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THE EFFECTS OF A 'SICK BUILDING' ON NEURCPSYCHOLOGICAL
FUNCTIONING

LAUREN R MARSH-KNICKLE

The purpose of the present study was to investigaete systematically a
suggested decline in neurppsychological funclioning among workers of
Camp Hill Medical Centre (CHMC) who participated in a previous
neuropsychological study (Hayes, 1882) Specifically, it was to
determmne whether or no! CHMC staff volunteers who had reported
Sick Building lliness (SBi} related health complaints would perform
more pootly on psychomelric testing than would a8 control group. The
latter group was obtained from a rural hospital which had natural
ventilation (openable windows) and subjects who had no related health
complaints. Whether or not affected employees from CHMC show
signs of recovery from cognitive smpairment afler they have been out of

the work environment had not been addressed. Hence, this study
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compared the test scores of CHMG staHf volunteers who had been on
sick leave for at least three months {previcusly exposed). to CHMC
subjects who were either stit! working or off for no greater than six
weeks (recently exposed). All three groups were simiar in age.
education, gender proportion and sample size Each group contammg
20 voluntesr participants (18 females and 2 males) were admimistered
a battery of neuropsychological tests. Tes!-retest correlation
coefficients reached significance (p < 05} for the Solvers
Questionnaire, the Cognitive Failure Questionnaire. Picture
Arrangement (WAIS-R subscale), Performance Intelligence Quotient,
Logical Memory | and 1l (WMS-R subscale), delay version of the Rey
Osterrieth Complex Figure and all three subtests of the Stioop Colowr
Word Test. Premorbid Performance Intelligence was estimated using a
reading test and no differences were found between the three groups
Mean trends suggested poorer overall performance by the exposed
groups, and poorer performance by the previously exposed group
compared o the recently exposed group However, the seif-report
questionnaires were the only measures which showed differences
between the two exposed groups and the control group when adopling
8 stringent aipha (.0025). Both CHMC groups endorsed a higher
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number of complaints on two of the seilf-reporl questionnaires {Solvent
Questionnaire and Cogmitive Failure Questionnaire) than the control
group The previcusly exposed group reported a greater number of
depressive complainis than the control group.  Further group
differences were determined at (5 significance level. There was no
difference botween the three groups on their current Performance
Infeligence However, when the differences were calculated between
therr premorbid and current Performance intelligence, CHMC staff
members who were previously exposed had a larger mean difference
than did the contiols  Differences between these two groups were also
found on the Digit Symbol subscale of the WAIS-R. Visual Memory
Span (WMS-R subscale} and all three subtests of the Sirocop Colowr-
Word Test The recenily exposed group recalied a fewer number of
digit-symbo! pairs (WAIS-R NI subscale) than did the controis
interpretation of these resufis at this less conservative significance level
mus! be made cautiously However, what is noteworthy is that the tesls
which have shown a difference at this leve! all involve visually
presented matenal The two exposed groups were not significantiy
different from one another on any test measure. Several of the test

measures were found to significantly correlate with other test
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measures, hence. many were elminated from the discrimmant analysms
This final analysis indicated that the Cogmitive | alure Questionnane
was the only measure sensitive enough to predict group memborship

between the CHMC groups and the control group
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The Effects of a 'Sick Building' on Neuropsychological

Functioning

The purpose of this study was to examine memory processes
and cogniive functioning of occupants working in 8 "sick building” The
following review provides current background information an Camp Hill
Medical Centres’ air quaily problems and resulting health problems
reported by is employees Sick Building lliness is then outlined.
mcluding s eHec!s on occupants, and polential contributing factors o
the iliness (i e.. Mass Psychogenc lliness and the role of ventilation
systems and solvent exposure).  Studies involving neuropsychological
mvestigations of solvent exposures are reviewed. Finally, a recent staff
assessment at Camp Hill Medical Centre. in response {o the air quality
problems. s presented with an emphasis on {he neuropsychological

assessment
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Background

Camp Hill Meadical Centre. which operates n Halfax Nova
Scotia. i» made up of four buiidings. the Hakfax infumary, the "Mwn”
Building, the Abbie J Lane Budding. and the newes! addition, the
Veteran's Memonal Bulding (VMB) The latter three buildings are
connected via walkways, while the Halfax Infiumary s geographically
separated The main building and the Abbie J Lane wore constructed
in 1916 and 1969, respectively {Ross, Johnson & Rea. 1483) Ihe
VMB was completed in 1987 This dale s noteworthy as consfruction
standards were modified in the 1870's to make bulldings an fight in
response to the energy crisis of that decade (Jones 1992) it was
shortly after completion of thus bullding that kitichen staft tocated m the
basement of the VMB complained of headaches, skin and eye widation
(Ross et ai, 1983} In 1989, sodium hydroxide from dishwasher
exhaust was discovered {0 be re-entening the buding through the an
intake {Robb, 1983;. This was initially thought o be the cause of the
siaff's complaints; howaver, in 1950 kichen stal! reported an cuthreak
of skin rashes. investigations into these complaints turned up a new

source of irritation - sulphuric and hydrochiotic acid had been poured
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into the arr infake (Robb. 1983) which was supposed 1o be providing
fresh air into that area (Jones. 1982} Heaith related complaints
appeared at this time 1n other areas of the three attached buildings due
to ventilated air which was shared by ali occupants (Marchant, Figley,
Hayes Kmng. & Saunders 1892). Harmful levels of phenol and
formaldehyde were found in the hospials cleaning solutions. Air flow
pioblems were also detected. workers were being exposed {o unclean
an (Marchant et al | 1982, & Robb, 1993) To date. about 600 out of
approximately 1100 employees at these sites have adverse health
complamts attnbuted to working in this building complex. (Chishoim &

Doyle Driedger. 1993)

Sick Building liiness

A sick budding 1s one in which complaints of il health in
employee occupanis are more commeon than reasonably expected
{Finnegan. Pickenng. & Burge. 1984) Sick Building lliness (S8I) is
classified as a work-place related disorder {Ryan & Morrow, 1882). it
15 a sel of nonspecific complaints with an unknown or unconfirmed
etiology (Hodvson & Morey, 1988). The Ontario Ministry of Health
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referred to i as, 'a chronic muitisystem disorder. mn which patients
reacted adversely 10 some chemicals and !o environmental agents o
levels generally tolerated by the majonty’ (Simon. Katon & Sparks,
1890, pp. 601) Investigations into the cause of mucous membrane
irritation often resuft in the diagnosis of SBI only after all other obvious
iritants are eliminated. Krerss (1989). refetred to it as a diagnosss by

exclusion.

To date the actual prevalence and incidence rates ot SBI are
unknown (Wood, 1889) Woods (1988} suggested that i 20 to 30
percent of the buildings in the United States had air-qualily problems,
than approximately 30 to 70 miflion people would be i SBI could
account for at ieast two-thirds of these ilinesses, while the remainder
could be explained by Building Related itiness {ie , humidifier fever,
L egionnaires Disease). However, curren. estimates, §f accurate,
suggest the occurrence of SBI to be a problem of significant

proportions, with an enormous cost {o both empiloyers and empioyees



Sick Building Hiness
5

Although the oniginator of the term 'Sick Building Syndrome’
appears fo be unknown, the earliest citation is credited to Berglund,
Berglund and Engen (1983, cited in Travis, McLean & Ribar, 1989).
Prior to this, the condition was commonly referred to as ‘Tight Building
Syndrome’ {Hodgson & Morey, 1988} as the cause of building related
health complaints was thought to be sciely related to inadequate
ventilation systems, With increasing evidence for the role of other
contributing factors, the populanty of this term has faded and "Sick
Building Syndrome” has gained acceptance. However, reference to the
iiness as a syndrome (a set of symploms) is, in fact, a misnomer,
smnce 1t 1s charactenized as having variable nonspecific symptoms.
Hence, the term Sick Building iliness (SBI} would be a more suitable
labei for this phenomenon and will be used throughout this thesis.

Effects of Sick Buiiding lliness

The scope of SBI effects can be categorized under three 10
classifications, namely, physioiogical effects, psychological effects and
neurcpsychological effects (Ryan & Morrow, 1992). Physiological
effects include, mucous membrane irritation (gye, nose and throat),
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skin irritation, (Finnegan et al, 1984, Morrow, Robin, Hodgson. &
Kamis, 1992, Robertson et ai.. 18858). upper respiratory problems,
dizziness {Ryan & Momrow, 1992; Health Protection Branch. 1981), and
unpleasant odour and taste perceptions (Ryan & Morrow. 1992) The
Health Protection Branch (1991) of Health and Wellare Canada also
added paipitations, tremors and sweating, muscle and chest pamns, and
tingling in the extremities. Headaches were also commonly reported
{Finnegan et al., 1984, Ryan & Morrow, 1992, Robertson et al, 1985)

as well as nausea (Morrow et al, 1892).

There are very few references to psychological effects in studies
of SBi. In a recent study, however, occupanis of problem buildings
reported an increase in psychological distress {Bauer et al,, 1992)
Specifically, they showed higher levels of defensiveness, distrust of
authority, anxiely and confusion, as measured by psychological
questionnaires. Bauer et al. (1892} atiributed the distress o several
factors, such as, working in a building that is known to have ar qualdy
problems, and the perceived lack of solutions to these problems. As

well, when occupants are confronted with skepticism due to they
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unobservable symptoms (i e. they don't iook sick so others believe their

complaints to be “all in their heads”) feslings of distress may resuit.

Neuropsychological effects include mental fatigue, {Finnegan et
al, 1984, Ryan & Mormrow, 1892), and mental confusion (Ryan &
Morrow, 1692). Difficulties in concentrating, short-term memory,
mental efficency and visual/spatial functioning have also been

associated with S8} {(Hodgson, 1988).

Mothave (1886, cited in Hodgson, 1889) proposed a
classification system of SB! symptoms, based on a definition provided

by Worid Health Organization (WHO). I was listed as follows:

1 Sensory irritation in the eyes, nose or throat

dryness
stinging, smarting, irritation
hoarseness, changed voice

2 Skin writation
reddening of the skin

stinging. smarting, irritation
dry skin
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3. Neurotoxic symptoms
menta! fatigue
reduced memory
lethargy, drowsiness
reduced power of concentration
headache
dizziness. intoxication
nausea

4. Nonspecific reaction
running nose and eyes
asthma-like symptoms in asthmatics
chest sounds

5. Odour and taste complaints

changed sensitivity
unpleasant odour or taste

Although these symptoms may be characteristic of other
disorders, "when they occur as a consequence of SBI, they are
reported o be excessive, are associated with specific buwildings or
focations within a building, and diminish upon isaving the building (eg .
weskends)” (Morrow et al.. 1892). Skov, Valbjorn & Pederson {1980).
in their description of SBI, stated that, "Symptoms are experienced as
work-related as they typically grow worse during the workday in the
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buwiding and disappear or diminish after the person has left the
buitlging”. This reduction in symploms was aiso used in the description
of SBI by Ryan and Morrow (1892) and Finnegan et al. (1984). In fact,
the latter group assessed symptoms as being work related only if they
occurted in the work place and improved over weekends or holidays, or

both (Finnegan et al., 1984).

Although complainis generally abate when the individual leaves
the offending environment, this is not always the case (Ryan & Morrow,
1992) Psychological distress, exacerbated by siuations surrounding
the diness (e.g.. skepticism of others of the existence of the disorder;
working in @ "sick” building), may serve as an interference factor in the
alleviation of symptoms {Ryan & Morrow, 1802). An aiternative
expianation for residual effects, if the iiness is a result of solvent
exposure, is the concep! of ‘hypersensitivity' (Ross et al., 1883) or the
"hypersusceptible individual” (Milter & Ashford, 18983). Individuais who
have had a singular episode of intense exposure or low level exposure
of a long duration to solvents or chemicals may develop a heightensd
sensitivily to odors they come in contact with caily. Thus, they have
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developed a chemical allergy (Ross et al., 1983) and complaints may
continue after leaving the offending environment or after the causatwe

agent or agents are removed.

Investigations into the eticlogy of SBi, although mconciuswe,
usually focus on psychogenic factors (Ryan & Morrow, 1892}, the roke
of heating, ventilation and air-conditioning (HVAC) systems {(Finnegan
et al., 1984) and/or possible solvent exposures {Norback, Michel &
Widstrom, 1880).

Mass Paychogenic liiness
The characterization of SBI as having variable nonspecilic

compiaints with an unknown etiplogy has resufted in ongoing skeptism
regarding its existence (Bauer et al, 1992). Black, Rathe, and
Goldstein, (1980}, stated that skeptism is evident within the medical
community which has criticized the role of clinical ecologrsts and their
testing practices. The credibility of SBI has been undermined by the
myriad of symptoms, the lack of laboratory findings in SBl patients, and
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diagnostic methods and treatment programs that have not been

validated.

When physical cause canno! be easily ascerigined, physicians
often turn to psychogenic explanations (Ryan & Morrow, 1982). In the
case of a group of people who are presenting with similar complaints,
the diagnosis of exciusion is often Mass Psychogenic liiness (MP1),
also referred to as Contagious Psychogenic liness (CP!; Ryan and
Morrow, 1992). CPi was defined by Colligan and Murphy, (1978; cited
in Bauer et al, 1892, p.214) as "the collective occurrence of a set of
physical symptoms and related belief among two or more individuals in

the absence of an identifiable pathogen”.

The prevalence of lingering skeptism regarding SBI and the bias
towards MP!| is evident in the review of the literature. Statements
regarding the elimination of MPi as a causal agent are frequently
added as g defence against expecied skeptism. For example,
Robertson et al. (1885) described the symptomatology of mass hysteria
as usually vague, often nauroiogical, and often associaied with nausea,
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dizziness and fainting, and the possibilty of hyperventilation  They
further described the symptoms as being mostly transient and resolving
rapidly. They concluded that these symploms were not reported by
subjects in their study who had complaints related to SBi

Bauer et al. (1992), tested the theory that SBI symptoms were a
result of psychogenic cause or mass hysteria. Their study contained
three groups; the first group involved 27 subjects who worked in the
problem building and reported having thres key complaints, headaches,
fatigue and eye irritation. The second group consisted of 58 subjects
who worked in the problem building and reporied at leas! two of these
compigints. The third group consisted of 26 subjects who did not work
in the probiem building and did not have any complaints related to SBI
All subjects were administered the Minnesola Multiphasic Personalty
Inventory (MMPI; Dahistrom, Weish, & Dahistrom, 1875), the Symptom
Check List 80-revised (SCL-80-R; Derogatis. 1983), Inhouse
Nesurobehavioral Symptom Check-list (Bauer et al., 1982), and Cohen
et al.’s Perceived Stress scale {cited in Bauer et al,, 1992). The resulls
on these measures did not differ among the three groups as lhey
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should have f the Mass Psychogenic liiness theory were correct.
Bauer et al, (1892) conciuded that psychologicat factors may be a
consequence of SBI! but not a causative agent or agents.
The Role of Ventilation Systems in SBI

Over the last two decades increasing heating cosis have
resuited in the construction of air-tight buildings to maximize energy
efficiency (\Whorton, Larson, Gordon & Morton, 1987). Windows are
instalied that cannot be opened, further reducing indcor/outdoor air
passage Marchant likened this o living in plastic bags that we push
ar mto and out of” (cited in Jones. 1982). Logically, it is more
economically feasible to maintain air at a certain temperature than it is
to intialty heat i or cool it to that same temperature. As a resuit,
sealed structures using mechanical ventilstion with heating and air-
condiiomng sysiems are lypical of newly constructed buildings
(Roberison et al.. 1885). Energy shortages were further refiscted when
the American Society of Heating, Refrigerating and Air-conditioning
Engineers (ASHRAE) lowered its standards for the minimum outdoor
air per person standards for natural and mechanical ventilation.
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(Hodgson & Morey, 1888) Aithough fresh ayr standards were ongmally
set at 5 {0 30 cubic feet per person, per minute, the lower it of 5
cubic feet was "in general use throughout most of the 1970's " Diring
this tima building related complaints increased wittun these new

structures (Hodgson & Morey, 1988).

Mechanically ventidated buildings which were constructed as
sealed structures have a higher incidence of SBI than naturally
ventilated bulldings (Finnegan et al., 1984). Heating, ventiation and an
conditioning (HVAC) syslems can coniribute or cause buiding related
iiinesses if they are nol functioning properly {Morey & Shatluck, cited m
Cone & Hodgson, 1889). HVAC systems have primary functions The
first involves maintaining temperature and humidity at a comfortable
leve! while the second invoives a supply of adequate levels of outdoor
air. Problems can arise if the system is inadequate due to a poor
design. if there is a breakdown in the operation of the mechamsm, or

it i improperly maintained.
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Roberison ef al {1085) investigated the role of ventilation
systemns in SBi by survaying the occupants of two separate buildings.
One burdding was mechanically ventilated with air conditioning and
humdification and the other building was naturally ventilated They
conclutded that white respiratory, eye and nasal irritations were a result
of venlilation systems in aiw conditioned buildings, headache and
lethargy were not, as they were aiso reported in the building with
natural venlilation. Finnegan et al. (1984) also reported increased
symptoms by subjects in air conditioned buildings. Humidifiers and
recirculated air were not contnibuting factors as complaints were found
in a nonhumidified buikding and a significant number of symptoms were

found in buildings with no recirculation of air.

Stalishical evidence for the invoivement of ventiation systems in
SBi was not found by Skov and Vaibjorn in their study of 3757 office
workers (cded in Kraiss, 1888) This study, commonly referred to as
The Danish Town Hall Study, showed a lower frequency of complaints
m oider buildings versus newer buildings. However, comparisons of
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buddings wih mechancal ventlation systems and naturally venltilated

buildings did not reveal any differences in complamts

Although control binkdings (those with natural venhlation} woere
included in some of the above studies, individual subjects were not
matched according 1o age or gender Differences in subject
charactenstics between buildings {1 e . age and gender) couk! have
influenced the studies’ findings. confounding the results  § urthermure,
not all HVAC systems are alike, direct compansons between studwes

withou! first obtaining details of the designs of the systems can be

misleading.
The Role of Qrganic Soivents in SB!

Volatile organic compounds (VOCs) have also been mvestigated
as potential causative agents of SBI (Norback, Michel. & Widstrom,
1680; Mothave, Bach & Pedersen, cded in Hodgson et al | 1989 for
two reasons {Girman, 1988). The first 18 a simulanty between known
effects of soivents and SB! symptomatology such as mucous

membrane irritation, fatigue, nausea and conceniration difhicullies. the
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second 1s the increased levels of VOCs found in buildings (especially

new buildings) compared to outdoor levels.

Hartman {1988) provided the following background on solvent
effects Toxic effects of VOCs mclude mucous membrane irritation,
nausea, loss of appetite, vomiting and diarrhea. As well, solvents
depress central nervous system functions and often result in light
headedness. feehngs of drunkenness and ataxia. Common
physiological symploms are: headaches. dizziness. fatigus.
parathesias. pan and weakness Neuropsychological complaints
include memory impairments, concentration difficulties, general
infellectual disturbances. problem solving difficully, decreased rate of
tesponding and decreased initiative.  Affective elements include

depression, anxiety. emotiona! lability and irritability.

Hodgson and Morey (1989, p. 407) summarized supporting

evidence for the role of organic solvents in SBI as follows:
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1. Formaldehyde has been shown to cause mucous membrane
irrtation below Octcupational Safety and Heaith Administration
standards.

2. Manipulation of {the concentration of VOCs has shown a
relationship between higher doses and "mucous membranc
irritation, headaches, and neuropsychoiogic dysfunchion”

3. Decreases n complaints over time that began at the onset of
occupancy in one group of buildings has been related to the
offgassing of volatile organic compounds (Offgassing s the
process of emission of residual solvents from new building

materials and furniture; Girman, 1989)

In a study of eleven sick buridings, Norback ef al {1990).
administered a questionnaire to 261 workers to obtain personal and
work related information {stress. smoking siatus, eic). As well,
respondents indicated whether they had experienced any of 16
different symptoms Environmental exposure levels {ie.. indoor
hydrocarbon concentration, room temperature, air humid.ly.

formaldehyde and carbon dioxide concentration) were measured
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following completion of the questionnaires. Pertinent information (age
of building, type of ventilation system, etc.) was obtained from
Occupational Healith centres. Symptoms of mucous membrane
srritation (eye, nose and throat), fabgue and headache increased with
exposure to total indoor hydrocarbons. Norback et al. (1980)
concluded that SBI is a resuit of exposure to a combination of
hydrocarbons and not to a single compound. However, Whoron et al.,
(1987), did not find any evidence for the involvement of solvents as
causal agents for the health complaints of employees who had recently
moved {0 a new building. They tested for formaidehyde levels and
other solvents {including volatile organics, semi-volatile organics and
kght hydrocarbons) as factors in the reported headaches, eye
rritations, fatigue and upper respiratory complaints. Neither did they

identify any other personal and work factors as causal agents.

The failure lo implicate scivents by Whorton et al. (1887) may
have resulled from setting inappropriate air standards or improper
montonng. Standards that are commonly used to determine
acceplable or unaccepiable solvent levels are often based on levels
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that, “induce cancer in rodents,” {Ryan & Morrow. 1892) Thus, levels
that may be sufficient to cause imritation may be over icoked. Whorton
et al.'s (1987) respondents did report a decrease in complaints over a
five-weaek period, indicating a possible decline of offgassing from new
furniture and materials. Thus, if air monitoring measures were oblained
at the fatter stages of the five-week period, lower levels of VOCs would

be expected than those at the onset of occupancy.

Neuropeychological Investigations of Soivent Exposure
Neuropsychologica! tests have a higher success rate in detecling
early stages of central nervous system damage caused by solvent
exposure than conventional medical evalugtions {Hane et al, 1977) in
fact individuals exposed to low levels of solvents will ofien, "present
with negative neurological findings" (Hartman,1988). One explanation
centres on the ability of these tests to isolate behaviours which may not
be used singularly during day o day activities. Often other
compensatory behaviours will mask the deficit so that d is not apparent

{Hartman, 1888). For instance, an inability to remember appoiniments
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may no! be recognized as a problem if an individua! is in the habit of

using a daily planner.

A high degree of success in using assessment techniques has
ted to their regular use in occupational cases involving exposure 1o
solvents (Gamberale, Kjeliberg, Akerstedt, & Johannsen, 1885). The
battery of tests used to assess neuropsychological functioning has
varied over studies (Ryan et al., 1988; Hartman, 1988; Orbaek et al.,
1985). However, the Weschler Adult Intelligence Scale - Revised -

(WAIS-R) (Weschier, 1981) is a commonly used test (Hartman, 1688).

Orbaek et al. {1985). in 2 study of the effects of solvent
exposure on 50 male workers, included neuropsychological
assessment of "general infelligence (vocabulary, reasoning, and visuo-
constructive intefiigence), perceptual accuracy, sustained focused
attention, memory and psychomotor performance.” They used
Synonyms and Figure Classification {Dureman & Sakle, 1958B; cited in
Orbaek ef al., 1885), measures of vocabulary and reasoning ability,
respectively, as their premorbid estimates for individual performance.
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There was a tendency fowards lower performance on 9 of the
remaining 13 tests for the exposed group, while measures of general
intelligence weare comparable to a reference group (matched parwise
according to age and education). When the exposed group was
subdivided into groups hased on levels of exposure, those with the
highest level of exposure did poorly on tasks of sustained, focused
attention compared to individuals with medium or low levels of

exposure.

Ryan, Morrow and Hodgson (1888) administered the Pritsbuigh
Occupational Exposures Test Battery (Ryan et al, 1988), which
included tests from the WAIS-R and the Weschier Memory Scale
(WMS), to two groups of biue collar workers matched according to age
and education. One group had reported cognitive and affective
complaints which were attributed to solvent exposure. The second
group, 8 control, did not have a history of soivent exposure or any
other disorders which could have affected the central nervous system.
The group of exposed individuals showed evidence of diffuse cognitive

impairment, including fearning and memory, visualspatia! skills,



Sick Building lliness
23

attention and mentai flexibility, and psychomotor speed and manuai
dexterity  Specifically, subjects who were rscently exposed to soivents
{within previous 72 hours of assessment) performed more poorly on the
Visual Reproduction test of the WMS and Biock Design of the WAIS-R.
Subjects who had a history of sudden peak exposure (less than 1 day
with high leve! of solvent} performed more poorly on an embedded
figures test and a grooved peg board tes!. These tasks along with
Visual Reproduction (Wechsler, 1987) and Block Design (Wechsler,
1981) require visual/spatlial abilities or quick response times. All are

measures of non-verbal abilities.

Resuifts similar to Ryan's study were found among house
painters compared to an age maiched, unexpoesed referent group
{Hane et al, 1877). The painters’ compiaints included: fatigue,
memory loss, decreased appetite and chest pain. A measure of verbal
ability which was considered 1o be resistant to change was used fo
estimate premorbid intelligence. The exposed group had significantly
lower mean scores on a figure classification test {(visual-logical ability)
and a rivet test (psychomotor coordingtion). Resuits showed impaired
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visual memory function and increased reaction time for the house

painters. No effect was found in relation to number of exposure years

Ryan et al. (1988) did not establish premorbid estimates of
intelligence for each subject, mus, differences may be a result of
premorbid intellectual differences and not differences due to exposure
White Hane et al. (1977} included a nonexposed referent group, it was
matched only on the basis of age. There may have been differences
between the groups (i.e, education) which could have confounded the
results. Further, nonexposure criterion was met if a subject did not
work in a field with known solvent exposure. However, subjects in the
control group came from a wire producing industry, a printing office and
a stone crusher. Nonexposure to solvents in this group may be
questionable as low levels may have been undetecled within these

industrias.

The majority of the sofvent exposure studies suffer from several
methodological difficuities. Because of the nature of the investigations

{i.e., solvent exposure) experimental laboratory studies are not
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practical, therefore, the levels of soivent exposure cannot be
manipulated. Cause and seffect, then. cannot be inferred, and
elimination of confounding variables is difficuit. The control of
confounding vanables could be aided by the use of appropriate control
groups or stalistical techniques; however, this has not generally been
the case. A further difficulty in interpreting or comparing resuits across
these studies is the failure 10 use a consistent set of measures. ftis
difficult fo compare results across studies when the same construct
may not have been assessed. Gamberale (1985), argued that authors
often refer to tests according to the mental functions the tests are
thought to assess without any scientific basis for doing so. For
mstance, referring {o a tes! as 8 "mental flexibility test” is inaccurate as
there are lttle scientific data confirming the process at work. in fact,
there may be a combination of mental functions required for that

particular task.

if chemical solvents are a causative agent of SBI (as suspected
in the case of Camp Hill Medical Centre [Marchant et al., 1882)), an
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outline of ‘'symptom severity and prognosis’ {Morrow et al .1892) may
be useful:

Type 1 - Symptoms include fatigue, impaired concentiation,
and loss of initiative.

Prognosis - reversible if no longer exposed

Type 2A - Neurclogical soft signs (not specitied) with altered
aftect and personality.
2B - 2A with cognitive function disturbances

Prognosis - unsure of reversibility

Type 3 - Neurcbehavicral and neuroradiofogic abnormalitres
Prognosis - «reversibie
Knowing whether or not a patient's sympioms will abate enables
development of an appropriate treatment program. In a “typical” case
study of the neurcbehaviora! effects of toxic exposure, White, Feldman

and Proctor (1882, pp. 47), reported that, "Mrs. C's slow but gradual



Sick Buliding linass
27

recovery of function is not unusual in solvent-exposed subjects and is

sometimes observed over even longer time spans”.

Recently, Marchant et al. {1882) investigated the relationship
between indoor air qualily and staff complaints of headaches, skin and
eye iritations at CHMC. Part of their study included the assessment of
staff members including control subjects on several dimensions (i.e.
demographics, job satisfaction and heaith compiaints).

The people selected for this study included all staff members
that worked on the first two floors of the VMB. Volunteers (N = 134)
from these floors, considered {0 represent the areas which contained
the most affected empioyees, represented 88.4% of the total
pepulation. A control group (N = 57) was seiected randomiy from all
workers in the patient care area of the Halfifax infirmary, a building
which is geographically separated from the rest of CHMC. Participants
from the VMB and the Halifax Infirmary had similar mean ages and
group proportions of males to females. The VMB group, however, had
a higher mean level of education. There were no differences in the
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participants home environments with respect to heating type, age.
location, design and aclivities. As well, neither group was consudered
to be at risk for indoor air quality problems within their home
environments. The two groups were similar m their number of fite
stress events, including ‘death in family' and ‘number of deaths of

family members’.

The Comeil Medical index, consisting of 198 ilems, allows for
the separation of physical compiaints according to their job
relatedness. The two groups differed significantly on this mdex  Work
related complaints for the VMB group consisted of dizziness, fatigue,
sisapingss, difficuity concentrating, skin dryness, rash or iching.
respiratory problems, chest pain or tightness, eye irritation, and
difficuity focusing their eyes. Marchant et al. {1992) considered the fus!
four complaints to be related to the central nervous system and the last
four to reflect irritation of mucous membranes. The Infirmary group

reported back ache as their only complamnt.
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Overall, findings of the Marchant et al. (1992) study with respect
to mdoor air quahly suggestsd problems with aspects of the ventilation
system and a higher intidence of complaints during the periodic use of
a chemical that was used in the maintenance of the ventilation system.
Although cause ang effect couid not be established with this type of
study, the VMB's ventilation system and possible chemical exposure
were considerad as causative faclors of employees work related heaith

complaints

Neuropsychological Screening. The Comell Medical Index suggested
central nervous system compiaints among VMB workers. As a follow-
up a neuropsychological screening was adminisiered to 20 volunteer
staff members of the VMB of the Camp Hill Medical Complex in order
10 assess the possible cognilive impairments, {Hayes, 1882, 1983). The
mean age of these volunteers was 38 years and 4 months. The first
phase of the study assessed organic solvent exposure (Axelson &
Hogstedt, 1888), and behaviours related {o cognitive failures
{Broadbent, Cooper, Fitzgerald & Parker, 1882) as reported by the
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volunieers and by a sacond questonnaire compleled by a refative of a
friend (Broadbent et al., 1982)

Although there was some vanation among subjects in the
number of tems they endorsed on the Solvent Questionnane. five
questions ware positively sndorsed by 70 percent or more of the
volunteers. In rank order these were feeiings of undue fatigue. the
need for notes 1o serve as an awnd for memory, expenencing headaches,
trouble concentrating and perceived short term memory loss  Overalt
the mean number of items endorsed as a group was 7 5 out of a total
of 16 tems. Employees reported a simiar number of complamts in afi
locations of the building Responses to the Cognilive Falures
Queslionnaire indicated perceved difficulties with memory. absent
mindedness, irritabilily, decision making and nolicing important details
In support of these perceived difficultres, the reiative or fnend
responses on the Cogmitive Failures Questionnaire correlated
significantly with subjects responses The item mos! highly endorsed

on this questionnaire concerned concentration difficulties
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The second phase of the neuropsychological screening included
admimstration of the National Adull Reading Test - (NART) (Nelson,
1982). Weschler Adult intelligence Scale - Revised (WAIS-R),
(Weschler, 1981) Weschler Memory Scaie - Revised (WMS-R)
(Weschier, 1987). Rey-Osterreith Complex Figure (Osterrieth, 1844)
and a spontaneous drawing {Strub & Black, 1977). These measures
suggested a decline in overall intellectual functioning indicative of
cogntive impairment  The VMB staffs’ average current Performance
Intelligence Quotient was 9 points below a conservative estimate of
premorbid Performance Intelligence Quotient {eslablished by the
NART) When required to recall two short stories immediately after
oral presentation and again 30 minutes later, Staff Volunteers found
mmediate recall difficult.  The range of immediate recall was between
the 18th o the 97th percentile. with 25% of the staff volunteers
responding below the 26th percentile. The delayed recall test results
ranged between the 141th and 97th percentile. The WMS-R group
mean mdex, however, indicated adequate verbal memory. In a test
requrmg Staft Volunieers 1o copy a complex design and then to

reproduce # 30 minutes later from memory {without prior warning),
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group means showed adeguate visual memory and poor visuo-
construction abilities (i.e.. four subjects’ scores were greater than two
standard deviations below their mean age scores) This defict was
also apparent when they were asked to draw a house freehand The
performance of nine Staff Voluntesrs was also impaired on a task
which asked them fo arrange picture cards info a sequence that made
a sensible story. Thus, as a measure of executive functioning, these

staff volunteers performed below expected levels.

Generalizations of these findings are imited due to the absence
of a contro! group. A control group provides a basis for companson for
rasults obtained from the subjects in the group or groups {o be
examined. Thus, if there was a difference between the CHMC staft
volunteers responses and a conirol groups’ responses, then findings
couid be attributed to the differences between the groups {(ie., work
site) or the conditions applied 10 these groups {1.e., solvent exposure)
Optimally. subjects wouid be similar across all demographics, including
histories, except for the independent variable(s) (Hartman, 1988)

Obviously, this ideal control group is not always practical Hartman
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{1988) suggested that the control and treatment groups should be
similar with respect to the following variables: age, education, race,

gender, medical history and job classification.

Without a control group, then, these resuils could be attributed to
different factors outside of the variables under considesation.
Presently, the neuropsychological screening resuits of Hayes (1892;
1803) study cannot be interpreted as specific to the Camp Hill Medica!
Centre staff volunieers. The results may be characteristic of hospita!
employees in general, instead of a group of workars in that particular

envirenment.

Recovery of Neuropsychol E S8
No studies have investigated the recovery of cognitive functions

(ncluding memory) in building occupants with SB1. Symploms are
expected to diminish when the affected individual leaves the offending
environment (Ryan & Morrow, 1992; Finnegan et al., 1884). However,
since neurcpsychological impairments asscciated with SBi have not

been fully investigated in previous studies, the prognosis of these
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sympioms remain unclear. Hence, whether complaints of this nature
wifl diminish, persist, or show signs of further deterioration s
questionnable. Citations regarding solvent exposure provide conflicting
suggestions: Morrow et al. (1882) believes that symptom prognosis is
based on symptom severity, while White et al. (1992) siated that
recovery of function is not unusual in solvent exposed indwiduals.
Further, hypersensitivity (Ross et al., 1892) or hypersusceptibility {Milier
& Ashford, 1993) is a construct which may inhibit recovery of solvent
exposed individuals. Once an individual becomes sensilized to a
certain chemical, or one that is similar 1o &, they may develop an
allergy and later react to low doses of the once tolerable chemical
(Ross et al., 1983). As the number and use of chemicals continues lo
increase in homes, workplaces, and public buildings, the
hypersusceplible individua! is likely to be exposed to daily intants.
Unless allergic reactions are controlied or chemical use is reduced,
their prognosis will be poor. Until recovery studies are completed, the
outcome of individuals with SBI! is unclear. A comparison of two
groups of workers with SBI. one which has been out of the affected

environment for a period of time and one which is still working in the
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same environment, would provide information regarding symptom

recovery.

Summary

In summary, employees of CHMC have reported heaith
complaints indicative of Sick Building liness. This iiness has been
characterized as variable, nonspecific physiological and psychological
symptoms with an unknown etiology. The range of complaints include
physiological, psychological and neuropsychological effects. Alhough
sympioms are thought to abate when individuals leave the affected
environment, studies of neuropsychological recovery have not been
carried out. Mass Psychogenic lliness, inadequate ventilation systems,
and solvent exposure have been investigated as potential causes of
the ilness. Due to the lack of studies regarding the effects of sick
buildings on neuropsychological functioning, research involving workers
with known soivent exposure s referenced due to its polential
invoivement with the iliness as a causative agent and the symptom
simiarity. These mdividuals were shown fo have impaired cognitive

functioning and memory processes on neuropsychological testing.
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Finally, an air quality study performed recentiy at Camp Hiil Medical
Centre implicated both an inadequate ventilation system and solvent
exposure as possible causes of their air quality problems.
Neuropsychological findings of the hospitals staff members were in the
impaired range for some measures of cognitive functioning However,
a control group was not included for comparison purposes. As well,

without available recovery studies their prognosis remains tnclear
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Purpose of the Study

The purpose of this present study was to systematically
investigate the suggested decline in neurcpsychological functioning
reported by Hayes (1992, 1983) in CHMC staff volunteers. The
present study included two groups of volunteer staff members from the
three attached buildings (the Main Building, the Abbie J. Lane Building
and the VMB) of CMHC. All subjects for each CHMC group had at
leas! three hesith complaints related to SBi, one of which was
neuropsychological in nature. The first group, the recently exposed
group, was either still working in the affected environment or had been
off for less than six weeks. The latter condition was included {o
broaden the available subject pool. The second group. the previously
exposed group, had been out of the affected environment for a
minimum of three months (twelve weeks). A comparison between test
scores for these two groups provides information regarding the
difference in neurcpsychological functioning afier affected workers
leave the sick building for an extendsd period of time. A third group,
obtained from a rural hospital and who had no SBI related complaints,
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acted as a control group. A comparison between this group and the
two CHMC groups outlines any neuropsychological impairments
specific to the hospital which has been labelled as a sick building

Hypotheses

1. Volunteer staff members from CHMC, including those subjecis
who are stili presently working or on sick leave for less than six weeks
{recently exposed) and subjects who have been out of the work
environment for at least tweive weeks (previously exposed) are
expected o endorse more items on the Soivent Questionnaire {(Axelson
& Hogstedt, 1988). the Cognitive Failures Questionnaire (Broadbent et
al., 1982) and the Beck Depression inventory {Beck, 1978) than a
group of volunteer subjects {with no SBI related complaints) from a
rural hospital who are acling as the contro! group It was expected that
the three groups would not differ on the results of the NART as it was
used to establish each individuals’ premorbid Performance intelligence
The two expossd groups are aiso expected to obtain lower overall

resuits than the control group on the following measuwres:
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A WAIS-R (Wechsier, 1987) - Prorated version of Performance
inteligence Quotient (P1Q). Picture Completion, Picture
Arrangement, Block Design, Digit Symbol, Digit Span and Digit
Symbo! Incidental Leamning {(WAIS-R Ni; Kaplan, Fein, Morris and

Delis, 1991).

B. WMS-R (Wechsler, 1987) - Visual Memory Span, Logical Memory |

and il

C. Rey-Osierrieth Complex Figure (Osterrieth, 1844). Copy and delay.

D. Stroop Colour-Word Test {Golden, 1978). Word, Colour and Colour-

Word subtests.

E. Babcock Sentence Leaming Test (Wells and Martin, 1823).

These predictions are based on the neuropsychological findings of the

Hayes (19982, 1883) study, as well as studies involving soivent exposed
workers (Ryan et al., 1988, Orbaek et al,, 1985; Hane et al., 1877).
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2. The previously exposed CHMC group {(subjscts who had been
out of the work environment for at least three months) were expected
to endorse fewer ilems on the three self-report questionnaires (Sovent
Qusstionnaire, Cognitive Failure Questionnaire and Beck Depression
inventory), and obtain higher scores on the remaming test measuwes
(as outlined in Hypothesis 1) than the recently exposed CHMC group
(subjecls who were still working or off for no greater than 6 weeks)
This prediction is based on the suggestion by Ryan et al (1982) and
Skov et al. (1980) that SBI symptoms diminish when individuals leave

the affected environment.
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Method

Participants

RECENTLY EXPOSED: Twenty staff members from CHMC
(including the VMB, the Abbie J Lane Building and the main building),
i Halifax, Nova Scotia, volunteered to participate in this study.
Subsects were obtaned through the help of the Nova Scotia Nurses
Union, a local support group established for Camp Hill employses who
have §BI, Nova Scoha Government Employees Union, Canadian
Brotherhood of Railway Transport and General Workers - Local 815,
and various supervisors working within the hospital. Volunteers either
contacied the experimenter expressing interest in participating as
subjecis or they were contacted by phone. Inclusion criteria for this
group were the presence of at ieast three health related complaints
(with a! ieas!t one neuropsychological symptom} which are associated
with SBi. Secondly. they had to be either presently working within the
affected environment or off work for no greater than six weeks at the
tme of testing. Exclusion criteria consisted of any pre-existing
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neurological or psychological condition which could have effected the
outcome of their test results.

PREVIOUSLY EXPOSED: Twenty staff members from CHMC
(see iocations above), in Halifax, Nova Scotia. volunteered fo
participate in this study. Subjects were obtained in the same manner as
the racently exposed group. Members of this group had at feast thiee
heaith related complaints associated with SBI, with one of those
compiaints being neuropsycholegical in nature. Individuals i this
group had to have baen out of the affected work environment for at
least twelve weeks. Once again, any pre-existing neurological or
psychological condition which could have affected test results met the

exclusion criteria.

CONTROLS: Twenty-two staff members from the Aberdeen
Hospital in New Glasgow, Nova Scolia. volunteered tc participate in
this study as 8 contro! group, Access fo this group was provided by the
Occupational Health Department of the hospital Inclusion criefia for
this group was the absence of any hesalth related complaints, bnth
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physical and neuropsychological, that couid be related to their work
envirenment. The resuits of two of the volunteers were discarded duse
to the presaence of either neurological or psychological conditions which
may have effected the outcome of their tes! results. At the time of this
study members from this group had not been working in an

environment which utiized a mechanical ventilation system.

CHMC differed from the Aberdeen Hospita! in that the former
hospital had a mechanical ventilation system, while the latter had
windows that opened. As Table 1 illustrates, the three groups were
similar in terms of sample size (n=20), gender (18 females and 2
males}. age and years of education. Mean ages for each group,
control (M = 38.30), recently exposed (M = 40.75) and previously
exposed (M = 38 85), were equivalent, F (257) = .10.p = 80. As
well. there were no differences, F (2,57} = .55, p = 58, betwesn the
Controf group (M = 13.70), the recently exposed group (M = 14.25) or
the previously exposed group {M = 14 45) on their mean years of
education. Due 10 the limited number of volunteers available, it was

not possible to control for job type over the three groups. As well, the
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A COMPARISON OF DEMOGRAPHIC FACTORS FOR ALL GROUIS
PARTICIPATING IN THE NEURCPSYCHOLOGICAL SUREENING AND

SUBSEQUENT RETESTING.
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trealment of subjects was in accordance with the ethical standards of

the ethics committee at Saint Mary's University.

Procedure

Sub,ccts were tested individually in wel lit rooms free from
distraction. Admmistration tme lasted approximately one and a half
hours Subjec!s sat across a desk facing the examiner. Prior to testing.
each subject was given a brief description of who the examiner was
and what the study was abou!l. They were informed as to the conditions
of confidentiaity (see appendx), and how their results would be used
in the research. As well, they were asked {o consent {0 the use of their
results for this purpose. They were also informed of the right to
discontinue testing at any time should they choose fo do so. Relevant
background information was gathered to ensure subjects met testing
crtena. Subjects then filled out the assessment questionnaires.
Presentation of tesis remained in the same order for all subjects in
each group with the exception of the delayed version of the Rey-
Osterneth  Complex Figure and Logical Memory 1. These tests were

admmistered approximately 30 minutes after they were originally
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presented. Thus, depending on the length of time it took for cach
individual to complete the preceeding tests the placement of the two
delayed tests varied. Wherever possible, published. standardized
testing procedures were followed, except where noted Positive
responses (i.e.. "good" or "you're doing fine") and prompting were used
by the examiner infrequently. At the end of test adminsstratios, subjects
were asked how they felt; any concerns were discussed Emphasis
was placed on their individua! strengths. After subjecls were thanked
for their participation in this study, they were asked if they could be

contacted in approximately three months for the purpose of retesting

Retesting

Fourteen individuals across all three groups (recently exposed
N=3, previously exposed N=3. and the control N=8) volunteered to
participate in a second neuropsychological screening (Table 1)
Difficulty in obtaining a greater number of subjects for retesting was
based primarily on people taking vacations at the time of retesting and
possible interference with future testing aranged by CHMC for

environmentally affected staff members Subjects were retested
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approximately three months after their initial assessment. The retesting
procedure was similar to the initial assessment, including test
administration order and setting. The purpose of retesting was to
establish the reliability of the measures used for this particular study.
The NART was omitted from subsequent tesling as it was used to
estimate premorbid levels of cognitive functioning - a baseline from

which a current measure could be compared.

Test-Retest correlation coeffients (ses Table 2) were calculated
for each psychometric measure, with the exclusion of the BDI. Initial
BDI results were not available for all subjects participating in the
retesting, thus, the queslionnaire was omitted from the subsequent
festing. Test-refest reliability was low for many of the measures,
including the WAIS-R (Wechsler, 1988) subscales Picture Completion,

Block Design, Digit Symbol, Digit Span and Digit Symboi Incidental
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TABLE 2

TEST-RETEST CORRELATION COEFFICIHENTS
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YARIABLES CORRELATION COFFEICIFNTY
Solvent Questionnaire Il i
Cognitive Failure Questionnaire s
Picture Completion 8
Picture Arrangoement St
Block Design 24
Digit Symbual .53
Digit Symbol-Incidental Learming .44
Performance Intelligence Quotient 020
Digit Span 54
Visual Mcmory Span 35
Logical Memory | -58°
Logical Memory 1! 73"
Rey-Osterricth-Copy =13
Rey-Osterrieth-Delay 61
Babcock Sentence Leamning .23
Stroop-Word Test BHet
Stroop-Colour Test 67"
Stroop-Colour/Word Test 65°
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Learning (WAIS-R NI subscale [Kaplan, 1881]). Visual Memory Span
(WMS-R subscale, [Wechsler, 1887}), the copy version of the Rey-
Osterrieth Comptex Figure Test (Osterrieth, 1944), and the Babcock
Sentence and Learning Test (Wells and Martin, 1823) were also below
accepiable levels of reliability. Nonetheless, data from each measure
is reported and entered into the data analysis due to the relatively
smali n used fo obtain the test-retest reliability, the conservativeness of
lest-retest reliabilities, and the fact that these measures have

previously demonstrated acceptable levels of reliability.

Data Analysis - All tests were scored using procedures outlined in
relevant testing manuais, scoring procedures for non-standard tests are
outlined with the description of the test. Mean differences on each
dependent variable were examined through a series of one way
analysis of variance (ANOVA) with group as the independent variable.
Due to the number of Anova's carried out, a Bonferroni procedure was
used to set a per comparison error rate of aipha = .0025. Given the
number of tests. this alpha leve! ensures a family wise error rate of
alpha = 05. Foliowing each ANOVA a post hoc multiple comparison
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{Scheffe test) was used fo delermine the direction of any dfferences
that had been found. Correlstion coefficients were also caiculated
between test variables. i two measures were significantly correlated (1
> 80), the redundant measure with the lowest reliability was dropped
from further analysis. The final calculation performed on the remaining
data was a discriminant analysis. A direct discriminant function
analysis was used to predict group membership from a subset of the

study’s predictors.

Assessment Materials

Tests administered as part of the neuropsychological screening
included: Wechsler Adul! intslligence Scale - Revised {(WAIS-R.
Wechsler,1881), Wechsler Memory Scale - Revised (WMS-R,
Wechsler, 1887), National Adut Reading Test (NART, Nelson, 1982),
Rey-Osterrieth Complex Figure Test {(RCFT. Osterrieth, 1844), Strcop
Colour-Word Test {Stroop; Golden, 1978}, Babcock Sentence Learning
Test (Babcock; Wells and Martin, 1923), Solvent Questionnaire (SQ,
Axelson & Hogstedt, 1888), Cognitive Failures Questionnaire {(CFQ;
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Broadbent e! al.1982), and Beck Depression Inventory (BDI;

Beck,1978).

The WAIS-R, a measure of overall inteflectual functioning, is
frequently used in neuropsychological evaluations to assess the
presence of cognitive deficits (Spreen and Strauss, 1981). 1t provides
three mtelligence quotients; Full Scale (FSIQ), Performance (PIQ) and
Verbal (VIQ), and is suitable for individuals within the age range of of
16-74 years (Wechsler,1981). The WAIS-R was not administered in its
entirely in this study. A PIQ was calculated using a short version of
the WAIS-R which consisted of the following subtests; Picture
Completion {PC), Picture Arrangement (PA), Block Design (BD). and
Digt Symbo! (DSYM), with the results prorated. Digit Span (DS), a
verbal subscale, was also administered. Peck, Stephens, and Martelii
{1987) attributed the following characteristics to the individual subtests:

Picture Completion - is 8 test of visual perception and
recognition thal requires remote memory and judgement
concerning relevance of practical and conceptual detail. This



Sick Building liiness
52

scale is generally resilient to the effects of brain damage and s

one of the best test indicators of premorbid ability (p 218 - 219)

Picture Arrangement - evaluates the ability 1o detect
nonverbal social cues and to think in a logical and sequential

manner. [t is sensilive to brain damage and variations and
performance errors may reflect particular pattemns of bram
dysfunction. (p.218)

Block Design - is @ measure of visuo-spatial construction

organization. Block Design performance is sensitive {o brain

damage in general. (p.218)

Digit Span - Digits forward s a measure of immediate
auditory memory span and attention. Digits Backwards is a
measure of active or working memory, involving both the sforage
and the manipuiation of information. Variations from the

expected patiern of Digit Span Forward/Backward are suggestive
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of aftention, concentration, and for sequencing probiems that

may reflect organic and/or emotional factors. (p.222)

Digit Symbo! - is a psychomotor performance test that
requires moftor speed, persistence, visual-motor coordination,
and sustained attention. This subtest is very sensitive to brain
dysfunction. Emotional problems such as depression may aiso

affect performance on this sublest. (p.224)

Digit-Symbo! Incidental Learning (DSym Inc) is an optional
subtest often used when the WAIS-R is being used as a
neuropsychological instrument (Kaplan st al. 1981). Individual test
results were converted from raw scores o age scaled scores with the
exception of DSym Inc. For this study, test-retest reliabifities for these
measwes were. PIQ, r=62, PC, r=15PA, r=56,BD, r=.24, DS, r
= 50, DSym, r =53, and DSym inc., r = 44, Average spiit haif
rehabililty coefficients reported in the WAIS-R manual are as follows:
PIQ.r= 83, PC.r= 81, PA r= 74,BD,r= 87, D8, r= B3, DSym, r
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= .82 (Wechsler, 1987). Similar coefficients for DSym Inc. were not
available.

The WMS-R is used in the assessment of memory funchion n
neuropsychological and ciinical evatuations (Wechsler, 1987)."The
functions assessed include memory for verbal and figural stimuli,
meaningful and absiract material, and delayed as well as immediate
recall” (Wechsler 1987, p.1). it is useful for mndividuals within the age
range of 16-74 years. Subtests used in this assessment included,
Visual Memory Span (Vis Mem), and Logical Memory 1 and il {Log
Mem ! and 1l). Raw scores of Vis Mem and Log Mem | and I were
used in the analysis. Test-retest reliabilities in this study were as
follows: Vis Mem, r =35, Log Mem |, r = 58 and Log Mem Il r = 73
Average split half reliability coefficients reporied in the WMS-R mianual
were as foliows: Vis Mem, r= 81, Log Mem |, r = 74 and Log Mem i
r = .75 (VWechsier, 1887).

The NART was designed to provide a method of establishing an

individual's premorbid leve! of intellectual functicning if cognttive decline
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is suspected (Neison,1982). "Since vocabulary correlates best with
overall ability level and tends to resist the dementing process befter
than any other intellectual attainment, the residual vocabulary of
patients with dementing conditions may be the bes! indicator of
premorbid intellectual ability” (Lezak,1883). The test is comprised of 50
irregular words which an individua!l must attempt to proncunce. The
resuiting error score is converted into a standardized estimate of a Full
Scale Intelligence Quotient (NFIQ), a Verbal Intefligence Quotient
{(NVIQ) and a Performance Intelligence Quotient (NPIQ). In the present
study, a premorbid Performance Intelligence Quotient was established
for each subject, and the difference between this score and their PIQ
obtained from the WAIS-R was determined (P1Q DIFF). it is reported
to have high internal and test-retest reliability (Spreen and Strauss,

1891).

The RCFT is used {0 assess visuospatial construction ability and
visual memory (Spreen and Strauss,1881). Raw scores from the copy

\Rey Copy) and delay (Rey Delay) versions were used for analysis. In
this study. test-retest reliability was -.13 for the copy version and 61 for
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the delay version. Using the sconng criteria outllined in Spreen and
Strauss (1891). this test has a high interrater reliability (ie > 95)

The Stroop has been used to assess an individuals abslily 10
selectively attend to less salient information while “suppressing a
habitual response” (Spreen and Strauss, 1991) Raw scores, for each
subtes!, were converied to standardized scores referred 10 as T-scores.
T-scores were used for analysis. Test-retest reliabilites for this study
were .85 for the word subtest, 87 for the colour subtest and 65 for the
colouriword sublest. Reported retigbilities for the Stroop subtests
ranged from .85 to B8 for the Word subtest, .79 to 82 for the Colour

subtest and .69 to .73 for the Colour-word subtest (Golden, 1978)

The Babcock is an 18 word sentence which conlains several
different adjectives. it is a test of verbal memory that places importance
on the ‘'semantic properties’ of the sentence {(McFie, 1975} "Altempling
to ieam a single sentence ... is a8 less arduous task [than other verbal
memory tesis] and also gives the patient opportunities to make frankly
dysphasic as well as perseverative errors in his responses” {McFie,
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1975). The scoring procedure used was developed by Mate.Kols,
Major, Lenzer and Connofly (in press) and it invoives a score ranging
from 10-1 based on the number of trials required to correctly recall the
sentence. For example, verbatim recall in one tria! is equal to ten
points, while recall in ten trinls is equa! to one point. If the subjsct was
unable to successfully recall the sentence in ten trials they were given
a score of zero.  In this study, test-retest reliability was 23. Reported

rehabiitios could nol be located.

The SQ is seif administered and is designed 1o collect
information regarding the effects of soivent exposure (Axsison &
Hogstedt, 1988). It is comprised of 16 questions with "definitely”, "no”
or "not swe” as allemative responses. Tesi-relest reliability was .71.
Reliability coefficienis were not reported for this questionnaire by the
authors {Axeison & Hogstedt, 1988).

The CFQ is a 25 item self administered questionnaire designed

1o elicit a subjective report of, “Failures in perception, memory and
motor function” {Broadbent et ai, 1982). Test-retest reliability was .BD
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in this present study. A previous study usmg this questionnaire
obtained test-retest reliability ranging from 80 to 82 (Broadbent et al |
1882).

The DI consists of 21 groups of feeling statements The
overall score, is A measure of depression ranging from no symptoms {o
severe. Not all subjects in this study were administered the BDI due to
time constraints. Thus, 44 subjects compieted this questionnawe 20
subjects from the controf group. 11 from the recently exposed group
and 14 from the previously exposed group. Test-retes! rehabiity was

reported to be greater than .90 (Beck, 1970)

Resulls

Table 3 presents a summary of correlation coefficients between
test varigbles. Many correlation coefficients between test vanables
weare greater than or equal 10 6. which indicated significant overlap
between the variables, suggesting these varnables are measunng the

same construct.
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FABEL 4
PEARSEES ¢ CORRELATION COFRFFICIENTS VARIABLE BY VARIABLE
o " VARIABLE SCORES

VARIABLE SCORES ] 2 3 4 5 é
ACE Yy
EDUHCATHIN () -12
SCHAVENT QUESTIONNAIRE 3) A7 .09
CONITIVE FAILURE QUEST ($) .16 -.00 . T R
PICTURE C OMILETION (5) .05 85 -15 .19
PICTHRE ARRANGEMENT (1) 16 .27 0 .05 .42
BIAK K DESNIGN (D) =21 24 -1y 227 .46"" .30°
PGP SYMBOL 8) -.12 L30° .27 -.40 .29 .01
DHGEE SYMBOLING (B -.28 00 .28 -26 .39 17
FHOE SPAN (1) -.20 A7t .01 -.03 .20 .23
WA B P an At 300 .18 .29 el LA .S T
NART MQ N Ut 16 .09 .10 A"
PR IHEEERENCE (12) 05 .05 .19 25 -.64°" . 35"
VISUAL MEMORY SI'AN (1) -43°° .20 -.34 0 -.125 .18 -.07
POHGOAL MEMORY 15y =13 3310 - 10 .14 .48"* .35
TOCIOAL MEMORY :f il -.13 .29 -p7 -.13 470 38"
REY OSTERRIFTIL COPY -.16 A3 2240 10 19 .21
REY-UNTERRIFTHL. DDELAY (18) .28 .25 -.21 .29 .28° .30*
BABUOKCR SENTENCE 19 -.16 .37** 3158 .18 37 .08
STRUHOP-WORD (20 02 85 3977 .43 1Y .10
STROUP COLOUR 2D - U9 04 -.35°*-.38*° .25 .11
STROUV-COPOUR/WORD (O -.05 .30% -.27°%-.34" ,38"" .23
*tope UL IWOTAILED

e O TWOTALLED {TABLE CONTINUES)
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TABLE 3

PEARSON 1 CORRELATION COEFFICIENTS: VARIABLE BY VARIAWM Y

VARIABLE SCORES T 8 4 1o i il

e h v e v e kA e e A e e A e s e e e me b

AGE (1)

EDUCATION ()

SOLVENT QUESTIONNAIRE (D)
COCNITIVE FAILURE QUEST. )
PICTURE COMPLETION {5}
PICTURE ARRANCGEMENT
BLOCK DESICN (7

DIGIT SYMBOL. (%) -3 R

DIGIT SYMBOL INC (% L2728t

DIGIT SPAN (1) 407 28 17

WAIS-R PIQ (11) L7770 a3 37T 370

NART PIQ (12} .15 .10 013 46t 34

PiQ DIFFERENCE (13 - 59°% .53 -, 37" .87 -7 LIn°
VISUAL MEMORY SPAN (14) UK RSN T L A S R L | 1
LOGICAL MEMORY | (15) S RN S L LA | R VAN AN
LOGICAL MEMORY H (1o L54% 374 560t 30 p2tt 2
REY-OSTERRIETIH: COPY (17) .27 .23 e .25 .33 97
REY-OSTERRIETH: DELAY (18) J55%% .42+ 5%1°% 23 530 12
BABCOCK SENTENCE (%) .21 a2 REL] I TR L) .32
STROOP-WORD Qs L33° 564 23 Uk IR B SN ¢ 1
STROOP-COLOUR {21 Yt 61t L34 U4 .49 .04
STROCP-COLOUR/WORD (22 .52 .e6"* 32" .26 Lan® 2

P

** p< 01, TWOTAILED
* p < 05, TWO-TAILED FTABLE CONTINUIES)
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TABELE 3
FEARSON 1 CORRELATION COEFFICIENTS: VARIABLE BY VARIABLE

VARIABLE SCORES 13 14 15 16 17

AGE (1)

EDUCATION (23

SOLVENT QUESTIONNAIRE (3

COGNITIVE FAILURE QUEST (B

PICTURE COMPLETION (5)

PIHCTUIRE ARRANGEMENT (1)

BIOHK DESIGN (7)

DIGEE SYMBOL (8)

EHOGIT SYMBOLINC (9

PIGIT SIPAN (1)

WAIS-R Q1)

NAKT PIQ (12

I INFHERENCE (13)

VISUAL MEMORY SP'AN (14) -.25°

POLICAL MEMORY | (15) 44" 41

LOGICAL MEMORY # (1o} <. F1*% 417t 93"

REY-OnTERRIETH: COPY (173 -.26% .09 L33 .28°
KEY-OSTERRIETIE DELAY (18) -.42%" .35°* .57°" .54°* .33°
BABUOKK SENTENCE (19 D3 .20 .35+ .36 .00 .24
STROOP-WORD (21 -.31° -.03 31 .24 .12 19
STROOP-COLOUR Q) -.41°* .12 L37%* .30 .09 .35
STROUV-COLOUR/WORD 23 - 47 .25 47 .43 .20 ,38*°

B e et et m e m m e e mm v e e A o A A m o e e o o o e o o wR  —

*r p e M, TWO-TAILED
T p s D5, TWOTAILED {TABLE CONTINUES)
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*
FLA

PEARSON r CORRELATION COEFFICIENTS: VARIABLE 1Y VARIABMLY

AGE (1)

EDUCATION 12}

SOLVENT QUESTIONNAIRE (3)
COGNITIVE FAILURE QUIEST (9
PICTURE COMPLETION (5)
PICTURE ARRANGEMENT w}
BLOCK DESICN (7)

DIGIT SYMBOL (8)

DIGIT SYMBOL-INC (9

DIGIT SPAN (10}

WAIS-R PIQ (11

NART PIQ {12}

PIQ DIFFERENCE (13)

VISUAL MEMORY SPAN (1)
LOGICAL MEMORY | 15
LOGICAL MEMORY I tin)
REY-OSTERRIETH: COPY (17)
REY-OSTERRIETH: DELAY (18
BABCOCK SENTENCE (19)

STROOP-WORD (20) -20
STROQP-COLOUR 21) - 02 LBD**
STROOP-COLOUR/WORD {223 20 654

e a mr m ow w m mr rm e ow ome or e = L

** p< 03, TWO-TAILED
* p< 45 TWO-TAILED

_s?l.



Sick Building liness
63

Variables which had high correlations in this study included: The
Solvent Questionnaire with the Cognitive Faidures Questionnaire (r =
84, p < 01), four of the WAIS-R Subtests {Picture Complstion, Picture
Arrangement, Biock Design and Digit Symbol) with WAIS-R
Performance Intelligence Quotient (r = .76, 61, .77 and 63 p < 01,
respectively), Performance intelligence Difference with Picture
Completion, Block Design, and WAIS-R Performance Intelligence
Quotient (r = - 64, - 59 and -.73, p < .01, respectively). Performance
intelligence Quotient with Logical Memory | and il, and Stroop
ColourfWord (r = 61, 68 p < .01, respectively), and Logical Memory 1
with Block Design {r = .61. p < .01). As expected Logical Memory |
and Logical Memory 1! were highly correlated with r = 83, p < D1.
Fmally, Stroop \Jord was correlated with Stroop Colour (r= 80, p <
01) and Stroop Cotour-Word with both Stroop Word {r = .65, p < .01)
and Stroop Colour {r = .87, p < /01). Some of these intercomelations
between test variables were unexpected. Logical Memory |, for
mstance, was correlated with Block Design. This was not predicted as

the former is regarded as a measure of immediate verbal memory
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while the lafter requires visuo-spatial abilities and does not rely on

immediate memory.

it should be noted that education significantly correlated with
Performance Intelligence Differences (r = 60, p < .01), thus, as years
of education increased so did the difference between a subjects current
Performance Intelligence Quotient and their estimated premorbid

Performance Intelligence Quotient.

Analysis of Variance with Post Hoc Multiple Comparisons

Table 4 summarizes the means and standard deviations for each
varigble by each group (control, recently exposed and previously
exposed). Table 5 summarizes the results from a one way analysis of
varniance for each variable. Although group means are significant at the
p < .05 level for several of the measures (i.e.. Solvent Questionnaie,
Cognitive Failure Questionnaire, Digit Symboi, Digit Symbol Incdental
Lesming, Performance Intelligence Difference, Visual Memory Span,
and all three subtests of the Stroop Colour-Word Test) only two
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MEANS AND STANDARD DEVIATIONS OF ALL VARIABLES BY GROUD.

CONTROLLED VARIABLES

Ay

Fducation

DECENDENT VARIABLES

Sofven! Quoshonnamre

Copnthive Failure Questivniaire

Heok Depression Inventory

ehire Completion

icture Arranpement

Block Domgn

gt Symbaol

gt Symbol Incidental Learning

WAIS-R 'O

CONTROL
N=20

393
{14.36)

13.7
(2.74)

3.15
2.79)

37.05
(13.93)

6.65
{51.40)

L3S
(2.23)

9.44)
(2.54)

H).30
{2.41)

P50
{(1.85)

7.15
{1.42)

102.05
{11.68)

Ao wL em e P ome e e e e oy A A e m A W rem e A ek MR e S My ek e e v A e =

RECENTLY PREVIOUSLY
EXPOSED  EXPOSED

N=20 N=20
40.75 39.95
(1az (8.63}
14.25 14.45
(2.31) {1.88)

8.15 10.10
(2.8) {3.5%

57.53 67.63
(15.54) (15.50)
14.32 20.79
{67.186)} (120.03)
9.10 9.10
{2.40) {2.38)

8.45 9.45
(2.26) (2.086)

10.50 B.80
(2.72) {2.02)

14,90 9.7{
{2.58) {2.00)

3.20 5.50
(2.42) (2.70)

96.90 93.95
{11.34} (.71}

B T T T i Tl T e R .

{TABLE CONTINUES}
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TABLE 4

MEANS AND STANDARD DEVIATIONS OF ALl VARIABLES 1Y GROUP

""""""""""""""""""""""""""""" CRECENTLY  PREVIOUSLY
CONTROL  EXPOSED  EXPOSED

N=20 N=X) N=20
Narl PIQ 107.40 10845 105
{5.94) {n.53) 5.0
MQ Difference 8.25 12.00 17.70
(6.85) (w20 (8.7}
Digit Span 10.85 11.58 e
{2.31 (Z.48) t 204
Visual Memory Span 15.75 15.00 13720
(2.22) {209} (rER)
Logical Memory | 30.54 28.3% 2o.of)
(8.52) (7514} ({3%1}1F
Logical Memory 1 a.80 24.25 2105
{3.93} (8.58) (. M8}
Rey-Osterrieth-Copy 29.03 20.73 26 .48
(3.00) 4.1 {4.47)
Rey-Osterrieth-Delay 16.44 13.38 13.1%
(5.74} (7.18) (4.5
Babcock Sentence Learning 6.20 7.15 7.5
{2,56) (2.74) €204}
Stroop-Word 50.40 47.47 4711
{8.07) {5.53) 7 47;
Stroop-Colour 51.20 46.32 42.7%
(9.16) {5.86) (K41
Stroop-Colour/Word 50.04 37.79 440.56

{(11.39} (10.7% {14.44)

- s s ey e e e S e WP SN Ba e W ey e An e AR b ae e e T W e e e W e oo an
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ONE WAY ANALYSIS OF VARIANCE:

.................................................................... B e L L

SOURCE OF VARIATION 85 df
ACE

BETWEEN 211 2
WITHIN 5§22.9 57
TUFAL 5844.0 59
FDUCATION

BETWEEN 6.43 2
WITHIIN 1094 57
TOTAL 116,93 59
SOLVENT QUESTIONNAIRE
BETWEEN 514.03 2
WITHIN 53090 57
TOTAL 144.93 59
COGNITIVE FAILURE_QUESTIONNAIRE
BETWEEN 450998 2
WITHIN 12366.11 55
TOTAL 2187609 57
BECK_DEPRESSION _INVENTORY
BEFWEEN 1691.37 2
WITHIN I208.54 42
TOTAL 489991 44
PICTURE COMPLETION

BETWEEN 24183 2
WITHIN 3215 57
POTAL 33298 59
PICTLIRF_ARRANGEMENT

BETWEEN 12.70 2
WITHIN on7e 57
TOTAL 31340 59

SICK BUILDING ILLNESS

ALL VARIABLES BY GROUP.

M o s A e ms as e ome e o e an AR AR ML ME A R e e A AR A b o

MS  F-RATIO F-PROBABILITY

10.55 .10 .90
102.16
3.02 55 .58
5.45
287.402 27.59 0o
.31
4754.99  21.25 .00
224 .84
B45.68 11.07 00
76.39
10.42 1.90 .16
5.48
.35 1.20 31
5.2¥

(TABLE CONTINUES)
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Y]

MS FRATIO FIPROBABILITY

5.70

16.62 3.54 IR
4.7

22.65 4.35 i
5.07
2.59 485y o)
5.3

336.12 1T RN

113.643

*

ENT
104.82 28614 07
36.64

452 .85 6.5 2 M)
0951

21.50 3.83 13
5.61

TABLE §

SOURCE OF VARIATION S8 ¢
BETWEEN 34.53 2
WITHIN 328.406 57
TOTAL 362.93 5’9
BETWEEN 33.23 3
WITHIN 267.75 &7
TOTAL 300.98 59
RIGIT SYMBOL INCIDENTAL LEARNING
BETWEEN 44.1¢ 2
WITHIN 288.75 &7
TOTAL 332.85 99
DIGIT SPAN

BETWEEN 5.18 2
WITHIN 298.38 56
TOTAL 3p3.56 58
WAISR: PERFORMANCE INTELLIGENCE QUOTIENT
BETWEEN 672.23 2
WITHIN 6477.70 57
TOTAL 7149.93 &Y
BETWEEN 209.63 2
WITHIN 2088.30 57
TOTAL 2297.83 59
PERFORMANCE INTELLIGENCE QUOTIENT IHFEERENCTS
BETWEEN $05.70 2
WITHIN 3961.95 57
TOTAL 4867.65 %Y
BETWEEN 43.00 2
WITHIN 313,95 56
TOTAL 356.95 58

(TABLE CONTINUES?



TABLE 5
SOURGE OF VARIATION 58 df MS
LOGICAL MEMORY |

HETWEEN 152.63 2 76.32
WITHIN 006.35 57 52.74
TUTAL 1158.98 59

LOGICAL MEMORY i

BETWEEN 13403 2 67.02
WITHIN 38318.70 57 67.35
TOTAL 1972.73 59
REY-OSTERRIETH COMPLEX FIGURE, €Oy
BETWEEN 79.03 2 19.52
WITIHIN 851.71 57 14.94
TOTAL 930.74 59
REY-AOSTERRIET £ L DELAY
BETWEEN 136.93 2 b8.47
WITHIN 2016.81 57 35.38
TUTAL 215374 59

HABCOCK SENTENCE LEARNING

BETWEEN 16.30 2 8.15
WITHIN I78.68 54 7.01
TOTAL 39498 56

STROQI COLOUR-WORD TFST: WORD

BETWEEN 663,56 2 331.7%
WITHIN 2735.31 54 50.65
TOTAL 1398.87 5o
STROOP_COLOUIGWORD TEST: COLOUR
BETWEEN 682.15 2 341.07
WITHIN 3414.42 54 $3.23
TOYAL 4096.57 56

STRQO CO QUR-WORD- TEST: COLOUR/WORD
BETWEFEN 909.91 2 454.95
WITHIN 8413.60 54  118.77
TOTAL 7323.51 Sé

L T T e T I I e R R

Buntersoni correction, p < 025

SICK BUILDING ILLNESS

F-HATIO F-PROBABILITY

1.45

1.00

1.94

6.55

5.39

3.83

24

38

A8

.45

.32

00

.01

03
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measures, the Solvent Questionnaire and the Cognitive Falure
Questionnaire, reached significance at the more stringemt level of p <
.0025. The Stroop-Word test and PIQ approached significance at this
level (p = .003).

Table 8 summarizes the resuits of the post hoc mulliple companison on
those measwes that reached significance at the .05 level and the more
stringent levsl of .0025. Differences significant at the 05 leve! were
predominantly between the control group and the previously exposed
group (Digit Symbol, Performance Intelligence Difference. Visual
Memory Span and the three subtesis of the Stroop Test) with one
difference betwesn the contro! group and the recently exposed group
(Digit Symbo! incidental Leaming) Group means for the Solvent
Questionnaire and the Cognitive Failure Questionnaire were
significantly different between the control group and the two exposed

groups at both significance levels (05 and .0025) The results for each

dependent measure follow.
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TABLE o

FOST HIOC MULTIPLE COMPARISONS (SCHEFFE TEST) OF DEPENDENT
VARIABLES WITH F-RATIO » F-CRITICAL.

GROUP MEAN GROUPS
PUEPENDENT CONTROL RECENTLY PREVIOUSLY WHICH DIFFER
MEASURES EXPOSED  EXPOSED
Solvent Questionnaire 3,15 8.15 10.10 Controd from 2 & 3
Copmhive Failine A7.05 57.53 67.63 Control from 2 & 3°
QOuestionnare
Beck Depression 6.65 14.82 20.79  Control from 3°
bnventlary
[hpst Symbol 11.50 10.90 $.7¢ Control from 3
Pyt Symbol docidental 715 5.20 5.50 Control from 2**
Learning
101.Q. Ditferemy 8.25 12.80 17.70 Control from 3**
Visial Mempsy Span 1575 15.00 13.70 Control from 3*°
Stroep-Word 50.40 47 .47 42.11  Control from 3=
Stroap-Colour 51.20 46.32 42.78 Contro! from 3*
Stroop-Colour/Word 50,00 47.79 40.56 Control from 3**

- B e T I i BT L ey

T Bunferrom correcton po«< 0025
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Scivent Questionnaire - Subjects in the three groups responded
differently to the SQ (F(2,57) = 2759, p <« 001) Schefle’'s post hoo
{est showed that those i both the recently exposed group (M = 8 15)
and the previously exposed group (M = 10 10) reponted significantly
more symptoms than the control subjects (M = 3 15)

Cognitive Failures Questionnare - As in the SQ, subjects in the three

groups responded differentiv to the CFQ, F(2, 556) = 2115, p ~ 001
Scheffe’'s post hou w251 showed that those in both the recuily exposed
group (M = 57.53) and the previously exposed group (M = 67 G3)
reported significantly more symptoms than the control subjects (M =
37.05).

Picture Completion - The control group (M = 10 35) was able fo
perceive missing deisis better than both exposed groups who had

similar means (M = 8.10). Howsver, the mean differences were nol

significant at either the .0025 or 06 level, F{2,57) =190, p = 16
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Picture Arrangement - The previously exposed group (M = 8.45)
artanged cartoon-ike ¢2rds to make sensible stories as well as the
contro! group (M = 9.40) while the recently exposed group (M = 8 45)
did not Group means were not significantly different at either the

0025 or 05 level F(2.57) = 120 p=31

Block Design - The recently exposed group (M = 10 50) and the control

u

gtoup (M = 10 30) had simdar test resuits while the previously exposed

group (M = 8 80) was less able to arrange tlucks to match a presented
desgn Once again. means were not differant at the 0325 or .05

significance leve! F(257) = 300 p= 08

Dagit Symbo! - While the recently exposed group (M = 10.90) scored
fugher than the previously exposed group (M = 8.70) both exposed
groups completed fewer digd-symbel pairs than the control group (m =
11 50) The means were not different at 0025 significance level F
{257V=354 p= 04 There was a mean difference, however,
between the previously exposed group and the control group at .05

level, as determined by Scheffe’'s post hoc analysis.
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Digit Symbol Incidental Learning - Subjects from both the recently

exposed group (M = 5.20) and the previously exposed group (M =
5.50). who had simiar scores, recalled fewer digit-symbol pairs than
did the control group (M = 7 15). Mean differences were not found at
the 0025 significance level, F(2.57) =435 . p = 02 However, at the
.05 level Scheffe’'s post hoc revealed differences between the recently

exposed group and the contro! group.

Digit Span - Both the recently exposed group (M = 11 58) and the
previously exposed group (M = 11.20) recalled longer sinngs of digis,
forwards and backwards, than the control group (M = 1005} The
means were not significantly different at either the 0025 or the 05

level, F(2.56) = 49, p = 62.

WAIS - R Performance Inteligence Quotient - The control group (M =

102.05) had a higher current PIQ than the recently expused group (M =
8G.90) and the previously exposed group {M = 893 85) The means
were no! statistically different at ether significance level ( 0025 or 05),

F{2,57) =288 p= 06
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NART Performance Intelligence Quotient - The previously exposed
group (M = 111.65) had a slightly higher premorbid PIQ than the
recenliy exposed group (M = 108.05) and the control group (M =
107.40) These differences were not significant at either the .0025 or

the 05 level, F(2,57) = 2.86, p = .07

Performance_Inteligence_Quotient Difference - The previously exposed

group's (M = 17.70) difference was more than twice the difference of
the control group (M = B.25). The raecently exposed group's (M =

12 00} difference fell in between the other two groups. Although mean
differences were not significant at the .0025 level, they were at the .05
level, F{2.57) = 6 82, p = .003. Scheffe’'s post hoc test showed this

difference to be between the previously exposed group and the control

gioup.

Visual Memory_Span - The contro; group (M = 15.75) recalled more
forward and backward sequences than both of the exposed groups.
The recently exposed group (M = 15.0C) scored higher than the

previously exposed group (M = 13.70). No differences were found
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between the means al the 0025 level, however at the 05 level
Scheffe's post hoc test showed a difference between the previously
exposed group and the controf group, F(2, 58) = 383, p = 03

Logical Memory | - The control group (M = 30.50) recalled more detalls
than the recently exposed group (m = 28 35) and the previously
exposed group (M = 28.60). These “Herences were nol significan! at

the .0025 or DS level, F {(257) = 14. 1= 24

Logical Memory Il - Once again, the control group (M = 26.80) recalled
more details than the recently exposed group (M= 24 25) and the
previously exposed group (M = 23.25). However, the mean differences
were not significant at either alpha fevel { 0025. 05) F {2.57) = 100, p

= .38

Rey-Osterrieth Compiex Figure: Copy - The contro! group (M = 29 03)
hacd nigher mean scores than the recently exposed group (M = 26 73)

and the previously exposed group (M = 26.48}. No difference was
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found between the means at either the 0025 level of the .05 level,

F(2,57) = 2.64, p = .08

Rey-Osterrieth Compiex Figure: Delsy - The recently exposed group
{M = 13.38) recalled a similar number of details as the previously
exposed group (M = 13.18). Both exposed groups performed more
poosrly than the control group (M = 16.48). The differences betwsen
the means were not significant at either the .0025 level or the .05 level,

F(2.57) = 194.p = 15

Babcock Sentence Learning Test - Both the recently exposed group (M
= 7 15} and the previously exposed group (M = 7.56) recalled the
sentence i fewer trials than the control group (M = 6.26). There was
no difference between the means at the .0025 level or the .05 fevel,

F{254) = 116, p = 32

Stroop Colour-Word Test. Word - The control group (M = 50.40) read
more colour words in 45 seconds than either the recently exposed

group {M = 47.47) or the previously exposed group (M = 42.11).
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These mean differences are not significant at the 0025 level
However at the .05 leve! Scheffe’s post hoc test showed a difference

between the previously exposed group and the control group

Stroop Colour-Word Test: Colour - The control group (M = 51 20)

named more colours than the recently exposed group (M = 46 32} and
the previously exposed group (M = 42.78). Mean differences were not
significant at the .0023 level. At the 05 level, differences were
determined by Scheffe’'s post hoc test to be between the previously

Exposed group and the control group, F(2.54) = 539, p = 01

Stroop Colour-Word Test. ColouriWord - The conirol group (M = 50 0O?

was able to name more colours (instead of reading the words) than i
recently exposed group (M = 47.79) and the previously exposed group
(M = 40.56). Mean differences were not significan! at the 0025 level
However, Scheffe’'s post hoc test showed a difference between the

previously exposed group and the control group at the 05 level
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The control group had higher mean scores on over 50% of the
measures as compared to the exposed groups as expected. Of
particular interest was the lower mean resuits on the Performance
Intelligence Differencs. This outcoms was expacted as this difference
s used as a measure of cognitive impairment, and the underiying
assumption of a control group (in this study) was that they are free
from impaument. Considering only the mean scores, the previously
exposed group did not perform as well as the recently exposed group.
in fact, the latter group scoted higher on over 50% of the test
measures than did the previously exposed group. Further, the
previously exposed group had a greafer overalt Performance
Intelligence Difference indicating an increased possibility of cognitive

mpairment, than the recently exposed group.

Discriminant Analysis

A drrect discriminant function analysis was used o predict group
membership from a subset of the study’s prediclors. Several
dependent measures were eliminated from this analysis due to their

high intercorrelation(s) (r > .60) with other varnables.
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The discriminant analysis used the following variables as
predictors of group membership: age, gender. CFQ, PC, PA, BD,
DSym, DSyminc, DS, VISMEM, LOGMEM H and StroopW  The groups

were the three groups defined above.

Of the original 60 cases, six were not used in the discriminant
analyses phase as they contained at leas! one missing predictor
variable. All 80 cases were included in the classification phase as the
six cases were assigned a group mean score in place of ther missing

variable No outliers were detected in any of the three groups

Two discriminant functions were calculated, with a combined
X%(30) = 58.89, p<.01. Removal of the first function resuited in a non-
significant association between groups and predictors x’(14) = 10 24,
p=74 (TABLE 7). The two discriminant functions accounted for 88%
and 11.5%, respectively, of the between-group variability The first
discriminant function separated the control group from the exposed
groups while the second discriminant function separated the recently
exposed group from the previously exposed group.
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TABLE 7

CANONICAL DISCRIMINANT FUNCTIONS FOR DISCRIMINATING VARIABLES AND STANDARDIZED CANONICAL
DISCRIMINANT FINCTION COEFFICIENTS.

A mA G e e W M b TR LR S ML sl R b e W TE M M MR R Am e e TR TR Sn aw R Sk am me M m wR W R e v U AR o B e S =k e T WR My Th A Em o mm B A MR am o R e W m e i W vm A o m

EIGEN  PERCENT OF CUMULATIVE CANONICAL . AFTER WILK'S CHI- SIGNIFICANCE
FUNCTION VALUE VARIANCE  PERCENT CORRELATION : FUNCTION LAMDA SQUARED DF LEVEL
i 2.01 88.46 BB 46 82 : ¢ 26 58.69 ) Ril
2* b 11.54 100.60 46 : 1 79 10.24 is .74

L g i e ok o o PR W S e R Yo VR T A AR i Yol I ol B L Sk S . R A L W e s g = e

- — - A LAl e T B A i L i o o e T ot R s i e

* MARKS THE 2 CANONICAL DISCRMINANT FUNCTIONS REMAINING IN THE ANALYSIS.
STANDARDIZED CANONICAL DESCRIMINANT FUNCTION COEFFICIENTS

FUNCTION 3 FUNCTION 2
AGE 0.27498 0.19746
GENDER «0.13127 0.65332
COGNITIVE FATLURE QUESTIONNAIRE -0.88174 0.18123
PICTURE COMPLETION 0.20479 -0.00932
PICTURE ARRANGEMENT 0.13489 -0.52015
BLOCK DESIGN -0.34076 0.6362)
DIGIT SYMBOL -0.40383 0.02925
DIGIT SYMBOL-INCIDENTAL LEARNING 0.20042 -0.39816
DIGIT SPAN -0.431%99 0.06248
VISUAL MEMORY 5PAN 0.86035 0.35827
LOGICAL MEMORY 1l -0.37321 0.13471
STROOP-WORD 0.64673 0.47065
BABOOCK SENTENCE LEARNING 0.0634¢ 0.04484
REY-QSTERRIETH: COPY 0.615%9 -0.17855

REY-OSTERRIETH: DELAY -0.09241 -0.33157
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Table 8 shows that only one variable best predicts group
membership for the control group from the other two groups: CFQ.
This was the only loading greater than .50 for the first discriminant
function. Hence, the coniro! group members endorsed significantly
fewer questions on the CFQ (mean = 37 05) than the two groups from
CHMC (recently exposed, M= 57 53, previously exposed. M = 67 83)
No varniables had loadings greater than 50 for the second descrimmant

function, however, Block Design approached this cut off at 49

The classification procedure for all 60 cases. classified 46
(78.67%) of the cases correctly (Table 8). This is better than chance
alone, which would be 33% for three groups with equal n's {(sample
proportion). Control group members were more likely to be correclly
classified (95%) than those in the recently exposed group 2 (80'%) or i
the previously exposed group (65%). Cases in the previously exposed
group, if not predicted accurately, were classified into the recently

exposed group.



TABLE ©

SICK BUILDING ILLNESS

POOLED WITHIN-GROUP CORRELATIONS BETWEEN DISCRIMINATING
VARIABLES AND CANONICAL DISCRIMINATION FUNCTIONS.

Copnibive Falure Queshionnaire
Dapst Symbol Incidental Learning
Rey-Osterneth: Copy
Rey-Onternicth: Delay

Picture Completion

Baboock Sentence Learning
Ape

Hack Design

Ihpyt Symbuod

Stroop-Word

Visual Memory Spun

ficture Arrangemeont

Gender

Dt Span

Logwal Memory I

81
FUNCTION 1 FUNCTION 2
-0.60874" -0.02657
0.24695" -.2299%
.2083(* -0.15434
1171207 -0.13718
{.16542° 0.03088
-0,15233* 0.07722
-0.005447" 0.82346
0.12010 0.49059"
$.19615 0.44325°
H.31604 0.38996*
02311 £2.35046*°
-0.00094 -{1.34749
0.005086 -0.18000°
-0.10423 0.13337°
$.09350 0.10290"

S A ww e ew e o e e m e B =

* Predictors that best discriminate for that particular {anclion.  Variables
are ondened by size of correlation within the function.
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BICK BLMEIDING HHINESS
hE

CLASSIFICATION RESULTS OF DISCRIMINATION ANALYSIS 1Y GROUE

T s T

ACTUAL GROUP NUMBER OF PREDICTED GROUP  MEMBERSIGE
CASES 1 2 R
Control (1) 20 1Y t t
954 545 TRttt
Recently Exposed (2) 1y 2 14 ]
R P RSN ko
Previously Exposaod (3} 20 " p 1
LR aoae uh 07

B U PN,

Percent of grouped cases correctly olassiticd: Toa??]
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Beck Depreasion inventory (BDi)

Group means were caiculated for the BDI. Unfortunately, the BDI
had not been administered to all subjscts during their initial screenings
and was omitted during retesting. The control group (n=20) had a mean
of 6.85 while the recently exposed group (n=11) and the previously
exposed group {n=14) had means of 14 82 and 20.76, respectively. An
analysis of vaniance indicated significant group differences. F{2 42) =
111.07 p< 05 Scheffe's post hoc test showed that those in the
previously exposed group reporied significantly more symptoms than
the control subjects. Due to the small sample size and unequal n's
these resulls must be interpreted with caution. A reporied Test-retest

rehabilty was .80 (Beck, 1870).

Discussion

The inthal hypothesis predicted that exposed CHMC groups
would report more solvent exposure reiated complaints, a higher
frequency of cognitive failures and more depressive sympioms than the
controd group No differences were expected to be found between
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premorbid estimates of Performance Intelligence for the controt group
or exposed groups. It was also expected that the exposed groupe

would perform more poorly on the remaining newopsychological tests

Volunteer staff mambers from CHMC (both the recently exposed
and the previously exposed groups) did endorse a greater number ot
items on the Solvent Questionnaire and the Cognitve Fadure
Questionnaire than the control group. Only the previously exposed
group endorsed significantly more items on the BD! than the controt
group. The fact that the control group endorsed so few dems in each
questionnaire suggests that they did indeed meet the crderss of a
nonexposed group. These results substantiate the information
provided by control group subjects during their interviews As
predicted, the three groups did not differ on the NART. thus they were
equivalent in regards to their estimated premorbid Performance
Intefligence. Since there was no significant difference between mean
years of education for ali three groups, it was expecied that NAR1
scores would be simiiar-which, in fact, was obtained Gioup mean

scores across tweive of the remaining test measures mdicated a trend
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towards poorer overalf performance by the exposed groups as opposed
to controls as predicted. However, by adopling a stungent confdence
level (i.e. p<.0025) these differences did not reach sigttliconce When
a less conservalive approach is taken (1.e. p «~ 05), which mcreased
the family-wise error rate, the control group performed sigmificantly
better on: (1) the difference calculated between cstimatled premotbid
Performance intelligence and current Performance Intellgoence, (2)
Digit Symbol, (3} Digit Symbo! Incidental Learning, (4) Visual Memory
Span, and (5} all three subtests of the Stroop Colour-Word Test, than
subjects in the exposed groups. These differences were between the
previously exposed group and the control group, with the exceplion of
Digit Symbol Incidental Learning, where the differences occured

between the recently exposed group and the control group

There are few methods available for use in neuropsychological
research to estimate premorbid levels of cogniive functioning (Spreen
and Strauss, 1981). While the NART is considered {o be a powerful
predictor of the WAIS FSIQ and VIQ, i is relatively poor at predicting

PIQ (Crawford, 1892). Unforiunalely there are no methods avadabic
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which will explan a high percentage of the vanance of the PIQ, thus
thee NART, ke any of the other measures, must be interpreted with

cauhon

The difference between an individuals premorbid and current
Performance Intelligence s often used as a measure of cognitive
dechne {Spreen & Strauss, 1991). A difference between premorbid
and curtent Performance Inteligence scores of 21 points is a
conservative idicator of impairment {C. Hayes, personal
communication, September 15, 1993). In the present study. the
previously exposed group was 3.3 points below this cutoff {21 - 17.7),
however, the difference was more than twice the magnitude of the
control group’s difference. The recently exposed group’s mean was
between those of the other two groups. The interpretation that the
differences obtained by the two exposed groups represented a real
deckne in functioning remains likely, however, unti! better techniques
become available for delermination of premorbid Performance 1Q,

declines are speculative.
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The previously exposed group also differed from the contiol
group on Digit Symbol. In a previous study by the Nova Scotia
Environmental Medicine Clinic and the Environmental Health Center
Dalias (Ross et al., 1993), an evaluation of CHMC slatf members
revealed that 85 percent of the twenty-six subjects scored at or bolow
the 50th percentile and 38 percent scored below the twenlicth
percentite on the Digit-Symbol Test. As well, Bowier, Sudia, Mergler,
Harrison and Cone {1992) concluded that Digit Symbol 1s & usely
measure for identifying central nervous system impairment.  Although
previously exposed subjects scored lower on this test than did controls,
it should be noted that the former group’'s mean was only shighlly bolow
average {i.e. - 3} and not indicative of impairment. The second aspoct
of this test was the incidental recall of digit-symbol pans Recall of less
than six of the pairs, "Must raise the suspicion of some type of memory
impairment” (Kaplan et al.,1991). While controls on average recalled

more than six pairs, both exposed groups recalled less than six paus,

thereby suggesting impairment.
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The recently exposed group performed almost as well as the
cantrol group on Visual Memory Span, while the previously exposed
group performed more poorly than the controls. As a measure of visual
memoty, this test relies on an individual's ability to attend and
concentrate (Spreen & Strauss, 1981) Hence the previously exposed
subjects poor visual memory performance may have been influenced

by poor attention and concentration abilities.

Finally, the previously exposed group performed more poorly on
all three sublests of the Stroop Colour-Word Test than the controls.
Thes 1o0s! has a mean of 50 and a standard deviation of 10 (Goiden,
1978) While the control group obtained average scores for all three
sublests the previously exposed group approached almost one full
standard deviation below the mean for each subtest. These scores are
not indicative of impairment, however, the previously exposed group’s
scofe shows evidence of decline from the mean. The recently exposed

group 's scofes were more similar to the controls.
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The exposed group's means did not differ from the controt
group's means on Picture Completion, Picture Arrangement, Block
Design, Performance Inteliigence Quotient, Digit Span, | cgical Mamory
| and 1}, Rey-Osterrieth Complex Figure, and Babcock Sentence
Leaming. Results on the first three sublests (Performance subscales
of the WAIS-R), each of which involve visual matenal, were all within or
approaching an average age-scaled level of performance. However,
apparent trends on both Picture Completion and Block Design indicated
poorer performance by the exposed groups compared to the control
group. The previously exposed group, as well as the contiol group, was
able to arrange carioon-like drawings to make sensible stones {Fhwiure
Arrangement}, which requires adequate social judgement, (Wechsler,
1887). The recently exposed group performed at almos! one age-scale
point below the control group, however this difference s nol mdicative
of decline. The control group had greater difficuity recalhing stnings of
digits forwards and backwards than did both of the exposed groups

Al three groups, howsever, did so at average levels.
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Although the three groups did not differ on mean Performance
inteligence Quahents, the trend was for the controls 1o perform overall
at a leve! nigher than the exposed groups. All three scores, however,
were within one standard deviation of the mean - thus, they were all

equvalent and were functioning in the average range.

While subjects from the exposed groups compiained of memory
disturbances, ther overall performance on measures of immediate and
defayed recail was similar to the control groups. A closer ook at the
means showed that the controls had a tendency to recall more
information both mmediately after presentation and 30 minutes later
than the exposed groups. However, although not used as a dependent
measure in this study . the three groups did not appear o differ in the
percentage of nformation recalled on the second triat (i.e. Logical
Memory i / Logical Memory {} At face value, all three groups recalled
more than 75 percent of the information 30 minules after they initially
recalied it. Thus, when iformation had been encoded, none of the
agroups had difficulty retrieving i, and thus had no obvious indication for

deteriorated memory.



Sick Buddimg hness

The exposed groups’ means were lower for the copy version of
the Rey-Osterrieth Complex Figure than the contiol group’s  As a
measure of visual construction ability the two exposed groups
performed below the tenth percentile while the control group performed
al the tenth percentile (Lezak, 1974). This was much fower than
expected for the control group which was expected 1o be closer to the
50th percentite (average). The three groups recalied approxmately Hi)
percent of their initial construction after a 30 minute interval. The two
exposed groups scores were below the tenth percentile, while the
controls were only slightly better at the twentieth percentile Thus, alt

three groups performed poorly on this task.

Finally, the previously exposed and the recently exposed gfoups
recalied a complex sentence (Babcock Sentence Learning Test) in
fewer trigis than did the controls. These resulis are not consistent with
the findings on a separate measure relying on verbal memory {Logical
Memory {) where the exposed groups did not perform as well as the
control group. Overall, there is no consistent evideice for imparment

on tasks of verbal memory.

43
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The second prediction of this study was that those subjects who
were stll working in the affected environment or who had been off work
for less than six weeks (recently exposed) would have lower scores on
objective measures and higher scores on subjectrre measures (ie.,
seli-report questronnaires) than those subjects who had not been
working m the affected environment for 12 weeks or more {previously
exposed)  Skov ot al (1990) and Ryan and Morrow {1992) staled that
SBl symptoms usually dimimish when individuals leave the offending
cnvironment Findings from this study did not support this hypothesis.
in fact, the two exposed groups were no! fcund {o significantly differ on
any of these test measures, including the self-report questionnaires,
oven of the 05 significance level. Furthermore, taking only the group
mean scofes info consideration, the previously exposed group reported
a greater number of complaints related to solvent exposure, more
frequent occurrences of cognitive failures, and more depressive
symptoms, than did the recently exposed group. As well, mean trends
sugges! those individuals who had been out of the work environment

for at least twelve weeks performed more poorly on tasks involving
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visual construction, visual-molor speed. verbal and visti memory, and

attention and concentration than the recontly exposaed group

Group means for the previously exposed group were lowet than
the recently exposed group for each subtest of the WAIS-R oxciudimgy
Digit Symbol Incidental Learming and Picture Atrangement  The lattes
test suggests that thuse individuals who were out of the aftected
environment for at least 12 weeks were better able to pick ot relevant
stimuli from fine drawings and sequentially amange them using abstract
reasoning and social judgement than were the previously exposed
group. The group mean difference on Digd Symbo! Incidentisl § cirning
was negligible. Performance on each of the WAIS R subscales was
within the average range for both groups. Both groups’ premaorbsd
Performance intelligence estimates were in the high average tange
while their current ievels of functioning were in the average range  The
trend indicates that the previously exposed group 1s much closer 1o the
cut off indicative of cognitive impairment than the other exposed ygroup
The previously exposed group also performed more poorly on Visual

Memory Span, a test which relies on atlention and concentration. and

L,y
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reecaflerd fewer detads of a short story immediately after presentation
and once again 30 mmules later. Both groups recalled approximately
the same percentage of information duning the second trial (Logac o
Memory 1/ Logical Memory 1) There was no apparent problem with
ther retneval of verbal matenal Means for both groups of the copy and
delay version of the Rey-Osterneth Complex Figure were almost
woenticat Hence, once agam the previously exposed group did not
perform as eapected  Minimal improvement was noted for the
previously exposed group on the number of trials «t took to recall a
complex sentence, however, a decline in perfformance was noted on all
three subtests of the Stroop Colour-Word Test. in comparison (D the
recently exposed group. As previously noted, the previously expeosed

group performed at aimos! one standard deviation below the mean.

These resulls are ciearly the opposite 1o what was expected.
Using both a statistically conservalive {p < .0025) and a less stringent
{p < 05) criiena the two groups did not differ on their performances,

However, the previously exposed group had a tendency towards
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reporting a greater number of complants and petfornung mme poorly

on objective test measures than the recontly exposed group

Results from the discriminant analyses mdicated that the only
predictor included in this analysis which was able to predict group
membership between the control group and the exposed groups wils
the Cognitive Failure Questionnaire  Hence, any CHMC st oemibrors,
who endorse many of the fems on the questionnane coukd prodictably
be ciassified into the exposed group as opposad to the contiol group
There were no predictors powerful enough which would enable the
separation of the two exposed groups Inclusion of sulgect,, who hid
been out of the work environment for less than six wueks, into the
recently exposed group may have resulled in the two exposed groups
being more alike than different. The use of the CFQ as a smgular
predictor for classifying individuals with 5SB! related complamis s
intuitively limited. Since # is a self-report measure the results are hasoed
on subjective perceptions of the respondeni. Therefore, indwiduals
have control over the oulcome and may respond according o any

underlying motivation. If, for instance. it is in the respondents best

;7
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mterent 10 appuear i they can do se On the othor hand, if subjects are
denyryg then symptoms, for whatever reason, their responses will likely
iefect tun Thus, classihicaton of individuals reporting SBI symptoms
unsing only the CFQ would be foolthardy. Furthermore, inclusion of this
measure mio o diagnostic battery of tests s only useful of 1115
accompanied with knowiedge of the respondents’ potential secondary
gam Hence, questions regarding what type of culcome a respondent
15 tooking for, and how lest fmdings (negative or positive) will affect
them (e, inswance clasm) are necessary. CHMC staff members, in
this study, would gamn recoygnition of thew iliness f the resulls were
negative (thus confirming ther complamts).  However, therr physical
syinpioms alone would result in sick feave  They did not need
nouropsychological complamts for time off work.,  Furthermore, the cost
to these ndmaduals of conung forward with ther complaints was greater
than the benefds For example, skepticism by co-workers, family
membets and often from therr own family physicians had to be
endured. Bemg off rom work put financial strains on themselves and
ther family  Many discussed the high incidence of marital discord

among affected workers  Treatment programs, if followed. were paid
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for out of their own pockels  In kght of these consequences 4 appweus
that the cost of the diness 1o these individuals 15 as slgmficant as any

secondary gam.

In retrospect, the rofe of the CFQ as a depondent varubile v,
questionable. Since the nclusion crtena for the lwo exposoed groups
included the presence of at feast one neuropsychological complonst
{i.e., memory disturtbance, altention and concentiation), those
individuals were more likely to endorse a greater numbaer of demes
refiecling cognitive failures than a control group which hid no such
complaints This questionnaire may have been mare useful au an
independent vanable in this study. It would have provided a means 1o

further define the groups in keu of a measure of solvent exposure

Summary
Both of the CHMC exposed groups were ether expenoenang, o

perceived themseives 10 be experiencing, a greater number of
neuropsychological and depressive effects than subjects working m a

different buikling. Workers who had been off for an extended penret of

P
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tunie: teporied an increase in symptoms from those who were still
working or who had been off for a shorter period of time. Thus,
contrary to the suggestion made by Ryan and Morrow (1992) and
Finnegan et al (1984). symptoms did not diminish afler leaving the
offending environment. This may be due to several factors. The most
obvious 15 that the previously exposed group was in fact more affected
than the -ccently exposed group, thus the differences wouid be true
differences Subjects from the recently exposed group were either still
working or had only becen on sick leave for less than six weeks. Since
the previously exposed group had been sent off work much earlier, it is
plausibic that they were more affected by the air-quality problems (i.e.
ihey had a grealer number of sympioms and/or these symptoms were
more severe) than those who remain~d working or who were put off
work for a shorter perniod of time. Prior to test administration, neither
the level of solvent exposure nor the degree 10 which subiects were
affected (1 e symplom severity) were measured for each group in this
study Thus, whether o7 not the groups differed in these respects is
unknown As awareness about the iliness increased over time, it is

kely that staff members woukd take the occurrence of related
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symptoms more seriously and report them to the Occupational Health

Department in their earlier stages.

During the time of test administration, procedures deswgned to
eliminate air quality problems within CHMC had already commenced
Based on this, it would be predicled that symptom seventy would ho
much worse when air quality was poorer. Although the recently
exposed group would have been working in the same general
environment as the previously exposed group, pnor to the an qually
reparations, not all individuals are affected to the same degree In fact,
a proportion of people working in sick buildings do not expenence any
of the related symptoms, or at ieast are stll able ¢ tunction adeguately
enough on the job site. This aspect of the illness. although widely
recognized, is little understood and is often the cause of controversy

within the medical community.

Another phenomenon which supports this notlion of a 'true’
difference is the concept of 'Hypersensitivily' (Ross, 1993) or the
‘Hypersusceptible 'ndividual’ (Miller & Ashford, 1993). Individuals who
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have had a singuiar episode of intense exposure or low level exposure
of a long durabon to solvents or chemicals may develocp a heightened
sensitivily 10 odors they may come in contact with daily. Participants
from Camp Hill Medical Centre often reported that perfumes, colognes,
gasoline fumes and exhaust fumes (to name a few), had become very
aversive to them since the onset of their symptoms. Exposure {o these
noxious smells resufted in ‘reactions’ referred {o as cascosmia (Miller &
Ashford, 1993). Reactions were often characterized as headaches,
dizziness, disonentation and irntability. Hence, if participants from the
previously exposed group did develop hypersensitivities, then simply
remaining outside of the work environment for longer periods of time
than individuals in the recentiy exposed group would not have resuited

m a recovery from symptoms as predicted.

An alternative explanation for these group differences on
subjective measures may be a tendency for those subjects who were
off work for longer periods of time to perceive their symptoms as being
worse than they were - fo cognitively justify their length of lsave.
Although this 1s a plausible argument, since the majority of these
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individuals expressed a desire to return to work, it 1s thought that the

tendency would have been more likely to minimize ther complamnts

Finally, the issus of mafingering must aiso be addressed
Aithough a test sensitive to the effects of malingering was not included.
each examinee's method of responding was observed. Specifically,
behaviour patterns such as seif-monitoring their responses. self-
correcting any recognized errors, effort applicd. rate of :espcnémg (e,
length of time they attempted a task if they could not solve 1t
immediately), and sustained focus (i.e.. staying on task at hand without
interruptions, such as talking to the examiner or irrelevant seif-talk),
were noted. Observed behaviours were similar across subjects in all
three groups. They did differ, however, on emotional responses to ther
performance. Participants within the control group generally referred to
the testing as being inferesting and challenging, and were quick to say
they would be interested in doing it again. Subjects within the
experimental groups generally showed higher levels of frustration,
tearfuiness and fatigue on completion of the testing No one individual

stood out as trying to fake bed.
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No significant differences were found on remaining test items
between the exposed groups and the controf group at the .0025
significance level. Using a less conservative .aipha leve! {.05) the
previously exposed group performed more poorly than the control
group on several measures: Digit Symbol, Visual Memory Span, all
three subtests of the Stroop Colour-Word Test and on the difference
calculated between participants’ premorbid and current levels of
Performance Intelligence. The constructs which these tests are
purporied to measure include: visual-motor coordination and speed,
attention and concentration on tasks involving the presentation of
visual material, information processing, and suppression of a common
response for a less common response (which also relies on attention
and concentration). As well, the discrepancy betwseen the premorbid
level and current level of Performance Iinteftigence was much larger for
the previously exposed group as compared to the control group. Thus,
the former group performed lower than expected, and approached a
conservative cutoff mdicative of cognitive impairment. The recently

exposed group differed from the control group only on a measure of
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incidental learning (Digit Symbol Incidental Learning) This task

involves visually presented material which may be encoded verbally

Interpretations of results found at the .05 significance level mus!
be made cautiously. Without using a Bonferroni correction, the family
wise error rate significantly increases, thus, apparert effects may result
from probability alone. Effects are likely to be reported at the 05 level
when in fact there are no effects (Type 1 error), however, they would
be expected to occur randomly throughout the measures. That was not
the case in this study. All of the measures in this study which had
differences significant at this fess conservative level involved matenal
which was visually presented. This apparent clustering is noleworthy as
it would not have been expected by chance alone. Furthermore,
attentionatl impairments (Orbaek et al., 1985, Ryan and Morrow, 1988)
and reduced psychomotor speed which there was a tendency for m this
study have previously been reported in studies examining the effects of
soivent exposure. Once again, if the resuils occurred due 1o chance

alone this pattern would not have been expected.
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The two exposed groups were nol different on any measures;
however, there was a trend towards poor performance on test
measuras by the previously exposed group. In fact, the previously
exposed group scored lower on twelve of the remaining test measures,
As well, the discrepancy between their premorbid leve! and current
level of Performance Intelligence was five points greater than the
recently exposed group.

Neuropsychological Deficits of Exposed Workers

When considering only the perfformance of the exposed groups,
participants from the two groups met criteria indicative of cognitive
impairment on some of the measures. Both groups recalled fewer than
six of the digit-symbol pairs on a task of incidental learning. Kaplan st
al. (1591) suggested that this may be a marker for memory impairment.
The previously exposed group was approximately three poinis below a
conservative marker for cognitive impairment, while the recently
exposed group was nine points below. Both groups showed evidence
of visual-construction difficulties, scoring below the tenth percentile.
Subsequent recall by both groups was aiso below the tenth percentile.
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This may be due to inadequacies within the measure used (ie,
method of scoring) as difficulties wera aiso eviden! in the controf group
Finally, while psrformance by the recently exposed group was
approaching an average level of functioning on all three subitests of the
Stroop Colour-Word Test, the previously exposed group was m i
opposite direction. Thus, the latter group had more difficuity with
information processing and on an interference task which relied on

attention and concantration.

Effects of Depression on Neuropsychological Functioning

As previously noted, the exposed groups endorsed more
depressive statements on the BDI than did the controls. The control
group's score fell within the normal range indicating no signs of
depression. The recently exposed group's score was within the range
indicative of minimal depression, while the previously exposed group's
score was within the moderate-to-severe range of depression. The
effects of depression on nsuropsychological functioning can not be
overiooked. "Dapressed patients have been found to show deficids on
tasks that assess specific aspects of reaction time, attention. or shon
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term learning and memory, the magnitude of which may co-vary with
the severity of depressive symptomatoiogy and diminish with clinical
recovery” (Sackeim et al, 1992) At face vaiue, there seems to be a
relationship with severity of depressive symptoms and performance on
subtests. The confro! group with no depressive sympioms performed
better than the exposed groups, and inversely, the previously exposed
group which had moderate-to-severe symptoms of depression had a
tendency towards poorer performance. Further, the constructs which
showed poorer performance in this study included psychomotor
coordination, attention and concentration and learning by the exposed
groups  The findings of Sackeim et al. (1992) suggest that a
Performance Inteiligence deficit is characteristic of depressed patients.
This could explain the increased discrepancy between the previously
exposed groups premorbid level and current leve! of Performance
inteligence. However, there was a significant difference betwsen
Sackeim et al's (1982) subjects and the present study's participants.
The previous study was comprnised of depressed inpatients who met
the criteria for Major Depressive Disorders. The modai patient in
Sackeim et al's study had at least three previous episodes of this
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disorder, either depression or mama and the st eprsode occured 16
years earlier. Participants in the present study had not previously
experienced a moderate-to-severe depressive episode  Futhermore,
many of them stated that their depressive feelings were not persistent
since onsel. Instead they described themselves as having good days
and bad days. They also reported having to make many adjustiments to
their lifestyles in reiation to SBI. hence, feehngs of depression were not
considered by the examiner 10 be an unusual outcome Furthermore, a
review of the BDI reveals many items that overlap with SBI symptoms
(i.e. sleep disturbances, weight loss, concern about heaith) Thus,
individuals with SB! reiated complaints would be more likely to obtain
higher scores on this measure than healthy indwiduals  Howoever, since
the effects of depression on neuropsychological funclioning were nof
measured, inferences regarding a relationship between the two

variables is beyond the scope of this study.

Studies Findings
A direct comparison of scores on the Cognitive Fadures

Questionnaire between the present study and the Hayes (1892) study
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15 no! possible as an overall mean score was not published. A mean
score of 7.5 was provided for the Solvent Questionnaire (Hayes, 1582).
In comparison, both exposed groups in the present study endorsed a
hgher number of fems. While the current Performance intelligence
(average level) and premorbid Parformance Intelligence (above
average level) were similar across both studies, the difference
calculated between these two measures was much higher for both
exposed groups m the present study than the CHMC group in the
Hayes (1992) study {M=8 55) Similar 1o the previous study, exposed
subjects in the present study showed adequate verbal memory
(mmediate and delayed), adequate visual memory and poor visual
construction abilities. Executive functioning was measured in the
previous study using Picture Arrangement, and was reported to be less
than expecled for nine of the subjects. Funclioning on this subtest in
the present study was found to be adequate {i.e average). Overall,
there were similar findings across these two studies on sll measures

except for Piclure Arrangement.
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Present findings are similar to Orbaek ef al's (1985) imtings n
that few statistically sgnificant differences were found but there was a
general tendency towards "lower performance scores i the exposed
group™ {Orbaek et al. 1885) They suggested that when difforences ae
marginal between exposed versus unexposed individuals, there are o
least differences on tests relying on "attentive capability and not on
complex, symbolic, intellectual operations” (Orbaek et al . 1985) They
conciuded that individuals with attentional impairments compensate by
slowing down 1o achieve accutacy. Although resulls in the present
study were average for both exposed groups on Digit-Symbol, the
previously exposed group performed significantly more poorly than the
confro! group. Present results also replicated the findings by Ryan and
Morrow (1888). They found impawed functioning by exposed individuals
on tesis of psychomotor speed and manual dexterty, and attention and
mental flexibility {Ryan & Morrow, 1988). The present findings are also
consistent with Hane et al.'s (1977) findings. This study showed iower

performances on tests of psychomolor coordination, and visual

memory, by sxposed subjects.
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Lower performanca on tasks involving psychomotor speed and
attenton and concentration 15 common to alf of these studies including
the present study A companson such as this iS not as straightforward
as it may appear Each study incorporated different measures to
evaluaie somilar constructs, thus, any compansons must be made with

caution as the measures may not be equivaient.

Mothodological Issues and Limitations

One imitation of this study is sampile size, which may have had
an effect on results as some tes! items were approaching significance.
As well. the presen! findings must be interpreted cautiously as many of
the measures used in this study were found to have poor test-retest
rehabilty Test-retest correlation coefficients were less than 60. p < 05,
for ten of the tests which were administered a second {ime. This may
reflect two factors 1) a small n and 2) that almost half of the
mdividuals who took part in the retesting were CMHC volunteer siaff
members who were taking steps to improve their heaith and cognitive
functiomng It should be noted that although test-retest reliability was
fow m this particular sludy the measures used generally have a high
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reliability and are used frequently in neuropsychological studies and
clinical practice. As weli, due to the number of measures used i thys
study, the family-wise efrfor rate was high Howover. 1 was offsel by e
use of a Bonferroni correction factor The tugh numiber of tosts
incorporated aiso resulied in the occwrfence of redundant measutes, as

saveral of the variables correlated wih other vanables

A further limitation of this study was the lack of contiol over
exposure levels between the two CHMC groups The seventy of
symptoms was notl measured for each group. hence, they may have

confoundsed the test resulls

In retrospect, the BDi shouid have been given o afl subjects
during their initial testing and relesling A cofrelation between Bi)
results and dependent measures would have been uscful in
determining the effect depression has on specific varables for thus
population.  Further {imilations include the absence of a tes! of
malingering. Although # was not suspscted, it would have objeclively
ruted out any question of ils presence Unfortunately. due to the
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hmited number of subjects available, equating the three groups
according to job description, aithough attempted, was not possible. As
well, the examiner was aware which group each individual belonged to
at the onset of testing. This was done for practical reasons and

because the design did not call for random group assignment.

Future Research

The number of published neuropsychological investigations into
SBI are scant, thus the scope of research required is vast. Frequently,
while hsting SBI related complaints. neuropsychological deficits are
often not included in the literature, and often overicoked. Longitudinal
studies regarding cogniive functioning are needed to fully understand
any changes that may take place over ionger periods of time.
Questions regarding long term recovery or further deterioration need fo

be addressed.

Methods of measuring language expression difficulties need {0
be developed. Subjects frequently reported these speech disturbances
duning the interview and it was often observed throughout the testing
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session. Measuring how subjects aftempt 1o solve each task and thexy
response patterns should also be addressed in fulure studies
Differences werg observed among the groups in therr approaches to

problem solving, however, they were not measured in this study

Uttimately. neuropsychological testing should be performed on
individuals prior o occupation of a newly constructed building to
establish their premorbid levels of functioning. Testing could then be
repeated after occupation {i.e. one year later) This would efiminate
errors inherent in estimations.  Obviously. this type of research would
incur significant costs and is therefore not economically feasible
However, studies approaching this design would provide valuable

information about the effects of SBI

implications of the Study

Skepticism surrounding SBI is fueled by the lack of controlled

research. The present study addressed this issue from a

neuropsychoiogical perspective. Qusstions regarding whether
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neuropsychological findings for CHMC staff members would improve
once they are out of the affected environment for an extended pericd of
time have not previously been investigated. Although significant
differences were not found, there was a clear trend for poorer
performance by individuals who have been out of the work environment
for at least twelve weeks than a group of individuals who were still
working or had only been out of the work environment for a short
period of time This suggests a need for incorporating measures which
can establish group exposure ievels prior o testing in future studies.

This information would enable more meaningful interpretations.

The study's results alsoc have impilications for future test battery's
used in neuropsychological investigations of SBI. As there was
considerable overlap evident between test measures on correlation
cosfficients, many of the measures were redundant. in light of the
present findings and findings from previous solvent exposure research,
emphasis should be placed on tests which measure general
Performance Intelligence, attention and concentration, psychomotor

coordination. and visual construction abilities. Consequently. the size of
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test batteries used with this poputation can be reduced. saving both
{ime angd money. A prorated version of the WAIS-R is useful as it
provides a current PIQ and involves individual subtests wiich appear to
be sensitive to SBi related neuropsychological complainis. The only
WAIS-R subtest in this study that found significant group differences
was Digit Symbol (and the additional test of incidenta! learning),
however, Picture Amrangement, Biock Design and Picture Completion
did show trends for group mean differences. In fact, Block Design was
approaching significance. Furthermore, these subtests provide
qualitative data as well as quantitative data. Valuable information
obtained from observing how an individual responds (i.e., use of
problem solving strategies, amount of effort applied) on these tasks is
useful over and above test scores. Visual Memory Span was sensilive
io effects and was not highly correlated with any other measures, thus,
#'s inclusion in fulure testing of this population is warranted. A
premorbid estimate of Performance intelligence is necessary to
compare with current levels of functioning m order to detect possible
declines. Since there are no methods avaitable which reliably estimate
Performance intelligence, perhaps a combination of methods could be
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mcorporated, backed up by information cbtained from each subjects
personal history (i.e., school marks). The Rey-Osterrieth Complex
Figure 1s useful for measuring visual construction and visual memory
impairments {as opposed to group differences), however, it would be
inferesting to see if it was sensitive to group differences using different
scoring parameters. Scoring procedures outlined in Spreen ang
Strauss (1991} may be too strict and consequently group differences
may be overipoked. Since all three subtests of the Stroop Colour-Word
Test have high intercorrelations and similar test results for each group,
two of the subtests could be omitled. Finally, while 8 measure of
depression provides new information, the Solvent Questionnaire is
redundant. Additional tests which have not been included in this study
{(1.e. measures of language expression and other constructs not yet

nvestigated) may provide additional information.

Conclusion

Trends in the present daia supported the initial hypothesis that
there was a difference between CHMC exposed groups and a control
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group on varicus neuropsychoiogical tests and self-report
questionnaires. However, the only test measures which had
significantly different (p < .0025) results were the seif-repont
questionnaires - subjective measures. Thus, the two exposed groups
reported experiencing more compiaints related 1o solvent exposute,
and cognitive failures than the control group. As weil, the previously
exposed group experienced a greater number of symptoms related 1o
depression than the control group. The lack of significant differences
for the remaining test measures may have been influenced by a small
sample size, as a comparison of the means reflected a tendency
towards poorer performance for the exposed groups versus the control
group. When the significance level was reduced, (p < 05} which
increased the siatistical power to detect differences (but increased the
possibility of type 1 error), differences between the exposed groups
and the contro} group are evident. What is noteworthy about these
differences is that they occurred in measures which involved visual
material and showed declines in constructs which have been reported
in the solvent exposure litarature (Orbaek et al., 1885, Ryan & Motrow,

1988; Hane et al., 1977). Potential interactions between test results
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and effects of depression were not measured in this study, thus they
cannot be ruled out. Contraty to the second hypothesis, the previously
axposed group did not perform significantly better than the recently
exposed group. In fact, mean trends suggested that they were more
hkely to perform more poorly on cbjective measures and report a
greater number of related complaints. This raises the question
regarding the differences in exposure levels or effects between the two
CHMC groups. Further investigations controlling for these group
differences are required. A comparison of test results between the
Hayes {1992) study and the present study showed similar levels of
functioning on neuropsychological tests by CHMC staff volunteers. As

well these results were similar to findings in solvent exposure studies.
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tsaus of Confidentiality and Use of Test Results

Subjects were provided with the following information during their
neuropsychological assessment:

1. Confidentiality- your name, or any other identifying

characteristics, will be located only on your test protecols. The only

person to have access {o this information will be myself, the
examiner. in the future, when the resuits of this study are reported,
your name ©r any other personal characteristics which would allow
the reader or audience to identify you will not be included.

2. Individual raw data will not be reported. Instead, your results will

be included with the data collected from other individuals and will be

presented 8s a group.
Example of consent provided by subjects:

I. subject'’s name, hereby grant permission to Lauren Marsh-Knickle
to use the data from my neuropsychological screening to be used in
her thesis research.

Signed:
Dated:



