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ABSTRACT 

11 

Research was initiated to examine the feasibility of 

removing the majority of 4-PCH from the XSBR latex employed 

in carpet manufacturing. The reduction of 4-PCH from such 

latices would lend insight into the control of certain 

carpet related illnesses. 

Patches of latex were cured in an oven while 

controlling the cure parameters. Specific parameters 

consisted of three temperatures (225, 250, and 275°F), four 

time intervals (5, 10, 15, and 20 minutes), and three levels 

of oven air recirculation (0, 50, and 100%). The 4-PCH 

remaining in the cured samples was extracted and analyzed by 

gas liquid chromatography. 

Initial 4-PCH concentrations in three latices were 

found to vary considerably, ranging from 316 + 6 to 1041 ± 

162 ppm in dry latex. 

Curing experiments were performed on two of the 

latices. Combinations of the aforementioned curing 

parameters resulted in latex 4-PCH reductions of between 8 

and 96 percent. Temperature was found to be the most 

significant cure parameter affecting 4-PCH reduction. 
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Until recently, non-industrial indoor air environments 

(e.g. offices, residences) were considered relatively free 

of air pollution, but research conducted over the last two 

decades has shown that pollution concentrations in these 

environments are frequently higher than that of outdoor air 

(Figure 1) (Miksch et al. 1982; Ember 1988; Monteith and 

Stock 1984). Indoor air quality has become a significant 

environmental health issue because most people spend 90% of 

their time indoors, as reported in a study on time budgets 

by Moschandreas, (1981). With this amount of time being 

spent indoors, the possibility of negative health effects 

from indoor pollutants cannot be neglected. 

Between 1974 and 1984, the number of people attributing 

some ailment to the poor quality of indoor air tripled 

(Melius et al. 1984). A study published in 1983 by the 

National Institute for Occupational Safety and Health 

(NIOSH) of 203 health hazard evaluations involving indoor 

air quality (excluding investigations of asbestos-related 

problems) demonstrated this dramatic increase. As reported 

in that study, only six indoor air quality investigations 

were completed by NIOSH before 1978. In 1980 and 1981 the 

number of completed investigations had grown to 80 and 44, 

respectively. Between mid 1980 and mid 1981, non-

industrial indoor air pollution accounted for 13% of all 
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FIGURE 1. Comparison of gas chromatograms for equal 
volume inside and outside air samples. 

from Miksch et al. 1982. 



complaints to NIOSH, an increase from only 5% three years 

earlier (Clarkson 1984). 

In recent years, thousands of cases of indoor air 

pollution related health complaints have been received by 

the Consumer Product Safety Commission (CPSC) (Gupta et al. 

1982). Also demonstrating this concern for indoor pollution 

are a number of other studies which have indicated that 

indoor air pollutants can adversely affect human health and 

welfare (Repace and Lowrey 1980; WHO 1979; NRC 1981). 

This issue of indoor air pollution poses a special 

problem which makes it unique from typical industrial 

problems. First, low level chemical or biological 

contaminants are usually involved. Second, additive or 

synergistic effects are not well understood. Third, the 

non-industrial population includes greater numbers of older, 

sedentary, ill, and child-bearing individuals, all of whom 

may be more susceptible to illness. 

Causes of the Problem 

The recent increase in indoor air pollution has been 

primarily attributed to the 1973 oil embargo and the surge 

of energy conserving practices and devices that followed. 

With the crisis came changes in construction materials and 

architectural design that had direct effects on indoor air 

quality. 

Anticipating the impending energy crisis, in 1973 the 
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American Society of Heating, Refrigeration and Air 

Conditioning Engineers (ASHREA) reduced its recommended 

minimum fresh air ventilation rates from ten cfm/person to 

five cfm/person in an effort to save energy. Prior to 1946, 

thirty-five cfm/person was the -accepted ventilation 

guideline in twenty-five states, as reported by Bardana 

(1986). 

In 1978, the National Energy Conservation Policy Act 

was adopted by the U.S. Department of Energy to prompt the 

adoption of energy-conserving measures. The driving forces 

for the act were financial incentives, tax breaks, and low 

interest loans offered by the government and some utility 

companies. The act encouraged the weatherization of new and 

existing buildings to prevent the gain or loss of air which 

required energy to condition. Increasing insulation, 

weatherstripping doors and windows, caulking leaks and 

installing vapor barriers were some of the measures promoted 

to reduce energy loss through air infiltration or leakage 

(Turiel 1985). In new buildings, windows that opened were 

often eliminated in favor of mechanical ventilation systems. 

These tighter, more energy efficient buildings 

prevented the removal and dilution by outside air of 

pollutants generated in, or carried into the indoor 

environment. Traynor (1981) demonstrated a typical air 

infiltration rate reduction of 25-30% after the 

weatherization of residential buildings. This reduction was 
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found to result in an equivalent increase in the 

concentration of non-reactive indoor-generated pollutants. 

To compound the problem, various synthetic construction 

materials were being introduced, many of which had a 

tendency to give off toxic gases and vapors. A study by 

Wallace et al. (1987) detected between 10 and 100 organic 

compounds offgassing from 15 commonly used building and 

consumer products. They concluded that materials found in 

nearly every home and place of business may cause exposure 

to toxic chemicals. 

Molhave (1982) analyzed the air around 42 building 

materials and identified 52 different organic compounds with 

an average of 22 compounds offgassing from each material. 

Toxicological evaluation concluded that 82% of the compounds 

were suspected irritants, 25% were suspected carcinogens and 

30% had odor thresholds below the average concentration 

measured in the study. 

This increase in energy efficient building and 

decreased recommended ventilation rates, coupled with the 

use of new synthetic building materials and consumer 

products, were all responsible for the significant increase 

in reports of building related illnesses which has recently 

been of much concern. 

Contaminants, Their Sources, and Effects 

Indoor air contaminants are numerous and their sources 
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varied. These contaminants can come from outside sources, 

the building material itself, building equipment, 

maintenance and cleaning materials, or the inhabitants and 

the products they use. Tables I-V (derived from Holt 1984; 

Melius 1984; Repace 1982; Turiel 1985; Wadden 1983) list a 

number of contaminants and their sources. 

Health complaints from indoor air pollution have been 

found to range from clearly defined respiratory infections 

to non-specific symptoms. The most common complaints 

include: eye, nose and throat irritation, headache, fatigue, 

nausea, chest tightness, sneezing and irritability, as 

described in a 1988 EPA publication entitled "Indoor Air 

Facts". When associated with non-industrial indoor 

environments, these symptoms have become collectively known 

as the "Tight (or Sick) Building Syndrome". 

The concentration of indoor air pollutants depends on 

the size and nature of the source, the size of the building, 

ventilation rate, temperature, humidity, the reactivity of 

the contaminant, and other factors (Meyer 1983). Biological 

pollutants are capable of causing infections and allergic 

reactions. Although many chemical pollutants are known to 

cause adverse effects, including allergies, if present at 

high enough levels, the significance of low levels of these 

chemicals is not well understood. Toxicological data for 

low level exposures is lacking for many of these compounds. 

Three contaminants of recent concern are radon and 
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TABLE I. Sources of contamination from outside the 
building 

Bacteria Sulfur dioxide 
Carbon dioxide Fungi 
Particulates Pollen 
Carbon monoxide Ozone 
Nitrogen oxides Lead 
Hydrocarbons 

from Holt 1984. 

TABLE II. Sources of contaminants from building materials. 

Contaminants Sources 

Formaldehyde Particle board 
Urea- formaldehyde foam 

insulation 
Plywood resins 
Hardwood paneling 
Carpeting 
Upholstery 

Asbestos Draperies 
Stove mats 
Floor tiles 
Spackling compounds 
Furnaces 
Roofing 
Insulation 
Acoustical material 

Organic vapors Carpets 
Carpets adhesives 
Wood finishes 

Radon decay products Concrete 
Brick and stone 
Soil 

Man-made mineral Fiberglass insulation 
fibers Mineral wool insulation 

Wet building materials Fungi 
Bacteria 

from Holt 1984. 
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TABLE III. Sources of contaminants from building equipment 

Contaminations Sources 

Ammonia Microfilm machines 
Blue print machines 

Ozone Electrical equipment 
Electrostatic air cleaners 

Carbon monoxide Combustion sources including: 
Carbon dioxide gas ranges, dryers, water 
Sulfur dioxide heaters, kerosene heaters 
Nitrogen dioxide fireplaces and wood stoves 
Hydrogen cyanide and garages 
Particulates 
Benzo(a)pyrene 
Amines Heating, ventilating and 
Fungi air conditioning systems 
Bacteria 
Amoebae 
Methyl alcohol Photocopying machines 
Trinitrofluorene 
Trinitrofluorenone 
Methyl alcohol Duplication machines 
Methacrylates Signature machines 
Particulates Video display terminals 

from Holt 1984. 
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Contaminants Sources 

Forma1dehyde Paper towels 
Disinfectants 
Carpet shampoos 
Cleaning products Sodium carbonate 

Sodium perborate 
Sodium phosphates 
Ammonium compounds 
Borax 
Pine oil 
Trichloroethylene 
Naphtha 
Kerosene 
Petroleum solvents 
Alkyl benzene sulfonate 
Sodium dodecyl sulfate Carpet shampoos 
Phthalates Varnishes, paints, 
Methylene chloride polishes, cleaners, etc. 
Benzene 
Cumene 
Benzaldehyde 
Mesitylene 
Limonene 
2-methyl-naphthalene 
Diethy1-phtha1ate 
Tetradecane 
1,1,1-trichloroethane 
1,1,2,2-perchloroethylene 
Cyclohexene 
n-Heptane 
n-Octane 
n-Decane 
Naphthlene 
Butylcyclohexane 
n-Hexadecane 
5-phenyldecane 
Toluene 
Ethylbenzene 
Xylene 
Propylbenzene 
and others 

from Holt 1984. 
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TABLE V. Sources of contaminants from building 
inhabitants and the products they use. 

Contaminants Sources 

Carbon dioxide Metabolic activities 
Water vapor 
Carbon monoxide 
Acetone 
Ammonia 
Many odorous organic 
compounds 

Fungi 
Bacteria 
Carbon monoxide 
Carbon dioxide 
Nitrogen oxides 
Nitrosamines 
Formaldehyde 
Acrolein 
Benz o(a)pyrene 
Pyrene 
Benzo(a)Fluorene 
Anthanthrene 
Cadmium 
Water 
Fluoranthene 
Phenols 
Perylene 
Hydrogen cyanide 
Acetaldehyde 
Ammonia 
Many others 
Fluorocarbons 
Chlordane 
Pentachlorophenol 
Toluamide 
Petroleum distillates 
Dicarboxamide 
Pyrethrins 
and others 
Organic solvents Hobbies and crafts 

derived from Melius 1984; Repace 1982; Turiel 1985; Wadden 
1983; CIP 1981. 

Coughing 

Tobacco smoke 

Aerosol sprays 
Pesticide applications 
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radon progeny, formaldehyde, and tobacco smoke. These 

pollutants have received attention because high 

concentrations have been measured in many indoor 

environments and the health effects are well-known or 

strongly suspected. 

Radon gas is a decay product in the uranium decay 

series. It is emitted naturally from soil, mineral building 

materials, and spring or well water. The major health risks 

associated with radon result from the alpha-decays of two 

short-lived progeny, 218Po and 214Po. These progeny can 

attach to airborne particles and may be inhaled and retained 

in the respiratory system. The main health hazard is the 

increased risk of lung cancer. A study by Budnitz et al. 

(1979) found levels of radon and its decay products inside 

conventional buildings often higher than that of ambient 

outdoor levels. This study and others (Evans et al. 1981; 

Jonassen and McLaughlin 1982) asserted that these elevated 

levels could increase the risk of lung cancer. The presence 

and concentration of radon in a building depends on the 

geographical location, building materials, foundation type, 

water supply source, and ventilation rate of the structure. 

Another contaminant of concern is formaldehyde, a 

pungent, irritating gas. Formaldehyde outgasses from urea-

formaldehyde foam insulation, resins used in particleboard 

and plywood, consumer products, fabrics, and, to a lesser 

extent, from combustion processes. Levels measured in some 
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indoor environments (0.05-5 ppm) have been implicated in 

causing a variety of health effects including: eye, nose and 

throat irritation, coughing, skin rashes, headaches, 

dizziness, nausea, vomiting, and nose bleeds (American Lung 

Association 1986). As much as 10% of the population may be 

hypersensitive to formaldehyde, even at levels far below the 

federal standards (Repace 1982). In addition, it has been 

shown to cause nasal cancer in rats, and is therefore a 

suspected human carcinogen (Sun 1981). 

Tobacco smoke is another major source of indoor 

pollution with known health effects. Numerous papers have 

been published on the harmful effects of smoking. In 1980, 

the U.S. Surgeon General declared tobacco smoke to be a 

proven human carcinogen and a respiratory toxicant. It has 

been estimated that 33% of the population smokes and the 

typical smoker smokes 32 cigarettes/day (Fisk et al. 1987). 

The composition of tobacco smoke depends on smoker behavior, 

burning temperature, and type of filter but may contain some 

or all of the compounds listed in Table V. 

Control Strategies 

There are three general approaches to controlling 

indoor air pollutants: source removal, modification, or 

substitution, ventilation, and air cleaning. Usually a 

combination of these approaches are necessary. 

The ideal method of controlling indoor air pollutants 
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is source removal, although substitution is a more common 

method of control. Source removal applies to situations 

where the source is known and a substitution is not 

required. This method was successfully employed in the 

state of Minnesota in 1979, by prohibiting smoking in the 

work-place, restaurants, sports arenas, and other public and 

commercial buildings (Repace 1982). A source may also be 

modified to have a lower emission. This can be accomplished 

by changes in design, encapsulation, spacial confinement, or 

temporal use (Turiel 1985). For instance, Roffael (1979) 

demonstrated that phenol-formaldehyde-bonded particle board 

and disocyanate-bonded board emitted approximately one-tenth 

as much formaldehyde as urea-formaldehyde board. 

Ventilation is used to exhaust contaminants directly 

from the source or to dilute contaminants. When the outside 

air is cleaner than inside air, this method is effective for 

all types of pollutants. Dilution ventilation is the 

suggested method when the contaminant source is not known. 

According to present ASHRAE standards (revised in 1981) 

ventilation rates should be adjusted according to the 

activities taking place in a building space. For example, 

office space ventilation rate standards increase from 5 

cfm/person to 20 cfm/person when smoking is allowed. 

Berglund (1982) also suggests that new buildings should have 

a gassing-off period, with no recirculation air for at least 

six months. This would allow for the removal of 
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contaminants before the building is occupied. 

Another control strategy involves air cleaning. There 

are several methods of cleaning air: mechanical filtration, 

electrostatic precipitation, adsorption, and absorption 

(Wadden and Scheff 1983). The first two are effective in 

removing particulate contaminants and the latter two, 

gaseous pollutants. 

Regulatory Measures 

The quality of the indoor environment is not the 

responsibility exclusively of any individual or government 

agency. The U.S. Government has taken a very fragmented 

approach towards the problem. For the most part, controls 

are merely suggestions and very few regulations exist, as 

discussed by Sexton and Repetto (1982). There are several 

federal and state agencies, as well as professional 

organizations which touch on various aspects of indoor air 

pollution, but none completely deal with the problem. Among 

them are the Environmental Protection Agency (EPA), 

Occupational Safety and Health Administration (OSHA), 

Consumer Products Safety Commission (CPSC), Department of 

Housing and Urban Development (HUD), American Conference of 

Governmental Industrial Hygienists (ACGIH), and ASHRAE. 

The EPA is the lead agency for air pollution control 

but limits its responsibility primarily to outside air. 

Nevertheless, under the Clean Air Act, EPA does have the 
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authority to control the manufacture or use of certain 

hazardous substances (e.g. asbestos), regardless of where 

they are used (Repace 1982). 

OSHA is responsible for safeguarding worker health in 

the workplace. However, OSHA standards are set to protect 

the majority of healthy workers and are based upon an 8 

hour/day, 40 hour/week exposure (OSHA 1970). For these 

reasons, standards developed for the industrial workplace, 

as Oslager (1980) has suggested, may not be appropriate for 

non-industrial applications. 

The safety and health effects of consumer products are 

evaluated by the CPSC. This includes products which may 

emit indoor pollutants. CPSC can, if warranted, force a 

product to be withdrawn from the market, as it did in the 

case of urea-formaldehyde foam insulation. This ban, 

however, was overturned by a Federal Court of Appeals 

(Ashford et al. 1983). 

In addition to the previously mentioned agencies, HUD 

establishes building standards for certain government 

properties and material standards for mobile home 

construction. HUD impacts various pollutants such as 

formaldehyde and radon. Private groups such as ASHRAE and 

ACGIH promulgate voluntary guidelines directed to improve 

indoor air quality. Also, some state government agencies 

have adopted indoor air quality standards of their own as in 

the case of California-OSHA (ACHRN 1986) and the State of 
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Minnesota (Meyer 1983). 

This lack of clearly assigned responsibilities has 

impeded the formation of established concentration standards 

and control specifications. Nero (1988) concluded that the 

control of indoor air pollution must go beyond the 

conceptual basis of current regulatory structures, and 

rational pollution control strategies must be thought out 

anew. 

Carpet Emissions 

Among the specific sources of indoor air pollution 

which have been identified, carpeting has been recognized as 

an important offender. Since the 1950's, the carpet 

industry has progressed from natural construction materials 

to synthetic materials. From cotton and wool the industry 

advanced to rayon, polyester, polypropylene, and nylon. 

Jute gave way to woven polypropylene. Starch and natural 

rubber were replaced by styrene-butadiene (SBR), 

carboxylated SBR, ethyl-vinyl acetate (EVA), and urethane. 

(Singer 1972;. 

With the arrival of man-made materials came problems of 

odorous and potentially toxic emissions. A study by Wallace 

et al. (1987) identified 30 and 21 different compounds in 

headspace samples from two different carpets. Monteith et 

al. (1984) found eight common indoor air contaminants 

emanating from carpeting. These included n-butanol, 
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tetrachloroethylene, m,p-xylenes, p-dichlorobenzene, 

nonanal, n-undecane, and tetradecane. Formaldehyde was also 

found to be emitted by carpeting (Godish and Kanyer 1982). 

Miksch et al. (1982) made a comparison of the emissions of 

five different carpet samples: two nylon jute-backed, a 

polypropylene foam-backed, an acrylic foam-backed, and an 

unknown carpet sample. Besides styrene, dichlorobenzene, 

trimethylcyclohexane, and aliphatic hydrocarbons they 

identified a peculiar compound, 3-phenylcyclohexene, from 

the two nylon jute-backed samples. Difficulties with 

nomenclature of this family of compounds suggest that the 3-

phenylcyclohexene reported in this study was probably 4-

phenylcyclohexene. 

4-Phenylcyclohexene: An Emission From Carpeting 

In the last several years, various health and related 

agencies in Arizona and nationwide have received numerous 

health complaints following the installation of new 

carpeting. Symptoms experienced by affected individuals 

included: eye, nose, and throat irritation, headache, sinus 

irritation, and fatigue (Crabb 1984; Walsh 1986; NIIP 1986). 

Although formaldehyde and adhesives used to bind carpeting 

to the floor were implicated in some of the cases, recent 

research by Crabb (1984), Walsh (1986) and Voglemann 

(unpublished) at the University of Arizona's Department of 

Pharmacology and Toxicology have shown that another 
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compound, 4-phenylcyclohexene, may be related to these 

symptoms. 

Initial assessment of carpet emissions by Crabb (1984) 

identified a predominant and common contaminant from three 

different carpet samples collected from environments where 

the previously mentioned symptoms existed. Gas 

Chromatographic/Mass Spectrometric (GC/MS) analysis of the 

headspace from two of these samples, and a toluene 

extraction from the latex backing of the third, revealed 

that the compound 4-phenylcyclohexene (4-PCH) was common to 

all (Table VI). Air samples collected in an office area 

where health complaints were registered also demonstrated 

the presence of 4-PCH at concentrations of between 10 and 15 

parts per billion (ppb). Due to the commercial 

unavailability of 4-PCH, the initial quantification of 

indoor levels relied on the use of 1-phenylcyclohexene, an 

isomer of 4-PCH (Figure 2). 

FIGURE 2. Structure of 1-phenylcyclohexene, an isomer of 
4-phenylcyclohexene. 
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TABLE VI. Compounds identified in carpet samples by GC/MS. 

Blue Carpet Brown Carpet Toluene Extracted 
Brown Carpet 

4-PCH8 4-PCH8 4-PCH8 

Dimethyl benzene Low molecular 
weight hydrocarbon 
<<VHW) 

Low molecular 
weight hydrocarbon 
(W 

Propyl benzene Low molecular 
weight hydrocarbon 
(C12H24) 

Butylated hydroxy-
toluene (BHT) 

Low molecular 
weight hydrocarbon 
(C^) 

Unidentified 
compound 
(possibly a low 
molecular weight 
amide from the 
carpet fiber) 

8 4-PCH refers to 4-phenylcyclohexene which was 
identified as l-phenyl-3-cyclohexene by Crabb (1894). 

from Crabb 1984. 
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Crabb (1984) was able to implicate the latex, employed 

as a back-coating adhesive in carpet manufacturing, as the 

source of the 4-PCH. A review of the literature revealed 

that 4-PCH is produced as a side product during the 

production of styrene-butadiene rubber (SBR) latex (Figure 

3). This dimer is formed, to a small extent, by a Diels-

Alder-type reaction which takes place during the 

polymerization of styrene and 1,3-butadiene. Due to the 

absence of reports in the literature on the toxicological 

effects of 4-PCH, Crabb concluded that the toxicology and 

environmental prevalence of 4-PCH should be investigated. 

styrene 1,3-butadiene 4-phenylcyclohexene 

FIGURE 3. Reaction of styrene and 1,3-butadiene to form 
4-phenylcyclohexene. 
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To facilitate more detailed environmental assessments 

and toxicological studies, it was necessary to first 

synthesize 4-PCH. Walsh (1986) was able to synthesize 4-

PCH, with greater than 99.5% purity, by the dehydration of 

recrystallized 4-phenylcyclohexanol (in ligroin) using 

hexamethylphosphoramide (HMPA) as the dehydrating agent. 

Interestingly, the odor of this final 4-PCH product closely 

resembled that of "new carpet". 

Preliminary environmental monitoring by Walsh (1986) 

in buildings where new carpeting had been installed revealed 

indoor 4-PCH levels of between 0.3 and 20 ppb. No 

detectable levels of 4-PCH preceded carpet installation. 

Levels appeared to decay over time at a rate seemingly 

related to the degree of fresh make-up air. Figures 4 and 5 

represent the results of the initial monitoring. The odor 

of new carpet was perceivable to the occupants and the 

investigator at 0.3 ppb and was quite strong at 5 ppb. 

Preliminary toxicological studies on 4-PCH indicated a 

low order of acute oral toxicity (Walsh 1986). The oral 

LD50 in rats was between 500 and 5000 mg/kg. No skin 

irritation was exhibited in guinea pigs with 0.1 milliliters 

of 4-PCH. However, slight eye irritation was seen in 

rabbits with the same dosage. Intratracheal administration 

of 2-microliters produced cellular damage and hemorrhaging 

in the lungs of rats. No direct conclusions were drawn from 

these studies, although the investigator did speculate on 
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FIGURE 4 .  Variation in the air concentration of 4-PCH over 
time at P.F.W. apartments. 

LDL = Lower detectable limit B = Before installation 

from Walsh 1986. 
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FIGURE 5. Variation in the average environmental 4-PCH 
concentrations of 100% wool and 100% nylon 
carpets over time at T.R. residence. 

from Walsh 1986. 
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the correlation between these results (lung damage and 

slight eye irritation) and symptoms exhibited by humans 

exposed to 4-PCH (respiratory and eye irritation). 

To further characterize indoor 4-PCH levels, a detailed 

environmental study was conducted in a residence and a 

workplace following the installation of new carpeting 

(Voglemann unpublished). Non-detectable 4-PCH levels 

preceded installation, while readily detectable 

concentrations appeared during and shortly after 

installation of the carpeting. Average 4-PCH concentrations 

peaked at 26 ppb three days following installation and 

decreased to 6 and 1 ppb after 1 and 10 months, 

respectively. At 1 ppb, the "new carpet" odor was only 

slightly detectable to unacclimated visitors upon entering 

the area. The 4-PCH decay for the residence in the study is 

illustrated in Figure 6. 

In addition, Voglemann evaluated the 4-PCH decay 

pattern from new carpet in a 2.5 cubic meter Teflon-lined 

Plexiglas chamber. The chamber was sampled for 4-PCH after 

carpet samples were allowed to outgas for 9-15 hour periods. 

The chamber was purged for 30 minutes between each 

outgassing period. Atmospheric monitoring of the chamber 

environment continued for several days. The data obtained 

closely resembled the same 4-PCH decay pattern which was 

demonstrated in the indoor environmental study. 
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FIGURE 6. Decay of 4-PCH concentrations in a residence 
following the installation of new carpeting. 

from Voglemann unpublished. 
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Since the initiation of carpet-related research at the 

University of Arizona, several indoor air pollution 

problems, other than those previously mentioned, have been 

linked to 4-PCH and the installation of new carpeting 

(McClain 1988; Rossmiller 1988). One in particular occurred 

in January 1988, at the EPA headquarters in Washington, D.C. 

(Weisskopf 1989). One of the buildings had undergone 

renovation. Some employees experienced respiratory and 

throat irritation, dizziness, headache, and fatigue shortly 

after entering these newly renovated quarters. An EPA 

directed monitoring study found hundreds of volatile organic 

compounds, but at extremely low levels. Because new 

carpeting had been recently installed, monitoring was done 

for 4-PCH. Seven months after the carpet was installed, the 

4-PCH levels were found to be 1 ppb. A combination of 

increased ventilation and, in some areas, carpet removal, 

helped to alleviate the health problems experience by some 

individuals. 

To understand the generation of 4-PCH from carpets 

which utilize SBR latex and to formulate control strategies 

to reduce emission levels, it is necessary to first 

appreciate what goes into the manufacturing of carpeting. 

The variety of carpeting which frequently utilizes SBR latex 

as one of its constituents is known as tufted carpet. 



38 

Tufted Carpet Construction and Composition 

Tufting is the most important carpet manufacturing 

technique in use today. It accounts for 95% of all carpets 

manufactured in the U.S. (Monsanto pamphlet). 

The tufting process is a simple one. Carpet yarn, 

composed of 1-6 strands of single yarn or filaments twisted 

together, is weaved into a pre-woven primary backing to form 

tufts. The tufts compose the face of the carpet and 

together are referred to as the pile. The tufts are secured 

in the primary backing by a back-coating adhesive applied 

directly to the reverse of the primary backing. A secondary 

backing, coated with adhesive, is then laminated to the 

primary backing. The secondary backing is used to add body 

and dimensional stability (Shoshkes 1974). The construction 

of tufted carpets is illustrated in Figure 7. 

Various materials are used in tufted carpet production. 

These are listed in Table VII (derived from Shoshkes 1974; 

Scott 1988; Robinson 1972; Monsanto pamphlet). The back-

coating adhesive is one of the most important constituents. 

It affects many of the properties of the final product. The 

overwhelming majority of tufted carpets today utilize a 

carboxylated styrene-butadiene rubber (XSBR) latex as the 

back-coating adhesive (Scott 1988). As mentioned in the 

previous section, SBR is the source of 4-PCH. 

XSBR latex (Figure 8) contains polymerizable 

unsaturated carboxylic acids incorporated into it to impart 
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FIGURE 7. Cross-section of tufted carpet showing the 
construction. 

Components: (A) Yarn or Filament (B) Carpet Yarn (C) Tuft 
(D) Pile (E) Primary Backing (F) Back-coating Adhesive 
(G) Secondary Backing. 

derived from Shoshkes 1973. 
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TABLE VII. Materials used in tufted carpet construction. 

Yarn Backing Material, 
Primary and secondary 

Back-coating Adhesive 

Nylon 
Acrylic 
Olefin 
Polyester 
Wool 
Cotton 
Rayon 
Polypropylene 

Polypropylene 
Jute 
Cotton 

Carboxylated styrene-
butadiene rubber 
(XSBR) 

SBR 
Natural rubber 
Starch 
Polyurethane 
Ethyl-vinyl acetate 
Polyethylene 
Ethylene-vinyl 

chloride 

derived from Shoshkes 1973; Scott 1988; Robinson 1972; 
Monsanto pamphlet. 

HO O 
\// 
c 
I 

-CH,-C=C-CH,-CH,-C 

FIGURE 8. Structure for carboxylated styrene-butadiene 
rubber polymer. 

from Scott 1988. 
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higher adhesive strength through ionic interactions 

(Robinson 1972). The three most commonly used carboxylic 

acids are acrylic acid, methacrylic acid, and itatonic acid. 

Of the 50-60% styrene, up to 5% may contain the carboxylated 

monomer. Water, filler, surfactant, thickener, and other 

ingredients are added to the latex, which is then frothed to 

a desired density to form the final product. The final XSBR 

latex backing material typically contains 18% water by 

weight. A typical back-coating adhesive formulation is 

listed in Table VIII (derived from Scott 1988). 

Carpets back-coated with XSBR latex are then cured 

(dried) in forced air ovens at temperatures of between 250 

and 300°F until the moisture level in the oven decreases. 

This may take between 5 and 15 minutes (Scott 1988). During 

the curing, the carpet temperature will approach 215°F 

(Robinson 1972). 

The latex formulation, temperatures, times, materials, 

and oven air conditions vary greatly between manufacturers 

and depend upon the ultimate use of the carpeting. The 

above information describes general tufted carpet 

construction. 
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TABLE VIII. Typical formulation for XSBR latex back-coating 
adhesive. 

Ingredient Percent by Weight 

Water 7 
Latex 21 
Filler 70 

Calcium carbonate 
Whiting 
China clay 
Barytes 

Surfactant <1 
Sulfosuccinamate 

Thickener <1 
Polyacrylate 

Miscellaneous <1 
Pigments 
Defoamers 
Dispersants 
Chelating agents 
Stabilizers 
Penetrants 

derived from Scott 1988. 
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Up to this point, the only means of controlling the 

problems associated with carpet 4-PCH emissions has been to 

increase ventilation, wash the carpet, or remove the carpet 

altogether. This study was undertaken to explore the 

possibility of removing all, or the majority, of 4-PCH from 

carpets during their manufacture and thus reduce carpet 4-

PCH emissions after installation. Accomplishing this 

objective should reduce the number of health-related 

complaints associated with new carpeting. 

The specific objective of this study was to determine 

if the parameters of time, temperature, and oven air 

recirculation, affects the release of 4-PCH from XSBR latex 

during curing. 

To accomplish this, the experimental plan was to cure 

small patches of latex in an oven while controlling and 

varying the previously mentioned cure parameters. The cured 

samples would then be analyzed for the 4-PCH remaining. 

Following analysis, the significance of each cure parameter 

would be determined. 

There are obviously other materials used in carpeting 

(e.g. fillers, fibers) which may influence the emissions of 

4-PCH during the curing of carpeting. To simplify matters, 

this study focused only on the latex itself. 
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Reference Soxhlet Extraction Method 

To evaluate the effect of latex cure parameters on 4-

PCH emissions, it was first essential to define the actual 

starting 4-PCH concentration in the test latices. Two 

methods, which have been used by the latex and carpet 

industry to determine the 4-PCH content of liquid latices, 

are headspace gas chromatography with standard addition 

(described by Ettre et al. 1983) and methanol coagulation 

followed by direct GC analysis (SBLMC). Both methods were 

considered non-applicable to the detection of 4-PCH in dried 

or cured latices in the proposed study design. 

To ascertain the actual 4-PCH concentrations in the 

test latices, the samples were extracted using a Soxhlet as 

described below and analyzed by direct GC injection. Three 

unlabeled samples were obtained from a major carpet 

manufacturer in Dalton, Georgia. They were arbitrarily 

designated as Latex "A", "B", and "C". 

Carbon disulfide was selected as the extraction solvent 

due to 4-PCH's solubility, it's ability to swell and 

penetrate cured latex, and most importantly, it produced a 

minimal FID response. Other solvents examined were 

methanol, acetonitrile, dimethylformamide, toluene, and 

benzene. Methanol was excluded because of it's inability to 

penetrate cured latex. The others were excluded because of 
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their enormous FID responses which interfered with the 

analysis. 

Preliminary work found that the extent of the 4-PCH 

extracted by carbon disulfide was directly related to latex 

dryness (Figure 9). Since carbon disulfide is immiscible in 

water, the moisture in the latex appeared to reduce contact 

between the solvent and latex and thus inhibit 4-PCH 

extraction. This phenomenon was deemed insignificant in the 

experimental study since all the latices were in a similar 

dried (cured) state when extracted prior to analysis. 

240 

160 

O 120 

FIGURE 9. 

20 40 60 80 

% EXCESS MOISTURE 

Graph depicting the direct relationship between 
the extent of 4-PCH extraction and latex 
dryness. 

4-PCH was extracted from 100 ul latex samples in various 
stages of dryness (determined by weight) with 2 ml of carbon 
disulfide. 100% refers to totally wet latex and 0% refers 
to totally dry latex. 
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To determine the absolute 4-PCH content of all latices, 

a Soxhlet extraction apparatus, preferred by Wake et al. 

(1983) for rubber extractions, was employed to perform the 

extractions using carbon disulfide (Figure 10). With this 

apparatus, carbon disulfide is vaporized by heat in a flask 

and condensed onto the latex sample located in the Soxhlet. 

When enough solvent collects on the sample, it syphons back 

into the flask carrying with it the extracted 4-PCH. The 4-

PCH (bp = 235°C) remains in the flask because it boils at a 

much higher temperature than carbon disulfide (46°C) . This 

process repeats until all extractable 4-PCH is removed from 

the latex and collected in the flask. 

Wet latex samples (0.5 ml) were pipetted onto tared 

pieces of aluminum foil (2x4 cm) using 5 ml Kimax 

serological pipettes. Since the extraction was dependent on 

latex dryness, the latex samples were forced air dried (1 

liter per minute) for three hours at room temperature using 

the system shown in Figure 11. 

The drying air for each sample was drawn through an 

activated charcoal tube (described by Walsh 1986) to collect 

any 4-PCH lost during drying. This charcoal was later 

desorbed with 2 ml carbon disulfide and analyzed for 4-PCH 

to determine the amount lost during drying. The dry latex 

samples were then weighed, placed in the Soxhlet extraction 

apparatus, and extracted with 60 ml of carbon disulfide. 

The extraction was carried out for two hours, yielding six 



47 

FIGURE 10. Soxhlet extraction apparatus used for 
4-phenylcyclohexene extractions from XSBR latex. 

Components: (A) 45/50 Kimax condensing column, (B) 24/40 
Kimax Soxhlet, and (C) 24/40 Kimax round bottom flask. 

Components not shown: Whatman disposable cellulose 
extraction thimbles cat.# 2800258, Glas-Col heating 
element ser.# 110651, and Staco Inc. variable auto 
transformer type 2PF 1010. 
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D 

FIGURE 11. System used to dry latex samples before 
extraction. 

Components: (A) Teflon coated plastic medicine vial, (B) 
SKC Inc. charcoal tubes cat.# 109, (C) Tygon tubing, 
and (D) Mine Safety Appliances personal sampling pump 
models S and G. 

extraction cycles. The carbon disulfide was cooled in an 

ice bath and a portion (2 ml) was removed and analyzed for 

4-PCH. All gravimetric analyses were accomplished using a 

Mettler H31AR analytical balance (ser.# 799738). 

The content of 4-PCH in the dry latex, and the amount 

lost during drying, were determined using gas 

chromatography. The total 4-PCH concentration in nanomoles 

was converted to parts per million (ppm) in the dry latex 
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EQUATION 1. 

nM 4-PCH lost to air + nM 4-PCH in dry latex = sum nM 4-PCH 

EQUATION 2. 

sum nM 4-PCH x 158.24 crm x mole x 1000 ma x 106 = ppm 4-PCH 
mg dry latex x mole x 10v nM x gin in dry 

latex 

Soxhlet extractions for each of the three latices were 

repeated in triplicate. The carbon disulfide used for all 

extractions and charcoal desorptions contained a 1-

phenylcyclohexene (1-PCH) internal standard at a known 

concentration. The internal standard solution is described 

in the following section. A flow diagram of the reference 

Soxhlet extraction is shown in Appendix I. 

Analysis of 4-Phenylcyclohexene 

The method of 4-PCH analysis utilized was developed by 

Crabb (1984) and modified by Walsh (1986). The 

chromatographic parameters of temperature and gas flow were 

modified slightly to achieve improved sensitivity and 

separation. 

All extracts, desorptions, and standards were analyzed 

for 4-PCH by gas chromatography and utilized a 1-PCH 

internal standard. One microliter (ul) injections were made 
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on a Hewlett-Packard model 5890A gas chromatograph with a 

flame ionization detector (FID). A ten meter, fused silica 

series 530 micrometer capillary column with a HP-17 (50% 

methyl, 50% phenylpoly-siloxane) liquid phase was used. 

The chromatograph was operated isothermally at 115°C 

with a nitrogen carrier gas flow of 17 ml/min. The FID gas 

flows were 200 ml/min for air and 50 ml/min for hydrogen. 

The injection port temperature was set at 225°C and the 

detector at 250°C. Peak areas were quantitated using a 

Hewlett-Packard model 3390A integrator/recorder. 

The carbon disulfide/internal standard solution was 

prepared by adding 7.5 ul 1-phenylcyclohexene (Aldrich 

Chemical Co., >97% pure, lot# 123077) to 500 ml carbon 

disulfide (Fisher Chemical, spectranalyzed, lot# 88029) to 

give a 1-PCH concentration of 94.13 nM/ml. This solution 

was used to extract and desorb all samples, and to make up 

standards. The 1-phenylcyclohexene (1-PCH) provided a 

constant reference concentration for all injections made on 

the GC. 

A stock standard solution was prepared in carbon 

disulfide by adding 4 ul of 4-PCH (synthesized by the 

University of Arizona Chemistry Dept., 2-17-86, >99% pure) 

to 4 ml of carbon disulfide in a teflon-capped borosilicate 

vial. This gave a 4-PCH concentration of 6351.11 nM/ml. 

From the stock solution, standards were made by adding 

varying amounts (0.5-10 ul) to vials containing 2 ml of 
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carbon disulfide/internal standard solution. This generated 

standards ranging from 1.59-31.76 mM/ml 4-PCH. New 

standards were created for each new batch of carbon 

disulfide/internal standard solution used in the study. 

Appendix II represents a flow diagram for the preparation of 

standard solutions and internal standard solution. 

The ratio of 4-PCH integrator area counts to 1-PCH area 

counts was plotted against 4-PCH concentration to generate a 

standard curve. The area count ratios of unknowns were 

compared to the standard curve and the nM 4-PCH/ml carbon 

disulfide determined. This was multiplied by the number of 

ml carbon disulfide used to extract or desorb the sample to 

give the total nM 4-PCH in the sample. Equation 3 

demonstrates this computation. 

EQUATION 3. 

nM 4-PCH x ml carbon disulfide used = total 
ml carbon disulfide nM 4-PCH 

Single Extraction Efficiency 

Although the Soxhlet extraction technique was employed 

to determine the absolute 4-PCH content of the different 

latices, this approach was impractical for routine use. As 

a result, it was the strategy to perform a single extraction 

and correct the results for extraction efficiency relative 

to the Soxhlet extraction (100%). Therefore, it was 



necessary to determine the 4-PCH extraction efficiency of a 

single carbon disulfide extraction for all three latices. 

Latex samples (100 ul) were pipetted (MLA 100 ul 

pipette) onto tared pieces of aluminum foil (2 cm2) and 

spread over a 1 cm diameter area. A raised circle of this 

diameter was imprinted on each piece of foil by pressing the 

foil between a plastic template and the thumb. This 

procedure imparted a uniform drying surface area to all 

samples. 

The latex samples were forced-air dried (1 liter/min) 

in the previously described drying system for two hours. 

Since the results of the Soxhlet extractions demonstrated 

the amount lost during room temperature drying was 

negligible, the charcoal tube was omitted. The dry samples 

were weighed, extracted with carbon disulfide, and analyzed 

for 4-PCH. The results were expressed as ppm 4-PCH in dry 

latex using Equation 1. 

Preliminary extraction efficiency work, using various 

volumes of carbon disulfide (2, 3, 4, 5, or 10 ml), 

exhibited a 4-PCH concentration-dependent extraction 

efficiency (Figure 12). This indicated that at high latex-

to-solvent ratios, the solvent was being saturated and a 

lower percentage of 4-PCH was being extracted. To 

circumvent this problem, results were considered valid only 

if they lay in the analysis range between 7 and 32 nM/ml, 

where extraction efficiency was fairly constant (Figure 13). 
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FIGURE 12. Graph depicting the 4-PCH concentration 
dependent extraction efficiency (latices were 
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FIGURE 13. Graph demonstrating a relatively constant 
extraction efficiency in the 7-32 nM/ml 4-PCH 
range (latices were forced-air dried). 
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Samples out of this range were repeated, after diluting with 

more solvent. 

To validate the extraction efficiency in the 

aforementioned concentration range, single carbon disulfide 

extractions were performed on ten samples from each of the 

three latices. Samples were placed on tared pieces of 

aluminum foil in the same manner as previously described. 

These samples were desiccated in a Kimax desiccating jar 

with a calcium carbonate desiccant (Hammond Drierite Co.) 

for two hours, instead of forced-air dried. The desiccating 

method was utilized because it was simpler and was not 

dependent on ambient humidity. Desiccating all the samples 

produced more consistent results than the forced-air drying 

method, as indicated by less variation in the sample dry 

weights and extraction efficiencies. Latex samples of 50 ul 

(MLA 50 ul pipette) were used instead of 100 ul to minimize 

the required drying time. After drying, the samples were 

weighed, extracted with an appropriate amount of solvent, 

and analyzed for 4-PCH. The results were reported as ppm 4-

PCH in dry latex. Appendix III shows a flow diagram of this 

procedure and Appendix IV represents the standard operating 

procedure for the latex preparation, extraction, and 

analysis of 4-PCH. 

The extraction efficiency was calculated by dividing 

the results obtained in the single extraction by the average 

results of the Soxhlet extraction for the same latex. This 
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EQUATION 4 .  

ppm 4-PCH in dry latex (single extraction! = extraction 
ave ppm 4-PCH in dry latex (Soxhlet extraction) efficiency 

Design of Experimental System 

In a conventional large volume forced-air lab oven, the 

effects of moisture and volatile chemicals leaving the small 

latex samples would be insignificant. In order to determine 

the effect of oven air recirculation on latex 4-PCH 

emissions, it was necessary to use an oven which was scaled 

to the test samples. 

A small forced-air oven was fabricated out of steel. 

It was able to hold four 1 cm diameter latex samples. The 

oven volume-to-latex surface area was closely proportional 

to that of a carpet-curing oven in industry and standard 

size carpeting. Table 9 compares the dimensions. 

The oven was heated by conduction from a hot plate. 

Incoming air was pre-heated by passing through a coiled 

copper tube, which wrapped around the hot plate before 

entering the oven. Inside the oven housing, the air was 

evenly diffused across the sample chamber by an inlet and 

outlet air diffuser. The oven temperature was monitored by 

a calibrated thermocouple inserted through an air-tight port 

on top of the oven (Appendix V). The temperature profiles 
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TABLE IX. Comparison of dimensions for the experimental 
oven and a typical industrial carpet curing 
oven. 

Experimental oven Industrial Curing Oven 

Height 2 cm 10 ft 
Width 2 cm 25 ft 
Length 8 cm 75 ft 
Volume 32 cm3 18,750 ft3 

Sample surface area 3.1 cm2 900 ft2 

Volume/area ratio 10.3 20.8 

were recorded by a strip chart recorder (Appendix VI). The 

oven door screwed down against a rubber o-ring, which served 

to create an air-tight seal during the experiments. A 

diagram of the oven can be seen in Figure 14. 

Air exiting the oven was cooled in a copper condensing 

coil, submerged in a water bath (21°C), before entering a 

closed-loop air pump. From the air pump, air could either 

be recirculated, partially recirculated, or exhausted and 

fresh air introduced into the system. Tygon tubing 

interconnected the various parts of the system. The percent 

recirculation was controlled by three pinch valves located 

in the system's air lines. Water and organic chemicals were 

scrubbed from air entering the system by a bed of calcium 

carbonate and activated charcoal. The air flow into, and 

through, the system was measured by two in-line calibrated 

rotameters (Appendix VII). Two standard air exchanges per 
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FIGURE 14. Diagram of the oven fabricated for the curing 
experiments (arrows indicate the direction of 
air flow). 

Components: (A) oven door, (B) rubber o-ring, (C) hinge, (D) 
air inlet, (E) air diffusers, (F) thermocouple port, 
(G) air outlet, (H) sample chamber. Fiberglass 
insulation covered the top, back, and sides of the 
oven. 



58 

second were maintained the oven during the testing of all 

samples. Total system air leakage was less than one 

percent. A schematic of the oven system, and a list of its 

specific components, can be seen in Figure 15. Figure 16 

shows how different oven air recirculation patterns were 

achieved. 

C  

FIGURE 15. Schematic of oven curing system. 

Components: (A) Brooks Instruments Division rotameter type 
1355-00CLANN, (B) Atheson Gas Products rotameter 604, 
(C) copper pre-heating coil, (D) oven, (E) copper 
cooling coil, (F) Foxboro/Wilks Inc., closed loop 
calibration pump, model 106-0200, ser.# 0651, (G) pinch 
valves, (H) activated charcoal, SKC Inc and calcium 
carbonate, Hammond Drierite Co. 

Components not shown: VWR Dylatherm 619F hot plate, cat.# 
33918-432, Omega copper/constantine thermocouple, Omega 
TAC-80T thermocouple to millivolt converter, ser.# 
802504, Micronda digital multimeter, Houston Instrument 
stripchart recorder, model 4521, ser.# 154401-1004. 
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100% Recirculation 

50% Recirculation 

0% Recirculation 

FIGURE 16. Oven diagrams demonstrating how different oven 
air exchanges were achieved (arrows indicate 
direction of air flow). 
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Effect of Time/ Temperature, and Air Recirculation 

Specific cure parameters of time, temperature, and oven 

air recirculation were investigated to determine their 

effect on 4-PCH levels in the latex. The cure conditions 

chosen were similar to those used in the carpet industry. 

Three temperatures, four time intervals, and three levels of 

oven air recirculation were tested. Table 10 lists the 

specific cure parameters and the combinations tested. The 

testing was performed on two different latices, one 

containing a high 4-PCH content, and one containing a low 

content. A total of at least four latex samples were tested 

for each experimental point. Selected points were repeated 

on different days to examine reproduciblity of the system 

and results. 

For each cure parameter combination, four wet latex 

samples (100 ul) were pipetted onto tared pieces of aluminum 

foil in the same manner as described in the section titled 

"Single Extraction Efficiency". These samples were 

collectively cured in the oven under specified conditions. 

After curing, the samples were removed from the oven, cooled 

for one minute at room temperature, and weighed. The dry 

samples were placed in Teflon-capped vials and extracted for 

45 minutes with an appropriate amount of carbon disulfide 

(2, 3, 5, 8, 10, or 12.5 ml) to bring the 

4-PCH concentration within the analytical range (7-32 

nM/ml). The vials were agitated at the beginning, middle, 
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TABLE X. Specific parameters used for curing study and 
the combinations tested. 

Temperature (°F) Time (min) Air Recirculation (%) 

225 5 0 
225 10 0 
225 15 0 
225 20 0 

250 5 0 
** * 250 10 0 

* 250 15 0 
** 250 15 50 
** 250 15 100 

* 250 20 0 

275 5 0 
* 275 10 0 
* 275 15 0 
* 275 20 0 

* testing repeated for Latex "A". 
** testing repeated for Latex "C" 

and end of the extractions . The extractant for each sample 

was directly injected onto the GC. From the results, the 

ppm 4-PCH remaining in the dry latex was determined and 

expressed as a percentage of original 4-PCH remaining. A 

flow diagram of the curing procedure is shown in Appendix 

VIII. 

Statistical Evaluation 

Statistical analyses were performed on reference 



extraction, standard curve, and extraction efficiency data 

using the Number Crunching Statistical System (NCSS) and 

Sigmaplot. Means and standard deviations were calculated 

for each set of experimental results. Linear regression, 

correlation coefficient, and coefficient of variation were 

determined for the standard curve data. The results from 

the different lattices and repeats of experimental points 

were compared using the two sample t-test. 

ANOVA Three-way analysis of variance, and step-wise 

multiple regression were applied to the curing data using 

the VAX/VMS SPSS-X system. Dr. John Gains, a professor of 

Biostatistics at the University of Arizona College of 

Medicine, performed these computations. 
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RESULTS 

Analysis of 4-Phenylcyclohexene 

The first step in the analysis of 4-PCH in the 

extraction and desorption samples was the development of a 

standard curve. The area count ratios (ACR) of 4-PCH to 1-

PCH for known concentrations of 4-PCH were obtained from the 

gas chromatographic analyses. These ACR's were plotted 

against known 4-PCH concentrations to obtain a standard 

curve. The ARC's of unknown samples were compared to the 

standard curve to calculate the amount of 4-PCH present. 

Figure 17 shows examples of gas chromatograms from the latex 

extractions. 

A new standard curve was prepared for each new batch of 

1-PCH internal standard solution. This was done to reduce 

the errors associated with standard solution preparation. 

Four standard curves were prepared during the course of the 

study. Each standard was analyzed in triplicate to 

determine an average ARC value. The average coefficient of 

variation (CV) for the replicate analyses was 4.3 + 2.6%. 

The CV's were slightly higher in the lower third of the 

standard curve. CV's of the same magnitude were seen in the 

other standard curves. Table 12 shows the data from the 

standard curve which was used to analyze the majority of the 

samples. Figure 18 represents a plot of this data. 
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FIGURE 17. Gas chromatographs from latex extractions 

The numbers represent time of elution in minutes. 
"0.15 = carbon disulfide 
"4.00 = 4-phenylcyclohexene (4-PCH) 
"6.23 = 1-phenylcyclohexene (1-PCH) internal standard 

The relative retention ratio of 4-PCH to 1-PCH is 0.64 (4-
PCH/1-PCH). 
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TABLE XI. 4-Phenylcyclohexene standard curve data points 
from curve prepared on 1-31-89. 

4-PCH Area Count Ratios Ave. Area Count Ratio 
Concentration ( 4-PCH/l-PCH) + l SD 
(nM/ml) 

1.59 0.018, 0.017, 0.017 0.017 + 0.001 
3.18 0.033, 0.034, 0.033 0.033 + 0.001 

4.76 0 c 048, 0.050, 0.053 0.050 + 0.003 
6.75 0.063, 0.062, 0.069 0.065 + 0.004 

9.54 0.101, 0.099, 0.117 0.106 + 0.009 
15.88 0.169, 0.172, 0.164 0.168 + 0.004 

22.66 0.239, 0.239, 0.235 0.238 + 0.002 
31.76 0.314, 0.336, 0.331 0.327 + 0.011 

correlation coefficient = 0.999 
slope = 1.037 x 10'2 

y-intercept = 9.475 x 10'4 
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FIGURE 18. Plot of 4-phenylcyclohexene standard curve 
prepared on 1-31-89. 
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Reference Extraction Method 

Three latices, "A", "B", and "C", were used in the 

study. All had similar consistencies but differed slightly 

in appearance. Latex "A" had a milky white color. Latex 

"B" was milky white with a pearly opalescence. Latex "C" 

was a very pale green. Of the three latices, Latex "C" had 

the strongest odor of "new carpet". 

These three latices were dried prior to extraction and 

analysis. The average dry weight of the 0.5 ml wet latex 

samples was 274 + 13 mg. Any 4-PCH lost during the drying 

was collected on activated charcoal, which was later 

desorbed and analyzed. The results of the Soxhlet 

extractions and the charcoal desorptions can be seen in 

Table 11. 

A three-fold variation in 4-PCH concentration was found 

between the highest and the lowest extraction results. The 

average amount lost during the three-hour drying period was 

1.1 + 0.3%. The amount lost during drying and the amount 

left in the dry latex were added to give the total 4-PCH 

concentration of dry latex. The differences in total 4-PCH 

concentration are illustrated in Figure 19. All the results 

were statistically different at p < 0.003. Latex "C", which 

had the strongest odor following drying, contained the 

highest amount of 4-PCH. 
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TABLE XII. Results of Soxhlet extractions and charcoal 
desorptions. 

Latex PPM 4-PCH 
in Dry Latex 
(Soxhlet) 

PPM 4-PCH 
Lost During 
Drying 
(Charcoal) 

Total PPM 
4-PCH 

Ave PPM 
4-PCH 
+ 1 SD 

A 
A 
A 

314 
317 
306 

5 
3 
3 

319 
320 
309 

316 + 6 

B 
B 
B 

403 
400 
431 

5 
3 
3 

408 
403 
434 

415 + 17 

C 
C 
c 

1082 
1155 
846 

14 
13 
12 

1096 
1168 
856 

1041 + 162 
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FIGURE 19. 4-PCH concentration variations in the three 
lattices, as measured by the reference extraction 
method. 
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Single Extraction Efficiency 

The extraction efficiency of a single carbon disulfide 

was determined, within the analysis range of 7-32 nM/ml 4-

PCH, for all three lattices in the dry state. The 4-PCH 

lost during drying was considered negligible relative to the 

total 4-PCH content, as determined by the Soxhlet 

extractions. Single extractions on ten dry samples were 

performed to compute an average extraction efficiency for 

each latex. The average dry weight of the latex samples was 

54 + 5 mg. The results of the single extractions are 

presented in Table XIII. The extraction efficiencies are 

graphically depicted in Figure 20. 

At a 95 % confidence level, the extraction efficiencies 

between latices "A" and "B" (p = 0.1002) and "A" and "C" (p 

= 0.5251) were statistically the same, but, between 

lattices "B" and "C" (p = 0.0467), were different. 

However, all were statistically the same at the 90% 

confidence interval. The average extraction efficiencies of 

each individual latex were utilized to correct the results 

obtained from the single extractions employed in the oven 

curing experiments. 

Effect of Time, Temperature, and Air Recirculation 

Two lattices were chosen for the curing study, Latex 

"A" and Latex "C". Both were subjected to the cure 

parameters mentioned in the methods section. 
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TABLE XIII. Results of single carbon disulfide extractions 
from dry lattices. 

Latex PPM 4-PCH Ave. PPM Extraction Ave. 
as Determined 4-PCH Efficiency Extraction 
by One ± 1 SD Efficiency 
Extraction ± 1 SD 

A 273 0.863 
A 287 0.909 
A 254 0.804 
A 259 0.820 
A 278 0.881 
A 236 261 ± 16 0.747 0 .826 ± 0.062 
A 256 0.809 
A 266 0.843 
A 239 0.757 
A 261 0.825 

B 363 0.877 
B 369 0.892 
B 395 0.953 
B 375 0.906 
B 399 0.963 
B 326 361 ± 28 0.789 0 .873 ± 0.069 
B 321 0.774 
B 386 0.932 
B 345 0.833 
B 334 0.807 

C 860 0.826 
C 903 0.876 
C 814 0.782 
C 978 0.939 
C 770 0.739 
C 849 841 ± 66 0.816 0 .808 + 0.064 
C 768 0.737 
C 840 0.807 
C 862 0.828 
C 770 0.739 

(Latices were desiccate dried) 
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Extraction efficiencies for 4-Phenylcyclohexene 
using single carbon disulfide extractions on dry 
latex. 

Afterwards, the percentage of 4-PCH remaining in the latex 

samples was determined. The results from both latices can 

be seen in Tables XIV and XV. The data from the repeated 

experimental points was included in the statistical 

analysis, since no statistical difference in results was 

found between days at a 90% confidence level (Table XVI). 

A step-wise multivariant regression was performed on 

both sets of data to assess the significance of temperature, 

time, and air recirculation on the percent 4-PCH remaining 

in the latices. Multivariant regression involves the 
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TABLE XIV. The percentage of 4-PCH remaining in Latex "A" 
after being siibjected to various combinations of 
cure conditions. 

Cure Number of 
Condition Samples 
Combination 
(temp/time/air)a 

Mean % standard 
4-PCH Error 

Remaining 

1 1 1 4 90.6 + 7.6 3.8 
1 2 1 4 86.8 + 5.1 5.1 

1 3 1 4 74.8 + 14.6 7.3 
1 4 1 4 67.2 + 3.3 1.7 

2 1 1 4 81.4 + 4.5 2.2 
2 2 1 8 43.9 + 8.9 3.1 

2 3 1 8 30.3 + 8.3 3.0 
2 3 2 4 39.2 + 7.8 3.9 

2 3 3 4 57.2 + 14.8 7.4 
3 4 1 8 19.1 + 6.3 2.2 

3 1 1 4 53.6 + 10.6 5.3 
3 2 1 12 26.2 + 14.6 4.2 

3 3 1 8 11.5 + 7.1 2.5 
3 4 1 8 5.5 + 2.9 1.0 

8 Temperature (°F) Time (min) Air Recirculation (%) 

225 = 1  5=1 0=1 
250 = 2  10 = 2 50 = 2 
275 = 3  15 =  3 100 =  3 

20 = 4 
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TABLE XV. The percentage of 4-PCH remaining in Latex "c" 
after being subjected to various combinations of 
cure conditions. 

Cure Number of 
Condition Samples 
Combination 
(temp/time/air)8 

Mean % Standard 
4-PCH Error 

Remaining 

1 1 1 4 91.9 + 8.3 4.2 
1 2 1 4 88.6 + 6.5 3.3 

1 3 1 4 72.4 + 11.9 6.0 
1 4 1 4 61.5 + 9.3 4.6 

2 1 1 4 76.7 + 4.5 2.3 
2 2 1 8 47.2 + 15.6 5.5 

2 3 1 4 22.1 + 3.9 1.9 
2 3 2 8 31.0 + 10.9 3.8 

2 3 3 8 42.6 + 14.1 5.0 
3 4 1 4 15.1 + 6.1 3.0 

3 1 1 4 59.5 + 6.8 3.4 
3 2 1 4 21.1 + 8.4 4.2 

3 3 1 4 8.7 + 6.1 3.0 
3 4 1 4 3.7 + 3.7 1.8 

8 Temperature (°F) Time (min) Air Recirculation (%) 

225 = 1  5=1 0=1 
250 = 2  10 = 2 50 = 2 
275 = 3  15 = 3 100 =  3 

20 = 4 
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TABLE XVI. P-values for sets of original and repeated data 
points 

Latex Cure Condition Number of P-Values 
Combination Times 
Repeated Repeated 
(Temp/Time/Air)8 

A 2 2 1 1 0.5463 
A 2 3 1 1 0.1505 
A 3 4 1 1 0.0406 
A 3 2 1 2 0.8915, 0.6440, 0.6600 
A 3 3 1 1 0.5107 
A 3 4 1 1 0.0428 
C 2 2 1 1 0.3537 
C 2 3 2 1 0.9934 
C 2 3 3 1 0.7235 

8 Temperature (°F) Time (min) Air Recirculation (%) 

225 = 1 5 = 1 0 = 1 
250 = 2 10 = 2 50 = 2 
275 = 3 15 = 3 100 = 3 

20 = 4 

fitting of an (n-1)-dimensional surface to data in n-

dimensional space. The multivariant regression represents a 

postulate that some phenomenon is related to several other 

variables, all of which may be considered to individually 

cause changes in the value of that phenomenon. 

The step-wise procedure is a sophisticated process 

which creates an explanatory model of the relationship 

between significantly correlated independent variables and a 



particular outcome. With this procedure an equation can be 

generated which best explains the variance in the outcome. 

Equations fitting the quadratic response surface for each 

set of data were calculated from the regressions. These 

equations are listed below. 

EQUATION 5. Latex "A" 

% 4-PCH = 1273.0 - 8.6245 Temp + 0.0157 Temp2 + 0.1563 Time2 
remaining 

- 0.0272 Time x Temp + 0.0027 Air Recirc2 

EQUATION 6. Latex "C" 

% 4-PCH = 1329.4 - 9.0767 Temp + 0.0167 Temp2 + 0.1574 Time2 

remaining 
- 0.0291 Time x Temp + 0.0014 Air Recirc2 

The relative and statistical significance of each term, 

as well as the multiple correlation coefficient (R) and 

multiple coefficient of determination (R2) for each 

equation, can be found in Table XVI. R2 provides an 

estimate of the amount of observed variance in the outcome 

that is captured by the set of terms used. 

ANOVA three-way analysis of variance demonstrated a 

strong relationship between the percent 4-PCH remaining in 

the latex and the cure parameters of temperature, time, and 

air recirculation. The overall significance of both 

regressions was highly significant with a p < 0.00009. 

The percent 4-PCH remaining in the latex was inversely 

related to the temperature and time and directly related to 



TABLE XVII. Description of terms for the quadratic response 
surface equations. 

Equation Term Relative Statistical 
Significance Significance 

(P-Value) 

#5a Temp 1.00 <0.00009 
Temp2 0.92 0.0006 
Time2 0.13 0.0011 

Time x Temp 0.22 <0.00009 
Air2 0.04 <0.00009 

#6b Temp 1.00 0.003 
Temp2 0.92 0.008 
Time2 0.12 0.0055 

Time x Temp 0.23 <0.00009 
Air2 0.03 0.0039 

8 R = 0.9356 R2 = 0. 8754 

b R = 0.9278 R2 = 0. 8607 

the percent air recirculation. These relationships can be 

visualized in Figures 21-23. As indicated by the relative 

significance of the terms in the equation, temperature was 

by far the most important factor in 4-PCH removal. Time was 

of lesser importance and air recirculation contributed a 

very small influence. 

During all curing studies the latex samples reached 

dryness (constant weight) sometime between zero and five 

minutes at all temperatures tested (Figures 24 and 25). The 

initial moisture content of latices "A" and "C" was 

determined (by weight) to be 51% and 52% respectively. 
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The analytical method developed in this investigation 

provides a convenient approach to the determination of 4-PCH 

in XSBR latex with reproducible results. Carbon disulfide, 

which was chosen to extract 4-PCH from this type of latex, 

produced a relatively high single extraction efficiency and 

exhibited minimal analytical interference. 

Carbon disulfide extraction with direct GC injection 

has the advantage over headspace gas chromatography in that 

it can be performed on a standard gas chromatograph. As 

mentioned by Ettre et al. (1983), the headspace method is 

simple, but reliable quantitation requires stringent control 

of the analytical conditions. Proper control of conditions 

usually requires the use of an expensive headspace analyzer. 

The methanol coagulation method (SBLMC 1989), on the 

other hand, is applicable only for latex in the wet form and 

would be an inappropriate method for a study of this type 

involving cured latex. With further validation against 

other analytical methods, carbon disulfide extraction with 

direct GC injection method may prove to be quicker, less 

expensive, and simpler than the methods now used for 

determining the 4-PCH concentration in latex. 

The three XSBR latices employed in the study were all 

found to contain 4-PCH at different concentrations. The 

4-PCH concentrations that were measured ranged between 316 
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and 1041 ppm. The difference is probably due to the various 

manufacturing processes and formulations used by the 

manufacturers. However, this information was not available. 

This, in itself, is an element of great significance since 

the choice of latex could have a drastic impact on the level 

of 4-PCH in the final carpet product. 

The outcome of the curing studies, with respect to 

percent 4-PCH reduction, was almost identical for both of 

the latices evaluated, as shown in Figures 21 and 22. This 

finding reveals that the percent 4-PCH outgassed is 

independent of the initial 4-PCH concentration, which varied 

by a factor of three in the two latices tested (latex "A" = 

316 ppm and latex "C" = 1041 ppm). 

As shown statistically (Table XVI) and graphically 

(Figures 21-22), temperature demonstrated the greatest 

influence on 4-PCH emissions and time was of lesser 

importance. Figures 21 and 22 demonstrate an inverse 

relationship between the parameters of temperature and time, 

and the % 4-PCH remaining in the latices. The effect was 

most dramatic at 275°F where 50% of the 4-PCH was removed in 

approximately 5 minutes. At 225°F the reduction of 4-PCH 

approached only 40% after 20 minutes. The influence on 

4-PCH reduction over time was most striking at the higher 

cure tempertures (250 and 275°F) as demonstrated by the 

slope of the curves in Figures 21 and 22. 

Figure 23 reflects a direct relationship between oven 
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air recirculation and percent 4-PCH remaining in the latex. 

The change from 100% to 0% recirculation (100% fresh air) 

further reduced 4-PCH concentrations by 27% and 21%, for 

latices "A" and "C" respectively, over a 15 minute cure 

period. The amount of 4-PCH reduction through alterations 

in oven air recirculation is probably highly dependent on 

the ratio of oven volume to latex surface area. The 

influence of recirculation on carpet 4-PCH levels during 

manufacturing may represent an important factor to be 

considered. 

During carpet curing the temperature must be elevated 

high enough to allow the 4-PCH to diffuse in a reasonable 

amount of time through the latex and to the surface where it 

can be eliminated in the oven air stream. Typically, during 

the curing of carpets, the temperature will only approach 

215°F (Robinson 1972). As shown in Figures 21 and 22, the 

curing study results showed minimal 4-PCH emissions at 

temperatures in this range (225°F) even though the samples 

used were small enough to reach oven temperature probably 

within a few minutes. Even at a temperature of 250°F for 

five minutes, the % 4-PCH reductions were only half that of 

the reduction seen at 275°F over the same time interval. 

Even though increasing cure temperature appears to be a 

simple solution to the problem, the degree at which 

temperature could be altered to reduce carpet 4-PCH 

concentrations may be limited by the fact that excessive 
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carpet heating can cause scorching and bubbling of latex, as 

stated by Robinson (1972). No scorching of the latex was 

observed during any of the experiments but some bubbling did 

occur in latices "A" and "C" at all temperatures and times 

tested. 

Typically, carpets are kept in the curing ovens until 

the moisture level in the oven decreases (Scott 1988}. The 

experimental results demonstrating the direct relationship 

between extent of 4-PCH release during solvent extraction 

and latex dryness (Figure 9) imply that carpets may also 

outgas less 4-PCH when wet and that maybe maximum 4-PCH 

outgassing begins at dryness. If this is the case, some 

carpets may currently be removed from curing ovens at the 

point when they begin to release 4-PCH at a greater rate. 

The rate of 4-PCH reduction from each of the latices 

during the first five minutes of curing may not represent 

the actual 4-PCH decay rate. As reflected in Figures 24 and 

25, this is the time that the latex is drying. After five 

minutes, the latices are essentially dry. Since no data 

points were collected between zero and five minutes, the 

curve was extrapolated for this portion of the curve. The 

actual decay rate during the first five minutes of cure 

maybe much less than represented and the "true" shape of the 

decay curve may in fact be sigmoid if moisture in the latex 

initially retards 4-PCH emissions as speculated. 

Since the curing experiments were conducted only on 
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dried latex under laboratory conditions and were independent 

of other carpet constituents (e.g. backing, tuft, filler), 

the results do not necessarily represent values which could 

be directly extrapolated to manufacturing conditions. 

Rather, they lend insight into further experimentation in 

the laboratory and at actual manufacturing facilities. 

Other materials used in carpet construction may influence 4-

PCH release by physically blocking or chemically adsorbing 

this compound. For instance, many of the synthetic yarns 

have a great affinity for various pollutants (Meyer 1983) . 

The variation in latex thickness between this study and the 

latex used in carpets would also make an extrapolation more 

difficult. Nevertheless, the results of this study do lead 

to some interesting insights. 

The results suggest that typically used industrial 

carpet curing temperatures and times may be inadequate in 

removing any substantial amount of 4-PCH from the carpet. 

The inter- and intra-company variation in carpet 

construction and curing, and the variation in SBR 4-PCH 

content, may represent the reasons why some finished carpets 

contain more 4-PCH and are more odorous than others. 
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The design of this research concentrated on two goals: 

1) to develop an analytical method to determine the amount 

of 4-PCH in cured XSBR latex, and 2) to determine the effect 

of different cure parameters on the release of 4-PCH from 

XSBR latex. 

The experimental outcomes demonstrate that the 

selection of XSBR latex may be a very important 

consideration in the control of 4-PCH emissions from 

carpeting due to the variability in latex 4-PCH content. 

These experiments also indicate that it is possible to 

significantly reduce the levels of 4-PCH in XSBR latex 

during curing and thus limit the amount of 4-PCH available 

for future outgassing. Results suggest that currently used 

commercial carpet curing parameters may be inadequate for 

removing any substantial amount of 4-PCH from carpets. 

Carpet related illnesses may be a result of this presumed 

deficiency. Present carpet curing parameters may have to be 

altered to allow for adequate 4-PCH reduction. The amount 

of 4-PCH reduction that could be achieved would ultimately 

depend on the physical and economic feasibility of its 

removal. The information gained from this study may 

ultimately lend insight into the control of carpet related 

illnesses. 

Future research in this area might include similar 



85 

studies using actual carpet samples to determine the 

influence of other carpet constituents on 4-PCH emissions. 

Particular attention should focus on the influence of latex 

moisture on the rate of 4-PCH emissions during the early 

stages of curing. Ultimately, curing studies will have to 

be executed in the manufacturing setting for a truer picture 

of the 4-PCH emission process. 



APPENDIX I 

FLOW DIAGRAM FOR REFERENCE SOXHLET EXTRACTION 

charcoal tube 
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wet latex 
(0.5 ml) 

ppm 4-pch in dry latex 
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desorbed 
(2 ml int. std. solution) 

Soxhlet extracted 
(60 ml int. std. solution) 

forced air dried 
(3 hours, 1 1pm, room temperature) 
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APPENDIX II 

FLOW DIAGRAM FOR THE PREPARATION OF 4-PCH STANDARD SOLUTIONS 
AND 1-PCH INTERNAL STANDARD SOLUTION 

1.0 
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6.35 
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500 ml carbon 
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extractions and 
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6351.11 nM/ml 4-PCH 
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94.13 nM/ml 1-PCH 



APPENDIX III 

FLOW DIAGRAM FOR THE DETERMINATION OF SINGLE 
EXTRACTION EFFICIENCY 
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GC analyzed 

wet latex 
(50 ul) 

spread over 1 cm 
diameter area 

extraction efficiency 

ppm 4-pch in dry latex 

divide by Soxhlet results 

tared aluminum foil 
(2 x 2 cm) 

desiccated 
(2 hours, room temperature) 

extracted once 
(2, 3, 4, 5, or 10 ml int. std. solution) 



APPENDIX 7.V 

ANALYSIS OF 4-PHENYLCYCLOHEXENE (4-PCH) IN CARBOXYLATED 
STYRENE-BUTADIENE RUBBER (XSBR) LATEX 

SCOPE: 

1.1 A method for determination of 4-PCH in XSBR latex 
which is used for carpet applications. 

PRINCIPAL: 

2.1 If not in a dry state, the latex sample is 
desiccate dried. 

2.2 The dry latex is weighed and extracted with a 
known volume of carbon disulfide with internal 
standard. 

2.3 The extractant is directly injected onto a gas 
chromatograph for the quantification of 4-PCH. 

2.4 The results are corrected for extraction 
efficiency and extraction solvent volume used, and 
expressed as ppm 4-PCH in dry latex. 

SIGNIFICANCE: 

3.1 Quantification of the concentration of 4-PCH is 
critical for establishing and monitoring the 
quality of XSBR latex used in carpet applications. 
This method will determine 4-PCH at the ppm level. 

APPARATUS: 

4.1 Capillary Gas Chromatograph equipped with a Flame 
Ionization Detector, Hewlett-Packard 589OA or 
equivalent. 

4.2 Fused Silica Capillary Column, HP-17 (50% methyl, 
50% phenylpoly-siloxane), 10 meter, 530 
micrometer, or equivalent. 

4.3 Integrator/recorder, Hewlett-Packard 3390A or 
equivalent. 

4.4 Analytical Balance, Mettler H31AR or equivalent. 

4.5 Aluminum Foil 
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4. APPARATUS: (cont•d) 

4.6 Vials, 10 ml Teflon-capped borosilicate. 

4.7 Pipette, 50, MLA or equivalent. 

4.8 Round plastic template, 1 cm diameter. 

4.9 Desiccating Jar. 

4.10 Calcium Carbonate Desiccant. 

4.11 Glass Bottle, 500 ml. 

4.12 Chemical Dispenser, Labindustries 0-5 ml Repipet 
or equivalent. 

4.13 Microliter Syringe, 10 ul, Hamilton or equivalent. 

5. RLAGENTS: 

5.1 XSBR Latex 

5.2 Carbon Disulfide, Fisher Chemical, spectranalyzed, 
lot# 88029. 

5.3 1-Phenylcyclohexene (1-PCH), Aldrich Chemical 
Company, >97% pure, lot# 123077. 

5.4 4-Phenylcyclohexene, University of Arizona 
Chemistry Dept., 2-17-86, >99% pure. 

5.5 Nitrogen 

5.6 Hydrogen 

5.7 Air 

6. GAS CHROMATOGRAPHIC PARAMETERS: 

6.1 Injection Volume, 1 ul. 

6.2 Isothermal Temperature, 115°C. 

6.3 Nitrogen Carrier Gas Flow, 17 ml/min. 

6.4 FID Gas Flows, 200 ml/min air, 50 ml/min hydrogen. 

6.5 Injection Port Temperature, 225°C. 

6.6 Detector Temperature, 250°C. 
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7. PROCEDURE - INTERNAL STANDARD SOLUTION 

7.1 In a 500 ml glass bottle, add 7.5 ul of 1-PCH to 
500 ml carbon disulfide to give a final 
concentration of 94.13 nM/ml 1-PCH. 

7.2 This internal standard solution is used for 4-PCH 
standards, extractions, and desorptions. 

8. PROCEDURE - LATEX DESICCATION 

8.1 Place a 2 cm2 piece of aluminum foil between the 
thumb and plastic 1 cm diameter template and press 
together to impart a raised circle in the aluminum 
foil. 

8.2 Weigh this piece of aluminum foil ( to the nearest 
0.1 mg). 

8.3 Using a 50 ul pipette, place 50 ul of wet XSBR 
latex onto the tared piece of aluminum foil. 

8.4 Place this in a desiccating jar for 2 hours. 
Approximately 1% of the 4-PCH is lost during the 
drying. This amount is considered insigificant 
and is disregarded. 

8.5 After the drying, remove the aluminum foil and 
latex and weigh (to the nearest 0.1 mg). 

8.6 Subtract the weight of the aluminum foil to give 
the weight of the dry latex. 

8.7 Steps 8.1 - 8.6 can be omitted if the latex is 
already in the dry form. The latex can be 
directly weighed and extracted. 

9. PROCEDURE - 4-PCH EXTRACTION FROM LATEX 

9.1 Place the dried latex and aluminum foil in a 10 ml 
Teflon-capped borosilicate vial and add 2 ml of 
internal standard solution using a Repipet 
dispenser. 

9.2 Agitate and let stand for 45 min with another 
agitation at 20 min and 45 min. 

9.3 Refrigerate until 4-PCH analysis (Section 11). 
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10. PROCEDURE - 4-PCH STANDARD SOLUTIONS 

10.1 In a Teflon-capped vial, add 4 ul of 4-PCH to 4 ml 
of carbon disulfide to give a 4-PCH stock solution 
concentration of 6351 nM/ml. 

10.2 Add varying amounts (0.5, 1.0, 1.5, 2.0, 3.0, 5.0, 
7.0, and 10.0 ul) of this 4-PCH stock solution to 
vials containing 2 ml of internal standard 
solution to give the final standard solutions 
(1.59, 3.18, 4.76, 6.35, 9.54, 15.8, 22.26, 31.76 
nM/ml) 

11. PROCEDURE - 4-PCH ANALYSIS 

11.1 Inject the 4-PCH standards on the GC using the 
conditions outlined in Section 6. 

11.2 Plot the 4-PCH integrator area counts to 1-PCH 
area counts against 4-PCH concentration to 
generate a standard curve. 

11.3 Inject the unknown samples from Sections 9. 
Compare the area count ratios to the standard 
curve to determine the nM 4-PCH/ml internal 
standard. 

11.4 Samples with 4-PCH concentrations out of the range 
of the standards should be diluted with internal 
standard and reanalyzed. 

12. INTERPRETATION OF RESULTS: 

12.1 Multiply the nM/ml by the number of ml of internal 
standard solution used to extract the sample to 
give the total nM of 4-PCH in the samples. 

12.2 The total nM 4-PCH is converted to ppm 4-PCH in 
dry latex by the following computations. The 
results are corrected for extraction efficiency. 

12.2.1 Equation. 

total nM 4-PCH x 158.24 crm x M x 1000 mq x 106 = ppm 4-PCH 
mg dry latex x M x 10y nM x gm in dry 

latex 
12.2.2 Equation. 

ppm 4-PCH in drv latex = corrected ppm 4-PCH 
0.84 (extraction efficiency) in dry latex 
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13. REPORT: 

13.1 Concentration of 4-PCH in dry latex to the nearest 
1 ppm. 

14. PRESION: 

14.1 Precision of the method is ± 6% 

15. ACCURACY: 

15.1 Accuracy of the method has not been determined 



APPENDIX V 

THERMOCOUPLE CALIBRATION CURVE 
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APPENDIX VI 

STRIP CHART RECORDING OF OVEN TEMPERATURE 



APPENDIX VII 

ROTAMETER CALIBRATION CURVES 
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APPENDIX VIII 

FLOW DIAGRAM OF CURING PROCEDURE 
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