�d�y� �o�f� �t�e�x�t�i�l�e� �w�a�s�t�e� �w�a�s� �p�e�r�f�o�r�m�e�d� �b�y� �W�e�b�e�r� �(�1�9�9�4�)�.� �T�h�i�s� 

�s�t�u�d�y� �i�n�v�o�l�v�e�d� �c�h�e�m�i�c�a�l� �c�o�a�g�u�l�a�t�i�o�n� �p�r�e�t�r�e�a�t�m�e�n�t� �t�o� �r�e�m�o�v�e� �c�o�l�o�r� �a�n�d� �o�r�g�a�n�i�c�s� 

�f�r�o�m� �a� �c�o�m�b�i�n�e�d� �d�y�e� �a�n�d� �p�r�i�n�t� �w�a�s�t�e� �s�t�r�e�a�m�.� �F�o�l�l�o�w�i�n�g� �p�r�e�t�r�e�a�t�m�e�n�t� �w�i�t�h� �a� 

�2�2



�T�a�b�l�e� �1�.� �K�i�n�e�t�i�c� �c�o�e�f�f�i�c�i�e�n�t�s� �f�r�o�m� �a� �t�e�x�t�i�l�e� �e�f�f�l�u�e�n�t� �t�r�e�a�t�a�b�i�l�i�t�y� �s�t�u�d�y� �(�G�h�o�s�h� �e�f� 
�a�l�.�,� �1�9�7�8�)� 

� � 

� � 

� � 

� � 

� � � � 

�K�i�n�e�t�i�c� �M�i�l�l� �M�i�l�l� �p�l�u�s� �M�u�n�i�c�i�p�a�l� 

�C�o�e�f�f�i�c�i�e�n�t�s� 

�K�e� �n�o�t� �r�e�p�o�r�t�e�d� �4�0� 

�k� �0�.�1�9� �0�.�2�4� 

�Y� �0�.�5�2�.� �0�.�5�3� 

�k�g� �0�.�0�1�3� �0�.�0�2�4� � � � � � � � � 

�K�,� �-� �h�a�l�f� �v�e�l�o�c�i�t�y� �c�o�e�f�f�i�c�i�e�n�t�,� �m�g�/�L� 
�k� �-� �m�a�x�i�m�u�m� �r�a�t�e� �o�f� �s�u�b�s�t�r�a�t�e� �u�t�i�l�i�z�a�t�i�o�n� �p�e�r� �u�n�i�t� �m�a�s�s� �o�f� 

�o�r�g�a�n�i�s�m�s�,� �d�a�y�s�"� 
�Y� �-� �m�a�x�i�m�u�m� �y�i�e�l�d� �c�o�e�f�f�i�c�i�e�n�t�,� �.� 
�k�y� �-� �e�n�d�o�g�e�n�o�u�s� �d�e�c�a�y� �c�o�e�f�f�i�c�i�e�n�t�,� �d�a�y�s �



�b�l�e�n�d� �o�f� �i�n�o�r�g�a�n�i�c� �a�l�u�m�i�n�u�m� �a�n�d� �a� �p�o�l�y�a�m�i�n�e�,� �a�n�d� �a�n� �o�r�g�a�n�i�c� �p�o�l�y�m�e�r�,� �t�h�e� �d�y�e� 

�a�n�d� �p�r�i�n�t� �s�t�r�e�a�m� �w�a�s� �c�o�m�b�i�n�e�d� �w�i�t�h� �a� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �w�a�s�t�e� �s�t�r�e�a�m� �f�o�r� 

�a�c�t�i�v�a�t�e�d� �s�l�u�d�g�e� �t�r�e�a�t�m�e�n�t�.� �A� �h�y�d�r�a�u�l�i�c� �r�e�s�i�d�e�n�c�e� �t�i�m�e� �o�f� �3� �d�a�y�s� �a�n�d� �s�l�u�d�g�e� 

�a�g�e�s� �o�f� �8�,� �1�5�,� �2�0� �a�n�d� �3�0� �d�a�y�s� �w�e�r�e� �u�t�i�l�i�z�e�d�.� �A�v�e�r�a�g�e� �m�i�x�e�d� �l�i�q�u�o�r� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s�,� �a�t� �s�t�e�a�d�y� �s�t�a�t�e�,� �f�o�r� �t�h�e� �f�o�u�r� �s�l�u�d�g�e� �a�g�e�s� �w�e�r�e� �r�e�p�o�r�t�e�d� �t�o� �b�e� 

�1�0�7�6�,� �1�8�0�5�,� �2�3�4�5� �a�n�d� �3�3�5�3� �m�g�/�L�.� �C�O�D� �a�n�d� �c�o�l�o�r� �r�e�m�o�v�a�l�s� �r�a�n�g�e�d� �f�r�o�m� �5�5� �t�o� 

�6�8�%� �a�n�d� �4�2� �t�o� �5�3�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �W�e�b�e�r� �d�i�d� �n�o�t� �r�e�p�o�r�t� �v�a�l�u�e�s� �f�o�r� �K�;� �a�n�d� �k�,� �b�u�t� 

�d�i�d� �r�e�p�o�r�t� �v�a�l�u�e�s� �o�f� �0�.�6�1�9� �a�n�d� �0�.�0�3�2� �d�a�y �� �f�o�r� �Y� �a�n�d� �k�g�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�2�.�3� �T�O�X�I�C�I�T�Y� 

�E�g�y�p�t�,� �I�n�d�i�a� �a�n�d� �M�e�s�o�p�o�t�a�m�i�a� �d�i�s�p�l�a�y�e�d� �a� �w�e�l�l� �d�e�v�e�l�o�p�e�d� �d�y�e�i�n�g� �i�n�d�u�s�t�r�y� 

�b�y� �3�0�0�0� �B�.�C�.� �(�L�i�t�t�l�e� �a�n�d� �L�a�m�b�,� �1�9�7�3�)�,� �y�e�t� �i�n�f�o�r�m�a�t�i�o�n� �c�o�n�c�e�r�n�i�n�g� �t�h�e� �t�o�x�i�c� 

�e�f�f�e�c�t�s� �o�f� �d�y�e�s� �a�n�d� �o�t�h�e�r� �t�e�x�t�i�l�e� �i�n�d�u�s�t�r�y� �p�r�o�c�e�s�s� �s�t�r�e�a�m�s� �h�a�s� �o�n�l�y� �c�o�m�e� �t�o� �l�i�g�h�t� 

�r�e�c�e�n�t�l�y� �d�e�s�p�i�t�e� �t�h�e� �l�e�n�g�t�h� �o�f� �t�i�m�e� �t�h�a�t� �t�h�e� �i�n�d�u�s�t�r�y� �h�a�s� �b�e�e�n� �i�n� �o�p�e�r�a�t�i�o�n�.� �T�h�e� 

�A�m�e�r�i�c�a�n� �D�y�e� �M�a�n�u�f�a�c�t�u�r�e�r�'�s� �I�n�s�t�i�t�u�t�e� �I�n�c�.� �(�A�D�M�I�)�,� �w�a�s� �o�n�e� �o�f� �t�h�e� �f�i�r�s�t� �g�r�o�u�p�s� �t�o� 

�b�e�g�i�n� �r�e�s�e�a�r�c�h� �i�n�t�o� �t�h�e� �a�r�e�a� �o�f� �t�e�x�t�i�l�e� �e�f�f�l�u�e�n�t� �t�o�x�i�c�i�t�y�.� �M�a�n�y� �s�t�u�d�i�e�s� �h�a�v�e� �b�e�e�n� 

�p�e�r�f�o�r�m�e�d� �b�y� �A�D�M�I� �r�e�g�a�r�d�i�n�g� �t�h�e� �e�f�f�e�c�t�s� �o�f� �d�y�e�s� �o�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� 

�a�q�u�a�t�i�c� �o�r�g�a�n�i�s�m�s� �l�i�k�e� �f�i�s�h� �a�n�d� �a�l�g�a�e�.� 

�2�.�3�.�1� �T�e�s�t� �P�r�o�c�e�d�u�r�e�s� �a�n�d� �S�p�e�c�i�e�s� 

�T�h�e� �E�n�v�i�r�o�n�m�e�n�t�a�l� �P�r�o�t�e�c�t�i�o�n� �A�g�e�n�c�y� �(�E�P�A�)� �h�a�s� �p�u�b�l�i�s�h�e�d� �a� �s�e�t� �o�f� 

�2�4



�r�e�c�o�m�m�e�n�d�e�d� �e�f�f�l�u�e�n�t� �t�o�x�i�c�i�t�y� �t�e�s�t� �c�o�n�d�i�t�i�o�n�s� �f�o�r� �b�o�t�h� �c�h�r�o�n�i�c� �a�n�d� �a�c�u�t�e� �a�n�a�l�y�s�i�s� 

�o�f� �e�f�f�l�u�e�n�t� �w�a�s�t�e� �s�t�r�e�a�m�s� �(�E�P�A�,� �1�9�8�9�,� �1�9�9�3�)�.� �A�c�u�t�e� �t�o�x�i�c�i�t�y� �i�s� �t�y�p�i�c�a�l�l�y� 

�d�e�t�e�r�m�i�n�e�d� �w�i�t�h� �a� �s�i�n�g�l�e� �d�o�s�e� �a�n�d� �o�b�s�e�r�v�a�t�i�o�n� �o�v�e�r� �a� �s�h�o�r�t� �t�i�m�e� �p�e�r�i�o�d�,� �o�f�t�e�n� �4�8� 

�h�o�u�r�s�.� �C�h�r�o�n�i�c� �t�o�x�i�c�i�t�y� �i�s� �m�e�a�s�u�r�e�d� �o�v�e�r� �a� �l�o�n�g�e�r� �t�i�m�e� �p�e�r�i�o�d� �a�n�d� �e�n�t�a�i�l�s� 

�r�e�p�e�a�t�e�d� �d�o�s�i�n�g� �w�i�t�h� �r�e�n�e�w�e�d� �s�a�m�p�l�e�s�.� �C�h�r�o�n�i�c� �t�o�x�i�c�i�t�y� �i�s� �c�o�n�c�e�r�n�e�d� �w�i�t�h� 

�o�b�s�e�r�v�i�n�g� �s�u�r�v�i�v�a�l�,� �g�r�o�w�t�h� �a�n�d� �r�e�p�r�o�d�u�c�t�i�o�n� �i�n� �t�h�e� �t�e�s�t� �s�p�e�c�i�e�s� �(�S�m�i�t�h�,� �1�9�9�4�)�.� 

�O�n�e� �o�f� �t�h�r�e�e� �t�e�s�t� �t�y�p�e�s� �m�a�y� �u�s�e�d� �w�h�e�n� �c�o�n�d�u�c�t�i�n�g� �a�n� �a�c�u�t�e� �t�o�x�i�c�i�t�y� �e�v�a�l�u�a�t�i�o�n�:� 

�S�t�a�t�i�c� �n�o�n�-�r�e�n�e�w�a�l�,� �s�t�a�t�i�c�-�r�e�n�e�w�a�l�,� �o�r� �f�l�o�w� �t�h�r�o�u�g�h�.� �O�n�l�y� �s�t�a�t�i�c� �r�e�n�e�w�a�l� �i�s� 

�a�c�c�e�p�t�e�d� �f�o�r� �t�h�e� �c�h�r�o�n�i�c� �a�n�a�l�y�s�i�s�.� �A�c�c�o�r�d�i�n�g� �t�o� �L�i�t�t�l�e� �a�n�d� �L�a�m�b� �(�1�9�7�3�)�,� �t�h�e� 

�s�t�a�t�i�c� �p�r�o�c�e�d�u�r�e� �p�e�r�m�i�t�s� �f�l�e�x�i�b�i�l�i�t�y�,� �b�u�t� �h�a�s� �c�o�m�e� �u�n�d�e�r� �a�t�t�a�c�k� �b�e�c�a�u�s�e� �i�t� �d�o�e�s� 

�n�o�t� �r�e�p�r�e�s�e�n�t� �t�r�u�e� �c�o�n�d�i�t�i�o�n�s�.� �R�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �p�r�o�b�l�e�m�s� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� 

�a�n�a�l�y�s�i�s�,� �t�h�e� �s�t�a�t�i�c� �p�r�o�c�e�d�u�r�e� �w�i�l�l� �c�o�n�t�i�n�u�e� �t�o� �b�e� �u�t�i�l�i�z�e�d� �d�u�e� �t�o� �i�t�s� �s�i�m�p�l�e� �n�a�t�u�r�e�.� 

�C�e�r�i�o�d�a�p�h�n�i�a� �d�u�b�i�a� �a�n�d� �P�i�m�e�p�h�a�l�e�s� �p�r�o�m�e�l�u�s� �(�f�a�t�h�e�a�d� �m�i�n�n�o�w�s�)� �a�r�e� �t�w�o� 

�s�p�e�c�i�e�s� �c�o�m�m�o�n�l�y� �u�s�e�d� �i�n� �t�o�x�i�c�i�t�y� �a�n�a�l�y�s�e�s�.� �C�e�r�i�o�d�a�p�h�n�i�a� �d�u�b�i�a� �t�y�p�i�c�a�l�l�y� 

�r�e�p�r�o�d�u�c�e� �t�h�r�e�e� �t�i�m�e�s� �i�n� �s�e�v�e�n� �d�a�y�s� �a�l�l�o�w�i�n�g� �f�o�r� �a� �c�l�o�s�e� �l�o�o�k� �a�t� �r�e�p�r�o�d�u�c�t�i�v�e� 

�e�f�f�e�c�t�s� �d�u�r�i�n�g� �a� �s�e�v�e�n� �d�a�y� �c�h�r�o�n�i�c� �t�e�s�t�.� �D�a�p�h�n�i�a� �p�u�l�e�x� �r�e�p�r�o�d�u�c�e� �m�o�r�e� �s�l�o�w�l�y�,� 

�u�s�u�a�l�l�y� �r�e�q�u�i�r�i�n�g� �2�8� �d�a�y�s�.� �T�h�e�r�e�f�o�r�e� �t�h�a�t� �s�p�e�c�i�e�s� �i�s� �o�f�t�e�n� �u�s�e�d� �f�o�r� �c�h�r�o�n�i�c� �t�e�s�t�s� 

�o�f� �l�o�n�g�e�r� �t�h�a�n� �2�8� �d�a�y�s�.� �F�a�t�h�e�a�d� �m�i�n�n�o�w�s� �a�r�e� �e�a�s�y� �t�o� �c�u�l�t�u�r�e� �a�n�d� �m�a�i�n�t�a�i�n� �i�n� 

�t�h�e� �l�a�b�.� �T�h�e�y� �a�l�s�o� �t�y�p�i�c�a�l�l�y� �e�x�h�i�b�i�t� �a� �g�o�o�d� �s�e�v�e�n� �d�a�y� �r�e�s�p�o�n�s�e�.� �(�S�m�i�t�h�,� �1�9�9�4�)� 

�C�e�r�i�o�d�a�p�h�n�i�a� �d�u�b�i�a�,� �a�s� �i�n�v�e�r�t�e�b�r�a�t�e�s�,� �a�r�e� �g�e�n�e�r�a�l�l�y� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o� �b�o�t�h� 

�t�h�e� �c�h�r�o�n�i�c� �a�n�d� �a�c�u�t�e� �t�e�s�t�s� �r�e�g�a�r�d�l�e�s�s� �o�f� �t�o�x�i�c� �a�g�e�n�t� �u�n�d�e�r� �t�e�s�t�i�n�g� �t�h�a�n� �a�r�e� 
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�v�e�r�t�e�b�r�a�t�e�s� �(�f�a�t�h�e�a�d� �m�i�n�n�o�w�s�)� �(�S�m�i�t�h�,� �1�9�9�4�)�.� �C�a�r�l�s�o�n� �a�n�d� �K�o�s�i�a�n� �(�1�9�8�7�)�,� �i�n� 

�c�i�t�i�n�g� �M�c�K�i�m� �(�1�9�7�7�)� �s�t�a�t�e�d� �t�h�a�t� �f�a�t�h�e�a�d� �m�i�n�n�o�w�s� �a�r�e� �r�e�p�o�r�t�e�d� �t�o� �b�e� �t�h�e� �m�o�s�t� 

�s�e�n�s�i�t�i�v�e� �t�o� �t�o�x�i�c�i�t�y� �d�u�r�i�n�g� �t�h�e� �e�m�b�r�y�o� �t�o� �e�a�r�l�y� �j�u�v�e�n�i�l�e� �s�t�a�g�e� �o�f� �l�i�f�e� �w�h�e�n� 

�c�o�m�p�a�r�e�d� �t�o� �l�a�t�e�r� �s�t�a�g�e�s� �o�f� �l�i�f�e�.� �A�m�m�o�n�i�a� �i�s� �o�n�e� �c�o�m�p�o�u�n�d� �w�h�i�c�h� �i�s� �g�e�n�e�r�a�l�l�y� 

�m�o�r�e� �t�o�x�i�c� �t�o� �v�e�r�t�e�b�r�a�t�e�s� �t�h�a�n� �t�o� �i�n�v�e�r�t�e�b�r�a�t�e�s�.� 

�2�.�3�.�2� �S�e�l�e�c�t�i�v�e� �C�a�u�s�a�t�i�v�e� �A�g�e�n�t�s� �W�i�t�h�i�n� �t�h�e� �T�e�x�t�i�l�e� �I�n�d�u�s�t�r�y� �a�n�d� �L�e�v�e�l�s� 
�o�f� �T�o�x�i�c�i�t�y� 

�A� �v�a�r�i�e�t�y� �o�f� �a�g�e�n�t�s� �e�x�i�s�t� �w�i�t�h�i�n� �t�h�e� �t�e�x�t�i�l�e� �i�n�d�u�s�t�r�y� �w�h�i�c�h� �c�a�n� �c�a�u�s�e� �l�i�m�i�t�e�d� 

�t�o� �e�x�t�r�e�m�e� �t�o�x�i�c�i�t�y� �t�o� �v�a�r�i�o�u�s� �o�r�g�a�n�i�s�m�s�.� �T�h�e�s�e� �a�g�e�n�t�s� �c�a�n� �i�n�c�l�u�d�e� �h�e�a�v�y� 

�m�e�t�a�l�s�,� �c�h�l�o�r�i�n�a�t�e�d� �o�r�g�a�n�i�c� �c�o�m�p�o�u�n�d�s�,� �s�u�r�f�a�c�t�a�n�t�s�,� �d�y�e�s�,� �o�i�l�s�,� �f�i�n�i�s�h�e�s�,� �P�V�A�,� 

�a�n�d� �a�m�m�o�n�i�a�.� �T�e�m�p�e�r�a�t�u�r�e� �h�a�s� �b�e�e�n� �n�o�t�e�d� �t�o� �e�f�f�e�c�t� �t�h�e� �r�e�l�a�t�i�v�e� �l�e�v�e�l� �o�f� �t�o�x�i�c�i�t�y� 

�o�f� �v�a�r�i�o�u�s� �a�g�e�n�t�s� �a�c�c�o�r�d�i�n�g� �t�o� �W�a�r�r�e�n� �(�1�9�7�1�)� �a�n�d� �C�a�i�r�n�s� �e�f� �a�/�.� �(�1�9�7�1�)�,� �a�s� �c�i�t�e�d� 

�b�y� �L�i�t�t�l�e� �a�n�d� �L�a�m�b� �(�1�9�7�3�)�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �E�P�A�,� �a�s� �h�a�r�d�n�e�s�s� �a�n�d� �p�H� �d�e�c�r�e�a�s�e�,� �t�h�e� �a�c�u�t�e� �t�o�x�i�c�i�t�y� �o�f� 

�h�e�x�a�v�a�l�e�n�t� �c�h�r�o�m�i�u�m� �i�n�c�r�e�a�s�e�s� �(�E�P�A�,� �1�9�8�5�)�.� �T�h�e�y� �a�l�s�o� �s�u�g�g�e�s�t� �t�h�a�t� �"�t�h�e� �a�c�u�t�e� 

�t�o�x�i�c�i�t�y� �o�f� �c�h�r�o�m�i�u�m� �(�V�I�)� �i�s� �s�a�l�i�n�i�t�y� �d�e�p�e�n�d�e�n�t�"�.� 

�L�i�t�t�l�e� �a�n�d� �L�a�m�b� �(�1�9�7�3�)� �e�v�a�l�u�a�t�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �n�u�m�e�r�o�u�s� �d�y�e�s� �t�o� �t�h�e� 

�f�a�t�h�e�a�d� �m�i�n�n�o�w�,� �a�n�d� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �"�o�v�e�r�a�l�l�,� �t�h�e� �c�a�t�i�o�n�i�c� �d�y�e�s� �a�r�e� �m�o�s�t� �l�i�k�e�l�y� �t�o� 

�b�e� �t�o�x�i�c�"�.� �C�a�t�i�o�n�i�c� �d�y�e�s� �a�r�e� �u�s�e�d� �i�n� �t�h�e� �i�n�d�u�s�t�r�y� �t�o�d�a�y�,� �u�s�u�a�l�l�y� �i�n� �c�o�n�j�u�n�c�t�i�o�n� 

�w�i�t�h� �a� �c�e�r�t�a�i�n� �t�y�p�e� �o�f� �d�y�e�i�n�g� �p�r�o�c�e�s�s� �(�B�a�r�k�e�r�,� �1�9�9�4�)�.� 

�H�o�r�n�i�n�g� �e�t� �a�l�.� �(�1�9�7�2�)� �a�t�t�e�m�p�t�e�d� �t�o� �p�l�a�c�e� �t�h�e� �m�e�t�a�l� �c�o�n�t�e�n�t� �o�f� �d�y�e�s� �i�n�t�o� �t�h�e� 
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 ��p�r�o�p�e�r� �p�e�r�s�p�e�c�t�i�v�e�"�.� �V�a�t� �d�y�e�s� �w�e�r�e� �i�n�v�e�s�t�i�g�a�t�e�d� �a�n�d� �s�h�o�w�n� �t�o� �h�a�v�e� �h�i�g�h�e�r� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �c�o�p�p�e�r� �a�n�d� �c�h�r�o�m�i�u�m� �t�h�a�n� �a�c�i�d� �d�y�e�s�.� �B�a�s�i�c� �d�y�e�s� �c�o�n�t�a�i�n�e�d� 

�t�h�e� �h�i�g�h�e�s�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �z�i�n�c�.� �T�h�e� �i�n�t�r�o�d�u�c�t�i�o�n� �o�f� �h�e�a�v�y� �m�e�t�a�l�s� �f�r�o�m� �n�o�n�-� 

�d�y�e� �s�o�u�r�c�e�s� �w�a�s� �d�i�s�c�u�s�s�e�d� �a�s� �w�a�s� �t�h�e� �f�a�c�t� �t�h�a�t� �s�o�m�e� �d�y�e�i�n�g� �o�p�e�r�a�t�i�o�n�s� �i�n�c�l�u�d�e� 

�o�x�i�d�a�t�i�v�e� �s�t�e�p�s� �w�h�i�c�h� �u�t�i�l�i�z�e� �d�i�c�h�r�o�m�a�t�e�s� �a�n�d� �t�o�p� �c�h�r�o�m�i�n�g�.� �I�t� �w�a�s� �n�o�t�e�d� �t�h�a�t� 

�f�l�a�m�e� �r�e�t�a�r�d�a�n�t� �f�i�n�i�s�h�e�s� �c�a�n� �c�o�n�t�a�i�n� �c�o�m�p�o�u�n�d�s� �o�f� �a�l�u�m�i�n�u�m� �a�n�d� �a�n�t�i�m�o�n�y�,� 

�w�h�i�l�e� �h�e�a�v�y� �m�e�t�a�l� �c�o�m�p�o�u�n�d�s� �a�r�e� �o�f�t�e�n� �u�s�e�d� �a�s� �c�a�t�a�l�y�s�t�s� �i�n� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� 

�w�a�s�h�-�w�e�a�r�,� �d�u�r�a�b�l�e� �p�r�e�s�s� �a�n�d� �w�a�t�e�r� �r�e�p�e�l�l�e�n�t� �f�i�n�i�s�h�e�s�.� 

�H�o�r�n�i�n�g� �(�1�9�7�4�)� �a�g�a�i�n� �e�v�a�l�u�a�t�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �s�e�l�e�c�t�e�d� �d�y�e�s� �t�o� �t�h�e� 

�e�n�v�i�r�o�n�m�e�n�t�.� �H�e� �r�e�a�c�h�e�d� �t�h�e� �s�a�m�e� �c�o�n�c�l�u�s�i�o�n�s� �t�h�a�t� �h�e� �a�n�d� �t�h�e� �o�t�h�e�r�s� �h�a�d� 

�r�e�a�c�h�e�d� �p�r�e�v�i�o�u�s�l�y� �c�o�n�c�e�r�n�i�n�g� �a�c�i�d�,� �b�a�s�i�c� �a�n�d� �d�i�r�e�c�t� �d�y�e�s�.� �A�c�i�d� �d�y�e�s�,� �w�h�e�n� 

�c�o�m�p�a�r�e�d� �t�o� �b�a�s�i�c� �a�n�d� �d�i�r�e�c�t� �d�y�e�s�,� �w�e�r�e� �s�h�o�w�n� �t�o� �h�a�v�e� �t�h�e� �h�i�g�h�e�s�t� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �c�h�r�o�m�i�u�m�,� �c�o�p�p�e�r� �a�n�d� �l�e�a�d�.� �B�a�s�i�c� �d�y�e�s� �w�e�r�e� �a�g�a�i�n� �f�o�u�n�d� �t�o� 

�c�o�n�t�a�i�n� �t�h�e� �h�i�g�h�e�s�t� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �z�i�n�c�.� �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �a�r�s�e�n�i�c�,� �c�a�d�m�i�u�m�,� 

�c�o�b�a�l�t�,� �a�n�d� �m�e�r�c�u�r�y� �i�n� �9�0�0� �u�n�m�e�t�a�l�i�z�e�d� �a�c�i�d�,� �b�a�s�i�c�,� �a�n�d� �d�i�r�e�c�t� �d�y�e�s� �w�e�r�e� �l�e�s�s� 

�t�h�a�n� �1� �p�a�r�t� �p�e�r� �m�i�l�l�i�o�n� �(�p�p�m�)�.� �S�i�x�t�e�e�n� �o�u�t� �o�f� �t�h�i�r�t�y� �d�y�e�s� �t�e�s�t�e�d� �b�y� �H�o�r�n�i�n�g�,� �o�n� 

�f�a�t�h�e�a�d� �m�i�n�n�o�w�s� �i�n� �a� �s�t�a�t�i�c� �b�i�o�a�s�s�a�y�,� �h�a�d� �9�6�-�h�r� �T�L�5�0� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �g�r�e�a�t�e�r� 

�t�h�a�n� �1�8�0� �m�g�/�L�,� �w�h�i�l�e� �t�h�e� �r�e�m�a�i�n�i�n�g� �d�y�e�s� �h�a�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �b�e�t�w�e�e�n� �0�.�0�4�7� 

�a�n�d� �1�6�5� �m�g�/�L�.� �H�o�r�n�i�n�g� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �"�d�y�e�s� �a�r�e� �n�o�t� �l�i�k�e�l�y� �t�o� �p�r�e�s�e�n�t� �s�e�r�i�o�u�s� 

�d�i�f�f�i�c�u�l�t�i�e�s� �w�i�t�h� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�"�.� �H�e� �d�i�d� �s�t�r�e�s�s� �h�o�w�e�v�e�r�,� �t�h�a�t� �f�a�t�h�e�a�d� �m�i�n�n�o�w�s� 

�d�i�s�p�l�a�y�e�d� �e�n�o�u�g�h� �s�e�n�s�i�t�i�v�i�t�y� �t�o� �t�h�e� �v�a�r�i�o�u�s� �d�y�e�s� �t�h�a�t� �d�i�r�e�c�t� �d�i�s�c�h�a�r�g�e�s� 
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�c�o�n�t�a�i�n�i�n�g� �h�i�g�h� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �u�n�t�r�e�a�t�e�d� �d�y�e� �w�a�s�t�e� �s�h�o�u�l�d� �b�e� �a�v�o�i�d�e�d�.� 

�S�u�r�f�a�c�t�a�n�t�s� �p�o�s�e� �a�n�o�t�h�e�r� �t�o�x�i�c�o�l�o�g�i�c�a�l� �r�i�s�k� �i�n�h�e�r�e�n�t� �i�n� �t�e�x�t�i�l�e� �w�a�s�t�e�w�a�t�e�r�.� 

�H�u�b�e�r� �(�1�9�8�4�)� �l�o�o�k�e�d� �a�t� �t�h�e� �e�c�o�l�o�g�i�c�a�l� �b�e�h�a�v�i�o�r� �o�f� �c�a�t�i�o�n�i�c� �s�u�r�f�a�c�t�a�n�t�s� �f�r�o�m� 

�f�a�b�r�i�c� �s�o�f�t�e�n�e�r�s� �i�n� �t�h�e� �a�q�u�a�t�i�c� �e�n�v�i�r�o�n�m�e�n�t�.� �H�e� �c�i�t�e�d� �w�o�r�k� �b�y� �B�e�v�e�r�i�d�g�e� �a�n�d� 

�P�i�c�k�e�r�i�n�g� �(�1�9�8�3�)� �t�h�a�t� �s�h�o�w�e�d� �t�h�a�t� �c�a�t�i�o�n�i�c� �s�u�r�f�a�c�t�a�n�t�s� �w�i�l�l� �s�o�r�b� �t�o� �n�e�g�a�t�i�v�e� 

�b�i�n�d�i�n�g� �s�i�t�e�s� �o�n� �c�l�a�y� �a�n�d� �a�c�t�i�v�a�t�e�d� �s�l�u�d�g�e� �b�e�f�o�r�e� �m�e�t�a�l�s� �w�i�l�l�.� �I�t� �w�a�s� �n�o�t� �k�n�o�w�n� 

�w�h�e�t�h�e�r� �t�h�i�s� �c�o�m�p�e�t�i�t�i�v�e� �b�i�n�d�i�n�g� �d�i�s�t�u�r�b�e�d� �t�h�e� �a�c�t�i�v�a�t�e�d� �s�l�u�d�g�e�.� �H�e� �s�t�a�t�e�d� �t�h�a�t� 

�v�a�r�i�o�u�s� �c�a�t�i�o�n�i�c� �s�u�r�f�a�c�t�a�n�t�s� �u�s�e�d� �i�n� �f�a�b�r�i�c� �s�o�f�t�e�n�e�r�s� �h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� 

�p�r�o�d�u�c�e� �4�8� �t�o� �9�6�-�h�r� �L�C�5�0� �v�a�l�u�e�s� �o�f� �0�.�6� �t�o� �2�.�6� �m�g�/�L�.� �T�h�i�s� �r�a�n�g�e� �o�f� �v�a�l�u�e�s� �p�l�a�c�e�d� 

�t�h�e�s�e� �s�u�r�f�a�c�t�a�n�t�s� �i�n�t�o� �t�h�e� �h�i�g�h� �t�o�x�i�c�i�t�y� �c�a�t�e�g�o�r�y� �o�f� �c�h�e�m�i�c�a�l�s�.� �A�s� �a� �r�e�s�u�l�t� �o�f� 

�t�h�e�s�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�,� �H�u�b�e�r� �(�1�9�8�4�)� �s�t�a�t�e�d� �t�h�a�t� �c�a�t�i�o�n�i�c� �s�u�r�f�a�c�t�a�n�t�s�  ��a�r�e� �m�o�r�e� 

�t�o�x�i�c� �o�n� �a�v�e�r�a�g�e� �t�h�a�n� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �a�n�i�o�n�i�c� �a�n�d� �n�e�u�t�r�a�l� �s�u�r�f�a�c�t�a�n�t�s� �u�s�e�d� �i�n� 

�d�e�t�e�r�g�e�n�t�s� �f�o�r� �t�e�x�t�i�l�e�s�"�.� �F�o�r� �D�a�p�h�n�i�a� �m�a�g�n�a�,� �t�h�e� �4�8�-�h�r� �L�C�5�0� �v�a�l�u�e�s� �r�a�n�g�e�d� �f�r�o�m� 

�0�.�1�6� �t�o� �1�.�0�6� �m�g�/�L�.� �A�n�o�t�h�e�r� �i�m�p�o�r�t�a�n�t� �f�a�c�t� �t�h�a�t� �s�h�o�u�l�d� �b�e� �e�m�p�h�a�s�i�z�e�d�,� �w�h�i�c�h� 

�H�u�b�e�r� �r�e�l�a�t�e�d� �t�o� �s�u�r�f�a�c�t�a�n�t� �s�t�u�d�y�,� �w�a�s� �t�h�a�t� �c�a�t�i�o�n�i�c� �s�u�r�f�a�c�t�a�n�t�s� �c�o�m�b�i�n�e� �w�i�t�h� 

�a�n�i�o�n�i�c� �s�u�r�f�a�c�t�a�n�t�s� �a�n�d� �p�r�o�d�u�c�e� �n�e�u�t�r�a�l� �s�a�l�t�s�,� �t�h�u�s� �l�e�a�d�i�n�g� �t�o� �a� �d�e�c�r�e�a�s�e� �i�n� 

�t�o�x�i�c�i�t�y�.� �I�n� �o�r�d�e�r� �t�o� �a�v�o�i�d� �p�r�o�b�l�e�m�s� �w�i�t�h� �t�o�x�i�c�i�t�y�,� �t�h�e� �P�l�a�n�t� �s�p�e�c�i�f�i�e�s� �n�o�n�i�o�n�i�c� 

�s�u�r�f�a�c�t�a�n�t�s�,� �a�s� �m�u�c�h� �a�s� �p�o�s�s�i�b�l�e�,� �f�o�r� �u�s�e� �i�n� �a�l�l� �p�r�o�c�e�s�s�e�s� �w�h�e�r�e� �s�u�r�f�a�c�t�a�n�t�s� �a�r�e� 

�n�e�c�e�s�s�a�r�y�.� 

�A� �s�t�u�d�y� �c�o�n�d�u�c�t�e�d� �b�y� �B�e�n�s�o�n� �a�n�d� �B�i�r�g�e� �(�1�9�8�5�)� �c�o�n�c�e�r�n�i�n�g� �h�e�a�v�y� �m�e�t�a�l� 

�t�o�l�e�r�a�n�c�e� �i�n� �f�a�t�h�e�a�d� �m�i�n�n�o�w�s�,� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �m�e�t�a�l� �t�o�l�e�r�a�n�c�e� �i�n�c�r�e�a�s�e�d� �f�o�r� 
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�m�i�n�n�o�w�s� �t�h�a�t� �w�e�r�e� �e�x�p�o�s�e�d� �t�o� �s�u�b�l�e�t�h�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �c�o�p�p�e�r� �a�n�d� �c�a�d�m�i�u�m�,� 

�b�u�t� �n�o�t� �z�i�n�c�.� �T�o�l�e�r�a�n�c�e� �w�a�s� �l�o�s�t� �o�n�c�e� �t�h�e� �o�r�g�a�n�i�s�m�s� �w�e�r�e� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� 

�s�o�u�r�c�e� �o�f� �s�t�r�e�s�s�.� �T�h�e� �a�u�t�h�o�r�s� �s�t�a�t�e�d� �t�h�a�t�  ��i�t� �i�s� �c�l�e�a�r� �t�h�a�t� �n�a�t�u�r�a�l� �p�o�p�u�l�a�t�i�o�n�s� �o�f� 

�f�a�t�h�e�a�d� �m�i�n�n�o�w�s� �c�a�n� �d�e�v�e�l�o�p� �e�l�e�v�a�t�e�d� �t�o�l�e�r�a�n�c�e�s� �t�o� �c�e�r�t�a�i�n� �m�e�t�a�l�s ��.� 

�I�n� �a� �s�t�u�d�y� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �s�u�i�t�a�b�i�l�i�t�y� �o�f� �h�e�x�a�v�a�l�e�n�t� �c�h�r�o�m�i�u�m� �a�s� �a� 

�r�e�f�e�r�e�n�c�e� �t�o�x�i�c�a�n�t�,� �D�o�r�n� �e�f�t� �a�/�.� �(�1�9�8�7�)� �r�e�p�o�r�t�e�d� �v�a�r�i�o�u�s� �s�p�e�c�i�e�s� �s�e�n�s�i�t�i�v�i�t�i�e�s� �i�n� 

�t�e�r�m�s� �o�f� �L�C�5�0� �o�r� �E�C�5�0� �i�n� �m�g�/�L� �o�f� �h�e�x�a�v�a�l�e�n�t� �c�h�r�o�m�i�u�m� �(�C�r�)�.� �T�h�e� �m�o�s�t� 

�s�e�n�s�i�t�i�v�e� �s�p�e�c�i�e�s� �w�a�s� �C�e�n�o�d�a�p�h�n�i�a� �d�u�b�i�a� �a�t� �0�.�0�3�1�,� �w�i�t�h� �D�a�p�h�n�i�a� �p�u�l�e�x� �n�e�x�t� �a�t� 

�0�.�0�8�6�.� �F�a�t�h�e�a�d� �m�i�n�n�o�w�s� �w�e�r�e� �s�h�o�w�n� �t�o� �b�e� �m�u�c�h� �l�e�s�s� �s�e�n�s�i�t�i�v�e� �a�t� �2�6�.�1�3� �a�n�d� 

�L�e�p�o�m�i�s� �m�a�c�r�o�c�h�i�r�u�s� �(�b�l�u�e�g�i�l�l�)� �w�e�r�e� �t�h�e� �l�e�a�s�t� �s�e�n�s�i�t�i�v�e� �s�p�e�c�i�e�s� �a�t� �1�8�2�.�9�1�.� 

�J�o�p� �e�t� �a�/�.� �(�1�9�9�3�)� �e�v�a�l�u�a�t�e�d� �c�h�r�o�m�i�u�m� �a�n�d� �c�o�p�p�e�r� �a�s� �r�e�f�e�r�e�n�c�e� �t�o�x�i�c�a�n�t�s�.� 

�T�h�e�y� �r�e�p�o�r�t�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �m�e�a�n�,� �4�8�-�h�r� �L�C�5�0� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�o�r� �D�a�p�h�n�i�a� �p�u�l�e�x� 

�a�n�d� �9�6�-�h�r� �L�C�5�0� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�o�r� �f�a�t�h�e�a�d� �m�i�n�n�o�w�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�:� �0�.�1�8�8� �m�g� 

�C�r!"�/�L� �a�n�d� �0�,�0�0�3� �m�g� �C�u�/�L� �a�n�d� �8�3� �m�g� �C�r �� �/�L� �a�n�d� �0�.�1�8� �m�g� �C�u�l�L�.� 

�C�a�r�l�s�o�n� �a�n�d� �K�o�s�i�a�n� �(�1�9�8�7�)� �s�t�u�d�i�e�d� �t�h�e� �t�o�x�i�c�i�t�i�e�s� �o�f� �c�h�l�o�r�i�n�a�t�e�d� �b�e�n�z�e�n�e� 

�c�o�m�p�o�u�n�d�s� �t�o� �f�a�t�h�e�a�d� �m�i�n�n�o�w�s�.� �T�h�e�y� �f�o�u�n�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �r�a�n�g�e�s� �b�e�t�w�e�e�n� �t�h�e� 

�h�i�g�h�e�s�t� �n�o� �o�b�s�e�r�v�e�d� �e�f�f�e�c�t� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�N�O�E�C�)� �a�n�d� �t�h�e� �l�o�w�e�s�t� �o�b�s�e�r�v�e�d� �e�f�f�e�c�t� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �(�L�O�E�C�)�:� �1�.�0� �t�o� �2�.�3� �m�g�/�L� �f�o�r� �1�,�3�-�d�i�c�h�l�o�r�o�b�e�n�z�e�n�e� �(�1�,�3�-�D�C�B�)�,� �0�.�5�7� 

�t�o� �1�.�0� �m�g�/�L� �f�o�r� �1�,�4�-�D�C�B�,� �a�n�d� �0�.�2�4� �t�o� �0�.�4�1� �m�g�/�L� �f�o�r� �1�,�2�,�3�,�4�-�t�e�t�r�a�c�h�l�o�r�o�b�e�n�z�e�n�e� 

�(�1�,�2�,�3�,�4�-�T�C�B�)�.� �S�o�l�u�b�i�l�i�t�y� �p�r�o�b�l�e�m�s� �h�i�n�d�e�r�e�d� �t�h�e� �p�e�n�t�a�c�h�l�o�r�o�b�e�n�z�e�n�e� �a�n�d� 

�h�e�x�a�c�h�l�o�r�o�b�e�n�z�e�n�e� �r�e�s�u�l�t�s�,� �b�u�t� �t�h�e�s�e� �c�o�m�p�o�u�n�d�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �t�o� �b�e� �n�o�n�-� 
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�t�o�x�i�c� �a�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �0�.�0�5�5� �a�n�d� �0�.�0�0�4�8� �m�g�/�L�,� �r�e�s�p�e�c�t�i�v�i�e�y�.� �T�h�e�s�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �t�h�e� �h�i�g�h�e�s�t� �t�h�a�t� �c�o�u�l�d� �b�e� �m�a�i�n�t�a�i�n�e�d� �f�o�r� �t�h�e� �t�e�s�t� �p�r�o�c�e�d�u�r�e�,� 

�d�u�e� �t�o� �t�h�e� �l�i�m�i�t�e�d� �s�o�l�u�b�i�l�i�t�i�e�s� �o�f� �t�h�e� �c�o�m�p�o�u�n�d�s�.� �D�e�f�o�r�m�i�t�i�e�s� �w�e�r�e� �c�a�u�s�e�d� �b�y� 

�h�i�g�h� �d�o�s�e�s� �o�f� �1�,�3�-�D�C�B� �(�3�.�9� �m�g�/�L�)�,� �w�h�i�l�e� �p�r�e�m�a�t�u�r�e� �b�i�r�t�h� �w�a�s� �c�a�u�s�e�d� �b�y� �e�l�e�v�a�t�e�d� 

�d�o�s�e�s� �o�f� �1�,�4�-�D�C�B� �(�8�.�7� �m�g�/�L�)�.� �A� �d�o�s�e� �o�f� �0�.�4�1� �m�g�/�L� �o�f� �1�,�2�,�3�,�4�-�T�C�B� �w�a�s� �e�n�o�u�g�h� 

�t�o� �d�i�s�r�u�p�t� �f�i�s�h� �s�u�r�v�i�v�a�l� �a�n�d� �s�u�r�v�i�v�a�l� �w�e�i�g�h�t�s�,� �a�l�t�h�o�u�g�h� �n�o� �e�f�f�e�c�t� �o�n� �e�m�b�r�y�o� 

�d�e�v�e�l�o�p�m�e�n�t� �w�a�s� �r�e�p�o�r�t�e�d� �t�o� �h�a�v�e� �o�c�c�u�r�r�e�d�.� �.� 

�C�a�r�r�i�e�r� �a�n�d� �B�e�i�t�i�n�g�e�r� �(�1�9�8�8�)� �s�t�u�d�i�e�d� �t�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �t�h�e�r�m�a�l� �t�o�l�e�r�a�n�c�e� �o�f� 

�N�o�t�r�o�p�i�s� �l�u�t�r�e�n�s�i�s� �(�r�e�d� �s�h�i�n�e�r�s�)� �a�n�d� �f�a�t�h�e�a�d� �m�i�n�n�o�w�s� �e�x�p�o�s�e�d� �t�o� �c�a�d�m�i�u�m�.� 

�T�h�e�y� �s�t�a�t�e�d� �t�h�a�t� �"�o�t�h�e�r� �i�n�v�e�s�t�i�g�a�t�o�r�s� �h�a�v�e� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �l�o�n�g� �t�e�r�m� �e�x�p�o�s�u�r�e� �t�o� 

�s�u�b�l�e�t�h�a�l� �l�e�v�e�l�s� �o�f� �t�o�x�i�c�a�n�t�s� �m�a�y� �h�a�v�e� �e�f�f�e�c�t�s� �s�i�m�i�l�a�r� �t�o� �a�c�u�t�e�,� �n�e�a�r�-�l�e�t�h�a�l� 

�t�o�x�i�c�a�n�t� �e�x�p�o�s�u�r�e�s�"�.� �C�a�r�r�i�e�r� �a�n�d� �B�e�i�t�i�n�g�e�r� �i�n� �c�i�t�i�n�g� �C�a�r�r�o�l� �e�t� �a�/�.�(�1�9�7�9�)� �s�t�a�t�e�d� 

�t�h�a�t� �c�a�d�m�i�u�m� �t�o�x�i�c�i�t�y�,� �l�i�k�e� �c�h�r�o�m�i�u�m� �t�o�x�i�c�i�t�y� �(�E�P�A�,� �1�9�8�5�)�,� �i�s� �r�e�d�u�c�e�d� �i�n� �h�a�r�d� 

�w�a�t�e�r�.� �C�a�r�r�o�l� �e�f� �a�/�.� �a�l�s�o� �r�e�p�o�r�t�e�d� �9�6�-�h�r� �L�C�5�0� �v�a�l�u�e�s� �i�n� �t�h�e� �r�a�n�g�e� �o�f� �l�e�s�s� �t�h�a�n� 

�0�.�0�0�1�5� �t�o� �6�6�.�5� �m�g�/�L� �c�a�d�m�i�u�m�,� �d�e�p�e�n�d�i�n�g� �o�n� �h�a�r�d�n�e�s�s�,� �f�o�r� �a� �v�a�r�i�e�t�y� �o�f� �f�i�s�h� 

�s�p�e�c�i�e�s�.� �T�h�e�y� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �c�a�d�m�i�u�m� �d�e�c�r�e�a�s�e�d� �t�e�m�p�e�r�a�t�u�r�e� �t�o�l�e�r�a�n�c�e� �i�n� �f�i�s�h�,� 

�a�s� �d�o� �d�i�e�l�d�r�i�n�,� �a�r�s�e�n�i�c�,� �n�i�c�k�e�l�,� �n�i�t�r�i�t�e�,� �a�n�d� �s�e�l�e�n�i�u�m�.� �T�h�e� �9�6�-�h�r� �L�C�5�0� �f�o�r� �b�o�t�h� 

�s�h�i�n�e�r�s� �a�n�d� �f�a�t�h�e�a�d� �m�i�n�n�o�w�s� �i�n� �E�P�A� �h�a�r�d� �w�a�t�e�r� �w�a�s� �l�e�s�s� �t�h�a�n� �1�0� �m�g�/�L�.� 

�A� �s�t�u�d�y� �w�a�s� �p�e�r�f�o�r�m�e�d� �b�y� �C�a�r�l�s�o�n� �(�1�9�8�7�)� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� 

�l�o�w�e�r�e�d� �d�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�n� �t�h�e� �t�o�x�i�c�i�t�y� �o�f� �1�,�2�,�4�-� 

�t�r�i�c�h�l�o�r�o�b�e�n�z�e�n�e� �t�o� �f�a�t�h�e�a�d� �m�i�n�n�o�w�s�.� �H�e� �f�o�u�n�d� �t�h�a�t� �a� �m�e�a�n� �1�,�2�,�4�-�T�C�B� 
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�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �0�.�9�2� �m�g�/�L� �a�n�d� �d�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �8�.�1� �m�g�/�L� �w�a�s� 

�s�u�f�f�i�c�i�e�n�t� �t�o� �r�e�d�u�c�e� �m�e�a�n� �s�u�r�v�i�v�a�l� �a�n�d� �m�e�a�n� �w�e�i�g�h�t� �b�y� �3�7�.�5�%� �a�n�d� �2�8�.�7�%� 

�r�e�s�p�e�c�t�i�v�e�l�y�,� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �8�.�1� �m�g�/�L� �d�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� �c�o�n�t�r�o�l�.� �M�e�a�n� 

�s�u�r�v�i�v�a�l� �r�a�t�e�s� �a�n�d� �w�e�i�g�h�t�s� �w�e�r�e� �d�r�a�m�a�t�i�c�a�l�l�y� �a�f�f�e�c�t�e�d� �a�t� �t�h�e� �s�a�m�e� �m�e�a�n� �1�,�2�,�4�-� 

�T�C�B� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �0�.�9�2� �m�g�/�L� �a�n�d� �d�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �4�.�5� 

�m�g�/�L�.� �I�n� �t�h�i�s� �c�a�s�e�,� �m�e�a�n� �s�u�r�v�i�v�a�l� �a�n�d� �m�e�a�n� �w�e�i�g�h�t� �w�e�r�e� �r�e�d�u�c�e�d� �8�8�.�5� �a�n�d� 

�6�0�.�5�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �l�e�d� �C�a�r�l�s�o�n� �t�o� �s�t�a�t�e� �t�h�a�t�  ��e�x�p�o�s�u�r�e� �u�n�d�e�r� 

�n�a�t�u�r�a�l� �c�o�n�d�i�t�i�o�n�s� �a�t� �t�h�i�s� �1�,�2�,�4�-�T�C�B� �c�o�n�c�e�n�t�r�a�t�i�o�n� �m�a�y� �h�a�v�e� �s�i�g�n�i�f�i�c�a�n�t� 

�b�i�o�l�o�g�i�c�a�l� �i�m�p�l�i�c�a�t�i�o�n�s�"�.� 
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�C�H�A�P�T�E�R� �I�l�l�.� �M�E�T�H�O�D�S� �A�N�D� �M�A�T�E�R�I�A�L�S� 

�T�h�i�s� �c�h�a�p�t�e�r� �c�o�n�t�a�i�n�s� �d�e�s�c�r�i�p�t�i�o�n�s� �o�f� �t�h�e� �m�e�t�h�o�d�s� �a�n�d� �m�a�t�e�r�i�a�l�s� �t�h�a�t� �w�e�r�e� 

�u�s�e�d� �i�n� �t�h�e� �r�e�s�e�a�r�c�h� �o�p�e�r�a�t�i�o�n�s� �a�n�d� �a�n�a�l�y�s�e�s� �t�h�a�t� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �f�r�o�m� �J�a�n�u�a�r�y� 

�o�f� �1�9�9�3� �t�h�r�o�u�g�h� �N�o�v�e�m�b�e�r� �o�f� �1�9�9�4� �o�n� �e�f�f�l�u�e�n�t� �w�a�s�t�e� �s�t�r�e�a�m�s� �f�r�o�m� �t�h�e� �d�y�e�i�n�g�,� 

�p�r�i�n�t�i�n�g�,� �a�n�d� �b�l�e�a�c�h�i�n�g� �a�n�d� �f�i�n�i�s�h�i�n�g� �p�r�o�c�e�s�s�e�s� �a�t� �t�h�e� �P�l�a�n�t�.� �W�a�s�t�e� �s�t�r�e�a�m� 

�p�r�e�t�r�e�a�t�m�e�n�t�s�,� �c�o�n�t�i�n�u�o�u�s� �f�l�o�w�,� �s�t�i�r�r�e�d� �t�a�n�k� �r�e�a�c�t�o�r� �(�C�F�R�)� �o�p�e�r�a�t�i�o�n�s�,� �a�n�d� 

�a�n�a�l�y�t�i�c�a�l� �m�e�t�h�o�d�s� �a�r�e� �d�e�s�c�r�i�b�e�d�.� 

�3�.�1� �W�A�S�T�E� �S�T�R�E�A�M� �P�R�E�T�R�E�A�T�M�E�N�T� 

�T�h�e� �p�r�i�m�a�r�y� �p�r�e�t�r�e�a�t�m�e�n�t� �e�m�p�h�a�s�i�s� �o�f� �t�h�i�s� �s�t�u�d�y� �w�a�s� �o�n� �t�h�e� �b�l�e�a�c�h� �a�n�d� 

�f�i�n�i�s�h� �w�a�s�t�e� �s�t�r�e�a�m�.� �A� �s�m�a�l�l� �p�r�e�t�r�e�a�t�m�e�n�t� �s�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �o�n� �t�h�e� 

�t�h�e�r�m�o�s�o�l� �d�y�e� �a�n�d� �p�r�i�n�t� �s�t�r�e�a�m�s� �w�i�t�h� �o�r�g�a�n�i�c� �p�o�l�y�m�e�r�s� �t�h�a�t� �w�e�r�e� �n�o�t� �u�s�e�d� �i�n� �t�h�e� 

�p�r�e�v�i�o�u�s� �r�e�s�e�a�r�c�h� �b�y� �W�e�b�e�r� �(�1�9�9�4�)�.� �W�e�b�e�r�'�s� �t�h�e�s�i�s� �c�o�v�e�r�e�d� �p�r�e�t�r�e�a�t�m�e�n�t� �o�f� �t�h�e� 

�t�h�e�r�m�o�s�o�l� �d�y�e� �a�n�d� �p�r�i�n�t� �w�a�s�t�e� �s�t�r�e�a�m�s� �i�n� �d�e�t�a�i�l�.� �W�e�b�e�r� �d�i�d� �a�t�t�e�m�p�t� �s�o�m�e� 

�p�r�e�t�r�e�a�t�m�e�n�t� �o�f� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �s�t�r�e�a�m�,� �b�u�t� �t�h�e� �m�e�t�h�o�d�s� �u�s�e�d� �w�e�r�e� 

�u�n�s�u�c�c�e�s�s�f�u�l�.� 

�3�.�1�.�1� �P�r�e�t�r�e�a�t�m�e�n�t� �M�e�t�h�o�d�s� 

�I�n� �t�h�e� �c�u�r�r�e�n�t� �s�t�u�d�y�,� �s�e�v�e�r�a�l� �d�i�f�f�e�r�e�n�t� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �a�t�t�e�m�p�t�e�d� 

�i�n�v�o�l�v�i�n�g� �a� �s�i�n�g�l�e� �p�r�e�t�r�e�a�t�m�e�n�t� �m�e�t�h�o�d� �o�r� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �p�r�e�t�r�e�a�t�m�e�n�t� 
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�m�e�t�h�o�d�s�.� �F�i�l�t�r�a�t�i�o�n�,� �p�H� �a�d�j�u�s�t�m�e�n�t�,� �o�x�i�d�a�t�i�o�n� �a�n�d� �c�h�e�m�i�c�a�l� �c�o�a�g�u�l�a�t�i�o�n� �a�r�e� 

�t�h�e� �p�r�e�t�r�e�a�t�m�e�n�t� �m�e�t�h�o�d�s� �w�h�i�c�h� �w�e�r�e� �u�t�i�l�i�z�e�d� �a�n�d� �a�r�e� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� 

�s�e�c�t�i�o�n�s� �b�e�l�o�w�.� �A�l�l� �o�f� �t�h�e� �m�e�t�h�o�d�s� �w�e�r�e� �u�s�e�d� �o�n� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �w�a�s�t�e� 

�s�t�r�e�a�m�,� �b�u�t� �o�n�l�y� �c�h�e�m�i�c�a�l� �c�o�a�g�u�l�a�t�i�o�n� �w�a�s� �u�s�e�d� �o�n� �t�h�e� �d�y�e� �a�n�d� �p�r�i�n�t� �w�a�s�t�e� 

�s�t�r�e�a�m� �c�o�m�b�i�n�a�t�i�o�n�.� �T�h�e� �l�e�t�t�e�r�s� �i�n� �p�a�r�e�n�t�h�e�s�e�s�,� �f�o�l�l�o�w�i�n�g� �t�h�e� �m�e�t�h�o�d� �n�a�m�e�,� 

�s�e�r�v�e� �a�s� �a� �m�e�t�h�o�d� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �t�o�o�l� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �r�e�m�a�i�n�d�e�r� �o�f� �t�h�e� �t�e�x�t�.� 

�M�o�r�e� �d�e�t�a�i�l�e�d� �d�e�s�c�r�i�p�t�i�o�n�s� �o�f� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �e�x�p�e�r�i�m�e�n�t�s� �t�h�a�t� �w�e�r�e� �c�o�n�d�u�c�t�e�d� 

�f�o�l�l�o�w� �t�h�e� �m�e�t�h�o�d� �d�e�s�c�r�i�p�t�i�o�n�s�.� 

�3�.�1�.�1�.�1� �F�i�l�t�r�a�t�i�o�n� �(�F�)� 

�E�f�f�l�u�e�n�t� �f�i�l�t�r�a�t�i�o�n� �w�a�s� �p�e�r�f�o�r�m�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �p�a�r�t�i�c�l�e� �s�i�z�e� �d�i�s�t�r�i�b�u�t�i�o�n� 

�o�f� �t�h�e� �e�f�f�l�u�e�n�t�.� �A�n� �a�l�i�q�u�o�t� �o�f� �e�f�f�l�u�e�n�t� �w�a�s� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �t�h�e� �f�o�l�l�o�w�i�n�g� �r�a�n�g�e� �o�f� 

�f�i�l�t�e�r�s� �m�u�c�h� �l�i�k�e� �a� �s�i�e�v�e� �a�n�a�l�y�s�i�s� �w�o�u�l�d� �b�e� �c�o�n�d�u�c�t�e�d� �o�n� �a� �s�a�m�p�l�e� �o�f� �s�o�i�l�.� �T�a�b�l�e� 

�2� �l�i�s�t�s� �t�h�e� �r�a�n�g�e� �o�f� �f�i�l�t�e�r�s� �t�h�a�t� �w�e�r�e� �u�s�e�d� �i�n� �t�h�e� �f�i�l�t�r�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s�.� 

�3�.�1�.�1�.�2�.� �p�H� �A�d�j�u�s�t�m�e�n�t� �(�p�H�)� 

�S�a�m�p�l�e� �p�H� �v�a�l�u�e�s� �w�e�r�e� �a�d�j�u�s�t�e�d� �u�s�i�n�g� �c�o�n�c�e�n�t�r�a�t�e�d� �o�r� �1� �n�o�r�m�a�l� �(�N�)� 

�s�u�l�f�u�r�i�c� �a�c�i�d�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �a�m�o�u�n�t� �o�f� �a�d�j�u�s�t�m�e�n�t� �t�h�a�t� �w�a�s� �r�e�q�u�i�r�e�d�.� �A� 

�b�e�n�c�h�-�t�o�p�,� �F�i�s�h�e�r� �A�c�c�u�m�e�t� �p�H� �m�e�t�e�r� �m�o�d�e�l� �6�1�0�A� �w�a�s� �u�s�e�d� �t�o� �m�e�a�s�u�r�e� �p�H� 

�d�u�r�i�n�g� �a�d�j�u�s�t�m�e�n�t�.� 
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�T�a�b�l�e� �2�.� �F�i�l�t�e�r�s� �u�s�e�d� �i�n� �f�i�l�t�r�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s� 

� � 

� � 

� � 

� � 

� � 

� � 

� � � � � � � � 

�F�i�l�t�e�r� �T�y�p�e� �A�v�e�r�a�g�e� �P�o�r�o�s�i�t�y�,� �u�m� 

�W�h�a�t�m�a�n� �N�o�.� �4� �-�>�2�0�-�2�5� 

�W�h�a�t�m�a�n� �N�o�.� �1� �>�1�1� �u�m� 

�W�h�a�t�m�a�n� �N�o�.� �2� �>�8� �u�m� 

�F�i�s�h�e�r� �Q�5� �>�2� �u�m� 

�W�h�a�t�m�a�n� �9�3�4�A�H� �1�.�5� �u�m� 

�W�h�a�t�m�a�n� �G�F�/�C� �1�.�2� �u�m� 
� � 

�3�.�1�.�1�.�3�.� �O�x�i�d�a�t�i�o�n� �(�O�)� 

�A� �S�w�a�n�.� �(�S�m�y�r�n�a�,� �T�N�)� �h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e� �s�o�l�u�t�i�o�n�,� �3�%� �b�y� �w�e�i�g�h�t�,� �w�a�s� 

�u�s�e�d� �a�s� �a�n� �o�x�i�d�a�n�t�.� �V�a�r�i�o�u�s� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �t�h�e� �o�x�i�d�a�n�t� �s�o�l�u�t�i�o�n� �w�e�r�e� �u�s�e�d� �i�n� 

�t�h�e� �p�r�e�t�r�e�a�t�m�e�n�t� �a�t�t�e�m�p�t�s�.� �A�l�l� �o�x�i�d�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �a� 

�P�h�i�p�p�s� �a�n�d� �B�i�r�d� �(�R�i�c�h�m�o�n�d�,� �V�A�)�,� �s�i�x� �p�a�d�d�l�e� �j�a�r� �t�e�s�t� �a�p�p�a�r�a�t�u�s�.� �A�l�l� �s�a�m�p�l�e�s� 

�w�e�r�e� �s�t�i�r�r�e�d� �a�t� �a� �r�a�t�e� �o�f� �5�0� �r�p�m� �f�o�r� �2�0� �m�i�n�u�t�e�s� �a�n�d� �a�l�l�o�w�e�d� �t�o� �s�e�t�t�l�e� �f�o�r� �1� �h�o�u�r� 

�b�e�f�o�r�e� �s�a�m�p�l�e�s� �a�l�i�q�u�o�t�s� �w�e�r�e� �d�r�a�w�n�.� �A� �d�e�c�i�s�i�o�n� �w�a�s� �m�a�d�e� �n�o�t� �t�o� �u�s�e� �c�h�l�o�r�i�n�e� 

�a�s� �a�n� �o�x�i�d�a�n�t� �d�u�e� �t�o� �c�o�n�c�e�r�n�s� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� �p�o�s�s�i�b�l�e� �f�o�r�m�a�t�i�o�n� �o�f� �c�h�l�o�r�i�n�a�t�e�d� 

�b�y�p�r�o�d�u�c�t�s�.� 

�3�.�1�.�1�.�4� �C�h�e�m�i�c�a�l� �C�o�a�g�u�l�a�t�i�o�n� �(�C�C�)� 

�T�h�e� �P�h�i�p�p�s� �a�n�d� �B�i�r�d� �(�R�i�c�h�m�o�n�d�,� �V�A�)�,� �s�i�x� �p�a�d�d�l�e� �j�a�r� �t�e�s�t� �a�p�p�a�r�a�t�u�s� �w�a�s� 
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�u�s�e�d� �f�o�r� �a�l�l� �c�h�e�m�i�c�a�l� �c�o�a�g�u�l�a�t�i�o�n� �s�t�u�d�i�e�s�.� �A�l�l� �s�a�m�p�l�e�s� �w�e�r�e� �s�t�i�r�r�e�d� �a�t� �1�0�0� �r�p�m� 

�f�o�r� �3�0� �s�e�c�o�n�d�s� �t�h�e�n� �5�0� �r�p�m� �f�o�r� �1�.�5� �m�i�n�u�t�e�s�.� �S�a�m�p�l�e�s� �w�e�r�e� �a�l�l�o�w�e�d� �t�o� �s�e�t�t�l�e� �f�o�r� 

�1� �h�o�u�r�.� �P�o�l�y�m�e�r�s� �A�L�2�2�0�,� �A�1�3�0�,� �N�a�l�c�o� �7�1�3�5� �a�n�d� �N�a�l�c�o� �9�7�6�4� �w�e�r�e� �u�s�e�d� �a�t� 

�s�e�v�e�r�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �t�h�e� �c�o�a�g�u�l�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s�.� �A�L�2�2�0� �i�s� �c�u�r�r�e�n�t�l�y� �u�s�e�d� 

�a�t� �t�h�e� �P�l�a�n�t� �a�n�d� �i�s� �a� �h�i�g�h�l�y� �p�o�s�i�t�i�v�e�l�y� �c�h�a�r�g�e�d� �b�l�e�n�d� �o�f� �a�n� �i�n�o�r�g�a�n�i�c� �a�l�u�m�i�n�u�m� 

�c�o�m�p�o�u�n�d� �a�n�d� �a� �p�o�l�y�a�m�i�n�e� �p�o�l�y�m�e�r�.� �A�1�3�0�,� �a�l�s�o� �u�s�e�d� �a�t� �t�h�e� �P�l�a�n�t�,� �i�s� �a� 

�m�o�d�e�r�a�t�e�l�y� �a�n�i�o�n�i�c� �o�r�g�a�n�i�c� �p�o�l�y�m�e�r�.� �N�a�l�c�o� �7�1�3�5� �i�s� �a�n� �a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n� �o�f� �a� 

�p�o�l�y�q�u�a�t�e�r�n�a�r�y� �a�m�i�n�e� �c�h�l�o�r�i�d�e�,� �w�h�i�l�e� �N�a�l�c�o� �9�7�6�4� �i�s� �a�n� �a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n� �o�f� �a� 

�c�a�t�i�o�n�i�c� �p�o�l�y�a�m�i�n�e�.� 

�3�.�1�.�2� �P�r�e�t�r�e�a�t�m�e�n�t� �E�x�p�e�r�i�m�e�n�t�s� 

�T�e�n� �d�i�f�f�e�r�e�n�t� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �w�a�s�t�e� 

�s�t�r�e�a�m� �w�i�t�h� �t�h�e� �m�e�t�h�o�d�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�.� �O�n�e� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �c�o�n�d�u�c�t�e�d� �o�n� 

�t�h�e� �d�y�e� �a�n�d� �p�r�i�n�t� �w�a�s�t�e� �s�t�r�e�a�m� �c�o�m�b�i�n�a�t�i�o�n�.� �T�h�e� �s�e�c�t�i�o�n�s� �b�e�l�o�w� �w�i�l�l� �p�r�e�s�e�n�t� �a� 

�d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� �a�n�d� �l�i�s�t� �t�h�e� �a�n�a�l�y�t�i�c�a�l� �p�r�o�c�e�d�u�r�e�s� �p�e�r�f�o�r�m�e�d� �f�o�r� 

�e�a�c�h�.� �T�h�e� �l�e�t�t�e�r�s� �i�n� �p�a�r�e�n�t�h�e�s�e�s�,� �f�o�l�l�o�w�i�n�g� �t�h�e� �e�x�p�e�r�i�m�e�n�t�,� �n�u�m�b�e�r� �i�n�d�i�c�a�t�e� 

�w�h�i�c�h� �p�r�e�t�r�e�a�t�m�e�n�t� �m�e�t�h�o�d�s� �w�e�r�e� �e�m�p�l�o�y�e�d� �s�i�n�g�l�y� �o�r� �i�n� �c�o�m�b�i�n�a�t�i�o�n�.� 

�P�r�e�t�r�e�a�t�m�e�n�t� �m�e�t�h�o�d�(�s�)� �t�h�a�t� �w�e�r�e� �a�p�p�l�i�e�d� �a�n�d� �a�n�a�l�y�t�i�c�a�l� �p�r�o�c�e�d�u�r�e�s� �t�h�a�t� �w�e�r�e� 

�p�e�r�f�o�r�m�e�d� �i�n� �e�a�c�h� �e�x�p�e�r�i�m�e�n�t� �a�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �3�.� �A�n�a�l�y�t�i�c�a�l� �p�r�o�c�e�d�u�r�e�s� 

�t�h�a�t� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �s�a�m�p�l�e�s� �i�n�c�l�u�d�e�,� �t�o�t�a�l� �s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s� �(�T�S�S�)�,� �c�h�e�m�i�c�a�l� 

�o�x�y�g�e�n� �d�e�m�a�n�d� �(�C�O�D�)�,� �c�o�l�o�r� �a�n�d� �d�i�s�s�o�l�v�e�d� �o�r�g�a�n�i�c� �c�a�r�b�o�n� �(�D�O�C�)�.� �A�l�l� �C�O�D� 
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�m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �o�f� �s�o�l�u�b�l�e� �C�O�D�,� �m�e�a�n�i�n�g� �s�a�m�p�l�e�s� �w�e�r�e� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �a� 

�0�.�4�5� �u�m� �f�i�l�t�e�r� �p�r�i�o�r� �t�o� �a�n�a�l�y�s�i�s�.� 

�T�a�b�l�e� �3�.� �P�r�e�t�r�e�a�t�m�e�n�t� �m�e�t�h�o�d�s� �a�n�d� �a�n�a�l�y�t�i�c�a�l� �p�r�o�c�e�d�u�r�e�s� �p�e�r� �e�x�p�e�r�i�m�e�n�t� 
� � 
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�E�x�p�e�r�i�m�e�n�t� �P�r�e�t�r�e�a�t�m�e�n�t� �M�e�t�h�o�d� �A�n�a�l�y�t�i�c�a�l� �P�r�o�c�e�d�u�r�e�s �� 

�1� �F� �f�i�l�t�e�r�e�d� �s�o�l�i�d�s�,� �c�o�l�o�r� 

�2� �p�H� �C�O�D�,� �c�o�l�o�r� 

�3� �p�H�,� �F� �f�i�l�t�e�r�e�d� �s�o�l�i�d�s� 

�4� �O� �C�O�D�,� �T�S�S� 

�5� �p�H�,� �O� �C�O�D�,� �T�S�S�,� �c�o�l�o�r�,� �D�O�C� 

�6� �p�H�,� �O�,� �C�C� �C�O�D�,� �T�S�S�,� �c�o�l�o�r�,� �D�O�C� 

�7� �p�H�,� �C�C� �C�O�D�,� �T�S�S�,� �c�o�l�o�r�,� �D�O�C� 

�8� �p�H�,� �C�C�,� �O� �C�O�D�,� �T�S�S�,� �c�o�l�o�r�,� �D�O�C� 

�9� �p�H�,� �C�C� �C�O�D�,� �c�o�l�o�r�,� �D�O�C� 

�1�0� �C�C� �C�O�D�,� �T�S�S�,� �c�o�l�o�r� 

�1�1� �p�H�,� �C�C� �C�O�D�,� �T�S�S�,� �c�o�l�o�r� � � � � � � � � 

�*�A�l�l� �C�O�D� �s�a�m�p�l�e�s� �w�e�r�e� �s�o�l�u�b�l�e� 

�3�.�1�.�2�.�1� �E�x�p�e�r�i�m�e�n�t� �1�,� 

�T�h�i�s� �a�n�a�l�y�s�i�s� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �s�t�r�e�a�m�.� �O�n�e� 

�s�a�m�p�l�e� �w�a�s� �t�e�s�t�e�d�.� �A� �2�5�0� �m�L� �v�o�l�u�m�e� �o�f� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �a�t� �a� �p�H� �o�f� �7� �w�a�s� 

�f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �t�h�e� �r�a�n�g�e� �o�f� �f�i�l�t�e�r�s� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �2�.� �F�i�l�t�e�r�e�d� �s�o�l�i�d�s� 
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�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �m�e�a�s�u�r�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �p�a�r�t�i�c�l�e� �s�i�z�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e� 

�w�a�s�t�e� �s�t�r�e�a�m�.� �A�p�p�a�r�e�n�t� �c�o�l�o�r� �w�a�s� �a�l�s�o� �a�n�a�l�y�z�e�d�,� �m�e�a�n�i�n�g� �s�a�m�p�l�e�s� �w�e�r�e� �n�o�t� 

�f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �1�.�2� �u�m� �f�i�l�t�e�r�s� �p�r�i�o�r� �t�o� �t�h�e� �c�o�l�o�r� �a�n�a�l�y�s�i�s�.� �T�h�e� �p�H� �w�a�s� �n�o�t� 

�a�d�j�u�s�t�e�d� �t�o� �7�.�6�.� 

�3�.�1�.�2�.�2� �E�x�p�e�r�i�m�e�n�t� �2�,� 

�T�h�e� �p�H� �o�f� �t�h�e� �c�o�n�t�r�o�l� �s�a�m�p�l�e� �w�a�s� �6�.�0�.� �T�h�e� �p�H� �l�e�v�e�l�s� �o�f� �e�i�g�h�t� �o�t�h�e�r� 

�s�a�m�p�l�e�s� �w�e�r�e� �a�d�j�u�s�t�e�d� �i�n� �i�n�c�r�e�m�e�n�t�s� �o�f� �0�.�5� �t�o� �r�a�n�g�e� �f�r�o�m� �2� �t�h�r�o�u�g�h� �5�.�5�.� �S�u�l�f�u�r�i�c� 

�a�c�i�d� �w�i�t�h� �a� �n�o�r�m�a�l�i�t�y� �(�N�)� �o�f� �o�n�e� �w�a�s� �u�s�e�d� �t�o� �a�d�j�u�s�t� �t�h�e� �p�H� �l�e�v�e�l�.� �S�a�m�p�l�e�s� �f�o�r� 

�C�O�D� �a�n�a�l�y�s�i�s� �w�e�r�e� �d�i�l�u�t�e�d� �1� �t�o� �5�0� �a�n�d� �1� �t�o� �1�6�.�7� �(�0�.�1� �a�n�d� �0�.�3� �m�L� �i�n� �5� �m�L�)�.� �T�w�o� 

�d�i�l�u�t�i�o�n�s� �w�e�r�e� �u�s�e�d� �f�o�r� �t�h�e� �C�O�D� �a�n�a�l�y�s�i�s� �d�u�e� �t�o� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� �C�O�D� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �w�e�r�e� �i�n�i�t�i�a�l�l�y� �u�n�k�n�o�w�n� �a�t� �t�h�e� �t�i�m�e�.� 

�A�p�p�a�r�e�n�t� �(�u�n�f�i�l�t�e�r�e�d�)� �c�o�l�o�r� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �t�h�e� �n�i�n�e� �s�a�m�p�l�e�s�.� �A�l�s�o�,� �t�h�e� �p�H� �o�f� 

�t�h�e� �s�a�m�p�l�e�s� �w�a�s� �n�o�t� �r�e�a�d�j�u�s�t�e�d� �t�o� �7�.�6� �p�r�i�o�r� �t�o� �t�h�e� �c�o�l�o�r� �a�n�a�l�y�s�i�s� �b�e�c�a�u�s�e� �o�n�l�y� 

�t�h�e� �e�f�f�e�c�t� �o�f� �p�H� �a�d�j�u�s�t�m�e�n�t� �o�n� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �w�a�s� �d�e�s�i�r�e�d�.� 

�3�.�1�.�2�.�3� �E�x�p�e�r�i�m�e�n�t� �3�,�4� �5� 

�T�w�o� �5�0�0� �m�L� �s�a�m�p�l�e�s� �w�e�r�e� �a�d�j�u�s�t�e�d� �t�o� �p�H� �l�e�v�e�l�s� �o�f� �3� �a�n�d� �5�.� �E�a�c�h� �s�a�m�p�l�e� 

�v�o�l�u�m�e� �w�a�s� �t�h�e�n� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �t�h�e� �r�a�n�g�e� �o�f� �f�i�l�t�e�r�s� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �2�.� �T�h�i�s� 

�e�x�p�e�r�i�m�e�n�t� �w�a�s� �p�e�r�f�o�r�m�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �p�H� �a�d�j�u�s�t�m�e�n�t� �m�i�g�h�t� �a�f�f�e�c�t� �t�h�e� 

�p�a�r�t�i�c�l�e� �s�i�z�e� �d�i�s�t�r�i�b�u�t�i�o�n�s� �w�h�i�c�h� �r�e�s�u�l�t�e�d� �f�r�o�m� �E�x�p�e�r�i�m�e�n�t� �1�.� �F�i�l�t�e�r�e�d� �s�o�l�i�d�s� 

�3�7



�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �s�a�m�p�l�e�s� �a�c�r�o�s�s� �t�h�e� �r�a�n�g�e� �o�f� 

�f�i�l�t�e�r�s� �t�h�a�t� �w�a�s� �u�s�e�d�.� 

�3�.�1�.�2�.�4� �E�x�p�e�r�i�m�e�n�t� �4�,�0� 

�S�i�x� �5�0�0� �m�L� �s�a�m�p�l�e�s� �o�f� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h�,� �a�t� �a�n� �u�n�a�d�j�u�s�t�e�d� �p�H� �o�f� �6�.�5�,� 

�w�e�r�e� �d�o�s�e�d� �w�i�t�h� �0�,� �1�0�,� �3�0�,� �5�0�,� �7�5�,� �a�n�d� �1�0�0� �m�g�/�L� �o�f� �a� �3�%� �b�y� �w�e�i�g�h�t� �h�y�d�r�o�g�e�n� 

�p�e�r�o�x�i�d�e� �s�o�l�u�t�i�o�n� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �o�x�i�d�a�t�i�o�n� �w�o�u�l�d� �r�e�m�o�v�e� �o�r�g�a�n�i�c�s�,� �c�o�l�o�r�,� �o�r� �b�o�t�h�.� 

�S�a�m�p�l�e� �a�l�i�q�u�o�t�s� �o�f� �1�0�0� �m�L� �w�e�r�e� �r�e�m�o�v�e�d� �f�r�o�m� �e�a�c�h� �s�a�m�p�l�e� �f�o�r� �s�o�l�u�b�l�e� �C�O�D� 

�a�n�d� �T�S�S� �a�n�a�l�y�s�e�s�.� 

�3�.�1�.�2�.�5� �E�x�p�e�r�i�m�e�n�t� �5�,�4�,� �0�)� 

�F�i�v�e� �5�0�0� �m�L� �s�a�m�p�l�e�s� �o�f� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �w�e�r�e� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� 

�o�x�i�d�a�t�i�o�n� �p�r�e�c�e�d�e�d� �b�y� �p�H� �a�d�j�u�s�t�m�e�n�t� �w�o�u�l�d� �i�n�d�u�c�e� �r�e�m�o�v�a�l� �o�f� �o�r�g�a�n�i�c�s�,� �c�o�l�o�r�,� �o�r� 

�b�o�t�h�.� �T�h�e� �p�H� �v�a�l�u�e�s� �o�f� �t�h�r�e�e� �s�a�m�p�l�e�s� �w�e�r�e� �a�d�j�u�s�t�e�d� �t�o� �3�,� �4�,� �a�n�d� �5�.� �T�h�e� �p�H� �o�f� 

�t�h�e� �f�o�u�r�t�h� �s�a�m�p�l�e� �w�a�s� �u�n�a�d�j�u�s�t�e�d� �a�t� �6�.�8�.� �T�h�e�s�e� �f�o�u�r� �s�a�m�p�l�e�s� �w�e�r�e� �t�h�e�n� �d�o�s�e�d� 

�w�i�t�h� �1�0�0� �m�g�/�L� �o�f� �a� �3�%� �h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e� �s�o�l�u�t�i�o�n�.� �A� �f�i�f�t�h� �s�a�m�p�l�e� �w�i�t�h� �a� �p�H� �o�f� 

�6�.�8� �a�c�t�e�d� �a�s� �t�h�e� �c�o�n�t�r�o�l� �a�n�d� �r�e�c�e�i�v�e�d� �n�o� �h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e�.� �S�a�m�p�l�e� �v�o�l�u�m�e�s� �o�f� 

�1�5�0� �m�L� �w�e�r�e� �a�n�a�l�y�z�e�d� �f�o�r� �s�o�l�u�b�l�e� �C�O�D�,� �T�S�S�,� �c�o�l�o�r�,� �a�n�d� �D�O�C�.� 

�3�.�1�.�2�.�6� �E�x�p�e�r�i�m�e�n�t� �6�,�4� �0�.�c�)� 

�E�x�p�e�r�i�m�e�n�t� �6� �w�a�s� �a� �r�e�p�e�a�t� �o�f� �e�x�p�e�r�i�m�e�n�t� �5� �e�x�c�e�p�t� �f�o�r� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �7�8�5� 
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�m�g�/�L� �o�f� �t�h�e� �i�n�o�r�g�a�n�i�c� �a�l�u�m�i�n�u�m� �c�o�m�p�o�u�n�d� �a�n�d� �p�o�l�y�a�m�i�n�e� �b�l�e�n�d� �p�o�l�y�m�e�r�,� 

�A�L�2�2�0�,� �f�o�l�l�o�w�i�n�g� �o�x�i�d�a�t�i�o�n�,� �t�o� �d�e�t�e�r�m�i�n�e� �h�o�w� �a� �p�o�l�y�m�e�r� �m�i�g�h�t� �a�f�f�e�c�t� �r�e�m�o�v�a�l� �o�f� 

�o�r�g�a�n�i�c� �m�a�t�e�r�i�a�l� �a�n�d� �c�o�l�o�r�.� �W�e�b�e�r� �(�1�9�9�4�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �a�d�d�i�t�i�o�n� �o�f� �A�L�2�2�0�,� 

�a�l�o�n�e�,� �t�o� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �w�a�s�t�e� �s�t�r�e�a�m� �p�r�o�v�i�d�e�d� �d�i�s�c�o�u�r�a�g�i�n�g� �r�e�s�u�l�t�s�.� �I�t� 

�w�a�s� �p�o�s�s�i�b�l�e� �t�h�a�t� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �o�x�i�d�a�t�i�o�n� �a�n�d� �c�h�e�m�i�c�a�l� �c�o�a�g�u�l�a�t�i�o�n� �w�o�u�l�d� 

�p�r�o�v�i�d�e� �m�o�r�e� �e�n�c�o�u�r�a�g�i�n�g� �r�e�s�u�l�t�s�.� �W�e�b�e�r� �s�t�a�t�e�d� �t�h�a�t�  ��h�i�g�h� �d�o�s�e�s� �(�o�f� �A�L�2�2�0�)� 

�w�e�r�e� �u�s�e�d� �b�e�c�a�u�s�e� �p�r�e�l�i�m�i�n�a�r�y� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �s�u�c�h� �d�o�s�e�s� �w�e�r�e� 

�n�e�c�e�s�s�a�r�y ��.� �T�h�e� �o�x�i�d�a�n�t� �w�a�s� �s�t�i�r�r�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �s�e�c�t�i�o�n� �3�.�1�.�1�.�3�,� �t�h�e�n� �t�h�e� 

�p�o�l�y�m�e�r� �w�a�s� �a�d�d�e�d�.� �T�h�e� �c�h�e�m�i�c�a�l� �c�o�a�g�u�l�a�t�i�o�n� �m�i�x�i�n�g� �s�c�h�e�m�e� �w�a�s� �t�h�e�n� 

�p�e�r�f�o�r�m�e�d�,� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �s�e�c�t�i�o�n� �3�.�1�.�1�.�4�.� �S�o�l�u�b�l�e� �C�O�D�,� �T�S�S�,� �c�o�l�o�r�,� �a�n�d� �D�O�C� 

�w�e�r�e� �m�e�a�s�u�r�e�d�.� 

�3�.�1�.�2�.�7� �E�x�p�e�r�i�m�e�n�t� �7� �o�c�c�)� 

�T�w�o� �5�0�0� �m�L� �s�a�m�p�l�e�s� �o�f� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �w�e�r�e� �m�a�i�n�t�a�i�n�e�d� �a�t� �e�x�i�s�t�i�n�g� �p�H� 

�c�o�n�d�i�t�i�o�n�s� �o�f� �6�.�8� �a�n�d� �d�o�s�e�d� �w�i�t�h� �4�0�0� �a�n�d� �7�8�5� �m�g�/�L� �o�f� �A�L�2�2�0�.� �T�w�o� �a�d�d�i�t�i�o�n�a�l� 

�5�0�0� �m�L� �s�a�m�p�l�e�s� �w�e�r�e� �a�d�j�u�s�t�e�d� �t�o� �p�H� �4�.�5� �a�n�d� �d�o�s�e�d� �w�i�t�h� �t�h�e� �s�a�m�e� �t�w�o� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �A�L�2�2�0�.� �T�h�i�s� �e�x�p�e�r�i�m�e�n�t�,� �A�L�2�2�0� �a�d�d�i�t�i�o�n� �a�t� �a� �p�H� �o�f� �4�.�5�,� �w�a�s� 

�c�o�n�d�u�c�t�e�d� �b�e�c�a�u�s�e� �i�t� �w�a�s� �u�n�c�l�e�a�r� �w�h�a�t� �p�H� �v�a�l�u�e�s� �w�e�r�e� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e� 

�d�i�s�c�o�u�r�a�g�i�n�g� �A�L�2�2�0� �e�x�p�e�r�i�m�e�n�t�s� �w�h�i�c�h� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �b�y� �W�e�b�e�r� �(�1�9�9�4�)� �o�n� �t�h�e� 

�b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �s�t�r�e�a�m�.� �I�t� �w�a�s� �p�o�s�s�i�b�l�e� �t�h�a�t� �a� �s�i�g�n�i�f�i�c�a�n�t� �r�e�d�u�c�t�i�o�n� �i�n� �p�H� �m�a�y� 

�h�a�v�e� �p�r�o�v�i�d�e�d� �b�e�t�t�e�r� �r�e�s�u�l�t�s� �t�h�a�n� �w�e�r�e� �r�e�p�o�r�t�e�d�.� �T�h�e� �c�o�n�t�r�o�l� �u�s�e�d� �i�n� �t�h�i�s� 
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�e�x�p�e�r�i�m�e�n�t� �w�a�s� �t�h�e� �s�a�m�e� �c�o�n�t�r�o�l� �t�h�a�t� �w�a�s� �u�s�e�d� �i�n� �E�x�p�e�r�i�m�e�n�t� �5�.� �A�f�t�e�r� �s�e�t�t�l�i�n�g�,� 

�s�o�l�u�b�l�e� �C�O�D�,� �T�S�S�,� �c�o�l�o�r� �a�n�d� �D�O�C� �w�e�r�e� �m�e�a�s�u�r�e�d�.� 

�3�.�1�.�2�.�8� �E�x�p�e�r�i�m�e�n�t� �8�,�4�,� �c�c�)� 

�A� �n�e�w� �s�h�i�p�m�e�n�t� �o�f� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �w�a�s� �u�s�e�d� �f�o�r� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�.� �T�h�e� 

�p�H� �w�a�s� �a�d�j�u�s�t�e�d� �t�o� �v�a�l�u�e�s� �o�f� �4�.�5�,� �5�,� �8�;� �9� �a�n�d� �1�0�.�5� �i�n� �f�i�v�e� �5�0�0� �m�L� �s�a�m�p�l�e�s�.� �T�h�e� 

�s�i�x�t�h� �s�a�m�p�l�e� �p�H� �w�a�s� �l�e�f�t� �u�n�a�d�j�u�s�t�e�d� �a�t� �9�.�7�5� �t�o� �s�e�r�v�e� �a�s� �t�h�e� �c�o�n�t�r�o�l�.� �A� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �7�8�5� �m�g�/�L� �o�f� �A�L�2�2�0� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �f�i�v�e� �p�H� �a�d�j�u�s�t�e�d� �s�a�m�p�l�e�s�.� 

�A�f�t�e�r� �m�i�x�i�n�g� �a�n�d� �s�e�t�t�l�i�n�g�,� �1�0�0� �m�L� �s�a�m�p�l�e�s� �w�e�r�e� �r�e�m�o�v�e�d� �a�n�d� �1�0�0� �m�g�/�L� �o�f� 

�h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �r�e�m�a�i�n�i�n�g� �4�0�0� �m�L� �o�f� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h�.� 

�S�a�m�p�l�e�s� �w�e�r�e� �s�t�i�r�r�e�d� �a�g�a�i�n�,� �s�e�t�t�l�e�d� �a�n�d� �s�a�m�p�l�e�d�.� �S�o�l�u�b�l�e� �C�O�D�,� �T�S�S�,� �c�o�l�o�r� �a�n�d� 

�D�O�C� �a�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �a�l�l� �s�a�m�p�l�e�s�.� �I�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �t�h�e� �m�e�t�h�o�d� 

�a�p�p�l�i�c�a�t�i�o�n� �o�r�d�e�r� �w�a�s� �c�h�a�n�g�e�d�,� �f�r�o�m� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�r�d�e�r� �i�n� �E�x�p�e�r�i�m�e�n�t� �6�,� �t�o� 

�c�h�e�m�i�c�a�l� �c�o�a�g�u�l�a�t�i�o�n� �t�h�e�n� �o�x�i�d�a�t�i�o�n� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �m�e�t�h�o�d� �o�r�d�e�r� �w�o�u�l�d� 

�a�f�f�e�c�t� �r�e�m�o�v�a�l� �o�f� �o�r�g�a�n�i�c�s� �o�r� �c�o�l�o�r�.� 

�3�.�1�.�2�.�9� �E�x�p�e�r�i�m�e�n�t� �9�,�4�,� �c�c�)� 

�T�h�i�s� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �c�o�n�d�u�c�t�e�d� �o�n� �a� �n�e�w� �s�h�i�p�m�e�n�t� �o�f� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� 

�w�i�t�h� �a� �p�H� �o�f� �6�.�6�.� �A�l�l� �s�i�x� �5�0�0� �m�L� �s�a�m�p�l�e�s� �w�e�r�e� �a�d�j�u�s�t�e�d� �t�o� �p�H� �4�.�5�.� �T�w�o� �p�o�l�y�m�e�r�s� 

�w�e�r�e� �u�s�e�d� �i�n� �t�h�i�s� �c�a�s�e�;� �A�L�2�2�0� �f�i�r�s�t�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �A�1�3�0� �a�f�t�e�r� �t�h�e� �p�H� 

�w�a�s� �r�e�a�d�j�u�s�t�e�d� �t�o� �7�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �p�o�l�y�m�e�r� �d�o�s�e� �c�o�m�b�i�n�a�t�i�o�n�s�,� �l�i�s�t�e�d� �a�s� �t�h�e� 

�4�0



�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �A�L�2�2�0�/�A�1�3�0� �i�n� �m�g�/�L� �r�e�s�p�e�c�t�i�v�e�l�y�,� �w�e�r�e� �u�s�e�d�:� �2�5�0�/�1�0�,� �4�0�0�/�5�,� 

�4�0�0�/�1�0�,� �4�0�0�/�2�0�,� �a�n�d� �7�8�5�/�1�0�.� �A� �c�o�n�t�r�o�l� �w�i�t�h� �p�H� �a�d�j�u�s�t�e�d� �t�o� �4�.�5�,� �b�u�t� �w�i�t�h�o�u�t� 

�p�o�l�y�m�e�r� �a�d�d�i�t�i�o�n�,� �w�a�s� �a�l�s�o� �t�e�s�t�e�d�.� �A�f�t�e�r� �m�i�x�i�n�g� �a�n�d� �s�e�t�t�l�i�n�g�,� �s�a�m�p�l�e�s� �w�e�r�e� 

�a�n�a�l�y�z�e�d� �f�o�r� �s�o�l�u�b�l�e� �C�O�D�,� �c�o�l�o�r� �a�n�d� �D�O�C�.� 

�3�.�1�.�2�.�1�0� �E�x�p�e�r�i�m�e�n�t� �1�0�,�¢�¢�,� 

�T�h�i�s� �e�x�p�e�r�i�m�e�n�t� �i�n�v�o�i�v�e�d� �t�h�e� �u�s�e� �o�f� �N�a�l�c�o� �p�o�l�y�m�e�r�s� �7�1�3�5� �a�n�d� �9�7�6�4� �t�o� 

�t�r�e�a�t� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �e�f�f�l�u�e�n�t�.� �T�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �h�a�d� �a�n� �o�r�i�g�i�n�a�l� �p�H� �o�f� 

�7�.�5�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �p�H� �v�a�l�u�e�s� �o�f� �t�h�e� �s�a�m�p�l�e�s� �r�e�m�a�i�n�e�d� �u�n�a�d�j�u�s�t�e�d� �d�u�e� �t�o� 

�n�e�u�t�r�a�l� �p�H� �v�a�l�u�e�s� �t�y�p�i�c�a�l�l�y� �b�e�i�n�g� �c�o�n�d�u�c�i�v�e� �t�o� �o�r�g�a�n�i�c� �p�o�l�y�m�e�r� �r�e�a�c�t�i�o�n� 

�m�e�c�h�a�n�i�s�m�s�.� �P�o�l�y�m�e�r� �7�1�3�5� �d�o�s�e�s� �o�f� �1�0�,� �2�5�,� �5�0� �a�n�d� �1�0�0� �m�g�/�L� �a�n�d� �p�o�l�y�m�e�r� 

�9�7�6�4� �d�o�s�e�s� �o�f� �5�0� �a�n�d� �1�0�0� �m�g�/�L� �w�e�r�e� �a�p�p�l�i�e�d� �t�o� �5�0�0� �m�L� �s�a�m�p�l�e�s� �o�f� �b�l�e�a�c�h� �a�n�d� 

�f�i�n�i�s�h�.� �A�l�s�o� �t�e�s�t�e�d� �w�a�s� �a� �s�a�m�p�l�e� �a�d�j�u�s�t�e�d� �t�o� �p�H� �2�.�5� �w�i�t�h� �n�o� �p�o�l�y�m�e�r� �a�d�d�i�t�i�o�n� 

�a�n�d� �a� �c�o�n�t�r�o�l� �w�i�t�h� �n�o� �p�H� �a�d�j�u�s�t�m�e�n�t� �o�r� �p�o�l�y�m�e�r� �a�d�d�i�t�i�o�n�.� �M�i�x�i�n�g� �a�n�d� �s�e�t�t�l�i�n�g� 

�w�e�r�e� �i�d�e�n�t�i�c�a�l� �t�o� �t�h�e� �p�r�o�c�e�d�u�r�e� �d�e�s�c�r�i�b�e�d� �i�n� �S�e�c�t�i�o�n� �3�.�1�.�1�.�3�,� �e�x�c�e�p�t� �s�l�o�w� �m�i�x�i�n�g� 

�w�a�s� �c�o�n�d�u�c�t�e�d� �a�t� �3�0� �r�p�m� �i�n�s�t�e�a�d� �o�f� �5�0� �r�p�m�.� �S�a�m�p�l�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �f�o�r� �T�S�S�,� 

�s�o�l�u�b�l�e� �C�O�D� �a�n�d� �c�o�l�o�r� 

�3�.�1�.�2�.�1�1� �E�x�p�e�r�i�m�e�n�t� �1�1�(�p�n�,� �c�c�)� 

�D�y�e� �a�n�d� �p�r�i�n�t� �s�a�m�p�l�e�s� �w�e�r�e� �c�o�m�b�i�n�e�d� �i�n� �a� �f�o�u�r� �p�a�r�t�s� �t�o� �t�h�r�e�e� �p�a�r�t�s� 

�m�i�x�t�u�r�e� �t�h�a�t� �t�o�t�a�l�e�d� �a� �v�o�l�u�m�e� �o�f� �5�0�0� �m�L�.� �O�r�i�g�i�n�a�l� �p�H� �w�a�s� �1�1�.�3�;� �t�h�e�r�e�f�o�r�e�,� 

�4�]



�r�e�d�u�c�t�i�o�n� �t�o� �a� �p�H� �o�f� �7� �w�a�s� �r�e�q�u�i�r�e�d� �f�o�r� �p�o�l�y�m�e�r� �u�s�e�.� �P�o�l�y�m�e�r�s� �7�1�3�5� �a�n�d� �9�7�6�4� 

�w�e�r�e� �a�d�d�e�d� �i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �2�5�,� �5�0� �a�n�d� �1�0�0� �m�g�/�L� �t�o� �t�w�o� �s�e�t�s� �o�f� �s�i�x�,� �5�0�0� �m�L� 

�s�a�m�p�l�e�s�.� �A� �c�o�n�t�r�o�l� �w�a�s� �u�s�e�d� �w�i�t�h� �p�H� �a�d�j�u�s�t�e�d� �t�o� �7�.� �S�l�o�w� �m�i�x�i�n�g� �w�a�s� �p�e�r�f�o�r�m�e�d� 

�a�t� �3�0� �r�p�m� �a�s� �o�p�p�o�s�e�d� �t�o� �5�0� �r�p�m�.� �A�g�a�i�n�,� �T�S�S�,� �s�o�l�u�b�l�e� �C�O�D� �a�n�d� �c�o�l�o�r� �w�e�r�e� 

�a�n�a�l�y�z�e�d�.� �T�h�i�s� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �p�e�r�f�o�r�m�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �h�i�g�h�e�r� �r�e�m�o�v�a�l� 

�o�f� �s�o�l�i�d�s�,� �C�O�D� �o�r� �c�o�l�o�r� �m�i�g�h�t� �r�e�s�u�l�t� �f�r�o�m� �u�s�e� �o�f� �t�h�e� �N�a�l�c�o� �p�o�l�y�m�e�r�s� �t�h�a�n� �w�a�s� 

�a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �t�h�e� �u�s�e� �o�f� �A�L�2�2�0� �a�n�d� �A�1�3�0�,� �t�h�e� �s�t�a�n�d�a�r�d� �p�r�e�t�r�e�a�t�m�e�n�t� �s�c�h�e�m�e� 

�r�e�c�o�m�m�e�n�d�e�d� �b�y� �W�e�b�e�r� �(�1�9�9�4�)�.� �T�h�e� �s�t�a�n�d�a�r�d� �p�r�e�t�r�e�a�t�m�e�n�t� �s�c�h�e�m�e� �w�a�s� �t�h�e�n� 

�a�p�p�l�i�e�d� �t�o� �a� �5�0�0� �m�L� �s�a�m�p�l�e� �o�f� �t�h�e� �c�o�m�b�i�n�e�d� �d�y�e� �a�n�d� �p�r�i�n�t� �w�a�s�t�e� �s�t�r�e�a�m�s� �f�o�r� 

�c�o�m�p�a�r�i�s�o�n�.� 

�3�.�2� �C�O�N�T�I�N�U�O�U�S� �F�L�O�W� �R�E�A�C�T�O�R� �O�P�E�R�A�T�I�O�N� 

�T�h�r�e�e� �b�e�n�c�h� �s�c�a�l�e� �C�F�R�s� �h�a�d� �b�e�e�n� �o�p�e�r�a�t�i�n�g� �t�o� �t�r�e�a�t� �t�e�x�t�i�l�e� �e�f�f�l�u�e�n�t� �f�r�o�m� 

�t�h�e� �P�l�a�n�t� �f�o�r� �a�p�p�r�o�x�i�m�a�t�e�l�y� �4� �m�o�n�t�h�s� �i�n� �D�e�c�e�m�b�e�r� �o�f� �1�9�9�3�.� �A�t� �t�h�a�t� �t�i�m�e�,� �a� 

�c�h�e�m�i�c�a�l� �p�r�e�t�r�e�a�t�m�e�n�t� �p�r�o�c�e�s�s� �w�a�s� �b�e�i�n�g� �a�p�p�l�i�e�d� �t�o� �t�h�e� �t�h�e�r�m�o�s�o�l� �d�y�e� �a�n�d� �p�r�i�n�t� 

�s�t�r�e�a�m�s� �o�f� �t�h�e� �P�l�a�n�t�'�s� �e�f�f�l�u�e�n�t�.� �A� �d�e�c�i�s�i�o�n� �w�a�s� �m�a�d�e� �t�o� �c�o�n�t�i�n�u�e� �w�i�t�h� �t�h�e� �s�a�m�e� 

�p�r�e�t�r�e�a�t�m�e�n�t� �s�c�h�e�m�e� �t�h�r�o�u�g�h� �t�h�e� �r�e�m�a�i�n�i�n�g� �p�e�r�i�o�d� �o�f� �r�e�s�e�a�r�c�h�,� �t�a�r�g�e�t�e�d� �f�o�r� �l�a�t�e� 

�1�9�9�4�.� �T�h�i�s� �s�e�c�t�i�o�n� �d�e�s�c�r�i�b�e�s� �t�h�e� �c�h�e�m�i�c�a�l� �p�r�e�t�r�e�a�t�m�e�n�t� �s�c�h�e�m�e� �a�n�d� �t�h�e� �C�F�R� 

�s�e�t�u�p� �a�n�d� �o�p�e�r�a�t�i�o�n�.� �F�u�r�t�h�e�r� �i�n�f�o�r�m�a�t�i�o�n� �t�h�a�t� �d�e�s�c�r�i�b�e�s� �t�h�e� �C�F�R� �s�e�t�u�p� �a�n�d� 

�o�p�e�r�a�t�i�o�n� �i�s� �p�r�o�v�i�d�e�d� �b�y� �W�e�b�e�r� �(�1�9�9�4�)�.� 

�4�2



�3�.�2�.�1� �C�h�e�m�i�c�a�l� �P�r�e�t�r�e�a�t�m�e�n�t� 

�C�h�e�m�i�c�a�l� �p�r�e�t�r�e�a�t�m�e�n�t� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �t�h�e�r�m�o�s�o�l� �d�y�e� �a�n�d� �p�r�i�n�t� 

�w�a�s�t�e� �s�t�r�e�a�m�s� �i�n� �a� �b�a�t�c�h� �p�r�o�c�e�s�s�.� �T�h�e� �w�a�s�t�e�,� �w�h�i�c�h� �w�a�s� �b�r�o�u�g�h�t� �t�o� �V�i�r�g�i�n�i�a� 

�T�e�c�h� �a�p�p�r�o�x�i�m�a�t�e�l�y� �e�v�e�r�y� �t�w�o� �w�e�e�k�s� �f�r�o�m� �t�h�e� �P�l�a�n�t�,� �r�e�p�r�e�s�e�n�t�e�d� �e�f�f�l�u�e�n�t� �f�r�o�m� 

�t�h�e� �m�o�s�t� �r�e�c�e�n�t� �p�r�o�c�e�s�s�e�s� �p�e�r�f�o�r�m�e�d� �a�t� �t�h�e� �P�l�a�n�t�.� �T�h�e� �w�a�s�t�e� �w�a�s� �c�o�l�l�e�c�t�e�d� �a�n�d� 

�t�r�a�n�s�p�o�r�t�e�d� �t�o� �V�i�r�g�i�n�i�a� �T�e�c�h� �w�i�t�h�i�n� �2�4� �h�o�u�r�s�.� �P�r�e�t�r�e�a�t�m�e�n�t� �a�p�p�a�r�a�t�u�s� �a�n�d� 

�m�a�t�e�r�i�a�l�s� �i�n�c�l�u�d�e�d� �a� �3�0� �g�a�l�l�o�n� �N�a�l�g�e�n�e� �t�a�n�k�,� �a�n� �A�m�e�r�i�c�a�n� �M�o�d�e�l� �L�R�-�4�1�C� 

�v�a�r�i�a�b�l�e� �s�p�e�e�d� �s�t�i�r�r�e�r�,� �a� �M�a�s�t�e�r�f�l�e�x� �p�e�r�i�s�t�a�l�t�i�c� �p�u�m�p� �a�n�d� �s�o�l�i�d� �s�t�a�t�e� �p�u�m�p� �c�o�n�t�r�o�l� 

�(�C�o�l�e� �P�a�r�m�e�r� �I�n�s�t�r�u�m�e�n�t� �C�o�.�,� �C�h�i�c�a�g�o�,� �I�L�)�,� �a� �3�5� �g�a�l�l�o�n� �r�u�b�b�e�r� �t�a�n�k�,� 

�c�o�n�c�e�n�t�r�a�t�e�d� �s�u�l�f�u�r�i�c� �a�c�i�d�,� �a� �d�i�l�u�t�e� �s�o�d�i�u�m� �h�y�d�r�o�x�i�d�e� �s�o�l�u�t�i�o�n� �a�n�d� �t�w�o� �p�o�l�y�m�e�r�s�,� 

�o�n�e� �h�i�g�h�l�y� �c�a�t�i�o�n�i�c�,� �t�h�e� �o�t�h�e�r� �m�o�d�e�r�a�t�e�l�y� �a�n�i�o�n�i�c�.� 

�T�h�e� �w�a�s�t�e� �s�t�r�e�a�m�s� �w�e�r�e� �c�o�m�b�i�n�e�d� �i�n� �a� �4� �p�a�r�t�s� �d�y�e� �t�o� �3� �p�a�r�t�s� �p�r�i�n�t� �m�i�x�t�u�r�e� 

�t�o� �m�a�i�n�t�a�i�n� �t�h�e� �s�a�m�e� �r�a�t�i�o� �u�s�e�d� �a�t� �t�h�e� �P�l�a�n�t�.� �T�h�e� �N�a�l�g�e�n�e� �t�a�n�k� �w�a�s� �u�s�e�d� �t�o� 

�c�o�n�t�a�i�n� �1�0� �g�a�l�l�o�n�s� �o�f� �d�y�e� �a�n�d� �7�.�5� �g�a�l�l�o�n�s� �o�f� �p�r�i�n�t� �f�o�r� �t�h�e� �c�o�a�g�u�l�a�t�i�o�n�,� 

�f�l�o�c�c�u�l�a�t�i�o�n�,� �a�n�d� �s�e�t�t�l�i�n�g� �p�r�o�c�e�d�u�r�e�.� �T�h�e� �p�H� �o�f� �t�h�e� �m�i�x�t�u�r�e� �w�a�s� �a�d�j�u�s�t�e�d� �t�o� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �6�,� �f�r�o�m� �t�h�e� �i�n�i�t�i�a�l� �v�a�l�u�e� �w�h�i�c�h� �r�a�n�g�e�d� �f�r�o�m� �1�0� �t�o� �1�2�,� �w�i�t�h� 

�c�o�n�c�e�n�t�r�a�t�e�d� �s�u�l�f�u�r�i�c� �a�c�i�d�.� �T�h�e� �h�i�g�h�l�y� �c�a�t�i�o�n�i�c� �b�l�e�n�d� �o�f� �a�n� �i�n�o�r�g�a�n�i�c� �a�l�u�m�i�n�u�m� 

�c�o�m�p�o�u�n�d� �a�n�d� �a� �p�o�l�y�a�m�i�n�e�,� �A�L�2�2�0�,� �w�a�s� �a�d�d�e�d� �a�t� �a� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �7�8�5� �m�g�/�L�.� 

�A� �r�a�p�i�d� �m�i�x� �p�e�r�i�o�d� �o�f� �1�.�5� �m�i�n�u�t�e�s� �a�t� �a� �s�t�i�r�r�e�r� �s�p�e�e�d� �s�e�t�t�i�n�g� �o�f� �3� �w�a�s� �f�o�l�l�o�w�e�d� �b�y� �a� 

�s�l�o�w�e�r� �m�i�x�i�n�g� �p�e�r�i�o�d� �o�f� �7� �m�i�n�u�t�e�s� �a�t� �a� �s�t�i�r�r�e�r� �s�p�e�e�d� �s�e�t�t�i�n�g� �o�f� �2�.� �T�h�e� �p�H� �w�a�s� 

�t�h�e�n� �a�d�j�u�s�t�e�d� �u�p�w�a�r�d� �t�o� �7� �w�i�t�h� �t�h�e� �d�i�l�u�t�e� �s�o�d�i�u�m� �h�y�d�r�o�x�i�d�e� �s�o�l�u�t�i�o�n� �p�r�i�o�r� �t�o� �t�h�e� 
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�a�d�d�i�t�i�o�n� �o�f� �1�0� �m�g�/�L� �o�f� �a� �0�.�5�%� �s�o�l�u�t�i�o�n� �o�f� �t�h�e� �m�o�d�e�r�a�t�e�l�y� �a�n�i�o�n�i�c�,� �o�r�g�a�n�i�c� 

�p�o�l�y�m�e�r�,� �A�1�3�0�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �s�t�i�r�r�e�d� �f�o�r� �a�n� �a�d�d�i�t�i�o�n�a�l� �p�e�r�i�o�d� �o�f� �5� �m�i�n�u�t�e�s� �a�t� 

�a� �s�t�i�r�r�e�r� �s�p�e�e�d� �s�e�t�t�i�n�g� �o�f� �2�.� �T�h�e� �s�t�i�r�r�e�r� �w�a�s� �t�u�r�n�e�d� �o�f�f� �a�n�d� �t�h�e� �m�i�x�t�u�r�e� �w�a�s� 

�a�l�l�o�w�e�d� �t�o� �s�e�t�t�l�e� �f�o�r� �1� �t�o� �2� �h�o�u�r�s�.� �T�h�i�s� �p�r�e�t�r�e�a�t�m�e�n�t� �s�c�h�e�m�e� �d�i�f�f�e�r�s� �s�l�i�g�h�t�l�y� �f�r�o�m� 

�t�h�a�t� �d�e�s�c�r�i�b�e�d� �b�y� �W�e�b�e�r� �(�1�9�9�4�)�.� �T�h�e� �c�h�a�n�g�e�s� �c�o�n�s�i�s�t� �o�f� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �A�L�2�2�0� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �f�r�o�m� �6�0�0� �t�o� �7�8�5� �m�g�/�L�,� �a�n�d� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �A�1�3�0� �c�o�n�c�e�n�t�r�a�t�i�o�n� 

�f�r�o�m� �5� �t�o� �1�0� �m�g�/�L�.� �W�e�b�e�r� �s�t�a�t�e�d� �t�h�a�t� �a�d�d�i�t�i�o�n�a�l� �w�o�r�k�,� �w�h�i�c�h� �w�a�s� �p�e�r�f�o�r�m�e�d� 

�f�o�l�l�o�w�i�n�g� �t�h�e� �c�o�m�p�l�e�t�i�o�n� �o�f� �W�e�b�e�r ��s� �t�h�e�s�i�s�,� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �h�i�g�h�e�r� �c�o�a�g�u�l�a�n�t� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �p�r�o�d�u�c�e�d� �g�r�e�a�t�e�r� �r�e�m�o�v�a�l� �o�f� �o�r�g�a�n�i�c�s� �a�n�d� �c�o�l�o�r�.� 

�O�n�c�e� �s�e�t�t�l�e�d�,� �t�h�e� �s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �p�u�m�p�e�d� �o�u�t� �o�f� �t�h�e� �t�a�n�k�,� �a�t� �a� �p�u�m�p� 

�s�p�e�e�d� �o�f� �1�0�,� �i�n�t�o� �t�r�a�n�s�f�e�r� �c�a�r�b�o�y�s�,� �t�h�e�n� �p�o�u�r�e�d� �i�n�t�o� �t�h�e� �3�5� �g�a�l�l�o�n� �(�g�a�l�)� �r�u�b�b�e�r� 

�t�a�n�k�.� �T�h�e� �s�e�t�t�l�e�d� �s�l�u�d�g�e� �w�a�s� �d�i�s�p�o�s�e�d� �o�f�.� �A� �v�o�l�u�m�e� �o�f� �3� �p�a�r�t�s� �(�7�.�5� �g�a�l�l�o�n�s�)� �o�f� 

�b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �3�5� �g�a�l� �t�a�n�k� �a�t� �t�h�i�s� �p�o�i�n�t�,� �p�l�u�s� �1�.�3� �l�i�t�e�r�s� �(�L�)� �o�f� 

�s�a�n�i�t�a�r�y� �w�a�s�t�e� �f�r�o�m� �t�h�e� �P�l�a�n�t�.� �T�h�e� �v�o�l�u�m�e� �o�f� �s�a�n�i�t�a�r�y� �w�a�s�t�e� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� 

�a�s�s�u�m�i�n�g� �e�a�c�h� �o�f� �t�h�e� �1�3�0� �e�m�p�l�o�y�e�e�s� �a�t� �t�h�e� �P�l�a�n�t� �p�r�o�d�u�c�e�d� �3�0� �g�a�l�/�d�a�y� �o�f� �w�a�s�t�e�.� 

�S�a�n�i�t�a�r�y� �w�a�s�t�e� �f�r�o�m� �t�h�e� �P�l�a�n�t� �i�s� �a�d�d�e�d� �t�o� �t�h�e� �a�e�r�a�t�e�d� �l�a�g�o�o�n� �f�o�l�l�o�w�i�n�g� �p�a�r�t�i�a�l� 

�t�r�e�a�t�m�e�n�t� �i�n� �a�n� �I�m�h�o�f�f� �t�a�n�k�.� �T�h�e� �p�H� �w�a�s� �c�h�e�c�k�e�d� �a�n�d� �r�e�a�d�j�u�s�t�e�d� �t�o� �b�e�t�w�e�e�n� �7� 

�a�n�d� �8�,� �i�f� �t�h�e� �l�e�v�e�l� �h�a�d� �c�h�a�n�g�e�d� �d�u�e� �t�o� �a�d�d�i�t�i�o�n� �o�f� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �w�a�s�t�e�.� 

�T�h�i�s� �m�i�x�t�u�r�e� �w�a�s� �t�h�e�n� �p�u�m�p�e�d� �i�n�t�o� �t�h�e� �C�F�R�s� �a�t� �a� �s�p�e�c�i�f�i�c� �r�a�t�e�,� �a�s� �d�i�s�c�u�s�s�e�d� �i�n� 

�t�h�e� �f�o�l�l�o�w�i�n�g� �p�a�r�a�g�r�a�p�h�.� 
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�3�.�2�.�2� �B�i�o�l�o�g�i�c�a�l� �T�r�e�a�t�m�e�n�t� 

�T�h�r�e�e� �9�.�7� �L� �r�e�a�c�t�o�r�s� �w�e�r�e� �u�s�e�d� �f�o�r� �t�h�e� �b�i�o�l�o�g�i�c�a�l� �s�t�a�g�e� �o�f� �t�r�e�a�t�m�e�n�t�.� �A� 

�M�a�s�t�e�r�f�l�e�x� �p�e�r�i�s�t�a�l�t�i�c� �p�u�m�p� �w�i�t�h� �t�h�r�e�e� �h�e�a�d�s� �w�a�s� �u�s�e�d� �t�o� �p�u�m�p� �i�n�f�l�u�e�n�t� �f�r�o�m� �t�h�e� 

�3�5� �g�a�l� �r�u�b�b�e�r� �t�a�n�k� �i�n�t�o� �t�h�e� �r�e�a�c�t�o�r�s�.� �I�n� �J�a�n�u�a�r�y� �o�f� �1�9�9�4�,� �t�h�e� �f�l�o�w�r�a�t�e� �o�f� �i�n�f�l�u�e�n�t� 

�i�n�t�o� �t�h�e� �r�e�a�c�t�o�r�s� �w�a�s� �d�e�c�r�e�a�s�e�d� �t�o� �a� �r�a�t�e� �o�f� �1�.�7� �m�L�/�m�i�n� �(�0�.�2�4� �L�/�d�a�y�)� �t�o� �p�r�o�v�i�d�e� �a� 

�h�y�d�r�a�u�l�i�c� �r�e�s�i�d�e�n�c�e� �t�i�m�e� �(�H�R�T�)� �o�f� �4� �d�a�y�s� �i�n� �e�a�c�h� �o�f� �t�h�e� �r�e�a�c�t�o�r�s�.� �T�h�e� �r�e�a�c�t�o�r�s� 

�h�a�d� �b�e�e�n� �o�p�e�r�a�t�i�n�g� �a�t� �a� �r�a�t�e� �o�f� �2�.�2� �m�L�/�m�i�n� �w�h�i�c�h� �p�r�o�v�i�d�e�d� �a� �3� �d�a�y� �H�R�T�.� �A� 

�b�a�f�f�l�e� �d�i�v�i�d�e�d� �t�h�e� �i�n�t�e�r�i�o�r� �o�f� �e�a�c�h� �r�e�a�c�t�o�r� �i�n�t�o� �t�w�o� �p�a�r�t�s�.� �T�h�e� �l�a�r�g�e�r� �v�o�l�u�m�e�,� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �8�5�%� �o�f� �t�h�e� �w�h�o�l�e� �v�o�l�u�m�e�,� �w�a�s� �a�e�r�a�t�e�d� �a�n�d� �o�c�c�u�p�i�e�d� �b�y� �t�h�e� �m�i�x�e�d� 

�l�i�q�u�o�r� �s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s� �t�h�a�t� �d�e�g�r�a�d�e�d� �t�h�e� �w�a�s�t�e�.� �T�h�e� �r�e�m�a�i�n�i�n�g� �1�5�%� �o�f� �t�h�e� 

�v�o�l�u�m�e� �w�a�s� �u�s�e�d� �f�o�r� �c�l�a�r�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �t�r�e�a�t�e�d� �e�f�f�l�u�e�n�t�.� �O�u�t�l�e�t� �t�u�b�i�n�g� �c�a�r�r�i�e�d� 

�t�h�e� �e�f�f�l�u�e�n�t� �t�o� �a� �s�i�n�k� �f�o�r� �d�i�s�p�o�s�a�l� �o�r� �t�o� �b�e�a�k�e�r�s� �f�o�r� �a�n�a�l�y�s�i�s�.� �F�i�g�u�r�e� �2� �i�l�l�u�s�t�r�a�t�e�s� 

�t�h�e� �b�e�n�c�h� �s�c�a�l�e� �C�F�R� �s�e�t�u�p� �a�n�d� �F�i�g�u�r�e� �3� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �r�e�a�c�t�o�r� �s�c�h�e�m�a�t�i�c�.� 

�D�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� �i�n� �t�h�e� �a�c�t�i�v�a�t�e�d� �s�l�u�d�g�e� �c�h�a�m�b�e�r� �w�a�s� �m�a�i�n�t�a�i�n�e�d� �a�t� �o�r� �a�b�o�v�e� �5� 

�m�o�a�/�L�.� 

�S�l�u�d�g�e� �a�g�e�s� �(�6�,�o�r� �S�R�T�)� �o�f� �1�5�,� �2�0�,� �a�n�d� �3�0� �d�a�y�s� �w�e�r�e� �m�a�i�n�t�a�i�n�e�d� �i�n� �t�h�e� 

�r�e�a�c�t�o�r�s� �o�v�e�r� �t�h�e� �c�o�u�r�s�e� �o�f� �t�h�e� �r�e�s�e�a�r�c�h�.� �T�h�e� �s�a�m�e� �6�,�s� �w�e�r�e� �u�s�e�d� �d�u�r�i�n�g� 

�W�e�b�e�r�'�s� �r�e�s�e�a�r�c�h� �(�1�9�9�4�)�,� �a�l�o�n�g� �w�i�t�h� �a�n� �a�d�d�i�t�i�o�n�a�l� �r�e�a�c�t�o�r� �o�p�e�r�a�t�i�n�g� �a�t� �a� �6�,� �o�f� 

�8� �d�a�y�s�.� �D�u�e� �t�o� �t�h�e� �p�o�o�r� �r�e�s�u�l�t�s� �e�x�h�i�b�i�t�e�d� �b�y� �t�h�e� �8� �d�a�y� �6�,� �r�e�a�c�t�o�r�,� �i�t� �w�a�s� �d�e�c�i�d�e�d� 

�n�o�t� �t�o� �c�o�n�t�i�n�u�e� �o�p�e�r�a�t�i�o�n� �a�t� �t�h�a�t� �s�l�u�d�g�e� �a�g�e� �f�o�r� �t�h�e� �s�u�b�s�e�q�u�e�n�t� �4� �a�n�d� �7� �d�a�y� �H�R�T� 

�o�p�e�r�a�t�i�o�n�s�.� �M�i�x�e�d� �l�i�q�u�o�r� �w�a�s� �w�a�s�t�e�d� �d�a�i�l�y� �f�r�o�m� �t�h�e� �r�e�a�c�t�o�r�s�.� �T�h�e� �v�o�l�u�m�e� �w�h�i�c�h� 
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�w�a�s� �w�a�s�t�e�d� �w�a�s� �r�e�p�l�a�c�e�d� �b�y� �i�n�f�l�u�e�n�t� �w�a�s�t�e� �f�r�o�m� �t�h�e� �3�5� �g�a�l� �r�u�b�b�e�r� �t�a�n�k�.� 

�W�a�s�t�a�g�e� �(�Q�,�,�)� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �w�i�t�h� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n�.� 

�X�Q� 
�Q�,� �= �� 

�X� 

�w�h�e�r�e�:� �6�,� �=� �s�l�u�d�g�e� �a�g�e�,� �d�a�y�s� 

�X� �=� �m�i�x�e�d� �l�i�q�u�o�r� �s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s�,� �M�L�S�S�,� �m�g�/�L� 

�V� �=�v�o�l�u�m�e� �o�f� �r�e�a�c�t�o�r�,� �L� 

�Q� �=� �i�n�f�l�u�e�n�t� �f�l�o�w� �r�a�t�e�,� �L�/�d�a�y� 

�X�,� �=� �e�f�f�l�u�e�n�t� �t�o�t�a�l� �s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s�,� �T�S�S�,� �m�g�/�L� 

�Q�,�,� �=� �w�a�s�t�a�g�e� �r�a�t�e�,� �L�/�d�a�y� 

�T�h�e� �r�e�a�c�t�o�r�s� �w�e�r�e� �o�p�e�r�a�t�e�d� �f�o�r� �6� �m�o�n�t�h�s� �a�t� �t�h�e� �4� �d�a�y� �H�R�T�.� �W�e�e�k�l�y� 

�p�r�e�t�r�e�a�t�m�e�n�t�s� �c�o�n�t�i�n�u�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �s�e�c�t�i�o�n� �3�.�2�.�1�.� �A�n�a�l�y�s�e�s� �i�n�c�l�u�d�i�n�g� 

�m�i�x�e�d� �l�i�q�u�o�r� �s�u�s�p�e�n�d�e�d� �a�n�d� �v�o�l�a�t�i�l�e� �s�o�l�i�d�s� �(�M�L�S�S� �a�n�d� �M�L�V�S�S�)�,� �T�S�S�,� �C�O�D� �a�n�d� 

�c�o�l�o�r� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �3� �t�i�m�e�s� �p�e�r� �w�e�e�k� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �a�r�r�i�v�a�l� �o�f� �s�t�e�a�d�y� �s�t�a�t�e�.� 

�T�h�o�s�e� �a�n�a�l�y�s�e�s� �p�l�u�s� �5� �d�a�y� �b�i�o�l�o�g�i�c�a�l� �o�x�y�g�e�n� �d�e�m�a�n�d� �(�B�O�D�s�)�,� �c�a�t�i�o�n�s�,� �a�n�i�o�n�s�,� 

�t�o�t�a�l� �p�h�o�s�p�h�o�r�u�s� �(�T�o�t�a�l� �P�)�,� �a�m�m�o�n�i�a� �n�i�t�r�o�g�e�n� �(�N�H�3�-�N�)�,� �a�n�d� �t�o�t�a�l� �K�j�e�l�d�a�h�l� 

�n�i�t�r�o�g�e�n� �(�T�K�N�)� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �d�u�r�i�n�g� �s�t�e�a�d�y� �s�t�a�t�e� �o�p�e�r�a�t�i�o�n�.� �M�L�V�S�S� �a�n�d� �C�O�D� 

�w�e�r�e� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �4� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �k�i�n�e�t�i�c� �c�o�e�f�f�i�c�i�e�n�t�s�.� 

�O�n�c�e� �s�u�f�f�i�c�i�e�n�t� �d�a�t�a� �w�a�s� �c�o�l�l�e�c�t�e�d� �a�t� �t�h�e� �4� �d�a�y� �H�R�T�,� �t�h�e� �p�u�m�p�i�n�g� �r�a�t�e� 

�w�a�s� �d�e�c�r�e�a�s�e�d� �t�o� �1�.�0� �m�L�/�m�i�n� �(� �1�.�4� �L�/�d�a�y�)� �t�o� �r�e�a�d�j�u�s�t� �t�h�e� �f�l�o�w� �s�o� �t�h�a�t� �t�h�e� 

�r�e�a�c�t�o�r�s� �w�o�u�l�d� �o�p�e�r�a�t�e� �a�t� �a� �7� �d�a�y� �H�R�T�.� �T�h�e� �s�a�m�e� �a�n�a�l�y�s�e�s� �w�h�i�c�h� �w�e�r�e� 
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�p�e�r�f�o�r�m�e�d� �d�u�r�i�n�g� �t�h�e� �4� �d�a�y� �H�R�T� �s�t�u�d�y� �p�l�u�s� �D�O�C� �a�n�d� �2�0� �d�a�y� �b�i�o�l�o�g�i�c�a�l� �o�x�y�g�e�n� 

�d�e�m�a�n�d� �(�B�O�D�2�9�)� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �o�n� �t�h�e� �r�e�a�c�t�o�r� �e�f�f�l�u�e�n�t�s� �f�o�r� �t�h�e� �7� �d�a�y� �H�R�T� 

�s�t�u�d�y�.� �A�g�a�i�n�,� �d�a�t�a� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �s�t�e�a�d�y� �s�t�a�t�e� �c�o�n�d�i�t�i�o�n�s� �a�n�d� 

�k�i�n�e�t�i�c� �c�o�e�f�f�i�c�i�e�n�t�s�.� 

�3�.�3�.� �A�N�A�L�Y�T�I�C�A�L� �P�R�O�C�E�D�U�R�E�S� 

�A�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �w�a�s�t�e� �s�t�r�e�a�m�s� �a�s� �t�h�e�y� �p�r�o�g�r�e�s�s�e�d� 

�t�h�r�o�u�g�h� �t�h�e� �p�r�e�t�r�e�a�t�m�e�n�t� �p�h�a�s�e� �a�n�d� �o�n� �t�h�e� �r�e�a�c�t�o�r ��s� �i�n�f�l�u�e�n�t� �a�n�d� �e�f�f�l�u�e�n�t�s�.� 

�T�h�e�s�e� �a�n�a�l�y�s�e�s� �a�l�l�o�w�e�d� �f�o�r� �t�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �w�a�s�t�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�n�d� �t�h�e� 

�o�r�g�a�n�i�c� �m�a�t�t�e�r�,� �c�o�l�o�r� �a�n�d� �m�e�t�a�l� �r�e�m�o�v�a�l� �e�f�f�i�c�i�e�n�c�i�e�s� �o�f� �t�h�e� �p�r�e�t�r�e�a�t�m�e�n�t� �s�c�h�e�m�e� 

�a�n�d� �t�h�e� �r�e�a�c�t�o�r�s�.� �T�h�e� �a�n�a�l�y�s�e�s� �w�e�r�e� �f�o�l�l�o�w�e�d� �a�s� �s�e�t� �f�o�r�t�h� �i�n� �S�t�a�n�d�a�r�d� �M�e�t�h�o�d�s� 

�f�o�r� �t�h�e� �E�x�a�m�i�n�a�t�i�o�n� �o�f� �W�a�t�e�r� �a�n�d� �W�a�s�t�e�w�a�t�e�r� �(�h�e�r�e�a�f�t�e�r� �r�e�f�e�r�r�e�d� �t�o� �S�t�a�n�d�a�r�d� 

�M�e�t�h�o�d�s�,� �1�9�9�2�)�.� �T�a�b�l�e� �4� �p�r�o�v�i�d�e�s� �a� �s�u�m�m�a�r�y� �o�f� �s�t�o�r�a�g�e� �c�o�n�d�i�t�i�o�n�s�.� �S�a�m�p�l�e�s� 

�w�e�r�e� �s�t�o�r�e�d� �o�n�l�y� �w�h�e�n� �n�e�c�e�s�s�a�r�y�,� �m�o�s�t� �a�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �w�i�t�h�i�n� �a� �f�e�w� 

�h�o�u�r�s� �a�f�t�e�r� �s�a�m�p�l�e� �c�o�l�l�e�c�t�i�o�n�.� 

�L�i�m�i�t�e�d� �a�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �w�a�s�t�e� �s�t�r�e�a�m�s� �f�r�o�m� 

�t�h�e� �p�r�e�t�r�e�a�t�m�e�n�t� �s�t�e�p�s� �d�u�r�i�n�g� �t�h�i�s� �s�t�u�d�y�.� �A�n�a�l�y�s�e�s� �w�e�r�e� �l�i�m�i�t�e�d� �d�u�e� �t�o� �t�h�e� �s�c�o�p�e� 

�o�f� �W�e�b�e�r�'�s� �r�e�s�e�a�r�c�h� �(�1�9�9�4�)�.� �T�h�e� �w�a�s�t�e�w�a�t�e�r� �s�a�m�p�l�e�s� �u�s�e�d� �f�o�r� �t�h�i�s� �r�e�s�e�a�r�c�h� 

�w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�t� �t�h�e� �s�a�m�e� �l�o�c�a�t�i�o�n�s� �a�s� �t�h�o�s�e� �u�s�e�d� �f�o�r� �W�e�b�e�r ��s� �w�o�r�k�.� �M�e�t�a�l�s�,� 

�a�n�i�o�n�s� �a�n�d� �c�o�l�o�r� �a�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �s�a�m�p�l�e�s� �o�f� �t�h�e� �d�y�e�,� �p�r�i�n�t�,� 

�p�r�e�t�r�e�a�t�e�d� �d�y�e� �a�n�d� �p�r�i�n�t�,� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h�,� �a�n�d� �i�n�f�l�u�e�n�t� �(�p�r�e�t�r�e�a�t�e�d� �d�y�e� �a�n�d� 
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�T�a�b�l�e� �4�.� �S�a�m�p�l�e� �s�t�o�r�a�g�e� �c�o�n�d�i�t�i�o�n�s� 

� � 

� � 

� � 

� � 

� � 

� � 

�A�n�a�l�y�s�e�s� �S�t�o�r�a�g�e� �C�o�n�d�i�t�i�o�n�s� 

�S�o�l�i�d�s� �P�l�a�s�t�i�c�,� �4�°�C�,� �<�2� �d�a�y�s� 

�C�o�l�o�r� �P�l�a�s�t�i�c�,� �4�°�C�,� �<�2� �d�a�y�s� 

�T�O�C�/�D�O�C� �P�l�a�s�t�i�c�,� �-�1�7�°�C�,� �<�2� �w�e�e�k�s� 

�C�O�D� �P�l�a�s�t�i�c�,� �4�°�C�,� �<�7� �d�a�y�s�,� �p�H� �<�2� 

�B�O�D� �P�l�a�s�t�i�c�,� �4�°�C�,� �<�1� �d�a�y� 

� � 

�T�o�t�a�l� �P�h�o�s�p�h�o�r�u�s� �P�l�a�s�t�i�c�,� �4�°�C�,� �<�7� �d�a�y�s�,� �p�H� �<�2� 

� � 

�O�r�t�h�o� �P�h�o�s�p�h�o�r�u�s� �G�l�a�s�s�,� �4�°�C�,� �<�2� �d�a�y�s� 

� � 

� � 

� � � � �T�K�N�/�N�H�.�,�-�N� �P�l�a�s�t�i�c�,� �4�°�C�,� �<�7� �d�a�y�s�,� �p�H� �<�2� 

�M�e�t�a�l�s� �P�l�a�s�t�i�c�,� �2�0�°�C�,� �4� �w�e�e�k�s�,� �p�H�<�2� 

�A�n�i�o�n�s� �P�l�a�s�t�i�c�,� �2�0�°�C�,� �<�2� �w�e�e�k�s� � � � � 

�p�r�i�n�t�,� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h�,� �a�n�d� �s�a�n�i�t�a�r�y� �w�a�s�t�e�)� �w�a�s�t�e� �s�t�r�e�a�m�s�.� �S�a�m�p�l�e�s� �w�e�r�e� 

�c�o�l�l�e�c�t�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �p�r�e�t�r�e�a�t�m�e�n�t� �p�r�o�c�e�d�u�r�e�.� �A�n�a�l�y�s�e�s� �p�e�r�f�o�r�m�e�d� �o�n� 

�p�r�e�t�r�e�a�t�m�e�n�t� �s�a�m�p�l�e�s�,� �a�n�d� �a�l�l� �t�h�e� �a�d�d�i�t�i�o�n�a�l� �a�n�a�l�y�s�e�s� �p�e�r�f�o�r�m�e�d� �o�n� �i�n�f�l�u�e�n�t� �a�n�d� 

�e�f�f�l�u�e�n�t� �s�a�m�p�l�e�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �s�e�c�t�i�o�n�s� �b�e�l�o�w�.� 

�3�.�3�.�1� �S�o�l�i�d�s� 

�T�S�S� �a�n�d� �M�L�S�S� �w�e�r�e� �m�e�a�s�u�r�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �S�t�a�n�d�a�r�d� �M�e�t�h�o�d�s� �(�1�9�9�2�)� 

�5�0� 

� 



�m�e�t�h�o�d� �2�5�4�0� �D� �(�T�o�t�a�l� �S�u�s�p�e�n�d�e�d� �S�o�l�i�d�s� �D�r�i�e�d� �a�t� �1�0�3�-�1�0�5�°�C�)�.� �W�h�a�t�m�a�n� �g�l�a�s�s� 

�f�i�b�e�r� �f�i�l�t�e�r�s� �w�i�t�h� �a� �p�o�r�e� �s�i�z�e� �o�f� �1�.�5� �u�m� �w�e�r�e� �u�s�e�d� �f�o�r� �a�l�l� �s�o�l�i�d�s� �m�e�a�s�u�r�e�m�e�n�t�s�.� 

�T�S�S� �s�a�m�p�l�e�s� �w�e�r�e� �e�i�t�h�e�r� �t�a�k�e�n� �f�r�o�m� �t�h�e� �r�e�a�c�t�o�r� �c�l�a�r�i�f�i�e�r�s� �o�r� �c�o�m�p�o�s�i�t�e�d� �s�a�m�p�l�e�s� 

�c�o�l�l�e�c�t�e�d� �i�n� �b�e�a�k�e�r�s� �o�v�e�r� �t�i�m�e�.� �M�L�S�S� �s�a�m�p�l�e�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �t�h�e� �r�e�a�c�t�o�r�s� 

�b�y� �r�e�m�o�v�i�n�g� �t�h�e� �b�a�f�f�l�e�,� �s�t�i�r�r�i�n�g� �t�h�e� �c�o�n�t�e�n�t�s�,� �t�h�e�n� �r�e�m�o�v�i�n�g� �a� �s�a�m�p�l�e�.� �M�L�V�S�S� 

�w�e�r�e� �m�e�a�s�u�r�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �S�f�a�n�d�a�r�d� �M�e�t�h�o�d�s� �(�1�9�9�2�)�,� �m�e�t�h�o�d� �2�5�4�0� �E� �(�F�i�x�e�d� 

�a�n�d� �V�o�l�a�t�i�l�e� �S�o�l�i�d�s� �I�g�n�i�t�e�d� �a�t� �5�0�0�°�C�)�.� �F�i�l�t�e�r�s� �t�h�a�t� �w�e�r�e� �u�s�e�d� �f�o�r� �M�L�V�S�S� 

�m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �p�r�e�p�a�r�e�d� �i�n� �a� �m�u�f�f�l�e� �f�u�r�n�a�c�e� �a�t� �5�0�0�°�C� �f�o�r� �2�0� �m�i�n�u�t�e�s� �b�e�f�o�r�e� 

�u�s�e�.� 

�3�.�3�.�2� �C�o�l�o�r� 

�S�a�m�p�l�e�s� �w�e�r�e� �p�r�e�p�a�r�e�d� �f�o�r� �c�o�l�o�r� �a�n�a�l�y�s�i�s� �b�y� �f�i�l�t�e�r�i�n�g� �t�h�r�o�u�g�h� �a� 

�W�h�a�t�m�a�n� �1�.�2� �u�m� �g�l�a�s�s� �f�i�b�e�r� �f�i�l�t�e�r�.� �S�a�m�p�l�e� �p�H� �w�a�s� �t�h�e�n� �a�d�j�u�s�t�e�d� �t�o� �7�.�6�.� �A� 

�B�a�u�s�c�h� �a�n�d� �L�o�m�b�,� �S�p�e�c�t�r�o�n�i�c� �2�0� �s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r� �w�a�s� �u�s�e�d� �f�o�r� �a�l�l� �t�h�e� 

�m�e�a�s�u�r�e�m�e�n�t�s�.� �P�l�a�t�i�n�u�m�-�c�o�b�a�l�t� �c�o�l�o�r� �s�t�a�n�d�a�r�d�s� �w�e�r�e� �u�s�e�d� �t�o� �c�a�l�i�b�r�a�t�e� �t�h�e� 

�s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r�.� �S�a�m�p�l�e�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �c�u�v�e�t�s� �a�n�d� �p�e�r�c�e�n�t� �t�r�a�n�s�m�i�t�t�a�n�c�e� 

�w�a�s� �r�e�a�d� �a�t� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �w�a�v�e�l�e�n�g�t�h�s�;� �4�3�8� �n�m�,� �5�4�0� �n�m�,� �a�n�d� �5�9�0� �n�m�.� 

�S�t�a�n�d�a�r�d� �M�e�t�h�o�d�s� �(�1�9�9�2�)�,� �m�e�t�h�o�d� �2�1�2�0� �E� �(�t�h�e� �A�D�M�I� �T�r�i�s�t�i�m�u�l�u�s� �F�i�l�t�e�r� �M�e�t�h�o�d�,� 

�P�r�o�p�o�s�e�d�)�,� �w�a�s� �u�s�e�d� �f�o�r� �c�o�l�o�r� �m�e�a�s�u�r�e�m�e�n�t�.� �W�i�t�h� �t�h�i�s� �m�e�t�h�o�d�,� �c�o�l�o�r� �v�a�l�u�e�s� �a�r�e� 

�d�e�t�e�r�m�i�n�e�d� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �h�u�e�.� �A� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�,� �d�e�v�e�l�o�p�e�d� �b�y� �f�o�r�m�e�r� 

�V�i�r�g�i�n�i�a� �T�e�c�h� �g�r�a�d�u�a�t�e� �s�t�u�d�e�n�t�s�,� �p�r�o�v�i�d�e�d� �c�o�n�v�e�r�s�i�o�n� �o�f� �p�e�r�c�e�n�t� �t�r�a�n�s�m�i�t�t�a�n�c�e� 
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�v�a�l�u�e�s� �t�o� �A�D�M�I� �u�n�i�t�s� �o�f� �c�o�l�o�r�.� 

�3�.�3�.�3� �T�o�t�a�l�/�S�o�l�u�b�l�e� �C�h�e�m�i�c�a�l� �O�x�y�g�e�n� �D�e�m�a�n�d� 

�S�t�a�n�d�a�r�d� �M�e�t�h�o�d�s� �(�1�9�9�2�)�,� �m�e�t�h�o�d� �5�2�2�0� �C� �(�C�l�o�s�e�d� �R�e�f�l�u�x�,� �T�i�t�r�i�m�e�t�r�i�c� 

�M�e�t�h�o�d�)�,� �w�a�s� �u�s�e�d� �f�o�r� �C�O�D� �a�n�a�l�y�s�i�s�.� �S�o�l�u�b�l�e� �C�O�D� �s�a�m�p�l�e�s� �w�e�r�e� �f�i�l�t�e�r�e�d� 

�t�h�r�o�u�g�h� �0�.�4�5� �u�m� �f�i�l�t�e�r�s�.� �T�o�t�a�l� �C�O�D� �s�a�m�p�l�e�s� �w�e�r�e� �u�n�f�i�l�t�e�r�e�d�.� 

�3�.�3�.�4� �T�o�t�a�l�/�S�o�l�u�b�l�e� �O�r�g�a�n�i�c� �C�a�r�b�o�n� 

�D�i�s�s�o�l�v�e�d� �o�r�g�a�n�i�c� �c�a�r�b�o�n� �(�D�O�C�)� �s�a�m�p�l�e�s� �w�e�r�e� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �a� �0�.�4�5� �w�m� 

�m�e�m�b�r�a�n�e� �f�i�l�t�e�r� �p�r�i�o�r� �t�o� �a�n�a�l�y�s�i�s�.� �B�o�t�h� �t�o�t�a�l� �o�r�g�a�n�i�c� �c�a�r�b�o�n� �(�T�O�C�)� �a�n�d� �D�O�C� 

�s�a�m�p�l�e�s� �w�e�r�e� �p�u�r�g�e�d� �o�f� �C�O�,� �p�r�i�o�r� �t�o� �a�n�a�l�y�s�i�s� �b�y� �b�u�b�b�l�i�n�g� �o�x�y�g�e�n� �t�h�r�o�u�g�h� �t�h�e� 

�s�a�m�p�l�e� �a�f�t�e�r� �i�t� �h�a�d� �b�e�e�n� �a�c�i�d�i�f�i�e�d� �t�o� �p�H�<�2� �w�i�t�h� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �a�n� �8�5�%� �s�o�l�u�t�i�o�n� �o�f� 

�p�h�o�s�p�h�o�r�i�c� �a�c�i�d�.� �T�O�C� �a�n�d� �D�O�C� �s�a�m�p�l�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �o�n� �a� �D�C�-�8�0�,� 

�D�o�h�r�m�a�n�n�,� �A�u�t�o�m�a�t�e�d� �T�O�C� �A�n�a�l�y�z�e�r� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �a� �H�o�r�i�b�a�,� �P�I�R�2�0�0�0�,� 

�G�e�n�e�r�a�l� �P�u�r�p�o�s�e� �I�n�f�r�a�r�e�d� �G�a�s� �A�n�a�l�y�z�e�r�.� �S�t�a�n�d�a�r�d� �M�e�t�h�o�d�s� �(�1�9�9�2�)� �m�e�t�h�o�d� 

�5�3�1�0� �C�,� �P�e�r�s�u�l�f�a�t�e�-�U�l�t�r�a�v�i�o�l�e�t� �O�x�i�d�a�t�i�o�n� �M�e�t�h�o�d�,� �w�a�s� �f�o�l�l�o�w�e�d�.� �D�u�e� �t�o� �h�i�g�h� 

�o�r�g�a�n�i�c� �c�o�n�t�e�n�t�,� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �D�O�C� �c�o�n�c�e�n�t�r�a�t�i�o�n� �w�a�s� �a�n�a�l�y�z�e�d� �a�t� �t�h�e� 

�2�0�0�0� �p�p�m� �s�e�t�t�i�n�g�,� �w�h�i�l�e� �a�l�l� �o�t�h�e�r� �s�a�m�p�l�e� �D�O�C� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �a�t� 

�t�h�e� �4�0�0� �p�p�m� �s�e�t�t�i�n�g�.� �T�O�C� �w�a�s� �i�n�f�r�e�q�u�e�n�t�l�y� �a�n�a�l�y�z�e�d� �d�u�e� �t�o� �p�a�r�t�i�c�u�l�a�t�e� �m�a�t�t�e�r� �i�n� 

�t�h�e� �s�a�m�p�l�e�s� �c�l�o�g�g�i�n�g� �t�h�e� �e�q�u�i�p�m�e�n�t�.� 
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�3�.�3�.�5� �B�i�o�l�o�g�i�c�a�l� �O�x�y�g�e�n� �D�e�m�a�n�d� 

�S�o�l�u�b�l�e� �f�i�v�e� �a�n�d� �t�w�e�n�t�y� �d�a�y� �B�O�D� �t�e�s�t�s� �(�B�O�D�,�,� �B�O�D�,�,�.�)� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� 

�s�a�m�p�l�e�s� �w�h�i�c�h� �h�a�d� �b�e�e�n� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �0�.�4�5� �u�m� �m�e�m�b�r�a�n�e� �f�i�l�t�e�r�s�.� �T�o�t�a�l� �B�O�D� 

�s�a�m�p�l�e�s� �w�e�r�e� �u�n�f�i�l�t�e�r�e�d�.� �D�i�l�u�t�i�o�n� �w�a�t�e�r� �w�a�s� �u�n�s�e�e�d�e�d� �d�u�e� �t�o� �t�h�e� �s�e�e�d� �p�r�o�v�i�d�e�d� 

�b�y� �a�d�d�i�t�i�o�n� �o�f� �s�a�n�i�t�a�r�y� �w�a�s�t�e� �d�u�r�i�n�g� �e�a�c�h� �p�r�e�t�r�e�a�t�m�e�n�t�.� �S�t�a�n�d�a�r�d� �M�e�t�h�o�d�s� 

�(�1�9�9�2�)� �m�e�t�h�o�d�s� �5�2�1�0� �B� �(�5�-�D�a�y� �B�O�D� �T�e�s�t�)� �w�a�s� �u�s�e�d� �f�o�r� �a�n�a�l�y�s�i�s� �o�f� �B�O�D�,�.� �T�h�e� 

�o�n�l�y� �c�h�a�n�g�e� �f�r�o�m� �t�h�e� �m�e�t�h�o�d�o�l�o�g�y� �i�n� �s�e�c�t�i�o�n� �5�2�1�0� �B� �f�o�r� �t�h�e� �B�O�D�,�,� �t�e�s�t� �w�a�s� �t�h�e� 

�a�d�d�i�t�i�o�n�a�l� �1�5� �d�a�y�s� �o�f� �i�n�c�u�b�a�t�i�o�n�.� �D�i�l�u�t�i�o�n� �f�a�c�t�o�r�s� �f�o�r� �t�h�e� �v�a�r�i�o�u�s� �B�O�D� �t�e�s�t�s�,� 

�w�h�i�c�h� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �e�s�t�i�m�a�t�e�d� �f�i�n�a�l� �B�O�D� �v�a�l�u�e�s�,� �r�a�n�g�e�d� �f�r�o�m� �0�.�0�0�3� 

�t�o� �0�.�6�7�.� 

�3�.�3�.�6� �T�o�t�a�l� �P�h�o�s�p�h�o�r�u�s� 

�A� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �S�t�a�n�d�a�r�d� �M�e�t�h�o�d�s� �(�1�9�9�2�)� �m�e�t�h�o�d�s� �4�5�0�0�-�P� �E� �(�A�s�c�o�r�b�i�c� 

�A�c�i�d� �M�e�t�h�o�d�)� �a�n�d� �4�5�0�0�-�P� �B� �(�P�e�r�s�u�l�f�a�t�e� �D�i�g�e�s�t�i�o�n� �M�e�t�h�o�d�)� �w�e�r�e� �u�s�e�d� �t�o� �a�n�a�l�y�z�e� 

�s�a�m�p�l�e�s� �f�o�r� �t�o�t�a�l� �p�h�o�s�p�h�o�r�u�s�.� �A� �m�o�d�i�f�i�c�a�t�i�o�n� �r�e�g�a�r�d�i�n�g� �s�a�m�p�l�e� �d�i�g�e�s�t�i�o�n� �w�a�s� 

�f�o�l�l�o�w�e�d�.� �S�a�m�p�l�e�s� �w�e�r�e� �d�i�g�e�s�t�e�d� �i�n� �a� �b�l�o�c�k� �h�e�a�t�e�r� �s�e�t� �a�t� �1�2�5�°�C�,� �r�a�t�h�e�r� �t�h�a�n� 

�a�u�t�o�c�l�a�v�i�n�g� �a�s� �t�h�e� �m�e�t�h�o�d� �d�i�r�e�c�t�s�.� �A� �B�a�u�s�c�h� �&� �L�o�m�b� �S�p�e�c�t�r�o�n�i�c� �2�0� 

�s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r� �w�a�s� �u�s�e�d� �f�o�r� �t�h�e� �c�o�l�o�r�i�m�e�t�r�i�c� �a�n�a�l�y�s�i�s�.� �D�u�e� �t�o� �t�h�e� �u�s�e� �o�f� �a� 

�s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r� �w�i�t�h� �a� �r�a�n�g�e� �o�f� �4�0�0� �t�o� �7�0�0� �n�m�,� �t�h�e� �s�a�m�p�l�e�s� �a�n�d� �b�l�a�n�k�s� �w�e�r�e� 

�a�n�a�l�y�z�e�d� �a�t� �a� �w�a�v�e�l�e�n�g�t�h� �o�f� �6�8�5� �n�m�,� �a�l�s�o� �a� �p�h�o�s�p�h�o�r�u�s� �p�e�a�k�,� �r�a�t�h�e�r� �t�h�a�n� �a�n� 

�8�8�0� �n�m� �w�a�v�e�l�e�n�g�t�h�,� �a�s� �t�h�e� �m�e�t�h�o�d� �s�u�g�g�e�s�t�s�.� 
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�3�.�3�.�7� �T�o�t�a�l� �K�j�e�l�d�a�h�l� �a�n�d� �A�m�m�o�n�i�a� �N�i�t�r�o�g�e�n� 

�S�t�a�n�d�a�r�d� �M�e�t�h�o�d�s� �(�1�9�9�2�)� �m�e�t�h�o�d� �4�5�0�0�-�N�,�,�,� �B� �(�M�a�c�r�o� �K�j�e�l�d�a�h�l� �M�e�t�h�o�d�)� 

�a�n�d� �m�e�t�h�o�d� �4�5�0�0�-�N�H�,� �E� �(�T�i�t�r�i�m�e�t�r�i�c� �M�e�t�h�o�d�)� �w�e�r�e� �f�o�l�l�o�w�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �T�o�t�a�l� 

�K�j�e�l�d�a�h�l� �N�i�t�r�o�g�e�n� �(�T�K�N�)�.� �T�i�t�r�a�t�i�o�n�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �0�.�0�2� �N� �s�u�l�f�u�r�i�c� �a�c�i�d�.� 

�S�a�m�p�l�e� �s�i�z�e�s� �u�s�e�d� �w�e�r�e� �2�5� �m�L� �o�f� �i�n�f�l�u�e�n�t� �a�n�d� �5�0� �m�L� �o�f� �e�f�f�l�u�e�n�t�.� 

�M�e�t�h�o�d� �4�5�0�0�-�N�H�,� �E� �w�a�s� �a�l�s�o� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �a�m�m�o�n�i�a� �n�i�t�r�o�g�e�n� �(�N�H�,�-� 

�N�)� �a�f�t�e�r� �a� �d�i�s�t�i�l�l�a�t�i�o�n� �s�t�e�p� �w�a�s� �p�e�r�f�o�r�m�e�d� �a�s� �o�u�t�l�i�n�e�d� �i�n� �s�e�c�t�i�o�n� �4�5�0�0�-�N�H�,� �B� 

�(�P�r�e�l�i�m�i�n�a�r�y� �D�i�s�t�i�l�l�a�t�i�o�n� �S�t�e�p�)�.� �S�a�m�p�l�e� �s�i�z�e�s� �u�s�e�d� �w�e�r�e� �5�0� �m�L� �o�f� �i�n�f�l�u�e�n�t� �a�n�d� 

�1�0�0� �m�L� �o�f� �e�f�f�l�u�e�n�t�.� 

�3�.�3�.�8� �M�e�t�a�l�s� 

�V�a�r�i�o�u�s� �c�a�t�i�o�n�s�,� �t�o�t�a�l� �c�h�r�o�m�i�u�m�,� �a�n�d� �d�i�s�s�o�l�v�e�d� �h�e�x�a�v�a�l�e�n�t� �c�h�r�o�m�i�u�m� �w�e�r�e� 

�d�e�t�e�r�m�i�n�e�d� �a�s� �o�u�t�l�i�n�e�d� �b�e�l�o�w�.� 

�3�.�3�.�8�.�1� �D�i�s�s�o�l�v�e�d� �C�o�p�p�e�r�,� �C�h�r�o�m�i�u�m�,� �S�i�l�v�e�r� �a�n�d� �Z�i�n�c� 

�S�a�m�p�l�e�s� �w�e�r�e� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �a� �0�.�4�5� �p�m� �f�i�l�t�e�r� �a�n�d� �a�c�i�d�i�f�i�e�d� �t�o� �p�H�<�2� �w�i�t�h� 

�c�o�n�c�e�n�t�r�a�t�e�d� �n�i�t�r�i�c� �a�c�i�d� �p�r�i�o�r� �t�o� �c�o�n�c�e�n�t�r�a�t�i�o�n� �d�e�t�e�r�m�i�n�a�t�i�o�n�.� �A� �P�e�r�k�i�n�-�E�l�m�e�r�,� 

�M�o�d�e�l� �7�0�3�,� �A�t�o�m�i�c� �A�b�s�o�r�p�t�i�o�n� �S�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r� �w�a�s� �u�s�e�d� �f�o�r� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� 

�z�i�n�c� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.� �Z�i�n�c� �w�a�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� �p�a�r�t�s� �p�e�r� �m�i�l�l�i�o�n� �r�a�n�g�e� �(�m�g�/�L�)�,� 

�t�h�e�r�e�f�o�r�e� �M�o�d�e�l� �7�0�3� �(�f�l�a�m�e�)� �w�a�s� �u�s�e�d�.� �C�o�p�p�e�r�,� �s�i�l�v�e�r� �a�n�d� �c�h�r�o�m�i�u�m� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �u�s�i�n�g� �t�h�e� �P�e�r�k�i�n�-�E�l�m�e�r�,� �Z�e�e�m�a�n� �5�1�0�0� �P�C�,� 
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�S�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r�.� �B�e�c�a�u�s�e� �t�h�o�s�e� �c�a�t�i�o�n�s� �w�e�r�e� �p�r�e�s�e�n�t� �i�n� �t�h�e� �p�a�r�t�s� �p�e�r� �b�i�l�l�i�o�n� 

�r�a�n�g�e� �(�p�g�/�L�)�,� �t�h�e� �Z�e�e�m�a�n� �5�1�0�0� �P�C� �(�f�u�r�n�a�c�e�)� �w�a�s� �a�p�p�r�o�p�r�i�a�t�e�.� �S�t�a�n�d�a�r�d� 

�M�e�t�h�o�d�s� �(�1�9�9�2�)� �m�e�t�h�o�d�s� �3�1�1�1� �B�,� �D�i�r�e�c�t� �A�i�r�-�A�c�e�t�y�l�e�n�e� �F�l�a�m�e� �M�e�t�h�o�d�,� �a�n�d� �3�1�1�3� 

�B�,� �E�l�e�c�t�r�o�t�h�e�r�m�a�l� �A�t�o�m�i�c� �A�b�s�o�r�p�t�i�o�n� �S�p�e�c�t�r�o�m�e�t�r�i�c� �M�e�t�h�o�d�,� �w�e�r�e� �u�s�e�d�.� 

�C�a�l�i�b�r�a�t�i�o�n� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �e�a�c�h� �a�p�p�a�r�a�t�u�s� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �i�n�s�t�r�u�c�t�i�o�n�s� �t�h�a�t� 

�w�e�r�e� �p�r�o�v�i�d�e�d� �w�i�t�h� �t�h�e� �s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r�s�.� 

�3�.�3�.�8�.�2�.� �T�o�t�a�l� �C�h�r�o�m�i�u�m� 

�U�n�f�i�l�t�e�r�e�d� �s�a�m�p�l�e�s� �(�7�5� �m�L�)� �w�e�r�e� �a�n�a�l�y�z�e�d� �f�o�r� �t�o�t�a�l� �c�h�r�o�m�i�u�m� �u�s�i�n�g� 

�S�t�a�n�d�a�r�d� �M�e�t�h�o�d�s� �(�1�9�9�2�)� �m�e�t�h�o�d� �3�1�1�3� �B�,� �E�l�e�c�t�r�o�t�h�e�r�m�a�l� �A�t�o�m�i�c� �A�b�s�o�r�p�t�i�o�n� 

�S�p�e�c�t�r�o�m�e�t�r�i�c� �M�e�t�h�o�d�.� �M�e�t�h�o�d� �3�1�1�3� �B� �w�a�s� �p�r�e�c�e�d�e�d� �b�y� �a� �N�i�t�r�i�c� �A�c�i�d�-�S�u�l�f�u�r�i�c� 

�A�c�i�d� �D�i�g�e�s�t�i�o�n� �a�s� �o�u�t�l�i�n�e�d� �i�n� �m�e�t�h�o�d� �3�0�3�0� �G�.� �T�h�e� �P�e�r�k�i�n�-�E�l�m�e�r�,� �Z�e�e�m�a�n� �5�1�0�0� 

�P�C�,� �S�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r�,� �d�e�s�c�r�i�b�e�d� �i�n� �s�e�c�t�i�o�n� �3�.�3�.�8�.�1�,� �w�a�s� �u�s�e�d� �f�o�r� �t�h�e� �a�n�a�l�y�s�i�s�.� 

�T�h�e� �c�a�l�i�b�r�a�t�i�o�n� �w�a�s� �i�d�e�n�t�i�c�a�l� �t�o� �t�h�a�t� �d�e�s�c�r�i�b�e�d� �i�n� �s�e�c�t�i�o�n� �3�.�3�.�8�.�1�.� 

�3�.�3�.�8�.�3� �D�i�s�s�o�l�v�e�d� �H�e�x�a�v�a�l�e�n�t� �C�h�r�o�m�i�u�m� 

�S�t�a�n�d�a�r�d� �M�e�t�h�o�d�s� �(�1�9�9�2�)� �m�e�t�h�o�d� �3�5�0�0�-�C�r� �D�,� �C�o�l�o�r�i�m�e�t�r�i�c� �M�e�t�h�o�d�,� �w�a�s� 

�u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �d�i�s�s�o�l�v�e�d� �h�e�x�a�v�a�l�e�n�t� �c�h�r�o�m�i�u�m�.� �S�a�m�p�l�e� �v�o�l�u�m�e�s� �o�f� �7�5� �m�L� 

�w�e�r�e� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �0�.�4�5� �u�m� �f�i�l�t�e�r�s�.� �A� �s�t�a�n�d�a�r�d� �c�u�r�v�e� �o�f� �5� �m�g�/�L� �t�h�r�o�u�g�h� �2�5� 

�m�g�/�L� �w�a�s� �u�s�e�d� �i�n�i�t�i�a�l�l�y�,� �i�n�s�t�e�a�d� �o�f� �t�h�e� �c�u�r�v�e� �r�a�n�g�e� �s�u�g�g�e�s�t�e�d� �b�y� �m�e�t�h�o�d� �3�5�0�0�-� 

�C�r� �D� �(�2�5�-�1�0�0� �m�g�/�L�)�,� �b�e�c�a�u�s�e� �s�a�m�p�l�e�s� �w�e�r�e� �e�x�p�e�c�t�e�d� �t�o� �c�o�n�t�a�i�n� �l�e�s�s� �t�h�a�n� �2�5� 
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�m�g�/�L� �d�i�s�s�o�l�v�e�d� �h�e�x�a�v�a�l�e�n�t� �c�h�r�o�m�i�u�m�.� �A� �s�t�a�n�d�a�r�d� �a�d�d�i�t�i�o�n�s� �a�n�a�l�y�s�i�s� �w�a�s� �a�l�s�o� 

�u�s�e�d� �d�u�e� �t�o� �i�n�t�e�r�f�e�r�e�n�c�e� �b�y� �t�h�e� �s�a�m�p�l�e� �c�o�l�o�r� �d�u�r�i�n�g� �t�r�a�n�s�m�i�t�t�a�n�c�e� �r�e�a�d�i�n�g�s�.� 

�S�a�m�p�l�e�s� �w�e�r�e� �s�p�i�k�e�d� �w�i�t�h� �5�,� �1�0�,� �1�5� �a�n�d� �2�5� �p�g�/�L� �o�f� �c�h�r�o�m�i�u�m� �s�o�l�u�t�i�o�n� �a�n�d� 

�a�n�a�l�y�z�e�d� �f�o�r� �a�b�s�o�r�b�a�n�c�e� �a�l�o�n�g� �w�i�t�h� �u�n�s�p�i�k�e�d� �s�a�m�p�l�e�s� �i�n� �t�h�e� �s�a�m�e� �r�a�n�g�e�.� �T�h�e� 

�a�b�s�o�r�b�a�n�c�e� �o�f� �t�h�e� �s�t�a�n�d�a�r�d�s� �w�a�s� �t�h�e�n� �s�u�b�t�r�a�c�t�e�d� �t�o� �y�i�e�l�d� �t�h�e� �a�b�s�o�r�b�a�n�c�e� �d�u�e� �t�o� 

�t�h�e� �o�r�i�g�i�n�a�l� �c�h�r�o�m�i�u�m� �i�n� �t�h�e� �s�a�m�p�l�e�s�.� �B�a�u�s�c�h� �a�n�d� �L�o�m�b� �S�p�e�c�t�r�o�n�i�c� �a�n�d� 

�B�e�c�k�m�a�n� �D�U� �6�4�0� �s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r�s� �w�e�r�e� �u�s�e�d� �f�o�r� �t�h�e� �a�n�a�l�y�s�i�s� �a�t� �p�a�t�h�l�e�n�g�t�h�s� 

�o�f� �1� �c�e�n�t�i�m�e�t�e�r� �(�c�m�)�.� 

�3�.�3�.�9� �A�n�i�o�n�s� 

�S�a�m�p�l�e�s� �w�e�r�e� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �a� �0�.�4�5� �u�m� �f�i�l�t�e�r� �p�r�i�o�r� �t�o� �a�n�a�l�y�s�i�s�.� �A� 

�D�i�o�n�e�x�,� �2�0�1�0�i�,� �l�o�n� �C�h�r�o�m�a�t�o�g�r�a�p�h� �w�a�s� �u�s�e�d� �t�o� �m�e�a�s�u�r�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� 

�c�h�l�o�r�i�d�e�,� �n�i�t�r�a�t�e�,� �p�h�o�s�p�h�a�t�e�,� �a�n�d� �s�u�l�f�a�t�e� �i�o�n�s�.� �E�P�A� �M�e�t�h�o�d� �3�0�0�.�0�,� 

�D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �I�n�o�r�g�a�n�i�c� �l�o�n�s� �b�y� �l�o�n� �C�h�r�o�m�a�t�o�g�r�a�p�h�y�,� �R�e�v�i�s�i�o�n� �2�.�1� �(�A�u�g�u�s�t�,� 

�1�9�9�3�)� �w�a�s� �u�s�e�d� �f�o�r� �t�h�e� �a�n�a�l�y�s�i�s�.� �A� �s�a�m�p�l�e� �s�i�z�e� �o�f� �5�0� �w�L� �w�a�s� �u�s�e�d�.� �T�h�e� �e�l�u�e�n�t� 

�s�o�l�u�t�i�o�n� �u�s�e�d� �w�a�s� �1�.�8� �m�i�l�l�i�m�o�l�a�r� �(�m�M�)� �s�o�d�i�u�m� �c�a�r�b�o�n�a�t�e� �p�l�u�s� �1�.�7� �m�M� �s�o�d�i�u�m� 

�b�i�c�a�r�b�o�n�a�t�e�.� 

�3�.�3�.�1�0� �T�o�x�i�c�i�t�y� 

�T�o�x�i�c�i�t�y� �a�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�t� �B�i�o�l�o�g�i�c�a�l� �M�o�n�i�t�o�r�i�n�g� �I�n�c�o�r�p�o�r�a�t�e�d� 

�(�B�M�I�)�,� �l�o�c�a�t�e�d� �i�n� �B�l�a�c�k�s�b�u�r�g�,� �V�i�r�g�i�n�i�a�.� �B�o�t�h� �s�h�o�r�t� �t�e�r�m� �c�h�r�o�n�i�c� �a�n�d� �a�c�u�t�e� �t�e�s�t�s� 
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�w�e�r�e� �c�o�n�d�u�c�t�e�d� �o�n� �e�f�f�l�u�e�n�t�s� �f�r�o�m� �t�h�e� �1�5� �a�n�d� �3�0� �d�a�y� �6�,�,� �7� �d�a�y� �H�R�T� �C�F�R� 

�o�p�e�r�a�t�i�o�n�s�.� �T�e�s�t�i�n�g� �p�r�o�c�e�d�u�r�e�s� �f�o�l�l�o�w�e�d� �t�h�o�s�e� �o�u�t�l�i�n�e�d� �i�n� �S�h�o�r�t� �T�e�r�m� �M�e�t�h�o�d�s� 

�f�o�r� �E�s�t�i�m�a�t�i�n�g� �t�h�e� �C�h�r�o�n�i�c� �T�o�x�i�c�i�t�y� �o�f� �E�f�f�l�u�e�n�t�s� �a�n�d� �R�e�c�e�i�v�i�n�g� �W�a�t�e�r�s� �t�o� 

�F�r�e�s�h�w�a�t�e�r� �O�r�g�a�n�i�s�m�s�,� �E�P�A�/�6�0�0�/�4�-�8�9�/�0�0�1�,� �a�n�d� �M�e�t�h�o�d�s� �f�o�r� �M�e�a�s�u�r�i�n�g� �t�h�e� 

�A�c�u�t�e� �T�o�x�i�c�i�t�y� �o�f� �E�f�f�l�u�e�n�t�s� �a�n�d� �R�e�c�e�i�v�i�n�g� �W�a�t�e�r�s� �t�o� �F�r�e�s�h�w�a�t�e�r� �a�n�d� �M�a�r�i�n�e� 

�O�r�g�a�n�i�s�m�s�,� �E�P�A�/�6�0�0�/�4�-�9�0�/�0�2�7�F�.� �T�a�b�l�e�s� �5� �(�E�P�A�,� �1�9�8�9�)� �a�n�d� �6� �(�E�P�A�,� �1�9�9�3�)� 

�s�u�m�m�a�r�i�z�e� �t�h�e� �c�h�r�o�n�i�c� �a�n�d� �a�c�u�t�e� �t�e�s�t� �p�r�o�c�e�d�u�r�e�s� �t�h�a�t� �w�e�r�e� �f�o�l�l�o�w�e�d�.� 

�C�o�m�p�o�s�i�t�e� �s�a�m�p�l�e�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �o�v�e�r� �t�h�e� �c�o�u�r�s�e� �o�f� �a� �w�e�e�k� �f�r�o�m� �t�h�e� �3�0� 

�d�a�y� �6�,� �r�e�a�c�t�o�r�.� �F�o�l�l�o�w�i�n�g� �t�h�a�t� �p�e�r�i�o�d� �o�f� �a�n�a�l�y�s�i�s�,� �c�o�m�p�o�s�i�t�e� �s�a�m�p�l�e�s� �w�e�r�e� 

�c�o�l�l�e�c�t�e�d� �o�v�e�r� �t�h�e� �c�o�u�r�s�e� �o�f� �a� �w�e�e�k� �f�r�o�m� �t�h�e� �1�5� �d�a�y� �6�,� �r�e�a�c�t�o�r�.� �S�a�m�p�l�e�s� �w�e�r�e� 

�c�o�l�l�e�c�t�e�d� �o�n� �i�c�e� �i�n� �a� �c�o�o�l�e�r� �a�n�d� �i�m�m�e�d�i�a�t�e�l�y� �t�a�k�e�n� �t�o� �B�M�I� �f�o�r� �t�o�x�i�c�i�t�y� 

�d�e�t�e�r�m�i�n�a�t�i�o�n�.� �A�l�t�h�o�u�g�h� �s�a�m�p�l�e�s� �w�e�r�e� �p�r�o�m�p�t�l�y� �t�a�k�e�n� �t�o� �B�M�I�,� �i�t� �w�a�s� �s�o�m�e�t�i�m�e�s� 

�n�e�c�e�s�s�a�r�y� �t�o� �a�e�r�a�t�e� �t�h�e� �s�a�m�p�l�e�s� �d�u�r�i�n�g� �t�h�e� �a�n�a�l�y�s�e�s� �b�e�c�a�u�s�e� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� 

�o�f� �d�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� �w�o�u�l�d� �o�f�t�e�n� �d�e�c�l�i�n�e� �t�o� �u�n�a�c�c�e�p�t�a�b�l�e� �l�e�v�e�l�s� �(�s�e�e� �l�i�n�e� �i�t�e�m� �1�5� 

�i�n� �T�a�b�l�e� �5�)�.� 

�A�c�u�t�e� �t�e�s�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �C�e�n�i�o�d�a�p�h�n�i�a� �d�u�b�i�a� �s�i�n�c�e� �t�h�e� �S�t�a�t�e� �h�a�s� 

�s�p�e�c�i�f�i�e�d� �t�h�a�t� �d�a�p�h�n�i�d�s� �b�e� �u�s�e�d� �i�n� �a�c�u�t�e� �t�o�x�i�c�i�t�y� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �t�h�e� �P�l�a�n�t ��s� 

�e�f�f�l�u�e�n�t�.� �A�l�l� �o�r�g�a�n�i�s�m�s� �w�e�r�e� �l�e�s�s� �t�h�a�n� �2�4� �h�o�u�r�s� �o�l�d�.� �F�o�u�r� �r�e�p�l�i�c�a�t�e�s� �o�f� �5� 

�o�r�g�a�n�i�s�m�s� �w�e�r�e� �u�s�e�d� �a�n�d� �a� �t�y�p�i�c�a�l� �s�c�r�e�e�n� �t�e�s�t� �w�a�s� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �0� �a�n�d� �1�0�0�%� 

�e�f�f�l�u�e�n�t�.� �O�r�g�a�n�i�s�m�s� �w�e�r�e� �n�o�t� �f�e�d� �o�v�e�r� �t�h�e� �4�8� �h�o�u�r� �t�e�s�t�.� 

�S�h�o�r�t� �t�e�r�m� �(�7� �d�a�y�)� �c�h�r�o�n�i�c� �t�e�s�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �P�i�m�e�p�h�a�l�e�s� 
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�T�a�b�l�e� �5�.� �S�u�m�m�a�r�y� �o�f� �r�e�c�o�m�m�e�n�d�e�d� �e�f�f�l�u�e�n�t� �t�o�x�i�c�i�t�y� �t�e�s�t� �c�o�n�d�i�t�i�o�n�s� �f�o�r� �t�h�e� 
�f�a�t�h�e�a�d� �m�i�n�n�o�w� �(�P�i�m�e�p�h�a�l�e�s� �p�r�o�m�e�l�u�s�)� �l�a�r�v�a�l� �s�u�r�v�i�v�a�l� �a�n�d� �g�r�o�w�t�h� �t�e�s�t�,� �(�E�P�A�,� 

� � 

�1�9�8�9�)� 

�1�.� �T�e�s�t� �t�y�p�e�:� �S�t�a�t�i�c� �r�e�n�e�w�a�l� 

�2�.� �T�e�m�p�e�r�a�t�u�r�e� �(�°�C�)�:� �2�5�+�1�°�C� 

�3�.� �L�i�g�h�t� �q�u�a�l�i�t�y�:� �A�m�b�i�e�n�t� �l�a�b�o�r�a�t�o�r�y� �i�l�l�u�m�i�n�a�t�i�o�n� 

�4�.� �L�i�g�h�t� �i�n�t�e�n�s�i�t�y�:� �1�0�-�2�0� �p�E�/�m�?�/�s� �(�5�0�-�1�0�0� �f�t�-�c�)� �(�a�m�b�i�e�n�t� 

�o�
O� 

�O
�D

�N
� �D

�O
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�1�2�.� 

�1�3�.� 

�1�4�.� 

�P�h�o�t�o�p�e�r�i�o�d�:� 

�T�e�s�t� �c�h�a�m�b�e�r� �s�i�z�e�:� 

�T�e�s�t� �c�h�a�m�b�e�r� �v�o�l�u�m�e�:� 

�R�e�n�e�w�a�l� �o�f� �t�e�s�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�:� 

�A�g�e� �o�f� �t�e�s�t� �o�r�g�a�n�i�s�m�s�:� 

�.� �N�u�m�b�e�r� �l�a�r�v�a�e� �p�e�r� �t�e�s�t� �c�h�a�m�b�e�r�:� 

�1�1�.� �N�u�m�b�e�r� �r�e�p�l�i�c�a�t�e� �c�h�a�m�b�e�r�s� �p�e�r� 
�c�o�n�c�e�n�t�r�a�t�i�o�n�:� 

�N�u�m�b�e�r� �l�a�r�v�a�e� �p�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�:� 

�F�e�e�d�i�n�g� �r�e�g�i�m�e�:� 

�C�l�e�a�n�i�n�g�:� 

�l�a�b�o�r�a�t�o�r�y� �l�e�v�e�l�s�)� 

�1�6� �h� �l�i�g�h�t�,� �8� �h� �d�a�r�k�n�e�s�s� 

�5�0�0� �m�L� 

�2�5�0� �m�L�/�r�e�p�l�i�c�a�t�e� 

�D�a�i�l�y� 

�N�e�w�l�y� �h�a�t�c�h�e�d� �l�a�r�v�a�e� �l�e�s�s� �t�h�a�n� �2�4� �h� 
�o�l�d�.� 

�1�5� �(�m�i�n�i�m�u�m� �o�f� �1�0�)� 

�4� �(�m�i�n�i�m�u�m� �o�f� �3�)� 

�6�0� �(�m�i�n�i�m�u�m� �o�f� �3�0�)� 

�F�e�e�d� �0�.�1� �m�L� �n�e�w�l�y� �h�a�t�c�h�e�d� �(�l�e�s�s� �t�h�a�n� 
�2�4� �h� �o�l�d�)� �b�r�i�n�e� �s�h�r�i�m�p� �n�a�u�p�l�i�i� �t�h�r�e�e� 
�t�i�m�e�s� �d�a�i�l�y� �a�t� �4� �h� �i�n�t�e�r�v�a�l�s� �o�r�,� �a�s� �a� 
�m�i�n�i�m�u�m�,� �0�.�1�5� �m�L� �t�w�i�c�e� �d�a�i�l�y�,� �6�h� 
�b�e�t�w�e�e�n� �f�e�e�d�i�n�g�s� �(�a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� 
�t�h�e� �w�o�r�k� �d�a�y� �p�r�i�o�r� �t�o� �r�e�n�e�w�a�l�,� �a�n�d� �a�t� 
�t�h�e� �e�n�d� �o�f� �t�h�e� �w�o�r�k� �d�a�y� �f�o�l�l�o�w�i�n�g� 
�r�e�n�e�w�a�l�)�.� �S�u�f�f�i�c�i�e�n�t� �l�a�r�v�a�e� �a�r�e� �a�d�d�e�d� 
�t�o� �p�r�o�v�i�d�e� �a�n� �e�x�c�e�s�s�.� �L�a�r�v�a�e� �a�r�e� �n�o�t� 
�f�e�d� �d�u�r�i�n�g� �t�h�e� �f�i�n�a�l� �1�2� �h� �o�f� �t�h�e� �t�e�s�t�.� 

�S�i�p�h�o�n� �d�a�i�l�y�,� �i�m�m�e�d�i�a�t�e�l�y� �b�e�f�o�r�e� �t�e�s�t� 
�s�o�l�u�t�i�o�n� �r�e�n�e�w�a�l�.� 
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�T�a�b�l�e� �5�.� �S�u�m�m�a�r�y� �o�f� �r�e�c�o�m�m�e�n�d�e�d� �e�f�f�l�u�e�n�t� �t�o�x�i�c�i�t�y� �t�e�s�t� �c�o�n�d�i�t�i�o�n�s� �f�o�r� �t�h�e� 
�f�a�t�h�e�a�d� �m�i�n�n�o�w� �(�P�i�m�e�p�h�a�l�e�s� �p�r�o�m�e�l�u�s�)� �l�a�r�v�a�l� �s�u�r�v�i�v�a�l� �a�n�d� �g�r�o�w�t�h� �t�e�s�t�,� �(�E�P�A�,� 
�1�9�8�9�)�,� �C�o�n�t�i�n�u�e�d� 

� � 

�1�5�.� �A�e�r�a�t�i�o�n�:� 

�1�6�.� �D�i�l�u�t�i�o�n� �w�a�t�e�r�:� 

�1�7�.� �E�f�f�l�u�e�n�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�:� 

�1�8�.� �D�i�l�u�t�i�o�n� �f�a�c�t�o�r�:�'� 

�1�9�.� �T�e�s�t� �d�u�r�a�t�i�o�n�:� 

�2�0�.� �E�n�d�p�o�i�n�t�s�:� 

�2�1�.� �T�e�s�t� �a�c�c�e�p�t�a�b�i�l�i�t�y�:� 

�2�2�.� �S�a�m�p�l�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�:� 

�2�3�.� �S�a�m�p�l�e� �v�o�l�u�m�e� �r�e�q�u�i�r�e�d�:� 

�N�o�n�e�,� �u�n�l�e�s�s� �D�O� �c�o�n�c�e�n�t�r�a�t�i�o�n� �f�a�l�l�s� 
�b�e�l�o�w� �4�0�%� �s�a�t�u�r�a�t�i�o�n�.� �R�a�t�e� �s�h�o�u�l�d� �n�o�t� 
�e�x�c�e�e�d� �1�0�0� �b�u�b�b�l�e�s� �p�e�r� �m�i�n�u�t�e�.� 

�M�o�d�e�r�a�t�e�l�y� �h�a�r�d� �s�y�n�t�h�e�t�i�c� �w�a�t�e�r� �i�s� 
�p�r�e�p�a�r�e�d� �u�s�i�n�g� �M�I�L�L�I�P�O�R�E� �M�I�L�L�I�-�Q�*� �o�r� 
�e�q�u�i�v�a�l�e�n�t� �d�e�i�o�n�i�z�e�d� �w�a�t�e�r� �a�n�d� �r�e�a�g�e�n�t� 
�g�r�a�d�e� �c�h�e�m�i�c�a�l�s�,� �o�r� �2�0�%� �D�M�W�.� 

�M�i�n�i�m�u�m� �o�f� �5� �a�n�d� �a� �c�o�n�t�r�o�l� 

�A�p�p�r�o�x�i�m�a�t�e�l�y� �0�.�3� �o�r� �0�.�5� 

�7� �d�a�y�s� 

�S�u�r�v�i�v�a�l� �a�n�d� �g�r�o�w�t�h� �(�w�e�i�g�h�t�)� 

�8�0�%� �o�f� �g�r�e�a�t�e�r� �s�u�r�v�i�v�a�l� �i�n� �c�o�n�t�r�o�l�s�;� 
�a�v�e�r�a�g�e� �d�r�y� �w�e�i�g�h�t� �o�f� �s�u�r�v�i�v�i�n�g� �c�o�n�t�r�o�l�s� 
�e�q�u�a�l�s� �o�r� �e�x�c�e�e�d�s� �0�.�2�5� �m�g� 

�F�o�r� �o�n�-�s�i�t�e� �t�e�s�t�s�,� �s�a�m�p�l�e�s� �a�r�e� �c�o�l�l�e�c�t�e�d� 
�d�a�i�l�y�,� �a�n�d� �u�s�e�d� �w�i�t�h�i�n� �2�4� �h� �o�f� �t�h�e� �t�i�m�e� 
�t�h�e�y� �a�r�e� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �s�a�m�p�l�i�n�g� 
�d�e�v�i�c�e�.� 

�2�.�5� �L�i�d�a�y� 
� � 

�"� �S�u�r�f�a�c�e� �w�a�t�e�r� �t�e�s�t� �s�a�m�p�l�e�s� �a�r�e� �u�s�e�d� �a�s� �c�o�l�l�e�c�t�e�d� �(�u�n�d�i�l�u�t�e�d�)� 
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�T�a�b�l�e� �6�.� �S�u�m�m�a�r�y� �o�f� �t�e�s�t� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �t�e�s�t� �a�c�c�e�p�t�a�b�i�l�i�t�y� �c�r�i�t�e�r�i�a� �f�o�r� 
�C�e�r�i�o�d�a�p�h�n�i�a� �d�u�b�i�a� �a�c�u�t�e� �t�o�x�i�c�i�t�y� �t�e�s�t� �w�i�t�h� �e�f�f�l�u�e�n�t�s� �a�n�d� �r�e�c�e�i�v�i�n�g� �w�a�t�e�r�s�,� �(�E�P�A�,� 

� � 

�1�9�9�3�)� 

�1�.� �T�e�s�t� �t�y�p�e�:� �S�t�a�t�i�c� �n�o�n�-�r�e�n�e�w�a�l�,� �s�t�a�t�i�c�-�r�e�n�e�w�a�l�,� �o�r� 
�f�l�o�w�-�t�h�r�o�u�g�h� 

�2�.� �T�e�s�t� �d�u�r�a�t�i�o�n�:� �2�4�,� �4�8�,� �o�r� �9�6�h� 

�3�.� �T�e�m�p�e�r�a�t�u�r�e�:�'� �2�0� �+� �1�°�C�;� �o�r� �2�5�+�1�°�C� 

�4�.� �L�i�g�h�t� �q�u�a�l�i�t�y�:� �A�m�b�i�e�n�t� �l�a�b�o�r�a�t�o�r�y� �i�l�l�u�m�i�n�a�t�i�o�n� 

�5�.� �L�i�g�h�t� �i�n�t�e�n�s�i�t�y�:� �1�0�-�2�0� �y�E�/�m�7�/�s� �(�5�0�-�1�0�0� �f�t�-�c�)� �(�a�m�b�i�e�n�t� 
�l�a�b�o�r�a�t�o�r�y� �l�e�v�e�l�s�)� 

�6�.� �P�h�o�t�o�p�e�r�i�o�d�:� �1�6� �h� �l�i�g�h�t�,� �8� �h� �d�a�r�k�n�e�s�s� 

�7�.� �T�e�s�t� �c�h�a�m�b�e�r� �s�i�z�e�:� �3�0� �m�L� �(�m�i�n�i�m�u�m�)� 

�8�.� �T�e�s�t� �s�o�l�u�t�i�o�n� �v�o�l�u�m�e�:� �1�5� �m�L� �(�m�i�n�i�m�u�m�)� 

�9�.� �R�e�n�e�w�a�l� �o�f� �t�e�s�t� �s�o�l�u�t�i�o�n�s�:� �M�i�n�i�m�u�m�,� �a�f�t�e�r� �4�8� �h� 

�1�0�.� �A�g�e� �o�f� �t�e�s�t� �o�r�g�a�n�i�s�m�s�:� �L�e�s�s� �t�h�a�n� �2�4� �h� �o�l�d� 

�1�1�.� �N�u�m�b�e�r� �o�f� �o�r�g�a�n�i�s�m�s� �p�e�r� 
�t�e�s�t� �c�h�a�m�b�e�r�:� �M�i�n�i�m�u�m�,� �5� �f�o�r� �e�f�f�l�u�e�n�t� �a�n�d� �r�e�c�e�i�v�i�n�g� 

�w�a�t�e�r� �t�e�s�t�s� 

�1�2�.� �N�u�m�b�e�r� �o�f� �r�e�p�l�i�c�a�t�e� �c�h�a�m�b�e�r�s� 
�p�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�:� �M�i�n�i�m�u�m�,� �4� �f�o�r� �e�f�f�l�u�e�n�t� �a�n�d� �r�e�c�e�i�v�i�n�g� 

�w�a�t�e�r� �t�e�s�t�s� 

�1�3�.� �N�u�m�b�e�r� �o�f� �o�r�g�a�n�i�s�m�s� �p�e�r� 
�c�o�n�c�e�n�t�r�a�t�i�o�n�:� �M�i�n�i�m�u�m�,� �2�0� �f�o�r� �e�f�f�l�u�e�n�t� �a�n�d� �r�e�c�e�i�v�i�n�g� 

�w�a�t�e�r� �t�e�s�t�s� 

�1�4�.� �F�e�e�d�i�n�g� �r�e�g�i�m�e�:� �F�e�e�d� �Y�C�T� �a�n�d� �S�e�/�e�n�a�s�t�r�u�m� �w�h�i�l�e� 
�h�o�l�d�i�n�g� �p�r�i�o�r� �t�o� �t�h�e� �t�e�s�t�;� �n�e�w�l�y�-�r�e�l�e�a�s�e�d� 
�y�o�u�n�g� �s�h�o�u�l�d� �h�a�v�e� �f�o�o�d� �a�v�a�i�l�a�b�l�e� �a� 
�m�i�n�i�m�u�m� �o�f� �2� �h� �p�r�i�o�r� �t�o� �u�s�e� �i�n� �a� �t�e�s�t�;� 
�a�d�d� �0�.�1� �m�L� �e�a�c�h� �o�f� �Y�C�T� �a�n�d� 
�S�e�l�e�n�a�s�t�r�u�m� �2� �h� �p�r�i�o�r� �t�o� �t�e�s�t� �s�o�l�u�t�i�o�n� 
�r�e�n�e�w�a�l� �a�t� �4�8� �h� 

�1�5�.� �T�e�s�t� �c�h�a�m�b�e�r� �c�l�e�a�n�i�n�g�:� �C�l�e�a�n�i�n�g� �n�o�t� �r�e�q�u�i�r�e�d� 
� � 

�"�A�c�u�t�e� �a�n�d� �c�h�r�o�n�i�c� �t�o�x�i�c�i�t�y� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �t�o� �o�b�t�a�i�n� 
�a�c�u�t�e�/�c�h�r�o�n�i�c� �r�a�t�i�o�s� �m�u�s�t� �u�s�e� �t�h�e� �s�a�m�e� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �w�a�t�e�r� �h�a�r�d�n�e�s�s�.� 

�6�0



�T�a�b�l�e� �6�.� �S�u�m�m�a�r�y� �o�f� �t�e�s�t� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �t�e�s�t� �a�c�c�e�p�t�a�b�i�l�i�t�y� �c�r�i�t�e�r�i�a� �f�o�r� 
�C�e�r�i�o�d�a�p�h�n�i�a� �d�u�b�i�a� �a�c�u�t�e� �t�o�x�i�c�i�t�y� �t�e�s�t� �w�i�t�h� �e�f�f�l�u�e�n�t�s� �a�n�d� �r�e�c�e�i�v�i�n�g� �w�a�t�e�r�s�,� �(�E�P�A�,� 
�1�9�9�3�)�,� �C�o�n�t�i�n�u�e�d� 

� � 

�1�6�.� �T�e�s�t� �c�h�a�m�b�e�r� �a�e�r�a�t�i�o�n�:� 

�1�7�.� �D�i�l�u�t�i�o�n� �w�a�t�e�r�:� 

�1�8�.� �T�e�s�t� �c�h�a�m�b�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�:� 

�1�9�.� �D�i�l�u�t�i�o�n� �s�e�r�i�e�s�:� 

�2�0�.� �E�n�d�p�o�i�n�t�:� 

�2�1�.� �S�a�m�p�l�i�n�g� �a�n�d� �s�a�m�p�l�e� 
�h�o�l�d�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s�:� 

�2�2�.� �S�a�m�p�l�e� �v�o�l�u�m�e� �r�e�q�u�i�r�e�d�:� 

�2�3�.� �T�e�s�t� �a�c�c�e�p�t�a�b�i�l�i�t�y� �c�r�i�t�e�r�i�o�n�:� 

�N�o�n�e� 

�M�o�d�e�r�a�t�e�l�y� �h�a�r�d� �s�y�n�t�h�e�t�i�c� �w�a�t�e�r� �i�s� 
�p�r�e�p�a�r�e�d� �u�s�i�n�g� �M�I�L�L�I�P�O�R�E� �M�I�L�L�I�-�Q�®� �o�r� 
�e�q�u�i�v�a�l�e�n�t� �d�e�i�o�n�i�z�e�d� �w�a�t�e�r� �a�n�d� �r�e�a�g�e�n�t� 
�g�r�a�d�e� �c�h�e�m�i�c�a�l�s�,� �o�r� �2�0�%� �D�M�W�,� 
�r�e�c�e�i�v�i�n�g� �w�a�t�e�r�,� �g�r�o�u�n�d� �w�a�t�e�r�,� �o�r� 
�s�y�n�t�h�e�t�i�c� �w�a�t�e�r�,� �m�o�d�i�f�i�e�d� �t�o� �r�e�f�l�e�c�t� 
�r�e�c�e�i�v�i�n�g� �w�a�t�e�r� �h�a�r�d�n�e�s�s�.� 

�E�f�f�l�u�e�n�t�s�:� �M�i�n�i�m�u�m� �o�f� �f�i�v�e� �e�f�f�l�u�e�n�t� 
�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�n�d� �a� �c�o�n�t�r�o�l� 
�R�e�c�e�i�v�i�n�g� �W�a�t�e�r�s�:� �1�0�0�%� �r�e�c�e�i�v�i�n�g� 
�w�a�t�e�r� �a�n�d� �a� �c�o�n�t�r�o�l� 

�E�f�f�l�u�e�n�t�s�:� �>� �0�.�5� �d�i�l�u�t�i�o�n� �s�e�r�i�e�s� 
�R�e�c�e�i�v�i�n�g� �W�a�t�e�r�s�:� �N�o�n�e�,� �o�r� �>� �0�.�5� 
�d�i�l�u�t�i�o�n� �s�e�r�i�e�s� 

�E�f�f�l�u�e�n�t�s�:� �M�o�r�t�a�l�i�t�y� �(�L�C�5�0� �o�r� �N�O�A�E�C�)� 
�R�e�c�e�i�v�i�n�g� �W�a�t�e�r�s�:� �M�o�r�t�a�l�i�t�y� �(�S�i�g�n�i�f�i�c�a�n�t� 
�d�i�f�f�e�r�e�n�c�e� �f�r�o�m� �c�o�n�t�r�o�l�)� 

�E�f�f�l�u�e�n�t�s� �a�n�d� �R�e�c�e�i�v�i�n�g� �W�a�t�e�r�s�:� �G�r�a�b� 
�o�r� �c�o�m�p�o�s�i�t�e� �s�a�m�p�l�e�s� �a�r�e� �u�s�e�d� �w�i�t�h�i�n� 
�3�6� �h� �o�f� �c�o�m�p�l�e�t�i�o�n� �o�f� �t�h�e� �s�a�m�p�l�i�n�g� 
�p�e�r�i�o�d� 

�T�L� 

�9�0�%� �o�r� �g�r�e�a�t�e�r� �s�u�r�v�i�v�a�l� �o�f� �c�o�n�t�r�o�l�s� 

� � 
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�p�r�o�m�e�l�u�s� �(�f�a�t�h�e�a�d� �m�i�n�n�o�w�s�)�.� �A�l�t�h�o�u�g�h� �C�e�n�o�d�a�p�h�n�i�a� �d�u�b�i�a� �a�r�e� �t�y�p�i�c�a�l�l�y� �m�o�r�e� 

�s�e�n�s�i�t�i�v�e� �i�n� �b�o�t�h� �a�c�u�t�e� �a�n�d� �c�h�r�o�n�i�c� �t�e�s�t�s�,� �f�a�t�h�e�a�d� �m�i�n�n�o�w�s� �w�e�r�e� �c�h�o�s�e�n� �f�o�r� �t�h�e� 

�c�h�r�o�n�i�c� �t�e�s�t� �b�e�c�a�u�s�e� �t�h�e�y� �h�a�v�e� �p�r�o�v�e�n� �i�n� �t�h�e� �p�a�s�t� �t�o� �b�e� �t�h�e� �m�o�r�e� �s�e�n�s�i�t�i�v�e� 

�o�r�g�a�n�i�s�m� �i�n� �c�h�r�o�n�i�c� �t�e�s�t�s� �w�i�t�h� �t�h�e� �P�l�a�n�t ��s� �e�f�f�l�u�e�n�t�.� �D�u�e� �t�o� �t�h�e� �s�e�n�s�i�t�i�v�i�t�y� �t�h�a�t� �t�h�e� 

�m�i�n�n�o�w�s� �r�e�p�e�a�t�e�d�l�y� �d�i�s�p�l�a�y�e�d� �t�o� �t�h�e� �P�l�a�n�t ��s� �e�f�f�l�u�e�n�t�,� �t�h�e� �S�t�a�t�e� �h�a�s� �s�p�e�c�i�f�i�e�d� �t�h�a�t� 

�t�h�e� �P�l�a�n�t� �s�h�a�l�l� �u�s�e� �f�a�t�h�e�a�d� �m�i�n�n�o�w�s� �i�n� �a�l�l� �c�h�r�o�n�i�c� �t�o�x�i�c�i�t�y� �t�e�s�t�s� �(�D�i�a�m�o�n�d�,� �1�9�9�5�)�.� 

�A�l�l� �m�i�n�n�o�w�s� �w�e�r�e� �l�e�s�s� �t�h�a�n� �2�4� �h�o�u�r�s� �o�l�d� �a�t� �t�h�e� �s�t�a�r�t� �o�f� �t�e�s�t�i�n�g�.� �E�f�f�l�u�e�n�t� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �u�s�e�d� �w�e�r�e� �0�,� �5�0�,� �7�5� �a�n�d� �1�0�0�%�.� �T�w�o� �r�e�p�l�i�c�a�t�e�s� �p�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� 

�a�n�d� �1�0� �o�r�g�a�n�i�s�m�s� �p�e�r� �r�e�p�l�i�c�a�t�e� �w�e�r�e� �u�s�e�d�.� �T�h�e� �m�i�n�n�o�w�s� �w�e�r�e� �f�e�d� �t�h�r�e�e� �t�i�m�e�s� �a� 

�d�a�y�.� 

�3�.�3�.�1�1�.� �p�H�/�T�e�m�p�e�r�a�t�u�r�e�/�D�i�s�s�o�l�v�e�d� �O�x�y�g�e�n� 

�T�h�e� �p�H� �w�a�s� �m�e�a�s�u�r�e�d� �u�s�i�n�g� �a� �b�e�n�c�h� �t�o�p�,� �F�i�s�h�e�r� �A�c�c�u�m�e�t� �p�H� �m�e�t�e�r� �o�r� �a� 

�p�o�r�t�a�b�l�e� �C�o�r�n�i�n�g�,� �M�o�d�e�l� �1�0�6�,� �p�H� �m�e�t�e�r�.� �T�h�e� �m�e�t�e�r�s� �w�e�r�e� �c�a�l�i�b�r�a�t�e�d� �w�i�t�h� 

�s�t�a�n�d�a�r�d� �s�o�l�u�t�i�o�n�s� �o�f� �p�H� �4�.�0� �a�n�d� �7�.�0� �p�r�i�o�r� �t�o� �u�s�e�.� �A� �t�h�e�r�m�o�m�e�t�e�r� �g�r�a�d�u�a�t�e�d� �i�n� 

�d�e�g�r�e�e�s� �C�e�l�s�i�u�s� �(�C�)� �w�a�s� �u�s�e�d� �t�o� �m�e�a�s�u�r�e� �t�e�m�p�e�r�a�t�u�r�e�.� �D�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �m�e�a�s�u�r�e�d� �u�s�i�n�g� �a� �Y�S�I�,� �M�o�d�e�l� �5�4� �O�x�y�g�e�n� �M�e�t�e�r� �(�Y�e�l�l�o�w� 

�S�p�r�i�n�g�s�,� �O�h�i�o�)�.� �T�h�e�s�e� �p�a�r�a�m�e�t�e�r�s� �w�e�r�e� �m�e�a�s�u�r�e�d� �c�o�n�t�i�n�u�o�u�s�l�y� �t�h�r�o�u�g�h�o�u�t� �t�h�e� 

�c�o�u�r�s�e� �o�f� �t�h�e� �r�e�s�e�a�r�c�h�.� 
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�C�H�A�P�T�E�R� �I�V�.� �R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�T�h�e� �f�i�r�s�t� �s�e�c�t�i�o�n� �o�f� �t�h�i�s� �c�h�a�p�t�e�r� �d�i�s�c�u�s�s�e�s� �t�h�e� �o�u�t�c�o�m�e� �o�f� �t�h�e� �p�r�e�t�r�e�a�t�m�e�n�t� 

�e�x�p�e�r�i�m�e�n�t�s� �w�h�i�c�h� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �w�a�s�t�e� �s�t�r�e�a�m�,� �a�n�d� 

�a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e� �t�h�e�r�m�o�s�o�l� �d�y�e� �a�n�d� �p�r�i�n�t� �w�a�s�t�e� �s�t�r�e�a�m�s�.� �T�h�e� �s�e�c�o�n�d� 

�s�e�c�t�i�o�n� �d�i�s�c�u�s�s�e�s� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �C�F�R� �o�p�e�r�a�t�i�o�n�s� �a�t� �b�o�t�h� �4� �d�a�y� �a�n�d� �7� �d�a�y� 

�H�R�T�.� 

�4�.�1� �W�A�S�T�E�S�T�R�E�A�M� �P�R�E�T�R�E�A�T�M�E�N�T� �E�X�P�E�R�I�M�E�N�T�S� 

�A�l�t�h�o�u�g�h� �e�a�c�h� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �d�e�s�c�r�i�b�e�d� �a�n�d� �n�u�m�b�e�r�e�d� �s�e�p�a�r�a�t�e�l�y� �i�n� 

�C�h�a�p�t�e�r� �3�,� �M�e�t�h�o�d�s� �a�n�d� �M�a�t�e�r�i�a�l�s�,� �m�a�n�y� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� �a�r�e� �r�e�l�a�t�e�d�,� 

�t�h�e�r�e�f�o�r�e�,� �r�e�s�u�l�t�s� �o�f� �r�e�l�a�t�e�d� �e�x�p�e�r�i�m�e�n�t�s� �a�r�e� �g�r�o�u�p�e�d� �t�o�g�e�t�h�e�r� �f�o�r� �i�l�l�u�s�t�r�a�t�i�o�n� �a�n�d� 

�d�i�s�c�u�s�s�i�o�n� �i�n� �t�h�i�s� �c�h�a�p�t�e�r�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �E�x�p�e�r�i�m�e�n�t�s� �1�,� �2� �a�n�d� �3� �a�r�e� �d�i�s�c�u�s�s�e�d� 

�f�i�r�s�t�,� �f�o�l�l�o�w�e�d� �b�y� �E�x�p�e�r�i�m�e�n�t�s� �4� �a�n�d� �5�,� �E�x�p�e�r�i�m�e�n�t�s� �6� �a�n�d� �8�,� �a�n�d� �f�i�n�a�l�l�y� 

�E�x�p�e�r�i�m�e�n�t�s� �7�,� �9�,�1�0� �a�n�d� �1�1�.� �F�i�g�u�r�e�s� �4� �t�h�r�o�u�g�h� �1�5�,� �w�h�i�c�h� �i�l�l�u�s�t�r�a�t�e� �t�h�e� �r�e�s�u�l�t�s� �o�f� 

�e�a�c�h� �e�x�p�e�r�i�m�e�n�t� �o�r� �s�e�t� �o�f� �e�x�p�e�r�i�m�e�n�t�s�,� �a�r�e� �i�n�c�l�u�d�e�d� �w�i�t�h�i�n� �t�h�e� �d�i�s�c�u�s�s�i�o�n�.� �D�a�t�a� 

�t�h�a�t� �w�a�s� �c�o�l�l�e�c�t�e�d� �d�u�r�i�n�g� �t�h�e� �p�r�e�t�r�e�a�t�m�e�n�t� �s�t�u�d�i�e�s� �a�r�e� �t�a�b�u�l�a�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �A�.� 

�4�.�1�.�1� �E�x�p�e�r�i�m�e�n�t�s� �1�,� �2� �a�n�d� �3� �(�p�H�,� �F�)� 

�T�h�e� �f�i�l�t�r�a�t�i�o�n� �s�t�e�p� �i�n� �E�x�p�e�r�i�m�e�n�t� �1� �w�a�s� �p�e�r�f�o�r�m�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �a� �t�y�p�i�c�a�l� 

�p�a�r�t�i�c�l�e� �s�i�z�e� �d�i�s�t�r�i�b�u�t�i�o�n� �f�o�r� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h�.� �B�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �w�i�t�h� �a�n� 
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�u�n�a�d�j�u�s�t�e�d� �p�H� �o�f� �7� �w�a�s� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �t�h�e� �g�r�o�u�p� �o�f� �f�i�l�t�e�r�s� �a�p�p�e�a�r�i�n�g� �o�n� �t�h�e� �x�-� 

�a�x�i�s� �i�n� �F�i�g�u�r�e� �4�.� �A� �s�o�l�i�d�s� �c�o�n�c�e�n�t�r�a�t�i�o�n� �w�a�s� �n�o�t� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �a�n� �u�n�f�i�l�t�e�r�e�d� 

�s�a�m�p�l�e�.� �T�h�e� �h�i�g�h�e�s�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �p�a�r�t�i�c�l�e�s� �w�e�r�e� �f�o�u�n�d� �i�n� �t�h�e� �1�.�5� �a�n�d� �1�.�2� �p� 

�m�r�a�n�g�e�.� �A�l�s�o�,� �i�t� �a�p�p�e�a�r�s� �t�h�a�t� �h�i�g�h�e�r� �p�a�r�t�i�c�l�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �m�a�y� �h�a�v�e� �e�x�i�s�t�e�d� 

�a�t� �p�a�r�t�i�c�l�e� �s�i�z�e�s� �l�e�s�s� �t�h�a�n� �1�.�2� �u�m�.� �F�i�g�u�r�e� �4� �a�l�s�o� �i�l�l�u�s�t�r�a�t�e�s� �t�h�a�t� �m�o�r�e� �c�o�l�o�r� �w�a�s� 

�r�e�m�o�v�e�d� �w�i�t�h� �e�a�c�h� �s�u�c�c�e�s�s�i�v�e� �s�a�m�p�l�e� �f�i�l�t�r�a�t�i�o�n�.� �C�o�l�o�r� �l�e�v�e�l�s� �d�e�c�r�e�a�s�e�d� �f�r�o�m� 

�2�0�3�2� �t�o� �9�1�8� �A�D�M�I� �u�n�i�t�s�.� �F�i�l�t�r�a�t�i�o�n� �t�h�r�o�u�g�h� �a� �1�.�2� �m� �f�i�l�t�e�r� �i�s� �n�e�c�e�s�s�a�r�y� �f�o�r� 

�d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �c�o�l�o�r� �i�n� �t�r�u�e� �A�D�M�I� �u�n�i�t�s�.� �S�i�n�c�e� �c�o�l�o�r� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� 

�c�o�n�d�u�c�t�e�d� �o�n� �s�a�m�p�l�e�s� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �f�i�l�t�e�r� �p�o�r�o�s�i�t�i�e�s� �s�h�o�w�n� �o�n� 

�t�h�e� �x�-�a�x�i�s� �a�n�d� �t�h�e� �p�H� �w�a�s� �n�o�t� �r�e�a�d�j�u�s�t�e�d� �t�o� �7�.�6�,� �t�h�e� �r�e�p�o�r�t�e�d� �c�o�l�o�r� �l�e�v�e�l�s� �w�e�r�e� 

�n�o�t� �r�e�p�o�r�t�e�d� �i�n� �t�r�u�e� �A�D�M�I� �u�n�i�t�s�.� 

�F�i�g�u�r�e� �5� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �r�e�s�u�l�t�s� �o�f� �E�x�p�e�r�i�m�e�n�t� �2� �w�h�i�c�h� �d�e�t�e�r�m�i�n�e�d� �t�h�e� 

�e�f�f�e�c�t� �o�f� �p�H� �a�d�j�u�s�t�m�e�n�t� �o�n� �s�o�l�u�b�l�e� �C�O�D� �a�n�d� �c�o�l�o�r� �o�f� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h�.� �T�h�e� 

�c�o�l�o�r� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �m�a�d�e� �o�n� �u�n�f�i�l�t�e�r�e�d� �s�a�m�p�l�e�s� �b�e�c�a�u�s�e� �o�n�l�y� 

�d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �a�n� �a�p�p�a�r�e�n�t� �t�r�e�n�d� �w�a�s� �d�e�s�i�r�e�d�.� �B�o�t�h� �C�O�D� �a�n�d� �c�o�l�o�r� �w�e�r�e� 

�u�n�a�f�f�e�c�t�e�d� �b�e�t�w�e�e�n� �p�H� �6� �a�n�d� �4�.� �A�n� �o�v�e�r�a�l�l� �d�e�c�r�e�a�s�i�n�g� �t�r�e�n�d� �i�s� �a�p�p�a�r�e�n�t� �f�o�r� 

�b�o�t�h� �p�a�r�a�m�e�t�e�r�s� �a�t� �p�H� �v�a�l�u�e�s� �b�e�l�o�w� �4�.� �T�h�e� �o�v�e�r�a�l�l� �C�O�D� �a�n�d� �c�o�l�o�r� �r�e�d�u�c�t�i�o�n�s� 

�w�e�r�e� �1�2�%� �a�n�d� �6�2�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �i�n�c�r�e�a�s�e� �i�n� �C�O�D� �f�r�o�m� �p�H� �2�.�5� �t�o� �2� �m�a�y� �b�e� 

�a�n� �e�r�r�o�r� �i�n� �m�e�a�s�u�r�e�m�e�n�t�,� �b�u�t� �a�n�o�t�h�e�r� �p�o�s�s�i�b�l�e� �e�x�p�l�a�n�a�t�i�o�n� �m�a�y� �b�e� �d�u�e� �t�o� �t�h�e� 

�n�a�t�u�r�e� �o�f� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h�.� �B�i�o�l�o�g�i�c�a�l� �f�l�o�c�s� �o�f�t�e�n� �d�i�s�p�l�a�y� �g�o�o�d� �c�o�a�g�u�l�a�t�i�o�n� 

�a�t� �p�H� �l�e�v�e�l�s� �o�f� �2�.�5�,� �b�u�t� �l�o�w�e�r� �p�H� �l�e�v�e�l�s� �c�a�n� �d�i�s�p�e�r�s�e� �t�h�e� �f�l�o�c�s� �a�n�d� �d�i�s�r�u�p�t� 
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�[�C�o�l�o�r� �S�C� �R�e�t�a�i�n�e�d� �F�i�t�e�r�e�d� �S�o�l�a�s� 

�F�i�g�u�r�e� �4�.� �C�o�l�o�r� �a�n�d� �f�i�l�t�e�r�e�d� �s�o�l�i�d�s� �o�f� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �f�o�l�l�o�w�i�n�g� �f�i�l�t�r�a�t�i�o�n� �t�h�r�o�u�g�h� 

�r�a�n�g�e� �o�f� �f�i�l�t�e�r�s�,� �E�x�p�e�r�i�m�e�n�t� �1� �(�c�o�l�o�r� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �s�a�m�p�l�e�s� �n�o�t� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� 
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�1� �2� �3� �4� �5� �6� �7� 

�p�H� 

�/�=� �C�O�D� �*� �C�o�l�o�r�.� 

�F�i�g�u�r�e� �5�.� �E�f�f�e�c�t� �o�f� �p�H� �a�d�j�u�s�t�m�e�n�t� �o�n� �s�o�l�u�b�l�e� �C�O�D� �a�n�d� �u�n�f�i�l�t�e�r�e�d� �c�o�l�o�r� �o�f� �b�l�e�a�c�h� 
�a�n�d� �f�i�n�i�s�h�,� �E�x�p�e�r�i�m�e�n�t� �2� �(�c�o�l�o�r� �n�o�t� �r�e�p�o�r�t�e�d� �i�n� �t�r�u�e� �A�D�M�I� �u�n�i�t�s� �a�s� �s�a�m�p�l�e�s� �w�e�r�e� 
�u�n�f�i�l�t�e�r�e�d�)� 
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�s�e�t�t�l�i�n�g�.� �T�h�e� �r�e�d�u�c�t�i�o�n� �o�f� �p�H� �f�r�o�m� �2�.�5� �t�o� �2� �m�a�y� �h�a�v�e� �c�a�u�s�e�d� �a� �s�e�t�t�l�i�n�g� 

�d�i�s�r�u�p�t�i�o�n�,� �t�h�e�r�e�f�o�r�e� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �m�e�a�s�u�r�e�d� �C�O�D� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� �C�o�l�o�r� �i�s� 

�r�e�a�d�i�l�y� �r�e�m�o�v�e�d� �a�t� �p�H� �l�e�v�e�l�s� �o�f� �l�e�s�s� �t�h�a�n� �3�.�5�,� �b�u�t� �t�h�i�s� �l�e�v�e�l� �i�s� �u�s�u�a�l�l�y� �n�o�t� �f�e�a�s�i�b�l�e� 

�a�s� �i�t� �C�a�n� �r�e�q�u�i�r�e� �e�x�p�e�n�s�i�v�e� �m�a�t�e�r�i�a�l�s� �t�o� �w�i�t�h�s�t�a�n�d� �t�h�e� �h�i�g�h�l�y� �a�c�i�d�i�c� �l�e�v�e�l�.� �I�t� 

�s�h�o�u�l�d� �b�e� �n�o�t�e�d�,� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �s�e�c�t�i�o�n� �3�.�1�.�2�.�2�,� �t�h�e� �s�a�m�p�l�e�s� �w�e�r�e� �u�n�f�i�l�t�e�r�e�d� 

�a�n�d� �w�e�r�e� �n�o�t� �a�d�j�u�s�t�e�d� �t�o� �p�H� �7�.�6� �p�r�i�o�r� �t�o� �c�o�l�o�r� �a�n�a�l�y�s�i�s�.� 

�T�h�e� �p�H� �o�f� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �w�a�s� �a�d�j�u�s�t�e�d� �t�o� �v�a�l�u�e�s� �o�f� �3� �a�n�d� �5�,� �i�n� 

�E�x�p�e�r�i�m�e�n�t� �3�,� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �p�H� �a�d�j�u�s�t�m�e�n�t� �w�o�u�l�d� �a�f�f�e�c�t� �t�h�e� �p�a�r�t�i�c�l�e� �s�i�z�e� 

�d�i�s�t�r�i�b�u�t�i�o�n�.� �T�h�e� �r�e�s�u�l�t�s�,� �o�n� �F�i�g�u�r�e� �6�,� �s�h�o�w� �t�h�a�t� �a�l�t�h�o�u�g�h� �a� �d�e�c�r�e�a�s�e� �i�n� �p�H� �l�e�v�e�l� 

�i�n�c�r�e�a�s�e�d� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �p�a�r�t�i�c�l�e�s� �a�t� �a� �g�i�v�e�n� �f�i�l�t�e�r� �p�o�r�o�s�i�t�y�,� �t�h�e� �h�i�g�h�e�s�t� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �p�a�r�t�i�c�l�e�s� �r�e�m�a�i�n�e�d� �n�e�a�r� �1� �u�m�.� �T�h�e� �a�d�j�u�s�t�m�e�n�t� �o�f� �p�H� �a�p�p�e�a�r�e�d� 

�t�o� �i�n�c�r�e�a�s�e� �p�a�r�t�i�c�l�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �b�u�t� �n�o�t� �t�o� �a�f�f�e�c�t� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �p�a�r�t�i�c�l�e�s� �i�n� 

�t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h�.� �T�h�e� �a�p�p�e�a�r�a�n�c�e� �o�f� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �w�a�s� �u�n�a�f�f�e�c�t�e�d� 

�b�y� �f�i�l�t�r�a�t�i�o�n� �a�n�d� �o�n�l�y� �s�h�o�w�e�d� �a� �s�l�i�g�h�t� �d�e�c�r�e�a�s�e� �i�n� �o�v�e�r�a�l�l� �o�p�a�q�u�e�n�e�s�s� �a�s� �t�h�e� �p�H� 

�l�e�v�e�l� �w�a�s� �a�d�j�u�s�t�e�d� �b�e�l�o�w� �4�.� 

�4�.�1�.�2� �E�x�p�e�r�i�m�e�n�t�s� �4� �a�n�d� �5� �(�g�)� 

�I�n� �E�x�p�e�r�i�m�e�n�t� �4�,� �0� �t�h�r�o�u�g�h� �1�0�0� �m�g�/�L� �d�o�s�e�s� �o�f� �a� �3�%� �h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e� 

�s�o�l�u�t�i�o�n� �w�e�r�e� �a�p�p�l�i�e�d� �t�o� �s�a�m�p�l�e�s� �o�f� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� �f�o�r� �a�n� �o�x�i�d�a�t�i�o�n� �a�n�a�l�y�s�i�s�.� 

�N�o� �a�d�j�u�s�t�m�e�n�t� �o�f� �p�H� �w�a�s� �p�e�r�f�o�r�m�e�d�.� �A�t� �t�h�e� �t�i�m�e� �o�f� �t�h�e� �a�n�a�l�y�s�i�s�,� �t�h�e� �p�H� �w�a�s� �6�.�1�.� 

�A�f�t�e�r� �t�h�e� �o�x�i�d�a�t�i�o�n� �w�a�s� �c�o�m�p�l�e�t�e�d�,� �n�o� �v�i�s�u�a�l� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �e�v�i�d�e�n�t� �e�x�c�e�p�t� �t�h�e� 
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�f�o�r�m�a�t�i�o�n� �o�f� �a� �f�l�o�c� �a�t� �t�h�e� �b�o�t�t�o�m� �o�f� �t�h�e� �j�a�r�s�.� �S�o�l�u�b�l�e� �C�O�D� �a�n�d� �T�S�S� �a�n�a�l�y�s�e�s� 

�w�e�r�e� �c�o�n�d�u�c�t�e�d� �o�n� �t�h�e� �0�,� �5�0� �a�n�d� �1�0�0� �m�g�/�L� �s�a�m�p�l�e�s� �t�o� �d�e�t�e�r�m�i�n�e� �a�n�y� �c�h�a�n�g�e�s� 

�w�h�i�c�h� �m�a�y� �h�a�v�e� �o�c�c�u�r�r�e�d�.� �F�i�g�u�r�e� �7� �s�h�o�w�s� �T�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n�c�r�e�a�s�e�d� �f�r�o�m� 

�1�4�4� �t�o� �1�6�3� �m�g�/�L� �a�s� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e� �i�n�c�r�e�a�s�e�d�.� �C�O�D� 

�v�a�l�u�e�s� �v�a�r�i�e�d� �f�r�o�m� �5�0�0�0� �t�o� �5�9�0�0� �m�g�/�L� �w�i�t�h� �n�o� �a�p�p�a�r�e�n�t� �t�r�e�n�d�.� �A� �c�o�l�o�r� �a�n�a�l�y�s�i�s� 

�w�a�s� �n�o�t� �p�e�r�f�o�r�m�e�d� �d�u�e� �t�o� �t�h�e� �l�a�c�k� �o�f� �r�e�s�u�l�t�s� �i�n� �t�h�e� �T�S�S� �a�n�d� �C�O�D� �a�n�a�l�y�s�e�s�.� 

�R�e�s�u�l�t�s� �w�e�r�e� �c�o�m�p�a�r�a�b�l�e� �t�o� �t�h�o�s�e� �f�o�u�n�d� �b�y� �W�e�b�e�r� �(�1�9�9�4�)�.� 

�A�n� �a�t�t�e�m�p�t� �w�a�s� �m�a�d�e� �i�n� �E�x�p�e�r�i�m�e�n�t� �5� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �p�H� �a�d�j�u�s�t�m�e�n�t� �p�r�i�o�r� 

�t�o� �a�d�d�i�t�i�o�n� �o�f� �1�0�0� �m�g�/�L� �o�f� �h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e� �w�o�u�l�d� �p�r�o�d�u�c�e� �a�n�y� �c�h�a�n�g�e�s� �i�n� 

�s�o�l�u�b�l�e� �C�O�D�,� �D�O�C�,� �c�o�l�o�r� �o�r� �T�S�S�.� �A�f�t�e�r� �s�e�t�t�l�i�n�g� �o�c�c�u�r�r�e�d�,� �a�l�l� �o�f� �t�h�e� �s�a�m�p�l�e�s� 

�r�e�m�a�i�n�e�d� �c�l�o�u�d�y� �w�i�t�h� �s�t�r�i�n�g�y� �p�r�e�c�i�p�i�t�a�t�e� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� �s�i�d�e�s� �o�f� �j�a�r�s� �a�n�d� 

�a�c�c�u�m�u�l�a�t�e�d� �a�t� �t�h�e� �b�o�t�t�o�m� �o�f� �t�h�e� �j�a�r�s�.� �T�h�e� �a�m�o�u�n�t� �o�f� �p�r�e�c�i�p�i�t�a�t�e� �i�n�c�r�e�a�s�e�d� �a�s� 

�t�h�e� �p�H� �v�a�l�u�e�s� �d�e�c�r�e�a�s�e�d�.� �F�i�g�u�r�e� �8� �i�l�l�u�s�t�r�a�t�e�s� �t�h�a�t� �C�O�D� �a�n�d� �D�O�C� �w�e�r�e� 

�u�n�a�f�f�e�c�t�e�d� �b�y� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �p�H� �a�d�j�u�s�t�m�e�n�t� �a�n�d� �o�x�i�d�a�t�i�o�n�.� �A� �m�a�x�i�m�u�m� �T�S�S� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �p�H� �6�.�8� �c�o�n�t�r�o�l� �a�n�d� �d�e�c�r�e�a�s�e�d� �w�i�t�h� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� 

�h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e� �a�t� �p�H� �6�.�8�,� �t�h�e�n� �i�n�c�r�e�a�s�e�d� �s�l�i�g�h�t�l�y� �t�h�r�o�u�g�h� �p�H� �3�.� �C�o�l�o�r� �w�a�s� 

�t�h�e� �o�n�l�y� �p�a�r�a�m�e�t�e�r� �p�o�s�i�t�i�v�e�l�y� �e�f�f�e�c�t�e�d� �a�s� �i�t� �w�a�s� �r�e�d�u�c�e�d� �b�y� �3�5�%� �a�t� �p�H� �3�.� 

�H�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e� �o�x�i�d�a�t�i�o�n�,� �w�i�t�h� �o�r� �w�i�t�h�o�u�t� �p�H� �a�d�j�u�s�t�m�e�n�t�,� �f�a�i�l�e�d� �t�o� �p�r�o�d�u�c�e� 

�a�n�y� �n�o�t�e�w�o�r�t�h�y� �r�e�s�u�l�t�s� �o�t�h�e�r� �t�h�a�n� �c�o�l�o�r� �r�e�m�o�v�a�l�.� 
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�4�.�1�.�3� �E�x�p�e�r�i�m�e�n�t�s� �6� �a�n�d� �8� �(�9� �c�c�)� 

�T�h�e� �n�e�x�t� �s�e�t� �o�f� �e�x�p�e�r�i�m�e�n�t�s� �w�a�s� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� �p�H� 

�a�d�j�u�s�t�m�e�n�t�,� �o�x�i�d�a�t�i�o�n� �a�n�d� �c�h�e�m�i�c�a�l� �c�o�a�g�u�l�a�t�i�o�n� �o�n� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h� 

�s�a�m�p�l�e�s�.� �T�h�e� �p�H� �v�a�l�u�e�s� �o�f� �s�a�m�p�l�e�s� �i�n� �E�x�p�e�r�i�m�e�n�t� �6�,� �e�x�c�l�u�d�i�n�g� �t�h�e� �c�o�n�t�r�o�l� �a�n�d� 

�o�n�e� �s�a�m�p�l�e�,� �w�e�r�e� �r�e�d�u�c�e�d� �i�n� �a� �r�a�n�g�e� �f�r�o�m� �t�h�e� �o�r�i�g�i�n�a�l� �v�a�l�u�e� �o�f� �6�.�8�,� �t�h�e�n� �d�o�s�e�d� 

�w�i�t�h� �1�0�0� �m�g�/�L� �a�n�d� �7�8�5� �m�g�/�L� �o�f� �h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e� �a�n�d� �A�L�2�2�0�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�T�h�i�s� �f�o�r�m� �o�f� �p�r�e�t�r�e�a�t�m�e�n�t� �p�r�o�d�u�c�e�d� �s�a�m�p�l�e�s� �w�h�i�c�h� �w�e�r�e� �m�o�r�e� �c�l�e�a�r� �t�h�a�n� �a�n�y� 

�t�r�e�a�t�e�d� �s�a�m�p�l�e�s� �h�a�d� �b�e�e�n� �p�r�e�v�i�o�u�s�l�y�.� �T�h�e� �s�a�m�p�l�e� �a�t� �p�H� �5� �w�a�s� �f�a�i�r�l�y� �t�r�a�n�s�p�a�r�e�n�t� 

�w�i�t�h� �f�l�o�a�t�i�n�g� �a�n�d� �s�u�n�k�e�n� �f�l�o�c�.� �T�h�e� �s�a�m�p�l�e� �a�t� �p�H� �4� �w�a�s� �e�x�t�r�e�m�e�l�y� �t�r�a�n�s�p�a�r�e�n�t� 

�w�i�t�h� �m�o�s�t�l�y� �f�l�o�a�t�i�n�g� �f�l�o�c�.� �F�i�g�u�r�e� �9� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �a�n�a�l�y�s�e�s�.� �A� 

�m�i�n�i�m�u�m� �s�o�l�u�b�l�e� �C�O�D� �v�a�l�u�e� �o�f� �3�0�5�5� �m�g�/�L�,� �w�h�i�c�h� �r�e�p�r�e�s�e�n�t�s� �a� �2�0�%� �r�e�d�u�c�t�i�o�n�,� 

�w�a�s� �r�e�c�o�r�d�e�d� �a�t� �p�H� �5�.� �A� �1�9�%� �r�e�d�u�c�t�i�o�n� �o�c�c�u�r�r�e�d� �i�n� �D�O�C� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�t� �p�H� 

�v�a�l�u�e�s� �o�f� �4� �a�n�d� �5�.� �A�g�a�i�n�,� �c�o�l�o�r� �w�a�s� �t�h�e� �m�o�s�t� �h�i�g�h�l�y� �r�e�d�u�c�e�d� �p�a�r�a�m�e�t�e�r� �w�i�t�h� 

�r�e�m�o�v�a�l� �o�f� �8�2�%� �a�t� �p�H� �4�.� �A� �s�i�m�i�l�a�r� �t�r�e�n�d� �r�e�g�a�r�d�i�n�g� �T�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �c�a�n� �b�e� 

�s�e�e�n� �i�n� �F�i�g�u�r�e� �9� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �F�i�g�u�r�e� �8�,� �o�x�i�d�a�t�i�o�n� �o�n�l�y�,� �b�u�t� �o�v�e�r�a�l�l� �T�S�S� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �a�n� �a�v�e�r�a�g�e� �1�1�%� �h�i�g�h�e�r� �w�i�t�h� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �t�h�e� �p�o�l�y�m�e�r� 

�A�L�2�2�0�.� 

�F�i�g�u�r�e� �1�0� �c�o�m�p�a�r�e�s� �a�n�a�l�y�t�i�c�a�l� �r�e�s�u�l�t�s� �f�r�o�m� �E�x�p�e�r�i�m�e�n�t�s� �5� �a�n�d� �6�.� �A�d�d�i�t�i�o�n� 

�o�f� �A�L�2�2�0� �a�f�t�e�r� �o�x�i�d�a�t�i�o�n� �p�r�o�d�u�c�e�d� �i�n�c�r�e�a�s�e�d� �r�e�m�o�v�a�l�s� �o�f� �c�o�l�o�r� �a�t� �e�v�e�r�y� �p�H� �l�e�v�e�l�.� 

�R�e�m�o�v�a�l�s� �o�f� �s�o�l�u�b�l�e� �C�O�D� �a�n�d� �D�O�C� �w�e�r�e� �f�o�u�n�d� �a�t� �a�l�l� �p�H� �l�e�v�e�l�s� �e�x�c�e�p�t� �3�.� 

�R�e�m�o�v�a�l�s� �o�f� �C�O�D�,� �D�O�C� �a�n�d� �c�o�l�o�r� �a�v�e�r�a�g�e�d� �1�0�%�,� �9�%� �a�n�d� �5�8�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
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�s�o�l�u�b�l�e� �C�O�D�,� �D�O�C� �a�n�d� �c�o�l�o�r� �r�e�d�u�c�t�i�o�n�s� �o�c�c�u�r�r�e�d� �a�t� �a� �p�H� �o�f� �4�.�5� �a�n�d� �A�L�2�2�0� �d�o�s�e� 

�o�f� �4�0�0� �m�g�/�L�.� �T�h�e� �r�e�d�u�c�t�i�o�n�s� �i�n� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �w�e�r�e� �1�5�%�,� �3�0�%� �a�n�d� �8�4�%�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� �A�l�l� �o�f� �t�h�e� �T�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �d�e�c�r�e�a�s�e�d� �a�n� �a�v�e�r�a�g�e� �o�f� �4�6�%� �f�r�o�m� 

�t�h�e� �c�o�n�t�r�o�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �3�3�6� �m�g�/�L�.� �I�t� �w�a�s� �e�x�p�e�c�t�e�d� �t�h�a�t� �T�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� 

�w�o�u�l�d� �i�n�c�r�e�a�s�e� �d�u�e� �t�o� �a�d�d�i�t�i�o�n� �o�f� �t�h�e� �p�o�l�y�m�e�r� �a�s� �t�h�e�y� �d�i�d� �i�n� �o�t�h�e�r� �e�x�p�e�r�i�m�e�n�t�s�.� 

�E�x�p�e�r�i�m�e�n�t� �9� �b�u�i�l�t� �o�n� �t�h�e� �r�e�s�u�l�t�s� �o�f� �p�r�e�v�i�o�u�s� �e�x�p�e�r�i�m�e�n�t�s� �b�y� �i�n�c�o�r�p�o�r�a�t�i�n�g� 

�t�h�e� �p�H� �v�a�l�u�e� �o�f� �4�.�5� �f�o�r� �a�l�l� �s�a�m�p�l�e�s� �a�n�d� �a� �r�a�n�g�e� �o�f� �A�L�2�2�0� �p�o�l�y�m�e�r� �d�o�s�e�s� �o�f� �2�5�0� 

�t�o� �7�8�5� �m�g�/�L�.� �T�h�e� �o�r�g�a�n�i�c� �p�o�l�y�m�e�r� �A�1�3�0� �w�a�s� �a�d�d�e�d� �i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �5�,� �1�0� 

�a�n�d� �2�0� �m�g�/�L�,� �a�s� �i�n�d�i�c�a�t�e�d� �o�n� �F�i�g�u�r�e� �1�3�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �E�x�p�e�r�i�m�e�n�t� �9� �a�r�e� �s�h�o�w�n� 

�o�n� �F�i�g�u�r�e� �1�3� �w�h�e�r�e� �s�o�l�u�b�l�e� �C�O�D�,� �T�O�C� �a�n�d� �c�o�l�o�r� �r�e�d�u�c�t�i�o�n�s� �w�e�r�e� �9�%�,� �2�7�%� �a�n�d� 

�3�4�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �D�O�C� �v�a�l�u�e�s� �i�n�c�r�e�a�s�e�d� �a�n� �a�v�e�r�a�g�e� �o�f� �8�%�.� 

�E�x�p�e�r�i�m�e�n�t� �1�0� �u�t�i�l�i�z�e�d� �N�a�l�c�o� �p�o�l�y�m�e�r�s� �7�1�3�5� �a�n�d� �9�7�6�4�.� �R�e�s�u�l�t�s� �a�r�e� 

�s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�4�.� �A�s� �e�x�p�e�c�t�e�d� �f�r�o�m� �r�e�s�u�l�t�s� �o�f� �e�a�r�l�i�e�r� �p�H� �a�d�j�u�s�t�m�e�n�t� �t�e�s�t�s�,� �t�h�e� 

�s�a�m�p�l�e� �w�h�i�c�h� �w�a�s� �a�d�j�u�s�t�e�d� �t�o� �p�H� �2�.�5� �r�e�s�u�l�t�e�d� �i�n� �a� �c�o�l�o�r� �r�e�d�u�c�t�i�o�n�;� �i�n� �t�h�i�s� �c�a�s�e�,� 

�t�h�e� �r�e�d�u�c�t�i�o�n� �w�a�s� �4�9�%�.� �T�h�e� �s�a�m�p�l�e� �d�o�s�e�d� �w�i�t�h� �1�0�0� �m�g�/�L� �o�f� �7�1�3�5� �h�a�d� �5�5�%� �o�f� 

�t�h�e� �c�o�l�o�r� �r�e�m�o�v�e�d�,� �w�h�i�l�e� �t�h�e� �s�a�m�e� �d�o�s�e� �o�f� �9�7�6�4� �o�n�l�y� �r�e�m�o�v�e�d� �3�4�%� �o�f� �t�h�e� �c�o�l�o�r�.� 
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�C�o�n�v�e�r�s�e�l�y�,� �t�h�e� �1�0�0� �m�g�/�L� �d�o�s�e� �o�f� �9�7�6�4� �w�a�s� �a�b�l�e� �t�o� �r�e�m�o�v�e� �6�5�%� �o�f� �t�h�e� �s�o�l�u�b�l�e� 

�C�O�D�,� �b�u�t� �o�n�l�y� �1�2�%� �o�f� �t�h�e� �C�O�D� �w�a�s� �r�e�m�o�v�e�d� �w�i�t�h� �1�0�0� �m�g�/�L� �o�f� �7�1�3�5�.� �T�h�e� �p�H� 

�2�.�5� �s�a�m�p�l�e� �a�n�d� �2�5� �m�g�/�L� �d�o�s�e� �o�f� �7�1�3�5� �s�a�m�p�l�e� �r�e�s�u�l�t�e�d� �i�n� �a� �4�%� �i�n�c�r�e�a�s�e� �i�n� �C�O�D�.� 

�A�s� �i�n� �e�a�r�l�i�e�r� �e�x�p�e�r�i�m�e�n�t�s�,� �r�e�d�u�c�t�i�o�n� �o�f� �p�H� �r�e�s�u�l�t�e�d� �i�n� �a�n� �i�n�c�r�e�a�s�e� �i�n� �T�S�S�.� �i�n� �t�h�i�s� 

�c�a�s�e�,� �a� �6�2�%� �i�n�c�r�e�a�s�e� �i�n� �T�S�S� �o�c�c�u�r�r�e�d�.� �P�o�l�y�m�e�r� �a�p�p�l�i�c�a�t�i�o�n�s� �r�e�s�u�l�t�e�d� �i�n� �T�S�S� 

�r�e�d�u�c�t�i�o�n�s� �r�a�n�g�i�n�g� �f�r�o�m� �2�6�-�3�3�%�.� 

�W�e�b�e�r� �(�1�9�9�4�)� �a�p�p�l�i�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �5�0� �t�o� �3�0�0� �m�g�/�L� �o�f� �v�a�r�i�o�u�s� �o�t�h�e�r� 

�o�r�g�a�n�i�c� �p�o�l�y�m�e�r�s� �t�o� �s�a�m�p�l�e�s� �o�f� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h�.� �R�e�p�o�r�t�e�d� �c�o�l�o�r�,� �D�O�C� �a�n�d� 

�T�S�S� �r�e�m�o�v�a�l�s� �r�a�n�g�e�d� �f�r�o�m� �8�4� �t�o� �9�4�%�,� �8� �t�o� �1�1�%� �a�n�d� �7�0� �t�o� �8�6�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �A�s� 

�w�i�t�h� �W�e�b�e�r ��s� �r�e�s�u�l�t�s� �r�e�g�a�r�d�i�n�g� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h�,� �c�o�l�o�r� �a�p�p�e�a�r�e�d� �t�o� �b�e� �t�h�e� 

�o�n�l�y� �p�a�r�a�m�e�t�e�r� �w�h�i�c�h� �w�a�s� �a�b�l�e� �t�o� �b�e� �r�e�p�e�a�t�e�d�l�y� �r�e�m�o�v�e�d� �t�h�r�o�u�g�h� �v�a�r�i�o�u�s� 

�p�r�e�t�r�e�a�t�m�e�n�t� �a�t�t�e�m�p�t�s�.� �O�r�g�a�n�i�c� �c�o�n�t�e�n�t� �w�a�s� �t�h�e� �m�o�s�t� �t�r�o�u�b�l�e�s�o�m�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� 

�o�f� �t�h�e� �b�l�e�a�c�h� �a�n�d� �f�i�n�i�s�h�.� �T�h�e� �o�r�g�a�n�i�c� �c�o�n�t�e�n�t� �w�a�s� �l�a�r�g�e� �a�n�d�,� �a�s� �e�v�i�d�e�n�c�e�d� �b�y� 

�t�h�e� �p�r�e�t�r�e�a�t�m�e�n�t� �a�t�t�e�m�p�t�s�,� �v�e�r�y� �d�i�f�f�i�c�u�l�t� �t�o� �r�e�m�o�v�e�.� �N�a�l�c�o� �p�o�l�y�m�e�r� �9�7�6�4� �w�a�s� 

�a�b�l�e� �t�o� �r�e�m�o�v�e� �s�o�l�u�b�l�e� �C�O�D�,� �b�u�t� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �o�f� �t�h�e� �w�a�s�t�e� �c�o�u�l�d� �c�a�u�s�e� �C�O�D� 

�r�e�m�o�v�a�l�s� �t�o� �b�e� �l�e�s�s� �t�h�a�n� �6�5�%� �i�n� �a�n�y� �s�u�b�s�e�q�u�e�n�t� �e�x�p�e�r�i�m�e�n�t�s�.� 

�N�a�l�c�o� �p�o�l�y�m�e�r�s� �w�e�r�e� �u�t�i�l�i�z�e�d� �a�g�a�i�n� �i�n� �E�x�p�e�r�i�m�e�n�t� �1�1�.� �I�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� 

�p�o�l�y�m�e�r�s� �w�e�r�e� �a�p�p�l�i�e�d� �t�o� �t�h�e� �t�h�e�r�m�o�s�o�l� �d�y�e� �a�n�d� �p�r�i�n�t� �w�a�s�t�e� �s�t�r�e�a�m�s� �t�o� 

�d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �s�o�l�u�b�l�e� �C�O�D�,� �c�o�l�o�r� �a�n�d� �T�S�S� �w�o�u�l�d� �b�e� �a�f�f�e�c�t�e�d�.� 

�P�r�e�t�r�e�a�t�m�e�n�t� �w�i�t�h� �t�h�e� �N�a�l�c�o� �p�o�l�y�m�e�r�s� �w�a�s� �a�l�s�o� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �s�t�a�n�d�a�r�d� 

�p�r�e�t�r�e�a�t�m�e�n�t� �s�c�h�e�m�e�,� �w�h�i�c�h� �u�s�e�d� �A�L�2�2�0� �a�n�d� �A�1�3�0� �t�o� �t�r�e�a�t� �t�h�e� �d�y�e� �a�n�d� �p�r�i�n�t� �a�n�d� 
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�i�s� �d�e�s�c�r�i�b�e�d� �i�n� �s�e�c�t�i�o�n� �3�.�2�.�1� �o�f� �M�e�t�h�o�d�s� �a�n�d� �M�a�t�e�r�i�a�l�s�.� �T�h�i�s� �c�o�m�p�a�r�i�s�o�n� �w�a�s� 

�p�e�r�f�o�r�m�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �p�r�e�t�r�e�a�t�m�e�n�t� �u�s�i�n�g� �p�o�l�y�m�e�r�s� �7�1�3�5� �o�r� �9�7�6�4� 

�w�o�u�l�d� �p�r�o�v�i�d�e� �g�r�e�a�t�e�r� �r�e�m�o�v�a�l�s� �o�f� �o�r�g�a�n�i�c� �m�a�t�t�e�r�,� �c�o�l�o�r� �a�n�d� �s�o�l�i�d�s� �t�h�a�n� �t�h�e� 

�s�t�a�n�d�a�r�d� �p�r�e�t�r�e�a�t�m�e�n�t� �s�c�h�e�m�e�.� 

�F�i�g�u�r�e� �1�5� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �r�e�s�u�l�t�s� �o�f� �E�x�p�e�r�i�m�e�n�t� �1�1�.� �O�n� �F�i�g�u�r�e� �1�5�,� �C�n�t�r�l�2� 

�a�n�d� �s�t�n�d�p�r�t� �a�r�e� �u�s�e�d� �a�s� �a�b�b�r�e�v�i�a�t�i�o�n�s� �f�o�r� �t�h�e� �s�t�a�n�d�a�r�d� �p�r�e�t�r�e�a�t�m�e�n�t� �s�c�h�e�m�e� 

�c�o�n�t�r�o�l� �a�n�d� �s�a�m�p�l�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �a�s� �t�h�o�s�e� �t�w�o� �s�a�m�p�l�e�s� �w�e�r�e� �t�e�s�t�e�d� �o�n� �a� 

�d�i�f�f�e�r�e�n�t� �d�a�y� �t�h�a�n� �t�h�e� �o�t�h�e�r� �s�a�m�p�l�e�s� �.� �T�h�e� �r�e�s�u�l�t�s� �a�r�e� �m�i�x�e�d�,� �a�s� �t�h�e�y� �w�e�r�e� �i�n� 

�E�x�p�e�r�i�m�e�n�t� �1�0�.� �T�h�e� �5�0� �m�g�/�L� �d�o�s�e� �o�f� �9�7�6�4� �w�a�s� �a�b�l�e� �t�o� �r�e�m�o�v�e� �7�8�%� �o�f� �t�h�e� 

�s�o�l�u�b�l�e� �C�O�D� �p�r�e�s�e�n�t�,� �w�h�i�l�e� �t�h�e� �2�5� �a�n�d� �5�0� �m�g�/�L� �d�o�s�e�s� �o�f� �7�1�3�5� �w�e�r�e� �a�b�l�e� �t�o� 

�r�e�m�o�v�e� �5�5�%�.� �T�h�e� �1�0�0� �m�g�/�L� �d�o�s�e� �o�f� �7�1�3�5� �a�n�d� �2�5� �m�g�/�L� �d�o�s�e� �o�f� �9�7�6�4�,� �w�i�t�h� 

�r�e�m�o�v�a�l�s� �o�f� �6�%� �a�n�d� �1�1�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �w�e�r�e� �i�n�e�f�f�e�c�t�i�v�e� �a�t� �r�e�m�o�v�i�n�g� �C�O�D� 

�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �o�t�h�e�r� �d�o�s�e� �c�o�m�b�i�n�a�t�i�o�n�s� �d�i�s�c�u�s�s�e�d� �a�b�o�v�e�.� �N�o�n�e� �o�f� �t�h�e� �s�o�l�u�b�l�e� 

�C�O�D� �p�r�e�s�e�n�t� �w�a�s� �r�e�m�o�v�e�d� �u�s�i�n�g� �t�h�e� �A�L�2�2�0� �a�n�d� �A�1�3�0� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e� 

�s�t�a�n�d�a�r�d� �p�r�e�t�r�e�a�t�m�e�n�t� �s�c�h�e�m�e�.� �I�n� �t�h�a�t� �c�a�s�e�,� �c�o�n�t�r�o�l� �a�n�d� �p�r�e�t�r�e�a�t�e�d� �s�a�m�p�l�e� 

�C�O�D� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �e�a�c�h� �m�e�a�s�u�r�e�d� �t�o� �b�e� �2�0�2� �m�g�/�L�.� �A�c�c�o�r�d�i�n�g� �t�o� �d�a�t�a� 

�r�e�p�o�r�t�e�d� �b�y� �W�e�b�e�r� �(�1�9�9�4�)�,� �t�h�e� �s�t�a�n�d�a�r�d� �p�r�e�t�r�e�a�t�m�e�n�t� �s�c�h�e�m�e� �r�e�m�o�v�e�d� �7�3� �t�o� 

�7�8�%� �o�f� �t�h�e� �t�o�t�a�l� �C�O�D�,� �b�u�t� �w�a�s� �i�n�e�f�f�e�c�t�i�v�e� �a�t� �r�e�m�o�v�i�n�g� �s�o�l�u�b�l�e� �C�O�D�.� �W�e�b�e�r� 

�r�e�p�o�r�t�e�d� �r�e�m�o�v�a�l�s� �o�f� �s�o�l�u�b�l�e� �C�O�D� �r�a�n�g�i�n�g� �f�r�o�m� �0� �t�o� �3�3�%�.� �T�h�e�r�e�f�o�r�e�,� �i�t� �w�a�s� �n�o�t� 

�s�u�r�p�r�i�s�i�n�g� �t�h�a�t� �n�o�n�e� �o�f� �t�h�e� �s�o�l�u�b�l�e� �C�O�D� �w�a�s� �r�e�m�o�v�e�d� �i�n� �t�h�e� �s�t�a�n�d�a�r�d� 

�p�r�e�t�r�e�a�t�m�e�n�t� �s�c�h�e�m�e� �s�a�m�p�l�e�s� �t�e�s�t�e�d� �i�n� �E�x�p�e�r�i�m�e�n�t� �1�1�.� �T�h�e� �1�0�0� �m�g�/�L� �d�o�s�e� �o�f� 
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�D�o�s�e� �/� �P�o�l�y�m�e�r� �(�m�g�/�L� �/� �p�o�l�y�m�e�r� �n�o�.�)� 
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�O�-� �2� �I�  �� �-� �-� �:�  �� 

�c�o�n�t�r�o�l� �=�.� �2�5�/�7�1�3�5� �«�5�0�/�7�1�3�5� �=� �1�1�0�0�/�7�1�3�5� �2�5�/�9�7�6�4� �5�0�/�9�7�6�4� �1�0�0�/�9�7�6�4� 
�D�o�s�e� �/� �P�o�l�y�m�e�r� �(�m�g�/�L� �/� �p�o�l�y�m�e�r� �n�o�.�)� 

�F�i�g�u�r�e� �1�5�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �e�f�f�e�c�t�s� �o�f� �c�o�a�g�u�l�a�t�i�o�n� �w�i�t�h� �p�o�l�y�m�e�r�s� �7�1�3�5� �o�r� �9�7�6�4� �o�n� 
�s�o�l�u�b�l�e� �C�O�D�,� �c�o�l�o�r� �a�n�d� �T�S�S� �o�f� �t�h�e�r�m�o�s�o�l� �d�y�e� �a�n�d� �p�r�i�n�t�,� �E�x�p�e�r�i�m�e�n�t� �1�1� 
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�7�1�3�5� �r�e�m�o�v�e�d� �8�5�%� �o�f� �t�h�e� �c�o�l�o�r�,� �w�h�i�l�e� �t�h�e� �s�t�a�n�d�a�r�d� �p�r�e�t�r�e�a�t�m�e�n�t� �u�s�i�n�g� �A�L�2�2�0� 

�a�n�d� �A�1�3�0� �r�e�m�o�v�e�d� �8�3�%� �o�f� �t�h�e� �c�o�l�o�r� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �c�o�n�t�r�o�l� �u�s�e�d� �i�n� �t�h�a�t� 

�e�x�p�e�r�i�m�e�n�t�.� �A�l�l� �r�e�m�a�i�n�i�n�g� �s�a�m�p�l�e�s� �h�a�d� �s�o�m�e� �c�o�l�o�r� �r�e�m�o�v�e�d� �w�i�t�h� �r�e�m�o�v�a�l�s� 

�r�a�n�g�i�n�g� �f�r�o�m� �1�5� �t�o� �6�4�%�.� �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �T�S�S� �i�n�c�r�e�a�s�e�d� �i�n� �e�v�e�r�y� �c�a�s�e� �w�i�t�h� 

�i�n�c�r�e�a�s�e�s� �r�a�n�g�i�n�g� �f�r�o�m� �1�7� �t�o� �8�6�%�.� �T�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �n�o�t� �d�e�t�e�r�m�i�n�e�d� �f�o�r� 

�t�h�e� �s�a�m�p�l�e�s� �t�h�a�t� �w�e�r�e� �d�o�s�e�d� �w�i�t�h� �t�h�e� �A�L�2�2�0�/�A�1�3�0� �c�o�m�b�i�n�a�t�i�o�n�.� 

�4�.�2� �C�O�N�T�I�N�U�O�U�S� �F�L�O�W� �R�E�A�C�T�O�R� �O�P�E�R�A�T�I�O�N� 

�D�i�s�c�u�s�s�i�o�n�s� �a�n�d� �c�o�m�p�a�r�i�s�o�n�s� �o�f� �b�o�t�h� �t�h�e� �4� �d�a�y� �a�n�d� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� 

�r�e�s�u�l�t�s� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�e�c�t�i�o�n�s�:� �s�t�e�a�d�y� �s�t�a�t�e� �m�o�n�i�t�o�r�i�n�g�,� �k�i�n�e�t�i�c� 

�c�o�e�f�f�i�c�i�e�n�t� �d�e�t�e�r�m�i�n�a�t�i�o�n�,� �o�r�g�a�n�i�c� �r�e�m�o�v�a�l�,� �n�u�t�r�i�e�n�t� �r�e�m�o�v�a�l� �a�n�d� �m�e�t�a�l� �a�n�d� �i�o�n� 

�r�e�m�o�v�a�l�.� �T�o�x�i�c�i�t�y� �e�v�a�l�u�a�t�i�o�n�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �7� �d�a�y� �H�R�T� �s�a�m�p�l�e�s� �o�n�l�y�.� 

�F�i�g�u�r�e�s� �1�6� �t�h�r�o�u�g�h� �2�8� �a�r�e� �i�n�c�l�u�d�e�d� �t�o� �i�l�l�u�s�t�r�a�t�e� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �r�e�a�c�t�o�r� �s�t�u�d�i�e�s�.� 

�P�e�r�t�i�n�e�n�t� �d�a�t�a� �a�r�e� �t�a�b�u�l�a�t�e�d� �i�n� �T�a�b�l�e�s� �7� �t�h�r�o�u�g�h� �1�7�.� �A�l�l� �d�a�t�a� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �C�F�R� 

�o�p�e�r�a�t�i�o�n�s� �a�r�e� �t�a�b�u�l�a�t�e�d� �a�n�d� �i�n�c�l�u�d�e�d� �i�n� �A�p�p�e�n�d�i�x� �C�.� �A�l�l� �C�O�D� �m�e�a�s�u�r�e�m�e�n�t�s� 

�w�e�r�e� �s�o�l�u�b�l�e� �e�x�c�e�p�t� �w�h�e�r�e� �o�t�h�e�r�w�i�s�e� �n�o�t�e�d�.� �R�e�s�u�l�t�s� �o�f� �t�h�e� �3� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� 

�(�W�e�b�e�r�,� �1�9�9�4�)� �a�r�e� �i�n�c�l�u�d�e�d� �a�n�d� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �4� �a�n�d� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�s� 

�t�h�r�o�u�g�h�o�u�t� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�e�c�t�i�o�n�s�.� 

�4�.�2�.�1� �S�t�e�a�d�y� �S�t�a�t�e� �M�o�n�i�t�o�r�i�n�g� �P�a�r�a�m�e�t�e�r�s� 

�S�t�e�a�d�y� �s�t�a�t�e� �p�a�r�a�m�e�t�e�r�s� �M�L�S�S�,� �e�f�f�l�u�e�n�t� �T�S�S�,� �C�O�D� �a�n�d� �c�o�l�o�r� �w�e�r�e� 
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�m�e�a�s�u�r�e�m�e�n�t�s� �b�e�g�a�n�:� �O�p�e�r�a�t�i�o�n� �a�n�d� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �a�t� �t�h�i�s� �l�e�v�e�l� �c�o�n�t�i�n�u�e�d� �u�n�t�i�l� 
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�a�c�c�l�i�m�a�t�e�d� �t�o� �t�h�i�s� �t�y�p�e� �o�f� �w�a�s�t�e� �s�i�n�c�e� �t�h�e� �r�e�a�c�t�o�r�s� �h�a�d� �b�e�e�n� �i�n� �o�p�e�r�a�t�i�o�n� �f�o�r� 

�n�e�a�r�l�y� �o�n�e� �y�e�a�r� �f�r�o�m� �t�h�e� �t�i�m�e� �o�p�e�r�a�t�i�o�n� �w�a�s� �b�e�g�u�n� �b�y� �W�e�b�e�r� �(�1�9�9�4�)�.� �T�h�e� 

�p�a�r�a�m�e�t�e�r�s� �w�e�r�e� �m�e�a�s�u�r�e�d� �a�n� �a�v�e�r�a�g�e� �o�f� �t�w�o� �t�i�m�e�s� �p�e�r� �w�e�e�k� �u�n�t�i�l� �o�p�e�r�a�t�i�o�n� 

�s�t�o�p�p�e�d� �o�n� �d�a�y� �1�2�3�.� 

�F�i�g�u�r�e�s� �1�6� �t�h�r�o�u�g�h� �2�0� �s�u�m�m�a�r�i�z�e� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �l�i�s�t�e�d� �a�b�o�v�e� �f�o�r� �4� �d�a�y� 

�H�R�T� �o�p�e�r�a�t�i�o�n�.� �T�h�e� �d�a�t�a� �w�a�s� �a�n�a�l�y�z�e�d� �a�n�d� �s�t�e�a�d�y� �s�t�a�t�e� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�o� 

�h�a�v�e� �s�t�a�r�t�e�d� �o�n� �d�a�y� �1�0�1� �a�n�d� �e�n�d�e�d� �o�n� �d�a�y� �1�2�3�.� �E�f�f�l�u�e�n�t� �b�e�c�a�m�e� �d�i�f�f�i�c�u�l�t� �t�o� �f�i�l�t�e�r� 

�a�f�t�e�r� �d�a�y� �1�2�3�.� �O�n� �d�a�y� �1�2�6�,� �t�h�e� �e�f�f�l�u�e�n�t� �w�a�s� �s�t�i�l�l� �d�i�f�f�i�c�u�l�t� �t�o� �f�i�l�t�e�r� �s�o� �s�a�m�p�l�e�s� �w�e�r�e� 

�v�i�e�w�e�d� �u�n�d�e�r� �a� �m�i�c�r�o�s�c�o�p�e�.� �L�a�r�g�e� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �f�i�l�a�m�e�n�t�o�u�s� �o�r�g�a�n�i�s�m�s� �w�e�r�e� 

�v�i�s�i�b�l�e�.� �W�h�e�n� �d�e�c�r�e�a�s�e�d� �a�e�r�a�t�i�o�n� �d�i�d� �n�o�t� �p�r�o�m�o�t�e� �a� �r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �f�i�l�a�m�e�n�t�o�u�s� 

�p�o�p�u�l�a�t�i�o�n�,� �b�l�e�a�c�h� �(�W�o�n�d�e�r� �C�h�e�m�i�c�a�l� �C�o�r�p�.�,� �F�a�i�r�l�e�s�s�,� �P�A�)� �w�a�s� �a�d�d�e�d� �t�o� �k�i�l�l� �t�h�e� 

�u�n�w�a�n�t�e�d� �o�r�g�a�n�i�s�m�s�.� �M�i�n�o�r� �s�i�g�n�s� �o�f� �r�e�c�o�v�e�r�y�,� �i�n�c�l�u�d�i�n�g� �i�n�c�r�e�a�s�e�d� �C�O�D� �a�n�d� 

�c�o�l�o�r� �r�e�m�o�v�a�l�,� �w�e�r�e� �e�v�i�d�e�n�t� �b�y� �d�a�y� �1�4�0�,� �b�u�t� �t�h�e� �r�e�a�c�t�o�r�s� �n�e�v�e�r� �f�u�l�l�y� �r�e�c�o�v�e�r�e�d� �t�o� 

�8�5



� � �5�0�0�0� �-� 

�4�0�0�0� �+� 

�0� 

�1�0�0�0� �'�e ��.� 
�1�2�0� �1�3�0� �1�4�0� �1�5�0� �1�6�0� 

�T�i�m�e� �(�d�a�y�s�)� 
�1�1�0� �1�0�0� 

�-� �|� �2�0� �d�a�y� �S�R�T� �=� �3�0� �d�a�y� �S�R�T� �©� �1�5�d�a�y� �S�R�T� �=� 
�(�6� 

�F�i�g�u�r�e� �1�6�.� �M�L�S�S� �f�o�r� �4� �d�a�y� �H�R�T� �C�F�R� �o�p�e�r�a�t�i�o�n�s� 

�8�6



� � 

�|� 
�|� �/�;� 

 �� �t� �i�f� �i� 

�>� �|� �J� �\� 
�2�5�0�0� �+� �/� �\�\� �o�e� 
�£� �|� �/� �X�Q� �;� �e�e� �N�X� �\� 
�w� �m�e� �_� �i� �|� �N�Y� �.� 

�Y�  � �� �a�e� �i� 

�>� �2�0�0�0� �+� �&� 
�|� �e� �@� 

�=� �i� �-� 

�|� �/� 
�1�5�0�0� �|� �/� �°� �e� 

�e�o� �/� 
�-�~� �@� 

�1�0�0�0� �i� �s�r� �a� �a� 

�1�1�0� �1�2�0� �1�3�0� �1�4�0� �1�5�0� �1�6�0� 
�T�i�m�e� �(�d�a�y�s�)� 

�2� �1�5� �d�a�y� �S�R�T� �4� �2�0� �d�a�y� �S�R�T� �=� �3�0� �d�a�y� �S�R�T�!� 

�F�i�g�u�r�e� �1�7�.� �M�L�V�S�S� �f�o�r� �4� �d�a�y� �H�R�T� �C�F�R� �o�p�e�r�a�t�i�o�n�s� 

�8�7



�1�0�0�0� 

�8�0�0� �+� 
�4� �K

�e� 

�"� 
�|� 

�
_

�
"
�
 

�|� 

�
a
�
 

�M
�e� 

�!� 
�|�|� 

�4� 
�a�o� 

�'� 
�a

� 
�M�M� 

�A� 
 �� 

�|�  �� �f� �|� �+
� 

�!� �|� �|� �|� �1� �I� �4� �|� 

�_� 
�a

�p
� 

�n�a� 
�e

�e
� �e�e� 

�f�e
� �a

� 
�e

�p
� 
�
e

�
e

�
t
�
 

�O�o� 
�o�O� 

�o�O� 
�o

� 
�S�o� 

�©
� 

�©
� 

�©
� 

�w�~� 
�N

� 

�(�7�/�6�w�)� �S�S�L� �J�u�E�N�y�u�|� 

�1�2�0� �1�3�0� �1�4�0� �1�5�0� �1�6�0� 
�T�i�m�e� �(�d�a�y�s�)� 

�1�1�0� �1�0�0� 

�4
�a

� 
�V

�y� 
�\� 

�|� 

�m
�e� 

�n
�e

� �i� 

�t�4� 
�a

�4
� 

�.� 
�«�o� 

�S�s� 
�<

�0
� 

�
4
�
!
�
 

�W�W� �4
�6

� 
�_ �� 

�w
�o

� 
�
a
�
o
�
 

�.� 

�T�T� 
�«

� 
�e� 

�
a
�
 

�+� 
�w�o� 

�
o
�
e
�
 

�s
�o

� 
�o�n� 

�T
�e

� 
�|� �4� �w

�e
�:� 

�«�m�n� 
�f�o

�u
�l� 

�i� 
�d� 

�|� 

�4
�a

�:� 
�f�j� 

�o�s�  ��e� 
�a

� �e� 
�a� 

�f�e� 
�
e
�
y
�
 

�Q
� 

�o�O� 
�o�O� 

�O�o� 
�o�S� 

�o�O
� 

�O�o� 
�O�Q� 

�O�o� 
�o

� 
�o�O� 

�o�O� 
�c�e� 

�©
� 

�w�x� 
�N

� 
�°� 

�1�2�0�0� �- ��-�-� �
e
�
d
�
 

�e
�e

� �t�e� 

�(�7�/�6�w�)� �S�S�i� �j�u�a�n�w�s�y� 

�1�2�0� �1�3�0� �1�4�0� �1�5�0� �1�6�0� 
�T�i�m�e� �(�d�a�y�s�)� 

�1�1�0� �1�0�0� 

�©� �1�5�d�a�y�S�R�T� � �2�0�d�a�y�S�R�T� �=� �3�0� �d�a�y� �S�R�T�.� 
�r� �_� 

�e�e� 

�I�n�f�l�u�e�n�t� �a�n�d� �e�f�f�l�u�e�n�t� �T�S�S� �f�o�r� �4� �d�a�y� �H�R�T� �C�F�R� �o�p�e�r�a�t�i�o�n�s� �F�i�g�u�r�e� �1�8�.� 

�8�8



� � 
� � � � 

� � 

�%� �i� 

�|� �\� 
�~� �I�N� �p�A� �*� 
 �� �\� �!� �x� �/� �\� �=�x� �'� �|� �=� �i� �\� �>� �i� �4� �{� �@� �2�0�0�0� �+� �x� �z� �|� �x� �\� 

 ��~� �x� �|� �|� �|� �x� 
�Q� �|� �l� �_� �:� 

�o�O� �/� �\� �\� �/� �,� 
�O�o� �/� �\� �o�Y� 
�=� �;�=� �-�x� �x� �\� �4� �|� 

�2� �1�5�0�0� �\� �x� �\� �|� 
�=� �|� �¥� 

�1� 

�|� �|� 
�$�0�0�0� �p�p� �p�p� 

�1�0�0� �1�1�0� �1�2�0� �1�3�0� �1�4�0� �1�5�0� �1�6�0� 
�T�i�m�e� �(�d�a�y�s�)� 

�2�0�0�0� �- ��_�- ��_�-�_�- ��-�+ � ��_�_�_�_�_�_�  ��  � �� 
�:� �|� �|� 

�|� 
�1�6�0�0� �+� 

�a� �|� �/�\� �|� 
�2� �t� �|� �|� 
�£� �_� �°� �_�-� �:� 

�a� �1�2�0�0� �|� �7� �°� �\� �I�r� �r�h�s� �|� 
�Q�  ��©�  �� �V�J� �o�e� �j� �i�n� �o� �»� 
�~� �|� �a� �\� �{� �\� �|� 
�5� �8�0�0� �|� �r�-� �.� �.� �°�.� �q�t� �\� �a�  ��7� 
�5� �|� �s�e� �6� �/� �p�s� �o� �=� �1� �/� �=� �i�/� �\� 

�t�o� �i� �i�f�  ��\�  ��*� �A�y� �\�  �� 
�4�0�0� �t�a ��  ��s� �S�a�t� �e�a� �#�  �� �\�*� �_� �4� 

�.� �=�  �� �V�o� �o�s� �«� �.� �=� 
�{� �B�s� 

�0� �L� �w�o�o� �R�e� �p�o�m� �t�p� �m�o� �-�p�o� �b�e�n�t� �T�e� �p�e� �t�o� �S�o�p� �r� �~� �o�s� 

�1�0�0� �1�1�0� �1�2�0� �1�3�0� �1�4�0� �1�5�0� �1�6�0� 
�T�i�m�e� �(�d�a�y�s�)� 

� � 

�0� �1�5� �d�a�y� �S�R�T� �2�0� �d�a�y� �S�R�T� �=� �3�0� �d�a�y� �S�R�T�,� � � 

�F�i�g�u�r�e� �1�9�.� �I�n�f�l�u�e�n�t� �a�n�d� �e�f�f�l�u�e�n�t� �s�o�l�u�b�l�e� �C�O�D� �f�o�r� �4� �d�a�y� �H�R�T� �C�F�R� �o�p�e�r�a�t�i�o�n�s



�4� 

�2� �1�2�0�0� �.� �j� �r�N� �i� 

�<� �|�  ��i� 
�5� �p�o� �o�O� �|� �:� �x� �|� �\�e� 

�O� �9�0�0� �|� �x�X� �V�o�c�e� 
�<� �/� �/� �\�\� 
�g�S� �f�o� �P�K� 
�=� �i� �/� �/� 

�3� �6�0�0� �+� �/� �a� �.� �*� �\� �S� �/� �a� �b�e� �x�x� �'� 
�©� �I� �j�f� �,� �.� �\� �.� 

�5� �/� �a� �a� �\� 
�L� �Z� �o�a� �\� 

�=� �3�0�0� �|� �x�.�.�.� �Z�Y� �-� �=� �e�  ��~�~� �@� �e�o�.� �\�e� 

�c� �|� �o�o� �m�a� �_�_� 
�|� �i�-� �@� �8� 

�0� �|�.� �w�o� �p�e�s� �e�e� �p�e�e�s� �n�s� �f�e�n�c�e�s� �e�n� �|� �P�o�m� �a�a�t� �e�e� �f�i�n�n� 

�1�0�0� �1�1�0� �1�2�0� �1�3�0� �1�4�0� �1�5�0� �1�6�0� 
�T�i�m�e� �(�d�a�y�s�)� 

�x� �I�n�f�l�u�e�n�t� �©� �1�5�d�a�y� �S�R�T� �4� �2�0� �d�a�y� �S�R�T� �=� �3�0� �d�a�y� �S�R�T� 

�F�i�g�u�r�e� �2�0�.� �I�n�f�l�u�e�n�t� �a�n�d� �e�f�f�l�u�e�n�t� �c�o�l�o�r� �f�o�r� �4� �d�a�y� �H�R�T� �C�F�R� �o�p�e�r�a�t�i�o�n�s� 

�9�0



�s�t�e�a�d�y� �s�t�a�t�e� �c�o�n�d�i�t�i�o�n�s� �b�e�f�o�r�e� �t�h�e� �H�R�T� �w�a�s� �i�n�c�r�e�a�s�e�d� �t�o� �7� �d�a�y�s�.� �T�h�e�r�e�f�o�r�e�,� �i�t� 

�w�a�s� �d�e�c�i�d�e�d� �t�o� �e�n�d� �t�h�e� �s�t�e�a�d�y� �s�t�a�t�e� �p�e�r�i�o�d� �a�t� �d�a�y� �1�2�3�.� 

�F�i�g�u�r�e�s� �2�1� �t�h�r�o�u�g�h� �2�6� �s�u�m�m�a�r�i�z�e� �t�h�e� �s�t�e�a�d�y� �s�t�a�t�e� �m�o�n�i�t�o�r�i�n�g� �p�a�r�a�m�e�t�e�r�s� 

�f�o�r� �t�h�e� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�.� �F�o�l�l�o�w�i�n�g�.�a�n�a�l�y�s�i�s� �o�f� �t�h�e� �d�a�t�a�,� �s�t�e�a�d�y� �s�t�a�t�e� �w�a�s� 

�d�e�t�e�r�m�i�n�e�d� �t�o� �h�a�v�e� �e�x�i�s�t�e�d� �i�n� �t�h�e� �r�e�a�c�t�o�r�s� �f�r�o�m� �d�a�y� �6�2� �t�h�r�o�u�g�h� �d�a�y� �1�0�1� �f�o�r� �t�h�e� 

�1�5� �a�n�d� �3�0� �d�a�y� �6�,� �r�e�a�c�t�o�r�s�.� �T�h�e� �s�a�m�e� �t�i�m�e� �p�e�r�i�o�d� �w�a�s� �u�s�e�d� �f�o�r� �t�h�e� �2�0� �d�a�y� �6�,� 

�r�e�a�c�t�o�r�,� �e�x�c�e�p�t� �t�h�a�t� �d�a�y�s� �6�9� �a�n�d� �7�3� �w�e�r�e� �e�x�c�l�u�d�e�d� �f�r�o�m� �t�h�e� �v�a�l�u�e� �a�v�e�r�a�g�i�n�g�.� �-� 

�F�i�g�u�r�e� �2�1� �i�l�l�u�s�t�r�a�t�e�s� �t�h�a�t� �t�h�e� �M�L�S�S� �p�o�p�u�l�a�t�i�o�n� �i�n� �t�h�e� �2�0� �d�a�y� �6�,� �r�e�a�c�t�o�r� �d�e�c�l�i�n�e�d� 

�o�v�e�r� �d�a�y�s� �6�9� �a�n�d� �7�3� �t�o� �l�e�v�e�l�s� �b�e�l�o�w� �t�h�o�s�e� �o�f� �t�h�e� �1�5� �d�a�y� �r�e�a�c�t�o�r�.� �A�l�s�o� �a�p�p�a�r�e�n�t�,� 

�o�n� �F�i�g�u�r�e� �2�4�,� �i�s� �t�h�a�t� �t�h�e� �C�O�D� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �t�h�e� �2�0� �d�a�y� �8�,� �r�e�a�c�t�o�r� �r�o�s�e� �f�r�o�m� 

�d�a�y� �6�2� �t�h�r�o�u�g�h� �d�a�y� �7�3� �t�o� �a� �v�a�l�u�e� �t�h�a�t� �d�o�e�s� �n�o�t� �a�p�p�e�a�r� �o�n� �t�h�e� �g�r�a�p�h� �b�e�c�a�u�s�e� �i�t� 

�w�a�s� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �i�n�f�l�u�e�n�t� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�n� �t�h�a�t� �d�a�y� �.� �D�u�e� �t�o� �t�h�e� �u�p�s�e�t� �n�a�t�u�r�e� 

�o�f� �t�h�e� �2�0� �d�a�y� �0�,� �r�e�a�c�t�o�r� �d�u�r�i�n�g� �t�h�i�s� �t�i�m�e� �p�e�r�i�o�d�,� �c�o�r�r�e�s�p�o�n�d�i�n�g� �p�a�r�a�m�e�t�e�r� �v�a�l�u�e�s� 

�w�e�r�e� �n�o�t� �i�n�c�l�u�d�e�d� �i�n� �s�t�e�a�d�y� �s�t�a�t�e� �a�v�e�r�a�g�i�n�g�.� �T�h�e� �r�e�a�c�t�o�r� �r�e�c�o�v�e�r�e�d� �b�y� �d�a�y� �8�3�.� 

�T�a�b�l�e� �7� �l�i�s�t�s� �t�h�e� �a�v�e�r�a�g�e� �s�t�e�a�d�y� �s�t�a�t�e� �p�a�r�a�m�e�t�e�r� �v�a�l�u�e�s� �a�l�o�n�g� �w�i�t�h� �p�e�r�c�e�n�t� 

�r�e�m�o�v�a�l�s� �i�n� �p�a�r�e�n�t�h�e�s�e�s� �f�o�r� �b�o�t�h� �t�h�e� �4� �d�a�y� �a�n�d� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�s�,� �a�n�d� �t�h�e� �3� 

�d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �w�h�i�c�h� �r�e�s�u�l�t�e�d� �f�r�o�m� �t�h�e� �w�o�r�k� �p�e�r�f�o�r�m�e�d� �b�y� �W�e�b�e�r� �(�1�9�9�4�)�.� 

�F�i�g�u�r�e�s� �1�6� �a�n�d� �2�7�1� �i�l�l�u�s�t�r�a�t�e� �t�h�e� �M�L�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�o�r� �t�h�e� �4� �a�n�d� �7� �d�a�y� 

�H�R�T� �s�t�u�d�i�e�s�.� �A�t� �e�a�c�h� �H�R�T� �l�e�v�e�l�,� �M�L�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n�c�r�e�a�s�e�d� �w�i�t�h� 

�i�n�c�r�e�a�s�i�n�g� �0�,� �v�a�l�u�e�.� �M�L�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�,� �i�n�c�l�u�d�i�n�g� �t�h�o�s�e� �f�r�o�m� �t�h�e� �3� �d�a�y� �H�R�T� 

�s�t�u�d�y�,� �r�a�n�g�e�d� �f�r�o�m� �1�3�5�8� �t�o� �3�3�5�3� �m�g�/�L�.� �T�h�e� �i�n�c�r�e�a�s�e� �i�n� �H�R�T� �f�r�o�m� �3� �d�a�y�s� �t�o� �7� 

�9�1



� � 

�a� 

�a� �R�a�y� �,� 

�=� �_� �=� 
�2�5�0�0� �-� �\� �i� �*!"� 

�\� �=� �7�  �� 
�_�~� �\� �=� �\�.� �/� �\� 

�S� �j�o� �.� 
�d�D�)� �\� �i� �=� 

�£�  �� �*� �p� 
�g�y� �2�0�0�°� �4 �� �\�x�"� �\� �"� �A�a ��  �� 

�\� �\�  ��e�e� 

�S�  ��  �� �a� �\�4�e� �f� �o�e� �F�e�e� 
�a� �{�e�o� �S�a� �/�  �� 

�\� �A�!� �\� �i �� �\� 
�1�5�0�0� �+� �i� �x� �|� �~� �a�e� 

�n�t� �|� �°� �-�.�d� �P�y� �\�y� �*� 
�\� �|� �o� �e� 

�1�0�0�0� �~ � � ��-�- � � �� �4� �t�t� �p�r� �t�e� �f�p� �p�p� �.� �i� 

�2�0� �4�0� �6�0� �8�0� �1�0�0� �1�2�0� �1�4�0� 

�T�i�m�e� �(�d�a�y�s�)� 

�c�e� �1�5� �d�a�y� �S�R�T� �«� �2�0� �d�a�y� �S�R�T� �=� �3�0� �d�a�y� �S�R�T� 

�F�i�g�u�r�e� �2�1�.� �M�L�S�S� �f�o�r� �7� �d�a�y� �H�R�T� �C�F�R� �o�p�e�r�a�t�i�o�n�s� 

�9�2



�M
�L

�V
�S

�S
� 

�(�
m

�g
�/�

L�
)� 

� � 

�2�2�0�0� �-� �=� �|� 
�;� �"� �|� 

�2�0�0�0� �+� �\� �_� �:� 
�\� �[� �"� �=� �|� 

�1�8�0�0� �+� �\� �/� �i� 
�|� �A� �\� �/� �n�n� 

�1�6�0�0� �+� �~� �J�f�  �� �.� 
�|� �»� �A� �y�e� 

�{� �~� �/� �~� �_� �e�+� �a� �\� �\� 

�1�4�0�0� �+� �a�y� �f� �,�  �� 
�|� �O�f� �«�  ��  �� 

�+� �y�t� �/� �4� �\� �S� 

�1�2�0�0� �|� �o� �i�n� �!� 
�t� �o�- �� �@� �N� 

�1�0�0�0� �\�e� 
�|� �:� 

�B�0�0� �+�-�-�+� �p�t� 
�2�0� �4�0� �6�0� �8�0� �1�0�0� �1�2�0� �1�4�0� 

�T�i�m�e� �(�d�a�y�s�)� 

 ��1�8� �d�a�y� �S�A�T�»� �2�0� �d�a�y� �S�R�T� �©� �9�0� �d�a�y� �S�R�T� 

�F�i�g�u�r�e� �2�2�.� �M�L�V�S�S� �f�o�r� �7� �d�a�y� �H�R�T� �C�F�R� �o�p�e�r�a�t�i�o�n�s� 

�9�3



�6�0�0� �;�- ��- ��-� 

�a
� �S� 

�K�o� 
�
M

�
o

�
 

�
i
�
e

�
 

�a
� �M

� 

�a
� 

�t�t� �
t
�
y
�
 

�a
� 

�/� 
�4� 

�B
�p

� �r�e�h�c�e�n�p�i�e� �f� 
�t�e� �

f
�
e

�
 

�f�p� 

�e� 
�2� 

�a� 
�=� 

�(�7�/�6�w�W
�)� 
�S�S�L� �J�u�a�n�y�u� 

�D�b� �p�t� �f�t� �p�t� �p�e� 

�o�S� 
�7� 

�_�-� 

�o�O
� 

�N
� 

�-� 

�o�O
� 

�o�O
� 

�-� 

 �� 
�n�n� 
�=

� 
�©

� 
�o

�f� 
�o� 

�£� 
�c�o�n�d� 

�©
� 

�©
� 

�o
� 

�w�+� 

�o
� 

!"�N� 

�
 
�
 

� � � � 

� � 

�P
�a

� �i� 
�m�e� 

�a�e� �e�e� 
�e

�a
�e

� 

�o
�e

�  ��_
� 

�|� 

�
1
�
 

�e� 
�|� 

�
4
�
s
�
 

 �� 
�*�,� 

�a
� 

�N
�e

� 
�a

� 
�o

� 
�|� 

�
S

�
a
�
 

�«
�l�e

� 
 
�
�
 

�e�«� 
�O�0�U!"� 

�|� 
�
o
�
o
�
 

�t� 
�\� 

�+
� 

�
i�
e
�
 

�\� 

�e
�H

� �|� 
�w

�a
� 

�N
�o

�t� 
�M

�4
� 

�|� 

�o�e� 
 ��a� 

�S
�e� �|� 

 ��o�n� 
�.� �A

� 
�|� 

�
O

�
e
�
 

�a�e� 
�{� 

�5� 
�o

�A
� �a

�
e
�
 

�y
� 

�|� 
�T

�N
�,� 

�}� 
�e

�+
� 

�|� �
b
�
e
�
 

�e
�e

� �e�f� 
�
e
�
e
�
 

�e�f� 

�O�o� 
�©

� 
�o

� 
�o�O� 

�O�o� 
�g�i� 

�w�o� 
�©

� 
�w

� 

�(�q�/�6�u�i�)� �S
�s�t� �j�u�a�n�w�y�s�a� 

�o�O
� 

�w�=� 

�_�-� 

�o�S� 
 �� 
�-� 

�O�o� �Q�o� 
�-� 

�w�o� �>
� 

�©
� 

�o
�f� 
�o� 

�E� 
�t� 

�o�O� 
�©

� 

�©
� 

�7
� 

�o�O
� 

�N
� 

�_�-�-�4� 
�_�-�©�-� �1�5� �d�a�y� �S�R�T� �*� �2�0� �d�a�y� �S�R�T� �=� �3�0� �d�a�y� �S�R�T�!� �1� 

�F�i�g�u�r�e� �2�3�.� �I�n�f�l�u�e�n�t� �a�n�d� �e�f�f�l�u�e�n�t� �T�S�S� �f�o�r� �7� �d�a�y� �H�R�T� �C�F�R� �o�p�e�r�a�t�i�o�n�s� 

�9�4



� � 

� � � � 

�2�5�0�0� �|� �x� �i�i� 
�_�~� �|� �A� �f�i� 
�=� �N�o�y� 
�o�D� �J� �i� �|� 
�E�2�0�0�0� �+� �j� �|� �|�|� 
�5� �/� �|� �i� �|� 

�c� �|� �f�s� �|� �|� �C�c� �L� �4� �x� �\� �1�5�0�0� �-� �|� �f�.� �y� �i�y� �|� 
�<� �:� �x�X� �x� �/� �x� �|� 

�*� �=� 
�1�0�0�0� �:� �4� 

�|� �x� 

�|� �|� 
�5�0�0� �~� �t� �:� �f�t� �t� �p�t� �a� �o�t� 

�2�0� �4�0� �6�0� �8�0� �1�0�0� �1�2�0� �1�4�0� 

�T�i�m�e� �(�d�a�y�s�)� 

�6�0�0� �~�~� �$�e� �a� �-� 
�|� �;� �|� 

 �� �|� �/� �}� 

�=� �[� �/� �|� 
�2� �4�0�0� �2� �/� �|� 
�=� �i�,� �|� 
�Q� �/� �|� �O� �|� 
�c�o� �/� �|�.� �!� 

�S�c� �|� �o�O� �e� �/� �i!"� �|� 

�v�  �� �o�o�.� �i� �_�é� 

�=� �2�0�0� �+�  �� �-� �/� �-� �@�-�o�e�7� �7� �i�o� �=�\� �/� �o�s� �[�o�e� 
�l� �N� �*� �&� �i�n� �a� �/� �o� �*� �\� �a�h�s� �/�  �� �/� 

�|� �R�S� �V�e� �7� �a� �o�g� 
�r�y� �j�m�s� �f�o� 

�|� �a�l�t� �=� 
�'� �f� �V�a�r� 

�/�  ��s� 
�f� �\� 

�0� �1� �_�@�  ��_� �+�4� �#� �.� �t�e�e� �e�e� �e�e�  �� �h�o�e� �e�e�e� �8� 

�2�0� �4�0� �6�0� �8�0� �1�0�0� �1�2�0� �1�4�0� 

�T�i�m�e� �(�d�a�y�s�)� 

�_�*� �1�5�d�a�y� �S�R�T� �-�«� �2�0�d�a�y� �S�R�T� �=� �3�0� �d�a�y� �S�R�T�)� 

�F�i�g�u�r�e� �2�4�.� �I�n�f�l�u�e�n�t� �a�n�d� �e�f�f�l�u�e�n�t� �s�o�l�u�b�l�e� �C�O�D� �f�o�r� �7� �d�a�y� �H�R�T� �C�F�R� �o�p�e�r�a�t�i�o�n�s



�\� 

�\�,� 

�N� 

�x�y� �x�X� 

�J� 
�8�0� 

�T�i�m�e� �(�d�a�y�s�)� 
� � 

�
a
�
 

�
Z

�
O

�
 

�w
�e

� 
�N� �.� 

�p
�e

� 
�.� 

�|� 

�m
� �.�.� 

�a
� �s

� 
�.� 

�M
�e

� 
�
a
�
 

�a�n�n�e� 
�t� 

�w�e� 
�n�e�.� �W

�e
� �+

�4� 
�4� 

�W� 
�:� 

�{� �\� �|� �b�e� 
�e�f� 

�e�e� 
�a�e� 
�
e
�
p
�
 

�Q
� 

�Q�o� 
�o�a� 

�O�o� 
�S�o� 

�Q�o� 
�Q

� 
�O�o� 

�Q
� 

�O�o� 
�©

� 

�2� 
�S� 

�°� 
�©� 

 �� 
�(�W

�G
�)� 
�J�o�I�O�D� �J�U�a�N�y�U�|� 

�1�4�0� �1�2�0� �1�0�0� �6�0� �4�0� �2�0� 

�*�,�*� 
�4� 

 �� 
 ��e

�n
� 

�
o

�
e

�
 

�.� 
�a� 

�.� 
�'� 

 ¬� 
�4� 

�a� 

�i� 
�°�e� 

�i�i�f� 
�'� 

�o
� 

�<�«� 
�t� 

 ��O
�L

� 
 ��<

�i� 
 ��~�@

� 
�<�4� �4�2�8� 

�I� 
�o�e� 

�'� 
�®� 

�4
�6

�8
� 

�o
�n

� 

�o
�n

� 
�e

�e
� 

�r�r� 

�e
�d

� 
�
o

�
e

�
 

�4
�-�8

� 
�o

�n
�e

� 
�o

�n
� 

�:� 
�e�n�e� 

�|� �|� �b�e� �
e

�
w

�
 

�
f
�
e
�
 
�
t
�
e
�
 �f�e

�e
� �e

�e
� �t�e

� 
�
h

�
e

�
 

�O�o� 
�o�O� 

�o�O� 
�°�o� 

�O�o� 
�@

� 
�o�O� 

�O
�o� 

�w�+� 
�©

� 
�N

� 
�a�d� 

�(�I�N
�G

�Y�)� 
�J�O�I�O�D� 

�J�u�e�n�i�y�s� 

�f�e�o�c�e�n� �0� �t�o� �a�e� 

�2�6� �7�1�4�0� 

�©
� 

 �� �8�0� �1�0�0� 
�T�i�m�e� �(�d�a�y�s�)� 

�6�0� �4�0� 

�©� �1�5�d�a�y� �S�R�T� �«� �2�0�d�a�y�S�R�T� �=� �3�0�d�a�y� �S�R�T�!� 

�F�i�g�u�r�e� �2�5�.� �I�n�f�l�u�e�n�t� �a�n�d� �e�f�f�l�u�e�n�t� �c�o�l�o�r� �f�o�r� �7� �d�a�y� �H�R�T� �C�F�R� �o�p�e�r�a�t�i�o�n�s� 

�9�6



� � 

� � 

� � 

�}� 

�$� 

�5�5�0� �+� �f� 
�-�_� �|� �/� 

�}� �\� 

�=� �5�0�0� �|� �/� �|� 
�5� �|� �x� �|� �*� �|� �x�x� 

�&� �4�5�0� �+� �|� �\� �E�K� 
�3� �|� �/� �x� 

�4�0�0� �>� �\� �/� �*� �:� 
�\� �7� �|� �|� �|� 

�|� �a� �3�5�0� �+�-�-�+� �4�+� �t� �+�}� 
�2�0� �4�0� �6�0� �8�0� �1�0�0� �1�2�0� �1�4�0� 

�T�i�m�e� �(�d�a�y�s�)� 

�2�5�0� �~�- ��~�- ��-�-�-�  �� �- ��-�  �� 

�|� 

�°� �|� �_�.� �2�0�0� �*� �J� 

�a� �/� 
�E� 

�~�~� �1�5�0� �-� �/� 
�o�O� �/� �:� �j�f� 
�~� �/� �/� 
�5� �1�0�0� �/� �d� 

�=� �e�e� �°�.� �{�  �� 
�+�e� �=� �o�m� �*� �a�.�  ��~� �.� �|� 

�5�0� �|� � �f� �a�n� �V�e�"� �|� �o�_� �8� �f�e�e� �a�y� �6� �-� �e�o�  �� �=� 

�2�0� �4�0� �6�0� �8�0� �1�0�0� �1�2�0� �1�4�0� 
�T�i�m�e� �(�d�a�y�s�)� 

�p�o�e� �a�e� �e�e�e� �e�e� 

�©� �1�8� �d�a�y� �S�R�T� �-�*� �2�0� �d�a�y� �S�R�T� �=� �3�0� �d�a�y� �S�R�T�.� 

�F�i�g�u�r�e� �2�6�.� �I�n�f�l�u�e�n�t� �a�n�d� �e�f�f�l�u�e�n�t� �D�O�C� �f�o�r� �7� �d�a�y� �H�R�T� �C�F�R� �o�p�e�r�a�t�i�o�n�s� 
�.� 

�9�7



 ��s�u�o�}�e�j�U
�S

�O
�U

�C
�D

� 
�E

�B
�e�J�E

�A
�e� 

�J�O
�G

� 
�J�O� �S�S� �j�o� �A

�u�e�w
�w

�i�n�s� 
�a�p�n�j�o�u�!� 

�j�o�u� �p�i�p� �(�p�G
�6�L�)� 

�J�O
�G

�e�M
� 

�.�.� 
 ��s�e�j�d�w

�e�s� 
�[�Y

�H
� �A�e�p� �p� �U�0� �9

�0
�q

� �W
�i�o

�y�e
�d

� 
�j�o�u� �p�i�g� �,� 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

� � 

�(�y�~�e�g�)�e�r� 
�|� �(�%

�O
�L�)�Z

�Z
�L� 

�|� 
�(�%

�z�E�)�L�e�L� 
�|� �(�%

�6�S
�)�Z�Z� 

�|� 
�E

�L�T
� 

 ¬�E�G
�Z� 

�L�O
�L�-�z�9� 

�O ¬� 
�(�%

�9�8�)�2�¢� 
�|� �(�%

�L�O
�)�E�S�L�E� 

�|� 
�(�%

�L�E�)�Z�S�L� 
�|� �(�%

�E
�S

�)�6�8� 
�|� 

�L�S�O�L� 
�C�v�6�L� 

�L�O
�L�- ¬�8� 

 ��7�9� 
�0�2� 

�(�%
�p�e�)�s�o� 

�|� �(�%
�L�S

�)�0�0�z� 
�|� 

�(�%
�6�8�)�Z�8�1� 

�|� �(�%
�6�Z�)�O

�E
� 

�|� 
�8�O

�S�l� 
�y�9�L�l� 

�L�O
�L�-�z�9� 

�G�L� 
�Y

�H
� 

�A�e�p� �1� 
�~� 

�|� 
�(�%

�c�p�)�L�e�L� 
�|� 

�(�%
�E

�L�I�S
�L�Y

� 
�0�8� 

�L�7�2�7� 
�0�6�S�Z� 

 ¬�Z�1�-�L�O
�L� 

�O ¬� 
�~� 

�(�H
�O

�v�)�S
�E

�L� 
�|� �(�%

�b�9�)�8�z�9� 
�L�Z� 

�L�Z�L�b� 
 ¬�1�0�2� 

 ¬�Z�1�-�1�0�1�L� 
�0�2� 

�-�-� 
�(�%

�L�E
�O

�S
�L� 

�|� �(�%
�E

�P
�I�O

�L�O
�L� �g�e� 

�y�Z�O
�L� 

�Q
�S�E�l� 

 ¬�Z�L�-�L�O
�L� 

�G�I� 
�Y

�H
� 

�K�e�p� �¢� 

�-� 
�(�%

�E
�G

�)�O
�L�L� 

�|� �(�%
�B�8�9�)�Z�Z�r� 

�-�-� 
�E�L�6�Z� 

�E�S�E�E� 
�y�O

�1�-�9�P� 
�O ¬� 

�-� 
�(�%

�Z�S�)�O
�Z�L� 

�|� 
�(�%

�9�9�)�9�6�r� 
�-� 

�L�b�L�L�Z� 
�G

�b�e�z� 
�v�O

�L�-�0 ¬� 
�0�2� 

�_� 
�(�%

�Z�p�)�e�8�l� 
�|� �(�%

�6�S
�)�S

�0�9� 
�-� 

�9�6�S�1� 
�G

�o�s�t� 
�v�O

�L�-�7�Z� 
�G�t� 

�-� 
�(�%

�E�P�r�)�0�E�Z� 
�|� 

�(�%
�S

�S
�)�7�9�9� 

�-� 
�6�S�6� 

�9�/�0�1� 
�8�b�-�8�z� 

�g� 
�Y

�H
� 

�A�e�p� �¢� 
�(�q�/�6�w�)� 

�(�4�/�5�u�)� 
�(�W

�a�v�)� 
�(�q�/�6�w�)� �|� 

�(�q�/�6�w�)� �|� 
�(�7�/�6�w�)� 

�(�s�A�e�p�)� 
�(�s�A�e�p�)� 

�a�o�d� 
�P�O

�l�e�d� 
�0�0�0� 

�J�0�}�0�9� 
�a�j�q�n�j�o�s� 

�~�S�S�L� �|� �S�S�A�I�W
�|� �S

�S
�W

� 
�|� �e�e�1�S� �A�p�e�a�j�s� 

�°�9� 
� � � � � � � � � � � � � � � � 
�
 
�
 

�S�|�J�B�A�O�W
�W

�A�J� 
�J�U�s�d�J�e�d� 

�p�u�k�e� �S�e�N�j�e�A� 
�J�e�j�o�w

�e�J�e�d� 
�e�j�e�}�s� �A�p�e�e�j�s� 

�o�b�e�s�o�n�y� 
 ��/� �9�I�G�e� 

�1� 

�9�8



�d�a�y�s� �c�o�r�r�e�s�p�o�n�d�e�d� �t�o� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �r�a�t�e� �o�f� �s�u�b�s�t�r�a�t�e� �i�n�t�r�o�d�u�c�t�i�o�n� �i�n�t�o� �t�h�e� 

�r�e�a�c�t�o�r�s� �a�n�d� �p�r�o�d�u�c�e�d� �a� �p�r�e�d�i�c�t�e�d� �d�e�c�r�e�a�s�e� �i�n� �M�L�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n� �f�o�r� �a�l�l� 

�s�l�u�d�g�e� �a�g�e�s� �e�x�c�e�p�t� �t�h�e� �7� �d�a�y� �H�R�T� �1�5� �d�a�y� �6�,� �r�e�a�c�t�o�r�.� �A� �l�a�r�g�e� �d�e�c�l�i�n�e�,� �1�1� �t�o� 

�2�4�%�,� �w�a�s� �e�v�i�d�e�n�t� �b�e�t�w�e�e�n� �M�L�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�r�o�m� �t�h�e� �3� �d�a�y� �t�o� �4� �d�a�y� 

�o�p�e�r�a�t�i�o�n� �i�n� �t�h�e� �2�0� �a�n�d� �3�0� �d�a�y� �6�,� �r�e�a�c�t�o�r�s�,� �b�u�t� �v�e�r�y� �s�l�i�g�h�t�,� �2� �t�o� �6�%�,� �f�r�o�m� �t�h�e� �4� 

�d�a�y� �t�o� �7� �d�a�y� �o�p�e�r�a�t�i�o�n�.� �I�t� �i�s� �p�o�s�s�i�b�l�e�,� �d�u�e� �t�o� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �t�h�e� �w�a�s�t�e�,� �t�h�a�t� 

�r�e�a�c�t�o�r�s� �o�p�e�r�a�t�e�d� �a�t� �a�n� �H�R�T� �o�f� �g�r�e�a�t�e�r� �t�h�a�n� �a�p�p�r�o�x�i�m�a�t�e�l�y� �4� �d�a�y�s� �w�i�l�l� �n�o�t� 

�d�i�s�p�l�a�y� �a� �r�e�d�u�c�t�i�o�n� �i�n� �M�L�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�l�o�n�g� �w�i�t�h� �t�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �s�u�b�s�t�r�a�t�e� 

�f�e�e�d� �r�a�t�e�.� 

�F�i�g�u�r�e�s� �1�7� �a�n�d� �2�2� �i�l�l�u�s�t�r�a�t�e� �M�L�V�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�o�r� �t�h�e� �4� �d�a�y� �a�n�d� �7� 

�d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�s�.� �M�L�V�S�S� �r�a�n�g�e�d� �f�r�o�m� �7�9� �t�o� �8�6�%� �o�f� �M�L�S�S� �f�o�r� �t�h�e� �4� �d�a�y� �H�R�T� 

�s�t�u�d�y� �a�n�d� �8�4� �t�o� �8�5�%� �f�o�r� �t�h�e� �7� �d�a�y� �H�R�T� �s�t�u�d�y�.� �O�n�c�e� �t�h�e� �r�e�a�c�t�o�r�s� �r�e�c�o�v�e�r�e�d� �f�r�o�m� 

�t�h�e� �f�i�l�a�m�e�n�t�o�u�s� �i�n�f�e�s�t�a�t�i�o�n�,� �d�u�r�i�n�g� �t�h�e� �l�a�t�t�e�r� �p�a�r�t� �o�f� �t�h�e� �4� �d�a�y� �H�R�T� �s�t�u�d�y� �w�h�i�c�h� 

�w�a�s� �n�o�t� �i�n�c�l�u�d�e�d� �a�s� �p�a�r�t� �o�f� �s�t�e�a�d�y� �s�t�a�t�e� �a�n�a�l�y�s�i�s�,� �M�L�V�S�S� �a�v�e�r�a�g�e�d� �8�7� �t�o� �8�8�%� �o�f� 

�t�h�e� �M�L�S�S�.� �M�L�V�S�S� �w�a�s� �s�t�e�a�d�y� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�.� �W�e�b�e�r� 

�(�1�9�9�4�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �v�o�l�a�t�i�l�e� �s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s� �a�c�c�o�u�n�t�e�d� �f�o�r� �8�9�%� �o�f� �M�L�S�S�.� 

�I�n� �b�o�t�h� �t�h�e� �4� �a�n�d� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�s�,� �e�f�f�l�u�e�n�t� �T�S�S� �w�a�s� �v�a�r�i�a�b�l�e�.� 

�E�f�f�l�u�e�n�t� �T�S�S� �i�s� �o�f�t�e�n� �h�a�r�d� �t�o� �p�r�e�d�i�c�t� �b�e�c�a�u�s�e� �i�t� �c�a�n� �b�e� �a�f�f�e�c�t�e�d� �b�y� �a� �n�u�m�b�e�r� �o�f� 

�f�a�c�t�o�r�s� �i�n�c�l�u�d�i�n�g� �a�n� �a�i�r� �s�t�o�n�e� �s�l�i�p�p�i�n�g� �t�o�w�a�r�d� �t�h�e� �f�r�o�n�t� �o�f� �t�h�e� �r�e�a�c�t�o�r� �a�n�d� 

�d�i�s�r�u�p�t�i�n�g� �s�e�t�t�l�i�n�g� �i�n� �t�h�e� �c�l�a�r�i�f�i�e�r�.� �E�f�f�l�u�e�n�t� �T�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�o�r� �t�h�e� �4� �d�a�y� �H�R�T� 

�o�p�e�r�a�t�i�o�n� �r�a�n�g�e�d� �f�r�o�m� �3�8� �t�o� �1�2�7� �m�g�/�L�,� �w�h�i�l�e� �7� �d�a�y� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �r�a�n�g�e�d� �f�r�o�m� 
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�3�0� �t�o� �8�9� �m�g�/�L�.� �P�e�r�c�e�n�t� �r�e�m�o�v�a�l�s� �o�f� �e�f�f�l�u�e�n�t� �T�S�S� �a�r�e� �n�o�t� �a�v�a�i�l�a�b�l�e� �f�o�r� �t�h�e� �4� �d�a�y� 

�H�R�T� �o�p�e�r�a�t�i�o�n�,� �b�u�t� �7� �d�a�y� �r�e�m�o�v�a�l�s� �r�a�n�g�e�d� �f�r�o�m� �5�3� �t�o� �7�9�%�.� 

�D�u�r�i�n�g� �d�a�y�s� �9�3� �t�h�r�o�u�g�h� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0�3� �o�f� �t�h�e� �7� �d�a�y� �s�t�u�d�y�,� �a� �b�u�i�l�d� �u�p� 

�o�f� �s�o�m�e� �c�o�m�p�o�u�n�d� �w�a�s� �e�v�i�d�e�n�t� �i�n� �t�h�e� �2�0� �a�n�d� �3�0� �d�a�y� �6�,� �r�e�a�c�t�o�r�s� �i�n�i�t�i�a�l�l�y�,� �t�h�e�n� �i�n� 

�t�h�e� �1�5� �d�a�y� �6�,� �r�e�a�c�t�o�r�.� �T�h�i�s� �b�u�i�l�d�u�p� �c�a�u�s�e�d� �t�h�e� �e�f�f�l�u�e�n�t� �T�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �t�o� 

�r�i�s�e� �s�h�a�r�p�l�y�.� �A�n� �a�n�a�l�y�s�i�s� �w�a�s� �p�e�r�f�o�r�m�e�d� �t�o� �a�t�t�e�m�p�t� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� �t�y�p�e� �o�f� 

�c�o�m�p�o�u�n�d� �t�h�a�t� �w�a�s� �c�a�u�s�i�n�g� �t�h�e� �p�r�o�b�l�e�m�.� �I�n�i�t�i�a�l�l�y�,� �t�h�e� �a�s�s�u�m�p�t�i�o�n� �w�a�s� �s�o�m�e� 

�t�y�p�e� �o�f� �s�i�l�i�c�a�t�e�,� �b�e�c�a�u�s�e� �t�h�e� �e�f�f�l�u�e�n�t� �w�a�s� �c�l�o�u�d�y� �i�n� �a�p�p�e�a�r�a�n�c�e�,� �a�n�d� �d�i�f�f�i�c�u�l�t� �t�o� 

�f�i�l�t�e�r�.� �S�a�m�p�l�e�s� �f�r�o�m� �e�a�c�h� �r�e�a�c�t�o�r� �e�f�f�l�u�e�n�t� �w�e�r�e� �a�c�i�d�i�f�i�e�d� �t�o� �p�H� �4�,� �t�h�e�n� �t�o� �p�H� �2�.�5�,� 

�b�e�f�o�r�e� �a� �p�r�e�c�i�p�i�t�a�t�e� �f�o�r�m�e�d�.� �T�h�e� �p�r�e�c�i�p�i�t�a�t�e� �w�a�s� �p�u�f�f�y� �a�n�d� �c�l�o�u�d�-�l�i�k�e� �i�n� 

�a�p�p�e�a�r�a�n�c�e�.� �S�a�m�p�l�e�s� �o�f� �t�h�e� �p�r�e�c�i�p�i�t�a�t�e�s� �w�e�r�e� �t�h�e�n� �b�a�k�e�d� �i�n� �t�h�e� �m�u�f�f�l�e� �f�u�r�n�a�c�e� 

�f�o�r� �2�0� �m�i�n�u�t�e�s� �a�t� �5�5�0� �°�C� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �v�o�l�a�t�i�l�e� �p�o�r�t�i�o�n�.� �O�v�e�r� �8�0�%� �o�f� �t�h�e� 

�s�u�b�s�t�a�n�c�e� �w�a�s� �v�o�l�a�t�i�l�e�.� �S�i�l�i�c�i�c� �a�c�i�d� �m�a�y� �h�a�v�e� �f�o�r�m�e�d� �w�h�e�n� �t�h�e� �p�H� �w�a�s� 

�d�e�c�r�e�a�s�e�d� �t�o� �2�.�5� �a�n�d� �t�h�e� �v�o�l�a�t�i�l�e� �p�o�r�t�i�o�n� �m�a�y� �h�a�v�e� �b�e�e�n� �t�h�e� �w�a�t�e�r� �a�s�s�o�c�i�a�t�e�d� 

�w�i�t�h� �t�h�e� �a�c�i�d� �f�o�r�m�a�t�i�o�n�.� �S�i�l�i�c�a�t�e�s� �a�r�e� �n�o�t� �v�o�l�a�t�i�l�e� �a�t� �t�e�m�p�e�r�a�t�u�r�e�s� �o�f� �5�5�0� �°�C�.� 

�A�n�o�t�h�e�r� �p�o�s�s�i�b�i�l�i�t�y� �w�a�s� �t�h�a�t� �s�o�m�e� �t�y�p�e� �o�f� �o�r�g�a�n�i�c� �c�o�m�p�o�u�n�d�,� �p�o�s�s�i�b�l�y� �P�V�A�,� �h�a�d� 

�b�u�i�l�t� �u�p� �i�n� �t�h�e� �r�e�a�c�t�o�r�s�.� �P�e�r�s�o�n�n�e�l� �a�t� �t�h�e� �P�l�a�n�t� �w�e�r�e� �q�u�e�s�t�i�o�n�e�d�,� �b�u�t� �w�e�r�e� 

�u�n�a�b�l�e� �t�o� �i�d�e�n�t�i�f�y� �a�n�y� �c�h�a�n�g�e�s� �t�h�a�t� �w�o�u�l�d� �e�x�p�l�a�i�n� �t�h�e� �p�r�o�b�l�e�m� �t�h�a�t� �w�a�s� 

�e�n�c�o�u�n�t�e�r�e�d�.� 

�I�n�f�l�u�e�n�t� �a�n�d� �e�f�f�l�u�e�n�t� �C�O�D� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�r�e� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e�s� �1�9� �a�n�d� 

�2�4�.� �I�n�f�l�u�e�n�t� �C�O�D� �a�v�e�r�a�g�e�d� �1�7�6�5� �m�g�/�L� �f�o�r� �t�h�e� �4� �d�a�y� �H�R�T� �s�t�u�d�y� �a�n�d� �1�6�7�2� �m�g�/�L� 

�1�0�0



�f�o�r� �t�h�e� �7� �d�a�y� �s�t�u�d�y�.� �V�a�r�i�a�b�i�l�i�t�y� �o�f� �t�h�e� �i�n�f�l�u�e�n�t� �C�O�D� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�s� �e�v�i�d�e�n�t� �i�n� 

�b�o�t�h� �f�i�g�u�r�e�s�.� �B�i�o�m�a�s�s� �o�p�e�r�a�t�i�n�g� �a�t� �t�h�e� �7� �d�a�y� �H�R�T� �r�e�m�o�v�e�d� �8�9� �t�o� �9�2�%� �o�f� �t�h�e� 

�C�O�D�,� �w�h�i�l�e� �o�n�l�y� �4�3� �t�o� �7�3�%� �w�a�s� �r�e�m�o�v�e�d� �b�y� �t�h�e� �b�i�o�m�a�s�s� �o�p�e�r�a�t�i�n�g� �a�t� �t�h�e� �4� �d�a�y� 

�H�R�T�.� �W�e�b�e�r� �(�1�9�9�4�)� �r�e�p�o�r�t�e�d� �a� �C�O�D� �r�e�m�o�v�a�l� �r�a�n�g�e� �f�o�r� �t�h�e� �3� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� 

�o�f� �5�9� �t�o� �6�8�%�.� �T�h�i�s� �r�a�n�g�e� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �r�a�n�g�e� �o�f� �4�3� �t�o� �7�3�%� �s�e�e�n� �a�t� �t�h�e� �4� �d�a�y� 

�H�R�T�.� �S�i�n�c�e� �a�v�e�r�a�g�e� �i�n�f�l�u�e�n�t� �C�O�D� �a�n�d� �r�e�a�c�t�o�r� �M�L�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �d�i�d� �n�o�t� 

�d�i�f�f�e�r� �s�i�g�n�i�f�i�c�a�n�t�l�y� �b�e�t�w�e�e�n� �e�i�t�h�e�r� �t�h�e� �4� �d�a�y� �o�r� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�s�,� �o�n�e� 

�p�o�s�s�i�b�l�e� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �t�h�e� �i�n�c�r�e�a�s�e�d� �C�O�D� �r�e�m�o�v�a�l� �i�s� �a�d�s�o�r�p�t�i�o�n� �o�f� �o�r�g�a�n�i�c� 

�m�a�t�t�e�r� �t�o� �t�h�e� �b�i�o�m�a�s�s� �a�s� �o�p�p�o�s�e�d� �t�o� �a� �p�u�r�e� �b�i�o�d�e�g�r�a�d�a�t�i�o�n� �m�e�c�h�a�n�i�s�m�.� 

�I�n�f�l�u�e�n�t� �a�n�d� �e�f�f�l�u�e�n�t� �c�o�l�o�r� �f�o�r� �4� �d�a�y� �a�n�d� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �i�s� �i�l�l�u�s�t�r�a�t�e�d� 

�i�n� �F�i�g�u�r�e�s� �2�0� �a�n�d� �2�5�.� �R�e�m�o�v�a�l�s� �r�a�n�g�e�d� �f�r�o�m� �4�2� �t�o� �5�2�%� �f�o�r� �t�h�e� �3� �d�a�y� �(�W�e�b�e�r�,� 

�1�9�9�4�)�,� �3�1� �t�o� �4�2�%� �f�o�r� �t�h�e� �4� �d�a�y�,� �a�n�d� �5�1� �t�o� �7�0�%� �f�o�r� �t�h�e� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�s�.� 

�A�l�t�h�o�u�g�h� �b�i�o�l�o�g�i�c�a�l� �t�r�e�a�t�m�e�n�t� �i�s� �o�f�t�e�n� �m�o�s�t� �n�o�t�e�d� �f�o�r� �r�e�m�o�v�a�l� �o�f� �o�r�g�a�n�i�c� �m�a�t�t�e�r�,� 

�b�i�o�l�o�g�i�c�a�l� �t�r�e�a�t�m�e�n�t� �i�s�,� �a�c�c�o�r�d�i�n�g� �t�o� �G�a�r�d�i�n�e�r� �a�n�d� �B�o�r�n�e� �(�1�9�7�8�)�,� �o�f�t�e�n� �b�e�n�e�f�i�c�i�a�l� 

�i�n� �t�e�r�m�s� �o�f� �c�o�l�o�r� �r�e�m�o�v�a�l� �d�u�e� �t�o� �o�x�i�d�a�t�i�o�n� �o�f� �t�h�e� �c�o�l�o�r� �b�y� �t�h�e� �b�i�o�m�a�s�s� �o�r� �s�o�r�p�t�i�o�n� 

�o�f� �t�h�e� �c�o�l�o�r� �t�o� �t�h�e� �b�a�c�t�e�r�i�a�l� �s�o�l�i�d�s� �p�r�i�o�r� �t�o� �r�e�m�o�v�a�l� �f�r�o�m� �t�h�e� �s�y�s�t�e�m�.� �R�e�a�c�t�i�v�e� 

�a�n�d� �d�i�s�p�e�r�s�e� �d�y�e�s� �a�r�e� �u�s�e�d� �b�y� �t�h�e� �P�l�a�n�t� �a�n�d� �a�c�c�o�r�d�i�n�g� �t�o� �G�r�a�u� �(�1�9�9�1�)�,� �t�h�e� 

 ��a�d�s�o�r�p�t�i�o�n� �b�e�h�a�v�i�o�r� �o�f� �a�c�t�i�v�a�t�e�d� �s�l�u�d�g�e� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �o�f� �a�c�t�i�v�a�t�e�d� �c�a�r�b�o�n� �f�o�r� 

�r�e�a�c�t�i�v�e� �a�n�d� �d�i�s�p�e�r�s�e� �d�y�e�s ��.� �A�s� �n�o�t�e�d� �b�y� �W�e�b�e�r� �(�1�9�9�4�)� �f�o�r� �r�e�a�c�t�o�r�s� �o�p�e�r�a�t�e�d� �a�t� 

�a� �3� �d�a�y� �H�R�T�,� �i�n�f�l�u�e�n�t� �c�o�l�o�r� �f�l�u�c�t�u�a�t�i�o�n�s� �f�o�r� �t�h�e� �4� �a�n�d� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�s� �w�e�r�e� 

�r�e�f�l�e�c�t�e�d� �i�n� �e�f�f�l�u�e�n�t� �c�o�l�o�r� �l�e�v�e�l�s�.� �I�n�f�l�u�e�n�t� �a�n�d� �e�f�f�l�u�e�n�t� �C�O�D� �a�l�s�o� �e�x�h�i�b�i�t�e�d� 

�1�0�1



�c�o�m�p�a�r�a�b�l�e� �p�a�t�t�e�r�n�s�.� �I�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �s�o�m�e� �t�y�p�e� �o�f� �e�q�u�a�l�i�z�a�t�i�o�n� �b�a�s�i�n� �w�o�u�l�d� 

�h�e�l�p� �t�o� �s�m�o�o�t�h� �t�h�e� �p�e�a�k�s� �a�n�d� �l�i�k�e�l�y� �p�r�o�d�u�c�e� �l�o�w�e�r�,� �m�o�r�e� �c�o�n�s�i�s�t�e�n�t� �e�f�f�l�u�e�n�t� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s�.� 

�I�n�f�l�u�e�n�t� �a�n�d� �e�f�f�l�u�e�n�t� �D�O�C� �f�o�r� �t�h�e� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �i�s� �i�l�l�u�s�t�r�a�t�e�d� �i�n� 

�F�i�g�u�r�e� �2�6�.� �D�O�C� �w�a�s� �n�o�t� �m�e�a�s�u�r�e�d� �i�n� �t�h�e� �4� �d�a�y� �H�R�T� �s�t�u�d�y�.� �R�e�m�o�v�a�l�s� �r�a�n�g�e� 

�f�r�o�m� �8�4� �t�o� �8�8�%� �a�n�d� �a�r�e� �c�o�m�p�a�r�a�b�l�e� �t�o� �t�h�e� �C�O�D� �r�e�m�o�v�a�l�s� �e�x�h�i�b�i�t�e�d� �b�y� �t�h�e� 

�r�e�a�c�t�o�r�s� �i�n� �t�h�e� �7� �d�a�y� �o�p�e�r�a�t�i�o�n� �w�h�i�c�h� �w�e�r�e� �8�9� �t�o� �9�2�%�.� 

�O�p�e�r�a�t�i�o�n� �o�f� �t�h�e� �r�e�a�c�t�o�r�s� �w�i�t�h� �a� �7� �d�a�y� �H�R�T� �p�r�o�d�u�c�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� 

�C�O�D� �a�n�d� �D�O�C� �r�e�m�o�v�a�l� �t�h�a�n� �o�p�e�r�a�t�i�o�n� �w�i�t�h� �a� �4� �d�a�y� �H�R�T�.� �M�o�r�e� �c�o�l�o�r� �w�a�s� �a�l�s�o� 

�r�e�m�o�v�e�d� �b�y� �o�p�e�r�a�t�i�o�n� �a�t� �t�h�e� �7� �d�a�y� �H�R�T�,� �b�u�t� �r�e�m�o�v�a�l� �o�f� �c�o�l�o�r� �w�a�s� �n�o�t� �a�s� �g�r�e�a�t� �a�s� 

�t�h�e� �r�e�m�o�v�a�l�s� �o�f� �C�O�D� �a�n�d� �D�O�C�.� �T�h�e� �i�n�c�r�e�a�s�e�d� �r�e�m�o�v�a�l�s� �w�e�r�e� �a�c�c�o�m�p�l�i�s�h�e�d� 

�w�i�t�h� �a�l�m�o�s�t� �i�d�e�n�t�i�c�a�l� �M�L�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.� �I�n�f�l�u�e�n�t� �o�r�g�a�n�i�c� �a�n�d� �c�o�l�o�r� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �d�i�d� �n�o�t� �v�a�r�y� �s�i�g�n�i�f�i�c�a�n�t�l�y� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �H�R�T� �l�e�v�e�l�s�;� �t�h�e�r�e�f�o�r�e�,� 

�n�o� �m�e�a�s�u�r�a�b�l�e� �d�e�g�r�a�d�a�t�i�o�n� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �i�n�f�l�u�e�n�t� �o�v�e�r� �t�h�e� �a�d�d�i�t�i�o�n�a�l� �t�h�r�e�e� 

�d�a�y�s� �o�f� �t�r�e�a�t�m�e�n�t� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�.� 

�D�u�e� �t�o� �t�h�e� �v�a�r�i�o�u�s� �c�h�e�m�i�c�a�l�s� �a�n�d� �a�u�x�i�l�i�a�r�i�e�s� �u�s�e�d� �b�y� �t�h�e� �t�e�x�t�i�l�e� �i�n�d�u�s�t�r�y�,� 

�t�h�e� �i�n�f�l�u�e�n�t� �w�a�s� �l�i�k�e�l�y� �c�o�m�p�o�s�e�d� �o�f� �t�h�r�e�e� �l�e�v�e�l�s� �o�f� �o�r�g�a�n�i�c� �m�a�t�t�e�r�;� �e�a�s�y�,� 

�m�o�d�e�r�a�t�e�l�y� �d�i�f�f�i�c�u�l�t� �a�n�d� �v�e�r�y� �d�i�f�f�i�c�u�l�t� �t�o� �d�e�g�r�a�d�e� �m�a�t�e�r�i�a�l�s�.� �I�n� �a�l�l�o�w�i�n�g� �t�h�r�e�e� 

�a�d�d�i�t�i�o�n�a�l� �d�a�y�s� �f�o�r� �t�h�e� �b�i�o�m�a�s�s� �t�o� �b�e� �i�n� �c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� �i�n�f�l�u�e�n�t�,� �f�u�r�t�h�e�r� 

�o�p�p�o�r�t�u�n�i�t�y� �f�o�r� �d�e�g�r�a�d�a�t�i�o�n� �o�f� �t�h�e� �m�o�d�e�r�a�t�e�l�y� �d�i�f�f�i�c�u�l�t� �o�r�g�a�n�i�c� �m�a�t�t�e�r� �w�a�s� 

�p�r�o�v�i�d�e�d�.� �T�h�e� �b�i�o�m�a�s�s� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �m�a�y� �h�a�v�e� �r�e�m�a�i�n�e�d� �s�t�a�b�l�e� �d�u�e� �t�o� �t�h�e�i�r� 
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�a�b�i�l�i�t�y� �t�o� �d�e�g�r�a�d�e� �a� �l�a�r�g�e�r� �f�r�a�c�t�i�o�n� �o�f� �s�u�b�s�t�r�a�t�e�.� �T�h�e�o�r�e�t�i�c�a�l�l�y�,� �b�i�o�m�a�s�s� 

�p�o�p�u�l�a�t�i�o�n�s� �t�h�a�t� �t�r�e�a�t� �m�o�r�e� �r�e�a�d�i�l�y� �b�i�o�d�e�g�r�a�d�a�b�l�e� �w�a�s�t�e�,� �s�u�c�h� �a�s� �d�o�m�e�s�t�i�c� 

�w�a�s�t�e�,� �w�o�u�l�d� �d�e�c�l�i�n�e� �i�n� �r�e�s�p�o�n�s�e� �t�o� �a�n� �i�n�c�r�e�a�s�e� �i�n� �H�R�T�.� 

�D�i�l�u�t�i�o�n� �w�a�s� �a� �m�e�c�h�a�n�i�s�m� �t�h�a�t� �m�a�y� �h�a�v�e� �b�e�e�n� �a�c�t�i�n�g� �t�o� �p�r�o�d�u�c�e� �g�r�e�a�t�e�r� 

�d�e�g�r�a�d�a�t�i�o�n� �i�n� �t�h�e� �7� �d�a�y� �H�R�T� �r�e�a�c�t�o�r� �o�p�e�r�a�t�i�o�n�s�.� �A� �f�o�r�m� �o�f� �e�q�u�a�l�i�z�a�t�i�o�n� �w�a�s� 

�o�c�c�u�r�r�i�n�g� �i�n� �t�h�e� �r�e�a�c�t�o�r ��s� �c�o�n�t�e�n�t�s� �d�u�e� �t�o� �d�i�l�u�t�i�o�n� �o�f� �t�h�e� �h�i�g�h� �s�t�r�e�n�g�t�h� �i�n�f�l�u�e�n�t� �b�y� 

�t�h�e� �l�o�w�e�r� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �r�e�a�c�t�o�r ��s� �c�o�n�t�e�n�t�s�.� �T�h�e� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �i�n�f�l�u�e�n�t� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �a�v�e�r�a�g�e�d� �1�6�7�2� �m�g�/�L� �a�n�d� �t�h�e� �a�v�e�r�a�g�e� �r�e�a�c�t�o�r� �C�O�D� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� 

�r�a�n�g�e�d� �f�r�o�m� �1�4�1� �t�o� �1�8�7� �m�g�/�L�;� �t�h�e�r�e�f�o�r�e�,� �d�i�l�u�t�i�o�n� �f�a�c�t�o�r�s� �r�a�n�g�e�d� �f�r�o�m� �9� �t�o� �1�2�.� 

�I�n�f�l�u�e�n�t� �C�O�D� �i�n� �t�h�e� �4� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �a�v�e�r�a�g�e�d� �1�7�6�5� �m�g�/�L�,� �w�h�i�l�e� �a�v�e�r�a�g�e� 

�r�e�a�c�t�o�r� �C�O�D� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �r�a�n�g�e�d� �f�r�o�m� �4�7�5� �t�o� �1�0�1�0� �m�g�/�L�.� �D�i�l�u�t�i�o�n� �f�a�c�t�o�r�s� �f�o�r� 

�t�h�e� �4� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �w�e�r�e� �t�h�e�r�e�f�o�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�w�e�r�,� �i�n� �t�h�e� �a�r�e�a� �o�f� �2� �t�o� �4�.� 

�B�e�c�a�u�s�e� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �o�r�g�a�n�i�c�s� �a�n�d� �o�t�h�e�r� �i�n�h�i�b�i�t�o�r�y� �m�a�t�t�e�r� �t�h�a�t� �w�a�s� �f�e�l�t� 

�b�y� �t�h�e� �b�i�o�m�a�s�s� �w�a�s� �l�e�s�s� �d�u�r�i�n�g� �t�h�e� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �d�u�e� �t�o� �d�i�l�u�t�i�o�n�,� �i�t� �i�s� 

�p�o�s�s�i�b�l�e� �t�h�e� �b�i�o�m�a�s�s� �r�e�a�c�t�e�d� �t�o� �t�h�e� �d�i�l�u�t�i�o�n� �a�n�d� �w�e�r�e� �a�b�l�e� �t�o� �f�u�r�t�h�e�r� �d�e�g�r�a�d�e� �t�h�e� 

�s�u�b�s�t�r�a�t�e�.� 

�S�o�r�p�t�i�o�n� �o�f� �o�r�g�a�n�i�c� �m�a�t�t�e�r�,� �a�s� �o�p�p�o�s�e�d� �t�o� �p�u�r�e� �b�i�o�d�e�g�r�a�d�a�t�i�o�n�,� �m�a�y� 

�a�c�c�o�u�n�t� �f�o�r� �a� �p�a�r�t� �o�f� �t�h�e� �r�e�d�u�c�e�d� �e�f�f�l�u�e�n�t� �o�r�g�a�n�i�c� �l�e�v�e�l�s� �s�e�e�n� �i�n� �t�h�e� �7� �d�a�y� �H�R�T� 

�r�e�a�c�t�o�r� �o�p�e�r�a�t�i�o�n�.� �T�a�b�l�e� �8� �i�l�l�u�s�t�r�a�t�e�s� �a� �c�o�m�p�a�r�i�s�o�n� �o�f� �e�f�f�l�u�e�n�t� �T�S�S� �a�n�d� 

�d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �e�f�f�l�u�e�n�t� �t�o�t�a�l� �a�n�d� �s�o�l�u�b�l�e� �C�O�D� �(�A�C�O�D�)� �f�o�r� �t�h�e� �3� �d�a�y� �a�n�d� �7� 

�d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�s�.� �T�h�i�s� �t�a�b�l�e� �m�a�y� �s�h�o�w� �t�h�a�t� �s�o�r�p�t�i�o�n� �w�a�s� �a� �m�e�c�h�a�n�i�s�m� �t�h�a�t� 
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�T�a�b�l�e� �8�.� �R�e�l�a�t�i�o�n�s�h�i�p� �o�f� �C�O�D� �t�o� �e�f�f�l�u�e�n�t� �T�S�S� 
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�7� �D�A�Y� 
�H�R�T� 

�6�,� �S�o�l�.� �C�O�D� �|� �T�o�t�.� �C�O�D� �A� �C�O�D� �E�f�f�.� �T�S�S� �_�A�C�O�D� �M�L�S�S� 

�(�d�a�y�s�)� �(�m�g�/�L�)� �_�|�_�(�m�g�/�L�)�_�|� �_�(�m�a�g�/�L�)� �(�m�g�/�L�)� �|� �E�f�f�l�u�e�n�t�T�S�S� �|� �(�m�g�/�L�)� 
�3�9� �1�4�5�1�.� �|� �1�1�2� �2�4� �4�7� �1�5�5�5� 

�1�5� �8�0� �2�0�0� �1�2�0� �1�6� �7�.�5� �1�2�9�8� 
�1�5�3� �2�0�4� �5�1� �4�2� �1�.�2� �1�7�2�8� 

�A�v�e�r�a�g�e� �9�1� �1�8�5� �9�4� �2�7� �3�.�5� �1�5�2�7� 

�8� �7�7� �6�9� �1�4� �4�9� �1�7�7�5� 
�2�0� �1�4�4� �1�8�4� �4�0� �9� �4�.�4� �1�6�4�2� 

�_�-� �1�6�5� �_� �1�1� �_� �1�5�7�2� 
�A�v�e�r�a�g�e� �7�6� �1�4�2� �6�6� �1�1� �6� �1�6�6�3� 

�7�3� �1�4�7� �7�4� �5� �1�4�.�8� �2�0�1�3� 
�3�0� �8�0� �1�8�0� �1�0�0� �5� �2�0� �1�9�3�8� 

�1�7�2� �1�6�9� �0� �1�5� �0� �2�3�0�0� 
�A�v�e�r�a�g�e� �|� �1�0�8� �1�6�5� �5�7� �8� �1�1�.�6� �2�0�8�4� 

�3� �D�A�Y� 
�H�R�T� 

�8�.� �S�o�l�.� �C�O�D� �|� �T�o�t�.� �C�O�D� �A� �C�O�D� �E�f�f�.� �T�S�S� �A�v�g� �A�C�O�D� �M�L�S�S� 
�(�d�a�y�s�)� �(�m�g�/�L�)� �|� �(�m�g�/�L�)� �|� �(�m�g�/�l�)� �_�|� �(�m�g�/�l�)� �A�v�g� �T�S�S� �(�m�g�/�L�)� 

�8�3�6� �1�1�6�4� �|� �3�2�8� �o�e� �_� �1�7�3�5� 
�1�5� �8�3�8� �1�4�7�2� �6�3�4� �-�-� �_� �1�6�1�0� 

�8�8�1� �1�8�1�8� �9�3�7� �_�-� �_� �1�7�5�0� 
�1�3�3�2� �1�5�7�2� �2�4�0�  �� �_�-� �_� 

�A�v�e�r�a�g�e� �|� �9�7�2� �1�5�0�7� �5�3�5� �-�-� �=� �1�6�9�8� 
�5�5�4� �6�4�1� �8�7� �-�-� �-�-� �2�6�2�0� 
�5�6�0� �6�8�0� �1�2�0� �_� �_�-� �2�5�7�0� 

�2�0� �6�6�1� �6�6�9� �8� �-�-� �_� �2�6�6�0� 
�6�6�4� �6�8�8� �2�4� �-� �-�-� �2�6�0�5� 
�5�1�6� �5�5�6� �4�0� �_�  �� �2�1�4�0� 

�A�v�e�r�a�g�e� �|� �5�9�1� �6�4�7� �5�6� �8�0� �0�.�8� �2�0�3�9� 
�6�4�9� �7�6�5� �1�1�6� �_� �_� �3�3�9�0� 
�6�0�0� �6�8�8� �8�8� �-�-� �_� �3�3�5�5� 

�3�0� �7�7�5� �8�1�6� �4�1� �-�-� �_� �3�3�2�5� 
�6�7�2� �7�5�2� �8�0� �~� �~� �3�3�8�0� 
�1�9�8� �2�7�8� �8�0� �-�-� �-�-� �3�4�5�0� �.� 

�A�v�e�r�a�g�e� �|� �5�7�9� �6�6�0� �8�1� �7�8� �1�.�0� �3�3�8�0� 
� � 
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�o�c�c�u�r�r�e�d� �d�u�r�i�n�g� �t�h�e� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �b�a�s�e�d� �o�n� �t�h�e� �v�a�l�u�e�s� �o�f� �A�C�O�D� �a�n�d� �t�h�e� 

�s�m�a�l�l� �v�a�l�u�e�s� �o�f� �T�S�S�,� �h�o�w�e�v�e�r�,� �s�u�f�f�i�c�i�e�n�t� �d�a�t�a� �d�o�e�s� �n�o�t� �e�x�i�s�t� �t�o� �c�o�m�p�l�e�t�e�l�y� 

�s�u�p�p�o�r�t� �t�h�e� �t�h�e�o�r�y�.� �T�h�e� �A�C�O�D� �t�o� �T�S�S� �r�a�t�i�o�s� �w�e�r�e� �g�r�e�a�t�e�r� �d�u�r�i�n�g� �t�h�e� �7� �d�a�y� �H�R�T� 

�o�p�e�r�a�t�i�o�n� �t�h�a�n� �d�u�r�i�n�g� �t�h�e� �3� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �f�o�r� �b�o�t�h� �t�h�e� �2�0� �a�n�d� �3�0� �d�a�y� �6�,� 

�r�e�a�c�t�o�r�s�.� �T�h�e�s�e� �r�a�t�i�o�s� �m�a�y� �a�d�d�i�t�i�o�n�a�l�l�y� �s�i�g�n�i�f�y� �l�e�v�e�l�s� �o�f� �t�r�e�a�t�m�e�n�t�,� �w�i�t�h� �l�a�r�g�e�r� 

�v�a�l�u�e�s� �s�i�g�n�i�f�y�i�n�g� �b�e�t�t�e�r� �t�r�e�a�t�m�e�n�t� �t�h�a�n� �s�m�a�l�l�e�r� �v�a�l�u�e�s�.� �T�h�e� �A�C�O�D� �v�a�l�u�e� �f�o�r� �t�h�e� 

�3�0� �d�a�y� �8�.�,� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �c�o�n�t�r�a�d�i�c�t�e�d� �t�h�e� �t�h�e�o�r�y� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�.� 

�E�f�f�l�u�e�n�t� �T�S�S� �v�a�l�u�e�s� �f�o�r� �t�h�e� �3� �d�a�y� �H�R�T� �w�e�r�e� �n�o�t� �i�d�e�n�t�i�f�i�a�b�l�e� �f�o�r� �t�h�e� �e�x�a�c�t� �t�i�m�e� 

�p�e�r�i�o�d� �t�h�a�t� �t�h�e� �t�o�t�a�l� �a�n�d� �s�o�l�u�b�l�e� �C�O�D� �v�a�l�u�e�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d�.� �T�h�e� �v�a�l�u�e�s� �t�h�a�t� 

�a�p�p�e�a�r� �i�n� �t�h�e� �t�a�b�l�e� �f�o�r� �t�h�e� �3� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �w�e�r�e� �a�v�e�r�a�g�e� �T�S�S� �v�a�l�u�e�s� 

�r�e�p�o�r�t�e�d� �b�y� �W�e�b�e�r� �(�1�9�9�4�)�.� �B�a�t�c�h� �t�e�s�t�s� �w�o�u�l�d� �h�a�v�e� �p�r�o�v�i�d�e�d� �f�u�r�t�h�e�r� �i�n�s�i�g�h�t� �i�n�t�o� 

�s�o�r�p�t�i�o�n�.� 

�A�v�e�r�a�g�e� �p�H�,� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �d�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�p�p�e�a�r� �i�n� 

�T�a�b�l�e� �9�.� �N�o� �d�i�s�t�i�n�c�t�i�o�n� �w�a�s� �m�a�d�e� �b�e�t�w�e�e�n� �4� �a�n�d� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �d�u�e� �t�o� 

�t�h�e� �f�a�c�t� �t�h�a�t� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �a�p�p�e�a�r�e�d� �i�n� �t�h�e�s�e� �p�a�r�a�m�e�t�e�r�s� �d�u�r�i�n�g� 

�t�h�o�s�e� �t�w�o� �o�p�e�r�a�t�i�o�n�s�.� �I�n�f�l�u�e�n�t� �p�H� �w�a�s� �m�a�i�n�t�a�i�n�e�d� �b�e�t�w�e�e�n� �7� �a�n�d� �8� �w�i�t�h� 

�a�d�d�i�t�i�o�n�s� �o�f� �1� �N� �s�o�d�i�u�m� �h�y�d�r�o�x�i�d�e�,� �w�h�e�n� �n�e�c�e�s�s�a�r�y�.� �E�f�f�l�u�e�n�t� �p�H� �l�e�v�e�l�s� �r�a�n�g�e�d� 

�f�r�o�m� �7�.�7� �t�o� �8�.�4� �a�n�d� �a�v�e�r�a�g�e�d� �7�.�9� �t�o� �8�.�0�.� �D�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� �(�D�O�)� �l�e�v�e�l�s� �r�a�n�g�e�d� 

�f�r�o�m� �4�.�1� �t�o� �7�.�5� �m�g�/�L� �a�n�d� �a�v�e�r�a�g�e�d� �5�.�8� �t�o� �6�.�9� �m�g�/�L�.� �T�e�m�p�e�r�a�t�u�r�e�s� �r�a�n�g�e�d� �f�r�o�m� 

�2�1� �t�o� �2�6� �°�C� �a�n�d� �a�v�e�r�a�g�e�d� �2�4�.�1� �t�o� �2�4�.�3� �°�C�.� �T�h�e� �r�e�a�c�t�o�r�s� �w�e�r�e� �l�o�c�a�t�e�d� �o�n�a� 

�b�e�n�c�h� �t�o�p� �n�e�x�t� �t�o� �w�i�n�d�o�w�s� �i�n� �a� �l�a�b�o�r�a�t�o�r�y� �t�h�a�t� �w�a�s� �n�o�t� �t�e�m�p�e�r�a�t�u�r�e� �c�o�n�t�r�o�l�l�e�d�.� 
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�W�e�b�e�r� �(�1�9�9�4�)� �p�e�r�f�o�r�m�e�d� �t�h�e� �3� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �i�n� �a� �t�e�m�p�e�r�a�t�u�r�e� �c�o�n�t�r�o�l�l�e�d� 

�e�n�v�i�r�o�n�m�e�n�t�,� �a�w�a�y� �f�r�o�m� �n�a�t�u�r�a�l� �l�i�g�h�t�.� �W�e�b�e�r� �r�e�p�o�r�t�e�d� �a�v�e�r�a�g�e� �e�f�f�l�u�e�n�t� 

�t�e�m�p�e�r�a�t�u�r�e�s�,� �p�H� �a�n�d�.�D�O� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �1�8�.�5�+�1� �t�o� �1�8�.�8�+�1� �°�C�,� �7�.�3�5� �t�o� �7�.�4�5�,� 

�a�n�d� �4�.�5� �t�o� �6�.�0� �m�g�/�L�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�T�a�b�l�e� �9�.� �A�v�e�r�a�g�e� �p�H�,� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �D�O� �f�o�r� �C�F�R�s� 

� � 

� � 

� � 

� � � � 

�6�,�,� �d�a�y�s� �p�H� �T�e�m�p�e�r�a�t�u�r�e�,� �°�C� �D�O�,� �m�g�/�L� 

�1�5� �7�.�9� �2�4�.�1� �5�.�8� 

�2�0� �8�.�0� �2�4�.�3� �6�.�9� 

�3�0� �8�.�0� �2�4�.�2� �6�.�7� � � � � � � � � � � 

�4�.�2�.�2� �K�i�n�e�t�i�c� �C�o�e�f�f�i�c�i�e�n�t� �A�n�a�l�y�s�i�s� 

�T�h�e� �s�t�e�a�d�y� �s�t�a�t�e� �o�p�e�r�a�t�i�o�n� �k�i�n�e�t�i�c� �c�o�e�f�f�i�c�i�e�n�t�s� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �t�h�e� �4� �d�a�y� 

�a�n�d� �7� �d�a�y� �H�R�T� �t�r�e�a�t�m�e�n�t� �o�p�e�r�a�t�i�o�n�s� �f�o�r� �t�h�i�s� �w�a�s�t�e� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �u�s�i�n�g� �t�h�e� 

�m�e�t�h�o�d� �o�u�t�l�i�n�e�d� �i�n� �A�p�p�e�n�d�i�x� �H�,� �D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �K�i�n�e�t�i�c� �C�o�e�f�f�i�c�i�e�n�t�s�,� �(�M�e�t�c�a�l�f� 

�a�n�d� �E�d�d�y�,� �I�n�c�.�,� �1�9�9�1�)�.� �K�i�n�e�t�i�c� �c�o�e�f�f�i�c�i�e�n�t�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �H�R�T� 

�o�p�e�r�a�t�i�o�n�s�.� �T�h�e� �c�o�e�f�f�i�c�i�e�n�t�s� �a�r�e� �n�e�c�e�s�s�a�r�y� �f�o�r� �t�h�e� �d�e�s�i�g�n� �o�f� �b�i�o�l�o�g�i�c�a�l� �k�i�n�e�t�i�c� 

�m�o�d�e�l�s� �a�n�d� �a�r�e� �d�e�f�i�n�e�d� �b�y� �M�e�t�c�a�l�f� �a�n�d� �E�d�d�y� �(�1�9�9�1�)� �a�s�;� 

�(�1�)� �K�,�-� �h�a�l�f� �v�e�l�o�c�i�t�y� �c�o�n�s�t�a�n�t�,� �t�h�e� �s�u�b�s�t�r�a�t�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�t� �o�n�e� �h�a�l�f� �o�f� �t�h�e� 
�m�a�x�i�m�u�m� �g�r�o�w�t�h� �r�a�t�e�,� �m�a�s�s�/�u�n�i�t� �v�o�l�u�m�e� 

�(�2�)� �k� �-�m�a�x�i�m�u�m� �r�a�t�e� �o�f� �s�u�b�s�t�r�a�t�e� �u�t�i�l�i�z�a�t�i�o�n� �p�e�r� �u�n�i�t� �m�a�s�s� �o�f� 
�m�i�c�r�o�o�r�g�a�n�i�s�m�s�,� �t�i�m�e�~�1� 
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�(�3�)� �|� �Y� �-�m�a�x�i�m�u�m� �y�i�e�l�d� �c�o�e�f�f�i�c�i�e�n�t�,� �m�a�s�s�/�m�a�s�s� 

�(�4�)� � �k�y�-� �e�n�d�o�g�e�n�o�u�s� �d�e�c�a�y� �c�o�e�f�f�i�c�i�e�n�t�,� �t�i�m�e�-�1� 

�T�h�e� �f�i�r�s�t� �s�t�e�p� �i�n� �t�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �k�i�n�e�t�i�c� �c�o�e�f�f�i�c�i�e�n�t�s� �i�n�v�o�l�v�e�d� �p�l�o�t�t�i�n�g� 

�t�h�e� �s�p�e�c�i�f�i�c� �u�t�i�l�i�z�a�t�i�o�n� �r�a�t�e� �U�,� �v�e�r�s�u�s� �t�h�e� �s�u�b�s�t�r�a�t�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �S�,� �a�n�d� �t�h�e�n� �S� 

�v�e�r�s�u�s� �t�h�e� �s�l�u�d�g�e� �a�g�e� �o�r� �m�e�a�n� �c�e�l�l� �r�e�s�i�d�e�n�c�e� �t�i�m�e�,� �0�,�.� �A�v�e�r�a�g�e� �s�t�e�a�d�y� �s�t�a�t�e� 

�v�a�l�u�e�s� �f�r�o�m� �T�a�b�l�e� �7� �w�e�r�e� �u�s�e�d�.� 

� � 

�w�h�e�r�e�:� �S�,� �=� �a�v�e�r�a�g�e� �i�n�f�l�u�e�n�t� �C�O�D�,� �m�g�/�L� 

�S� �=� �a�v�e�r�a�g�e� �e�f�f�l�u�e�n�t� �C�O�D�,� �m�g�/�L� 

�@� �=� �h�y�d�r�a�u�l�i�c� �r�e�s�i�d�e�n�c�e� �t�i�m�e�,� �H�R�T�,� �d�a�y�s� 

�X� �=� �a�v�e�r�a�g�e� �m�i�x�e�d� �l�i�q�u�o�r� �v�o�l�a�t�i�l�e� 
�s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s�,� �M�L�V�S�S�,� �m�g�/�L� 

�T�h�e� �n�o�n�b�i�o�d�e�g�r�a�d�a�b�l�e� �s�u�b�s�t�r�a�t�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �S�"�,� �w�a�s� �e�s�t�i�m�a�t�e�d� �f�r�o�m� �t�h�e�s�e� 

�g�r�a�p�h�s�.� �F�i�g�u�r�e�s� �D�1� �a�n�d� �D�2� �i�l�l�u�s�t�r�a�t�e� �S�*� �a�n�d� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �A�p�p�e�n�d�i�x� �D�.� �T�h�i�s� 

�n�o�n�-�b�i�o�d�e�g�r�a�d�a�b�l�e� �f�r�a�c�t�i�o�n� �w�a�s� �s�u�b�t�r�a�c�t�e�d� �f�r�o�m� �t�h�e� �a�v�e�r�a�g�e�d� �v�a�l�u�e�s� �o�f� 

�s�u�b�s�t�r�a�t�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n� �a�l�l� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n�s� �i�n� �o�r�d�e�r� �t�o� �a�c�c�o�u�n�t� �f�o�r� �o�n�l�y� 

�t�h�e� �d�e�g�r�a�d�a�b�l�e� �s�u�b�s�t�r�a�t�e� �i�n� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �k�i�n�e�t�i�c� �c�o�e�f�f�i�c�i�e�n�t�s�.� �T�a�b�l�e�s� �D �� 

�a�n�d� �D�2� �l�i�s�t� �a�l�l� �o�f� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �t�h�a�t� �w�e�r�e� �u�s�e�d� �i�n� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �k�i�n�e�t�i�c� 

�c�o�e�f�f�i�c�i�e�n�t�s�,� �i�n�c�l�u�d�i�n�g� �t�h�o�s�e� �d�e�s�c�r�i�b�e�d� �b�e�l�o�w�.� 
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� � �T�o� �d�e�t�e�r�m�i�n�e� �K�,� �a�n�d� �k�,� �a� �w�a�s� �p�l�o�t�t�e�d� �a�g�a�i�n�s�t� �S� �>� �f�o�r�e�a�c�h� �®�,�.� �T�h�e� 

�s�l�o�p�e� �o�f� �t�h�e� �l�i�n�e� �t�h�a�t� �r�e�s�u�l�t�e�d� �i�s� �m�e� �a�n�d� �t�h�e� �i�n�t�e�r�c�e�p�t� �i�s� �~�.� 

� � 

�T�o� �d�e�t�e�r�m�i�n�e� �Y� �a�n�d� �k�,�,� �~� �w�a�s� �p�l�o�t�t�e�d� �a�g�a�i�n�s�t� �U�.� �T�h�e� �s�l�o�p�e� �o�f� �t�h�e� �l�i�n�e� �t�h�a�t� 
�c� 

�r�e�s�u�l�t�e�d� �i�s� �Y� �a�n�d� �t�h�e� �i�n�t�e�r�c�e�p�t� �i�s� �-�k�,�.� 

�1�  �� �=� �Y�U�-�k� 
�8�.� �d� 

�L�i�n�e�a�r� �r�e�g�r�e�s�s�i�o�n�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �b�e�s�t� �f�i�t� �l�i�n�e� �t�h�r�o�u�g�h� 

�t�h�e� �d�a�t�a� �p�o�i�n�t�s�.� �T�h�e�s�e� �r�e�g�r�e�s�s�i�o�n�s� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �T�a�b�l�e�s� �D�1� �a�n�d� �D�2�.� �T�h�e� 

�r�e�s�u�l�t�s� �o�f� �t�h�e� �k�i�n�e�t�i�c� �c�o�e�f�f�i�c�i�e�n�t� �a�n�a�l�y�s�i�s� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �1�0�.� �T�h�e� �g�r�a�p�h�s� �o�f� 

�t�h�e� �b�e�s�t� �f�i�t� �l�i�n�e�s� �u�s�e�d� �f�o�r� �k�i�n�e�t�i�c� �c�o�e�f�f�i�c�i�e�n�t� �d�e�t�e�r�m�i�n�a�t�i�o�n� �a�r�e� �i�l�l�u�s�t�r�a�t�e�d� �o�n� 

�F�i�g�u�r�e�s� �2�7� �a�n�d� �2�8�.� �C�o�e�f�f�i�c�i�e�n�t� �d�e�t�e�r�m�i�n�a�t�i�o�n� �w�a�s� �s�e�n�s�i�t�i�v�e� �t�o� �t�h�e� �c�h�o�i�c�e� �o�f� 

�s�t�e�a�d�y� �s�t�a�t�e� �t�i�m�e� �p�e�r�i�o�d�.� �K�,� �a�n�d� �k� �w�e�r�e� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o� �v�a�r�i�a�t�i�o�n�s� �i�n� �s�t�e�a�d�y� 

�s�t�a�t�e� �t�i�m�e� �p�e�r�i�o�d� �a�s�s�u�m�p�t�i�o�n�s� �t�h�a�n� �Y� �a�n�d� �k�,�.� �T�a�b�l�e� �1�0� �i�n�c�l�u�d�e�s� �a�d�d�i�t�i�o�n�a�l� 

�r�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �3� �d�a�y� �H�R�T� �s�t�u�d�y� �(�W�e�b�e�r�,� �1�9�9�4�)�,� �a�n�d� �r�e�s�u�l�t�s� �f�r�o�m� �a� �s�t�u�d�y� �b�y� 

�G�h�o�s�h� �e�t� �a�/�.� �(�1�9�7�8�)� �c�o�n�c�e�r�n�i�n�g� �a�e�r�o�b�i�c� �t�r�e�a�t�m�e�n�t� �o�f� �e�f�f�l�u�e�n�t� �f�r�o�m� �a� �t�e�x�t�i�l�e� �d�y�e�i�n�g� 

�a�n�d� �f�i�n�i�s�h�i�n�g� �m�i�l�l� �a�l�o�n�e� �(�M�i�l�l�)�,� �a�n�d� �i�n� �c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �m�u�n�i�c�i�p�a�l� �w�a�s�t�e� �e�f�f�l�u�e�n�t� 
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�(�M�i�l�l� �p�l�u�s� �M�u�n�i�c�i�p�a�l�)�.� �A�l�s�o� �i�n�c�l�u�d�e�d� �f�o�r� �c�o�m�p�a�r�i�s�o�n� �p�u�r�p�o�s�e�s� �i�s� �t�h�e� �m�a�x�i�m�u�m� 

�s�p�e�c�i�f�i�c� �g�r�o�w�t�h� �r�a�t�e�,� �u�,�.� �M�a�x�i�m�u�m� �s�p�e�c�i�f�i�c� �g�r�o�w�t�h� �r�a�t�e� �i�s� �e�q�u�a�l� �t�o� �t�h�e� �p�r�o�d�u�c�t� �o�f� 

�t�h�e� �u�t�i�l�i�z�a�t�i�o�n� �r�a�t�e� �c�o�n�s�t�a�n�t�,� �k�,� �a�n�d� �t�h�e� �m�a�x�i�m�u�m� �y�i�e�l�d� �c�o�e�f�f�i�c�i�e�n�t�,� �Y�:� 

�U�m� �=� �k�Y� 

�T�a�b�l�e� �1�0�.� �K�i�n�e�t�i�c� �c�o�e�f�f�i�c�i�e�n�t� �r�e�s�u�l�t�s� �a�n�d� �c�o�m�p�a�r�a�t�i�v�e� �v�a�l�u�e�s� 
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�S�t�u�d�y� �o�r� �T�y�p�e� �K�.�,� �m�g�/�L�_�_�|� �k�,� �d�a�y�~�1� �Y� �|� �k�,� �d�a�y�"�?� �|� �w�n�,� �d�a�y �� 

�3� �D�a�y� �H�R�T� �- �� �-�-� �0�.�6�2� �0�.�0�3�  �� 

�4� �D�a�y� �H�R�T� �2�2� �0�.�2�7� �0�.�4�1� �0�.�0�4� �0�.�1�1� 

�7� �D�a�y� �H�R�T� �2�.�6� �0�.�1�6� �0�.�7�4� �0�.�0�5� �0�.�1�2� 

�M�i�l�l� �n�o�t� �r�e�p�o�r�t�e�d� �0�.�1�9� �0�.�5�2� �0�.�0�1�3� �0�.�1�0� 

�M�i�l�l� �p�l�u�s� �M�u�n�i�c�i�p�a�l� �4�0� �0�.�2�4� �0�.�5�3� �0�.�0�2�4� �0�.�1�3� 
� � 

�S�i�m�i�l�a�r�i�t�y� �e�x�i�s�t�s� �b�e�t�w�e�e�n� �c�o�e�f�f�i�c�i�e�n�t�s� �k�,� �Y� �a�n�d� �k�g�,� �b�u�t� �t�h�e� �v�a�l�u�e� �o�f� �K�,� �f�o�r� 

�t�h�e� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �i�s� �l�o�w� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �o�t�h�e�r� �v�a�l�u�e�s� �o�f� �K�,�.� �T�h�a�t� �v�a�l�u�e� 

�m�a�y� �b�e� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �i�n�h�e�r�e�n�t� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �e�s�t�i�m�a�t�i�n�g� �S�*�,� �o�r� �t�h�e� �v�a�l�u�e� �m�a�y� 

�i�n�d�i�c�a�t�e� �t�h�e� �t�y�p�e� �o�f� �d�e�g�r�a�d�a�t�i�o�n� �t�h�a�t� �o�c�c�u�r�r�e�d� �d�u�r�i�n�g� �t�h�e� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�.� 

�M�a�x�i�m�u�m� �s�p�e�c�i�f�i�c� �g�r�o�w�t�h� �r�a�t�e�s� �f�o�r� �t�h�e� �4� �a�n�d� �7� �d�a�y� �H�R�T� �C�F�R� �o�p�e�r�a�t�i�o�n�s� �w�e�r�e� 

�n�e�a�r�l�y� �i�d�e�n�t�i�c�a�l�,� �0�.�1�1� �a�n�d� �0�.�1�2� �d�a�y ��.� �T�h�e� �v�a�l�u�e�s� �f�o�r� �t�h�e� �M�i�l�l� �a�n�d� �M�i�l�l� �p�l�u�s� 

�M�u�n�i�c�i�p�a�l� �a�r�e� �a�l�s�o� �s�i�m�i�l�a�r� �a�t� �0�.�1�0� �a�n�d� �0�.�1�3� �d�a�y ��.� �T�h�a�t� �s�i�m�i�l�a�r�i�t�y� �m�a�y� �b�e� 

�r�e�p�r�e�s�e�n�t�a�t�i�v�e� �o�f� �t�h�e� �f�a�c�t� �t�h�a�t� �a�l�l� �t�h�e� �w�a�s�t�e� �s�t�r�e�a�m�s� �w�e�r�e� �f�r�o�m� �t�e�x�t�i�l�e� 

�m�a�n�u�f�a�c�t�u�r�i�n�g� �p�r�o�c�e�s�s�e�s�.� 
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�U� �(�1�/�d�a�y�)� 

�F�i�g�u�r�e� �2�8�.� �K�i�n�e�t�i�c� �c�o�e�f�f�i�c�i�e�n�t�s� �K�.�,� �k�,� �Y� �a�n�d� �k�y� �f�o�r� �7� �d�a�y� �H�R�T� �C�F�R� �o�p�e�r�a�t�i�o�n�s� 
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�T�h�e� �m�a�x�i�m�u�m� �y�i�e�l�d� �c�o�e�f�f�i�c�i�e�n�t�,� �Y�,� �i�s� �o�f�t�e�n� �c�o�r�r�e�c�t�e�d� �t�o� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� 

�l�o�s�s� �o�f� �b�i�o�m�a�s�s� �t�h�r�o�u�g�h� �d�e�a�t�h� �a�n�d� �d�e�c�a�y�.� �A�c�c�o�r�d�i�n�g� �t�o� �M�e�t�c�a�l�f� �a�n�d� �E�d�d�y� 

�(�1�9�9�1�)�,� �t�h�e�  ��e�f�f�e�c�t�s� �o�f� �e�n�d�o�g�e�n�o�u�s� �r�e�s�p�i�r�a�t�i�o�n� �o�n� �t�h�e� �n�e�t� �b�a�c�t�e�r�i�a�l� �y�i�e�l�d� �a�r�e� 

�a�c�c�o�u�n�t�e�d� �f�o�r� �b�y� �d�e�f�i�n�i�n�g� �t�h�e� �o�b�s�e�r�v�e�d� �y�i�e�l�d� �a�s� �a� �r�a�t�i�o� �o�f� �t�h�e� �n�e�t� �r�a�t�e� �o�f� �b�a�c�t�e�r�i�a�l� 

�g�r�o�w�t�h� �(�m�a�s�s�/�u�n�i�t� �v�o�l�u�m�e�'�t�i�m�e�)� �a�n�d� �t�h�e� �s�u�b�s�t�r�a�t�e� �u�t�i�l�i�z�a�t�i�o�n� �r�a�t�e� �(�m�a�s�s�/�u�n�i�t� 

�v�o�l�u�m�e�'�t�i�m�e�)�  ��.� �T�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n� �w�a�s� �u�s�e�d� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �m�e�a�s�u�r�e�d� 

�o�b�s�e�r�v�e�d� �y�i�e�l�d�,� �Y�o�u�s�,� �f�o�r� �e�a�c�h� �H�R�T� �o�p�e�r�a�t�i�o�n� �a�n�d� �6�,�.� �A�l�l� �p�a�r�a�m�e�t�e�r�s� �a�r�e� �a�s� 

�d�e�s�c�r�i�b�e�d� �i�n� �s�e�c�t�i�o�n� �3�.�2�.�2�,� �B�i�o�l�o�g�i�c�a�l� �T�r�e�a�t�m�e�n�t�,� �a�n�d� �p�r�e�v�i�o�u�s�l�y� �i�n� �t�h�i�s� �s�e�c�t�i�o�n�.� 

�_� �A�X� �_� �X�Q�,�+�Q�X�,� 
�Y�o�u�s� �=� �=�a� �=� �T�a�m� �A�S� �(�S�,�-�S�)�Q� 

�T�a�b�l�e� �1�1� �a�n�d� �F�i�g�u�r�e� �2�9� �i�l�l�u�s�t�r�a�t�e� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �o�b�s�e�r�v�e�d� �y�i�e�l�d� �c�a�l�c�u�l�a�t�i�o�n�s�.� 

�T�h�e� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �p�r�o�d�u�c�e�d� �t�h�e� �l�a�r�g�e�s�t� �m�e�a�s�u�r�e�d� �o�b�s�e�r�v�e�d� �y�i�e�l�d� �w�h�e�n� 

�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �o�b�s�e�r�v�e�d� �y�i�e�l�d�s� �o�f� �t�h�e� �3� �a�n�d� �4� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�s�.� �T�h�e� �l�a�r�g�e�r� 

�o�b�s�e�r�v�e�d� �y�i�e�l�d� �d�i�s�p�l�a�y�e�d� �b�y� �t�h�e� �7� �d�a�y� �H�R�T� �C�F�R� �o�p�e�r�a�t�i�o�n� �r�e�l�a�t�e�s� �t�o� �t�h�e� 

�i�m�p�r�o�v�e�d� �t�r�e�a�t�m�e�n�t� �s�e�e�n� �d�u�r�i�n�g� �t�h�a�t� �o�p�e�r�a�t�i�o�n�,� �w�i�t�h� �b�i�o�d�e�g�r�a�d�a�t�i�o�n� �e�v�i�d�e�n�t�l�y� 

�e�n�h�a�n�c�e�d�.� 
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�T�a�b�l�e� �1�1�.� �M�e�a�s�u�r�e�d� �o�b�s�e�r�v�e�d� �y�i�e�l�d�s� �f�o�r� �3�,� �4�,� �a�n�d� �7� �d�a�y� �H�R�T� �C�F�R� �o�p�e�r�a�t�i�o�n�s� 
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�3� �d�a�y� �H�R�T� �(�Y� �=� �0�.�6�2�0�)� �1�5� �d�a�y� �6�,� �2�0� �d�a�y� �6�,� �3�0� �d�a�y� �6�,� 
�M�L�V�S�S�,� �X� �(�m�g�/�L�)� �1�5�9�8� �2�1�1�7� �2�9�1�3� 
�A� �C�O�D�,� �S� �(�m�g�/�L�)� �8�7�0� �9�8�0� �1�0�5�1� 
�T�S�S�,� �X�.� �(�m�g�/�L�)� �_� �8�8� �1�0�0� �6�6� 
�F�l�o�w�,� �Q�.�(�L�/�d�a�y�)� �3�.�3�3� �3�.�3�3� �3�.�3�3� 
�W�a�s�t�a�g�e�,� �Q�y� �(�L�/�d�a�y�)� �0�.�4�8�3� �0�.�3�4�3� �0�.�2�5�6� 
�M�e�a�s�u�r�e�d� �Y�o�u�s�,� �(�m�g�/�m�g�)� �_�_�|� �0�.�3�7� �0�.�3�3� �0�.�2�8� 
�4� �d�a�y� �H�R�T� �(�y� �=� �0�.�4�1�)� �1�5� �d�a�y� �6�,� �2�0� �d�a�y� �6�,� �3�0� �d�a�y� �6�,� 
�M�L�V�S�S�,� �X� �(�m�g�/�L�)� �1�0�7�4� �1�7�2�1� �2�2�2�7� 
�A� �C�O�D�,� �S�$� �(�m�g�/�L�)� �7�5�5� �1�1�3�7� �1�2�9�0� 
�T�S�S�,� �X�.� �(�m�g�/�L�)� �3�8� �1�2�7� �8�0� 
�F�l�o�w�,� �Q� �(�L�/�d�a�y�)� �2�.�5� �2�.�5� �2�.�5� 
�W�a�s�t�a�g�e�,� �Q�,�,� �(�L�/�d�a�y�)� �.� �0�.�5�8� �0�.�3�2� �0�.�2�4� 
�M�e�a�s�u�r�e�d� �Y�o�r�s�,� �(�m�g�/�m�g�)� �_�|� �0�.�3�8� �0�.�3�0� �0�.�2�3� 
�7� �d�a�y� �H�R�T� �(�Y� �=� �0�.�7�4�)� �1�5� �d�a�y� �6�.� �2�0� �d�a�y� �0�.� �3�0� �d�a�y� �6�,� 
�M�L�V�S�S�,� �X� �(�m�g�/�L�)� �1�5�0�8� �1�6�5�1� �2�1�3�4� 
�A� �C�O�D�,� �S�$� �(�m�g�/�L�)� �1�4�8�5� �1�5�1�5� �1�5�3�1� 
�T�S�S�,� �X�.� �(�m�g�/�L�)� �3�0� �8�9� �7�2� 
�F�l�o�w�,� �Q� �(�L�/�d�a�y�)� �1�.�4�3� �1�.�4�3� �1�.�4�3� 
�W�a�s�t�a�g�e�,� �Q�w� �(�L�/�d�a�y�)� �0�.�6�4� �0�.�4�2� �0�.�2�9� 
�M�e�a�s�u�r�e�d� �Y�o�u�s�,� �(�m�g�/�m�g�)� �|� �0�.�4�7� �0�.�3�8� �0�.�3�3� 
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�s�q�o�,�  ��p�j�a�l�A� �p�a�r�i�a�s�q�g� 
�p�a�u�n�s�e�a�\� 

�a� �3�d�a�y�H�R�T� �=� �4�d�a�y�H�R�T� �=� �7� �d�a�y� �H�R�T�.� 
�b�e� �e�e�e� �O�e�  ��-�i� 

�F�i�g�u�r�e� �2�9�.� �M�e�a�s�u�r�e�d� �o�b�s�e�r�v�e�d� �y�i�e�l�d�s� �f�o�r� �3�,� �4�,� �a�n�d� �7� �d�a�y� �H�R�T� �C�F�R� �o�p�e�r�a�t�i�o�n�s� 
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�4�.�2�.�3�.� �O�r�g�a�n�i�c� �R�e�m�o�v�a�l� 

�B�O�D� �a�n�a�l�y�s�e�s� �w�e�r�e� �l�i�m�i�t�e�d� �i�n� �t�h�e� �4� �a�n�d� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�s�.� �A� 

�s�u�m�m�a�r�y� �o�f� �B�O�D�,�;�,� �C�O�D� �a�n�d� �D�O�C� �f�o�r� �3� �(�W�e�b�e�r�,� �1�9�9�4�)�,� �4� �a�n�d� �7� �d�a�y� �H�R�T� 

�o�p�e�r�a�t�i�o�n�s� �i�s� �p�r�o�v�i�d�e�d� �i�n� �T�a�b�l�e� �1�2�.� �I�n�c�l�u�d�e�d� �i�n� �T�a�b�l�e� �1�3� �a�r�e� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� 

�B�O�D�/�C�O�D� �r�a�t�i�o�s� �a�n�d� �a�d�d�i�t�i�o�n�a�l� �d�a�t�a� �r�e�p�r�e�s�e�n�t�i�n�g� �a� �c�o�m�b�i�n�a�t�i�o�n� �B�O�D�2�)�/�B�O�D�s� 

�a�n�a�l�y�s�i�s�.� �A� �B�O�D�z�2�9� �a�n�a�l�y�s�i�s� �w�a�s� �c�o�n�d�u�c�t�e�d�,� �t�h�e�n� �B�O�D�;� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� 

�d�e�t�e�r�m�i�n�e�d� �f�o�r� �s�a�m�p�l�e�s� �f�r�o�m� �t�h�e� �B�O�D�,� �b�o�t�t�l�e�s�.� 

�A�v�e�r�a�g�e� �i�n�f�l�u�e�n�t� �C�O�D�'�s� �f�o�r� �b�o�t�h� �4� �a�n�d� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�,� �1�7�6�5� �a�n�d� 

�1�6�7�2� �m�g�/�L�,� �w�e�r�e� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �a�v�e�r�a�g�e� �v�a�l�u�e� �f�o�r� �3� �d�a�y� �o�p�e�r�a�t�i�o�n�,� �1�4�6�4� �m�g�/�L�.� 

�S�o�l�u�b�l�e� �C�O�D� �r�e�m�o�v�a�l� �w�a�s� �n�e�a�r�l�y� �e�q�u�a�l� �f�o�r� �t�h�e� �3� �d�a�y� �(�W�e�b�e�r�,� �1�9�9�4�)� �a�n�d� �4� �d�a�y� 

�H�R�T� �o�p�e�r�a�t�i�o�n�s� �w�i�t�h� �r�e�m�o�v�a�l�s� �r�a�n�g�i�n�g� �f�r�o�m� �4�3� �t�o� �7�3�%�.� �T�h�e� �g�r�e�a�t�e�s�t� �a�v�e�r�a�g�e� 

�r�e�m�o�v�a�l�s� �r�e�s�u�l�t�e�d� �f�r�o�m� �7� �d�a�y� �o�p�e�r�a�t�i�o�n� �a�n�d� �r�a�n�g�e�d� �f�r�o�m� �8�9� �t�o� �9�2�%�.� 

�D�O�C� �a�n�a�l�y�s�e�s� �w�e�r�e� �n�o�t� �p�e�r�f�o�r�m�e�d� �f�o�r� �t�h�e� �4� �d�a�y� �o�p�e�r�a�t�i�o�n�,� �b�u�t� �a�v�e�r�a�g�e� 

�i�n�f�l�u�e�n�t� �v�a�l�u�e�s� �f�o�r� �3� �a�n�d� �7� �d�a�y� �o�p�e�r�a�t�i�o�n� �w�e�r�e� �c�l�o�s�e�r� �a�t� �4�1�8� �a�n�d� �4�7�5� �m�g�/�L�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �i�n�f�l�u�e�n�t� �D�O�C� �r�a�n�g�e� �a�t� �3� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�,� �2�3�8� �t�o� �7�7�9� �m�g�/�L�,� 

�w�a�s� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �7� �d�a�y� �o�p�e�r�a�t�i�o�n� �r�a�n�g�e� �w�h�i�c�h� �w�a�s� �4�0�0� �t�o� �5�5�6� �m�g�/�L�.� 

�R�e�m�o�v�a�l�s� �w�e�r�e� �a�g�a�i�n� �g�r�e�a�t�e�r� �a�t� �7� �d�a�y� �o�p�e�r�a�t�i�o�n�,� �r�a�n�g�i�n�g� �f�r�o�m� �8�6� �t�o� �9�0�%�.� 

�R�e�m�o�v�a�l� �r�a�n�g�e�s� �f�r�o�m� �5�4� �t�o� �6�9�%� �w�e�r�e� �r�e�p�o�r�t�e�d� �b�y� �W�e�b�e�r� �(�1�9�9�4�)� �f�o�r� �3� �d�a�y� �H�R�T� 

�o�p�e�r�a�t�i�o�n�.� 

�B�O�D� �a�n�a�l�y�s�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �d�u�r�i�n�g� �o�p�e�r�a�t�i�o�n� �p�e�r�i�o�d�s� �w�h�i�c�h� �w�e�r�e� �n�o�t� 

�u�l�t�i�m�a�t�e�l�y� �i�n�c�l�u�d�e�d� �i�n� �s�t�e�a�d�y� �s�t�a�t�e� �p�e�r�i�o�d�s�.� �B�O�D�,� �s�a�m�p�l�e�s� �a�n�d� �c�o�r�r�e�s�p�o�n�d�i�n�g� 
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�T�a�b�l�e� �1�2�.� �O�r�g�a�n�i�c� �r�e�m�o�v�a�l�s� �f�o�r� �3�,�4� �a�n�d� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�s� 
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�3� �D�A�Y� �H�R�T� 
�T�E�S�T� �I�n�f�l�u�e�n�t� �1�5� �d�a�y� �s�l�.�a�g�e� �|� �2�0�d�a�y�s�l�.� �a�g�e� �|� �3�0� �d�a�y� �s�l�.� �a�g�e� 
�(�m�g�/�L�)� �R�a�n�g�e� �A�v�e� �R�a�n�g�e� �A�v�e� �R�a�n�g�e� �A�v�e� �R�a�n�g�e� �A�v�e� 
�S�o�l�.� �B�O�D�5�S� �2�0�3�-�3�1�8� �2�3�7� �|� �3�0�-�1�5�8� �9�0� �5�2�-�1�0�0� �6�7� �4�2�-�1�0�5� �7�2� 
�%� �R�e�m�o�v�a�l� �2�9�-�8�5� �6�3� �6�9�-�7�5� �7�2� �6�4�-�8�2� �7�0� 
�#� �T�r�i�a�l�s� �5� �5� �5� �5� 
�T�o�t�.� �B�O�D�5� �2�8�7�-�6�9�5� �4�3�5�]� �1�5�8�-�1�8�4� �1�7�1� �|�2�0�7�-�2�5�4� �2�3�1� �|�8�8�-�2�8�8� �2�1�4� 
�%� �R�e�m�o�v�a�l� �3�6�-�5�7� �4�7� �|�2�7�-�6�4� �4�8� �/�|�4�0�-�7�1� �5�7� 
�#� �T�r�i�a�l�s� �7� �4� �5� �5� 
�S�o�l�.� �C�O�D� �8�0�9�-�1�9�6�0� �1�4�6�4�]� �2�2�0�-�8�8�1� �5�8�8� �|� �6�0�-�8�0�8� �4�9�8� �|� �4�0�-�7�7�5� �5�6�3� 
�%� �R�e�m�o�v�a�l� �1�8�-�7�6� �5�9� �|� �4�5�-�9�4� �6�6� �4�4�-�9�6� �6�9� 
�#� �T�r�i�a�l�s� �1�5� �2�3� �4�3� �4�5� 
�D�O�C� �2�3�8�-�7�7�9� �4�1�8� �|� �9�7�-�2�7�2� �1�7�4� �|� �1�1�7�-�2�3�4� �1�9�0� �|� �9�5�-�1�9�7� �1�3�6� 
�%� �R�e�m�o�v�a�l� �4�3�-�6�3� �5�4� �4�2�-�7�5� �5�6� �|� �6�2�-�7�8� �6�9� 
�#� �T�r�i�a�l�s� �_� �2�0� �5� �|� �6� �6� 

�4� �D�A�Y� �H�R�T� 
�T�E�S�T� �I�n�f�l�u�e�n�t� �1�5� �d�a�y� �s�l�.�a�g�e� �|� �2�0� �d�a�y�s�l�.� �a�g�e� �|� �3�0� �d�a�y� �s�l�.� �a�g�e� 
�(�m�g�/�L�)� �R�a�n�g�e� �A�v�e�_�|�R�a�n�g�e� �A�v�e� �R�a�n�g�e� �A�v�e� �|�R�a�n�g�e� �A�v�e� 
�S�o�l�.� �B�O�D�5� �1�7�2� �6�2� �6�7� �8�4� 
�%� �R�e�m�o�v�a�l� �6�4� �6�1� �5�1� 
�#� �T�r�i�a�l�s� �1� �1� �1� �1� 
�S�o�l�.� �C�O�D� �1�3�8�6�-�2�3�4�5� �1�7�6�5�|�7�1�0�-�1�3�0�0� �1�0�1�0� �{�4�0�0�-�9�4�8� �6�2�8� �[�2�2�5�-�6�7�0� �4�7�5� 
�%� �R�e�m�o�v�a�l� �3�4�-�5�3� �4�3� �|�5�2�-�7�6� �6�4� �6�3�-�8�6� �7�3� 
�#� �T�r�i�a�l�s� �1�0� �1�0� �1�0� �1�0� 
�D�O�C� 
�%� �R�e�m�o�v�a�l� 
�#� �T�r�i�a�l�s� �0� �0� �|� �C�O�D� �0� 

�7� �D�A�Y� �H�R�T� 
�T�E�S�T� �I�n�f�l�u�e�n�t� �1�5� �d�a�y� �s�l�.�a�g�e� �|� �2�0�d�a�y�s�l�.� �a�g�e� �|� �3�0� �d�a�y�s�l�.� �a�g�e� 
�(�m�g�/�L�)� �R�a�n�g�e� �A�v�e� �R�a�n�g�e� �_� �A�v�e� �R�a�n�g�e� �A�v�e� �R�a�n�g�e� �A�v�e� 
�S�o�l�.� �B�O�D�5� �<�1�2� �<�1�2� �<�1�2� 
�%� �R�e�m�o�v�a�l� 
�#� �T�r�i�a�l�s� �0� �1� �1� �1� 
�T�o�t�.� �B�O�D�S� �<�8�0� �<�1�2� �<�1�2� �<�1�2� 
�%� �R�e�m�o�v�a�l� �>�8�5� �>�8�5� �>�8�5� 
�#� �T�r�i�a�l�s� �1� �1� �1� �1� 
�S�o�l�.� �C�O�D� �8�9�1�-�2�7�6�3� �1�6�7�2� �{�8�7�-�2�5�2� �1�8�7� �|�1�0�3�-�2�1�1� �1�5�7� �|�7�8�-�1�8�9� �1�4�1� 
�%� �R�e�m�o�v�a�l� �8�5�-�9�2� �8�9� �|� �8�6�-�9�5� �9�1� �8�3�-�9�7� �9�2� 
�#� �T�r�i�a�l�s� �9� �9� �7� �9� 
�D�O�C� �4�0�0�-�5�5�6� �4�7�5� �|�3�6�-�8�6� �6�5� �|�3�5�-�7�1� �5�7� �3�2�-�7�0� �4�8� 
�%� �R�e�m�o�v�a�l� �8�2�-�9�2� �8�6� �|�8�6�-�9�1� �8�8� �8�4�-�9�2� �9�0� 
�#� �T�r�i�a�l�s� �9� �9� �7� �9� � � � � � � � � � � � � � � 
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�T�a�b�l�e� �1�3�.� �B�O�D�/�C�O�D� �r�a�t�i�o�s� �f�o�r� �4� �a�n�d� �7� �d�a�y� �H�R�T� �C�F�R� �o�p�e�r�a�t�i�o�n�s� 
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�4� �D�A�Y� �H�R�T� 
�T�E�S�T� �(�m�g�/�L�)� �I�n�f�l�u�e�n�t�_�_�|�1�5� �d�a�y� �s�l�.� �a�g�e�!� �2�0� �d�a�y� �s�l�.� �a�g�e�}� �3�0� �d�a�y� �s�l�.�a�g�e� 
�S�o�l�.� �B�O�D�5� �1�7�2� �T� �O�U�G�B�2�.�t�é ��z�U�] � ��é ��é ��C�S � ��O�W�#�O�W�C�O�C ��C�S� �8�4� 
�%� �R�e�m�o�v�a�l� �6�4� �6�1� �5�1� 
�S�o�l�.� �C�O�D� �2�1�7�1� �1�1�5�3� �1�5�3�1� �1�4�4�3� 
�%� �R�e�m�o�v�a�l� �4�7� �2�9� �3�4� 
�B�O�D�5�/�C�O�D� �0�.�0�8� �0�.�0�5� �0�.�0�4� �0�.�0�6� 

�¢� �D�A�Y� �H�R�T� 
�T�E�S�T� �(�m�g�/�L�)� �I�n�f�l�u�e�n�t� �1�5� �d�a�y� �s�l�i�.� �a�g�e� �2�0� �d�a�y� �s�l�.� �a�g�e�|� �3�0� �d�a�y� �s�l�.�a�g�e� 
�T�o�t�.� �B�O�D�5� �<�8�0� �<�1�2� �<�1�2� �<�1�2� 
�%� �R�e�m�o�v�a�l� �>�8�5� �>�8�5� �>�8�5� 
�S�o�l�.� �B�O�D�5� �-�-� �<�1�2� �<�1�2� �<�1�2� 
�%� �R�e�m�o�v�a�l� �-�-� �-�-� �-�-� 
�S�o�i�.� �C�O�D� �1�0�5�0� �1�0�3� �9�2� �8�0� 
�%� �R�e�m�o�v�a�l� �9�0� �9�1� �9�2� 
�B�O�D�5�/�C�O�D� �-� �<�0�.�1�2� �<�0�.�1�3� �<�0�.�1�5� 

�7� �D�A�Y� �H�R�T�*� 
�T�E�S�T� �(�m�g�/�L�)� �{�|� �_�I�n�f�l�u�e�n�t�_�_�_� �[�1�5� �d�a�y� �s�l�.� �a�g�e�|� �2�0� �d�a�y� �s�l�.� �a�g�e�|� �3�0� �d�a�y� �s�l�.�a�g�e� 
�s�o�l�.� �B�O�D�2�0� �1�1�9�4� �<�6�0�.� �s�s� �<�6�0� �<�6�0� 
�%� �R�e�m�o�v�a�l� �>�9�5� �>�9�5� �>�9�5� 
�S�o�l�.� �C�O�D� �1�3�1�2� �1�0�7� �1�9�9� �1�6�7� 
�%� �R�e�m�o�v�a�l� �9�2� �8�5� �8�7� 
�B�O�D�2�0�/�C�O�D� �0�.�9�1� �0�.�5�6� �0�.�3� �0�.�3�6� 
�S�o�l� �B�O�D�5� �<�1�2�0� �<�3� �<�3� �<�3� 
�%� �R�e�m�o�v�a�l� �>�9�8� �>�9�8� �>�9�8� 
�S�o�l�.� �C�O�D� �-�-� �9� �9� �8� 
�%� �R�e�m�o�v�a�l� �-�-� �-�-� �-�-� 
�B�O�D�5�/�C�O�D� �-�-� �<�0�.�3�3� �<�0�.�3�3� �<�0�.�3�7� � � � � � � � � 

�*�S�e�e� �t�e�x�t� �f�o�r� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�i�s� �s�e�c�t�i�o�n� �o�f� �t�a�b�l�e� 
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�r�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �4� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �p�e�r�i�o�d� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �d�u�r�i�n�g� �t�h�e� �t�i�m�e� �o�f� 

�t�h�e� �f�i�l�a�m�e�n�t�o�u�s� �p�r�o�b�l�e�m� �w�h�i�c�h� �e�x�i�s�t�e�d� �i�n� �t�h�e� �r�e�a�c�t�o�r�s� �a�n�d� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �s�e�c�t�i�o�n� 

�4�.�2�.�1�.� �W�e�b�e�r� �(�1�9�9�4�)� �r�e�p�o�r�t�e�d� �a�v�e�r�a�g�e� �e�f�f�l�u�e�n�t� �s�o�l�u�b�l�e� �B�O�D�,� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�o�r� 

�t�h�e� �1�5�,� �2�0� �a�n�d� �3�0� �d�a�y� �0�,� �r�e�a�c�t�o�r�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �o�f� �9�0�,� �6�7� �a�n�d� �7�2� �m�g�/�L� �a�t� �t�h�e� �3� 

�d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�.� �C�o�r�r�e�s�p�o�n�d�i�n�g� �e�f�f�l�u�e�n�t� �s�o�l�u�b�l�e� �B�O�D�,� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�o�r� �t�h�e� 

�4� �d�a�y� �o�p�e�r�a�t�i�o�n� �w�e�r�e� �6�2�,� �6�7� �a�n�d� �8�4� �m�g�/�L�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �1�5� �d�a�y� �6�,� �r�e�a�c�t�o�r� 

�w�a�s� �t�h�e� �l�e�a�s�t� �a�f�f�e�c�t�e�d� �b�y� �t�h�e� �f�i�l�a�m�e�n�t�o�u�s� �g�r�o�w�t�h� �a�n�d� �c�o�n�s�e�q�u�e�n�t�l�y� �p�r�o�d�u�c�e�d� �t�h�e� 

�l�o�w�e�s�t� �e�f�f�l�u�e�n�t� �B�O�D�,� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� �I�f� �t�h�e� �2�0� �a�n�d� �3�0� �d�a�y� �r�e�a�c�t�o�r�s� �h�a�d� �b�e�e�n� 

�o�p�e�r�a�t�i�n�g� �w�i�t�h�o�u�t� �t�r�o�u�b�l�e�,� �e�f�f�l�u�e�n�t� �s�o�l�u�b�l�e� �B�O�D�,� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�o�r� �t�h�e� �4� �d�a�y� 

�H�R�T� �o�p�e�r�a�t�i�o�n� �w�o�u�l�d� �h�a�v�e� �m�o�s�t� �l�i�k�e�l�y� �b�e�e�n� �l�e�s�s� �t�h�a�n� �6�2� �m�g�/�L�.� �B�O�D� �s�a�m�p�l�e�s� 

�f�r�o�m� �t�h�e� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �w�e�r�e� �a�n�a�l�y�z�e�d� �p�r�i�o�r� �t�o� �d�a�y� �6�2�,� �w�h�i�c�h� �w�a�s� �t�h�e� �s�t�a�r�t� 

�o�f� �s�t�e�a�d�y� �s�t�a�t�e� �o�p�e�r�a�t�i�o�n�.� �T�h�e� �t�o�t�a�l� �a�n�d� �s�o�l�u�b�l�e� �B�O�D�,� �a�n�a�l�y�s�i�s� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� 

�t�h�a�t� �t�h�e� �7� �d�a�y� �o�p�e�r�a�t�i�o�n� �p�r�o�d�u�c�e�d� �a� �r�e�d�u�c�t�i�o�n� �o�f� �B�O�D�,� �t�o� �l�e�v�e�l�s� �l�e�s�s� �t�h�a�n� �1�2� 

�m�g�/�L� �f�o�r� �a�l�l� �r�e�a�c�t�o�r�s�.� �A� �t�o�t�a�l� �B�O�D�,� �e�f�f�l�u�e�n�t� �l�i�m�i�t� �o�f� �1�5� �m�g�/�L� �i�s� �c�u�r�r�e�n�t�l�y� �b�e�i�n�g� 

�p�r�o�p�o�s�e�d� �f�o�r� �t�h�e� �P�l�a�n�t�.� 

�T�a�b�l�e� �1�3� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �v�a�r�i�o�u�s� �B�O�D� �a�n�a�l�y�s�e�s� �w�h�i�c�h� �w�e�r�e� 

�p�e�r�f�o�r�m�e�d� �o�n� �r�e�a�c�t�o�r� �i�n�f�l�u�e�n�t�s� �a�n�d� �e�f�f�l�u�e�n�t�s� �c�o�u�p�l�e�d� �w�i�t�h� �B�O�D�/�C�O�D� �r�a�t�i�o�s�.� 

�R�a�t�i�o�s� �o�f� �s�o�l�u�b�l�e� �B�O�D�,�/�C�O�D� �f�o�r� �t�h�e� �4� �d�a�y� �o�p�e�r�a�t�i�o�n� �e�f�f�l�u�e�n�t�s�,� �0�.�0�4� �t�o� �0�.�0�6�,� �a�r�e� 

�l�e�s�s� �t�h�a�n� �t�h�o�s�e� �r�e�p�o�r�t�e�d� �b�y� �W�e�b�e�r� �(�1�9�9�4�)�,� �0�.�1�4� �t�o� �0�.�1�6�.� �A�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�,� 

�e�f�f�l�u�e�n�t� �s�o�l�u�b�l�e� �B�O�D�,� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�o�r� �3� �a�n�d� �4� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n�s� �w�e�r�e� 

�s�i�m�i�l�a�r�.� �E�f�f�l�u�e�n�t� �C�O�D� �v�a�l�u�e�s� �t�h�a�t� �w�e�r�e� �u�s�e�d� �t�o� �p�r�o�d�u�c�e� �t�h�e� �B�O�D�,�/�C�O�D� �r�a�t�i�o�s� �f�o�r� 
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�t�h�e� �3� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �r�a�n�g�e�d� �f�r�o�m� �4�9�8� �t�o� �5�8�8� �m�g�/�L� �(�W�e�b�e�r�,� �1�9�9�4�)�.� �E�f�f�l�u�e�n�t� 

�C�O�D� �v�a�l�u�e�s� �f�o�r� �t�h�e� �4� �d�a�y� �o�p�e�r�a�t�i�o�n� �r�a�n�g�e�d� �f�r�o�m� �1�1�5�3� �t�o� �1�5�3�1� �m�g�/�L�,� �t�h�e�r�e�f�o�r�e� 

�c�a�u�s�i�n�g� �t�h�e� �c�a�l�c�u�l�a�t�e�d� �r�a�t�i�o�s� �f�o�r� �t�h�e� �4� �d�a�y� �o�p�e�r�a�t�i�o�n� �t�o� �b�e� �l�e�s�s� �t�h�a�n� �t�h�o�s�e� �o�f� �t�h�e� 

�3� �d�a�y� �o�p�e�r�a�t�i�o�n�.� �R�a�t�i�o�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� �7� �d�a�y� �H�R�T� �o�p�e�r�a�t�i�o�n� �w�e�r�e� �m�o�r�e� 

�s�i�m�i�l�a�r� �t�o� �W�e�b�e�r�'�s� �(�1�9�9�4�)� �r�e�s�u�l�t�s�,� �r�a�n�g�i�n�g� �f�r�o�m� �l�e�s�s� �t�h�a�n� �0�.�1�2� �t�o� �l�e�s�s� �t�h�a�n� �0�.�1�5�.� 

�I�n� �t�h�i�s� �c�a�s�e�,� �e�f�f�l�u�e�n�t� �B�O�D�,� �v�a�l�u�e�s� �w�e�r�e� �l�o�w�,� �a�s� �w�e�r�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �C�O�D� �v�a�l�u�e�s�.� 

�A�l�l� �B�O�D�,�/�C�O�D� �r�a�t�i�o�s� �w�e�r�e� �b�e�l�o�w� �0�.�5�.� �W�a�s�t�e�s� �w�i�t�h� �l�o�w� �B�O�D�.�/�C�O�D� �r�a�t�i�o�s� �a�r�e� 

�o�f�t�e�n� �d�i�f�f�i�c�u�l�t� �t�o� �d�e�g�r�a�d�e� �a�n�d� �c�a�n� �c�o�n�t�a�i�n� �a� �r�e�s�i�d�u�a�l� �f�r�a�c�t�i�o�n� �t�h�a�t� �i�s� �n�o�n�-� 

�d�e�g�r�a�d�a�b�l�e�.� �B�O�D�,�/�C�O�D� �r�a�t�i�o�s� �a�r�e� �o�f�t�e�n� �m�i�s�l�e�a�d�i�n�g� �a�s� �l�o�w� �v�a�l�u�e�s� �c�a�n� �i�n�d�i�c�a�t�e� 

�t�o�x�i�c� �o�r� �r�e�f�r�a�c�t�o�r�y� �m�a�t�e�r�i�a�l�,� �o�r� �m�a�t�e�r�i�a�l� �t�h�a�t� �i�s� �j�u�s�t� �s�l�o�w�e�r� �t�o� �b�i�o�d�e�g�r�a�d�e�.� 

�T�a�b�l�e� �1�3� �a�l�s�o� �c�o�n�t�a�i�n�s� �r�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �B�O�D�,�,�/�B�O�D�,� 

�a�n�a�l�y�s�i�s�.� �I�n�f�l�u�e�n�t� �B�O�D�,� �w�a�s� �1�1�9�4� �m�g�/�L�,� �w�h�i�l�e� �e�f�f�l�u�e�n�t� �B�O�D�,� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� 

�w�e�r�e� �l�e�s�s� �t�h�a�n� �6�0� �m�g�/�L�.� �T�h�e� �s�u�b�s�e�q�u�e�n�t� �B�O�D�,� �a�n�a�l�y�s�i�s�,� �p�e�r�f�o�r�m�e�d� �o�n� �s�a�m�p�l�e�s� 

�f�r�o�m� �t�h�e� �B�O�D�.�,� �a�n�a�l�y�s�i�s�,� �p�r�o�d�u�c�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �l�e�s�s� �t�h�a�n� �1�2�0� �m�g�/�L� �f�o�r� �t�h�e� 

�i�n�f�l�u�e�n�t� �a�n�d� �l�e�s�s� �t�h�a�n� �3� �m�g�/�L� �f�o�r� �a�l�l� �r�e�a�c�t�o�r� �e�f�f�l�u�e�n�t�s�.� �B�O�D�,�.�/�C�O�D� �r�a�t�i�o�s� �r�a�n�g�e�d� 

�f�r�o�m� �0�.�9�1� �f�o�r� �t�h�e� �i�n�f�l�u�e�n�t� �t�o� �0�.�5�6�,� �0�.�3� �a�n�d� �0�.�3�6� �f�o�r� �t�h�e� �1�5�,� �2�0� �a�n�d� �3�0� �d�a�y� �9�,� 

�r�e�a�c�t�o�r�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �B�O�D�,�/�C�O�D� �a�n�a�l�y�s�i�s� �p�e�r�f�o�r�m�e�d� �o�n� �e�f�f�l�u�e�n�t� �f�r�o�m� �t�h�e� 

�B�O�D�.�,�.�/�B�O�D�,�;� �t�e�s�t� �p�r�o�d�u�c�e�d� �r�a�t�i�o�s� �o�f� �0�.�3�3�,� �0�.�3�3� �a�n�d� �0�.�3�7� �f�o�r� �t�h�e� �1�5�,� �2�0� �a�n�d� �3�0� 

�d�a�y� �9�,� �r�e�a�c�t�o�r�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �A�p�p�a�r�e�n�t�l�y�,� �d�e�g�r�a�d�a�b�l�e� �m�a�t�e�r�i�a�l� �w�a�s� �p�r�e�s�e�n�t�,� �d�u�e� 

�t�o� �t�h�e� �f�a�c�t� �t�h�a�t� �C�O�D� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �r�e�d�u�c�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �t�o� �8� �a�n�d� �9� �m�g�/�L�,� 

�a�l�t�h�o�u�g�h� �a� �l�o�n�g�e�r� �t�i�m�e� �p�e�r�i�o�d� �o�f� �g�r�e�a�t�e�r� �t�h�a�n� �2�0� �d�a�y�s� �w�a�s� �r�e�q�u�i�r�e�d� �t�o� �m�o�r�e� 
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