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(ABSTRACT) 

The occurrence of taste-and-odor problems that are caused by algal metabolites in 

water supplies has been well documented. Several commonly occurring odor-producing 

algae were selected and cultured for this research. Initial studies involved the algal cells 

and cell-free media from cultures grown under fairly optimal conditions. Gas 

chromatography-mass spectrometry (GC-MS) and flavor profile analyses (FPA) were 

performed to identify the organic compounds produced by the algae and their respective 

odors. 

Three of the algal cultures underwent additional studies that investigated the 

effects of selected changes in culture conditions on both population growth and compound 

production. Experimental variables included nitrogen concentration (ammonium, nitrate, 

and nitrite), phosphorus concentration, light intensity, and temperature. Parametric and 

nonparametric analyses were performed to identify the environmental factors that had a 

significant effect on algal production, accumulation, and release of taste-and-odor 

compounds. 

The organic compounds were extracted from both the algal cells and the cell-free 

media. Continuous liquid-liquid extraction and Kuderna-Danish concentration (CLLE- 

KD) was an effective and reliable method for the isolation and concentration of a broad 

range of organic compounds. The plot of flavor profile analysis (FPA) results obtained for 

odor standards adhered to the Weber-Fechner Law (W-F) over the range of 

concentrations evaluated. The odor intensities of algal cultures were generally lower than 

the odor intensities predicted from the W-F plot of the compound standards. Masking of 

the odor associated with one compound by the odor associated with another was 

observed. Odors produced by young algal cultures (e.g., low population densities) were



detected in FPA samples at compound concentrations below the limits of detection by 

GC-MS. 

Anabaena laxa retained most of the geosmin it produced within the algal cells. 

Phormidium sp. produced more 2-methylisoborneol (MIB) than geosmin, and the alga 

retained only a relatively small amount of either compound within the cells. Synura 

petersenii produced more 2t,4c,7c-decatrienal than 2t,6c-nonadienal, and large fractions 

of the concentrations produced were retained within the algal cells. Various combinations 

of nutrient reduction, early algal-bloom within-reservoir treatment, and removal of algal 

cells prior to oxidation were suggested as likely methods by which odor problems may be 

reduced.
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CHAPTER 1 

INTRODUCTION 

HISTORY 

Mankind has been interested in algae for many centuries, primarily for their various 

beneficial uses and also the problems they may cause. The literature contains many 

articles, books, and reviews on algae, but only a few are mentioned here. 

The beneficial uses of algae include: 

° Food source, food additives, medicines, and vitamins (Ryther 1984; 

Flament and Ohloff 1984; Becker 1986; Lee 1989; Kay 1991) 

e Renewable fuel source (cell lipids), wastewater treatment, and as 

biofertilizer (McIntosh 1984; Ley 1987; Barclay et al. 1987; Brouers et al. 

1987; de la Noue and Proilx 1987) 

° Source of fine chemicals (Thepenier et al. 1987; Borowitzka 1988a) 

Problems caused by algae include: 

e Flocculation and filtration problems during water treatment (Palmer 1980; 

Poppe et al. 1981) 

e Toxins (Carmichael and Gorham 1977; Collins 1978; Carmichael and 

Mahmood 1984; Berg et al. 1987; Kay 1991; Kenefick et al. 1992) 

° Tastes and odors in drinking water supplies 

Problems caused by tastes and odors produced by algae can range from water 

utility personnel dealing with consumer complaints to loss of aquaculture revenue due to 

tainted fish. Commercial cultures of channel catfish may be severely influenced by musty, 

muddy tastes and odors in the fish flesh. The algal metabolites 2,6,6-trimethyl-1- 

cyclohexene-1-carboxaldehyde (f-cyclocitral), (E)-1,10-dimethyl-9-decalol (geosmin), 

and 2-methylisoborneol (MIB) are, among others, implicated in producing off-flavored 

fish (Lovell 1983; Martin 1992; Martin and Suffet 1992).



Taste-and-odor episodes at water treatment facilities during algal blooms are well 

documented (Izaguirre et al. 1982; Jiittner 1983; Savenhed et al. 1983; Burlingame et al. 

1986; Means and McGuire 1986; Hayes and Burch 1989; Hrudey et al. 1992; Wnorowski 

and Scott 1992). The predominant problems have been earthy and musty odors, usually 

attributed to geosmin or MIB, respectively. These odors can be produced by either 

actinomycetes or cyanophycean (blue-green) algae. Geosmin was first isolated from 

actinomycetes (Gerber and Lechevalier 1965) and was later isolated from blue-green algae 

by Safferman et al. (1967) and Medsker et al. (1968). Since then, geosmin has been 

isolated from several blue-green algae, including Anabaena macrospora (Miwa and 

Morizane 1988), Oscillatoria sp. and Anabaena flos-aquae (Hayes and Burch 1989), and 

O. tenuis (Wu and Juttner 1988). The musty-smelling compound 2-methylisoborneol was 

first isolated from actinomycetes by Gerber (1969) and was later isolated from the blue- 

green alga Lyngbya cf. cryptovaginata by Tabachek and Yurkowski (1976). It has also 

been isolated from Oscillatoria sp. (Hayes and Burch 1989), O. tenuis (Wu and Jiittner 

1988; Izaguirre et al. 1982), and O. curviceps (Izaguirre et al. 1982). 

Algae other than the blue-greens are also associated with taste-and-odor episodes. 

Odor descriptions include cucumber, grassy, fishy, and tobacco-like, all of which are the 

result of the extracellular release of algal metabolites. Extracellular products (ECP) 

include hydrocarbons, fatty acids, ketones, terpenoids, amines, and aldehydes (Juttner 

1987; Slater and Blok 1983a). Synura has been implicated in the production of a 

cucumber odor (Hayes and Burch 1989) and cod liver oil-like odors (Jiittner 1981). Other 

algae associated with particular odors include green algae that produce grassy, musty, and 

skunk-like odors; diatoms that produce geranium, spicy, fishy, and musty odors; and 

flagellates that produce fishy, cucumber, melon, and violet odors (Palmer 1980). 

Although research in the area of tastes-and-odors has established that algae do 

produce numerous odor-causing compounds, little information has been acquired 

concerning the influence of the algal population growth phase and external factors such as 

light, temperature, and nutrients on odor production, accumulation, and release. Research 

that has been conducted includes observing changes in lipid composition (Orcutt and 

Patterson 1974; Materassi et al. 1980; Shifrin and Chisholm 1980) and in geosmin and 

MIB production (Naes et al. 1985; Wu and Juttner 1988; Miwa and Morizane 1988; Naes 

and Post 1988; Naes et al. 1988; Utkilen and Freshaug 1992, Rosen et al. 1992).



OBJECTIVES 

The objectives of this research were to: 

1. Identify the organic compounds produced by selected algal cultures and 

determine whether they were retained within the algal cells or were 

released into the medium. The accomplishment of this objective required 

the evaluation of the continuous liquid-liquid extraction and Kuderna 

Danish concentration method (CLLE-KD) as a procedure for extracting 

and concentrating the organic compounds produced by the algal cultures. 

2. Determine the odors produced by the algal cultures and how those odors 

were perceived by a flavor profile analysis (FPA) panel; relate, where 

possible, the odors produced by the algal cultures to specific compounds 

that were detected by gas chromatography-mass spectrometry (GC-MS); 

and compare the FPA odor intensities obtained from the concentrations of 

specific compounds in the algal cultures to those intensities obtained from 

compound standards. 

3. Evaluate the influence of environmental factors on population density and 

on the production, accumulation, and release of geosmin, MIB, 2t,6c- 

nonadienal, and 2t,4c,7c-decatrienal, all of which are odorous algal 

metabolites.



CHAPTER 2 

LITERATURE REVIEW 

OVERVIEW 

The literature contains many sources of information on the subject of algal 

metabolites, methods of organic compound extraction and identification, odor evaluation, 

and the influence of environmental factors on algal productivity. Each topic will be 

discussed in turn. 

ALGAL METABOLITES 

Investigators have been interested in algal extracellular products (ECP) for many 

years. The strict definition applies to compounds released by healthy cells, rather than 

cells that are dying or lysed. The ability to discriminate between methods of cellular 

release is not always possible, as the same compounds may come from both situations. 

Much information about ECP has accumulated, and several reviews have been 

written (Hellebust 1974; Nalewajko 1977; Jiittner 1983; Slater and Blok 1983a; Becker 

1986; Jiittner 1987). Classes of extracellular compounds produced by algae include 

organic acids, carbohydrates, nitrogenous compounds, lipids, vitamins, growth or 

inhibition related compounds, nor-carotenoids, toxins, and chelating agents. Several 

researchers utilized lake water samples collected during bloom conditions, and the 

compounds detected were not confirmed to be of algal origin (Juttner 1981; Slater and 

Blok 1983b; Hayes and Burch 1989). 

Carbohydrates, Organic Acids, and Amino Acids 

A large fraction of the material released by algae consists of carbohydrates 

(polysaccharides), organic acids (glycolate), and amino acids. These compounds may 

influence the growth of both algae and bacteria present in the water. Several odoriferous 

volatile organic acids, including isovaleric acid and butyric acid, have been detected in 

algal cultures (Aaronson et al. 1980). Odor descriptors for these organic acids include 

cheesy, rancid, putrid, dirty socks (linen), sweaty, sour milk, vinegary, musty, sickening, 

and fecal (Dravnieks 1985; Hsieh et al. 1989; Aldrich 1994).



Researchers observed algal excretion of 1 to 12 percent of total carbon fixed in 

radioactive carbon uptake experiments involving Cyanidium caldarium and 

Synechococcus lividus in both laboratory and field experiments (Belly et al. 1973; Bauld 

and Brock 1974). The total mass of the available fixed carbon that was released was 

greatest during optimal conditions for photosynthesis (Belly et al. 1973), but the 

percentage of the available fixed carbon that was released was greater in the dark (Bauld 

and Brock 1974). 

Nalewajko and Marin (1968) conducted experiments with both algal cultures 

(Asterionella formosa Hass., Melosira binderana Kitz., Stephanodiscus tenuis Hust., and 

Chlorella pyrenoidosa Chick) and lakewater samples brought to the laboratory. They 

observed that the percentage of the fixed carbon excreted by the lakewater phytoplankton, 

which were predominately Asterionella formosa and Stephanodiscus tenuis Hust., was 

much higher than that observed in the algal cultures (1.e., from 23.1 to 76.1 percent and 

from 1 to 8 percent, respectively). In a later investigation, Nalewajko et al. (1976) studied 

both axenic and mixed algal-bacterial cultures of Chlorella pyrenoidosa Chick and 

Anabaena flos-aquae. It was determined that values obtained for ECP release from 

primary productivity studies may be seriously underestimated. Bacterial uptake of 

excreted compounds resulted in lower primary productivity values from a seven to eight 

hour incubation period than from a one hour incubation period. 

Investigators have observed the response of bacteria to algal excretion products in 

several different studies. The algae involved were Asterionella formosa Hass., Melosira 

binderana Kittz., Staphanodiscus tenuis Hust., and Chlorella pyrenoidosa Chick 

(Nalewajko and Marin, 1968), Skeletonema costatum, Cyclotella nana, Dunaliella 

tertiolecta, and Isochrysis galbana (Bell and Mitchell 1972), Chlorella pyrenoidosa, 

Anabaena flos-aquae, Asterionella formosa and Navicula pelliculosa (Nalewajko and 

Lean 1972), Cyanidium caldarium (Belly et al. 1973), Synechococcus lividus (Bauld and 

Brock 1974), Chlorella pyrenoidosa Chick and Anabaena flos-aquae (Nalewajko et al. 

1976), Oscillatoria redekei (Herbst and Overbeck 1978), Skeletonema costatum and 

Chaetoceros affinis (Bell 1980; Bell and Sakshaug 1980). The filtrate from axenic 

Chlorella cultures contained from 1.5 to 4.3 mg/L glycolic acid (Bell and Mitchell 1972; 

McFeters et al. 1978), and from 10-8 to 10-6 M of both amino acids, which may be 

reutilized, and sugars (Bell and Mitchell 1972). The presence of amino acids, peptides, 

and proteins in culture media and natural waters has been well documented (Hellebust 

1974). Palenik and Morel (1990) found that L-amino acid oxidase was used at the cell



surface of some marine algae to break down extracellular amino acids and resulted in the 

production of free NH4*, which could then be utilized by the algae as a nitrogen source. 

Hellebust (1974) stated that glycolate "is the organic acid most commonly 

liberated by algae." Nalewajko and Lean (1972) found that Chlorella pyrenoidosa, 

Anabaena flos-aquae, Asterionella formosa, and Navicula pelliculosa cultures excreted 

glycolate when the photosynthetic rate was highest and excreted polysaccharides at later 

stages. They observed also that rates of excretion in axenic cultures decreased with age 

and that smaller molecular weight compounds were taken up most readily, while large 

molecular weight compounds accumulated in the media. In axenic algal cultures 

inoculated with bacteria, it was unclear as to whether the accumulation of large 

compounds resulted from their inability to be assimilated or because bacteria assimilated 

the smaller compounds and then excreted larger compounds. The interaction between 

algae and bacteria may be quite marked. Herbst and Overbeck (1978) noted that only 20 

to 50 percent of net primary production reached the hypolimnion. 

Reports have indicated that although algae excrete glycolate, they may not be 

capable of reutilizing it. Hess and Tolber (1967) studied cultures of Chlorella 

pyrenoidosa Chick, Chlamydomonas reinhardtii, Ankistrodesmus braunii, Scenedesmus 

obliquus, and Chlorella (Warburg), and did not detect any glycolate oxidase activity. The 

investigators, however, did detect NADH: glyoxylate reductase, phosphoglycolate 

phosphatase, and isocitrate dehydrogenase. Lee (1989) stated that glycolate was - 

metabolized within algae by either glycolate dehydrogenase or glycolate oxidase. 

Nalewajko (1977) stated that active transport systems for glycolate were either rare in 

algae or not very effective. 

Vitamins: B12, thiamin, and biotin 

The proper growth of algal cultures may require that supplements of the vitamins 

Bj, thiamin, and biotin be added to their media. Some algae, however, are able to 

produce one or more of these compounds. Examples of axenic algal cultures that 

produced and excreted vitamins include Coccolithus huxleyi (produced biotin and B79), 

Gonyaluax polyedra (produced thiamin), Phaeodactylum tricornutum (produced biotin), 

and Dunaliella tertiolecta, Skeletonema costatum, and Stephanophxus turris (produced 

thiamin and biotin) (Carlucci and Bowes 1970a; Carlucci and Bowes 1970b). Carlucci 

and Bowes (1970b) determined from mixed culture experiments that the vitamins excreted



by one alga were then utilized by other algae. Vitamin uptake in these studies was 

greatest during the first few days of culture growth. 

Lipids 

Lipids 

Much information about lipids is available; particularly in the food-industry 

literature. The lipids category is composed of a variety of compounds, including total 

fatty acids, specific classes of fatty acids, unsaponifiable lipids (e.g., hydrocarbons, 

alcohols, and sterols), and unsaturated fatty acids. Lipids are significant in that they may 

influence both odor and flavor in several ways: (1) they may have their own odor or 

flavor, (2) they may serve as precursors of odor and flavor compounds, and (3) they may 

act as modifiers of the odors and flavors that are caused by other compounds present 

(Forss 1973). Several articles, books, and reviews of lipids, their synthesis and 

metabolism, breakdown products and mechanisms, and odors associated with both them 

and their breakdown products have been published. These publications will not be 

discussed here, but they are cited for future reference by interested readers. The 

publications include: Hoffmann 1962; Seals and Hammond 1970; Selke et al. 1970; 

Hitchcock and Nichols 1971; Ke et al. 1975; Hatanaka et al. 1975; Galliard and Phillips 

1976; Chan 1977; Terao and Matsushita 1977; Frankel et al. 1979; Gurr and James 1980; 

Galliard and Chan 1980; Stumpf 1980; Frankel 1980; Seifert and Buttery 1980; Tressl et 

al. 1981; Frankel et al. 1981; Frankel 1982; Frankel et al. 1983; Josephson et al. 1985; 

Grosch 1987; Hamilton 1989; Hsieh and Kinsella 1989; Hsieh et al. 1989; Karahadian and 

Lindsay 1989; Josephson 1991). 

Fatty Acids 

The formation of 14-carbon, 16-carbon, and 18-carbon fatty acids by algae is well 

documented (Kenyon et al. 1972; Orcutt and Patterson 1974; Wood 1974; Orcutt and 

Patterson 1975; Fulco 1977; Rezanka et al. 1983; Cranwell et al. 1988). The saturated 

fatty acids in algae are synthesized from acetate by B-addition (Wood 1974). Unsaturated 

fatty acids are formed from the saturated fatty acids through a strictly aerobic pathway 

(Fulco 1977).



Orcutt and Patterson (1974) observed that the intracellular total fatty acid content 

in axenic Nitzschia closterium cultures increased at high light intensity compared to the 

amount of total fatty acid within cells grown at low light intensity, but the relative 

percentage of unsaturated fatty acids decreased. They observed also that a large portion 

of the lipids were cellular pigments whose concentration appeared to decrease at increased 

light intensity. 

Orcutt and Patterson (1975) investigated the diatoms Amphora exigua, Amphora 

sp., Biddulphia aurita, Fragilaria sp., Nitzschia frustulum, N. longissima, N. ovalis, N. 

pelliculosa, Phaeodactylum tricornutum, and Thallasiosira pseudonana for intracellular 

lipid, sterol, and fatty acid composition. They determined that the 18-carbon fatty acids 

were rare; but palmitoleate, palmitate, eicosapentaenoate, and myristate were prevalent. 

Other researchers have reported that the 18-carbon fatty acids represented a large fraction 

of the total intracellular fatty acid content in several cultures of Chrysophyceae (golden- 

brown algae), Chlorophyceae (green algae), and Cyanophyceae (blue-green algae) 

(Kenyon et al. 1972; Wood 1974; Rezanka et al. 1983; Becker 1986; Cohen 1986; 

Cranwell et al. 1988). Fatty acid distribution among algae appears to be quite diverse, and 

Kenyon et al. (1972) suggested that it be included as a criterion for taxonomic 

comparison. 

Although some fatty acids do have an odor, both the wide range of breakdown 

products that may be formed and their associated impacts upon tastes and odors are of 

greater interest to food and water industry researchers. The breakdown products are 

formed from fatty acids through oxidative, photo-oxidative, and lipoxygenase activity. 

The interest in breakdown products is particularly true for the 18-carbon unsaturated fatty 

acids oleate (18:1, representing 18 carbons and 1 double bond), linoleate (18:2), and 

linolenate (18:3) (Forss 1973; Grosch 1987). Autoxidation occurs in these three acids at 

different rates, with linolenate being oxidized the fastest. The rate of reaction ratio among 

them is 1:64:100, respectively (Hamilton 1989). 

Hellebust (1974) stated that "little is known about the possible release of lipids by 

healthy algal cells." Her review cited a study where 2.8 to 10.3 percent of the total 

extracellular material from the media of marine phytoplankton were lipid compounds. 

Synura, which is a chrysophyte, produces lipids whose breakdown products may be 

responsible for cod liver oil and cucumber odors in surface water supplies (Jiittner 1981, 

Hayes and Burch 1989).



Toxins 

Toxins are produced by a wide variety of algae, including the fresh water algal 

classes Chlorophyceae, Chrysophyceae, and Cyanophyceae (Collins, 1978). Toxin 

production by blue-green algae, particularly by Anabaena flos-aquae, Aphanizomenon 

flos-aquae, and Microcystis aeruginosa, has been well-documented (Carmichael and 

Gorham 1977; Collins 1978; Carmichael and Mahmood 1984; Berg et al. 1987; Kenefick 

et al. 1992). Other blue-green algae that may produce toxins include Oscillatoria 

agardhii and O. rebescens (Carmichael and Mahmood 1984) and Coelosphaerium sp., 

Gloeotrichia sp., Lyngbya sp., Nodularia sp., and Nostoc sp. (Collins 1978). 

The toxins produced by blue-green algae include cyclic peptides (e.g., microcystin 

LR and RR), anatoxins, alkaloids, and aphantoxin (Carmichael and Mahmood 1984; Berg 

et al. 1987; Lee 1989; Kenefick et al. 1992). Aphantoxin is similar to the paralytic 

shellfish poison saxitoxin, and anatoxin-a is an alkaloid neurotoxin (Carmichael and 

Gorham 1980). The cyclic peptides are heptatotoxins (Berg et al. 1987). 

Algal toxins are of concern because they can kill livestock and waterfowl 

(Carmichael and Gorham 1977; Carmichael and Mahmood 1984; Lee 1989). Reports of 

human illness caused by algal toxins are rare (Collins 1978; Carmichael and Mahmood 

1984); however there is an increased potential danger posed to humans as blue-green 

algae are considered for consumption as a protein source (Carmichael and Gorham 1980; 

Kay 1991). 

Chelating Agents 

Algal populations, succession patterns, and surface water management programs 

may be influenced by the presence of metal-chelating compounds in impoundments. 

Lange (1974) speculated that natural metal chelators that originated from either algal 

extracellular compounds or humic substances may promote algal growth in surface waters 

and influence succession patterns by enabling the growth of algae that could not otherwise 

survive. Control of algal populations in surface waters with copper sulfate is impeded by 

the presence of increased organic matter concentrations (Raman and Cook 1988; Hering 

and Morel 1988). Copper sulfate toxicity may be reduced by the release of algal 

extracellular copper-chelating compounds (McKnight and Morel 1979).



Lange (1974) determined that the production of natural, extracellular, metal- 

chelating compounds by axenic blue-green algae cultures (e.g., Anabaena cylindrica, 

Anacystis nidulans, Lyngbya sp., Microcystis aeruginosa, Nostoc muscorum, and 

Phormidium foveolarum) enabled them to grow at high pH when artificial chelators (e.g., 

EDTA plus citrate) were absent from the culture media. Some of the blue-green algae 

Lange investigated did not produce a chelator (e.g., Anabaena circinalis, Gloeotrichia 

echinulata, Oscillatoria rubescens, and Aphanizomenon flos-aquae), but they were able 

to grow in media that was supplemented with either EDTA plus citrate or the filtrate from 

axenic chelator-forming cultures. The natural chelators produced by the algae were 

presumed to be either peptides or polysaccharides. Lange cited a prior study where fulvic 

acids demonstrated significant chelating properties. 

Simpson and Neilands (1976) studied a culture of Anabaena cylindrica that 

released a large, pigmented, peptide-containing material that complexed iron. Miwa and 

Morizane (1988) observed that cultures of Anabaena microspora grown without EDTA 

reached cell densities one-tenth of those grown in either EDTA or humic acid; however, 

the extracellular geosmin in the EDTA-free medium was greater than that in the medium 

with a chelator. 

Inhibitors of Carotenogenesis: nor-carotenoids 

The inhibition of blue-green algal growth by nor-carotenoids is likely achieved by 

the inhibition of carotene synthesis. Cyanidium caldarum excretes the nor-carotenoids 6- 

methylhept-5-en-2-one, geranylacetone, B-ionone, dihydrotrimethylnaphthalene, and 

butenylidenetrimethylcyclohexene. Two of the compounds, 6-methylhept-5-en-2-one and 

geranylacetone, may be either degradation products of open-chain carotenes formed by 

oxygenase activity (Jiittner 1979a; Jiittner 1987) or otherwise connected to lipid and 

carotenoid metabolism (Henatsch and Jiittner 1983). The growth of the blue-green algae 

Anabaena variabilis, Synechococcus 6911, Nannochloris coccoides, and Cyanidium 

caldarium was inhibited when nor-carotenoid concentrations were approximately 50 

mg/L. Chlorophyll synthesis was only slightly affected. Geranylacetone inhibited carotene 

synthesis in Synechococcus 6911, apparently by preventing the conversion of phytofluene 

into C-carotene (Juttner 1979b). 

A later study (Jiittner and Bogenschiitz 1983) demonstrated that low 

concentrations of the geranyl derivatives geranylacetate, geraniol, pseudoionone, and 
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farnesol were capable of retarding growth in Synechococcus 6911 cultures . Higher 

concentrations of these compounds caused culture bleaching and cell death. Total 

carotenoid synthesis decreased, with neither phytofluene nor C-carotene being 

metabolized; however, both the B-carotene concentration and chlorophyll-a synthesis were 

apparently normal. 

Synechococcus 6911 produced 6-methylhept-5-en-2-one, methylheptenol, nerol, 

geraniol, tetrahydrogeranylacetone, and dihydroactinidiolide; whereas Synechococcus 

6301 produced 6-methylhept-5-en-2-one, 2,2,6-trimethylcyclohex-2-en-1,4-dione, epoxy- 

B-ionone, and dihydroactinidiolide (Henatsch and Juttner 1983). The authors suggested 

that these excretion products are connected to the metabolism of both carotenoids and 

lipids. Their in vitro experiments produced f-ionone, epoxy-B-ionone, and 

dihydroactinidiolide when they treated linoleic acid and f-carotene with soybean 

lipoxygenase. 

The nor-carotenoids can also inhibit the growth of bacteria. Geranylacetone, 6- 

methylhept-5-en-2-one, B-ionone, and dihydrotrimethylnaphthalene were evaluated for 

inhibition of growth, pigment production, and glucose utilization of the bacteria 

Cytophaga johnsonae, Chromobacterium lividum, Arthrobacter sp., Pseudomonas 

fluorescens, and Bacillus mycoides (Reichardt 1981). The 6-methylhept-5-en-2-one 

exhibited the most widespread inhibition, with bacterial growth, pigment production, and 

glucose utilization inhibited. 

Some Volatile Algal Metabolites 

f-cyclocitral 

B-cyclocitral is the common name for the nor-carotenoid 2,6,6-trimethyl-1- 

cyclohexene-1-carboxaldehyde. The odor of this compound is typically described as either 

"tobacco-like" (Juttner 1976) or "minty-fruity-green" (Aldrich 1994). This compound, 

like the nor-carotenoids previously discussed, may be a degradation product of carotenes 

and has been observed in Microcystis wesenbergii, M. viridis, and M. aeruginosa (Juttner 

1976; Juttner 1983; Juttner 1984a; Juttner 1987). 

When cleaved, B-carotene and zeaxanthin form B-cyclocitral and hydroxy-B- 

cyclocitral, respectively (Jiittner 1987). The enzyme that cleaves the carotenes may be a 

form of B-carotene oxygenase. Microcystis can produce large amounts of B-cyclocitral. 
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�g�r�a�c�i�l�e� �(�J�u�t�t�n�e�r� �1�9�8�4�b�)�,� �O�s�c�i�l�l�a�t�o�r�i�a� �b�o�r�n�e�t�i�i� �(�U�t�k�i�l�e�n� �a�n�d� �F�r�e�s�h�a�u�g� �1�9�9�2�)�,� �O�s�c�i�l�l�a�t�o�r�i�a� 

�b�r�e�v�i�s� �(�N�a�e�s� �e�t� �a�l�.� �1�9�8�5�;� �N�a�e�s� �e�t� �a�l�.� �1�9�8�8�,� �N�a�e�s� �a�n�d� �P�o�s�t� �1�9�8�8�;� �U�t�k�i�l�e�n� �a�n�d� �F�r�e�s�h�a�u�g� 

�1�9�9�2�)�,� �a�n�d� �O�s�c�i�l�l�a�t�o�r�i�a� �t�e�n�u�i�s� �(�W�u� �a�n�d� �J�i�i�t�t�n�e�r� �1�9�8�8�)�.� �G�e�o�s�m�i�n� �h�a�s� �a�n� �e�a�r�t�h�y� �o�d�o�r� �t�h�a�t� �i�s� 

�d�e�t�e�c�t�a�b�l�e� �i�n� �a�q�u�e�o�u�s� �s�a�m�p�l�e�s� �a�t� �l�o�w� �n�g�/�L� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �(�K�r�a�s�n�e�r� �e�t� �a�l�.� �1�9�8�3�)�.� 

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

�i�s�o�p�r�e�n�o�i�d� �p�a�t�h�w�a�y� �(�N�a�e�s� �e�t� �a�l�.� �1�9�8�8�)� �a�n�d� �a� �b�y�p�r�o�d�u�c�t� �(�U�t�k�i�l�e�n� �a�n�d� �F�r�a�s�h�a�u�g� �1�9�9�2�)�.� 

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

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

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �O�s�c�i�l�l�a�t�o�r�i�a� �b�o�r�n�e�t�i�i� �w�e�r�e� �g�r�e�a�t�e�r� �a�t� �1�0� �w�E�m�~�2�s�-�!� �t�h�a�n� �a�t� �2�5� �p�E�m�-�2�s�~�!� �|� 

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

�O�s�c�i�l�l�a�t�o�r�i�a� �b�r�e�v�i�s� �a�t� �2�0� �°�C� �(�N�a�e�s� �e�t� �a�l�.� �1�9�8�5�)�.� �A�s� �l�i�g�h�t� �i�n�t�e�n�s�i�t�y� �i�n�c�r�e�a�s�e�d�,� 

�1�2



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

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

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

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

�i�n�v�o�k�e� �a�n� �e�x�c�e�s�s�i�v�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �g�e�o�s�m�i�n�"� �(�N�a�e�s� �a�n�d� �P�o�s�t� �1�9�8�8�)�.� 

�D�i�s�t�r�i�b�u�t�i�o�n� �o�f� �M�I�B� �a�n�d� �G�e�o�s�m�i�n� 

�W�u� �a�n�d� �J�i�i�t�t�n�e�r� �(�1�9�8�8�)� �s�t�u�d�i�e�d� �t�h�e� �i�n�t�r�a�-� �a�n�d� �e�x�t�r�a�c�e�l�l�u�l�a�r� �d�i�s�t�r�i�b�u�t�i�o�n�s� �o�f� �b�o�t�h� 

�M�I�B� �a�n�d� �g�e�o�s�m�i�n� �p�r�o�d�u�c�e�d� �b�y� �a� �s�t�r�a�i�n� �o�f� �O�s�c�i�l�l�a�t�o�r�i�a� �t�e�n�u�i�s�.� �T�h�e� �t�h�y�l�a�k�o�i�d� �m�e�m�b�r�a�n�e�s�,� 

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

�M�I�B� �w�a�s� �l�o�c�a�t�e�d� �i�n� �a� �c�o�l�o�r�l�e�s�s� �p�r�o�t�e�i�n� �f�r�a�c�t�i�o�n�.� �R�o�s�e�n� �e�t� �a�l�.� �(�1�9�9�2�)� �s�t�u�d�i�e�d� �t�h�e� 

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

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

�m�e�d�i�a� �i�n�c�r�e�a�s�e�d� �r�a�p�i�d�l�y�.� 

�O�R�G�A�N�I�C� �C�O�M�P�O�U�N�D� �E�X�T�R�A�C�T�I�O�N� �A�N�D� �I�D�E�N�T�I�F�I�C�A�T�I�O�N� 

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

�v�o�l�a�t�i�l�e� �c�o�m�p�o�u�n�d�s� �f�r�o�m� �a�q�u�e�o�u�s� �s�a�m�p�l�e�s�;� �i�n�c�l�u�d�i�n�g� �s�t�e�a�m� �d�i�s�t�i�l�l�a�t�i�o�n�,� �b�a�t�c�h� �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�)�,� �c�o�n�t�i�n�u�o�u�s� �l�i�q�u�i�d�-�l�i�q�u�i�d� �e�x�t�r�a�c�t�i�o�n� �(�C�L�L�E�)�,� �c�l�o�s�e�d�-�l�o�o�p� �s�t�r�i�p�p�i�n�g� 

�(�C�L�S�A�)� �a�n�d� �t�h�e� �o�p�e�n�-�l�o�o�p� �s�t�r�i�p�p�i�n�g� �(�O�L�S�A�)� �v�a�r�i�a�n�t�,� �a�n�d� �s�i�m�u�l�t�a�n�e�o�u�s� �d�i�s�t�i�l�l�a�t�i�o�n� 

�e�x�t�r�a�c�t�i�o�n� �(�S�D�E�)�.� �C�l�o�s�e�d�-�l�o�o�p� �s�t�r�i�p�p�i�n�g� �h�a�s� �b�e�e�n� �u�t�i�l�i�z�e�d� �s�i�n�c�e� �t�h�e� �m�i�d�-�1�9�7�0�'�s� �t�o� 

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

�(�1�9�7�6�)� �u�n�d�e�r�w�e�n�t� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�h�a�t� �m�a�d�e� �t�h�e� �m�e�t�h�o�d� �m�o�r�e� �a�p�p�l�i�c�a�b�l�e� �t�o� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� 

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

�i�n�c�r�e�a�s�e�d� �e�x�t�r�a�c�t�i�o�n� �e�f�f�i�c�i�e�n�c�y� �a�n�d� �r�e�d�u�c�e�d� �s�t�r�i�p�p�i�n�g� �t�i�m�e�s� �(�H�w�a�n�g� �e�t� �a�l�.� �1�9�8�4�;� �M�e�a�n�s� �a�n�d� 

�M�c�G�u�i�r�e� �1�9�8�6�;� �K�r�a�s�n�e�r� �e�t� �a�l�.� �1�9�8�9�)�.� �S�a�v�e�n�h�e�d� �e�t� �a�l�.� �(�1�9�8�3�)� �m�o�d�i�f�i�e�d� �t�h�e� �c�l�o�s�e�d�-�l�o�o�p� 

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

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

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

�L�i�q�u�i�d�-�l�i�q�u�i�d� �e�x�t�r�a�c�t�i�o�n� �c�a�n� �b�e� �u�s�e�d� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �C�L�S�A� �t�o� �e�x�t�r�a�c�t� �s�e�m�i�-� 

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

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

�(�S�l�a�t�e�r� �a�n�d� �B�l�o�k� �1�9�8�3�b�;� �A�n�s�e�l�m�e� �e�t� �a�l�.� �1�9�8�8�;� �K�r�a�s�n�e�r� �e�t� �a�l�.� �1�9�8�9�)�.� �P�o�t�e�n�t�i�a�l� �p�r�o�b�l�e�m�s� 

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

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

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

�S�u�r�f�a�c�e� �w�a�t�e�r� �a�n�a�l�y�s�e�s� �t�y�p�i�c�a�l�l�y� �r�e�q�u�i�r�e� �t�h�e� �e�x�t�r�a�c�t�i�o�n� �o�f� �1�-�1�.�5� �L� �o�f� �w�a�t�e�r�.� �W�h�e�n� 

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

�p�e�r�m�i�t�s� �t�h�e� �e�x�t�r�a�c�t�i�o�n� �o�f� �s�m�a�l�l�e�r� �a�l�i�q�u�o�t�s� �(�e�.�g�.�,� �K�r�a�s�n�e�r� �e�t� �a�l�.� �(�1�9�8�3�)� �e�x�t�r�a�c�t�e�d� �4�-�2�5� �m�L� 

�a�l�i�q�u�o�t�s� �b�y� �t�h�e� �C�L�S�A� �m�e�t�h�o�d�)�.� 

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

�c�h�r�o�m�a�t�o�g�r�a�p�h�y�-�f�l�a�m�e� �i�o�n�i�z�a�t�i�o�n� �d�e�t�e�c�t�i�o�n� �(�G�C�-�F�I�D�)� �o�r� �G�C�-�M�S� �(�S�a�v�e�n�h�e�d� �e�t� �a�l�.� �1�9�8�3�;� 

�K�r�a�s�n�e�r� �e�t� �a�l�.� �1�9�8�3�;� �A�n�s�e�l�m�e� �1�9�8�8�)�.� �S�e�n�s�o�r�y� �e�v�a�l�u�a�t�i�o�n� �(�S�E�)� �i�s� �a�n�o�t�h�e�r� �t�e�c�h�n�i�q�u�e� �t�h�a�t� 

�m�a�y� �b�e� �u�s�e�d�.� �T�w�o� �v�e�r�s�i�o�n�s� �o�f� �S�E� �a�r�e� �d�e�s�c�r�i�b�e�d� �a�s� �f�o�l�l�o�w�s�:� �(�1�)� �t�h�e� �p�o�s�t�-�e�x�t�r�a�c�t�i�o�n� �w�a�t�e�r� 

�s�a�m�p�l�e�s� �a�r�e� �e�v�a�l�u�a�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �e�x�t�r�a�c�t�i�o�n� �c�o�m�p�l�e�t�e�n�e�s�s� �(�S�a�v�e�n�h�e�d� �e�t� �a�l�.� �1�9�8�3�)�,� �a�n�d� 

�(�2�)� �t�h�e� �e�x�i�t� �p�o�r�t� �o�f� �t�h�e� �G�C� �i�s� �s�n�i�f�f�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �o�d�o�r�s� �a�s� �t�h�e�y� �e�l�u�t�e� �(�J�i�i�t�t�n�e�r� �1�9�7�6�;� 

�P�r�e�t�i� �e�t� �a�l�.� �1�9�9�3�)�.� �T�h�e� �l�a�t�t�e�r� �m�e�t�h�o�d�;� �w�h�i�c�h� �i�s� �r�e�f�e�r�r�e�d� �t�o� �a�s� �s�m�i�f�f�-�,� �s�m�e�l�l�-�,� �o�r� �s�e�n�s�o�r�y�-� 

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

�t�h�e� �r�e�s�p�o�n�s�i�b�l�e� �c�o�m�p�o�u�n�d�s� �(�K�h�i�a�r�i� �e�t� �a�l�.� �1�9�9�2�;� �P�r�e�t�i� �e�t� �a�l�.� �1�9�9�3�)�.� 

�O�D�O�R� �E�V�A�L�U�A�T�I�O�N� 

�O�d�o�r� �Q�u�a�l�i�t�y� 

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

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

�a�l�.� �1�9�8�1�;� �W�r�i�g�h�t� �1�9�8�2�;� �A�n�h�o�l�t� �1�9�9�2�)�.� �T�h�e�r�e� �a�r�e� �i�n�s�t�a�n�c�e�s� �w�h�e�r�e� �v�e�r�y� �d�i�s�s�i�m�i�l�a�r� 

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

�p�r�o�d�u�c�e� �d�i�f�f�e�r�e�n�t� �o�d�o�r�s� �(�P�u�n�t�e�r� �e�t� �a�l�.� �1�9�8�1�;� �E�n�g�e�n� �1�9�8�2�)�.� �M�e�t�h�o�d�s� �o�f� �d�e�t�e�r�m�i�n�i�n�g� 

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

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

�f�r�u�i�t�y�,� �r�e�s�i�n�o�u�s�,� �e�t�h�e�r�e�a�l�,� �a�n�d� �p�u�t�r�i�d� �(�H�a�r�p�e�r� �e�t� �a�l�.� �1�9�6�8�;� �W�r�i�g�h�t� �1�9�8�2�;� �E�n�g�e�n� �1�9�8�2�)�.� 

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

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

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

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

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

�1�9�6�8�;� �W�r�i�g�h�t� �1�9�8�2�;� �A�m�o�o�r�e� �1�9�8�6�)�.� �R�e�f�e�r�e�n�c�e�s� �a�r�e� �a�v�a�i�l�a�b�l�e� �t�h�a�t� �d�e�s�c�r�i�b�e� �t�h�e� 

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

�A�r�c�t�a�n�d�e�r� �(�1�9�6�9�)� �a�n�d� �A�l�d�r�i�c�h� �(�1�9�9�4�)�.� 

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

�g�r�o�u�p�s� �o�f� �o�d�o�r�o�u�s� �c�o�m�p�o�u�n�d�s� �b�a�s�e�d� �u�p�o�n� �s�t�r�u�c�t�u�r�a�l� �c�o�n�f�i�g�u�r�a�t�i�o�n� �(�H�a�r�p�e�r� �e�t� �a�l�.� �1�9�6�8�;� 

�D�r�a�v�n�i�e�k�s� �e�t� �a�l�.� �1�9�8�1�;� �E�n�g�e�n� �1�9�8�2�)�.� �R�e�s�e�a�r�c�h�e�r�s� �h�a�v�e� �s�t�u�d�i�e�d� �h�o�m�o�l�o�g�o�u�s� �s�e�r�i�e�s� �o�f� 

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

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

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

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

�i�n�c�r�e�a�s�e�s�.�"� 

�O�d�o�r� �M�i�x�t�u�r�e�s� 

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

�c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �i�n�d�i�v�i�d�u�a�l� �c�o�m�p�o�u�n�d�s�.� �E�n�g�e�n� �(�1�9�8�2�)� �e�s�t�a�b�l�i�s�h�e�d� �t�h�a�t� �"�t�h�e� �p�e�r�c�e�i�v�e�d� 

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

�i�n�d�i�v�i�d�u�a�l� �i�n�t�e�n�s�i�t�i�e�s� �o�f� �t�h�e� �c�o�m�p�o�n�e�n�t�s�.�"�.� �M�a�s�k�i�n�g� �i�s� �a�n� �e�x�t�e�n�s�i�o�n� �o�f� �E�n�g�e�n�'�s� �c�o�n�c�e�p�t�;� 

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

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

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

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

�o�f� �o�d�o�r� �p�e�r�c�e�p�t�i�o�n�,� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�,� �a�n�d� �i�n�t�e�r�a�c�t�i�o�n� �(�H�a�r�p�e�r� �e�t� �a�l�.� �1�9�6�8�;� �M�o�s�k�o�w�i�t�z� �1�9�8�1�;� 

�E�n�g�e�n� �1�9�8�2�;� �W�r�i�g�h�t� �1�9�8�2�)�.� 

�O�d�o�r� �I�n�t�e�n�s�i�t�y� 

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

�a�v�a�i�l�a�b�l�e�;� �t�h�e� �b�e�t�t�e�r� �k�n�o�w�n� �o�n�e�s� �a�r�e� �t�h�e� �W�e�b�e�r�-�F�e�c�h�n�e�r� �(�W�-�F�)� �L�a�w� �a�n�d� �t�h�e� �S�t�e�v�e�n�s� �R�a�t�i�o� 

�E�s�t�i�m�a�t�i�o�n� �M�e�t�h�o�d�.� �A�d�d�i�t�i�o�n�a�l� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �S�t�e�v�e�n�s� �m�e�t�h�o�d� �i�s� �a�v�a�i�l�a�b�l�e� �i�n� �S�t�e�v�e�n�s� 
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�(�1�9�7�0�)�.� �W�a�t�e�r� �i�n�d�u�s�t�r�y� �r�e�s�e�a�r�c�h�e�r�s� �o�f�t�e�n� �a�p�p�l�y� �t�h�e� �W�-�F� �L�a�w� �t�o� �o�d�o�r�a�n�t� �i�n�t�e�n�s�i�t�i�e�s� �o�f� 

�c�o�m�p�o�u�n�d� �s�t�a�n�d�a�r�d�s�.� �T�h�e� �W�-�F� �L�a�w� �m�a�y� �b�e� �w�r�i�t�t�e�n� �a�s�:� 

�S� �=�a�L�o�g�C� �+�b� 

�w�h�e�r�e� �"�S�"� �i�s� �t�h�e� �o�d�o�r� �i�n�t�e�n�s�i�t�y�,� �"�C�"� �i�s� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �a�n�d� �"�a�"� �a�n�d� �"�b�"� �a�r�e� �t�h�e� �c�o�n�s�t�a�n�t�s� 

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

�f�i�r�s�t� �s�t�u�d�i�e�s� �t�h�a�t� �a�p�p�l�i�e�d� �t�h�e� �W�-�F� �L�a�w�.� 

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

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

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

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

�"�a�n�o�s�m�i�a�.�"� �F�u�r�t�h�e�r� �d�i�s�c�u�s�s�i�o�n� �o�f� �a�n�o�s�m�i�a� �i�s� �w�i�d�e�l�y� �a�v�a�i�l�a�b�l�e� �(�H�a�r�p�e�r� �e�t� �a�l�.� �1�9�6�8�;� �E�n�g�e�n� 

�1�9�8�2�;� �W�r�i�g�h�t� �1�9�8�2�;� �A�m�o�o�r�e� �1�9�8�6�;� �S�m�i�t�h� �a�n�d� �D�u�n�c�a�n� �1�9�9�2�)�.� 

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

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

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

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

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

�s�t�r�a�i�g�h�t�-�l�i�n�e� �r�e�l�a�t�i�o�n� �d�e�f�i�n�e�d� �b�y� �t�h�e� �W�-�F� �L�a�w� �(�W�r�i�g�h�t� �1�9�8�2�)�.� 

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

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

�a� �s�i�g�n�a�l� �t�o� �t�h�e� �c�e�n�t�r�a�l� �n�e�r�v�o�u�s� �s�y�s�t�e�m� �(�W�r�i�g�h�t� �1�9�8�2�)�.� �I�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� �i�n�t�e�n�s�i�t�y� �"�S�"� �i�s� 

�s�u�b�s�t�i�t�u�t�e�d� �i�n� �t�h�e� �W�-�F� �L�a�w� �b�y� �"�L�o�g�-�!� �r�"�,� �w�h�e�r�e� �"�r�"� �i�s� �t�h�e� �f�r�a�c�t�i�o�n� �o�f� �r�e�c�e�p�t�o�r�s� �s�e�n�d�i�n�g� 

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

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

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

�i�n�t�e�n�s�i�t�y�.� 

�W�a�t�e�r� �I�n�d�u�s�t�r�y� �M�e�t�h�o�d�s� �o�f� �S�e�n�s�o�r�y� �A�n�a�l�y�s�i�s� 

�U�n�i�t�e�d� �S�t�a�t�e�s �� �w�a�t�e�r� �u�t�i�l�i�t�i�e�s� �r�o�u�t�i�n�e�l�y� �e�m�p�l�o�y� �t�h�e� �t�h�r�e�s�h�o�l�d� �o�d�o�r� �n�u�m�b�e�r� �(�T�O�N�)� 

�m�e�t�h�o�d� �t�o� �e�v�a�l�u�a�t�e� �w�a�t�e�r� �s�a�m�p�l�e�s� �(�A�P�H�A�,� �A�W�W�A�,� �a�n�d� �W�P�C�F� �1�9�9�2�)�.� �T�h�i�s� �m�e�t�h�o�d� 

�d�e�t�e�r�m�i�n�e�s� �t�h�e� �d�e�g�r�e�e� �o�f� �d�i�l�u�t�i�o�n� �n�e�c�e�s�s�a�r�y� �t�o� �p�r�o�d�u�c�e� �a� �w�a�t�e�r� �s�a�m�p�l�e� �o�f� �b�a�r�e�l�y� 
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�p�e�r�c�e�p�t�i�b�l�e� �o�d�o�r�.� �D�r�a�w�b�a�c�k�s� �o�f� �t�h�e� �m�e�t�h�o�d� �i�n�c�l�u�d�e�:� �(�1�)� �u�s�i�n�g� �a�n� �o�p�e�n�-�e�n�d�e�d� �s�c�a�l�e� �w�h�e�r�e� 

�t�h�e� �T�O�N� �a�s�s�i�g�n�e�d� �m�a�y� �b�e� �g�r�e�a�t�l�y� �i�n�f�l�u�e�n�c�e�d� �b�y� �a�n� �i�n�d�i�v�i�d�u�a�l�'�s� �p�e�r�s�o�n�a�l� �s�e�n�s�i�t�i�v�i�t�y� �t�o� �t�h�e� 

�o�d�o�r� �(�M�a�l�l�e�v�i�a�l�l�e� �a�n�d� �S�u�f�f�e�t� �1�9�8�7�)�,� �(�2�)� �t�h�e� �o�d�o�r� �i�s� �n�o�t� �b�r�o�k�e�n� �d�o�w�n� �i�n�t�o� �i�n�d�i�v�i�d�u�a�l� 

�c�o�m�p�o�n�e�n�t�s� �(�M�a�l�l�e�v�i�a�l�l�e� �a�n�d� �S�u�f�f�e�t� �1�9�8�7�)�,� �a�n�d� �(�3�)� �t�h�e� �d�i�l�u�t�i�o�n� �p�r�o�c�e�s�s� �m�a�y� �c�h�a�n�g�e� �t�h�e� 

�c�h�a�r�a�c�t�e�r� �o�f� �t�h�e� �o�d�o�r� �(�W�r�i�g�h�t� �1�9�8�2�;� �E�n�g�e�n� �1�9�8�2�;� �M�a�l�l�e�v�i�a�l�l�e� �a�n�d� �S�u�f�f�e�t� �1�9�8�7�)�.� 

�A� �m�o�r�e� �r�e�c�e�n�t� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �w�a�t�e�r� �i�n�d�u�s�t�r�y�'�s� �r�o�s�t�e�r� �o�f� �o�d�o�r�-�e�v�a�l�u�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� 

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

�t�h�e� �f�o�o�d� �i�n�d�u�s�t�r�y� �(�C�a�i�r�n�c�r�o�s�s� �a�n�d� �S�j�é�s�t�r�é�m� �1�9�5�0�)�,� �t�h�e� �m�e�t�h�o�d� �w�a�s� �l�a�t�e�r� �a�d�a�p�t�e�d� �f�o�r� �u�s�e� 

�b�y� �w�a�t�e�r� �u�t�i�l�i�t�i�e�s� �(�K�r�a�s�n�e�r� �e�t� �a�l�.� �1�9�8�5�)�.� �T�h�e� �m�e�t�h�o�d� �h�a�s� �b�e�e�n� �s�t�a�n�d�a�r�d�i�z�e�d�,� �a�n�d� 

�i�n�s�t�r�u�c�t�i�o�n�s� �f�o�r� �b�o�t�h� �t�r�a�i�n�i�n�g� �a�n�d� �u�s�a�g�e� �a�r�e� �a�v�a�i�l�a�b�l�e� �(�A�P�H�A�,� �A�W�W�A�,� �a�n�d� �W�P�C�E�F� �1�9�9�2�;� 

�A�W�W�A� �1�9�9�3�)�.� �M�e�n�g� �a�n�d� �S�u�f�f�e�t� �(�1�9�9�2�)� �a�n�a�l�y�z�e�d� �w�a�t�e�r� �s�a�m�p�l�e� �F�P�A� �d�a�t�a� �a�n�d� �s�u�g�g�e�s�t�e�d� 

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

�T�h�e� �F�P�A� �m�e�t�h�o�d� �r�e�q�u�i�r�e�s� �a� �p�a�n�e�l� �o�f� �a�t� �l�e�a�s�t� �f�o�u�r� �m�e�m�b�e�r�s�,� �w�h�o� �u�n�d�e�r�g�o� 

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

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

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

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

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

�c�o�m�p�o�u�n�d� �s�t�a�n�d�a�r�d�s�;� �h�o�w�e�v�e�r�,� �i�n�t�e�r�f�e�r�e�n�c�e�s� �(�e�.�g�.�,� �m�a�s�k�i�n�g�,� �a�n�t�a�g�o�n�i�s�m�,� �o�r� �s�y�n�e�r�g�i�s�m�)� 

�a�m�o�n�g� �c�o�m�p�o�u�n�d�s� �m�a�y� �m�a�k�e� �a� �d�i�r�e�c�t� �c�o�m�p�a�r�i�s�o�n� �o�f� �F�P�A� �o�d�o�r� �i�n�t�e�n�s�i�t�i�e�s� �t�o� �o�d�o�r�a�n�t� 

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

�E�N�V�I�R�O�N�M�E�N�T�A�L� �F�A�C�T�O�R�S� �A�F�F�E�C�T�I�N�G� �A�L�G�A�L� �P�R�O�D�U�C�T�I�V�I�T�Y� 

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

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

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

�n�i�t�r�o�g�e�n� �a�n�d� �p�h�o�s�p�h�o�r�u�s� �i�n�c�l�u�d�e� �t�h�e� �o�p�e�r�a�t�i�o�n� �o�f� �a�d�v�a�n�c�e�d� �w�a�s�t�e�w�a�t�e�r� �t�r�e�a�t�m�e�n�t� �(�A�W�T�)� 

�f�a�c�i�l�i�t�i�e�s� �a�n�d� �b�e�s�t� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s� �(�B�M�P�)� �f�o�r� �p�o�i�n�t�-�s�o�u�r�c�e� �a�n�d� �n�o�n�p�o�i�n�t�-�s�o�u�r�c�e� 

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

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

�t�h�e� �p�h�o�s�p�h�o�r�u�s� �c�o�n�t�e�n�t� �o�f� �d�o�m�e�s�t�i�c� �w�a�s�t�e�w�a�t�e�r�.� �I�n� �t�h�e� �l�a�t�e� �1�9�6�0�s� �a�n�d� �e�a�r�l�y� �1�9�7�0�s�,� 

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

�1�9�6�8�;� �L�e�e� �e�t� �a�l�.� �1�9�7�8�)�.� 

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

�n�i�t�r�i�t�e�-�N� �(�N�O�-�N�)�,� �n�i�t�r�a�t�e�-�N� �(�N�O�3�-�N�)�,� �a�n�d� �a�m�m�o�n�i�a�-�N� �(�N�H�3�-�N�)�.� �A�m�m�o�n�i�a�-�N� �u�s�u�a�l�l�y� 

�e�x�i�s�t�s� �i�n� �e�q�u�i�l�i�b�r�i�u�m� �w�i�t�h� �a�m�m�o�n�i�u�m� �i�o�n� �(�N�H�4�-�N�)�.� �T�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �s�o�u�r�c�e�s� �o�f� �t�h�e�s�e� 

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

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

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

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

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

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

�o�r�t�h�o�p�h�o�s�p�h�a�t�e� �(�o�-�P�O�4�q�-�P�)�,� �p�a�r�t�i�c�u�l�a�t�e� �a�n�d� �p�r�e�c�i�p�i�t�a�t�e�d� �p�h�o�s�p�h�o�r�u�s�,� �a�n�d� �o�r�g�a�n�i�c�-�P�.� 

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

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

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

�C�h�e�s�t�e�r�s� �1�9�8�1�;� �J�o�n�e�s� �a�n�d� �L�e�e� �1�9�8�2�)�.� �S�e�v�e�r�a�l� �s�t�u�d�i�e�s� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �p�h�o�s�p�h�o�r�u�s� �l�o�a�d�i�n�g� 

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

�i�m�p�o�u�n�d�m�e�n�t�s� �(�D�i�l�l�o�n� �a�n�d� �R�i�g�l�e�r� �1�9�7�4�;� �S�c�h�i�n�d�l�e�r� �1�9�7�8�;� �L�e�e� �e�t� �a�l�.� �1�9�7�8�;� �W�i�l�l�i�a�m�s� �e�t� �a�l�.� 

�1�9�7�8�)�.� 
�A�m�m�o�n�i�u�m� �i�o�n�,� �n�i�t�r�a�t�e�-�N�,� �a�n�d� �b�i�o�l�o�g�i�c�a�l�l�y� �a�v�a�i�l�a�b�l�e� �p�h�o�s�p�h�o�r�u�s� �a�r�e� �t�h�e� �n�u�t�r�i�e�n�t� 

�f�o�r�m�s� �t�h�a�t� �a�r�e� �m�o�s�t� �r�e�a�d�i�l�y� �a�s�s�i�m�i�l�a�t�e�d� �b�y� �p�h�y�t�o�p�l�a�n�k�t�o�n� �(�L�e�e� �e�t� �a�l�.� �1�9�7�8�;� �S�a�w�y�e�r� �1�9�6�8�)�.� 

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

�t�h�e� �g�r�e�e�n� �a�l�g�a�e� �(�C�h�l�o�r�o�p�h�y�c�e�a�e�)� �p�r�e�f�e�r� �N�H�3�-�N� �t�o� �o�x�i�d�i�z�e�d�-�N� �(�R�e�y�n�o�l�d�s� �1�9�8�4�;� �H�a�r�r�i�s� 

�1�9�8�6�;� �F�o�g�g� �a�n�d� �T�h�a�k�e� �1�9�8�7�)�;� �w�h�e�r�e�a�s� �t�h�e� �d�i�a�t�o�m�s� �(�B�a�c�i�l�l�a�r�i�o�p�h�y�c�e�a�e�)� �p�r�e�f�e�r� �N�O�3�-�N� �t�o� 

�N�H�3�-�N� �(�P�a�t�r�i�c�k� �1�9�7�7�;� �R�a�s�h�a�s�h� �1�9�9�1�)�.� 

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

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

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

�a�l�g�a�l� �b�l�o�o�m�s�,� �r�e�c�o�m�m�e�n�d�e�d� �m�e�a�n�s� �o�f� �a�p�p�l�i�c�a�t�i�o�n�,� �a�n�d� �p�o�t�e�n�t�i�a�l� �d�r�a�w�b�a�c�k�s� �(�M�o�n�i�e� �1�9�5�6�;� 

�T�u�w�i�n�e�r� �1�9�7�6�;� �M�c�G�u�i�r�e� �e�t� �a�l�.� �1�9�8�4�;� �H�a�n�s�o�n� �a�n�d� �S�t�e�f�a�n� �1�9�8�4�;� �R�a�m�a�n� �1�9�8�5�;� �R�a�m�a�n� �a�n�d� 

�C�o�o�k� �1�9�8�8�)�.� 

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

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

�i�n�c�r�e�a�s�i�n�g� �p�H�,� �a�l�k�a�l�i�n�i�t�y�,� �a�n�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �o�r�g�a�n�i�c� �a�n�d� �i�n�o�r�g�a�n�i�c� �m�a�t�t�e�r� �i�n� �w�a�t�e�r� 
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�(�R�a�m�a�n� �a�n�d� �C�o�o�k� �1�9�8�8�;� �H�e�r�i�n�g� �a�n�d� �M�o�r�e�l� �1�9�8�8�)�.� �T�h�e� �a�l�g�a�e� �t�h�e�m�s�e�l�v�e�s� �m�a�y� �r�e�d�u�c�e� �t�h�e� 

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

�M�o�r�e�l� �1�9�7�9�)�.� 

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

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

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

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

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

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

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

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

�d�r�i�n�k�i�n�g� �w�a�t�e�r� �i�s� �c�o�n�s�i�d�e�r�e�d� �i�n� �t�h�a�t� �a� �S�e�c�o�n�d�a�r�y� �(�i�.�e�.�,� �u�n�e�n�f�o�r�c�a�b�l�e�)� �M�a�x�i�m�u�m� 

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

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

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

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

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

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

�s�o�m�e� �o�f� �t�h�o�s�e� �g�a�p�s�.� 
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�C�H�A�P�T�E�R� �3� 

�M�E�T�H�O�D�S� �A�N�D� �M�A�T�E�R�I�A�L�S� 

�A�L�G�A�L� �C�U�L�T�U�R�E�S� 

�T�h�e� �a�l�g�a�e� �i�n�c�l�u�d�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �i�n�v�e�s�t�i�g�a�t�i�o�n� �a�r�e� �d�e�p�i�c�t�e�d� �i�n� �T�a�b�l�e� �3�.�1�.� �T�h�e� 

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

�T�a�b�l�e�s� �A�.�1�-�A�.�3�.� �E�a�c�h� �o�f� �t�h�e� �n�i�n�e� �c�u�l�t�u�r�e�s� �w�a�s� �u�n�i�a�l�g�a�l�,� �b�u�t� �o�n�l�y� �o�n�e� �c�u�l�t�u�r�e�,� 

�C�h�l�a�m�y�d�o�m�o�n�a�s� �p�e�t�e�r�f�i�i�,� �w�a�s� �a�x�e�n�i�c�.� �D�r�.� �B�.� �P�a�r�k�e�r� �(�B�i�o�l�o�g�y� �D�e�p�t�.�,� �V�i�r�g�i�n�i�a� �T�e�c�h�)� 

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

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

�3�0�°�C� �f�o�r� �f�i�v�e� �d�a�y�s�.� �N�o� �a�c�t�i�n�o�m�y�c�e�t�e�s� �w�e�r�e� �o�b�s�e�r�v�e�d�.� 

�N�e�a�r� �c�o�m�p�l�e�t�i�o�n� �o�f� �t�h�e� �r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t�,� �t�h�e� �a�x�e�n�i�c�i�t�y� �o�f� �t�h�e� �C�.� �p�e�t�e�r�f�i�i� �c�u�l�t�u�r�e� 

�w�a�s� �r�e�-�c�h�e�c�k�e�d� �u�s�i�n�g� �t�h�r�e�e� �p�l�a�t�e�s� �e�a�c�h� �o�f� �S�M�A� �a�n�d� �R�2�A� �a�g�a�r�.� �T�h�e� �a�g�a�r� �m�e�d�i�a� �w�e�r�e� 

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

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

�o�d�o�r�o�u�s� �c�u�l�t�u�r�e� �o�f� �C�.� �p�e�t�e�r�f�i�i� �a�n�d� �i�n�c�u�b�a�t�e�d� �a�t� �2�5�°�C� �f�o�r� �t�h�r�e�e� �w�e�e�k�s�.� �N�o� �g�r�o�w�t�h� �w�a�s� 

�o�b�s�e�r�v�e�d� �o�n� �a�n�y� �o�f� �t�h�e� �p�l�a�t�e�s�.� 

� � 

� � 

�T�a�b�l�e� �3�.�1� 

�A�l�g�a�e� �u�s�e�d� �f�o�r� �A�W�W�A�R�F� �o�d�o�r� �p�r�o�j�e�c�t� 

�A�l�g�a� �S�o�u�r�c�e� �M�e�d�i�u�m� �C�o�d�e� 

�A�n�a�b�a�e�n�a� �l�a�x�a� �G�.� �I�z�a�g�u�i�r�r�e�*� �A�S�M�-�1� 

�M�i�c�r�o�c�y�s�t�i�s� �a�e�r�u�g�i�n�o�s�a� �U�.� �T�e�x�a�s�,� �A�u�s�t�i�n�t� �A�S�M�-�1� �U�T�E�X� �L�B�2�3�8�8� 

�O�s�c�i�l�l�a�t�o�r�i�a� �s�p�.� �G�.� �I�z�a�g�u�i�r�r�e� �A�S�M�-�1� 

�O�s�c�i�l�l�a�t�o�r�i�a� �t�e�n�u�i�s� �R�.� �H�o�e�h�n�#� �A�S�M�-�i� 

�P�h�o�r�m�i�d�i�u�m� �s�p�.� �G�.� �I�z�a�g�u�i�r�r�e� �A�S�M�-�1� 

�C�h�l�a�m�y�d�o�m�o�n�a�s� �p�e�t�e�r�f�i�i� �U�.� �T�e�x�a�s�,� �A�u�s�t�i�n� �O�C�M�+� �p�e�p�t�o�n�e� �U�T�E�X� �2�4�0�0� 

�D�i�n�o�b�r�y�o�n� �c�y�l�i�n�d�r�i�c�u�m� �U�.� �T�e�x�a�s�,� �A�u�s�t�i�n� �D�Y� �I�I�I� �U�T�E�X� �L�B�2�2�6�5� 

�_� �S�y�n�u�r�a� �p�e�t�e�r�s�e�n�i�i� �U�.� �T�e�x�a�s�,� �A�u�s�t�i�n� �D�Y� �I�I�I� �U�T�E�X� �L�B�2�4�0�6� 
� � 

�*� �G�.� �I�z�a�g�u�i�r�r�e�,� �M�e�t�r�o�p�o�l�i�t�a�n� �W�a�t�e�r� �D�i�s�t�r�i�c�t� �o�f� �S�o�u�t�h�e�r�n� �C�a�l�i�f�o�r�n�i�a� 

�t� �U�n�i�v�e�r�s�i�t�y� �o�f� �T�e�x�a�s� �C�u�l�t�u�r�e� �C�o�l�l�e�c�t�i�o�n� �a�t� �A�u�s�t�i�n� 

�+� �R�.� �H�o�e�h�n�,� �T�h�e� �C�h�a�r�l�e�s� �E�.� �V�i�a�,� �J�r�.� �D�e�p�t� �o�f� �C�i�v�i�l� �E�n�g�r�.�,� �V�P�I�&�S�U� 

�2�0



�T�h�e� �O�s�c�i�l�l�a�t�o�r�i�a� �s�p�.� �c�o�n�t�r�i�b�u�t�e�d� �b�y� �I�z�a�q�u�i�r�r�e� �d�i�d� �n�o�t� �s�u�r�v�i�v�e� �i�n� �t�h�e� �2�5�°�C� 
�i�n�c�u�b�a�t�o�r�.� �T�e�m�p�e�r�a�t�u�r�e� �w�a�s� �n�o�t� �b�e�l�i�e�v�e�d� �t�o� �b�e� �t�h�e� �p�r�o�b�l�e�m� �a�s� �t�h�e� �a�l�g�a� �w�a�s� �o�r�i�g�i�n�a�l�l�y� 

�i�s�o�l�a�t�e�d� �f�r�o�m� �a� �M�i�s�s�i�s�s�i�p�p�i� �c�a�t�f�i�s�h� �p�o�n�d� �a�n�d� �m�a�i�n�t�a�i�n�e�d� �a�t� �2�5�°�C� �b�y� �I�z�a�g�u�i�r�r�e�.� �T�h�e� �a�l�g�a� 
�a�l�s�o� �f�a�i�l�e�d� �t�o� �g�r�o�w� �w�h�e�n� �i�n�c�u�b�a�t�e�d� �i�n� �e�i�t�h�e�r� �l�a�r�g�e�r� �t�e�s�t� �t�u�b�e�s� �o�r� �E�r�l�e�n�m�e�y�e�r� �f�l�a�s�k�s�.� �T�h�e� 
�i�n�c�u�b�a�t�o�r� �l�i�g�h�t�s� �m�a�y� �h�a�v�e� �b�e�e�n� �d�e�f�i�c�i�e�n�t� �i�n� �a� �l�i�g�h�t� �w�a�v�e�l�e�n�g�t�h� �r�e�q�u�i�r�e�d� �b�y� �t�h�e� �a�l�g�a�,� �a�n�d� 

�a�t�t�e�m�p�t�s� �w�e�r�e� �m�a�d�e� �t�o� �c�o�r�r�e�c�t� �t�h�e� �s�i�t�u�a�t�i�o�n� �b�y� �s�u�p�p�l�e�m�e�n�t�i�n�g� �t�h�e� �c�o�o�l�-�w�h�i�t�e� �f�l�u�o�r�e�s�c�e�n�t� 
�l�a�m�p�s� �l�o�c�a�t�e�d� �n�e�a�r� �t�h�e� �O�s�c�i�l�l�a�t�o�r�i�a� �s�p�.� �c�u�l�t�u�r�e� �r�a�c�k�s� �i�n� �t�h�e� �i�n�c�u�b�a�t�o�r� �w�i�t�h� �2�5�-�w�a�t�t� �a�n�d� �6�0�-� 
�w�a�t�t� �i�n�c�a�n�d�e�s�c�e�n�t� �b�u�l�b�s�.� �T�h�e� �a�l�g�a� �s�t�i�l�l� �d�i�d� �n�o�t� �g�r�o�w� �i�n� �t�h�e� �i�n�c�u�b�a�t�o�r�,� �b�u�t� �i�t� �c�o�u�l�d� �b�e� 

�s�u�c�c�e�s�s�f�u�l�l�y� �g�r�o�w�n� �o�n� �a� �n�o�r�t�h�-�f�a�c�i�n�g� �w�i�n�d�o�w� �s�i�l�l� �a�t� �a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e�.� 
�T�h�e� �O�.� �t�e�n�u�i�s� �w�a�s� �o�r�i�g�i�n�a�l�l�y� �i�s�o�l�a�t�e�d� �b�y� �D�.� �E�.� �H�e�n�l�e�y� �(�1�9�7�0�)� �a�n�d� �h�a�s� �b�e�e�n� 

�m�a�i�n�t�a�i�n�e�d� �a�t� �V�i�r�g�i�n�i�a� �T�e�c�h� �s�i�n�c�e� �1�9�7�1�.� �I�t� �w�a�s� �c�o�n�t�a�m�i�n�a�t�e�d� �w�i�t�h� �a� �f�u�n�g�u�s�,� �a�n�d� �t�h�e�r�e�f�o�r�e�,� 

�w�a�s� �t�r�e�a�t�e�d� �w�i�t�h� �a� �0�.�0�5�%� �c�y�c�l�o�h�e�x�i�m�i�d�e� �s�o�l�u�t�i�o�n�.� �A�f�t�e�r� �t�h�r�e�e� �t�r�a�n�s�f�e�r�s� �t�o� �A�S�M�-�1� �m�e�d�i�u�m� 

�c�o�n�t�a�i�n�i�n�g� �0�.�0�5�%� �c�y�c�l�o�h�e�x�i�m�i�d�e�,� �t�h�e� �a�l�g�a� �w�a�s� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �r�e�g�u�l�a�r� �A�S�M�-�1� �m�e�d�i�u�m�.� �T�h�e� 
�g�r�o�w�t�h� �o�f� �t�h�e� �a�l�g�a�l� �c�u�l�t�u�r�e�s� �t�h�a�t� �w�e�r�e� �s�u�b�j�e�c�t�e�d� �t�o� �c�y�c�l�o�h�e�x�i�m�i�d�e� �b�e�c�a�m�e� �s�l�u�g�g�i�s�h�,� �b�u�t� 
�r�e�t�u�r�n�e�d� �t�o� �n�o�r�m�a�l� �v�i�g�o�r� �a�f�t�e�r� �t�r�a�n�s�f�e�r� �b�a�c�k� �i�n�t�o� �r�e�g�u�l�a�r� �A�S�M�-�1� �m�e�d�i�u�m�.� �T�h�i�s� �c�u�l�t�u�r�e� 
�w�a�s� �m�a�i�n�t�a�i�n�e�d� �o�n� �a� �n�o�r�t�h�-�f�a�c�i�n�g� �w�i�n�d�o�w� �s�i�l�l� �a�l�o�n�g� �w�i�t�h� �t�h�e� �O�s�c�i�l�l�a�t�o�r�i�a� �s�p�.� 

�T�h�e� �A�n�a�b�a�e�n�a� �l�a�x�a� �w�a�s� �o�r�i�g�i�n�a�l�l�y� �i�d�e�n�t�i�f�i�e�d� �o�n�l�y� �a�s� �A�n�a�b�a�e�n�a� �s�p�.� �w�h�e�n� �i�t� �w�a�s� 
�r�e�c�e�i�v�e�d� �f�r�o�m� �I�z�a�g�u�i�r�r�e�,� �w�h�o� �h�a�d� �m�a�i�n�t�a�i�n�e�d� �i�t� �i�n� �B�G�-�1�1� �m�e�d�i�u�m�.� �T�h�e� �c�u�l�t�u�r�e� �d�e�v�e�l�o�p�e�d� 
�a�k�i�n�e�t�e�s� �w�h�e�n� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �A�S�M�-�1� �m�e�d�i�u�m�,� �a�n�d� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�k�i�n�e�t�e�s� �e�n�a�b�l�e�d� �P�a�r�k�e�r� 

�(�B�i�o�l�o�g�y� �D�e�p�t�.�,� �V�i�r�g�i�n�i�a� �T�e�c�h�)� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� �c�u�l�t�u�r�e� �a�s� �A�n�a�b�a�e�n�a� �l�a�x�a�.� �T�h�e� �i�d�e�n�t�i�t�y� 

�w�a�s� �l�a�t�e�r� �c�o�n�f�i�r�m�e�d� �b�y� �D�r�.� �G�.� �D�i�l�l�a�r�d�,� �W�e�s�t�e�r�n� �K�e�n�t�u�c�k�y� �U�n�i�v�e�r�s�i�t�y�.� 

�C�U�L�T�U�R�E� �E�X�P�E�R�I�M�E�N�T�S� 

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

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

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

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

�d�u�r�i�n�g� �b�o�t�h� �p�h�a�s�e�s� �o�f� �t�h�e� �r�e�s�e�a�r�c�h� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �3�.�2�.� �T�h�e� �s�a�m�p�l�e�s� �c�o�l�l�e�c�t�e�d� 
�d�u�r�i�n�g� �t�h�e� �s�e�c�o�n�d� �p�h�a�s�e� �w�e�r�e� �e�x�t�r�a�c�t�e�d� �f�o�r� �a�n�a�l�y�s�i�s� �o�f� �o�r�g�a�n�i�c� �c�o�m�p�o�u�n�d�s�,� �b�u�t� �n�o� �F�P�A� 

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

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

�2�1



�T�a�b�l�e� �3�.�2� 

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

� � 

� � 

�N�u�t�r�i�e�n�t�s�*� 

�A�l�g�a� �S�c�h�e�m�e� �L�i�g�h�t� �N�O�3�-�N� �N�H�3�-�N� �=� �o�-�P�O�Q�4�-�P� �=� �T�e�m�p�.� 

�(�u�E�/�m�?�/�s�)� �(�m�g�/�L�)� �(�m�g�/�L�)� �(�m�g�/�L�)� �C�C�)� 
�D�.� �c�y�l�i�n�d�r�i�c�u�m� �=�:� �D�Y� �I�I� �8� �6�.�8�2� �0�.�8�7� �0�.�7�3�t� �2�0� 
�C�.� �p�e�t�e�r�f�i�i� �O�C�M�+�#� �3�6� �1�4�2�.�9�1� �w�w�e� �2�6�.�5�8� �2�5� 
�M�.� �a�e�r�u�g�i�n�o�s�a� �A�S�M�-�1� �3�3� �3�2�.�4�0� �-�-�-�-�-� �5�.�4�7� �2�5� 

�O�.� �t�e�n�u�i�s� �A�S�M�-�1� �3�0�8� �3�2�.�0�9� �m�a�n�n�e� �8�.�4�1� �2�5�*�*� 
�O�.� �s�p�.� �A�S�M�-�1� �3�0�8� �3�2�.�8�4� �9� �8�.�1�4� �2�5�*�*� 
�P�.� �s�p�.� �A�S�M�-�1�T�T� �8� �3�2�.�3�9� �w�a�a�r� �5�.�5�0� �2�5� 

�"� �m�i�d�-�N� �8� �5�.�1�0� �a�n�a�e�e� �5�.�3�5� �2�5� 
�"� �l�o�w�-�N� �8� �2�.�5�1� �w�n�a� �4�.�1�8� �2�5� 
�"� �l�o�w�-�P� �9� �2�6�.�8�0� �=�=�a�=�=� �0�.�4�2� �2�5� 
�"� �h�i�g�h�-�l�i�g�h�t� �2�8� �3�4�.�2�3� �w�e�e� �4�.�9�8� �2�5� 
�"� �l�o�w�-�t�e�m�p� �8� �3�0�.�9�2� �-�n�a�e�e� �5�.�5�9� �1�5� 

�A�.� �l�a�x�a� �A�S�M�-�1�T�T� �3�2� �3�6�.�1�0� �w�w�e�e� �6�.�2�8� �2�5� 
�"� �m�i�d�-�N� �3�2� �5�.�3�6� �w�a�a� �5�.�5�3� �2�5� 
�"� �l�o�w�-�N� �3�2� �2�.�8�4� �n�a�n�a�n� �4�.�2�0� �2�5� 
�"� �l�o�w�-�P� �3�6� �2�6�.�4�2� �w�n� �0�.�3�6� �2�5� 
�"� �l�o�w�-�l�i�g�h�t� �7� �3�1�8�6� �9� �=�=�=� �5�.�2�4� �2�5� 
�"� �l�o�w�-�t�e�m�p� �2�8� �3�1�.�0�8�  �� �-�-�-�-�-� �5�.�7�7� �1�5� 

�S�.� �p�e�t�e�r�s�e�n�i�i� �D�Y� �W�t�T�t� �8� �4�.�1�9� �1�.�3�7� �1�.�1�6�7� �2�0� 
�"� �m�i�d�-�N� �8� �1�.�5�3� �0�.�4�5� �0�.�8�4�t�T� �2�0� 
�"� �l�o�w�-�N� �8� �0�.�8�3� �0�.�3�6� �0�.�9�6�T� �2�0� 
�"� �l�o�w�-�P� �8� �3�.�8�3� �0�.�9�0� �0�.�5�5�t� �2�0� 
�"� �h�i�g�h�-�l�i�g�h�t� �4�5� �2�.�9�3� �0�.�7�5� �0�.�9�8�T� �2�0� 
�"� �l�o�w�-�t�e�m�p� �8� �2�.�4�7� �0�.�7�1� �0�.�3�5�T� �1�0� 
� � 

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

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

�+� �O�C�M�+� �=� �O�C�M� �p�l�u�s� �p�e�p�t�o�n�e� 

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

�*�*� �A�v�e�r�a�g�e� �a�m�b�i�e�n�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� 

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

�2�2



�E�x�p�e�r�i�m�e�n�t�a�l� �P�r�e�p�a�r�a�t�i�o�n� 

�T�h�e� �i�n�o�c�u�l�u�m� �f�o�r� �e�a�c�h� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �p�r�e�p�a�r�e�d� �b�y� �a�s�e�p�t�i�c�a�l�l�y� �t�r�a�n�s�f�e�r�r�i�n�g� �2�0�-�4�0� 

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

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

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

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

�f�i�l�a�m�e�n�t�s� �a�s� �i�t� �g�r�e�w�,� �i�t� �w�a�s� �b�l�e�n�d�e�d� �(�a�s�e�p�t�i�c�a�l�l�y� �i�n� �a� �b�l�e�n�d�e�r� �f�o�r� �~�2�0� �s�)� �a�s� �p�a�r�t� �o�f� �t�h�e� 

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

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

�o�f� �1�2�6� �3�0�-�m�L�,� �s�c�r�e�w�-�t�o�p� �t�e�s�t� �t�u�b�e�s� �c�o�n�t�a�i�n�i�n�g� �1�5� �m�L� �o�f� �r�e�c�e�n�t�l�y�-�m�a�d�e� �s�t�e�r�i�l�e� �m�e�d�i�u�m�.� �A� 

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

�d�e�s�c�r�i�b�e�d�)�.� �T�h�e� �t�u�b�e�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �t�h�r�e�e�,� �4�0�-�t�u�b�e� �r�a�c�k�s� �t�h�a�t� �w�e�r�e� �l�a�b�e�l�e�d� �o�n� �o�n�e� �e�n�d� �A�,� 

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

�t�e�m�p�e�r�a�t�u�r�e� �i�n�c�u�b�a�t�o�r�,� �a�n�d� �l�i�g�h�t�-�i�n�t�e�n�s�i�t�y� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �m�a�d�e� �w�i�t�h� �a� �M�o�d�e�l� �L�i�-�1�8�5�B� 

�Q�u�a�n�t�u�m�-�R�a�d�i�o�m�e�t�e�r�-�P�h�o�t�o�m�e�t�e�r� �(�L�i�c�o�r�,� �I�n�c�.�)� �l�i�g�h�t� �m�e�t�e�r�.� �I�f� �n�e�c�e�s�s�a�r�y�,� �t�h�e� �r�a�c�k�s� �w�e�r�e� 

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

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

�w�i�t�h�i�n� �t�h�e� �r�a�c�k�s� �e�a�c�h� �M�o�n�d�a�y�,� �W�e�d�n�e�s�d�a�y�,� �a�n�d� �F�r�i�d�a�y�.� �E�a�c�h� �t�u�b�e� �r�a�c�k� �w�a�s� �r�e�m�o�v�e�d� 

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

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

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

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

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

�l�o�o�s�e�n�e�d� �a�n�d� �e�a�c�h� �r�a�c�k� �r�o�t�a�t�e�d� �1�8�0�°� �p�r�i�o�r� �t�o� �b�e�i�n�g� �p�l�a�c�e�d� �b�a�c�k� �i�n� �t�h�e� �i�n�c�u�b�a�t�o�r�.� �T�h�e� �A�,� 

�B�,� �C� �l�a�b�e�l�s� �o�n� �t�h�e� �r�a�c�k�s� �f�a�c�i�l�i�t�a�t�e�d� �t�h�e� �p�r�o�p�e�r� �e�n�d�-�t�o�-�e�n�d� �r�o�t�a�t�i�o�n� �o�f� �t�h�e� �r�a�c�k�s�.� �A�s� �t�h�e� 

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

�A�B�C�,� �B�C�A�,� �C�A�B�,� �A�B�C�,� �e�t�c�.� 

�2�3



�A�d�d�i�t�i�o�n�a�l� �M�e�t�h�o�d�s� 

�D�i�n�o�b�r�y�o�n� �c�y�l�i�n�d�r�i�c�u�m� 

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

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

�d�e�t�e�c�t�e�d� �d�u�r�i�n�g� �G�C�-�M�S� �a�n�a�l�y�s�e�s� �e�v�e�n� �t�h�o�u�g�h� �t�h�e� �F�P�A� �p�a�n�e�l�i�s�t�s� �p�e�r�c�e�i�v�e�d� �f�i�s�h�y� �o�d�o�r�s�;� 

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

�c�o�m�p�o�u�n�d� �e�x�t�r�a�c�t�i�o�n� �a�n�d� �G�C�-�M�S� �a�n�a�l�y�s�i�s�.� 

�A� �1�-�L� �E�r�l�e�n�m�e�y�e�r� �f�l�a�s�k� �c�o�n�t�a�i�n�i�n�g� �5�0�0� �m�L� �s�t�e�r�i�l�e� �D�Y� �I�I�I� �m�e�d�i�u�m� �w�a�s� �i�n�o�c�u�l�a�t�e�d� 

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

�r�e�m�o�v�e�d� �a�f�t�e�r� �1�3�,� �2�3�,� �a�n�d� �3�3� �d�a�y�s� �o�f� �i�n�c�u�b�a�t�i�o�n� �a�t� �2�0�°�C�,� �a�n�d� �a� �5�-�m�L� �p�o�r�t�i�o�n� �o�f� �e�a�c�h� �1�0�0�-� 

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

�o�f� �e�a�c�h� �s�a�m�p�l�e� �w�a�s� �e�x�t�r�a�c�t�e�d� �f�o�r� �G�C�-�M�S� �a�n�a�l�y�s�i�s� �o�f� �o�r�g�a�n�i�c� �c�o�m�p�o�u�n�d�s�.� 

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

�A�n� �a�d�d�i�t�i�o�n�a�l� �e�v�a�l�u�a�t�i�o�n� �o�f� �C�.� �p�e�t�e�r�f�i�i� �c�u�l�t�u�r�e�s� �w�a�s� �a�l�s�o� �c�o�n�d�u�c�t�e�d�.� �S�e�v�e�r�a�l� 

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

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

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

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

�T�h�e� �a�l�g�a� �w�a�s� �c�u�l�t�u�r�e�d� �i�n� �t�u�b�e�s� �c�o�n�t�a�i�n�i�n�g� �1�5�-�m�L� �p�o�r�t�i�o�n�s� �o�f� �m�e�d�i�u�m� �a�n�d� �h�a�n�d�l�e�d� �i�n� �t�h�e� 

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

�E�n�u�m�e�r�a�t�i�o�n� 

�E�a�c�h� �5�-�m�L� �p�o�r�t�i�o�n� �o�f� �t�h�e� �i�n�o�c�u�l�u�m� �t�h�a�t� �h�a�d� �b�e�e�n� �r�e�s�e�r�v�e�d� �a�t� �t�g� �f�o�r� �e�n�u�m�e�r�a�t�i�o�n� 

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

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

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

�C�o�u�n�t�i�n�g� �C�h�a�m�b�e�r� �M�e�t�h�o�d�,� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �S�e�c�t�i�o�n� �1�0�2�0�0�F�.�2�b�,� �S�t�a�n�d�a�r�d� �M�e�t�h�o�d�s� 

�(�A�P�H�A�,� �A�W�W�A�,� �a�n�d� �W�P�C�F� �1�9�9�2�)�.� �A�l�t�h�o�u�g�h� �t�e�d�i�o�u�s� �a�n�d� �t�i�m�e� �c�o�n�s�u�m�i�n�g�,� �t�h�e� �P�a�l�m�e�r�-� 

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

�2�4



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

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

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

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

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

�c�o�u�n�t�s� �o�v�e�r� �a� �1�.�3� �y�e�a�r� �p�e�r�i�o�d�.� 

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

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

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

�w�e�r�e� �t�h�e�n� �c�o�u�n�t�e�d�.� �M�o�r�e� �g�r�i�d� �a�r�e�a�s� �(�u�p� �t�o� �5�0�)� �w�e�r�e� �c�o�u�n�t�e�d� �i�f� �c�e�l�l� �d�e�n�s�i�t�i�e�s� �w�e�r�e� �l�o�w� 

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

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

�c�a�l�c�u�l�a�t�e�d�.� �T�h�e� �e�q�u�a�t�i�o�n� �u�s�e�d� �w�a�s�:� 

�D� �=�C�A�(�N�a�v�y�!� �(�3�.�1�)� 

�w�h�e�r�e� �D� �=� �c�e�l�l� �d�e�n�s�i�t�y�,� �c�e�l�l�s�/�m�L� 

�=� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �a�l�g�a�l� �c�e�l�l�s� �c�o�u�n�t�e�d�,� �c�e�l�l�s� 

�A� �=� �a�r�e�a� �o�f� �P�a�l�m�e�r�-�M�a�l�o�n�e�y� �c�h�a�m�b�e�r�,� �m�m� 

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

�=� �a�r�e�a� �o�f� �o�c�u�l�a�r� �g�r�i�d� �a�t� �2�0�0�x�,� �m�m�?� 

�V� �=� �v�o�l�u�m�e� �o�f� �P�a�l�m�e�r�-�M�a�l�o�n�e�y� �c�h�a�m�b�e�r�,� �m�L�.� 

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

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

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

�e�q�u�a�t�i�o�n� �u�s�e�d� �w�a�s�:� 

�D�o� �=� �D�V�j� �(�V�e�t� �V�i�!� 

�w�h�e�r�e� �D�o�g� �=� �c�e�l�l� �d�e�n�s�i�t�y� �i�n� �e�x�p�e�r�i�m�e�n�t� �c�u�l�t�u�r�e� �t�u�b�e�s� �a�t� �0� �d�a�y�s�,� �c�e�l�l�s�/�m�L� 

�D� �=� �c�e�l�l� �d�e�n�s�i�t�y� �i�n� �i�n�o�c�u�l�a�n�t�,� �c�e�l�l�s�/�m�L� 

�V�i� �=� �v�o�l�u�m�e� �o�f� �i�n�o�c�u�l�a�n�t� �p�l�a�c�e�d� �i�n� �e�x�p�e�r�i�m�e�n�t� �c�u�l�t�u�r�e� �t�u�b�e�,� �m�L� 

�V�t� �=� �v�o�l�u�m�e� �o�f� �m�e�d�i�u�m� �i�n� �e�x�p�e�r�i�m�e�n�t� �c�u�l�t�u�r�e� �t�u�b�e�,� �m�L� 
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�S�E�L�E�C�T�I�O�N� �O�F� �T�U�B�E�S� �F�O�R� �A�N�A�L�Y�S�I�S� 

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

�t�h�e�s�e� �t�i�m�e�s� �w�e�r�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �t�;� �=� �d�a�y� �3�,� �t�p� �=� �d�a�y� �7�,� �t�3� �=� �d�a�y� �1�2�,� �t�q� �=� �d�a�y� �1�9�,� �t�s� �=� �d�a�y� 

�2�8�,� �a�n�d� �t�g� �=� �d�a�y� �4�0�.� �T�h�e� �t�u�b�e�s� �w�e�r�e� �s�e�l�e�c�t�e�d� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�r�o�c�e�d�u�r�e�:� 

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

�a�x�e�s� �t�o� �f�o�r�m� �f�o�u�r� �q�u�a�d�r�a�n�t�s�,� �f�o�r� �a� �t�o�t�a�l� �o�f� �1�2� �q�u�a�d�r�a�n�t�s�.� �T�h�e� �q�u�a�d�r�a�n�t�s� 

�w�e�r�e� �l�a�b�e�l�e�d� �A�l�,� �A�2�,� �A�3�,� �A�4�,� �B�S�,� �B�6�,�.�.�.�C�1�2�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�e� �E�a�c�h� �q�u�a�d�r�a�n�t� �c�o�n�t�a�i�n�e�d� �1�0� �p�o�s�s�i�b�l�e� �c�u�l�t�u�r�e�-�t�u�b�e� �p�o�s�i�t�i�o�n�s�;� �i�d�e�n�t�i�f�i�e�d� �a�s� 

�A�l�-�1�,� �A�l�-�2�,� �A�l�-�3�,� �A�l�-�4�,� �A�J�-�5�,�.�.�.�A�1�-�1�0�,� �A�2�-�1�,� �A�2�-�2�,� �A�2�-�3�,�.�.�.�A�2�-� 

�1�0�,�.�.�.�C�1�2�-�1�0�.� 

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

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

�n�u�m�b�e�r� �r�a�n�g�e�s� �1�-�1�2� �a�n�d� �1�-�1�0�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

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

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

�e� �A� �t�o�t�a�l� �o�f� �1�8� �t�u�b�e�s� �w�a�s� �s�e�l�e�c�t�e�d�;� �n�i�n�e� �t�u�b�e�s� �f�o�r� �a�p�p�l�i�c�a�b�l�e� �n�u�t�r�i�e�n�t� �a�n�a�l�y�s�e�s� 

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

�o�r�g�a�n�i�c�s� �e�x�t�r�a�c�t�i�o�n�.� �(�T�h�e� �n�u�t�r�i�e�n�t� �a�n�a�l�y�s�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �b�y� �M�.� �B�e�a�t�y�,� 

�B�i�o�l�o�g�y� �D�e�p�t�.�,� �V�i�r�g�i�n�i�a� �T�e�c�h�.�)� 

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

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

�t�u�b�e� �t�o� �p�r�o�d�u�c�e� �t�h�r�e�e� �c�o�m�p�o�s�i�t�e� �s�a�m�p�l�e�s� �a�n�d� �t�h�e�n� �b�l�e�n�d�e�d� �f�o�r� �a�b�o�u�t� �2�0� �s� �t�o� �i�m�p�r�o�v�e� 

�h�o�m�o�g�e�n�e�i�t�y�.� �A� �5�-�m�L� �a�l�i�q�u�o�t� �f�r�o�m� �e�a�c�h� �c�o�m�b�i�n�e�d�,� �b�l�e�n�d�e�d� �s�a�m�p�l�e� �w�a�s� �p�l�a�c�e�d� �i�n�t�o� 

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

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

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

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

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

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

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

�r�e�s�p�e�c�t�i�v�e�l�y�)� �a�n�d� �p�l�o�t�t�e�d� �t�o� �d�e�p�i�c�t� �t�h�e� �a�l�g�a�l� �p�o�p�u�l�a�t�i�o�n� �g�r�o�w�t�h� �c�u�r�v�e�s�.� 
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�N�U�T�R�I�E�N�T� �A�N�A�L�Y�S�E�S� 

�A�l�l� �o�f� �t�h�e� �m�e�t�h�o�d�s� �d�e�s�c�r�i�b�e�d� �b�e�l�o�w� �w�e�r�e� �f�r�o�m� �S�t�a�n�d�a�r�d� �M�e�t�h�o�d�s� �(�A�P�H�A�,� 

�A�W�W�A�,� �a�n�d� �W�P�C�F� �1�9�9�2�)�.� 

�N�i�t�r�a�t�e� �N�i�t�r�o�g�e�n� �(�N�O�3�-�N�)� 

�N�i�t�r�a�t�e� �n�i�t�r�o�g�e�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �a� �m�o�d�i�f�i�e�d� �v�e�r�s�i�o�n� �o�f� 

�S�t�a�n�d�a�r�d� �M�e�t�h�o�d�s� �S�e�c�t�i�o�n� �4�5�0�0�-�N�O�3�7� �E�.� �C�a�d�m�i�u�m� �R�e�d�u�c�t�i�o�n� �M�e�t�h�o�d� �t�h�a�t� �u�t�i�l�i�z�e�d� �H�a�c�h� 

�(�H�a�c�h� �C�h�e�m�i�c�a�l� �C�o�m�p�a�n�y�,� �L�o�v�e�l�a�n�d�,� �C�O�)� �p�o�w�d�e�r� �p�i�l�l�o�w�s�.� 

�A�m�m�o�n�i�a� �N�i�t�r�o�g�e�n� �(�N�H�3�-�N�)� 

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

�S�t�a�n�d�a�r�d� �M�e�t�h�o�d�s� �S�e�c�t�i�o�n� �4�5�0�0�-�N�H�3� �D�.� �P�h�e�n�a�t�e� �M�e�t�h�o�d�.� 

�O�r�t�h�o�p�h�o�s�p�h�a�t�e� �P�h�o�s�p�h�o�r�u�s� �(�0�-�P�O�4�-�P�)� 

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

�d�e�s�c�r�i�b�e�d� �i�n� �S�t�a�n�d�a�r�d� �M�e�t�h�o�d�s� �S�e�c�t�i�o�n� �4�5�0�0�-�P� �E�.� �A�s�c�o�r�b�i�c� �A�c�i�d� �M�e�t�h�o�d�.� 

�A�c�i�d� �H�y�d�r�o�l�y�z�a�b�l�e� �P�h�o�s�p�h�o�r�u�s� �(�P�O�4�-�P�)� 

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

�d�e�s�c�r�i�b�e�d� �i�n� �S�t�a�n�d�a�r�d� �M�e�t�h�o�d�s� �S�e�c�t�i�o�n� �4�5�0�0�-�P� �B�.� �S�a�m�p�l�e� �P�r�e�p�a�r�a�t�i�o�n�.� 

�A�l�g�a�l� �C�u�l�t�u�r�i�n�g� �a�n�d� �N�u�t�r�i�e�n�t� �A�n�a�l�y�s�e�s� �E�q�u�i�p�m�e�n�t� 

�T�h�e� �a�l�g�a�e� �w�e�r�e� �g�r�o�w�n� �i�n� �f�o�u�r� �i�n�c�u�b�a�t�o�r�s�:� �(�1�)� �P�e�r�c�i�v�a�l� �m�o�d�e�l� �1�3�5�-�L�V�L� �(�a�t� �2�0�°�C�)�,� 

�(�2�)� �P�e�r�c�i�v�a�l� �m�o�d�e�l� �1�-�6�0�L�L�V�L� �(�a�t� �2�5�°�C�)�,� �(�3�)� �S�h�e�r�e�r� �m�o�d�e�l� �4�-�4� �(�a�t� �2�0�°�C�)�,� �a�n�d� �(�4�)� �S�h�e�r�e�r� 

�m�o�d�e�l� �R�1�-�2�5� �(�1�5�°�C�)�.� �A� �P�e�r�k�i�n� �E�l�m�e�r� �m�o�d�e�l� �5�5�2� �d�u�a�l� �b�e�a�m� �s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r� �w�i�t�h� �a� �5� 

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

�m�e�a�s�u�r�e�m�e�n�t�s�.� 

�2�7



�S�A�M�P�L�E� �P�R�E�P�A�R�A�T�I�O�N� �F�O�R� �O�R�G�A�N�I�C�S� �E�X�T�R�A�C�T�I�O�N� �A�N�D� �F�P�A� 

�E�V�A�L�U�A�T�I�O�N�S� 

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

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

�c�l�e�a�n� �(�i�.�e�.�,� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r� �w�a�s�h�e�d�,� �a�c�e�t�o�n�e� �r�i�n�s�e�d�,� �a�n�d� �o�v�e�n� �d�r�i�e�d�)� �g�l�a�s�s�,� �5�0�-�m�L� �c�e�n�t�r�i�f�u�g�e� 

�t�u�b�e� �(�P�y�r�e�x� �#�8�4�2�4�)� �t�o� �p�r�o�d�u�c�e� �a� �c�o�m�p�o�s�i�t�e� �s�a�m�p�l�e�.� �T�h�e� �c�o�m�p�o�s�i�t�e� �s�a�m�p�l�e� �t�u�b�e�s� �w�e�r�e� 

�s�t�o�p�p�e�r�e�d� �a�n�d� �t�h�e�n� �s�h�a�k�e�n� �t�o� �t�h�o�r�o�u�g�h�l�y� �m�i�x� �t�h�e� �a�l�g�a�e�.� �A� �1�5�-�m�L� �a�l�i�q�u�o�t� �f�r�o�m� �e�a�c�h� �o�f� �t�h�e� 

�t�h�r�e�e� �l�a�r�g�e� �t�u�b�e�s� �w�a�s� �t�h�e�n� �p�l�a�c�e�d� �i�n�t�o� �a� �c�l�e�a�n� �2�5�-�m�L� �c�e�n�t�r�i�f�u�g�e� �t�u�b�e� �(�C�o�r�e�x� �#�8�4�4�6�)�.� 

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

�t�h�r�e�e� �1�5�-�m�L� �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� �p�o�l�y�c�a�r�b�o�n�a�t�e� �f�i�l�t�e�r�s� �(�2�5� �m�m� �x� �0�.�8� �u�m�,� 

�P�o�r�e�t�i�c�s� �#�1�1�0�5�0�)�.� �E�a�c�h� �m�e�d�i�u�m� �f�i�l�t�r�a�t�e� �w�a�s� �c�o�l�l�e�c�t�e�d� �i�n� �a� �c�l�e�a�n� �E�r�l�e�n�m�e�y�e�r� �f�l�a�s�k� �a�n�d� 

�t�h�e�n� �p�l�a�c�e�d� �i�n�t�o� �a� �c�l�e�a�n� �3�0�-�m�L� �t�e�s�t� �t�u�b�e�.� �E�a�c�h� �s�a�m�p�l�e� �f�i�l�t�e�r� �w�a�s� �p�l�a�c�e�d� �i�n� �a� �t�u�b�e� 

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

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

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

�g�e�n�e�r�a�l�l�y� �t�h�e� �s�i�t�u�a�t�i�o�n�,� �t�h�e� �t�h�r�e�e� �1�5�-�m�L� �s�a�m�p�l�e� �p�o�r�t�i�o�n�s� �w�e�r�e� �c�e�n�t�r�i�f�u�g�e�d� �a�t� �8�,�0�0�0� �r�p�m� �f�o�r� 

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

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

�p�i�p�e�t�t�e� �a�n�d� �p�l�a�c�e�d� �i�n�t�o� �c�l�e�a�n� �3�0�-�m�L� �t�e�s�t� �t�u�b�e�s�.� �T�h�e� �c�o�n�t�e�n�t�s� �o�f� �a� �s�t�e�r�i�l�e� �t�u�b�e�,� �c�o�n�t�a�i�n�i�n�g� 

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

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

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

�N�i�n�e� �s�a�m�p�l�e�s� �w�e�r�e� �p�r�e�p�a�r�e�d� �o�n� �e�a�c�h� �a�l�g�a�e�-�s�a�m�p�l�i�n�g� �d�a�t�e� �(�T�a�b�l�e� �3�.�3�)�.� �T�h�e� 

�s�a�m�p�l�e�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �a� �4�°�C� �r�e�f�r�i�g�e�r�a�t�o�r� �t�o� �a�w�a�i�t� �t�h�e� �i�s�o�l�a�t�i�o�n� �o�f� �o�r�g�a�n�i�c� �c�o�m�p�o�u�n�d�s� �b�y� 

�c�o�n�t�i�n�u�o�u�s� �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� �K�u�d�e�r�n�a�-�D�a�n�i�s�h� �e�v�a�p�o�r�a�t�i�o�n� �(�C�L�L�E�-�K�D�)�.� �T�h�e� 

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

�c�o�n�t�r�o�l� �(�Q�A�-�Q�C�)� �s�a�m�p�l�e�s�.� �.� 
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�T�a�b�l�e� �3�.�3� 

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

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

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

�a� �1�5�-�m�L� �p�o�r�t�i�o�n� �o�f� �t�h�e� �g�r�o�w�t�h� �m�e�d�i�u�m� �a�n�d� �t�h�e�n� �r�e�s�u�s�p�e�n�d�e�d� �i�n� �1�0� 

�m�L� �o�f� �f�r�e�s�h� �s�t�e�r�i�l�e� �m�e�d�i�u�m� 

�3� �1�5�-�m�L� �p�o�r�t�i�o�n� �o�f� �g�r�o�w�t�h� �m�e�d�i�u�m� �f�i�l�t�r�a�t�e� 

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

�s�a�m�p�l�e�s� 

�1� �M�e�d�i�a� �b�l�a�n�k�s� �-� �m�e�d�i�a� �s�t�o�r�e�d� �i�n� �4�°�C� �r�e�f�r�i�g�e�r�a�t�o�r� �s�i�n�c�e� �s�t�e�r�i�l�i�z�a�t�i�o�n� 

�1� �I�n�c�u�b�a�t�o�r� �b�l�a�n�k�s� �-� �b�l�a�n�k� �s�t�e�r�i�l�e� �m�e�d�i�a� �t�u�b�e�s� �p�l�a�c�e�d� �i�n� �i�n�c�u�b�a�t�o�r� �w�i�t�h� 

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

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

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

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

�a�s� �a� �s�a�m�p�l�e� �p�r�e�s�e�r�v�a�t�i�v�e� �(�K�r�a�s�n�e�r� �e�t� �a�l�.� �1�9�8�3�)�;� �h�o�w�e�v�e�r�,� �a�n� �o�r�g�a�n�o�m�e�r�c�u�r�y� �c�o�m�p�l�e�x� 
�f�o�r�m�e�d� �t�h�a�t� �o�b�s�c�u�r�e�d� �a� �l�a�r�g�e� �r�e�g�i�o�n� �o�f� �t�h�e� �G�C�-�M�S� �s�c�a�n�.� �T�h�e� �c�o�m�p�l�e�x� �e�l�u�t�e�d� �l�a�t�e�r� �t�h�a�n� 

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

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

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

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

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

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

�w�i�t�h�i�n� �t�h�e� �f�o�u�r�-�d�a�y� �l�i�m�i�t�.� 

�O�R�G�A�N�I�C� �C�O�M�P�O�U�N�D� �E�X�T�R�A�C�T�I�O�N� 

�P�r�i�o�r� �t�o� �e�x�t�r�a�c�t�i�o�n�,� �a� �3�0�-�z�L� �p�o�r�t�i�o�n� �o�f� �a�n� �i�n�t�e�r�n�a�l� �s�t�a�n�d�a�r�d� �s�o�l�u�t�i�o�n� �(�T�a�b�l�e� �3�.�4�)� 

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

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

�T�a�b�l�e� �B�.�1�.� �A� �3�0�-�u�L� �p�o�r�t�i�o�n� �o�f� �a� �s�p�i�k�e� �s�o�l�u�t�i�o�n� �(�T�a�b�l�e� �3�.�5�)� �a�l�s�o� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� 

�d�u�p�l�i�c�a�t�e� �a�l�g�a�l�-�c�e�l�l� �s�a�m�p�l�e�.� 

�2�9



�T�a�b�l�e� �3�.�4� 

�I�n�t�e�r�n�a�l� �s�t�a�n�d�a�r�d� �s�o�l�u�t�i�o�n� 
� � 

� � 

� � 

�C�o�m�p�o�u�n�d� �C�o�n�c�e�n�t�r�a�t�i�o�n� 

�n�g�/�L� 

�n�-�c�h�l�o�r�o�o�c�t�a�n�e� �2�9�.�8�4� 

�n�-�c�h�l�o�r�o�d�e�c�a�n�e� �2�8�.�5�5� 

�n�-�c�h�l�o�r�o�d�o�d�e�c�a�n�e� �2�9�.�8�8� 

�n�-�c�h�l�o�r�o�h�e�x�a�d�e�c�a�n�e� �3�1�.�6�6� 

�n�-�c�h�l�o�r�o�o�c�t�a�d�e�c�a�n�e� �3�0�.�8�3� 

�T�a�b�l�e� �3�.�5� 

�S�p�i�k�e� �s�o�l�u�t�i�o�n� 
� � 

� � 

�C�o�m�p�o�u�n�d� �C�o�n�c�e�n�t�r�a�t�i�o�n� 

�n�g�/�L� 
�M�I�B�-�d�3� �4�8� 

�g�e�o�s�m�i�n�-�d�3� �5�.�1� 

�p�a�l�m�i�t�i�c� �a�c�i�d� �8�3�.�8� 
� � 

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

�s�a�m�p�l�e�s�,� �t�h�e� �a�l�g�a�l� �o�r�g�a�n�i�c� �c�o�m�p�o�u�n�d�s� �w�e�r�e� �i�s�o�l�a�t�e�d� �b�y� �1�6�-�h�r� �c�o�n�t�i�n�u�o�u�s� �l�i�q�u�i�d�-�l�i�q�u�i�d� 

�e�x�t�r�a�c�t�i�o�n� �(�C�L�L�E�)� �o�f� �t�h�e� �p�r�e�p�a�r�e�d� �1�0�-�1�5� �m�L� �s�a�m�p�l�e�s� �i�n� �4�5� �m�L� �m�e�t�h�y�l�e�n�e� �c�h�l�o�r�i�d�e� 

�(�O�p�t�i�m�a� �g�r�a�d�e�)�;� �f�o�l�l�o�w�e�d� �b�y� �K�u�d�e�r�n�a�-�D�a�n�i�s�h� �e�v�a�p�o�r�a�t�i�o�n� �o�f� �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� �t�o� �a� �v�o�l�u�m�e� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1� �m�L�.� �D�u�r�i�n�g� �t�h�e� �1�6�-�h�r� �e�x�t�r�a�c�t�i�o�n�,� �t�h�e� �c�o�n�d�e�n�s�e�r� 

�p�o�r�t�i�o�n� �o�f� �t�h�e� �C�L�L�E� �a�p�p�a�r�a�t�u�s� �w�a�s� �c�o�o�l�e�d� �b�y� �a� �r�e�c�i�r�c�u�l�a�t�i�n�g� �c�h�i�l�l�e�r� �(�L�a�u�d�a� �k�-�2�/�R�D�,� 

�m�a�n�u�f�a�c�t�u�r�e�d� �b�y� �B�r�i�n�k�m�a�n�n� �I�n�s�t�r�u�m�e�n�t�s�)� �s�e�t� �a�t� �1�4�°�C�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�e�d� �s�a�m�p�l�e�s� �w�e�r�e� 

�p�l�a�c�e�d� �i�n� �1�.�8�-�m�L� �g�l�a�s�s� �v�i�a�l�s� �(�S�u�p�e�l�c�o�)� �t�h�a�t� �h�a�d� �T�e�f�l�o�n�-�l�i�n�e�d� �c�a�p�s�.� �O�n�c�e� �i�n� �p�l�a�c�e�,� �t�h�e� �c�a�p�s� 

�w�e�r�e� �w�r�a�p�p�e�d� �w�i�t�h� �T�e�f�l�o�n� �t�a�p�e� �a�n�d� �t�h�e� �v�i�a�l�s� �p�l�a�c�e�d� �i�n� �a� �4�°�C� �r�e�f�r�i�g�e�r�a�t�o�r�.� �I�m�m�e�d�i�a�t�e�l�y� 

�p�r�i�o�r� �t�o� �G�C�-�M�S� �a�n�a�l�y�s�i�s�,� �e�a�c�h� �s�a�m�p�l�e� �w�a�s� �f�u�r�t�h�e�r� �c�o�n�c�e�n�t�r�a�t�e�d� �t�o� �a� �f�i�n�a�l� �v�o�l�u�m�e� �o�f� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �0�.�0�7� �m�L� �b�y� �e�v�a�p�o�r�a�t�i�n�g� �t�h�e� �m�e�t�h�y�l�e�n�e� �c�h�l�o�r�i�d�e� �w�i�t�h� �a� �l�i�g�h�t� �s�t�r�e�a�m� �o�f� 

�n�i�t�r�o�g�e�n� �g�a�s� �(�0�.�2� �t�o�t�a�l� �h�y�d�r�o�c�a�r�b�o�n� �c�o�n�t�e�n�t� �g�r�a�d�e�)�.� 

�3�0



�G�A�S� �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� �H�e�w�l�e�t�t�-�P�a�c�k�a�r�d� �5�8�9�0� �s�e�r�i�e�s� �I�I� �G�C� �c�o�u�p�l�e�d� �t�o� �a� �H�e�w�l�e�t�t�-�P�a�c�k�a�r�d� �5�9�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�n�a�l�y�s�i�s� �o�f� �t�h�e� �m�e�t�h�y�l�e�n�e� �c�h�l�o�r�i�d�e� �e�x�t�r�a�c�t�s� �o�f� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�a�l� �c�u�l�t�u�r�e� �s�a�m�p�l�e�s�.� �M�a�s�s� �s�p�e�c�t�r�a� �w�e�r�e� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �W�i�l�e�y� �a�n�d� �N�B�S�7�5�K� 

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

�a�n�a�l�y�z�e�d� �b�y� �G�C�-�M�S�:� 

�e� �E�x�e�c�u�t�e� �t�h�e� �"�c�l�e�a�n�-�u�p�"� �p�r�o�g�r�a�m� �t�o� �r�e�m�o�v�e� �a�n�y�t�h�i�n�g� �t�h�a�t� �m�a�y� �h�a�v�e� 

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

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

�4�0� �t�o� �2�8�0�°�C� �a�t� �1�2�°�C�/�m�i�n�.� �T�h�e� �i�n�j�e�c�t�i�o�n� �p�o�r�t� �t�e�m�p�e�r�a�t�u�r�e�,� �d�e�t�e�c�t�o�r� 

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

�r�u�n�s� �(�T�a�b�l�e� �3�.�6�)�.� 

�e� �C�a�l�i�b�r�a�t�e� �t�h�e� �G�C�-�M�S� �s�y�s�t�e�m� �b�y� �r�u�n�n�i�n�g� �t�h�e� �a�u�t�o�t�u�n�e� �p�r�o�g�r�a�m� �s�u�p�p�l�i�e�d� �b�y� 

�H�e�w�l�e�t�t�-�P�a�c�k�a�r�d�.� �T�h�e� �r�e�f�e�r�e�n�c�e� �s�t�a�n�d�a�r�d� �u�s�e�d� �t�o� �c�a�l�i�b�r�a�t�e� �i�o�n� �a�b�u�n�d�a�n�c�e� 

�w�a�s� �p�e�r�f�l�u�o�r�o�t�r�i�b�u�t�y�l�a�m�i�n�e� �(�P�F�T�B�A�)�.� 

�e� �A�n�a�l�y�z�e� �a� �c�h�e�c�k� �s�t�a�n�d�a�r�d� �s�o�l�u�t�i�o�n�.� �T�h�e�r�e� �w�e�r�e� �f�o�u�r� �d�i�f�f�e�r�e�n�t� �c�h�e�c�k� 

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

�e�a�c�h� �o�f� �t�h�e�s�e� �s�t�a�n�d�a�r�d�s� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �C�,� �T�a�b�l�e� �C�.�1�.� �T�h�e� �r�e�s�u�l�t�s� 

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

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

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

�w�i�t�h�i�n� �t�h�e� �a�l�g�a�l� �s�a�m�p�l�e�s� �c�o�u�l�d� �b�e� �d�e�t�e�r�m�i�n�e�d�.� �T�h�e� �G�C�-�M�S� �o�p�e�r�a�t�i�n�g� 

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

�(�T�a�b�l�e� �3�.�6�)�.� 

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

�p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �3�.�6�.� 

�3�1



�T�a�b�l�e� �3�.�6� 

�G�a�s� �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� �i�n�s�t�r�u�m�e�n�t� �s�e�t�t�i�n�g�s� 
� � 

� � 

�I�n�s�t�r�u�m�e�n�t� �p�a�r�a�m�e�t�e�r� �S�e�t�t�i�n�g� 

�H�e�l�i�u�m� �l�i�n�e�a�r� �v�e�l�o�c�i�t�y� �3�1�+�0�.�5� �c�m�/�s� 

�I�n�j�e�c�t�i�o�n� �p�o�r�t� �t�e�m�p�e�r�a�t�u�r�e� �2�2�0�°�C� 

�T�r�a�n�s�f�e�r� �l�i�n�e� �2�8�0�°�C� 

�C�o�l�u�m�n� �t�e�m�p�e�r�a�t�u�r�e� �p�r�o�g�r�a�m� �2� �m�i�n� �a�t� �3�5�°�C�;� �3�5�-�2�6�0�°�C� �a�t� �5�°�C�/�m�i�n�;� 

�1�3� �m�i�n� �a�t� �2�6�0�°�C� 

�P�u�r�g�e� �o�f�f� �t�i�m�e� �3� �m�i�n� 

�I�o�n� �s�c�a�n� �r�a�n�g�e� �4�5� �t�o� �4�0�0� �a�m�u� 

�S�c�a�n� �t�h�r�e�s�h�o�l�d� �(�i�.�e�.�,� �l�o�w�e�r� �a�b�u�n�d�a�n�c�e� �1�,�0�0�0� 

�l�i�m�i�t�)� 

�S�o�u�r�c�e� �p�r�e�s�s�u�r�e� �A�p�p�r�o�x�.� �4�x�1�0�-�>� �t�o�r�r� 

�S�a�m�p�l�e� �s�i�z�e� �A�p�p�r�o�x�.� �3�.�0� �p�L�;� �s�p�l�i�t�l�e�s�s� �i�n�j�e�c�t�i�o�n� 

�C�o�l�u�m�n� �3�0�-�m� �x� �0�.�2�5�-�m�m� �1�.�d�.� �x� �0�.�2�5� �u�m� �f�i�l�m� �D�B�-�5� 

�a�n�d� �D�B�-�S�m�s� �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�*� 
� � 

�*�J� �&� �W� �S�c�i�e�n�t�i�f�i�c�,� �F�o�l�s�o�m�,� �C�A� 

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

�E�i�c�h�e�l�b�e�r�g�e�r� �e�t� �a�l�.� �(�1�9�7�5�)�,� �w�h�i�c�h� �u�s�e�d� �d�e�c�a�f�l�u�o�r�o�t�r�i�p�h�e�n�y�l�p�h�o�s�p�h�i�n�e� �(�D�F�T�P�P�)� �a�s� �t�h�e� 

�s�t�a�n�d�a�r�d�,� �a�l�s�o� �w�a�s� �u�s�e�d� �t�o� �c�a�l�i�b�r�a�t�e� �i�o�n� �a�b�u�n�d�a�n�c�e� �i�n� �t�h�e� �G�C�-�M�S� �s�y�s�t�e�m�.� �W�h�e�n� �t�h�e� �G�C�-� 

�M�S� �s�y�s�t�e�m� �w�a�s� �t�u�n�e�d� �b�y� �P�F�T�B�A�,� �t�h�e� �i�o�n�-�a�b�u�n�d�a�n�c�e� �r�a�n�g�e� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �D�F�T�P�P� �w�e�r�e� 

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

�b�e� �r�e�d�u�n�d�a�n�t�,� �a�n�d� �t�h�e� �u�s�e� �o�f� �D�F� �T�P�P� �w�a�s� �d�i�s�c�o�n�t�i�n�u�e�d�.�.� 

�R�e�s�p�o�n�s�e� �F�a�c�t�o�r�s� 

�R�e�s�p�o�n�s�e� �f�a�c�t�o�r�s� �(�R�W�R�)� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �t�h�e� �c�o�m�p�o�u�n�d�s� �p�r�e�s�e�n�t�e�d� �i�n� 

�A�p�p�e�n�d�i�x� �C�,� �T�a�b�l�e� �C�.�1�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �a�n�d� �p�e�a�k� �a�r�e�a�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �t�w�o� 

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

�t�h�e� �R�W�R�.� �T�h�e� �e�q�u�a�t�i�o�n� �u�s�e�d� �w�a�s�:� 

�R�W�R� �=� �(�A�,�/�C�,�)� �(�C�s�t�p�/�A�s�T�p�)� �(�3�.�2�)� 

�3�2



�I�I� �w�h�e�r�e� �R�W�R� 

�A�c� 

�C�.� �=� �k�n�o�w�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �c�o�m�p�o�u�n�d� �i�n� �t�h�e� �s�t�a�n�d�a�r�d� �s�o�l�u�t�i�o�n�,� �n�g�/�L� 

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

�i�n�t�e�g�r�a�t�e�d� �a�r�e�a� �o�f� �c�o�m�p�o�u�n�d� �p�e�a�k� 

�C�s�t�T�p� �=� �C�o�t�d�1� �+� �C�s�t�a�2� �=� �s�u�m� �o�f� �t�h�e� �k�n�o�w�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �t�h�e� �t�w�o� �i�n�t�e�r�n�a�l� 

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

�A�s�T�p� �=� �A�s�t�d�1� �+� �A�s�t�d�2� �=� �s�u�m� �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� �t�w�o� �i�n�t�e�r�n�a�l� �s�t�a�n�d�a�r�d�s� 

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

�F�i�v�e� �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�s� �w�e�r�e� �u�s�e�d� �f�o�r� �t�h�i�s� �i�n�v�e�s�t�i�g�a�t�i�o�n�;� �t�h�r�e�e� �w�e�r�e� �D�B�-�5� �a�n�d� 

�t�w�o� �w�e�r�e� �D�B�-�S�m�s�,� �e�a�c�h� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �T�a�b�l�e� �3�.�6�.� �S�o�m�e� �r�e�s�p�o�n�s�e� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �n�o�t�e�d� 

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

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

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

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

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

�h�a�d� �b�e�e�n� �o�b�t�a�i�n�e�d� �a�n�d� �c�o�n�f�i�r�m�e�d� �(�i�.�e�.�,� �t�h�e� �R�W�R� �f�o�r� �B�-�c�y�c�l�o�c�i�t�r�a�l� �w�a�s� �u�s�e�d� �a�s� �t�h�e� �R�W�R� 

�f�o�r� �h�y�d�r�o�x�y�-�B�-�c�y�c�l�o�c�i�t�r�a�l�;� �t�h�e� �R�W�R� �f�o�r� �2�t�,�6�c�-�n�o�n�a�d�i�e�n�a�l� �w�a�s� �u�s�e�d� �a�s� �t�h�e� �R�W�R� �f�o�r� 

�2�t�,�4�c�,�7�c�-�d�e�c�a�t�r�i�e�n�a�l�)�.� 

�Q�u�a�n�t�i�f�i�c�a�t�i�o�n� �o�f� �A�l�g�a�l� �S�a�m�p�l�e� �C�o�m�p�o�u�n�d�s� 

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

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

�C�u� �=� �[�(�A�w�(�V�i�s�)�(�C�i�s�)�]� �+� �(�A�s�T�p�)�(�R�W�R�\�(�M�)�(�K�D�p�)�)� �(�3�.�3�)� 

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

�n�g�/�m�L� 

�A�y� �=� �i�n�t�e�g�r�a�t�e�d� �a�r�e�a� �o�f� �c�o�m�p�o�u�n�d� �p�e�a�k� 

�w�h�e�r�e� �C�,� 

�V�i�s� �=� �v�o�l�u�m�e� �o�f� �i�n�t�e�r�n�a�l� �s�t�a�n�d�a�r�d� �s�o�l�u�t�i�o�n� �a�d�d�e�d� �t�o� �t�h�e� �s�a�m�p�l�e� �p�r�i�o�r� �t�o� 

�e�x�t�r�a�c�t�i�o�n�,� �u�L� 

�C�i�s� �=� �C�e�t�i� �+� �C�s�t�a�2� �=� �s�u�m� �o�f� �t�h�e� �k�n�o�w�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �t�h�e� �t�w�o� �i�n�t�e�r�n�a�l� 

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

�3�3



�A�s�t�T�p� �=� �A�s�t�d�1� �+� �A�s�t�d�2� �=� �s�u�m� �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� �t�w�o� �i�n�t�e�r�n�a�l� 

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

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

�M� �=� �v�o�l�u�m�e� �o�f� �s�a�m�p�l�e� �t�h�a�t� �w�a�s� �e�x�t�r�a�c�t�e�d� �b�y� �C�L�L�E�-�K�D�,� �m�L� 

�K�D�r� �=� �K�u�d�e�r�n�a�-�D�a�n�i�s�h� �c�o�r�r�e�c�t�i�o�n� �f�a�c�t�o�r� �t�o� �a�c�c�o�u�n�t� �f�o�r� �d�i�f�f�e�r�e�n�t� �l�o�s�s� �r�a�t�e�s� �f�r�o�m� 

�t�h�e� �e�v�a�p�o�r�a�t�i�o�n� �a�p�p�a�r�a�t�u�s�.� 

�T�h�e� �p�r�o�c�e�d�u�r�e� �t�h�a�t� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �K�D�r�¢� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �n�e�x�t� �s�e�c�t�i�o�n�.� 

�D�E�T�E�R�M�I�N�A�T�I�O�N� �O�F� �C�L�L�E�-�K�D� �E�X�T�R�A�C�T�I�O�N� �E�F�F�I�C�I�E�N�C�Y� 

�T�h�e� �2�4� �c�o�m�p�o�u�n�d�s� �t�h�a�t� �w�e�r�e� �e�v�a�l�u�a�t�e�d� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �C�,� �T�a�b�l�e� �C�.�2�.� 

�A� �3�0�-�u�L� �a�l�i�q�u�o�t� �o�f� �t�h�e� �i�n�t�e�r�n�a�l� �s�t�a�n�d�a�r�d� �s�o�l�u�t�i�o�n� �w�a�s� �a�d�d�e�d� �t�o� �e�a�c�h� �o�f� �t�h�e� �s�t�e�r�i�l�e�,� �1�5�-�m�L� 

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

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

�E�f�f�e�c�t�s� �o�f� �C�o�n�c�e�n�t�r�a�t�i�o�n� �o�n� �C�o�m�p�o�u�n�d� �R�e�c�o�v�e�r�y� �(�S�c�h�e�m�e� �I�)� 

�T�h�i�s� �e�x�p�e�r�i�m�e�n�t� �i�s� �d�e�s�i�g�n�a�t�e�d� �"�S�c�h�e�m�e� �I�"� �i�n� �A�p�p�e�n�d�i�x� �C�,� �T�a�b�l�e� �C�.�2�.� �T�h�e� 

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

�S�p�e�c�i�f�i�c�a�l�l�y�,� �2�.�5�,� �5�,� �1�0�,� �1�5�,� �2�0�,� �2�5�,� �3�0�,� �4�0�,� �5�0�,� �a�n�d� �6�0�-�y�L� �p�o�r�t�i�o�n�s� �o�f� �r�e�c�o�v�e�r�y� �s�o�l�u�t�i�o�n�s� 

�#�1� �a�n�d� �#�2� �(�A�p�p�e�n�d�i�x� �C�,� �T�a�b�l�e� �C�.�2�)� �w�e�r�e� �e�x�t�r�a�c�t�e�d� �f�o�r� �1�6� �h�o�u�r�s�,� �f�o�r� �a� �t�o�t�a�l� �o�f� �2�0� �s�a�m�p�l�e�s�.� 

�T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�b�t�a�i�n�e�d� �a�f�t�e�r� �C�L�L�E�-�K�D� �i�s�o�l�a�t�i�o�n� �a�n�d� �G�C�-�M�S� �a�n�a�l�y�s�e�s� �w�e�r�e� 

�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �c�o�m�p�o�u�n�d�s� �o�r�i�g�i�n�a�l�l�y� �a�d�d�e�d� �t�o� �t�h�e� �s�t�e�r�i�l�e� �A�S�M�-�1� 

�m�e�d�i�a�;� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �l�i�n�e�s� �w�e�r�e� �t�h�e�n� �p�l�o�t�t�e�d�.� 
�T�h�e� �K�u�d�e�r�n�a�-�D�a�n�i�s�h� �c�o�r�r�e�c�t�i�o�n� �f�a�c�t�o�r�s� �(�K�D�f�)� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �s�l�o�p�e�s� �o�f� 

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

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

�t�h�e� �r�e�g�r�e�s�s�i�o�n�-�l�i�n�e� �s�l�o�p�e� �a�n�d� �t�h�e� �K�D�¢� �e�q�u�a�l�e�d� �2�.� �W�h�e�n� �t�h�e� �s�l�o�p�e�s� �o�f� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �l�i�n�e�s� 

�w�e�r�e� �w�i�t�h�i�n� �t�h�e� �r�a�n�g�e� �o�f� �0�.�7�3� �t�o� �1�.�1�7� �(�e�.�g�.�,� �f�r�o�m� �7�3� �t�o� �1�1�7� �p�e�r�c�e�n�t� �r�e�c�o�v�e�r�y�)�,� �n�o� 

�c�o�r�r�e�c�t�i�o�n� �w�a�s� �m�a�d�e�.� �T�h�e� �d�e�t�e�c�t�i�o�n� �l�i�m�i�t�s� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �2�4� �c�o�m�p�o�u�n�d�s� �w�e�r�e� �o�b�t�a�i�n�e�d� 

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

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

�T�h�i�s� �e�x�p�e�r�i�m�e�n�t� �i�s� �d�e�s�i�g�n�a�t�e�d� �"�S�c�h�e�m�e� �I�I�"� �i�n� �A�p�p�e�n�d�i�x� �C�,� �T�a�b�l�e� �C�.�2�.� �T�h�e� 

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

�s�a�m�p�l�e�s� �w�e�r�e� �e�x�t�r�a�c�t�e�d� �f�o�r� �4�,� �8�,� �1�2�,� �1�6�,� �2�0�,� �a�n�d� �2�4� �h�o�u�r�s�,� �i�n�s�t�e�a�d� �o�f� �t�h�e� �u�s�u�a�l� �1�6� �h�o�u�r�s�.� 

�E�a�c�h� �1�5�-�m�L� �s�a�m�p�l�e� �o�f� �s�t�e�r�i�l�e� �A�S�M�-�1� �m�e�d�i�u�m� �w�a�s� �s�p�i�k�e�d� �w�i�t�h� �3�0� �p�L� �o�f� �e�i�t�h�e�r� �r�e�c�o�v�e�r�y� 

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

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

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

�i�s�o�l�a�t�i�o�n� �a�n�d� �G�C�-�M�S� �a�n�a�l�y�s�e�s� �a�g�a�i�n�s�t� �e�x�t�r�a�c�t�i�o�n� �t�i�m�e�.� 

�F�L�A�V�O�R� �P�R�O�F�I�L�E� �A�N�A�L�Y�S�I�S� �(�F�P�A�)� 

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

�C�h�a�r�l�e�s� �E�.� �V�i�a�,� �J�r�.� �D�e�p�a�r�t�m�e�n�t� �o�f� �C�i�v�i�l� �E�n�g�i�n�e�e�r�i�n�g� �a�t� �V�P�I�&�S�U� �t�o�o�k� �p�l�a�c�e� �d�u�r�i�n�g� 

�D�e�c�e�m�b�e�r�,� �1�9�9�1�.� �T�h�e� �s�t�u�d�e�n�t�s �� �a�b�i�l�i�t�i�e�s� �t�o� �d�i�s�c�r�i�m�i�n�a�t�e� �o�d�o�r�s� �o�f� �r�e�f�e�r�e�n�c�e� �c�o�m�p�o�u�n�d�s� 

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

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

�t�w�o�.� �T�h�i�s� �t�e�s�t�i�n�g� �w�a�s� �c�o�n�d�u�c�t�e�d� �b�y� �W�e�b�s�t�e�r� �(�1�9�9�2�)� �i�n� �p�r�e�p�a�r�a�t�i�o�n� �f�o�r� �h�e�r� �r�e�s�e�a�r�c�h� �w�i�t�h� 

�o�d�o�r� �o�x�i�d�a�n�t�s�,� �a�n�d� �f�o�l�l�o�w�e�d� �t�h�e� �m�e�t�h�o�d�s� �d�e�t�a�i�l�e�d� �i�n� �S�e�c�t�i�o�n� �2�1�7�0�B� �o�f� �S�t�a�n�d�a�r�d� �M�e�t�h�o�d�s� 

�(�A�P�H�A�,� �A�W�W�A�,� �a�n�d� �W�P�C�F� �1�9�9�2�)� �a�n�d� �A�W�W�A� �(�1�9�9�3�)�.� �S�t�u�d�e�n�t�s� �s�e�l�e�c�t�e�d� �f�o�r� �f�u�r�t�h�e�r� 

�F�P�A� �t�r�a�i�n�i�n�g� �w�e�r�e� �t�h�o�s�e� �w�h�o� �w�e�r�e� �s�u�i�t�a�b�l�e� �f�o�r� �o�d�o�r�-�e�v�a�l�u�a�t�i�o�n�s� �a�n�d� �w�h�o� �w�o�u�l�d� �b�e� �a�t� 

�V�P�I�&�S�U� �l�o�n�g� �e�n�o�u�g�h� �t�o� �s�e�r�v�e� �c�o�n�t�i�n�u�o�u�s�l�y� �o�n� �t�h�e� �p�a�n�e�l�.� 

�T�h�e� �F�P�A� �p�a�n�e�l� �w�a�s� �t�r�a�i�n�e�d� �F�e�b�r�u�a�r�y� �3�-�5�,� �1�9�9�2�,� �b�y� �G�.� �B�u�r�l�i�n�g�a�m�e� �o�f� �P�h�i�l�a�d�e�l�p�h�i�a� 

�W�a�t�e�r� �D�e�p�a�r�t�m�e�n�t�.� �A�f�t�e�r�w�a�r�d�s�,� �f�r�o�m� �f�i�v�e� �t�o� �s�e�v�e�n� �m�e�m�b�e�r�s� �o�f� �t�h�e� �s�e�v�e�n� �m�e�m�b�e�r� �F�P�A� 

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

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

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

�A�l�g�a�l� �S�a�m�p�l�e� �F�P�A� 

�T�h�e� �5�0�0�-�m�L� �s�t�o�p�p�e�r�e�d� �f�l�a�s�k�s� �u�s�e�d� �f�o�r� �F�P�A� �w�e�r�e� �c�l�e�a�n�e�d� �b�y� �r�i�n�s�i�n�g� �w�i�t�h� �d�i�s�t�i�l�l�e�d� 
�w�a�t�e�r� �a�n�d� �o�v�e�n� �d�r�y�i�n�g�.� �T�h�e� �c�l�e�a�n� �F�P�A� �f�l�a�s�k�s� �w�e�r�e� �r�i�n�s�e�d� �t�h�r�e�e� �t�i�m�e�s� �w�i�t�h� �M�i�l�l�i�-�Q� �r�e�a�g�e�n�t� 
�w�a�t�e�r�,� �f�i�l�l�e�d� �w�i�t�h� �2�0�0� �m�L� �o�f� �M�i�l�l�i�-�Q� �w�a�t�e�r�,� �a�n�d� �p�l�a�c�e�d� �i�n� �a� �4�5�°�C� �w�a�t�e�r� �b�a�t�h� �w�i�t�h� �t�h�e�i�r� 
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�s�t�o�p�p�e�r�s� �a�j�a�r�.� �T�h�e� �f�l�a�s�k�s� �w�e�r�e� �a�l�l�o�w�e�d� �t�o� �"�s�t�e�a�m�"� �f�o�r� �a�p�p�r�o�x�i�m�a�t�e�l�y� �o�n�e� �h�o�u�r�.� �A� �v�o�l�u�m�e� 
�o�f� �t�h�e� �w�a�t�e�r� �w�a�s� �t�h�e�n� �r�e�m�o�v�e�d� �a�n�d� �r�e�p�l�a�c�e�d� �w�i�t�h� �a�n� �e�q�u�a�l� �v�o�l�u�m�e� �o�f� �a�l�g�a�l� �s�a�m�p�l�e�.� �T�h�e� 

�v�o�l�u�m�e�s� �o�f� �a�l�g�a�l� �s�a�m�p�l�e�s� �u�s�e�d� �r�a�n�g�e�d� �f�r�o�m� �1� �t�o� �1�0�0� �m�L�.� 

�F�P�A� �o�f� �C�o�m�p�o�u�n�d� �S�t�a�n�d�a�r�d�s� 

�T�h�e� �g�l�a�s�s�w�a�r�e� �w�a�s� �p�r�e�p�a�r�e�d� �a�s� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d�.� �A�f�t�e�r� �t�h�e� �2�0�0� �m�L� �o�f� �M�i�l�l�i�-�Q� 
�w�a�t�e�r� �h�a�d� �s�t�e�a�m�e�d� �f�o�r� �o�n�e� �h�o�u�r�,� �1� �t�o� �1�5� �L� �o�f� �t�h�e� �c�o�m�p�o�u�n�d� �s�t�o�c�k� �s�o�l�u�t�i�o�n�s� �(�A�p�p�e�n�d�i�x� 
�C�,� �T�a�b�l�e� �C�.�2�)�,� �w�h�i�c�h� �w�e�r�e� �d�i�s�s�o�l�v�e�d� �i�n� �a�c�e�t�o�n�e�,� �w�e�r�e� �a�d�d�e�d� �t�o� �t�h�e� �F�P�A� �f�l�a�s�k�s�.� �N�o� �m�o�r�e� 
�t�h�a�n� �1�5� �w�L� �o�f� �t�h�e� �c�o�m�p�o�u�n�d� �s�o�l�u�t�i�o�n�s� �w�a�s� �a�d�d�e�d�,� �a�s� �i�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �l�a�r�g�e�r� 
�v�o�l�u�m�e�s� �o�f� �a�c�e�t�o�n�e� �i�n�t�e�r�f�e�r�e�d� �w�i�t�h� �t�h�e� �F�P�A� �e�v�a�l�u�a�t�i�o�n�s�.� 

�F�P�A� �S�e�s�s�i�o�n�s� 

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

�w�e�r�e� �m�a�i�n�t�a�i�n�e�d� �a�t� �4�5�°�C� �i�n� �a� �w�a�t�e�r� �b�a�t�h�.� �A�t� �l�e�a�s�t� �o�n�e� �o�f� �t�h�e� �s�a�m�p�l�e�s� �w�a�s� �a� �b�l�a�n�k� 

�c�o�n�s�i�s�t�i�n�g� �o�n�l�y� �o�f� �M�i�l�l�i�-�Q� �w�a�t�e�r�.� �A� �f�l�a�s�k� �c�o�n�t�a�i�n�i�n�g� �s�t�e�a�m�e�d� �M�i�l�l�i�-�Q� �w�a�t�e�r� �w�a�s� �p�r�e�s�e�n�t� 
�a�l�s�o� �a�n�d� �l�a�b�e�l�e�d� �a�s� �"�o�d�o�r�-�f�r�e�e�"� �(�O�F�)�.� �P�r�i�o�r� �t�o� �a� �s�e�s�s�i�o�n�,� �p�a�n�e�l�i�s�t�s� �w�e�r�e� �a�s�k�e�d� �i�f� �a�n�y� �w�e�r�e� 
�o�n� �m�e�d�i�c�a�t�i�o�n�,� �h�a�d� �a� �c�o�l�d�,� �w�e�r�e� �c�u�r�r�e�n�t�l�y� �t�r�o�u�b�l�e�d� �b�y� �a�l�l�e�r�g�i�e�s�,� �o�r� �h�a�d� �a�n�y� �o�t�h�e�r� �p�r�o�b�l�e�m� 

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

�T�h�e� �F�P�A� �s�e�s�s�i�o�n�s� �w�e�r�e� �h�e�l�d� �i�n� �a� �r�o�o�m� �t�h�a�t� �w�a�s� �a�s� �o�d�o�r�-�f�r�e�e� �a�s� �p�o�s�s�i�b�l�e�.� �P�r�i�o�r� �t�o� 
�t�h�e� �s�e�s�s�i�o�n�,� �a� �l�i�s�t� �o�f� �o�d�o�r� �d�e�s�c�r�i�p�t�o�r�s� �w�a�s� �w�r�i�t�t�e�n� �o�n� �t�h�e� �b�l�a�c�k�b�o�a�r�d�;� �h�o�w�e�v�e�r�,� �p�a�n�e�l�i�s�t�s� 
�w�e�r�e� �t�o�l�d� �t�h�a�t� �t�h�e�y� �c�o�u�l�d� �u�s�e� �a�d�d�i�t�i�o�n�a�l� �d�e�s�c�r�i�p�t�o�r�s�,� �a�s� �n�e�c�e�s�s�a�r�y�.� �T�h�e� �p�a�n�e�l�i�s�t�s� �e�v�a�l�u�a�t�e�d� 
�t�h�e� �s�a�m�p�l�e�s� �a�n�d� �r�e�c�o�r�d�e�d� �t�h�e� �d�e�s�c�r�i�p�t�o�r� �a�n�d� �i�n�t�e�n�s�i�t�y� �o�f� �e�a�c�h�.� �I�f� �d�e�s�i�r�e�d�,� �t�h�e�y� �s�n�i�f�f�e�d� �t�h�e� 

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

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

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

�c�o�r�n�,� �a�n�d� �m�u�s�t�y� �f�o�r� �g�e�o�s�m�i�n�)� �f�o�r� �a� �p�a�r�t�i�c�u�l�a�r� �o�d�o�r�.� �A�n� �i�n�t�e�n�s�i�t�y� �r�a�t�i�n�g� �o�f� �z�e�r�o� �w�a�s� 
�a�s�s�i�g�n�e�d� �t�o� �a� �p�a�n�e�l�i�s�t�'�s� �r�e�s�p�o�n�s�e� �i�f� �h�e� �d�i�d� �n�o�t� �i�n�c�l�u�d�e� �a� �m�e�m�b�e�r� �o�f� �t�h�e� �d�e�s�c�r�i�p�t�o�r� �g�r�o�u�p� 
�u�s�e�d� �b�y� �t�h�e� �r�e�s�t� �o�f� �t�h�e� �p�a�n�e�l�i�s�t�s� �f�o�r� �t�h�a�t� �c�o�m�p�o�u�n�d�.� �T�h�e� �a�v�e�r�a�g�e�s� �o�f� �t�h�e� �o�d�o�r� �i�n�t�e�n�s�i�t�y� �f�o�r� 
�e�a�c�h� �s�a�m�p�l�e� �w�e�r�e� �t�h�e�n� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �e�a�c�h� �d�e�s�c�r�i�p�t�o�r� �g�r�o�u�p�.� �I�f� �t�h�e� �p�a�n�e�l�i�s�t�s� �c�o�u�l�d� �n�o�t� 

�r�e�a�c�h� �a�g�r�e�e�m�e�n�t� �o�n� �t�h�e� �d�e�s�c�r�i�p�t�o�r�s�,� �e�v�e�n� �s�o� �f�a�r� �a�s� �t�o� �g�r�o�u�p�,� �t�h�e� �a�v�e�r�a�g�e� �i�n�t�e�n�s�i�t�y� �r�a�t�i�n�g� 
�w�a�s� �r�e�c�o�r�d�e�d� �w�i�t�h� �t�h�e� �d�e�s�c�r�i�p�t�o�r� �"�n�o� �c�o�n�s�e�n�s�u�s�.�"� �T�y�p�i�c�a�l�l�y�,� �t�h�i�s� �o�c�c�u�r�r�e�d� �o�n�l�y� �w�h�e�n� 
�u�n�f�a�m�i�l�i�a�r� �s�t�a�n�d�a�r�d�s� �w�e�r�e� �p�r�e�s�e�n�t�e�d� �t�o� �t�h�e� �p�a�n�e�l�i�s�t�s� �a�t� �n�e�a�r�-�t�h�r�e�s�h�o�l�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.� 
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�Q�U�A�L�I�T�Y� �A�S�S�U�R�A�N�C�E�-�Q�U�A�L�I�T�Y� �C�O�N�T�R�O�L� �(�Q�A�-�Q�C�)� �P�R�O�T�O�C�O�L�S� 

�A�l�g�a�l� �C�u�l�t�u�r�e�s� 

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

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

�m�a�i�n�t�a�i�n�e�d� �b�y� �t�r�a�n�s�f�e�r�r�i�n�g� �f�r�o�m� �0�.�2� �t�o� �0�.�5� �m�L� �a�l�i�q�u�o�t�s� �o�f� �e�a�c�h� �c�u�l�t�u�r�e� �t�o� �t�h�r�e�e� �f�r�e�s�h�,� 
�s�t�e�r�i�l�e� �m�e�d�i�a� �t�u�b�e�s� �o�n�c�e� �e�v�e�r�y� �3�0� �d�a�y�s�.� �T�h�e� �o�l�d� �c�u�l�t�u�r�e�s� �w�e�r�e� �k�e�p�t� �u�n�t�i�l� �t�h�e� �n�e�x�t� �t�r�a�n�s�f�e�r� 

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

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

�A�l�g�a�l� �C�u�l�t�u�r�e� �E�x�t�r�a�c�t�i�o�n�s� 

�N�i�n�e� �e�x�p�e�r�i�m�e�n�t�a�l� �c�u�l�t�u�r�e� �t�u�b�e�s� �w�e�r�e� �s�e�l�e�c�t�e�d� �f�o�r� �a�n�a�l�y�s�i�s� �o�n� �e�a�c�h� �s�a�m�p�l�e� �d�a�t�e�.� 
�T�h�e� �t�u�b�e�s� �w�e�r�e� �g�r�o�u�p�e�d� �i�n�t�o� �s�e�t�s� �o�f� �t�h�r�e�e�,� �t�o� �c�r�e�a�t�e� �t�h�r�e�e� �c�o�m�p�o�s�i�t�e� �s�a�m�p�l�e�s� �(�s�e�e� �s�e�c�t�i�o�n� 
�"�S�a�m�p�l�e� �p�r�e�p�a�r�a�t�i�o�n� �f�o�r� �o�r�g�a�n�i�c�s� �e�x�t�r�a�c�t�i�o�n� �a�n�d� �F�P�A� �a�n�a�l�y�s�e�s�"�)�.� �O�n�e� �o�f� �t�h�e� �a�l�g�a�l� �c�e�l�l� 
�s�a�m�p�l�e�s� �w�a�s� �e�v�a�l�u�a�t�e�d� �t�w�i�c�e�,� �w�i�t�h� �o�n�e� �s�a�m�p�l�e� �s�p�i�k�e�d� �w�i�t�h� �l�o�w� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �M�I�B�-�d�3�,� 

�g�e�o�s�m�i�n�-�d�3�,� �a�n�d� �p�a�l�m�i�t�i�c� �a�c�i�d�.� �M�e�d�i�a� �b�l�a�n�k�s� �a�n�d� �i�n�c�u�b�a�t�o�r� �b�l�a�n�k�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�l�s�o� �o�n� 
�e�a�c�h� �s�a�m�p�l�e� �d�a�t�e� �(�T�a�b�l�e� �3�.�3�)�.� 

�G�C�-�M�S� 

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

�e� �E�x�e�c�u�t�e� �c�l�e�a�n�-�u�p� �p�r�o�g�r�a�m� 

�e� �C�a�l�i�b�r�a�t�e� �G�C�-�M�S� �w�i�t�h� �P�F�T�B�A� 

�°� �A�n�a�l�y�z�e� �a� �c�h�e�c�k� �s�t�a�n�d�a�r�d� �s�o�l�u�t�i�o�n� 

�°� �A�n�a�l�y�z�e� �e�x�p�e�r�i�m�e�n�t�a�l� �e�x�t�r�a�c�t�s� 

�F�l�a�v�o�r� �P�r�o�f�i�l�e� �A�n�a�l�y�s�i�s� 

�A� �b�l�a�n�k� �c�o�n�s�i�s�t�i�n�g� �o�n�l�y� �o�f� �M�i�l�l�i�-�Q� �w�a�t�e�r� �w�a�s� �p�r�e�s�e�n�t�e�d� �t�o� �t�h�e� �F�P�A� �p�a�n�e�l�i�s�t�s�,� �a�l�o�n�g� 
�w�i�t�h� �t�h�e� �o�t�h�e�r� �s�a�m�p�l�e�s�,� �f�o�r� �e�v�a�l�u�a�t�i�o�n�.� 
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�C�H�A�P�T�E�R� �4� 

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�C�H�A�P�T�E�R� �O�V�E�R�V�I�E�W� 

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

�a�n�d� �t�h�e� �F�P�A� �e�v�a�l�u�a�t�i�o�n�s�.� �T�h�e� �a�b�i�l�i�t�y� �o�f� �t�h�e� �C�L�L�E�-�K�D� �m�e�t�h�o�d� �t�o� �e�x�t�r�a�c�t� �a�n�d� �c�o�n�c�e�n�t�r�a�t�e� 

�t�w�e�n�t�y�-�f�o�u�r� �s�e�l�e�c�t�e�d� �c�o�m�p�o�u�n�d�s� �(�o�f� �t�h�e� �6�3� �c�o�m�p�o�u�n�d�s� �t�h�a�t� �w�e�r�e� �d�e�t�e�c�t�e�d� �d�u�r�i�n�g� �t�h�e� 

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

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

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

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

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

�(�e�.�g�.�,� �g�e�o�s�m�i�n�,� �M�I�B�,� �a�n�d� �2�t�,�6�c�-�n�o�n�a�d�i�e�n�a�l�)�,� �(�2�)� �d�e�s�c�r�i�b�e�d� �i�n� �f�r�a�g�r�a�n�c�e� �l�i�t�e�r�a�t�u�r�e� �a�s� �h�a�v�i�n�g� 

�o�d�o�r�s� �(�e�.�g�.�,� �p�h�e�n�e�t�h�y�l� �a�l�c�o�h�o�l�,� �b�e�n�z�y�l� �a�c�e�t�a�t�e�,� �a�n�d� �i�s�o�v�a�l�e�r�i�c� �a�c�i�d�)�,� �o�r� �(�3�)� �a�s�c�e�r�t�a�i�n�e�d� �t�o� 

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

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

�T�h�e� �G�C�-�M�S� �a�n�d� �F�P�A� �r�e�s�u�l�t�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�a�c�h� �a�l�g�a� �a�r�e� �d�i�s�c�u�s�s�e�d�,� �i�n�c�l�u�d�i�n�g� �t�h�e� 

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

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

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

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

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

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

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

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

�w�i�t�h� �t�h�e� �a�l�g�a�e�.� 

�Q�U�A�L�I�T�Y� �A�S�S�U�R�A�N�C�E�-�Q�U�A�L�I�T�Y� �C�O�N�T�R�O�L� 

�A�s� �s�t�a�t�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�r�e� �w�e�r�e� �s�e�v�e�r�a�l� �Q�A�-�Q�C� �p�r�o�t�o�c�o�l�s� �o�b�s�e�r�v�e�d� 

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

�e�x�t�r�a�c�t�i�o�n�s� �a�n�d� �t�h�e� �F�P�A� �e�v�a�l�u�a�t�i�o�n�s� �i�s� �p�r�e�s�e�n�t�e�d� �h�e�r�e�.� 
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�A�l�g�a�l� �C�u�l�t�u�r�e� �E�x�t�r�a�c�t�i�o�n�s� 

�T�h�e� �s�a�m�p�l�e�s� �t�h�a�t� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �t�o� �b�e� �e�x�t�r�a�c�t�e�d� �w�e�r�e� �d�e�s�c�r�i�b�e�d� �i�n� �T�a�b�l�e� �3�.�3�.� �O�d�o�r� 

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

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

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

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �(�e�.�g�.�,� �l�e�s�s� �t�h�a�n� �0�.�5� �n�g�/�m�L�)� �o�f� �t�h�e� �1�7�-� �t�h�r�o�u�g�h� �2�1�-�c�a�r�b�o�n� �n�-�a�l�k�a�n�e�s� �w�e�r�e� 

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

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

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

�c�y�c�l�o�h�e�x�a�n�o�n�e�,� �p�h�e�n�o�l�,� �a�n�d� �a�c�e�t�o�p�h�e�n�o�n�e�.� 

�T�h�e� �M�I�B�-�d�3� �a�n�d� �g�e�o�s�m�i�n�-�d�3� �w�e�r�e� �d�e�t�e�c�t�e�d� �i�n� �a�l�l� �o�f� �t�h�e� �s�p�i�k�e�d� �a�l�g�a�l�-�c�e�l�l� �s�a�m�p�l�e�s�.� 

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

�s�o�m�e� �o�f� �t�h�e� �s�a�m�p�l�e�s� �a�n�a�l�y�z�e�d� �w�i�t�h� �o�n�e� �o�f� �t�h�e� �D�B�-�5� �c�o�l�u�m�n�s�.� �T�h�a�t� �p�a�r�t�i�c�u�l�a�r� �c�o�l�u�m�n� 

�l�i�k�e�l�y� �w�a�s� �s�l�i�g�h�t�l�y� �b�a�s�i�c� �(�p�e�r�s�o�n�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n�,� �J� �&� �W� �S�c�i�e�n�t�i�f�i�c� �r�e�p�r�e�s�e�n�t�a�t�i�v�e�)�,� �a�n�d� 

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

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

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

�a�n�a�l�y�z�e�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �4�0�0� �s�a�m�p�l�e�s�.� �T�h�e� �s�o�u�r�c�e�,� �e�l�e�c�t�r�o�n� �m�u�l�t�i�p�l�i�e�r�,� �a�n�d� �i�n�j�e�c�t�i�o�n� �p�o�r�t� 

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

�F�P�A� �E�v�a�l�u�a�t�i�o�n�s� 

�T�h�e� �s�a�m�e� �g�r�o�u�p� �o�f� �p�e�o�p�l�e� �w�e�r�e� �F�P�A� �p�a�n�e�l�i�s�t�s� �d�u�r�i�n�g� �t�h�i�s� �i�n�v�e�s�t�i�g�a�t�i�o�n�,� �a�n�d� �t�h�e� 

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

�F�P�A� �p�a�n�e�l�i�s�t�s� �a�s� �"�o�d�o�r�-�f�r�e�e�"�,� �w�i�t�h� �"�w�a�r�m� �g�l�a�s�s�"� �a�n�d� �"�c�h�a�l�k�y�"� �a�t� �F�P�A� �o�d�o�r� �i�n�t�e�n�s�i�t�i�e�s� �o�f� 

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

�D�E�T�E�R�M�I�N�A�T�I�O�N� �O�F� �C�L�L�E�-�K�D� �E�X�T�R�A�C�T�I�O�N� �E�F�F�I�C�I�E�N�C�Y� 

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

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

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

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

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

�c�o�m�p�o�u�n�d�s�,� �a�n�d� �t�h�e� �r�e�c�o�v�e�r�y� �o�f� �i�s�o�v�a�l�e�r�i�c� �a�c�i�d� �w�a�s� �l�o�w� �(�1�.�e�.�,� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0� �p�e�r�c�e�n�t�)�.� 

�E�f�f�e�c�t�s� �o�f� �C�o�n�c�e�n�t�r�a�t�i�o�n� �o�n� �C�o�m�p�o�u�n�d� �R�e�c�o�v�e�r�y� �(�S�c�h�e�m�e� �I�)� 

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

�c�h�l�o�r�o�a�l�k�a�n�e�s� �t�h�a�t� �w�e�r�e� �a�d�d�e�d� �a�s� �i�n�t�e�r�n�a�l� �s�t�a�n�d�a�r�d�s� �t�o� �t�h�e� �A�S�M�-�1� �m�e�d�i�a�.� �T�h�e� 

�e�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �a�s� �"�S�c�h�e�m�e� �I�"� �i�n� �A�p�p�e�n�d�i�x� �C�,� �T�a�b�l�e� �C�.�2�.� �T�h�e� 

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

�c�o�n�c�e�n�t�r�a�t�i�o�n�s�.� �R�e�g�r�e�s�s�i�o�n� �l�i�n�e�s� �w�e�r�e� �d�r�a�w�n� �a�n�d� �t�h�e� �r�e�s�u�l�t�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �D�,� 

�T�a�b�l�e� �D�.�1�.� �T�h�e� �r�e�c�o�v�e�r�i�e�s� �o�f� �m�o�s�t� �o�f� �t�h�e� �c�o�m�p�o�u�n�d�s� �w�e�r�e� �b�e�t�w�e�e�n� �7�3� �t�o� �1�1�7� �p�e�r�c�e�n�t�.� 

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

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

�r�e�s�u�l�t�e�d� �i�n� �o�n�l�y� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�4� �p�e�r�c�e�n�t� �o�f� �t�h�e� �i�s�o�v�a�l�e�r�i�c� �a�c�i�d� �b�e�i�n�g� �r�e�c�o�v�e�r�e�d�.� 

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

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

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

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

�t�o� �1�8�0� �p�e�r�c�e�n�t�,� �w�i�t�h� �t�h�e� �r�e�c�o�v�e�r�y� �v�a�r�i�a�t�i�o�n� �l�i�k�e�l�y� �a� �r�e�s�u�l�t� �o�f� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �m�o�l�e�c�u�l�a�r� 

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

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

�d�e�s�c�r�i�b�e�d� �b�y� �t�h�e� �R�-�s�q�u�a�r�e�d� �v�a�l�u�e�s� �p�r�e�s�e�n�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �D�,� �T�a�b�l�e� �D�.�1�,� �w�a�s� �s�a�t�i�s�f�a�c�t�o�r�y� 

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

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

�a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �K�D�¢� �(�s�e�e� �E�q�.� �3�.�3�)� �f�o�r� �c�o�m�p�o�u�n�d�s� �t�h�a�t� �h�a�d� �r�e�g�r�e�s�s�i�o�n� �s�l�o�p�e�s� �t�h�a�t� �w�e�r�e� 

�o�u�t�s�i�d�e� �o�f� �t�h�e� �0�.�7�3� �t�o� �1�.�1�7� �r�a�n�g�e�.� 

�T�h�e� �d�e�t�e�c�t�i�o�n� �l�i�m�i�t�s� �r�a�n�g�e�d� �f�r�o�m� �l�e�s�s� �t�h�a�n� �7� �n�g�/�m�L� �f�o�r� �t�h�e� �n�-�a�l�k�a�n�e�s�,� �2�t�,�6�c�-� 

�n�o�n�a�d�i�e�n�a�l�,� �$�-�c�y�c�l�o�c�i�t�r�a�l�,� �a�n�d� �g�e�o�s�m�i�n�,� �t�o� �g�r�e�a�t�e�r� �t�h�a�n� �1�5�0� �n�g�/�m�L� �f�o�r� �t�h�e� �f�a�t�t�y� �a�c�i�d�s�.� 

�D�e�t�e�c�t�i�o�n� �l�i�m�i�t�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �b�y� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �m�e�t�h�o�d� �d�e�s�c�r�i�b�e�d� �b�y� �S�h�a�r�a�f� �(�1�9�8�6�)� 

�t�o� �t�h�e� �9�0� �p�e�r�c�e�n�t� �c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l� �o�b�t�a�i�n�e�d� �b�y� �p�l�o�t�t�i�n�g� �t�h�e� �f�i�v�e� �l�o�w�e�s�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� 

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

�4�0



�t�h�e�r�e�f�o�r�e�,� �t�h�e� �d�e�t�e�c�t�i�o�n� �l�i�m�i�t�s� �p�r�e�s�e�n�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �D�,� �T�a�b�l�e� �D�.�1� �a�r�e� �l�i�k�e�l�y� 

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

�l�i�m�i�t�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d�.� 

�E�f�f�e�c�t�s� �o�f� �E�x�t�r�a�c�t�i�o�n� �T�i�m�e� �o�n� �C�o�m�p�o�u�n�d� �R�e�c�o�v�e�r�y� �(�S�c�h�e�m�e� �I�I�)� 

�T�h�e� �a�l�g�a�l� �e�x�t�r�a�c�t�i�o�n�s� �w�e�r�e� �a�l�l� �c�o�n�d�u�c�t�e�d� �u�s�i�n�g� �a� �1�6�-�h�r� �e�x�t�r�a�c�t�i�o�n� �t�i�m�e�;� �h�o�w�e�v�e�r�,� 

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

�n�e�a�r� �t�h�e� �e�n�d� �o�f� �t�h�e� �p�r�o�j�e�c�t�.� �T�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �a�s� �"�S�c�h�e�m�e� �I�I�"� �i�n� 

�A�p�p�e�n�d�i�x� �C�,� �T�a�b�l�e� �C�.�2�.� �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�t�a�n�d�a�r�d�s�,� �e�x�p�r�e�s�s�e�d� �a�s� �t�h�e� 

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

�(�A�p�p�e�n�d�i�x� �D�,� �F�i�g�u�r�e�s� �D�.�2� �t�o� �D�.�8�)� �w�h�i�c�h� �r�a�n�g�e�d� �f�r�o�m� �4� �t�o� �2�4� �h�o�u�r�s�.� �T�h�e� �r�e�c�o�v�e�r�i�e�s� �o�f� 

�t�h�e� �s�t�r�a�i�g�h�t�-�c�h�a�i�n� �h�y�d�r�o�c�a�r�b�o�n�s� �(�A�p�p�e�n�d�i�x� �D�,� �F�i�g�u�r�e� �D�.�2�)� �w�e�r�e� �b�e�t�w�e�e�n� �7�5� �t�o� �1�0�0� 

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

�r�e�c�o�v�e�r�i�e�s� �o�f� �g�e�o�s�m�i�n�,� �M�I�B�,� �a�n�d� �2�t�,�6�c�-�n�o�n�a�d�i�e�n�a�l� �(�A�p�p�e�n�d�i�x� �D�,� �F�i�g�u�r�e� �D�.�3�)� �w�e�r�e� 

�b�e�t�w�e�e�n� �1�0�0� �t�o� �1�2�5� �p�e�r�c�e�n�t�,� �a�n�d� �w�e�r�e� �b�o�t�h� �v�e�r�y� �c�o�n�s�i�s�t�e�n�t� �a�n�d� �r�e�p�r�o�d�u�c�i�b�l�e� �o�v�e�r� �t�h�e� 

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

�s�q�u�a�l�e�n�e�,� �a�n�d� �p�h�y�t�o�l� �(�A�p�p�e�n�d�i�x� �D�,� �F�i�g�u�r�e� �D�.�4�)� �a�l�s�o� �a�p�p�e�a�r�e�d� �t�o� �b�e� �t�i�m�e�-�i�n�d�e�p�e�n�d�e�n�t� �o�v�e�r� 

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

�T�h�e� �r�e�c�o�v�e�r�i�e�s� �o�f� �b�e�n�z�y�l� �a�l�c�o�h�o�l�,� �b�e�n�z�y�l� �a�c�e�t�a�t�e�,� �a�n�d� �B�-�c�y�c�l�o�c�i�t�r�a�l� �(�A�p�p�e�n�d�i�x� �D�,� 

�F�i�g�u�r�e� �D�.�5�)� �w�e�r�e� �b�e�t�w�e�e�n� �9�0� �t�o� �1�1�0� �p�e�r�c�e�n�t�,� �a�n�d� �w�e�r�e� �n�o�t� �d�e�p�e�n�d�e�n�t� �u�p�o�n� �e�x�t�r�a�c�t�i�o�n� 

�t�i�m�e�.� �T�h�e� �r�e�c�o�v�e�r�i�e�s� �o�f� �3�-�f�u�r�f�u�r�a�l� �a�n�d� �1�-�h�e�p�t�a�d�e�c�e�n�e� �(�A�p�p�e�n�d�i�x� �D�,� �F�i�g�u�r�e� �D�.�6�A� �a�n�d� �B�)� 

�w�e�r�e� �8�0� �p�e�r�c�e�n�t� �a�n�d� �6�5� �p�e�r�c�e�n�t�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �r�e�c�o�v�e�r�y� �o�f� �i�s�o�v�a�l�e�r�i�c� �a�c�i�d� �(�A�p�p�e�n�d�i�x� 

�D�,� �F�i�g�u�r�e� �D�.�6�C�)� �w�a�s� �o�n�l�y� �1�0� �p�e�r�c�e�n�t�.� �T�h�e� �r�e�c�o�v�e�r�i�e�s� �f�o�r� �t�h�e�s�e� �t�h�r�e�e� �c�o�m�p�o�u�n�d�s� �d�i�d� �n�o�t� 

�a�p�p�e�a�r� �t�o� �b�e� �t�i�m�e� �d�e�p�e�n�d�e�n�t�.� 

�T�h�e� �r�e�c�o�v�e�r�i�e�s� �o�f� �d�i�p�h�e�n�y�l�a�m�i�n�e�,� �c�h�l�o�r�o�p�h�e�n�e�,� �3�-�m�e�t�h�l�y�t�h�i�o�-�1�-�p�r�o�p�a�n�o�l�,� �a�n�d� �2�-� 

�p�h�e�n�y�l�p�h�e�n�o�l� �(�F�i�g�u�r�e� �4�.�7�)� �w�e�r�e� �b�e�t�w�e�e�n� �1�5�0� �t�o� �3�0�0� �p�e�r�c�e�n�t�;� �a�p�p�a�r�e�n�t�l�y� �t�h�e�y� �w�e�r�e� 

�r�e�t�a�i�n�e�d� �m�o�r�e� �r�e�a�d�i�l�y� �d�u�r�i�n�g� �t�h�e� �C�L�L�E�-�K�D� �p�r�o�c�e�s�s� �t�h�a�n� �t�h�e� �n�-�c�h�l�o�r�o�a�l�k�a�n�e�s� �t�h�a�t� �w�e�r�e� 

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

�f�o�r� �3�-�m�e�t�h�l�y�t�h�i�o�-�1�-�p�r�o�p�a�n�o�l�;� �o�t�h�e�r�w�i�s�e� �t�h�e� �r�e�c�o�v�e�r�i�e�s� �o�f� �t�h�e� �f�o�u�r� �c�o�m�p�o�u�n�d�s� �a�p�p�e�a�r�e�d� �t�o� 

�b�e� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �e�x�t�r�a�c�t�i�o�n� �t�i�m�e�.� �M�y�r�i�s�t�i�c�,� �p�a�l�m�i�t�i�c�,� �a�n�d� �l�i�n�o�l�e�n�i�c� �a�c�i�d� �(�F�i�g�u�r�e� �4�.�8�)� �w�e�r�e� 

�a�l�s�o� �s�e�l�e�c�t�i�v�e�l�y� �r�e�t�a�i�n�e�d�,� �a�s� �t�h�e� �r�e�c�o�v�e�r�i�e�s� �o�f� �t�h�e�s�e� �c�o�m�p�o�u�n�d�s� �r�a�n�g�e�d� �f�r�o�m� �2�0�0� �t�o� �3�0�0� 

�4�]



�p�e�r�c�e�n�t� �d�u�r�i�n�g� �t�h�e� �8�-� �t�o� �2�4�-�h�o�u�r� �e�x�t�r�a�c�t�i�o�n� �t�i�m�e� �r�a�n�g�e�.� �T�h�e� �r�e�c�o�v�e�r�i�e�s� �o�f� �t�h�e� �f�a�t�t�y� �a�c�i�d�s� 

�w�e�r�e� �m�o�r�e� �v�a�r�i�a�b�l�e� �t�h�a�n� �t�h�o�s�e� �o�f� �t�h�e� �o�t�h�e�r� �c�o�m�p�o�u�n�d�s�,� �e�s�p�e�c�i�a�l�l�y� �a�t� �t�h�e� �4�-�h�o�u�r� �e�x�t�r�a�c�t�i�o�n� 

�t�i�m�e�.� 

�F�P�A� �O�F� �C�O�M�P�O�U�N�D� �S�T�A�N�D�A�R�D�S� 

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

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

�g�e�o�s�m�i�n�,� �M�I�B�,� �a�n�d� �2�t�,�6�c�-�n�o�n�a�d�i�e�n�a�l�)�,� �(�2�)� �d�e�s�c�r�i�b�e�d� �i�n� �f�r�a�g�r�a�n�c�e� �l�i�t�e�r�a�t�u�r�e� �a�s� �h�a�v�i�n�g� �o�d�o�r�s� 

�(�e�.�g�.�,� �B�-�c�y�c�l�o�c�i�t�r�a�l�,� �b�e�n�z�y�l� �a�c�e�t�a�t�e�,� �i�s�o�v�a�l�e�r�i�c� �a�c�i�d�,� �a�n�d� �p�h�e�n�e�t�h�y�l� �a�l�c�o�h�o�l�)�,� �o�r� �(�3�)� 

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

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

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

�s�t�a�n�d�a�r�d�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e�s� �4�.�1� �a�n�d� �4�.�2�.� �T�h�e� �d�a�t�a� �a�p�p�e�a�r� �t�o� �f�i�t� �t�h�e� �e�x�p�e�c�t�e�d� �W�-�F� 

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

�G�e�o�s�m�i�n� �(�F�i�g�u�r�e� �4�.�1�A�)� �w�a�s� �d�e�s�c�r�i�b�e�d� �b�y� �t�h�e� �F�P�A� �p�a�n�e�l�i�s�t�s� �a�s� �h�a�v�i�n�g� �a�n� �"�e�a�r�t�h�y�-� 

�c�o�r�n�-�m�u�s�t�y�"� �o�d�o�r�;� �w�h�e�r�e�a�s� �M�I�B� �(�F�i�g�u�r�e� �4�.�1�B�)� �h�a�d� �a�n�  ��e�a�r�t�h�y�-�m�u�s�t�y�"� �o�d�o�r�.� �T�h�e� 

�a�d�d�i�t�i�o�n�a�l� �"�c�o�r�n�"�,� �"�c�o�r�n� �s�i�l�k�"�,� �a�n�d� �"�c�o�r�n� �s�h�u�c�k�"� �o�v�e�r�t�o�n�e�s� �e�n�a�b�l�e�d� �s�e�v�e�r�a�l� �o�f� �t�h�e� �p�a�n�e�l�i�s�t�s� 

�t�o� �i�m�m�e�d�i�a�t�e�l�y� �d�e�t�e�r�m�i�n�e� �t�h�a�t� �t�h�e�y� �w�e�r�e� �e�v�a�l�u�a�t�i�n�g� �g�e�o�s�m�i�n�,� �r�a�t�h�e�r� �t�h�a�n� �M�I�B�.� �L�i�t�e�r�a�t�u�r�e� 

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

�T�h�e� �W�-�F� �p�l�o�t�s� �f�o�r� �g�e�o�s�m�i�n� �a�n�d� �M�I�B� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �t�h�r�e�s�h�o�l�d� �o�d�o�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� 

�b�o�t�h� �c�o�m�p�o�u�n�d�s� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0� �n�g�/�L�;� �t�h�e�s�e� �a�g�r�e�e�d� �w�i�t�h� �l�i�t�e�r�a�t�u�r�e� �v�a�l�u�e�s� �(�K�r�a�s�n�e�r� 

�e�t� �a�l�.� �1�9�8�3�;� �A�W�W�A� �1�9�9�3�)�.� �T�h�e� �t�h�r�e�s�h�o�l�d� �o�d�o�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �w�a�s� �e�s�t�i�m�a�t�e�d� �t�o� �b�e� �t�h�e� 

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

�i�n�t�e�n�s�i�t�y� �r�a�t�i�n�g� �o�f� �2� �f�r�o�m� �t�h�e� �p�a�n�e�l�i�s�t�s� �w�h�e�n� �t�h�e� �s�a�m�p�l�e� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �4�5�°�C�.� 

�T�h�e� �a�v�e�r�a�g�e� �o�d�o�r� �i�n�t�e�n�s�i�t�y� �r�a�t�i�n�g� �o�f� �2�t�,�6�c�-�n�o�n�a�d�i�e�n�a�l� �(�F�i�g�u�r�e� �4�.�1�C�)� �a�t� �5�0� �n�g�/�L� �w�a�s� 

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

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

�2�t�,�6�c�-�n�o�n�a�d�i�e�n�a�l� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �4� �n�g�/�L�,� �w�h�i�c�h� �a�g�r�e�e�d� �w�i�t�h� �v�a�l�u�e�s� �o�b�t�a�i�n�e�d� �b�y� �o�t�h�e�r� 

�r�e�s�e�a�r�c�h�e�r�s� �[�e�.�g�.�,� �1�0� �n�g�/�L� �b�y� �W�h�i�t�f�i�e�l�d� �a�n�d� �L�a�s�t� �(�1�9�9�1�)�,� �a�n�d� �f�r�o�m� �2� �t�o� �5� �n�g�/�L� �b�y� 

�B�u�r�l�i�n�g�a�m�e�,� �P�h�i�l�a�d�e�l�p�h�i�a� �W�a�t�e�r� �D�e�p�a�r�t�m�e�n�t� �(�p�e�r�s�o�n�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n�)�]�.� �B�-�c�y�c�l�o�c�i�t�r�a�l� 

�(�F�i�g�u�r�e� �4�.�1�D�)� �w�a�s� �d�e�s�c�r�i�b�e�d� �a�s� �"�s�w�e�e�t�-�f�r�u�i�t�y�-�c�h�o�c�o�l�a�t�e�-�p�i�p�e� �t�o�b�a�c�c�o�"�,� �w�i�t�h� �t�h�e� �p�l�e�a�s�a�n�t� 

�4�2



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

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

�B�e�n�z�y�l� �a�c�e�t�a�t�e� �(�F�i�g�u�r�e� �4�.�2�A�)� �w�a�s� �d�e�s�c�r�i�b�e�d� �a�s� �"�a�r�t�i�f�i�c�i�a�l� �b�a�n�a�n�a�"� �b�y� �t�h�e� �p�a�n�e�l�i�s�t�s� 

�a�n�d� �i�t�s� �t�h�r�e�s�h�o�l�d� �o�d�o�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�0� �u�g�/�L�.� �I�s�o�v�a�l�e�r�i�c� �a�c�i�d� �(�F�i�g�u�r�e� 

�4�.�2�B�)� �w�a�s� �d�e�s�c�r�i�b�e�d� �b�y� �t�h�e� �p�a�n�e�l�i�s�t�s� �a�s� �"�r�a�n�c�i�d�"�,� �"�c�h�e�e�s�y�"�,� �"�d�i�r�t�y� �s�o�c�k�s�"�,� �a�n�d� �"�s�o�u�r�.�"� 

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

�c�o�m�p�o�u�n�d�s� �s�u�c�h� �a�s� �i�s�o�b�u�t�a�n�o�i�c� �a�c�i�d�,� �b�u�t�a�n�o�i�c� �a�c�i�d�,� �a�n�d� �p�e�n�t�a�n�o�i�c� �a�c�i�d� �(�H�s�i�e�h� �e�t� �a�l�.� 

�1�9�8�9�)�.� �T�h�e� �t�h�r�e�s�h�o�l�d� �o�d�o�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �f�o�r� �i�s�o�v�a�l�e�r�i�c� �a�c�i�d� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�0� �p�g�/�L�.� 

�P�h�e�n�e�t�h�y�l� �a�l�c�o�h�o�l� �(�F�i�g�u�r�e� �4�.�2�C�)� �w�a�s� �a� �p�l�e�a�s�a�n�t� �s�m�e�l�l�i�n�g� �c�o�m�p�o�u�n�d�,� �d�e�s�c�r�i�b�e�d� �b�y� 

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

�4�5� �u�g�/�L�.� �T�h�e� �F�P�A� �p�a�n�e�l�i�s�t�s� �d�e�s�c�r�i�b�e�d� �t�h�e� �o�d�o�r� �o�f� �l�i�n�o�l�e�n�i�c� �a�c�i�d� �(�F�i�g�u�r�e� �4�.�2�D�)� �a�s� �"�s�w�e�e�t�"�,� 

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

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

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

�e�v�a�l�u�a�t�e�d�;� �h�o�w�e�v�e�r�,� �t�h�e� �t�h�r�e�s�h�o�l�d� �o�d�o�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �5� �u�g�/�L� �w�a�s� �l�o�w�e�r� �t�h�a�n� �t�h�o�s�e� �o�f� 

�t�h�e� �o�t�h�e�r� �c�o�m�p�o�u�n�d�s� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �4�.�2�.� 
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�F�i�g�u�r�e� �4�.�2� �W�e�b�e�r�-�F�e�c�h�n�e�r� �p�l�o�t�s� �f�r�o�m� �F�P�A� �e�v�a�l�u�a�t�i�o�n�s� �o�f� �(�A�)� �b�e�n�z�y�l� �a�c�e�t�a�t�e�,� �(�B�)� �i�s�o�-� 

�v�a�l�e�r�i�c� �a�c�i�d�,� �(�C�)� �p�h�e�n�e�t�h�y�l� �a�l�c�o�h�o�l�,� �a�n�d� �(�D�)� �l�i�n�o�l�e�n�i�c� �a�c�i�d�.� �T�h�e� �d�a�s�h�e�d� �l�i�n�e� �r�e�p�r�e�s�e�n�t�s� 
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�I�N�S�T�R�U�M�E�N�T�A�L� �A�N�D� �S�E�N�S�O�R�Y� �E�V�A�L�U�A�T�I�O�N�S� �O�F� �A�L�G�A�L� �C�U�L�T�U�R�E�S� 

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

�o�r� �s�p�o�r�a�d�i�c�a�l�l�y�.� �S�o�m�e� �o�f� �t�h�e� �c�o�m�p�o�u�n�d�s� �w�e�r�e� �d�i�s�t�i�n�c�t�l�y� �o�d�o�r�o�u�s� �(�e�.�g�.�,� �g�e�o�s�m�i�n�,� �2�t�,�4�c�,�7�c�-� 

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

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

�(�e�.�g�.�,� �c�h�l�o�r�o�p�h�e�n�e� �a�n�d� �2�-�p�h�e�n�y�l�p�h�e�n�o�l�)�,� �a�n�d� �s�o�m�e� �c�o�u�l�d� �n�o�t� �b�e� �i�d�e�n�t�i�f�i�e�d�.� �T�h�e� �l�o�c�a�t�i�o�n�s� 

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

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

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

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

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

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

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

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

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

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

�A�n�a�b�a�e�n�a� �l�a�x�a� 

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

�w�e�r�e�  ��e�a�r�t�h�y ��,� �"�s�w�e�e�t�-�e�a�r�t�h�y�-�c�o�r�n�-�g�r�a�s�s�y�"�,� �a�n�d�,� �a�t� �4�0�-�d�a�y�s� �c�u�l�t�u�r�e� �a�g�e� �o�n�l�y�,� �"�e�a�r�t�h�y�-�c�o�r�n�-� 

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

�o�d�o�r�s� �o�t�h�e�r� �t�h�a�n� �g�e�o�s�m�i�n� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �b�y� �G�C�-�M�S�,� �a�l�t�h�o�u�g�h� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� 

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

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

�a�l�g�a�l� �s�a�m�p�l�e�s� �a�r�e� �c�o�m�p�a�r�e�d� �i�n� �F�i�g�u�r�e� �4�.�3� �t�o� �t�h�e� �W�-�F� �p�l�o�t� �f�o�r� �t�h�o�s�e� �o�f� �t�h�e� �g�e�o�s�m�i�n� 

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

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

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

�T�h�e� �A�.� �/�a�x�a� �p�o�p�u�l�a�t�i�o�n� �g�r�o�w�t�h� �c�u�r�v�e� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �4�.�4�A�.� �T�h�e� �p�l�o�t�s� �o�f� �t�h�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �g�e�o�s�m�i�n�,� �b�o�t�h� �p�e�r� �m�i�l�l�i�l�i�t�e�r� �o�f� �a�l�g�a�l� �c�u�l�t�u�r�e� �a�n�d� �p�e�r� �1�0�,�0�0�0� �c�e�l�l�s�,� �a�r�e� 

�p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e�s� �4�.�4�B� �a�n�d� �4�.�4�C�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �O�t�h�e�r� �c�o�m�p�o�u�n�d�s� �t�h�a�t� �w�e�r�e� �f�r�e�q�u�e�n�t�l�y� 
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�i�d�e�n�t�i�f�i�e�d� �i�n� �s�a�m�p�l�e� �e�x�t�r�a�c�t�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �4�.�1�,� �w�h�i�l�e� �c�o�m�p�o�u�n�d�s� �t�h�a�t� �w�e�r�e� 

�d�e�t�e�c�t�e�d� �o�n�l�y� �s�p�o�r�a�d�i�c�a�l�l�y� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �4�.�2�.� 

�F�i�g�u�r�e� �4�.�4�B� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �i�n� �t�h�e� �e�a�r�l�y� �s�t�a�g�e�s� �o�f� �p�o�p�u�l�a�t�i�o�n� �g�r�o�w�t�h�,� �m�o�s�t� �o�f� �t�h�e� 

�g�e�o�s�m�i�n� �w�a�s� �r�e�t�a�i�n�e�d� �w�i�t�h�i�n� �t�h�e� �a�l�g�a�l� �c�e�l�l�s�;� �h�o�w�e�v�e�r�,� �b�y� �2�0�-�d�a�y�s� �c�u�l�t�u�r�e� �a�g�e�,� �t�h�e� �g�e�o�s�m�i�n� 

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

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

�c�e�l�l�-�f�r�e�e� �m�e�d�i�a�,� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �0�.�0�2�6� �n�g� �p�e�r� �1�0�,�0�0�0� �a�l�g�a�l� �c�e�l�l�s� �(�F�i�g�u�r�e� �4�.�4�C�)�.� 

� � 

� � 

�T�a�b�l�e� �4�.�1� 

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

�C�o�m�p�o�u�n�d� �A�v�e�r�a�g�e� �p�r�o�d�u�c�t�i�o�n� �P�r�o�d�u�c�t�i�o�n� �r�a�n�g�e�*� 

�(�n�g�/�1�0�,�0�0�0� �c�e�l�l�s�)� �(�n�g�/�1�0�,�0�0�0� �c�e�l�l�s�)� 

�c�h�l�o�r�o�p�h�e�n�e� �0�.�3�0�4� �0�-�1�.�3�0�8� 

�g�e�o�s�m�i�n� �0�.�0�2�6� �0�.�0�0�7�-�0�.�0�6�3� 

�n�-�h�e�p�t�a�d�e�c�a�n�e� �0�.�8�8�4� �0�.�2�4�3�-�2�.�1�4�2� 

�p�a�l�m�i�t�i�c� �a�c�i�d� �0�.�1�1� �0�.�0�1�-�0�.�2�8� 

�2�-�p�h�e�n�y�l�p�h�e�n�o�l� �2�.�5�3�0� �0�-�1�2�.�9�8�7� 

�p�h�y�t�o�l� �0�.�1�9�3� �0�.�0�1�3�-�0�.�5�2�8� 

�s�q�u�a�l�e�n�e� �0�.�0�2�6� �0�-�0�.�0�9�1� 
� � 

�*�R�a�n�g�e� �o�f� �e�r�r�o�r� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� �T�a�y�l�o�r� �(�1�9�8�2�)� 

�4�7



�T�a�b�l�e� �4�.�2� 

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

�C�o�m�p�o�u�n�d� 

�4�H�-�1�,�3�-�b�e�n�z�o�d�i�o�x�i�n� 

�n�-�d�o�c�o�s�a�n�e� 

�n�-�e�i�c�o�s�a�n�e� 

�2�-�f�u�r�f�u�r�a�l� 

�n�-�h�e�n�e�i�c�o�s�a�n�e� 

�n�-�h�e�x�a�d�e�c�a�n�e� 

�i�s�o�p�r�o�p�y�l� �m�y�r�i�s�t�a�t�e� 

�i�s�o�p�r�o�p�y�l�!� �p�a�l�m�i�t�a�t�e� 

�n�-�n�o�n�a�d�e�c�a�n�e� 

�n�-�o�c�t�a�d�e�c�a�n�e� 

�n�-�o�c�t�a�d�e�c�e�n�e� 

�n�-�p�e�n�t�a�d�e�c�a�n�e� 

�5�,�6�,�7�,�7�a�-�t�e�t�r�a�h�y�d�r�o�-�4�,�4�,� �7�a�-�t�r�i�m�e�t�h�y�l�-�2�(�4�H�)�-� 

�b�e�n�z�o�f�u�r�a�n�o�n�e� 

�u�n�k�n�o�w�n� �@� �3�0�.�5� �m�i�n� 

�L�o�c�a�t�i�o�n� 

�(�c�e�l�l�s� �o�r� �f�i�l�t�r�a�t�e�)� 

�c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� 

�c�e�l�l�s� 

�c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� 

�f�i�l�t�r�a�t�e� 

�c�e�l�l�s� 

�c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� 

�c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� 

�c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� 

�c�e�l�l�s� 

�c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� 

�c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� 

�c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� 

�c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� 

�c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� 

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

�4�8� 

�I�d�e�n�t�i�f�i�c�a�t�i�o�n�*
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�S�t�a�n�d�a�r�d� �e�a�r�t�h�y� �s�w�e�e�t�/�e�a�r�t�h�y�/�v�e�g�.�/�c�o�r�m�n�/�g�r�a�s�s�y� �e�a�r�t�h�y�/�c�o�r�n�/�r�o�t�t�e�n� �g�r�a�s�s� 

�P�  �� �¢� �H�E� �©� 

�8� �=� 

�.� �7� 

�e�¢� �.�¢� 
�6� �|� �a� 

�a�a� �@� 

�©� �o� 
�4� �Y�e� 

�e�x� �w�e� 

�2� �1� 

�F� 

�O� �_ ��,� �|� �l�g� �|� �I� �_�|� �|� �a� 

�0�.�0�3� �0�.�1� �0�.�3� �1� �3� �1�0� 

�G�e�o�s�m�i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �u�g�/�L� 

�F�i�g�u�r�e� �4�.�3� �C�o�m�p�a�r�i�s�o�n� �b�e�t�w�e�e�n� �F�P�A� �e�v�a�l�u�a�t�i�o�n�s� �o�f� �g�e�o�s�m�i�n� �d�e�t�e�c�t�e�d� �i�n� �A�n�a�b�a�e�n�a� 

�l�a�x�a� �a�n�d� �t�h�o�s�e� �o�f� �g�e�o�s�m�i�n� �s�t�a�n�d�a�r�d�s� �(�f�r�o�m� �F�i�g�u�r�e� �4�.�1�A�)�.� �T�h�e� �d�a�s�h�e�d� �l�i�n�e� �r�e�p�r�e�s�e�n�t�s� 

�t�h�e� �t�h�e�o�r�e�t�i�c�a�l� �e�x�t�e�n�s�i�o�n� �o�f� �W�-�F� �l�i�n�e� �b�e�y�o�n�d� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �e�v�a�l�u�a�t�e�d� �b�y� �t�h�e� �F�P�A� 

�p�a�n�e�l�i�s�t�s�.� 
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�1�0� �2�0� �3�0� �4�0� 
�C�u�l�t�u�r�e� �a�g�e�,� �d�a�y�s� 

�F�i�g�u�r�e� �4�.�4� �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �g�e�o�s�m�i�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �A�n�a�b�a�e�n�a� �l�a�x�a� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� 

�c�u�l�t�u�r�e� �g�r�o�w�t�h�:� �(�A�)� �c�u�l�t�u�r�e� �g�r�o�w�t�h�,� �(�B�)� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �g�e�o�s�m�i�n� �i�n� �c�e�l�l�s� �a�n�d� �c�e�l�l�-�f�r�e�e� 

�m�e�d�i�a�,� �a�n�d� �(�C�)� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �g�e�o�s�m�i�n� �p�r�o�d�u�c�e�d� �p�e�r� �c�e�l�l� �a�n�d� �e�i�t�h�e�r� �r�e�t�a�i�n�e�d� �o�r� 
�r�e�l�e�a�s�e�d�.� �H�o�r�i�z�o�n�t�a�l� �d�a�s�h�e�d� �l�i�n�e� �i�n� �B� �r�e�p�r�e�s�e�n�t�s� �a� �c�o�n�s�e�r�v�a�t�i�v�e� �d�e�t�e�c�t�i�o�n� �l�i�m�i�t�.� �V�e�r�t�i�c�a�l� 

�b�a�r�s� �r�e�p�r�e�s�e�n�t� �+�1� �S�T�D� �f�o�r� �A� �a�n�d� �B�,� �a�n�d� �t�h�e� �e�r�r�o�r� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �C� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� 

�T�a�y�l�o�r� �(�1�9�8�2�)�.� 

�5�0� 
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�C�h�l�a�m�y�d�o�m�o�n�a�s� �p�e�t�e�r�f�i�i� 

�T�h�e� �F�P�A� �o�d�o�r� �d�e�s�c�r�i�p�t�o�r�s� �f�o�r� �t�h�i�s� �c�u�l�t�u�r�e� �w�e�r�e� �m�e�a�d�o�w�-�l�i�k�e� �(�e�.�g�.�,� �"�s�w�e�e�t� �h�a�y�"�,� 

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

�f�l�o�r�a�l�"� �f�o�r� �t�h�e� �c�e�l�l�s� �a�t� �a�d�v�a�n�c�e�d� �a�g�e�;� �a�n�d� �"�r�a�n�c�i�d�-�r�o�t�t�i�n�g� �h�a�y� �o�r� �c�l�o�v�e�r�"� �f�o�r� �t�h�e� �c�e�l�l�-�f�r�e�e� 
�m�e�d�i�a� �f�r�o�m� �1�8� �t�o� �3�9� �d�a�y�s� �c�u�l�t�u�r�e� �a�g�e�.� 

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

�h�a�s� �a� �w�a�t�e�r�m�e�l�o�n� �o�d�o�r�.� �T�h�e� �f�i�l�t�r�a�t�e� �c�o�n�t�a�i�n�e�d� �s�e�v�e�r�a�l� �o�d�o�r�o�u�s� �c�o�m�p�o�u�n�d�s�:� �b�e�n�z�y�l� 
�a�c�e�t�a�t�e� �(�a�r�t�i�f�i�c�i�a�l� �b�a�n�a�n�a� �o�d�o�r�)�,� �p�h�e�n�e�t�h�y�l� �a�l�c�o�h�o�l� �(�r�o�s�e� �o�d�o�r�)�,� �a�n�d� �i�s�o�v�a�l�e�r�i�c� �a�c�i�d� �(�r�o�t�t�e�n�,� 
�r�a�n�c�i�d�,� �d�i�r�t�y� �s�o�c�k�s�)�.� �T�h�e� �i�n�t�e�n�s�i�t�y� �o�f� �t�h�e� �" ��r�o�t�t�e�n�-�r�a�n�c�i�d�"� �a�n�d�  ��s�w�e�e�t�"� �o�d�o�r�s� �a�n�d� �t�h�e� 
�c�o�r�r�e�s�p�o�n�d�i�n�g� �i�s�o�v�a�l�e�r�i�c� �a�c�i�d� �a�n�d� �l�i�n�o�l�e�n�i�c� �a�c�i�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� �a�l�g�a�l� �s�a�m�p�l�e�s� 
�a�r�e� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �W�-�F� �p�l�o�t� �f�o�r� �t�h�e� �i�s�o�v�a�l�e�r�i�c� �a�n�d� �l�i�n�o�l�e�n�i�c� �s�t�a�n�d�a�r�d�s� �i�n� �F�i�g�u�r�e� �4�.�5�.� �T�h�e� 

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

�L�i�n�o�l�e�n�i�c� �a�c�i�d� �w�a�s� �d�e�t�e�c�t�e�d� �i�n� �t�h�e� �c�e�l�l� �e�x�t�r�a�c�t�s�,� �a�n�d� �i�s�o�v�a�l�e�r�i�c� �a�c�i�d� �w�a�s� �d�e�t�e�c�t�e�d� �i�n� 

�t�h�e� �c�e�l�l�-�f�r�e�e� �m�e�d�i�a�.� �W�h�e�n� �t�h�e� �F�P�A� �p�a�n�e�l�i�s�t�s� �e�v�a�l�u�a�t�e�d� �s�a�m�p�l�e�s� �o�f� �c�e�l�l�-�f�r�e�e� �m�e�d�i�a� �(�i�.�e�.�,� 
�"�i�s�o�v�a�l�e�r�i�c� �o�n�l�y�"� �i�n� �F�i�g�u�r�e� �4�.�5�)� �t�h�e�y� �r�e�s�p�o�n�d�e�d� �w�i�t�h� �"�r�o�t�t�e�n�"� �o�d�o�r� �i�n�t�e�n�s�i�t�i�e�s� �t�h�a�t� 

�c�o�r�r�e�s�p�o�n�d�e�d� �f�a�i�r�l�y� �w�e�l�l� �t�o� �t�h�e� �W�-�F� �p�l�o�t� �o�b�t�a�i�n�e�d� �f�r�o�m� �F�P�A� �o�f� �t�h�e� �i�s�o�v�a�l�e�r�i�c� �a�c�i�d� 
�s�t�a�n�d�a�r�d�s�.� �W�h�e�n� �t�h�e� �p�a�n�e�l�i�s�t�s� �e�v�a�l�u�a�t�e�d� �s�a�m�p�l�e�s� �o�f� �r�e�s�u�s�p�e�n�d�e�d� �a�l�g�a�l� �c�e�l�l�s� �(�i�.�e�.�,� �"�l�i�n�o�l�e�n�i�c� 
�o�n�l�y�"� �i�n� �F�i�g�u�r�e� �4�.�5�)�,� �t�h�e�y� �r�e�s�p�o�n�d�e�d� �w�i�t�h� �"�s�w�e�e�t�"� �o�d�o�r� �i�n�t�e�n�s�i�t�i�e�s� �t�h�a�t� �w�e�r�e� �w�e�l�l� �a�b�o�v�e� �t�h�e� 

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

�T�h�e� �r�e�a�s�o�n� �f�o�r� �t�h�e� �h�i�g�h�e�r� �o�d�o�r� �i�n�t�e�n�s�i�t�i�e�s� �i�s� �n�o�t� �k�n�o�w�n�.� 
�T�h�e� �F�P�A� �s�a�m�p�l�e�s� �m�a�d�e� �f�r�o�m� �w�h�o�l�e� �a�l�g�a�l� �c�u�l�t�u�r�e� �(�e�.�g�.�,� �c�o�n�t�a�i�n�i�n�g� �c�e�l�l�s� �a�n�d� �t�h�e�i�r� 

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

�"�r�o�t�t�e�n�(�b�o�t�h�)�"� �a�n�d� �"�s�w�e�e�t�(�b�o�t�h�)�"�,� �r�e�s�p�e�c�t�i�v�e�l�y�)� �w�e�r�e� �b�o�t�h� �l�o�w�e�r� �t�h�a�n� �w�h�e�n� �t�h�e� �c�e�l�l� �a�n�d� 

�c�e�l�l�-�f�r�e�e� �f�r�a�c�t�i�o�n�s� �w�e�r�e� �e�v�a�l�u�a�t�e�d� �(�F�i�g�u�r�e� �4�.�5�)�.� �O�t�h�e�r� �o�d�o�r�i�f�e�r�o�u�s� �c�o�m�p�o�u�n�d�s� �i�n� �t�h�e� 
�s�a�m�p�l�e�s� �i�n�c�l�u�d�e�d� �b�e�n�z�y�l� �a�c�e�t�a�t�e� �a�n�d� �p�h�e�n�e�t�h�y�l� �a�l�c�o�h�o�l�.� �T�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �o�d�o�r� �i�n�t�e�n�s�i�t�i�e�s� 

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

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

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

�e�x�p�e�r�i�m�e�n�t� �t�h�a�t� �s�t�u�d�i�e�d� �C�.� �p�e�t�e�r�f�i�i� �g�r�o�w�n� �i�n� �O�C�M� �m�e�d�i�u�m� �w�i�t�h�o�u�t� �a�d�d�e�d� �p�e�p�t�o�n�e�.� �I�t� �i�s� 

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

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

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

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

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

�T�h�e� �C�.� �p�e�t�e�r�f�i�i� �p�o�p�u�l�a�t�i�o�n� �g�r�o�w�t�h� �c�u�r�v�e� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �4�.�6�A�.� �T�h�e� �p�l�o�t�s� �o�f� 

�t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �i�s�o�v�a�l�e�r�i�c� �a�c�i�d�,� �b�o�t�h� �p�e�r� �m�i�l�l�i�l�i�t�e�r� �o�f� �a�l�g�a�l� �c�u�l�t�u�r�e� �a�n�d� �p�e�r� �1�0�,�0�0�0� 

�c�e�l�l�s�,� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e�s� �4�.�6�B� �a�n�d� �4�.�6�C�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �O�t�h�e�r� �c�o�m�p�o�u�n�d�s� �t�h�a�t� �w�e�r�e� 

�f�r�e�q�u�e�n�t�l�y� �i�d�e�n�t�i�f�i�e�d� �i�n� �s�a�m�p�l�e� �e�x�t�r�a�c�t�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �4�.�3�,� �w�h�i�l�e� �c�o�m�p�o�u�n�d�s� �t�h�a�t� 
�w�e�r�e� �d�e�t�e�c�t�e�d� �o�n�l�y� �s�p�o�r�a�d�i�c�a�l�l�y� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �4�.�4�.� �T�h�e� �a�v�e�r�a�g�e� �p�r�o�d�u�c�t�i�o�n� �o�f� 
�i�s�o�v�a�l�e�r�i�c� �a�c�i�d�,� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �a�d�d�i�n�g� �t�h�e� �a�m�o�u�n�t�s� �o�f� �i�s�o�v�a�l�e�r�i�c� �a�c�i�d� �i�n� �t�h�e� �c�e�l�l�s� �a�n�d� �c�e�l�l�-� 
�f�r�e�e� �m�e�d�i�a�,� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �4� �n�g� �p�e�r� �1�0�,�0�0�0� �a�l�g�a�l� �c�e�l�l�s� �(�F�i�g�u�r�e� �4�.�6�C�)�.� 
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�n�-�h�e�p�t�a�d�e�c�e�n�e� �0�.�3�5�1� �0�.�1�1�7�-�0�.�7�0�3� 
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�p�h�e�n�e�t�h�y�l� �a�l�c�o�h�o�l� �0�.�5�2�3� �0�.�1�1�7�-�2�.�2�2�4� 
�p�h�y�t�o�l� �2�.�3�2�4� �0�.�2�7�8�-�5�.�6�8�5� 
� � 
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�T�a�b�l�e� �4�.�4� 

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

�C�o�m�p�o�u�n�d� �L�o�c�a�t�i�o�n� �I�d�e�n�t�i�f�i�c�a�t�i�o�n�*� 

�(�c�e�l�l�s� �o�r� �f�i�l�t�r�a�t�e�)� 
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�o� �s�t�a�n�d�a�r�d� �(�i�s�o�v�a�l�e�r�i�c� �o�n�l�y�)� �(�b�o�t�h� �c�o�m�p�o�u�n�d�s� �p�r�e�s�e�n�t�)� 
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�2�0� �5�0� �1�0�0� �2�0�0� �5�0�0� �1�,�0�0�0� �2�,�0�0�0� 
�C�o�n�c�e�n�t�r�a�t�i�o�n�,� �u�g�/�L� 

�F�i�g�u�r�e� �4�.�5� �C�o�m�p�a�r�i�s�o�n� �b�e�t�w�e�e�n� �F�P�A� �e�v�a�l�u�a�t�i�o�n�s� �o�f� �(�A�)� �l�i�n�o�l�e�n�i�c� �a�c�i�d� �a�n�d� �(�B�)� �i�s�o�v�a�l�e�r�i�c� 

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

�s�t�a�n�d�a�r�d�s� �(�f�r�o�m� �F�i�g�u�r�e�s� �4�.�2�D� �a�n�d� �4�.�2�B�,� �r�e�s�p�e�c�t�i�v�e�l�y�)�.� �T�h�e� �d�a�s�h�e�d� �l�i�n�e�s� �r�e�p�r�e�s�e�n�t� �t�h�e� 

�t�h�e�o�r�e�t�i�c�a�l� �e�x�t�e�n�s�i�o�n� �o�f� �W�-�F� �l�i�n�e�s� �b�e�y�o�n�d� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �e�v�a�l�u�a�t�e�d� �b�y� �t�h�e� �F�P�A� 

�p�a�n�e�l�i�s�t�s�.� 
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�0� �1�0� �2�0� �3�0� �4�0� 
�C�u�l�t�u�r�e� �a�g�e�,� �d�a�y�s� 

�F�i�g�u�r�e� �4�.�6� �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �i�s�o�v�a�l�e�r�i�c� �a�c�i�d� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �C�h�l�a�m�y�d�o�m�o�n�a�s� �p�e�t�e�r�f�i�i� �a�s� 

�a� �f�u�n�c�t�i�o�n� �o�f� �c�u�l�t�u�r�e� �g�r�o�w�t�h�:� �(�A�)� �c�u�l�t�u�r�e� �g�r�o�w�t�h�,� �(�B�)� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �i�s�o�v�a�l�e�r�i�c� �a�c�i�d� �i�n� 

�c�e�l�l�-�f�r�e�e� �m�e�d�i�a�,� �a�n�d� �(�C�)� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �i�s�o�v�a�l�e�r�i�c� �a�c�i�d� �p�r�o�d�u�c�e�d� �p�e�r� �c�e�l�l�.� �H�o�r�i�z�o�n�t�a�l� 

�d�a�s�h�e�d� �l�i�n�e� �i�n� �B� �r�e�p�r�e�s�e�n�t�s� �a� �c�o�n�s�e�r�v�a�t�i�v�e� �d�e�t�e�c�t�i�o�n� �l�i�m�i�t�.� �V�e�r�t�i�c�a�l� �b�a�r�s� �r�e�p�r�e�s�e�n�t� �+�1� 

�S�T�D� �f�o�r� �A� �a�n�d� �B� �a�n�d� �t�h�e� �e�r�r�o�r� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �C� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� �T�a�y�l�o�r� �(�1�9�8�2�)�.� 
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�D�i�n�o�b�r�y�o�n� �c�y�l�i�n�d�r�i�c�u�m� 

�I�n� �t�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t�,� �t�h�e� �D�.� �c�y�l�i�n�d�r�i�c�u�m� �c�u�l�t�u�r�e�s� �w�e�r�e� �g�r�o�w�n� �i�n� �1�5�-�m�L� �o�f� 

�m�e�d�i�u�m�.� �T�h�e� �F�P�A� �p�a�n�e�l�i�s�t�s� �d�e�t�e�c�t�e�d� �f�i�s�h�y� �o�d�o�r�s� �(�e�.�g�.�,� �"�f�i�s�h�y�"�,� �"�f�i�s�h� �t�a�n�k�"�,� �a�n�d� �"�s�w�a�m�p�y�"�)� 

�w�h�e�n� �t�h�e�y� �e�v�a�l�u�a�t�e�d� �c�u�l�t�u�r�e� �s�a�m�p�l�e�s�;� �h�o�w�e�v�e�r�,� �t�h�e� �G�C�-�M�S� �a�n�a�l�y�s�e�s� �d�i�d� �n�o�t� �d�e�t�e�c�t� �a�n�y� 

�c�o�m�p�o�u�n�d�s� �t�h�a�t� �c�o�u�l�d� �b�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�o�s�e� �o�d�o�r�s�.� �T�h�e� �o�d�o�r� �i�n�t�e�n�s�i�t�i�e�s� �r�a�n�g�e�d� �f�r�o�m� �4� 

�t�o� �6�.�7�,� �a�n�d� �t�h�e� �c�e�l�l� �d�e�n�s�i�t�i�e�s� �i�n� �t�h�e� �F�P�A� �s�a�m�p�l�e� �f�l�a�s�k�s� �r�a�n�g�e�d� �f�r�o�m� �4�0�0� �t�o� �6�1�,�6�0�0� �c�e�l�l�s�/�m�L�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� 

�I�n� �t�h�e� �s�e�c�o�n�d� �e�x�p�e�r�i�m�e�n�t�,� �t�h�e� �a�l�g�a� �w�a�s� �g�r�o�w�n� �i�n� �a� �1�-�L� �E�r�l�e�n�m�e�y�e�r� �f�l�a�s�k� �t�h�a�t� 

�c�o�n�t�a�i�n�e�d� �5�0�0�-�m�L� �s�t�e�r�i�l�e� �D�Y� �I�I�I� �m�e�d�i�u�m�.� �L�a�r�g�e�r� �s�a�m�p�l�e� �s�i�z�e�s� �(�e�.�g�.�,� �t�h�e� �c�e�l�l�s� �c�e�n�t�r�i�f�u�g�e�d� 

�f�r�o�m� �4�0�-�m�L� �p�o�r�t�i�o�n�s� �r�a�t�h�e�r� �t�h�a�n� �1�5�-�m�L� �p�o�r�t�i�o�n�s�)� �w�e�r�e� �s�a�c�r�i�f�i�c�e�d� �f�o�r� �t�h�e� �e�x�t�r�a�c�t�i�o�n� �o�f� 

�o�r�g�a�n�i�c� �c�o�m�p�o�u�n�d�s�.� �T�h�e� �c�o�m�p�o�u�n�d� �2�t�,�4�c�,�7�c�-�d�e�c�a�t�r�i�e�n�a�l�,� �w�h�i�c�h� �h�a�s� �b�e�e�n� �p�o�s�i�t�i�v�e�l�y� 

�i�d�e�n�t�i�f�i�e�d� �a�s� �h�a�v�i�n�g� �a� �f�i�s�h�y� �o�d�o�r� �(�K�a�r�a�h�a�d�i�a�n� �a�n�d� �L�i�n�d�s�a�y� �1�9�8�9�)�,� �w�a�s� �c�o�n�f�i�d�e�n�t�l�y� �i�d�e�n�t�i�f�i�e�d� 

�o�n� �t�h�e� �b�a�s�i�s� �o�f� �r�e�t�e�n�t�i�o�n� �o�r�d�e�r� �a�n�d� �m�a�s�s� �s�p�e�c�t�r�a� �m�a�t�c�h� �(�C�.� �K�a�r�a�h�a�d�i�a�n�,� �D�e�p�t�.� �o�f� �F�o�o�d�s� 

�a�n�d� �N�u�t�r�i�t�i�o�n�,� �P�u�r�d�u�e� �U�n�i�v�e�r�s�i�t�y�,� �p�e�r�s�o�n�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n�)�.� �T�h�e� �c�e�l�l� �e�x�t�r�a�c�t�s� �h�a�d� �a� �v�e�r�y� 

�i�n�t�e�n�s�e� �f�i�s�h�,� �s�h�a�r�k�-�o�i�l�,� �c�o�d� �l�i�v�e�r� �o�i�l� �o�d�o�r�.� 

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

�p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �4�.�7�A�.� �T�h�e� �p�l�o�t�s� �o�f� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �2�t�,�4�c�,�7�c�-�d�e�c�a�t�r�i�e�n�a�l�,� �b�o�t�h� 

�p�e�r� �m�i�l�l�i�l�i�t�e�r� �o�f� �a�l�g�a�l� �c�u�l�t�u�r�e� �a�n�d� �p�e�r� �1�0�,�0�0�0� �c�e�l�l�s�,� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e�s� �4�.�7�B� �a�n�d� �4�.�7�C�,� 

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

�p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�i�e� �4�.�5�,� �w�h�i�l�e� �c�o�m�p�o�u�n�d�s� �t�h�a�t� �w�e�r�e� �d�e�t�e�c�t�e�d� �o�n�l�y� �s�p�o�r�a�d�i�c�a�l�l�y� �a�r�e� �l�i�s�t�e�d� �i�n� 

�T�a�b�l�e� �4�.�6�.� �T�h�e� �p�o�s�s�i�b�l�e� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �t�h�e�s�e� �c�o�m�p�o�u�n�d�s� �i�s� �d�i�s�c�u�s�s�e�d� �i�n� �a� �l�a�t�e�r� �s�e�c�t�i�o�n�.� 

�T�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �2�t�,�4�c�,�7�c�-�d�e�c�a�t�r�i�e�n�a�l� �t�h�e� �a�l�g�a� �p�r�o�d�u�c�e�d� �w�a�s� �r�e�t�a�i�n�e�d� �w�i�t�h�i�n� �t�h�e� 

�c�e�l�l�s� �(�F�i�g�u�r�e�s� �4�.�7�B� �a�n�d� �C�)�.� �T�h�e� �a�v�e�r�a�g�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �2�t�,�4�c�,�7�c�-�d�e�c�a�t�r�i�e�n�a�l�,� �c�a�l�c�u�l�a�t�e�d� 

�f�r�o�m� �a�d�d�i�n�g� �t�h�e� �a�m�o�u�n�t�s� �o�f� �2�t�,�4�c�,�7�c�-�d�e�c�a�t�r�i�e�n�a�l� �t�h�a�t� �w�e�r�e� �d�e�t�e�c�t�e�d� �i�n� �t�h�e� �c�e�l�l�s� �a�n�d� �c�e�l�l�-� 

�f�r�e�e� �m�e�d�i�a�,� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �4� �n�g� �p�e�r� �1�0�,�0�0�0� �a�l�g�a�l� �c�e�l�l�s�.� �N�o� �s�t�a�n�d�a�r�d� �w�a�s� �a�v�a�i�l�a�b�l�e� �f�o�r� 

�F�P�A� �e�v�a�l�u�a�t�i�o�n�;� �t�h�e�r�e�f�o�r�e�,� �t�h�e� �t�h�r�e�s�h�o�l�d� �o�d�o�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �w�a�s� �n�o�t� �d�e�t�e�r�m�i�n�e�d�.� �I�t� �i�s� 

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

�b�e�c�a�u�s�e�,� �a�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�,� �a�n� �F�P�A� �s�a�m�p�l�e� �t�h�a�t� �c�o�n�t�a�i�n�e�d� �4�0�0� �c�e�l�l�s�/�m�L� �e�v�o�k�e�d� �a�n� �o�d�o�r� 

�i�n�t�e�n�s�i�t�y� �o�f� �4�.� 
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�L� �w�i�t�h�i�n� �c�e�l�l�-�f�r�e�e� 
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�0� �1�0� �2�0� �3�0� �4�0� 
�C�u�l�t�u�r�e� �a�g�e�,� �d�a�y�s� 

�F�i�g�u�r�e� �4�.�7� �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �2�t�,�4�c�,�7�c�-�d�e�c�a�t�r�i�e�n�a�l� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �D�i�n�o�b�r�y�o�n� �c�y�l�i�n�d�r�i�c�u�m� 

�a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �c�u�l�t�u�r�e� �g�r�o�w�t�h�:� �(�A�)� �c�u�l�t�u�r�e� �g�r�o�w�t�h�,� �(�B�)� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �2�t�,�4�c�,�7�c�-� 

�d�e�c�a�t�r�i�e�n�a�l� �i�n� �c�e�l�l�s� �a�n�d� �c�e�l�l�-�f�r�e�e� �m�e�d�i�a�,� �a�n�d� �(�C�)� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �2�t�,�4�c�,�7�c�-�d�e�c�a�t�r�i�e�n�a�l� 

�p�r�o�d�u�c�e�d� �p�e�r� �c�e�l�l� �a�n�d� �e�i�t�h�e�r� �r�e�t�a�i�n�e�d� �o�r� �r�e�l�e�a�s�e�d�.� �H�o�r�i�z�o�n�t�a�l� �d�a�s�h�e�d� �l�i�n�e� �i�n� �B� �r�e�p�r�e�s�e�n�t�s� �a� 

�c�o�n�s�e�r�v�a�t�i�v�e� �d�e�t�e�c�t�i�o�n� �l�i�m�i�t�.� �V�e�r�t�i�c�a�l� �b�a�r�s� �r�e�p�r�e�s�e�n�t� �+�1� �S�T�D� �f�o�r� �A� �a�n�d� �B�,� �a�n�d� �t�h�e� �e�r�r�o�r� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �C� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� �T�a�y�l�o�r� �(�1�9�8�2�)�.� 
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�T�a�b�l�e� �4�.�5� 

�C�o�m�p�o�u�n�d�s� �f�r�e�q�u�e�n�t�l�y� �d�e�t�e�c�t�e�d� �i�n� �c�u�l�t�u�r�e�s� �o�f� �D�i�n�o�b�r�y�o�n� �c�y�l�i�n�d�r�i�c�u�m� 
� � 

� � 

�C�o�m�p�o�u�n�d� �A�v�e�r�a�g�e� �p�r�o�d�u�c�t�i�o�n� �P�r�o�d�u�c�t�i�o�n� �r�a�n�g�e�*� 

�(�n�g�/�1�0�,�0�0�0� �c�e�l�l�s�)� �(�n�g�/�1�0�,�0�0�0� �c�e�l�l�s�)� 

�1�8�C� �f�a�t�t�y� �a�c�i�d�s�t� �9�.�6�7� �0�.�1�6�-�1�7�.�2�3� 
�2�t�,�4�c�,� �7�c�-�d�e�c�a�t�r�i�e�n�a�l� �3�.�9�1�8� �2�.�2�0�-�6�.�5�2�2� 

�m�y�r�i�s�t�i�c� �a�c�i�d� �4�.�8�4� �3�.�7�0�-�5�.�1�8� 

�p�a�l�m�i�t�i�c� �a�c�i�d� �5�.�9�8� �2�.�4�6�-�8�.�6�7� 
� � 

�*� �R�a�n�g�e� �o�f� �e�r�r�o�r� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� �T�a�y�l�o�r� �(�1�9�8�2�)� 

�T� �M�a�i�n�l�y� �l�i�n�o�l�e�n�i�c� �a�n�d� �l�i�n�o�l�e�i�c�,� �b�u�t� �a�l�s�o� �s�o�m�e� �o�l�e�i�c� �a�n�d� �s�t�e�a�r�i�c� �a�c�i�d�s� 
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�T�a�b�l�e� �4�.�6� 

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

� � 

�C�o�m�p�o�u�n�d� �L�o�c�a�t�i�o�n� �I�d�e�n�t�i�f�i�c�a�t�i�o�n�*� 

�(�c�e�l�l�s� �o�r� �f�i�l�t�r�a�t�e�)� 

�n�-�d�o�c�o�s�a�n�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �S� 

�n�-�e�i�c�o�s�a�n�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �C�c� 

�n�-�h�e�n�e�i�c�o�s�a�n�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �C�c� 

�n�-�h�e�p�t�a�c�o�s�a�n�e� �c�e�l�l�s� �S� 

�n�-�h�e�p�t�a�d�e�c�a�n�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �C�c� 

�n�-�h�e�x�a�c�o�s�a�n�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �S� 

�h�e�x�a�d�e�c�e�n�o�a�t�e� �c�e�l�l�s� �S� 

�i�s�o�p�r�o�p�y�l� �m�y�r�i�s�t�a�t�e� �c�e�l�l�s� �S� 

�n�-�n�o�n�a�d�e�c�a�n�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �C�c� 

�n�-�o�c�t�a�d�e�c�a�n�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �c� 

�n�-�p�e�n�t�a�c�o�s�a�n�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �S� 

�n�-�p�e�n�t�a�d�e�c�a�n�e� �f�i�l�t�r�a�t�e� �S� 

�s�q�u�a�l�e�n�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �C�c� 

�s�t�e�a�r�i�c� �a�c�i�d� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �S� 

�n�-�t�e�t�r�a�c�o�s�a�n�e� 

�n�-�t�r�i�c�o�s�a�n�e� 

�5�,�6�,�7�,�7�a�-�t�e�t�r�a�h�y�d�r�o�-�4�,�4�,� �7�a�-�t�r�i�m�e�t�h�y�l�-�2�(�4�H�)�-� 

�b�e�n�z�o�f�u�r�a�n�o�n�e� 

�u�n�k�n�o�w�n� �@� �3�0�.�5� �m�i�n� 
�u�n�k�n�o�w�n� �@� �3�5�.�1� �m�i�n� 

�u�n�k�n�o�w�n� �@� �3�9�.�3� �m�i�n�t� 

�u�n�k�n�o�w�n� �@� �3�9�.�5� �m�i�n� 

�c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� 

�c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� 

�c�e�l�l�s� 

�f�i�l�t�r�a�t�e� 

�c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� 

�c�e�l�l�s� 

�c�e�l�l�s� 
� � 

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

�t� �l�i�k�e�l�y� �a�n� �i�s�o�m�e�r� �o�f� �t�h�e� �u�n�k�n�o�w�n� �@� �3�9�.�5� �m�i�n� 
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�M�i�c�r�o�c�y�s�t�i�s� �a�e�r�u�g�i�n�o�s�a� 

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

�T�h�e�s�e� �c�o�m�p�o�u�n�d�s� �h�a�v�e� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �b�y� �J�u�t�t�n�e�r� �(�1�9�7�6�;� �1�9�8�3�;� �1�9�8�4�a�;� �1�9�8�7�)� �i�n� �c�u�l�t�u�r�e�s� �o�f� 

�M�.� �a�e�r�u�g�i�n�o�s�a�.� �T�h�e� �F�P�A� �p�a�n�e�l� �d�e�s�c�r�i�b�e�d� �t�h�e� �c�u�l�t�u�r�e� �s�a�m�p�l�e�s� �a�s� �"�s�w�e�e�t�-�m�e�l�o�n�-�g�r�a�s�s�y�-� 

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

�"�r�a�n�c�i�d�-�f�i�s�h�y�"� �f�o�r� �l�e�s�s�-�d�i�l�u�t�e�d� �s�a�m�p�l�e�s� �t�h�a�t� �w�e�r�e� �o�l�d�e�r� �t�h�a�n� �1�9� �d�a�y�s� �c�u�l�t�u�r�e� �a�g�e�.� �T�h�e�s�e� 

�d�e�s�c�r�i�p�t�o�r�s� �d�o� �n�o�t� �c�o�r�r�e�s�p�o�n�d� �t�o� �t�h�e� �"�s�w�e�e�t�-�t�o�b�a�c�c�o�"� �o�d�o�r�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �B�-�c�y�c�l�o�c�i�t�r�a�l�;� 

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

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

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

�s�t�a�n�d�a�r�d� �i�n� �F�i�g�u�r�e� �4�.�8�A�.� �T�h�e� �"�p�i�p�e� �t�o�b�a�c�c�o �� �o�d�o�r� �o�f� �B�-�c�y�c�l�o�c�i�t�r�a�l� �w�a�s� �n�o�t� �d�e�t�e�c�t�e�d�,� �e�v�e�n�  �� 

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

�o�d�o�r�s� �(�F�i�g�u�r�e� �4�.�8�B�)�.� �T�h�e� �o�d�o�r� �o�f� �B�-�c�y�c�l�o�c�i�t�r�a�l� �w�a�s� �l�i�k�e�l�y� �m�a�s�k�e�d� �b�y� �t�h�e� �o�d�o�r�s� �o�f� 

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

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

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

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

�r�e�p�o�r�t�e�d� �b�y� �o�t�h�e�r� �r�e�s�e�a�r�c�h�e�r�s� �(�J�i�i�t�t�n�e�r� �1�9�8�4�a� �a�n�d� �P�e�r�s�s�o�n� �1�9�8�8�,� �r�e�s�p�e�c�t�i�v�e�l�y�)�.� �T�h�e� 

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

�c�o�m�p�o�u�n�d�s� �t�h�a�t� �h�a�v�e� �k�n�o�w�n� �o�d�o�r�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �B�-�c�y�c�l�o�c�i�t�r�a�l� �h�a�s� �"�t�o�b�a�c�c�o�-�l�i�k�e�"� �o�d�o�r�s� 

�(�J�i�i�t�t�n�e�r� �1�9�7�6�)� �a�n�d� �d�e�h�y�d�r�o�-�f�-�c�y�c�l�o�c�i�t�r�a�l� �(�a�.�k�.�a�.� �s�a�f�r�a�n�a�l�)� �h�a�s� �"�s�w�e�e�t�"�,� �"�g�r�e�e�n�-�f�l�o�r�a�l�"�,� �a�n�d� 

�"�t�o�b�a�c�c�o�-�h�e�r�b�a�c�e�o�u�s�"� �o�d�o�r�s� �(�A�r�c�t�a�n�d�e�r� �1�9�6�9�)�.� 

�T�h�e� �M�.� �a�e�r�u�g�i�n�o�s�a� �p�o�p�u�l�a�t�i�o�n� �g�r�o�w�t�h� �c�u�r�v�e� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �4�.�9�A�.� �T�h�e� 

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

�1�0�,�0�0�0� �c�e�l�l�s�,� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e�s� �4�.�9�B� �a�n�d� �4�.�9�C�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �O�t�h�e�r� �c�o�m�p�o�u�n�d�s� �t�h�a�t� 

�w�e�r�e� �f�r�e�q�u�e�n�t�l�y� �i�d�e�n�t�i�f�i�e�d� �i�n� �s�a�m�p�l�e� �e�x�t�r�a�c�t�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �4�.�7�,� �w�h�i�l�e� �c�o�m�p�o�u�n�d�s� 

�t�h�a�t� �w�e�r�e� �d�e�t�e�c�t�e�d� �o�n�l�y� �s�p�o�r�a�d�i�c�a�l�l�y� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �4�.�8�.� �T�h�r�e�e� �o�d�o�r�o�u�s� �c�o�m�p�o�u�n�d�s� 

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

�d�e�h�y�d�r�o�-�B�-�c�y�c�l�o�c�i�t�r�a�l�,� �3�-�m�e�t�h�y�l�t�h�i�o�-�1�-�p�r�o�p�a�n�o�l�,� �a�n�d� �d�i�p�h�e�n�y�l�a�m�i�n�e�.� �T�h�e� �p�o�s�s�i�b�l�e� 

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

�i�n�d�i�v�i�d�u�a�l� �c�o�m�p�o�u�n�d�s� �w�a�s� �k�n�o�w�n� �t�o� �h�a�v�e� �e�i�t�h�e�r� �a�n� �"�o�i�l�y�-�f�i�s�h�y�"� �o�r� �a�n� �" ��o�i�l�y�-�r�a�n�c�i�d�-�f�i�s�h�y�"� 
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�f�r�e�e� �m�e�d�i�a�,� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �0�.�1�0�5� �n�g� �p�e�r� �1�0�,�0�0�0� �a�l�g�a�l� �c�e�l�l�s� �a�n�d� �1�.�7�5�8� �n�g� �p�e�r� �1�0�,�0�0�0� 
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�T�a�b�l�e� �4�.�7� 
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�B�-�c�y�c�l�o�c�i�t�r�a�l� �d�e�t�e�c�t�e�d� �i�n� �M�i�c�r�o�c�y�s�t�i�s� �a�e�r�u�g�i�n�o�s�a� �a�n�d� �t�h�o�s�e� �o�f� �l�i�n�o�l�e�n�i�c� �a�c�i�d� �a�n�d� 

�B�-�c�y�c�l�o�c�i�t�r�a�l� �s�t�a�n�d�a�r�d�s� �(�f�r�o�m� �F�i�g�u�r�e�s� �4�.�2�D� �a�n�d� �4�.�1�D�,� �r�e�s�p�e�c�t�i�v�e�l�y�)�.� �T�h�e� �d�a�s�h�e�d� �l�i�n�e� �f�o�r� 
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�F�i�g�u�r�e� �4�.�9� �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �B�-�c�y�c�l�o�c�i�t�r�a�l� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �M�i�c�r�o�c�y�s�t�i�s� �a�e�r�u�g�i�n�o�s�a� �a�s� �a� 
�f�u�n�c�t�i�o�n� �o�f� �c�u�l�t�u�r�e� �g�r�o�w�t�h�:�-� �(�A�)� �c�u�l�t�u�r�e�-�g�r�o�w�t�h�,� �(�B�)� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �B�-�c�y�c�l�o�c�i�t�r�a�l� �i�n� 
�c�e�l�l�s� �a�n�d� �c�e�l�l�-�f�r�e�e� �m�e�d�i�a�,� �a�n�d� �(�C�)� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �B�-�c�y�c�l�o�c�i�t�r�a�l� �p�r�o�d�u�c�e�d� �p�e�r� �c�e�l�l� �a�n�d� 
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�d�e�t�e�c�t�i�o�n� �l�i�m�i�t�.� �V�e�r�t�i�c�a�l� �b�a�r�s� �r�e�p�r�e�s�e�n�t� �+�1� �S�T�D� �f�o�r� �A� �a�n�d� �B�,� �a�n�d� �t�h�e� �e�r�r�o�r� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 
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�T�h�i�s� �s�t�r�a�i�n� �o�f� �O�s�c�i�l�l�a�t�o�r�i�a� �p�r�o�d�u�c�e�d� �M�I�B� �b�u�t� �n�o� �d�e�t�e�c�t�a�b�l�e� �g�e�o�s�m�i�n�.� �T�h�e� �F�P�A� 
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�b�e�t�w�e�e�n� �1� �t�o� �3�)� �"�s�w�e�e�t�-�m�e�l�o�n�-�c�o�r�n�-�g�r�a�s�s�y�"�.� �L�i�n�o�l�e�n�i�c� �a�c�i�d� �w�a�s� �d�e�t�e�c�t�e�d� �i�n� �t�h�e� �c�u�l�t�u�r�e� 

�e�x�t�r�a�c�t�s� �a�n�d� �m�a�y� �h�a�v�e� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �t�h�e�  ��s�w�e�e�t�-�m�e�l�o�n�"� �o�d�o�r�s� �p�e�r�c�e�i�v�e�d� �b�y� �t�h�e� �F�P�A� 

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

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �t�h�e� �a�l�g�a�l� �s�a�m�p�l�e�s� �a�r�e� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �W�-�F� �p�l�o�t� �f�o�r� �t�h�e� �M�I�B� �s�t�a�n�d�a�r�d�s� 

�(�F�i�g�u�r�e� �4�.�1�0�)�.� �T�h�e� �o�d�o�r� �i�n�t�e�n�s�i�t�i�e�s� �w�e�r�e� �g�e�n�e�r�a�l�l�y� �l�e�s�s� �t�h�a�n� �t�h�o�s�e� �p�r�e�d�i�c�t�e�d� �o�n� �t�h�e� �b�a�s�i�s� �o�f� 

�t�h�e� �M�I�B� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.� �T�h�e� �c�o�m�p�o�u�n�d�s� �t�h�a�t� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �"�s�w�e�e�t�-�m�e�l�o�n�"� �o�d�o�r�s� 

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

�w�i�t�h� �t�h�e� �r�e�s�u�l�t� �b�e�i�n�g� �t�h�e� �l�o�w�e�r�-�t�h�a�n�-�e�x�p�e�c�t�e�d� �o�d�o�r� �i�n�t�e�n�s�i�t�i�e�s� �f�o�r� �t�h�e� �M�I�B� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� 

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

�T�h�e� �O�s�c�i�l�l�a�t�o�r�i�a� �s�p�.� �p�o�p�u�l�a�t�i�o�n� �g�r�o�w�t�h� �c�u�r�v�e� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �4�.�1�1�A�.� �T�h�e� 

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

�i�t� �d�i�e�d� �w�h�e�n� �p�l�a�c�e�d� �i�n� �t�h�e� �2�5�°�C� �i�n�c�u�b�a�t�o�r�.� �G�r�o�w�t�h� �w�a�s� �s�t�i�l�l� �e�r�r�a�t�i�c�,� �a�s� �c�a�n� �b�e� �s�e�e�n� �i�n� 

�F�i�g�u�r�e� �4�.�1�1�A�.� �T�h�e� �p�l�o�t�s� �o�f� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �M�I�B�,� �b�o�t�h� �p�e�r� �m�i�l�l�i�l�i�t�e�r� �o�f� �a�l�g�a�l� �c�u�l�t�u�r�e� 

�a�n�d� �p�e�r� �1�0�,�0�0�0� �c�e�l�l�s�,� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e�s� �4�.�1�1�B� �a�n�d� �4�.�1�1�C�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �O�t�h�e�r� 

�c�o�m�p�o�u�n�d�s� �t�h�a�t� �w�e�r�e� �f�r�e�q�u�e�n�t�l�y� �i�d�e�n�t�i�f�i�e�d� �i�n� �s�a�m�p�l�e� �e�x�t�r�a�c�t�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �4�.�9�,� 

�w�h�i�l�e� �c�o�m�p�o�u�n�d�s� �t�h�a�t� �w�e�r�e� �d�e�t�e�c�t�e�d� �o�n�l�y� �s�p�o�r�a�d�i�c�a�l�l�y� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �4�.�1�0�.� �T�h�e� 

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

�T�h�e� �a�l�g�a�l� �c�e�l�l�s� �r�e�t�a�i�n�e�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �o�n�e�-�h�a�l�f� �t�o� �t�w�o�-�t�h�i�r�d�s� �o�f� �t�h�e� �M�I�B� �(�F�i�g�u�r�e�s� 

�4�.�1�1�B� �a�n�d� �C�)�.� �T�h�e� �a�v�e�r�a�g�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �M�I�B�,� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �a�d�d�i�n�g� �t�h�e� �a�m�o�u�n�t�s� �o�f� 

�M�I�B� �i�n� �t�h�e� �c�e�l�l�s� �a�n�d� �c�e�l�l�-�f�r�e�e� �m�e�d�i�a�,� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2� �n�g� �p�e�r� �1�0�,�0�0�0� �a�l�g�a�l� �c�e�l�l�s�.� �N�o� 

�M�I�B� �w�a�s� �d�e�t�e�c�t�e�d� �i�n� �t�h�e� �G�C�-�M�S� �e�x�t�r�a�c�t�s� �o�f� �e�i�t�h�e�r� �a�l�g�a�l� �c�e�l�l�s� �o�r� �c�e�l�l�-�f�r�e�e� �m�e�d�i�a� �o�b�t�a�i�n�e�d� 

�f�r�o�m� �c�u�l�t�u�r�e�s� �l�e�s�s� �t�h�a�n� �1�3�-�d�a�y�s� �o�l�d�,� �w�h�i�c�h� �w�a�s� �l�i�k�e�l�y� �b�e�c�a�u�s�e� �t�h�e� �c�e�l�l� �d�e�n�s�i�t�i�e�s� �w�e�r�e� 

�r�e�l�a�t�i�v�e�l�y� �l�o�w�;� �h�o�w�e�v�e�r�,� �t�h�e� �F�P�A� �p�a�n�e�l�i�s�t�s� �d�i�d� �d�e�t�e�c�t� �"�m�u�s�t�y�-�e�a�r�t�h�y�"� �o�d�o�r�s� �i�n� �e�v�e�r�y� 

�c�u�l�t�u�r�e� �s�a�m�p�l�e� �t�h�a�t� �w�a�s� �e�v�a�l�u�a�t�e�d� �d�u�r�i�n�g� �t�h�e� �4�0�-�d�a�y� �i�n�c�u�b�a�t�i�o�n�.� �T�h�e� �o�d�o�r� �i�n�t�e�n�s�i�t�i�e�s� �o�f� 

�F�P�A� �s�a�m�p�l�e�s� �e�v�a�l�u�a�t�e�d� �a�f�t�e�r� �t�h�e� �c�u�l�t�u�r�e�s� �h�a�d� �i�n�c�u�b�a�t�e�d� �f�o�r� �o�n�l�y� �0�-� �a�n�d� �3�-�d�a�y�s� �w�e�r�e� �2�.�7� 

�a�n�d� �3�.�7�,� �a�n�d� �t�h�e� �c�e�l�l� �d�e�n�s�i�t�i�e�s� �i�n� �t�h�e� �F�P�A� �s�a�m�p�l�e�s� �w�e�r�e� �5�,�4�0�0� �a�n�d� �2�1�,�6�0�0� �c�e�l�l�s�/�m�L�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� 
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�0�.�1� �1� �1�0� �1�0�0� 

�M�I�B� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �u�g�/�L� 

�F�i�g�u�r�e� �4�.�1�0� �C�o�m�p�a�r�i�s�o�n� �b�e�t�w�e�e�n� �F�P�A� �e�v�a�l�u�a�t�i�o�n�s� �o�f� �M�I�B� �d�e�t�e�c�t�e�d� �i�n� �O�s�c�i�l�l�a�t�o�r�i�a� �s�p�.� 

�a�n�d� �t�h�o�s�e� �o�f� �M�I�B� �s�t�a�n�d�a�r�d�s� �(�f�r�o�m� �F�i�g�u�r�e� �4�.�1�B�)�.� �T�h�e� �d�a�s�h�e�d� �l�i�n�e� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �t�h�e�o�r�e�t�i�c�a�l� 

�e�x�t�e�n�s�i�o�n� �o�f� �W�-�F� �l�i�n�e� �b�e�y�o�n�d� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �e�v�a�l�u�a�t�e�d� �b�y� �t�h�e� �F�P�A� �p�a�n�e�l�i�s�t�s�.� 
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� � � � � � � � 
�0� �u�m�m� �a�b�e� �a�s� �a� �i� �a� �a� 

�0� �1�0� �2�0� �3�0� �4�0� 
�C�u�l�t�u�r�e� �a�g�e�,� �d�a�y�s� 

�F�i�g�u�r�e� �4�.�1�1� �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �M�I�B� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �O�s�c�i�l�l�a�t�o�r�i�a� �s�p�.� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� 

�c�u�l�t�u�r�e� �g�r�o�w�t�h�:� �(�A�)� �c�u�l�t�u�r�e� �g�r�o�w�t�h�,� �(�B�)� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �M�I�B� �i�n� �c�e�l�l�s� �a�n�d� �c�e�l�l�-�f�r�e�e� 

�m�e�d�i�a�,� �a�n�d� �(�C�)� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �M�I�B� �p�r�o�d�u�c�e�d� �p�e�r� �c�e�l�l� �a�n�d� �e�i�t�h�e�r� �r�e�t�a�i�n�e�d� �o�r� �r�e�l�e�a�s�e�d�.� 
�H�o�r�i�z�o�n�t�a�l� �d�a�s�h�e�d� �l�i�n�e� �i�n� �B� �r�e�p�r�e�s�e�n�t�s� �a� �c�o�n�s�e�r�v�a�t�i�v�e� �d�e�t�e�c�t�i�o�n� �l�i�m�i�t�.� �V�e�r�t�i�c�a�l� �b�a�r�s� 
�r�e�p�r�e�s�e�n�t� �+�1� �S�T�D� �f�o�r� �A� �a�n�d� �B�,� �a�n�d� �t�h�e� �e�r�r�o�r� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �C� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� �T�a�y�l�o�r� 

�(�1�9�8�2�)�.� 
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�T�a�b�l�e� �4�.�9� 

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

� � 

�C�o�m�p�o�u�n�d� �A�v�e�r�a�g�e� �p�r�o�d�u�c�t�i�o�n� �P�r�o�d�u�c�t�i�o�n� �r�a�n�g�e�*� 

�_�_�(�n�g�/�1�0�,�0�0�0� �c�e�l�l�s�)� �(�n�g�/�1�0�,�0�0�0� �c�e�l�l�s�)� 

�n�-�h�e�p�t�a�d�e�c�a�n�e� �2�.�1�8�6� �0�.�0�2�9�-�9�.�7�1�4� 

�l�i�n�o�l�e�i�c� �a�c�i�d� �1�8�.�4�9� �0�-�4�4�.�5�3� 

�l�i�n�o�l�e�n�i�c� �a�c�i�d� �1�0�.�9�4� �1�.�8�4�-�2�1�.�4�4� 

�M�I�B� �2�.�0�1�7� �0�.�0�6�9�-�6�.�9�7�8� 

�m�y�r�i�s�t�i�c� �a�c�i�d� �1�.�2�2� �0�-�2�.�8�6� 

�p�a�l�m�i�t�i�c� �a�c�i�d� �1�6�.�3�3� �0�-�3�9�.�1�1� 

�_�p�h�y�t�o�l� �1�.�7�5�6� �0�.�1�5�0�-�4�.�4�9�1� 
� � 

�*�R�a�n�g�e� �o�f� �e�r�r�o�r� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� �T�a�y�l�o�r� �(�1�9�8�2�)� 

�T�a�b�l�e� �4�.�1�0� 

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

� � 

�C�o�m�p�o�u�n�d� �L�o�c�a�t�i�o�n� �I�d�e�n�t�i�f�i�c�a�t�i�o�n�*� 

�(�c�e�l�l�s� �o�r� �f�i�l�t�r�a�t�e�)� 

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

�d�o�d�e�c�a�n�o�a�t�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� 

�n�-�e�i�c�o�s�a�n�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� 

�n�o�n�a�n�o�a�t�e� �c�e�l�l�s� 

�n�-�o�c�t�a�d�e�c�a�n�e� 

�o�c�t�a�d�e�c�a�n�o�a�t�e� 

�2�-�p�h�e�n�y�l�p�h�e�n�o�l� 

�S�q�u�a�l�e�n�e� 

�c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� 

�c�e�l�l�s� 

�c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� 

�f�i�l�t�r�a�t�e� 

�*� �¢� �=� �c�o�n�f�i�r�m�e�d� �w�i�t�h� �s�t�a�n�d�a�r�d�;� �s� �=� �s�p�e�c�t�r�a�l� �l�i�b�r�a�r�y� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� 
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�O�s�c�i�l�l�a�t�o�r�i�a� �t�e�n�u�i�s� 

�O�s�c�i�l�l�a�t�o�r�i�a� �t�e�n�u�i�s� �p�r�o�d�u�c�e�d� �g�e�o�s�m�i�n�,� �b�u�t� �n�o� �d�e�t�e�c�t�a�b�l�e� �M�I�B�.� �T�h�e� �F�P�A� �o�d�o�r� 

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

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

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

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

�s�t�a�n�d�a�r�d�s� �(�F�i�g�u�r�e� �4�.�1�2�)�.� �T�h�e� �o�d�o�r� �i�n�t�e�n�s�i�t�i�e�s� �o�f� �t�h�e� �c�u�l�t�u�r�e� �s�a�m�p�l�e�s� �a�l�m�o�s�t� �p�a�r�a�l�l�e�l�e�d� �t�h�e� 

�W�-�F� �p�l�o�t�,� �b�u�t� �w�e�r�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�.�5� �t�o� �2� �F�P�A� �i�n�t�e�n�s�i�t�y� �s�c�a�l�e� �u�n�i�t�s� �l�o�w�e�r� �t�h�a�n� �t�h�e� 

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

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

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

�m�e�l�o�n�"� �o�d�o�r�s�,� �w�a�s� �d�e�t�e�c�t�e�d� �i�n� �c�e�l�l� �e�x�t�r�a�c�t�s� �a�f�t�e�r� �2�0�-�d�a�y�s� �i�n�c�u�b�a�t�i�o�n�.� 

�T�h�e� �O�.� �t�e�n�u�i�s� �p�o�p�u�l�a�t�i�o�n� �g�r�o�w�t�h� �c�u�r�v�e� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �4�.�1�3�A�.� �T�h�e� �p�l�o�t�s� �o�f� 

�t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �g�e�o�s�m�i�n�,� �b�o�t�h� �p�e�r� �m�i�l�l�i�l�i�t�e�r� �o�f� �a�l�g�a�l� �c�u�l�t�u�r�e� �a�n�d� �p�e�r� �1�0�,�0�0�0� �c�e�l�l�s�,� �a�r�e� 

�p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e�s� �4�.�1�3�B� �a�n�d� �4�.�1�3�C�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �O�t�h�e�r� �c�o�m�p�o�u�n�d�s� �t�h�a�t� �w�e�r�e� 

�f�r�e�q�u�e�n�t�l�y� �i�d�e�n�t�i�f�i�e�d� �i�n� �s�a�m�p�l�e� �e�x�t�r�a�c�t�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �4�.�1�1�,� �w�h�i�l�e� �c�o�m�p�o�u�n�d�s� �t�h�a�t� 

�w�e�r�e� �d�e�t�e�c�t�e�d� �o�n�l�y� �s�p�o�r�a�d�i�c�a�l�l�y� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �4�.�1�2�.� �T�h�e� �p�o�s�s�i�b�l�e� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �t�h�e�s�e� 

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

�O�s�c�i�l�l�a�t�o�r�i�a� �t�e�n�u�i�s� �r�e�t�a�i�n�e�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �5�0� �p�e�r�c�e�n�t� �o�f� �t�h�e� �g�e�o�s�m�i�n� �(�F�i�g�u�r�e�s� 

�4�.�1�3�B� �a�n�d� �C�)� �t�h�r�o�u�g�h�o�u�t� �i�t�s� �p�o�p�u�l�a�t�i�o�n� �g�r�o�w�t�h�.� �T�h�e� �a�v�e�r�a�g�e� �g�e�o�s�m�i�n� �p�r�o�d�u�c�t�i�o�n�,� 

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

�s�l�i�g�h�t�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �0�.�0�3� �n�g� �p�e�r� �1�0�,�0�0�0� �a�l�g�a�l� �c�e�l�l�s�.� 

� � 

� � 

�T�a�b�l�e� �4�.�1�1� 

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

�C�o�m�p�o�u�n�d� �A�v�e�r�a�g�e� �p�r�o�d�u�c�t�i�o�n� �P�r�o�d�u�c�t�i�o�n� �r�a�n�g�e�*� 

�_� �(�n�g�/�1�0�,�0�0�0� �c�e�l�l�s�)� �(�n�g�/�1�0�,�0�0�0� �c�e�l�l�s�)� 

�g�e�o�s�m�i�n� �0�.�0�3�1� �0�.�0�0�4�-�0�.�0�8�6� 

�n�-�h�e�p�t�a�d�e�c�a�n�e� �0�.�0�6�5� �0�.�0�3�5�-�0�.�1�1�7� 

�h�e�p�t�a�d�e�c�e�n�e� �0�.�0�9�3� �0�.�0�3�6�-�0�.�1�6�8� 
� � 

�*� �R�a�n�g�e� �o�f� �e�r�r�o�r� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� �T�a�y�l�o�r� �(�1�9�8�2�)� 
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�T�a�b�l�e� �4�.�1�2� 

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

� � 

�C�o�m�p�o�u�n�d� �L�o�c�a�t�i�o�n� �I�d�e�n�t�i�f�i�c�a�t�i�o�n�*� 

�(�c�e�l�l�s� �o�r� �f�i�l�t�r�a�t�e�)� 

�c�h�l�o�r�o�p�h�e�n�e� �c�e�l�l�s� �C�c� 

�d�o�d�e�c�a�n�o�a�t�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� 

�n�-�e�i�c�o�s�a�n�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �c� 

�n�-�h�e�n�e�i�c�o�s�a�n�e� �f�i�l�t�r�a�t�e� �c� 

�h�e�x�a�d�e�c�e�n�o�a�t�e� �f�i�l�t�r�a�t�e� �S� 

�l�i�n�o�l�e�i�c� �a�c�i�d� �c�e�l�l�s� �C�c� 

�l�i�n�o�l�e�n�i�c� �a�c�i�d� �c�e�l�l�s� �C�c� 

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

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

�N�-�c�y�c�l�o�h�e�x�y�l�-�a�c�e�t�a�m�i�d�e� �f�i�l�t�r�a�t�e� �S� 

�n�o�n�a�n�o�a�t�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �c� 

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

�2�-�p�h�e�n�y�l�p�h�e�n�o�l� �c�e�l�l�s� �C� 

�s�q�u�a�l�e�n�e� �c�e�l�l�s� �c� 
� � 

�*� �¢� �=� �c�o�n�f�i�r�m�e�d� �w�i�t�h� �s�t�a�n�d�a�r�d�;� �s� �=� �s�p�e�c�t�r�a�l� �l�i�b�r�a�r�y� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� 
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�F�i�g�u�r�e� �4�.�1�2� �C�o�m�p�a�r�i�s�o�n� �b�e�t�w�e�e�n� �F�P�A� �e�v�a�l�u�a�t�i�o�n�s� �o�f� �g�e�o�s�m�i�n� �d�e�t�e�c�t�e�d� �i�n� �O�s�c�i�l�l�a�t�o�r�i�a� 

�t�e�n�u�i�s� �a�n�d� �t�h�o�s�e� �o�f� �g�e�o�s�m�i�n� �s�t�a�n�d�a�r�d�s� �(�f�r�o�m� �F�i�g�u�r�e� �4�.�1�A�)�.� �T�h�e� �d�a�s�h�e�d� �l�i�n�e� �r�e�p�r�e�s�e�n�t�s� �t�h�e� 

�t�h�e�o�r�e�t�i�c�a�l� �e�x�t�e�n�s�i�o�n� �o�f� �W�-�F� �p�l�o�t� �b�e�y�o�n�d� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �e�v�a�l�u�a�t�e�d� �b�y� �t�h�e� �F�P�A� 

�p�a�n�e�l�i�s�t�s�.� 
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� �4� � � �|�  �� �e�e�l�s�  �� �n�l� �a�l� �a�l� � � � � 

�0� �1�0� �2�0� �3�0� �4�0� 
�C�u�l�t�u�r�e� �a�g�e�,� �d�a�y�s� 

�F�i�g�u�r�e� �4�.�1�3� �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �g�e�o�s�m�i�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �O�s�c�i�l�l�a�t�o�r�i�a� �t�e�n�u�i�s� �a�s� �a� �f�u�n�c�t�i�o�n� 

�o�f� �c�u�l�t�u�r�e� �g�r�o�w�t�h�:� �(�A�)� �c�u�l�t�u�r�e� �g�r�o�w�t�h�,� �(�B�)� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �g�e�o�s�m�i�n� �i�n� �c�e�l�l�s� �a�n�d� 
�c�e�l�l�-�f�r�e�e� �m�e�d�i�a�,� �a�n�d� �(�C�)� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �g�e�o�s�m�i�n� �p�r�o�d�u�c�e�d� �p�e�r� �c�e�l�l� �a�n�d� �e�i�t�h�e�r� �r�e�t�a�i�n�e�d� 

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

�V�e�r�t�i�c�a�l� �b�a�r�s� �r�e�p�r�e�s�e�n�t� �+�1� �S�T�D� �f�o�r� �A� �a�n�d� �B�,� �a�n�d� �t�h�e� �e�r�r�o�r� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �C� �a�s� �d�e�s�c�r�i�b�e�d� 

�b�y� �T�a�y�l�o�r� �(�1�9�8�2�)�.� 
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�P�h�o�r�m�i�d�i�u�m� �s�p�.� 

�B�o�t�h� �M�I�B� �a�n�d� �g�e�o�s�m�i�n� �w�e�r�e� �d�e�t�e�c�t�e�d� �i�n� �e�x�t�r�a�c�t�s� �f�r�o�m� �t�h�i�s� �a�l�g�a�;� �h�o�w�e�v�e�r�,� �t�h�e� 

�M�I�B� �w�a�s� �p�r�e�s�e�n�t� �i�n� �m�u�c�h� �l�a�r�g�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.� �A�l�t�h�o�u�g�h� �t�h�e� �g�e�o�s�m�i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� 

�w�e�r�e� �l�e�s�s� �t�h�a�n� �t�h�o�s�e� �o�f� �t�h�e� �M�I�B�,� �t�h�e� �a�l�g�a� �p�r�o�d�u�c�e�d� �m�o�r�e� �g�e�o�s�m�i�n� �(�T�a�b�l�e� �4�.�1�3�)� �t�h�a�n� �d�i�d� 

�e�i�t�h�e�r� �A�.� �l�a�x�a� �(�T�a�b�l�e� �T�a�b�l�e� �4�.�1�)� �o�r� �O�.� �t�e�n�u�i�s� �(�T�a�b�l�e� �4�.�1�1�)�.� �T�h�e� �F�P�A� �o�d�o�r� �d�e�s�c�r�i�p�t�o�r�s� �f�o�r� 

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

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

�t�o� �t�h�e� �W�-�F� �p�l�o�t� �f�o�r� �t�h�e� �M�I�B� �s�t�a�n�d�a�r�d�s� �(�F�i�g�u�r�e� �4�.�1�4�)�.� �T�h�e� �"�e�a�r�t�h�y�-�m�u�s�t�y�"� �a�n�d� �"�e�a�r�t�h�y�-� 

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

�M�I�B�.� 

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

�i�n� �4�0�-�d�a�y�-�o�l�d� �c�u�l�t�u�r�e�s�,� �w�e�r�e� �l�i�k�e�l�y� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �g�e�o�s�m�i�n� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� �a�l�g�a�.� �T�h�e� �F�P�A� 

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

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

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

�o�d�o�r�s� �t�o� �g�e�o�s�m�i�n�;� �h�o�w�e�v�e�r�,� �n�e�i�t�h�e�r� �2�t�,�6�c�-�n�o�n�a�d�i�e�n�a�l� �(�"�c�u�c�u�m�b�e�r�"� �o�d�o�r�)� �n�o�r� �l�i�n�o�l�e�n�i�c� �a�c�i�d� 

�(�"�m�e�l�o�n�-�w�a�t�e�r�m�e�l�o�n�"� �o�d�o�r�)� �w�e�r�e� �d�e�t�e�c�t�e�d� �i�n� �a�n�y� �o�f� �t�h�e� �e�x�t�r�a�c�t�s�.� 

�T�h�e� �P�h�o�r�m�i�d�i�u�m� �s�p�.� �p�o�p�u�l�a�t�i�o�n� �g�r�o�w�t�h� �c�u�r�v�e� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �4�.�1�5�A�.� �T�h�e� 

�p�l�o�t�s� �o�f� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �M�I�B�,� �b�o�t�h� �p�e�r� �m�i�l�l�i�l�i�t�e�r� �o�f� �a�l�g�a�l� �c�u�l�t�u�r�e� �a�n�d� �p�e�r� �1�0�,�0�0�0� �c�e�l�l�s�,� 

�a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e�s� �4�.�1�5�B� �a�n�d� �4�.�1�5�C�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �O�t�h�e�r� �c�o�m�p�o�u�n�d�s� �t�h�a�t� �w�e�r�e� 

�f�r�e�q�u�e�n�t�l�y� �i�d�e�n�t�i�f�i�e�d� �i�n� �s�a�m�p�l�e� �e�x�t�r�a�c�t�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �4�.�1�3�,� �w�h�i�l�e� �c�o�m�p�o�u�n�d�s� �t�h�a�t� 

�w�e�r�e� �d�e�t�e�c�t�e�d� �o�n�l�y� �s�p�o�r�a�d�i�c�a�l�l�y� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �4�.�1�4�.� �T�h�e� �p�o�s�s�i�b�l�e� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �t�h�e�s�e� 

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

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

�M�I�B� �t�h�a�t� �w�a�s� �p�r�o�d�u�c�e�d� �(�F�i�g�u�r�e�s� �4�.�1�5�B� �a�n�d� �4�.�1�5�C�)�.� �T�h�e� �a�v�e�r�a�g�e� �M�I�B� �p�r�o�d�u�c�t�i�o�n�,� 

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

�a�p�p�r�o�x�i�m�a�t�e�l�y� �0�.�6� �n�g� �p�e�r� �1�0�,�0�0�0� �a�l�g�a�l� �c�e�l�l�s�.� 
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�T�a�b�l�e� �4�.�1�3� 
�C�o�m�p�o�u�n�d�s� �f�r�e�q�u�e�n�t�l�y� �d�e�t�e�c�t�e�d� �i�n� �c�u�l�t�u�r�e�s� �o�f� �P�h�o�r�m�i�d�i�u�m� �s�p�.� 
� � 

� � 

�C�o�m�p�o�u�n�d� �A�v�e�r�a�g�e� �p�r�o�d�u�c�t�i�o�n� �P�r�o�d�u�c�t�i�o�n� �r�a�n�g�e�*� 
�(�n�g�/�1�0�,�0�0�0� �c�e�l�l�s�)� �_�(�n�g�/�1�0�,�0�0�0� �c�e�l�l�s�)� 

�g�e�o�s�m�i�n� �0�.�1�2�9� �0�.�0�3�6�-�0�.�3�0�8� 

�n�-�h�e�p�t�a�d�e�c�a�n�e� �0�.�8�1�0� �0�.�1�5�3�-�2�.�1�4�1� 

�M�I�B� �0�.�6�1�2� �0�.�2�9�8�-�1�.�1�9�3� 
� � 

�*� �R�a�n�g�e� �o�f� �e�r�r�o�r� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� �T�a�y�l�o�r� �(�1�9�8�2�)� 

�T�a�b�l�e� �4�.�1�4� 

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

� � 

�C�o�m�p�o�u�n�d� �L�o�c�a�t�i�o�n� �I�d�e�n�t�i�f�i�c�a�t�i�o�n�*� 

�(�c�e�l�l�s� �o�r� �f�i�l�t�r�a�t�e�)� 

�4�H�-�1�,�3�-�b�e�n�z�o�d�i�o�x�i�n� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �S� 

�c�h�l�o�r�o�p�h�e�n�e� �c�e�l�l�s� �c� 

�n�-�e�i�c�o�s�a�n�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �C� 

�2�-�f�u�r�f�u�r�a�l� �f�i�l�t�r�a�t�e� �S� 

�n�-�h�e�n�e�i�c�o�s�a�n�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �c� 

�h�e�x�a�d�e�c�e�n�o�a�t�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �S� 

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

�m�y�r�c�e�n�o�l� �f�i�l�t�r�a�t�e� �S� 

�m�y�r�i�s�t�i�c� �a�c�i�d� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �C� 

�n�-�n�o�n�a�d�e�c�a�n�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �C�c� 

�n�-�o�c�t�a�d�e�c�a�n�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �c� 

�o�c�t�a�d�e�c�e�n�e� �c�e�l�l�s� �S� 

�p�a�l�m�i�t�i�c� �a�c�i�d� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �C�c� 

�2�-�p�h�e�n�y�l�p�h�e�n�o�l� �c�e�l�l�s� �C�c� 

�s�q�u�a�l�e�n�e� �c�e�l�l�s� �a�n�d� �f�i�l�t�r�a�t�e� �c� � � 

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

� � 

� � � � � � � � � � � � 

�1�0� 

�8� �a� 

�i� �*� 
�@� 

�z� 
�S� 

�=� 
�<� 
�F�e�y� 

�5� �4� 
�2� �@� 

�2� �=� 

�e�a�r�t�h�y�/�c�o�r�n�/�v�e�g�.� 
�:� �e�a�r�t�h�y�/�m�u�s�t�y� �e�a�r�t�h�y�/�c�o�r�n�/�m�u�s�t�y� �c�u�k�e�/�g�r�a�s�s�y�/�m�u�s�t�y� 

�@� �*� �@� 
�0� �|� �L�e�t� �a�l� �|� �L�i�t� �i�y�!� �_ ��w�e�n�l�o�n� �|� �_�,� �|� �A� �|� �e�e�v�e�e� �b�a�m� 

�0�.�0�3� �0�.�1� �0�.�3� �j� �3� �1�0� �3�0� 

�M�I�B� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �u�g�/�L� 

�F�i�g�u�r�e� �4�.�1�4� �C�o�m�p�a�r�i�s�o�n� �b�e�t�w�e�e�n� �F�P�A� �e�v�a�l�u�a�t�i�o�n�s� �o�f� �M�I�B� �d�e�t�e�c�t�e�d� �i�n� �P�h�o�r�m�i�d�i�u�m� �s�p�.� 

�a�n�d� �t�h�o�s�e� �o�f� �M�I�B� �s�t�a�n�d�a�r�d�s� �(�f�r�o�m� �F�i�g�u�r�e� �4�.�1�B�)�.� �T�h�e� �d�a�s�h�e�d� �l�i�n�e� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �t�h�e�o�r�e�t�i�c�a�l� 

�e�x�t�e�n�s�i�o�n� �o�f� �W�-�F� �p�l�o�t� �b�e�y�o�n�d� �t�h�e� �c�o�n�c�e�n�t�r�a�i�o�n�s� �e�v�a�l�u�a�t�e�d� �b�y� �t�h�e� �F�P�A� �p�a�n�e�l�i�s�t�s�.� 
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� � 

� � � � � � � � 

�a� 
�E� �3�0�f� �A� 

�o�O� �1�0�0�F� 
�2� 
�S� �3�0�}� 
�=� �1�0�+� 
�s�e� �|� 
�e� �3� �=� 

�S� �i�f� 
�o� �0�.�3� �P�e� �i� �s�i�e� �a�e� �a�_�i� 

�1�0�0� �|� 
�@� 

�2� �3�0� 
�a� �L� 

�6�S� �1�0� 

�E�I� �a�l� 

�i�f� 

�0�.�3�5� �a�m�l� �_�.� �a�m� �_�1� 

�1�.�2� 
�;� �C�c� �w�i�t�h�i�n� �c�e�l�l�-�f�r�e�e� 

�I�f� �c�e�l�l�s� �m�e�d�i�a� �.� 
�o� �|� �P�|� �e�+� �<� 

�3� �o�s�t� �:� 
�©� �S� 
�S� �0�6� 
�a�m�)� �|� 

�_ �� 

 � �� �0�.�4�4� 
�S� �|� 

�0�.�2� �1� 
�6 ��_�_�_�_�_�@ � ��*� �T�  ��O� 

�o �� �e�s� �m�e�l�e� �n�t� �u�n�l�,� �w�e�e�n� �a�i� �_�h� 

�0� �1�0� �2�0� �3�0� �4�0� 
�C�u�l�t�u�r�e� �a�g�e�,� �d�a�y�s� 

�F�i�g�u�r�e� �4�.�1�5� �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �M�I�B� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �P�h�o�r�m�i�d�i�u�m� �s�p�.� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� 

�c�u�l�t�u�r�e� �g�r�o�w�t�h�:� �(�A�)� �c�u�l�t�u�r�e� �g�r�o�w�t�h�,� �(�B�)� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �M�I�B� �i�n� �c�e�l�l�s� �a�n�d� �c�e�l�l�-�f�r�e�e� 

�m�e�d�i�a�,� �a�n�d� �(�C�)� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �M�I�B� �p�r�o�d�u�c�e�d� �p�e�r� �c�e�l�l� �a�n�d� �e�i�t�h�e�r� �r�e�t�a�i�n�e�d� �o�r� �r�e�l�e�a�s�e�d�.� 
�H�o�r�i�z�o�n�t�a�l� �d�a�s�h�e�d� �l�i�n�e� �i�n� �B� �r�e�p�r�e�s�e�n�t�s� �a� �c�o�n�s�e�r�v�a�t�i�v�e� �d�e�t�e�c�t�i�o�n� �l�i�m�i�t�.� �V�e�r�t�i�c�a�l� �b�a�r�s� 

�r�e�p�r�e�s�e�n�t� �+�1� �S�T�D� �f�o�r� �A� �a�n�d� �B�,� �a�n�d� �t�h�e� �e�r�r�o�r� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �C� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� �T�a�y�l�o�r� 

�(�1�9�8�2�)�.� 
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