
Volatile organic emissions from carpet adhesives

Item Type text; Thesis-Reproduction (electronic)

Authors Browne, Gloria Joyce, 1951-

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 13:56:53

Link to Item http://hdl.handle.net/10150/291538

http://hdl.handle.net/10150/291538


INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI 
films the text directly from the original or copy submitted. Thus, some 
thesis and dissertation copies are in typewriter face, while others may 

be from any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleedthrough, substandard margins, 
and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete 
manuscript and there are missing pages, these will be noted. Also, if 
unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand corner and 
continuing from left to right in equal sections with small overlaps. Each 
original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 
photographic prints are available for any photographs or illustrations 
appearing in this copy for an additional charge. Contact UMI directly 
to order. 

University Microfilms International 
A Bell & Howell Information Company 

300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 
313/761-4700 800/521-0600 





Order Number 1348476 

Volatile organic emissions from carpet adhesives 

Browne, Gloria Joyce, M.S. 

The University of Arizona, 1992 

U M I  
300 N. Zeeb Rd. 
Ann Aibor, MI 48106 





VOLATILE ORGANIC EMISSIONS FROM CARPET ADHESIVES 

by 

Gloria Joyce Browne 

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 TOXICOLOGY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

19 9 2 



2 

STATEMENT BY AUTHOR 

This thesis has been submitted in partial fulfillment of 
requirements for an advanced degree at the University of Arizona and is 
deposited in the University library to be made available to borrowers 
under the rules of the library. 

Brief quotations from this thesis are allowable without special 
permission, provided that accurate acknowledgement 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 or the Dean of the Graduate College when in his or her 
judgement the proposed use of the material is in the interests of 
scholarship. In all instances, however, permission must be obtained from 
the author. 

signed: ^-3 — 

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below: 

Mark D. Van Ert Date 
Assistant Professor 
Health Education 



3 

ACKNOWLEDGMENTS 

I would like to thank my advisor, Dr. Mark D. Van Ert, for his 
encouragement and guidance over the past few years. I also acknowledge 
my committee members: Dr. Clifton D. Crutchfield and Dr. I. Glenn Sipes 
who provided important positive contributions during the thesis program. 

I would also like to express my appreciation to Mark Malcomson and 
Carrie Torres for their technical contributions in sample analyses. 
Finally, special thanks are extended to L. Clark Brown for his good-
natured assistance in completing this thesis. 

I appreciate financial support provided by the National Institute 
for Occupational Safety and Health training grant. 



TABLE OF CONTENTS 

4 

Page 

LIST OF ILLUSTRATIONS 6 

LIST OF TABLES 8 

ABSTRACT 9 

CHAPTER 

1. INTRODUCTION 10 

Problem Definition 10 
Risk Assessment 12 
Volatile Organic Compounds 13 
Toxicology of VOCs Identified in Carpet Adhesive Emissions 14 
Carpet Installation Adhesives 17 

General properties 17 
Carpet installation methods 18 
Types of carpet adhesives 19 
Additives which modify adhesive performance 

characteristics 19 
Characterization of VOC Emissions from Carpet Adhesives 21 

Factors which affect carpet adhesive emissions 21 
Emission models 24 

Research Objective 25 

2. MATERIALS AND METHODS 26 

Selection of Test Materials 26 
Carpet 26 
Adhesives 26 

GC/MS of VOCs Emitted by Selected Carpet Adhesives 27 
Development of Analytical Method Used to Quantitate 

VOC Emissions from Carpet Adhesives 28 
Preparation of Standards 29 

Primary standards 29 
Secondary standards 29 

Sample Analysis 30 
Development of Adhesive VOC Monitoring Device 31 
Sample Preparation 32 
Sampling Procedure and Study Design 34 
Analysis of Adsorbent Tubes and Evaluation of Desorption 

Efficiencies 37 



TABLE OF CONTENTS (CONTINUED) 

Determination of VOC Concentrations in Air Samples 38 

3. RESULTS 40 

Identification of VOC Emissions from Carpet Adhesives 
using Gas Chromatography 40 

Adhesives Al, A2 40 
Adhesive A3 43 
Adhesive A4 45 

Reproducibility of VOC Emissions Data 47 
Multiple adsorbent tubes 47 
Multiple adhesive samples 47 

VOC Emissions from Adhesives during Initial Outgassing 51 
Comparison of Decay of VOCs Emitted by Adhesives and 

Carpet/Adhesive Composites 53 
Evaluation of Potential Exposures to VOCs during Carpet 

Installation 58 
Impact of Carpet Adhesive Emissions on Indoor Air Quality 62 

4. DISCUSSION 64 

APPENDIX A: Carpet adhesive suppliers 69 

APPENDIX B: Qualitative analysis of VOCs by GC/MS 70 

APPENDIX C*. Chemical suppliers and chemical purities 85 

APPENDIX D: Calibration of rotameter 86 

APPENDIX E: Standard curves 88 

APPENDIX F: Recovery testing from adsorbent tubes 91 

REFERENCES 93 



6 

LIST OF ILLUSTRATIONS 

Figure 

1. VOC diffusion path through an "Action-Bac" carpet 
boundary layer 22 

2. Sampling train for the collection of VOCs 33 

3. Adsorbent tube for collecting airborne VOCs 33 

4. Sampling strategy showing sample type, the number of 
samples per type and sampling intervals 36 

5. Chromatogram of VOCs collected from adhesive A1 41 

6. Chromatogram of standard solution containing compounds 
identified in adhesive A1 ..41 

7. Chromatogram of VOCs collected from adhesive A2 42 

8. Chromatogram of standard solution containing compounds 
identified in adhesive A2 42 

9. Chromatogram of VOCs collected from adhesive A3 44 

10. Chromatogram of standard solution containing 
compounds identified in adhesive A3. 44 

11. Chromatogram of VOCs collected from adhesive A4 46 

12. Chromatogram of a-pinene standard solution 46 

13. Mean concentrations of different classes of hydrocarbons 
emitted by each adhesive within 30 minutes of application 52 

14. Comparison of the decay of the aromatic VOCs in 
adhesive A2 and composite CA2 54 

15. Comparison of the decay of aliphatic VOCs in 
adhesive A2 and composite CA2 55 

16. Comparison of the decay of alicyclic VOCs in 
adhesives A2 and A4, and composites CA2 and CA4 56 



LIST OF ILLUSTRATIONS (CONTINUED) 

Comparison of modeled VOC concentrations generated by 
adhesives to their respective TLV-TWA values 



8 

LIST OF TABLES 

Tables 

I. Frequency of common health complaints in buildings 
investigated by NIOSH 11 

II. VOCs emitted by different water-based carpet 
adhesives 15 

III. Typical SBR water-based adhesive formula 21 

IV. Manufacturers' descriptions of carpet adhesives 27 

V. VOCs selected for investigation 28 

VI. Variability in paired adsorbent tube samples of the 
same source - adhesive A2 48 

VII. Variability in multiple adsorbent tube samples of the 
same source - carpet/adhesive CA2 48 

VIII Variability in VOC concentrations of three different 
samples of adhesive A2 49 

IX. Variability in VOC concentrations of three different 
samples of carpet/adhesive CA2 50 

X. Mean concentrations of VOCs emitted by individual 
adhesives 52 

XI. Comparison of areas obtained from VOC decay curves for adhesives 
A2 and A4, and composites CA2 and CA4 57 

XII. Concentrations of VOCs and their comparisons to 
Threshold Limit Values 60 

XIII. Extrapolated VOC concentrations emitted by carpet/adhesive 
composite CA2 and their comparisons to Threshold Limit Values.. 63 



ABSTRACT 

In this study volatile organic compounds (VOCs) emitted during 

carpet installations employing water-based adhesives were characterized. 

The potential impacts of 4 adhesives on indoor air quality were 

evaluated. Headspace sampling and analysis by gas chromatography/mass 

spectrometry were used to qualitate VOC emissions. Adhesives and 

carpet/adhesive composite samples were prepared for quantitative 

analysis of VOC emissions by gas chromatography with flame ionization 

detection. Volatiles were concentrated using a monitoring device and 

collected on charcoal adsorption tubes. Sampling intervals ranged from 

30 minutes to 21 days. The adhesives emitted primarily aromatic, 

alicyclic and aliphatic compounds as toluene, m-xylene, 1,2-

dimethylcyclohexane, a-pinene, 2-methylheptane, octane, nonane, decane 

and undecane. Emission profiles depended on performance characteristics 

and manufacturer. A carpet boundary layer slowed VOC decay by acting as 

a sink. Potential overexposure within 24 hours to specific and total 

VOCs was indicated for one of the adhesives. This study suggests that 

water-based carpet adhesives are a potential source of indoor air 

pollutants. 
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INTRODUCTION 

Problem Definition 

It has been estimated that people currently spend as much as 90% 

of the day in indoor environments (Moschandreas, 1981). Since the late 

1940s the composition and variety of building materials used in these 

environments has also changed. Coupled with the increase in energy costs 

during the 1970s which led to building energy conservation measures 

which reduced ventilation, there has been an increased potential for the 

build-up of indoor pollutants. As a result, the quality of indoor air 

and the effects of indoor air pollution have become important factors in 

health assessment. 

The American Society of Heating, Refrigeration and Air-

Conditioning Engineers (ASHRAE) defines acceptable indoor air quality as 

"air in which there are no known contaminants at harmful concentrations 

and with which a substantial majority (80%) of the people exposed do not 

express dissatisfaction" (Burge, 1990). The increase of various 

nonspecific health complaints by occupants of office or public access 

buildings has led to the terms "sick-building syndrome", "tight-building 

syndrome", or "building-related illness". Common health complaints 

include headache, fatigue, eye, nose, throat and skin irritation, cough, 

chest tightness, dizziness and difficulty in concentration (Hedge et al, 

1986). In general, the symptoms are nonspecific, severity increases as 

the day or workweek progresses, complaints subside when the individual 



is away from the building, and the building is usually energy-efficient 

(Bernard, 1986). 

The National Institute for Occupational Safety and Health (NIOSH) 

conducted 350 health hazard evaluations of building-related problems 

from 1971 to 1985. Symptoms and their prevalence are summarized in Table 

I. The main causes were identified and classified as follows: 

inadequate ventilation (50%), chemical contamination from materials 

inside the building (23%), chemical contamination from outside (11%), 

and microbiological contamination (5%). In 11% of the investigations, 

the cause was not identified (Wallingford et al, 1986). 

Table I. Frequency of common health complaints in buildings investigated 
by NIOSH a 

a Data taken from Wallingford and Carpenter (1986) 

A controversial syndrome which is receiving attention is "multiple 

chemical sensitivity" (MCS). Symptoms are very similar to those 

described for "sick-building syndrome", but the affected population is 

Health Complaint % of Buildings 

eye irritation 
dry throat 
headache 
fatigue 
sinus congestion 
skin irritation 
shortness of breath 
cough 
dizziness 
nausea 

81 
71 
67 
53 
51 
38 
33 
24 
22 
15 



smaller (Hlleman, 1991). This sub-population is symptomatic at chemical 

exposures which are tolerated by most of the population. MCS is a 

chronic illness where the symptoms are triggered by low levels of 

exposure. Sensitivity persists after the initial exposure and extends to 

other chemicals. 

Risk Assessment 

The non-specific health effects associated with indoor air 

pollution make identification of the hazard difficult. Assessment of the 

risk associated with indoor air pollutants is complex. The process of 

risk assessment involves four steps: 

1. identifying the hazard 

2. establishing a dose-response relationship 

3. evaluation of the exposure 

4. characterizing the risk 

Since indoor air pollutants are usually present at only low 

concentrations, the dose-response relationship is extrapolated. The 

identification of the cause of health problems is complicated since 

there are many indoor sources of pollutants. Due to the complexity of 

the mixed exposure, there can also be synergistic effects which must be 

considered in evaluating the overall health impact. Indoor air 

pollutants can vary in their number, source, and individual and total 

concentrations for any given indoor environment and time. Emissions from 

each source must be characterized. 



Typical guidelines used in risk assessment are the Threshold Limit 

Values (TLV) and Biological Exposure Indices (BEI) established by the 

American Conference of Governmental Industrial Hygienists (ACGIH, 1991). 

These standards represent the time-weighted average concentration for a 

normal 8-hour workday and 40-hour workweek to which an individual can be 

exposed without adverse health effects. However, concentrations in 

indoor environments from a given source may be several orders of 

magnitude lower than these guideline values. The observed health effects 

are probably the result of the additive or synergistic effects of the 

total pollutants present (Godish,T., 1989). Chronic exposure to low 

levels of pollutants that heretofore were not considered problematic 

could also be a cause. Molhave (1986) conducted an experiment where 

individuals were exposed for 2.75 hours to a mixture of 22 airborne 

organic compounds which had been identified in indoor environments. 

Major components were n-hexane, n-nonane, n-decane, p-xylene, 

ethylbenzene, a-pinene, n-hexanol, n-butanol, and acetates. The total 

concentrations were 0, 5 and 25 mg/m^. Symptoms were the same for both 

concentrations and included reduced ability to concentrate, eye, nose 

and throat irritation, and general malaise. The health impact of the 

individual compounds was not evaluated. 

Volatile Organic Compounds 

Indoor air pollutants can include combustion products (tobacco 

smoke, carbon dioxide, carbon monoxide and nitrogen oxide), ozone, 



pesticides, biological aerosols, non-biological particulates and fibers, 

radon, and volatile organic compounds (VOCs). The VOCs can be products 

of emissions from building materials and consumer products. As such, 

VOCs have not been well characterized due to the large number of 

chemical species and the difficulty and cost associated with their 

identification and quantification. Studies indicate that common indoor 

VOCs include hydrocarbons and their derivatives: aliphatics, aromatics, 

alicyclics, ketones and chlorinated hydrocarbons (Godish,T., 1989). 

One of the first attempts to characterize indoor pollutants was by 

Molhave (1982) when emissions from 42 building materials were 

investigated. Surface materials such as carpeting, wallpaper, paint and 

adhesives were the sources of 67% of the identified emissions. Compounds 

which were emitted by more than 10% of the materials included toluene 

(22%), n-decane (20%), n-undecane (17%), m-xylene (16%), o-xylene (14%) 

and n-nonane (11%). The average airborne concentration (pg/m^) for 

toluene was 39.7 and for m-xylene was 23.0. 

Studies have been conducted which characterized the VOC emissions 

from carpet adhesives. Table II lists the VOCs that have been identified 

from water-based carpet adhesives. The main chemical groups include 

aliphatic, alicyclic and aromatic hydrocarbons. 

Toxicology of VOCs Identified in Carpet Adhesive Emissions 

The previously mentioned studies have indicated that water based 

carpet adhesives emit aliphatic, alicyclic and aromatic hydrocarbons. 
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The VOCs from these chemicals can be absorbed through four exposure 

routes: the respiratory and gastrointestinal tracts, the eyes, and the 

skin. Respiratory absorption is 3 times higher than dermal and 10 times 

higher than ingestion (National Research Council, 1976). The lipid 

solubility of the VOCs assures rapid absorption through the lungs and 

distribution to internal organs. These VOCs rapidly cross the blood-

brain barrier to depress the central nervous system (CNS) and cardiac 

functions (Beall et al, 1981). Metabolism of these hydrocarbons 

generally results in conversion to more polar compounds which are then 

excreted (National Research Council, 1976). 

Table II. VOCs emitted by different water-based carpet adhesives 

VOC 

Hodgson (1989) 

Girman (1986) 

Merrill (1987) 

Sanchez (1987) 

n-decane, methylcyclohexane, 
dimethylcyclohexane, toluene 
trimethylcyclohexane, m-xylene, 
p-xylene, ethylmethylcyclohexane 

n-octane, n-nonane, n-undecane, 
C8-C11 branched alkanes, C8-C10 
cyclohexanes, methylcyclohexane 

toluene, trimethylpentene, 
dimethylbenzene, cyclopentadiene 

C6-C9 normal, branched or cyclic 
alkanes and alkenes 



High concentrations of aliphatic compounds are definite CNS 

depressants and can produce headaches, dizziness, fatigue, 

incoordination and muscle weakness. Heptane and octane are reported to 

cause incoordination and dizziness after 4 minutes of inhalation at 

5,000 ppm (National Research Council, 1976). Toxicity decreases above C8 

in the straight chain members. Branched chain aliphatics are less toxic 

than the straight chain (Clayton et al, 1981). There are no teratogenic, 

mutagenic or carcinogenic effects associated with the aliphatics. 

Alicyclic hydrocarbons have effects similar to those of the 

aliphatics. High concentrations act as CNS depressants. Chronic toxicity 

is low since they are excreted unchanged or metabolized completely and 

eliminated. 

The aromatic hydrocarbons are biochemically active. Exposure to 

benzene, toluene or xylene concentrations above 100 ppm may produce 

fatigue, weakness, confusion, and eye and nose irritation (National 

Research Council, 1976). Acute exposures can result in CNS depression 

and mucous membrane irritation. Toxicity is greater because of increased 

volatility, accessibility and absorbency through the respiratory system. 

Another route of entry is dermal. 

The nonspecific effects of indoor air pollution and the low 

concentrations of VOCs in the indoor air have made the establishment of 

cause and effect relationships difficult. Some investigators have 

proposed that the symptoms have a psychological origin associated with 

stress. When there is a non-toxic odor in the environment, the stress 



induced symptoms are attributed to the pollutant (Colligan, 1981). 

Multiple chemical sensitivity has been explained by psychological 

factors by many in the health community (Hlleman, 1991). 

Carpet Installation Adhesives 

General Properties 

Carpet adhesives are used to bond two materials: a facing surface 

(carpet or pad) and a backup surface (flooring substrate or pad). The 

adhesive must be fluid enough to allow uniform spreading on the backup 

surface and wetting of the facing surface. Carpet adhesive formulations 

consist of a solid internal phase and a liquid external or continuous 

phase which provide the wetting and bonding characteristics. 

The setting stage refers to the transition from a viscous liquid 

to a solid as the liquid external phase disperses into the surfaces and 

volatizes into the surrounding atmosphere. Open time refers to the 

length of time between application to the backup surface and the setting 

of the adhesive. During this time, the carpet can still be lifted for 

adjusting. Both open and setting times are determined by the amount of 

water or solvent which must be absorbed and volatized. Fast grab 

adhesives are used for stiff-backed and commercial carpet installations 

where faster setting reduces the installation time and there is greater 

cohesive strength. Both open and setting times are effected by factors 

which could change the rate of diffusion and evaporation such as 
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porosities of the surfaces and environmental temperature and relative 

humidity. 

Carpet Installation Methods 

There are three methods used in carpet installations! stretch-in 

over a pad, direct glued without a pad and double stick over a pad 

(Tred-Mor, 1987). The first method is not used for large areas or areas 

where there is much traffic due to stretching. Therefore, carpet is not 

stretched-in for commercial or public access facilities. In a direct 

glued carpet, there is one layer of adhesive between the floor and the 

carpet. Double stick installations involve two layers of adhesive: one 

to glue the pad to the floor and another to glue the carpet to the pad. 

Specific types of adhisives are used for each method. 

The quantity of adhesive used depends upon the porosity of the 

floor and the smoothness of the carpet backing. Enough adhesive must be 

applied to the floor to establish complete coverage of the backing. 

Smooth backed carpets require 50% less adhesive than texture backed 

carpets (Roberts Consolidated Industries, 1989). "Action-Bac" carpets 

have two layers of textured polypropylene backing for increased 

dimensional stability and are commonly used in commercial installations. 

Specific quantities of adhesive for a given type of installation are 

recommended by the adhesive manufacturer. 



Types of Carpet Adhesives 

There are four types of adhesive chemistries: styrene-butadiene 

rubber (SBR) in solvent, SBR in water, acrylic, and ethylene-vinyl 

acetate (EVA) (Skeist, 1990). Due to high solvent emissions and 

flammability, the solvent based adhesives are primarily used for the 

installation of outdoor carpets. Indoor use is restricted to joining 

carpet seams or permanent installations of pads where the amount used is 

small. The acrylic adhesives are pressure sensitive materials which 

retain tack when dry. They are used when ease of removal is desired such 

as in carpet tiles, releasable pads and vinyl backed materials. The EVA 

adhesives are hot melt thermoplastic materials which are used in heat 

bond tapes during the joining of carpet seams. SBR water based adhesives 

are used in the majority of carpet and permanent pad installations. 

SBR water-based adhesives consist of a two phase system. The 

internal solid phase is styrene-butadiene rubber which is a synthetic 

latex formed during a copolymerization process of styrene and butadiene 

monomers. The SBR is dispersed in an external phase to form a latex 

water emulsion. Carboxylated SBR adhesives are used during the 

manufacture of "Action-Bac" carpets to secure the carpet tufts and glue 

the two layers of backing together. 

Additives which Modify Adhesive Performance Characteristics 

Performance characteristics of the adhesive such as open time, wet 

tack and cohesive strength can be modified by using additives in the 



adhesive formula. Table 111 shows a typical latex emulsion formulae 

Common additives which could be sources of VOCs and their functions are 

as follows (Skeist, 1990): 

1. Tackifiers 

SBR water-based adhesives have poor to fair wet strength without the 

addition of a tackifier which increases tack and open time. Types of 

tackifiers include rosin and rosin derivatives; hydrocarbon resins -

aliphatic (C5) and aromatic (C9) compounds; monomers based on 

cycloaliphatic resins; and polymerized terpenes - polyterpene, aromatic 

modified terpenes, phenolic modified terpene, a-pinene, (3-pinene, and d-

limonene. 

2. Plasticizers/Oils 

These additives change the wetting characteristics and film formation, 

act as vehicles for other additives, and can reduce cost by acting as 

extenders. Common additives of this type include organic phosphates, 

phthalate esters and aromatics (lanolin , paraffin and naphthenic oils). 

3. Solvents 

Solvents modify wetting and drying characteristics and act as a vehicle 

for the tackifier. Examples include alcohols and aromatics. 

k . Colloid stabilizers 

Surfactants prevent agglomeration of the latex, disperse fillers and 

help in wetting. These include dodecylbenzene sulfonates and potassium 

oleates. Wetting agents (naphthalene sulfonate, formadelhyde 

condensates) perform the same functions as the surfactants. 
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Table III. Typical SBR water-based adhesive formula8 

Raw Material Weight % 

Hydrocarbon Resin 14.2 
Toluene 3.6 
Surfactant 1.2 
H2O 55.0 
Latex(40% solution) 24.8 
Antioxidant 1.2 

100.0 

a Taken from Flick (1982) 

Characterization of VOC Emissions from Carpet Adhesives 

Factors which Affect Carpet Adhesive Emissions 

Major factors which influence the emission of VOCs include: 

1. the concentration of the compound in the adhesive 

2. the rate of diffusion of the compound within the 

carpet 

3. the mechanism through which the compound is bound 

and released from the surface of the carpet fibers 

4. the rate of diffusion of the compound from the 

surface of the carpet 

The first factor depends on the adhesive formulation. As has been 

previously discussed, the final application (open time, carpet type) 

will determine which additives are used. 

Diffusion of the VOC through the carpet boundary layer is 

determined by the concentration gradient between the adhesive layer and 
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the surface of the carpet. The diffusion path is illustrated in Figure 

1. Dunn (1987) classified adhesives as thin film models since the layer 

of adhesive is thin enough that diffusion through the source itself is 

not a factor. Movement is from the area of high concentration to low 

until there is no gradient and equilibrium is reached. 

Figure 1. VOC diffusion path through an "Action-Bac" carpet boundary 
layer. Components: 1 - carpet fibers, 2 - first layer of carpet backing, 
3 - carpet backing adhesive, 4 - second layer of carpet backing, 5 -
adhesive, 6 - floor 
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The rate of diffusion is described by Fick's First Law of 

Diffusion: 

dC 
W = -DA (1) 

dX 

where: 

W =the mass transfer rate (mass/sec) 
D =the diffusion coefficient (cra^/sec) 
A =the cross-sectional area of the diffusion path (cm^) 

dC 
—• =the concentration gradient (mass/cm^)cm-̂  
dX 

The diffusion coefficient varies with the specific compound. It is 

directly proportional to the absolute temperature of the gas raised to 

the three-halves power and inversely proportional to the atmospheric 

pressure (Rose et al, 1982). In general, diffusion coefficients in 

aliphatic and aromatic compounds decrease with increasing molecular 

weights. In position isomers, they generally follow the order o- > p- > 

m~, and for chain isomers follow the order iso- > n- (Lugg, 1968). 

Mass transfer through the carpet boundary layer is also affected 

by adsorption of the VOCs on the carpet fibers. This is a reversible 

physical process governed by Van der Waals forces. The amount of VOC 

which is adsorbed is proportional to its equilibrium vapor pressure -

Henry's Law (Perry, 1984). Breakthrough of the VOC occurs when the 

carpet surfaces are loaded. Therefore, the surface area of the fibers is 

important. Common fibers used in carpets and their surface areas (m^/g) 



24 

are wool (0.96), polyester (0.50) and nylon (0.31) (Lewin et a l ,  1983). 

When more than one VOC is present, the compound with the greatest 

affinity (generally the highest boiling point) is adsorbed 

preferentially (Harper et al, 1987). Water vapor can interfere with 

available adsorption sites on the fiber. Wool is hydrophilic due to 

polar groups in the molecule, nylon is slightly hydrophilic and 

polyester is hydrophobic (Lewin et al, 1983). 

The rate of diffusion of the VOCs from the surface of the carpet 

is controlled by factors similar to the diffusion through the carpet. 

Additional factors are the surface area of the adhesive per room volume 

(loading) and the air exchange rate (ventilation rate). The diffusion 

rate from the surface of the carpet will affect diffusion through the 

carpet and the rates of adsorption and desorption. 

Emission Models 

The mass balance equation is summarized as follows (Nagda et al, 

1987): 

Accumulation Rate = Rate of (Input+Generation-Output- Sink) or 

V dC0 
= EA - L - Q(Co-Ci) (2) 

dt 

where: 
V = room volume (m^) 
Co = VOC concentration in the room (mg/m^) 
t = time (h) 
E = VOC emission rate (mg/m^ h) 
A = source surface area (m^) 
L = VOC loss rate, adsorption (mg/h) 
Q = rate of air exchange in the room (rrrVh) 
Ci = VOC concentration in inlet air (mg/m^) 
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If there is no carpet boundary layer or other adsorptive losses in the 
room (L = 0) and the inlet air contains no interfering VOCs (C£ = 0), 
equation 2 reduces to: 

V dC0 
= EA - QC0 (3) 

dt 

Integration of equation (3) results in : 

Co(t) = CoCOe-Qt/V + EA/Q(1 -e~Qt/V) (4) 

The emission rate at unsteady state condition is: 

Q (C0(t)  -  CoWe-Qt/V) 
E = - (5) 

A (1 - e-Qt/V) 

This model assumes complete mixing in the room with inlet and outlet air 

at the same temperature and pressure. 

Research Objective 

The objective of this research is to determine whether VOCs are 

emitted from selected water-based carpet adhesives. Several adhesives 

with different physical properties will be evaluated. Characterization 

of the VOCs will involve three steps: (1) to identify the VOCs emitted 

by the adhesive, (2) to examine the decay in the emission of selected 

VOCs over time, and (3) to evaluate how the carpet boundary layer 

affects the mass transport of the VOCs. This information will be used to 

predict potential indoor VOC concentrations and to evaluate the 

potential risk associated with each adhesive. 
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MATERIALS AND METHODS 

Selection of Test Materials 

Carpet 

A 
A 15 ft^ section of "Action-Bac" carpet supplied by Porter Carpet 

Mills, Inc. was selected. The two year old sample was removed from its 

original shipping wrapper, unrolled and allowed to outgas in an 

environment free of airborne contaminants for 54 days prior to use. This 

carpet would be typical of that used for conmercial installations. It 

had a continuous nylon fiber with a density (tufts/unit area) of 

555/cm^. The loops were uncut with a loose twist. An "Action-Bac" double 

layer of woven polypropylene was used as the backing. 

Adhesives 

Specification guides were obtained from two manufacturers of 

flooring adhesives. The goal was to select water based latex emulsion 

adhesives which were representative of those currently used in 

commercial installations of "Action-Bac" carpeting. Four different 

adhesives were selected. Appendix A lists the adhesives and their 

suppliers. Adhesive Al had a rapid setting time. The other adhesives 

had longer setting times. Adhesives A2 and A3 represented formulation 

differences between the two manufacturers since the performance 

characteristics were the same. Adhesive A4 was a new product introduced 

by the second manufacturer with claims of being solvent free and 
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therefore, having less impact on indoor air quality. Table IV lists 

characteristics of each adhesive. 

Physical data and manufacturers' recommendations for coverage for 

each adhesive were obtained from their respective Material Safety Data 

Sheets (MSDS). 

Table IV. Manufacturers' descriptions of carpet adhesives. Adhesives A1 
and A2 were supplied by manufacturer #1. Adhesives A3 and A4 were 
obtained from the second manufacturer. 

Adhesive Description Maximum Open Time (min) 

A1 
specialty; 
use:1.between carpet & pad 

2. between carpet & floor 
<10 

A2 
multi-purpose; 
use: between carpet & floor <30 

A3 
multi-purpose; 
use: between carpet & floor <30 

A4 
multi-purpose; 
solvent free; 
use: between carpet & floor 

<30 

GC/MS of VOCs Emitted by Selected Carpet Adhesives 

Headspace screening of emissions from the adhesives was conducted 

by Ms. Carrie Torres from the Department of Chemistry at the University 

of Arizona. The objective was to determine the primary VOCs emitted by 

each adhesive. Analytical methods and results can be found in Appendix 
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B. Initial identifications were based on confirmation with the mass 

spectra data base. 

Development of Analytical Method Used to Quantitate VOC Emissions from 
Carpet Adhesives 

The mass spectroscopic data provided preliminary identification of 

the emissions from each adhesives. Gas chromatography with flame 

ionization detection (FID) was used to confirm the identity of the VOCs, 

to generate standard curves and to quantitate the emissions. 

Table V lists the major compounds emitted by each adhesive. 

Compounds selected for adhesives A1 and A2 represented those which had 

peak areas greater than 10% during the GC/MC analysis. Xylene, although 

at a lower level, was also included due to its potential impact on 

indoor air quality. Represented in the major grouping, were compounds 

from the aliphatic, aromatic and alicyclic classes of hydrocarbons. 

Compounds of interest for adhesive A3 included normal aliphatic 

hydrocarbons with increasing molecular weights. Only one major compound 

, a-pinene, was detected in adhesive A4. 

Table V . VOCs selected for investigation 

Adhesive Compound I 

A1.A2 

Toluene 
1,2-Dtmethyk;yclobexane 
2-Methytheptane 
Octane 
m-Xytene 

A3 
Octane 
Nonane 
Decane 
Undecane 

A4 o< -Pinene.t-)- | 
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Preparation of Standards 

Primary Standards 

Standard solutions were prepared in 7 ml borosilicate glass vials 

fitted with Teflon-faced silicone septa in the screw caps. Appendix C 

lists the sources and purities of all chemicals used for the standards. 

Each compound was diluted with carbon disulfide for the following stock 

concentrations (mg/ml): 

Group 1 toluene 4 
1,2-DMC 4 
2-MH 7 
octane 7 
m-xylene 9 

Group 2 octane 70 
nonane 72 
decane 73 
undecane 74 

Group 3 Q-pinene 9 

Secondary Standards 

Standards were prepared in carbon disulfide for each group of 

compounds from the stock solutions. The following ranges were evaluated: 

£omE.Quad jCfin^ejOLtmtiQaJCug/ml) 

Group 1 toluene 2-32 
1,2-DMC 1-34 
2-MH 2-31 
octane 4-32 
m-xylene 4-39 

Group 2 octane 28-281 
nonane 29-287 
decane 36-365 
undecane 37-370 

Group 3 a-pinene 4-38 



To reduce analysis time, each standard represented a mixture of five 

compounds for Group 1 and four compounds for Group 2. Carbon disulfide 

blanks were also tested. 

Sample Analysis 

Samples were analyzed using a Hewlett Packard 5890A gas 

chromatograph with a flame ionization detector. Peak areas were 

quantified using a JCL 6000 Chromatography Data System (Jones 

Chromatography). Two different packed columns were used. Group 1 

compounds and adhesives 1 and 2 were analyzed with a 6 feet x 2 mm 0.1% 

SP-1000 on 80/100 Carbopack C column. A 160°C isothermal oven analysis 

with a carrier gas flow rate of 20 ml/minute was used with this column. 

To reduce retention times, a column of intermediate polarity was 

selected for Group 2 (adhesive A3) and Group 3 (adhesive A4) compounds 

which are nonpolar. This column was a 10 feet x 2 mm (I.D.) column with 

a 10% SP-2100 stationary phase on 100/120 Supelcoport packing. Group 2 

compounds were analyzed using temperature programming of 60°C to 130°C 

at 5°C per minute with hold periods of 5 minutes. Group 3 was analyzed 

with oven ramping of 50°C to 150°C at 5°C per minute with a 4 minute 

initial hold time and 2 minute final hold. The carrier gas flow rate for 

Groups 2 and 3 was 10 ml/minute. 

All analyses were made with an injector temperature of 200°C and 

detector temperature of 250°C. Ultrahigh purity nitrogen with an Oxisorb 

in-line oxygen scrubber was used as the carrier gas. All injection 



volumes were 1 pi. The solvent flush injection technique was used where 

the 10 pi syringe was first flushed with carbon disulfide to wet the 

barrel. Three pi of carbon disulfide were drawn into the syringe 

followed by a 0.4 pi air pocket, 1 pi of sample and 1.4 pi of air. All 

samples were tested in triplicate to determine variability by evaluating 

the means, standard deviations and coefficients of variation. 

Standard curves were generated for each compound by obtaining the 

peak areas for a minimum of five different concentrations. The 

concentrations bracketed the expected emissions from the adhesives. Each 

concentration was measured in triplicate. Method and sample variability 

were evaluated by testing the same set of three standards on a different 

day (between-day variability) and a new set of standards on the same day 

(sample variability). Regression analysis was carried out for each 

compound to determine the linearity. 

The retention time obtained for each compound was used to identify 

expected emissions from the adhesives. Emissions were quantified with 

external standards by extrapolation from the standard curves. 

Development of Adhesive VOC Monitoring Device 

Several sampling devices were initially constructed which when 

placed over the sample would enable the collection of concentrated VOCs. 

The final design is illustrated in Figure 2. It was constructed from an 

aluminum pan (27.3 cm x 17.8 cm x 3.8 cm) with three ports in the air 

inlet end for even air distribution over the surface to be tested. Tygon 
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tubing was used to form a manifold which was attached to a 69 cm length 

of glass tubing held in a vertical position to provide a source of clean 

air. The opposite end of the device had either one, or three ports which 

were fitted with nylon elbows. Charcoal adsorbent tubes were connected 

in a vertical position by Tygon tubing to the elbows. The outlet side of 

the adsorbent tube was connected by Tygon tubing to a sampling pump 

(Mine Safety Appliances, Model G) to collect emisssions. All tubing 

lengths were kept as short as possible to prevent surface adsorption of 

solvent vapors. Air flow across the sample was controlled by inserting a 

calibrated rotameter (Dwyer Instruments, IN) between the adsorbent tube 

and pump. Flow adjustments were made at the pump. Details on the 

calibration of the rotameter can be found in Appendix D. A ten pound 

weight was placed on top of the VOC monitoring device during its use to 

form a seal with the sample. Prior to use, the device was placed in a 

75°C oven for 15 minutes to remove any residual VOCs. 

A schematic of the adsorbent tube used to collect VOCs for 

analysis is shown in Figure 3. It was a glass tube with two layers of 

activated coconut shell charcoal: primary layer - 100 mg, and backup 

layer - 50 mg. All tubes were supplied by SKC, Inc. (PA) and were the 

same lot. 

Sample Preparation 

Test samples consisted of four carpet/adhesive composites 

representing each of the adhesives (Al, A2, A3, A4). Control samples 
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F 

Figure 2. Sampling train for the collection of VOCs. Components: A - air 
inlet, B - sample, C - VOC monitoring device, D - adsorbent tube, E -
air outlet, F - pump 

Figure 3. Adsorbent tube for collecting airborne VOCs. Components: A -
glass tube, B - silanized glass wool, C - primary adsorbent layer (100 
mg activated coconut shell charcoal), D - backup adsorbent layer (50 mg 
activated coconut shell charcoal), E - foam dividers. Arrows denote flow 
direction. 



were the four separate adhesives and the carpet. A holder, which was a 

37.6 cm x 25.4 cm x 1.9 cm aluminum pan, was employed to contain test 

and control samples. The holder was lined with a sheet of aluminum foil 

for the test samples. Adhesive samples were applied to the aluminum foil 

followed by a piece of carpet which fit tightly in the pan. The edges of 

the aluminum foil were then crimped over the carpet to form a seal at 

the outside edges. In the adhesive control samples, only adhesive was 

applied to the surface of the holder. All adhesives were applied in 

amounts conforming to manufacturers' recommendations for coverage. A 

sawtooth carpet adhesive trowel with 0.32 cm notches was used for all 

applications. The amount of adhesive applied was noted by pre-weighing 

the sample on a Sartorius electronic balance (Model U6100D). Carpet 

control samples (blanks) were prepared by fitting carpet into the 

holder. 

Sampling Procedure and Study Design 

Samples were placed on the floor in a large office which had a 

typical air exchange rate. The samples were spaced sufficiently apart to 

avoid cross contamination by carpet adsorption of other airborne VOCs. 

Outgassing during the test period occurred under typical office 

environmental conditions. 

During a sampling interval, the VOC monitoring device was placed 

on top of the sample. Air was pulled across the sample at a flow rate of 

300 ml/minute. Sampling times increased from 5 minutes during the 
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initial 30 minutes of carpet or carpet/adhesive outgassing to 2 hours 

after 21 days of outgassing as the study progressed and VOC 

concentrations decreased. Background airborne VOCs were also measured 

for each sampling interval by running a blank sampling setup. 

Environmental conditions (temperature, relative humidity) were measured 

with a psychrometer (Bendix, Model 566) during each sampling interval. 

Upon completion of VOC collection, the adsorbent tube was removed 

from the sampling device and capped. A thermometer was kept in a 

refrigerator to determine mean temperature which was 10°C during sample 

analysis. The tubes were kept in the refrigerator if analyzed within 7 

days. Otherwise, they were stored in a freezer. 

Figure 4 details the study design for evaluating VOC emissions. 

Adhesives A1 and A3 were evaluated for VOC emissions within the initial 

30 minutes of outgassing. These test runs were duplicated. Adhesive A4 

was allowed to outgas for 21 days with samples taken on days #1, 3, 7, 

14 and 21. Samples were not duplicated. Samples of adhesive A2 were 

allowed to outgas for 21 days. These samples were tested in triplicate 

for both the adhesive and carpet/adhesive composite to test sample and 

method variability. One sample of both the adhesive and carpet/adhesive 

composite was used to evaluate the variability in sampling locations by 

using the VOC monitoring device fitted with 3 adsorbent tubes. Multiple 

comparisons were made using one-way analysis of variance - ANOVA (Number 

Cruncher Statistical System, 5.01). The level of significance was p < 

0.05. 
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Sample 

Sample# 

Day# 

A1 A2 A3 A3 CA« A4 

lj] ijl [p lp [»l EJ [p [p ijl [p ij] 1^ ijl 
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21 
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12 HR 12 HR 12 HR 12 HR 12 HR 

24 HR 24 HR 24 HR 24 HR 24 HR 24 HR 24 HR 24 HR 24 HR 

X X X X X X X X X 

X X X X X X X X X 

X X X X X X X X X 

X X X X X X X X X 

Figure 4. Sanpling strategy showing sanple type, the nuaber of sanples 
per type and sanpling intervals. The initial sampling interval was 
within 30 minutes after sample preparation. A = adhesive, CA = 
carpet/adhesive composite, B = room blank 
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Analysis of Adsorbent Tubes and Evaluation of Desorption Efficiencies 

Refrigerated adsorbent tubes were allowed to return to ambient 

temperature prior to analysis. The tube was scored and broken in front 

of the primary charcoal layer. The glass wool was then removed and the 

primary layer of charcoal was added to carbon disulfide in a 7 ml 

borosilicate glass vial fitted with a septum screw cap. After removing 

the foam divider, the backup layer of charcoal was added to carbon 

disulfide in another vial. Backup charcoal sections were evaluated until 

the previous sampling interval indicated no breakthrough of VOCs onto 

the back-up sections. Samples were allowed to desorb with occasional 

mixing for 1 hour prior to analysis. All samples were analyzed within 24 

hours of desorption. 

Samples were analyzed using gas chromatography with flame 

ionization detection. The columns and operating conditions have been 

described under analysis of the standards. The same sample injection 

volume and technique were also used. If the sample value obtained for 

the backup layer exceeded 25% of that found in the primary layer, the 

sample was discarded due to the possibility of sample loss. 

VOC concentrations were extrapolated from the standard curves. 

Since this method used external standards, three concentrations of 

standard solutions were analyzed with each daily sample analysis. Blank 

charcoal tubes were also tested to evaluate interference. 
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Desorption efficiencies were determined to obtain the percentage 

of each specific compound that was removed from the charcoal during the 

desorption process. The efficiency was tested over the concentration 

range of interest for each compound by using the standard solutions. 

Three concentrations were evaluated for each compound. 

Spiked charcoal tube samples were tested in duplicate by opening 

an adsorbent tube, injecting standard in front of the primary charcoal 

layer, and drawing air through the tube to vaporize the liquid. The 

outlet of the tube was connected to a sampling pump. Air flow at a rate 

of 300 ml/minute was begun immediately prior to sample injection. 

Sampling time was 5 minutes. Desorption and analysis proceeded as has 

been described. Three blank adsorbent tubes were also tested. 

The desorption efficiency for each concentration of a compound was 

calculated as follows: 

Areaspiked sample ~ Areat>iank 
Desorption Efficiency {%) = x 100 

Areastandard solution 

Determination of VOG Concentrations in Air Samples 

The VOC concentration (pg/ml) for each compound was extrapolated 

from a standard curve. This value was multiplied by the volume (ml) of 

carbon disulfide used in the desorption step to obtain the total mass 

(tig). Corrections were made for interferences by subtracting the masses 

obtained for the blank adsorbent tubes and environmental blanks. The 
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same procedure was followed for the backup charcoal section. The weights 

for both sections were added to obtain the total weight of compound in 

the sample. The total weight was then divided by the desorption 

efficiency to get the corrected weight. The concentration of analyte in 

the air sampled was then calculated as follows: 

Corrected Mass (pg) x 1000 l/m^ 
Concentration(mg/m^) = 

Air Sampled(l, at STP) x 1000 ug/mg 
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RESULTS 

Identification of VOC Emissions fron Carpet Adhesives using Gas 
Chromatography 

Adhesives Al, A2 

Separation of the VOCs from adhesives Al and A2 was achieved 

within 34 minutes using an SP-1000 column and an isothermal temperature 

of 160'C. The compounds investigated and their retention times (minutes) 

were: 

Chromatograms of VOCs from adhesives Al and A2 containing compounds 

identified from each adhesive are provided in Figures 5 and 7. Figures 6 

and 8 provide chromatograms of standard solutions. There was no 

interference from the carbon disulfide which was eluted after 3 minutes. 

The calibration curves were linear over the concentration ranges 

tested with correlation coefficients of 0.993 to 0.998. The correlation 

between concentration and peak area was lowest for the 2-MH and octane 

and highest for m-xylene. The individual calibration curves are shown in 

Appendix E. 

Recovery of the compounds from the charcoal sorbent tubes was 

complete. These data can be found in Appendix F. The mean desorption 

efficiencies (n=2) for all compounds ranged from 90.8% to 111.4%. The 

amount of compound desorbed 

toluene 8.70 
1,2-dimethylcyclohexane(1,2-DMC) 10.56 
2-methylheptane(2-MH) 
octane 
m-xylene 

17.74 
24.22 
32.54 
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Figure 5. Chroaatogram of VOCs collected froa adhesive A1. The 
compounds of interest are marked 
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Figure 6. Chrosatograa of standard solution containing compounds 
identified in adhesive A1 
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Figure 7. Chroaatograa of VOCs collected froa adhesive A2. The 
compounds of interest are marked 
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Figure 8. Chromatograa of standard solution containing compounds 
identified in adhesive A2 
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from the charcoal tube was highest for toluene and lowest for 1,2-DMC. 

Testing of the blank sorbent tubes indicated that there were no 

contaminant peaks on the charcoal. 

Experimental variability was evaluated by comparing the slopes of 

the calibration curves. The between-day coefficients of variation (n=3) 

for repeat testing of the same standard samples ranged from 4 to 6% with 

a mean of 5%. These values measured day to day error in the analytical 

method. A range of 0.5 to 6% and mean of 4% was found in the variability 

between multiple standard samples (n=3) run on the same day. These 

values measured error associated with sample preparation. Overall, 

experimental error was low. 

Adhesive A3 

Compounds from adhesive A3 were separated with an SP-2100 column 

and temperature programming over a 19 minute period. Octane had a 

retention time of 7.89 minutes. The retention time for nonane was 11.66 

minutes followed by decane at 15.2 minutes and undecane at 18.51 

minutes. Separation of these compounds was by order of increasing 

molecular weight. The compounds were identified by comparing the 

chromatogram of a mixture of standards to the chromatogram from a 

desorbed sample of collected VOCs. These chromatograms are shown in 

Figures 9 and 10. The solvent (CS2) eluted well before the compounds of 

interest. 

Calibration curves (Appendix D) were generated from the analyses 

of the standards. All curves were linear over the anticipated 
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Figure 10. Chroaatogran of standard solution containing compounds 
identified in adhesive A3 
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concentration ranges. Correlation coefficients were 0.999 for all 

compounds except undecane where the correlation was 0.998. 

Recovery of the compounds from charcoal sorbent tubes resulted in 

mean desorption efficiencies (n=2) of 85.9% for octane, 85.5% for 

nonane, 97.8% for decane and 95.2% for undecane. This data can be found 

in Appendix E. There were no contaminant peaks from the blank sorbent 

tube. 

Evaluation of the between-day variability in GC response to 

standard solutions was made by comparing the slopes of the standard 

curves. This variability (n=3) had a range in the coefficient of 

variation of 2-4% and mean of 4%. The between sample coefficient of 

variation (n=3) was higher at 7-12% with a mean of 9%. 

Adhesive A4 

Alpha-pinene was separated at 13.94 minutes using an SP-2100 

column. Figures 11 and 12 compare the chromatograms obtained from an 

analysis of the adhesive samples and a standard solution containing 

identified compounds 

There was a linear relationship between concentrations and peak 

areas at a concentration range of 4 to 38 ug/ml. An example of a 

calibration curve can be found in Appendix D. The correlation 

coefficient was 0.994. When recovery from the adsorbent tubes was 

evaluated over the same range of concentrations, the mean desorption 

efficiency was 99.2%. Details of recoveries are in Appendix E. 
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Figure 12. Chroaatograa of a-pinene standard solution 
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Experimental error was the same for the between-day (n=3) and between-

sample (n=3) variabilities. The coefficient of variation was 5%. 

Reproducibility of VOC Emissions Data 

Multiple Adsorbent Tubes 

The effect of mixing within the sampling device on VOC emissions 

was evaluated by comparing the emission results obtained from multiple 

tubes for the same adhesive sample and sampling interval. Adsorbent 

tubes were placed at different locations of the sampling device. VOC 

concentrations were determined at the 12 hour sampling interval for both 

a sample of adhesive A2 where two adsorbent tubes were compared and for 

a sample of its composite CA2 where three adsorbent tubes were compared. 

Results are shown in Tables VI and VII. At a level of significance of p 

< 0.05, there was no significant difference in concentration in 

composite CA2 samples. This implies that the headspace emissions in the 

VOC monitoring device were homogeneous for a given adhesive sample and 

sampling interval. 

Multiple Adhesive Samples 

Adhesive sample reproducibility was evaluated by comparing the VOC 

concentrations for three separate samples of both adhesive A2 and its 

composite CA2. Concentrations for each sample were compared at the 30 

minute, 24 hour and 3 day sampling periods. Environmental conditions 

during the outgassing of sample #1 were temperatures of 23°C to 28°C and 



relative humidities of 34% to 48%. Conditions during the entire sampling 

period for samples #2 and #3 were temperatures of 24*C to 25°C and 

relative humidities of 38% to 48%. Emission data can be seen in Tables 

VIII and IX. There was no significant difference at a level of p < 0.05 

in headspace VOC concentrations in the adhesive samples and the 

majority of the carpet/adhesive samples. 

Table VI. Variability in paired adsorbent tube samples of the same 
source - adhesive A2 

1 Concentration (mg/m3) 

Compound Tube#1 Tube #2 

Toluene 33 31 

1,2-DMC 136 130 

2-MH 54 50 

Octane 31 34 

|m-Xylene 3 3 

Table VII. Variability in multiple adsorbent tube samples of the same 
source - carpet/adhesive CA2 

Concentration (mg/m3) 
I Compound Tube#1 Tube #2 Tube #3 p Value 

(Toluene 84 77 81 0.91 

|1,2-DMC 257 296 290 0.47 

I2-MH 152 190 164 0.39 

lOctane 160 181 183 0.38 

Im-Xylene 27 34 37 0.08 
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Table VIII. Variability in VOC concentrations of three different saoples 
of adhesive A2 

Concentration (mg/m3) 

Compound Sampling Interval Sample #1 Sample #2 Sample #3 p Value 

30 Minutes 199 190 248 0.08 

Toluene 24 Hours 8 5 9 0.12 

3 Days 2 1 1 0.05 

30 Minutes 548 604 689 0.15 

jl,2-DMC 24 Hours 37 27 37 0.09 

3 Days 7 4 6 0.21 

30 Minutes 136 164 197 0.08 

2-MH 24 Hours 15 12 14 0.19 

3 Days 3 2 2 0.23 

30 Minutes 157 179 197 0.08 

Octane 24 Hours 8 8 7 0.42 

3 Days 1 <1 <1 

30 Minutes 282 235 257 0.26 

m-Xylene 24 Hours 1 <1 <1 

I 3 Days <1 <1 <1 



Table IX. Variability in VOC concentrations for three different samples 
of carpet/adhesive CA2 

Concentration (mg/m3) 

Compound Samplng Interval Sampte #1 Sampte #2 Sample #3 p Value 

30 Minutes 58 71 69 0.38 

Toluene 24 Hours 59 70 56 0.28 

3Day8 3 4 3 0.23 

30 Minutes 193 211 202 0.83 

1,2-DMC 24 Hours 324 295 290 0.61 

3 Days 16 17 17 0.74 

30 Minutes 58 69 60 0.12 

2-MH 24 Hours 141 132 126 0.7 

3 Days 6 5 4 0.01 

30 Minutes 52 62 55 0.13 

Octane 24 Hours 169 145 164 0.54 

3 Days 4 3 4 0.05 

30 Minutes 40 35 38 0.58 

m-Xylene 24 Hours 42 38 38 0.76 m-Xylene 

3 Days 4 4 3 0.49 



VOC Emissions from Adhesives during Initial Outgassing 

Volatile organic compounds emitted within 30 minutes after 

adhesive application can be used to predict potential VOC emissions 

during carpet installation. Table X summarizes the concentrations of 

VOCs emitted by each adhesive and the relative quantities of each 

compound in the adhesive formulation. Adhesive A1 emitted the most 

hydrocarbons with a total concentration of measured VOCs of 4689 mg/m^. 

Adhesive A2 emitted less VOCs measuring 1322 mg/m^ or 28.2% of adhesive 

Al. Adhesives A3 and A4 emitted 21.5% and 0.2%, respectively, of the A1 

total. 

VOC concentrations from adhesive Al consisted of aromatic (83%), 

alicyclic (10%) and aliphatic (7%) compounds. The identified aromatic 

compounds were toluene at 79% of the total VOC concentration and m-

xylene at 4%. One alicyclic compound, 1,2-dimethylcyclohexane, was 

identified at 10% of the total VOCs. Aliphatic compounds included octane 

at 4% and 2-methylheptane at 3%. The predominant emission in adhesive A2 

was 1,2-dimethylcyclohexane at 41% of the total concentration. This was 

followed by the aromatics, toluene and m-xylene, at 36% of the total 

VOCs and the aliphatics, octane and 2-MH, at 22%. Adhesive A3 emitted 

primarily aliphatic hydrocarbons with the highest concentrations being 

in compounds above C9 - decane and undecane. Only one compound, a-

pinene, was identified in A4. Figure 13 shows the relative 

concentrations of hydrocarbons for each adhesive. 
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Table X. Mean concentrations of VOCs emitted by individual 
adhesives.These data represent the volatiles collected within an initial 
30 minute outgassing period. 

Concentration (mg/m3) 

A1 A2 A3 A4 

% of Total 

A1 A2 A3 A4 

Toluene 3710 199 79.1 15.1 

m-Xytene 188 282 4.0 21.3 

1,2-DMC 478 548 10.2 41.4 

a - Pinene 9 100.0 

2-MH 140 136 3.0 10.3 

Octane 173 157 49 3.7 11.9 4.9 

Nonane 135 13.4 

Dec arte 488 48.4 

Undecane 336 33.3 

(Total 4689 1322 1008 9 100.0 100.0 100.0 100.0 

4000 - -
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CH) Allcycltc Hydrocarbons 
ESS Aliphatic Hydrocarbons 
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Figure 13. Mean concentrations of different classes of hydrocarbons 
emitted by each adhesive within 30 minutes after application 
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Environmental conditions during the study included temperatures of 

23°C to 24°C and relative humidities of 35% to 40%. 

Coaparison of Decay of VOCs Emitted by Adhesives and Carpet/Adhesive 
Composites 

The persistence of selected VOCs as reflected by decay patterns 

was evaluated for adhesives A2 and A4, and composites CA2 and CA4. 

Headspace samples were periodically collected over a 21 day period to 

determine the manner in which a carpet boundary layer affects the 

diffusion of volatile compounds into the air. 

Figures 14 to 16 show the relative decay curves for each of the 

selected VOCs. At less than 30 minutes, carpet partially inhibited 

emissions for all of the compounds. This effect was most pronounced for 

the aromatics, toluene and m-xylene, where the percentages of airborne 

VOCs were 29% and 14% of the amount available from the adhesive alone. 

VOC concentrations at the 12 hour sampling interval indicated that the 

carpet was no longer acting as a barrier to VOC emissions but rather as 

an emitter since the emissions of the carpet/adhesive composites 

exceeded those of the adhesives alone. Carpet acted as a VOC emitter 

when adsorbed VOCs desorbed from its surfaces. This trend continued 

during the next 60 hours of outgassing for all compounds except a-

pinene. Desorption of a-pinene continued for 156 hours. Airborne 

concentrations of toluene and a-pinene were highest at 12 hours. Maximum 

concentrations of m-xylene, 2-MH, octane and 1,2-DMC were reached 

between 12 and 24 hours. 
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It is apparent from the decay curves that total VOCs collected for 

a specific compound over the entire sampling period were not equal. This 

is reflected by differences in the areas of the decay curves for a given 

VOC. Areas were obtained using AutoCad (Release 10 C2, 1988) which 

calculated the area enclosed by the data points for the VOC of interest: 

the specified polyline. A spline fit was used to smooth the curves. 

Table XI shows the calculated areas. 

Differences in the areas for a particular VOC are attributable to 

losses during the initial VOC collection period. Since this period 

ranged from 15 to 30 minutes after adhesive was applied, a proportion of 

the more volatile compounds would be lost during the monitoring process. 

Table XI. Comparison of areas obtained from VOC decay curves for 
adhesives A2 and A4, and composites CA2 and CA4 

Areas 
VOC Adhesive Carpet/Adhesive % (Adhesive/Carpet-Adhesive) 

T oluene 2213 3764 58.8 
m -Xylene 2011 1898 105.9 
2 MH 2382 16880 14.1 
0 ctane 1872 8563 21.9 
1, 2-DMC 7376 16712 44.1 
« -Pinene 140 212 65.9 
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Evaluation of Potential Exposures to VOCs during Carpet Installation 

Mean concentrations of VOCs emitted within 0.5 hour after 

adhesive application were used in a mass balance equation to derive 

emission rates (mg/rn^ h) for each compound. A hypothetical office space 

with an area of 100 m^ was assessed to estimate generation rates (mg/h). 

The ventilation rate recommended by the American Society of Heating, 

Refrigerating and Air Conditioning Engineers is 8.5 m^/h per person 

(ASHRAE, 1981). With an occupancy of 7 people and a corresponding 

ventilation rate of 60 m^/h, the theoretical VOC concentration in a 100 

2 . . . m"1 office was then derived from the relationship: 

G 
C = -

Q 

where: 
C = concentration in the room (mg/ m^) 

G = generation rate (mg/h) 

Q = ventilation rate (m^/h) 

Assumptions included no VOC removal by adsorption to surfaces in the 

room, perfect mixing and steady state concentrations of VOCs for the 

initial hour of outgassing. These concentrations were then compared to 

the Threshold Limit Values (TLV-TWAs) which represent permissible 8 hour 

workday, or AO hour workweek exposures. 



Projected indoor VOC concentrations after 1 hour of outgassing by 

the adhesives are shown in Table XII and Figure 17. Adhesive A1 

generated a calculated total VOC concentration of 5623 mg/m3 which 

exceeds the TLV value of 5421 mg/m3. The TLV-TWAs for 1,2-DMC, 2-MH, 

octane and m-xylene could be exceeded after 2.8, 9.5, 6.8 and 1.9 hours 

of exposure, respectively. These estimates are based on the assumptions 

that there is negligeable VOC decay from 0.5 hour to one hour of 

outgassing, the exposure time from applying adhesive to installing 

carpet is one hour, and more than one carpet is installed in an 8 hour 

workday. Toluene had a concentration that was 11.8 times the TLV at 1 

hour. For adhesive A2, the modeled indoor concentration of total VOCs 

was lower at 1932 mg/m3. The TLV-TWAs for toluene, 1,2-DMC, 2-MH, octane 

and m-xylene would be exceeded after 1.3, 2.0, 8.1, 6.1 and 1.0 hours. 

Therefore, in an eight hour workday, there would be the potential for 

exceeding the TLVs for toluene, 1,2-DMC, octane and m-xylene from both 

adhesives A1 and A2. The aromatic compounds presented the greatest risk 

of overexposure in these adhesives. 

Emission characteristics of adhesive A3 indicated potential 

overexposure to nonane, decane and undecane over an actual 8 hour 

workday. The TLV-TWA for octane would be reached in 20.3 hours, for 

nonane in 4.8 hours, for decane in 1.3 hours and for undecane in 1.9 

hours. The total VOC concentration was 1630 mg/m3. 

Estimated exposure to a-pinene in adhesive A4 was 2.3% of the TLV-

TWA. There would be no risk of overexposure to this particular VOC using 
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the current TLV for turpentine as a reference. The total VOC 

concentration, 13 mg/m^, was much lower than that for the other 

adhesives. 

Table XII . Concentrations of VOCs and their comparisons to Threshold 
Limit Values. Concentrations are based on a 100 m^ room with a 
ventilation rate of 60 m^/h. This data represents potential VOC 
exposures at 1 hour during carpet installation. 

Adhesive Compound Concentration (mg/m3) TLV (mg/m3) % of TLV 

Toluene 4450 377 >100 

1,2-DMC 573 1610(a) 35.6 

A1 2-MH 168 1600(b) 10.5 

Octane 207 1400 14.8 

m-Xylene 225 434 

Wmiimm 

51.8 

mmMtt 

Toluene 291 377 77.2 

1,2-DMC 800 1610 (a) 49.7 

A2 2-MH 199 1600(b) 12.4 

Octane 230 1400 16.4 

m-Xylene 
mmmmi 

412 434 
mmmm 

94.9 
wmmm 

Octane 69 1400 4.9 

A3 Nonane 220 1050 21.0 

Decane 795 1050(c) 75.7 

Undecane 
KKS?# 

546 1050(d) 52.0 

A4 a - Plnene 13 556(e) 
wmrnm: 

2.3 
xjx-i'i-iiSljSi'i'jiw 

(a) This TLV is for Methylcyclohexane since none is available for 1,2-DMC. 
(b) This TLV is for Heptane since none is available for 2-MH. 
(c,d) The TLV for Nonane is used since no TLVs are available for Decane and Undecane. 
(e) This TLV Is for Turpentine. 
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Figure 17. Comparison of modeled VOC concentrations generated by 
adhesives to their respective TLV-TWA values. These data represent 
potential VOC exposures at 1 hour following adhesive application. 
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The comparison of areas of decay curves demonstrated that the more 

volatile compounds were rapidly emitted from the adhesive within the 

initial 30 minutes of outgassing. Estimates of VOC concentrations during 

initial outgassing were lower than actual values. Therefore, exposures 

to 2-MH, octane, 1,2-DMC, toluene and a-pinene would be higher than the 

calculated 1 hour concentrations. 

Impact of Carpet Adhesive Emissions on Indoor Air Quality 

Volatile organic compound concentrations after carpet installation 

were calculated by applying the previously discussed emission model to 

the headspace data. Potential exposures were evaluated by comparing the 

theoretical VOC emissions to the Threshold Limit Values. These data are 

shown in Table XIII and indicate that the TLV-TWAs for toluene and 1,2-

DMC could be exceeded within 24 hours after carpet installation. There 

was minimal risk for overexposure to m-xylene after the initial 0.5 

hours of outgassing. Total VOCs decayed from 685 mg/m3 at 0.5 hours to 

22 mg/m3 at 72 hours. 
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Table XIII. Extrapolated VOC concentrations emitted by carpet/adhesive 
composite CA2 and their comparisons to Threshold Limit Values. 
Concentrations were based on a 100 m^ room with a ventilation rate of 60 
m3/h at different time intervals. This data represents potential VOC 
exposures after carpet installation. 

Compound Interval Concentration (mg/tn3) TLV (mg/htt) % Of TLV 
30 Minutes 99 26 

Toluene 12 Hours 58 377 15 
24H0UT8 42 11 
3 Days 2 <1 
30 Minutes 330 20 

1,2-DMC 12 Hours 178 1610 11 
24 Hours 232 14 
3 Days 11 <1 
30 Minutes 99 6 

2-MH 12 Hours 101 1600 6 
24 Hours 101 6 
3 Days 4 <1 
30 Minutes 88 6 

Octane 12 Hours 110 1400 8 
24 Hours 122 9 
3 Days 3 <1 
30 Minutes 69 16 

m-Xyfene 12 Hours 19 434 4 
24 Hours 30 7 
3 Days 2 <1 
30 Minutes 685 5421 12.6 

Total 12 Hours 466 5421 8.6 
Hydrocarbons 24 Hours 527 5421 9.7 

3 Days 22 5421 0.4 
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DISCUSSION 

This study was initiated to characterize VOCs that may be emitted 

during commercial carpet installations employing various adhesives. 

Water-based adhesives with less VOC content have replaced solvent-based 

adhesives as a result of increased awareness of the nonspecific health 

problems possibly associated with the emissions of VOCs from carpet 

adhesives. However, additives in the water-based adhesive formulations 

remain a source of VOCs depending on the adhesive formulation. There is 

insufficient data available on the concentration of individual VOCs 

emitted by water-based adhesives to determine whether reported health 

problems result from exposure to specific compounds or mixtures of 

compounds presenting a possible synergistic effect. 

Emission profiles of representative adhesives and carpet/adhesive 

composites employed in this study have demonstrated that VOCs are 

emitted by all water-based carpet adhesives tested. Volatile organic 

compounds identified included aliphatic, alicyclic and aromatic 

hydrocarbons. Exposures, acute or chronic, to these compounds could 

certainly contribute to the symptoms associated with "sick-building 

syndrome" since they are central nervous system depressants (National 

Research Council, 1976). 

Identification of the primary VOCs emitted by the adhesives using 

gas chromatography/mass spectrometry and their quantification using gas 

chromatography with flame ionization detection indicated that VOC 

emission profiles vary as a function of the adhesive formulation. The 



composition is in turn related to the manufacturer and performance 

characteristics of the adhesive. Adhesive Al, with the shorter open time 

and recommended for use in carpet over pad systems, emitted primarily 

aromatic compounds. This adhesive formula contains more aromatic 

compounds to reduce the drying time. A shorter open time would be 

required for carpet over pad installations since the foam pad is less 

absorbent than flooring. 

Evaluation of two other water-based adhesives (A2, A3) with longer 

open times showed that there were major differences in the formulations. 

Each of these adhesives was supplied by a different manufacturer. 

Adhesive (A2) emitted a combination of aromatic, alicyclic and aliphatic 

compounds. The other adhesive (A3) emitted primarily aliphatic 

compounds. Both adhesives emitted comparable total VOCs. Investigation 

of an adhesive (A4) which has the same performance characteristics as 

adhesives A2 and A3, revealed only very low concentrations of alicyclic 

compounds identified as terpenes (a-pinene). 

The decay pattern and persistence of VOCs emitted by carpet 

adhesives may be central to acquiring an understanding of their impact 

on indoor air quality. This study has demonstrated that an evaluation of 

VOC decay must include analyzing the manner in which the carpet boundary 

layer affects mass transport. It has been shown that in adhesive samples 

without carpeting there was free diffusion of VOCs. VOC decay was rapid 

and stabilized to less than 15% of the initial concentration within 24 

hours after application. In the carpet/adhesive composite, emissions 
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after 12 hours of outgassing consisted of the VOCs desorbing from the 

carpet. The highest concentrations of VOCs emitted by the 

carpet/adhesive composite occurred within 24 hours after installation. 

Therefore, an effective measure in controlling indoor air contaminants 

generated by carpet adhesives would involve increasing ventilation rates 

after the carpet installation for 24 hours to increase the rate of VOC 

removal. Desorption was complete after 72 hours of decay for most of the 

VOCs. 

The significance of VOC exposures to the carpet installers from 

the adhesives was tested in this study by comparing projected exposure 

levels to current (1991-1992) Threshold Limit Values. Estimated VOC 

levels were based on a ventilation model applied to a hypothetical 

office space where the ventilation rate was 8.5 m^/h per person. 

Adhesive A1 with the shorter open time had the greatest potential for 

overexposure of installers. Total VOCs were higher than those predicted 

for other adhesives. Aromatic compounds contributed significantly to the 

total exposure. Comparisons of individual and total VOCs emitted by this 

adhesive with their respective TLVs showed that suggested exposure 

levels could be exceeded. All of the adhesives (A2, A3 and A4) with a 

longer open time provided less potential for overexposure since the 

total VOC and aromatic concentrations were lower than those in adhesive 

Al. Although VOC concentrations were lower, adhesives A2 and A3 had 

potential for overexposure in workers. Adhesive A4 was the only 



formulation evaluated which demonstrated no potential for overexposure. 

All VOC exposures could be reduced with increased ventilation. 

Additional factors which should be considered when assessing the 

total dose for installers are dermal contact with an adhesive and the 

effect of work load on the inhalation of VOCs. Xylene and the terpenes 

are readily absorbed through the skin (Clayton et al, 1981). Therefore, 

this route of exposure must be considered when calculating total 

exposure. Pezzagno (1988) demonstrated that at work loads that doubled 

pulmonary ventilation, the uptake of xylene and toluene almost tripled. 

Exertion during the installation of carpet could increase pulmonary 

ventilation thereby increasing VOC uptake. 

The impact of decay profiles and the potential overexposure of 

building occupants to VOCs emitted over time by a carpet adhesive were 

investigated in this study. This assessment was based on comparing 

projected exposure levels for carpet/adhesive composite CA2 to Threshold 

Limit Values. Since a ventilation model based on a recommended air 

exchange rate (8.5 m 3/h per person) was used, actual exposures could 

vary with different ventilation rates. Also, since there is seldom 

perfect mixing of air in a room, personal exposures could vary depending 

on the mixture of the ventilation in a particular room. All estimated 

VOC concentrations were below 1 mg/m3 after 7 days of outgassing. Total 

VOC concentrations decayed to less than 4% of the initial value by the 

third day of outgassing. There was no potential overexposure to specific 

or total VOCs emitted by this adhesive after 24 hours of decay. However, 
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this evaluation did not take into account the possibility of re-emission 

of VOCs into the indoor air after adsorption and desorption of 

contaminants from surfaces in the room; the effect of reduced air 

exchange at the end of the day when ventilation is off; and the 

cumulative VOCs emitted by the adhesive and other indoor sources. These 

factors could change exposure by increasing VOC dose. 

The odor threshold for toluene is 8.02 mg/m^ and for xylene is 

0.35 mg/nr* (Ruth, 1986). Toluene odors would be readily noticeable up to 

24 hours after carpet installation with adhesive A2. Xylene would still 

be noticeable after 3 days. 

It has been demonstrated that additives in water-based carpet 

adhesives can be a source of VOCs. These VOCs represent a source of 

indoor air pollution during the installation of the carpet and after the 

installation is complete. There is potential for overexposure to VOCs 

for the carpet installer and the occupants of the carpeted room. Field 

studies should be conducted to confirm these results. 



APPENDIX A 

Carpet adhesive suppliers 

Table la. Descriptions of adhesives investigated for VOCs 

Designation Adhesive Description Supplier 

A1 Henry 251 Carpet Adhesive • 

The Sticker* 

W.W.Henry Co. 

Arlington, TX 

A2 Henry 356 Multi-Purpose White 

Latex Adhesive 

W.W.Henry Co. 

Arlington, TX 

A3 Roberts 3055 Multi-Purpose Adhesive Roberts Consolidated 

Industries Inc. 

City of Industry, CA 

A4 Roberts 7000 Earth Bond 7000 Multi-

Purpose Adhesive 

Roberts Consolidated 

Industries Inc. 

City of Industry, CA 
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APPENDIX B 

Qualitative analysis of VOCs by GC/MS 

Objective: 1. Identify compounds emitted by carpet adhesives 
2. Determine relative amounts of each compound 

Equipment 

Model 5890 Hewlett Packard gas chromatograph 
Model 5970 Hewlett Packard mass selective detector 
Hewlett Packard RTE-6 Data System 
HP-5 capillary column, 25 m, 0.20 mm I.D.: fused silica with a bonded 
SE-52 stationary phase (0.5 pm) 

Method 

Approximately 0.6 g of adhesive was spread evenly in a 15 ml 
borosilicate glass vial fitted with a silicon-septa screw cap. Samples 
were placed in a 75 °C oven for 15 minutes to allow the evolution of 
volatile organics. A sample of the headspace in the vial was obtained 
with a heated gastight syringe. Control samples were also run by 
sampling empty vials which had been open to lab air. 

Headspace volumes of 0.5 pi were injected into the gas 
chromatograph. Helium carrier gas was used at a column head pressure of 
13.0 psi. Temperature programning of 50*C to 200*C at 20°C per minute 
with 2 minutes initial and final hold periods was used for the 
separation of compounds in adhesives Al, A2 and A3. The analysis of 
adhesive A4 employed temperature programming of 70*C to 300°C at 20°C 
per minute with a 1 minute initial hold period and a 4 minutes final 
hold. The detector was operated at a temperature of 300°C. 

Compound identifications were made by comparing their spectra to 
those contained in the RTE-6 data base. Identification was accepted if 
the probabilities were £86%. The relative quantities of each compound 
emitted by an adhesive were evaluated by comparing peak areas on the 
chromatograms. 

Results 

Enough VOCs were collected for analysis using the headspace 
technique for all adhesives except A4 which emitted no VOCs at the limit 
of detection. An alternate collection method was used for this adhesive. 
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The solvent extraction method involved placing 0.6 g of adhesive in an 8 
ml borosilicate glass vial fitted with a septum cap and adding 5 ml of 
methylene chloride. The sample was allowed to mix for 10 minutes in an 
ultrasonic bath. Injection volumes were 0.5 pi. 

Figure la shows a chromatogram from the headspace analysis of 
adhesive Al. Retention times are listed. Figures lb through If show the 
mass spectra and identification of compounds with peak areas of >10Z. 
There were four compounds at this level which were identified as 2-
methylheptane, toluene, 1,2-d imethy1cyclohexane and octane. Adhesive A2 
was found to have VOCs similar to those of adhesive Al. Separate data 
were not generated. 

Figure lg illustrates the chromatogram for adhesive A3. Major 
peaks were obtained at retention times of 5.91, 7.02 and 7.98 minutes 
and identified as nonane, decane and undecane. The mass spectra are 
shown in Figures lh through lj. 

Only two compounds could be identified from the chromatogram 
(Figure lk) for adhesive A4. The most abundant compound was identified 
as a-pinene (Figure 11). Naphthalene (Figure lm) was also identified. 

These results are summarized in Table la. The control samples 
contained no interferences. 

Table 11a. Identification by GC/MS of YOCs emitted by carpet adhesives. 
Compounds are listed in order of increasing retention times. 

Adhesive Compound Area* 

2-MH 13.66 

Toluene 26.92 

1,2-DMC 10.28 

A1 Octane 11.01 

1,1,3-Trimethyfcyclohexene 5.07 

m-Xytene 1.50 

2-MH 3.47 

Toluene 4.05 

Octane 6.26 

A3 Nonane 9.38 

Decane 22.01 

Undecane 16.12 

A4 « - PJnene, (-)- 34.75 

Naphthalene 9.68 
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6 4.585 155 157 159 26952 56513 53304 13.41 3.609 
7 4.646 159 161 162 37833 67545 64981 16.34 4.399 
8 4.691 162 164 166 134287 166035 162617 40.90 11.010 
9 4.737 166 167 170 63172 93036 89622 22.54 6.068 
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Sun of corrected areas: 1477021. 

Figure la. Chroaatogran froa the GC/HS analysis of a headspace saaple of 
adhesive Al. 
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Figure lb. Mass spectrum of 2-methylheptane at a retention tiae of 4.24 
minutes. This compound was identified from the headspace sample of 
adhesive Al. 
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8. 
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CYCLOHEXANE, 1.Z-OIMETHYL-
4-0ctene, (E)-
4-Octene, <E>-
Cyclohexane, 1,Z-dinethyl-, cls-
CIS-I,Z-DIMETHYLCYCLOHEXflNE 
Cyclohexane, I,2-dinethyl-, trana-
Cyclohexane, 1,3-dinethyl-, cis-
Cyclohexane, I,3-dlnethyl-
Z-Ponteno, 2,3,4-irinethyl-
CYCLOPROPflNE, PENTAMETHYL-

trans-

112 C8H16 
112 C8HIE 
112 C8H16 
112 C8HI6 
112 C8HIG 
112 C8H1E 
112 CBHIB 
112 C8H1E 
112 C8HIG 
112 C8HIE 

Prob. CAS » CON « ROOT K OK •FL6 TILT z CON C_I R_IV 

1. 88* v 0 I7Z03 "BIGDB 73 3Z 2 0 86 4 65 55 
2. 70. 14850Z38 23692 "BI6DB 77 25 2 0 72 17 32 59 
3. 68* I4850Z38 23693 "BI6DB 70 32 2 0 67 21 30 50 
4. 63» 2207014 17192 "BIGDB 61 48 2 0 66 16 30 38 
5. 63* 0 17198 "BIGDB 59 54 2 0 55 20 30 36 
G. 59* 687G239 17193 "BIGDB 57 50 2 0 62 25 27 34 
7. 59* 638040 17194 "BIGDB 51 47 1 0 71 23 27 34 
8. 58 2207036 17195 "BIGDB 65 35 2 0 76 16 25 23 
9. 57* S65775 17189 "BIGDB 56 32 2 e 85 33 22 42 

10. 57 • 0 17Z0Z "BIGDB 49 38 1 0 90 29 24 37 

Figure Id. Mass apectnai of 1,2-diaethylcyclobexane at a retention tiae 
of 4.46 Minutes. This compound was identified from the headspace sample 
of adhesive Al. 
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t. Octane 
2. Heptane, 
3. Hexane, 
4. Pentone, 
5. Heptane, 
6. Heptane, 
7. Heptane, 
6. Heptane, 
9. Hexane, 
10. Hexane, 

Z,3-dinethyl-
3-ethyl-2-nethyl -
3-ethyl-Z-nethyl-
3-nethyl-
2.3-dinethyl-
2.4-dinethyl-
Z,3-dl«ethyl-
3-ethyl-Z-nethyl-
2-nethyl-

114 C8H18 
I2B C9H20 
1ZB C9H20 
114 C6HIB 
114 C8H18 
128 C9H20 
128 C9HZ0 
128 C9HZ0 
128 C9H20 
100 C7HI6 

Pr-ob. CAS « CON 8 ROOT K OK #FL6 TILT : CON C_I R_IV 

1. 96# 111659 12612 "BI6D6 80 9 0 0 75 9 68 96 
2. 78 3074713 11964 "BIGDB 49 42 2 0 94 4 55 16 
3. 70 16789461 12642 "BIGD8 42 45 2 0 79 7 4Z 14 
4. 70» 609267 6871 "BI6DB 43 48 3 0 100 7 42 16 
5. 70. 589811 12611 "BIGDB 35 50 3 0 100 9 42 14 
E. 70 3074713 12643 "BIGDB 50 38 Z 0 88 10 42 17 
7. 70 2213232 11962 "BIGDB 51 41 Z 0 67 10 42 17 
8. 60 3074713 12644 -BI6DB 45 43 Z 0 100 IZ 30 15 
9. 52 16789461 11963 "BIGDB 3B 46 Z 0 71 19 20 13 
10. 52 591764 11880 "BIGDB 50 36 Z 0 75 19 20 17 

Figure le. Mass spectrin of octane at a retention tine of 4.69 minutes. 
This compound was identified from the headspace sample of adhesive Al. 
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1. Benzene, 1,4-dine'thyl- I0G C8HI0 
z. Benzene, 1,3-dinethyl- 106 C8HI0 
3. Benzene, t,Z-dinethyl- 106 C8H10 
4. XYLENE 106 C8H10 
5. Benzene, 1,3-dinethyl- 106 C8H10 
E. Benzene, 1,Z-dinethyl- 106 C8H10 
7. Benzene, 1,4-dinethyl- 106 C8H10 
8. Benzene, 1,3-dinethyl- 106 C8HI0 
S. Benzene, 1,4-dinethyl- 106 C8H10 

10. Benzene, t,4-dlneihyl- 106 CBHI0 

Prob. CflS It CON « ROOT K DK KFLG TILT 

j 

X CON C_I R_IV 

1. 97» 10B4Z3 Z079Z "BIGDB 85 5 0 0 85 5 7Z 97 
2. 97* 108383 Z07SI "BIGDB 85 5 0 0 90 5 7Z 97 
3. 97« 9547B Z0789 "BIGDB 84 5 0 0 88 5 7 Z 97 
4. 97* 1330Z07 Z1031 -BIGDB 85 6 0 0 81 5 7Z 97 
5. 97» 108363 Z10Z9 "BIGDB 83 7 0 0 76 5 7Z 97 
E. 95* 95476 210Z5 "BIGDB 78 IZ 0 0 79 5 7Z 95 

7 95* 106623 21033 "BIGDB 7B 12 0 0 71 5 72 95 

8 97* 108383 21030 "BIGDB 87 20 0 0 59 28 57 95 

9 91" 106423 21034 "BIGDB 74 17 0 0 47 28 57 93 

10 78* 106423 21032 "BIGDB 63 32 0 0 56 26 37 76 

Figure If. Mass spectrin of B-xylene at a retention ti*e of 5.65 
•inutes. This compound was identified from the headspace sample of 
adhesive Al. 
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Fll* >CT4 23.0-780.0 mu. • - HEBOSPflCE 5C ET 

7.02 

7.98 

4.68 5.91 
24 

7.65 

9.0 6 . 0  7.0 8.0 10.0 11.-0 

Peak R.T. f irst nax last peak rau corr. corr. X of 
# nin. scan scan scan height area area X nax. total 

1 4.229 129 131 135 7706 17742 11649 15.15 3.471 
2 4.320 135 137 141 5981 19390 13SB6 17.67 4.048 
3 4.683 159 161 1E3 18679 25102 20994 27.30 E.255 
4 5.909 240 242 245 17925 367E3 31483 40.94 9.380 
S G. 121 251 256 258 3529 19934 13700 17.81 4.082 

E E.3E4 270 ' 272 274 6599 20911 13079 17.01 3.897 
7 E.63E 286 290 292 10357 33517 26457 34.40 7.883 
8 6.7IZ 292 295 298 12397 30908 23856 31.02 7.10B 
S E.924 307 309 313 5674 23506 16107 20.94 4.799 
10- 7.015 313 315 317 51380 82593 76905 100.00 22.913 

11 7.242 329 330 333 15095 257B1 18074 23.50 5.385 
12 7.B5I 354 357 358 8101 23416 15E39 20.34 4.659 
t3 7.985 377 379 382 44858 60551 54109 70.36 IE.121 

Sun of corrected areas: 335638. 

Figure lg. Chrovatogran fcoa the GC/HS analysis of a headspace saaple of 
adhesive A3. 
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1. Nonane 
2. Nonane 
3. Oecano 
4. Nonana 
5. Dodecana 
6. Undacana 
7. Dodecana 
8. Heptane, 4-ethyl-
9. Heptane, Z,3-dlnethyl-
10. Heptane, 3-ethyl-Z-nethyl-

1Z8 C9HZO 
1Z8 C9HZ0 
14Z CI0HZZ 
IZ8 C9H20 
170 C1ZHZ6 
IS6 Liintt 
170 CIZHZE 
IZ8 C9HZ© 
IZ8 C9HZ0 
14Z CI0HZZ 

Prob. CAS # CON # ROOT K OK #FLG TILT Z CON C_I R_IV 

1. 85> 111842 IZ647 "8I6DB 72 Z0 1 0 80 7 59 73 
Z. 83 I1184Z 11968 "BIGDB 78 18 2 0 69 3 57 28 
3. 67 IZ4185 1Z0Z1 "BIGDB 73 24 3 0 84 11 34 22 
4. 67 111842 IZ646 "BIGDB 64 31 Z 0- 75 11 34 23 
5. 60 IIZ403 IZ7Z7 "BIGDB 67 30 3 0 72 II 30 19 
S. 60 1IZ0ZI4 IZ089 "BIGDB 66 31 3 0 79 11 30 19 
7. 60 IIZ403 12168 "BI6DB 61 38 3 0 73 II 30 13 
e. 60 ZZI63ZZ 11965 "BI6DB 50 42 Z 0 80 14 30 16 
9. S3* 3074713 11964 "BIGDB 56 35 1 0 83 37 19 44 
10. 52 I4676Z90 18453 -BIGDB 43 48 Z 0 67 20 20 12 

Figure lh. Mass spectra of nonane at a retention tiae of 5.91 minutes. 
This compound was identified from the headspace sample of adhesive A3. 
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I. Oecane 
Z. Decone 
3. Octane, 3,5-dinethyl-
4. Undecane 
5. Nonane 
6. Octane, 4-ethyl-
7. Nonane, Z-nethyl-
8. Nonane 
9. Heptane, 3,4-dinethyl-
18. Octane, Z,7-dinethyl-

I4Z CieHZZ 
14Z CI0HZZ 
14Z C10HZZ 
ISB CIIHZ4 
128 C9HZ0 
142 CICHZZ 
I4Z C10HZZ 
ize csHze 
IZ8 C9HZ0 
14Z C10HZ2 

Prob. CAS • CON « ROOT K DK #FLG TILT X CON C_I R. .IV 

1. 96* 124185 IZEE9 "BI608 84 9 e e 8! 4 7Z 96 
z. 89 124185 izezi "BIGDB 90 7 i e 7Z 1 66 60 
3. 87* ISBE9939 73EE "GIGOS 57 3E z e 79 4 63 41 
4. 86 1120214 12089 "BIGDB 84 13 z e G7 1 60 31 
5. 78 111842 II9EB "BIGDB 57 39 z e 92 5 55 19 
E. 7B» I58698G0 IZ0ZZ "BIGDB 43 47 z e 79 9 45 Z3 

7 70* 871830 18081 "BIGDB 35 61 3 0 9* 6 42 13 
e 70 111842 12647 "8IC0B 55 37 2 0 84 9 42 19 

9 70 922281 7666 "BICD8 50 38 3 0 100 9 42 13 

10 67 1072168 18611 "BIGDB 6B 25 2 0 73 9 34 24 

Figure li. Mass spectrua of decane at a retention tiae of 7.02 minutes. 
This compound was identified from the headspace sample of adhesive A3. 
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1. Undecane 
2. Undecane 
3. Decane 
4. Dodecane 
5. Dodecane 
6. Tridecane 
7. Decane 
8. Decane 
9. Nonane 
10. Dodecane 

I56 Ct1HZ4 
tSG C11H24 
I4Z CI0H22 
170 CIZH2B 
<70 CI2H26 
184 Ct3HZ8 
14Z C10HZZ 
142 C10H22 
1Z8 C9H20 
170 CIZHZE 

Prob. CAS « CON « ROOT K OK #FLG TILT s CON C_I R_IV 

1 • 97» 1120214 1Z089 "BIGDB 96 1 0 0 7Z 0 72 97 

z. 95* UZ0ZI4 7705 "BIGOB 81 15 0 0 87 5 72 95 

3. 87 IZ4I85 1Z0ZI "BIGDB 83 14 1 0 74 Z 63 45 

4, 86 112403 IZ7Z7 "BIGOB 81 16 Z 0 7Z 2 60 30 

5 06 112403 121 66 "BIGDB 81 16 2 0 69 2 60 30 
S S3 629505 12223 "BIGOB 74 34 2 0 67 2 57 24 
7 B3 124185 122668 "BIGDB 66 32 2 0 71 5 57 24 
a 79 124185 12669 "BIGOB 74 19 1 0 88 8 46 36 
9 76 111842 12666 "BIGDB 66 32 2 0 71 S 57 24 
10 71 112403 1272B "BIGDB 69 24 1 0 81 14 36 34 

Figure lj. Mass spectra of undecane at a retention time of 7 
minutes. This compound was identified from the headspace sample 
adhesive A3. 
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Pi la >CT£ 20.0-700.0 amu. CH2CL2 EXTRfiCT 
ADC TIC 

40 60 160 320 280 

6.3 4.4 

:ak R.T. first nax last peak rau corr. corr. % of 

I nin. scan scan scan heiflht area area X nax. total 

1 4.693 108 1 1 1 ' 119 3117 18850 16561 100.00 34.75 

2 5.01 1 128 132 135 101 1 5884 4143 25.02 8.59 

3 5.086 135 137 139 1276 5302 4333 26.16 9.09 

4 5.147 139 141 146 1672 8274 6627 40.01 . 13.90 

5 5.828 179 186 193 1307 6159 4391 26.51 9.21 

6 7.084 266 269 271 1552 2921 2416 14.59 5.07 

7 7.160 271 274 ; 276 2720 5146 4605 27.80 9.66 

3 7.462 291 294 297 2273 4757 457a 27.64 9.50 

Sun of corrected areas:- 47654. 

Figure lk. Chroaatograa from the GC/MS analysis of a headspace saaple of 
adhesive A4. 
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s. Trans-Ocinene 136 C10H16 

Prob. CAS < CON « ROOT K OK SFLG TILT X CON 

M
 

1 
O

 

R_IV 

1 .  93* 80568 15565 "BIGOB 94 12 2 0 86 0 68 • 80 

2. 89. 80568 15563 "BIGOB 79 25 1 to 0 99 4 66 60 
3. 83 0 15397 'BIGOB 79 20 2 0 100 1 57 29 
4. 81 • 5989275 15517 "BIGOB 67 31 2 0 100 10 53 48 

5. 78* 502998 15336 'BIGOB 38 69 3 0 100 0 55 13 

Figure 11. Mass spectrum of ar-pinene at a retention tire of 4.69 
minutes. This compound was identified from the sample of adhesive A4 in 
methylene chloride. 
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Prob. CAS 9 CON t ROOT K •K *FLG TILT X CON C_I R_IV 

1. 89# 9! 203 29401 "8IG0B 70 15 2 0 100 0 66 61 

2. 76* 27551* 29400 -BI60B 42 50 2 0 94 10 45 22 

3. S7» 91203 29588 "8IG0B 44 38 2 0 97 15 34 23 

4. 57* 91203 29590 •BISOB 44 41 2 0 100 12 34 23 

5. 57* 91203 29592 •BIGD9 41 38 2 0 100 15 34 21 

Figure In. Hass spectrin of naphthalene at a retention tiae of 7.16 
minutes. This compound was identified from the sample of adhesive A4 in 
methylene chloride. 



APPENDIX C 

Chemical suppliers and chemical purities 

Table Ilia. Suppliers and purities of solvents and standards used 
analyze eBdssions fron carpet adhesives. 

Compound Supplier Purity 

Carbon disulfide Fisher Scientific Reagent Grade 

Decane Chem Service, Inc. Reagent Grade 

cis-1,2-Dlmethylcyclohexane Aldrlch Chemical Co. 89% 

1,2-Dlmethylcyclohexane 

(mixture of cis and trans) Aldrich Chemical Co. 98% 

2-Methyiheptane Aldrlch Chemical Co. 99% 

Nonane Aldrich Chemical Co. 99% 

Octane Aldrlch Chemical Co. 99+% 

oc • Pinene Aldrich Chemical Co. 99% 

Toluene Chem Service, Inc. Reagent Grade 

Undecane Aldrlch Chemical Co. 99+% 

m,o,p-Xylene Chem Service, Inc. Reagent Grade 



86 

APPENDIX D 

Calibration of rotameter 

Objective: Calibrate the rotameter which will be used as a secondary 
standard to measure air flow during VOC sampling. 

.Equipment 

Dwyer Visi-Float rotameter 
Mine Safety Appliances sampling pump, Model G 
Gilibrator electronic bubble meter (Gilian Instrument Co.) 
SKC charcoal adsorbent tubes, standard size (50/100 mg charcoal) 

.Ma.tJh.Qd 

The sampling train was composed of the pump, rotameter, adsorbent 
tube and then the Gilibrator primary standard. Short lengths of Tygon 
tubing were used to connect the components in the sampling train. The 
air flow was adjusted at the sampling pump. After each change in air 
flow, the readings on the rotameter and primary standard were noted. Six 
different flow rates were measured and each was repeated six times. 
Environmental temperature (°C) and barometric pressure (mm Hg) were 
measured to allow data correction to standard temperature and pressure 
(STP). This calculation involved using the Combined Gas Law: 

Pi Vi T2 
V2 = 

Ti P2 

where: 
Pi, Vi, Ti = measured pressure(nm Hg),volume(ml),temperature(°K) 
P2» 2̂, V2 = standard pressure(760 mm Hg),temperature(298°K), 

volume 

Results 

Figure 2a shows the rotameter calibration curve. Regression 
analysis resulted in a correlation coefficient of 0.999. Therefore, the 
flow rates were linear over the range of 200 to 900 ml/minute. The 
overall precision was acceptable with a range in the coefficients of 
variation of 0 to 2.0%. The low (200 ml/minute) and high (2800 
ml/minute) flow rates had the highest error. The coefficient of 
variation was 0.4% for a meter setting of 300 ml/minute. 
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Figure 2a. Rotameter calibration curve. Flow rates are at STP. Each 
data point represents the mean (x ± SD) of six flow measurements. 



APPENDIX E 

Standard curves 
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Figure 3a. Standard curves for toluene, octane, •—xylene and 2 
methylheptane. These compounds were separated using the SP-1000 column 
Each data point represents the mean (x ± SD) of three 1 pi injections. 
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Figure 3b. Standard curve for 1,2-ndinethylcyclohexane. This compound 
was separated using the SP-1000 column. Each data point represents the 
mean (x ± SD) of three 1 pi injections. 
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Figure 3c. Standard curve for ar-pinene. This compound was separated 
using the SP-2100 column. Each data point represents the mean (x ± SD) 
of three separate 1 yl injections. 
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Figure 3d. Standard curves for octane, decane, nonane and undecane. 
These compounds were separated using the SP-2100 column. Each data point 
represents the mean (x ± SD) of three separate 1 pi injections. 
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APPENDIX F 

Recovery testing fron adsorbent tubes 

Table IVa. Recovery of different concentrations of toluene, 1,2-DMC, 2-
MH, octane and Br-xylene froa charcoal tubes after extraction with carbon 
disulfide. Extracted samples (n=2) were analyzed using the SP-1000 
column. 

Peak Area (x) 
Compound Concentration (uc/ml) Standard Sample Desorption Efficiency % 

2 11519 15072 130.8 
11 66983 68433 102.2 

Toluene 33 203078 205228 101.1 
X=111.4 

2 8526 0350 74.5 
17 50475 54680 108.3 

1,2-DMC 34 114016 102328 89.7 
X=90.8 

2 1406 1188 84.5 
17 114822 110946 96.6 

2-MH 31 185622 185756 100.1 
X=93.7 

4 13442 13696 101.9 
18 109396 104719 95.7 

Octane 32 174738 174360 99.8 
X=99.1 

4 24520 19108 77.9 
22 126710 127294 100.5 

m-Xy!ene 30 220518 221302 100.4 
X=92.9 
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Table IVb. Recovery of different concentrations of octane, nonane, 
decane and tmdecane from charcoal tubes after extraction with carbon 
disulfide. Samples (n=2) were analyzed using the SP-2100 column. 

PMkArM(x) 
Compound CoooMilrabon Cut/ml) Standard 8ampt* DMocpHon EMMwiey % 

28 14677 10864 72.6 
70 38047 38484 101.1 

Dctan* 141 84868 71290 
X=86.9 

83.9 

29 17888 12878 72.9 
72 42070 41748 89.2 

^Jonane 144 86436 80686 
X=86.6 

84.4 

73 34272 34386 10CX3 
183 82864 omiofl 104.8 

3«cane 365 183814 182348 
X=87.8 

88.4 

74 61822 46010 88.6 
186 110077 113602 103.2 

Undeoane 370 207691 194718 
X=96.2 

eae 

Table IVc. Recovery of different concentrations of ar-pinene from 
charcoal tubes after extraction with carbon disulfide. Extracted 
samples (n=2) were analyzed using the SP-2100 column. 

Compound Concentration (ug/ml) 
Poak Area (x) 

Standard Sampte DesocpOon Efficiency % 
4 18881 19325 102.4 

13 59709 54712 91.6 
* - Pinene 38 179287 185533 103.5 

X»99.2 
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