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Dear Sir- 849500u0025

In the past, Xerox has submitted results of studies conducted to
understand the Ion?-term consequences of exposure to toner. These have
included reports of toxicologicai studies (animal inhalation studies), a
report of Xerox employee mortality (standardized mortality ratio analysis
with follow-up through 1984), and a case-control study of erinloyee
digestive cancer mortaiity. The enclosed report, “Report of an
Investigation of the Health Effects of Toner Exposure,” describzs the
results of the Xerox empioyee morbidity study (cross-sectional analysis).

Results of the investigation indicated that among the employee
participants, in general, health status was typical of a healthy workforce.
Among Toner Exposed and Other Exposed (i.e. work exposure to solvents,
acids, or other irritants) manufacturing employees, some respiratory
symptoms and conditions were reported more frequently than among
Never Exposed. Similarly, symptoms of irritation/injury involving the eyes
and/or skin were more frequently reported by Toner Exposed and Other
Exposed and by Customer Service Engineers. Puimonary function testing
results for Toner Exposed at one manufacturing location and Sor
Customer Service enginee's were comparable to non-expo&éd
populations. Among Toner Exposed at the cther two manufactuéihg
locations, there were some reductions in pulmonary function noted. - ;-4__;‘?,5"
(5 B
Study results have been communicated to the appropriate empiogesz":'
Employee health data collected since 1993 through 1995 wiil be analyzedS 5
The mortality study is currently being repeated with follow-up extended> O
through 1993. As results of these studies become available, they weH be
forwarded to your office. ©

If you have any questions, please contact me at 716-422-9270.

Sincerely,

a%nes C. MacKenzie
Oirector
Environment, Heaith and Safety
Xerox Corporation

800 Phillips Road, Building 105-70C
Webster, New York 14580
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REPORT OF AN INVESTIGAT.ON
OF
THE REALTH EFFECTS OF TONER EXPOSURE

EXECUTIVE SUMMARY

This report describes the most recent results of employee heaith monitoring, part of
the Xerox program of toxicological and epidemiological studies to understand the
long-term consequences of exposure tc toner materials. The data were collected in
1992 - 93 from manufacturing employees based in the USA (Oklahoma City and
Monroe County/Rochester area, NY) and in the Netherlands (Venray), and USA-
based customer service engineers attending training sessions in Leesburg, Virginia.
Data included reported health history, symptoms and conditions, and results of
pulmonary function testing and chest x-rays. The analyses compared health
questionnaire responses and testing results of exposed groups {toner-exposed and
other materials-exposed) to never expased and to other external populations.

Results of the investigation indicated that among the employee participants, in
general, health status was typical of a hea'thy workforce. Toner Exposed and Other
Exposed employees in manutacturing and customer service engineers more
frequently reported work-related irritation of eyes and skin and/or eye injury Jjob
tasks for each of these employee groups involve workin«~ with dusts and other
potential irritants (such as solvents, acids, and metals) which could be expected to
produce symptoms of eye and skin irritation.

The effects of current smoking were evaluated among manufacturing employees
and found to be associated with increased risk for all respiratory symptoms.
Comparing current with never smokers, there were statistically significant increases
in the symptoms chronic cough (Odds Ratio Range at the three manufacturing
locations/OR Range: 2.85 - 5.22), chronic phlegm (OR Range: 2.54 - 8.29), and
persistent wheeze (OR Range: 2.84 - 7.70). Toner Expased and Other Exposed
employees in manufacturing reported some respiratory symptoms/conditions mare
frequently. The findings among Toner Exposed {Categories = Ever and Current)
persisted when logistic regression models were used to control for potential
confounders, such as cigarette smoking. These included statistically significant
increases in the symptoms chronic phiegm (OR: 2.04 OKC - Current and OR: 2.78
Venray - Ever), wheeze and breathlessness (OR: 2.32-2.61 Venray - Ever and
Current), dyspnea (OR: 2.15 Monroe County - Ever), history of pulmonary disease
diagnosis (OR: 2.56 - 3.14 Venray - Ever and Current), and allergies (OR: 2.25

Ven ay - Current). There was no increase in reported respiratory
symptoms/conditions among the customer service engineers.

Linear regression models produced the anticipated results for effects of cigarette
smoking on pulmonary function testing; i.e. reduction in airflow measurements. At
the three manufacturing locations, these included reduction in percent predicted
FEVy0f 3.27-4.93% and in percent predicted FEF3s.753 of approximately 11 - 14%.
Logistic regression models demonstrated ani association of smoking with an increase
in proportion with percer.. predicted FEV1 less than 80 (OR: 2.14) for Monroe
County. The models also indicated an association of toner exposure with puimonrary
function results. These included a decrease of 2.22-3.52% in percent predicted FVC,
a measure of lung capacity, (Venray - Ever and Monroe County - Ever and Current),




and anincrease in the proportion (OR: 1.78 - 2.39 Monroe County - Ever and
Current) with percent gredicted FEV, less than 80, a measure of airway obstruction.

. Pulmonary function testing results among toner manufacturing employees in
- ~~Oklahoma City and among customer service engineers were comparable to those of
- _healthy, non-smoking adults.

" Resultsof the chest x-ra program, conducted in Monroe County and Oklahoma City,

gave no chest x-ray evidence of work-related lung disease.

These results could have been influenced by a number of factors including the
participation rates in these voluntary medical surveillance programs. Less than
complete participation may iead to low statistical power, statistical modeling

~ limitations, as well as potential bias. The latter would impact the results if
participants (Exposed and/or Never Exposed) compared to non-participants were
more or less likely to have symptoms and/or reduced pulmonary function values.
Quality of measurements is always another potential limitation. Even though
measures were taken to assure data quality, this could have involved both toner
exposure estimates and possibly pulmonary function measurements. Differences in
racial composition and other demographics between groups raised some concern of
suitability of contro!s. To the extent possible, adjustments were made in the analysis
for confounders.

To clarify whether these findings are due to toner or other workplace exposure,
further investigation is needed. Among the recommendations, the highest priority
must be given to further efforts to better understand the 1992 - 93 findings. The
employee health programs will be offered in each location in 1995 with emphasis on
improving participation and assuring that the stringent data collection procedures
utilized in this program are maintained to ensure quality of the data collected and
validity of the findings.




INTRODUCTION

Xerox Corporation is one of the largest manufacturers and distributors of toner
materials in the world. To increase understanding of the consequences of long term
exposure to toner materials, Xerox implemented in the 1980’s, and has maintained,
a program of toxicological and epidemiological studies. These include a mortality
study comparing causes of deaths among Xerox employees to the general
popvulation, toxicological studies which examined the effects of toner inhalation on
rats and hamsters, and an ongoing morbidity study of Xerox employee heaith. This
report describes the most recent results of health monitoring of Xerox employees.

Earlier health monitoring involving health questionnaire surveys had suggested a~
association of respiratory, eye, and skin symptoms among Xerox employees with
work o sposure to toner. The results of objective testing of those emgloyees,
inclu-.ing pulmonary function testing amdJ chest x-ray examination, had giver; no
indication of adverse effect of working with toner. However, because of concerns of
inadequate standardization of data collection and testing quality problems, the
validity of the health monitorir g results had been questioned.

Although the medical lite-ature did not provide data that directly addressed the
health e*fects associated vsith exposure to toner, information from mixed-dust
2xposur. ir otiner occupations suggested that exposure to occupationai dusts could
resultiz increase in acute and chronic respiratory symptoms, and of chronic
airflow . .iruction.(1-5) Evidence from the general population also suggests adverse
e*fects oi inhaled particies.6.7)

«esu'ts of Xerox-sponsored animal inhalation studies had indicated middle and high
tener e..vosure levels could cause inflammatory changes in lung tissue and reduced
iung clearance.® Below exposures leading to “lung overloading,” these effects
either did not occur or were transient in nature.. 16 No pulmonary changes were
seen at the lowest toner exposure level, the level considered most relevant to
potential human exposure in toner production facilities.®

Based on the results of the Xerox animal studies and on other epidemiologic and
pathologic evidence showing that dusts may adversely affect lung function anc
cause respiratory symptoms, this cross-sectional survey of employee health wn«
undertaken in 1992 to assess potential health effects of toner exposure. Th -
purpose oi the health monitoring program was:

®To determine if workplace exposure to toner had resulted in any adverse healt..
¢’ acts (detected through health questionnaire reporting, pulmonary function

esting and/or chest x-ray examination) among specific Xerox employee
categories, defined as having similar workplace exposures.

®To provide summ- -y information to employees and management on the health
status of the work . urce relative to warkplace exposure to toner.

®To provide information to each employee on personal health, including medical
testing results and appropriate medica! recommendations.




. MemooS

- ‘A study protocol and procedures for data collection and entry were developed,

---approved by the external consultant panel, and followed to ensure standardization
and to minimize bias. Data were collected between January, 1992, and May, 1993,

~and involved the Xerox employee groups described below, employee groups that

have previous! g‘articipated in the Personal Health Profile (PHP = Okiahoma City,
Oklahoma, and Monroe County/Rochester area, NY; and PGP = Venray,
Netherlands) anc f mployee Heaith Assessment Program (EHAP = Leesburg, VA).
Each participant completed a health questiannaire and underwent pulmonary
function testing. Participants at USA-based sites underwent hematologic and blood
chemistry analyses, and, for certain individua!s as described subsequently, chest x-
rays. External quality review of pulmonary function testing was performed to
ensure ongoing quality of testing data gathered.

Study Populations:

PERSONAL HEALTH PROFILE (PHP - PGP) and E; '"PLOYEE HEALTH ASSESSM=NT
PROGRAM (EHAP) were initiated in 1984 and have been offered on a voluntary basis
to the following groups of empioyees:

-PHP:  All Monroe County and Oklahoma City union employees and their first
line engineers and supervisors.

-EHAP: Customer Service Engineers/Representatives from throughout the
United States who attend the Xerox training center in Leesburg

-PGP:  Venray employees in manufacturing and their first line engineers and
supervisors.

Azproximately 4,200 Monroe County and 300 Oklahoma Cigl employees have been

otfered the PHP exam annually. The exams are administered by Xerox’s Monroe
County Medical Services staff and St. Anthony’s Occupational Health Center staff
respectively. Because of a low participation rate in 1992 among the Monroe County
toner-exposed group, this group was offered a second opportunity to participate in
early 1993. Approximately 25% of the toner-exposed group participants entered
only the 1993 program. For the 58% of participants enrolled in both the 1992 and
1993 program offerings, their first examination was used in the analysis.

Customer service engineers have been offered the EHAP exam while attending
training sessions in Leesburg, VA. Since not all service engineers attend training
sessions in Leesburg, EHAP participants may represent some product lir =5 ng-e vhan
others. In addition, service engineers participate in the EHAP exam orly f+ - 2ir
schedule at Leesburg allows time away from class. Of the approximately 14,000 USA-
based service engineers employed by Xerox, 9% are scheduled to participate in the
cHAP program each year. These exams are administered throughout the year by
Xerox's Leesburg training center nursing staff.

The PGP exam has been offered to approximately 1,300 Venray cmployees annually.
The exams have been administered by Xerox's Venray Medical Services staff




EXPOSURE GROUPS, identified using work histories constructed from company
records, included the following:

Toner Manufacturing: Any person who ever held a job as a union empiovee in
Monroe County or Oklahoma City (OKC), nr comparaole job classificatior: iy
Venray, which was directly involved in the production of toner. This category has
been further sub-divided intc "Curreiit” and “Past” exposed categories
“Current” exposure has been defined in the data analysis as working in toner
manufacturing on the day cf the examination/questicnnaire. Supervisors,
engineers, and other salaried employees made un the category, “Salaried.”

Service: Any person who ever held a position as a Customer Service
Representative/Engineer (or Technical Representative).

Other Manufacturing: All other employees who were ever Monroe County or
OKC union employees, cr comparable job classifications in Venray. This group
was further subdivided into “"Other Exposed” (individuals who report working in
jobs with exposure to potential respiratory hazards, such as metals, snlvents,
acids, other dusts and materials, and/or exposure to toner which car 1ot be
documented in company records) and “Never Exposed.” Salaried employees in
OKC and Monroe County were in the category, “Salaried.” Venray salaried
employees were included in the "Other” and “Never Exposed” categories

TONER EXPOSURE MEASURES were derived from work histories and total dust
estimates. These included the following:

Exposed (yes/no)

Total Length of Exposure (years)
Time Since First Exposure (years)
Time Since Last Exposure (years)

Cumulative Exposure Index (mg-yr/m3 totai dust)*
(*Not available for Venray or for Service employees)

Date of Hire/Dates of Exposure**
(**For Venray and Monroe County to address dust control changes)

Beginning in 1975, actual dust sampling data were available for the dust estimates.
Prior to that time and for years in which no sampling data were available, dust
estimates were made based on knowledge of p!ant conditions and engineering
improvements. The dust estimates were developed by job, building, and year.
When merged with the employee’s work history, the employee’s cimulative dust
exposure (mg-yr/m3) was determined.

There were limitations in developing the toner exposure measures. Within any job
classification, a wide range of exposures was possible due to various work
assignments and variation in personal work habits and use of respiratory protection.
Work location by building was often missing in the work history of Webster
emgloyees from 1982 to 1986. For that time period, the difference in mean dust
level between the two toner manufacturing buildings was about 50% . (Mean dust
levei was 1.3 mg/m3 for one and 0.9 mg/m3 for the second building). For those
employees with unknown building, an average estimate was used. Dust exposure




~ - wasof adiscontinuous nature as job changes between toner jobs and non-toner jobs
~‘werecommon. ,

- . Theffollowrin’g describe toner exposura measures for each site (or groun):

: These toner-exposed employees can be

-subdivided into groups di in length of emp.oyment. Unforiunately, since
_most of the differences among these groups are in variables where differences
would be expected due to age (i.e. longer employment is associated with oldei
age) and/or to smoking (i.e. older people of longer employment are more apt to
have smoked and the oldest group is mast apt to be ex-smokers), this measure of
toner exposure was not feasible to use. Service engineers are exposed to toner
during the maintenance and repair of copiers in customer facilities. Their jobs
tend to be highly variable depending upon the machine proklems which they
encounter on s day to day basis. Dust estimates, based on sampling of individual
exposures and of workplace simulations in the laboratory, have shown levels of
dust exposure ranging from 0.09 to 0.94 mg/m3.

Venray: There are three exposura groups: Toner Exﬁosed, Other Exposed, and
Never Exposed. Toner exposu -« ir/formation for each employee included only
duration of exposure and dat - < hire. Asshown in Figure 1, mean total dust
levels were highest in Venray (estimated maximum level 16 mg/m3in 1978). Since
1987, mean dust level has been approximately 1 mg/m3, lower than the Xerox
exposure limit (XEL) of 2.5 mg/m3 adonted in 1988 *

Monroe County: There are four exposure groups: Toner Exposed, Other
Exposed, Never Exposed, 2:..: szlaried. Taner exposure information included

each of the toner exposure measures defined on the previous page. Mean total
dust levels have been reduced from levels of 6 tc 9 mg/m3 in the 1960’s, to below
the XEL in the early 1980’s, and currently at less than 1 mg/m3 (See Figure 1).*

OKC: There are three exposure groups: Toner Exposed, Other Exposed, and
Salaried. Because of lack of a “Never Exposed” group, the anaiysis of OKC "Toner
Exposed” used the Monroe County “Never Exposed” as the cantrol group. Fach
of the toner exposure measures was available for Torer Exposed. Asshown in
Figure 1, mean tota! dust levels have been within the XEL at less than 1 mg/m3
since the plant began toner production in 1976.*

*For certain work tasks, use of respiratory protection may be required to
ensure dust exposure is within the XEL.

Health Data Collection:

®Health Questionnaire. Questions addressed topical areas including basic
demographics, work history, personal habits, family and personal health history.
The American Thoracic Society (ATS) questionnaire, validated for reporting of
respiratory symptoms, formed part of the questionnaire (') A few questicns
elicited history of work exposures and outside activities invclving contact with
ﬁotentially toxic agents. For customer service engineers, a supplementary work

istory was obtained as it relates to specific product lines. A few questions were
deleted from the Venray version of the questionnaire at the site's request. The
questionnaire was self-administered with review for completeness by the medical
personnel. The medical staff (including contract staff) participated in




interviewer training to avoid bias in data collection. An interviewer’s guide was
used to standardize instructions/directions to promote uniform d=2ta .o'iection at
all sites. A coding guide was followed for uniform data entry.

®Pulmonary Function Testing. Spiremetry was pertormed by technicians/nurses
who had completed a National Institute of Occupational Safety and Health
approved course in pulmonary function testing. Testing was performed on an
OM-PI0ST Spirometry Testing System including a Sensor Medics 922 dry-rolling
seal spirometer, OM! spirometry soitware, OMI pulmonary interpretation
software, color manitor, and printer. Guidelines for spirometer calibration and
for acceptability and reproducibility of testing met ATS criteria and the quality
control requirements established by Mayo Fuimonary Services, Mayo Clinic.(12.13)
A sample of pulmonary function tests was sent to Mayo Clinic weekly (monthly
for Leesburg) by site for external quality control review. The 1983 Knudson
pulmonary function prediction equations were used for the USA-based employee
analyses.('9 For the Venray employees, the 1983 prediction equations of the
Europear Community for Coal znd Steel were used.'5) Per the Mayo prctocol, a
re%ug;tioz factor of 15% was used to adjust the preciction equations for Asians
and blacks.

éHenmatology and Blood Chemistry. A venous bicod sample was collected from
each USA participant after 8 - 12 hours of fasting and sent to MetF ~*h Laboratory
for analysis - including complete blood count with differential and a routine 24
test blood chemistry panel. Employees were advisea by the medical staff of their
individual test results and appropriate follow-up recommend ations.

®Chest X-rays. A chest x-ray was offered to all individuals in manufacturing at
USA-based sites who had not had a chest x-ray within the last fiv2 years. Films
were read by a certified “B” reader following the guide'ines of the Internationa!
Labor Office (ILO).0&

Data Maragement:

olieaith 3uestionnaire data were entered manually by cormputer terminal using

data validation screens. Exposure data were either manually entered er directly
entered via electronic feed. Blood chemistry and hematology data were
provided on a magnetic 1ape feed from MetPath Labcratories. Spirometry data
were provided on computer disketies.

@All data are stored in the Xerox Occupational Health Information System (JHiS)
data bases as medically confidential data.

Data Analysis:

Initial data analyses were descriptive. Participation rates were calculated and
participants compared to non-participants on characteristics, such as, gender, age,
race, length of employment, and toner exposure measures. Prevalence rates for
meciical conditions and symptoms amor.; the exposed groups were compared to
“Never Exposed” Xerox controls, and all groups were compared to external
published eference values (when available).4.17-25) Lung function values were
compared to those predicted using exterral population prediction 2quations.1a.15)




observed exposures).

Venray:

Monroe County:

of the outcome varia

- Statistical analyses were done by site for three of the sites. Because of lack of an
“appropriate comparison group, no statistical analysis was possible for the customer
service engineer (Leesburg) data. For the other sites, the analyses that were possible
~ varied because of differences in sample si:es, suitability of controls, and exposure
information (both in types of available exposure information and the range of
’ e possible population comparisons by site are listed below:

The basic approach to the analysis of data for the three sites was the same.(26.27)
Most of the outcome variables were binary. Questionnaire variables categorized
pulmonary function data were also classified
of predicted value for some analyses. Each
er's exact test, to determine if there was
cross the exposure

outcomes as present or absent, and the
into categories of below or above 80%
binary variable was first examined with Fish
a statistically signiﬁcant difference in the proportions positive a
groups. Fisher’s exact test, rather than the chi-squarea test, was used because some
bles were positive at very low rates, which makes the chi-
squared test inappropriate. Because of the known effects of smoking on respiratory
function, initial analyses were repeated by smoking category (current smoker, ex-

Toner Exposed vs Never Exposed
Current Toner-Exposed vs never Exposed

within Toner Exposed, three levels of duration of
exposure (low, medium, and high)

within Toner Exposed, two levels of time of hire (pre-
1980, 1980 or later)

Toner Exposed vs Never Exposed
Current Toner-Exposed vs Never Exposed

within Toner Exposed, three levels of cumulative total
dust exposure (<1, 1- <10, >10 mg-yr/m3)

within Toner Exposed, two levels of current exposure
status (current, past)

within Torer Exposed, three levels of years since last
exposure (<1,1- <6, >6yrs)

within Toner Exposed, three levels of years since first
exposure (<4,4 - <10, >10 yrs)

within Toner Exposed, three levels of year of first
exposure (<1975, 1975 - <1990, >1990)

within Toner Exposed, three levels of cumulative total
dust exposure (<1, 1- <10, >10 mg-yr/m3)

within Toner Exposed, two levels of current exposure
status {cuirent, past)

Ever Toner-Exposed vs Monroe County Never Exposed
Current Toner-Exposed vs Monroe County Never
Exposed




smoker, never smoker). This procedure was followed to screen for the most
important variables and thereby reduce the hundreds of outcome variables to a
manageable number. However, because of the relevance of the respiratory
variables to this study, they were not removed after this step, even if the results of
tie Fisher’s exact test were not statistically significant.

The second step in the analysis of the binary data was to Lpply more complex
modeling which included the variables identified in the screening. This step was
necessary to control for the effects of possible confounding factors, such as cigarette
smoking. A set of potential confounders was identified: cigarette smoking (current,
past, and pack-years), gender, education, ethnicity, and age. Various combinations
of these potential confounders were included as predictor variables, along with
toner-exposure variables that identified the comparisons of interest, in logistic
regression models. Because of the small number of females at the Venray site, this
part of the analysis was restricted to males. For the OKC analysis that compared
cumulative total dust exposure, the highest level group (>10 mg-yr/m3) was omitted
because it included only 11 employees.

Multiple models were examined for each outcome variable, in order to assess the
need for certain adjustment variables and the adequacy of the adjustment. For
example, to control for smoking, indicator variables for current- versus never-
smokers and past- versus never-smokers were included to adjust for the effect of
smoking on the outcome variable. Indicator variables are binary variables that code
for discrete categories, such as smoking status. The findings from the model using
variables for smoking status were compared with models that included alternative
smoking variables, such as the cumulative measure of consumption pack-years, to
assess whether or not the adjustment for smokirig w as sufficient with only the
categories of current-, past-, and never-smoker.

several continuous outcome measures also were exarained. These variables were
measures of pulmonary function, including percent predicted values for Forced Vital
Capacity (FVC), Forced Expiratory Volume in one second (FEV1), and Forced Mid-
Expiratory Flow (FEF25.759%). All of these outcome variables were examined with
linear regression models. The same predictor variables used in the log.sticregression
analysis were used in the linear regression models. Because of the relevance of these
outcome variables, initial screening was not done as for the questionnaire items.
The percent predicted values for these pulmonary function parameters are
calculated using linear regression equations that take into account gender, age, and

race. As a result, these variables were not included as predictor variables when the
oucome variables were percent predicted FEV1, FVC, and FEF 5.759.

RESULTS

A>shown in Table 1, overall participation in the PHP/PGP programs ranged from
41% in Monroe County to 69% in Venray. Participation of the ever toner-exposed
Monroe County employees was higher at 59%, but less than the 67% and 69% rates
for toner-exposed employees in Oklahoma City (OKC) and Venray. Approximately
76% of eligible customer service engineers attending Leesburg (L3BG) training
center participated in EHAP.

Detnographic differences among the employee populations by progre. 1site
included higher proportion of males in LSBG and Venray, lower proportion of blacks
and Hispanics in Venray and of Asians in Monroe County, higher proportion of




Native Americans in OKC, and lower average ace in GKC. Average years employed
in OKC was seven years, half that in the other sites. Comparced to ron-participaniis.
PHP/PGP program participants included fe: ser bi. .cks and, i0- Morroe County,
slightly older longar-term employees.

Among ever toner-exposed employees, 1rner exyosure history diifered av site. A=
shown in Table 2, approximately half of :oner-e~zosed employees in Moirge C.xo 2y
and OKC were currently exposed to toner. Cixt; -eight nercent of Vanray and &/l )
LSBG participants were currently exposed to tcr.2r. The duratior 01 expo-ure far
Venray enployees was 7.2 years, twice tha: of Monroe Cou:nry and OK:™ empl~y 2¢€s.
Level of exposure in Venray is estimated to have been higher (See Figure 7).
Compared to Monrne County, OKC employees had slightly longer and mere rece- .t
exposure, but at lower levels as indicaiad by the !evels of cumulative expusura (mean
6.8 mg-yr/m3 for Monroe County and 3.3 mg-y:/m3 fci (GKC). LSBG perticizanis had
on average sixteen years of exposure to estimatec low levels of tonci.

In Monroe County and Venray, the proportion of blacks among 2ver tcne: expose!
employees (25% and 3.7% respectively) was higher than that in the overail
employee population at each site (15.3% and 0.9% respectively;. Ever tone:-
exposed participants in Monroe County, compared to non-participants, were mc. <
likely to be black, to be currently exposed to toner, to have slightly longer an< mie
recent exposure to toner, but not to differ in cumulative dust exposure, a-erage
years employed, or age. OKC participants, compared to non-participants, had
slightly longer but less recent exposure with higher cumultative exposure, slightiy
longer employment, lower proportion of blacks, and younger average age.

Participant characteristics by exposure group, shown in Table 3, differed among the
four sites and at each site. Most Toner Exposed participants in Venray and LSEG and
Other Exposed participants in Venray were male. The proportion of Monroe Cotinty
Toner Exposed partic:pants who were black was significantly greater, and who were
Asian was significantly lower, compared to Toner Exposed at the othersitesani te
all other exposure groups at the four sites. At each manufacturing site, fewe: fonzr
Exposed participants were age 50 or older or were employed 2C or me-e years s
compared to the other exposure groups. Only eight percent of LSB®G particiyant-,
were under age 30. At OKC, duration of employment was less thar: 20 years form 71
employees. Among LSBG participants, seventy five percent had attended at leas:
some college. For Monroe County and OKC Toner Exposed participants, comper .o!2
raies were 25% and 40% respecitively. L58G participanis were le . likely 1o b@
current smokers, but had high pack-year history. Nearly half of OKC and Ventay
Toner Exposed participants were current smokers. However, pack-year history was
lowest among all Venray exposure groups comipared to the other sites.

Among Other Exposed participants, most were male and a high prooortin
employed 20 or more years and age 50 or older. There were fewer males amang
Never Exposed participants. Compared to Toner Exposed, a higher nroportien of
Venray Never Exposed were never smokers (23% and 33% respectively). Z.mong
Monroe County Never Exposed, there :vere fewer current 5 st more ex-snickers. Fri
Never Exposed and Salaried participants, the preportions age 50 or older and
employed 20 or more years were higher conipared to Toner Exposed. Salaried
participants were most likely to have attended at ! 1ast some college and to he never

smokers.

Prevalence rates for reported respiratory and other potentially work-related _
symptoms an< -onditions ara cisplayed in Tables 4 and 5 for all exposure groups, 310
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in Figures 2 and 3 for Toner Exposed and Never Exposed. These data are crude rates,
not ac;usted for demogi aphic differences or smoking history/status. Rates for
-espiia’ory symptoms/conditions were based on positive responses to combinations
of questions in order to detect potentially more serious respiratory complaints and
to enab!2 comparison witn other studies in the medical literature. Prevalence rates
for respiratory symptoms and conditicns among Never Exposed in Venray and in
Monroe County appeared to be within ranges reported in exterrial populations.@. 22-
«3) Some respiratory symptoms and/or conditions, history of work-related irritation
of skin and/or eyes, and history of eye injury were more commonly reported by
Toner Exposed and Other Exposed in manufacturing compared to ever Exposed
and to external populations. For LSBG participants, prevalence rates for respiratory
symptoms were similar to Monroe County Never Exposed, but reporied history of
work-related irritation of eyes and eye injury was similar to Toner and Other
Exposed. No significant differences were seen between Toner or Other Exposed
compared to Never Fxposed or Salaried for reportad prevalence of hives,
migraine/tension headache, or sinus problems. Hives and sinus problems were less
frequently reported in all Venray exposure groups compared to USA-based sites.
Allergies and skin operations were reporte:?more frequently by the Salaried groups.

The results of logistic regression modeling to control for confounding variables
comparing symptom/condition prevalence among Toner Exposed tc Never Exposed
are shown in Table 6. The following highlights those odds ratios thiat are statisticaily
significant (p<0.05). Other odds ratios were either greater than orie, but did not
achieve statistical significance, or were less than one. The effects of current smoking
on reported respiratory symptoms werz evident in a consistent pattern in the three
manufacturing locations. Relative to never smoking, current smoking was
associated with increased risk for all respiratory symptoms with statistically
significant increases in the symptoms chronic cough (Odds Ratio Range for the three
locations/OR Range: 2.85-5.22), chronic plilegrn {OR Range. 2.51-8.29) and
persistent wheeze (OR Range: 2.34 - 7.70). Ex-smoker histary amang OKC
employees was associated with statistically significant increases in the symptoms
dyspnea (OR: 4.26) and chronic phlegm (OR: 2.80). Toner exposure (Ever and
Current) was associated with statistically significant increased odds ratics for some
respiratory symptoms and conditions and for history of work-related eye and skin
irritation. The respiratory symptoms and conditions inclt.ded chronic phlegm (OR:
2.04 OKC- Current and OR: 2.78 Venray - Ever). wheeze and breathlessness (OR:
2.32-2.61Venray - Ever and Current), dyspnea (OR: 2.15 Monroe Courty - Ever),
history of puimonary disease diagnosis (OR: 2.56 - 3.14 Venray - Ever and Curreni],
and allergies (OR: 2.25 Venray - Current). The odds ratios were statistically
significant for work-related skir irritation (OR: 1.68 Monroe County - Ever) and for
work-related eye irritation (OR: 3.18 - 3.54 Mon.oe County - Ever ar 4 Current and
Cn: 2.97-4.83 OKC - Everand Current).

Pulmonary function testing results, displayed ;. Table 7 and in Figures 4 and 5 as
percent predicted (adjusted for age, race, gender, and height), suggested an
increased proportion with percent predicted FE/q less than 80 among Monroe
County and Venray Toner Exposed, with values of 13.9% and 9.2% respectively.
Percent predicted values less than 80% are genorally considered dinically impaired.
in a healthy population, approximately 5% could be expected to have pulmonary
function values less than 80% of the predicted value. Although the proportion with
percent predicted FVC less than 80 appeared increased among Venray Toner
Exposed compared to Never Exposed, the proportion was still less than 5%. Among
OKC Toner Exposed and LSBG participants, puimonary furction resuits were
comparable to Monroe County Never Exposed




Linear regression modeling results are shown in Table 8. This summary focuses on
those results that were statistically significant. The data demonstrate an association
of current qnpkmgpwith reduction in percent predicted FEV{ of 3.27 - 4.93% and in

~percent predicted FEF,5.754 of approximately 11- 14%. For Monroe County, logistic
regression modeling demonstrated an association of current smoking with an

_increase in proportion with percent predicted FEV less than 80 (OR: 2.14). Ex-
smoker history was associated with a statistically significant increase in percent
predicted FVC of 4.27 - 4.47% in Venray, and a reduction in percent predicted FEF ;5.
75% of 5 - 10% in each of the three manufacturing locations. Toner exposure was
associated with a statistically significant increase in proportion with percent
predicted FEV less than 80 (OR: 1.78 - 2.39 Monroe County - Ever and Current) and
with reduction in percent predicted FVC (2.22 - 3.52% Monroe County - Ever and
Current and 2.81% Venray - Ever). In an attempt to assess if the effect associated
with exposure to toner might also interact with smoking, modeling was done within
categories of smoking status (current and never). Asshown in Table 9, there was a
statistically significant increase in proportion with percent predicted FEV less than
80 among Monroe County Toner Exposed current smokers (OR: 2.6) compared to
Never Exposed current smokers. Among never smokers, the odds ratio (OR: 2.0) was
of similar magnitude, but not statistically significant. No other models to evaluate
potential interaction yielded statistically significant results.

Analyses of the other possible population comparisons (including levels of
cumulative dust exposure, current versus past exposure, years since first and since
last exposure, year of exposure, and time of hire) did not indicate statistically
significant differences in reported respirator}/, skin or eye symptoms, or pulmonary
function. However, the categories in most of the comparisons were determined
primarily by sample size requirements. Nevertheless, sample sizes in these
comparison analyses limited statistical power to detect differences. In addition, for
cumulative dust exposure comparisons, there was a limited range of leve! of
exposure with most employee exposure estimates within the category less than 10
mg-yr/m3. In the analyses, Current Exposed were not statistically different from Past
Exposed, but Ever Exposed were different from Never Exposed éee Tables 6 and 8).

In general, there were no significant differences in prevalence of reported
operations and other non-respiratory symptoms and health conditions among
employees at the four sites or among the exposure groups at each site. Reported
history of operations is shown in Tabie 10. Ear and skeletal operations were more
frequently reported in Venray compared to USA-based sites manufacturing sites. In
LSBG, although reported prevalence of operations increased with increasing
duration of employment (which correlates with age), the rates, nevertheless,
remained consistent with those in the other sites. This trend was also evident in
LSBG for history of other health conditions and non-respiratory symptoms. As
shown in Table 11, compared to the other sites, LSBG employees more frequently
reported history of hearing loss, disc or other back problem, and knee problems.
History of anemia was commonly reported by female employees at all sites. For a
few conditions, reported prevalence was slightly higher compared to national rates.
These included hypertension (Netherlands 7.5% : Venray 17.9%; USA 11.3% : MCO
16.2%), ulcer (USA 2.5% : MCO 6.6% / OKC 8.3% /LSBG 7.1%), hiatal hernia (USA
2.2% : MCO 7.9%), and thyroid problem (USA 1.2% : OKC 4.3%).¢17.18.21)

Since 1984, 89% of Toner Exposed participants in Monroe County and OKC and 80%
of Monroe County Never Exposed have undergone chest x-ray on one or more
occasion. The prevalence of parenchymal and/or pleural abnormalities has been
lowest among Toner Exposed (11 abnormalities in 441 chest x-rays). For the other
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Monroe County exposure groups, the following ratios of abnormalities to total x-
ga;'vs \gvedre seen: 47 : 382 Never Exposed; 110 : 682 Other Exposed; and 30 : 320
alaried.

DISCUSSION

This investigation provided a broad array of information on the health of current
Xerox employees and relationship to the workplace with focus on toner exposure. in
general, there was no increase in prevalence of non-respiratory symptoms (except
eye and skin symptoms), conditions, or operations among any of the employee
groups at the four sites. Differences observed in prevalence of non-respiratory
conditions between sites and/or exposure groups could be explained by known
differences in national or regional prevalence rates, demographi~ differences
(primarily age and gender), and/or probabie differences in medical practice patterns
or access to health care.

Prevalence rates of reported symptoms involving the respiratory system, eyes and/or
skin were increased among some toner-exposed and other exposed employees.
Toner Exposed and Other Exposed empioyees in manufacturing and customer
service engineers more frequently reported work-related irritation of eyes and/or
skin, and/or eye injury. lob tasks for each of these exposure groups '1volve working
with dusts and other potential irritants.

Because cigarette smoking was associated with a marked increase, as much as eight-
fold, in respiratory symptoms, statistical modeling was performed to control for this
potential confounder. When toner expoased employees were compared to never
sxposed, this demonstrated a statistically significant association ot toner exposure
with a two- to three-fold increase in some respiratory symptoms and conditions
varying by site. Toner Exposed employees in Venray reported the most symptoms,
including chronic phlegm, wheeze with breathlessness, pulmonary disease diagnosis,
and allergies. Chronic phlegm was also reported by OKC Toner Exposed, and
dyspnea by Monroe County Toner Exposed. There was no increase in reported
respiratory symptoms/conditions among the customer service engineers.

Cigarette smoking was also associated with adverse effects on pulmonary function,
including reduction in percent predicted FEV{(3.27 - 4.93%) and FEF5.7504 (11 -
14%), both indicators of airfiow obstruction, and in Monroe County an increase in
proportion with percent predicted FEV iess than 80 (OR: 2.14). Modeling to control
for cigarette smoking demonstrated an association of toner exposure with increased
proportion with percent predicted FEV; less than 80 in Monroe County. Potential
interaction between cigarette smoking and toner exposure could not be adequately
addressed. On the other hand, the level of FEV1 (versus the proportion having an
abnormal leel) in Monroe County employees was not shown to be related to
exposure dose. Nor was there among Monroe County or Venray employees a clear
pattern of effect of toner exposure on the FEF;5.759,. The concomitant reduction of
FVC, a measure of lung capacity, was unexpected and the explar.ation for this
finding unclear.

Monroe County and Venray employees were considered o have higher exposures
than those in OKC and the customer service engineers in LSBG. In the latter two
groups of toner-exposed employees, there was no evidence of adverse respiratory
effects. Initer- retation of the LSBG data was made difficult by the diverse participant
characteristic. and lack of individual employee exposure information. Nevertheless,
comparisons of respiratory symptom rates and lung function values were compatible
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— - ~withother ro ulations without respiratory problems. In OKC, a Never Exposed
. group was lacking and Monroe County controls used in the analyses. Respiratory
-- symptoms tended to be more common in OKC Toner Exposed, but the increased risks
‘were not generally statistically significant and dose-response reiationships were not
observed. Lung function values in OKC were higher than Monroe County controls
‘but comparable to predicted values, providing no indication of adverse effects of

workplace exposure. -

Although interpretation of these analyses were constrained by the inadequacies of
availabie mfo_rmatcon on toner exposure, sample size/statistical power limitations
(See Appendix 1), demographic diversity of the study populations, and the
limitations of epidemiologic studies (reflective of the observational nature of the
data), these issues were recognized and addressed to the extent possible. Biases of
concern included selection bias, information bias and confounding bias.(28)

Selection bias could have arisen in the data if particiﬁants (Exposed and/or Never
Exposed’ were more or les: “<ely to be "affected” (that is, have the respiratory
symptoms/cor:.jitions and/.. abnormal pulmonary function values) than non-
gamdpants. Selection bias was a concern among Monroe County Never Exposed

use the participation rate was lowest for that exposure group. Review of the
available demographic and work history information, however, did not indicate
significant differences among Never Exposed participants compared to non-
participants. Prevalence rates for symptoms, operations, and conditions, and
pulmonary function values among Never Exposed participants compared to other
published population data and predicted values, in general, did not suggest
selection bias. Similarly among toner-exposed, for whom participant rates were
highest, available information did not indicate significant differences among
participants and non-participants.

The question of "healthy worker” effect, that is, whether "affected” employees had
left employment such that "non-affected” remained in the current workforce, could
not be addressed because sickness absence/disability information was not available.
If this had involved the exposed groups, the resulting bias would have led to
underestimation of effect. Of note, fewer toner-exposed employees compared to
the other exposure groups had been empioyed more than 20 years or were over age
S0 vears. Similarly, although not statistically significant. the proportion of Toner
Exposed in Monroe County with percent predicted FEV less than 80 was lower
among those with earliest year of exposure (before 1975), those with longest period
since first exposure (> 10 years), those with Iongest period since last exposure

(>6 years), and those not currently exposed. This could mean "affected” had left
employment, that more recent employees working in toner were more likely to
report symptoms and/or have lower pulmonary function testing results, or to reflect
limitations created by low participation rates, sample size and statistical power.

information bias was minimized through careful standardization of data collection.
However, the toner exposure estimates undoubtedly misclassified exposures of
workers to toner, dparticularly by exposure level, due to the limited industrial hygiene
data available and also differences in individual work habits and use of persona
protective gear. This could weaken the dose-response relationship.

Predicted values for pulmonary function parameters were derived from
standardized prediction equations and adjustments were made for different racial
groups. As was described earlier, there were significant demographic differences
among the study populations by site and by exposure group. It is possible these
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adjustments, using generally accepted mathods, may not be satisfactory. This could
create artifactual differences between study groups of different racial composition.

A possible data quality issue was the rate of successful pulinonary function test
sessions (i.e. test session data meeting ATS criteria for acceptability). In a working
population, typically 90 to 95% of wo:kers can be tested successfully. The rate of
testing failure in this study ranged from 3.2 - 6.3%, a reasonable result. The rate of
missing tests (i.e. tests not performed) ranged among manufaciuring locations from
0.4-3.3%. However, at Leesburg, for nearly 20% of employees, test data were
missing. The testing protocol required that testing not be performed in certain
circumstances. This included, for instance, when an employee had had a recent
respiratory infection or at the nurse’s discretion. At Leesburg, re-scheduling for
testing was not possible. Analyses of the reasons for missing test data in Leesburg
indicated more than haif of the tests were missing due to the employees having
recent respiratory infections. Another third were missing due to the nurse stopping
ti.e testing session because of the effect: of hyperventilation among the
participants. The latter did not appear to be associated with poor health status

The potential for confounding was addressed using appropriate multivariate
techniques. If confounding variables are notincluded in statistica! models, estimates
of risk may be biased. These analyses included the major potential confounding
variables, i.e. smoking, age, and socioeconom.ic variables. While there is the
possibility that the adjustment was not sufficient, the analysis did include
adjustment factors in different forms (e.g. smoking, ex-smoking and current
smoking, and pack-years) to increase the likelihood of satisfactory adjustment for
the factors. When this was done, similar results were obtained in the analyses.

In summary, the data presented indicate that among these Xerox employee
participants rep-esenting manufacturing employees in Oklahoma <t Monroe
County (Upstate New York), and Venray, Netherlands, and custom er service
engineers based in the United States, in general, health status is typical of a healthy
workforce. Among Toner Exposed and Other Exposed in manufacturing, some
respiratory symptoms/conditions were reported more frequently than among Never
Exposed. Similarly, symptoms of irritation/injury involving the eyes and/or skin were
reported more frequently by Toner Exposed and Other Exposed and by customer
service engineers. Jcb tasks for each of these employee grauns invalve warking with
dusts and other potential irritants (e.g. solvents, acids, and metals) which could be
exected to produce symptoms of eye and skin irritation. Puimonary function
te,ting results for OKC Toner Exposed and LSBG customer servic2 engineers were
comparable to non-exposed populations. There was an increase in proportion with
percent oredicted FEV less than 80 among Monroe County Toner Exposed, and a
recuction in percent predicted FVC among Monroe County and Venray Toner
Exposed. These results, however, could have been influenced by a number of factors
including participation rates resulting in low statistical power, as weil as potential
biases described in this report. To clarify whether these findings are due to toner or
othe:workplace exposure, further investigation is needed. Medical surveillance
should be continued on a periodic basis.




© RECOMMENDATIONS
* 7 #To further understanding of the 1992 - 93 program findings.

-~ Although earlier cross-sectional analyses had indicated increased respiratory
mptoms in some toner-exposed employees, there was no clear evidence in
:Kose analyses of reduced pu!monar{.function testing results. The PHP/PGP/EHAP
programs will ':e offered in each of the four locations in 1995 to add to
un ;erstandin? of the recent findings. Asin this investigation, the stringent
requirements for equipment, training, testing procedures, and other data
collection/entry methods must be maintained and monitored to ensure the
quality of data collected. Efforts must be made to improve participation rates to
ag?fuce any selection bias and to increase the statistical power to detect
ifferences.

- As a secondary method, data collected since the 1992 - 93 programs should be
analyzed (including 1993 LSBG and OKC data, and 1994 Monroe County data). It
should be noted, participation in Monroe County was lower in 1994 than in the
1992- 93 program.

- Adjust study design as indicated by validation data.
®To ensure control of dust exposure in manufacturing plants.

- As a result of animal inhalation studies, Xerox lowered the exposure limits for
toner dusts in manufacturing plants in 1988 to 2.5 mg/m3 total dust and 0.4
mg/m3 respirable dust, levels below applicable regulatory requirements. The
program of periodic industrial hygiene sampling of the dyust levels should be
maintained. Exposures associated with job assignments involving potentially
high exposures should be periodicallr re-evaluated to ensure appropriate use of
engineering controls and/or personal protective equipment.

oTo evaluate Healthy Worker Effect.

- Update Xerox mortality study. The srevious cohort study showed overall
moriaiity and mortaiity Dy specific cause, in generai, was iower than expected.
However, the average follow-up was less than 15 years. Average age at entry
into the study cohort was under 30 years of age. Update of the study at this time
would increase the latency period to 23 years increasing the possibility of
detecting potential workplace effects.

oTo provide pulmonary evaiuation for employees with low percent predicted (less
than 80%) or failed pulmonary function testing.

- Program established in Monroe County with Mark Utell, M.D., Strong Memorial
Hospital, Pulmonary Medicine Department. Among 44 current employees
offered the evaluation, only 9 chose to participate.

- Program being established in Venray by Jos Valks, M.D.
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. FIGURE 2

RESPIRATORY SYMTOM PREVALENCE (%)
AMONG TONER EXPOSED AND NEVER EXPOSED

USA SITES % within each exposure group .
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Figure 5. % Predicted Forced Vital Capacity (FVC) In Toner Exposed and Never Exposed
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