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(ABSTRACT) 

The purpose of this research was to apply analytical techniques to identify and investigate 

specific organic compounds present in a municipal landfill leachate and an industrial 

wastewater. Accurate characterization of wastewaters can assist environmental engineers 

and scientists in the design of treatment systems. Several extraction and analytical tech- 

niques were utilized for the analysis of components in complex environmental samples fo- 

cusing on nonvolatile or thermally labile compounds. 

Of the extraction procedures evaluated, C,, solid phase extraction was found most useful in 

preparing the samples for analysis. Recoveries ranged from 48% for a benzenesulfonamide 

to 96% for 2,4-dinitrotoluene. Liquid chromatography/mass spectrometry (LC/MS) techniques 

were utilized in conjunction with gas chromatography/mass spectrometry (GC/MS) and liquid 

chromatography with a diode array detector (LC/DAD), to identify specific organic chemicals 

in the samples. 

GC/MS analysis of the leachate confirmed the presence of two benzenesulfonamides and two 

phthalate esters. Several other components were detected, but not identified. A significant 

number of components were detected by LC/MS that were not detected by GC/MS. 

Thermospray LC/MS results provided positive and negative ionization spectra which were 

useful for identifying standards and providing molecular weight information.



GC/MS, LC/DAD and LC/MS analysis of the industrial wastewater confirmed the presence of 

2,4-dinitrotoluene, 2,4,6-trinitrotoluene, diphenylamine and dibutyl phthalate. GC/MS analysis 

also confirmed the presence of 4-nitro-2-aminotoluene. Tentative identification of 

methylnitrobenzene, dinitrobenzene, aminonitrobenzaldehyde, and a dinitrotoluene isomer 

was made by GC/MS while two components remained unidentified. LC/DAD analysis also 

confirmed the presence of dioctyl phthalate, aminobiphenyl and a diphenylamine impurity 

while ten components were not identified. LC/MS results suggested the presence of a 

dinitrotoluene isomer, a diphenylamine dimer, N-nitrosodiphenylamine, 

methylnitrobenzenamine and dioctyl phthalate, while ten other components remained uni- 

dentified. Thermospray has severe limitations in its ability to identify unknown constituents. 

However, the application of the methods explored in this work to monitor the effectiveness of 

wastewater treatment is warranted.
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l. INTRODUCTION 

A. Background 

The area of wastewater treatment is extremely large and varied. Environmental wastewaters 

may include contaminated ground and surface waters. Leachate from a landfill may be a 

potential source of pollution of both ground and surface waters. If it can be retained, leachate 

can be treated to mitigate deleterious effects on the environment. Industrial wastewaters are 

the effluents resulting from any type of industrial process. They may contain heavy metals, 

high organic loadings or low levels of extremely toxic substances. 

The goal of engineers responsible for the treatment of wastewaters is to design treatment 

systems that produce desirable effluents. Since such treatment must be specific for each 

particular wastewater, the engineer must Know what is to be treated. Accurate characteriza- 

tion of the waters is therefore essential. Information that is often obtained for design purposes 

include: pH, temperature, measurement of total organic loadings (total organic carbon; 

chemical and biochemical oxygen demands), and quantification of various inorganics such as 

nitrates, nitrites, phosphates, sulfates and metals. Analysis of specific organic chemicals is 

often overlooked. 
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lf treated wastewater achieves a 95% reduction in chemical oxygen demand, but contains high 

levels of a priority pollutant, is that water sufficiently treated? Characterization of the organic 

fraction of wastewaters is very important, especially for regulatory purposes, permit compli- 

ance, etcetera. Proper identification of specific organic constituents not only highlights spe- 

cific treatment needs, but may also alert one’s attention to reaction products that may result 

from a certain treatment technique of a particular class of compounds. Or perhaps a group 

of constituents are amenable to treatment at one pH range, but remain untreated at another. 

in order to best know how to treat a waste, the composition of the wastewater needs to be 

known. A multitude of techniques are available for organics analysis. It is important for en- 

vironmental engineers to know what information each analytical tool can provide and what 

are their limitations. 

The techniques most commonly used for the analysis of organics in water rely on gas 

chromatography (GC) with various detectors. These techniques have developed into powerful 

analytical tools, yet they are limited to the detection of volatile or readily volatilized organic 

substances. It is estimated that approximately 80% of the total organic matter in water are 

of the nonvolatile fraction and therefore not amenable to GC analysis (Crathorne et a/., 1984). 

Much work has been conducted to develop techniques for the analysis of nonvolatile, gener- 

ally polar organic compounds, utilizing liquid chromatography with mass spectrometry 

(LC/MS). 

B. Research Objectives 

This research served to continue in the endeavor to develop and apply methods for broad 

spectrum analysis of environmental samples that are capable of detecting and identifying 

both semivolatile and nonvolatile organic compounds. The objectives of this research may 

be stated as follows: 
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@¢ todevelop methods for the analysis of nonvolatile, primarily polar organic pollutants that 

are difficult to determine by previously utilized techniques; 

e identification of specific organic compounds present in a landfill leachate using these 

techniques in conjunction with LC/MS analysis; 

® to apply these methods to characterize other environmental samples, specifically an in- 

dustrial wastewater; 

® apply these techniques to monitor the effectiveness of wastewater treatment. 
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H. LITERATURE REVIEW 

I. Developmental Perspective On Chromatographic Methods 

A. General 

Much of environmental research centers on man’s desire for clean drinking water and natural 

waters suitable for wildlife and recreation. “Clean” is often determined/limited by the ana- 

lyst’s ability to detect and identify anthropogenic materials broadly classified as pollutants. 

Unless one has the technical capability to determine that a compound is in a sample, the 

compound is, for practical purposes, not there. 

The existence of organic pollutants can be grossly measured by such techniques as 

Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD) and Total Organic 

Carbon (TOC). However, these methods do not identify specific pollutants in the sample (Keith, 

1976). In 1950 the need to separate constituents of mixtures for identification was recognized, 

and this lead to the development of chromatographic methods (Rosen, 1976). The separation 

of compounds is really a definition of chromatography. In the 1950’s forms of chromatography 
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available included column adsorption, column partition, paper, electro, thin layer and gas 

chromatography (Rosen, 1976). 

B. Gas Chromatography 

When gas chromatography (GC) was developed in 1952, this method obtained phenomenal 

separation of organic compounds compared to other methods existing at the time (Miller, 

1988). GC performance was greatly enhanced in the 1970’s with the development of fused 

silica capillary columns. Common internal diameters of these columns are 0.25, 0.32 and 0.53 

mm. The interior walls of fused silica columns are typically coated with a thin (0.1 - 1.0 nm) 

film of liquid stationary phase (Miller, 1988). Excellent sensitivities were obtained when GC 

was coupled with any of a number of detectors including electron capture, flame ionization, 

thermal conductivity and mass spectrometry. One of the first environmental applications of 

gas chromatography was the analysis of chlorinated pesticides (Rosen, 1976). An example 

of early uses of gas chromatography coupled with mass spectrometry (GC/MS) was the iso- 

lation and detection of geosmin, a source of musty odors in water and a major taste and odor 

problem for water utilities (Rosen, 1976). 

C. Mass Spectrometry 

Mass spectrometry provides high sensitivity (picogram level) and great versatility. MS is a 

universal detector, i.e. it can detect any compound that can be ionized. lonization, a key event 

in mass spectrometry, can be acheived by a variety of modes, e.g. electron ionization (E]), 

chemical ionization (Cl), fast atom bombardment (FAB), field desorption (FD), and other 

methods. MS provides a wealth of structural information for detection and identification of 

unknown analytes in samples. 
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El typicaly uses 70 eV electrons to ionize molecules already in the gas phase and is the most 

common technique used with GC. The impact of high energy electrons results in extensive 

fragmentation of the molecules which often yields enough structural information to identify the 

molecule (Rose and Johnstone, 1982). Mass spectral libraries are generally of El mass 

spectra at 70 eV, and can be applied to elucidate the identity of an unknown molecule. The 

NBS(EPA)NIH library contains approximately 45,000 compounds; the Wiley/NBS Registry of 

Mass Spectral Data includes approximately 112,000 different compounds. Library matching is 

not, however, always correct. Spectral libraries routinely check for errors, but cannot always 

compensate for sample impurities, spectrometer performance, meassurement inaccuracies, 

and data transcription (McLafferty and Stauffer, 1989). Therefore, techniques other than El 

are needed. 

Chemical ionization is a soft ionization technique that ionizes sample molecules with much 

less energy transfer than El, and therefore less fragmentation. It results in the formation of 

molecular ions which yields primarily molecular weight information. The technique was pio- 

neered by Frank Field and Barnaby Munson in the mid 1960’s (Watson, 1985). Cl complements 

El; it utilizes different techniques to provide different information. Cl forms even electron ions 

which have less tendency to fragment. The amount of energy transferred in a Cl reaction can 

be controlled by knowing the proton affinity (P.A.) of the reagent gas compared with that of the 

analyte. The proton affinity of the analyte must be greater than that of the reagent gas for the 

analyte to be protonated by the reagent ion. For example, methane (P.A. = 5.9 eV) can ionize 

a broader range of compounds than ammonia (P.A. = 9.1 eV). As the amount of energy 

transferred increases, the amount of fragmentation increases. 

Samples can be introduced into a mass spectrometer in all phases. Gases and liquids can 

be injected directly into the ionization chamber while solids are introduced into the vacuum 

system by positioning a direct inlet probe at the edge of the ionization chamber. Samples are 

often applied to the probe tip in glycerol or some other matrix. The extent of vaporization off 

the tip is often affected by the probe tip temperature. If impurities or more than one compound 
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are on the probe tip, multipte spectra may be obtained and the analysis skewed. For mass 

analysis of complex samples, it is necessary to separate the constituents prior to introduction 

into the MS. This has resulted in the coupling of chromatographic systems with mass 

spectrometers. 

This was first achieved in the 1950’s with the coupling of gas chromatography to mass 

spectrometry (GC/MS). By combining the potent separation abilities of gas chromatography 

with the broad detection capabilities of mass spectrometry, GC/MS has developed into one 

of the most powerful tools in environmental analysis. This fact is recognized by the US Envi- 

ronmental Protection Agency (EPA) in the October 24, 1984 Federal Register (Extrel). GC/MS 

is the basis of many of the regulated EPA methods and literally thousands of GC/MS analyses 

are performed daily to meet monitoring and analysis requirements. 

D. Liquid Chromatography 

What, then, is the need for the development of a whole new analytical system of liquid 

chromatography coupled with mass spectrometry (LC/MS)? The answer lies in the perspec- 

tive of recognizing the limitations of currently available techniques. When looking at complex 

environmental samples, one frequently has little prior knowledge of which compounds, espe- 

cially potentially hazardous components, may be in the sample, and therefore would like to 

utilize analytical methods that will detect and identify as many compounds as possible. GC 

methods are limited to the analysis of volatile or readily volatilized organic chemicals. It is 

known that certain potential carcinogens, such as most nitrosamines, do not possess ade- 

quate thermal stablity to be detected by GC/MS (Beaitie et a/., 1985). A current problem in 

environmental analysis is the inadequacy of broad spectrum methods to analyze nonvolatile, 

generally polar, organic components. It is estimated that approximately 80% of the total or- 

ganic matter in aqueous environmental samples are of the nonvolatile fraction (Crathorne ef 

al., 1984). Although over 1500 organic compounds have been identified by GC in various types 
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of waters, over 2,000,000 organic compounds are known to exist (Keith, 1976). Similarly, 

metabolic studies of environmental pollutants usually require analysis of polar metabolites 

which are not amenable to GC/MS, but are more readily separated by liquid chromatography 

(Dietrich, 1987). Killops ef a/. in their 1985 study of humic and fulvic acid by-products stated, 

“techniques for investigating the non-volatile fraction (polar and high molecular weight com- 

pounds) need to be developed and applied”. Successful analysis requires a method that 

combines good separation with high specificity and sensitive detection. 

Liquid chromatography, with the wide variety of phases available, is ideally suited for the 

separation of polar, nonvolatile or thermally labile compounds. The only restriction is that the 

sample must be slightly soluble in the mobile phase. High performance liquid 

chromatography (LC or HPLC) has broad application to environmental problems and can 

compliment GC analysis. It can be used to detect sources of pollution, to test the effectiveness 

of treatment steps and to determine the ultimate environmental effects of process effluents 

(Pitt et a/., 1976). In one of the first environmental applications of HPLC in 1972, 77 constituents 

from a primary sewage were identified (Rosen, 1976). Pitt et a/. (1976) identified 56 soluble 

organic compounds in primary effluent from a municipal sewage treatment plant, while 103 

constituents remained unknown. They note that with HPLC, the “likelihood of altering the 

nature of the compounds in the samples, as occasionally occurs with other methods, is 

reduced”. 

Other advantages of LC over GC are that compounds are not exposed to excessive heat, less 

sample cleanup is required, and derivatization is usually not necessary (Covey et al., 1986). 

The major disadvantages of LC are the reduced chromatographic efficiencey compared with 

capillary column GC and the inability of most HPLC detectors to differentiate unresolved 

peaks. The most common HPLC detector is the ultraviolet/visible (UV/VIS) spectroscopic de- 

tector. Single wavelength absorbance detection is not specific enough to allow qualitative 

identification of compounds present in complex samples with any degree of certainty (Vargo 

and Olson, 1985). 
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Different chemical classes of compounds may display overlapping retention times such that 

specific identifications are not readily made from a non-specific detector like UV. Therefore, 

a detector that gives more highly specific information than single wavelength UV is desirable 

for analyzing complex mixtures (Amateis, 1984). The introduction of the diode array detector 

(DAD) has alleviated many of these limitations. This variable wavelength detector simul- 

taneously monitors absorbance over the ultraviolet (UV) i.e. 210 - 380 nm, and part (usually 

up to 600 nm) of the visible wavelength range. It is estimated that about 65% of the organic 

compounds analyzed by liquid chromatography absorb some light at 254 nm (where most 

single- wavelength UV detectors operate) while over 90% absorb light somewhere in the 

range of most variable wavelength detectors (Yost, Ettre and Conlon, 1980). UV/VIS detectors 

remain limited to detecting compounds that absorb in that wavelength range. They also pro- 

vide limited structural, or other qualitative information that can aid in the identification of un- 

known constituents of a sample and cannot yield molecular weight information. 

ll. LC/MS 

Mass spectrometric detection of analytes separated by liquid chromatography can certainly 

overcome the limitations of UV/VIS and other LC detectors by providing information that those 

detectors do not provide. Direct coupling of the two techniques can serve as a powerful an- 

alytical tool in much the same way that GC/MS methods enhanced the performance of gas 

chromatographic analysis. The ability to both separate compounds in a complex mixture and 

furnish specific structural and qualitative data about those compounds offers profound oppor- 

tunities for all types of analysis, especially environmental analysis. 

The benefits of on-line coupling of LC with MS have been known since the late 1970’s. How- 

ever, for many years such an on-line combination was regarded as an “unapproachable 

ideal” because the two techniques appeared fundamentally incompatible (Arpino and 
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Guiochon, 1979). One must link a relatively large volume of liquid effluent from the LC at at- 

mospheric pressure to a MS detector that requires only a small amount of sample under high 

vacuum (107° torr). Experimental prototypes were worked on in Sweden and Russia in the 

1960’s, but the effective first chapter of LC/MS history came in 1973-74 with the results pub- 

lished by E. C. Horning, |. W. McLafferty and R. P. W. Scott (Arpino and Guiochon, 1979). While 

many subsequent chapters have been written, the problems associated with interfacing the 

two techniques in a practical way are considerable. 

Arpino and Guiochon (1979) have identified many of the problems that must be overcome for 

LC/MS analysis to be successful. Primary among them is the need to reduce a large liquid 

volume at high pressure to a small volume under vacuum while retaining the analytes in suf- 

ficient quantity to be detected by the mass analyzer. This is compounded by the fact that 1 

mL of water generates approximately 1200 mL of gas at STP (Cerruti, 1989). MS requires that 

molecules be in the vapor phase to be analyzed. The LC effluent must be heated rapidly from 

about 40°C to 250°C. The interface must also tolerate varied solvent systems and conditions, 

especially when gradient elutions are used. The interface should yield sufficient sample to 

ensure proper utilization by the MS without modifying the analytes in the sample. Conditions 

should be constant and independent of the chemical nature of the solutes and solvents yet 

be flexible enough to allow the MS to be operated in Ci and El modes (Arpino and Guiochon, 

1979). Games (1981) identifies six additional criteria for the ideal LC/MS system: i. Maintain 

chromatographic performance; ii. No restriction on HPLC systems; iii. Sensitivity comparable 

to GC/MS; iv. System capable of working long periods; v. Mass spectral data with maximal 

structural information available from thermally labile and low volatility compounds; vi. Rea- 

sonable costs. To date, no single LC/MS system has been devised which meets all six of 

these criteria. Several systems have been designed, each with its own advantages and dis- 

advantages. A discussion of current LC/MS techniques follows. 
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lil LC/MS Techniques 

A. OFFLINE 

One way to link the two systems is to manually collect fractions of LC effluent, evaporate the 

solvent, and transfer the sample to a matrix suitable for mass spectrometry. This is called 

“off-line” linkage. Samples may be mass analyzed in any mode such as El, Cl and FAB. 

Off-line techniques offer the benefits of MS detection, but introduce a two-analysis system. 

However, most of the efforts to date have focused on direct linkages or “on-line” LC/MS 

interfaces, Some of these include Moving Belt, Atmospheric Pressure lonization (API), Direct 

Liquid Introduction (DLI), Thermospray (TSP), and MAGIC or Particle Beam systems. Both on- 

and off-line methods were explored in this research. 

B. MOVING BELT 

The moving belt interface is a mechanical transport devise that continuously carries total 

effluent from the LC to the MS without splitting the flow. Solvent is evaporated as the sample 

passes beneath an infrared heater. The pressure is reduced from atmospheric at the 

chromatograph to high vacuum at the spectrometer where the solutes are thermally desorbed 

from the belt to an ionization chamber, ionized and analyzed. These devices offer the possi- 

bility of measurement of electron ionization, chemical ionization, fast atom bombardment, and 

other spectra independent of any influence of the mobile phase (Yergey et a/., 1990). This al- 

lows for comparison of spectra acquired by direct means, such as included in MS libraries and 

is a key advantage of the moving belt system. Another advantage is that some involatile or 

labile compounds which failed to yield abundant parent ion currents by conventional direct 

insertion methods, were observed to do so when measured from the belt. However, the 
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analysis of involatiles using the belt system is restricted to the smallest compounds in each 

class of involatiles (Yergey et a/., 1990). Since its introduction in 1976, the moving belt inter- 

face has been used in the analysis, by El or Cl, of a wide range of materials and compounds 

including pesticides, polynuclear aromatic hydrocarbons, drugs, oligosaccharides, and many 

other natural products and organic compounds (Watson, 1985). 

A major limitation to moving belt systems lies in the difficulty and reliability of solvent evap- 

oration. Efficiency of the operation of these systems is affected by the need to balance the rate 

of solvent deposition with the speed of the belt. Desolvation is also affected by solvent com- 

position; solvents with large aqueous phases are much more difficult to evaporate (Yergey et 

al., 1990). One solution is to increase the power of the heater lamp, but this risks damage to 

the Kapton polyimide belt. 

C. ATMOSPHERIC PRESSURE IONIZATION 

Atmospheric pressure jonization (API) systems utilize mass spectrometers with no vacuum in 

the ion source. This obviates the need to pump the solvent vapor of the evaporated eluent, 

but the molecules or ions of interest must then be coupled into the MS. A summary of Covey 

et al.'s (1986) description of AP! methods foliows: There are three types of API systems: the 

heated pneumatic nebulizer; liquid ion evaporation; and electrospray. 

1. Heated pneumatic nebulizer 

This commercially available, probe-type interface is the most common one currently used 

on an API source system. It can operate at LC flows up to 2 mL/min. and tolerates volatile 

acids, salts, bases, and other mobile phase additives. The LC effluent is nebulized and 

desolvated as it passes through a heated nebulization region. Solvent molecules are 

ionized by a 6000 V corona discharge needle. Atmospheric pressure chemical ionization 
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{(APCI) produce analyte ions from the solvent ions. These are focused through a dry ni- 

trogen curtain gas before passing through a 100 um orifice into the high-vacuum region 

of the MS where they are mass analyzed. This form of ionization is rather mild and 

fragmentation data is limited. This makes it very difficult to identify unknown compounds 

by MS analysis alone. 

2. Liquid ion evaporation 

A liquid ion evaporation interface was not commercially available until 1985. In this 

method, LC effluent is dispersed through a pneumatic nebulizer into air at atmospheric 

pressure. lons are produced from small, charged droplets. A small, high-voltage 

electrode near the sprayer induces droplet charging. High temperatures are not required 

and conventional LC flow rates can be used. This system is limited to use with 

reversed-phase solvents and the analyte must be readily ionizable in the liquid phase. 

Liquid ion evaporation is well suited for polar, ionizable compounds. A unique advantage 

of ion evaporation over other methods, such as thermospray ionization (see below), is its 

very mild ionization at room temperature. 

3. Electrospray 

In electrospray systems, droplets are charged as they pass through a metal capillary tube 

that is at a potential of several kilovolts relative to the surrounding chamber walls. lons 

discharged from the charged droplets are conveyed into the vacuum chamber of a mass 

spectrometer and are mass analyzed. This technique requires the use of micro-bore 

packed columns because best results are achieved with flows rates of 5 - 10 uwL/min. 

Electrospray enables difficult compounds to be successfully analyzed. Other advantages 

include the lack of critical temperature control, good sensitivity, and the absence of a 

small orifice which can cause practical problems. 
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D. DIRECT LIQUID INTRODUCTION 

Direct liquid introduction (DLI) is the simplest and least expensive interface used (Cerruti, 

1989). LC effluent is introduced directly into the MS ion source region. Since this results in 

twenty times more gas than the system can handle, the sample is split so that only 1-5% of 

the total effluent enters the MS. This results in lower sensivity and detector limits of 0.1 - 1 

ug (Covey et al., 1986). ODLI is conducive to chemical ionizaition, not electron ionization. 

Therefore, only molecular weight information is provided. DLI is good for thermally labile or 

fragile compounds. It is also condusive to use with microbore HPLC which typicaliy uses flow 

rates of only 10-50 uL/min.(Covey et a/., 1986). In general, buffering salts such as ammonium 

acetate, are not used in DLI solvent systems due to the tendency of the capillaries to plug 

when heated (Yergey et a/., 1990). 

One form of DL! is the open-tubular liquid chromatography (OTLC) interface. Large analytical 

efficiencies require very small sample sizes and long analysis times, but these conditions also 

result in poor sensitivity (Arpino and Guichon, 1979). This remains a controversial problem. 

Arpino and Guiochon in 1979 stated that open-tubular capillary columns in LC are very 

tempting but the OTLC/MS approach is unattractive for LC/MS. 

Researchers at the Laboratory of Molecular Biophysics of the National Institute of Environ- 

mental Health Sciences, Research Triangle Park, NC, have developed an interface linking an 

open-tubular liquid chromatographic system with a quadrupole mass spectrometer. The sys- 

tem employs uncoated glass capillary columns (16 um i.d.) or 10 um id. fused silica columns 

coated with OV-17-V stationary phase (deWit et a/., 1987). Flow rates of less than 60 nL/min. 

provides a more efficient use of sample than effluent splitting where only 1-5% of the sample 

effluent enters the ion source (deWit e¢ a/., 1987). The low flow rates allow the entire effluent 

to be introduced into the ion source and also permit this system to operate under both El, Ct 

and negative chemical ionization (NCI) MS conditions. Estimates of detection limits for 

metabolites of the herbicide trifluralin range from 20 pg to 2 ng. 
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�s�p�e�c�t�r�o�m�e�t�e�r�:� 

�N�e�b�u�l�i�z�a�t�i�o�n�;� �D�r�o�p�l�e�t� �C�h�a�r�g�i�n�g�;� �V�a�p�o�r�i�z�a�t�i�o�n�;� �l�o�n�i�z�a�t�i�o�n�;� �a�n�d� �l�o�n� �T�r�a�n�s�p�o�r�t� �(�V�e�s�t�a�l�,� �1�9�8�9�)�.� 

�1�.� �N�e�b�u�l�i�z�a�t�i�o�n� 

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

�s�u�p�e�r�s�o�n�i�c� �j�e�t� �o�f� �v�a�p�o�r�.� �P�a�r�t�i�a�l� �v�a�p�o�r�i�z�a�t�i�o�n� �o�f� �t�h�e� �l�i�q�u�i�d� �g�e�n�e�r�a�t�e�s� �t�h�e� �n�e�b�u�l�i�z�i�n�g� �g�a�s� �i�n� 

�t�h�e� �c�a�p�i�l�l�a�r�y� �(�Y�e�r�g�e�y� �e�t� �a�/�.�,� �1�9�9�0�)�.� �T�h�i�s� �p�r�o�v�i�d�e�s� �v�e�r�y� �e�f�f�i�c�i�e�n�t� �n�e�b�u�l�i�z�a�t�i�o�n� �i�n�t�o� �r�e�l�a�t�i�v�e�l�y� 

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

�2�.� �D�r�o�p�l�e�t� �C�h�a�r�g�i�n�g� 

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

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

�p�o�p�u�l�a�t�i�o�n�s� �o�f� �p�o�s�i�t�i�v�e� �a�n�d� �n�e�g�a�t�i�v�e�l�y� �c�h�a�r�g�e�d� �d�r�o�p�l�e�t�s�. �� �(�V�e�s�t�a�l�,� �1�9�8�9�)�.� 

�3�.� �V�a�p�o�r�i�z�a�t�i�o�n� 

�i�l�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �1�6



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

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

�l�a�t�e�n�t� �h�e�a�t� �o�f� �v�a�p�o�r�i�z�a�t�i�o�n� �o�f� �w�a�t�e�r� �l�i�m�i�t�s� �m�a�n�y� �L�C�/�M�S� �i�n�t�e�r�f�a�c�e�s� �(�S�l�i�v�a�n� �e�f� �a�/�.�,� �1�9�8�9�)�.� �I�n� 

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

�a�t� �r�e�d�u�c�e�d� �p�r�e�s�s�u�r�e�.� �V�e�s�t�a�l� �a�n�d� �F�e�r�g�u�s�s�o�n� �(�1�9�8�5�)� �r�e�p�o�r�t� �t�h�a�t� �t�h�e� �p�r�e�m�i�s�e� �t�h�a�t� �v�e�r�y� �r�a�p�i�d� 

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

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

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

�(�V�e�s�t�a�l� �a�n�d� �F�e�r�g�u�s�s�o�n�,� �1�9�8�5�)�.� �T�h�e� �l�i�q�u�i�d� �v�e�l�o�c�i�t�y� �i�n� �t�h�e� �c�a�p�i�l�l�a�r�y� �d�e�t�e�r�m�i�n�e�s� �t�h�e� �m�a�x�i�-� 

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

�c�a�p�i�l�l�a�r�y� �(�O�s�t�e�r�m�a�n� �e�t� �a�/�.�,� �1�9�8�7�)�.� �V�o�y�k�s�n�e�r� �(�1�9�8�3�)� �r�e�p�o�r�t�e�d� �a�n� �o�p�t�i�m�a�l� �v�a�p�o�r�i�z�e�r� �t�e�m�-� 

�p�e�r�a�t�u�r�e� �o�f� �1�1�5�°�C� �a�n�d� �a�n� �o�p�t�i�m�a�l� �j�e�t� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �3�0�0�°�C�.� �O�t�h�e�r� �t�h�e�r�m�o�s�p�r�a�y� �o�p�e�r�a�t�i�n�g� 

�t�e�m�p�e�r�a�t�u�r�e�s� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �(�e�.�g�.� �i�n� �B�a�l�l�a�r�d� �a�n�d� �B�e�t�o�w�s�k�i�,� �1�9�8�6�)�.� �I�n� �a�n�y� �e�v�e�n�t�,� �i�t� �i�s� 

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

�o�c�c�u�r� �p�r�e�m�a�t�u�r�e�l�y� �i�n�s�i�d�e� �t�h�e� �c�a�p�i�l�l�a�r�y� �(�Y�e�r�g�e�y� �e�f�t� �a�/�.�,� �1�9�9�0�)�.� �S�o�u�r�c�e� �b�l�o�c�k� �a�n�d� �t�i�p� �t�e�m�-� 

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

�4�.� �l�o�n�i�z�a�t�i�o�n� 

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

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

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

�T�h�i�s� �i�s� �c�a�l�l�e�d�  ��f�i�l�a�m�e�n�t�-�o�n �� �m�o�d�e� �(�C�o�v�e�y� �e�t� �a�/�.�,� �1�9�8�6�)�.� �A� �f�i�l�a�m�e�n�t� �a�t� �t�h�e� �v�a�p�o�r�i�z�e�r� �t�i�p� �i�s� 

�t�y�p�i�c�a�l�l�y� �o�p�e�r�a�t�e�d� �a�t� �a�n� �e�l�e�c�t�r�o�n� �e�n�e�r�g�y� �o�f� �2�0�0� �e�V� �a�n�d� �e�m�i�s�s�i�o�n� �c�u�r�r�e�n�t� �o�f� �0�.�0�5� �m�A� 

�(�V�o�y�k�s�n�e�r�,� �1�9�8�5�)�.� �A�m�m�o�n�i�u�m� �a�c�e�t�a�t�e� �i�n� �t�h�e� �m�o�b�i�l�e� �p�h�a�s�e� �i�s� �a� �g�o�o�d� �g�e�n�e�r�a�l� �p�u�r�p�o�s�e� 

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

�i�n� �w�a�t�e�r� �r�a�n�g�i�n�g� �f�r�o�m� �0�.�0�1�M� �t�o� �0�.�1�M� �h�a�v�e� �b�e�e�n� �s�u�c�c�e�s�s�f�u�l�l�y� �u�s�e�d� �(�B�e�l�l�a�r� �a�n�d� �B�u�d�d�e�,� �1�9�8�7�;� 

�J�o�y�c�e� �e�t� �a�l�.�,� �1�9�8�5�;� �K�i�n�g� �e�t� �a�/�.�,� �1�9�8�7�)�.� �J�o�y�c�e� �e�f� �a�/�.� �(�1�9�8�5�)� �r�e�p�o�r�t� �t�h�a�t� �i�o�n�i�c� �s�a�m�p�l�e�s� �a�r�e� �b�e�s�t� 

�a�n�a�l�y�z�e�d� �w�i�t�h�o�u�t� �a�m�m�o�n�i�u�m� �a�c�e�t�a�t�e�.� 

�l�l�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �1�7



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

�c�h�a�r�g�e�,� �i�s� �u�s�e�d� �t�o� �p�r�o�d�u�c�e� �a�n� �i�n�t�e�n�s�e� �n�e�g�a�t�i�v�e� �i�o�n�,� �{�M�-�H�)�~�,� �a�n�d� �s�i�g�i�n�f�i�c�a�n�t� �f�r�a�g�m�e�n�t�a�t�i�o�n� 

�i�n� �m�o�s�t� �c�a�s�e�s� �(�J�o�n�e�s� �e�t� �a�/�.�,� �1�9�8�9�)�.�  ��T�h�e�s�e� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �i�o�n�i�z�a�t�i�o�n� �m�o�d�e�s� �[�f�i�l�a�m�e�n�t� �o�f�f�,� 

�f�i�l�a�m�e�n�t� �o�n�,� �d�i�s�c�h�a�r�g�e� �o�n�]� �c�a�n� �a�c�c�o�m�m�o�d�a�t�e� �m�o�s�t� �H�P�L�C� �e�l�u�e�n�t� �c�o�n�d�i�t�i�o�n�s �� �(�C�o�v�e�y� �e�t� 

�a�l�.�,� �1�9�8�6�)�.� �S�i�n�c�e� �m�o�s�t� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�e�r�s� �a�r�e� �c�a�p�a�b�l�e� �o�f� �d�e�t�e�c�t�i�n�g� �a�n�d� �a�n�a�l�y�z�i�n�g� �b�o�t�h� 

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

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

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

�(�t�o� �f�o�r�m� �M�H�*�)� �o�r� �b�e� �s�u�f�f�i�c�i�e�n�t�l�y� �p�o�l�a�r� �t�o� �f�o�r�m� �s�t�a�b�l�e� �a�d�d�u�c�t�s�,� �e�.�g�.� �(�M� �+� �N�H�4�)�*�.� �F�o�r� �n�e�g�-� 

�a�t�i�v�e� �i�o�n� �d�e�t�e�c�t�i�o�n�,� �s�a�m�p�l�e�s� �m�u�s�t� �b�e� �m�o�r�e� �a�c�i�d�i�c� �t�h�a�n� �t�h�e� �m�o�b�i�l�e� �p�h�a�s�e� �[�t�o� �f�o�r�m� �(�M� �-� �H�)�7�]� 

�o�r� �h�a�v�e� �a� �h�i�g�h�e�r� �e�l�e�c�t�r�o�n� �a�f�f�i�n�i�t�y� �(�t�o� �f�o�r�m� �M ��)�.� �U�s�e� �o�f� �e�i�t�h�e�r� �t�h�e� �f�i�l�a�m�e�n�t� �o�r� �d�i�s�c�h�a�r�g�e� �i�s� 

�r�e�q�u�i�r�e�d� �t�o� �f�o�r�m� �M�~ �� �(�Y�e�r�g�e�y� �e�t� �a�/�.�,� �1�9�9�0�)�.� 

�5�.� �l�o�n� �T�r�a�n�s�p�o�r�t� 

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

�t�h�r�o�u�g�h� �a� �c�o�n�i�c�a�l� �e�x�i�t� �a�p�e�r�a�t�u�r�e� �i�n�t�o� �t�h�e� �v�a�c�u�u�m� �o�f� �t�h�e� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�e�r� �(�V�e�s�t�a�l�,� �1�9�8�9�)�.� 

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

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

�p�r�e�s�s�u�r�e� �(�V�e�s�t�a�l�,� �1�9�8�9�)�.� �A�t� �h�i�g�h� �i�o�n� �s�o�u�r�c�e� �p�r�e�s�s�u�r�e�s�,� �t�h�e�r�m�o�s�p�r�a�y�-�p�r�o�d�u�c�e�d� �i�o�n�s� �a�r�e� 

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

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

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

�N�i�e�s�s�e�n� �e�t� �a�f�.� �(�1�9�8�9�)�,� �i�n� �t�h�e�i�r� �s�t�u�d�y� �o�f� �o�p�t�i�m�i�z�a�t�i�o�n� �o�f� �s�e�n�s�i�t�i�v�i�t�y� �a�n�d� �i�n�f�o�r�m�a�t�i�o�n� �i�n� 

�t�h�e�r�m�o�s�p�r�a�y�,� �i�d�e�n�t�i�f�i�e�d� �t�w�o� �i�m�p�o�r�t�a�n�t� �a�s�p�e�c�t�s� �f�o�r� �T�S�P� �q�u�a�l�i�t�a�t�i�v�e� �a�n�a�l�y�s�i�s�:� �s�e�n�s�i�t�i�v�i�t�y�,� �b�e�-� 

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

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

�I�l�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �1�8



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

�o�f� �5� �o�r�d�e�r�s� �o�f� �m�a�g�n�i�t�u�d�e� �w�e�r�e� �o�b�s�e�r�v�e�d� �w�i�t�h� �v�a�r�i�o�u�s� �c�o�m�p�o�u�n�d�s� �(�N�i�e�s�s�e�n� �e�f� �a�/�.�,� �1�9�8�9�)�.� 

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

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

�b�l�o�c�k� �a�r�e� �u�s�e�d� �t�o� �e�n�h�a�n�c�e� �t�h�e�r�m�o�s�p�r�a�y� �s�e�n�s�i�t�i�v�i�t�y� �1�0� �t�o� �4�0�0� �t�i�m�e�s� �(�J�o�n�e�s� �e�t� �a�/�.�,� �1�9�8�9�;� �N�i�e�s�s�e�n� 

�e�t� �a�l�.�,� �1�9�8�9�;� �V�o�y�k�s�n�e�r�,� �1�9�8�5�;� �Y�i�n�o�n� �e�f�t� �a�/�.�,� �1�9�8�9�)�.� �K�i�d�w�e�l�l� �e�t� �a�/�.� �(�1�9�8�7�)�,� �o�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �r�e�p�o�r�t� 

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

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

�f�r�a�g�m�e�n�t�a�t�i�o�n� �a�t� �h�i�g�h� �r�e�p�e�l�l�e�r� �p�o�t�e�n�t�i�a�l�s� �(�N�i�e�s�s�e�n� �e�f�t� �a�/�.�,� �1�9�8�9�)�.� 

�T�h�e�r�m�o�s�p�r�a�y� �i�s� �g�e�n�e�r�a�l�l�y� �f�a�v�o�r�e�d� �w�i�t�h� �i�o�n�i�c�,� �p�o�l�a�r� �o�r� �n�o�n�v�o�l�a�t�i�l�e� �s�a�m�p�l�e�s� �(�Y�e�r�g�e�y� �e�t� �a�/�.�,� �1�9�9�0�)�.� 

�K�i�d�w�e�l�l� �e�f� �a�/�.� �(�1�9�8�7�)� �c�l�a�i�m� �t�h�e�r�m�o�s�p�r�a�y� �L�C�/�M�S� �i�s� �t�h�e� �o�n�l�y� �v�i�a�b�l�e� �m�e�t�h�o�d� �o�f� �a�n�a�l�y�z�i�n�g� �p�o�l�a�r� 

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

�(�B�a�l�l�a�r�d� �a�n�d� �B�e�t�o�w�s�k�i�,� �1�9�8�6�;� �V�o�y�k�s�n�e�r�,� �1�9�8�5�)�,� �n�i�t�r�o�b�e�n�z�e�n�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �p�r�o�d�u�c�t�s� �(�S�o�l�s�t�e�n� 

�e�t� �a�l�.�,� �1�9�8�7�)�,� �a�n�d� �n�o�n�v�o�l�a�t�i�l�e� �p�e�s�t�i�c�i�d�e�s� �(�B�e�l�l�a�r� �a�n�d� �B�u�d�d�e�,� �1�9�8�8�)� �a�s� �w�e�l�l� �a�s� �m�a�n�y� �o�t�h�e�r� �s�a�m�-� 

�p�l�e�s�.� 

�T�h�e�r�m�o�s�p�r�a�y� �i�s� �c�o�m�p�a�t�i�b�l�e� �w�i�t�h� �H�P�L�C� �f�l�o�w� �r�a�t�e�s� �o�f� �0�.�4� �t�o� �2� �m�L�/�m�i�n� �u�s�i�n�g� �a� �c�r�y�o�p�u�m�p� �t�o� �r�e�-� 

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

�a�n�d� �a�n�t�i�b�i�o�t�i�c�s� �(�C�e�r�r�u�t�i�,� �1�9�8�9�)�.� �F�i�l�a�m�e�n�t� �o�n� �c�h�e�m�i�c�a�l� �i�o�n�i�z�a�t�i�o�n� �i�s� �e�f�f�e�c�t�i�v�e� �w�h�e�n� �t�h�e� �m�o�b�i�l�e� 

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

�c�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�Y�e�r�g�e�y� �e�t� �a�/�.�,� �1�9�9�0�)�.� 

�E�l�u�e�n�t�s� �w�i�t�h� �a� �h�i�g�h� �p�e�r�c�e�n�t�a�g�e� �o�f� �w�a�t�e�r� �a�r�e� �m�o�s�t� �c�o�m�m�o�n�l�y� �u�s�e�d� �i�n� �r�e�v�e�r�s�e�d�-�p�h�a�s�e� �H�P�L�C�.� 

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

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

�a�b�o�u�t� �6�0�%� �(�Y�e�r�g�e�y� �e�t� �a�/�.�,� �1�9�9�0�)�.� 

�i�l�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �1�9



�S�o�l�v�e�n�t� �c�o�n�d�i�t�i�o�n�s� �f�o�r� �o�p�t�i�m�a�l� �H�P�L�C� �a�r�e� �n�o�t� �a�l�w�a�y�s� �c�o�n�g�r�u�o�u�s� �w�i�t�h� �t�h�o�s�e� �f�o�r� �o�p�t�i�m�a�l�!� 

�t�h�e�r�m�o�s�p�r�a�y� �i�o�n�i�z�a�t�i�o�n�.� �T�o� �s�u�c�c�e�e�d� �w�i�t�h� �o�p�t�i�m�a�l� �H�P�L�C� �s�e�p�a�r�a�t�i�o�n� �a�s� �w�e�l�l� �a�s� �T�S�P� �i�o�n�i�z�a�t�i�o�n�,� 

�B�e�a�n� �e�t� �a�/�.� �(�1�9�8�7�)� �i�n�t�r�o�d�u�c�e�d� �a� �t�h�i�r�d� �p�u�m�p� �a�n�d� �a� �m�i�c�r�o� �n�e�e�d�l�e� �v�a�l�v�e�/�T� �p�o�s�t�-�c�o�l�u�m�n� �b�e�c�a�u�s�e� 

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

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

�(�Y�e�r�g�e�y� �e�t� �a�l�.�,� �1�9�9�0�)�.� 

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

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

�d�e�r� �a� �v�a�r�i�e�t�y� �o�f� �L�C� �c�o�n�d�i�t�i�o�n�s�,� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �U�V� �c�h�r�o�m�o�p�h�o�r�i�c� �m�o�i�e�t�i�e�s� �(�V�e�s�t�a�l�,� �1�9�8�9�}�.� �T�h�e� 

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

�i�m�e�n�t�a�l� �p�a�r�a�m�e�t�e�r�s� �(�K�a�i�s�e�r� �e�t� �a�/�.�,� �1�9�8�9�)�.� �S�t�r�u�c�t�u�r�a�l� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �u�n�k�n�o�w�n� �c�o�m�p�o�u�n�d�s� �i�s� 

�e�x�t�r�e�m�e�l�y� �d�i�f�f�i�c�u�l�t� �w�i�t�h� �T�S�P� �L�C�/�M�S� �d�u�e� �t�o� �i�n�s�u�f�f�i�c�i�e�n�t� �f�r�a�g�m�e�n�t�a�t�i�o�n�.� �O�t�h�e�r� �p�r�o�b�l�e�m�s� �w�i�t�h� �t�h�e� 

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

�a�n�d� �m�a�i�n�t�a�i�n� �i�t�.� 

�F�.� �M�A�G�I�C� �a�n�d� �P�A�R�T�I�C�L�E� �B�E�A�M� �I�N�T�E�R�F�A�C�E�S� 

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

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

�a�e�r�o�s�o�l� �g�e�n�e�r�a�t�o�r� �f�o�r� �i�n�t�r�o�d�u�c�t�i�o�n� �o�f� �l�i�q�u�i�d� �c�h�r�o�m�a�t�o�g�r�a�p�h�i�c� �e�f�f�l�u�e�n�t�s� �(�M�A�G�I�C�)�.� �H�i�g�h�l�y� 

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

�t�h�e� �M�S� �w�i�t�h� �a�n� �a�e�r�o�s�o�l� �b�e�a�m� �g�e�n�e�r�a�t�o�r�.�  ��F�l�o�w� �r�a�t�e�s� �o�f� �0�.�1� �t�o� �0�.�5� �m�L�/�m�i�n�.� �a�r�e� �o�p�t�i�m�a�l� �a�n�d� �t�h�e� 

�c�o�m�p�l�e�t�e� �s�e�p�a�r�a�t�i�o�n� �o�f� �t�h�e� �s�a�m�p�l�e� �f�r�o�m� �t�h�e� �H�P�L�C� �e�l�u�e�n�t� �p�r�o�v�i�d�e�s� �a� �f�r�e�e� �c�h�o�i�c�e� �b�e�t�w�e�e�n� �C�l� 

�a�n�d� �E�l� �m�a�s�s� �s�p�e�c�t�r�a �� �(�C�o�v�e�y� �e�t� �a�/�.�,� �1�9�8�6�)�.� �U�p� �t�o� �1� �l�i�t�e�r�/�m�i�n� �o�f� �d�i�s�p�e�r�s�i�o�n� �g�a�s� �(�u�s�u�a�l�l�y� �H�e�)� �i�s� 

�r�e�q�u�i�r�e�d�.� �R�e�c�e�n�t�l�y�,� �a� �p�a�r�t�i�c�l�e� �b�e�a�m� �i�n�t�e�r�f�a�c�e� �w�a�s� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �t�h�e� �M�A�G�I�C� �s�y�s�t�e�m� 

�(�C�e�r�r�u�t�i�,� �1�9�8�9�)�.� 

�I�]�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �2�0



�T�w�o� �p�a�r�t�i�c�l�e� �b�e�a�m� �s�y�s�t�e�m�s� �(�P�B� �L�C�/�M�S�)� �a�r�e� �c�u�r�r�e�n�t�l�y� �c�o�m�m�e�r�c�i�a�l�l�y� �a�v�a�i�l�a�b�l�e�:� �o�n�e� �f�r�o�m� 

�H�e�w�l�e�t�t� �P�a�c�k�a�r�d� �(�H�P� �5�9�8�8�U�A�)� �a�n�d� �t�h�e� �T�h�e�r�m�a�b�e�a�m!"� �s�y�s�t�e�m� �f�r�o�m� �E�x�t�r�e�l� �C�o�r�p�o�r�a�t�i�o�n�.� �T�h�e� 

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

�p�r�o�d�u�c�e� �s�m�a�l�l�e�r� �i�n�i�t�i�a�l� �d�r�o�p�l�e�t�s� �a�t� �h�i�g�h�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� �(�Y�e�r�g�e�y� �e�t� �a�/�.�,� �1�9�9�0�)�.� �T�h�i�s� �p�e�r�m�i�t�s� 

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

�o�v�e�r� �t�h�e� �M�A�G�I�C� �s�y�s�t�e�m�.� �T�h�e�s�e� �s�y�s�t�e�m�s� �o�f�f�e�r� �g�r�e�a�t�e�r� �c�o�n�t�r�o�l� �o�v�e�r� �n�e�b�u�l�i�z�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� 

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

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

�s�e�n�s�i�t�i�v�e� �t�o� �l�o�w� �n�a�n�o�g�r�a�m� �l�e�v�e�l�s� �w�i�t�h� �f�u�l�l� �s�c�a�n� �E�l� �(�E�x�t�r�e�l�)�.� 

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

�i�n�t�e�r�f�a�c�e� �a�n�d� �t�h�e� �a�n�a�l�y�t�e� �i�t�s�e�l�f� �(�B�e�h�y�m�e�r� �e�f� �a�/�.�,� �1�9�8�9�)�.� �O�p�e�r�a�t�i�n�g� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �p�a�r�t�i�c�l�e�-�b�e�a�m� 

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

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

�r�a�t�e� �o�f� �t�h�e� �n�e�b�u�l�i�z�a�t�i�o�n� �g�a�s�;� �a�n�d� �t�h�e� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �m�o�b�i�l�e� �p�h�a�s�e� �(�B�e�h�y�m�e�r� �e�f� �a�l�.�,� �1�9�8�9�)�.� 

�S�m�i�t�h� �e�f� �a�/�.� �(�1�9�8�9�)� �r�e�c�e�n�t�l�y� �u�s�e�d� �P�B� �L�C�/�M�S� �t�o� �s�t�u�d�y� �n�i�n�e� �p�e�s�t�i�c�i�d�e�s� �a�n�d� �r�e�l�a�t�e�d� �c�o�m�p�o�u�n�d�s� 

�{�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �n�o�t� �p�r�o�v�i�d�e�d�;� �c�a�l�i�b�r�a�t�i�o�n� �d�o�n�e� �w�i�t�h� �2�0� �-� �5�0�0� �n�g� �o�f� �a�l�d�i�c�a�r�b� �s�u�l�f�o�n�e�)� �w�i�t�h� �p�o�o�r� 

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

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

�b�e�a�m� �s�e�n�s�i�t�i�v�i�t�y� �v�a�r�i�e�s� �a�c�r�o�s�s� �a�n� �L�C� �g�r�a�d�i�e�n�t�;� �a�s� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �w�a�t�e�r� �i�n� �m�e�t�h�a�n�o�l� �i�n�-� 

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

�i�n�t�e�n�s�i�t�y�.� �T�h�i�s� �s�a�m�e� �g�r�o�u�p� �f�o�u�n�d� �t�h�e� �o�p�t�i�m�u�m� �H�P�L�C� �f�l�o�w� �t�o� �b�e� �0�.�6� �m�L�/�m�i�n�,� �t�h�e� �b�e�s�t� �s�i�g�n�a�l� 

�i�n�t�e�n�s�i�t�y� �w�i�t�h� �a� �h�e�l�i�u�m� �f�l�o�w� �a�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�0� �p�s�i� �a�n�d� �d�e�s�o�l�v�a�t�i�o�n� �c�h�a�m�b�e�r� �t�e�m�p�e�r�a�t�u�r�e� �a�t� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �5�5�°�C�.� �O�p�t�i�m�a�l� �n�e�b�u�l�i�z�e�r� �s�e�t�t�i�n�g�s� �a�n�d� �M�S� �s�o�u�r�c�e� �t�e�m�p�e�r�a�t�u�r�e�s� �a�r�e� �c�o�m�p�o�u�n�d� 

�d�e�p�e�n�d�e�n�t� �(�S�m�i�t�h� �e�t� �a�/�.�,� �1�9�8�9�)�.� �T�h�e� �m�a�i�n� �v�a�r�i�a�b�l�e�s� �c�i�t�e�d� �w�e�r�e� �n�e�b�u�l�i�z�e�r� �p�o�s�i�t�i�o�n�,� �n�e�b�u�l�i�z�e�r� 

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

�l�l�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �2�1



�A� �c�a�p�i�l�l�a�r�y� �L�C�/�M�S� �i�n�t�e�r�f�a�c�e� �i�s� �b�e�i�n�g� �d�e�v�e�l�o�p�e�d� �a�s� �a� �n�o�n�-�a�e�r�o�s�o�l� �v�a�p�o�r�i�z�e�r�,� �e�f�f�i�c�i�e�n�t� �a�t� �c�o�n�-� 

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

�s�y�s�t�e�m� �(�S�l�i�v�o�n� �e�t� �a�/�.�,� �1�9�8�9�)�.� �I�t� �o�p�e�r�a�t�e�s� �a�t� �a� �c�o�n�s�t�a�n�t� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �1�6�0�°�C� �f�o�r� �i�s�o�c�r�a�t�i�c� �a�n�d� 

�g�r�a�d�i�e�n�t� �e�l�u�t�i�o�n� �s�o� �a�s� �n�o�t� �t�o� �e�x�p�o�s�e� �t�h�e� �v�a�p�o�r� �t�o� �e�x�c�e�s�s� �t�e�m�p�e�r�a�t�u�r�e� �(�S�l�i�v�o�n� �e�f� �a�/�.�,� �1�9�8�9�)�.� 

�G�.� �S�U�M�M�A�R�Y� 

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

�a�d�e�q�u�a�t�e�l�y� �r�e�p�r�e�s�e�n�t� �i�t�s� �o�r�i�g�i�n�a�l� �s�t�r�u�c�t�u�r�e� �(�H�a�r�r�i�s� �a�n�d� �B�r�o�w�n�e�r�,� �1�9�8�9�)�.� �S�a�m�p�l�e�s� �m�u�s�t� �b�e� 

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

�c�o�m�p�o�s�i�t�i�o�n� �r�e�a�c�t�i�o�n�s� �b�e�f�o�r�e� �v�a�p�o�r�i�z�a�t�i�o�n�,� �t�h�a�t� �i�s�,� �k�i�n�e�t�i�c� �c�o�m�p�e�t�i�t�i�o�n� �b�e�t�w�e�e�n� �b�r�e�a�k�i�n�g� 

�i�n�t�r�a�m�o�l�e�c�u�l�a�r� �b�o�n�d�s� �(�d�e�c�o�m�p�o�s�i�t�i�o�n�)� �a�n�d� �i�n�t�e�r�m�o�l�e�c�u�l�a�r� �b�o�n�d�s� �(�v�o�l�a�t�i�l�i�z�a�t�i�o�n�)�.� �T�h�e� �a�c�t�i�-� 

�v�a�t�i�o�n� �e�n�e�r�g�y� �o�f� �t�h�e� �f�o�r�m�e�r� �i�s� �l�e�s�s� �t�h�a�n� �t�h�a�t� �o�f� �t�h�e� �l�a�t�t�e�r� �(�H�a�r�r�i�s� �a�n�d� �B�r�o�w�n�e�r�,� �1�9�8�9�)�.� �D�e�-� 

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

�T�h�i�s� �i�s� �e�f�f�e�c�t�e�d� �b�y� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �s�a�m�p�l�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�H�a�r�r�i�s� �a�n�d� �B�r�o�w�n�e�r�,� �1�9�8�9�)�.� �C�o�m�-� 

�p�o�u�n�d�s� �o�f� �h�i�g�h� �v�o�l�a�t�i�l�i�t�y� �t�y�p�i�c�a�l�l�y� �h�a�v�e� �b�o�i�l�i�n�g� �p�o�i�n�t�s� �l�e�s�s� �t�h�a�n� �1�2�5�°�C� �w�h�i�l�e� �t�h�o�s�e� �o�f� �i�n�t�e�r�m�e�-� 

�d�i�a�t�e� �v�o�l�a�t�i�l�i�t�y� �h�a�v�e� �b�o�i�l�i�n�g� �p�o�i�n�t�s� �b�e�t�w�e�e�n� �1�2�5� �a�n�d� �1�5�5�°�C�.� �C�o�m�p�o�u�n�d�s� �f�r�o�m� �H�P�L�C� �e�f�f�l�u�e�n�t�s� 

�t�o�o� �i�n�v�o�l�a�t�i�l�e� �t�o� �p�r�o�d�u�c�e� �g�r�e�a�t� �e�n�o�u�g�h� �v�a�p�o�r� �p�r�e�s�s�u�r�e�s� �f�o�r� �E�l� �a�n�d� �C�l� �p�r�o�c�e�s�s�e�s� �r�e�q�u�i�r�e� �s�p�e�c�i�a�l� 

�i�o�n�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �s�u�c�h� �a�s� �l�a�s�e�r� �d�e�s�o�r�p�t�i�o�n� �a�n�d� �F�A�B� �(�K�i�r�k� �a�n�d� �B�r�o�w�n�e�r�,� �1�9�8�9�)�.� 

�O�n�-�l�i�n�e� �L�C�/�M�S� �r�e�q�u�i�r�e�s� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �t�h�e� �n�e�e�d�s� �o�f� �b�o�t�h� �c�h�r�o�m�a�t�o�g�r�a�p�h�i�c� �s�e�p�a�r�a�t�i�o�n� �a�n�d� 

�M�S� �i�o�n�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s�.� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �b�r�o�a�d� �s�p�e�c�t�r�u�m� �t�e�c�h�n�i�q�u�e�s� �f�o�r� �a�n�a�l�y�s�i�s� �o�f� �n�o�n�-� 

�v�o�l�a�t�i�l�e� �p�o�l�l�u�t�a�n�t�s� �a�n�d� �p�o�l�a�r� �m�e�t�a�b�o�l�i�t�e�s� �u�s�i�n�g� �L�C�/�M�S� �w�i�l�l� �a�l�l�o�w� �f�o�r� �a� �g�r�e�a�t�e�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� 

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

�n�i�q�u�e�s� �i�m�p�r�o�v�e�,� �L�C�/�M�S� �w�i�l�l� �p�r�o�v�e� �t�o� �b�e� �a�n� �e�v�e�n� �g�r�e�a�t�e�r� �c�o�m�p�l�i�m�e�n�t� �t�o� �g�a�s� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� 

�i�n� �e�n�v�i�r�o�n�m�e�n�t�a�l� �a�n�a�l�y�s�i�s�.� 

�I�l�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �2�2



�I�V�.� �A�p�p�l�i�c�a�t�i�o�n�s� �o�f� �L�C�/�M�S� 

�A�s� �p�r�e�v�i�o�u�s�l�y� �s�t�a�t�e�d�,� �i�n� �a� �b�r�o�a�d� �s�e�n�s�e� �a�n�y� �o�f� �t�h�e� �8�0� �-� �9�0� �p�e�r�c�e�n�t� �o�f� �t�h�e� �c�o�m�p�o�u�n�d�s� �n�o�t� �a�m�e�-� 

�n�a�b�l�e� �t�o� �G�C�/�M�S� �a�n�a�l�y�s�i�s� �a�r�e� �c�a�n�d�i�d�a�t�e�s� �f�o�r� �L�C�/�M�S� �a�n�a�l�y�s�i�s�.�  ��H�P�L�C� �i�s� �c�a�p�a�b�l�e� �o�f� �a�n�a�l�y�z�i�n�g� 

�m�a�n�y� �o�r�g�a�n�i�c� �s�u�b�s�t�a�n�c�e�s� �w�h�i�c�h� �a�r�e� �n�o�t� �v�o�l�a�t�i�l�e� �e�n�o�u�g�h� �t�o� �u�n�d�e�r�g�o� �e�l�u�t�i�o�n� �t�h�r�o�u�g�h� �a� �G�C� �c�o�l�-� 

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

�s�p�e�c�t�r�o�m�e�t�r�y� �i�n� �t�h�e� �c�o�n�v�e�n�t�i�o�n�a�l� �E�l� �a�n�d� �C�l� �m�o�d�e�s�. �� �(�A�r�p�i�n�o� �a�n�d� �G�u�i�o�c�h�o�n�,� �1�9�7�9�)� 

�L�C�/�M�S� �t�e�c�h�n�i�q�u�e�s� �a�r�e� �u�s�e�d� �t�o� �i�d�e�n�t�i�f�y� �a�n�d� �q�u�a�n�t�i�f�y� �n�u�m�e�r�o�u�s� �n�a�t�u�r�a�l� �a�n�d� �s�y�n�t�h�e�t�i�c� �c�h�e�m�i�c�a�l�s� 

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

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

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

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

�a�n�d� �n�u�c�l�e�o�s�i�d�e�s� �(�G�a�m�e�s�,� �1�9�8�1�)�.� �A�p�p�l�i�c�a�t�i�o�n�s� �o�f� �p�a�r�t�i�c�u�l�a�r� �e�n�v�i�r�o�n�m�e�n�t�a�l� �i�n�t�e�r�e�s�t� �i�n�c�l�u�d�e� 

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

�a�c�i�d� �h�e�r�b�i�c�i�d�e�s� �(�H�e�n�i�o�n� �a�n�d� �E�d�l�u�n�d�,� �1�9�8�9�)�,� �a�z�o� �d�y�e�s� �(�B�u�d�d�e�,� �1�9�8�9�)�,� �a�n�d� �s�u�b�s�t�i�t�u�t�e�d� �u�r�e�a� 

�h�e�r�b�i�c�i�d�e� �a�n�a�l�o�g�u�e�s� �(�S�h�a�l�a�b�y�,� �1�9�8�4�;� �W�e�l�l�s� �a�n�d� �C�o�w�a�n�,� �1�9�8�2�)�.� 

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

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

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

�b�e�e�n� �f�o�u�n�d� �i�n� �s�e�w�a�g�e� �e�f�f�l�u�e�n�t� �(�P�i�t�t� �e�t� �a�/�.�,� �1�9�7�6�)�.� �C�r�a�t�h�o�r�n�e� �e�t� �a�/�.� �(�1�9�7�9�)� �c�i�t�e� �a� �W�o�r�l�d� �H�e�a�l�t�h� 

�O�r�g�a�n�i�z�a�t�i�o�n� �r�e�p�o�r�t� �s�u�p�p�o�r�t�i�n�g� �t�h�e� �n�e�e�d� �t�o� �d�e�t�e�c�t� �a�n�d� �i�d�e�n�t�i�f�y� �t�h�e� �8�0�-�9�0� �p�e�r�c�e�n�t� �o�f� �o�r�g�a�n�i�c�s� 

�i�n� �d�r�i�n�k�i�n�g� �w�a�t�e�r� �n�o�t� �d�e�t�e�c�t�a�b�l�e� �b�y� �G�C�/�M�S�.� �W�h�i�l�e� �a� �l�a�r�g�e� �p�o�r�t�i�o�n� �o�f� �o�r�g�a�n�i�c�s� �i�n� �w�a�t�e�r� �a�r�e� 

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

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

�k�n�o�w�n� �(�C�r�a�t�h�o�r�n�e� �e�t� �a�/�.�,� �1�9�8�4�)�.� �L�C�/�M�S� �t�e�c�h�n�i�q�u�e�s� �c�a�n� �p�r�o�v�i�d�e� �n�e�e�d�e�d� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� 

�n�a�t�u�r�e� �o�f� �t�h�e� �o�r�g�a�n�i�c�s� �i�n� �w�a�t�e�r� �(�C�r�a�t�h�o�r�n�e� �e�t� �a�/�.�,� �1�9�8�4�)�.� 

�l�i�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �2�3



�V�.� �S�a�m�p�l�e� �P�r�e�p�a�r�a�t�i�o�n� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�c�o�m�p�l�e�x�,� �m�u�l�t�i�-�s�t�e�p� �e�n�d�e�a�v�o�r�s�.� 

�B�a�l�l�a�r�d� �a�n�d� �B�e�t�o�w�s�k�i� �(�1�9�8�6�)� �r�e�p�o�r�t� �t�h�a�t� �d�i�r�e�c�t� �a�n�a�l�y�s�i�s� �o�f� �d�y�e� �m�a�n�u�f�a�c�t�u�r�i�n�g� �w�a�s�t�e�,� �w�i�t�h�o�u�t� 

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

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

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

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

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

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

�a�t�i�v�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �(�G�a�m�e�s�,� �1�9�8�1�;� �V�o�y�k�s�n�e�r� �a�n�d� �W�i�l�l�i�a�m�s�,� �1�9�8�7�)�.� 

�I�l�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �2�4



�E�x�t�e�n�s�i�v�e� �c�l�e�a�n�u�p� �p�r�o�c�e�d�u�r�e�s� �a�r�e� �u�s�u�a�l�l�y� �f�o�l�l�o�w�e�d� �t�o� �p�r�e�p�a�r�e� �s�a�m�p�l�e�s� �f�o�r� �e�i�t�h�e�r� �H�P�L�C� �o�r� �N�i�S� 

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

�a�n�a�l�y�s�i�s� �o�f� �o�r�g�a�n�i�c�s� �(�W�e�l�l�s� �a�n�d� �M�i�c�h�a�e�l�,� �1�9�8�7�)�.� �E�x�t�r�a�c�t�i�o�n� �m�e�t�h�o�d�s� �c�a�n� �b�e� �t�a�i�l�o�r�e�d� �t�o� �t�h�e� 

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

�c�e�n�t�r�a�t�e� �a� �b�r�o�a�d� �r�a�n�g�e� �o�f� �c�o�m�p�o�u�n�d�s� �a�r�e� �p�r�o�b�l�e�m�a�t�i�c� �(�W�a�t�t�s� �e�t� �a�/�.�,� �1�9�8�2�)�.� �M�e�t�h�o�d�s� �d�e�v�e�l�o�p�e�d� 

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

�l�i�q�u�i�d� �e�x�t�r�a�c�t�i�o�n� �(�L�L�E�)�.� 

�A�.� �L�i�q�u�i�d�-�l�i�q�u�i�d� �E�x�t�r�a�c�t�i�o�n� 

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

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

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

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

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

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

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

�d�u�e� �t�o� �i�t�s� �c�o�d�i�f�i�c�a�t�i�o�n� �i�n� �E�P�A� �M�e�t�h�o�d� �6�2�5�)�.� �T�h�i�s� �s�o�l�v�e�n�t� �e�x�t�r�a�c�t�s� �r�e�l�a�t�i�v�e�l�y� �n�o�n�p�o�l�a�r� �c�o�m�-� 

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

�H�o�w�e�v�e�r�,� �d�u�e� �t�o� �i�t�s� �h�i�g�h� �s�o�l�u�b�i�l�i�t�y� �i�n� �w�a�t�e�r� �(�a�p�p�r�.� �1�0�%�)�,� �g�o�o�d� �p�h�a�s�e� �s�e�p�a�r�a�t�i�o�n� �d�o�e�s� �n�o�t� �a�l�-� 

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

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

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

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

�t�h�e� �p�r�o�c�e�d�u�r�e� �(�|�b�r�a�h�i�m�,� �e�t� �a�/�.�,� �1�9�8�7�;� �D�i�e�t�r�i�c�h�,� �e�t� �a�/�.�,� �1�9�8�6�;� �J�o�l�l�y�,� �1�9�8�1�)�.� 

�l�l�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �2�5



�B�.� �L�y�o�p�h�i�l�i�z�a�t�i�o�n� 

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

�b�y� �a� �f�a�c�t�o�r� �o�f� �s�e�v�e�r�a�l� �t�h�o�u�s�a�n�d�.� �W�a�t�t�s� �e�t� �a�/�.� �(�1�9�8�2�)� �d�e�m�o�n�s�t�r�a�t�e�d� �a�n� �e�n�v�i�r�o�n�m�e�n�t�a�l� �a�p�p�l�i�c�a�t�i�o�n� 

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

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

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

�s�a�m�p�l�e� �p�r�e�p�a�r�a�t�i�o�n� �(�W�a�t�t�s� �e�t� �a�/�.�,� �1�9�8�2�)�.� 

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

�c�o�m�p�o�s�e�d� �l�a�r�g�e�l�y� �o�f� �i�n�o�r�g�a�n�i�c� �s�a�l�t�s� �(�J�o�l�l�y�,� �1�9�8�1�)�.� �I�n�o�r�g�a�n�i�c� �s�a�l�t�s� �c�a�n� �r�e�s�u�l�t� �i�n� �p�e�a�k� �b�r�o�a�d�e�n�-� 

�i�n�g� �o�n� �r�e�v�e�r�s�e�d� �p�h�a�s�e� �H�P�L�C� �a�n�d� �i�n�t�e�r�f�e�r�e�n�c�e�s� �i�n� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�r�y� �(�W�a�t�t�s� �e�t� �a�/�.�,� �1�9�8�2�)�.� 

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

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

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

�s�a�m�p�l�e�s� �(�W�a�t�t�s� �e�t� �a�/�.�,� �1�9�8�1�)�.� �H�o�w�e�v�e�r�,� �o�r�g�a�n�i�c�s� �i�n� �s�o�l�u�t�i�o�n�,� �e�s�p�e�c�i�a�l�l�y� �o�r�g�a�n�i�c� �a�c�i�d�s� �w�e�r�e� �a�l�s�o� 

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

�C�r�a�t�h�o�r�n�e� �e�t� �a�/�.� �(�1�9�7�9�)� �l�y�o�p�h�i�l�i�z�e�d� �1�5�-�6�0� �l�i�t�e�r�s� �o�f� �w�a�t�e�r� �a�n�d� �e�x�t�r�a�c�t�e�d� �t�h�e� �s�o�l�i�d� �r�e�s�i�d�u�e� �w�i�t�h� 

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

�a�n�d� �c�o�n�c�e�n�t�r�a�t�e�d� �b�y� �r�o�t�a�r�y� �e�v�a�p�o�r�a�t�i�o�n�.� �A�n�a�l�y�s�i�s� �o�f� �t�o�t�a�l� �o�r�g�a�n�i�c� �c�a�r�b�o�n� �(�T�O�C�)� �b�e�f�o�r�e� �a�n�d� 

�a�f�t�e�r� �f�r�e�e�z�e� �d�r�y�i�n�g� �i�n�d�i�c�a�t�e�d� �h�i�g�h� �T�O�C� �r�e�c�o�v�e�r�y� �(�C�r�a�t�h�o�r�n�e� �e�t� �a�/�.�,� �1�9�7�9�)�.� 

�C�.� �S�o�l�i�d� �P�h�a�s�e� �E�x�t�r�a�c�t�i�o�n� 

 ��S�o�l�i�d� �p�h�a�s�e� �e�x�t�r�a�c�t�i�o�n� �(�S�P�E�)� �[�a�l�s�o� �c�a�l�l�e�d� �l�i�q�u�i�d�-�s�o�l�i�d� �e�x�t�r�a�c�t�i�o�n�]� �i�s� �r�a�p�i�d�l�y� �e�l�i�m�i�n�a�t�i�n�g� �t�h�e� 

�n�e�e�d� �f�o�r� �l�i�q�u�i�d�-�l�i�q�u�i�d� �e�x�t�r�a�c�t�i�o�n� �i�n� �m�a�n�y� �p�r�o�c�e�d�u�r�e�s �� �(�H�o�k�e� �e�t� �a�/�.�,� �1�9�8�6�)�.� �I�n�t�r�o�d�u�c�e�d� �i�n� �t�h�e� 

�1�9�7�0�'�s�,� �i�t� �i�s� �n�o�t� �a� �n�e�w� �t�e�c�h�n�i�q�u�e�,� �b�u�t� �w�i�t�h� �t�h�e� �i�n�n�o�v�a�t�i�o�n� �o�f� �m�a�n�y� �s�t�a�b�l�e� �a�d�s�o�r�b�e�n�t�s� �c�o�v�a�l�e�n�t�l�y� 

�l�i�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �2�6



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

�I�t� �h�a�s� �f�o�u�n�d� �e�x�t�e�n�s�i�v�e� �u�s�e� �i�n� �p�h�a�r�m�a�c�o�l�o�g�i�c�a�l� �a�n�d� �c�l�i�n�i�c�a�l� �a�p�p�l�i�c�a�t�i�o�n�s�.� �S�P�E� �h�a�s� �b�e�e�n� �a�p�p�l�i�e�d� 

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

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

�p�h�e�n�o�l�s�,� �P�C�B ��s�,� �c�h�l�o�r�o�a�n�i�l�i�n�e�s� �a�n�d� �t�r�i�b�u�t�y�l�i�n� �c�h�l�o�r�i�d�e�s� �(�J�u�n�k� �a�n�d� �R�i�c�h�a�r�d�,� �1�9�8�8�)�.� �S�P�E� �p�r�e�p�a�-� 

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

�u�s�e� �c�o�m�p�a�r�e�d� �t�o� �t�r�a�d�i�t�i�o�n�a�l� �a�l�t�e�r�n�a�t�i�v�e�s� �(�W�e�l�l�s� �a�n�d� �M�i�c�h�a�e�l�,� �1�9�8�7�)�.� �F�o�r�m�a�t�i�o�n� �o�f� �e�m�u�l�s�i�o�n�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �L�L�E� �i�s� �a�v�o�i�d�e�d� �a�l�s�o�.� 

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

�c�h�r�o�m�a�t�o�g�r�a�p�h�y�,� �a�n�d� �i�n� �f�a�c�t�,� �S�P�E� �c�a�r�t�r�i�d�g�e� �p�a�c�k�i�n�g�s� �a�r�e� �a�n�a�l�a�g�o�u�s� �t�o� �L�C� �c�o�l�u�m�n� �p�a�c�k�i�n�g�s�.� 

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

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

�m�a�t�r�i�x� �(�Z�i�e�f� �a�n�d� �K�i�s�e�r�,� �1�9�8�8�)�.� �T�h�e� �s�e�p�a�r�a�t�i�o�n� �m�e�c�h�a�n�i�s�m� �i�s� �d�u�e� �t�o� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� 

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

�O�c�t�a�d�e�c�y�l�s�i�l�y�!� �b�o�n�d�e�d� �p�h�a�s�e�s� �h�a�v�e� �1�8�-�c�a�r�b�o�n� �a�l�k�y�l� �c�h�a�i�n�s� �b�o�n�d�e�d� �t�o� �t�h�e� �s�i�l�i�c�a� �s�u�p�p�o�r�t� �m�a�t�e�-� 

�r�i�a�l� �a�s� �f�o�l�l�o�w�s�:� 

�~�S�i�-�O�H� �+� �C�y�g�H�a�y�S�i�-�C�l�  �� �S�i�-�O�-�S�i�-�C�H�,�-�(�C�H�,�)�1�6�-�C�H�s� 

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

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

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

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

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

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

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

�s�t�r�e�a�m� �(�Y�o�s�t� �e�f� �a�l�.�,� �1�9�8�0�)�.� 
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�T�h�e� �e�q�u�i�l�i�b�r�i�u�m� �d�i�s�s�o�c�i�a�t�i�o�n� �e�x�p�r�e�s�s�i�o�n� �f�o�r� �a�n� �o�r�g�a�n�i�c� �a�c�i�d�,� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �L�e� �C�h�a�t�e�l�i�e�r� 

�P�r�i�n�c�i�p�l�e�,� �i�s�:� 

�R�C�O�O�H� �<� �R�C�O�O�-� �+�H�*� 

�o�r� �t�h�e� �m�o�r�e� �g�e�n�e�r�a�l� �f�o�r�m�:� 

�H�A� �<� �H�*�+�A�7� 

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

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

�e�q�u�a�t�i�o�n� �c�o�r�r�e�l�a�t�e�s� �t�h�e� �p�K�a� �w�i�t�h� �p�H� �a�s� �f�o�l�l�o�w�s� �(�Y�o�s�t� �e�f� �a�/�,� �1�9�8�0�)�:� 

�[�A�-�]�{�i�o�n�i�z�e�d�}� 
�=� �p�K� 

�p�H�=� �p�K�a� �+� �o�9�(� �[�H�A�)�{�u�n�i�o�n�i�z�e�d�}� 

�l�o�n�i�z�a�t�i�o�n� �i�s� �s�u�p�p�r�e�s�s�e�d� �a�t� �p�H� �<� �p�K�a� �w�h�i�l�e� �i�t� �i�s� �i�n�c�r�e�a�s�e�d� �a�t� �p�H� �>� �p�K�a�.� 

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

�b�e� �d�i�s�p�l�a�c�e�d� �b�y� �e�q�u�i�v�a�l�e�n�t� �a�n�a�l�y�t�e� �i�o�n�s�.� �A�n� �a�n�i�o�n� �e�x�c�h�a�n�g�e� �c�o�l�u�m�n� �f�u�n�c�t�i�o�n�s� �a�s� �f�o�l�l�o�w�s�:� 

�R�e�s�i�n�*�Y �� �+�X�7� �©� �R�e�s�i�n�*�X �� �+� �Y�~� 

�w�h�e�r�e� �Y� �=� �m�o�b�i�l�e� �p�h�a�s�e� �b�u�f�f�e�r� �a�n�i�o�n�;� �X� �=� �s�a�m�p�l�e� �a�n�i�o�n�.� 

�I�f� �t�h�e� �c�o�l�u�m�n� �i�s� �b�u�f�f�e�r�e�d� �t�o� �a� �p�H� �a�t� �l�e�a�s�t� �2� �u�n�i�t�s� �b�e�l�o�w� �t�h�e� �p�K�a� �o�f� �t�h�e� �s�o�r�b�e�n�t� �a�n�d� �a�t� �l�e�a�s�t� �2� 

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

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

�i�n�t�e�r�e�s�t�.� �A�t� �p�H� �7�,� �c�o�m�p�o�u�n�d�s� �w�i�t�h� �a� �p�K�a� �l�e�s�s� �t�h�a�n� �5� �w�i�l�l� �b�e� �c�o�m�p�l�e�t�e�l�y� �i�o�n�i�z�e�d� �a�n�d� �r�e�t�a�i�n�e�d� 

�b�y� �t�h�e� �c�o�l�u�m�n�.� �C�o�m�p�o�u�n�d�s� �w�i�t�h� �p�K�a ��s� �g�r�e�a�t�e�r� �t�h�a�n� �5� �w�i�l�l� �b�e� �p�o�o�r�l�y� �r�e�t�a�i�n�e�d�.� 

�I�l�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �2�8



�T�h�e�r�e� �a�r�e� �f�o�u�r� �s�i�m�p�l�e� �s�t�e�p�s� �t�o� �S�P�E�:� 

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

�i�i�.� �S�a�m�p�l�e� �l�o�a�d�i�n�g� �-� �a�n�a�l�y�t�e� �r�e�t�e�n�t�i�o�n� 

�i�i�i�.� �C�o�l�u�m�n� �p�o�s�t�w�a�s�h� �-� �r�e�m�o�v�e� �i�m�p�u�r�i�t�i�e�s� 

�i�v�.� �E�l�u�t�i�o�n� �-� �e�x�t�r�a�c�t� �a�n�a�l�y�t�e�s� 

�S�o�l�v�e�n�t� �s�e�l�e�c�t�i�o�n� �d�e�p�e�n�d�s� �o�n� �t�h�e� �e�x�t�r�a�c�t�i�o�n� �m�e�c�h�a�n�i�s�m� �(�n�o�r�m�a�l� �p�h�a�s�e�,� �r�e�v�e�r�s�e�d� �p�h�a�s�e�,� 

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

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

�c�o�l�u�m�n� �f�o�l�l�o�w�e�d� �b�y� �2� �t�o� �3� �c�o�l�u�m�n� �v�o�l�u�m�e�s� �o�f� �t�h�e� �s�a�m�e� �a�q�u�e�o�u�s� �b�u�f�f�e�r� �s�o�l�u�t�i�o�n� �w�h�i�c�h� �w�a�s� 

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

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

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

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

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

�t�o� �b�e� �d�r�y� �i�f� �i�t� �i�s� �e�x�p�o�s�e�d� �t�o� �t�h�e� �v�a�c�u�u�m� �f�o�r� �2�0� �-� �3�0� �s�e�c�o�n�d�s� �w�i�t�h� �n�o� �l�i�q�u�i�d� �o�n� �t�h�e� �c�a�r�t�r�i�d�g�e�.� �I�t� 

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

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

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

�f�o�r� �a�t� �l�e�a�s�t� �1�0� �m�i�n�u�t�e�s�.� 

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

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

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

�t�h�e� �a�n�a�l�y�t�e�s� �o�n� �t�h�e� �c�o�l�u�m�n�.� 

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

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

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

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

�H�o�k�e� �e�f� �a�/�.� �(�1�9�8�6�)� �u�t�i�l�i�z�e�d� �a� �c�l�e�a�n�u�p� �p�r�o�d�e�d�u�r�e� �t�h�a�t� �e�n�a�b�l�e�d� �t�h�e�m� �t�o� �r�e�u�s�e� �t�h�e�i�r� �c�o�l�u�m�n�s�.� 

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

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

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

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

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

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

�V�a�r�i�o�u�s� �p�r�o�c�e�d�u�r�e�s� �a�r�e� �r�e�p�o�r�t�e�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �u�t�i�l�i�z�i�n�g� �a� �w�i�d�e� �r�a�n�g�e� �o�f� �s�a�m�p�l�e� �s�i�z�e� �(�2�0� �t�o� 

�2�0�0�0� �m�L�)�,� �f�l�o�w� �r�a�t�e� �(�2� �t�o� �2�0�0� �m�L�/�m�i�n�.�)�,� �s�o�r�b�e�n�t� �m�a�s�s� �(�1�0�0� �t�o� �1�2�0�0� �m�g�)�,� �a�n�d� �v�o�l�u�m�e� �o�f� �e�l�u�t�i�n�g� 

�s�o�l�v�e�n�t� �(�0�.�1� �t�o� �5� �m�L�)� �(�J�u�n�k� �a�n�d� �R�i�c�h�a�r�d�,� �1�9�8�8�)�.� �L�a�r�g�e� �s�a�m�p�l�e� �s�i�z�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�n�v�i�r�o�n�-� 

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

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

�t�r�a�c�e� �o�r�g�a�n�i�c�s� �a�n�a�l�y�s�i�s� �(�B�e�l�l�a�r� �a�n�d� �B�u�d�d�e�,� �1�9�8�8�;� �J�u�n�k� �a�n�d� �R�i�c�h�a�r�d�,� �1�9�8�8�;� �W�e�l�l�s� �a�n�d� �M�i�c�h�a�e�l�,� 

�1�9�8�7�)�.�  ��A�d�j�u�s�t�i�n�g� �t�h�e� �s�a�m�p�l�e� �s�i�z�e� �a�n�d� �s�o�r�b�e�n�t� �m�a�s�s� �i�n� �r�e�l�a�t�i�o�n� �t�o� �t�h�e� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �i�n�t�e�r�-� 

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

�p�r�o�d�u�c�e�s� �s�u�c�c�e�s�s�f�u�l� �r�e�s�u�l�t�s� �f�o�r� �e�n�v�i�r�o�n�m�e�n�t�a�l� �s�a�m�p�l�e�s �� �(�W�e�l�l�s� �a�n�d� �M�i�c�h�a�e�l�,� �1�9�8�7�)�.� 

�M�e�t�h�a�n�o�l� �(�0�.�5� �-� �5�%�)� �m�a�y� �b�e� �a�d�d�e�d� �t�o� �a�q�u�e�o�u�s� �s�a�m�p�l�e�s� �p�r�i�o�r� �t�o� �e�x�t�r�a�c�t�i�o�n�.� �T�h�i�s� �p�r�o�v�i�d�e�s� 

�f�u�r�t�h�e�r� �c�o�n�d�i�t�i�o�n�i�n�g� �o�f� �t�h�e� �S�P�E� �c�o�l�u�m�n� �b�y� �p�r�o�m�o�t�i�n�g� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �t�h�e� �h�i�g�h�l�y� �h�y�d�r�o�p�h�o�b�i�c� �C�i�.� 

�l�l�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �3�0



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

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

�b�i�l�i�t�y� �o�f� �o�r�g�a�n�i�c�s� �i�n� �t�h�e� �s�a�m�p�l�e� �(�B�e�n�j�a�m�i�n�)�.� 

�R�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �f�l�o�w� �r�a�t�e�s� �d�o�n ��t� �h�a�v�e� �t�o� �b�e� �c�l�o�s�e�l�y� �c�o�n�t�r�o�l�l�e�d� �(�J�u�n�k� �a�n�d� �R�i�c�h�a�r�d�,� �1�9�8�8�)�.� 

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

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

�m�a�s�s� �o�f� �s�o�r�b�e�n�t� �(�W�e�l�l�s� �a�n�d� �M�i�c�h�a�e�l�,� �1�9�8�7�)�.� �F�o�r� �r�e�v�e�r�s�e�d�-�p�h�a�s�e� �c�o�l�u�m�n�s�,� �b�r�e�a�k�t�h�r�o�u�g�h� �i�s� �a� 

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

�R�e�s�u�l�t�s� �f�o�r� �e�l�u�t�i�o�n� �p�a�r�a�m�e�t�e�r�s� �a�r�e� �n�o�t� �c�l�e�a�r� �c�u�t�.� �J�u�n�k� �a�n�d� �R�i�c�h�a�r�d� �(�1�9�8�8�)� �f�o�u�n�d� �e�t�h�y�!� �a�c�e�t�a�t�e� 

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

�l�e�c�t�e�d� �1�0�0� �u�L� �o�f� �t�h�e� �e�l�u�a�n�t� �o�f� �w�h�i�c�h� �1� �u�L� �w�a�s� �g�a�s� �c�h�r�o�m�a�t�o�g�r�a�p�h�e�d�.� �A�v�e�r�a�g�e� �r�e�c�o�v�e�r�y� �o�f� 

�>�8�5�%� �w�a�s� �r�e�p�o�r�t�e�d�.� �H�o�k�e� �e�f� �a�/�.� �(�1�9�8�6�)� �e�l�u�t�e�d� �w�i�t�h� �t�w�o� �1� �m�L� �a�l�i�q�u�o�t�s� �o�f� �m�e�t�h�a�n�o�l� �w�h�i�c�h� �w�a�s� 

�d�i�l�u�t�e�d� �t�o� �5� �m�L� �w�i�t�h� �w�a�t�e�r�;� �2�0�0� �u�L� �w�a�s� �a�n�a�l�y�z�e�d� �o�n� �a�n� �H�P�L�C� �u�n�d�e�r� �i�s�o�c�r�a�t�i�c� �c�o�n�d�i�t�i�o�n�s� �u�s�i�n�g� 

�m�e�t�h�a�n�o�l�:�1�%� �a�c�e�t�i�c� �a�c�i�d� �(�6�8�:�3�2�)�.� �R�e�c�o�v�e�r�i�e�s� �w�e�r�e� �2�9�-�7�4�%� �f�o�r� �t�h�e�i�r� �e�n�v�i�r�o�n�m�e�n�t�a�l� �s�a�m�p�l�e�s�,� 

�8�0�-�1�0�5�%� �f�o�r� �t�h�e� �c�o�n�t�r�o�l�s�.� �B�e�l�l�a�r� �a�n�d� �B�u�d�d�e� �(�1�9�8�8�)� �s�e�l�e�c�t�e�d� �m�e�t�h�a�n�o�l� �a�s� �t�h�e� �i�d�e�a�l� �s�o�l�v�e�n�t� �f�o�r� 

�t�h�e� �f�i�n�a�l� �e�x�t�r�a�c�t�.� �C�o�l�u�m�n�s� �w�e�r�e� �e�l�u�t�e�d� �w�i�t�h� �t�h�r�e�e� �1� �m�L� �a�l�i�q�u�o�t�s� �o�f� �m�e�t�h�a�n�o�l�,� �c�o�n�c�e�n�t�r�a�t�e�d� �t�o� 

�1� �m�L�,� �2�0� �p�L� �o�f� �w�h�i�c�h� �w�e�r�e� �a�n�a�l�y�z�e�d� �b�y� �L�C�/�M�S�.� �A�n� �a�c�e�t�o�n�i�t�r�i�l�e�/�0�.�4�M� �a�m�m�o�n�i�u�m� �a�c�e�t�a�t�e� �i�n� 

�w�a�t�e�r� �H�P�L�C� �g�r�a�d�i�e�n�t� �w�a�s� �u�s�e�d� �b�e�c�a�u�s�e� �i�t� �g�a�v�e� �s�h�o�r�t�e�r� �r�e�t�e�n�t�i�o�n� �t�i�m�e�s� �w�i�t�h� �a�d�e�q�u�a�t�e� �r�e�s�o�l�-� 

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

�T�h�e�y� �r�e�p�o�r�t� �a� �g�r�a�n�d� �m�e�a�n� �r�e�c�o�v�e�r�y� �o�f� �7�6�%� �f�o�r� �2�9� �c�o�m�p�o�u�n�d�s�.� 

�W�e�l�l�s� �a�n�d� �M�i�c�h�a�e�l� �(�1�9�8�7�)� �s�e�l�e�c�t�e�d� �d�i�f�f�e�r�e�n�t� �e�l�u�t�i�o�n� �s�o�l�v�e�n�t�s� �a�n�d� �v�o�l�u�m�e�s� �f�o�r� �d�i�f�f�e�r�e�n�t� �a�n�a�l�y�t�e�s� 

�(�2�5�%� �a�c�e�t�i�c� �a�c�i�d� �f�o�r� �p�i�c�l�o�r�a�m�;� �m�e�t�h�a�n�o�l� �f�o�r� �2�,�4�-�D�)�.� �E�n�v�i�r�o�n�m�e�n�t�a�l� �s�a�m�p�l�e�s� �w�e�r�e� �e�l�u�t�e�d� �w�i�t�h� 

�4�.�5� �o�r� �9�.�5� �m�L� �o�f� �m�e�t�h�a�n�o�l�,� �e�v�a�p�o�r�a�t�e�d� �t�o� �d�r�y�n�e�s�s� �a�n�d� �t�h�e� �r�e�s�i�d�u�e� �r�e�c�o�n�s�t�i�t�u�t�e�d� �w�i�t�h� �5�.�0� �m�L� 

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

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

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

�l�i�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �3�1



�W�e�l�l�s� �a�n�d� �M�i�c�h�a�e�l� �(�1�9�8�7�)� �r�e�c�o�m�m�e�n�d� �a� �s�e�r�i�e�s� �o�f� �s�t�e�p�s� �t�o� �f�o�l�l�o�w� �t�o� �d�e�v�e�l�o�p� �a� �p�r�o�t�o�c�o�!� �f�o�r� �S�P�E�.� 

�S�t�a�r�t� �w�i�t�h� �2�0�0� �m�L� �o�f� �s�a�m�p�l�e� �a�t� �a� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �1�0�0� �p�p�b� �a�n�d� �1�.�0� �g� �o�f� �s�o�r�b�e�n�t�.� �A�c�i�d�i�f�y� �s�a�m�-� 

�p�l�e�s� �t�o� �p�H� �2� �w�i�t�h� �s�u�l�f�u�r�i�c� �a�c�i�d� �t�o� �s�u�p�p�r�e�s�s� �i�o�n�i�z�a�t�i�o�n�.� �S�c�r�e�e�n� �s�o�l�v�e�n�t�s� �f�o�r� �b�e�s�t� �e�l�u�t�i�o�n� �a�n�d� 

�o�p�t�i�m�i�z�e� �s�o�l�v�e�n�t� �v�o�l�u�m�e� �b�y� �p�l�o�t�t�i�n�g� �p�e�r�c�e�n�t� �r�e�c�o�v�e�r�y� �v�e�r�s�u�s� �e�l�u�t�i�o�n� �v�o�l�u�m�e�.� �O�p�t�i�m�i�z�e� �r�e�-� 

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

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

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

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

�i�n�t�e�r�f�e�r�e�n�c�e� �c�o�m�p�o�u�n�d�s� �f�r�o�m� �S�P�E� �c�a�r�t�r�i�d�g�e�s� �h�a�v�e� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �b�y� �G�C�/�M�S�,� �a�m�o�n�g� �t�h�e�m�,� 

�a�l�k�a�n�e�s�,� �a�l�k�e�n�e�s�,� �p�l�a�s�t�i�c�i�z�e�r�s� �(�p�h�t�h�a�l�a�t�e�s�)�,� �a�n�t�i�o�x�i�d�a�n�t�s� �a�n�d� �s�i�l�a�n�o�l�s� �(�J�u�n�k� �e�f� �a�l�/�.�,� �1�9�8�8�)�.� 

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

�p�u�r�i�t�i�e�s� �v�a�r�i�e�d� �w�i�t�h� �t�h�e� �l�o�t� �n�u�m�b�e�r� �o�f� �t�h�e� �c�a�r�t�r�i�d�g�e�s� �(�J�u�n�k� �e�f� �a�/�.�,� �1�9�8�8�)�.� 

�A�n�o�t�h�e�r� �a�d�v�a�n�t�a�g�e� �o�f� �S�P�E� �i�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �p�r�o�c�e�s�s� �w�a�t�e�r� �s�a�m�p�l�e�s� �o�n�-�s�i�t�e�.� �T�h�i�s� �o�b�v�i�a�t�e�s� �t�h�e� 

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

�(�1�9�8�6�)� �f�o�r�c�e�d� �1�0�0� �m�L� �s�a�m�p�l�e�s� �o�f� �s�u�r�f�a�c�e� �w�a�t�e�r� �t�h�r�o�u�g�h� �S�P�E� �c�a�r�t�r�i�d�g�e�s� �u�s�i�n�g� �a� �5�0� �m�L� �g�l�a�s�s� 

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

�s�e�d�i�m�e�n�t�s� �u�n�t�i�l� �a� �0�.�7� �u�m� �p�o�r�e� �s�i�z�e� �g�l�a�s�s� �f�i�b�e�r� �f�i�l�t�e�r� �w�a�s� �p�l�a�c�e�d� �b�e�t�w�e�e�n� �t�h�e� �s�y�r�i�n�g�e� �a�n�d� �c�a�r�-� 

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

�V�i�.� �L�e�a�c�h�a�t�e� 

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

�D�i�x�i�e� �C�a�v�e�r�n�s� �l�a�n�d�f�i�l�l� �i�n� �R�o�a�n�o�k�e� �C�o�u�n�t�y�,� �V�A�.� �G�C�/�M�S� �a�n�a�l�y�s�i�s� �h�a�s� �d�e�t�e�c�t�e�d� �o�n�l�y� �a� �s�m�a�l�l� 

�f�r�a�c�t�i�o�n� �o�f� �t�h�e� �c�o�m�p�o�u�n�d�s� �c�o�n�s�t�i�t�u�t�i�n�g� �t�h�e� �7�5�-�1�0�0� �m�g�/�L� �c�h�e�m�i�c�a�l� �o�x�y�g�e�n� �d�e�m�a�n�d� �a�n�d�/�o�r� �4�-�1�0� 

�m�g�/�L� �b�i�o�c�h�e�m�i�c�a�l� �o�x�y�g�e�n� �d�e�m�a�n�d� �m�e�a�s�u�r�e�d� �f�o�r� �t�h�i�s� �l�e�a�c�h�a�t�e� �(�F�r�e�e�d�m�a�n�,� �1�9�8�9�;� �M�a�r�i�c�k�o�v�i�c�h�,� 
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�1�9�8�9�)�.� �T�h�u�s�,� �o�t�h�e�r� �a�n�a�l�y�t�i�c�a�l� �m�e�t�h�o�d�s� �a�r�e� �r�e�q�u�i�r�e�d� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� �r�e�m�a�i�n�i�n�g� �c�o�n�s�t�i�t�u�e�n�t�s� �o�f� 

�t�h�e� �o�r�g�a�n�i�c�s� �i�n� �t�h�i�s� �l�e�a�c�h�a�t�e�.� 

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

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

�p�o�t�e�n�t�i�a�l�l�y� �h�a�z�a�r�d�o�u�s� �o�r�g�a�n�i�c� �c�o�m�p�o�u�n�d�s� �i�n� �l�a�n�d�f�i�l�l� �l�e�a�c�h�a�t�e�s� �(�R�e�i�n�h�a�r�d� �e�t� �a�/�.�,� �1�9�8�4�)�.� �R�e�c�e�n�t� 

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

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

�l�a�n�d�f�i�l�l�s� �(�S�h�i�-�L�i�L�i�u� �e�t� �a�/�.�,� �1�9�8�7�)�.� �L�e�a�c�h�a�t�e� �c�o�n�t�a�i�n�i�n�g� �t�h�e�s�e� �c�h�e�m�i�c�a�l�s� �m�a�y� �c�o�n�t�a�m�i�n�a�t�e� �s�u�r�-� 

�r�o�u�n�d�i�n�g� �s�u�r�f�a�c�e� �a�n�d� �g�r�o�u�n�d� �w�a�t�e�r�s�.� �D�u�n�l�a�p� �e�t� �a�/�.� �(�1�9�7�6�)� �c�i�t�i�n�g� �M�i�l�l�e�r� �e�f� �a�/�.� �(�1�9�7�4�)�,� �n�o�t�e�d� �6�0� 

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

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

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

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

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

�b�e�e�n� �c�l�o�s�e�d� �a�n�d� �f�o�r�g�o�t�t�e�n�. �� 

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

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

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

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

�i�s� �t�h�e� �a�d�s�o�r�p�t�i�o�n� �c�o�e�f�f�i�c�i�e�n�t� �w�i�t�h� �t�h�e� �s�o�i�l� �u�n�d�e�r� �c�o�n�s�i�d�e�r�a�t�i�o�n� �(�T�i�n�s�l�e�y�,� �1�9�7�9�)�.� �O�t�h�e�r� �f�a�c�t�o�r�s� 

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

�w�a�t�e�r� �m�o�v�e�m�e�n�t� �t�h�r�o�u�g�h� �t�h�a�t� �s�o�i�l� �(�T�i�n�s�l�e�y�,� �1�9�7�9�)�.� 

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

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

�h�a�z�a�r�d�o�u�s� �w�a�s�t�e�s� �(�J�a�c�k�s�o�n� �e�t� �a�/�.�,� �1�9�8�4�)�.� �A�c�c�u�r�a�t�e� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �l�e�a�c�h�a�t�e� �c�o�n�t�a�m�i�n�a�n�t�s� 

�i�n� �s�o�l�i�d� �h�a�z�a�r�d�o�u�s� �w�a�s�t�e� �p�r�i�o�r� �t�o� �l�a�n�d�f�i�l�l�i�n�g� �i�s� �b�e�c�o�m�i�n�g� �p�a�r�t� �o�f� �a�n� �o�v�e�r�a�l�l� �w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t� 
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�s�t�r�a�t�e�g�y� �(�J�a�c�k�s�o�n� �e�f� �a�l�/�.�,� �1�9�8�4�)�.� �D�u�e� �t�o� �t�h�e� �c�o�m�p�l�e�x� �n�a�t�u�r�e� �o�f� �l�e�a�c�h�a�t�e�,� �a�s� �b�r�o�a�d� �a�n� �a�n�a�l�y�t�i�c�a�l� 

�a�p�p�r�o�a�c�h� �a�s� �p�o�s�s�i�b�l�e� �i�s� �d�e�s�i�r�e�d� �i�f� �a�n� �a�c�c�u�r�a�t�e� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �i�s� �t�o� �b�e� �a�c�h�i�e�v�e�d�.� �G�C�/�M�S� �a�n�d� 

�L�C�/�M�S� �c�o�m�p�l�e�m�e�n�t� �e�a�c�h� �o�t�h�e�r� �i�n� �t�h�i�s� �r�e�g�a�r�d�.� 

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

�S�o�m�e� �o�f� �t�h�e�s�e� �i�n�c�l�u�d�e� �p�e�s�t�i�c�i�d�e�s� �(�F�o�s�t�e�r� �e�t� �a�/�.�,� �1�9�8�3�)�,� �o�r�g�a�n�i�c� �a�c�i�d�s�,� �f�a�t�t�y� �a�c�i�d�s�,� �a�l�c�o�h�o�l�s�,� �h�i�g�h� 

�m�o�l�e�c�u�l�a�r�-�w�e�i�g�h�t� �h�u�m�i�c�s�,� �b�e�n�z�e�n�e� �a�n�d� �o�t�h�e�r� �a�r�o�m�a�t�i�c�s� �(�D�e�W�a�l�l�e� �a�n�d� �C�h�i�a�n�,� �1�9�8�1�;� �S�a�w�h�n�e�y� 

�a�n�d� �K�o�z�l�o�s�k�i�,� �1�9�8�4�)�,� �p�h�t�h�a�l�a�t�e�s�,� �c�h�l�o�r�i�n�a�t�e�d� �a�n�d� �a�r�o�m�a�t�i�c� �h�y�d�r�o�c�a�r�b�o�n�s�,� �p�h�e�n�o�l�s�,� �a�l�k�y�l� 

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

�p�h�e�n�o�l� �e�t�h�o�x�y�l�a�t�e�s� �a�n�d� �m�a�n�y� �o�t�h�e�r� �c�o�m�p�o�u�n�d�s� �s�t�i�l�l� �t�o� �b�e� �d�e�t�e�r�m�i�n�e�d� �(�R�i�c�h�a�r�d� �e�f� �a�/�.�,� �1�9�8�4�:� 

�S�h�i�-�L�i�L�i�u� �e�t� �a�/�.�,� �1�9�8�7�)�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� �s�o�m�e� �o�f� �t�h�e�s�e� �c�o�m�p�o�u�n�d�s� �m�a�y� �b�e� �d�u�e� �t�o� �d�e�g�r�a�d�a�t�i�o�n� 

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

�K�o�z�l�o�s�k�i�,� �1�9�8�4�)�.� �O�t�h�e�r� �c�o�m�p�o�u�n�d�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �i�n�d�u�s�t�r�i�a�l� �w�a�s�t�e�s� �w�e�r�e� �b�u�r�i�e�d� �w�i�t�h� �d�o�m�e�s�t�i�c� 

�w�a�s�t�e�s� �(�R�e�i�n�h�a�r�d� �e�f� �a�l�.�,� �1�9�8�4�)�.� 

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

�o�r�g�a�n�i�c� �p�o�l�l�u�t�a�n�t�s� �(�S�a�w�h�n�e�y� �a�n�d� �K�o�z�l�o�s�k�i�,� �1�9�8�4�)�.� �P�o�l�y�m�e�r�i�z�a�t�i�o�n�,� �a�n�d� �h�e�n�c�e� �a�d�s�o�r�p�t�i�o�n�,� �o�f� 

�p�h�e�n�o�l�s� �a�p�p�e�a�r�s� �t�o� �b�e� �i�n�h�i�b�i�t�e�d� �i�n� �a�n�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �(�S�a�w�h�n�e�y� �a�n�d� �K�o�z�i�o�s�k�i�,� �1�9�8�4�)�.� 

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

�(�R�e�i�n�h�a�r�d� �e�t� �a�/�.�,� �1�9�8�4�)�.� �M�a�n�y� �o�f� �t�h�e� �o�r�g�a�n�i�c� �a�c�i�d�s� �f�o�u�n�d� �i�n� �l�e�a�c�h�a�t�e� �a�r�e� �a�n�a�e�r�o�b�i�c� �d�e�g�r�a�d�a�t�i�o�n� 

�p�r�o�d�u�c�t�s� �(�R�e�i�n�h�a�r�d� �e�t� �a�l�/�.�,� �1�9�8�4�)�.� �M�i�c�r�o�b�i�a�l� �d�e�g�r�a�d�a�t�i�o�n� �m�a�y� �e�n�h�a�n�c�e� �t�h�e� �l�e�a�c�h�a�b�i�l�i�t�y� �o�f� �c�o�m�-� 

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

�s�u�c�h� �a�s� �c�h�l�o�r�i�n�a�t�e�d� �a�r�o�m�a�t�i�c� �a�c�i�d�s� �a�n�d� �c�h�l�o�r�i�n�a�t�e�d� �p�h�e�n�o�l�s� �(�R�e�i�n�h�a�r�d� �e�f� �a�/�.�,� �1�9�8�4�)�.� 

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

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

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

�p�r�o�c�e�s�s�e�s�?� �(�R�e�i�n�h�a�r�d� �e�t� �a�/�.�,� �1�9�8�4�)� 

�V�i�l�.� �I�n�d�u�s�t�r�i�a�l� �W�a�s�t�e� 

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

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

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

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

�g�a�n�i�c� �c�o�m�p�o�u�n�d�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� �w�a�t�e�r� �(�P�a�r�k�e�r� �e�f� �a�/�.�,� �1�9�8�2�)�.� �M�e�t�h�o�d�s� �s�e�n�s�i�t�i�v�e� �t�o� �t�h�e� �a�n�a�l�y�s�i�s� 

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

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

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

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

�a�n� �i�n�d�u�s�t�r�i�a�l� �w�a�s�t�e� �o�r� �o�t�h�e�r� �o�r�g�a�n�i�c� �s�a�m�p�l�e�s�.� 
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�l�l�l�.� �M�E�T�H�O�D�S� �A�N�D� �M�A�T�E�R�I�A�L�S� 

�A�.� �O�v�e�r�v�i�e�w� 

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

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

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

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

�o�r� �c�l�a�s�s�e�s� �o�f� �c�o�m�p�o�u�n�d�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �E�P�A� �P�r�o�c�e�d�u�r�e�s� �6�0�1� �a�n�d� �6�0�8� �f�o�r� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �v�o�l�-� 

�a�t�i�l�e�s� �a�n�d� �P�C�B ��s� �r�e�s�p�e�c�t�i�v�e�l�y�.� �W�h�e�n� �o�n�e� �e�n�c�o�u�n�t�e�r�s� �s�a�m�p�l�e�s� �o�f� �u�n�k�n�o�w�n� �c�o�m�p�o�s�i�t�i�o�n�,� �h�o�w�-� 

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

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

�6�2�5� �i�s� �a� �w�i�d�e�l�y� �u�s�e�d� �p�r�o�d�e�d�u�r�e� �f�o�r� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �m�a�n�y� �v�o�l�a�t�i�l�e� �a�n�d� �s�e�m�i�-�v�o�l�a�t�i�l�e� �o�r�g�a�n�i�c� 

�a�c�i�d�s� �a�n�d� �b�a�s�e�/�n�e�u�t�r�a�l� �c�o�m�p�o�u�n�d�s�.� �N�o� �c�o�m�p�a�r�a�b�l�e� �s�t�a�n�d�a�r�d�i�z�e�d� �m�e�t�h�o�d� �e�x�i�s�t�s� �f�o�r� �t�h�e� 

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

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

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

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

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

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

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

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

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

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

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

�E�x�t�r�a�c�t�i�o�n� �p�r�o�c�e�d�u�r�e�s� �t�e�s�t�e�d� �i�n�c�l�u�d�e�:� �l�i�q�u�i�d�-�l�i�q�u�i�d� �e�x�t�r�a�c�t�i�o�n� �w�i�t�h� �e�t�h�y�l� �a�c�e�t�a�t�e�,� �l�y�o�p�h�i�l�i�z�a�t�i�o�n�,� 

�a�n�d� �s�o�l�i�d� �p�h�a�s�e� �e�x�t�r�a�c�t�i�o�n�.� �E�x�t�r�a�c�t�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �b�y� �L�C� �w�i�t�h� �a� �d�i�o�d�e� �a�r�r�a�y� �d�e�t�e�c�t�o�r� 

�{�L�C�/�D�A�D�)�,� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�r�y� �a�n�d� �l�i�q�u�i�d� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�/�m�a�s�s� �s�p�e�c�t�r�o�m�e�t�r�y�.� �G�C�/�M�S� �a�n�a�l�y�-� 

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

�T�w�o� �t�y�p�e�s� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l� �s�a�m�p�l�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d�:� �1�)� �a� �l�a�n�d�f�i�l�l� �l�e�a�c�h�a�t�e�;� �2�)� �a�n� �i�n�d�u�s�t�r�i�a�l� 

�w�a�s�t�e�.� 

�B�.� �S�i�t�e� �S�e�l�e�c�t�i�o�n�/�S�a�m�p�l�e� �C�o�l�l�e�c�t�i�o�n� 

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

�i�n� �R�o�a�n�o�k�e� �C�o�u�n�t�y�,� �V�A�.� �S�a�m�p�l�e�s� �f�r�o�m� �t�h�i�s� �s�i�t�e� �w�e�r�e� �c�h�o�s�e�n� �f�o�r� �s�e�v�e�r�a�l� �r�e�a�s�o�n�s�:� �t�h�i�s� �r�e�-� 

�s�e�a�r�c�h� �s�e�r�v�e�d� �t�o� �c�o�m�p�l�i�m�e�n�t� �w�o�r�k� �p�r�e�v�i�o�u�s�l�y� �c�o�n�d�u�c�t�e�d� �b�y� �o�t�h�e�r�s� �(�F�r�e�e�d�m�a�n�;� �M�a�r�i�c�k�o�v�i�c�h�,� 

�1�9�8�9�)�;� �s�a�m�p�l�e�s� �w�e�r�e� �a�c�c�e�s�s�i�b�l�e�,� �a�v�a�i�l�a�b�l�e� �a�n�d� �o�f� �c�l�o�s�e� �p�r�o�x�i�m�i�t�y� �t�o� �t�h�e� �p�r�i�m�a�r�y� �r�e�s�e�a�r�c�h� �f�a�-� 

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

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

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

�I�i�!�l�,� �M�E�T�H�O�D�S� �A�N�D� �M�A�T�E�R�I�A�L�S� �3�7



�h�o�l�d�i�n�g� �p�o�n�d� �a�t� �t�h�e� �l�a�n�d�f�i�l�l� �o�n� �A�u�g�u�s�t� �1�9� �a�n�d� �O�c�t�o�b�e�r� �2�,� �1�9�8�9�.� �A�l�l� �s�a�m�p�l�e�s� �w�e�r�e� �s�t�o�r�e�d� �a�t� �7�°�C� 

�p�r�i�o�r� �t�o� �a�n�a�l�y�s�i�s�.� 

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

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

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

�a�m�e�n�a�b�l�e� �t�o� �a�n�a�l�y�s�i�s� �b�y� �L�C�/�M�S�.� �A� �r�a�w� �w�a�s�t�e�w�a�t�e�r� �s�a�m�p�l�e� �w�a�s� �t�a�k�e�n� �o�n� �O�c�t�o�b�e�r� �2�4�,� �1�9�8�9� 

�a�n�d� �r�e�c�e�i�v�e�d� �i�n� �t�h�e� �l�a�b� �o�n�e� �w�e�e�k� �l�a�t�e�r�.� �T�h�i�s� �w�a�s� �a�l�s�o� �r�e�f�r�i�g�e�r�a�t�e�d� �a�t� �7�°�C�.� 

�C�.� �R�e�s�e�a�r�c�h� �C�h�e�m�i�c�a�l�s� �a�n�d� �M�a�t�e�r�i�a�l�s� 

�S�o�l�v�e�n�t�s�:� �H�P�L�C� �g�r�a�d�e� �m�e�t�h�a�n�o�l�,� �B�u�r�d�i�c�k� �&� �J�a�c�k�s�o�n� �(�M�u�s�k�e�g�o�n�,� �M�I�)� �w�a�s� �u�s�e�d� �f�o�r� �a�l�l� �a�p�p�l�i�-� 

�c�a�t�i�o�n�s� �o�f� �m�e�t�h�a�n�o�l�.� �W�a�t�e�r� �u�s�e�d� �i�n� �t�h�e� �H�P�L�C� �w�a�s� �d�i�s�t�i�l�l�e�d� �a�n�d� �d�e�i�o�n�i�z�e�d� �p�r�i�o�r� �t�o� �f�i�l�t�r�a�t�i�o�n� �i�n� 

�a� �M�i�l�l�i�-�Q� �R�e�a�g�e�n�t� �W�a�t�e�r� �S�y�s�t�e�m� �(�M�i�l�l�f�o�r�d�,� �M�A�)� �c�o�n�s�i�s�t�i�n�g� �o�f� �a� �S�u�p�e�r� �C� �C�a�r�b�o�n�,� �t�w�o� �l�o�n�-�E�x�,� �a�n�d� 

�O�r�g�a�n�e�x�-�Q� �c�a�r�t�r�i�d�g�e�s� �i�n� �s�e�r�i�e�s�.� �O�t�h�e�r� �s�o�l�v�e�n�t�s� �u�s�e�d� �w�e�r�e� �h�i�g�h� �p�u�r�i�t�y� �E�t�h�y�l� �A�c�e�t�a�t�e� �f�r�o�m� 

�B�u�r�d�i�c�k� �&� �J�a�c�k�s�o�n� �a�n�d� �p�e�s�t�i�c�i�d�e� �g�r�a�d�e� �A�c�e�t�o�n�e� �f�r�o�m� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �(�S�p�r�i�n�g�f�i�e�l�d�,� �N�J�)�.� 

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

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

�A�l�l� �g�l�a�s�s�w�a�r�e� �u�s�e�d� �w�a�s� �c�l�e�a�n�e�d� �w�i�t�h� �S�p�a�r�k�l�e�e�n� �d�e�t�e�r�g�e�n�t� �(�F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c�)�,� �r�i�n�s�e�d� �w�i�t�h� �t�a�p� 

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

�M�e�t�t�l�e�r� �H� �1�0� �B�a�l�a�n�c�e� �(�H�i�g�h�t�o�w�n�,� �N�J�)� �a�c�c�u�r�a�t�e� �t�o� �0�.�0�0�0�1� �g�r�a�m�,� �i�n� �p�r�e�w�e�i�g�h�e�d� �1�0� �m�L� �v�o�l�u�m�e�t�r�i�c� 

�f�l�a�s�k�s�.� �A�l�l� �s�a�m�p�l�e�s� �w�e�r�e� �t�r�a�n�s�f�e�r�r�e�d� �i�n�t�o� �t�w�o� �m�L� �K�i�m�b�l�e� �O�p�t�i�c�l�e�a�r�®� �v�i�a�l�s� �f�r�o�m� �F�i�s�h�e�r� �w�i�t�h� �1�1� 

�m�m� �c�r�i�m�p� �t�o�p� �t�e�f�l�o�n� �s�e�a�l�s� �(�A�l�l�t�e�c�h�,� �D�e�e�r�f�i�e�l�d�,� �M�l�)� �p�r�i�o�r� �t�o� �L�C�/�D�A�D� �a�n�a�l�y�s�i�s�.� �A�l�l� �s�t�a�n�d�a�r�d� �s�o�l�-� 

�u�t�i�o�n�s� �a�n�d� �e�x�t�r�a�c�t�e�d� �s�a�m�p�l�e�s� �w�e�r�e� �s�t�o�r�e�d� �a�t� �1�0�°�C� �i�n� �a� �F�i�s�h�e�r� �F�l�a�m�m�a�b�l�e� �M�a�t�e�r�i�a�l� �S�t�o�r�a�g�e� 

�r�e�f�r�i�g�e�r�a�t�o�r�.� 

�I�I�]�.� �M�E�T�H�O�D�S� �A�N�D� �M�A�T�E�R�I�A�L�S� �3�8



�S�t�a�n�d�a�r�d�s� �U�s�e�d� �T�a�b�l�e� �1�.� 
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�3�3� �i�l�l�.� �M�E�T�H�O�D�S� �A�N�D� �M�A�T�E�R�I�A�L�S



�C�.� �E�x�t�r�a�c�t�i�o�n� �E�x�p�e�r�i�m�e�n�t�s� 

�1�.� �E�t�h�y�l� �A�c�e�t�a�t�e� �L�i�q�u�i�d�-�L�i�q�u�i�d� �E�x�t�r�a�c�t�i�o�n� 

�L�i�q�u�i�d�-�l�i�q�u�i�d� �e�x�t�r�a�c�t�i�o�n� �e�n�t�a�i�l�s� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �a�n� �o�r�g�a�n�i�c� �s�o�l�v�e�n�t� �t�o� �a� �l�i�q�u�i�d� �s�a�m�p�l�e� �{�i�n� �t�h�i�s� 

�c�a�s�e�,� �a�q�u�e�o�u�s�)� �i�n� �o�r�d�e�r� �t�o� �p�a�r�t�i�t�i�o�n� �c�o�m�p�o�u�n�d�s� �o�f� �i�n�t�e�r�e�s�t� �i�n�t�o� �t�h�e� �o�r�g�a�n�i�c� �p�h�a�s�e�.� �T�h�i�s� 

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

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

�m�e�t�h�y�l�e�n�e� �c�h�l�o�r�i�d�e�,� �t�h�e� �s�o�l�v�e�n�t� �s�p�e�c�i�f�i�e�d� �i�n� �E�P�A� �M�e�t�h�o�d� �6�2�5� �f�o�r� �e�n�v�i�r�o�n�m�e�n�t�a�l� �a�n�a�l�y�s�i�s� 

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

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

�p�o�l�a�r�i�t�y�.� 

�D�u�p�l�i�c�a�t�e� �s�y�n�t�h�e�t�i�c� �s�a�m�p�l�e�s� �w�e�r�e� �m�a�d�e� �b�y� �a�d�d�i�n�g� �s�t�a�n�d�a�r�d�s� �t�o� �o�n�e� �l�i�t�e�r� �(�L�)� �d�i�s�t�i�l�l�e�d� �w�a�-� 

�t�e�r�.� �I�n� �o�r�d�e�r� �o�f� �i�n�c�r�e�a�s�i�n�g� �p�o�l�a�r�i�t�y�,� �t�h�e� �c�o�m�p�o�u�n�d�s� �a�d�d�e�d� �w�e�r�e�:� �2�4�0� �u�g� �a�m�i�n�o�p�y�r�e�n�e�,� �2�5�0� 

�u�g� �a�t�r�a�z�i�n�e� �a�n�d� �2�6�0� �m�g� �c�r�e�s�o�l�.� �T�h�e� �s�a�m�p�l�e�s� �w�e�r�e� �f�i�l�t�e�r�e�d� �b�y� �v�a�c�u�u�m� �w�i�t�h� �W�h�a�t�m�a�n� 

�9�3�4�-�H� �(�M�a�i�d�s�t�o�n�e�,� �E�n�g�l�a�n�d�)� �g�l�a�s�s� �f�i�b�r�e� �f�i�l�t�e�r�s�.� �T�h�e�s�e� �1�.�5� �u�m� �p�o�r�e� �s�i�z�e� �f�i�l�t�e�r�s� �w�e�r�e� �r�i�n�s�e�d� 

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

�e�x�t�r�a�c�t�i�o�n� �w�a�s� �p�e�r�f�o�r�m�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �6�0� �m�L� �o�f� �e�t�h�y�l� �a�c�e�t�a�t�e� �t�o� �s�a�m�p�l�e�s� �i�n� �2� �L� 

�s�e�p�a�r�a�t�o�r�y� �f�u�n�n�e�l�s�.� �S�a�m�p�l�e�s� �w�e�r�e� �a�g�i�t�a�t�e�d� �f�o�r� �2� �m�i�n�u�t�e�s� �a�n�d� �a�l�l�o�w�e�d� �t�o� �s�t�a�n�d� �f�o�r� �1�0� 

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

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

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

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

�R�1�1�0� �(�F�l�a�w�i�l�,� �S�w�i�t�z�e�r�l�a�n�d�)� �t�o� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3� �m�L�.� �T�h�i�s� �w�a�s� �c�o�n�c�e�n�t�r�a�t�e�d� �f�u�r�t�h�e�r� �t�o� �a�p�-� 

�p�r�o�x�i�m�a�t�e�l�y� �1� �m�L� �i�n� �a� �3� �m�L� �c�o�n�i�c�a�l� �v�i�a�l� �i�n� �a� �h�e�a�t�e�d� �w�a�t�e�r� �b�a�t�h� �u�n�d�e�r� �a� �v�e�n�t�i�l�a�t�i�o�n� �h�o�o�d�.� 

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

�a�c�e�t�a�t�e� �f�r�a�c�t�i�o�n� �(�~� �0�.�9� �m�L�)� �w�a�s� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �a�n� �H�P�L�C� �s�a�m�p�l�e� �v�i�a�l�.� �A�p�p�r�o�x�i�m�a�t�e�l�y� �9�0�0� 

�H�l�.� �M�E�T�H�O�D�S� �A�N�D� �M�A�T�E�R�I�A�L�S� �4�0



�p�L� �m�e�t�h�a�n�o�l� �w�e�r�e� �a�d�d�e�d� �t�o� �t�h�e� �b�o�t�t�o�m� �f�r�a�c�t�i�o�n�,� �a� �w�a�t�e�r�/�e�m�u�l�s�i�o�n� �l�a�y�e�r� �(�~� �0�.�1� �m�L�)�.� �B�o�t�h� 

�f�r�a�c�t�i�o�n�s� �u�n�d�e�r�w�e�n�t� �L�C�/�D�A�D� �a�n�a�l�y�s�i�s� �a�s� �e�x�p�l�a�i�n�e�d� �i�n� �s�e�c�t�i�o�n� �E� �1�.� 

�2�.� �L�y�o�p�h�i�l�i�z�a�t�i�o�n� 

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

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

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

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

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

�a�n�a�l�y�s�i�s�.� 

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

�s�a�m�p�l�e�s�,� �t�h�e� �s�e�c�o�n�d� �o�n� �l�e�a�c�h�a�t�e�.� �T�w�o� �s�a�m�p�l�e� �v�o�l�u�m�e�s� �w�e�r�e� �t�e�s�t�e�d�,� �5�0�0� �m�L� �a�n�d� �1� �L�,� 

�w�h�i�c�h� �u�t�i�l�i�z�e�d� �t�h�e� �f�u�l�l� �1�.�5� �L� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �L�a�b�c�o�n�c�o� �B�e�n�c�h� �T�o�p� �F�r�e�e�z�e� �D�r�y�e�r� �M�o�d�e�l� �7�5�0�3�4� 

�(�K�a�n�s�a�s� �C�i�t�y�,� �M�O�)�,� �u�s�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h�.� �T�h�e� �1� �L� �s�a�m�p�l�e�s� �w�e�r�e� �s�p�l�i�t� �i�n�t�o� �t�w�o� �5�0�0� �m�L� 

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

�S�y�n�t�h�e�t�i�c� �s�a�m�p�l�e�s� �w�e�r�e� �p�r�e�p�a�r�e�d� �w�i�t�h� �2�4�0� �u�g�/�L� �a�m�i�n�o�p�y�r�e�n�e�,� �2�5�0� �u�g�/�L� �a�t�r�a�z�i�n�e� �a�n�d� �2�6�0� 

�m�g�/�L� �c�r�e�s�o�l�.� �S�a�m�p�l�e�s� �o�f� �5�0�0� �m�L� �w�e�r�e� �l�y�o�p�h�i�l�i�z�e�d� �i�n� �t�h�r�e�e� �1�2�0�0� �m�L� �f�l�a�s�k�s� �f�o�r� �4�8� �h�o�u�r�s�.� 

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

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

�t�h�r�e�e� �2�5� �m�L� �p�o�r�t�i�o�n�s� �o�f� �m�e�t�h�a�n�o�l� �f�o�r� �5� �m�i�n�u�t�e�s�.� �T�h�e� �e�x�t�r�a�c�t�s� �w�e�r�e� �p�i�p�e�t�t�e�d� �i�n�t�o� �e�v�a�p�o�-� 

�r�a�t�i�o�n� �f�l�a�s�k�s� �a�n�d� �r�o�t�o�e�v�a�p�o�r�a�t�e�d� �a�t� �4�0�°� �C� �t�o� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1� �m�L�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�e� �w�a�s� 

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

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

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

�w�a�s� �d�e�c�a�n�t�e�d� �i�n�t�o� �3� �m�L� �c�o�n�i�c�a�l� �v�i�a�l�s� �a�n�d� �c�o�n�c�e�n�t�r�a�t�e�d� �u�n�d�e�r� �n�i�t�r�o�g�e�n� �g�a�s� �(�N�2�)� �t�o� �a�p�-� 

�p�r�o�x�i�m�a�t�e�l�y� �1� �m�L�.� �F�i�n�a�l� �v�o�l�u�m�e�s� �w�e�r�e� �m�e�a�s�u�r�e�d� �w�i�t�h� �a� �2�.�5� �m�L� �H�a�m�i�l�t�o�n� �s�y�r�i�n�g�e� �(�R�e�n�o�,� 

�l�l�l�.� �M�E�T�H�O�D�S� �A�N�D� �M�A�T�E�R�I�A�L�S� �4�1



�3�.� 

�N�V�)� �a�n�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� �a� �0�.�4�5� �u�m� �f�i�l�t�e�r� �i�n� �a� �l�e�u�r� �l�o�c�k� �s�y�r�i�n�g�e� �p�r�i�o�r� �t�o� 

�L�C�/�D�A�D� �a�n�a�l�y�s�i�s�.� 

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

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

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

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

�a�t�r�a�z�i�n�e� �a�n�d� �2�6�0� �m�g�/�L� �c�r�e�s�o�l� �a�n�d� �f�i�l�t�e�r�e�d� �t�w�i�c�e�,� �f�i�r�s�t� �w�i�t�h� �t�h�e� �1�.�5� �u�m� �p�o�r�e� �s�i�z�e� �f�o�l�l�o�w�e�d� 

�b�y� �a� �0�.�4�5� �u�m� �M�a�g�n�a� �N�y�i�o�n� �6�6� �m�e�m�b�r�a�n�e� �f�i�l�t�e�r� �(�H�o�n�e�o�y�e� �F�a�l�l�s�,� �N�Y�}�.� �T�h�e� �s�a�m�p�l�e�s� �w�e�r�e� 

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

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

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

�b�u�i�l�t� �u�p�,� �t�h�e� �l�y�o�p�h�i�l�i�z�e�r� �c�o�r�e� �b�e�c�a�m�e� �l�e�s�s� �e�f�f�i�c�i�e�n�t�.� �T�h�e�r�e�f�o�r�e�,� �a�f�t�e�r� �2�4� �h�o�u�r�s�,� �t�h�e� �c�o�r�e� 

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

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

�d�r�y� �r�e�s�i�d�u�e�s� �w�e�r�e� �e�x�t�r�a�c�t�e�d� �w�i�t�h� �t�h�r�e�e� �2�5� �m�L� �a�l�i�q�u�o�t�s� �o�f� �m�e�t�h�a�n�o�l� �i�n� �a� �s�o�n�i�c�a�t�o�r� �f�o�r� �5� 

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

�i�n� �p�r�e�v�i�o�u�s� �e�x�p�e�r�i�m�e�n�t�s�.� �E�a�c�h� �2�5� �m�L� �f�r�a�c�t�i�o�n� �w�a�s� �c�e�n�t�r�i�f�u�g�e�d� �s�e�p�a�r�a�t�e�l�y� �a�t� �2�5�0�0� �r�p�m� �f�o�r� 

�5� �m�i�n�u�t�e�s� �i�n� �a� �S�o�r�v�a�l�l� �S�u�p�e�r�s�p�e�e�d� �R�C�2�-�B� �A�u�t�o�m�a�t�i�c� �R�e�f�r�i�g�e�r�a�t�e�d� �C�e�n�t�r�i�f�u�g�e� �(�W�i�l�m�i�n�g�t�o�n�,� 

�D�E�)� �a�n�d� �c�o�m�b�i�n�e�d� �w�h�e�n� �t�r�a�n�s�f�e�r�r�e�d� �i�n�t�o� �a�n� �e�v�a�p�o�r�a�t�i�o�n� �f�l�a�s�k�.� �T�h�e� �e�x�t�r�a�c�t�s� �w�e�r�e� �t�h�e�n� 

�r�o�t�o�e�v�a�p�o�r�a�t�e�d� �t�o� �l�e�s�s� �t�h�a�n� �3� �m�L�,� �p�i�p�e�t�t�e�d� �t�o� �3� �m�L� �c�o�n�i�c�a�l� �v�i�a�l�s� �a�n�d� �c�o�n�c�e�n�t�r�a�t�e�d� �u�n�d�e�r� 

�N�,� �t�o� �a�b�o�u�t� �1� �m�L�.� �S�a�m�p�l�e�s� �w�e�r�e� �f�i�l�t�e�r�e�d� �a�n�d� �a� �f�i�n�a�l� �v�o�l�u�m�e� �w�a�s� �m�e�a�s�u�r�e�d� �p�r�i�o�r� �t�o� 

�L�C�/�D�A�D� �a�n�a�l�y�s�i�s�.� 

�S�o�l�i�d� �P�h�a�s�e� �E�x�t�r�a�c�t�i�o�n� 

�S�o�l�i�d� �p�h�a�s�e� �e�x�t�r�a�c�t�i�o�n� �(�S�P�E�)� �p�r�o�c�e�d�u�r�e�s� �w�e�r�e� �p�u�r�s�u�e�d� �n�e�x�t� �a�s� �a� �s�i�m�p�l�e�r�,� �l�e�s�s� �e�x�p�e�n�s�i�v�e� �a�n�d� 

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

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

�M�E�T�H�O�D�S� �A�N�D� �M�A�T�E�R�I�A�L�S� �4�2



�c�a�b�l�e� �t�o� �t�h�e�s�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �s�a�m�p�l�e�s�.� �I�t� �w�a�s� �i�m�p�o�r�t�a�n�t� �t�o� �r�e�c�a�l�l� �G�h�o�u�i ��s� �(�1�9�8�7�)� �a�d�m�o�n�i�t�i�o�n� 

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

�T�h�u�s�,� �f�o�r� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �l�e�a�c�h�a�t�e�,� �t�w�o� �s�o�r�b�e�n�t�s� �w�e�r�e� �u�t�i�l�i�z�e�d�.� �O�c�t�a�d�e�c�y�l�s�i�l�y�l� �(�C�,�g�)� 

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

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

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

�j�u�s�t�i�n�g� �t�h�e� �p�H� �(�e�.�g�.� �a�c�i�d�s� �a�n�d� �b�a�s�e�s�)� �c�a�n� �b�e� �a�d�s�o�r�b�e�d� �o�n�t�o� �C�,�,� �s�o�r�b�e�n�t�s�.� �O�n�e� �o�f� �t�h�e� �o�b�j�e�c�t�i�v�e�s� 

�w�a�s� �t�o� �s�e�l�e�c�t� �f�o�r� �n�o�n�v�o�l�a�t�i�l�e� �p�o�l�a�r� �o�r�g�a�n�i�c� �m�o�l�e�c�u�l�e�s�.� �A�m�i�n�o�p�r�o�p�y�l� �(�N�H�,�)� �c�o�l�u�m�n�s� �w�e�r�e� �s�e�-� 

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

�f�r�o�m� �t�h�e� �l�e�a�c�h�a�t�e�.� 

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

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

�p�r�e�s�e�n�t� �i�n� �t�h�e� �w�a�s�t�e�w�a�t�e�r�.� 

�A�l�l� �e�x�t�r�a�c�t�i�o�n�s� �u�t�i�l�i�z�e�d� �B�o�n�d� �E�l�u�t�®� �s�o�r�b�e�n�t� �c�a�r�t�r�i�d�g�e�s� �p�u�r�c�h�a�s�e�d� �f�r�o�m� �A�n�a�l�y�t�i�c�h�e�m� �I�n�t�e�r�n�a�-� 

�t�i�o�n�a�l� �(�H�a�r�b�o�r� �C�i�t�y�,� �C�A�)�.� �A�l�l� �c�a�r�t�r�i�d�g�e�s� �c�o�n�t�a�i�n�e�d� �5�0�0� �m�g� �o�f� �s�o�r�b�e�n�t�.� �A�d�a�p�t�e�r�s� �t�o� �f�i�t� �c�a�r�t�r�i�d�g�e�s� 

�t�o�g�e�t�h�e�r� �w�e�r�e� �n�o�t� �a�v�a�i�l�a�b�l�e� �a�t� �t�h�e� �t�i�m�e� �t�h�e� �l�e�a�c�h�a�t�e� �w�a�s� �a�n�a�l�y�z�e�d�.� �L�a�r�g�e� �r�e�s�e�r�v�o�i�r� �(�1�0� �m�L�)� 

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

�t�h�e� �l�e�a�c�h�a�t�e�.� �R�e�g�u�l�a�r� �(�3� �m�L�)� �c�a�r�t�r�i�d�g�e�s� �w�e�r�e� �u�s�e�d� �w�i�t�h� �t�h�e� �w�a�s�t�e�w�a�t�e�r� �s�a�m�p�l�e�s�.� 

�A�s� �n�o�t�e�d� �i�n� �C�h�a�p�t�e�r� �I�l�,� �S�P�E� �s�o�r�b�e�n�t�s� �a�r�e� �a�n�a�l�o�g�o�u�s� �t�o� �l�i�q�u�i�d� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �c�o�l�u�m�n� 

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

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

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

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

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

�f�o�l�l�o�w�.� 
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�D�.� �S�o�l�i�d� �P�h�a�s�e� �E�x�t�r�a�c�t�i�o�n� �E�x�p�e�r�i�m�e�n�t�s� 

�1�.� �L�e�a�c�h�a�t�e� �S�a�m�p�l�e�s� 

�a�.� �A�n�a�l�y�s�i�s� �W�i�t�h� �C�i�s� �C�a�r�t�r�i�d�g�e�s� 

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

�u�s�e�d�.� 

�E�l�u�t�i�o�n� �S�o�l�v�e�n�t� �a�n�d� �V�o�l�u�m�e�:� �T�h�e� �f�i�r�s�t� �t�a�s�k� �w�a�s� �t�o� �d�e�t�e�r�m�i�n�e� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �e�l�u�t�i�o�n� �s�o�l�v�e�n�t� 

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

�a�m�o�u�n�t�s� �o�f� �C�r�e�s�o�l�,� �A�T�Z� �a�n�d� �A�P�Y�.� �O�n�e� �p�e�r�c�e�n�t� �o�r� �5� �m�L� �o�f� �m�e�t�h�a�n�o�l� �w�a�s� �a�l�s�o� �a�d�d�e�d� �t�o� �t�h�e� 

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

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

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

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

�2�5� �p�s�i� �w�h�i�c�h� �g�a�v�e� �a� �f�l�o�w� �r�a�t�e� �o�f� �5�-� �1�0� �m�L�/�m�i�n�.� �T�h�e� �c�o�l�u�m�n�s� �w�e�r�e� �s�u�b�s�e�q�u�e�n�t�l�y� �w�a�s�h�e�d� �w�i�t�h� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0� �m�L� �o�f� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r� �a�n�d� �a�l�l�o�w�e�d� �t�o� �d�r�y� �f�o�r� �1�0� �m�i�n�u�t�e�s�.� �A� �h�o�m�e�m�a�d�e� �d�e�v�i�c�e� 

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

�i�n�t�o� �t�h�e� �2� �m�L� �L�C�/�D�A�D� �v�i�a�l�s� �o�b�v�i�a�t�i�n�g� �t�h�e� �n�e�e�d� �f�o�r� �p�u�r�c�h�a�s�e� �o�f� �a� �s�p�e�c�i�a�l�i�z�e�d� �v�a�c�u�u�m� �e�l�u�t�i�o�n� 

�s�y�s�t�e�m�.� �T�h�r�e�e� �5�0�0� �u�l� �a�l�i�q�u�o�t�s� �o�f� �m�e�t�h�a�n�o�l� �f�o�l�l�o�w�e�d� �b�y� �3� �5�0�0� �u�w�L� �a�l�i�q�u�o�t�s� �o�f� �m�e�t�h�y�l�e�n�e� �c�h�l�o�r�i�d�e� 

�w�e�r�e� �d�r�a�w�n� �t�h�r�o�u�g�h� �t�h�e� �c�o�l�u�m�n�s� �a�t� �8� �-� �1�0� �p�s�i�.� �E�a�c�h� �f�r�a�c�t�i�o�n� �w�a�s� �c�o�l�l�e�c�t�e�d� �s�e�p�a�r�a�t�e�l�y� �f�o�r� �L�C� 

�a�n�a�l�y�s�i�s�.� �F�i�n�a�l� �v�o�l�u�m�e�s� �o�f� �t�h�e� �m�e�t�h�a�n�o�l� �s�a�m�p�l�e�s� �r�a�n�g�e�d� �f�r�o�m� �3�8�0� �-� �4�2�0� �u�L�,� �a�n�d� �f�r�o�m� �1�7�0� �-� �3�2�0� 

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

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

�W�h�i�l�e� �r�e�c�o�v�e�r�i�e�s� �o�f� �e�a�c�h� �s�t�a�n�d�a�r�d� �v�a�r�i�e�d�,� �i�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�e� �t�h�r�e�e� �5�0�0� �w�L� �a�l�i�q�u�o�t�s� �o�f� 

�m�e�t�h�a�n�o�l� �w�e�r�e� �s�u�f�f�i�c�i�e�n�t� �t�o� �e�l�u�t�e� �t�h�e� �a�n�a�l�y�t�e�s� �r�e�t�a�i�n�e�d� �o�n� �t�h�e� �S�P�E� �s�o�r�b�e�n�t�.� �I�n� �s�u�b�s�e�q�u�e�n�t� 
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�e�x�t�r�a�c�t�i�o�n�s�,� �t�h�e� �t�h�r�e�e� �a�l�i�q�u�o�t�s� �o�f� �m�e�t�h�a�n�o�l� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �i�n� �o�n�e� �3� �m�L� �c�o�n�i�c�a�l� �v�i�a�l�,� �c�o�n�c�e�n�-� 

�t�r�a�t�e�d� �u�n�d�e�r� �N�,� �w�i�t�h� �a� �S�u�p�e�l�c�o� �6�-�p�o�r�t� �M�i�n�i�-�V�a�p� �(�B�e�l�l�e�f�o�n�t�e�,� �P�A�)� �a�n�d� �t�h�e� �f�i�n�a�l� �v�o�l�u�m�e� �m�e�a�s�u�r�e�d� 

�b�e�f�o�r�e� �b�e�i�n�g� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �t�h�e� �L�C� �v�i�a�l�s� �f�o�r� �L�C�/�D�A�D� �a�n�a�l�y�s�i�s�.� 

�b�.� �A�n�a�l�y�s�i�s� �W�i�t�h� �N�H�z� �C�a�r�t�r�i�d�g�e�s� 

�A�m�i�n�o�p�r�o�p�y�l� �(�N�H�,�)� �c�o�l�u�m�n�s� �w�e�r�e� �s�e�l�e�c�t�e�d� �a�s� �w�e�a�k� �a�n�i�o�n� �e�x�c�h�a�n�g�e�r�s�.� �A� �s�a�m�p�l�e� �w�a�s� �a�d�-� 

�j�u�s�t�e�d� �t�o� �p�H� �7�.�4� �i�n� �o�r�d�e�r� �t�o� �b�e� �a�t� �a� �p�H� �t�h�a�t� �w�a�s� �a�p�p�r�x�i�m�a�t�e�l�y� �t�w�o� �p�H� �u�n�i�t�s� �a�b�o�v�e� �t�h�e� �p�K�a � ��s� �o�f� 

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

�s�e�c�t�i�o�n� �4�3�3� �o�f� �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� �(�1�9�8�5�)�.� �T�o� 

�a�c�h�i�e�v�e� �a� �p�H� �o�f� �7�.�4�,� �1�.�1�8� �g�r�a�m�s� �o�f� �K�H�,�P�O�,� �a�n�d� �4�.�3�0� �g�r�a�m�s� �o�f� �N�a�,�H�P�O�,� �w�e�r�e� �d�i�s�s�o�l�v�e�d� �i�n� �1� �L� 

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

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

�o�f� �a� �w�h�i�t�e� �p�r�e�c�i�p�i�t�a�t�e� �w�h�i�c�h� �c�l�o�g�g�e�d� �t�h�e� �S�P�E� �c�o�l�u�m�n�s�.� �I�t� �w�a�s� �a�l�s�o� �f�e�a�r�e�d� �t�h�a�t� �t�h�e� �p�r�e�c�i�p�i�t�a�t�e� 

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

�l�i�k�e�l�y� �f�o�r�m�e�d� �b�y� �p�h�o�s�p�h�a�t�e� �s�a�l�t�s� �o�f� �C�a�,� �M�n�,� �M�g� �a�n�d� �F�e� �w�h�i�c�h� �a�r�e� �p�r�e�s�e�n�t� �i�n� �l�a�r�g�e� �a�m�o�u�n�t�s� �(�1� 

�-�5�0�0� �m�g�/�L�)� �i�n� �t�h�e� �l�e�a�c�h�a�t�e� �(�d�e�t�e�r�m�i�n�e�d� �b�y� �A�t�o�m�i�c� �A�b�s�o�r�p�t�i�o�n�)�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �l�e�a�c�h�a�t�e�,� �o�f� �p�H� 

�6�.�5�,� �w�a�s� �n�o�t� �b�u�f�f�e�r�e�d� �p�r�i�o�r� �t�o� �e�x�t�r�a�c�t�i�o�n�.� �T�h�u�s� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e� �e�x�t�r�a�c�t�i�o�n� �w�a�s� �l�i�m�i�t�e�d� 

�t�o� �t�h�o�s�e� �c�o�m�p�o�u�n�d�s� �w�i�t�h� �a� �p�K�a� �l�e�s�s� �t�h�a�n� �4�.�5�.� �E�v�e�n� �t�h�o�u�g�h� �t�h�e� �l�e�a�c�h�a�t�e� �w�a�s� �n�o�t� �b�u�f�f�e�r�e�d�,� �t�h�e� 

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

�s�o�l�v�e�n�t�s� �w�e�r�e� �t�r�i�e�d�:� �i�)� �a� �h�i�g�h� �i�o�n�i�c� �s�t�r�e�n�g�t�h� �s�o�l�u�t�i�o�n�;� �i�i�)� �a� �h�i�g�h� �p�H� �s�o�l�u�t�i�o�n�;� �a�n�d� �i�i�i�)� �a� �l�o�w� �p�H� 

�s�o�l�u�t�i�o�n�.� �A� �0�.�5� �M� �c�i�t�r�a�t�e� �s�o�l�u�t�i�o�n� �i�n� �1�%� �m�e�t�h�a�n�o�l� �w�a�s� �p�r�e�p�a�r�e�d� �b�y� �d�i�s�s�o�l�v�i�n�g� �1�5� �g�r�a�m�s� 

�s�o�d�i�u�m� �c�i�t�r�a�t�e� �(�J�.� �T�.� �B�a�k�e�r�,� �P�h�i�l�l�i�p�s�b�u�r�g�,� �N�J�)� �i�n� �9�9� �m�L� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r� �p�l�u�s� �1� �m�L� �m�e�t�h�a�n�o�l�.� �T�h�e� 

�h�i�g�h� �p�H� �s�o�l�u�t�i�o�n� �w�a�s� �m�a�d�e� �t�o� �0�.�1� �N� �N�a�O�H� �i�n� �m�e�t�h�a�n�o�l� �w�h�i�l�e� �t�h�e� �l�o�w� �p�H� �s�o�l�u�t�i�o�n� �w�a�s� �p�r�e�p�a�r�e�d� 

�t�o� �0�.�1� �N� �H�C�I� �i�n� �m�e�t�h�a�n�o�l�.� 

�l�l�l�.� �M�E�T�H�O�D�S� �A�N�D� �M�A�T�E�R�I�A�L�S� �4�5



�c�.� �B�r�e�a�k�t�h�r�o�u�g�h� 

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

�r�e�t�a�i�n�e�d� �i�s� �e�q�u�a�l� �t�o� �5�%� �o�f� �t�h�e� �s�o�r�b�e�n�t� �m�a�s�s�.� �T�h�i�s� �w�o�u�l�d� �a�l�l�o�w� �r�e�t�e�n�t�i�o�n� �o�f� �2�5� �m�g� �o�f� �s�u�b�s�t�a�n�c�e� 

�o�n� �t�h�e� �5�0�0� �m�g� �c�o�l�u�m�n�s�.� �S�i�n�c�e� �t�h�e� �C�O�D� �o�f� �t�h�e� �l�e�a�c�h�a�t�e� �w�a�s� �r�e�p�o�r�t�e�d� �t�o� �b�e� �7�5� �-�1�0�0� �m�g�/�L�,� �3�5� 

�-� �5�0� �m�g� �o�f� �m�a�t�e�r�i�a�l� �m�a�y� �b�e� �a�v�a�i�l�a�b�l�e� �p�e�r� �s�a�m�p�l�e�.� �R�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t� �s�u�g�g�e�s�t�e�d� 

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

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

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

�C�r�e�s�o�l�,� �A�T�Z� �a�n�d� �A�P�Y�.� �T�e�n� �p�e�r�c�e�n�t� �o�r� �5�0� �m�L� �o�f� �m�e�t�h�a�n�o�i� �w�e�r�e� �a�d�d�e�d� �t�o� �t�h�e� �s�a�m�p�l�e�s� �p�r�i�o�r� �t�o� 

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

�b�u�f�f�e�r� �a�n�d� �e�l�u�t�e�d� �w�i�t�h� �t�h�r�e�e� �5�0�0� �u�l� �a�l�i�q�u�o�t�s� �o�f� �a� �s�t�r�o�n�g� �c�o�u�n�t�e�r�i�o�n�,� �0�.�5� �M� �c�i�t�r�a�t�e� �i�n� �1�%� 

�m�e�t�h�a�n�o�l�.� 

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

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

�L�C� �g�u�a�r�d� �c�o�l�u�m�n� �w�h�i�c�h� �w�a�s� �i�n�s�t�a�l�l�e�d� �o�n�t�o� �t�h�e� �H�P�L�C�.� �A� �5�0� �m�g�/�m�L� �s�o�l�u�t�i�o�n� �(�9�0�/�1�0�,� 

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

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

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

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

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

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

�w�a�t�e�r� �a�s� �a� �c�o�n�d�i�t�i�o�n�i�n�g� �s�o�l�v�e�n�t�.� 

�I�H�.� �M�E�T�H�O�D�S� �A�N�D� �M�A�T�E�R�I�A�L�S� �4�6



�d�.� �C�i�s�/�N�H�2� �S�e�r�i�a�l� �S�P�E� �o�f� �L�e�a�c�h�a�t�e� 

�I�t� �w�a�s� �r�e�s�o�l�v�e�d� �t�h�a�t� �5�0�0� �m�g� �o�f� �S�P�E� �s�o�r�b�e�n�t� �w�o�u�l�d� �b�e� �s�u�f�f�i�c�i�e�n�t� �f�o�r� �5�0�0� �m�L� �s�a�m�p�l�e�s� �o�f� �t�h�i�s� 

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

�t�h�e� �l�e�a�c�h�a�t�e� �w�a�s� �s�e�r�i�a�l�l�y� �e�x�t�r�a�c�t�e�d� �t�h�r�o�u�g�h� �C�,�,� �a�n�d� �N�H�,� �(�b�u�f�f�e�r�e�d� �a�s� �a�n� �a�n�i�o�n� �e�x�c�h�a�n�g�e� �c�o�l�-� 

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

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

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

�S�o�m�e� �s�a�m�p�l�e�s� �w�e�r�e� �s�p�i�k�e�d� �w�i�t�h� �1�0�0� �u�n�g� �A�T�Z�,� �2�2�5� �n�g� �B�Z�L� �a�n�d� �3�0�0� �p�g� �B�S�F�1�,� �w�h�i�l�e� �o�t�h�e�r�s� �w�e�r�e� 

�u�n�s�p�i�k�e�d�.� �O�n�e� �s�a�m�p�l�e� �h�a�d� �1�0�%� �(�5�0� �m�L�)� �m�e�t�h�a�n�o�l� �a�d�d�e�d� �w�h�i�l�e� �a�l�l� �f�i�v�e� �o�f� �t�h�e� �s�u�b�s�e�q�u�e�n�t� 

�s�a�m�p�l�e�s� �h�a�d� �o�n�l�y� �1�%� �(�5� �m�L�)� �m�e�t�h�a�n�o�l� �a�d�d�e�d�.� �T�o� �a�v�o�i�d� �p�o�s�s�i�b�l�e� �i�n�t�e�r�f�e�r�e�n�c�e�s� �f�r�o�m� �t�h�e� 

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

�S�a�m�p�l�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �b�y� �b�o�t�h� �L�C�/�D�A�D� �a�n�d� �L�C�/�M�S�.� 

�2�.� �S�P�E� �o�f� �a�n� �I�n�d�u�s�t�r�i�a�l� �W�a�s�t�e�w�a�t�e�r� 

�a�.� �S�P�E� �C�o�n�d�i�t�i�o�n�s�:� �T�o� �f�u�l�f�i�l�l� �o�n�e� �o�f� �t�h�e� �o�b�j�e�c�t�i�v�e�s� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h�,� �t�h�e� �t�e�c�h�n�i�q�u�e�s� �d�e�v�e�l�o�p�e�d� 

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

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

�g�r�e�a�t�e�r� �t�h�a�n� �t�h�a�t� �o�f� �t�h�e� �l�e�a�c�h�a�t�e�.� �T�h�e� �C�O�D� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �S�e�c�t�i�o�n� �5�0�8� �B�,� �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� �(�1�9�8�5�)�.� �S�a�m�p�l�e� �v�o�l�u�m�e�s� �o�f� �2�5� �m�L� �o�f� 

�i�n�d�u�s�t�r�i�a�l� �w�a�s�t�e�w�a�t�e�r� �w�e�r�e� �f�i�l�t�e�r�e�d� �a�n�d� �e�x�t�r�a�c�t�e�d� �i�n� �o�n�e� �s�t�e�p�.� �G�e�l�m�a�n� �N�y�l�o�n� �a�c�r�o�d�i�s�c� �0�.�4�5� 

�p�u�m� �f�i�l�t�e�r�s� �w�e�r�e� �a�t�t�a�c�h�e�d� �t�o� �a� �3�0� �m�L� �l�e�u�r� �l�o�c�k� �g�l�a�s�s� �s�y�r�i�n�g�e�.� �T�h�e� �a�c�r�o�d�i�s�c� �w�a�s� �f�i�t�t�e�d� �i�n�t�o� �a�n� 

�a�d�a�p�t�e�r� �w�h�i�c�h� �c�o�n�n�e�c�t�e�d� �t�o� �t�h�e� �2�.�8� �m�L� �B�o�n�d� �E�l�u�t� �S�P�E� �c�a�r�t�r�i�d�g�e�s�.� 

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

�c�o�l�u�m�n� �v�o�l�u�m�e�s� �o�f� �t�h�e� �p�H� �7� �p�h�o�s�p�h�a�t�e� �b�u�f�f�e�r� �s�o�l�u�t�i�o�n� �f�o�r� �t�h�e� �p�H� �7� �s�a�m�p�l�e�s� �a�n�d� �w�i�t�h� �a� �p�H� �1�0� 
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�N�a�O�8� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r� �s�o�l�u�t�i�o�n� �f�o�r� �t�h�e� �p�H� �1�0� �s�a�m�p�l�e�s�.� �S�a�m�p�l�e�s� �w�e�r�e� �d�r�a�w�n� �t�h�r�o�u�g�h� �b�y� �v�a�c�-� 

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

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

�f�o� �c�o�n�d�i�t�i�o�n� �t�h�e� �c�o�l�u�m�n�s� �a�n�d� �a�l�l�o�w�e�d� �t�o� �d�r�y� �f�o�r� �1�0� �m�i�n�u�t�e�s� �b�e�f�o�r�e� �e�l�u�t�i�o�n� �w�i�t�h� �m�e�t�h�a�n�o�l�.� 

�S�a�m�p�l�e�s� �w�e�r�e� �e�l�u�t�e�d� �w�i�t�h� �t�h�r�e�e� �5�0�0� �u�l� �f�r�a�c�t�i�o�n�s� �o�f� �m�e�t�h�a�n�o�l� �c�o�l�l�e�c�t�e�d� �i�n� �o�n�e� �v�i�a�l�,� �c�o�n�c�e�n�-� 

�t�r�a�t�e�d� �a�n�d� �r�e�f�r�i�g�e�r�a�t�e�d� �o�v�e�r�n�i�g�h�t� �p�r�i�o�r� �t�o� �a�n�a�l�y�s�i�s�.� �T�h�e� �p�H� �1�0� �s�a�m�p�l�e�s� �w�e�r�e� �e�l�u�t�e�d� �w�i�t�h� �0�.�1� 

�N� �N�a�O�H� �i�n� �m�e�t�h�a�n�o�l�.� �A�l�l� �s�a�m�p�l�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �b�y� �L�C�/�D�A�D�.� �O�n�l�y� �u�n�s�p�i�k�e�d� �s�a�m�p�l�e�s� �w�e�r�e� 

�a�n�a�l�y�z�e�d� �b�y� �T�h�e�r�m�o�s�p�r�a�y� �L�C�/�M�S� �a�n�d� �G�C�/�M�S�.� 

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

�f�o�r� �2�5� �m�L� �s�a�m�p�l�e�s�.� 

�b�.� �R�e�c�o�v�e�r�y� �E�x�p�e�r�i�m�e�n�t�s�:� �A�n� �a�t�t�e�m�p�t� �w�a�s� �m�a�d�e� �t�o� �q�u�a�n�t�i�f�y� �t�h�e� �r�e�c�o�v�e�r�y� �o�f� �t�w�o� �p�r�i�n�c�i�p�l�e� 

�c�o�m�p�o�n�e�n�t�s� �i�n� �t�h�e� �w�a�s�t�e�w�a�t�e�r�,� �D�i�p�h�e�n�y�l�a�m�i�n�e� �a�n�d� �2�,�4�-�D�N�T�.� �S�t�a�n�d�a�r�d�s� �o�f� �9�9�%� �p�u�r�i�t�y� �o�f� �t�h�e�s�e� 

�t�w�o� �c�o�m�p�o�u�n�d�s� �w�e�r�e� �w�e�i�g�h�e�d� �t�o�g�e�t�h�e�r� �i�n� �a� �1�0� �m�L� �v�o�l�u�m�e�t�r�i�c� �f�l�a�s�k� �a�n�d� �d�i�s�s�o�l�v�e�d� �i�n� �m�e�t�h�a�n�o�l� 

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

�t�w�o� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �b�y� �m�i�x�i�n�g� �5�0� �w�l� �a�n�d� �5�0�0� �u�l� �o�f� �t�h�e� �s�t�a�n�d�a�r�d� �s�o�l�u�t�i�o�n� �w�i�t�h� �w�a�t�e�r� �(�5�%� 

�m�e�t�h�a�n�o�l�)� �i�n� �5�0� �m�L� �v�o�l�u�m�e�t�r�i�c� �f�l�a�s�k�s�.� �H�o�w�e�v�e�r�,� �a� �p�r�e�c�i�p�i�t�a�t�e� �f�o�r�m�e�d�,� �p�o�s�s�i�b�l�y� �d�u�e� �t�o� �t�h�e� 

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

�C�R�C� �H�a�n�d�b�o�o�k� �o�f� �C�h�e�m�i�s�t�r�y� �a�n�d� �P�h�y�s�i�c�s�,� �(�1�9�7�9�)� �(�H�O�C�A�P�)� �l�i�s�t�s� �D�P�A� �a�s� �i�n�s�o�l�u�b�l�e� �i�n� �w�a�t�e�r�.� 

�V�e�r�s�c�h�u�e�r�e�n ��s� �H�a�n�d�b�o�o�k� �o�f� �E�n�v�i�r�o�n�m�e�n�t�a�l� �D�a�t�a� �o�n� �O�r�g�a�n�i�c� �C�h�e�m�i�c�a�l�s�,� �(�1�9�8�3�)�,� �g�i�v�e�s� �a�n� 

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

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

�D�P�A� �i�n� �t�h�e� �s�o�l�u�t�i�o�n�,� �2�5�0� �u�g� �(�S�o�l�u�t�i�o�n� �A�,� �e�s�t�i�m�a�t�e�d� �t�o� �b�e� �5� �m�g�/�L�)� �a�n�d� �1�0�5�0� �w�g� �(�S�o�l�u�t�i�o�n� �B�,� �e�s�-� 

�t�i�m�a�t�e�d� �t�o� �b�e� �2�1� �m�g�/�L�)� �o�f� �D�P�A� �w�e�r�e� �a�d�d�e�d� �t�o� �s�e�p�a�r�a�t�e� �5�0� �m�L� �v�o�l�u�m�e�t�r�i�c� �f�l�a�s�k�s� �w�i�t�h� �d�i�s�t�i�l�l�e�d� 

�w�a�t�e�r� �a�n�d� �1�%� �m�e�t�h�a�n�o�l�,� �a�n�d� �s�t�i�r�r�e�d� �o�v�e�r�n�i�g�h�t�.� 
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�T�h�r�e�e� �m�e�t�h�o�d�s� �w�e�r�e� �u�t�i�l�i�z�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �a�c�t�u�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �D�P�A� �i�n� �t�h�e�s�e� �s�o�l�u�t�i�o�n�s�.� 

�I�n� �m�e�t�h�o�d� �o�n�e� �L�C�/�D�A�D� �a�n�a�l�y�s�i�s� �w�a�s� �d�o�n�e� �t�o� �t�r�y� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �t�h�e�s�e� 

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

�M�e�t�h�o�d� �t�w�o� �u�t�i�l�i�z�e�d� �L�a�m�b�e�r�t�-�B�e�e�r ��s� �L�a�w�:� 

�A� �=� �C�e�l� 

�w�h�e�r�e�:� �A� �=� �U�V� �a�b�s�o�r�b�a�n�c�e� �a�t� �a� �s�p�e�c�i�f�i�c� �w�a�v�e�l�e�n�g�h�t�,� �C� �=� �c�o�n�c�e�n�t�r�a�t�i�o�n� �t�n� �m�o�l�e�s�/�L�,� 

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

�T�h�e� �C�R�C� �H�a�n�d�b�o�o�k� �o�f� �C�h�e�m�i�s�t�r�y� �a�n�d� �P�h�y�s�i�c�s� �(�1�9�7�9�)�,� �g�i�v�e�s� �a� �l�o�g�e� �v�a�l�u�e� �o�f� �4�.�2�9� �f�o�r� �D�P�A� �i�n� �a�i�-� 

�c�o�h�o�l� �a�t� �2�8�6� �n�m�.� �T�h�i�s� �e�q�u�a�l�s� �a�n� �«� �v�a�l�u�e� �o�f� �1�9�4�9�8� �L�/�m�o�l�e�-�c�m�.� 

�T�o� �c�h�e�c�k� �t�h�e� �H�O�C�A�P� �«� �v�a�l�u�e�,� �t�h�r�e�e� �k�n�o�w�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �D�P�A� �i�n� �m�e�t�h�a�n�o�l� �(�5�2�.�5�,� �2�1�0� �a�n�d� 

�4�2�0� �w�g�/�m�L�)� �w�e�r�e� �a�n�a�l�y�z�e�d� �w�i�t�h� �a� �B�e�c�k�m�a�n� �I�n�s�t�r�u�m�e�n�t�s� �M�o�d�e�l� �D�U�-�6� �S�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r� �a�t� �2�8�6� 

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

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

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

�U�V� �a�b�s�o�r�b�a�n�c�e� �o�f� �S�o�l�u�t�i�o�n�s� �A� �a�n�d� �B� �w�e�r�e� �m�e�a�s�u�r�e�d� �d�i�r�e�c�t�l�y� �w�i�t�h� �t�h�e� �D�U�-�6� �S�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r� 

�a�t� �2�8�6� �n�m� �z�e�r�o�e�d� �a�g�a�i�n�s�t� �a� �1�%� �m�e�t�h�a�n�o�l� �M�i�l�l�i�-�Q� �w�a�t�e�r� �s�o�l�u�t�i�o�n�.� �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �t�h�e�s�e� 

�s�a�m�p�l�e�s� �w�e�r�e� �t�h�e�n� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �L�a�m�b�e�r�t�-�B�e�e�r ��s� �L�a�w�.� �E�a�c�h� �f�i�f�t�y� �m�i�l�l�i�l�i�t�e�r�s� �o�f� �S�o�l�u�t�i�o�n� �A� 

�o�r� �S�o�l�u�t�i�o�n� �B� �w�e�r�e� �a�p�p�l�i�e�d� �t�o� �C�,�,� �c�o�l�u�m�n�s� �a�n�d� �t�h�e�n� �e�x�t�r�a�c�t�e�d� �w�i�t�h� �m�e�t�h�a�n�o�l�.� �T�o�t�a�l� �D�P�A� �m�a�s�s� 

�r�e�c�o�v�e�r�e�d� �f�r�o�m� �t�h�e� �e�x�t�r�a�c�t�e�d� �s�a�m�p�l�e�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �D�P�A� �s�t�a�n�d�a�r�d� �c�u�r�v�e�s� �a�t� �2�3�0� �n�m� 

�a�n�d� �2�8�6� �n�m� �u�s�i�n�g� �p�e�a�k� �a�r�e�a�s� �i�n�t�e�g�r�a�t�e�d� �b�y� �t�h�e� �L�C�/�D�A�D�.� �L�a�m�b�e�r�t�-�B�e�e�r ��s� �L�a�w�,� �u�s�i�n�g� �t�h�e� 

�L�C�/�D�A�D� �«� �v�a�l�u�e�s� �(�e�x�p�l�a�i�n�e�d� �b�e�l�o�w�)� �a�t� �2�3�0� �a�n�d� �2�8�6� �n�m� �f�o�r� �t�h�e� �a�b�s�o�r�b�a�n�c�e�s� �o�b�s�e�r�v�e�d�,� �w�a�s� �a�l�s�o� 

�u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �D�P�A� �m�a�s�s� �r�e�c�o�v�e�r�e�d�;� �p�e�a�k� �h�e�i�g�h�t�s� �w�e�r�e� �u�s�e�d� �a�s� �a� �m�e�a�s�u�r�e� �o�f� 

�a�b�s�o�r�b�a�n�c�e�.� 

�S�i�n�c�e� �t�h�e� �L�C�/�D�A�D� �w�a�s� �u�s�e�d� �t�o� �s�e�p�a�r�a�t�e� �D�P�A� �a�n�d� �D�N�T�,� �i�t� �w�a�s� �d�e�s�i�r�a�b�l�e� �t�o� �o�b�t�a�i�n� �«� �v�a�l�u�e�s� �f�o�r� 

�D�P�A� �a�n�d� �D�N�T� �u�n�d�e�r� �t�h�e� �s�p�e�c�i�f�i�c� �c�o�n�d�i�t�i�o�n�s� �u�s�e�d� �d�u�r�i�n�g� �L�C�/�D�A�D� �a�n�a�l�y�s�i�s�.� �A�b�s�o�r�b�a�n�c�e�s� �o�b�-� 

�i�t�l�,� �M�E�T�H�O�D�S� �A�N�D� �M�A�T�E�R�I�A�L�S� �4�9



�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �a�n�a�l�y�s�e�s� �o�f� �t�h�r�e�e� �s�o�l�u�t�i�o�n�s� �o�f� �D�P�A� �i�n� �m�e�t�h�a�n�o�l� �(�5�2�.�5�,� �2�1�0� �a�n�d� �4�2�0� �m�g�/�L�)� �w�e�r�e� 

�u�s�e�d� �i�n� �L�a�m�b�e�r�t�-�B�e�e�r ��s� �L�a�w� �t�o� �c�a�l�c�u�l�a�t�e� �«� �v�a�l�u�e�s� �a�t� �2�3�0� �a�n�d� �2�8�6� �n�m�.� �(�T�h�e� �c�e�l�l� �p�a�t�h� �l�e�n�g�t�h� 

�f�o�r� �t�h�e� �d�i�o�d�e� �a�r�r�a�y� �d�e�t�e�c�t�o�r� �w�a�s� �0�.�6� �c�m�.�)� �V�a�l�u�e�s� �f�o�r� �t�h�e�s�e� �t�h�r�e�e� �i�n�d�i�v�i�d�u�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� 

�w�e�r�e� �a�v�e�r�a�g�e�d�.� �T�h�i�s� �a�v�e�r�a�g�e�d� �v�a�l�u�e� �{�o�n�e� �a�t� �2�3�0� �n�m� �a�n�d� �o�n�e� �a�t� �2�8�6� �n�m�)� �w�a�s� �d�e�s�i�g�n�a�t�e�d� 

 ��L�C�/�D�A�D� �« �� �A�n� �L�C�/�D�A�D� �«� �v�a�l�u�e� �w�a�s� �a�l�s�o� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �D�N�T� �a�t� �2�3�0� �n�m� �b�a�s�e�d� �o�n� �r�e�p�l�i�c�a�t�e� 

�r�u�n�s� �o�f� �s�t�a�n�d�a�r�d� �s�o�l�u�t�i�o�n�s� �a�t� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �m�e�t�h�a�n�o�l� �(�2�1�0�,� �4�2�0� �a�n�d� �6�3�0� 

�m�g�/�L�)�.� 

�T�o� �t�e�s�t� �t�h�e� �S�P�E� �r�e�c�o�v�e�r�i�e�s� �o�f� �a� �m�i�x�t�u�r�e� �o�f� �D�P�A� �a�n�d� �D�N�T�,� �1�0�0� �u�L� �o�f� �t�h�e� �s�t�a�n�d�a�r�d� �m�i�x�t�u�r�e� �c�o�n�-� 

�t�a�i�n�i�n�g� �5� �m�g�/�m�L� �D�P�A� �a�n�d� �1�0� �m�g�/�m�L� �D�N�T� �w�a�s� �d�i�l�u�t�e�d� �t�o� �1�0�0� �m�L� �o�f� �w�a�t�e�r� �(�1�%� �m�e�t�h�a�n�o�l�)� �a�n�d� 

�s�t�i�r�r�e�d� �o�v�e�r�n�i�g�h�t�.� �T�h�i�s� �s�o�l�u�t�i�o�n� �w�a�s� �a�n�a�l�y�z�e�d� �b�y� �L�C�/�D�A�D� �a�t� �2�3�0� �a�n�d� �2�8�6� �n�m� �p�r�i�o�r� �t�o� �e�x�t�r�a�c�t�i�o�n�.� 

�I�t� �w�a�s� �t�h�e�n� �d�i�v�i�d�e�d� �i�n�t�o� �t�w�o� �5�0� �m�L� �p�o�r�t�i�o�n�s� �e�a�c�h� �o�f� �w�h�i�c�h� �w�a�s� �e�x�t�r�a�c�t�e�d� �w�i�t�h� �o�n�e� �C�i�,� �S�P�E� 

�c�a�r�t�r�i�d�g�e� �a�s� �b�e�f�o�r�e�.� 

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

�5�0� �m�L� �s�a�m�p�l�e�s� �o�f� �w�a�s�t�e�w�a�t�e�r� �w�e�r�e� �e�x�t�r�a�c�t�e�d� �b�y� �C�,�,� �S�P�E� �a�s� �b�e�f�o�r�e�:� �o�n�e� �s�a�m�p�l�e� �w�a�s� �u�n�-� 

�s�p�i�k�e�d�,� �o�n�e� �h�a�d� �5�2�.�5� �n�g� �D�P�A� �a�d�d�e�d�,� �a�n�d� �1�0�5� �u�g� �D�P�A� �w�e�r�e� �a�d�d�e�d� �t�o� �t�h�e� �o�t�h�e�r�.� �E�x�t�r�a�c�t�s� �w�e�r�e� 

�a�n�a�l�y�z�e�d� �b�y� �L�C�/�D�A�D�.� �S�i�n�c�e� �t�h�e� �D�N�T� �l�e�v�e�l�s� �w�e�r�e� �o�f�f� �s�c�a�l�e� �o�n� �t�h�e� �s�t�a�n�d�a�r�d� �c�u�r�v�e�,� �1�:�1�0� �d�i�l�u�t�i�o�n�s� 

�o�f� �t�h�e� �f�i�n�a�l� �e�x�t�r�a�c�t�e�d� �s�a�m�p�l�e�s� �w�e�r�e� �m�a�d�e� �b�y� �m�i�x�i�n�g� �1�0�0� �u�l� �o�f� �e�a�c�h� �s�a�m�p�l�e� �w�i�t�h� �9�0�0� �u�L� 

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

�E�.� �I�N�S�T�R�U�M�E�N�T�A�L� �A�N�A�L�Y�S�I�S� 

�1�.� �L�C�/�D�A�D� 

�A�l�l� �l�i�q�u�i�d� �c�h�r�o�m�a�t�o�g�r�a�p�h�i�c� �(�L�C�)� �a�n�a�l�y�s�e�s� �c�o�n�d�u�c�t�e�d� �a�t� �V�i�r�g�i�n�i�a� �T�e�c�h� �w�e�r�e� �o�n� �a� �H�e�w�l�e�t�t�-� 

�P�a�c�k�a�r�d� �M�o�d�e�l� �1�0�9�0�M� �f�i�t�t�e�d� �w�i�t�h� �a� �d�i�o�d�e� �a�r�r�a�y� �d�e�t�e�c�t�o�r� �(�D�A�D�)�.� �A�b�s�o�r�b�a�n�c�e� �w�a�s� �m�o�n�i�t�o�r�e�d� 

�l�i�l�.� �M�E�T�H�O�D�S� �A�N�D� �M�A�T�E�R�I�A�L�S� �5�0



�a�t� �2�3�0�,� �2�5�4� �a�n�d� �2�8�0� �n�m� �w�i�t�h� �b�a�n�d�w�i�d�t�h�s� �o�f� �1�0�,� �1�0� �a�n�d� �3�5� �n�m� �r�e�s�p�e�c�t�i�v�e�l�y� �u�n�l�e�s�s� �n�o�t�e�d� �o�t�h�e�r�-� 

�w�i�s�e�.� �A�n� �A�l�l�t�e�c�h� �E�c�o�n�o�s�p�h�e�r�e� �C�y�,� �5� �w�m� �2�5�0� �m�m� �x� �4�.�6� �m�m� �i�.�d�.� �c�o�l�u�m�n� �w�a�s� �u�s�e�d� �f�o�r� �a�l�l� �a�n�a�-� 

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

�c�h�a�n�g�e�d� �a�b�o�u�t� �o�n�c�e� �a� �m�o�n�t�h�.� �C�o�l�u�m�n� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �m�a�i�n�t�a�i�n�e�d� �a�t� �4�0�°� �C� �d�u�r�i�n�g� �a�l�l� �a�n�a�-� 

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

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

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

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

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

�i�n�j�e�c�t�e�d� �f�o�r� �a� �2�5� �m�i�n�u�t�e�  ��s�t�a�r�t �� �r�u�n� �a�t� �a� �m�e�t�h�a�n�o�l�/�w�a�t�e�r� �g�r�a�d�i�e�n�t� �t�h�a�t� �w�e�n�t� �f�r�o�m� �1�%� �t�o� �1�0�0�%� 

�m�e�t�h�a�n�o�l� �i�n� �7� �m�i�n�u�t�e�s�,� �w�a�s� �i�s�o�c�r�a�t�i�c� �f�o�r� �5� �m�i�n�u�t�e�s� �a�n�d� �t�h�e�n� �r�e�t�u�r�n�e�d� �t�o� �1�%� �m�e�t�h�a�n�o�l� �i�n� �1�0� 

�m�i�n�u�t�e�s� �w�h�e�r�e� �i�t� �r�e�m�a�i�n�e�d� �f�o�r� �3� �m�i�n�u�t�e�s�.� �T�h�i�s� �s�e�r�v�e�d� �t�o� �b�o�t�h� �f�l�u�s�h� �t�h�e� �c�o�l�u�m�n� �a�n�d� �e�q�u�i�l�i�b�r�a�t�e� 

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

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

�4�0� �m�i�n�u�t�e� �r�u�n� �t�i�m�e� �a�s� �t�h�e� �g�r�a�d�i�e�n�t� �w�e�n�t� �f�r�o�m� �1� �t�o� �6�0�%� �m�e�t�h�a�n�o�l� �i�n� �1�4� �m�i�n�u�t�e�s�,� �6�0� �t�o� �6�8�%� �i�n� 

�8� �m�i�n�u�t�e�s�,� �a�n�d� �6�8� �t�o� �1�0�0�%� �i�n� �1�8� �m�i�n�u�t�e�s� �b�e�f�o�r�e� �r�e�t�u�r�n�i�n�g� �t�o� �1�%� �m�e�t�h�a�n�o�l� �i�n� �1�0� �m�i�n�u�t�e�s�.� �T�o� 

�b�e� �r�e�a�d�y� �f�o�r� �t�h�e� �n�e�x�t� �i�n�j�e�c�t�i�o�n�,� �a� �5� �m�i�n�u�t�e� �e�q�u�i�l�i�b�r�a�t�i�o�n� �p�e�r�i�o�d� �p�r�e�c�e�d�e�d� �e�a�c�h� �r�u�n�.� �F�l�o�w� �r�a�t�e� 

�w�a�s� �1�.�2� �m�L�/�m�i�n�.� �P�e�a�k�s� �w�e�r�e� �i�n�t�e�g�r�a�t�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �f�o�l�l�o�w�i�n�g� �i�n�t�e�g�r�a�t�i�o�n� �e�v�e�n�t�s�:� 

�P�e�a�k� �W�i�d�t�h� �0�.�1�0�0� 

�T�h�r�e�s�h�o�l�d� �1� 

�A�r�e�a� �R�e�j�e�c�t� �1� 

�S�h�o�u�l�d�e�r�s� �O�N� 

�M�o�s�t� �s�a�m�p�l�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �t�w�i�c�e� �a�n�d� �a�v�e�r�a�g�e� �a�r�e�a�s� �c�a�l�c�u�l�a�t�e�d�.� �S�e�v�e�r�a�l� �s�a�m�p�l�e�s� �w�e�r�e� 

�r�e�r�u�n� �u�s�i�n�g� �a� �0�.�1� �M� �A�m�m�o�n�i�u�m� �A�c�e�t�a�t�e� �s�o�l�u�t�i�o�n� �i�n�s�t�e�a�d� �o�f� �w�a�t�e�r� �a�s� �t�h�e� �a�q�u�e�o�u�s� �m�o�b�i�l�e� 

�p�h�a�s�e� �t�o� �t�e�s�t� �f�o�r� �i�n�t�e�r�f�e�r�e�n�c�e�s� �w�i�t�h� �t�h�e� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �b�e�f�o�r�e� �T�h�e�r�m�o�s�p�r�a�y� �L�C�/�M�S� �w�a�s� 

�p�e�r�f�o�r�m�e�d�.� 

�l�i�l�.� �M�E�T�H�O�D�S� �A�N�D� �M�A�T�E�R�I�A�L�S� �5�1



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

�l�a�t�e� �p�e�a�k�s� �o�r� �g�r�o�u�p�s� �o�f� �p�e�a�k�s� �f�o�r� �L�C�/�M�S� �a�n�a�l�y�s�i�s�.� �F�r�a�c�t�i�o�n� �#�1� �w�a�s� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �1�.�8� �t�o� �3�.�5� 

�m�i�n�u�t�e�s�,� �#�2� �f�r�o�m� �6�.�9� �t�o� �7�.�9� �m�i�n�,� �#�3� �f�r�o�m� �1�4�.�0� �t�o� �1�8�.�5� �m�i�n�,� �#�4� �f�r�o�m� �1�8�.�5� �t�o� �1�9� �m�i�n�,� �#�5� �f�r�o�m� �1�9� 

�t�o� �2�3� �m�i�n�,� �a�n�d� �#�6� �f�r�o�m� �2�9�.�5� �t�o� �3�1� �a�n�d� �3�2� �t�o� �3�4� �m�i�n�u�t�e�s�.� �E�a�c�h� �f�r�a�c�t�i�o�n� �w�a�s� �a�n�a�l�y�z�e�d� �o�n� �t�h�e� 

�W�a�t�e�r�s� �L�C� �s�y�s�t�e�m� �a�t� �N�I�E�H�S� �a�t� �1� �m�L�/�m�i�n� �u�n�d�e�r� �i�s�o�c�r�a�t�i�c� �c�o�n�d�i�t�i�o�n�s� �m�o�s�t� �c�l�o�s�e�l�y� �r�e�s�e�m�b�l�i�n�g� 

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

�u�n�d�e�r� �N�,� �t�o� �2�0�0� �-� �3�0�0� �w�L� �a�n�d� �a�n�a�l�y�z�e�d� �o�n� �t�h�e� �H�P�1�0�9�0� �L�C� �s�y�s�t�e�m� �a�t� �1� �m�L�/�m�i�n� �w�i�t�h� �a� 

�m�e�t�h�a�n�o�l�/�w�a�t�e�r� �g�r�a�d�i�e�n�t� �t�h�a�t� �w�e�n�t� �f�r�o�m� �6�0� �t�o� �7�0�%� �m�e�t�h�a�n�o�l� �i�n� �2�0� �m�i�n�u�t�e�s� �a�n�d� �7�0� �t�o� �1�0�0�%� �i�n� 

�1�0� �m�i�n�u�t�e�s� �b�e�f�o�r�e� �r�e�t�u�r�n�i�n�g� �t�o� �6�0�%� �m�e�t�h�a�n�o�l� �i�n� �5� �m�i�n�u�t�e�s�.� 

�2�.� �T�h�e�r�m�o�s�p�r�a�y� �L�C�/�M�S� 

�A�l�l� �o�n�-�l�i�n�e� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�r�i�c� �a�n�a�l�y�s�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �a�t� �t�h�e� �L�C�/�M�S� �l�a�b� �a�t� �t�h�e� �N�a�t�i�o�n�a�l� �I�n�-� 

�s�t�i�t�u�t�e� �f�o�r� �E�n�v�i�r�o�n�m�e�n�t�a�l� �H�e�a�l�t�h� �a�n�d� �S�c�i�e�n�c�e�s�,� �R�e�s�e�a�r�c�h� �T�r�i�a�n�g�l�e� �P�a�r�k�,� �N�C�.� �T�h�e� �s�a�m�e� �L�C� 

�c�o�l�u�m�n� �a�n�d� �g�u�a�r�d� �c�o�l�u�m�n� �a�s� �u�s�e�d� �a�t� �V�i�r�g�i�n�i�a� �T�e�c�h� �w�e�r�e� �u�s�e�d� �o�n� �a� �G�i�l�s�o�n� �L�C� �w�i�t�h� �a� �R�h�e�o�d�y�n�e� 

�6�-�p�o�r�t� �i�n�j�e�c�t�o�r� �a�n�d� �a� �W�a�t�e�r�s� �U�V� �d�e�t�e�c�t�o�r� �a�t� �2�5�4� �n�m�.� �T�h�e� �c�o�l�u�m�n� �w�a�s� �n�o�t� �h�e�a�t�e�d�.� �T�h�e� �i�n�t�e�r�f�a�c�e� 

�w�a�s� �a� �V�e�s�t�e�c� �7�0�1�8�S� �T�h�e�r�m�o�s�p�r�a�y� �(�T�S�P�)� �d�e�v�i�c�e�.� �T�h�e� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�e�r� �w�a�s� �a� �q�u�a�d�r�u�p�o�l�e� �V�G� 

�A�n�a�l�y�t�i�c�a�l� �V�G� �1�2�-�2�5�0� �o�p�e�r�a�t�e�d� �i�n� �b�o�t�h� �p�o�s�i�t�i�v�e� �a�n�d� �n�e�g�a�t�i�v�e� �c�h�e�m�i�c�a�l� �i�o�n�i�z�a�t�i�o�n� �m�o�d�e�s�.� �M�o�-� 

�b�i�l�e� �p�h�a�s�e� �w�a�s� �m�e�t�h�a�n�o�l� �a�n�d� �e�i�t�h�e�r� �w�a�t�e�r� �o�r� �0�.�1� �M� �A�m�m�o�n�i�u�m� �A�c�e�t�a�t�e�.� �A�l�l� �s�o�l�v�e�n�t�s� �w�e�r�e� 

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

�a�n�a�l�y�z�e�d� �b�y� �T�S�P� �L�C�/�M�S�.� �T�h�e� �f�l�o�w� �r�a�t�e� �w�a�s� �1� �m�L�/�m�i�n�.� �T�h�e� �m�o�b�i�l�e� �p�h�a�s�e� �c�o�n�d�i�t�i�o�n�s� �w�e�r�e� 

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

�1�0�%� �m�e�t�h�a�n�o�l� �w�a�s� �f�o�l�l�o�w�e�d� �b�y� �a� �3�0� �m�i�n�u�t�e� �g�r�a�d�i�e�n�t� �i�n�c�r�e�a�s�e� �t�o� �1�0�0�%� �m�e�t�h�a�n�o�l�.� �T�h�i�s� �l�e�v�e�l� 

�w�a�s� �m�a�i�n�t�a�i�n�e�d� �f�o�r� �5� �m�i�n�u�t�e�s�.� 

�l�l�.� �M�E�T�H�O�D�S� �A�N�D� �M�A�T�E�R�I�A�L�S� �5�2



�3�.� �O�T�L�C�-�M�S� 

�T�h�e� �o�p�e�n�-�t�u�b�u�l�a�r� �L�C�/�M�S� �s�y�s�t�e�m� �u�s�e�d� �w�a�s� �d�e�v�e�l�o�p�e�d� �b�y� �d�e�W�i�t� �e�t� �a�/�.� �(�1�9�8�7�)�.� �I�t� �a�l�l�o�w�s� �d�i�r�e�c�t� 

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

�a� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�e�r�.� �A� �1�0� �u�m� �i�.�d�.� �f�u�s�e�d� �s�i�l�i�c�a� �c�a�p�i�l�l�a�r�y� �o�p�e�n� �t�u�b�u�l�a�r� �c�o�l�u�m�n� �t�a�p�e�r�e�d� �t�o� �1� 

�u�M� �w�a�s� �i�n�s�e�r�t�e�d� �i�n�t�o� �a�n� �M�S� �p�r�o�b�e� �o�f� �a� �F�i�n�n�i�g�a�n� �3�3�0�0� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�e�r�.� �T�h�e� �s�y�s�t�e�m� �w�a�s� 

�o�p�e�r�a�t�e�d� �a�s� �f�o�l�l�o�w�s�:� �t�h�e� �m�o�b�i�l�e� �p�h�a�s�e� �f�l�o�w� �(�6�0� �n�L�/�m�i�n� �m�e�t�h�a�n�o�l�)� �w�a�s� �s�t�o�p�p�e�d� �w�h�i�l�e� �2�0�0� �u�L� 

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

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

�s�a�m�p�l�e� �i�n�j�e�c�t�e�d� �o�n�t�o� �t�h�e� �c�o�l�u�m�n� �c�a�n� �b�e� �r�e�c�o�v�e�r�e�d�.� �(�S�e�e� �s�c�h�e�m�a�t�i�c�)� �P�o�s�i�t�i�v�e� �a�n�d� �n�e�g�a�t�i�v�e� 

�C�l� �m�o�d�e�s� �w�e�r�e� �u�s�e�d� �w�i�t�h� �m�e�t�h�a�n�e� �a�s� �t�h�e� �i�o�n�i�z�a�t�i�o�n� �s�o�u�r�c�e�.� �T�h�e� �s�o�u�r�c�e� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �1�5�0�°� 

�C�;� �t�h�e� �t�i�p� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �o�p�e�r�a�t�e�d� �u�p� �t�o� �3�0�0�°� �C�.� �F�i�v�e� �i�n�d�i�v�i�d�u�a�l� �s�t�a�n�d�a�r�d�s� �w�e�r�e� �r�u�n� �o�n� �t�h�i�s� 

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

�t�e�m�p�t�e�d� �w�i�t�h� �a�n� �O�V�-�1�7� �f�u�s�e�d� �s�i�l�i�c�a� �c�a�p�i�l�l�a�r�y� �c�o�l�u�m�n� �o�n� �t�h�i�s� �s�y�s�t�e�m�.� 

�4�.� �O�f�f�-�l�i�n�e� �M�S� 

�L�C� �e�l�u�e�n�t� �f�r�a�c�t�i�o�n�s� �w�e�r�e� �m�a�n�u�a�l�l�y� �c�o�l�l�e�c�t�e�d� �f�o�r� �o�f�f�-�l�i�n�e� �E�l�]� �M�S� �a�n�a�l�y�s�i�s�.� �F�r�a�c�t�i�o�n�s� �f�r�o�m� �a� 

�m�i�x�t�u�r�e� �o�f� �f�o�u�r� �s�t�a�n�d�a�r�d�s� �(�3�0�9� �m�g�/�L� �B�S�F�1�,� �9�5�3�0� �m�g�/�L� �B�Z�L�,� �1�0�,�0�0�0� �m�g�/�L� �B�Z�D� �a�n�d� �7�5�3�0� �m�g�/�L� 

�D�B�P�)� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �e�v�e�r�y� �m�i�n�u�t�e� �i�n� �2� �m�L� �v�i�a�l�s� �w�i�t�h� �p�l�a�s�t�i�c� �c�a�p�s�.� �U�V� �a�b�s�o�r�b�a�n�c�e� �o�f� �e�a�c�h� 

�f�r�a�c�t�i�o�n� �w�a�s� �m�e�a�s�u�r�e�d� �a�t� �2�3�0� �n�m� �o�n� �t�h�e� �D�U�-�6� �U�V� �S�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r�.� �S�p�e�c�t�r�a� �w�e�r�e� �o�b�t�a�i�n�e�d� 

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

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

�d�e�t�e�c�t�o�r� �t�o� �t�h�e� �c�o�l�l�e�c�t�i�o�n� �e�x�i�t� �p�o�r�t�.� 

�T�h�e� �f�r�a�c�t�i�o�n�s� �t�h�a�t� �h�a�d� �U�V� �a�b�s�o�r�b�a�n�c�e� �w�e�r�e� �d�r�i�e�d� �u�n�d�e�r� �N�,� �a�n�d� �r�e�c�o�n�s�t�i�t�u�t�e�d� �i�n� �m�e�t�h�a�n�o�l� �b�e�-� 

�f�o�r�e� �E�l� �M�S� �a�n�a�l�y�s�i�s�.� �A�n�a�l�y�s�i�s� �w�a�s� �d�o�n�e� �o�n� �a� �V�G� �-� �7�0�7�0�E� �-� �H�F� �v�i�a� �d�i�r�e�c�t� �p�r�o�b�e� �i�n�l�e�t�,� �h�e�a�t�e�d� �i�f� 

�l�l�l�.� �M�E�T�H�O�D�S� �A�N�D� �M�A�T�E�R�I�A�L�S� �5�3



�n�e�c�e�s�s�a�r�y� �f�r�o�m� �3�0� �-� �3�0�0�°� �C�.� �T�h�e� �e�l�e�c�t�r�o�n� �e�n�e�r�g�y� �w�a�s� �7�0� �e�V�;� �t�h�e� �a�c�c�e�l�e�r�a�t�i�n�g� �v�o�l�t�a�g�e� �w�a�s� �4� 

�k�V�;� �a�n�d� �t�h�e� �s�o�u�r�c�e� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �2�0�0�°� �C�.� 

�W�i�t�h� �a�n� �e�s�t�i�m�a�t�e� �o�f� �t�h�e� �e�l�u�a�n�t� �r�e�t�e�n�t�i�o�n� �t�i�m�e� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �t�h�e� �a�n�a�l�y�t�i�c�a�l� �s�t�a�n�d�a�r�d�s� �(�a�b�o�v�e�)�,� 

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

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

�p�o�s�s�i�b�l�e� �f�o�r� �E�I�-�M�S�.� 

�5�.� �G�C�/�M�S� 

�A� �H�e�w�l�e�t�t� �P�a�c�k�a�r�d� �H�P�-�5�8�9�0� �S�e�r�i�e�s� �I�l� �G�a�s� �C�h�r�o�m�a�t�o�g�r�a�p�h� �w�i�t�h� �5�8�7�0� �M�a�s�s� �S�e�l�e�c�t�i�v�e� �D�e�t�e�c�t�o�r� 

�w�a�s� �u�s�e�d� �f�o�r� �a�l�l� �G�C�/�M�S� �a�n�a�l�y�s�i�s�.� �T�h�e� �c�o�l�u�m�n� �w�a�s� �a� �D�B�5� �f�u�s�e�d� �c�a�p�i�l�l�a�r�y� �c�o�l�u�m�n� �3�0� �m�e�t�e�r�s� 

�l�o�n�g� �o�f� �1�.�0� �u�m� �f�i�l�m� �t�h�i�c�k�n�e�s�s� �(�J� �&� �W� �S�c�i�e�n�t�i�f�i�c�,� �F�o�l�s�o�m�,� �C�A�)�.� �T�h�e� �c�o�l�u�m�n� �o�v�e�n� �t�e�m�p�e�r�a�t�u�r�e� 

�w�a�s� �p�r�o�g�r�a�m�m�e�d� �t�o� �r�i�s�e� �f�r�o�m� �5�5� �t�o� �3�2�0�°� �C� �i�n� �2�0� �m�i�n�u�t�e�s�.� �T�h�e� �t�r�a�n�s�f�e�r� �l�i�n�e� �w�a�s� �s�e�t� �a�t� �2�8�0�°� 

�C�,� �i�n�j�e�c�t�o�r� �a�t� �2�5�0�°� �C�,� �a�n�d� �t�h�e� �d�e�t�e�c�t�o�r� �a�t� �1�3�0�°� �C�.� �D�a�t�a� �w�e�r�e� �a�n�a�l�y�z�e�d� �o�n� �t�h�e� �H�P� �9�0�0�0� �d�a�t�a� 

�s�y�s�t�e�m�.� 
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�I�V�.� �R�E�S�U�L�T�S� �a�n�d� �D�I�S�C�U�S�S�I�O�N� 

�A�.� �O�v�e�r�v�i�e�w� 

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

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

�c�o�l�l�e�c�t�e�d� �f�r�o�m� �S�P�E� �t�h�a�n� �o�t�h�e�r� �e�x�t�r�a�c�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �b�e�c�a�u�s�e� �t�h�a�t� �p�r�o�c�e�d�u�r�e� �d�e�v�e�l�o�p�e�d� �i�n�t�o� 

�t�h�e� �m�e�t�h�o�d� �t�h�a�t� �w�a�r�r�a�n�t�e�d� �t�h�e� �m�o�s�t� �a�t�t�e�n�t�i�o�n�.� 

�L�i�k�e�w�i�s�e�,� �t�h�e� �L�C�/�D�A�D� �c�o�n�d�i�t�i�o�n�s� �c�i�t�e�d� �w�e�r�e� �t�h�e� �p�r�o�d�u�c�t� �o�f� �n�u�m�e�r�o�u�s� �t�r�i�a�l�s� �w�h�e�r�e� �c�o�l�u�m�n� 

�t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �t�h�e� �o�n�l�y� �v�a�r�i�a�b�l�e� �k�e�p�t� �c�o�n�s�t�a�n�t�.� �S�t�a�n�d�a�r�d�s� �o�f� �B�Z�L�,� �B�S�F�1�,� �B�S�F�2�,� �B�H�T�,� �B�Z�D�,� 

�D�B�P� �a�n�d� �D�O�P� �w�e�r�e� �u�s�e�d� �t�o� �i�d�e�n�t�i�f�y� �L�C� �c�o�n�d�i�t�i�o�n�s� �s�u�i�t�a�b�l�e� �f�o�r� �s�e�p�a�r�a�t�i�o�n� �o�f� �c�o�m�p�o�u�n�d�s� �l�i�k�e�l�y� 

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

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

�m�e�t�h�a�n�o�l� �i�n� �3�0� �m�i�n�u�t�e�s�.� �S�i�n�c�e� �u�n�k�n�o�w�n�s� �w�e�r�e� �b�e�i�n�g� �a�n�a�l�y�z�e�d�,� �t�h�i�s� �o�f�f�e�r�e�d� �a� �s�y�s�t�e�m� �t�o� �s�e�p�-� 

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

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

�g�o�o�d� �s�e�p�a�r�a�t�i�o�n� �a�t� �a� �m�e�t�h�a�n�o�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �6�0� �-� �6�8�%�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �g�r�a�d�i�e�n�t� �r�a�t�e� �o�f� �i�n�-� 

�I�V�.� �R�E�S�U�L�T�S� �a�n�d� �D�I�S�C�U�S�S�I�O�N� �5�5



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

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

�A�l�l� �L�C�/�M�S� �w�o�r�k� �w�a�s� �p�e�r�f�o�r�m�e�d� �i�n� �R�e�s�e�a�r�c�h� �T�r�i�a�n�g�l�e� �P�a�r�k�,� �N�C� �b�y� �N�a�t�i�o�n�a�l� �I�n�s�t�i�t�u�t�e� �o�f� �E�n�v�i�-� 

�r�o�n�m�e�n�t�a�l� �H�e�a�l�t�h� �a�n�d� �S�c�i�e�n�c�e�s� �(�N�I�E�H�S�)� �s�t�a�f�f� �e�x�p�e�r�t� �i�n� �T�h�e�r�m�o�s�p�r�a�y� �a�n�d� �O�p�e�n� �T�u�b�u�l�a�r� �L�C�/�M�S�.� 

�T�h�e� �L�C� �e�l�u�t�i�o�n� �c�o�n�d�i�t�i�o�n�s� �u�s�e�d� �o�n� �t�h�e� �L�C�/�M�S� �s�y�s�t�e�m� �w�e�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �u�s�e�d� �o�n� �t�h�e� �H�P� 

�1�0�9�0� �s�y�s�t�e�m�.� �T�h�e� �a�u�t�h�o�r� �r�e�l�i�e�d� �o�n� �t�h�e� �e�x�p�e�r�t�i�s�e� �o�f� �N�I�E�H�S� �f�o�r� �a�c�q�u�i�s�i�t�i�o�n� �o�f� �a�l�l� �o�f� �t�h�e� 

�T�h�e�r�m�o�s�p�r�a�y� �a�n�d� �O�T�L�C�/�M�S� �d�a�t�a�.� �D�a�t�a� �w�e�r�e� �i�n�t�e�r�p�r�e�t�e�d� �a�t� �V�P�I� �&� �S�U�.� �U�s�e� �o�f� �t�h�e� �O�T�L�C�/�M�S� 

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

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

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

�B�.� �L�i�q�u�i�d�-�L�i�q�u�i�d� �E�x�t�r�a�c�t�i�o�n� 

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

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

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

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

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

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

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

�q�u�i�r�e�d� �o�f� �e�t�h�y�l� �a�c�e�t�a�t�e�.� 

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

�L�C�/�D�A�D�.� �A�l�l� �t�h�r�e�e� �a�n�a�l�y�t�i�c�a�l� �s�t�a�n�d�a�r�d�s� �w�e�r�e� �f�o�u�n�d�,� �b�u�t� �t�h�e� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �i�n�t�e�r�f�e�r�e�n�c�e� �p�e�a�k�s� 

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

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

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

�t�o� �2�6�0�0� �m�g�/�L�.� �R�e�c�o�v�e�r�i�e�s� �o�f� �t�h�e� �o�t�h�e�r� �s�t�a�n�d�a�r�d�s� �r�a�n�g�e�d� �f�r�o�m� �6� �t�o� �1�7�%� �f�o�r� �t�h�e� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r� 

�s�a�m�p�l�e� �(�u�n�s�o�n�i�c�a�t�e�d�)�,� �t�o� �1�7� �t�o� �9�6�%� �f�o�r� �t�h�e� �l�e�a�c�h�a�t�e� �s�a�m�p�l�e� �w�h�i�c�h� �w�a�s� �s�o�n�i�c�a�t�e�d� �d�u�r�i�n�g� �e�x�-� 

�t�r�a�c�t�i�o�n� �w�i�t�h� �m�e�t�h�a�n�o�l�.� �(�S�e�e� �T�a�b�l�e� �2�)�.� 

�A� �c�h�r�o�m�a�t�o�g�r�a�m� �o�f� �a� �f�r�e�e�z�e� �d�r�i�e�d� �l�e�a�c�h�a�t�e� �s�a�m�p�l�e� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�.� �A�l�l� �o�f� �t�h�e� �L�C�/�D�A�D� 

�d�a�t�a� �w�e�r�e� �a�c�q�u�i�r�e�d� �a�t� �2�3�0� �n�a�n�o�m�e�t�e�r�s� �(�n�m�)� �u�n�l�e�s�s� �o�t�h�e�r�w�i�s�e� �n�o�t�e�d�.� �S�e�n�s�i�t�i�v�i�t�y� �w�a�s� �g�r�e�a�t�e�s�t� 

�a�t� �t�h�i�s� �w�a�v�e�l�e�n�g�t�h�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �1�0�0�0� �m�L� �l�e�a�c�h�a�t�e� �s�a�m�p�l�e� �h�a�d� �1�2� �L�C� �p�e�a�k�s� �a�t� �2�8�0� �n�m�,� 

�b�u�t� �4�7� �p�e�a�k�s� �a�t� �2�3�0� �n�m�.� �T�h�e� �c�h�r�o�m�a�t�o�g�r�a�p�h�i�c� �r�e�s�u�l�t�s� �s�h�o�w� �a� �c�l�u�s�t�e�r� �o�f� �p�e�a�k�s� �e�l�u�t�i�n�g� �f�r�o�m� 

�2�.�3� �t�o� �5�.�8� �m�i�n�u�t�e�s� �i�n�c�l�u�d�i�n�g� �t�w�o� �v�e�r�y� �l�a�r�g�e� �p�e�a�k�s� �e�l�u�t�i�n�g� �a�t� �2�.�3� �a�n�d� �2�.�7� �m�i�n�u�t�e�s�.� �H�e�w�l�e�t�t� 

�P�a�c�k�a�r�d� �s�o�f�t�w�a�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �H�P� �1�0�9�0�M� �L�C�/�D�A�D� �s�y�s�t�e�m� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�p�u�r�i�t�y� �o�f� �i�n�d�i�v�i�d�u�a�l� �p�e�a�k�s�.� �A� �p�u�r�i�t�y� �m�a�t�c�h� �g�r�e�a�t�e�r� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �9�9�0� �i�n�d�i�c�a�t�e�s� �v�e�r�y� �h�i�g�h� 

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

�c�l�u�s�t�e�r� �g�a�v�e� �a�n� �i�m�p�u�r�e� �p�u�r�i�t�y� �m�a�t�c�h� �(�8�5�0�)� �w�h�i�l�e� �t�h�e� �o�t�h�e�r� �i�n�d�i�c�a�t�e�d� �v�e�r�y� �h�i�g�h� �p�u�r�i�t�y� �(�m�a�t�c�h� 

�o�f� �9�9�5�)�.� �A�n�o�t�h�e�r� �1�8� �p�e�a�k�s� �w�e�r�e� �f�a�i�r�l�y� �w�e�l�l� �s�e�p�a�r�a�t�e�d� �b�e�t�w�e�e�n� �1�5� �a�n�d� �3�1� �m�i�n�u�t�e�s�.� �O�f� �t�h�e� �p�e�a�k�s� 

�w�h�e�r�e� �d�a�t�a� �w�e�r�e� �a�v�a�i�l�a�b�l�e�,� �8� �p�e�a�k�s� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �a�s� �p�u�r�e� �w�h�i�l�e� �6� �w�e�r�e� �i�m�p�u�r�e�.� �A�s�i�d�e� �f�r�o�m� 

�t�h�e� �s�t�a�n�d�a�r�d�s�,� �o�n�l�y� �4� �p�e�a�k�s� �h�a�d� �U�V� �a�b�s�o�r�b�a�n�c�e� �m�a�x�i�m�a� �a�t� �w�a�v�e�l�e�n�g�t�h�s� �g�r�e�a�t�e�r� �t�h�a�n� �2�1�0� �n�m�.� 

�O�n�e�-�m�i�n�u�t�e� �L�C� �e�l�u�e�n�t� �f�r�a�c�t�i�o�n�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�t� �1�,� �3�,� �4�,� �1�6� �1�8�,� �2�0�,� �2�1�,� �2�5�,� �2�6�,� �2�8� �a�n�d� �3�1� �m�i�n�-� 

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

�t�o� �c�o�l�l�e�c�t� �a�n�d� �c�o�n�c�e�n�t�r�a�t�e� �t�h�e� �s�e�p�a�r�a�t�e�d� �p�e�a�k�s� �f�o�r� �o�f�f�-�l�i�n�e� �E�l�/�M�S� �a�n�a�l�y�s�i�s�.� �T�h�e� �t�i�m�e� �f�o�r� �p�e�a�k�s� 

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

�f�r�a�c�t�i�o�n�s� �o�f� �a� �m�i�x� �o�f� �s�t�a�n�d�a�r�d�s�,� �m�e�a�s�u�r�i�n�g� �t�h�e�i�r� �a�b�s�o�r�b�a�n�c�e�s� �o�n� �t�h�e� �a� �s�c�a�n�n�i�n�g� �U�V� 

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

�o�n� �t�h�e� �L�C�.� 
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�T�a�b�l�e� �2�.� �P�e�r�c�e�n�t� �R�e�c�o�v�e�r�y� �o�f� �S�p�i�k�e�d� �S�t�a�n�d�a�r�d�s� �f�r�o�m� �L�y�o�p�h�i�l�i�z�e�d� �S�a�m�p�l�e�s� 

�D�i�s�t�i�l�l�e�d� �W�a�t�e�r� 
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�S�t�a�n�d�a�r�d� �5�0�0� �m�L� �1�0�0�0� �m�L� �5�0�0� �m�L� �1�0�0�0� �m�L� 

�A�m�i�n�o�p�y�r�e�n�e� �8�%� �1�7�%� �2�4�%� �1�7�%� 

�A�t�r�a�z�i�n�e� �8�%� �6�%� �9�6�%� �5�4�%� 

�C�r�e�s�o�l� �0�%� �<� �1�%� �0�%� �0�%� 

�T�o�t�a�l� �#� �L�C� �P�e�a�k�s� 
�@� �2�3�0� �n�m� �7� �2�0� �3�6� �4�7� 
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�2� �2�8�0�0�4� 
 ¬� �1� 

�1�e�@�9�0�e�-� 

�e�G� �p�e�e�i�n�g� �c�a�p�e�)� �a� �a� �e�y�e�t�n�t�e�r�e�m�e�r�p� �n�e�l� �a�p�e�n�a�s�  ��=� 

�1�8� �2�a� �3�0� 
�T�i�m�e� �C�m�i�n�.�)� � � � � � � � � 

�F�i�g�u�r�e� �1�.� �L�C� �C�h�r�o�m�a�t�o�g�r�a�m� �o�f� �S�p�i�k�e�d� �L�y�o�p�h�i�l�i�z�e�d� �L�e�a�c�h�a�t�e�:� �T�o�p� �c�h�r�o�m�a�t�o�g�r�a�m� �m�a�g�n�i�f�i�e�d� �2�5� 
�t�i�m�e�s�;� �b�o�t�t�o�m� �c�h�r�o�m�a�t�o�g�r�a�m� �i�s� �f�u�l�l� �s�c�a�l�e�.� 
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�O�f�f�-�L�i�n�e� �E�I�l�/�M�S� �r�e�s�u�l�t�s�:� �A�t�t�e�m�p�t�s� �w�e�r�e� �m�a�d�e� �t�o� �m�a�t�c�h� �t�h�e� �m�a�s�s� �s�p�e�c�t�r�a�l� �r�e�s�u�l�t�s� �w�i�t�h� �r�e�s�u�l�t�s� 

�f�r�o�m� �a�n� �E�l� �l�i�b�r�a�r�y�.� �C�o�n�f�i�d�e�n�c�e� �o�f� �e�a�c�h� �m�a�t�c�h� �c�a�n� �b�e� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �t�h�e� �p�u�r�i�t�y� �(�P�)� �a�n�d� �m�i�x�t�u�r�e� 

�(�m�)� �s�c�a�l�e�s� �t�h�a�t� �r�a�n�g�e� �f�r�o�m� �0� �t�o� �1�0�0�0�,� �w�h�e�r�e� �v�a�l�u�e�s� �o�v�e�r� �5�0�0� �d�e�n�o�t�e� �c�o�n�f�i�d�e�n�c�e� �g�r�e�a�t�e�r� �t�h�a�n� 

�5�0�%�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �o�f�f�-�l�i�n�e� �E�l�/�M�S� �a�n�a�l�y�s�i�s� �o�f� �L�C� �f�r�a�c�t�i�o�n�s� �o�f� �l�y�o�p�h�i�l�i�z�e�d� �l�e�a�c�h�a�t�e� �a�r�e� �s�u�m�-� 

�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �3�.� �A�t�r�a�z�i�n�e� �s�t�a�n�d�a�r�d� �w�a�s� �d�e�t�e�c�t�e�d� �i�n� �p�e�a�k� �1�4� �o�f� �f�r�a�c�t�i�o�n� �2�1� �a�t� �a�b�o�u�t� �t�h�e� �1� 

�u�g� �l�e�v�e�l� �a�n�d� �c�o�n�f�i�r�m�e�d� �b�y� �l�i�b�r�a�r�y� �m�a�t�c�h�i�n�g� �(�P� �7�7�4�,� �m� �9�8�2�)�.� �S�i�l�a�n�e�s� �w�e�r�e� �a�l�s�o� �d�e�t�e�c�t�e�d�.� 

�S�p�e�c�t�r�a� �o�f� �f�r�a�c�t�i�o�n�s� �c�o�l�l�e�c�t�e�d� �a�t� �1�6�,� �1�8�,� �2�0�,� �2�1� �a�n�d� �2�8� �m�i�n�u�t�e�s� �h�a�d� �f�r�a�g�m�e�n�t�s� �s�e�p�a�r�a�t�e�d� �b�y� �3�0� 

�m�a�s�s� �u�n�i�t�s�.� �T�h�i�s� �c�o�u�l�d� �i�n�d�i�c�a�t�e� �a� �p�o�l�y�m�e�r� �o�f� �C�H�,�0�,� �c�y�c�l�i�c� �e�t�h�e�r�s�,� �m�e�t�h�o�x�y� �a�r�o�m�a�t�i�c�s� �o�r� �n�i�t�r�o� 

�a�r�o�m�a�t�i�c�s�.� �T�h�e� �s�p�e�c�t�r�u�m� �o�f� �f�r�a�c�t�i�o�n� �4� �i�n�d�i�c�a�t�e�s� �a� �p�h�t�h�a�l�a�t�e�.� �T�h�e� �s�p�e�c�t�r�u�m� �o�f� �p�e�a�k� �1�1� �f�r�o�m� 

�f�r�a�c�t�i�o�n� �1�6� �g�a�v�e� �a� �l�i�b�r�a�r�y� �f�i�t� �(�P� �4�0�0�,� �m� �5�9�5�)� �o�f� �1�-�m�e�t�h�o�x�y�-�4�-� �2�-�(�4�-�n�i�t�r�o�p�h�e�n�y�l�)� �e�t�h�y�l� �b�e�n�z�e�n�e�,� 

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �(�M�W�)� �2�5�5�.� �T�h�e� �s�p�e�c�t�r�u�m� �f�r�o�m� �f�r�a�c�t�i�o�n� �1�8� �w�a�s� �n�e�a�r�l�y� �i�d�e�n�t�i�c�a�l� �t�o� �t�h�a�t� �o�f� 

�f�r�a�c�t�i�o�n� �2�8�,� �a�s� �w�a�s� �t�h�a�t� �o�f� �2�0� �t�o� �2�1�.� �N�u�m�b�e�r� �1�8� �w�a�s� �l�i�b�r�a�r�y� �m�a�t�c�h�e�d� �(�P� �3�5�9�,� �m� �4�7�2�)� �t�o� �P�h�e�n�y�l�t�r�i�s� 

�{�t�r�i�m�e�t�h�y�l�s�i�l�o�x�y�!�)� �s�i�l�a�n�e� �(�M�W� �3�7�2�)�.� �I�t� �i�s� �n�o�t� �K�n�o�w�n� �w�h�e�t�h�e�r� �t�h�i�s� �c�o�m�p�o�u�n�d� �o�r�i�g�i�n�a�t�e�d� �f�r�o�m� �t�h�e� 

�l�e�a�c�h�a�t�e� �o�r� �i�s� �p�a�r�t� �o�f� �t�h�e� �s�i�l�i�c�a� �s�o�l�i�d� �s�u�p�p�o�r�t� �f�o�r� �t�h�e� �L�C� �c�o�l�u�m�n� �p�a�c�k�i�n�g� �m�a�t�e�r�i�a�l�.� �H�o�w�e�v�e�r�,� 

�d�i�r�e�c�t� �p�r�o�b�e� �E�l�/�M�S� �a�n�a�l�y�s�i�s� �o�f� �C�,�,� �p�a�c�k�i�n�g� �m�a�t�e�r�i�a�l� �d�i�d� �n�o�t� �y�i�e�l�d� �a� �s�i�m�i�l�a�r� �s�p�e�c�t�r�u�m�.� �A� �l�i�b�r�a�r�y� 

�f�i�t� �(�P� �3�3�3�,� �m� �3�7�2�)� �o�f� �N�-�(�3�,�4�,�5�,�6�-�t�e�t�r�a�e�t�h�y�l�-�1�-�p�h�e�n�y�l�-�2� �(�1�H�)� �b�e�n�z�e�n�e�a�m�i�n�e� �(�M�W� �3�5�8�)� �w�a�s� �g�i�v�e�n� �f�o�r� 

�p�e�a�k� �1�6� �f�r�o�m� �f�r�a�c�t�i�o�n� �2�0�.� �F�r�a�c�t�i�o�n� �2�5� �c�o�n�t�a�i�n�s� �t�h�e� �s�p�e�c�t�r�u�m� �t�y�p�i�c�a�l� �o�f� �a� �s�i�l�i�c�o�n�e�.� �F�r�a�c�t�i�o�n� �2�8� 

�y�i�e�l�d�e�d� �a� �l�i�b�r�a�r�y� �f�i�t� �(�P� �3�0�4�,� �m� �7�1�8�)� �o�f� �1�,�2�-�d�i�b�e�n�z�o�f�u�r�a�n�d�i�c�a�r�b�o�x�y�l�i�c� �a�c�i�d�,� �1�,�9�B�-�d�i�h�y�d�r�o�-�4� �(�M�W� 

�3�1�4�)�.� �S�p�e�c�t�r�a� �f�r�o�m� �f�r�a�c�t�i�o�n�s� �4� �a�n�d� �3�1� �s�u�g�g�e�s�t� �D�B�P�.� �S�i�n�c�e� �o�n�e� �w�o�u�l�d� �n�o�t� �e�x�p�e�c�t� �p�h�t�h�a�l�a�t�e� 

�i�s�o�m�e�r�s� �t�o� �e�l�u�t�e� �s�o� �f�a�r� �a�p�a�r�t�,� �t�h�e� �p�h�t�h�a�l�a�t�e� �i�n� �f�r�a�c�t�i�o�n� �4� �i�s� �l�i�k�e�l�y� �t�h�e� �r�e�s�u�l�t� �o�f� �c�o�n�t�a�m�i�n�a�t�i�o�n� 

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

�E�I�/�M�S� �a�n�a�l�y�s�i�s� �o�f� �H�P�L�C� �f�r�a�c�t�i�o�n�s� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �i�n�j�e�c�t�i�n�g� �a� �m�i�x�t�u�r�e� �o�f� �5� �u�g� �B�S�F�1�,� �1�4�3� �u�g� �B�Z�L�,� 

�1�5�0� �u�g� �B�Z�D� �a�n�d� �1�1�3� �u�g� �D�B�P� �o�n�t�o� �t�h�e� �L�C� �c�o�l�u�m�n�,� �y�i�e�l�d�e�d� �p�r�o�b�a�b�l�e� �c�o�n�f�i�r�m�a�t�i�o�n� �o�f� �o�n�l�y� �t�h�e� 

�B�S�F�1� �a�n�d� �t�h�e� �p�h�t�h�a�l�a�t�e�.� �T�h�e� �M�S� �m�a�y� �n�o�t� �b�e� �a�s� �s�e�n�s�i�t�i�v�e� �f�o�r� �d�e�t�e�c�t�i�o�n� �o�f� �t�h�e� �b�e�n�z�a�m�i�d�e� �a�n�d� 

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

�I�V�.� �R�E�S�U�L�T�S� �a�n�d� �D�I�S�C�U�S�S�I�O�N� �6�0



�T�a�b�l�e� �3�.� �L�C� �a�n�d� �O�f�f�-�l�i�n�e� �E�I�/�M�S� �D�a�t�a� �o�f� �L�y�o�p�h�i�l�i�z�e�d� �L�e�a�c�h�a�t�e� 
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�L�C� �D�A�T�A� �E�I�/�M�S� �D�A�T�A� 

�F�r�a�c�-� �L�i�k�e�l�y� �P�u�r�i�t�y� �A�m�a� �O�M� �T�I�C� �S�p�e�c�t�r�a�:� 
�t�i�o�n� �L�C� �M�a�t�c�h� �P�e�a�k� �M�o�s�t� �I�n�t�e�n�s�e� �F�r�a�g�m�e�n�t�s�,� 
�#�,� �P�e�a�k�s�,� �m�/�z� 
�m�i�n�.� �m�i�n�.� 

�1� �B�l�a�n�k� �7� �1�0�4�,� �9�0�,� �7�5�,� �6�2� 
�1�2� �1�6�7�,� �1�4�9� 

�3� �1�.�7� �-� �s�l�o�p�e� �1�3� �1�4�4�,� �1�4�2�,� �1�0�4�,� �7�3� 
�2�.�3� �8�5�0� �s�l�o�p�e� 

�4� �2�.�7� �9�9�5� �s�l�o�p�e� �5� �2�7�9�,� �1�6�7�,� �1�4�9� 
�2�.�9� �9�9�0� �s�l�o�p�e� �1�1� �1�7�4�,� �1�4�9�,� �1�0�4�,� �7�3� 
�3�.�1� �9�8�3� �s�l�o�p�e� 

�1�6� �1�5�.�3� �9�8�6� �2�7�0� �4� �2�5�5�,� �1�9�5�,� �1�6�5�,� �1�5�1� 
�1�5�.�5� �9�8�5� �s�l�o�p�e� �1�1� �2�8�7�,� �2�5�5�,� �2�2�5�,� �1�9�5�,� �1�5�1� 

�1�2� �2�8�7�,� �2�5�5�,� �1�9�5�,� �1�5�1� 

�1�8� �1�6�.�9� �9�9�6� �2�1�2�,�2�6�6� �1�1� �3�3�1�,� �2�9�9�,� �2�6�7�,� �2�3�7�,� �2�0�7�,� 
�1�7�.�1� �9�9�9� �2�1�4� �1�7�7�,� �1�6�3� 
�1�7�.�5� �9�9�8� �s�l�o�p�e� 

�2�0� �1�8�.�9� �1�0�0�0� �2�1�4� �4�&� �3�7�5�,� �3�4�3�,� �3�1�3�,� �2�6�7�,� �2�3�7�,� 
�1�6� �2�0�7�,� �1�7�7�,� �1�6�3� 

�2�1� �1�9�.�7� �9�7�8� �2�2�0�,�2�6�2� �1�4� �2�1�5�,� �2�0�0�,� �1�7�3� 
�2�0�.�4� �9�8�7� �s�l�o�p�e� �4�,�2�0� �3�4�3�,� �3�1�3�,� �2�6�7�,� �2�3�7�,� �2�0�7�,� �1�6�3� 

�2�5� �2�4�.�6� �N�A� �2�4�0�,�2�8�0�,�3�5�6� �3� �4�2�9�,� �3�3�5�,� �2�8�1�,� �2�2�1�,� �1�4�9�,� �7�3� 
�1�0� �2�2�1�,� �1�4�9�,� �1�0�4�,� �7�3� 

�2�6� �2�4�.�6� �N�A� �2�4�0�,�2�8�0�,�3�5�6� �|�}� �4�,�8� �1�6�7�,� �1�4�9� 
�2�5�.�6� �N�A� �s�l�o�p�e� �9� �2�7�9�,� �1�6�7�,� �1�4�9� 

�2�8� �2�6�.�5� �1�0�0�0� �s�l�o�p�e� �1�3� �2�9�9�,� �2�6�7�,� �2�3�7�,� �2�0�7�,� �1�6�3� 
�2�7�.�5� �1�0�0�0� �s�l�o�p�e� 

�3�1� �b�l�a�n�k� �-� �-� �7� �2�7�9�,� �1�6�7�,� �1�4�9� �=� 
� � 

�s�l�o�p�e� �=� �n�o� �a�b�s�o�r�b�a�n�c�e� �m�a�x�i�m�a� �o�b�s�e�r�v�e�d� �b�e�t�w�e�e�n� �2�1�0� �a�n�d� �4�0�0� �n�m� 

�I�V�.� �R�E�S�U�L�T�S� �a�n�d� �D�I�S�C�U�S�S�I�O�N� �6�1� 
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�D�.� �S�o�l�i�d� �P�h�a�s�e� �E�x�t�r�a�c�t�i�o�n� �-� �L�e�a�c�h�a�t�e� 

�1�.� �E�l�u�t�i�o�n� �V�o�l�u�m�e� 

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

�b�y� �l�o�o�k�i�n�g� �a�t� �t�h�e� �n�u�m�b�e�r� �o�f� �L�C� �p�e�a�k�s� �d�e�t�e�c�t�e�d� �a�t� �2�3�0� �n�m� �f�r�o�m� �e�a�c�h� �e�l�u�t�i�o�n� �f�r�a�c�t�i�o�n� �f�o�r� �t�h�e� 

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

�T�h�e� �f�i�r�s�t� �t�h�r�e�e� �f�r�a�c�t�i�o�n�s� �w�e�r�e� �e�l�u�t�e�d� �w�i�t�h� �m�e�t�h�a�n�o�l� �(�M�e�O�H�)� �w�h�i�l�e� �t�h�e� �l�a�s�t� �t�h�r�e�e� �w�e�r�e� �w�i�t�h� 

�m�e�t�h�y�l�e�n�e� �c�h�l�o�r�i�d�e� �(�M�e�C�I�,�)�.� �T�h�e� �n�u�m�b�e�r� �o�f� �p�e�a�k�s� �d�e�t�e�c�t�e�d� �p�e�r� �e�l�u�t�i�o�n� �f�r�a�c�t�i�o�n� �f�o�r� �e�a�c�h� 

�s�a�m�p�l�e� �w�e�r�e� �a�s� �f�o�l�l�o�w�s�:� 

�E�l�u�t�i�o�n� �F�r�a�c�t�i�o�n� �S�p�i�k�e�d� �C�o�n�t�r�o�l� �S�p�i�k�e�d� �L�e�a�c�h�a�t�e� 

�1� �M�e�O�H� �6� �2�0� 

�2� �M�e�O�H� �2� �5� 

�3� �M�e�O�H� �1� �2� 

�4� �M�e�C�l�,� �0� �0� 

�5� �M�e�C�l�,� �0� �0� 

�6� �M�e�C�l�,� �0� �0� 

�T�h�e�s�e� �r�e�s�u�l�t�s� �c�o�n�f�i�r�m� �t�h�a�t� �t�h�r�e�e� �5�0�0� �n�L� �v�o�l�u�m�e�s� �o�f� �m�e�t�h�a�n�o�l� �w�e�r�e� �a�d�e�q�u�a�t�e� �f�o�r� �e�l�u�t�i�n�g� �r�e�-� 

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

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

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

�s�t�a�n�d�a�r�d�s�.� �A�r�e�a�s� �u�s�e�d� �w�e�r�e� �a�v�e�r�a�g�e�s� �o�f� �d�u�p�l�i�c�a�t�e� �L�C� �r�u�n�s�.� �T�h�e� �c�a�l�c�u�l�a�t�i�o�n� �i�s� �a�s� �f�o�l�l�o�w�s�:� 

�M�a�s�s� �r�e�c�o�v�e�r�e�d� �=� �c� �x� �A�,� �x� �V�;� 
�A�s� 

�I�V�.� �R�E�S�U�L�T�S� �a�n�d� �D�I�S�C�U�S�S�I�O�N� �6�2



�w�h�e�r�e�:� 

�C� �=� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �s�t�a�n�d�a�r�d� �i�n� �t�h�e� �m�i�x�t�u�r�e�,� �u�g�/�m�L� 

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

�s�t�a�n�d�a�r�d� �m�i�x� 

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

�V�,� �=� �f�i�n�a�l� �e�x�t�r�a�c�t�e�d� �s�a�m�p�l�e� �v�o�l�u�m�e�.� 

�M�a�s�s� �r�e�c�o�v�e�r�e�d� �4�0�0� 

�%� �R�e�c�o�v�e�r�y� �=� �M�a�s�s� �a�d�d�e�d� 

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

�t�h�e� �p�u�r�i�t�y� �m�a�t�c�h� �a�c�h�i�e�v�e�d�,� �e�.�g�.� �a� �m�a�t�c�h� �o�f� �1�0�0�0� �h�a�s� �a� �m�u�l�t�i�p�l�i�c�a�t�i�o�n� �f�a�c�t�o�r� �o�f� �1�.�0�0�0� �a�n�d� �9�9�0� �o�f� 

�0�.�9�9�0�.� 

�2�.� �B�r�e�a�k�t�h�r�o�u�g�h� 

�I�n� �t�h�e� �b�r�e�a�k�t�h�r�o�u�g�h� �e�x�p�e�r�i�m�e�n�t�,� �5�0�0� �m�L� �c�o�n�t�r�o�l� �a�n�d� �l�e�a�c�h�a�t�e� �s�a�m�p�l�e�s� �w�e�r�e� �s�p�i�k�e�d� �w�i�t�h� �1�2�0� 

�p�g� �o�f� �A�P�Y� �a�n�d� �A�T�Z� �a�n�d� �5�1�7�0� �y�n�g� �C�r�e�s�o�l�.� �T�h�e� �L�C� �d�e�t�e�c�t�e�d� �7� �p�e�a�k�s� �i�n� �t�h�e� �f�i�r�s�t� �C�,�,� �c�a�r�t�r�i�d�g�e�,� �3� 

�i�n� �t�h�e� �s�e�c�o�n�d�;� �3� �i�n� �t�h�e� �f�i�r�s�t� �N�H�,� �c�a�r�t�r�i�d�g�e� �a�n�d� �3� �i�n� �t�h�e� �s�e�c�o�n�d� �f�o�r� �t�h�e� �c�o�n�t�r�o�l� �s�a�m�p�l�e�.� �F�o�r� �t�h�e� 

�l�e�a�c�h�a�t�e� �s�a�m�p�l�e�s�,� �1�3�,� �8�,� �6� �a�n�d� �3� �p�e�a�k�s� �w�e�r�e� �d�e�t�e�c�t�e�d�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �C�i�t�r�a�t�e� �a�c�c�o�u�n�t�e�d� �f�o�r� �2� 

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

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

�T�h�e�s�e� �r�e�s�u�l�t�s� �l�e�d� �t�h�e� �i�n�v�e�s�t�i�g�a�t�o�r� �t�o� �b�e�l�i�e�v�e� �t�h�a�t� �a�d�d�i�n�g� �1�0�%� �m�e�t�h�a�n�o�l� �t�o� �t�h�e� �s�a�m�p�l�e�s� �w�a�s� 

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

�t�h�e� �m�e�t�h�a�n�o�l�.� �B�o�t�h� �C�r�e�s�o�l� �(�2� �p�e�a�k�s�)� �a�n�d� �A�T�Z� �b�r�o�k�e� �t�h�r�o�u�g�h� �t�o� �t�h�e� �s�e�c�o�n�d� �c�a�r�t�r�i�d�g�e�.� 
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�T�a�b�l�e� �4�.� �P�e�r�c�e�n�t� �R�e�c�o�v�e�r�y� �o�f� �S�t�a�n�d�a�r�d�s� �f�r�o�m� �C�,�,� �S�P�E� �C�a�r�t�r�i�d�g�e�s� �E�l�u�t�e�d� �w�i�t�h� �5�0�0� �z�l� �F�r�a�c�t�i�o�n�s� �o�f� 
�M�e�t�h�a�n�o�l� 

� � 

�D�i�s�t�i�l�l�e�d� �W�a�t�e�r� �L�e�a�c�h�a�t�e� 

�S�t�a�n�d�a�r�d� �F�r�a�c�t�i�o�n� �#� �F�r�a�c�t�i�o�n� �#� 
�1� �2� �3� �T�o�t�a�l� �1� �2� �T�o�t�a�l� 

�C�r�e�s�o�l� �5� �0� �0� �5� �4� �0� �4� 

�A�t�r�a�z�i�n�e� �6�6� �9� �0� �7�5� �5�5� �2�1� �7�7� 

�A�m�i�n�o�p�y�r�e�n�e� �1�7� �2�3� �2� �4�2� �4� �9� �1�5� 

�I�V�.� �R�E�S�U�L�T�S� �a�n�d� �D�I�S�C�U�S�S�I�O�N� �6�4



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

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

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

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

�4�1�4� �u�g� �p�e�r� �4�4� �m�g� �o�f� �p�a�c�k�i�n�g�,� �o�r� �1�%� �a�n�d� �5�3�0� �w�g� �c�r�e�s�o�l� �p�e�r� �3�6� �m�g� �N�H�2� �p�a�c�k�i�n�g� �o�r� �1�.�5�%�.� �N�o�n� 

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

�p�a�t�t�e�r�n�,� �h�o�w�e�v�e�r�.� 

�3�.� �C�1�s�/�N�H�2� �S�e�r�i�a�l� �S�P�E� �o�f� �L�e�a�c�h�a�t�e� 

�H�P�L�C� �R�e�s�u�l�t�s�:� �T�h�e� �C�,�.�/�N�H�,� �t�a�n�d�e�m� �e�x�t�r�a�c�t�i�o�n� �o�f� �t�h�e� �l�e�a�c�h�a�t�e� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �d�e�t�e�c�t�i�o�n� �o�f� �1�5� 

�t�o� �3�2� �s�e�p�a�r�a�t�e�d� �p�e�a�k�s� �b�y� �t�h�e� �L�C� �f�r�o�m� �t�h�e� �C�i�,� �e�x�t�r�a�c�t�s� �a�n�d� �f�r�o�m� �0� �t�o� �3� �p�e�a�k�s� �f�r�o�m� �t�h�e� �N�H�,� 

�e�x�t�r�a�c�t�s�.� �A�v�e�r�a�g�e� �r�e�c�o�v�e�r�i�e�s� �o�f� �A�T�Z�,� �B�S�F�1� �a�n�d� �B�Z�L� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �t�h�e� �C�,�,� �c�a�r�t�r�i�d�g�e�s� 

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

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

�f�r�o�m� �2�1�0� �t�o� �4�0�0� �n�m�.� �T�h�e�s�e� �a�r�e� �i�n�d�i�c�a�t�e�d� �b�y�  ��s�l�o�p�e �� �i�n� �t�h�e� �a�c�c�o�m�p�a�n�y�i�n�g� �t�a�b�l�e�s�.� �W�h�i�l�e� �n�o� 

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

�f�o�r� �p�h�t�h�a�l�a�t�e�s�,� �t�h�a�t� �i�s�,� �l�a�t�e� �e�l�u�t�i�n�g� �p�e�a�k�s� �a�b�s�o�r�b�i�n�g� �n�e�a�r� �2�2�2� �a�n�d� �2�7�4� �n�m�.� �R�e�t�e�n�t�i�o�n� �t�i�m�e�s� �a�n�d� 

�a�b�s�o�r�b�a�n�c�e� �m�a�x�i�m�a� �(�A�,�,�,�,�)� �f�o�r� �a� �f�e�w� �s�a�m�p�l�e�s� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �6�.� 

�T�S�P� �L�C�/�M�S� �R�e�s�u�l�t�s�:� �T�h�e� �r�e�s�u�l�t�s� �o�f� �a� �s�a�m�p�l�e� �f�r�o�m� �o�n�e� �s�p�i�k�e�d� �l�e�a�c�h�a�t�e� �C�,�,� �e�x�t�r�a�c�t�i�o�n� �a�n�a�l�y�z�e�d� 

�b�y� �L�C�/�D�A�D� �a�n�d� �T�S�P� �L�C�/�M�S� �a�r�e� �g�i�v�e�n� �i�n� �F�i�g�u�r�e� �2�,� �T�a�b�l�e� �7� �a�n�d� �T�a�b�l�e� �8� �L�C�/�D�A�D� �d�a�t�a� �a�r�e� 

�g�i�v�e�n� �i�n� �T�a�b�l�e� �7� �f�o�r� �c�o�m�p�a�r�a�t�i�v�e� �p�u�r�p�o�s�e�s�.� �I�n� �p�o�s�i�t�i�v�e� �c�h�e�m�i�c�a�l� �i�o�n�i�z�a�t�i�o�n� �(�P�C�I�)� �m�o�d�e�,� �f�i�v�e� 

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

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

�I�V�.� �R�E�S�U�L�T�S� �a�n�d� �D�I�S�C�U�S�S�I�O�N� �6�5



�T�a�b�l�e� �5�.� �P�e�r�c�e�n�t� �R�e�c�o�v�e�r�y� �o�f� �S�t�a�n�d�a�r�d�s� �f�r�o�m� �C�,�,� �S�P�E� �C�a�r�t�r�i�d�g�e�s� 

�S�t�a�n�d�a�r�d� �D�i�s�t�i�l�l�e�d� �W�a�t�e�r� 

�A�t�r�a�z�i�n�e� �5�8� �|� 

�B�e�n�z�e�n�e�s�u�l�f�o�n�a�m�i�d�e� �4�8� 

�B�e�n�z�o�t�h�i�a�z�o�l�e� �5�2� 

�I�V�.� �R�E�S�U�L�T�S� �a�n�d� �D�I�S�C�U�S�S�I�O�N� 

�L�e�a�c�h�a�t�e� 

�6�8� 

�5�9� 

�6�1� 

�6�6



�T�a�b�l�e� �6�.� �L�C�/�D�A�D� �R�e�t�e�n�t�i�o�n� �T�i�m�e�s� �a�n�d� �U�V� �A�b�s�o�r�b�a�n�c�e� �M�a�x�i�m�a� �f�o�r� �E�x�t�r�a�c�t�e�d� �L�e�a�c�h�a�t�e� �S�a�m�p�l�e�s� 
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�S�a�m�p�l�e� �1� �S�a�m�p�l�e� �2� �S�a�m�p�l�e� �3� 

�1�4� �|� �2�2�2� �|� �1�.�4� �2�2�2� �1�.�5� �2�2�2� �|� �1�.�7� �s�l�o�p�e� �1�.�5� �2�2�0� 

�2�.�6� �|� �2�2�0� �|� �2�.�6� �s�l�o�p�e� �2�.�6� �s�l�o�p�e� �|� �1�.�8� �2�2�4� �2�.�6� �2�4�0�,� �2�7�2� 

�2�.�8� �|� �2�2�0� �2�.�8� �|� �2�2�0� �|� �3�.�2� �s�l�o�p�e� 

�2�.�9� �2�2�2�,� �2�6�0� �2�.�9� �s�l�o�p�e� �|� �3�4� �2�2�4�,� �2�6�0� 

�4�9� �s�l�o�p�e� �|� �6�.�4� �s�l�o�p�e� �6�.�1� �2�2�2� 

�5�.�3� �s�l�o�p�e� �|� �8�.�3� �s�l�o�p�e� �6�.�3� �s�l�o�p�e� 

�5�.�4� �s�l�o�p�e� �8�.�7� �s�l�o�p�e� �6�.�5� �2�2�6� 
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�S�o�l�v�e�n�t� �i�o�n�s� �a�r�e� �n�o�t� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �s�p�e�c�t�r�a� �l�i�s�t�e�d�.� �I�n� �P�C�I�,� �t�h�e� �i�o�n� �a�t� �m�/�z� �1�1�0� �w�a�s� �f�r�o�m� �t�h�e� 

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

�i�o�n�i�z�a�t�i�o�n� �(�N�C�I�}� �m�o�d�e�,� �t�h�e� �s�o�l�v�e�n�t� �c�l�u�s�t�e�r�s� �a�p�p�e�a�r�e�d� �a�t� �m�/�z� �1�1�9� �a�n�d� �1�5�1�.� 

�T�S�P� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �s�t�a�n�d�a�r�d�s� �w�a�s� �m�a�d�e� �b�y� �m�a�t�c�h�i�n�g� �L�C�/�M�S� �r�e�t�e�n�t�i�o�n� �t�i�m�e�s� �a�n�d� �p�r�o�b�a�-� 

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

�(�T�a�b�l�e� �8�)�.� �R�e�t�e�n�t�i�o�n� �t�i�m�e�s� �i�n� �t�h�e� �L�C�/�M�S� �w�e�r�e� �l�a�t�e�r� �t�h�a�n� �f�o�r� �t�h�e� �L�C�/�D�A�D� �a�n�d� �t�y�p�i�c�a�l�l�y� �v�a�r�i�e�d� 

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

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

�s�a�m�p�l�e� �w�i�t�h� �P�C�i�,� �b�u�t� �n�o�t� �w�i�t�h� �N�C�I� �(�T�a�b�l�e� �8�)�.� �T�h�e� �a�m�m�o�n�i�u�m� �a�d�d�u�c�t� �i�o�n�s� �r�e�s�u�l�t�e�d� �f�r�o�m� �t�h�e� 

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

�i�o�n�s� �{�a�t� �m�/�z� �2�1�6� �a�n�d� �2�1�8�)� �d�u�e� �t�o� �t�h�e� �c�h�l�o�r�i�n�e� �i�s�o�m�e�r�s�.� �N�o� �N�C�I� �d�a�t�a� �w�e�r�e� �a�v�a�i�l�a�b�l�e� �o�n� �t�h�e� 

�m�i�x�t�u�r�e� �o�f� �s�t�a�n�d�a�r�d�s� �a�l�o�n�e�.� �I�n� �N�C�I� �o�f� �t�h�e� �l�e�a�c�h�a�t�e�,� �B�S�F�1� �w�a�s� �t�h�e� �l�i�k�e�l�y� �c�o�m�p�o�u�n�d� �a�t� �s�c�a�n� 

�#�5�0�8� �b�e�c�a�u�s�e� �t�h�e� �r�e�t�e�n�t�i�o�n� �t�i�m�e� �m�a�t�c�h�e�s� �t�h�a�t� �o�f� �t�h�e� �s�t�a�n�d�a�r�d� �m�i�x�.� �O�n�e� �m�u�s�t� �a�l�s�o� �a�s�s�u�m�e� �t�h�a�t� 

�t�h�e� �p�e�a�k� �a�t� �m�/�z� �3�1�1� �i�s� �i�n�s�i�g�n�i�f�i�c�a�n�t�.� �T�h�e� �N�C�I� �s�p�e�c�t�r�a� �o�f� �t�h�e� �u�n�k�n�o�w�n�s� �o�c�c�u�r�r�i�n�g� �a�t� �t�h�e� �r�e�-� 

�t�e�n�t�i�o�n� �t�i�m�e�s� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �o�f� �t�h�e� �o�t�h�e�r� �t�w�o� �s�t�a�n�d�a�r�d�s� �(�s�c�a�n�s� �#� �5�2�1� �a�n�d� �6�6�0�)� �d�o� �n�o�t� �m�a�t�c�h� 

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

�o�f� �a� �s�e�r�i�a�l� �l�o�s�s� �o�f� �3�0� �m�a�s�s� �u�n�i�t�s�.� 

�O�f� �t�h�e� �f�i�v�e� �p�r�o�b�a�b�l�e� �m�a�s�s� �i�o�n�s� �o�b�s�e�r�v�e�d� �i�n� �l�e�a�c�h�a�t�e� �i�n� �P�C�I� �m�o�d�e�,� �a�s� �n�o�t�e�d� �i�n� �T�a�b�l�e� �7�,� �t�h�r�e�e�,� 

�w�i�t�h� �m�/�z ��s� �o�f� �1�7�0�,� �2�2�4� �a�n�d� �2�8�6�,� �i�n�d�i�c�a�t�e� �c�o�m�p�o�u�n�d�s� �w�i�t�h� �a�n� �o�d�d� �n�u�m�b�e�r� �o�f� �n�i�t�r�o�g�e�n� �a�t�o�m�s�.� 

�T�h�e� �m�o�l�e�c�u�l�a�r� �i�o�n� �i�n� �t�h�e� �s�p�e�c�t�r�u�m� �a�t� �2�8�.�3� �m�i�n�u�t�e�s� �i�s� �t�h�o�u�g�h�t� �t�o� �b�e� �a�t� �m�/�z� �1�7�0� �b�e�c�a�u�s�e� �t�h�e� 

�p�e�a�k�s� �a�t� �m�/�z� �2�5�8� �a�n�d� �2�2�9� �h�a�v�e� �l�o�w� �s�i�g�n�a�l� �t�o� �n�o�i�s�e� �r�a�t�i�o�s�.� �T�h�e� �o�t�h�e�r� �i�o�n�s� �d�e�t�e�c�t�e�d� �h�a�d� �m�/�z ��s� 

�o�f� �1�6�9� �a�n�d� �1�8�3�.� �T�h�e� �i�o�n� �a�t� �m�/�z� �2�0�1� �a�p�p�e�a�r�s� �t�o� �b�e� �a� �b�a�c�k�g�r�o�u�n�d� �i�o�n�.� 

�I�n� �N�C�I� �m�o�d�e�,� �i�o�n�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �a�t� �m�/�z ��s� �o�f� �2�1�9�,� �2�4�9�,� �2�7�8�,� �2�8�6�,� �2�8�7�,� �3�0�0�,� �3�1�1�,� �3�1�7� �a�n�d� �3�1�9�.� �T�h�e� 

�2�7�8� �i�o�n� �a�p�p�e�a�r�s� �t�o� �b�e� �l�i�t�t�l�e� �m�o�r�e� �t�h�a�n� �n�o�i�s�e�.� �T�h�e� �2�8�6� �i�o�n� �a�t� �1�8�.�3� �m�i�n�u�t�e�s� �e�x�h�i�b�i�t�e�d� �a� �f�r�a�g�-� 

�m�e�n�t�a�t�i�o�n� �p�a�t�t�e�r�n� �d�e�n�o�t�i�n�g� �m�u�l�t�i�p�l�e� �l�o�s�s�e�s� �o�f� �3�0� �m�a�s�s� �u�n�i�t�s� �w�h�i�l�e� �t�h�e� �s�p�e�c�t�r�a� �a�t� �2�8�.�4� �a�n�d� �3�8�.�4� 

�m�i�n�u�t�e�s� �s�h�o�w�e�d� �l�o�s�s�e�s� �o�f� �6�0� �m�a�s�s� �u�n�i�t�s�.� �T�h�e� �m�o�s�t� �a�b�u�n�d�a�n�t� �n�o�n�-�s�o�l�v�e�n�t� �i�o�n� �a�t� �3�0� �m�i�n�u�t�e�s� 

�I�V�.� �R�E�S�U�L�T�S� �a�n�d� �D�I�S�C�U�S�S�I�O�N� �7�1



�w�a�s� �a�t� �m�/�z� �1�6�9�.� �A�n�i�o�n� �e�x�c�h�a�n�g�e� �e�x�t�r�a�c�t�s� �w�e�r�e� �n�o�t� �a�n�a�l�y�z�e�d� �b�y� �L�C�/�M�S�.� �H�o�w�e�v�e�r�,� �i�t� �i�s� �p�o�s�-� 

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

�G�C�/�M�S� �R�e�s�u�l�t�s�:� �G�C�/�M�S� �a�n�a�l�y�s�i�s� �(�w�i�t�h� �l�i�b�r�a�r�y� �m�a�t�c�h�e�s� �i�n� �p�a�r�e�n�t�h�e�s�e�s�)� �c�o�n�f�i�r�m�e�d� �t�h�e� �p�r�e�s�-� 

�e�n�c�e� �o�f� �t�h�e� �t�w�o� �b�e�n�z�e�n�e�s�u�l�f�o�n�a�m�i�d�e�s� �(�B�S�F�1� �a�n�d� �B�S�F�2�)� �a�n�d� �t�w�o� �p�h�t�h�a�l�a�t�e�s� �(�D�B�P� �a�n�d� �D�O�P�)� 

�f�o�u�n�d� �p�r�e�v�i�o�s�l�y� �(�F�r�e�e�d�m�a�n�,� �1�9�8�9�)�.� �T�e�n�t�a�t�i�v�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �w�a�s� �m�a�d�e� �o�f� �3�-�t�e�r�t�b�u�t�y�l�p�h�e�n�o�l� 

�(�T�B�P�)�,� �a� �l�a�r�g�e� �a�l�k�a�n�e� �(�h�e�x�a�t�r�i�a�c�o�n�t�a�n�e�)�,� �a�n�d� �t�w�o� �a�c�i�d�s� �o�f� �a�l�k�a�n�e�s� �(�9�-�o�c�t�a�d�e�c�a�n�o�i�c� �a�c�i�d� �a�n�d� 

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

�h�y�d�r�o�x�y�a�n�i�s�o�l� �(�B�H�A�)�.� 

�O�T�L�C�-�M�S� �R�e�s�u�l�t�s�:� �T�h�e� �f�i�v�e� �s�t�a�n�d�a�r�d�s� �t�e�s�t�e�d� �w�e�r�e� �i�n�d�i�v�i�d�u�a�l�l�y� �d�e�t�e�c�t�e�d� �b�y� �O�T�L�C�-�M�S� �i�n� �b�o�t�h� 

�P�C�l� �a�n�d� �N�C�I� �m�o�d�e�s�.� �T�a�b�l�e� �9� �s�h�o�w�s� �t�h�e� �l�i�k�e�l�y� �m�a�s�s� �i�o�n�s� �f�o�r�m�e�d� �f�o�r� �e�a�c�h� �s�t�a�n�d�a�r�d� �i�n� �b�o�t�h� 

�m�o�d�e�s� �a�l�o�n�g� �w�i�t�h� �t�h�e�i�r� �i�n�t�e�n�s�i�t�i�e�s�.� �T�h�e� �r�e�s�p�o�n�s�e�s� �f�o�r� �C�r�e�s�o�l�,� �A�P�Y�,� �a�n�d� �B�Z�L� �w�e�r�e� �m�o�r�e� �i�n�-� 

�t�e�n�s�e� �i�n� �P�C�I� �t�h�a�n� �N�C�I� �w�h�i�l�e� �t�h�e� �o�p�p�o�s�i�t�e� �w�a�s� �t�r�u�e� �f�o�r� �A�T�Z� �a�n�d� �B�S�F�1�.� �A�l�l� �o�f� �t�h�e� �p�o�s�i�t�i�v�e� �i�o�n�s� 

�w�e�r�e� �(�M� �+� �1�)�7�;� �a�l�l� �o�f� �t�h�e� �n�e�g�a�t�i�v�e� �i�o�n�s� �w�e�r�e� �(�M� �-� �1�) ��.� �T�h�e� �t�h�r�e�e� �s�t�a�n�d�a�r�d�s� �A�T�Z�,� �B�Z�L� �a�n�d� �B�S�F�1� 

�i�n� �a� �S�P�E� �c�o�n�t�r�o�l� �s�a�m�p�l�e�,� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �b�y� �P�C�l�.� �A� �S�P�E� �l�e�a�c�h�a�t�e� �s�a�m�p�l�e� �c�l�o�g�g�e�d� �t�h�e� �c�o�l�u�m�n� 

�w�h�e�n� �t�i�p� �t�e�m�p�e�r�a�t�u�r�e�s� �w�e�r�e� �g�r�e�a�t�e�r� �t�h�a�n� �2�0�0� �°�C�.� �A�n� �O�V�-�1�7�-�V� �1�0� �u�m� �i�.�d�.� �c�o�l�u�m�n� �s�e�p�a�r�a�t�e�d� 

�A�T�Z�,� �B�Z�L�,� �B�S�F�1� �a�n�d� �C�r�e�s�o�l� �a�t� �t�h�e� �p�i�c�o�g�r�a�m� �l�e�v�e�l� �i�n� �l�e�s�s� �t�h�a�n� �3�0� �s�e�c�o�n�d�s�.� �(�S�c�h�e�m�a�t�i�c� �a�n�d� 

�T�I�C� �i�n� �A�p�p�e�n�d�i�x�)� 

�E�.� �S�o�l�i�d� �P�h�a�s�e� �E�x�t�r�a�c�t�i�o�n� �-� �I�n�d�u�s�t�r�i�a�l� �W�a�s�t�e�w�a�t�e�r� 

�1�.� �G�e�n�e�r�a�l� �R�e�s�u�l�t�s� 

�A�n� �i�n�d�u�s�t�r�i�a�l� �w�a�s�t�e�w�a�t�e�r� �w�a�s� �a�n�a�l�y�z�e�d� �b�y� �t�h�e� �S�P�E� �a�n�d� �L�C�/�M�S� �p�r�o�c�e�d�u�r�e�s� �u�t�i�l�i�z�e�d� �o�n� �t�h�e� 

�l�e�a�c�h�a�t�e�.� �T�h�e� �w�a�s�t�e�w�a�t�e�r� �w�a�s� �r�e�p�o�r�t�e�d� �b�y� �t�h�e� �i�n�d�u�s�t�r�y� �t�o� �c�o�n�t�a�i�n� �h�i�g�h� �l�e�v�e�l�s� �o�f� �2�,�4�-�D�N�T� �(�3�0�0� 

�I�V�.� �R�E�S�U�L�T�S� �a�n�d� �D�I�S�C�U�S�S�I�O�N� �7�2



�T�a�b�l�e� �9�.� �O�T�L�C� �-� �L�C�/�M�S� �R�e�s�u�l�t�s� �f�o�r� �F�i�v�e� �S�t�a�n�d�a�r�d�s� �f�r�o�m� �A�n�a�l�y�s�i�s� �o�f� �L�e�a�c�h�a�t�e� 

� � � � 

� � 

�P�C�I� �N�C�I� 
�S�t�a�n�d�a�r�d� �m�/�e� �L�i�k�e�l�y� �I�o�n� �R�e�s�p�o�n�s�e� �m�/�e� �L�i�k�e�l�y� �I�o�n� �R�e�s�p�o�n�s�e� 

�A�T�Z� �2�1�6� �[�M�+� �1�) �� �3�2�8�1�9�2� �2�1�4� �[�M� �-� �1�}� �3�6�3�5�2�0� 

�C�r�e�s�o�l� �1�0�9� �[�M�+� �1�]�*� �2�7�9�0�4�0� �1�0�7� �(�M� �-� �1�}� �3�4�1�1�2� 

�A�P�Y� �2�1�8� �(�M�+� �1�) �� �5�8�1�7�6� �2�1�6� �[�M� �-� �i�y� �1�2�8�6�4� 

�B�Z�L� �1�3�6� �[�M� �+� �1�]�*� �2�6�6�7�5�2� �1�3�4� �[�M� �-� �1�}� �1�0�7�2�0� 

�B�S�F�1� �2�0�0� �[�M� �+� �1�]�*� �1�1�8�9�1�2� �1�9�8� �(�M� �-� �1�)� �3�0�1�7�4�4� 

�I�V�.� �R�E�S�U�L�T�S� �a�n�d� �D�I�S�C�U�S�S�I�O�N



�p�p�m�)� �a�n�d� �D�P�A� �(�5� �p�p�m�)� �i�n� �a� �l�a�r�g�e�l�y� �a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n�.� �(�I�n�d�u�s�t�r�y� �s�t�a�f�f� �d�e�t�e�r�m�i�n�e�d� �s�o�l�v�e�n�t� 

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

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

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

�s�t�a�t�e�d� �t�o� �b�e� �8�6�2�5� �m�g�/�L� �b�y� �t�h�e� �i�n�d�u�s�t�r�y�;� �w�h�e�n� �m�e�a�s�u�r�e�d� �i�n� �h�o�u�s�e�,� �t�h�e� �C�O�D� �w�a�s� �7�4�5�0� �m�g�/�L�.� 

�T�h�e� �l�e�a�c�h�a�t�e� �h�a�d� �a� �C�O�D� �o�f� �7�5� �-� �1�0�0� �m�g�/�L�.� 

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

�D�N�T� �u�s�i�n�g� �L�C�/�D�A�D� �a�n�a�l�y�s�i�s� �o�f� �a� �f�i�l�t�e�r�e�d� �r�e�s�i�d�u�e� �w�a�s�h�e�d� �w�i�t�h� �a�n� �a�l�i�q�u�o�t� �o�f� �m�e�t�h�a�n�o�l�.� �T�h�e� 

�a�n�a�l�y�s�i�s� �o�f� �O�P�A� �i�n� �s�o�l�u�t�i�o�n� �a�l�s�o� �r�e�c�e�i�v�e�d� �s�p�e�c�i�a�l� �a�t�t�e�n�t�i�o�n�.� 

�2�.� �D�i�p�h�e�n�y�l�a�m�i�n�e� �A�n�a�l�y�s�i�s� �R�e�s�u�l�t�s� 

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

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

�H�P�L�C� �R�e�s�u�l�t�s�:� �T�h�e� �r�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �D�P�A� �s�t�a�n�d�a�r�d� �w�e�r�e� �e�s�p�e�c�i�a�l�l�y� �i�n�t�e�r�e�s�t�i�n�g�.� 

�A�l�t�h�o�u�g�h� �c�l�a�i�m�e�d� �b�y� �A�l�d�r�i�c�h� �t�o� �r�e�p�r�e�s�e�n�t� �o�v�e�r� �9�9�%� �p�u�r�i�t�y�,� �t�h�e� �L�C�/�D�A�D� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� 

�d�i�p�h�e�n�y�l�a�m�i�n�e� �s�t�a�n�d�a�r�d� �y�i�e�l�d�e�d� �s�i�x� �d�i�s�t�i�n�c�t� �c�o�m�p�o�n�e�n�t�s� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�.� �T�h�e� �m�a�j�o�r� 

�p�e�a�k� �w�a�s� �l�a�b�e�l�e�d� �D�P�A� �a�n�d� �t�h�e� �o�t�h�e�r�s� �w�e�r�e� �a�r�b�i�t�r�a�r�i�l�y� �a�s�s�i�g�n�e�d� �l�e�t�t�e�r�s� �a�-� �e�.� �A�l�l� �p�e�a�k�s� �e�x�c�e�p�t� 

�b� �a�n�d� �e� �s�h�o�w�e�d� �p�u�r�i�t�y� �m�a�t�c�h�e�s� �o�f� �9�9�9� �o�r� �1�0�0�0�.� �T�h�e� �p�u�r�i�t�y� �m�a�t�c�h�e�s� �f�o�r� �p�e�a�k�s� �b� �a�n�d� �e� �w�e�r�e� 

�9�8�6� �a�n�d� �9�8�1�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �a�m�o�u�n�t�s� �o�f� �t�h�e�s�e� �c�o�n�s�t�i�t�u�e�n�t�s� �r�e�l�a�t�i�v�e� �t�o� �D�P�A� �a�r�e� �i�l�l�u�s�t�r�a�t�e�d� 

�i�n� �T�a�b�l�e� �1�0� �f�o�r� �d�i�r�e�c�t� �L�C�/�D�A�D� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �s�t�a�n�d�a�r�d�,� �L�C�/�D�A�D� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �s�t�a�n�d�a�r�d� �f�o�l�-� 

�l�o�w�i�n�g� �s�o�l�i�d� �p�h�a�s�e� �e�x�t�r�a�c�t�i�o�n� �a�n�d� �f�o�r� �L�C�/�D�A�D� �a�n�a�l�y�s�i�s� �o�f� �e�x�t�r�a�c�t�e�d� �w�a�s�t�e�w�a�t�e�r� �s�a�m�p�l�e�s�.� �N�o�t�e� 

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

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

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

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

�w�e�r�e� �s�u�b�s�t�a�n�t�i�a�l�l�y� �d�i�f�f�e�r�e�n�t� �b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �S�P�E� �e�x�t�r�a�c�t�i�o�n� �o�f� �t�h�e� �s�t�a�n�d�a�r�d� �s�o�l�u�t�i�o�n�.� 

�T�h�e�r�m�o�s�p�r�a�y� �L�C�/�M�S� �R�e�s�u�l�t�s�:� �I�n� �P�C�I� �t�h�e� �s�o�l�v�e�n�t� �s�e�r�v�e�s� �a�s� �t�h�e� �i�o�n�i�z�a�t�i�o�n� �r�e�a�g�e�n�t�.� �I�t� �i�s� �i�m�-� 

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

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

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

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

�p�r�o�d�u�c�e�d� �t�h�e� �i�o�n�i�z�a�t�i�o�n�.� �Y�i�n�o�n� �a�n�d� �H�w�a�n�g�,� �(�1�9�8�3�)� �i�d�e�n�t�i�f�i�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �m�a�s�s� �i�o�n�s� �f�o�r�m�e�d� 

�b�y� �m�e�t�h�a�n�o�l� �a�n�d� �w�a�t�e�r� �i�n� �P�C�I� �(�m�/�z� �i�n� �p�a�r�e�n�t�h�e�s�e�s�)�:� �C�H�;�*� �(�1�5�)�,� �H�3�0�*� �(�1�9�)�,� �C�H�,�O�H�,�*� �(�3�3�)�,� 

�(�2�C�H�3�;�0�H� �+� �H�)�*� �(�6�5�)�,� �(�2�C�H�;�0�H� �+� �C�H�3�;�)�*� �(�7�9�)�,� �(�3�C�H�3�0�H� �+� �H�)�*� �(�9�7�)�,� �(�3�C�H�;�O�H� �+� �H�3�0�)�*� �(�1�1�5�)�,� �a�n�d� 

�(�4�C�H�,�O�H� �+� �H�)�*� �(�1�2�9�)� �.� 

�T�S�P� �P�C�I� �L�C�/�M�S� �o�f� �t�h�e� �D�P�A� �s�t�a�n�d�a�r�d� �y�i�e�l�d�e�d� �a� �t�o�t�a�l� �i�o�n� �c�u�r�r�e�n�t� �(�T�I�C�)� �w�i�t�h� �t�w�o� �m�a�j�o�r� �p�e�a�k�s� �a�t� 

�s�c�a�n� �#�s� �9�0�6� �a�n�d� �5�3�0� �a�n�d� �s�e�v�e�r�a�l� �l�e�s�s� �a�b�u�n�d�a�n�t� �p�e�a�k�s� �a�t� �s�c�a�n� �#�s� �5�3�,� �4�2�2�,� �5�8�7�,� �7�1�5� �a�n�d� �7�8�4�.� 

�T�h�e� �s�p�e�c�t�r�a� �o�f� �e�a�c�h� �o�f� �t�h�e�s�e� �s�c�a�n�s� �e�x�c�e�p�t� �#�9�0�6� �c�o�n�t�a�i�n�e�d� �o�n�l�y� �t�h�e� �i�o�n� �o�f� �m�/�z� �1�2�5�.� �T�h�e� �s�p�e�c�t�r�a� 

�o�f� �s�c�a�n�s� �9�0�6� �a�n�d� �9�1�0� �h�a�d� �a�n� �m�/�z� �o�f� �1�7�0� �w�h�i�c�h� �c�o�u�l�d� �b�e� �t�h�e� �(�M�+�1�)�*� �i�o�n� �o�f� �D�P�A� �a�l�o�n�e� �o�r� �D�P�A� 

�c�o�e�l�u�t�i�n�g� �w�i�t�h� �a�n�o�t�h�e�r� �c�o�m�p�o�u�n�d� �o�f� �M�W� �1�6�9�.� �T�h�e� �1�2�5� �i�o�n�,� �w�h�i�c�h� �p�o�s�s�i�b�l�y� �r�e�p�r�e�s�e�n�t�s� �a� 

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

�n�e�a�r�l�y� �e�v�e�r�y� �s�p�e�c�t�r�u�m� �a�t� �v�e�r�y� �h�i�g�h� �i�n�t�e�n�s�i�t�i�e�s�.� �T�h�e� �1�5�7� �i�o�n�,� �w�h�i�c�h� �a�p�p�e�a�r�s� �a�s� �a� �b�a�c�k�g�r�o�u�n�d� 

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

�s�p�e�c�t�r�a� �o�f� �n�o�t�e� �a�r�e� �o�f� �s�c�a�n�s�:� �#�5�8�0� �w�i�t�h� �a�n� �i�o�n� �a�t� �m�/�z� �1�8�5�;� �#�8�0�6� �w�i�t�h� �a�n� �i�o�n� �a�s� �m�/�z� �1�8�6�;� �#�1�0�2�5� 

�w�i�t�h� �a�n� �i�o�n� �a�t� �m�/�z� �3�9�9�;� �a�n�d� �#�1�1�6�0� �w�i�t�h� �a�n� �i�o�n� �a�t� �m�/�z� �3�9�1�.� �B�a�c�k�g�r�o�u�n�d� �i�o�n�s� �w�e�r�e� �s�u�b�t�r�a�c�t�e�d� 

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

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

�p�h�t�h�a�l�a�t�e�.� 
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�T�a�b�l�e� �1�0�.� �A�r�e�a� �a�n�d� �P�e�a�k� �H�e�i�g�h�t� �R�a�t�i�o�s� �M�e�a�s�u�r�e�d� �a�t� �2�3�0� �n�m� �f�o�r� �D�P�A� �I�m�p�u�r�i�t�i�e�s� �R�e�l�a�t�i�v�e� �t�o� �D�P�A� 
�f�o�r� �t�h�e� �P�u�r�e� �S�t�a�n�d�a�r�d�,� �a�n� �S�P�E� �E�x�t�r�a�c�t�e�d� �S�t�a�n�d�a�r�d� �a�n�d� �E�x�t�r�a�c�t�e�d� �W�a�s�t�e�w�a�t�e�r� �S�a�m�p�l�e�s� 
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�G�C�/�M�S� �R�e�s�u�l�t�s�:� �E�l�e�c�t�r�o�n� �i�o�n�i�z�a�t�i�o�n� �(�E�l�)� �G�C�/�M�S� �o�f� �D�P�A� �r�e�v�e�a�l�e�d� �n�o� �o�t�h�e�r� �c�o�n�s�t�i�t�u�e�n�t�s� �a�s�i�d�e� 

�f�r�o�m� �t�h�e� �D�P�A�,� �e�v�e�n� �t�h�o�u�g�h� �a�s� �m�u�c�h� �a�s� �1�0� �n�g� �o�f� �t�h�e� �s�a�m�p�l�e� �w�e�r�e� �i�n�j�e�c�t�e�d� �o�n�t�o� �t�h�e� �c�o�l�u�m�n�.� 

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

�a�n�a�l�y�s�i�s�.� 

�3�.� �W�a�s�t�e�w�a�t�e�r� �A�n�a�l�y�s�i�s� 

�T�h�e� �p�H� �1�0� �e�x�t�r�a�c�t�s� �w�e�r�e� �m�o�r�e� �m�a�g�e�n�t�a� �c�o�l�o�r�e�d� �t�h�a�n� �t�h�e� �p�H� �7� �e�x�t�r�a�c�t�s� �i�n�d�i�c�a�t�i�n�g� �t�h�e� �o�c�c�u�r�-� 

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

�t�h�e� �r�e�s�u�l�t�s� �f�r�o�m� �L�C�,� �L�C�/�M�S� �a�n�d� �G�C�/�M�S� �a�n�a�l�y�s�e�s� �w�e�r�e� �s�i�m�i�l�a�r� �f�o�r� �s�a�m�p�l�e�s� �a�t� �b�o�t�h� �p�H ��s�.� �I�n� 

�t�h�e� �s�p�i�k�e�d� �s�a�m�p�l�e�s�,� �A�T�Z� �a�p�p�e�a�r�e�d� �f�r�o�m� �L�C�/�D�A�D� �a�n�a�l�y�s�i�s� �t�o� �c�o�e�l�u�t�e� �w�i�t�h� �a�n� �u�n�k�n�o�w�n� �a�n�a�l�y�t�e�.� 

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

�a�n�a�l�y�z�e�d� �b�y� �T�S�P� �L�C�/�M�S�.� �L�C� �a�n�a�l�y�s�i�s� �o�f� �c�o�n�t�r�o�l�s� �o�f� �t�h�r�e�e� �u�n�s�p�i�k�e�d� �s�a�m�p�l�e�s� �s�h�o�w�e�d� �s�m�a�l�l� 

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

�c�o�n�t�a�m�i�n�a�t�e�d� �w�i�t�h� �D�N�T� �f�r�o�m� �a� �p�r�e�v�i�o�u�s� �s�a�m�p�l�e�.� �S�u�b�s�e�q�u�e�n�t� �c�o�n�t�r�o�l� �s�a�m�p�l�e�s� �s�h�o�w�e�d� �n�o� 

�f�u�r�t�h�e�r� �D�O�N�T� �r�e�s�i�d�u�e�s�.� 

�L�C�/�D�A�D� �R�e�s�u�l�t�s�:� �I�n�f�o�r�m�a�t�i�o�n� �p�e�r�t�i�n�e�n�t� �t�o� �L�C� �a�n�a�l�y�s�i�s� �o�f� �c�h�e�m�i�c�a�l� �s�t�a�n�d�a�r�d�s� �r�e�l�a�t�i�n�g� �t�o� �t�h�i�s� 

�w�a�s�t�e�w�a�t�e�r� �a�r�e� �p�r�o�v�i�d�e�d� �i�n� �T�a�b�l�e� �1�1�.� �T�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �i�n�c�l�u�d�e�s� �t�h�e� �o�b�s�e�r�v�e�d� �L�C�/�D�A�D� �r�e�-� 

�t�e�n�t�i�o�n� �t�i�m�e�s� �a�n�d� �U�V� �a�b�s�o�r�b�a�n�c�e� �m�a�x�i�m�a� �(�/�,�,�,�,�)� �p�l�u�s� �t�h�e� �4�,�,�,�,� �v�a�l�u�e�s� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �1�9�7�9� �C�R�C� 

�H�a�n�d�b�o�o�k� �o�f� �C�h�e�m�i�s�t�r�y� �a�n�d� �P�h�y�s�i�c�s� �{�H�O�C�A�P�)� �w�h�e�r�e� �a�v�a�i�l�a�b�l�e�.� �S�o�m�e� �o�f� �t�h�e� �o�b�s�e�r�v�e�d� �v�a�l�u�e�s� 

�a�r�e� �s�l�i�g�h�t�l�y� �d�i�f�f�e�r�e�n�t� �t�h�a�n� �r�e�p�o�r�t�e�d� �i�n� �H�O�C�A�P�.� �T�h�i�s� �c�o�u�l�d� �b�e� �d�u�e� �t�o� �i�n�t�e�r�p�o�l�a�t�i�o�n� �b�y� �t�h�e� �D�A�D� 

�s�y�s�t�e�m�.� �D�P�A� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �a� �c�o�n�s�t�i�t�u�e�n�t� �o�f� �t�h�e� �N�N�D�P�A� �s�t�a�n�d�a�r�d� �i�n� �L�C�/�D�A�D� �a�n�a�l�y�s�i�s� �a�l�s�o�,� 

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

�i�n�f�o�r�m�a�t�i�o�n� �o�n� �2�-�N�i�t�r�o�s�o�d�i�p�h�e�n�y�l�a�m�i�n�e� �(�2�N�D�P�A�)� �w�a�s� �d�e�d�u�c�e�d� �f�r�o�m� �t�h�e� �c�h�r�o�m�a�t�o�g�r�a�p�h�i�c� �r�e�-� 

�s�u�l�t�s� �o�f� �a� �m�i�x�t�u�r�e� �o�f� �s�t�a�n�d�a�r�d�s� �r�e�c�e�i�v�e�d� �b�y� �t�h�e� �i�n�v�e�s�t�i�g�a�t�o�r� �(�f�r�o�m� �t�h�e� �i�n�d�u�s�t�r�y�)� �k�n�o�w�n� �t�o� �c�o�n�-� 
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�t�a�i�n� �2�,�4�-�D�N�T�,� �D�P�A�,� �N�N�D�P�A�,� �2�N�D�P�A� �a�n�d� �D�B�P�.� �T�h�i�s� �m�i�x�t�u�r�e� �i�s� �r�e�f�e�r�r�e�d� �t�o� �a�s�  ��w�a�s�t�e�w�a�t�e�r� 

�s�t�a�n�d�a�r�d�s �� �i�n� �T�a�b�l�e� �1�3� �s�h�o�w�i�n�g� �P�C�!� �a�n�d� �N�C�I� �L�C�/�M�S� �r�e�s�u�l�t�s�.� 

�T�h�e� �t�y�p�i�c�a�l� �C�,�,�-�e�x�t�r�a�c�t�e�d� �w�a�s�t�e� �s�a�m�p�l�e� �r�e�v�e�a�l�e�d� �1�6� �d�i�s�t�i�n�g�u�i�s�h�a�b�l�e� �p�e�a�k�s� �o�n� �t�h�e� �L�C� �u�n�d�e�r� �t�h�e� 

�c�o�n�d�i�t�i�o�n�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �c�h�a�p�t�e�r�.� �T�h�e� �2�,�4�-�D�N�T� �p�e�a�k� �w�e�n�t� �o�f�f� �s�c�a�l�e� �a�t� �4�0�0�0� �m�A�U�.� 

�F�i�g�u�r�e� �4� �s�h�o�w�s� �a� �t�y�p�i�c�a�l� �c�h�r�o�m�a�t�o�g�r�a�m� �o�f� �t�h�e� �w�a�s�t�e�w�a�t�e�r� �m�a�g�n�i�f�i�e�d� �t�o� �s�h�o�w� �t�h�e� �s�m�a�l�l�e�r� 

�p�e�a�k�s� �d�w�a�r�f�e�d� �b�y� �D�N�T� �a�t� �f�u�l�l� �s�c�a�l�e�.� �T�h�e� �L�C�/�D�A�D� �r�e�t�e�n�t�i�o�n� �t�i�m�e�s� �a�n�d� �U�V� �a�b�s�o�r�b�a�n�c�e� �m�a�x�i�m�a� 

�(�A�m�a�x�)� �f�o�r� �f�i�v�e� �e�x�t�r�a�c�t�i�o�n�s� �o�f� �t�h�e� �w�a�s�t�e�w�a�t�e�r� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �1�2�.� 

�L�C�/�M�S� �R�e�s�u�l�t�s�:� �D�a�t�a� �f�r�o�m� �t�h�e� �T�h�e�r�m�o�s�p�r�a�y� �L�C�/�M�S� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �m�i�x�t�u�r�e� �o�f� �f�i�v�e� �k�n�o�w�n� 

�w�a�s�t�e�w�a�t�e�r� �s�t�a�n�d�a�r�d�s� �a�n�d� �o�f� �t�h�e� �e�x�t�r�a�c�t�e�d� �w�a�s�t�e�w�a�t�e�r� �s�a�m�p�l�e�s�,� �a�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �1�3� 

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

�l�i�s�t�e�d� �a�r�e� �g�i�v�e�n� �f�o�r� �b�o�t�h� �p�o�s�i�t�i�v�e� �(�T�S�P�*�)� �a�n�d� �n�e�g�a�t�i�v�e� �(�T�S�P�~�)� �i�o�n�i�z�a�t�i�o�n� �m�o�d�e�s�.� �L�i�k�e�l�y� �m�o�-� 

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

�w�a�s� �d�o�n�e� �f�o�r� �4� �o�f� �t�h�e� �1�0� �p�o�s�i�t�i�v�e� �i�o�n� �s�p�e�c�t�r�a� �a�n�d� �5� �o�f� �t�h�e� �1�1� �n�e�g�a�t�i�v�e� �i�o�n� �s�p�e�c�t�r�a� �s�e�l�e�c�t�e�d� �f�o�r� 

�t�h�e� �s�t�a�n�d�a�r�d�s� �m�i�x�t�u�r�e�,� �a�n�d� �f�o�r� �3� �o�f� �t�h�e� �1�0� �p�o�s�i�t�i�v�e� �i�o�n� �s�p�e�c�t�r�a� �a�n�d� �7� �o�f� �t�h�e� �1�0� �n�e�g�a�t�i�v�e� �i�o�n� 

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

�V�e�r�y� �p�o�o�r� �r�e�s�p�o�n�s�e� �w�a�s� �n�o�t�e�d� �f�o�r� �t�h�e� �L�C�/�D�A�D� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �L�C� �e�f�f�l�u�e�n�t� �f�r�a�c�t�i�o�n�s� �c�o�l�l�e�c�t�e�d�,� 

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

�a�m�o�u�n�t�s� �c�o�l�l�e�c�t�e�d� �w�e�r�e� �t�o�o� �s�m�a�l�l� �t�o� �b�e� �i�d�e�n�t�i�f�i�e�d� �f�o�r� �a�l�l� �b�u�t� �t�h�e� �2�,�4�-�D�N�T�.� �T�h�e� �D�N�T� �a�p�p�e�a�r�e�d� 

�i�n� �f�r�a�c�t�i�o�n�s� �3�-�5� �i�n�d�i�c�a�t�i�n�g� �t�a�i�l�i�n�g� �o�f� �t�h�e� �l�a�r�g�e� �D�N�T� �p�e�a�k� �a�n�d� �m�i�x�i�n�g� �i�n� �t�h�e� �L�C� �e�f�f�l�u�e�n�t� �l�i�n�e�.� 

�G�C�/�M�S� �R�e�s�u�l�t�s�:� �R�e�t�e�n�t�i�o�n� �t�i�m�e�s� �a�n�d� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�s� �o�f� �e�l�e�v�e�n� �l�a�b� �s�t�a�n�d�a�r�d�s� �d�e�t�e�r�m�i�n�e�d� 

�b�y� �G�C�/�M�S� �a�n�a�l�y�s�i�s� �a�r�e� �f�o�u�n�d� �i�n� �T�a�b�l�e� �1�5�.� �T�h�e� �N�N�D�P�A� �s�t�a�n�d�a�r�d� �r�e�v�e�a�l�e�d� �a� �m�o�l�e�c�u�l�a�r� �i�o�n� �f�o�r� 

�D�P�A� �o�n�l�y�.� �T�h�i�s� �w�a�s� �l�i�k�e�l�y� �d�u�e� �t�o� �t�h�e� �t�h�e�r�m�a�l� �d�e�g�r�a�d�a�t�i�o�n� �o�f� �t�h�e� �n�i�t�r�o�s�a�m�i�n�e� �t�o� �t�h�e� �c�o�r�r�e�-� 

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

�p�l�e�s� �a�r�e� �a�l�s�o� �g�i�v�e�n� �i�n� �T�a�b�l�e� �1�5� �a�l�o�n�g� �w�i�t�h� �t�h�e� �p�r�o�b�a�b�l�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �s�u�g�g�e�s�t�e�d� �b�y� �t�h�e� �W�i�l�e�y� 

�l�i�b�r�a�r�y� �s�e�a�r�c�h� �i�n� �t�h�e� �d�a�t�a� �s�y�s�t�e�m� �u�s�e�d�.� 
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�T�a�b�l�e� �1�1�.� �L�C�/�D�A�D� �R�e�t�e�n�t�i�o�n� �T�i�m�e�s� �a�n�d� �U�V� �A�b�s�o�r�b�a�n�c�e� �M�a�x�i�m�a� �(�/�,�,�,�)� �o�f� �C�h�e�m�i�c�a�l� �S�t�a�n�d�a�r�d�s� �f�o�r� 
�t�h�e� �I�n�d�u�s�t�r�i�a�l� �W�a�s�t�e�w�a�t�e�r� 

� � 

� � 

� � � � � � � � 

�C�h�e�m�i�c�a�l� �t�r�,� �L�C�/�D�A�D� �H�O�C�A�P�'� 
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�T�a�b�l�e� �1�5�.� �R�e�s�u�l�t�s� �o�f� �E�l�]� �G�C�/�M�S� �A�n�a�l�y�s�i�s� �o�f� �S�t�a�n�d�a�r�d�s� �a�n�d� �W�a�s�t�e�w�a�t�e�r� �S�a�m�p�l�e�s� 

�W�a�s�t�e�w�a�t�e�r� 
�A�n�a�l�y�s�i�s� 

�C�h�e�m�i�c�a�l� �S�u�g�g�e�s�t�e�d� �b�y� 
�S�t�a�n�d�a�r�d�s� �E�I� �S�p�e�c�t�r�a�l� �M�o�l�e�c�u�l�a�r� 
�A�n�a�l�y�z�e�d� �t�,� �m�i�n�.� �L�i�b�r�a�r�y� �t�,� �m�i�n�.� �W�e�i�g�h�t� 

�N�B�Z� �3�.�6� �1�2�3� 
�1�-�m�e�t�h�y�1�-�4�-�N�B�Z� �4�.�7� �1�3�7� 
�d�i�n�i�t�r�o�b�e�n�z�e�n�e� �7�.�4� �1�6�8� 

�2�,�6�-�D�N�T� �7�.�5� �1�8�2� 
�2�,�4�-�D�N�T� �8�.�5� �2�,�4�-�D�N�T� �8�.�7� �1�8�2� 

�3�,�4�-�D�N�T� �9�.�3� �1�8�2� 
�4�N�2�A�M� �9�.�5� �4�N�2�A�M� �9�.�4� �1�5�2� 
�N�N�D�P�A� �s�e�e� �D�P�a�!� �1�9�8� 
�D�P�A� �9�.�8� �D�P�A� �9�.�7� �1�6�9� 

�N�i�t�r�o�b�e�n�z�e�n�e�-� 
�a�m�i�n�e� �1�0�.�1� �1�3�8� 

�T�N�T� �1�0�.�8� �T�N�T� �1�0�.�7� �2�2�7� 
�A�B�P� �1�1�.�6� �1�6�9� 
�2�N�D�P�A� �1�5�.�0� �2�1�4� 
�D�B�P� �1�5�.�1� �D�B�P� �1�4�.�4� �2�7�8� 
�D�O�P� �4�6�.�0� �3�9�0� � � � � � � � � � � 
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�4�,� �D�i�s�c�u�s�s�i�o�n� 

�I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �W�a�s�t�e�w�a�t�e�r� �C�o�m�p�o�n�e�n�t�s�:� �T�h�e�s�e� �d�a�t�a� �s�u�g�g�e�s�t� �s�e�v�e�r�a�l� �c�o�n�f�i�d�e�n�t� �i�d�e�n�t�i�f�i�c�a�-� 

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

�A�s� �e�x�p�e�c�t�e�d�,� �2�,�4�-�D�N�T� �a�n�d� �D�P�A� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �b�y� �a�l�l� �t�h�r�e�e� �a�n�a�l�y�t�i�c�a�l� �m�e�t�h�o�d�s� �e�m�p�l�o�y�e�d�.� �D�P�A� 

 ��c �� �w�a�s� �c�o�n�s�i�s�t�e�n�t�l�y� �d�e�t�e�c�t�e�d� �b�y� �L�C�/�D�A�D� �i�n� �a�l�l� �s�a�m�p�l�e�s� �(�T�a�b�l�e� �1�2�)�.� �T�h�e� �U�V� �s�p�e�c�t�r�u�m� �o�f� �D�P�A� 

 ��c�"� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �f�o�u�n�d� �f�o�r� �4�N�2�A�M�,� �b�u�t� �t�h�e� �r�e�t�e�n�t�i�o�n� �t�i�m�e�s� �d�o� �n�o�t� �m�a�t�c�h�.� �I�t�s� �r�e�t�e�n�t�i�o�n� �t�i�m�e� 

�a�n�d� �U�V� �a�b�s�o�r�b�a�n�c�e� �a�r�e� �v�e�r�y� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �o�f� �N�N�D�P�A� �e�x�c�e�p�t� �f�o�r� �t�h�e� �U�V� �m�a�x�i�m�u�m� �a�t� �2�5�4� �n�m�.� 

�R�e�t�e�n�t�i�o�n� �t�i�m�e�s� �c�a�n� �v�a�r�y� �0�.�5� �o�r� �s�o� �m�i�n�u�t�e�s� �o�v�e�r� �t�i�m�e� �o�n� �t�h�e� �s�a�m�e� �c�o�l�u�m�n� �d�u�e� �t�o� �b�u�i�l�d� �u�p� �o�n� 

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

�o�n� �t�h�e� �L�C�/�D�A�D� �c�h�r�o�m�a�t�o�g�r�a�m� �o�f� �s�a�m�p�l�e� �#�4�.� �D�P�A�  ��e �� �o�s�t�e�n�s�i�b�l�y� �a�p�p�e�a�r�s� �i�n� �s�a�m�p�l�e� �#�2�.� �T�h�e� 

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

�D�P�A� �s�t�a�n�d�a�r�d�.� �I�t ��s� �i�d�e�n�t�i�t�y�,� �h�o�w�e�v�e�r�,� �r�e�m�a�i�n�s� �u�n�k�n�o�w�n�.� �D�P�A�  ��b �� �i�s� �v�e�r�y� �s�i�m�i�l�a�r� �t�o� �A�B�P� �i�n� 

�b�o�t�h� �r�e�t�e�n�t�i�o�n� �t�i�m�e� �a�n�d� �U�V� �s�p�e�c�t�r�u�m�.� �I�t ��s� �a�p�p�e�a�r�a�n�c�e� �i�n� �s�a�m�p�l�e�s� �#�1� �-� �3� �w�a�r�r�a�n�t�s� �a� �t�e�n�t�a�t�i�v�e� 

�i�d�e�n�t�i�f�i�c�a�t�i�o�n�.� �H�o�w�e�v�e�r�,� �c�o�n�f�i�r�m�a�t�i�o�n� �o�f� �A�B�P� �w�a�s� �n�o�t� �m�a�d�e� �b�y� �e�i�t�h�e�r� �L�C�/�M�S� �o�r� �G�C�/�M�S�.� 

�S�i�n�c�e� �A�B�P� �a�n�d� �D�P�A� �a�r�e� �a�r�o�m�a�t�i�c� �m�o�l�e�c�u�l�e�s� �w�i�t�h� �t�h�e� �s�a�m�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �(�1�6�9� �a�m�u�)�,� �i�t� �w�a�s� 

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

�p�o�u�n�d�s� �w�e�r�e� �p�r�e�s�e�n�t� �i�n� �t�h�e� �s�a�m�e� �s�a�m�p�l�e�.� �H�o�w�e�v�e�r�,� �o�n�l�y� �o�n�e� �p�e�a�k� �w�a�s� �n�o�t�e�d� �a�t� �m�/�z� �1�7�0� �i�n� 

�P�C�I� �m�o�d�e� �(�s�c�a�n� �#�9�2�2�)� �o�f� �t�h�e� �w�a�s�t�e�w�a�t�e�r� �s�a�m�p�l�e� �w�h�i�c�h� �w�o�u�l�d� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �D�P�A� �o�n�l�y�,� �b�a�s�e�d� 

�o�n� �r�e�t�e�n�t�i�o�n� �t�i�m�e� �d�a�t�a�.� �N�e�g�a�t�i�v�e� �i�o�n� �t�h�e�r�m�o�s�p�r�a�y� �y�i�e�l�d�e�d� �m�o�r�e� �t�h�a�n� �o�n�e� �h�i�t� �a�t� �m�/�z� �1�6�9� �a�n�d� 

�1�6�8�,� �b�u�t� �N�C�I� �i�s� �g�e�n�e�r�a�l�l�y� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o� �n�i�t�r�o�a�r�o�m�a�t�i�c�s� �t�h�a�n� �a�m�i�n�e�s�.� �T�h�e� �A�B�P� �s�t�a�n�d�a�r�d� 

�w�a�s� �d�e�t�e�c�t�e�d� �b�y� �G�C�/�M�S�,� �b�u�t� �A�B�P� �w�a�s� �n�o�t� �f�o�u�n�d� �i�n� �G�C�/�M�S� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �s�a�m�p�l�e�.� 

�P�o�s�i�t�i�v�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �D�P�A� �a�n�d� �D�O�P� �a�n�d� �t�e�n�t�a�t�i�v�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �2�-�N�D�P�A�,� �w�a�s� �m�a�d�e� �i�n� �P�C�I� 

�a�n�a�l�y�s�i�s� �o�f� �t�h�e� �s�t�a�n�d�a�r�d�s� �m�i�x� �(�T�a�b�l�e� �1�3�)�.� �T�h�e� �s�p�e�c�t�r�u�m� �o�f� �s�c�a�n� �1�0�2�0� �o�f� �t�h�e� �w�a�s�t�e�w�a�t�e�r� �s�a�m�-� 

�p�l�e� �m�o�s�t� �c�l�o�s�e�l�y� �r�e�s�e�m�b�l�e�s� �t�h�a�t� �o�f� �D�B�P�.� �S�p�e�c�t�r�a� �o�f� �P�C�I� �s�c�a�n�s� �1�0�5�9� �a�n�d� �1�1�7�4� �o�f� �t�h�e� �w�a�s�t�e�w�a�t�e�r� 

�s�t�a�n�d�a�r�d�s� �a�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �o�f� �1�0�3�2� �a�n�d� �1�1�6�5� �o�f� �t�h�e� �w�a�s�t�e�w�a�t�e�r� �s�a�m�p�l�e� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� 
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�f�o�r�m�e�r� �m�a�y� �b�e� �a� �D�P�A� �d�i�m�e�r� �w�h�i�l�e� �t�h�e� �s�p�e�c�t�r�a� �o�f� �t�h�e� �l�a�t�t�e�r� �s�c�a�n�s� �c�o�n�f�i�r�m� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �D�O�P�.� 

�P�C�I� �s�c�a�n� �9�9�5� �o�f� �t�h�e� �w�a�s�t�e�w�a�t�e�r� �s�t�a�n�d�a�r�d�s� �m�a�y� �b�e� �N�N�D�P�A� �i�f� �o�n�e� �a�s�s�u�m�e�s� �m�/�z� �1�9�9� �i�s� �t�h�e� 

�[�M� �+� �1�]�*� �i�o�n�.� 

�T�h�e� �G�C�/�M�S� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t� �a� �p�o�s�s�i�b�i�l�i�t�y� �f�o�r� �t�h�e� �i�d�e�n�t�i�t�y� �o�f� �s�c�a�n� �7�9�7� �o�f� �t�h�e� �P�C�l� �T�h�e�r�m�o�s�p�r�a�y� 

�a�n�a�l�y�s�i�s� �o�f� �t�h�e� �w�a�s�t�e�w�a�t�e�r�.� �I�f� �m�/�z� �1�5�3� �i�s� �t�h�e� �[�M� �+� �1�] �� �i�o�n�,� �t�h�e�n� �i�t� �c�o�u�l�d� �b�e� �4�N�2�A�M� �a�s� �i�n�d�i�c�a�t�e�d� 

�i�n� �T�a�b�l�e� �1�4�.� �i�t� �i�s� �d�i�f�f�i�c�u�l�t� �t�o� �d�i�s�c�e�r�n� �i�f� �s�c�a�n� �7�9�7� �i�s� �n�o�t� �r�e�l�a�t�e�d� �t�o� �s�c�a�n� �8�1�1� �w�h�i�c�h� �a�p�p�e�a�r�s� �t�o� 

�h�a�v�e� �a� �m�o�l�e�c�u�l�a�r� �i�o�n� �a�t� �m�/�z� �1�8�5� �a�l�s�o�.� 

�T�h�e� �n�e�g�a�t�i�v�e� �i�o�n� �T�h�e�r�m�o�s�p�r�a�y� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �D�N�B�,� �T�N�T�,� �2�,�6�-�D�N�T�,� �2�,�4�-�D�N�T� 

�a�n�d� �D�B�P� �a�s� �n�o�t�e�d� �i�n� �T�a�b�l�e� �1�4�.� 

�T�h�e� �r�e�s�u�l�t�s� �f�r�o�m� �G�C�/�M�S� �a�n�a�l�y�s�i�s� �(�T�a�b�l�e� �1�5�)� �s�u�g�g�e�s�t� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� �m�e�t�h�y�l�-�n�i�t�r�o�b�e�n�z�e�n�e�,� 

�a� �d�i�n�i�t�r�o�b�e�n�z�e�n�e�,� �t�w�o� �D�N�T� �i�s�o�m�e�r�s�,� �T�N�T�,� �4�N�2�A�M�,� �D�P�A�,� �D�B�P� �a�n�d� �a� �c�o�m�p�o�u�n�d� �o�f� �m�a�s�s� �1�6�6� �a�t� 

�1�0�.�1� �m�i�n�u�t�e�s�.� �I�t� �i�s� �i�n�t�e�r�e�s�t�i�n�g� �t�o� �n�o�t�e� �t�h�a�t� �t�h�e� �3�,�4�-�D�N�T� �i�s�o�m�e�r� �w�a�s� �m�a�t�c�h�e�d� �b�y� �t�h�e� �E�l� �G�C�/�M�S� 

�l�i�b�r�a�r�y�,� �n�o�t� �t�h�e� �m�o�r�e� �c�o�m�m�o�n� �2�,�6�-�D�N�T� �i�s�o�m�e�r�.� �T�h�e� �s�p�e�c�t�r�u�m� �a�t� �1�0�.�1� �m�i�n�u�t�e�s� �h�a�d� �a� �m�o�l�e�c�u�l�a�r� 

�i�o�n� �a�t� �m�/�z� �1�6�6�.� �A� �n�i�t�r�o� �a�c�e�t�a�n�i�l�i�d�e� �o�r� �a�n� �a�m�i�n�o�n�i�t�r�o�b�e�n�z�a�l�d�e�h�y�d�e� �a�r�e� �f�e�a�s�i�b�l�e� �e�x�p�l�a�n�a�t�i�o�n�s� 

�f�o�r� �t�h�i�s� �c�o�m�p�o�u�n�d�.� 

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

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

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

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

�T�h�e� �p�r�e�s�e�n�c�e� �o�f� �D�B�P� �w�a�s� �c�o�n�f�i�r�m�e�d� �b�y� �a�l�l� �t�h�r�e�e� �m�e�t�h�o�d�s�.� �T�h�e� �L�C� �p�e�a�k� �a�t� �a�r�o�u�n�d� �2�9�.�3� �m�i�n�-� 

�u�t�e�s� �m�a�t�c�h�e�s� �v�e�r�y� �w�e�l�l� �w�i�t�h� �t�h�e� �s�t�a�n�d�a�r�d� �(�T�a�b�l�e� �1�1� �a�n�d� �T�a�b�l�e� �1�2�)�.� �T�h�e� �s�a�m�e� �i�s� �t�r�u�e� �f�o�r� 

�G�C�/�M�S�.� �N�C�I� �t�h�e�r�m�o�s�p�r�a�y� �r�e�v�e�a�l�e�d� �a�n� �i�n�t�e�n�s�e� �i�o�n� �c�u�r�r�e�n�t� �a�t� �s�c�a�n� �#�9�9�7� �w�h�o�s�e� �s�p�e�c�t�r�u�m� �c�o�r�-� 

�r�e�l�a�t�e�s� �w�e�l�l� �t�o� �t�h�a�t� �o�f� �D�B�P�.� �A� �m�a�t�c�h� �f�o�r� �D�O�P� �w�a�s� �f�o�u�n�d� �i�n� �o�n�l�y� �s�a�m�p�l�e� �#�1� �o�n� �t�h�e� �L�C�,� �n�o�t� �o�n� 

�t�h�e� �G�C�/�M�S� �a�n�d� �o�n�l�y� �i�n� �t�h�e� �P�C�I� �T�S�P� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �s�t�a�n�d�a�r�d�s�.� 
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�P�e�a�k�s� �#�6� �a�n�d� �7� �i�n� �a�l�l� �t�h�e� �L�C� �s�a�m�p�l�e�s� �o�c�c�u�r� �a�t� �a�b�o�u�t� �1�5�.�4� �a�n�d� �1�5�.�8� �m�i�n�u�t�e�s� �r�e�s�p�e�c�t�i�v�e�l�y� �a�n�d� 

�h�a�v�e� �a� �U�V� �a�b�s�o�r�b�a�n�c�e� �m�a�x�i�m�u�m� �a�t� �2�3�6� �n�m�.� �T�h�i�s� �i�s� �v�e�r�y� �c�l�o�s�e� �t�o� �t�h�e� �L�C� �r�e�s�u�l�t�s� �f�o�r� �t�h�e� �a�n�a�l�-� 

�y�s�i�s� �o�f� �p�u�r�e� �a�c�e�t�o�n�e� �w�h�i�c�h� �e�l�u�t�e�d� �a�t� �1�5�.�8� �m�i�n�u�t�e�s� �a�n�d� �h�a�d� �a� �U�V� �a�b�s�o�r�b�a�n�c�e� �m�a�x�i�m�u�m� �a�t� �2�4�0� 

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

�a�l�t�h�o�u�g�h� �i�t� �w�a�s� �n�o�t� �a�p�p�l�i�e�d� �d�i�r�e�c�t�l�y� �t�o� �t�h�i�s� �p�a�r�t�i�c�u�l�a�r� �w�a�s�t�e� �s�t�r�e�a�m�.� �I�t� �a�p�p�e�a�r�s� �i�n� �s�a�m�p�l�e� �#�5� 

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

�L�C� �p�e�a�k� �#�8� �s�u�g�g�e�s�t�e�d� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �T�N�T� �i�n� �t�h�i�s� �w�a�s�t�e�w�a�t�e�r� �(�T�a�b�l�e� �1�2�)�.� �T�h�i�s� �w�a�s� �c�o�n�f�i�r�m�e�d� 

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

�F�i�r�s�t�,� �t�h�e� �o�b�s�e�r�v�e�d� �4�,�,�,�,� �O�f� �2�2�8� �n�m� �i�s� �v�e�r�y� �c�l�o�s�e� �t�o� �t�h�e� �p�u�b�l�i�s�h�e�d� �v�a�l�u�e� �o�f� �2�2�5� �n�m� �(�H�O�C�A�P�)�.� 

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

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

�T�N�T� �w�i�t�h� �D�N�T� �i�n� �i�n�d�u�s�t�r�i�a�l� �a�p�p�l�i�c�a�t�i�o�n�s�.� 

�T�h�e� �p�r�e�s�e�n�c�e� �o�f� �T�N�T� �w�a�s� �a�l�s�o� �c�o�n�f�i�r�m�e�d� �b�y� �G�C�/�M�S� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �s�t�a�n�d�a�r�d�.� �T�h�e� �T�N�T� 

�s�t�a�n�d�a�r�d� �w�a�s� �n�o�t� �a�n�a�l�y�z�e�d� �b�y� �T�h�e�r�m�o�s�p�r�a�y�,� �b�u�t� �L�C�/�M�S� �d�a�t�a� �s�u�g�g�e�s�t� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�h�i�s� 

�c�o�m�p�o�u�n�d�.� �N�e�g�a�t�i�v�e� �i�o�n� �T�S�P� �r�e�v�e�a�l�e�d� �a�n� �i�n�t�e�n�s�e� �i�o�n� �o�f� �m�/�z� �2�2�7� �a�t� �s�c�a�n� �#�7�1�5� �(�T�a�b�l�e� �1�4�)� 

�w�h�i�c�h� �c�o�u�l�d� �d�e�p�i�c�t� �t�h�e� �M �� �i�o�n� �o�f� �T�N�T�.� �T�h�e� �m�/�z� �1�9�7� �w�o�u�l�d� �r�e�p�r�e�s�e�n�t� �t�h�e� �l�o�s�s� �o�f� �-�N�O� �(�V�o�y�k�s�n�e�r� 

�a�n�d� �Y�i�n�o�n�,� �1�9�8�6�)�.� 

�P�a�r�k�e�r� �e�t� �a�l�.� �(�1�9�8�2�)� �f�o�u�n�d� �N�C�I� �t�o� �b�e� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�h�a�n� �P�C�I� �i�n� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �e�x�p�l�o�s�i�v�e�s� �b�y� 

�D�L�I�.� �V�o�y�k�s�n�e�r� �a�n�d� �Y�i�n�o�n� �(�1�9�8�6�)� �f�o�u�n�d� �T�N�T� �n�o�t� �a�m�e�n�a�b�l�e� �t�o� �T�S�P� �i�o�n�i�z�a�t�i�o�n� �i�n� �t�h�e� �p�o�s�i�t�i�v�e� �i�o�n� 

�m�o�d�e�.� �B�u�t� �Y�i�n�o�n� �a�n�d� �H�w�a�n�g� �(�1�9�8�3�)� �o�b�s�e�r�v�e�d� �g�o�o�d� �s�p�e�c�t�r�a�l� �r�e�s�u�l�t�s� �w�i�t�h� �P�C�I� �a�n�a�l�y�s�i�s� �o�f� �T�N�T� 

�o�n� �a� �D�L�I� �L�C�/�M�S� �s�y�s�t�e�m�.� �T�h�e�y� �o�b�s�e�r�v�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�p�e�c�t�r�a�l� �i�o�n�s� �f�o�r� �T�N�T� �u�s�i�n�g� �m�e�t�h�a�n�o�l�-� 

�w�a�t�e�r� �a�s� �t�h�e� �m�o�b�i�l�e� �p�h�a�s�e�:� �M�H�*� �i�o�n� �a�t� �m�/�z� �2�2�8�,� �t�h�e� �a�d�d�u�c�t� �i�o�n� �(�M� �+� �C�H�;�O�H� �+� �H�)�*� �a�t� �m�/�z� 

�2�6�0�,� �a�n�d� �t�h�e� �m�o�l�e�c�u�l�a�r� �i�o�n� �M�*� �a�t� �m�/�z� �2�2�7�.� �F�r�a�g�m�e�n�t� �i�o�n�s� �i�n�c�l�u�d�e�d� �(�M� �-� �O�H�)�*� �a�t� �m�/�z� �2�1�0� �a�n�d� 

�t�h�e� �(�M�H� �-� �3�0�)�*� �i�o�n� �a�t� �m�/�z� �1�9�8�.� �T�h�e� �l�a�s�t� �i�o�n� �r�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �l�o�s�s� �o�f� �N�O� �f�r�o�m� �t�h�e� �M�H ��®� �i�o�n� �o�r� 

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

�g�r�o�u�p�s� �y�i�e�l�d�s� �m�a�s�s� �i�o�n�s� �o�f� �m�/�z� �1�6�8� �a�n�d� �1�3�8�.� �T�h�e� �r�e�d�u�c�t�i�o�n� �p�r�o�c�e�d�e�s� �t�h�r�o�u�g�h� �a� �h�y�d�r�o�x�y�l�a�m�i�n�o� 
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�i�n�t�e�r�m�e�d�i�a�t�e�.� �O�x�i�d�a�t�i�o�n� �a�n�d� �c�o�u�p�l�i�n�g� �o�f� �h�y�d�r�o�x�y�l�a�m�i�n�o�d�i�n�i�t�r�o�t�o�l�u�e�n�e�s� �c�a�n� �r�e�s�u�l�t� �i�n� �t�h�e� �f�o�r�-� 

�m�a�t�i�o�n� �o�f� �a�z�o�x�y� �c�o�m�p�o�u�n�d�s� �w�h�i�c�h� �h�a�v�e� �a� �M�W� �o�f� �4�0�7� �(�Y�i�n�o�n� �a�n�d� �H�w�a�n�g�,� �1�9�8�5�)�.� 

�S�i�m�i�l�a�r�l�y�,� �t�h�e� �p�o�s�i�t�i�v�e� �c�h�e�m�i�c�a�l� �i�o�n�i�z�a�t�i�o�n� �m�a�s�s� �s�p�e�c�t�r�u�m� �o�f� �2�,�4�-�D�N�T� �w�i�t�h� �a� �m�e�t�h�a�n�o�l�-�w�a�t�e�r� 

�r�e�a�g�e�n�t� �h�a�s� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �a�s� �M�H�*� �a�t� �m�/�z� �1�8�3�,� �(�M� �-� �O�H�)�*� �a�t� �m�/�z� �1�6�5� �a�n�d� �(�M�H� �-� �3�0�)�*� �a�t� �m�/�z� 

�1�5�3� �(�Y�i�n�o�n� �a�n�d� �H�w�a�n�g�,� �1�9�8�3�)�.� �T�h�e� �m�a�s�s� �i�o�n�s� �a�t� �m�/�z� �1�3�5� �a�n�d� �1�3�7� �m�a�y� �l�i�k�e�l�y� �b�e� �(�M� �-� �O�H� �-� �3�0�)�*� 

�a�n�d� �(�M�H� �-� �N�O�,�)�*�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�T�h�e� �T�h�e�r�m�o�s�p�r�a�y� �L�C�/�M�S� �a�n�a�l�y�s�i�s� �o�f� �w�a�s�t�e�w�a�t�e�r� �a�n�d� �s�t�a�n�d�a�r�d�s� �c�o�n�t�a�i�n�i�n�g� �2�,�4�-�D�N�T� �d�i�d� �n�o�t� 

�a�c�h�i�e�v�e� �t�h�e� �s�u�c�c�e�s�s�f�u�l� �i�o�n�i�z�a�t�i�o�n� �o�f� �2�,�4�-�D�N�T� �i�n� �t�h�e� �P�C�]� �m�o�d�e� �r�e�p�o�r�t�e�d� �a�b�o�v�e�,� �a�l�t�h�o�u�g�h� �s�p�e�c�t�r�a� 

�o�f� �s�c�a�n�s� �#�8�9�9� �a�n�d� �8�1�1� �f�r�o�m� �T�a�b�l�e� �1�3� �a�n�d� �T�a�b�l�e� �1�4� �r�e�s�p�e�c�t�i�v�e�l�y�,� �c�o�m�e� �t�h�e� �c�l�o�s�e�s�t�.� �N�C�I� �p�r�o�v�e�d� 

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

�N�i�t�r�o�g�l�y�c�e�r�i�n� �(�N�G�)�,� �l�i�k�e� �T�N�T�,� �a�l�s�o� �h�a�s� �a� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �2�2�7� �a�n�d� �i�s� �r�e�a�d�i�l�y� �a�n�a�l�y�z�a�b�l�e� �b�y� 

�N�C�I� �T�S�P� �L�C�/�M�S�.� �E�v�e�n� �t�h�o�u�g�h� �D�N�T�,� �T�N�T� �a�n�d� �N�G� �m�a�y� �c�o�e�l�u�t�e� �o�r� �e�l�u�t�e� �c�l�o�s�e�l�y� �t�o�g�e�t�h�e�r�,� �n�e�g�a�-� 

�t�i�v�e� �i�o�n� �T�S�P� �L�C�/�M�S� �o�f�f�e�r�s� �t�h�e� �s�p�e�c�i�f�i�c�i�t�y� �r�e�q�u�i�r�e�d� �t�o� �r�e�s�o�l�v�e� �t�h�e�s�e� �c�o�m�p�o�u�n�d�s� �b�y� �m�a�s�s� 

�(�V�o�y�k�s�n�e�r� �a�n�d� �Y�i�n�o�n�,� �1�9�8�6�)�.� �S�p�e�c�t�r�a�l� �i�o�n�s� �o�f� �N�G� �i�n�c�l�u�d�e� �(�M� �+� �O�N�O�,�)�~� �a�t� �m�/�z� �2�8�9�,� �(�M� �+� 

�C�H�;�C�O�O�Q�) �� �a�t� �m�/�z� �2�8�6�,� �(�{�M� �+� �C�H�;�C�O�O� �-� �C�O�O�H�)!"� �a�t� �m�/�z� �2�4�1�,� �M!"� �a�t� �m�/�z� �2�2�7� �a�n�d� �(�M�-� �H�)� �a�t� �m�/�z� 

�2�2�6� �a�n�d� �(�M� �+� �C�H�;�C�O�O� �-� �2�C�O�O�H�)�~� �a�t� �m�/�z� �1�9�6�.� �T�h�e� �d�a�t�a� �f�r�o�m� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �w�a�s�t�e�w�a�t�e�r� 

�d�o�e�s� �n�o�t� �s�u�p�p�o�r�t� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �N�G�.� �T�h�e� �E�l� �m�a�s�s� �s�p�e�c�t�r�u�m� �f�o�r� �N�G� �d�o�e�s� �n�o�t� �m�a�t�c�h� �a�n�y� 

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

�1�8�.�3� �a�n�d� �3�8�.�4� �m�i�n�u�t�e�s� �c�o�n�t�a�i�n� �N�G� �-� �l�i�k�e� �m�a�s�s� �i�o�n�s� �{�T�a�b�l�e� �7�)�.� 

�5�.� �R�e�c�o�v�e�r�y� �E�x�p�e�r�i�m�e�n�t�s� 

�I�n� �m�a�k�i�n�g� �a� �s�y�n�t�h�e�t�i�c� �w�a�s�t�e�w�a�t�e�r� �c�o�n�s�i�s�t�i�n�g� �o�f� �D�P�A� �a�n�d� �D�N�T�,� �i�t� �p�r�o�v�e�d� �d�i�f�f�i�c�u�l�t� �t�o� �g�e�t� �m�g�/�L� 

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

�m�g�/�m�L� �D�P�A�,� �1�0� �m�g�/�m�L� �D�N�T� �m�i�x�t�u�r�e� �(�i�n� �m�e�t�h�a�n�o�l�)� �t�o� �5�0� �m�L� �o�f� �w�a�t�e�r� �c�a�u�s�e�d� �f�o�r�m�a�t�i�o�n� �o�f� �a� 

�I�V�.� �R�E�S�U�L�T�S� �a�n�d� �D�I�S�C�U�S�S�I�O�N� �8�9



�o�r�a�n�g�e� �d�r�o�p�l�e�t�.� �W�h�e�n� �5�0� �u�L� �w�e�r�e� �a�d�d�e�d�,� �t�h�e� �q�u�e�s�t�i�o�n� �o�f� �t�h�e� �a�c�t�u�a�l� �a�m�o�u�n�t� �o�f� �D�P�A� �i�n� �s�o�l�u�t�i�o�n� 

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

�s�o�l�u�b�i�l�i�t�y� �o�f� �D�P�A� �a�p�p�e�a�r�s� �t�o� �b�e� �a�f�f�e�c�t�e�d� �b�y� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �D�N�T�.� �T�h�e� �a�q�u�e�o�u�s� �s�o�l�u�b�i�l�i�t�y� �o�f� �D�N�T� 

�i�s� �r�e�p�o�r�t�e�d� �t�o� �b�e� �3�0�0� �m�g�/�L� �(�H�o�w�a�r�d�,� �1�9�9�0�)�.� 

�R�e�c�o�v�e�r�i�e�s� �a�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �c�o�m�p�a�r�i�n�g� �t�h�e� �m�a�s�s� �a�p�p�l�i�e�d� �t�o� �t�h�e� �S�P�E� �c�a�r�t�r�i�d�g�e� �w�i�t�h� �t�h�e� �m�a�s�s� 

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

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

�m�i�n�e�d�?� �T�h�e� �q�u�e�s�t�i�o�n� �o�f� �a�q�u�e�o�u�s� �D�P�A� �s�o�l�u�b�i�l�i�t�y�,� �b�o�t�h� �b�y� �i�t�s�e�l�f� �a�n�d� �i�n� �s�o�l�u�t�i�o�n� �w�i�t�h� �D�N�T�,� 

�p�r�o�m�p�t�e�d� �s�e�v�e�r�a�l� �a�p�p�r�o�a�c�h�e�s� �t�o� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �S�P�E� �r�e�c�o�v�e�r�i�e�s�.� 

�T�h�e� �t�w�o� �D�P�A� �s�o�l�u�t�i�o�n�s� �i�n� �T�a�b�l�e� �1�6� �a�n�d� �t�h�e� �D�P�A�/�D�N�T� �m�i�x�t�u�r�e� �i�n� �T�a�b�l�e� �1�7� �w�e�r�e� �p�r�e�p�a�r�e�d� �t�o� 

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

�s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�r�i�c� �a�n�a�l�y�s�i�s� �u�s�i�n�g� �t�h�e� �L�C�/�D�A�D�.� �E�a�c�h� �s�o�l�u�t�i�o�n� �w�a�s� �a�n�a�l�y�z�e�d� �p�r�i�o�r� �t�o� �s�o�l�i�d� 

�p�h�a�s�e� �e�x�t�r�a�c�t�i�o�n�.� �A�n�a�l�y�t�e� �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� �b�y� �a�p�p�l�y�i�n�g� �a�b�s�o�r�b�a�n�c�e� �(�p�e�a�k� 

�h�e�i�g�h�t�)� �t�o� �L�a�m�b�e�r�t�-�B�e�e�r ��s� �L�a�w� �a�n�d� �a�l�s�o� �b�y� �c�o�m�p�a�r�i�n�g� �i�n�t�e�g�r�a�t�e�d� �p�e�a�k� �a�r�e�a�s� �t�o� �s�t�a�n�d�a�r�d� 

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

�c�u�r�v�e�s� �f�o�r� �t�h�e� �t�w�o� �c�o�m�p�o�u�n�d�s� �(�F�i�g�u�r�e� �5� �a�n�d� �F�i�g�u�r�e� �6�)�.� �T�h�i�s� �m�e�t�h�o�d� �p�r�o�v�e�d� �u�n�s�u�c�c�e�s�s�f�u�l� 

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

�s�c�a�l�e �� �i�n� �T�a�b�l�e� �1�6� �a�n�d� �T�a�b�l�e� �1�7�)�.� �H�o�w�e�v�e�r�,� �p�e�a�k� �a�r�e�a�s� �w�e�r�e� �u�s�e�f�u�l� �i�n� �m�e�a�s�u�r�i�n�g� �m�a�s�s�e�s� 

�r�e�c�o�v�e�r�e�d� �f�r�o�m� �t�h�e� �S�P�E� �e�x�t�r�a�c�t�e�d� �s�a�m�p�l�e�s�.� 

�T�h�e� �a�c�t�u�a�l� �a�q�u�e�o�u�s� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �D�P�A� �s�o�l�u�t�i�o�n�s� �A� �a�n�d� �B� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� 

�L�a�m�b�e�r�t�-�B�e�e�r ��s� �L�a�w� �b�a�s�e�d� �o�n� �U�V� �a�b�s�o�r�b�a�n�c�e�s�.� �T�o� �d�o� �t�h�i�s�,� �t�h�e� �m�o�l�a�r� �a�b�s�o�r�p�t�i�v�i�t�y� �c�o�e�f�f�i�c�i�e�n�t�s� 

�(�c�e�)� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �k�n�o�w�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �D�P�A� �i�n� �m�e�t�h�a�n�o�l�;� �«� �v�a�l�u�e�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� 

�f�o�r� �t�h�e�s�e� �m�e�t�h�a�n�o�l� �s�o�l�u�t�i�o�n�s� �b�y� �b�o�t�h� �L�C�/�D�A�D� �a�n�d� �t�h�e� �D�U�-�6� �S�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r�.� �A�n� �«� �v�a�l�u�e� 

�o�f� �2�1�1�5�2� �(�S�D� �=� �3�7�4�)� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �L�a�m�b�e�r�t�-�B�e�e�r ��s� �L�a�w� �f�o�r� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �D�P�A� �s�o�l�-� 

�u�t�i�o�n�s� �i�n� �m�e�t�h�a�n�o�l� �a�t� �2�8�6� �n�m� �o�n� �t�h�e� �D�U�-�6� �S�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r�.� �T�h�i�s� �r�e�s�u�l�t�s� �i�n� �a�n� �«� �v�a�l�u�e� �w�i�t�h�i�n� 

�8� �p�e�r�c�e�n�t� �o�f� �t�h�a�t� �r�e�p�o�r�t�e�d� �i�n� �t�h�e� �H�a�n�d�b�o�o�k� �o�f� �C�h�e�m�i�s�t�r�y� �a�n�d� �P�h�y�s�i�c�s� �(�1�9�7�9�)�,� �(�C�h�a�p�t�e�r� �I�l�l�)�.� �T�h�e� 

�I�V�.� �R�E�S�U�L�T�S� �a�n�d� �D�I�S�C�U�S�S�I�O�N� �9�0



�T�a�b�l�e� �1�6�.� �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �D�P�A� �S�o�l�u�t�i�o�n�s� �a�n�d� �R�e�c�o�v�e�r�i�e�s� �f�r�o�m� �C�,�,� �S�P�E� �C�o�l�u�m�n�s� 

� � 

� � 

�M�e�t�h�o�d� �S�o�l�u�t�i�o�n� �A� �(�5� �m�g�/�L� �D�P�A�) �� �S�o�l�u�t�i�o�n� �B� �(�2�1� �m�g�/�L� �D�P�A�)�"� 
�S�P�E� �R�e�c�o�v�e�r�y� �S�P�E� �R�e�c�o�v�e�r�y� 

�D�P�A�  ��M�a�s�s� �D�P�A� �M�a�s�s� 
�c�o�n�c�.� �A�p�p�l�i�e�d� �M�a�s�s� �c�o�n�c�.� �A�p�p�l�i�e�d� �M�a�s�s� 

�t�o� �S�P�E� �t�o� �S�P�E� 
�m�g�/�L� �s�u�g� �u�e� �O�M� �m�g�/�L� �s�g� �u�g� �7�%� 

�B�e�e�r ��s� �L�a�w� 
�U�V� �«�=�2�1�1�5�2� �3�.�4� �1�7�0� �1�3�.�9� �6�9�5� 

�L�C�-�D�A�D� �«� �=� �3�9�3� 
�@� �2�3�0� �n�m� �N�D� �N�D� �1�5�5� �6�2�!� �1�6�.�5� �8�2�5� �9�5�5� �9�1�2� 

�L�C�-�D�A�D� �«� �=� �1�0�6�0� 
�@� �2�8�6� �n�m� �4�3� �2�1�7� �1�6�0� �«�6�4�!� �1�7�.�0� �8�5�0� �7�1�4� �6�8�?� 

�S�t�a�n�d�a�r�d� �C�u�r�v�e� 

�D�P�A� �@� �2�3�0�n�m� �N�D� �N�D� �1�5�5� �6�2�!� �o�f�f� �s�c�a�l�e� �8�7�7� �8�3�2� 

�D�P�A� �@� �2�8�6� �m�n� �_�_�_� �o�f�f� �s�c�a�l�e� �1�4�1� �5�6�}� �o�f�f� �s�c�a�l�e� �8�8�3� �8�4�2� 

�A�v�e�r�a�g�e� �R�e�c�o�v�e�r�y� �1�5�3� �6�1�!� �8�5�7� �8�2�?� 

�*� �T�h�e�o�r�e�t�i�c�a�l� �C�o�n�c�e�n�t�r�a�t�i�o�n�,� �s�e�e� �t�e�x�t� 
�s� �=� �M�o�l�a�r� �A�b�s�o�r�p�t�i�v�i�t�y� �C�o�e�f�f�i�c�i�e�n�t� 
�N�D� �=� �N�o�t� �D�e�t�e�c�t�e�d� 

� � 

�1� �A�s�s�u�m�e�s� �2�5�0� �u�G� �D�P�A� �a�p�p�l�i�e�d� �t�o� �C�1�8� �S�P�E� �c�o�l�u�m�n� 

�2� �A�s�s�u�m�e�s� �1�0�5�0� �w�G� �D�P�A� �a�p�p�l�i�e�d� �t�o� �C�1�8� �S�P�E� �c�o�l�u�m�n� 
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�T�a�b�l�e� �1�7�.� �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �D�P�A� �a�n�d� �D�N�T� �i�n� �a� �S�o�l�u�t�i�o�n� �a�n�d� �R�e�c�o�v�e�r�i�e�s� �o�f� �E�a�c�h� �f�r�o�m� �C�,�,� �S�P�E� 
�C�o�l�u�m�m�s� 

� � 

�M�e�t�h�o�d� �S�o�l�u�t�i�o�n� �C� �(�M�i�x�t�u�r�e� �o�f� �5� �m�g�/�L� �D�P�A� �&� �1�0�.�3� �m�g�/�L� �D�N�T�Y� 
�D�P�A� �D�N�T� �M�a�s�s� �R�e�c�o�v�e�r�e�d� �%�o�R�e�c�o�v�e�r�y� 

�C�o�n�e�.� �M�a�s�s� �A�p�p�l�i�e�d� �C�o�n�c�.� �M�a�s�s� �A�p�p�l�i�e�d� �D�P�A� �D�N�T� �D�P�A� �D�N�T� 
�t�o� �S�P�E� �t�o� �S�P�E� 

�m�g�/�L� �m�g�/�L� �B�g� �H�E� 

�B�e�e�r�s� �L�a�w� 

�L�C�-�D�A�D� �¢� �=� �3�9�3� 
�@� �2�3�0� �n�m� �5�.�7� �3�9�0� �7�8�!� 

�L�C�-�D�A�D� �«� �=� �1�0�6�0� 
�@� �2�8�6� �n�m� �1�1� �3�9�7� �7�!� 

�L�C�-�D�A�D� �«� �=� �1�6�0�2� 
�@� �2�3�0� �n�m� �1�1�.�4� �1�1�4�0� �9�5�9� �9�3�?� 

�S�t�a�n�d�a�r�d� �C�u�r�v�e� 
�D�P�A� �@� �2�3�0� �n�m� �o�f�f� �s�c�a�l�e� �3�6�2� �7�2�)� 

�D�P�A� �@� �2�8�6� �m�n� �o�f�f� �s�c�a�l�e� �3�4�2� �6�8�)� 

�D�N�T� �@� �2�3�0� �n�m� �o�f�f� �s�c�a�l�e� �1�0�0�7� �9�8�2� 

�A�v�e�r�a�g�e� �R�e�c�o�v�e�r�y� �3�7�3� �9�8�3� �7�4�)� �9�6�7� 

�*� �T�h�e�o�r�e�t�i�c�a�l� �C�o�n�c�e�n�t�r�a�t�i�o�n�,� �s�e�e� �t�e�x�t� 
�e�é� �=� �M�o�l�a�r� �A�b�s�o�r�p�t�i�v�i�t�y� �C�o�e�f�f�i�c�i�e�n�t� 

� � 
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�L�C�/�D�A�D� �m�o�l�a�r� �a�b�s�o�r�p�t�i�v�i�t�y� �v�a�l�u�e�s� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �t�h�e�s�e� �s�a�m�e� �3� �D�P�A� �s�o�l�u�t�i�o�n�s� �w�e�r�e� �1�0�6�0� 

�L�/�m�o�l�e�-�c�m� �(�S�D� �=� �2�3�)� �a�t� �2�8�6� �n�m� �a�n�d� �3�9�3� �(�S�D�=� �1�3�)� �a�t� �2�3�0� �n�m�.� 

�U�s�i�n�g� �t�h�e� �L�C�/�D�A�D� �«�e� �v�a�l�u�e�s� �a�n�d� �D�U�-�6� �S�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r� �«� �v�a�l�u�e�,� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �s�o�l�u�t�i�o�n�s� 

�A� �a�n�d� �B� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d�.� �T�h�e� �D�P�A� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �D�U�-�6� 

�S�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�w�e�r� �t�h�a�n� �t�h�o�s�e� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �L�C�/�D�A�D� �w�h�i�c�h� 

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

�a�d�d�e�d� �t�o� �t�h�e� �s�o�l�u�t�i�o�n�s� �(�T�a�b�l�e� �1�6�)�.� 

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

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

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

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

�w�a�s� �a�p�p�l�i�e�d� �t�o� �t�h�e� �S�P�E� �c�o�l�u�m�n�s�.� �T�h�u�s�,� �t�h�e� �p�e�r�c�e�n�t� �r�e�c�o�v�e�r�i�e�s� �g�i�v�e�n� �i�n� �T�a�b�l�e� �1�6� �a�r�e� �m�i�n�i�m�u�m� 

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

�o�f� �t�h�e� �r�e�c�o�v�e�r�i�e�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �b�o�t�h� �L�a�m�b�e�r�t�-�B�e�e�r ��s� �L�a�w� �a�n�d� �b�y� �s�t�a�n�d�a�r�d� �c�u�r�v�e�s� �a�s� �e�x�-� 

�p�l�a�i�n�e�d� �a�b�o�v�e�.� 

�T�h�e� �d�a�t�a� �i�n�d�i�c�a�t�e� �a�n� �a�p�p�a�r�e�n�t� �e�f�f�e�c�t� �o�f� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�n� �t�h�e� �r�e�c�o�v�e�r�y� �o�f� �D�P�A�.� �S�a�m�p�l�e� �B�,� 

�w�h�i�c�h� �h�a�d� �a� �g�r�e�a�t�e�r� �D�P�A� �c�o�n�c�e�n�t�r�a�t�i�o�n� �t�h�a�n� �S�a�m�p�l�e� �A�,� �s�h�o�w�e�d� �b�e�t�t�e�r� �a�v�e�r�a�g�e� �r�e�c�o�v�e�r�y� �(�8�2�%� 

�v�s�.� �6�1�%�)�.� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �D�P�A�/�D�N�T� �m�i�x�t�u�r�e� �(�S�o�l�u�t�i�o�n� �C�)� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �1�7�.� �T�h�e� 

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

�s�p�o�n�s�e�s� �a�t� �2�3�0� �a�n�d� �2�8�6� �n�m�.� �T�h�e� �o�b�s�e�r�v�e�d� �a�b�s�o�r�b�a�n�c�e�s� �w�e�r�e� �l�i�k�e�l�y� �b�e�l�o�w� �t�h�e� �l�i�n�e�a�r� �r�a�n�g�e� 

�o�f� �L�a�m�b�e�r�t�-�B�e�e�r ��s� �L�a�w�.� �T�h�e� �L�C�/�D�A�D� �«� �v�a�l�u�e� �f�o�r� �2�,�4�-�D�N�T� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �t�o� �b�e� �1�6�0�2� �L�/�m�o�l�e�-�c�m� 

�(�S�D� �=� �2�2�)� �a�t� �2�3�0� �n�m�.� �T�h�i�s� �w�a�s� �u�s�e�d� �i�n� �L�a�m�b�e�r�t�-�B�e�e�r ��s� �L�a�w� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� 

�o�f� �D�N�T� �i�n� �S�a�m�p�l�e� �C� �a�s� �s�h�o�w�n�:� 
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�C�o�n�c�e�n�t�r�a�t�i�o�n� �(�0�.�0�6�0� �A�U� �x� �1�8�2�,�0�0�0� �m�g�/�m�o�l�e�)� �4�4�.�4� �m�a�/�L� 
�=� �=� �.� �m� 

�(�0�.�6� �c�m� �x� �1�6�0�2� �L�/�m�o�l�e�-�c�m�)� �9� 
� � 

�T�h�i�s� �w�a�s� �s�l�i�g�h�t�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �t�h�e�o�r�e�t�i�c�a�l� �v�a�l�u�e� �o�f� �1�0�.�3� �m�g�/�L�.� �T�h�e� �a�v�e�r�a�g�e� �D�P�A� �r�e�c�o�v�e�r�y� 

�f�r�o�m� �S�a�m�p�l�e� �C� �w�a�s� �7�4�%� �e�v�e�n� �t�h�o�u�g�h� �t�h�e� �a�m�o�u�n�t� �a�p�p�l�i�e�d� �t�o� �e�a�c�h� �S�P�E� �c�o�l�u�m�n� �w�a�s� �t�h�e� �s�a�m�e� 

�a�s� �t�h�a�t� �i�n� �S�a�m�p�l�e� �A�.� �T�h�e� �a�v�e�r�a�g�e� �r�e�c�o�v�e�r�y� �o�f� �D�N�T� �f�r�o�m� �S�a�m�p�l�e� �C� �w�a�s� �9�6�%�.� 

�T�h�e� �r�e�c�o�v�e�r�i�e�s� �o�f� �D�P�A� �b�y� �t�h�e� �s�t�a�n�d�a�r�d� �a�d�d�i�t�i�o�n� �m�e�t�h�o�d� �a�r�e� �b�a�s�e�d� �o�n� �a�v�e�r�a�g�e�s� �o�f� �t�h�e� �i�n�t�e�-� 

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

�o�f� �t�h�e� �D�P�A� �v�e�r�s�u�s� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�d�d�e�d� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �7�.� �T�h�e� �a�b�s�o�l�u�t�e� �v�a�l�u�e� �o�f� �t�h�e� 

�x�-�i�n�t�e�r�c�e�p�t� �i�s� �t�a�k�e�n� �t�o� �b�e� �t�h�e� �D�P�A� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �u�n�s�p�i�k�e�d� �w�a�s�t�e�w�a�t�e�r� �s�a�m�p�l�e�.� �B�a�s�e�d� 

�o�n� �t�h�i�s� �v�a�l�u�e� �o�f� �2�.�2�3� �m�g�/�L�,� �t�h�e� �D�P�A� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �s�a�m�p�l�e�s� �2� �a�n�d� �3� �w�e�r�e� �3�.�2�8� �m�g�/�L� �a�n�d� �4�.�3�3� 

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

�s�t�a�n�d�a�r�d� �c�u�r�v�e�s� �f�o�r� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �p�e�a�k� �a�r�e�a�s� �a�t� �2�3�0� �n�m� �o�f� �t�h�e� �D�P�A� �a�n�d� �D�N�T� �r�e�c�o�v�e�r�e�d�.� �E�x�-� 

�t�r�a�p�o�l�a�t�i�o�n� �t�o� �a� �v�o�l�u�m�e� �o�f� �5�0� �m�L� �y�i�e�l�d�e�d� �D�P�A� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �t�h�e� �t�h�r�e�e� �s�a�m�p�l�e� �e�x�t�r�a�c�t�s� �o�f� 

�1�.�8�8�,� �2�.�1�4� �a�n�d� �2�.�9�8� �m�g�/�L� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�u�s�,� �t�h�e� �r�e�c�o�v�e�r�y� �o�f� �D�P�A� �w�a�s� �8�9�%� �f�r�o�m� �s�a�m�p�l�e� �o�n�e�,� 

�6�5�%� �f�r�o�m� �s�a�m�p�l�e� �2� �a�n�d� �6�9�%� �f�r�o�m� �s�a�m�p�l�e� �3�.� 

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

�o�f� �D�P�A� �e�v�e�n� �t�h�o�u�g�h� �t�h�e� �v�o�l�u�m�e� �o�f� �w�a�s�t�e�w�a�t�e�r� �w�a�s� �c�o�n�s�t�a�n�t� �f�o�r� �e�a�c�h� �s�a�m�p�l�e�.� �T�h�e� �D�N�T� �c�o�n�-� 

�c�e�n�t�r�a�t�i�o�n� �o�f� �S�a�m�p�l�e� �2� �(�1�6�3� �m�g�/�L�)�,� �w�a�s� �9�%� �g�r�e�a�t�e�r�,� �w�h�i�l�e� �t�h�a�t� �o�f� �S�a�m�p�l�e� �3� �(�1�9�6� �m�g�/�L�)�,� �w�a�s� 

�3�0�%� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �D�N�T� �f�o�u�n�d� �t�o� �b�e� �i�n� �S�a�m�p�l�e� �1� �(�1�4�9� �m�g�/�L�)�.� �T�h�e� �r�e�a�s�o�n�s� 

�f�o�r� �t�h�i�s� �r�e�s�p�o�n�s�e� �a�r�e� �n�o�t� �k�n�o�w�n�.� 

�T�h�i�s� �r�e�s�p�o�n�s�e� �w�a�s� �n�o�t� �o�b�s�e�r�v�e�d� �f�o�r� �t�h�r�e�e� �o�t�h�e�r� �c�o�m�p�o�u�n�d�s� �m�o�n�i�t�o�r�e�d� �b�y� �L�C�/�D�A�D�.� �T�h�e� �a�r�e�a�s� 

�o�f� �t�h�e� �p�e�a�k�s� �i�d�e�n�t�i�f�i�e�d� �p�r�e�v�i�o�u�s�l�y� �a�s� �T�N�T�,� �D�P�A�  ��b �� �a�n�d� �D�B�P� �r�e�m�a�i�n�e�d� �v�i�r�t�u�a�l�l�y� �c�o�n�s�t�a�n�t� �i�n� �a�l�l� 

�s�i�x� �o�f� �t�h�e� �s�a�m�p�l�e�s� �a�n�a�l�y�z�e�d�,� �i�.�e�.� �b�o�t�h� �t�h�e� �f�u�l�l� �s�t�r�e�n�g�t�h� �a�n�d� �1� �t�o� �1�0� �d�i�l�u�t�i�o�n�s� �o�f� �t�h�e� �s�a�m�p�l�e� �e�x�-� 

�t�r�a�c�t�s�.� 
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�F�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �A�n�a�l�y�t�i�c�a�l� �T�e�c�h�n�i�q�u�e�s� 

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

�a�n�a�l�y�t�i�c�a�l� �t�e�c�h�n�i�q�u�e�s� �u�t�i�l�i�z�e�d�.� �A� �c�o�m�p�a�r�i�s�o�n� �o�f� �L�C�/�M�S� �t�o� �G�C�/�M�S� �w�a�s� �o�f� �p�a�r�t�i�c�u�l�a�r� �i�m�p�o�r�-� 

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

�a�p�p�l�i�e�d� �t�o� �t�h�i�s� �r�e�s�e�a�r�c�h�.� 

�T�h�e� �p�r�e�s�e�n�c�e� �i�n� �t�h�e� �i�n�d�u�s�t�r�i�a�l� �w�a�s�t�e�w�a�t�e�r� �o�f� �D�B�P�,� �D�P�A�,� �2�,�4�-�D�N�T� �a�n�d� �2�,�4�,�6�-�T�N�T� �w�e�r�e� 

�c�o�n�f�i�r�m�e�d� �b�y� �L�C�/�D�A�D�,� �T�S�P� �L�C�/�M�S� �a�n�d� �G�C�/�M�S�.� 

�M�o�r�e� �s�a�m�p�l�e� �c�o�m�p�o�n�e�n�t�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �b�y� �L�C�/�D�A�D� �a�n�d� �T�S�P� �L�C�/�M�S� �t�h�a�n� �b�y� �G�C�/�M�S�.� 

�T�S�P� �L�C�/�M�S� �p�r�i�m�a�r�i�l�y� �p�r�o�v�i�d�e�d� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �i�n�f�o�r�m�a�t�i�o�n� �a�n�d� �o�n�l�y� �l�i�m�i�t�e�d� �s�t�r�u�c�t�u�r�a�l� 

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

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

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

�i�d�e�n�t�i�f�i�e�d� �w�h�e�n� �a�n�a�l�y�z�i�n�g� �s�t�a�n�d�a�r�d�s� �t�h�a�n� �w�h�e�n� �a�n�a�l�y�z�i�n�g� �u�n�k�n�o�w�n�s�.� �T�S�P� �i�s� �f�u�r�t�h�e�r� �l�i�m�-� 

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

�u�m�n�.� 

�E�]� �G�C�/�M�S� �a�n�a�l�y�s�i�s� �o�f�f�e�r�s� �s�t�r�u�c�t�u�r�a�l� �d�a�t�a�.� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �u�n�k�n�o�w�n�s� �c�a�n� �b�e� �a�s�s�i�s�t�e�d� �b�y� 

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

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

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

�s�a�m�p�l�e� �w�a�s� �f�i�r�s�t� �s�u�g�g�e�s�t�e�d� �b�y� �a� �l�i�b�r�a�r�y� �m�a�t�c�h� �o�f� �a�n� �u�n�k�n�o�w�n� �p�e�a�k� �f�r�o�m� �G�C�/�M�S� �a�n�a�l�y�s�i�s� 

�o�f� �t�h�e� �i�n�d�u�s�t�r�i�a�l� �w�a�s�t�e�w�a�t�e�r� �s�a�m�p�l�e�.� �Y�e�t� �t�h�e� �l�i�b�r�a�r�y� �m�a�t�c�h� �f�r�o�m� �G�C�/�M�S� �a�n�a�l�y�s�i�s� �o�f� �a� 

�k�n�o�w�n� �T�N�T� �s�t�a�n�d�a�r�d� �w�a�s� �1�,�2�-�d�i�c�h�l�o�r�o�p�r�o�p�a�n�e� �a�s� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �8�.� �H�o�w�e�v�e�r�,� �i�t� �i�s� 

�c�l�e�a�r� �t�h�a�t� �t�h�e� �s�p�e�c�t�r�u�m� �f�o�r� �T�N�T� �c�o�n�t�a�i�n�e�d� �i�n� �t�h�e� �s�a�m�e� �l�i�b�r�a�r�y� �(�F�i�g�u�r�e� �9�)� �m�a�t�c�h�e�s� �v�e�r�y� 
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�f�a�v�o�r�a�b�l�y� �w�i�t�h� �t�h�e� �s�p�e�c�t�r�u�m� �o�b�t�a�i�n�e�d� �f�o�r� �t�h�e� �s�t�a�n�d�a�r�d� �a�n�a�l�y�z�e�d�.� �C�o�n�f�i�r�m�a�t�i�o�n� �o�f� �t�h�e� 

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

�t�e�n�t�i�o�n� �t�i�m�e�s� �(�T�a�b�l�e� �1�5�)�.� �T�h�u�s�,� �s�p�e�c�t�r�a�l� �l�i�b�r�a�r�i�e�s� �s�h�o�u�l�d� �b�e� �u�s�e�d� �c�a�r�e�f�u�l�l�y� �a�n�d� �n�o�t� �e�x�-� 

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

�e� �§�6�©�A� �l�i�m�i�t�a�t�i�o�n� �o�f� �G�C�/�M�S� �a�n�a�l�y�s�i�s� �i�s� �t�h�e� �d�e�t�e�c�t�i�o�n� �o�f� �c�o�m�p�o�u�n�d�s� �t�h�a�t� �m�a�y� �n�o�t� �h�a�v�e� �b�e�e�n� �i�n� 

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

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

�b�e�e�n� �f�o�r�m�e�d� �b�y� �t�h�e�r�m�a�l� �d�e�g�r�a�d�a�t�i�o�n� �o�f� �d�i�n�i�t�r�o�t�o�l�u�e�n�e� �i�n� �t�h�e� �G�C�.� �A�n�a�l�y�s�i�s� �o�f� �N�-� 

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

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

�e� �O�f� �t�h�e� �t�w�o� �n�i�t�r�o�b�e�n�z�e�n�a�m�i�n�e�s� �d�e�t�e�c�t�e�d� �b�y� �G�C�/�M�S�,� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �o�n�l�y� 

�m�e�t�h�y�l�n�i�t�r�o�b�e�n�z�e�n�e�a�m�i�n�e� �(�4�N�2�A�M�)� �w�a�s� �s�u�g�g�e�s�t�e�d� �b�y� �L�C�/�M�S�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� 

�n�i�t�r�o�b�e�n�z�e�n�e�a�m�i�n�e�s� �w�a�s� �l�i�k�e�l�y� �t�h�e� �r�e�s�u�l�t� �o�f� �t�h�e� �a�b�i�l�i�t�y� �o�f� �D�P�A� �t�o� �a�b�s�o�r�b� �n�i�t�r�i�c� �o�x�i�d�e�s� �i�n� 

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

�e� �T�h�r�e�e� �d�e�t�e�c�t�o�r�s� �w�e�r�e� �u�s�e�d� �t�o� �a�n�a�l�y�z�e� �t�h�e� �s�a�m�e� �s�a�m�p�l�e�:� �L�C�/�D�A�D�,� �T�S�P� �L�C�/�M�S� �a�n�d� 

�G�C�/�M�S�.� �I�s� �o�n�e� �s�y�s�t�e�m� �b�e�t�t�e�r� �t�h�a�n� �t�h�e� �o�t�h�e�r�s�?� �E�a�c�h� �s�y�s�t�e�m� �i�s� �b�e�t�t�e�r� �a�t� �p�r�o�v�i�d�i�n�g� �i�n�f�o�r�-� 

�m�a�t�i�o�n� �u�n�i�q�u�e� �t�o� �i�t�s� �d�e�s�i�g�n� �y�e�t� �n�o� �o�n�e� �s�y�s�t�e�m� �i�s� �a�b�l�e� �t�o� �a�d�e�q�a�u�t�e�l�y� �c�h�a�r�a�c�t�e�r�i�z�e� �a�n� �u�n�-� 

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

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

�e� �I�n�t�h�e� �a�n�a�l�y�s�i�s� �p�e�r�f�o�r�m�e�d� �f�o�r� �t�h�i�s� �r�e�s�e�a�r�c�h�,� �L�C�/�D�A�D� �w�a�s� �a�b�l�e� �t�o� �d�e�t�e�c�t� �m�o�r�e� �c�o�m�p�o�n�e�n�t�s� 

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

�s�t�a�n�d�a�r�d�s�)�,� �i�t� �d�o�e�s� �i�d�e�n�t�i�f�y� �c�o�m�p�o�u�n�d�s� �b�y� �b�o�t�h� �r�e�t�e�n�t�i�o�n� �t�i�m�e�s� �a�n�d� �U�V� �s�p�e�c�t�r�a�.� �T�h�e� �e�f�-� 

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

�i�n� �t�h�e� �i�n�d�u�s�t�r�i�a�l� �w�a�s�t�e�w�a�t�e�r� �w�a�s� �f�i�r�s�t� �s�u�g�g�e�s�t�e�d� �b�y� �o�b�s�e�r�v�a�t�i�o�n� �o�f� �a� �p�e�a�k� �i�n� �t�h�e� �L�C�/�D�A�D� 

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

�I�V�.� �R�E�S�U�L�T�S� �a�n�d� �D�I�S�C�U�S�S�I�O�N� �9�9



� � 

�s�{�6�6�2�)� 
�1�Q�8�G�@�0�q� 

�9�0�8�6� �*�y� 
�s�a�n�e� 
�7� �8�2�0� 
�6� �g�a�a� 
�5� �0�0�0� 
�4�9�0�0� 
�3�0�2�0� 
�2�2�0�0� 

�|� 
� � 

�{�G�a�@� 

�©
� 

�1�0�8�0�2� 
�§� �2�8�0� 
�8� �8�8�8� 
�7� �G�8�6� 
�6� �B�8�8� 
�5�8�8�6� 
�4�0�8�0� 
�3�6�2�0� 
�2�0�8�8� 
�1�8�8�0� 

�A
�b

�u
�n

�d
�a

�n
�c

�e
� 

�4�8� � � 
�A�l�.� 

�(�#�1�1�9�5�1�)� �#�1�1�9�5�1�:� �P�r�o�p�a�n�e�,� 

�6�8� 

�S�c�a�n� �1�8�.�8�1�9�3� 

�6�3� 
�{� 

�g�g� 

� � �h�d�.� 

�q�3� � � 
� � 

�8�@� �1�0�8� 

�m�i�n�.� �o�f� �F�I�L�E�:� �A�D�I�N�T�R�L�.�D� 

�1�4�9� 

�t�h� �a�u�l� �,� �.� �d�y� 

�1�,�1�,�2�-�t�r�i�c�h�l�o�r�o�-� 

� � 

�1�2�6� �1�4�8� �1�6�6� �1�8�8� �2�8�8� 
�M�a�s�s�/�C�h�a�r�g�e� � � 

� � 

�F�i�g�u�r�e� �8�.� 

�I�V�.� �R�E�S�U�L�T�S� �a�n�d� �D�I�S�C�U�S�S�I�O�N� 

�E�l� �W�i�l�e�y� �L�i�b�r�a�r�y� �M�a�t�c�h� �o�f� �S�p�e�c�t�r�u�m� �o�f� �T�N�T� �S�t�a�n�d�a�r�d� 

�1�0�0



� � 
�C�E�L�G�S�A�@�G�S�)� �#�1�2�5�2�:� �B�e�n�z�e�n�e�,� �2�-�m�e�t�h�y�l ��-�1�.�2�.�5 ��-�t�r�i�n�i�t�r�a�-� 

� � 

� � 
� � 

�1�a�@�u�e�o� 

�R�E�a�R� �2�1�8� 

�6� �@�a�G� 

�4�0�R�a�0� �a� �e�A� �/� 
�3�a�  �� �1�3�4� �a� 

�a� �2�G�Q�G� �f� �/� �1�2�0�  �� 
�?� 

�.� �a� �o�o�e�e�s� �|� �a�l�t�a�  ��f�h�,� �J� �1� �t�e� �a�t�h�e�.� �a�h�.�.�.� �e�o�n�s�,� �i�f� �l�.� �d�a� �L� �.� �B�e� 

�s�f� �C�#�1�2�5�Q�G�6�2�)� �#�1�2�5�0�6�2�:� �B�e�n�z�e�n�e�,� �2�~�m�e�t�h�y�l ��-�1�.�3�.�5�-�t�r�i�n�i�t�r�o�- �� 
�©� �i�g�a�z�e� 
�«�a�2� 

�=�<� �g�a�g�e� �2�1�G� 

�5�0�0�2� 
�6�3� �B�4�9� 

�4�a�B�0� �\� �/� �1�G� 
�3�0� �1�3�4� �\� 

�2�9�0�8� �/� �1�2�0� �/� 
�,� �7� �|� �,� �f� �|� �_�/�f� �t�f�t�,� �i� 

�a� �n�e�y� �a� �n�e� �m�y� 
�5�2� �1�0�2� �1�5�2� �2�0�8� � � � � �M�a�s�s�/�C�h�a�r�g�e� 

� � 

�F�i�g�u�r�e� �9�.� �W�i�l�e�y� �L�i�b�r�a�r�y� �E�n�t�r�y� �f�o�r� �T�N�T� �(�C�A�S� �#� �1�1�8�-�9�6�-�7�)� 

�I�V�.� �R�E�S�U�L�T�S� �a�n�d� �D�I�S�C�U�S�S�I�O�N� �1�0�1



�e�x�p�e�c�t�e�d� �t�o� �e�l�u�t�e� �f�i�r�s�t� �u�n�d�e�r� �t�h�e� �r�e�v�e�r�s�e�d� �p�h�a�s�e� �c�o�n�d�i�t�i�o�n�s� �u�s�e�d�)� �a�n�d� �t�h�a�t� �h�a�d� �a� �U�V� 

�a�b�s�o�r�b�a�n�c�e� �m�a�x�i�m�u�m� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �l�i�s�t�e�d� �f�o�r� �T�N�T� �i�n� �H�O�C�A�P�.� �T�h�e� �i�d�e�n�t�i�t�y� �o�f� �t�h�i�s� �c�o�m�-� 

�p�o�u�n�d� �w�a�s� �c�o�n�f�i�r�m�e�d� �b�y� �L�C�/�D�A�D� �a�n�a�l�y�s�i�s� �o�f� �a� �T�N�T� �s�t�a�n�d�a�r�d�.� �F�i�g�u�r�e� �1�0� �s�h�o�w�s� �a�n� �e�x�a�c�t� 

�m�a�t�c�h� �o�f� �t�h�e� �U�V� �s�p�e�c�t�r�u�m� �f�o�r� �t�h�e� �u�n�k�n�o�w�n� �p�e�a�k� �i�n� �t�h�e� �w�a�s�t�e�w�a�t�e�r� �w�i�t�h� �t�h�a�t� �o�f� �t�h�e� �T�N�T� 

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

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

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

�a�n�a�l�y�t�i�c�a�l� �s�y�s�t�e�m�.� 

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

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

�d�a�t�a� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �D�A�D�,� �a�n�d� �b�o�t�h� �E�l� �a�n�d� �C�I� �m�a�s�s� �s�p�e�c�t�r�a�l� �d�a�t�a�,� �i�n� �o�n�e� �s�y�s�t�e�m�.� �F�o�r�-� 

�t�u�n�a�t�e�l�y�,� �c�u�r�r�e�n�t� �d�e�v�e�l�o�p�m�e�n�t�s� �a�r�e� �o�c�c�u�r�r�i�n�g� �i�n� �t�h�i�s� �a�r�e�a�.� �P�a�r�t�i�c�l�e� �b�e�a�m� �L�C�/�M�S� �i�n�t�e�r�-� 

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

�b�e� �c�o�u�p�l�e�d� �t�o� �L�C�/�D�A�D� �s�y�s�t�e�m�s�,� �t�h�e�n� �p�e�r�h�a�p�s� �m�a�n�y� �o�f� �t�h�e� �c�u�r�r�e�n�t� �a�n�a�l�y�t�i�c�a�l� �l�i�m�i�t�a�t�i�o�n�s�,� 

�i�n�c�l�u�d�i�n�g� �t�h�o�s�e� �e�n�c�o�u�n�t�e�r�e�d� �i�n� �t�h�i�s� �w�o�r�k�,� �w�i�l�l� �b�e� �o�v�e�r�c�o�m�e�.� 
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�F�i�g�u�r�e� �1�0�.� �L�C�/�D�A�D� �A�n�a�l�y�s�i�s� �o�f� �T�N�T�:� �C�o�m�p�a�r�i�s�o�n� �o�f� �T�N�T� �S�t�a�n�d�a�r�d� �W�i�t�h� �C�o�m�p�o�n�e�n�t� �o�f� 
�W�a�s�t�e�w�a�t�e�r� �S�a�m�p�l�e� 

�I�V�.� �R�E�S�U�L�T�S� �a�n�d� �D�I�S�C�U�S�S�I�O�N� �1�0�3



�V�.� �C�O�N�C�L�U�S�I�O�N�S� �a�n�d� �R�E�C�O�M�M�E�N�D�A�T�I�O�N�S� 

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

�s�e�a�r�c�h� �d�e�s�c�r�i�b�e�d� �h�e�r�e�i�n�:� 

�1�.� �L�i�q�u�i�d�-�l�i�q�u�i�d� �e�x�t�r�a�c�t�i�o�n� �w�i�t�h� �e�t�h�y�l� �a�c�e�t�a�t�e� �i�s� �n�o�t� �a� �r�e�c�o�m�m�e�n�d�e�d� �p�r�o�c�e�d�u�r�e� �f�o�r� �e�x�t�r�a�c�t�i�n�g� 

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

�a�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �o�v�e�r�c�o�m�e�.� 

�2�.� � �L�y�o�p�h�i�l�i�z�a�t�i�o�n� �i�s� �a� �v�i�a�b�l�e� �e�x�t�r�a�c�t�i�o�n� �p�r�o�c�e�d�u�r�e�,� �b�u�t� �i�t ��s� �u�s�e�f�u�l�n�e�s�s� �i�s� �l�i�m�i�t�e�d� �b�y� �t�h�e� �m�e�t�h�-� 

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

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

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

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

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

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

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

�a�q�u�e�o�u�s� �s�a�m�p�l�e�s�.� 

�V�.� �C�O�N�C�L�U�S�I�O�N�S� �a�n�d� �R�E�C�O�M�M�E�N�D�A�T�I�O�N�S� �1�0�4



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

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

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

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

�c�.� �M�o�r�e� �w�o�r�k� �n�e�e�d�s� �t�o� �b�e� �d�o�n�e� �t�o� �d�e�v�e�l�o�p� �S�P�E� �t�e�c�h�n�i�q�u�e�s� �f�o�r� �t�h�e� �e�x�t�r�a�c�t�i�o�n� �o�f� �p�o�l�a�r�,� 

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

�@�¢� �T�h�e� �a�m�i�n�o�p�r�o�p�y�l� �s�o�r�b�e�n�t�,� �u�s�e�d� �a�s� �a� �w�e�a�k� �a�n�i�o�n� �e�x�c�h�a�n�g�e� �c�o�l�u�m�n�,� �w�a�s� �i�n�e�f�f�e�c�-� 

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

�e� �§�=�\�t� �i�s� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �u�s�e� �o�f� �a� �s�t�r�o�n�g� �i�o�n� �e�x�c�h�a�n�g�e�r�,� �s�u�c�h� �a�s� �q�u�a�t�e�r�n�a�r�y� �a�m�i�n�e�,� 

�b�e� �e�x�p�l�o�r�e�d� �f�o�r� �t�h�i�s� �p�u�r�p�o�s�e�.� 

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

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

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

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

�(�L�C�/�M�S�)� �i�n� �b�r�o�a�d� �s�p�e�c�t�r�u�m�,� �n�o�n�-�t�a�r�g�e�t� �a�n�a�l�y�s�i�s�.� �T�h�i�s� �v�e�r�s�a�t�i�l�i�t�y� �w�o�u�l�d� �b�e� �e�n�h�a�n�c�e�d� �i�f� 

�b�o�t�h� �d�e�t�e�c�t�o�r�s� �w�e�r�e� �u�s�e�d� �i�n� �s�e�r�i�e�s� �l�i�n�k�e�d� �t�o� �t�h�e� �s�a�m�e� �L�C�.� �I�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �e�a�c�h� �d�e�t�e�c�t�o�r� 

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

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

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

�7�.� � �T�h�e�r�m�o�s�p�r�a�y� �(�T�S�P�)� �L�C�/�M�S� �i�s� �u�s�e�f�u�l� �f�o�r� �i�d�e�n�t�i�f�y�i�n�g� �s�t�a�n�d�a�r�d�s� �a�n�d� �p�r�o�v�i�d�i�n�g� �m�o�l�e�c�u�l�a�r� 

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

�s�t�i�t�u�e�n�t�s�.� 

�V�.� �C�O�N�C�L�U�S�I�O�N�S� �a�n�d� �R�E�C�O�M�M�E�N�D�A�T�I�O�N�S� �1�0�5



�1�0�.� 

�1�1�.� 

�1�2�.� 

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

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

�w�a�s�t�e�w�a�t�e�r�.� 

�E�!�|� �G�C�/�M�S� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �a�n� �E�!� �s�p�e�c�t�r�a�l� �l�i�b�r�a�r�y� �w�a�s� �u�s�e�f�u�l� �i�n� �s�u�g�g�e�s�t�i�n�g� �i�d�e�n�t�i�t�i�e�s� �o�f� 

�o�n�l�y� �s�o�m�e� �o�f� �t�h�e� �c�o�m�p�o�n�e�n�t�s� �d�e�t�e�c�t�e�d� �b�y� �L�C�/�M�S�.� 

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

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

�I�f� �c�o�l�u�m�n� �c�l�o�g�g�i�n�g� �d�i�f�f�i�c�u�l�t�i�e�s� �c�a�n� �b�e� �o�v�e�r�c�o�m�e�,� �o�p�e�n� �t�u�b�u�l�a�r� �a�n�d� �c�a�p�i�l�l�a�r�y� �c�o�l�u�m�n� �L�C�/�M�S� 

�m�a�y� �b�e� �v�i�a�b�l�e� �a�n�d� �s�e�n�s�i�t�i�v�e� �m�e�t�h�o�d�s� �o�f� �a�n�a�l�y�s�i�s�.� 

�P�a�r�t�i�c�l�e� �b�e�a�m� �L�C�/�M�S�,� �a�s� �r�e�p�o�r�t�e�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�,� �p�r�o�v�i�d�e�s� �b�o�t�h� �E�l� �a�n�d� �C�l� �m�a�s�s� �s�p�e�c�t�r�a�l� 

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

�i�n� �t�h�i�s� �r�e�s�e�a�r�c�h�.� 

�R�e�c�o�m�m�e�n�d�a�t�i�o�n�s�:� �T�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e�s�e� �t�e�c�h�n�i�q�u�e�s� �t�o� �m�o�n�i�t�o�r� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� 

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

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

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

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

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

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

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

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

�V�.� �C�O�N�C�L�U�S�I�O�N�S� �a�n�d� �R�E�C�O�M�M�E�N�D�A�T�I�O�N�S� �1�0�6



�R�E�F�E�R�E�N�C�E�S� 

�A�m�a�t�e�i�s�,� �P�a�t�r�i�c�i�a� �G�.�,�  ��F�e�a�s�i�b�i�l�i�t�y� �o�f� �A�n�a�l�y�s�i�s� �o�f� �P�o�l�a�r� �C�o�m�p�o�u�n�d�s� �b�y� �H�i�g�h� �P�e�r�f�o�r�m�a�n�c�e� �L�i�q�u�i�d� 
�C�h�r�o�m�a�t�o�g�r�a�p�h�y� �w�i�t�h� �F�o�u�r�i�e�r� �T�r�a�n�s�f�o�r�m� �I�n�f�r�a�r�e�d� �S�p�e�c�t�r�o�s�c�o�p�i�c� �D�e�t�e�c�t�i�o�n�. �� 
�P�h�D�.� �D�i�s�s�e�r�t�a�t�i�o�n�,� �V�P�!� �&� �S�U�,� �B�l�a�c�k�s�b�u�r�g�,� �V�A�,� �(�1�9�8�4�)�.� 

�A�r�p�i�n�o�,� �P�a�t�r�i�c�k� �J�.� �a�n�d� �G�u�i�o�c�h�o�n�,� �G�e�o�r�g�e�s�,�  ��L�C�/�M�S� �C�o�u�p�l�i�n�g�. �� 
�A�n�a�l�.� �C�h�e�m�.�,� �5�1�(�7�)�,� �6�8�2�A�-�7�0�1�A� �(�1�9�7�9�)�.� 

�B�a�l�l�a�r�d�,� �J�.� �M�.� �a�n�d� �B�e�t�o�w�s�k�i�,� �L�.� �D�.�,�  ��T�h�e�r�m�o�s�p�r�a�y� �l�o�n�i�z�a�t�i�o�n� �a�n�d� �T�a�n�d�e�m� �M�a�s�s� �S�p�e�c�t�r�o�m�e�t�r�y� 
�o�f� �D�y�e�s�. �� �O�r�g�a�n�i�c� �M�a�s�s� �S�p�e�c�.�,� �2�1�,� �5�7�5�-�5�8�8�,� �(�1�9�8�6�)�.� 

�B�e�a�n�,� �M�.� �F�.�,� �M�o�r�e�l�l�,� �S�.� �P�.�,� �D�u�l�i�k�,� �D�.� �a�n�d� �F�e�n�s�e�l�a�u�,� �C�.�,�  ��T�h�e�r�m�o�s�p�r�a�y� �A�n�a�l�y�s�i�s�  �� �o�f� 
�A�c�h�r�o�m�o�p�h�o�r�i�c� �a�n�d� �C�h�r�o�m�o�p�h�o�r�i�c� �G�l�u�t�a�t�h�i�o�n�e� �C�o�n�j�u�g�a�t�e�s�. �� �P�r�e�s�e�n�t�e�d� �a�t� �t�h�e� �3�5�t�h� �A�S�M�S� 
�C�o�n�f�e�r�e�n�c�e� �o�n� �M�a�s�s� �S�p�e�c�t�r�o�m�e�t�r�y� �a�n�d� �A�l�l�i�e�d� �T�o�p�i�c�s�,� �D�e�n�v�e�r�,� �C�O�,� �M�a�y� �2�4�-�2�9�,� �1�9�8�7�,� �p�p�.� 
�1�1�0�4�-�1�1�0�5�.� 

�B�e�a�t�t�i�e�,� �|�.� �G�.�,� �G�a�m�e�s�,� �D�.� �E�.�,� �S�t�a�r�t�i�n�,� �J�.� �R�.� �a�n�d� �G�i�l�b�e�r�t�,� �J�.�,�  ��A�n�a�l�y�s�i�s� �o�f� �N�o�n�-�v�o�l�a�t�i�l�e� �N�i�t�r�o�s�a�m�i�n�e�s� 
�b�y� �M�o�v�i�n�g� �B�e�l�t� �L�i�q�u�i�d� �C�h�r�o�m�a�t�o�g�r�a�p�h�y�/�M�a�s�s� �S�p�e�c�t�r�o�m�e�t�r�y�. �� �B�i�o�m�e�d�i�c�a�l� �M�a�s�s� 
�S�p�e�c�t�r�o�m�e�t�r�y�,� �1�2�(�1�0�)�,� �6�1�6�-�6�1�9�,� �(�1�9�8�5�)�.� 

�B�e�h�y�m�e�r�,� �T�.� �D�.�,� �B�e�l�l�a�r�,� �T�.� �A�.� �a�n�d� �B�u�d�d�e�,� �W�.� �L�.�,�  ��D�e�v�e�l�o�p�m�e�n�t� �o�f� �a�n� �I�n�t�e�r�n�a�l� �S�t�a�n�d�a�r�d� �a�n�d� �a� 
�P�e�r�f�o�r�m�a�n�c�e� �T�e�s�t� �M�i�x�t�u�r�e� �f�o�r� �P�a�r�t�i�c�l�e� �B�e�a�m� �L�i�q�u�i�d� �C�h�r�o�m�a�t�o�g�r�a�p�h�y�/�M�a�s�s� �S�p�e�c�t�r�o�m�e�t�r�y� 
�S�y�s�t�e�m�s�. �� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �3�7�t�h� �A�S�M�S� �C�o�n�f�.� �o�n� �M�a�s�s� �S�p�e�c�t�r�o�m�.� �a�n�d� �A�l�l�i�e�d� �T�o�p�i�c�s�,� 
�M�i�a�m�i� �B�e�a�c�h�,� �F�L�,� �M�a�y� �2�1�-�2�6�,� �1�9�8�9�,� �p�p�.� �1�4�1�-�1�4�2�.� 

�B�e�l�l�a�r�,� �T�h�o�m�a�s� �A�.� �a�n�d� �B�u�d�d�e�,� �W�i�l�l�i�a�m� �L�.�,�  ��D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �N�o�n�v�o�l�a�t�i�l�e� �O�r�g�a�n�i�c� �C�o�m�p�o�u�n�d�s� 
�i�n� �A�q�u�e�o�u�s� �S�a�m�p�l�e�s� �U�s�i�n�g� �L�i�q�u�i�d� �C�h�r�o�m�a�t�o�g�r�a�p�h�y�/�M�a�s�s� �S�p�e�c�t�r�o�m�e�t�r�y�. �� �A�n�a�l�.� �C�h�e�m�.�,� 
�6�0�,� �2�0�7�6�-�2�0�8�3�,� �(�1�9�8�8�)�.� 

�B�e�n�j�a�m�i�n�,� �J�o�e�l�,�  ��U�s�e� �o�f� �B�o�n�d�e�d� �S�i�l�i�c�a� �S�o�r�b�e�n�t�s� �f�o�r� �S�e�l�e�c�t�i�v�e� �l�s�o�l�a�t�i�o�n� �o�f� �P�A�H� �a�n�d� �P�C�B� �a�t� �L�o�w� 
�L�e�v�e�l� �i�n� �V�a�r�i�o�u�s� �W�a�t�e�r� �S�a�m�p�l�e�s�. �� �K�a�i�s�e�r� �A�l�u�m�i�n�u�m� �a�n�d� �C�h�e�m�i�c�a�l� �C�o�r�p�o�r�a�t�i�o�n�,� �(�u�n�-� 
�d�a�t�e�d�)�.� 

�B�e�r�b�e�r�i�c�h�,� �D�.� �W�.�,� �a�n�d� �F�e�t�t�e�r�o�l�f�,� �D�.� �D�.�,�  ��F�o�r�e�n�s�i�c� �C�o�m�p�a�r�i�s�o�n� �o�f� �E�x�p�l�o�s�i�v�e�s� �b�y� 
�T�h�e�r�m�o�s�p�r�a�y�/�L�i�q�u�i�d� �C�h�r�o�m�a�t�o�g�r�a�p�h�y�/�M�a�s�s� �S�p�e�c�t�r�o�m�e�t�r�y�. �� �P�r�o�c�e�d�i�n�g�s� �o�f� �t�h�e� �3�5�t�h� �A�S�M�S� 
�C�o�n�f�.� �o�n� �M�a�s�s� �S�p�e�c�t�r�o�m�.� �a�n�d� �A�l�l�i�e�d� �T�o�p�i�c�s�,� �D�e�n�v�e�r�,� �C�O�,� �M�a�y� �2�4�-�2�9�,� �1�9�8�7�,� �p�p�.� �1�0�7�4�-�1�0�7�5�.� 
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�B�r�u�i�n�s�,� �A�.� �P�.�,� �W�e�i�d�o�l�f�,� �L�.� �O�.� �G�.�,� �H�e�n�i�o�n�,� �J�.� �D�.� �a�n�d� �B�u�d�d�e�,� �W�.� �L�.�,�  ��D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �S�u�l�f�o�n�a�t�e�d� 
�A�z�o� �D�y�e�s� �b�y� �L�i�q�u�i�d� �C�h�r�o�m�a�t�o�g�r�a�p�h�y�/�A�t�m�o�s�p�h�e�r�i�c� �P�r�e�s�s�u�r�e� �l�o�n�i�z�a�t�i�o�n� �M�a�s�s� 
�S�p�e�c�t�r�o�m�e�t�r�y�. �� �A�n�a�l�.� �C�h�e�m�.�,� �5�9�,� �2�6�4�7�-�2�6�5�2�,� �(�1�9�8�7�)�.� 

�B�u�d�d�e�,� �W�i�l�l�i�a�m� �L�.�,�  ��A�z�o� �D�y�e�s�:� �E�n�v�i�r�o�n�m�e�n�t�a�l� �C�o�n�c�e�r�n�s�,� �A�n�a�l�y�t�i�c�a�l� �C�h�e�m�i�s�t�r�y� �a�n�d� �M�a�s�s� 
�S�p�e�c�t�r�o�m�e�t�r�y�. �� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �3�7�t�h� �A�S�M�S� �C�o�n�f�.� �o�n� �M�a�s�s� �S�p�e�c�t�r�o�m�.� �a�n�d� �A�l�l�i�e�d� 
�T�o�p�i�c�s�,� �M�i�a�m�i� �B�e�a�c�h�,� �F�L�,� �M�a�y� �2�1�-�2�6�,� �1�9�8�9�,� �p�p�.� �7�9�8�-�7�9�9�.� 

�C�e�r�r�u�t�i�,� �L�a�u�r�a� �R�.�,�  ��E�v�a�l�u�a�t�i�o�n� �o�f� �a� �P�a�r�t�i�c�l�e� �B�e�a�m� �I�n�t�e�r�f�a�c�e� �f�o�r� �L�C�/�M�S�. �� �M�a�s�t�e�r ��s� �T�h�e�s�i�s�,� �D�e�-� 
�p�a�r�t�m�e�n�t� �o�f� �C�h�e�m�i�s�t�r�y�,� �V�P�I� �&� �S�U�,� �B�l�a�c�k�s�b�u�r�g�,� �V�A� �(�1�9�8�9�)�.� 

�C�o�v�e�y�,� �T�.� �R�.�,� �L�e�e�,� �E�.� �D�.�,� �B�r�u�i�n�s�,� �A�.� �P�.�,� �a�n�d� �H�e�n�i�o�n�,� �J�.� �D�.�,�  ��L�i�q�u�i�d� �C�h�r�o�m�a�t�o�g�r�a�p�h�y�/�M�a�s�s� 
�C�h�r�o�m�a�t�o�g�r�a�p�h�y�. �� �A�n�a�l�.� �C�h�e�m�.�,� �5�8�(�1�4�)�,� �1�4�5�1�A�-�1�4�6�1�A�,� �(�1�9�8�6�)�.� 

�C�o�v�e�y�,� �T�.� �R�.�,� �C�r�o�w�t�h�e�r�,� �J�.� �B�.�,� �D�e�w�e�y�,� �E�.� �D�.� �a�n�d� �H�e�n�i�o�n�,� �J�.� �D�.�,�  ��T�h�e�r�m�o�s�p�r�a�y� �L�i�q�u�i�d� 
�C�h�r�o�m�a�t�o�g�r�a�p�h�y�/�M�a�s�s� �S�p�e�c�t�r�o�m�e�t�r�y� �D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �D�r�u�g�s� �a�n�d� �T�h�e�i�r� �M�e�t�a�b�o�l�i�t�e�s� �i�n� 
�U�r�i�n�e�. �� �A�n�a�l�.� �C�h�e�m�.�,� �5�7�,� �4�7�4�-�4�8�1�,� �(�1�9�8�5�)�.� 

�C�r�a�t�h�o�r�n�e�,� �B�.�,� �F�i�e�l�d�i�n�g�,� �M�.�,� �S�t�e�e�l�,� �C�.� �P�.� �a�n�d� �W�a�t�t�s�,� �C�.� �D�.�,�  ��O�r�g�a�n�i�c� �C�o�m�p�o�u�n�d�s� �i�n� �W�a�t�e�r�:� 
�A�n�a�l�y�s�i�s� �U�s�i�n�g� �C�o�u�p�l�e�d�-�C�o�l�u�m�n� �H�i�g�h�-�P�e�r�f�o�r�m�a�n�c�e� �L�i�q�u�i�d� �C�h�r�o�m�a�t�o�g�r�a�p�h�y� �a�n�d� �S�o�f�t�-� 
�l�o�n�i�z�a�t�i�o�n� �M�a�s�s� �S�p�e�c�t�r�o�m�e�t�r�y�. �� �E�n�v�i�r�o�n�.� �S�c�i�.� �T�e�c�h�n�o�l�.�,� �1�8�,� �7�9�7�-�8�0�2� �(�1�9�8�4�)�.� 

�C�r�a�t�h�o�r�n�e�,� �B�.�,� �W�a�t�t�s�,� �C�.� �D�.� �a�n�d� �F�i�e�l�d�i�n�g�,� �M�.�,�  ��A�n�a�l�y�s�i�s� �o�f� �N�o�n�-�v�o�l�a�t�i�l�e� �O�r�g�a�n�i�c� �C�o�m�p�o�u�n�d�s� �i�n� 
�W�a�t�e�r� �b�y� �H�i�g�h�-�P�e�r�f�o�r�m�a�n�c�e� �L�i�q�u�i�d� �C�h�r�o�m�a�t�o�g�r�a�p�h�y�. �� �J�.� �C�h�r�o�m�a�t�o�g�r�.�,� �1�8�5�,� �6�7�1�-�6�9�0� 
�(�1�9�7�9�)�.� 

�d�e� �W�i�t�,� �J�.� �S�.� �M�.�,� �P�a�r�k�e�r�,� �C�.� �E�.�,� �T�o�m�e�r�,� �K�.� �B�.� �a�n�d� �J�o�r�g�e�n�s�o�n�,� �J�.� �W�.�,�  ��D�i�r�e�c�t� �C�o�u�p�l�i�n�g� �o�f� �O�p�e�n�-� 
�T�u�b�u�l�a�r� �L�i�q�u�i�d� �C�h�r�o�m�a�t�o�g�r�a�p�h�y� �w�i�t�h� �M�a�s�s� �S�p�e�c�t�r�o�m�e�t�r�y�. �� �A�n�a�l�.� �C�h�e�m�.�,� �5�9�(�1�9�)�,� 
�2�4�0�0�-�2�4�0�4�,� �(�1�9�8�7�)�.� 

�d�e� �W�i�t�,� �J�.� �S�.� �M�.�,� �P�a�r�k�e�r�,� �C�.� �E�.�,� �T�o�m�e�r�,� �K�.� �B�.� �a�n�d� �J�o�r�g�e�n�s�o�n�,� �J�.� �W�.�,�  ��S�e�p�a�r�a�t�i�o�n� �a�n�d� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� 
�o�f� �T�r�i�f�l�u�r�a�l�i�n� �M�e�t�a�b�o�l�i�t�e�s� �b�y� �O�p�e�n�-�t�u�b�u�l�a�r� �L�i�q�u�i�d� �C�h�r�o�m�a�t�o�g�r�a�p�h�y�/�N�e�g�a�t�i�v�e� �C�h�e�m�i�c�a�l� 
�l�o�n�i�z�a�t�i�o�n� �M�a�s�s� �S�p�e�c�t�r�o�m�e�t�r�y�. �� �B�i�o�m�e�d�.� �a�n�d� �E�n�v�i�r�.� �M�a�s�s� �S�p�e�c�.�,� �1�7�,� �4�7�-�5�3� �(�1�9�8�8�)�.� 

�D�e�W�a�l�l�e�,� �F�o�p�p�e� �B�.� �a�n�d� �C�h�i�a�n�,� �E�.� �S�.� �K�.�,�  ��D�e�t�e�c�t�i�o�n� �o�f� �T�r�a�c�e� �O�r�g�a�n�i�c�s� �i�n� �W�e�l�l� �W�a�t�e�r� �N�e�a�r� �a� �S�o�l�i�d� 
�W�a�s�t�e� �L�a�n�d�f�i�l�l�. �� �J�o�u�r�n�a�l� �o�f� �t�h�e� �A�m�e�r�i�c�a�n� �W�a�t�e�r� �W�o�r�k�s� �A�s�s�o�c�i�a�t�i�o�n�,� �7�3�,� �2�0�6�-�2�1�1�,� �(�1�9�8�1�)�.� 

�D�i�e�t�r�i�c�h�,� �A�.� �M�.�,�  ��M�a�s�s� �S�p�e�c�t�r�o�m�e�t�r�i�c� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �D�N�A� �A�d�d�u�c�t�s� �F�o�r�m�e�d� �f�r�o�m� 
�3�-�n�i�t�r�o�f�l�u�o�r�a�n�t�h�e�n�e�. �� �P�h�D�.� �D�i�s�s�e�r�t�a�t�i�o�n�,� �D�e�p�t�.� �E�n�v�i�r�o�n�m�e�n�t�a�l� �S�c�i�e�n�c�e�s� �a�n�d� �E�n�g�i�n�e�e�r�i�n�g�,� 
�T�h�e� �U�n�i�v�e�r�s�i�t�y� �o�f� �N�o�r�t�h� �C�a�r�o�l�i�n�a�,� �C�h�a�p�e�l� �H�i�l�l�,� �N�C� �(�1�9�8�7�)�.� 

�D�i�e�t�r�i�c�h�,� �A�.� �M�.�,� �M�i�l�l�i�n�g�t�o�n�,� �D�.� �S�.� �a�n�d� �S�e�o�,� �Y�.�-�H�.�,�  ��S�p�e�c�i�f�i�c� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �S�y�n�t�h�e�t�i�c� �O�r�g�a�n�i�c� 
�C�h�e�m�i�c�a�l�s� �i�n� �R�i�v�e�r� �W�a�t�e�r� �U�s�i�n�g� �L�i�q�u�i�d�-�L�i�q�u�i�d� �E�x�t�r�a�c�t�i�o�n� �a�n�d� �R�e�s�i�n� �A�d�s�o�r�p�t�i�o�n� �C�o�u�p�l�e�d� 
�w�i�t�h� �E�l�,� �C�l� �a�n�d� �A�c�c�u�r�a�t�e� �M�a�s�s� �G�C�/�M�S� �A�n�a�l�y�s�e�s�. �� �J�.� �C�h�r�o�m�a�t�o�g�r�.�,� �4�3�6�,� �2�2�9�-�2�4�1�,� �(�1�9�8�8�)�.� 

�D�u�n�l�a�p�,� �W�.� �J�.�,� �S�h�e�w�,� �D�.� �C�.�,� �S�c�a�l�f�,� �M�.� �R�.�,� �C�o�s�b�y�,� �R�.� �L�.� �a�n�d� �R�o�b�e�r�t�s�o�n�,� �J�.� �M�.�,�  ��I�s�o�l�a�t�i�o�n� �a�n�d� 
�I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �O�r�g�a�n�i�c� �C�o�n�t�a�m�i�n�a�n�t�s� �i�n� �G�r�o�u�n�d� �W�a�t�e�r�. �� �i�n� �/�d�e�n�t�i�f�i�c�a�t�i�o�n� �a�n�d� �A�n�a�l�y�s�i�s� 
�o�f� �O�r�g�a�n�i�c� �P�o�l�l�u�t�a�n�t�s� �i�n� �W�a�t�e�r�,� �K�e�i�t�h�,� �L�.� �H�.�,� �e�d�.�.� �A�n�n� �A�r�b�o�r� �S�c�i�e�n�c�e�,� �A�n�n� �A�r�b�o�r�,� �M�I�,� �p�p�.� 
�4�5�3�-�4�7�8� �(�1�9�7�6�)�.� 

�E�s�c�o�f�f�i�e�r�,� �B�.� �H�.�,� �P�a�r�k�e�r�,� �C�.� �E�.�,� �M�e�s�t�e�r�,� �T�.� �C�.�,� �d�e� �W�i�t�,� �J�.� �S�.� �M�.�,� �C�o�r�b�i�n�,� �F�.� �T�.�,� �J�o�r�g�e�n�s�e�n�,� �J�.� �W�.� �a�n�d� 
�T�o�m�e�r�,� �K�.� �B�.�,�  ��C�o�m�p�a�r�i�s�o�n� �o�f� �O�p�e�n�-�T�u�b�u�l�a�r� �L�i�q�u�i�d� �C�h�r�o�m�a�t�o�g�r�a�p�h�y�-�M�a�s�s� �S�p�e�c�t�r�o�m�e�t�r�y� 
�a�n�d� �D�i�r�e�c�t� �L�i�q�u�i�d� �I�n�t�r�o�d�u�c�t�i�o�n� �L�i�q�u�i�d� �C�h�r�o�m�a�t�o�g�r�a�p�h�y�-�M�a�s�s� �S�p�e�c�t�r�o�m�e�t�y� �f�o�r� �t�h�e� �A�n�a�l�y�s�i�s� 
�o�f� �M�e�t�r�i�b�u�z�i�n� �a�n�d� �i�t�s� �M�e�t�a�b�o�l�i�t�e�s� �i�n� �P�l�a�n�t� �T�i�s�s�u�e� �a�n�d� �W�a�t�e�r� �S�a�m�p�l�e�s�. �� �J�U�.� �C�h�r�o�m�a�t�o�g�r�.�,� 
�4�7�4�,� �3�0�1�-�3�1�6�,� �(�1�9�8�9�)�.� 

�R�E�F�E�R�E�N�C�E�S� �1�0�8



�E�x�t�r�e�l�,�  ��T�h�e�r�m�a�b�e�a�m!"�:� �A�n� �I�m�p�o�r�t�a�n�t� �N�e�w� �D�e�v�e�l�o�p�m�e�n�t� �i�n� �L�C�/�M�S �� �a�n�d�  ��T�h�e�r�m�a�b�e�a�m!"� 
�L�C�/�M�S� �i�n� �t�h�e� �A�n�a�l�y�s�i�s� �o�f� �A�p�p�e�n�d�i�x� �V�I�I�!� �C�o�m�p�o�u�n�d�s�. �� �T�e�c�h�n�i�q�u�e�s� �a�n�d� �A�p�p�l�i�c�a�t�i�o�n�s� �i�n� 
�Q�u�a�d�r�u�p�o�l�e� �M�a�s�s� �S�p�e�c�t�r�o�m�e�t�r�y�,� �E�x�t�r�e�l� �C�o�r�p�.�,� �P�i�t�t�s�b�u�r�g�h�,� �P�A�,� �(�u�n�d�a�t�e�d�)�.� 

�F�o�s�t�e�r�,� �M�.� �G�.�,� �M�e�r�e�s�z�,� �O�.�,� �G�a�m�e�s�,� �D�.� �E�.�,� �L�a�n�t�,� �M�.� �S�.� �a�n�d� �W�e�s�t�w�o�o�d�,� �S�.� �A�.�,�  ��C�a�p�i�l�l�a�r�y� �G�a�s� 
�C�h�r�o�m�a�t�o�g�r�a�p�h�i�c� �M�a�s�s� �S�p�e�c�t�r�o�m�e�t�r�i�c� �a�n�d� �M�i�c�r�o�b�o�r�e� �L�i�q�u�i�d� �C�h�r�o�m�a�t�o�g�r�a�p�h�i�c� �M�a�s�s� 
�S�p�e�c�t�r�o�m�e�t�r�i�c� �S�t�u�d�i�e�s� �o�f� �a� �T�e�s�t� �W�e�l�l� �S�a�m�p�l�e� �f�r�o�m� �a� �L�a�n�d�f�i�l�l� �S�i�t�e�. �� �B�i�o�m�e�d�.� �M�a�s�s� 
�S�p�e�c�t�r�o�m�.�,� �1�0�(�5�)�,� �3�3�8�-�3�4�2� �(�1�9�8�3�)�.� 

�F�r�e�e�d�m�a�n�,� �K�a�t�h�e�r�i�n�e�,� �P�e�r�s�o�n�a�l� �C�o�m�m�u�n�i�c�a�t�i�o�n�,� �U�n�p�u�b�l�i�s�h�e�d� �R�e�s�e�a�r�c�h� �(�1�9�8�9�)�.� 

�G�a�m�e�s�,� �D�a�v�i�d� �E�.�,�  ��C�o�m�b�i�n�e�d� �H�i�g�h� �P�e�r�f�o�r�m�a�n�c�e� �L�i�q�u�i�d� �C�h�r�o�m�a�t�o�g�r�a�p�h�y� �M�a�s�s� 
�S�p�e�c�t�r�o�m�e�t�r�y�. �� �B�i�o�m�e�d�i�c�a�l� �M�a�s�s� �S�p�e�c�t�r�o�m�e�t�r�y�,� �8�(�9�)�,� �4�5�4�-�4�6�2�,� �(�1�9�8�1�)�.� 

�G�h�a�o�u�i�,� �L�a�b�i�b�,�  ��C�o�m�p�a�r�i�s�o�n� �o�f� �D�i�f�f�e�r�e�n�t� �A�d�s�o�r�b�e�n�t�s� �f�o�r� �I�s�o�l�a�t�i�o�n� �o�f� �P�o�l�y�n�u�c�l�e�a�r� �A�r�o�m�a�t�i�c� 
�H�y�d�r�o�c�a�r�b�o�n�s� �f�r�o�m� �W�a�t�e�r�. �� �J�.� �C�h�r�o�m�a�t�o�g�r�.�,� �3�9�9�,� �6�9�-�7�4�,� �(�1�9�8�7�)�.� 

�G�r�a�h�a�m�,� �J�e�f�f�e�r�y� �A�.� �a�n�d� �G�a�r�r�i�s�o�n�,� �A�r�t�h�u�r� �A�.�,�  ��E�v�a�l�u�a�t�i�o�n� �o�f� �T�r�a�c�e� �E�n�r�i�c�h�m�e�n�t� �M�e�t�h�o�d�o�l�o�g�y� �i�n� 
�C�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �R�e�v�e�r�s�e�-�P�h�a�s�e� �H�i�g�h�-�P�e�r�f�o�r�m�a�n�c�e� �L�i�q�u�i�d� �C�h�r�o�m�a�t�o�g�r�a�p�h�y� �f�o�r� �P�r�e�c�o�n�-� 
�c�e�n�t�r�a�t�i�o�n�,� �S�e�p�a�r�a�t�i�o�n� �a�n�d� �Q�u�a�n�t�i�f�i�c�a�t�i�o�n� �o�f� �T�r�a�c�e� �N�o�n�v�o�l�a�t�i�l�e� �O�r�g�a�n�i�c� �C�o�m�p�o�u�n�d�s� �i�n� 
�A�q�u�e�o�u�s� �E�n�v�i�r�o�n�m�e�n�t�a�l� �S�a�m�p�l�e�s�. �� �I�n� �K�e�i�t�h�,� �L�a�w�r�e�n�c�e�,� �H�.�,� �e�d�.�,� �A�d�v�a�n�c�e�s� �i�n� �t�h�e� �I�d�e�n�t�i�f�i�-� 
�c�a�t�i�o�n� �a�n�d� �A�n�a�t�y�s�i�s� �o�f� �O�r�g�a�n�i�c� �P�o�l�l�u�t�a�n�t�s� �i�n� �W�a�t�e�r�.� �V�o�l�.� �1�,� �A�n�n� �A�r�b�o�r� �S�c�i�e�n�c�e�,� �A�n�n� �A�r�b�o�r�,� 
�M�i� �p�p�.� �3�9�9�-�4�3�2� �(�1�9�8�1�)�.� 

�H�a�r�r�i�s�,� �W�.� �E�r�i�c� �a�n�d� �B�r�o�w�n�e�r�,� �R�i�c�h�a�r�d� �F�.�,�  ��H�i�g�h� �T�e�m�p�e�r�a�t�u�r�e� �V�a�p�o�r�i�z�a�t�i�o�n� �E�f�f�e�c�t�s� �i�n� �P�a�r�t�i�c�l�e�-� 
�B�e�a�m� �M�a�s�s� �S�p�e�c�t�r�o�m�e�t�r�y�. �� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �3�7�t�h� �A�S�M�S� �C�o�n�f�.� �o�n� �M�a�s�s� �S�p�e�c�t�r�o�m�.� �a�n�d� 
�A�l�l�i�e�d� �T�o�p�i�c�s�,� �M�i�a�m�i� �B�e�a�c�h�,� �F�L�,� �M�a�y� �2�1�-�2�6�,� �1�9�8�9�,� �p�p�.� �1�2�6�-�1�2�7�.� 

�H�e�n�i�o�n�,� �J�a�c�k� �a�n�d� �E�d�l�u�n�d�,� �P�.� �O�.�,�  ��L�C�/�M�S�/�M�S� �a�n�d� �C�Z�E�/�M�S�/�M�S� �D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �E�n�v�i�r�o�n�-� 
�m�e�n�t�a�l�l�y� �I�m�p�o�r�t�a�n�t� �C�o�m�p�o�u�n�d�s�. �� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �3�7�t�h� �A�S�M�S� �C�o�n�f�.� �o�n� �M�a�s�s� �S�p�e�c�t�r�o�m�.� 
�a�n�d� �A�l�l�i�e�d� �T�o�p�i�c�s�,� �M�i�a�m�i� �B�e�a�c�h�,� �F�L�,� �M�a�y� �2�1�-�2�6�,� �1�9�8�9�,� �p�p�.� �4�3�6�-�4�3�7�,� 

�H�o�k�e�,� �S�.� �H�.�,� �B�r�u�e�g�g�e�m�a�n�n�,� �E�.� �E�.�,� �B�a�x�t�e�r�,� �L�.� �J�.� �a�n�d� �T�r�y�b�e�s�,� �T�.�,�  ��D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �P�h�e�n�o�x�y� �A�c�i�d� 
�H�e�r�b�i�c�i�d�e�s� �U�s�i�n�g� �S�o�l�i�d� �P�h�a�s�e� �E�x�t�r�a�c�t�i�o�n� �a�n�d� �H�P�L�C�. �� �J�.� �C�h�r�o�m�a�t�o�g�r�.�,� �3�5�7�,� �4�2�9�-�4�3�2�,� �(�1�9�8�6�)�.� 

�H�o�w�a�r�d�,� �P�h�i�l�i�p� �H�.�,� �H�a�n�d�b�o�o�k� �o�f� �E�n�v�i�r�o�n�m�e�n�t�a�l� �F�a�t�e� �a�n�d� �E�x�p�o�s�u�r�e� �D�a�t�a� �f�o�r� �O�r�g�a�n�i�c� �C�h�e�m�i�c�a�l�s�,� 
�V�o�l�.� �1�.� �L�e�w�i�s� �P�u�b�l�i�s�h�e�r�s�,� �I�n�c�.�,� �C�h�e�l�s�e�a�,� �M�I�,� �(�1�9�8�9�)�.� 

�I�b�r�a�h�i�m�,� �E�.� �A�.�,� �L�i�p�p�i�n�c�o�t�t�,� �R�.� �L�.�,� �B�r�e�n�n�e�r�,� �L�.�,� �S�u�f�f�e�t�,� �|�.� �H�.� �a�n�d� �H�a�n�n�a�h�,� �R�.�,�  ��T�h�e� �E�f�f�e�c�t� �o�f� 
�C�y�c�l�o�h�e�x�a�n�e�,� �a� �P�r�e�s�e�r�v�a�t�i�v�e� �i�n� �D�i�c�h�i�o�r�o�m�e�t�h�a�n�e�,� �o�n� �L�i�q�u�i�d�-�L�i�q�u�i�d� �E�x�t�r�a�c�t�i�o�n� �a�n�d� �A�n�a�l�y�-� 
�s�i�s� �o�f� �C�h�l�o�r�i�n�a�t�e�d� �D�r�i�n�k�i�n�g� �W�a�t�e�r�. �� �J�.� �C�h�r�o�m�a�t�o�g�r�.�,� �3�9�3�,� �2�3�7�-�2�5�3�,� �(�1�9�8�7�)�.� 

�J�a�c�k�s�o�n�,� �D�.� �R�.�,� �G�a�r�r�e�t�,� �B�.� �C�.� �a�n�d� �B�i�s�h�o�p�,� �T�.� �A�.�,�  ��C�o�m�p�a�r�i�s�o�n� �o�f� �B�a�t�c�h� �a�n�d� �C�o�l�u�m�n� �M�e�t�h�o�d�s� 
�f�o�r� �A�s�s�e�s�s�i�n�g� �L�e�a�c�h�a�b�i�l�i�t�y� �o�f� �H�a�z�a�r�d�o�u�s� �W�a�s�t�e�. �� �E�n�v�i�r�o�n�.� �S�c�i�.� �T�e�c�h�n�o�l�.�,� �1�8�,� �6�6�8�-�6�7�3�,� 
�(�1�9�8�4�)�.� 

�J�o�l�l�e�y�,� �R�.� �L�.�,�  ��C�o�n�c�e�n�t�r�a�t�i�n�g� �O�r�g�a�n�i�c�s� �i�n� �W�a�t�e�r� �f�o�r� �B�i�o�l�o�g�i�c�a�l� �T�e�s�t�i�n�g�. �� �E�n�v�i�r�o�n�.� �S�c�i�.� 
�T�e�c�h�n�o�l�.�,� �1�5�,� �8�7�4�-�8�8�0�,� �(�1�9�8�1�)�.� 

�J�o�n�e�s�,� �T�.� �L�.�,� �B�e�t�o�w�s�k�i�,� �L�.� �D�.� �a�n�d� �Y�i�n�o�n�,� �J�.�,�  ��T�h�e�r�m�o�s�p�r�a�y�-�L�C�/�M�S� �P�o�s�i�t�i�v�e� �a�n�d� �N�e�g�a�t�i�v�e� 
�l�o�n�i�z�a�t�i�o�n� �M�o�d�e�s� �o�f� �C�h�l�o�r�i�n�a�t�e�d� �P�e�s�t�i�c�i�d�e�s�. �� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �3�7�t�h� �A�S�M�S� �C�o�n�f�.� �o�n� �M�a�s�s� 
�S�p�e�c�t�r�o�m�.� �a�n�d� �A�l�l�i�e�d� �T�o�p�i�c�s�,� �M�i�a�m�i� �B�e�a�c�h�,� �F�L�,� �M�a�y� �2�1�-�2�6�,� �1�9�8�9�,� �p�p�.� �9�6�5�-�9�6�6�.� 

�J�o�y�c�e�,� �J�.� �R�.�,� �A�r�d�r�e�y�,� �R�.� �E�.� �a�n�d� �L�e�w�i�s�,� �|�.� �A�.� �S�.�,�  ��T�h�e�r�m�o�s�p�r�a�y� �L�C�/�M�S� �A�p�p�l�i�e�d� �t�o� �t�h�e� �A�n�a�l�y�s�i�s� 
�o�f� �C�o�m�p�l�e�x� �M�i�x�t�u�r�e�s� �o�f� �N�o�n�-�P�o�l�a�r� �M�a�t�e�r�i�a�l�s�. �� �B�i�o�m�e�d�i�c�a�l� �M�a�s�s� �S�p�e�c�t�r�o�m�e�t�r�y�,� �1�2�(�1�0�)�,� 
�5�8�8�-�5�9�2�.� �(�1�9�8�5�)�.� 

�R�E�F�E�R�E�N�C�E�S� �1�0�9


