
PRELIMINARY EVALUATION OF THE ENVIRONMENTAL
CONCENTRATION AND TOXICITY OF 4-

PHENYLCYCLOHEXENE: AN EMISSION OF
NEW CARPETING (ODOR, HEALTH, INDOOR)

Item Type text; Thesis-Reproduction (electronic)

Authors Walsh, Dale Warner, 1961-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 13:53:56

Link to Item http://hdl.handle.net/10150/276881

http://hdl.handle.net/10150/276881


INFORMATION TO USERS 

This reproduction was made from a copy of a document sent to us for microfilming. 
While the most advanced technology has been used to photograph and reproduce 
this document, the quality of the reproduction is heavily dependent upon the 
quality of the material submitted. 

The following explanation of techniques is provided to help clarify markings or 
notations which may appear on this reproduction. 

1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. This 
may have necessitated cutting through an image and duplicating adjacent pages 
to assure complete continuity. 

2. When an image on the film is obliterated with a round black mark, it is an 
indication of either blurred copy because of movement during exposure, 
duplicate copy, or copyrighted materials that should not have been filmed. For 
blurred pages, a good image of the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame. 

3. When a map, drawing or chart, etc., is part of the material being photographed, 
a definite method of "sectioning" the material has been followed. It is 
customary to begin filming at the upper left hand corner of a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again—beginning below the first row and continuing on 
until complete. 

4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department. 

5. Some pages in any document may have indistinct print. In all cases the best 
available copy has been filmed. 

University 
Microfilms 

International 
300 N. Zeeb Road 
Ann Arbor, Ml 48106 





1329218 

Walsh, Dale Warner 

PRELIMINARY EVALUATION OF THE ENVIRONMENTAL CONCENTRATION 
AND TOXICITY OF 4-PHENYLCYCLOHEXENE: AN EMISSION OF NEW 
CARPETING 

The University of Arizona M.S. 1986 

University 
Microfilms 

International 300 N. Zeeb Road, Ann Arbor, Ml 48106 





PRELIMINARY EVALUATION OF THE ENVIRONMENTAL 

CONCENTRATION AND TOXICITY OF 4-PHENYLCYCLOHEXENE: 

AN EMISSION OF NEW CARPETING 

by 

Dale Warner Walsh 

A Thesis Submitted to the Faculty of the 

DEPARTMENT OF PHARMACOLOGY AND TOXICOLOGY 

In Partial Fulfillment of the Requirements 
For the Degree of 

MASTER OF SCIENCE 
WITH A MAJOR IN TOXICIOLOGY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1986 



STATEMENT BY AUTHOR 

This thesis has been submitted in partial fulfill
ment of requirements for an advanced degree at the Univer
sity of Arizona and is deposited in the University Library 
to be made available to borrowers under rules of the Lib
rary . 

Brief quotations from this thesis are allowable 
without special permission, provided that accurate acknow
ledgment of source is made. Requests for permission for 
extended quotation from or reproduction of this manuscript 
in whole or in part may be granted by the head of the major 
department of the Dean of the Graduate College when in his 
or her judgment the proposed use of the material is in the 
interests of scholarship. In all other instances, however, 
permission must be obtained from the author. 

SIGNED: 

APPROVAL BY THESIS DIRECTORS 

This thesis has been approved on the date shown below: 

'. J. 
'rof es s 

'and Toxicology 

Clay^ron 
of pharmacology 
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ABSTRACT 

Pure 4-phenylcyclohexene (4PC), commercially unava

ilable, was synthesized from the precursor alcohol (4-phen-

ylcyclohexanol) by dehydration with hexamethylphosphoramide 

(HMPA) to facilitate study of this environmental contamin

ant. Interestingly, 4PC possesses an odor that closely 

resembles the odor of most new carpeting. 

Procedures have been developed for the quantitation 

of 4PC in indoor environments using an activated charcoal 

collection media followed by gas chromatographic analysis. 

Environmental concentrations of 4PC emitted by newly 

installed carpet ranged from 20 parts per billion (ppb) to 

less than 0.1 ppb (lower detectable limit). Health compla

ints were reported in environments with 0.4 ppb and 9 ppb of 

4PC. The concentration of 4PC in air was found to decrease 

over time depending on carpet type and ventilation. 

The oral LD50 in rats was found to exist between 

5000 mg/kg and 500 mg/kg. 4PC caused acute irritation of 

the eye of the rabbit but did not appear to cause permanent 

damage. Skin irritation did not occur in guinea pigs. 

Intratracheal administration of 2 ul of 4PC was observed to 

cause cellular damage and hemorrhaging of the lungs of rats. 

x 



INTRODUCTION 

Recently, indoor air pollution has been receiving 

increasing attention as a potential threat to the health 

of the occupants of indoor environments. Thousands of cases 

of health complaints have been reported to the Consumer 

Products Safety Commission (CPSC) as a result of indoor air 

pollution in the home and at work (Gupta, Ulsamer and Preuss 

1982). Van Der Lende (1980) noted that up to 70% of our 

time is spent in the home, yet very little study of indoor 

air contaminants has been done. With this much time being 

spent indoors the problem of indoor air pollution is a 

concern of paramount importance. 

One of the major contributing factors to the recent 

increase in reported indoor health problems is the increas

ing tendency of new buildings to be built for energy effic

iency. In order to reduce the amount of energy required to 

heat or cool the building, less outside air is being used 

for ventilation and more of the inside air is being recir

culated. Under these conditions any contaminants that may 

be present in the indoor environment are recirculated and 

can become concentrated because there is no fresh air to 

dilute them and little air is being exhausted. This situa

tion can lead to a phenomenon now known as 'Tight or Sick 

Building Syndrome' in which a significant number of the 

1 
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occupants of a building complain of health problems. Symp

toms may include headaches, nausea, eye irritation, fatigue, 

and chest tightness as described by Hicks (1984). Such 

symptoms can be caused by a variety of contaminants includ

ing ozone, formaldehyde, carbon monoxide, nitrogen oxides 

and a variety of hydrocarbons as described in a report by 

the World Health Organization (1979). These compounds can 

emanate from a variety of sources such as smoking, insula

tion, paints, photocopiers, furniture, and carpeting as 

indicated by Repace (1982), Table 1. The wide variety of 

chemical and physical insults sometimes experienced indoors 

can act synergistically to cause many of the problems that 

are emerging more frequently among workers and homeowners. 

The indoor environment can no longer be considered a safe 

haven from low levels of air pollutants. 

Among the many sources of indoor air contaminants, 

carpeting is an emerging source of concern. More than two 

hundred cases of individuals experiencing ill-effects fol

lowing the installation of new carpeting have been referred 

to the Arizona Center for Occupational Safety and Health 

(ACOSH) at the University of Arizona over the last few 

years. These cases resulted in a research effort undertaken 

by Crabbe (1984). This original research involved the 

characterization of the various chemicals that are emitted 

by new carpet. During this investigation a single common 

emission was discovered among the carpets tested. The 



Table 1. Indoor Air Pollutants and Their 
Sources in Buildings 

Sources Pollutant types 

Ambient Air 
Motor Vehicles 
Roofing tar 
Construction materials 

eg. concrete, stone, 
particle board, 
plywood, treated 
lumber, insulation, 
fire retardants, 
adhesives, paint 

Combustion appliances 
(heating and cooking) 
Furnishings 

Well water 
Natural gas 
Copying machines 
Deodorants 
Liquid marker blackboards 
Carbonless carbon paper 
Air conditioning systems 
Bathrooms, showers 
Flush toilets 
"Air fresheners" 
Human Occupants 

Metabolic activity 
Coughing and sneezing 

Human Activities 
Tobacco smoke 

Pest removal 
Cooking 
Aerosol sprays 
Cleaning products 
Hobbies and crafts 

S02» NO, N02» O3, organics 
CO, particulates, C02» Pb 
Polycyclic organics 

Formaldehyde, chlorinated 
hydrocarbons, glass fibers, 
asbsetos, organics, mercury, 
organic solvents 

CO, NO, N02> particulates 

Formaldehyde, other organics, 
mold and fungi 
Radon 
Radon 
Ozone 
Organics 
Organics 
PCBs 
Microbes, molds, fungi 
Excess humidity 
Microbes, odors, disinfectants 
Formaldehyde, other organics 

CO, NH3, odors, excess humidity 
Microbes 

CO, N02» POM, nitrosamines, 
particulates, odors, irritants 
Pesticides 
Organics, particulates, humidity 
Fluorocarbons 
NH3, pine oil, chlorophenols 
Organic solvents 

Adapted from Repace 1982. 



emission was identified as 4-phenylcyclohexene (4PC). 4PC 

was implicated as a possible causative agent of health 

complaints such as respiratory and eye irritation, head

aches, and nausea because it was the only emission common to 

all of the locations where these complaints were reported 

following carpet installation. Another study of carpet 

emissions undertaken by Miksch et al. (1982) discovered a 

compound which was identified as 3-phenylcyclohexene. A 

problem with nomenclature probably existed and this compound 

was most likely 4PC. 

The intent of this research was to further charact

erize the environmental and toxicological aspects of a 

previously unknown indoor air contaminant, namely 4PC. An 

understanding of its ambient concentration and its toxico

logical manifestations will help to elucidate the problems 

sometimes created with the installation of new carpet. 



LITERATURE REVIEW 

Indoor Air Pollution 

Human Exposure to Chemicals 

In a study of the time budgets of people, Moschan-

dreas (1981) reported that as much as 90% of our time is 

spent indoors. Although a healthful indoor environment is 

considered essential to the well being of individuals, a 

study by Sterling and Kobayashi (1977) concluded that indoor 

environments do not protect people from outdoor contaminants 

and may actually increase the body burden of toxic com

pounds. Berglund, Johansson and Lindvall (1982a) showed 

that these compounds can number in the hundreds. In one 

study by Pellizzari et al. (1984), over 300 chemicals were 

identified in a home for the elderly. A generalized compar

ison of indoor versus outdoor air quality appears in Figure 

1 which shows the gas chromatograms of the chemical compon

ents found in an indoor air sample and an outdoor sample. 

As indicated by these gas chromatograms, the number and 

amount of indoor contaminants was much greater than the 

number found outdoors. The above findings lead to the 

conclusion that the indoor environment is not necessarily 

5 
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Figure 1. Gas Chromatographs of Indoor and Outdoor Air 
Samples Comparing Number of Contaminants Found 
In Each Environment 

From Miksch, Hollowell and Schmidt 1982. 
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safer than the outdoor environment and that indoor air 

pollutants may even pose more serious health threats to the 

general population than outdoor pollutants. 

The concentrations of those compounds found in 

indoor air that have been assigned a Threshold Limit Value 

(TLV) by the American Conference of Governmental Industrial 

Hygienists (ACGIH) are almost always below this level ex

cept during transient activities such as painting and indoor 

cleaning. A study by Jarke, Dravnieks and Gordon (1981) of 

thirty-six homes around Chicago showed that the more than 

250 compounds identified were, on the average, at or below 

100 ppb. Though these compounds do not exist at concentra

tions known to cause health effects, their combined or syn

ergistic effects may be a cause for great concern. 

Toxicity of Chemicals 

The toxicology of many of the chemicals in indoor 

air is not well understood. Preliminary evaluations by 

Molhave (1982) have revealed, however, that 82% of the 

chemicals found in his study were suspect irritants, 25% 

were suspect carcinogens and 30% were at concentrations over 

their suspected odor threshold. Other studies concerned 

with the toxicity of indoor contaminants have been performed 

in submarines and spacecraft. Rippstein and Coleman (1983) 

discussed the extensive procedures and guidelines e'stablish-



ed by NASA to assess the significance of mixed air contamin

ants inside the Columbia space shuttle. Though these inves

tigations were specific for such unique and enclosed envir

onments, their procedures for evaluating mixed exposures to 

low level contaminants can be modified for use in the ass

essment of the toxicological aspects of indoor air pollu

tion . 

Contaminants and Their Sources 

As shown in Table 1, Repace (1982) documented a 

variety of indoor contaminants and their sources. Esmen 

(1985) broke the sources of pollutants down to three cata-

gories which included infiltration from outdoors, generation 

by human activities and release from the building and its 

furnishings. 

The contribution from the outside air depends upon 

the 'tightness' of the building and the amount of outdoor 

pollution. Positioning of air intakes with respect to 

outdoor pollution sources can have a profound effect on 

indoor air quality, although the contribution of this source 

category is most likely very minimal under normal condi

tions. 

The U.S. Environmental Protection Agency (1977) 

showed that human activities such as opening and closing 

doors and windows, operating heating and cooling systems, 

sweeping, using aerosol spray cans, cooking, smoking and 
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even breathing can effect pollutants levels. Johansson 

(1978) and Liebich et al. (1975) reported that a variety of 

ketones, aldehydes and alcohols emanate from the human body. 

In fact, Meyer (1983) reported that traces of over 100 

pollutants are produced by the human body. In addition to 

chemicals, microorganisms such as bacteria and aeroallergens 

can also emanate from pets, humans and air conditioning 

systems. One of the most significant sources of pollution 

can originate from smoking. The detrimental effects of 

smoking are well documented. Hundreds of harmful chemicals 

can be added to indoor air if the occupants smoke. 

The third category of sources is probably the most 

variable. The contribution of building materials depends on 

their age and their composition. As an example, the pres

ence of urea-formaldehyde insulation or particle board 

furniture could greatly influence the amount of formaldehyde 

in an indoor environment. There have been cases where the 

level of formaldehyde from these sources was so elevated 

that it caused dizziness, rashes, nosebleeds and vomiting 

(Gold 1980). 

Another contaminant that emanates from building 

materials is radon. The amount of this contaminant can vary 

greatly based on the geographical location of the building. 

The amount of radon in the soil around a building greatly 

influences the amount found inside. Papastefanou, Manolop-

oulou and Charalambous (1984) recommended levels of radon 



and related radioactive compounds that should not be exceed

ed in the home and in building materials. 

The 'newness' of a building can also have a great 

effect on contaminant levels. Berglund et al. (1982a) 

showed that chemicals from new building materials decline 

over time. This longitudinal study of the air contaminants 

found in a newly built preschool showed a decrease of great

er than 50% in their overall concentration over a six month 

period with no recirculation of air. Berglund et al. 

(1982a) recommended that newly built buildings of the type 

studied should be allowed an out-gassing period of six 

months with no air recirculation before being occupied. 

They also recommended that the amount of recirculated air 

should be kept below 80% for one to two years following 

occupancy to prevent an increase in the concentrations of 

the contaminants. 

More studies need to be performed to better elucid

ate the sources of indoor pollutants. Once these sources 

are identified, they may be eliminated or controls can be 

implemented to reduce the amount of air contaminants and 

provide a healthier environment. 

Sensitive Subpopulation 

There exists a subpopulation (less than 5% of the 

general population) which is highly sensitive to low level 

contaminants (Hubert 1986). Though this sensitive subpopu-
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lation is a minority, negative health effects experienced by 

members of it can not be neglected (Molhave 1982). One 

example of sensitivity to a chemical occurs with formalde

hyde. Formaldehyde levels that create a great deal of 

discomfort to one person may go unnoticed by another. 

Members of this sensitive subpopulation are usually 

not found in industry where the majority of the interest in 

chemical exposures has been concentrated. These individuals 

are most frequently found in office and home environments 

which, in the past, have been considered safe. Miksch, 

Hollowell and Schmidt (1982) pointed out three basic differ

ences between industry and office space characteristics. 

They noted that the number of chemicals in the office was 

much greater, their levels were lower, their additive or 

synergistic effects were not well understood and the office 

population was much more diverse and included older, sedent

ary, child bearing and atopic individuals who may possess a 

greater sensitivity to the contaminants. This comparison 

could also be extended to include the home environment. The 

presence of these sensitive people in the non-industrial 

workplace and at home is a very important impetus for in

creased concern over indoor air pollution. 

Building Associated Diseases 

Kreiss and Hodgson (1984) reported that between 1978 

and mid-1980 the National Institute for Occupational Safety 



and Health (NIOSH) conducted 115 investigations of non-

industrial health problems. Seventy-one percent of the 

investigations were in buildings that might be considered 

'tight'; however, the remaining investigations involved 

situations where there was adequate fresh air but contamin

ant sources such as outside air, building materials and 

office machines were introducing new contaminants to the 

indoor environment. 

Kreiss and Hodgson created four catagories of build

ing related diseases including hypersensitivity pneumonitis 

and humidifier fever, infections, dermatitis, and mucous 

membrane irritation. They stated that the fourth catagory 

was the most common in sealed buildings. Among the variety 

of symptoms that have been seen, headache and fatigue were 

the most common. Mass hysteria was also seen as a source of 

complaints, but it is very dangerous to discount symptoms 

because no causitive agents were found. Dudney and Copen-

haver (1984) stated that building associated epidemics 

either involved contaminants that were known to cause the 

reported symptoms, or they involved a well documented preva

lence of symptoms where no causative agent was found. This 

later case is sometimes attributed to mass hysteria which 

may not be the case. 
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Control Strategies 

There have been many control strategies proposed for 

decreasing the amount of indoor air pollution. A major 

factor controlling the concentrations of chemicals indoors 

is ventilation. In a report by Woods (1979) the need for 

revision of ventilation standards was reviewed, and in 1981 

a new American Society of Heating, Refrigerating and Air 

Conditioning Engineers (ASHRAE) standard provided an altern

ative method for determining outside air ventilation rates 

based on contaminant concentrations (Hicks 1984). For 

example, where smoking is permitted, the amount of outside 

air recommended for buildings was increased from 5 CFM to 20 

CFM. 

Another control strategy involves modification of 

the sources of contaminants. If possible a protective 

coating may be applied to contaminants such as asbestos to 

prevent fiber emission. Andersen, Seedorf and Skov (1982) 

suggested control through selection of building materials 

based upon emisssion of chemicals. They support a labeling 

system that can be used by manufacturers to select the 

materials that emit the least amount of contaminants. 

Berglund et al. (1982a) suggested an out-gassing period with 

no recirculation of air for newly constructed buildings 

before the building is occupied. Other suggestions include 

better public information concerning the problem and possib
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ly installing simple warning devices (Sexton and Repetto 

1982) , or removal systems such as those employed by NASA 

(Pool and Nicogossian 1983). 

Regulation of Indoor Air 

For the most part controls of indoor air pollution 

are only suggestions because there has been little or no 

legislation on the subject. There exists no federal agency 

with sole responsibility for indoor air pollution in the 

non-workplace environment. Japan and Sweden are the only 

countries to have government regulations for non-occupation-

al indoor air as of 1983 (Meyer 1983). Ferrand and Moriates 

(1981) discuss the fragmented approach the U.S. Government 

has taken towards the problem. Agencies such as the Envir

onmental Protection Agency (EPA), the Department of Housing 

and Urban Development (HUD), the Consumer Products Safety 

Commission (CPSC), the Department of Energy (DOE) and the 

Occupational Safety and Health Administration (OSHA) utilize 

a variety of Acts to pursue different aspects of indoor air 

pollution. A study by the U.S. General Accounting Office 

(1980) recommended that Congress amend the Clean Air Act to 

give the EPA responsibility for indoor air quality in the 

non-workplace. The National Commission on Air Quality 

(1981) recommended another approach which involved having 

Congress direct appropriate agencies to assess the problem 

and have one present a report on appropriate approaches to 
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assure healthful air quality upon which the Congress could 

act. Indoor air pollution is not going to go away and the 

government should make a concerted effort to assess and 

control this growing problem. 

Carpet Emissions 

Among the sources of indoor air pollution that have 

been identified, perhaps one of the most important is car

peting. Not only does carpet occupy a large surface area of 

a room, it also can absorb a variety of pollutants such as 

smoke, fumes, and many gases (Meyer 1983). In one study by 

Crawshaw (1978) the role of wool carpet as an absorbant 

material for pollutants auch as S0£ was investigated. Meyer 

(1983) discussed the absorbing capacity of carpet and the 

fact that it can become saturated long before evidence of 

physical wear is seen. There have been many instances of 

commercial buildings using perfumes in the ventilation 

system to conceal the odor of carpeting (Meyer 1983). The 

presence of a variety of carpet deodorizers on the commer

cial market also attests to the odor problem associated with 

the absorbing properties of carpeting. This can be a very 

important factor in the occupants' perception of indoor air 

quality. Berglund et al. (1982) stated that "the perception 

of air quality is dominated by odor, and odor has long been 

the main criterion for judging quality and for regulating 

indoor ventilation rates." 
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In addition to the absorbed odors which are emitted 

from'carpet, new carpeting can emit unique odors or pollut

ants originating from the manufacture or installation of the 

carpet. Singer (1972) discussed the problem of odor pollu

tion in the manufacture of carpeting. After World War II 

many new materials and processes were developed in the 

carpet industry which generated new emissions. These mater

ials included new fibers, adhesives and dyestuffs. Singer 

(1972) focused on the contribution of dye carriers which 

became prevalent with the advent of polyester fibers. These 

dye carriers have very disagreeable odors; however, they can 

be easily driven off and eliminated by heating the carpet

ing, now an integral part of carpet manufacture. 

Girman et al. (1984) investigated the emissions of 

adhesives used in the application of carpet. They found 

that toluene and a variety of alkanes and cyclohexanes were 

emitted by these adhesives. Monteith, Stock and Seifert 

(1984) investigated the contribution of carpeting to the 

emission of eighteen commonly identified organic air contam

inants of which eight were found to emanate from carpet. 

These included n-butanol, tetrachloroethylene, m,p-xylenes, 

styrene, p-dichlorobenzene, nonanal, n-undecane and tetra-

decane. Godish and Kanyer (1982) also found that carpet can 

emit formaldehyde. A study by Miksch et al. (1982) made 

comparisons of emissions found in five different carpets. 

Small (approximately 2X3 in.) samples of the carpet were 
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placed in a glass and teflon headspace apparatus to which a 

vacuum was applied. The chemicals emitted by the carpet 

were collected in a cold-finger trap immersed in liquid 

nitrogen. The condensed samples were analyzed by combined 

Gas Chromatography and Mass Spectroscopy (GC-MS). Table 2 

shows the results of this study. 

Health Problems Associated with Carpeting 

A computer search of the reported incident file of 

the National Injury Information Clearinghouse (NIIC) (1986) 

concerning health effects with carpeting from 1980 to the 

present revealed a variety of health complaints. Thirty-

five separate cases of ill-health attributed to carpeting 

have been reported to the NIIC since 1980 and are summarized 

in Table 3. It should be noted that this compilation is by 

no means a complete sampling of health problems related to 

carpet in the U.S. Many of the reported incidents involve 

respiratory problems and allergic reactions. Symptoms 

characteristic of formaldehyde exposure were also reported 

in some of the complaints. 

Initial research concerned with the nature of new 

carpet emission began at the University of Arizona's Depart

ment of Toxicology in 1984 (Crabbe 1984). This research was 

begun mainly in response to complaints received by the 

Arizona Center for Occupational Safety and Health, the 

Arizona Division of Occupational Safety and Health, the 
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Table 2. Organic Contaminants Identified in Headspace 
Vapor Over Selected Carpet Samples. 

Carpet 
Number 

Description Major3 Organic Contaminants 

1 nylon(?) fiber, 
jute backing 

3-phenylcyclohexenek, 
aliphatic hydrocarbons 

2 polypropylene fiber, 
foam backing, self-
stick 

trimethylcyclohexene, 
aliphatic hydrocarbons 

3 synthetic fiber, thin 
composition backing 

n-octane, n-nonane, 
aliphatic hydrocarbons 

4 nylon fiber, jute 
backing 

3-phenylcyclohexeneb, 
decane, dichlorobenzene'5, 
styreneb, aliphatic 
hydrocarbons 

5 acrylic fiber, 
foam backing 

heavy oxygenated compound**, 
aliphatic hydrocarbons 

a"Major" is defined as one of the five largest gas 
chromatographic peaks observed. 

^Compounds which possess functional groups which enhance 
chemical reactivity. 

Adapted from Miksch, Hollowell and Schmidt 1982. 



19 

Table 3. Carpet Associated Health Complaints Received by 
the National Injury Information Clearinghouse as 
of 1980. 

Health Complaints Number Received Formaldehyde3 

General Illness 8 6 

Respiratory Problems 10 4 

Headaches 2 0 

Allergic Reactions 8 4 

Skin Ulcers 2 2 

CNS Problems 1 1 

Respiratory Irritation 6 1 

Eye Irritation 3 1 

a Formaldehyde refers to the number of complaints in each 
catagory where the emission of formaldehyde by the carpet 
was mentioned as a possible cause of health problems. 

Note - 42% of the formaldehyde cases involved the presence 
of other formaldehyde emitters in the building (eg. 
particle board furniture and urea-formaldehyde 
insulation). 
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Poison Control Center at the University of Arizona and the 

Pima County Division of Public Health occuring in the Tucson 

area. The complaints of seven people that experienced ill-

effects after the installation of new carpeting at two 

different locations were compiled by Crabbe (1984) and 

appear in Table 4. Eye irritation and headaches were the 

most common complaints reported. Respiratory complaints are 

less prevalent among the symptoms reported by Crabbe (1984) 

than in those reported by the NIIC (1986) which may be due 

to the susceptibility of the people involved as well as 

their duration of exposure. Predisposition to respirajtory 

problems plays a very important role in the reaction to any 

pollutant. Carpet emissions may be exacerbating these 

preexisting problems causing illness in many of the cases in 

the NIIC (1986) list. 

Several incidents involving new carpet emissions 

were also reported during the course of this study. They 

include two office buildings and a residence. Both male and 

female office workers in one complex (S.S.B.) were sent home 

due to severe symptoms such as nausea, headaches and vomit

ing. The characteristic odor of new carpeting was at a very 

high level in this office space. Female personnel in the 

second office space (UiP.I.) experienced similar problems 

but with less severity. The female occupant of the resi

dence (E.D.) experienced respiratory difficulties (difficul

ty taking a deep breath and a persistent cough) upon in-
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Table 4. Symptoms Reported After New Carpet Installation. 

Person Area Symptoms 

A. S. Residence Eye irritation, headache, lethargy, 
nausea 

K.M. Office Bldg. Belligerence, lip and tongue stinging 
headache, worsening of arthritic 
condition 

S.S. Office Bldg . Headache, sinus pressure, burning of 
eyes, decreased focusing ability 

S.R. Office Bldg. Tearing and burning of eyes, headache 

A.C. Office Bldg. Sinus pressure, burning of eyes 

L.N. Office Bldg. Light-headedness, burning of eyes 

Mgr. Of f ice^Bldg. Headache, burning of eyes 

From Crabbe 1984. 
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stallation of new carpeting in her home. The persistent 

cough remained at nine months post-installation of the 

carpet (the time of completion of this study). 

Source of Health Complaints 

The majority (> 80%) of the cases reported to the 

NIIC (1986) and all of the cases in the Crabbe (1984) study 

and those reported during the course of this study were 

believed to be caused by new carpeting. Although formalde

hyde was noted as a probable cause in certain of the NIIC 

(1986) complaints, there have been instances of health 

problems associated with new carpeting where formaldehyde 

was not found to be elevated from normal levels. 

The determination of the causative agent(s) of 

health complaints and its source in new carpeting were the 

main objectives of the Crabbe (1984) study. Crabbe identi

fied the emissions of samples of carpet that were installed 

in buildings where ill effects had been reported by employ

ees. Carpet samples were placed in twenty liter glass 

containers and the chemicals in the headspace air of these 

samples were collected on a charcoal tube. These chemicals 

were analyzed by GC-MS. The results of these analyses are 

presented in Table 5. The toluene extracted sample (refer 

to Table 5) was derived from the latex backing of the car

peting. The discovery of a single common emission, 1-phen-

yl-3-cyclohexene, in these headspace samples and later in 
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Table 5. Compounds Identified in Carpet Samples by GC-MS. 

Blue Carpet 

4PCa 

Dimethyl benzene 

Propyl benzene 

Low molecular 
weight hydrocarbon 
(C9H12) 

Brown Carpet 

4PCa 

Low molecular 
weight hydrocarbon 
(C9H15) 

Low molecular 
weight hydrocarbon 
(C12H24) 

Toluene Extracted 
Brown Carpet 

4PCa 

Low molecular 
weight hydrocarbon 
(C8HI6) 

Butylated hydroxy-
toluene (BHT) 

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

a4PC refers to 4-phenylcyclohexene which was identified as 
l-phenyl-3-cyclohexene by Crabbe (1984). 

From Crabbe 1984. 
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samples taken of an office area where health complaints were 

registered led to the conclusion that the toxicology and 

environmental prevalence of this chemical should be investi

gated. 

In addition to the study performed by Crabbe (1984), 

a study to identify the emissions of building materials was 

undertaken by Miksch, Hollowell and Schmidt (1982). They 

reported a variety of indoor pollutants and associated 

certain ones with carpet. Among the identified emissions of 

carpeting (Table 2) was a chemical which they refered to as 

3-phenylcyclohexene. Due to the limited amount of informa

tion in the literature concerning this chemical, a nomencla

ture problem probably existed. This chemical is very likely 

the same one identified by Crabbe (1984). A search of the 

literature reveals no reference to either l-phenyl-3-cyclo-

hexene or 3-phenylcyclohexene. The structure of the com

pound identified by Crabbe (1984), however, matched the 

structure of a chemical named 4-phenylcyclohexene (4PC). 

The chemical registry number of this compound is 4994-16-5. 

Construction of Carpeting 

The number of components involved in the manufacture 

of carpeting is limited. These components include the 

fiber, the backing material and the latex used to bind the 

two. Fibers can be composed of a variety of materials 

including wool, acrylics, polyesters, nylon and polypropyl-
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enes (Shoskes 1974). The fibers can be dyed at various 

stages of manufacture. The backings can be composed of 

cotton, jute (a natural fiber imported from Pakistan and 

Bangladesh) and synthetic polypropylene materials. The 

synthetic backings have recently become the most popular. 

The latex is a carboxylic-styrene-butadiene (XSBR) polymer 

which has very good adhesive properties. 

Figure 2 (derived from Shoshkes 1974) illustrates 

the construction of tufted carpeting which according to 

Monsanto (pamphlet) comprises 95% of the U.S. market. After 

the fibers are spun and plied the yarn is inserted into the 

backing material and the XSBR latex is applied. This pro

cess is known as precoating and serves to anchor the tufts 

to the primary tufting cloth and to stabilize the carpet 

(Porter 1982). After the precoat is applied, a secondary 

backing is adhered to the primary backing using XSBR latex. 

The U.S. is the major market for carpets with secondary 

backings. Approximately 77% of the latex being used for 

backing systems in the U.S. is used to bind the secondary 

backing (derived from Porter 1982). The secondary backing 

serves to increase the carpet's dimensional stability. A 

third type of backing which is very popular in Europe is the 

foam backing which involves the use of styrene-butadiene 

latex instead of XSBR. This backing serves to cushion the 

carpeting. 
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Monofilament yarn & 
fiber 

Staple yarn 4 fibers 

1 

~W. 
Fig. 2.1 Spinning- Staple fibers 

and monofilaments are 
spun to provide yarns 
for the carpet face. 

Fig. 2.2 Plying- 1 to 6 strands 
of the spun yarn are 
twisted together to form 
one carpet yarn. 

Fig. 2.3 Tufting- Yarn is inserted 
into a backing by rows 
of needles to form the 
carpet face. 

2.A Carpet Packing- A latex 
coating is applied to 
lock tufts in place, a 
secondary backing is 
added for stability. 

Figure 2. Construction of Carpets: Spinning, Plying, 
Tufting and Carpet Backing. 

Derived from Shoskes 1974. 
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The XSBR latex used in the precoat and secondary 

backing contains up to 5% of carboxyl-containing monomer 

with 35% to 85% styrene which gives a varying degree of 

stiffness (Feast 1982). The styrene content of the XSBR 

latex used in carpet backings is 50% to 65%. Some of the 

advantages of adding the carboxyl group to the styrene-

butadiene polymer include high adhesive strength and in

creased compatibility and affinity for fibers of -the latex. 

The three most commonly used carboxylic acids are acrylic 

acid, methacrylic acid and itatonic acid. The production of 

XSBR latex requires pressure vessels and reaction tempera

tures of 60 to 100 C (Feast 1982). A variety of small 

amounts of other chemicals are also added to the backing 

adhesive mixture. The identity and quantity of these chemi

cals varies greatly between manufacturers and end uses of 

carpeting. After the application of the backings to the 

carpet it is dried in an oven at 140 C for 4 to 6 minutes 

(conditions for 20 oz/sq yd. application). The temperature 

of the carpet approaches 100 C (Robinson 1972). The proced

ures of application and contents of latex will vary depend

ing on the ultimate use of carpet and the manufacturer. The 

above information concerns the general case of carpet manu

facture . 
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Source of 4-Phenylcyclohexene (4PC) 

Crabbe (1984) found that the origin of the 4PC is 

the latex backing. The latex backing was solubilized using 

toluene and analyzed by combined gas chromatography and mass 

spectroscopy. The results appear in Table 5 and 4PC was 

found as a contaminant in the latex of the backing. After a 

review of the literature, it was found that this chemical is 

not a part of the manufacture of carpeting, but rather a by

product of the latex manufacture. Other indications that 

the offending agent (possibly 4PC) is coming from the carpet 

backing are found in the complaints received by the NIIC 

(1986). Two of the reported cases involved the carpet 

backing as a suspected source of harmful agents. Both 

complaints implicated the XSBR latex of the backing. In one 

case, an analytical report indicated that the odor of the 

new carpet was due to toxic fumes that were related to 

"styrene butadiene". 

The NIIC (1986) complaints and the Crabbe (1984) 

findings indicate that the source of the 4PC involves the 

carboxylic-styrene-butadiene polymerization process. Kon-

ingsberger and Salomon (1946) investigated the polymeriza

tion of styrene and 1,3-butadiene and discovered the produc

tion of cyclic dimers as side products. The dimers were 

identified as 4-vinylcyclohexene (4VC) (derived from the 

reaction of butadiene with itself) and 4PC (derived from the 
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reaction of styrene with 1,3-butadiene pictured in Figure 

3) . These dimers were formed by a Diels-Alder type reaction 

which takes place to a small extent during the polymeriza

tion. 

Koningberger and Salomon (1946) performed the Diels-

Alder reaction using three parts styrene and seven parts 

1 ,3-butadiene at 100 C for 100 hours. They discovered that 

in the absence of a polymerization catalyst there was a 30% 

production of the dimers (40% of which was 4PC). The addi

tion of a catalyst reduced the yield to 20%. It was found 

that the 4PC constituted the high boiling fraction of the 

reaction products. The 4VC was present in the low boiling 

fraction. The Dictionary of Organic Compounds (1982) gives 

a boiling point of 235 C for 4PC and 129.5-130.5 C for 4VC 

which confirms the findings of Koningsberger and Salomon 

(1946). The finding of a low yield of the styrene-butadiene 

copolymer led Koningsberger and Salomon (1946) to the con

clusion that the formation of these dimers hampers the 

polymerization process. 

Actions that reduced the production of the dimers 

include increasing the styrene content of the reaction, 

adding a catalyst, and reducing the time and heat of the 

reaction. Due to the high heats of activation for the 

formation of the dimers the heat of the reaction seems to 

have the greatest impact on their formation during the 

polymerization process. A method to reduce the heat of the 



Styrene 1 , 3-Butad ierie 4-Phenylcyclohexene 

Figure 3. Diels-Alder Reaction of Styrene and 1,3-
Butadiene to Produce 4-Phenylcyclohexene 

' 

1-Phenylcyclohexene 

Figure 4. Structure of 1-Phenylcyclohexene Which 
Serves as the Internal Standard in the 
Gas Chromatographic Technique. 
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reaction involves performing the polymerization in emulsion 

which is the method now used in the production of latex in 

the carpet industry. 

Though the method of producing latex in the carpet 

industry is done under conditions of reduced heat, increased 

styrene content and less time of reaction than that found in 

the Koningsberger and Salomon (1946) study, there is still a 

likelihood that the side reaction dimers are produced to a 

smaller extent by the same mechanism. Since the 4PC is a 

high boiling compound (235 C), it would tend to remain in 

the latex while the low boiling 4VC (129.5-130.5 C) would 

readily volatilize and be eliminated from the latex during 

the carpet manufacturing process. The carpeting manufactur

ed with this latex will be contaminated with the 4PC which 

can then be emitted into the indoor environment upon instal

lation of the new carpet. Preliminary results of the Crabbe 

(1984) study identified air concentrations in the part per 

billion range in an indoor environment where new carpeting 

had been installed. This would indicate that a very small 

amount of 4PC is being released from the new carpet. 

Additional studies concerning the production of 4PC 

during the polymerization of styrene and 1,3-butadiene 

include one by Paushkin et al. (1971) which reports optimal 

production of 4PC at 210 C and 60 atm. pressure with a 

butadiene to styrene ratio of 2.7 to 1 and a contact time of 

6 hrs. Again it was found that the 4PC yield decreased with 
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increased amounts of styrene. Another suggestion that 4PC 

might be produced during the polymerization process was 

offered by Alder and Rickert (1938). They refered to the 

4PC as 1,2,5,6-tetrahydrodiphenyl. 

The odor of 4PC was alluded to in a paper by Koszin-

owsky, Muller and Piringer (1980) which involved paper 

coated with the styrene-butadiene copolymer. The 4PC was 

determined in a range of 35-331 parts per million (ppm). 

This finding indicates that the odor found in new carpeting 

may be partially due to the 4PC which would have to possess 

a very low odor threshold to be detected at the Crabbe 

(1984) determined part per billion (ppb) range levels. 

Synthesis of 4-Phenylcyclohexene (4PC) 

A search of the literature reveals several possible 

methods for the synthesis of the commercially unavailable 

4PC. The most referenced method is the Diels-Alder reaction 

proposed by Koningsberger and Salomon (1946). This somewhat 

difficult method involves reacting styrene and 1,3-butadiene 

under high pressure and temperature reqair-rng special equip

ment. Other references suggest simpler dehydration react

ions with 4-phenylcyclohexanol (4PC0H) to yield 4PC. The 

methods include a Chugaev dehydration proposed by Alexander 

and Mudrak (1950), two acid dehydrations described by Price 
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and Karabinos (1940) and Coleman and Johnstone (1941), and a 

dehydration using hexamethylphosphoramide (HMPA) suggested 

by Monson and Priest (1971). The Price and Karabinos (1940) 

dehydration involves mixing phosphoric acid and 3-phenylcy-

clohexanol, a compound similar to 4PC0H, while the Coleman 

and Johnstone (1941) acid dehydration utilized sulfuric acid 

and cyclohexanol. Of the chemicals used in the study by 

Monson and Priest (1971) three of them were similar to 

4PC0H. These included 1-phenylcyclohexanol, cis-2-phenylcy-

clohexanol and trans-2-phenylcyclohexanol. 

Toxicity of 1-Phenylcyclohexene (IPC) 

A search of the literature reveals that, to date, 

there has been no toxicological testing of 4PC. There has, 

however, been testing performed on a isomer of 4PC. This 

chemical is 1-phenylcyclohexene (IPC). The structure of 

this compound is pictured in Figure 4. 

Martin et al. (1980) determined that 50% of phen-

cyclidine (PCP), which was added to and burned in a parsley 

cigarette on a smoking machine, is converted to IPC by 

pyrolysis. They also determined the acute toxicity of the 

IPC in male mice which was less than that found for PCP. 

The L^5o i.p. was 231 mg/kg while the i.v. LD50 was 70.7 

mg/kg. 
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Probably the most extensive study of the toxicity of 

IPC was done by Holsapple et al. (1982) which involved the 

investigation of the acute and subchronic (14 days) toxic

ity and behavioral effects of IPC in both male and female 

mice. The male mouse LD50 was 448 umole/kg (70.8 mg/kg), 

1580 umole/kg (250 mg/kg) and >9500 umole/kg (>1500 mg/kg) 

after i.v., i.p. and p.o. administration, respectively. The 

female LD5q's were very similar to those of the males. The 

behavioral study (Inverted Screen Test) showed very little 

effect with an ED50 (i.v. administration, male mice) of 325 

umole/kg (51.4 mg/kg) which showed effect only at the "zero 

minutes" post dose test (the test was performed every five 

minutes for fifteen minutes). The subchronic study (i.p., 

male and female mice) produced several marked effects in

cluding decreased body, thymus, liver and spleen weights and 

a significant inhibition of humoral immunity. Most of these 

effects were seen only at the 40% LD50 subchronic dose. The 

paper concluded that IPC is not an exceptionally toxic 

chemical. The lowest reported LD50 of IPC in rats is about 

5000mg/kg p.o. (Chakrabarti, Song and Law 1983). 

Studies concerning the metabolism and interaction of 

IPC with other drugs in rats include Chakrabarti et al. 

(1983) and Law and Chakrabarti (1984). Hu et al. (1984) 

investigated these parameters in mice. In vitro rat liver 

studies concerning IPC metabolism were performed by Chakra

barti and Law (1982) and Cook, Brine and Tallent (1984) 
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while Martin et al. (1982) studied mouse liver microsomes. 

Findings include a variety of ketone and alcohol metabolites 

of IPC and the possible involvement of epoxides in the 

formation of reactive metabolites (Ghakrabarti et al. 1983). 

A study involving humans was performed by Cook et 

al. (1982) which investigated the metabolism of IPC. PCP 

laced cigarettes were smoked (PCP is commonly smoked by 

users) by five volunteers and the plasma and urine levels of 

PCP and IPC were determined. IPC was shown to have a half-

life of 14 hours in plasma. Only traces of IPC were found 

in the urine which led to the speculation that IPC was 

eliminated through fecal excretion which implies that the 

liver plays a major role in the metabolism of IPC and its 

excretion in the bile. Three unidentified non-polar meta

bolites were identified in the plasma. 

Both the inhalation toxicity and the long term 

effects of IPC are not known. The investigation of these 

areas will help to better understand the effects of smoking 

the drug PCP. 



MATERIALS AND METHODS 

Synthesis of 4-Phenylcyclohexene (4PC) 

Acid Dehydration 

The acid dehydration of 4-phenylcyclohexanol (4PC0H) 

was selected as the method of choice for the synthesis of 

4-phenylcyclohexene (4PC) due to its simplicity and rapid 

completion time. The 4PC0H was obtained from Alfa Products, 

Inc. The alcohol was heated with excess sulfuric acid and 

allowed to reflux for approximately two hours. The reaction 

produced a very low yield (<5%) of the product which was 

highly contaminated and, therefore, unusable. Interesting

ly, the product did possess the characteristic 'new carpet' 

odor. 

Initial Hexamethylphosphoramide (HMPA) Dehydration 

A follow-up approach to the synthesis of 4PC from 

4PC0H involved the hexamethylphosphoramide (HMPA) dehydra

tion which produced a much higher yield (75%) with greater 

purity. The HMPA serves as a hydrogen donator. This hydro

gen combines with the -OH group of the alcohol to form 

water. The elimination of the water results in a carbonium 

36 
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ion which goes on to form the double bond at the site of the 

-OH group after the release of a hydrogen. As a result the 

HMPA is unchanged at the completion of the dehydration. The 

resulting products of the dehydration are HMPA, 4PC and 

water (given 100% completion and no impurities). 

The sample of 4PC obtained from the HMPA dehydration 

contained one major impurity which was identified as 4-

cyclohexanylcyclohexene (4CHC) using Gas Chromatography 

combined with Mass Spectroscopy (GC-MS). Figure 5 shows the 

gas chromatogram in which the impurity elutes before the 4PC 

at a concentration of about 15%. Figure 6 shows the mass 

spectrograms of both the impurity and the 4PC which were 

used to identify both compounds. The GC-MS also revealed 

that the starting material, 4PC0H, contained the precursor 

alcohol, 4-cyclohexanylcyclohexanol, as an impurity of 15%. 

Since the 4CHC impurity is th-e same percentage as that found 

in the 4PC product, this suggests that the starting material 

was the source of the 4CHC impurity. 

Initial Attempt at Purification of 4PC Product 

Purification of the 4PC synthesized from the HMPA 

dehydration procedure was attempted using both distillation 

and silica gel adsorption. Attempts to separate the com

pounds using a spinning band distillation apparatus failed 

although such devices separate compounds which boil at only 

a few degrees apart. Apparently, the impurity boiled at 
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4CHC 
peak 

V 

4PC 
peak 

Figure 5. Gas Chromatograph of HMPA Dehydration Product 
(4PC). 

The Impurity, 4-CyclohexanyIcyclohexene (4CHC), Occurs at 
About a 15% Concentration. 
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Figure 6. Mass Spectrographs of 4-Gyclohexanylcyclohexene 
(4CHC) and 4-PhenyIcyclohexene (4PC). 
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nearly the same temperature as the 4PC and could not be 

separated using this distillation procedure. Silica gel 

separation was also attempted based on the assumption that 

the 4PC would adsorb onto the silica while the contaminant 

would pass through in a non-polar solvent. Vhe 4PC product 

was separated on the silica gel using hexane, a non-polar 

solvent, as the first eluant. The silica gel column was 

then washed with methylene chloride, the polar solvent, with 

the purpose of desorbing the 4PC from the silica gel into 

the methylene chloride solvent. The nuclear magnetic reson

ance spectrograph of the resulting polar and non-polar 

eluants showed that neither the 4CHC nor, the 4PC had adsorb

ed onto the silica gel. Both were found to be present at 

pre-elution concentrations in the non-polar, hexane frac

tion. Subsequent attempts at silica gel separation also 

failed. 

Purification of the 4PC0H Prior to 4PC Synthesis 

Another approach to the synthesis of a purified 4PC 

sample involved the purification of the starting material, 

4PC0H, by recrystalllzation. Specifically, the material was 

recrystallized in ligroin (bp. 90-110 C) by dissolving the 

solid 4PC0H in a sufficient amount of hot (110 C) ligroin 

to completely dissolve the solid. The hot solution was then 

allowed to cool to room temperature (25 C) causing the 

alcohol to crystallize out of solution. The impurity re
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mained dissolved in the cooled solution and was separated 

from the solid 4PC0H by filtering the solid from solution 

with Whatman Qual. #1 Med. Fast filter paper in a Buchner 

funnel. The solid contained in the funnel was then washed 

with three 200 mL portions of room temperature ligroin to 

remove residual impurity. The entire recrystallization 

process was repeated three times to obtain the purified 

alcohol. 

The recrystallized 4PC0H melted at 120-121.5 C which 

approximated the melting point of 117.2-118.5 C determined 

by Ungnade (1948). The starting material before recrystal

lization started melting at a temperature of 49 C and was 

completely melted at a temperature of 80 C. The reduced 

melting point and increased temperature range indicate the 

presence of impurities in the starting material. 

Final HMPA Dehydration Procedure 

The initial 4PC synthesis step involved combining 40 

gm of recrystallized 4PC0H and 200 mL of HMPA in a 1000 mL 

round bottom flask. The solution was refluxed for one hour 

in a Friedrichs condenser heated to 250 C in a silica oil 

bath. The solution changed color from clear to yellow-

orange during refluxing and then darkened to a brown color 

while cooling. The product was extracted from solution with 

three 200 mL portions of pentane. The pentane was combined 

with the reaction products in a 500 mL separatory funnel and 
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shaken briskly while allowing for proper ventilation of the 

funnel. The organic and aqueous layers were allowed to 

separate and the bottom aqueous layer was removed. The 

remaining pentane layer containing the 4PC was set aside and 

the extraction process was performed two more times on the 

aqueous fraction to remove additional product. 

The three pentane portions were combined and then 

washed three times with 100 mL portions of brine solution 

(10% NaCl in water) to extract residual HMPA and other water 

soluble contaminants. This was accomplished by combining 

the 4PC containing pentane solution with the brine solution 

in the 500 mL separatory funnel and shaking it vigorously. 

The bottom contaminated brine solution was then removed and 

discarded and the next brine portion was added to the re

maining pentane solution. 

The resulting pentane solution was then dried with 

approximately one gram of magnesium sulfate'. The magne

sium sulfate was then removed by filtration using a scinter-

ed glass filter (ASTM 4 - 5.5 um Fine pore size). The 

resultant solution was a yellow color at this point. The 

pentane was distilled off at a temperature of 34 C under 

1. The solid magnesium sulfate tends to agglomerate 
in the presence of water. When a sufficient amount of 
magnesium sulfate is present to remove all of the water from 
solution it takes on a fine powdery appearance. At this 
point it can be assumed that the organic solution is dry. 
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ambient pressure. The liquid fraction containing the 4PC 

which remained in the flask had a yellow-orange color. The 

4PC was distilled off using a spinning band distillation 

apparatus. The product distilled off at 70 C with the 

pressure reduced to 1.25 mmHg. The synthesis yielded 0.195 

moles of 4PC from 0.227 moles of 4PC0H resulting in an 86% 

yield. The final product was >99% pure as determined by Gas 

Chromatography (Figure 7). 

A density of 1.005 gm/mL was determined at 23 C and 

700.7 mmHg temperature and pressure. Alexander and Mudrak 

(1950) determined a density of 0.9779 gm/mL for 4PC under 

standard conditions (25 C, 760 mmHg). They also reported a 

refractive index of 1.5440. The Dictionary of Organic 

Compounds gives a boiling point of 235 C under standard 

conditions and one of 88-90 C at 16 mmHg pressure. 

Environmental Sampling 

Collection of 4PC from the Environment for Quantitation 

The selection of the sampling method for 4PC is 

based upon previous work done by Crabbe (1984), which repre

sents the only available source describing sampling techni

ques for 4PC. Crabbe utilized activated coconut-base char

coal as a collection media. This particular collection 

media is commonly used in the field of industrial hygiene 

for collection of a variety of organic compounds. The 
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Figure 7. Gas Chroraatograph of Purified HMPA Dehydration 
Product (4PC) . 

The Impurity, 4-Cyclohexanylcyclohexene (4CHC), Occurs at 
Approximately a 0.1% Concentration. 
Numbers Represent Times of Elution in Minutes. 
.72 = Carbon Disulfide Peak; 3.38 = 4CHC Peak; 
4.41 = 4PC Peak. 



45 

charcoal is contained in a glass tube in two sections. The 

front section in which the contaminants are collected con

tains 400 mg of charcoal; the second section, used to deter-
I 

mine breakthrough, is composed of 200 mg of charcoal. 

Immediately before the start of sampling, both ends of the 

tube are broken off to allow a free path for sample air. 

The collection tube is represented in Figure 8 along with 

the other components of the sampling apparatus which include 

a personal sampling pump (Mine Safety Appliances, Model G or 

S) used to draw air thru the charcoal tube at a rate of 

approximately 2 liters per minute (1pm). The charcoal 

sorbent tubes were obtained from SKC Inc, catalogue no. 226-

09, lot no. 120. 

The sampling procedure involved inserting the char

coal tube in a flexible plastic tube in the manner pictured 

in Figure 8. The pump was turned on and the flow rate was 

set using a precalibrated rotameter. Flow rates were set 

between 1.5 and 2.0 1pm. The pump was allowed to run for 2 

or 3 hours. At the end of the sampling time the final flow 

rate was determined. The charcoal tubes were then capped 

and placed in a freezer until analysis. The length of 

storage was no more than one month. 

Analysis of Samples Collected on Charcoal 

Analysis was performed by breaking the charcoal tube 

and transferring the front section of charcoal into a 5 mL 
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borosilicate glass vial in which 2 mL of reagent grade 

carbon disulfide (supplied by EM Science, lot no. 4173) had 

been placed. The tubes were broken by carefully scoring a 

line in the glass with a file at an empty point in the front 

part of the tube and snapping the tube in half by hand at 

the scored point. The glass wool was then removed and the 

charcoal poured into the carbon disulfide. The carbon 

disulfide serves as a desorption media into which charcoal 

adsorbed compounds are released. Carbon disulfide was 

selected as a desorption media in the analysis of 4PC due to 

its high desorption efficiency and low flame ionization 

detector (FID) response. The samples were allowed to sit 

for at least one hour to assure maximum desorption before 

gas chromatographic analysis. 

Gas Chromatography Technique 

All environmental and laboratory samples were anal

yzed on a Hewlett Packard gas chromatograph (GC), Model no. 

5790A, equipped with a flame ionization detector (FID) and 

a Hewlett Packard, integrator, Model 3390A. A 1/8" X 6' 

glass column packed with 1.5% OV-17 liquid phase on 100/120 

mesh Chromosorb W support was used. OV-17 was selected 

because of its intermediate polarity which imparts an abil

ity to separate a wide variety of organic compounds. The 

chromatograph was run at an isothermal temperature of 130 C 

and a carrier gas (nitrogen) flow rate of 30 mL/min. The 
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flows of the FID gases were 30 mL/min of hydrogen and 240 

raL/min of air. The injection port temperature was set to 

220 C. The detector temperature was 335 C. These condi

tions were very similar to those used by Crabbe (1984). 

1-Phenylcyclohexene (IPC), obtained from Aldrich 

Chemical Company (lot no. CK 123077, 97% pure, b.p. 251-

253), was used as an internal standard (i.s.) due to its 

structural similarity to 4PC. IPC possesses the same number 

of carbons and hydrogens as 4PC and should, therefore, 

elicit a similar response from the FID. Their volatilities 

are also very similar. IPC elutes after the 4PC with a 

relative retention ratio (4PC time/lPC time) of 0.72 (Figure 

9). These facts make IPC an ideal internal standard for 

this application. 

One microliter (1.0 uL) of the IPC (i.s.) was added 

to 100 mL of carbon disulfide (yielding a IPC concentration 

of 63 nmole/mL) before any analytical work was undertaken to 

evaluate 4PC concentrations . This approach served to 

provide a constant concentration of IPC in all samples 

injected in the GC because the IPC spiked carbon disulfide 

served as the solvent for 4PC standards as well as the 

desorption solution for environmental samples. This refer

ence concentration of IPC was within an order of magnitude 

of most of the 4PC concentrations that were commonly found 

in the environmental samples (environmental sample concen

trations of 4PC desorbed from the charcoal into the carbon 
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Figure 9. Gas Chromatograph of 4-Phenylcyclohexene (4PC) 
With Internal Standard (IPC). 

The Relative Retention Ratio of 4PC (4PC time/lPC time) 
is 0.72. 
Numbers Represent Times of Elution in Minutes. 
.79 = Carbon Disulfide Peak; 3.79 = 4PC Peak; 
5.28 = IPC Peak. 
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disulfide ranged from approximately 95.4 nmole/mL to 0.64 

nmole/mL). The similarity in concentrations of the internal 

standard and the compound being assessed (4PC) serves to 

maximize the sensitivity of the correction factor that the 

internal standard imparts to the analysis. This approach 

helps to correct for any injection error or volatilization 

of the IPC, 4PC or carbon disulfide that might occur during 

analysis because the area count ratio of the 4PC and IPC 

(4PC area/lPC area) should not vary from one injection to 

another in the same sample. 

A standard curve was developed jjn order to assess 

the amount of 4PC that was in the unknown samples. A stock 

solution containing 2 ul of pure 4PC and 2 ml of carbon 

disulfide (i.s.) was used to prepare the standards (yielding 

6360 nmole/mL). Standards were prepared by diluting small 

amounts (30 to 0.2 uL) of the stock solution in 2 mL of 

carbon disulfide (i.s.) (eg. 30 uL of stock yields a 95.4 

nmole/mL standard). A standard curve was developed by 

plotting the 4PC concentration (expressed in nmole/mL) 

against the 4PC/1PC area count ratios that each concentra

tion elicited from the gas chromatograph. The range of the 

standard curve included all concentrations of 4PC contained 

in the charcoal samples. The 4PC/1PC ratios of the charcoal 

tube samples were then compared to the standard curve to 

determine the concentration of 4PC in the sample. This 

concentration was multiplied by 2 mL (the total volume of 
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the sample) to obtain the amount of 4PC desorbed from the 

tube. The desorption efficiency factor (discussed in the 

following section) was then applied to calculate the actual 

amount of 4PC adsorbed by the charcoal. This amount was 

then converted to a gaseous volume using the ideal gas 

constant (24.45 L/mole). Dividing the gaseous volume of 4PC 

by the volume of air that was sampled yielded the part per 

million (ppm) concentration of the 4PC in the air. Equation 

1 below illustrates this computation. 

Equation 1 

nmole/mL X 2 mL X 24.45 nL/nmole X 10~9 L/nL X 10^ = ppm 4PC 
Volume of Air Sampled (Liters) 

Desorption Efficiency 

The desorption efficiency of carbon disulfide for 

different types and amounts of compounds collected on char

coal varies considerably. As a result, the desorption 

efficiency must be assessed in order to determine the true 

amount of chemical that is released by the charcoal. In 

this study, the desorption efficiency was determined by 

placing equal amounts of 4PC in the front section of a 

charcoal tube and in 2 ml of carbon disulfide which served 

as a reference standard. The charcoal samples spiked with 

known amounts of 4PC were later desorbed in 2 ml of carbon 

disulfide and the amount of 4PC determined in the charcoal 
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sample was divided by the amount in the reference standard 

to obtain the desorption efficiency which is expressed as a 

percentage. 

Two different methods were used to introduce the 4PC 

to the charcoal. The first method involved the injection of 

the 4PC directly onto the charcoal. The second method 

involved placing the 4PC on the inner glass surface of the 

charcoal tube preceding the charcoal and drawing air through 

the tube to distribute the 4PC vapor over the charcoal. 

Approximately 300 liters of 4PC-free air were drawn over the 

tube to approximate the amount of air collected during 

environmental monitoring. To determine residual 4PC on the 

spiked glass surface, the glass upon which the 4PC was 

applied was detached from the remainder of the charcoal tube 

and placed in a separate desorption vial with 2 mL of carbon 

disulfide. All 4PC samples used to determine the desorption 

efficiency were injected using a 10 uL Hamilton microliter 

syringe. 

The Hamilton syringe used in the desorption effi

ciency determination could not accurately deliver the small 

amounts of 4PC that were typically adsorbed by the charcoal 

(0.030 to 0.0002 uL) from environmental air, so the 4PC was 

diluted in carbon disulfide. A thousand-fold dilution of 

the 4PC was prepared for this purpose (eg. 2 uL 4PC in 2 mL 

carbon disulfide). An application of 10 uL of the thousand

fold dilution of 4PC (which is accurately delivered by the 



Hamilton syringe) places 0.010 uL of 4PC (an amount within 

the range of typically adsorbed amounts of 4PC in samples) 

on the charcoal. Amounts of 0.005 and 0.010 uL of 4PC were 

used in the desorption efficiency determination. The 4PC 

spiked charcoal was desorbed in carbon disulfide approxi

mately one hour after 4PC application. The charcoal was 

allowed to desorb for at least an hour before analysis. 

Crabbe (1984) determined a desorption efficiency of approxi

mately 100% through an indirect method, which used 1-phenyl-

cyclohexene (IPC) because 4PC was not commercially available 

and had not yet been synthesized. 

Sampling for Formaldehyde 

Formaldehyde monitoring was also done at two of the 

sampling sites in an attempt to assess its emission from 

carpeting. The procedure used in this assessment was the 

chromotropic acid method recommended by the National Insti

tute of Occupational Safety and Health (NIOSH) (1977). 

Air was drawn through 15 mL of distilled water in 

either a midget impinger or a bubbler. The formaldehyde is 

efficiently collected by water. Air was bubbled through the 

water filled impinger using an MSA sampling pump set at a 

flow rate of 2 1pm for a minimum of 2 hours. Samples were 

then analyzed the same day to prevent loss of formaldehyde. 

The final volume of the sample liquid was determined and 4 

mis were measured into a 50 mL graduated cylinder. A stand
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ard curve was prepared by placing 0.1, 0.3, 0.5, 0.7 and 0.9 

ml of stock 10 ug/mL sodium formaldehyde bisulfite solution 

in 4 mL of distilled water contained in 50 mL graduated 

cylinders. Two drops of 1% chromotropic acid reagent (0.10 

gm of 4 , 5-dihydroxy-2,7-naphthalenedisulfonic acid disodium 

salt, obtained from Eastman Kodak Company, in 10 mL of 

distilled water) were added to the samples and standards and 

to a blank which contained only the distilled water. After 

the reagent was added, samples were thoroughly mixed and 

left to stand for 1 minute. Six mL of concentrated sulfuric 

acid were then added slowly and the mixture mixed well. The 

samples were allowed to cool to room temperature, and the 

absorbance of each sample was determined at 580 nm on a 

Bausch and Lomb Spectronic 20 spectrophotometer. The blank 

served as a zero for the instrument. By comparing the 

absorbance of the unknown samples to the standard curve, the 

amount of formaldehyde in the sample was determined. The 

total amount that was collected from the air was calculated 

by dividing the final volume of sample that was measured 

earlier (approximately 15 mL) by the 4 mL that were tested 

and multiplying this number by the microgram amount of 

formaldehyde determined in the 4 mL test sample. This 

weight measure of collected formaldehyde was then divided by 

the amount of air that was sampled to obtain the concentra

tion of formaldehyde in the air which was expressed in 
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milligrams per cubic meter (mg/M^). This concentration was 

converted to ppm by the following equation (Equation 2). 

Equation 2. 

mg/M^ X 10*"3 gm/mg X 24.45 (L/mole) X 10^ = ppm 
1000 L/M^ Mol. Wt.(gm/mole) Vol. air (L) 

Location of Samples 

Two environmental situations were evaluated with 

respect to 4PC emission from new carpet. The first situa

tion involved buildings in which carpeting had recently been 

installed and health complaints had been registered by 

occupants. Monitoring was completed in two such buildings 

during the course of this study (U.P.I, offices and E.D. 

residence). The second situation included buildings where 

carpet was in the process of being laid. In these cases, 

air samples were collected in order to quantitate 4PC emis

sions following carpet installation with no involvement of 

health complaints. Four buildings were included in this 

group (P.F.W. apartments, T.R. residence, U.M.C. offices and 

C.E. apartments). Air samples were taken before and after 

installation in all but one of these instances (C.E. apart

ments) . In addition to the buildings where carpeting was 

newly installed, a carpeting store (C.G. carpet store) was 

sampled to assess the presence of 4PC in a storage facility 

for carpet. 
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Several sampling strategies were used in order to 

characterize the environments being tested. Three of the 

buildings in which carpeting was in the process of being 

installed were monitored prior to the installation of car

peting as 'background' controls (P.F.W., T.R. and U.M.C.). 

It was not possible to obtain a pre-installatlon sample in 

the other three cases (U.P.I., E.D. and C.E.) since carpet

ing had already been installed. Additional samples were 

taken at varying times after installation (eg. hours, days, 

weeks and months) in order to characterize emission of the 

4PC from the carpeting. Samples were taken at various 

locations in each building to determine any room to room 

variations and to better characterize the average emission 

ofvthe particular carpets in the buildings that were being 

tested. Samples were collected at times ranging from 10:00 

AM to 5:00 PM on various days of the week. 

In order to assess concentration gradients of the 

4PC above the carpeting, sampling pumps were stationed at 

three different levels (eg. 6', 3' and carpet surface) above 

the new carpet surface in two different settings (P.F.W. and 

T.R.). 
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Toxicological Testing of 4-Phenylcyclohexene 

Acute Oral Toxicity Protocol 

Sixteen 175 gm Sprague-Dawley rats were received on 

May 20, 1986. They were housed in the Division of Animal 

Resourses (DAR) for the entire experiment. Technical assis

tance was provided by Kim Stone of the Department of Pharma-
i  » 

cology and Toxicology during all aspects of toxicity and 

irritation testing. Eight days (5/28/86) after receipt, 

five animals were dosed with 1.1 mL of pure 4PC (equivalent 

to 5000 mg 4PC per kg animal body weight) administered by 

gastric lavage. The rats weighed approximately 220 gm upon 

dosing. The density of the 4PC is approximately 1.0 gm/mL. 

Five additional rats were dosed in the same manner but with 

1.1 mL of 0.9% sodium chloride solution (saline) to serve as 

controls. Those rats which did not die within a few days 

after dosing were observed and weighed at approximately 24 

hour intervals for 14 days at which time they were terminat

ed using 1 mL of sodium pentobarbitol, i.p. A necropsy was 

performed on each rat. Heart-lung and lung weights were 

determined. Organs collected for future pathological study 

were preserved in formalin solution and included the heart, 

lung, liver, spleen, secum, stomach, small intestine and 

kidneys. 

The results of the initial dosage prompted addition

al testing on the remaining six rats. The rats that were 
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dosed with 5000 mg/kg either died or were terminated within 

48 hours post-dosing. It was decided to dose two additional 

animals with two lower doses of the 4PC. The dosages that 

were selected included 500 mg/kg and 100 mg/kg. The animals 

were dosed five days (6/2/86) after the intial dosing in the 

same manner previously described. The 500 mg/kg dose con

sisted of 0.13 mL 4PC which was mixed with 0.1 mL of saline 

to facilitate dosing. The 100 mg/kg dose consisted of 0.025 

ml of 4PC which was also mixed with 0.1 mL saline. The rats' "f 

weighed approximately 250 gm at the time of dosing. The 

animals were weighed and observed for 2 days after which 

time it was decided that the larger dose (500 mg/kg) was not 

immediately lethal. The four remaining rats were dosed in 

the same manner as the previous 500 mg/kg test animal. The 

controls used in the first trial were used as controls for 

this follow-up experiment. The guidelines for the acute 

toxicity testing were obtained from Principles and Proced

ures for Evaluating the Toxicity of Household Substances 

(1977). 

Skin Irritation Protocol 

Six Hartley Guinea Pigs were received on May 20, 

1986. They were housed throughout the experiment in DAR. 

Eight days (5/28/86) after receipt two 0.1 mL portions of 

4PC were applied to two 1"X 1" patches that were shaved free 

of hair using an electric razor. The patch of skin on the 



left side of the animal was abraded using a syringe needle 

in a tic-tac-toe pattern. After application of the pure 4PC 

the exposed skin was covered with gauze which was secured 

with tape. Twenty-four hours after dosing the patches were 

removed and the skin was assigned a degree of irritation 

value based on the amount of redness , scabbing and swelling 

that had occurred. The following guidelines were used to 

evaluate these values. These guidelines along with the 

procedures of the skin irritation testing were derived from 

Principles and Procedures for Evaluating the Toxicity of 

Household Substances (1977). 

Skin reaction Value 

Erythema and eschar formation: 

No erythema 0 

Very slight erythema (barely perceptible) 1 

Well-defined erythema 2 

Severe erythema (beet redness) to slight 4 
eschar formation (injuries in depth) 

Edema formation: 

No edema 0 

Very slight edema (barely perceptible) 1 

Slight edema (edges of area well defined by 2 
definite raising) 

Moderate edema (raised approx. 1 mm.) 3 

Severe edema (raised more than 1 mm. and 4 
extending beyond the area of exposure) 
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The values for erythema and eschar formation and for 

edema formation for all six animals were averaged to obtain 

two numbers. This was done for both the abraded and unabra-

ded sides. Four numbers were obtained for the 24 hour 

observation. The skin was left uncovered, and the animals 

were again evaluated for irritation 48 hours later (72 hours 

post-dose). At the conclusion of the experiment (72 hours) 

eight numbers had been calculated. These eight numbers were 

then divided by 4 to obtain the primary irritation index. A 

value of 5 or greater is considered to indicate a positive 

irritant. 

Eye Irritation Protocol 

Since the results of the 4PC skin irritation testing 

indicated very little irritation, an investigation of 4PC's 

potential for eye irritation was studied. Another impetus 

for this study was the reported symptoms of eye irritation 

in some people following the installation of carpet. 

Six albino New Zealand rabbits were received on June 

10, 1986i. They were housed and dosed at DAR. Seven days 

(6/17/86) after receipt the rabbits were dosed by placing 

0.1 mL of pure 4PC in the conjunctival sac of the left eye 

of each rabbit with a needleless syringe. The right eye was 

left untreated to serve as a control. The first rabbit was 

observed for 15 minutes at which time it was decided to 
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place two drops of Opthetic (proparacaine HC1) 0.5% analge

sic in the dosed eye to relieve the apparent discomfort 

characterized by the rabbit's agitated rubbing of the dosed 

eye area and the continued closing of the eye. The Opthetic 

was applied to the dosed eye of the second rabbit after 10 

minutes of observation. All subsequent rabbits were treated 

with the Opthetic in the dosed eye after 2 minutes of obser

vation. It should be noted that the Opthetic was not added 

to the control eye of each animal which may have influenced 

the comparisons made between the control and dosed eyes. 

Though this effect should have been minimal it must be taken 

into consideration. A veterinarian was present to recommend 

proper care of the rabbits during dosing. The rabbits were 

observed 24, 48 and 72 hours post-dose and the eye was 

graded based on the following criteria. These criteria and 

the procedures used in the eye irritation testing were 

obtained from Principles and Procedures for Evaluating the 

Toxicity of Household Substances (1977). 

Eye reaction Value 

Cornea: 

No ulceration or opacity 0 

Scattered or diffuse areas of opacity 
(other than slight dulling of normal 
luster) , details of iris clearly visible 

( 1 )  

Easily discernible transluscent areas, 
details of iris slightly obscured 

2 
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Nacreous areas, no details of iris visible, 3 

size of pupil barely discernible 

Complete corneal opacity, iris not discenable 4 

Iris : 

Normal 0 

Markedly deepened folds, congestion, swelling, (1) 
moderate circumcorneal injection (any of 
these or combination of any thereof), iris 
still reacting to light (sluggish reaction 
is positive) 

No reaction to light, hemorrhage, gross 2 
destruction (any of these) 

Conj unct ivae: 

Redness (refers ,to palpebral and bulbar 
conjunctivae excluding cornea and iris) 

Vessels normal 0 

Some vessels definitely injected 1 

Diffuse, crimson red , individual vessels not (2) 
easily discernible) 

Diffuse beefy red 3 

Chemosis: 

No swelling 0 

Any swelling above normal (includes nictating 1 
membrane) 

Obvious swelling with partial eversion of lids (2) 

Swelling with lids about half closed 3 

Swelling with lids more than half closed 4 

The values within parentheses indicate the lowest 

grades considered positive. 



The test is positive for eye irritation if four or 

more rabbits yield positive results on the cornea, iris or 

conjunctiva. If two or three animals exhibit positive 

results on the cornea, iris or conjunctiva the test is 

repeated with six more animals which is interpreted as 

positive if three or more exhibit positive results. If only 

one animal demonstrates a positive result on any of the 

three areas of the eye the test is considered negative. 

Intratracheal Exposure Protocol 

Six additional rats were obtained from DAR. They 

were injected on June 17, 1986. The rats were anesthetized 

by i.p. injection of 0.1 mL Innovar-Vet (lot no. 5F6279) 

solution. The trachea was surgically exposed and 2 uL of 

4PC was introduced into it with a microliter syringe (10 uL 

capacity). Three rats were exposed to the 4PC, and the 

three others were injected with 2 uL of saline to serve as 

controls. The exposed "area was closed using wound clips 

following dosing. The rats were weighed and observed at 

various times over a 15 day period. At the end of 15 days 

the animals were terminated and a necropsy was performed. 

The heart-lung and lung weights were assessed and the lungs 

were lavaged with saline. The lungs were preserved in 

formalin for microscopic examination by a pathologist. The 

lavage fluid was analyzed for enzymes (LDH) to discover any 

indications of cell damage due to the 4PC exposure. 



RESULTS 

Environmental Sampling 

Standard Curve 

The first step in the analysis of samples collected 

on charcoal tubes involved the development of the standard 

curve. The 4PC to internal standard (IPC) ratios that 

resulted from the gas chromatographic analysis of known con

centrations of 4PC were plotted against these known concen

trations to obtain the standard curve. The standard curve 

was then used to determine the amount of 4PC that was ad

sorbed onto the charcoal sampling tubes. The ratios of the 

unknowns were determined on the gas chromatograph and the 

standard curve was used to calculate the amount of 4PC that 

these ratios represent. 

Because a gas chromatograph can vary in its respons

es from one day to another, especially if it is turned off 

between uses, a standard curve must be determined at the 

beginning of each day of analysis. Five separate standard 

curves were created in this study. Table 6 shows the data 

obtained in the production of the standard curve that was 

used to analyze the majority of the samples. The plot of 

64 
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Table 6. Standard Curve Data Points. 

Concentration Ratios of 4PC to Internal X Standard 
of 4PC in CS2 Standard (IPC) Deviation 
(nmole/mL) (4PC counts/lPC counts) 

(1 uL inj ected) 

95.4 1.282, 1.303, 1.128 1.286 0.015 

79.5 1.101, 1.157, 1. 128 1.129 0.028 

63.6 0.844, 0.838 , 0.842 0.841 0.003 

47.7 0.663, 0.648, 0.691 0.667 0.022 

31.8 0. 425 , 0.442, 0.449 0.439 0.012 

15.9 0.249 , 0. 249 , 0.236 0.245 0.008 

6.36 0.120, 0.118, 0.117 0.118 0.002 

3.18 0.083, 0.087, 0.079 0.083 0.004 

0.64 0.058, 0.050, 0.055 0.054 0.004 

correlation coefficient = 0.999 
slope = 13.25 X 10"3 + 0.14 X10"3 

y-intercept = 0.033 + 0.007 
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this standard curve is shown in Figure 10. This standard 

curve was generated on July 7, 1986, and the samples were 

analyzed the same day. 

The sensitivity of the gas chromatograph extended to 

approximately a 0.64 nmole/mL concentration. Peaks were 

occasionally registered at concentrations below this, how

ever, they were inconsistent. This concentration yielded an 

environmental air concentration lower detectable limit of 

approximately 0.1 ppb with sampling volumes of 200 to 400 

liters of air. An increase in sampling volumes would lower 

the concentration that could be detected (eg. doubling the 

sampling volume would half the lower detectable air concent

ration) . 

The standard error of the standard curve is repre

sented as a 'plus or minus' value in the slope and y-inter-

cept of the line. The standard error in the samples due to 

the standard curve increases as the sample concentrations 

decrease. The error is fairly constant (approximately +; 3% 

of concentration) at concentrations of 20 nmole/mL or great

er, however, it increases rapidly (eg. from + 6% at 10 

nmole/mL to + 11.5% at 5 nmole/mL to + 27% at 2 nmole/mL) at 

concentrations less than 20 nmole/mL. 

Desorption Efficiency 

Because the 4PC may not desorb with 100% efficiency 

from the charcoal into the carbon disulfide, the amount that 
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Figure 10. 4PC Standard Curve. 



did desorb must be determined. This is called the desorp

tion efficiency. The amount of 4PC found to be in the 

carbon disulfide is divided by the desorption efficiency to 

yield the actual amount of 4PC that was adsorbed from the 

air onto the charcoal. 

The two different methods that were used yielded 

approximately the same results. The method which involved 

injecting 4PC directly onto the charcoal revealed a desorp

tion efficiency of approximately 100%. The method in which 

4PC was placed on the inner glass surface of the charcoal 

tube preceding the charcoal and air was drawn through it 

allowing the collection of the 4PC vapor on the charcoal 

yielded a desorption efficiency of 88% + 3%. The second 

method better approximates the conditions under which the 

4PC was adsorbed onto the charcoal during sampling, making 

it the method of choice. The desorption efficiency deter

mination by this method was performed five times with 0.010 

uL of 4PC. The five desorption efficiencies were determined 

to be 84%, 91%, 88%, 91% and 85%. The amount of 4PC deter

mined to be in the desorption media (carbon disulfide) by 

gas chromatographic analysis for each sample was divided by 

0.88 +_ 0.03 to obtain the true amount of 4PC that was ad

sorbed from the air onto the charcoal. 
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Environmental Concentrations of•4-Phenylcyclohexene 

The environmental concentrations of 4PC were assess

ed at seven separate locations. All samples were obtained 

in 1986. Table 7 and Table 8 show the 4PC concentrations 

found in environments in which health complaints were re

ported by occupants following the installation of carpet. 

The U.P.I, office building (Table 7) had recently had new 

carpet installed in the main office area after which some of 

the office workers began to experience symptoms such as 

fatigue, headaches and upper respiratory irritation. This 

problem was referred to the Arizona Center for Occupational 

Safety and Health (ACOSH) which resulted in the sampling of 

the building for 4PC. The E.D. residence (Table 8) had a 

carpet installed in December of 1985. The woman who pur

chased the carpet experienced asthma-like symptoms (couldn't 

take a deep breath) immediately after installation. The 

symptoms were so bad that she had to see a doctor. She has 

had a persistent cough following the first episode. She did 

not have a history of asthma. She attributed her problems 

to the new carpeting. The woman contacted ACOSH which 

resulted in the samples that were obtained. 

Three newly constructed buildings in which new 

carpeting was in the process of being installed were sampled 

for 4PC. In most cases control samples were obtained to 

show the absence of 4PC before the carpet installation. The 

carpets were sampled immediately and at various times after 
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Table 7. Environmental Concentrations of 4PC at the 
U.P.I. Offices Where Health Complaints Were 
Registered Following Installation of New 
Carpet 

Sample #, Cone. Location Comments 
Date and ppb 
Volume 
(liters) 

1 

(2/7) 

340 

9.4 Top of filing 
cabinet in 
middle of 
lg. open room 

Fatigue, headaches and 
upper respiratory irri
tation reported by small 
percent of employees 
(mostly women); 
strong 4PC-type odor; 
cool temperature (75 F) 
no makeup air for AC 
system, eg. energy 
efficient bldg. 

2 7.4 Top of filing Same as above 
cabinet on E. 

(2/7) side of lg. 
open room 

400 
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Table 8. Environmental Concentrations of 4PC at the 
E.D. Residence Where Health Complaints Were 
Registered by the Female Occupant Upon 
Installation of New Carpet. 

Sample #, 
Date and Cone. Location Comments 
Volume ppb 
(liters) 

Living Room 

1 1* Floor; 
Middle 

(2/1) of Room 

900 

Carpet installed 12/17/85; 
asthma-like symptoms and 
coughing reported upon 
installation of carpet; 
strong 'new carpet1 odor 
reported by the owner 

Approximately 40% of sample lost during analysis, 
therefore, concentration is an approximation. Also, 
sample collected by owner of home. 

2 0.4 Floor; 
Middle 

(3/13) of Room 

480 

Same as above; 
slight 4PC-type odor; 
cool temperature (75 F); 
fair ventilation, house 
aired-out regularly 

3  < 0 . 1  F l o o r ;  
Middle 

(8/7) of Room 

313 

8 months after carpet laid; 
occupant still reports cough; 
cool temperature (80 F), 
swamp cooler provides good 
ventilation; 
no perceptible 4PC-type odor 

Den 

1 0.2 Floor; Same as above 
Middle 

(3/13) of Room 

435 
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Table 8, continued 

Bedroom 

1  0 . 6  

(3/13) 

443 

Dresser; Same as previous sample 
41 high; 
Middle 
of Room 

2 < 0.1 Dresser; 8 months after carpet laid; 
4' high occupant still reports cough; 

(8/7) Middle cool temperature (80 F) , 
of Room swamp cooler provides good 

274 ventilation; 
no perceptible 4PC-type odor 

Outside Patio 

1 < 0.1 Patio Control sample (outside); 
window; cool temperature (75 F); 

(3/13) 3' high well ventilated 

316 
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Table 9. Variations in Environmental Concentrations 
of 4PCaat P.F.W. Apartments Following Carpet 
Installation 

Sample i t ,  
Date and Cone. Location Comments 
Volume ppb 
(liters) 

Apartment Number 1011 Front Living Room 

1 < 0.2 Window 
sill; 

(6/19) 4' high 

240 

Control sample (carpet not 
laid) , carpet rolls about 
5 yd away; 
warm temperature (90 F); 
well ventilated eg. windows 
and door open. 

2 5.5 Same 

(6/20) 

192 

Carpet just laid; 
warm temperature (90 F); 
fairly well ventilated eg. 
door open; 
moderate 4PC-type odor 

3  < 0 . 1  S a m e  

(6/23) 

338 

3 days after carpet laid; 
warm temperature (90 F); 
well ventilated eg. front 
and back doors open; 
no 4PC-type odor 

4 9.8 Same 

(6/27) 

233 

7 days after carpet laid; 
cooler temperature (80 F); 
air conditioner (AC) on; 
poor ventilation eg. all 
doors and windows closed; 
moderate 4PC-type odor 
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Table 9, continued 

Apartment Number 1012 Front Living Room 

1 

(6/19) 

92 

< 0. 4 Window 
sill; 
41 high 

Control sample (carpet not 
laid) , carpet rolls about 
5 yds. away; 
warm temperature (90 F); 
fairly well ventilated eg. 
door open 

2 

(6/19) 

194 

0. 9 Same Carpet just laid; 
warm temperature (90 F); 
fairly well ventilated eg. 
door open; 
slight 4PC-type odor 

3 

(6/20) 

263 

< 0. 1 Same 1 day after carpet laid; 
warm temperature (90 F); 
strong wind thru room thru 
open windows and door; 
no 4PC-type odor 

4 

(6/23) 

349 

< 0. 1 Same 4 days after carpet laid; 
warm temperature (90 F); 
well ventilated eg. front 
and back doors open; 
no 4PC-type odor 

5 9.0 Same 8 days after carpet laid; 
slightly cooler temperature 

(6/27) (85 F), (AC) on earlier; 
poor ventilation eg. all 

253 doors and windows closed; 
moderate 4PC-type odor 
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Table 9, continued 

6 20 Same 

(8/7) 

300 

49 days after carpet laid; 
warm temperature (85 F); 
no ventilation, apartment 
entered very infrequently 
since 6/27 (< 5 times); 
mixture of odors including 
furniture and paint odors 

Apartment Number 1004 Front Living Room 

1 1.6 + 1.1* Middle of Carpet just laid; 
room; fairly well ventilated eg. 

(6/19) Avg. of window partially open; 
3 heights warm temperature (90 F); 

238 moderate 4PC-type odor 

Concentrations of 0.4, 1.6 and 2.7 ppb were determined at 
5', 2.5' and floor heights above the carpet. The value of 
1.6 + 1.1 ppb represents the mean of these three concen
trations + their standard deviation. 

2 0.9 Middle of 1 day after carpet laid; 
room; warm temperature (90 F); 

(6/20) 4' high well ventilated eg. door 
and windows open; 

256 slight 4PC-type odor 

3 2.2 Middle of 
room; 

(6/23) 4' high 

332 

4 days after carpet laid; 
warm temperature (90 F); 
fairly well ventilated eg. 
door opened; 
slight 4PC-type odor 

4 10.1 Middle of 
room; 

(6/27) 4' high 

246 

8 days after carpet laid; 
cooler temperature (80 F); 
air conditioner on; 
poor ventilation eg. all 
doors and windows closed; 
moderate 4PC-type odor 
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Table 9, continued 

Apartment Across From Other Three (No Number), Living Room 

1 < 0.2 Middle of 
room; 

(6/20) 4' high 

241 

Control sample (no carpet); 
nothing but kitchen count
ers in empty apartment; 
warm temperature (90 F); 
poor ventilation eg. doors 
and windows closed 

a The presence of the 4PC was verified using a Hewlett 
Packard combined Gas Chromatograph-Mass Spectrograph model 
number 5992A with a 100% dimethyl silicone polymer packed 
column (3% SP-2100 liquid phase). 
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installation to assess the decay of the 4PC in the air above 

newly installed carpet. Table 9 shows the concentrations of 

4PC that were found in different apartments at the P.F.W. 

apartments. The carpet in this instance was obtained from 

the Concepts International Co. and consisted of 100% nylon 

fibers with a polypropylene primary backing and a jute 

secondary backing. The 4PC concentrations found at the 

P.F.W. apartments are plotted against time after carpet 

installation in Figure 11 to help visualize variations in 

4PC concentrations over time. Table 10 shows the concentra

tions of 4PC found at the T.R. residence. Two types of 

carpeting were installed in this home. Both were manufact

ured by the Mansanto company. The first type consisted of 

100% wool fibers with a polypropylene primary backing and a 

jute secondary backing. The second type consisted of 100% 

nylon with both the primary and secondary backings consist

ing of polypropylene. The wool carpet was installed in the 

den and living room while the 100% nylon carpet was install

ed in the master bedroom and bath and in the guest room. 

The averages of the 4PC concentrations in the air above the 

wool carpets and the averages above the 100% nylon carpets 

are plotted separately against time (in hours) in Figure 12 

to help elucidate rates of decay of 4PC at the T.R. resi

dence. Table 11 represents the concentrations found at the 

U.M.C. offices. This carpet was obtained from Bigelow and 

consisted of animal hair fibers (India fibers) woven in very 
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Table 10. Variations in Environmental Concentrations 
of 4PCaat the T.R. Residence Following 
Carpet Installation 

Sample #, 
Date and Cone. Location Comments 
Volume ppb 
(liters) 

Den (Wool Carpet) 

1  < 0 . 2  F l o o r ;  
Middle 

(6/21) of Room 

2 2 0  

Control sample (no carpet); 
warm temperature (85 F) 
no ventilation 

2 10.8 Shelf in 
N. side 

(6/24) of room; 
4' high 

239 

Carpet just laid; 
cooler temperature (80 F); 
fair ventilation, air condi
tioner (AC) on ocassionally; 
moderate 4PC-type odor 

3 3.8 Desk in 
middle 

(6/30) of room; 
3' high 

2 8 6  

Six days after carpet laid; 
cooler temperature (80 F); 
fair ventilation, AC on reg
ularly, house occupied; 
slight 4PC-type odor 

4 1.4 Desk in 
middle 

(8/7) of room; 
3' high 

294 

44 days after carpet laid; 
cool temperature (80 F); 
fair ventilation, AC on reg
ularly, house occupied; 
no perceptible 4PC-type odor 

Living Room in Back of House (Wool Carpet) 

1  < 0 . 1  F l o o r ;  
Middle 

(6/21) of Room 

Control sample (no carpet); 
warm temperature (85 F); 
no ventilation; 

296 
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Table 10, continued 

2 10.7 Window to Carpet just laid; 
rt. of cooler temperature (80 F); 

(6/24) fireplace; fair ventilation, AC on 
4' high ocassionally; 

284 moderate 4PC-type odor 

3 4.4 Window to Six days after carpet laid; 
rt. of cooler temperature (80 F); 

(6/30) fireplace; fair ventilation, AC on reg-
4' high ularly, house occupied; 

334 slight 4PC-type odor 

4 1.3 Window to 44 days after carpet laid; 
rt. of cooler temperature (80 F); 

(8/7) fireplace; fair ventilation, AC on reg-
4' high ularly, house occupied; 

306 no perceptible 4PC-type odor 

Master Bathroom Area (100% Nylon Carpet) 

1 < 0.1 Floor; Control sample (no carpet); 
Middle warm temperature (85 F); 

(6/21) of Room no ventilation 

286 

2 14.6 Lg. closet 
next to 

(6/24) vanity; 
3' high 

276 

Carpet just laid; 
cooler temperature (80 F); 
fair ventilation, AC on 
occasionally; 
moderate 4PC-type odor 

3 5.9 Vanity 
next to 

(6/30) closet; 
4' high 

326 

Six days after carpet laid; 
cooler temperature (80 F); 
fair ventilation, AC on 
regularly, house occupied; 
slight 4PC-type odor 



81 

Table 10, cont inued 

4 1 1.5 Vanity 
next to 

(8/7) closet; 
4' high 

332 

44 days after carpet laid; 
cool temperature (80 F); 
fair ventilation; AC on 
regularly, house occupied; 
no perceptible 4PC-type odor 

Guest Room (100% Nylon Carpet) 

1  < 0 . 1  F l o o r ;  
Middle 

(6/21) of Room 

250 

Control sample (no carpet); 
warm temperature (85 F); 
no ventilation 

2 14.1 Window 
sill; 

(6/24) 41 high 

291 

Carpet just laid; 
cooler temperature (80 F) ; 
fair ventilation, AC on 
ocassionally; 
moderate 4PC-type odor 

3 4.7 Dresser 
under 

(6/30) window; 
4' high 

319 

Six days after carpet laid; 
cooler temperature (80 F); 
fair ventilation, AC on reg
ularly, house occupied; 
slight 4PC-type odor 

4 1.8 Dresser 
under 

(8/7) window; 
4' high 

258 

44 days after carpet laid; 
cool temperature (80 F); 
fair ventilation, AC on 
regularly, house occupied; 
no perceptible 4PC-type odor 

a The presence of the 4PC was verified using a Hewlett 
Packard combined Gas Chromatograph-Mass Spectrograph model 
number 5992A with a 100% dimethyl silicone polymer packed 
column (3% SP-2100 liquid phase). 
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Figure 12. Variation in Average Environmental 4PC 
Concentrations of 100% Wool and 100% Nylon 
Carpets Over Time at T.R. Residence. 
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Table 11. Variations in Environmental Concentrations of 
4PC at the U.M.C. Offices Following Carpet 
Installation. 

Sample #, 
Date and Cone. Location Comments 
Volume ppb 
(liters) 

2nd Floor Room at NE Corner of Building 

(7/2) 

290 

< 0.1 Window Control sample eg. no carpet; 
sill; cool temperature (75 F); 
3' high well ventilated air condit

ioner (AC) on most of time 

2 < 0.1 Floor 
near 

(7/7) window 

389 

Three days after carpet laid; 
warmer temperature (80 F); 
less ventilation, AC on ocas
sionally; 
very slight 4PC-type odor 

Small Room in Middle of Basement 

1 < 0.1 Floor; 
Middle 

(7/2) of Room 

367 

One day after carpet laid; 
cool temperature (75 F); 
moderate ventilation, AC on 
ocassionally; 
no 4PC,-type odor 

Medium Size Room in Middle of Basement 

1 < 0.1 Floor; same as above 
Middle 

(7/2) of Room 

288 
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Table 11, continued 

Large 2nd Floor North Facing Room Where Carpet Rolls Stored 

1 < 0 . 1  Window Carpet roll within 2 ft. 
sill; of sample; 

(7/2) 3' high cool temperature (75 F); 
well ventilated, AC on 

369 most of the time; 
no 4PC-type odor 

2nd Floor Room to Right of NE Corner Room, East Side 

1 < 0.1 Floor; Carpet just laid; 
Middle cool temperature (75 F); 

(7/7) of Room well ventilated, AC on most 
of the time; 

450 no 4PC-type odor 

2 < 0 . 1  Window same as above 
sill; 

(7/7) 3' above 
sample #1 

435 

2nd Floor Room Two Doors to Right of NE Corner Room 

1  < 0 . 1  W i n d o w  s a m e  a s  a b o v e  
sill; 

(7/7) 3' high 

416 
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tight, dense tufts with a jute primary backing. This carpet 

had no secondary backing. The dried latex was exposed on 

the bottom of the carpet. This carpet did not possess the 

characteristic new carpet (4PC-type) odor. 

In addition to new buildings an occupied building 

(C.E. apartments) was sampled after the carpeting was re

placed. Table 12 shows the results of samples taken at the 

C.E. apartments. The carpet was manufactured by Salem and 

consisted of 100% nylon fibers with a polypropylene primary 

backing and a jute secondary backing. This carpet possessed 

an exceptionally strong 4PC-type odor as perceived by the 

Inves tigator. 

Table 13 shows the concentrations found in a build

ing where carpet is stored (C.G. carpet store). The manager 

of this store reported that some customers occasionally 

experience irritation and difficulty with breathing upon 

entering the store. The carpet is stored throughout the 

store in rolls and is occasionally rolled out for demonstra

tion purposes. 

Table 14 shows the results of sampling in which the 

heights of the samples above the carpet were varied in order 

to determine if there is a gradient of concentration above 

the surface of the carpet. Both the P.F.W. apartments and 

the T.R. residence synthetic (100% nylon) carpets were 

assessed in this manner. This test was designed to demon

strate that the carpet is the source of the 4PC. 
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Table 12. Variations in Environmental Concentrations of 
4PCaat the C.E. Apartments Following Carpet 
Installation 

Sample #, 
Date and 
Volume 
(liters) 

Cone. 
ppb 

Location Comment s 

Apartment 1Q South Facing Bedroom (Door 1Q2) 

1 

(4/1) 

214 

3.7 Dres ser; 
4 ' high 

Carpet laid 2 weeks before; 
warm temperature (85 F); 
poorly ventilated; 
strong 4PC-type odor 

2 

(7/10) 

426 

1. 1 Dresser; 
41 high 

4 months after carpet laid; 
slightly cooler temperature 
(80 F); 
poorly ventilated; 
slight 4PC-type odor 

Apartment 1Q Dining Area 

1 

(4/1) 

214 

5.6 Kitchen 
Table; 
4' high 

Carpet laid 2 weeks before; 
warm temperature (85 F); 
poorly ventilated; 
strong 4PC-type odor 

2 

(7/10) 

280* 

Kitchen 
Table; 
4' high 

4 months after carpet laid; 
slightly cooler temperature 
(80 F); 
poorly ventilated; 
slight 4PC-type odor 

Sampling pump was off when samples were collected, the 
volume of air sampled and the 4PC concentration had to be 
approximat ed . 

a The presence of the 4PC was verified using a Hewlett 
Packard combined Gas Chromatograph-Mass Spectrograph model 
number 5992A with a 100% dimethyl silicone polymer packed 
column (3% SP-2100 liquid phase). 
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Table 13. Environmental Concentrations of 4PC at the 
C.G. Carpet Store 

Sample #, Cone. Location Comments 
Date and ppb 
Volume 
(liters) 

1 9.2 

(6/14) 

186  

Top of refrig
eration blower; 
W. side of main 
showroom 

Carpet rolls stored 
throughout showroom; 
cool temperature (78 F) 
well ventilated; 
odors of a variety of 
chemicals present; 

2 9.2 Top of empty Same as above 
carpet storage 

(6/14) shelves near 
blower to right 

160 of sample #1 

3 9.7 Next to carpet Same as above 
rolls stored 

(6/14) on floor in 
SE corner of 

168 store 
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Table 14. Difference in 4PC Concentration as a Function 
of Height Above Carpet 
T.R. Residence. 

at P.F.W. Apartments and 

Sample #, 
Date and 
Volume 
(liters) 

Cone. 
PPb 

Location Comment s 

Apartment Number 1004 Front Living Room at P.F.W. Apartments 

1 

(6/19) 

270 

2.7 Middle of 
room; 
on carpet 

Carpet just laid; 
fairly well ventilated eg. 
window partiall open; 
warm temperature (90 F); 
moderate 4PC-type odor 

2 1.6 Middle of Same as above 

(6/19) 
room; 
2.5' high 

252 

3 0.4 Middle of Same as above 

(6/19) 
room; 
51 high 

238 
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Table 14, continued 

Bath Area at T.R. Residence 

1 16.0 Floor in Carpet just laid; 
lg. closet cooler temperature (80 F); 

(6/24) next to fair ventilation, AC on 
vanity ocassionally; 

315 moderate 4PC-type odor 

2 14.6 3_[_ above Same as above 
sample #1 

(6/24) in closet 

276 

3 14.9 6J_ above Same as above 
sample #1 

(6/24) in closet 

244 

i 
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The concentration results found in Tables 7 through 

15 in which a less-than sign (<) appears before a small 

number represent the lower detectable limits for those 

specific samples. The amount of air that was sampled varied 

from one sample to another (this amount is listed in the 

tables). By dividing the lower detectable limit of the gas 

chromatograph (GC) (0.64 nmole/mL) by these volumes, various 

lowest-detectable concentrations were obtained. The samples 

in which these results occur usually produced no response at 

all from the GC at the time that 4PC elutes even when the 

amount that was normally injected (1 uL) was doubled. 

Differences Between Samples Obtained at the Same Time and In 

the Same Location 

The environmental 4PC concentration in a recently 

carpeted room at the C.E. apartments was determined using 

four separate samplers in the same location at the same time 

to assess the precision of the sampling technique. The 

samples were placed within an inch of each other to allow 

the sampling of approximately the same air by all four 

samplers. Table 15 shows the results of this sampling. 

Environmental Concentrations of Formaldehyde 

Formaldehyde concentrations were assessed in three 

of the locations that were sampled for 4PC. The concentra

tions that were found are listed in Table 16. The locations 



91 

Table 15. Cluster Samples (Same Location at the Same 
Time) Taken at C.E. Apartments (2G) for Use 
In Assessing Error Due to Sampling Technique. 

Sample i f ,  
Date and 
Volume 
(liters) 

Cone. 
ppb. 

Location Comments 

1 

(8/14) 

270 

0.41 Sm. Table;3 

Middle of 
Room; 
3' high 

Carpet laid 2 weeks ago; 
warm temperature (85 F); 
no ventilation; 
slight 4PC-type odor 

2 0.34 Same3 Same 

(8/14) 

225 

3 0.44 Same3 Same 

(8/14) 

274 

4 0.40 Same3 Same 

(8/14) 

286 

3 The tubes were placed within one inch of each other. 

Mean of Concentrations (eg. (.40 + .44 + .34 + . 41) / 4) +_ 
Standard Deviation of Concentrations = 0.40 + 0.04 
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Table 16. Environmental Concentrations of Formaldehyde 
in the E.D. Residence, the P.F.W. Apartments 
and the T.R. Residence Following the Install
ation of New Carpet. 

Sample #, 
Date and Cone. Location Comments 
Volume ppb 
( liters) 

E.D. Residence Den 

1 28 Floor; 
Middle 

(3/13) of Room 

467 

Carpet installed 12/17/85; 
cool temperature (75 F) 
fair ventilation, house aired-
out regularly; 
no perceptible formaldehyde 
odor 

E.D. Residence Living Room 

1 22 Floor; Same as above 
Middle 

(3/13) of Room 

480 

P.F.W. Apartment Number 1011 

1 <5 Window 
sill; 

(6/19) 4' high 

162 

Control sample (carpet not 
laid), carpet rolls about 5 
yds away; 
warm temperature (90 F); 
well ventilated eg. windows 
and door open; 
particle board furnishings in 
area of sample 
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Table 16, continued 

2 < 4 Window Carpet just laid; 
sill; warm temperature (90 F); 

(6/20) 41 high fairly well ventilated eg. 
door open; 

229 particle board furnishings in 
area of sample 

T.R. Residence Master Bathroom Area (100% Nylon Carpet) 

1 120 Floor; Control sample eg. no carpet 
Middle in house; 

(6/15) of Room warm temperature (85 F); 
no ventilation; 

250 particle board furnishings in 
area of sample 

2 45 Bathtub; Carpet just laid; 
3' high cooler temperature (80 F); 

(6/24) fair ventilation, AC on 
ocassionally; 

413 particle board furnishings in 
area of sample 

T.R. Residence Back Living Room Area (Wool Carpet) 

1 230 Kitchen Control sample eg. no carpet 
counter; in house; 

(6/15) 4' high warm temperature (85 F); 
no ventilation; 

250 particle board furnishings in 
area of sample 

2 59 Window Carpet just laid; 
sill w/in cooler temperature (80 F); 

(6/24) 10! S. of fair ventilation, AC on 
kitchen ocassionally; 

28*1 counter; particle board furnishings in 
4' high area of sample 
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included the E.D. residence, the P.F.W. apartments and the 

T.R. residence. The E.D. residence was sampled to determine 

whether the formaldehyde was at a concentration that could 

result in the reported health problems. The P.F.W. apart

ments and T.R. residence were assessed for formaldehyde to 

determine whether the carpet was emitting formaldehyde. The 

presence of formaldehyde at the T.R. residence was due to 

the presence of non-carpet formaldehyde emitters (eg. 

particle board furniture) as indicated by the high concen

tration of formaldehyde found in the home before carpet was 

installed. The precision of the formaldehyde analysis was + 

5% (National Institute for Occupational Safety and Health 

1977). 

4-Phenylcyclohexene Toxicity Testing 

Acute Oral Toxicity 

The 5000 mg/kg dose of 4PC to the five rats caused 

extensive internal damage and body weight loss. Table 17 

summarized the effects 4PC had on the five rats. The diges

tive system was affected to the greatest extent which would 

be expected with an oral dose. The average loss of body 

weight for the 5000 mg/kg dosed animals as determined at the 

time of death was 12.5% + 5.8%. This is significantly 

higher than the 3.1% + 1.9% that was observed one day after 

dosing for the five rats that were given a 500 mg/kg dose. 
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Table 17. Summary of Observations Made Post-Dose and 
During Necropsy of Rats Given an Oral 5000 
mg/kg Dose of 4PC 

Rat # 284 

Date of Dose Date of Death % of Body Weight Lost 

5/28/86 5/29/86 14.7 (1 day) 

Immediate Reactions to Dosing With 4PC 

Rubbing of face in cage bedding; periods of moribund 
condition lasting approximately 5 minutes each with 5 minute 
active intervals in between; appears sluggish at 30 minutes 

Reactions One .Day Post-Dose 

Tremors; spasms; red secretion around mouth and nose; 
terminated in moribund condition 

Necropsy Observations 

Necrotic penis; lungs possess bright red color; stomach 
filled with gas, bloated; intestines filled with yellow 
solid material 

Rat # 285 

Date of Dose Date of Death % of Body Weight Lost 

5/28/86 5/29/86 7.3 (1 day) 

Immediate Reactions to Dosing With 4PC 

No apparent effects 

Reactions One Day Post-Dose 

Tremors; spasms; red secretion around mouth and nose; 
terminated in moribund condition 

Necropsy Observations 

Stomach filled with gas, bloated; small intestine filled 
with yellow solid material; bowels full of gas; hemorrhagic 
kidneys; liver slightly mottled 
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Table 17, continued 

Rat # 286 

Date of Dose Date of Death % of Body Weight Lost 

15.5 (2 days) 5/28/86 5/30/86 

Immediate Reactions to Dosing With 4PC 

Coughed up some of the dose; mouth area covered with 4PC; 
respiratory distress; rubbing of face in cage bedding; 
appears sluggish at about 30 minutes post-dose 

Reactions One Day Post-Dose 

Slighly lethargic 

Reactions Two Days Post-Dose 

Lethargic 

Necropsy Observations 

Small intestine filled with solid yellow material 

Rat # 287 

Date of Dose Date of Death % of Body Weight Lost 

Immediate Reactions to Dosing With 4PC 

No apparent effects 

Reactions One Day Post-Dose 

Slightly lethargic 

Reactions Two Days Post-Dose 

Blood in urine; red secretion around nose; lethargic; 
equilibrium disturbed; terminated in moribund condition 

Necropsy Observations 

Lungs slightly hemorrhagic; bloated stomach and cecum; solid 
yellow material in small intestine; hemorrhagic liver 

5/28/86 5/30/86 19.4 (2 days) 
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Table 17, continued 

Rat # 289 

Date of Dose Date of Death % of Body Weight Lost 

5/28/86 5/30/86 5.6 (2 days) 

Immediate Reactions to Dosing With 4PC 

Coughed up some of the dose; rubbing face in cage bedding; 
respiratory distress; appears sluggish at about 30 minutes 
post-dose 

Reactions One Day Post-Dose 

Slightly lethargic 

Reactions Two Days Post-Dose 

lethargic 

Necropsy Observations 

all organs appear normal 
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The initial loss of weight the day after dosing is probably 

due to the shock of dosing, however, the rats usually had 

begun to gain weight again by the second day. The three 

5000 mg/kg dosed rats that were killed after two days con

tinued to show a significant weight loss at that time. 

A few of the rats exhibited adverse reactions to the 

4PC immediately after the 5000 mg/kg dose. These reactions 

are also summarized in Table 17. The 4PC appeared to cause 

irritation to the face of the rats. This was indicated by 

the rubbing of the mouth area in the cage bedding that was 

observed in the rats that had a small part of the dose 

contact their outside mouth area. The 4PC also appeared to 

act as a CNS depressant as indicated by the lethargy observ

ed in the rats. 

The 500 mg/kg dosed rats showed very little adverse 

reaction to the 4PC. The only observed effect was a slight 

lethargy experienced approximately ten minutes after dosing. 

The rats showed no observable toxic effect at any other time 

after the dosing. The results of the necropsy are summariz

ed in Table 18. There was no significant difference in the 

heart-lung and lung weights between the test animals and the 

controls. The large polyps that were observed on the small 

intestine of four of the five test animals during the ne

cropsy were examined by a pathologist who identified them as 

enlarged lymphoid follicles. The polyps found in rat num

bers 78 and 80 were examined microscopically. The results 
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Table 18. Summary of Observations Made Post-Dosing and 
During Necropsy of Rats Given an Oral 500 
mg/kg Dose of 4PC 

Rat # Single Slash (-) 

Date of Dose Date of Death 

6 / 2 / 8 6  6 / 1 6 / 8 6  

Post-Dose Reactions 

No apparent effects 

Necropsy Observations 

Organs appear normal 

Ra t  # 7 8  

Date of Dose Date of Death 

6/4/86 6/18/86 

Post-Dose Reactions 

No apparent effects 

Necropsy Observations 

Slightly hemorrhagic liver; enlarged polyps on the small 
intestine 

Pathology Report on Small Intestine 

Pyers patches are enlarged. Lymphoid follicles are large 
and contain immature cells. 
Lymphoid necrosis is present - patchy pattern. 
Large number of filamentous rod-shaped bacteria cover 
mucosal surface. Villi are thick and there are increased 
numbers of mononuclear cells in the lamina propia. 
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Table 18, continued 

Rat # 7 9 

Date of Dose Date of Death 

6/4/86 6/18/86 

Post-Dose Reactions 

No apparent effects 

Necropsy Obsarvations 

Slight hemorrhaging of heart; polyps on the small intestine 

Rat # 80 

Date of Dose Date of Death 

6/4/86 6/18/86 

Post-Dose Reactions 

No apparent effects 

Necropsy Observations 

Slight hemorrhaging and enlargement of heart; abnormally 
dark, liver; enlarged polyps on small intestine 

Pathology Results on Small Intestine 

Extremely large Pyers patches. Mucosa of intestine is 
congested, increase in mast cells and eosinophils in the 
lamina propria; increased goblet cells (mucus-bearing 
cells); epithelium has sloughed in many locations. 
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Table 18, continued 

Rat # 81 

Date of Dose Date of Death 

6/4/86 6/18/86 

Post-Dose Reactions 

No apparent effects 

Necropsy Observations 

Liver and kidneys slightly ligher in color than normal; 
enlarged polyps on small intestine 
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of this examination are also listed in Table 18. The intes

tine of a control animal was also examined microscopically 

by a pathologist who reported that it was normal and did not 

possess the same enlarged polyps found in the test animals. 

The results of the acute toxicity testing indicate 

that the LD50 of 4PC exists between 5000 mg/kg and 500 

mg/kg. With an LD50 greater than 500 mg/kg but less than 

5000 mg/kg, 4PC can be considered a slightly toxic chemical 

when administered orally as defined by Loomis (1974) for 

this range. 

Skin Irritation 

The application of 4PC to the skin of the guinea pig 

resulted in a very slight redness in three of the animals on 

the abraded side after 24 hours. The average irritation 

value assigned to the abraded side for redness for the six 

guinea pigs was 0.5. The values for the unabraded redness 

and the abraded and unabraded swelling of the affected areas 

were 0. The same values were also recorded for the 72 hour 

post-dose observation. By applying the method described in 

the Materials and Methods section of this study a primary 

irritation index of 0.25 was determined for 4PC. Since a 

primary irritation index of 5 or greater is required to 

conclude that a chemical is a positive irritant, the value 

of 0.25 leads to the conclusion that 4PC is not a positive 

skin irritant. 
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Eye Irritation 

The results of the skin irritation testing prompted 

the investigation of the possible irritation of 4PC to the 

eye. Though a chemical may not be a positive skin irritant 

it may still be an eye irritant. 

The results of the eye irritation testing of 4PC on 

rabbits are summarized in Table 19. The results indicate 

that 4PC is not a positive eye irritant, however, there are 

indications that it does cause some acute irritation which 

persists for a short time. Because only one animal (rabbit 

# 3 for swelling) showed a positive result, 4PC is consider

ed a negative eye irritant as interpreted from the results 

under the conditions of the test method. 

Intratracheal Toxicity 

The results of the intratracheal study are summar

ized in Table 20. One of the control rats died from the 

anesthetic. The lactate dehydrogenase (LDH) is an indicator 

of cellular damage and is used to assess the impact of 4PC 

on the cells of the lung. The elevated levels of LDH in the 

4PC dosed rats indicates that the 4PC caused cellular damage 

to the lungs of the rats. The observed hemorrhaging within 

the lungs of two of the 4PC dosed rats also indicates that 

4PC produces lung damage. The area of the lungs that ap

peared to be affected the most was the bronchioles. All 
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Table 19. Summary of Observations Made During Eye 
Irritation Testing of 4PC on Rabbits 

Rabbit # 1 

Date of Dose 

6/17/86 

Immediate Reactions to Dosing 

Eye kept closed for 5 min.; slight redness and swelling of 
lid; rubbing of eye; animal did not squeal after dosing 

Grading of Rabbits3 

Cornea Iris Conj unctivae Chemosis 

24 hr. 0 0 1 0 

48 hr. 0 0 1 0 

72 hr. 0 0 0 1 

Rabbit # 2 

Date of Dose 

6/17/86 

Immediate Reactions to Dosing 

Eye opened immediately; frequent rubbing of eye; 
ocassionally closes eye for a few seconds; animal did not 
squeal after dosing 

Grading of Rabbits3 

Cornea Iris Conj unctivae Chemosis 

24 hr. 0 0 1 0 

48 hr. 0 0 1 0 

72 hr. 0 0 0 0 
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Table 19, continued 

Rabbit # 3 

Date of Dose 

6/17/86 

Immediate Reactions to Dosing 

Approximately half of dose absorbed by hairs near eye; kept 
eye closed until application of anesthetic drops; rubbing of 
eye; animal did not squeal after dosing 

Grading of Rabbits3 

Cornea Iris 

2 4 hr. 0 

48 hr. 0 

72 hr. 0 

0 

0 

0 

Conjunct ivae 

1 

1 

1 

Chemos is 

0 

0 

2 

Rabbit # 4 

Date of Dose 

6/17/86 

Immediate Reactions to Dosing 

rubbing of eye; eye closed until anesthetic drops applied; 
animal did not squeal after dosing 

Grading of Rabbitsa 

Cornea Iris Conj unct ivae Chemosis 

24 hr. 0 0 1 0 

48 hr. 0 0 1 0 

72 hr. 0 0 1 1 
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Table 19, continued 

Rabbit # 5 

Date of Dose 

6/17/86 

Immediate Reactions to Dosing 

rubbing of eye; eye closed until .anesthetic drops applied; 
animal did not squeal after dosing 

Grading of Rabbits3 

Cornea Iris Conj unctivae Chemos is 

2 4 hr. 0 0 1 -* o 

48 hr. 0 0 1 0 

72 hr. 0 0 1 1 

Rabbit # 6 

Date of Dose 

6/17/86 

Immediate Reactions to Dosing 

rubbing of eye; eye closed until anesthetic drops applied; 
animal did not squeal after dosing 

Grading of Rabbits3 

Cornea Iris Conj unctivae Chemosis 

24 hr. 0 0 1 0 

48 hr. 0 0 1 0 

7 2 hr. 0 0 1 1 

a Refer to Materials and Methods for description of grading 
system 



107 

Table 20. Summary of Results From Necropsy and 
Pathological Examination in Intratracheal 
Study of 4PC in Rats 

Rat # 82 Control animal 

Date of Dose Date of Death Amount of LDH in Lung Dose 

6/17/86 7/2/86 128.6 ul/ml 2 uL 

Necropsy Observations 

Small polyps on small intestine 

Pathology Report on Lungs 

Normal morphology 

Rat # 83 Control animal 

Date of Dose Date of Death Amount of LDH in Lung Dose 

6/17/86 7/2/86 112.5 ul/ml 2 uL 

Necropsy Observations 

Lungs are spotted and light in color; small polyps on small 
intestine 

Pathology Report on Lungs 

Multifocal alveolitis, nonsupportive. Increased lymphocytes 
and macrophages in alveolar walls and lumens. Foamy 
macrophages, some cellular necrosis. Perivascular cuffing. 
Focal microgranulomas which appear to have increased 
connective tissue in them. Damage due to Sendai viral 
infection. 
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Table 20, continued 

Rat # 86 Test animal 

Date of Dose Date of Death Amount of LDH in Lung Dose 

6/17/86 7/2/86 555.7 ul/ml 2 uL 

Necropsy Observations 

Lungs vary hemorrhagic; small polyps on small intestine 

Pathology Report on Lungs 

Perivascular, peribronchiolar and peribronchial hemorrhage. 
In bronchioles hemorrhage occurs in mucosa also. Also 
peribronchiolar and perivascular edema. 

Rat # 87 Test animal 

Date of Dose Date of Death Amount of LDH in Lung Dose 

6/17/86 7/2/86 488.6 ul/ml 2 uL 

Necropsy Observations 

Lung slightly hemorrhagic and light in color; white 
coloration of perimeter around left lobe; small polyps on 
small intestine 

Pathology Report on Lungs 

Same description as Rat # 83, but alveolitis is more severe 

Rat # 88 Test animal 

Date of Dose Date of Death Amount of LDH in Lung Dose 

6/17/86 7/2/86 355.7 ul/ml 2 uL 

Necropsy Observations 

Lungs appear slightly light in color; liver light in color 
and hemorrhagic; small polyps on small intestine 

Pathology Report on Lungs 

Hemorrhaging and focal areas of congestion 
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animals were exposed to Sendai virus while housed at DAR and 

showed symptoms of slight lethargy before and after the 

dosing due to the virus. The symptoms alleviated at about 

ten days post-dosing. 



DISCUSSION 

Environmental Sampling 

Verification of Carpet as Source of 4PC 

Monitoring of environments where carpet was in the 

process of being laid revealed that the source of the 4PC 

was the carpeting. For example, air samples collected as 

background 4PC controls before the installation of carpet at 

the P.F.W. apartments and T.R. residence did not reveal 

detectable levels of 4PC, whereas, there were definite 

levels of 4PC following the installation of new carpeting. 

Monitoring was also performed above the surface of 

new carpeting to investigate possible gradients of 4PC 

concentration in room air. Monitoring of this kind was 

performed at the P.F.W. apartments and at the T.R. resi

dence. The P.F.W. apartments assessment revealed definite 

4PC concentration gradients above the carpet. The concen

tration of 4PC at floor level measured 2.7 ppb, almost twice 

that found at 2.5 ft. (1.6 ppb) and approximately seven 

times that found at 5 ft. (0.4 ppb). A similar monitoring 

strategy performed at the T.R. residence did not reveal any 

significant differences between the 4PC concentrations at 
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the three heights. The relative uniformity of 4PC levels at 

different heights at this location was probably due to 

recirculation of air by the air conditioning system operat

ing during the course of the assessment. A recirculation 

ventilation system was not operational at the P.F.W. apart

ments. The mixing of the air above the carpet due to vent

ilation apparently plays a very important rol,e in determin

ing the characteristics of the gradient. 

Though the concentration gradient was not linear 

with height at the P.F.W. apartments, there was a definite 

trend of higher 4PC concentration in the air closer to the 

carpet. This finding serves as an additional indication 

that the source of the 4PC is the new carpeting. These 

results further support the findings of the Crabbe (1984) 

study which also determined the source of 4PC to be carpet

ing . 

Decay of 4PC Concentration Over Time 

In addition to sampling before and immediately after 

carpet installation, the air above the carpet was sampled at 

various times following installation of the carpet to assess 

the variations in 4PC concentration. The samples taken at 

the E.D. residence revealed a decrease in the initial 4PC 

concentration from 1 ppb to 0.4 ppb over a 1.5 month period 

and an additional decrease to < 0.1 ppb after an additional 

5 months. The T.R. residence air samples also revealed a 
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reduction in the average 4PC concentration in the four rooms 

sampled from 12.6 ppb to 4.7 ppb, but over a six day period. 

After an additional 5 weeks, the average 4PC concentration 

had decreased to 1.5 ppb. Graphical analysis of the 4PC 

concentrations found over time at the T.R. residence indic

ates neither a linear nor an exponential rate of decay 

because of an insufficient number of points. It does, how

ever, indicate that the rate of decrease in environmental 

4PC concentration decreases with time in a representative 

home environment (ie. recirculation of indoor air with a 

variable amount of fresh make-up air). The C.E. apartment 

samples revealed a similar but slightly more delayed de

crease in the 4PC level from 4.7 ppb to 1.1 ppb after 3 

months. 

The observed decrease in 4PC concentrations over 

time is probably due to the depletion of the 4PC originally 

present in the carpet. The air into which the 4PC is emit

ted is replaced to varying extents by the influx of outside 

air. The apparent differences in the decay of indoor 4PC 

levels at the above locations is probably due to differences 

in factors such as ventilation, temperature and the types of 

carpet that were installed. 

Monitoring performed at the P.F.W. apartments re

vealed various trends in concentration variation for differ

ent apartments sampled for 4PC. These trends were probably 

the result of changes in the amount of ventilation (ie. 
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variability in the amount of outside air introduced into the 

apartments over time), sampling times relative to influx of 

outside air, and the location of the samplers in the rooms 

since carpet type, room dimensions, etc. in different apart

ments were relatively uniform. 

Sampling of the P.F.W. apartments revealed that the 

4PC concentration in room 1011 decayed from an initial 

concentration of 5.5 ppb to a level below the lower detect

able limit (LDL) of < 0.1 ppb 3 days after carpet instal

lation. Samples taken 7 days after installation, however, 

indicated a level of 9.8 ppb, a much higher level than that 

detected immediately after carpet installation (5.5 ppb). 

This phenomenon was also observed in the monitoring of room 

1012 in which samples were collected under the same condi

tions as those in room 1011. The 4PC concentrations in room 

1012 measured 0.9 ppb immediately after installation, drop

ped below the LDL at 1 and 4 days post-installation, and 

then increased to 9.0 ppb 8 days after carpet installation. 

The amount of fresh air introduced into apartments 1011 and 

1012 remained fairly constant until the fifth day after 

carpet installation (fourth day after for apartment 1011 

because carpet was laid on 6/20 instead of 6/19) at which 

time all the doors and windows were closed. 

The 'openness' of the apartments during the install

ation period owing to workers' comfort probably contributed 

to the reduced amount of 4PC that was measured at the time 
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of carpet installation. If the carpet had been laid in a 

more closed environment (less outside air) 4PC levels would 

have probably been higher and approximated those determined 

at 7 and 8 days post-installation. 

The observed decrease of 4PC concentration during 

the first few days following carpet installation could have 

been due to ventilation fluctuations (eg. eddies of 4PC 

concentration and mixing in the environment) or a decrease 

in 4PC emission by the carpet. Once the doors and windows 

were closed (on the fifth day) the 4PC emitted by the carpet 

began to accumulate indoors. This suggests that the initial 

decrease in concentration (ie. from 5.5 ppb to < 0.1 ppb) 

was due to the doors and windows being open initially rather 

than to a depletion of the 4PC being emitted by the carpet. 

Additional sampling of room 1012 49 days after 

carpet installation showed an elevated 4PC concentration of 

20 ppb. This apartment had remained essentially closed and 

unoccupied since its construction allowing the 4PC emitted 
* 

by the carpet to accumulate for an extended period of time 

resulting in a high environmental 4PC concentration. 

The 4PC concentrations determined in room 1004 of 

the P.F.W. apartments showed slightly different variation 

trends from the other two apartments. The average concen

tration of 4PC in the air above the carpet immediately after 

carpet installation was 1.6 1.2 ppb (obtained from concen

trations found at three different heights above the carpet). 
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One day following carpet installation the 4PC decreased 

slightly (not significantly) to 0.9 ppb. It then increased 

to 2.2 and 10.1 ppb at 4 days and 8 days post-installation, 

respectively. Instead of decreasing to levels below the 

detectable limit (as in rooms 1011 and 1012), the levels 

remained fairly constant with a slight downward trend one 

day after carpet installation and then a slight upward trend 

a few days later. The increase from 0.9 ppb to 2.2 ppb may 

have been due to the closing of the back doors and windows 

(front door remained open) of the apartment at a time be

tween the times at which the two samples were collected. 

The increase in 4PC concentration from the fourth day to the 

eighth day was probably a result of the accumulation of 4PC 

due to the closing of all the doors and windows on the fifth 

day after installation as previously discussed in relation 

to rooms 1011 and 1012. 

The differences in the fluctuation of environmental 

4PC concentrations with time between room 1004 and the other 

two (1011 and 1012) may have been due to differences in the 

locations of the samples in the aforementioned areas. In 

the first two rooms (1011 and 1012), the samplers were 

located on the window sills (windows closed) in the front 

part of the rooms next to an open door, whereas in room 1004 

the samples were stationed on the kitchen counter in the 

middle of the room. The influence of outside air from open 

doors on the environments at the sampler locations (eg. 
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outside air from the open door may dilute or mix contaminat

ed air at window sampler location to a greater extent due to 

its greater proximity to the door) probably influenced the 

4PC concentrations. 

Effect of Carpet Type on the Emission of 4PC 

Monitoring of the U.M.C. offices revealed that the 

carpet installed in this building did not emit measurable 

amounts of 4PC, nor was there a perceptible 'new carpet1 

odor. The carpeting in this instance was composed of animal 

hair fibers (India fibers) and a jute primary backing. The 

tufts of this carpet were very tightly woven into the back

ing and a relatively small amount of latex was applied to 

hold the fibers in place. This carpet did not possess a 

secondary backing which was present in the other carpets 

sampled in this study. 

Crabbe (1984) investigated the emissions of 4PC from 

carpets of buildings in which health effects (listed in 

Table 4) were reported. Of the carpets that were investiga

ted, all possessed a secondary backing composed of either 

jute or polypropylene. The levels of 4PC that were deter 

mined through an indirect method of analysis using GC re

sponse to IPC for quantification were approximately 10 ppb. 

Miksch, Hollowell and Schmidt (1982) investigated 

the emissions of carpeting (Table 2) and discovered the 

presence of what most likely was 4PC (identified as 3-phen-
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ylcyclohexene by the author). The two carpet samples in 

which 4PC was identified were described as having nylon 

fiber with a jute backing. The remaining carpets were 

described as either possessing a thin composition backing or 

a foam backing. Judging from these descriptions the carpet 

samples in which 4PC was identified possessed a secondary 

backing while the other samples did not. 

The characteristic which all of the carpets that 

emitted measurable amounts of 4PC in this study and others 

(Crabbe 1984 and Miksch et al. 1982) had in common was a 

secondary backing. These findings, in conjunction with the 

fact that the majority (77% from Porter 1982) of the XSBR 

latex that is used in the manufacture of carpeting in the 

U.S. is used to bind the secondary backing to the primary 

backing, indicate that the secondary backing may be the 

major source of 4PC due to its high XSBR content. 

The Odor of New Carpeting 

An interesting outcome of the synthesis of pure 4PC 

was the discovery of the similarity of its odor to the 

characteristic odor of new carpeting. The 4PC-type odor of 

new carpeting was not present in situations where samples 

revealed no measurable quantity of 4PC. 

Monitoring of environments which possessed the 4PC-

type odor indicated that the odor threshold of 4PC is below 

0.5 ppb. The average concentration of 4PC at the E.D. 
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residence was 0.4 ppb three months after carpet installation 

and the odor was readily detected by the investigator and 

the female occupant. Perception of the strength of the 4PC-

type odor by the investigator at this and other recently 

carpeted environments decreased a short time after entering 

indicating acclimation of olfactory senses to the 4PC-type 

odor. A location at which the 4PC-type odor was strong was 

the U.P.I, offices which possessed an average 4PC concentra

tion of 8.4 ppb. All individuals (including males and 

females) involved with this study (ie. occupants, workers 

and the investigator) were able to detect the new carpet 

odor in an environment contaminated with 4PC, however, the 

perception of the strength of the odor appeared to vary 

slightly from one person to another. Environmental condi

tions which tended to influence the perception of the 4PC-

type odor included temperature and air circulation. 

Concentrations of 4PC Affecting the Health of Occupants 

The average environmental concentration of 4PC in 

the U.P.I, office area where health complaints of fatigue, 

headaches and upper respiratory irritation were reported was 

7.8 ppb approximately three weeks after carpet installation. 

The E.D. residence where asthma-like symptoms (eg. "couldn't 

take a deep breath") and a persistent cough were reported 

showed an average 4PC concentration of approximately 1 ppb 

and 0.4 ppb at 2.5 and 4 months, respectively. Crabbe 
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(1984) reported health complaints (listed in Table 4) at a 

level of approximately 13 ppb. 

Individual sucseptibility and duration of exposure 

to 4PC appears to play a very important role in the mani

festation of symptoms. The occupants of the T.R. residence 

registered no health complaints in an environment with an 

average 4PC concentration of 4.7 ppb. Studies of the decay 

of 4PC at this location indicate a trend of rapid decay (eg. 

from an average of 12.5 ppb to 4.7 ppb in 6 days). The 

duration of exposure to a high (> 1 ppb) concentration of 

4PC, in this instance, was probably very short as opposed to 

the more prolonged exposure experienced by the occupants of 

the aforementioned buildings in which health complaints were 

registered. 

4PC Emission from Carpeting During Pre-Installation Storage 

Monitoring of a retail carpet store (C.G.) in which 

carpet was stored in large quantities was performed to 

evaluate 4PC levels. An average 4PC concentration of 9.4 

ppb was determined by sampling at three separate locations 

in the store. The carpet was stored in rolls and was peri

odically unrolled for customer inspection. The unrolling of 

the carpet was probably the activity which contributed the 

greatest amount of 4PC to the air as suggested by findings 

described below. 
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Control samples taken at the P.F.W. apartments were 

obtained within 15 ft. of rolls of carpet. These samples 

revealed no detectable amount of 4PC. Upon installation, 

however, the entire surface area of the carpet was exposed 

to the air allowing it to freely emit 4PC which was measured 

at levels of 5.5 ppb and 0.9 ppb in rooms 1011 and 1012, 

respectively. This finding suggests that the rolling of 

carpet traps the 4PC inside the roll. 

Total Error of 4PC Environmental Sampling Methodology 

Potential sources of error associated with the 

assessment of environmental 4PC concentrations include the 

gas chromatographic (GC) analysis of the samples (A), varia

tions in the desorption efficiency (DE) and the collection 

of the samples (C). 

The precision of the GC analysis is dependant upon 

the precision or standard error of the standard curve. As 

discussed in the results chapter, the amount of error con

tributed by the GC analysis varies with the amount of 4PC in 

the samples. As the 4PC concentrations approach the lower 

detectable limit (0.64 nmole/mL) of the GC method the error 

increases rapidly. The error is minimal (approximately + 

3%) and fairly constant at points in the middle and upper 

end of the standard curve. The error contributed to the 

total error by the sample analysis must be computed for each 

individual sample. 
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The contribution to total error by the desorption 

efficiency was found to be + 3% of the 4PC concentration. 

Variation in the amount of 4PC that desorbs from the char

coal for each sample will effect the precision of each 

sample to which the desorption efficiency is applied. 

4PC concentrations determined from four clustered 

air samplers (samples located within one inch of each other) 

were compared to give an indication of the precision of the 

environmental sampling method within a 'relatively' uniform 

environment. Environmental levels determined from the four 

samples varied by approximately + 10%. Approximately 33% of 

this error was due to error from the analysis and desorption 

of the samples (30% from analysis because of low concentra

tion plus 3% from desorption efficiency). The remaining 67% 

of the 10% sampling error was due to variation in the envir

onment and the sampling method itself (ie. flow rate adjust

ment) . 

The total error that exists in the environmental 4PC 

concentrations that were determined in this study is the sum 

of the variance in the values obtained from each of the 

three sources or error. The variance of each source is the 

square of the standard error or deviation of the values 

derived from each source. The total error (TE) is calculat

ed by the equation: TE = (A^ + DE^ + c2)l/2> where A is the 

standard deviation associated with the analysis of the 

samples, DE is the standard deviation of the desorption 
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efficiency and C is the standard deviation imparted by the 

environmental sampling. 

A typical total standard error that would be asso

ciated with a concentration of 2 ppb or greater would be 

approximately 9% of the concentration. The majority of 

this error is due to error introduced by the environmental 

sampling of 4PC. As the amount of 4PC collected on the 

charcoal tube decreases the total error will increase due to 

the error associated with analyzing samples near the LDL of 

the method. 

The total error determined by the above method is a 

derived error and cannot be applied to each individual 

sample. This could be done only if three or more samples 

were taken at the same location for each environmental 

concentration determination. The standard deviation of 

these multiple samples could then be used to assess the 

precision of those samples. The derived total error of the 

sampling and analysis methods in this study can be used to 

assess the significance of differences between 4PC concen

trations found at different locations and times during the 

course of this study. For example, an increase from 9 ppb 

to 10 ppb in 4PC concentration from one time to another may 

not be significant due to the error associated with the 

determination of those concentrations resulting in the 

conclusion that the two concentrations were essentially 

equal. 



Effect of Environmental Temperature 

The vapor pressure of any liquid increases with 

increased temperature until it reaches its boiling point. 

Because 4PC is a liquid at room temperature (bp. of 4PC is 

235 C), its emission or vaporization from carpeting chould 

increase with increased temperature. The report by the 

female occupant of the E.D. residence of an increase in the 

characteristic 'new carpet' odor of her carpet when the 

temerature of the residence increased indicates that temper

ature can influence the emission of 4PC into the environ

ment. 

Diurnal Concentration Variations 

Environmental concentrations of contaminants can 

vary with the time of day. An example of the variation in 

the environmental concentration of formaldehyde at different 

times of the day was presented by Shirtliffe et al. (1985). 

Measurement of formaldehyde at 10:00 A.M. and at 2:00 P.M. 

revealed concentrations at 2:00 P.M. that were as much as 

nine times greater than those found at the same location at 

10:00 A.M. Shirtliffe et al. (1985) reported that peak 

concentrations tended to occur in the evening. They also 

reported seasonal variations where peaks in concentration 

occurred in the autumn while minimums occured in the winter. 

The time of day and time of year reflect meteorological 

conditions which can effect the urea-formaldehyde foam 
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insulation cavity environment. Environmental formaldehyde 

concentration responded rapidly to changes in environment of 

the cavity. Because of these variations Shirtliffe et al. 

gave low priority to short-term measurements of formalde

hyde . 

Diurnal and seasonal variations could also influence 

the environmental concentrations of 4PC. Environmental 

concentrations of 4PC were determined at various times of 

the day (ranging from 10:00 A.M. to 5:00 P.M.) and at var

ious times of the year (winter, spring and summer) in this 

study. The influence of these variations on the 4PC concen

trations determined in this study is not known, however, the 

environmental conditions under which most of the samples 

were obtained remained fairly constant (eg. temperature, 

humidity, etc.) over the period of time during which concen

trations were assessed for each individual location. Also, 

the influence of variations in environmental conditions on 

the emission of 4PC is probably not as great as it is for 

the emission of formaldehyde which is a more volatile chem

ical making it more susceptible to environmental varia

tions . 

An additional factor affected by the time of the day 

which was not discussed by Shirtliffe et al. (1985) is 

changes in human activity and presence in the environment as 

a function of the time of day (eg. away from home from 8:00 

A.M. to 5:00 P.M. on work days) which can also alter envir
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onmental conditions (eg. turning on AC or heater). Though 

the influence of time of day and year on the environmental 

concentration of 4PC may not be significant, it is a factor 

that must be taken into consideration. Further studies of 

4PC environmental concentrations should involve a study of 

the effects of these factors. 

Control of the Emission of 4PC from New Carpeting 

Emission of 4PC can be controlled by a variety of 

methods. The manufacturing process can be altered in many 

ways. For example, the production of the XSBR latex takes 

place under conditions of high pressure (within a pressure 

vessel) and high temperatures (60 to 100 C) (Feast 1982). 

These conditions would tend to be conducive to the product

ion of the 4PC dimer during the polymerization process as 

indicated by the work of- Koningsberger and Salomon (1946). 

This work suggests that alterations such as reduced heat and 

pressure, increased styrene content and reduced time of 

reaction might serve to greatly reduce the amount of 4PC 

production. The substitution of another non-XSBR latex 

adhesive could also prevent the introduction of 4PC into 

carpet. 

Alterations in the manufacturing processes of carpet 

could also serve to reduce the 4PC content in carpet. 

Actions such as increased drying times and heats may serve 

to drive off the 4PC before shipping. Also, the elimination 
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of the secondary backing could have a large effect on 4PC 

emission as illustrated by the low 4PC emissions of the 

carpet installed at the U.M.C offices. 

If none of the above mentioned alterations can be 

implemented, simply unrolling the carpet and allowing it to 

off-gas for a short period of time (perhaps one or two days) 

in an environment with a fresh air supply would help to 

greatly reduce the amount of 4PC subsequently emitted by the 

carpet. This solution might help to prevent a large concen

tration of 4PC from occurring in an environment where the 

amount of recirculated air is high (eg. > 80%). Due to 

space and time limitations, however, this approach may be 

impracticle. 

/ 

Emission of Formaldehyde By New Carpeting 

The concentration of formaldehyde was determined at 

the E.D. residence to assess its possible contribution to 

health complaints experienced by the occupant. The average 

concentration of formaldehyde was 25 ppb. The mean concen

tration of formaldehyde found in conventional homes five or 

more years old, such as the E.D. residence, is 50 ppb or 

below (U.S. Department of Health and Human Services 1984). 

Based on this data the formaldehyde concentration found at 

the E.D. residence is at a normal, expected level. An 

estimated 10% to 20% of the population may be sensitive to 

low concentrations (500 ppb) of formaldehyde resulting in 
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flu-like symptoms (Belkin 1985), however, these symptoms 

have been found after exposure to concentrations as low as 

50 ppb. Since a concentration of only 25 ppb formaldehyde 

was found at the E.D residence, it is unlikely that it 

caused the symptoms reported by the occupant. 

Additional formaldehyde sampling was performed at 

the P.F.W. apartments and at the T.R. residence. Formalde

hyde was not present at detectable levels (< 5 ppb) at the 

apartments following carpet installation. Average levels of 

52 ppb were detected at the T.R. residence after carpet 

installation. The formaldehyde probably resulted from 

emission from the particle board cabinets that were present 

in the home rather than the carpet. This conclusion is 

further supported by pre-installation formaldehyde monitor

ing which revealed an average concentration of 175 ppb. 

These results indicate that not all carpeting emits formal

dehyde . 

Potential Emission of Additional Harmful Chemicals 

In addition to the possible emission of formaldehyde 

the emission of other possibly harmful chemicals by carpet 

must be considered as possible causative agents of reported 

health complaints. Studies by Crabbe (1984), Miksch, Hollo-

well and Schmidt (1982) and Monteith, Stock and Seifert 

(1984) showed that carpets can emit harmful chemicals such 

as aliphatic hydrocarbons, styrene, dichlorobenzene, dimeth
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yl benzene, propyl benzene, tetrachloroethylene and xylenes. 

Though many of these chemicals, in sufficient amounts, could 

elicit the health complaints sometimes reported following 

carpet installation, none of them appear to be commonly 

emitted by carpet, and, when they are emitted, the amounts 

are not sufficient to elicit these complaints. 4PC, how

ever, was found to be commonly emitted by many types of new 

carpeting. The combined effects of these chemicals with 4PC 

could also play an important role in the occurrence of 

health complaints. When assessing an environment in which 

health complaints are reported following the installation of 

carpet, a complete evaluation of the environmental concen

trations of all carpet emissions should be performed to help 

elucidate their possible harmful effects. 

Additional chemicals can be introduced into the 

environment as a result of activities associated with the 

installation of carpeting. These activities include the use 

of adhesives to bind padding and, on occassion, the carpet 

to the floor and the binding together of the edges of the 

carpet by heating mastic with a hot iron. Girman et al. 

(1984) showed that chemicals such as toluene and a variety 

of alkanes and cyclohexenes can be emitted by these adhesiv

es. The heat used to apply the adhesive to bind the carpet 

edges can cause an increase emission of both the chemicals 

in the adhesive and those in the carpet. This can cause a 

'spike' of chemical emissions (possibly including 4PC from 
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the heating of the carpet) during carpet installation. This 

'spike' may cause some slight discomfort (eg. complaints of 

undesirable odor) to the carpet installers (as indicated by 

the P.F.W. apartments installer), but its contribution to 

the overall environmental concentration of harmful chemicals 

is minimal. The contribution of harmful chemicals (eg. 

toluene) from the adheslves used in carpet installation to 

the environment is another factor that must be considered 

when assessing environments where health complaints have 

been registered following carpet installation. 

Inspection of the adhesives used at the P.F.W. 

apartments and T.R. residence revealed that they were not 

composed of the same latex used in carpet manufacture and 

did not possess a 4PC-type odor, therefore, they probably 

did not contribute to the environmental concentration of 

4PC. 

Toxicity of 4-Phenylcyclohexene (4PC) 

Comparisons of 4PC Toxicity to Similar Chemicals 

Two chemicals that are similar to the chemical 

structure of 4PC are 1-phenylcyclohexene (IPC) and 4-vinyl-

cyclohexene (4VC). Though the difference in the position of 

the double bond in IPC and 4PC could have a marked effect on 

the way in which these chemicals interact with the body (eg. 

the double bond of IPC is conjugated to benzene ring making 
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the molecule more planar while the 4PC possesses an aliphat

ic double bond in the cyclohexene ring) , IPC represents the 

most structurally similar compound to 4PC that has been 

evaluated for toxicity. The 4VC is similar to 4PC due to 

the position of the double bond in the cyclohexene ring of 

the 4VC. These two chemicals may have similar interactions 

with the body due to this similarity. 

The oral LD50 of IPC in rats is approximately 5000 

mg/kg (Chakrabarti, Song and Law 1983) while that of 4VC is 

3080 mg/kg (Smyth et al. 1969). These LD50S fall within the 

5000 mg/kg to 500 mg/kg LD50 range determined for 4PC (mor

tality ratio of 3/5 for 5000 mg/kg dose as determined from 

observed state of moribund in 3 rats prior to termination) 

indicating that all three chemicals possess approximately 

the same toxicity when administered orally to the rat. All 

three can be considered slightly toxic chemicals. 

Inhalation toxicity studies of 4VC revealed an LC50 

of 8000 ppm in which 4 of 6 rats died in 4 hours (Smyth et 

al. 1969). No inhalation studies of IPC have been perform

ed, as yet. Future studies of the inhalation toxicity of 

4PC would serve to produce the most useful data in the 

assessment of the possible toxic effects that 4PC might 

ellcite in the human body. Previous study of the inhalation 

toxicity of 4VC can serve to help determine a range of 4PC 

concentrations to which test animals should be exposed to 

produce toxic effects. Also, the environmental concentra
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tions found in this study can be used to indicate the range 

of concentrations that test animals should be *v ised to in 

order to assess the effects of 4PC concentratious to which 

humans have been exposed. 

The study of the intratracheal administration of IPC 

and 4VC has not yet been performed, however, the results of 

the intratracheal administration of 4PC indicate that it 

does cause damage (eg. hemorrhaging in bronchioles) to the 

lung of the rat. 

Increases in Lung LDH Levels Elicited By Known Irritants 

The significance of the observed elevation of lung 

lactate dehydrogenase (LDH) levels in lavage fluid from the 

lungs of rats (an average elevation of approximately 400% in 

test animals over controls) in which 2 uL of 4C was intra-

tracheally administered can be assessed by results of the 

intratracheal study of known irritants (eg. nitrogen diox

ide) and other substances which cause damage to the lung 

(eg. silica). 

The level of LDH serves as an indicator of acute 

injury in bronchoalveolar lavage fluids. Elevated levels of 

LDH can indicate damage to cells ranging from increased 

membrane permeability to frank cell lysis (Henderson 1984). 

Henderson et al. (1981) exposed hamsters to three 

different concentrations of nitrogen dioxide and determined 

LDH levels from lung lavage fluid. LDH levels of 100%, 200% 
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and 400% of control levels were determined for NO2 concen

trations of 12, 17, and 22 ppm, respectively. Acute expo

sure to high concentrations of NO2 has been shown to cause 

severe pulmonary irritation, malaise, cyanosis, cough, 

dyspnea, chills, fever, headache, nausea and vomiting while 

lower concentrations such as those tested in the above study 

can cause bronchial irritation followed by acute pulmonary 

edema in humans (U.S. Department of Health Education and 

Welfare 1977 ) . 

Intratracheal instillation of 5 mg of silica into 

the lungs of rats showed an increase of almost 1000% at 4 

hours after instillation and extending to 2 days post-in

stillation at which time LDH levels began to decrease 

(Moores et al. 1981). Exposure to silica can cause silico

sis in humans in which damage to the lung is reflected by 

symptoms of increasing dyspnea and nonproductive cough. 

Acute silicosis in humans can occur from the inhalation of 

large doses of finely divided silica particles resulting in 

the abrupt onset of violent coughing and severe dyspnea 

(Hamilton and Hardy 1974). 

Henderson, Rebar and DeNicola (1979) reported LDH 

levels that were approximately 750% of control levels in 

hamsters exposed by pulmonary lavage to 10-^ moles/Liter of 

cadmium chloride. Acute exposure to cadmium (eg. > 1 mg/m^) 

can cause repiratory irritation. After a latent period of a 

few hours, exposed individuals can develop a cough, pain in 
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the chest, dyspnea and severe pulmonary irritation. The 

mortality rate is about 15% in acute cases in humans (U.S. 

Department of Health Education and Welfare 1977). 

Comparison of the values obtained in the intra

tracheal study of 4PC to chemicals and particles known to 

cause lung damage (silica) and irritation (NO2 and cadmium) 

shows a similarity in response. This fact indicates that 

4PC may also cause lung irritation and possibly damage. A 

primary concern of future research of 4PC should be a study 

of the lung damage elicited by the inhalation of this chemi

cal . 

Irritation of 4PC 

Skin irritation studies on the guinea pig did not 

implicate 4PC as a skin irritant, however, the eye irrita

tion study on rabbits did indicate that 4PC may cause acute 

eye irritation. These results indicate that further studies 

of the irritation effects of low levels of 4PC on animals 

are needed to better assess the possible association between 

4PC exposure and reported eye irritation. 



CONCLUSIONS 

To support environmental and toxicological studies, 

it was necessary to synthesize 4-phenylcyclohexene, which is 

currently commercially unavailable. It was determined that 

greater than 99.5% pure 4PC could be synthesized by the 

dehydration of recrystallized (in ligroin) 4-phenylcyclohex-

anol using hexamethylphosphoramide (HMPA) as the dehydrating 

agent. Interestingly, the odor of this new product closely 

resembled the characteristic 'new carpet' odor. 

Measurement of environments where new carpeting had 

been installed revealed indoor levels of 4PC in the range of 

0.1 ppb to 20 ppb. The new carpet odor was slightly percep

tible to occupants and investigators at the 0.3 ppb level 

and quite distinctive at greater than 5 ppb. 

Environmental assessments designed to investigate 

new carpet as the source of 4PC did demonstrate that 4PC 

vapors were only measurable following the installation of 

new carpet. The source of the 4PC in carpeting is the latex 

used to bind the secondary backing to the primary backing. 

4PC was not emitted by carpets without a secondary backing. 

Preliminary data indicates that 4PC concentrations 

will decrease at varying rates if sufficient make-up air is 

134 
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present to replace contaminated air. If little or no out 

side air is being introduced into the indoor environment the 

4PC concentration can increase significantly. Data also 

indicates that static environments tend to promote gradients 

in 4PC concentration above new carpeting. 

Preliminary toxicological studies to assess the 

LD50 of 4PC in the rat indicate that it has a low order of 

acute toxicity. However, 4PC appears to cause cellular 

damage to the lung of the rat when administered intratrache-

ally as indicated by elevated lung lavage fluid LDH levels 

and observed hemorrhaging in the lung. Although these 

preliminary results are not conclusive, they help to explain 

reports of respiratory irritation and difficulty in breath

ing in 4PC exposed individuals. Further, more extensive 

inhalation toxicity studies are necessary to help elucidate 

the possible impact that 4PC may have on the health of 

humans because this is the most likely route of exposure to 

humans. 

4PC does not appear to be a positive irritant of the 

skin of the guinea pig; however, it appears to cause some 

acute irritation to the eye of the rabbit. Exposure of the 

rabbit's eye to low levels of 4PC vapor would provide a 

better indication of the possible impact this chemical may 

have on the human eye and better explain reported eye irri

tation symptoms. 
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