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Request for OMB Approval to Proceed to Phase II
of the NIOSH Dioxin Morbidity and Reproductive Study
of U.8. Chemical Workers

In a letter of January 7, 1986 (Attachment 1), OMB approved Phase I of the
NIOSH Dioxin Morbidity and Reproductive Study of U.S. Chemical Workers. OMB
first disapproved the study (Attachment 2) but reconsidered the decision after
receiving an appeal from the Department of Health and Human Services
(Attachment 3). However, several technical concerns were expressed by OMB in
the approval letter of January 7, 1986, and NIOSH was directed to address
these concerns following the experience in Phase I, and to obtain OMB approval
to proceed to Phase II of the study.

In this document, we present our experience with Phase I of the study and
address the concerns expressed in the OMPB Letter of January 7, 1986, This
report describes our experience as of April 1, i986. To date, 68 workers (of
a maximum sample of 80) have been interviewed and 52 have had medical
examinations. Matched referents have been obtained for 44 workers; all have
beenr interviewed and 10 have had medical examinations, (This report will be
updated to include progress through May before submission to OMB.)

A. Rationale for approaching OMB prior to the completion of Phase I

We have had excellent participation in Phase I, which is described in
detail in this document, and we believe we are able at this time to
address the concerns expressed by OMB. We are approaching OMB prior to
the completion of Phase I for approval to award the contract for Phase IT
for two reasons:

1. We arranged contractually for a two-month "dewntime" between Phase
I and Phase II in order to obtain approval from OMB. During the
*downtime,” no data will be collected. However, we must pay the
contractor about $100,000 for each month of "downtime," and we
would like to avoid this nonproductive cost. We can save about
$200,000 by obtaining immediate approval from OMB to award the
contract for Phase II and notifying the contractor to proceed
directly to Phase II at the end of Phase I period of performance,

2. Our contractor {(Lovelace Medical Foundation) has informed us that
staff trained specifically for this study will be laid off unless
we know soon that there will be a Phase II. The loss of staff who
are experienced in the standardization procedures of this study
could be a critical problem for Phase II. Each technician and
physician examiner assigned to the NIOSH Dioxin Morbidity Study
has been trained and certified in the examinatlon methods of this
study and has gained subgtantial experience during Phase I.



History of the Study

On November 21, 1986, the government awarded a fixed price contract to
Lovelace Medical Foundation (LMF), Albuquergque, W.M., and its

. subcontractor, Research Triangle Institute (RTI), Research Triangle Park,

N.C. to conduct Phase I. Demographic and occupational history interviews
were initjiated by RTI on February 14, 1987, in the homes of the
participants, and the first medical examinations were conducted at LMF in
Albuquerque, N.M. on March 5, 1987. All examinations will be completed
during May, 1987, and the Phase I period of performance ends on June 21,
1987. Our contract with LMF includes an optional "downtime® from June 21
to August 21, 1987 (at a cost of about $100,000 per month) in order for us
to obtain pernmission from OMB to continue to Phase II. The contract
prohibits an increase in the negotiated price for Phase II if NIOSH signs
the Phase II contract by August 21, 1987. In order to ensure that the
experienced Lovelace Medical Foundation staff will remain intact in Phase
II, and also to avoid paying $200,000 for the two month “"downtime," we
would prefer to begin Phase II on June 22, 1987, if we are able to obtain
immediate approval from OMB.

Description of the Study

HIOSH is currently conducting Phase I of the Dioxin Morbidity and
Reproductive Study of V.S. Chemical Workers. This study involves the
interview and medical examination of workers who made dioxin-contaminated
products and a comparison group of nonexposed persons, as well as a
reproductive interview of the wives of the participants (See Attachment 4,
Executive Summary and Attachment 5, Protocol). Phase I congists of a
weighted random sample that includes B0 of approximately 400 workers
employed at a facility in Newark, New Jersey between 1951 and 1969, and a
referent group, matched individually to the worker by age (+ 5 years),
gender, race and resident neighborhood., The sample of 80 was drawn using
an algorithm to select increased proportions of persons with longer
lengths of employment. Attachment 6 describes the demographic and
employment characteristics of the sample of B0 workers.

The study was reviewed for technical competence and approved by a NIOSH
Peer Review Panel and by the Science Panel of the Agent Orange Working
Group. The protocol is enclosed as Attachment 5,

Responses to Three Specific_Concerns of OMB

The Office of Management and Budget (OMB) notified NIOSH on January 7,
1986 that approval was given for a portion of the study (Phase I).
However, OMB expressed concern ahout three aspects of the study, and
requested that NIOSH demonstrate, from experience in Phase I, that these
technical concerns of OMB are resolved. NIOSH was asked to share this
information with the Science Panel of the Agent Orange Working Group and
the Executive Office of the President (See Attachment 1).



We believe that our experience in Phase I resolves the technical concerns
of OMB. Below, we present the technical concerns expressed by OMB in the
letter of January 7, 1986 and our responses:

. 1.

“HHS will complete the exposure model and develop exposure estimates
for the entire sample.”

NIOSH has conducted two peer review meetings on the exposure matrix
system for the NIOSH Dioxin Registry. On March 14, 1985 the exposure
matrix protocol was reviewed, and on February 20, 1987, a review was
held of the application of the model using data obtained from two
plants (Attachment 7). The review included the New Jersey plant whose
workers are in Phase I; the plant is identified as Site One in the
document. Since our Phase I sample of 80 includes short- and
long-term workers who were employed from 7 days to 10,000 days and is
a weighted random sample of the entire population, the ratings
calculated for the Phase I workers should be representative of the
remainder of the worker population at the Hew Jersey plant.

The exposure matrix protocol (Attachment 7) decribes the systematic
procedures devised for estimating the potential exposure to dioxin for
the 7000 workers at 14 plants in the NIOSH Dioxin Registry. These
estimates will reflect the exposure ranking for each individual,
velative to the other members. For each worker in the Registry, &
complete work history has been compiled from company records. Through
plant site vigits, interviews with long-term employees and company
officials, and careful examination of plant process descriptions, a
set of work tasks has been defined for each worker in the study.

These tasks describe the work activities at which each person may have
had contact with dioxin-containing materials. Each task has been
agssigned a dioxin exposure rating which is the product of three
factors. The first factor is the dioxin content of the material which
was present at the point in the process where the task was performed.
This value is multiplied by the amount of time required to perform
each task (on a daily basis) and by an exposure weighting factor which
reflects the likelihood that contact with the dioxin-containing
material actually occurred. UVUsing the work histories, we have
identified the tasks performed by each worker in the study and the
period of time in his career (in days) for which he performed those
tasks. REach worker's total dioxin exposure rating for his entire
working history is calculated by multiplying the exposure rating for
each task he performed by the number of days he performed that task,
and summing these to compile the lifetime exposure rating.

For the sample of New Jersey workers in Phase I of the Morbidity
Study, we have used this system to calculate from their work history
records the cumulative dioxin exposure ratings for their working
careers., The ratings were calculated using employment records, which
contain substantial gaps for some workers. The cumulative ratings



from the company records range from 4 to 7000, & factor of
approximately 1750. (We are obtaining detailed work histories and job
duties in the interviews of this study, and this information will be
utilized to prepare "reported” exposure ratings.) These ratings are
ordinal numbers which reflect the exposure of the individuals relative
to each other. The interpretation of relative exposuras of these
workers will be approached in two ways: 1) comparison of exposures in
the New Jersey workers with the ratings of workers at the other 13
plants in the NIOSH Dioxin Registry, and 2) comparison with the levels
of 2,3,7,8-TCDD measured in the serum of the New Jersey workers during
the NIOSH Morbidity Study.

During Phase I, blood was drawn from workers under the age of 65 years
and in good health for an analysis of the serum concentration of
2,3,7,8-TCDD. These data will be compaied with the exposure ratings.
Although we do not yet have resulis of analyses for the Phase I
workers, we do have results of adipose tissue measurements of
2,3,7,8-TCDD in some Missouri workers who will be in Phase II of the
NIOSH study. These measurements were obtained in a community survey
conducted by the Center for Environmental Health, CDC, and the State
of Missouri from adipose tissue of nine workers who made
2,4,5-trichlorophencl and 2,4,5-trichlorophenoxy-acetic acid at a
Missouri Chemical plant, which will be included in Phase II of the
NIOSH study. Attachment 8 presents this information. The average
level of 2,3,7,B-TCDD in the adipose tissue of nine workers employed
in the dioxin-contaminated processes ("P") st a Missouri plaant is 326
prt, with a range of. By contrast, the level in seven
persons employed at the same plant but in departments other than the
dioxin-contaminated processes ("C") is 12 ppt with a range of 4 to 41
prt. The figure shows a relationship between the adipose tissue
levels of 2,3,7,8-TCDD and the number of days these workers were
employved in the production of dioxin-contaminated products. It is of
interest to note that the maximum length of employment for the
Missouri workers in these processes was less than two years. The New
Jersey workers could have worked in dioxin-contaminated processes for
18 years. Therefore, we expect that the distribution of 2,3,7,8-TCDD
levels in the Phase I sample will be at least equivalent to the
digtribution in the Missouri workers,

“HHS will evaluate the ability to select and recruit appropriate
control cages.”

A. Participation in the Home Interview

in this section, we present a description of the current participation
rates in home interviews in Phase I as of April 1, 1987. We are very
pleased with the level of participation. As of April 1, 73 of the BO
workers had been located and invited to participate in the study
{Table 1, Attachment 9). Interviews have been conpleted for 68



(includes 5 proxies for 2 dead, and 3 incapacitated) and are scheduled
for 2 others, giving us an interview rate of 95,9% (70/73). Of the 73
workers (including 5 proxies), only 3 persons refused to be
interviewed (3/73, 4.1%).

B. Participation in the Medical Exemination

It is during the home interview that the individuals are invited to
participate in the medical examination at Lovelace Medical Foundation
in Albuquerque, New Mexico. As of April 1, 68 worker interviews had
been completed (including proxy interviews for 2 deceased workers and
3 incapacitated workers). Therefore, as of April 1, 66 living workers
were invited to the medical examination. The results are presented in
Table 2, Attachment 9.

As of April 1, examinations had been scheduled or completed for 52
workers, and 5 workers had agreed to the examination, but were not yet
scheduled, The participation rate is 78.8% (52/66) for completed
exams as of April 1, and is anticipated to be 86.4% (57/66) when the
workers who agreed are scheduled. Nine workers (including proxies for
three incapacitated workers) refused the examination. The reasons
include physical or mental impairment (5), unavailability due to work
or other couflicts (2), and refusals (2) for other reasons.

Table 3, Attachment 9 presents the participation of the referents in
both interview and examination. As of April 1, matched referents had
been sought and obtained for 44 workers (100%). On average, it
required inviting 2.3 appropriately matched individuals to obtain one
referent who sgreed to participate both in the in-home interview and
in the medical examination. As of April 1, 44 referents had been
interviewed, 10 referents have been examined, and the other 34
referents have been or are being scheduled for the medical examination.

We feel that the level of participation by workers and by referents in
the in-home interviews and medical examinations compares very well
with other studies, Four recent studies which included both an
interview and an examination are the Vietnam Experience Study (VES),
the second National Health and Nutrition Examination Survey (NHANES
II), the Northwestern University Study of Pentachlorophencl Workers
(NUS), and a Study of T-cell Subsets in Healthy Individuals in
Washington, D.C. conducted by the National Gancer Institute (NCI).

The VES, the NHANES, and the NCI studies included a multi-staged
process, whereby the individuals were first asked to complete an
administered interview and later were recontacted and asked to
participate in an examination. In our study, we use a two-stage
approach to solicit participation from the workers; however, they have
been informed before the interview by a series of lead letters sent to
their homes that they will be asked to participate in an interview and



an examination. Potential referents are informed that participation
requires involvement in the interview and the examination. Therefore,
workers may agree to an interview and refuse the examination, but our
referent participation rate in the study reflects a pre-selection to
participate in two parts of the study.

In the VES, 85.6% of the study group was interviewed by telephone and
69.3% of a selected subset of those interviewed received medical
examinations. These participation rates include the exposed study
subjects (Vietnam Veterans) and non-exposed study subjects (Vietnam
Era Veterans}.

In the NHANES II, which took place between 1976-1980, approximately
90% of the sample was interviewed, and 73.1% of a selected sample
agreed to be examined. Unlike our study or the VES study, the NHANES
II examination is brief and took place within close proximity of the
partipant’'s home, most often at a center in the home town, rather than
at a facility requiring air travel to reach it. On the other hand,
the NHANES Study is similar to our study in that it does request
individuals who have no vested interest in the objective of the study
to donate time to the study,

The Northwestern University Study of pentachlorophenol workers has
just recently been completed. The exposed worker group and the
referents (unexposed) were drawn from the same chemical plant
population. The interview and examinations are conducted on the same
day and at the same site, which is located near the plant.
Approximately 90% of the study population resides within 100 miles of
the study site, necessitating few overnight trips. Preliminary data
indicate that the participation rate for this study (interview during
examination) was 71.5%. The researchers do not distinguish between
the participation of exposed versus unexposed workers.

The KCI conducted a three phase population-based study of T-cell
subsets in a random sample of individuals in the Washington, D.G.
area. Individuals were selected using random digit dialing and
administered a five minute screening interview over the telephone.
79.4% responded to this questionnaire. A selected sample of the
respondents were asked to participate in a 25 minute telephone
interview. The response rate was Bl.5% in the selected sample. A
third sample was asked to to donmate a small amount of blood at a local
center. The overall regsponse rate for the phlebotomy was 66.5%.

In ordinary interview studies, the general level of participation is
80-90%, as demonstrated in NHANES II and VES. Participation in
medical examination studies is lower. 1In the HHANES II study,
participation in a brief examination near the participant's home was
73%. The Northwestern University Study included in a one-day exam at
site close to most participating workers; the participation rate was



71.5%. In the VES study, the medical examination was comparable in
length to our NIOSH examination and conducted at the same facility in
New Mexico; participation was 69.3% overall by the veterans. Our
study referents differ from this group because they have no vested
interest in participating.

Our study is unique because it requires individuals (referents) who
are not directly involved with the goal of the study to spend
considerable time and energy to travel, in many cases, great distances
from their home to participate in the study. Based on the
participation rates of other studies, we feel that we are achieving an
acceptable overall participation rate in our study among the workers
and the referents. Overall participation in interview and examination
for the workers is 83.8%. To date every worker has a matched referent
who participates in the interview and in the examination.

B. Assessment of the Adequacy of the Referent Population

Ag described in the protocol (Attachment 5), referents for this study
are selected from among individuals living within the census block of
the worker who match the worker by age (within 5 years), gender, race,
and who were never employed at the study plant, A detailed
description of the selection algorithm is included in the protocol.

As of April 1, 1987, we have sought matched referents for 44 workers.
We invited 101 individuals who are eligible for participation as
referents for the 44 workers in order to obtain the 44 referents who
have agreed to participate in both the in-home interview and the
two-day medical examination. Therefore, we have obtained matched
referents for all of the workers for whom they have been sought. To
date, it takes invitations to 2.3 eligible individuals (101/44) to
obtain a referent who agrees to participate in the interview and
examination.

The referent selection algorithm described in the protocol was
designed to obtain an unbiased sample of eligible referents. 1In the
selection process, the interviewer must enumerate households in the
census block in which the worker resides, starting at the northeast
corner of the census block and proceeding in a specified order. The
interviewer ascertains whether each household contains an individual
meeting the eligibility criteria until she locates g$ix suitable
individuals. Each eligible individual is assigned a sequence number
as he/she is identified. The sequence numbers are randomized at the
contractor's office, and the interviewer must interview the eligible
individuals in the randomized order.

As of April 1, we have received from the contractor copies of
interviews of 38 referents. We have reviewed the 38 referent
interviews to evaluate the number of contacts required to obtain the
eligible veferent for each of 38 workers.



# Contacts Necessary # Referents Obtained X Referents Obhtained

1 16 42
2 5 13
3 7 19
4 2 5
5 3 8
6 5 13
Total _ 38 100

Forty—-two percent of the referents were obtalned in the first
contact, more than 50%Z of the participating referents were located
after the second contact, and more than 707 after the third contact.

It should be noted that our selection algorithm sets up a random
order of contact for the six matched referents identified for each
worker. We utilize a gystem requiring contact of the next (randomly
assigned) matehed referent following a refusal by a potential
referent as a substitute for heavy "refusant conversgion" procedures
utilized in many studies. Under this system, any of the six possible
referents should be an equivalent random match for a worker.

The concern to be addressed regarding the level of participation in
any study is whether bias 1is introduced in the comparison group
because the inviduvals who don't participate may be different from the
participating referents, In order to evaluate whether or not the
participating referents (respondents) and the nonrespondents
(eligible matches who refuse to participate) are similar, we are
administering a brief questionnaire to every eligible individual in
our study who refuses the interview and examination., The interview
obtains basic demographic data inecluding years of education, totel
income, and limited information on curremnt and past medical
conditions. The questions are worded exactly the same as on the
questionnaires administered to participating workers and referents.

As of April 1, 1987, we have received from the contractor completed
questionnaires for 38 referents and 18 nonrespondents. To evaluate
whether there are meaningful differences in the overall
characteristics of participating referents and the nonrespondents, we
have examined information on income, education level and



self-perceived health status., The results are presented in
Attachment 10, Tables 1,2, and 3. Comparison (chi square) of these
three indices indicates that there is no statistically significant
difference between the referents and the nonrespondents on these
characteristics. Based on this preliminary information, we believe
that the referents and nonrespondents are similar in income,
education, and in self-perceived health status. Because of our
matching criteria, we know that the participating referents and the
nonrespondents share the same characteristics of age, gender, race,
and resident neighborhood,

Tables 4, 5, and 6 of Attachment 10 indicate that the workers and the
referents are also similar in income, education, and self-perceived
health status.

“HHS will ensure the quality and appropriateness of survey
instruments.”

We are utilizing the following survey instruments, which form the
basis of our interview data collection.

a) Demographic and Occupational History Questionnaire. This is
given in the home of the participant by trained interviewers
with an average length of field interview experience of
approximately 12 years.

b)  Medical History Interview. This is given during the medical
examination day by a nurse and a physician's assistant who are
experienced interviewers,

c) Wives Reproductive Interview. This is given by telephone by
experienced interviewers at Research Triangle Institute.

d) Refusant Questionnaire. This is given at the home by the
interviewers to individuals who refuse to complete the
Demographic and Occupational History Questionnaire.

e) Various instruments specific to the medical, neurobehavioral and
psychological tests.

We believe that the instruments are of high quality and are
appropriate to obtain the data needed for the study. These
questionnaires were designed to obtain demographic information,
detailed information on occupational dioxin exposures to
2,3,7,8-TCDD~contaminated material, and information on confounders
for hypothesized medical outcomes, medical and reproductive
histories, current symptoms, names of medical providers from whom
medical records can be obtained to document medical problems, and
demographic and health informastion from persons who refuse the



interview or exam. Other data collection instruments and
questionnaires utilized in the various medical and psychological
tests are specific to the particular test.

We have taken the following steps to ensure the quality and
appropriateness of the instruments:

1’

The questions are designed to provide appropriate data for
testing of the a priori hypotheses of this study.

We utilized the questionnaires of the Air Force Ranch Hand
Study, the CDC Veterans Experience Study, N HANES, and others as
background in preparing the questionnaires. We focused the
instruments on medical outcomes which had been reported in the
literature to have an association with dioxin exposure, and we
added some medical tests as a service to the participants.

Each section of the medical history questionnaire and the
questionnaires used in the medical exams was reviewed by an
expert in the appropriate field. We specifically asked the

“experts to determine whether the responses would permit us to

test the hypothesis of interest. We also asked each expert to
assess whether the instruments adequately addressed potential
confounders.

Medical records are being obtained to confirm medical conditions
reported by participants and which have been previously reported
in the literature as health effects related to dioxin exposure.

In order to obtain the most accurate information possible on the
occupational histories of the workers, the worker is presented
with the employment history obtained by NIOSH from company
records and asked at the time the demographic and occupational
interview to confirm, deny or amplify the information on each
job he held while working at the New Jersey facility.

The instruments are pretested and are administered by
experienced interviewers with extensive survey research.

The contractors provide manual and machine edits to check for
missing data and illogical responses., NIOSH has independently
developed edit programs to provide further checks of the
contractor edits.

Responses to Other Concerns of OMB

In addition to the three points enumerated above, the OMB letter of
January 7, 1986 points out several other concerns. We list them here with
our responses:
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(Paragraph 2, lines 9 and 12) "...we continue to have reservation
regarding the ...practical utility of study results.”

We believe that the results of the study will have several practical
applications. For example, we will establish the range of dioxin
levels in the bodies of workers with known exposure to
dioxin-contaminated products. The Missouri workers who have high
levels of dioxin in their bodies are extremely worried about their
health, and there are thousands of other workers with known dioxin
exposures, If Phase II is conducted, our study will have adequate
statistical power to address concern about some health outcomes. The
results of our study will also be of benefit in extrapolating to the
possible health outcomes of community residents with substantially
lower body burdens of dioxin, as wel) as to Vietnam veterans.

Currently, the CDC and the Air Force are conducting studies in which
the levels of 2,3,7,8-TCDD are being measured in the serum of
veterans. Our study will provide data on serum 2,3,7,8-TCDD levels
in workers with a wide range of occupational exposure levels.
Interpretation of the levels of serum 2,3,7,8-TCDD in all three
studies will bring us closer to understanding whether exposure to
dioxin-contaminated products is associated with hypothesized medical
outcomes,

There are thousands of citizens and other workers in Missouri, New
Jersey and elsewhere who fear that they have been exposed to dioxin
and who worry whether they will suffer medical problems because of
that exposure. Because there is documented evidence that the
Missouri workers had substantially higher than background serunm
levels of 2,3,7,8-TCDD with less than 2 yvears of exposure, our study
may provide evidence that persong with minor exposures are not at
excess risk, if the results show that no adverse health effects are
related to body burden of 2,3,7,8-TICDD or length of employment in
contaminated production processes.

The State of Hew Jersey is under a court order to conduct a study of
all workers employed at the New Jersey facility. The New Jersey
Department of Health informed the judge that the department is
collaborating with NIOSH to conduct this study.

(Paragraph 3, lines 6 - 9) "This study should be constructed in such
a way that if the design is demonstrated as workable, the results
could be merged with results of any subsequent data collection.”

We believe that our experience with Phase I has demonstrated that the
study design is workable. Prior to initiating Phase I, we took great
care to develop fully all questionnaires and to establish careful
standardization of all medical and psychological test

administration. We are very pleased with the performance of the
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contractors in the conduct of the interviews and the medical and
psychoiogical tests. Consequently, there will be no major changes
made in the questionnaires or tests, and the data will be collected
in the same manner during Phases I and II. Therefore, all data can
be merged. ’

As we noted above, we hope to obtain a rapid decision from OMB
regarding Phase II in order that the contractor can retain the
experienced staff members who have conducted Phase I. If we must
conduct Phase TI with new, inexperienced staff, that would be the one
area in which we might experience problems in equivalent data
collection.

3. (Paragraph 3, lines 13 - 16} “Future consideration of the remainder
of the study will be dependent on the demonstration that the
objectives of the full study can be reasonably met, as shown through
the experience gained.

We hope that we have demonstrated that our experience of Phase I
shows that the full study can be conducted with an excellent
participation rate, with appropriate quality survey instruments, and
with adequate standardization of test administration.

Request for A Rapid Response from OMB

We have two concerns which prompt us to request a rapid approval by OMB
permitting us to award the contract for Phase IX: 1) We would like to
save approximately $200,000 by avoiding two months of “downtime”, and 2)
We would like to retain the experienced staff of the contractor by
informing the contractor as soon as possible that the contract will
continue on to Phase 1II.

- 12 -



ATTACHMENT 1

S

EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE DF 1) NAGZLIINT AND BUDGET
WiRMNGTEM. DL

JANT %86

Honorable John J. 0'Shaughnessy
Assistant Secrstary for Managsusnt and Budget

Departuent of Health and Humsn Ssrvices
Washingten, D.C. 20201

Dear Mr. O'Shaughnessy:

In your letter of December 11, 1985, you requested that OMB
reconsider its disapproval of the Information collection entitled
"Diexin Morbidity and Reproductive Study of U.S. Chexical

Workezs" sponsored by the Waticnal Institute for Occupational
Safety and Health (NIOSH).

We have carasfully reviewed the additional material submitted with
your appeal, and huve &laso dlacussed your propossl with other

interestud parties within the Exacutive 0ffice of the Prasident
(202}, As you point cut {n your letter, and which was not clesr

to us from your original proposal, the wunique aspect of this

NIOSH dioxin study {s that it has the capacity of producing
exposurs data that other dioxin studies have not bdeen able to
provide. While we agree thet this sxpoaure data could contribute
significently to the stute of the art, we continue to have
reservations regarding the degree to which there will be sdegquate
variation in exposurs levela, appropriate selection of the
control cases and the practical utility of study resulits.

Therefore, we will agree to approve a portion of the study during
which BHS will: (1) complete the exposure aodel and develop
exposure estimates for the entire ssmple, (2} svaluate the
ability to select and recruit appropriate control cases, and {3)
ensure the quality and appropriateness of survey instrumants.

This study should be constructed in such a way that {f the design
is demonstrzaced as workadls, the results cculd be merged with

results of any subsequent data collection, The sample for this
pertion of the study shall not exceed 80 and shall be drawn .
sxclusively from the New Jersey site. The results of this study
shall bs submitted to OMB and will be shared with other ECP
offices and with the Agent Orange Working Group (AOWG) Sclence

Panel. Future eensideration of the remainder of the etudy Hiil_.
bs depandent on the danonstration that the objectives of the fuill
study can De resasonably Zet. s shown through the experience
galned. Once the tachnical ednlerns are resclved, the practical
utilicy ©f the study susc be demoracretwd.




A revised requast for OMB approval should be submitted through
sorsal channels, and we proniss to review your request
axpeditiously. 1f you have any questions regarding this matter,
Plesse have your staff contact Fay Iudicello at 395-7316,

Sincerely,

§IGND

Robert P, Bedell

. Deputy AMdainistrator
0ffice of Information
and Regulatory Affairs
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ro: JNSEPY P, COSTA ACTION DATE
RRPARTMRNT OF HEALTY AND HUMAN SERVICES
5267 JUBERT 'IUMPHRZY BRUILDING
HASHINGTON, D, C. 20201
Centers for Disease Control 10/17/88

N 37 /19/25, Y3 REJUFSTIO APPROVAL OF THE PILLORING INFOPWATION COLLFCTION:
FITLE: DIOC

XIY
\GENCY POPNM NOS,.:

N ACCNRNANCPR WITZ THZ "MDERYORK RTDUCTION AT, WE HAVE TAKEN THY® FOLLOWINS
\CTION ON THIS IMFORMATINN COLLECTION:

{OT APPRNVEN, SWRE WRTMARYSW RITIV.

IPPECT ON BURDEN: RRSMONSES REPORTING HOURS
'REVIQUS STATUS 0 0
IEW STATUS 0 0
YIPFRRENCE 0 0
'RMAPRKS:

ot aporovel, conduct of this study is unnecassary in view of

he fact that wark=crs proposed for examination are already

ncludel im nioshs 1inxin reqistry study of dioxin-exposed chemical
‘orkers, and since numerous ?ioxin exposure in the voarkplace studies
.ave been conductel , to which the proposed study would add little
f any, further intelliqence.



L. I:S' * NOTICR OP JPPICR OF MANAGEMENT AND BUDGET ACTION PAGE 2
JNR NO. XXXX-XXXX

\BSTRACT:

LHIS EBEPIDEMIOLOSTCAL STUDY OF WORKZRS IN TWO THEYYCAL PLANTS IN NEW
JERSEY AND NISSOORI IS DESTGNED TO DETERMINE WHETAPRR THERE MAY BE A
TAUSAL BELATIQUSHTY BETWREN HPALTH PROBLENS AND BXPOSORE TO TCDD
{DINXIN), THE RESULTS WILL AE OSED ¥OR RPCOHHEﬁDlT101S AND INTERVENTION
JROGRANS FOR PERSONS PYPNSED TO TC0D,

\LLOWANCE LETTZR: NO PUNCTION: NMOLTIPLE FONCTIONS

IN PLAR: YES FXCEED BCDGET: NO IS04(H) : N/A
10. OF PORMS: 1 TSE: PUBLIC REQUEST: NFW
IESPONDENTS: 528 RESPONSES: D HOORS: O

+FPRCTED PURLIC: TND/HHYLD

'MALL BUSTNESS: NO ACTIVITY TYPE:
'ORPOSE: RESEARCH

'REQUENCY: OTHER

'OLLECTION METHOD: MAIL S/A

ETENTIOY: COLLETTION AGENT: RQSTNG DPT/ARGCY CONFIDENTIALITY: NO
"O¥PULSORY STATHS: VOLINTARY
'EDERAL COST: PUBLIC COST:

EVIEWER: FAY 5. IUDTCPLLO
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PPROVED BRY: 1/5/7IAMRS B, MACTA® PCR !QPPICE OF TNFORMATION 110717785
t $AND RRSULATORY AFPAIRS L

e A e W e g AR Ay W WY wn N EEal whw wy w e W L A WS WS W U D SR s R N A N A e I N R T Ul e b ol ek



- - o N LI

ATTACKRENT 3

DEPARTMENT OF HEALTH AND NUMAN SERVICES

nov 12 Y85

Acting Director

Contere for Disssse Contrel

Raquast te Appsal OB Deecteiom Mot te Approve Dioxim Study
ithe Acting Aseistant Secretary for Lsalth

We request that the Departaent of Health amd Human Services appeal the OMS
decision not te spprove the Canters for Disease Comtrol (COC) “"Study of
Parsistent leslth Lifects amoug Chemical-tierbicide Workars and Community
Residents.” Ila theiry decision, UNB stated:

Conduct of this study 1s unaecessary in view of Che fsct that
wotkars proposed for examination are alrsady lucluded in NIOSH
. dioxia reglacry study of dioxin-exposed chemicsl worksrs, and
. since numeTous dioxin exposure ia the workplace etudies have
bsen conducted, to which the preposed study would sdd lictle,
it any, further incelligsaca.

e neaed considerable additiocnsl intelligence. Several Federal organizations
are concerned with the possible adverss baalth effects of dioxine. lhey
include the Canters for Disessa Control [Nsticnal Institute for Occupstionsl
Safety and Health (NIOSHE) and Cantsr for Environmental heslth (CEH)),
Occupational Safeaty snd Health Administracion (USHA), Agency for ‘ioxic
Substances and Dissass Registry (ATSDR), and Environmental Protection igency
(ZPA)s Within their respective missions, all of these organizations have
raised the fasue of the health effects of dioxine NIUSH and USHA are
particularly concernad with the hasleh of vorkers, CEM is concecned vith
nonoccupational sxposures and exposure of Vietnam veterans to
dioxin=contaninated agent orange, and ATSDR and £PA are coucerued with
Superfund eite exposures.

1

Ia most circumstances of exposurs, other .than the occupational setting,
thete are counsiderabdle difficulties in documenting the ocecurrence of
exposure and szposure levels: Generally im nomoccupational settings
exposures are at low levels, sad they are {ntermittent, Exposurs of the
population to be ptudied im the NIOSH dioxin morbidity study is molw certsiin”
and higher tham is geverally found. If the results of this study show ao
adverse health effects, thers will be good reasoa not te initiate say nev
genetal populatiom dioxis bealth effects studies. If the study does show
hsalth effects, sny oev studies vhich night be ifndicated can be more
sffectively focuseds ATSDR i3 wnder pressure to do more studies relatiag to
Superfund sites. However, 1if the NIOSA dioxin morbidity study is dome,
ATSDR will not inittate say new studies until the results of this study are
available.
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DEPARTMENT OF HEALTH AND RUMAN SERVICKS

Page 2 = The Acting Assiotant Secretsry for Leslth

On Ssptenber 25, 1984, the Science Pansl of the Agent (xaunge Working Growp
concluded that, "both the Mortality Study and the Morbidity ftudy are well
designed snd carefully considered sod sbould provide wseful information os
the possible long term effscts of induetrial exposure to dioxim contaminsted

producta.”

as appropriate resourcas cam be allocated (Tabd a).

Thm Sciance Fanel recommended that bdoth Studies procesd as ecoes

oth the States of Missouri snd lNew Jersay are collaborators ia the study.
The State of Nev Jersey requasted Federal sseistance to conduct this study

ta Auguet 1983 (Tab 3)»

In Pebruary 1985, the New Jersey Commissioner ol

Health sdvised that the atudy was pert of s Civil Action Order (Tab C).
EPA has approvad funding for the Study and firmly supports the project.

Attached ars a datuhii appeal statement (Tab D) and s response to the

statistical questions vaised ia the previcus reviev (Tab E). ~

) '.‘)‘"‘ﬂ
' i
) Doecald R. Hopkins, M.De
’ Assistant Surgson Gensral
Attachmants
Tab A3 Sciance Pszusl Rscommendaticas
Tab Bt October 1934 Letter froam New Jaraey
Tab C: 7ebruary 1985 Letter from New Jersey
Tab D4 Decailed Appesl Statesant
Tab &t Response to Statisticsl (uastions
ecs
cbC/v
ob .
OPPK
" N10OSH
CEH
ES/pHS
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ATTACHMENT 4
January, 1987

RXECUTIVE SUMMARY: STUDY OF PERSISTENT HEALTH BFFECTS
IR CHEMICAL-HERBICIDE WORKERS AND IN COMMUNITY
RESIDENTS OF UNKNOWN EXPOSURE STATUS

EXECUTIVE SUMMARY OF STUDY PROPOSAL
I. Purpose!

The purpose of this cross-gectional morbidity study is to determine whether
workers employed at two facilities in the United States experience any
long-term health effects as a result of their past exposure to contaminants of
chlorophenoxy herbicides particularly 2,3,7,8-tetrachlorodibenzo-p~dioxin
(2,3,7,8-TCDD). The health status of chemical-herbicide workers will be
compared to the health status of unexposed individuals matched to the workers
by age, race and gender and living at the time of the study within the
community of the worker.

II. Study Population:

The study population will consist of all employees of & plant formerly located
in Newark, New Jersey who worked in the production of phenoxy herbicides
including 2,4,5-trichlorophenoxy acetic aclid (2,4,5-T)and 2.4-dichlorophenol
(2,4-D) and intermediate products such as 2,4,5-trichlorophencl for 1 or more
days between 1946 and 1969, when the plant was closged,

The study population will also include employees of two companies, located in
Verona, Missouri who worked in the production of 2,4,5-T, Agent Orange, and
hexachlorophene. Both companies operated sequentially between 1968 and 1971
in the same facility and with some of the same employees.

Four hundred ninety seven (497) workers meet the definition of exposure at the
Hew Jersey facility, of which 100 are known to be deceased and 30 are
congsidered to be lost-to~-follow-up. A minimum of 306 workers from this
facility (80%) are expected to participate.

Ninety (90) workers meet the definition of exposure at the Missouri facility,
of whom 4 are decessed. A minimum of 72 workers from this facility (BO%R) are
expected to participate in the study. '

A vomparison group of approximately 450 persong will be identified from the
communities in which the workers reside at the time of the study. The
referents will be individually matched to the workers on the basis of age (+ 5
yeara), race and sex. Use of community based referents will control possible
confounding effects of socivceconomic status.
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Wives and former wives of workers and referents will also be interviewed to
evaluate the assoclation between occupstional exposure to TCDD and decreased
fertility in the workers and spontaneous abortions, stillbirths, or congenital
malformations in the offepring of male workers.

IIXI. Study procedures:

Information on worker and referent health status will be collected through a
comprehensive set of interviews and medical examinations. Interviewer
administered questionnaires will elicit lifetime medical history, and detailed
occupational and reproductive history of esch participant. Medical records
will be obtained to verify self-reported health outcomes which have been
previously assocliated with dioxin exposure.

The medical examination will include a general physical, dermatologic and
neurclogic examinations, pulmonary function teste, chest X-ray (optionmal),
thermal end vidbration quantitative sensory tests, nerve conduction velocity
test, psychologic and neurobehavioural assessments, delayed hypersensitivity
skin tests, electrocardiogram, peripheral pulses, and blood and urine
chemigtries.

Exposure statug of each worker will be assessed using a compilation of data
from company personnel and industrial hygiene records and self-reported work
histories. Estimates of worker exposure to dioxin will be constructed using
company and governmental records of TCDD levels in 2,4,5-T products and in the
work environment,

Body burden of 2,3,7,8-TCDD will be mesasured in the serum of each participant
of the medlcal examination. These data will be used to verify the exposure
matrix and to estimate levels of 2,3,7,8-TCDD acquired as & result of
workplace exposure.

IV. Analysis

The health outcomes in the exposzed workers will be compared to those of the
metched referents. The strategy for statistical analysis will involve 1)}
evaluation of crude associations, 2) stratified analysis, 3) assessment of
dose-~response relationships, and 4) multivariate analysis.

V. Logistics

The data collection and medical examinatlion components of thig study will be
conducted under contract by the Lovelace Medical Foundation, Albuquerque, New
Mexico. NIOSH has prepared the content-prototype for all questionnsires and
all other data collection instruments. The BIOSH Project Director will
overses all contractor activities including interviewing and performance of
standardized medical examinations to ensure the quality of the collected
data. Data analysis will be conducted by MIOSH under the direction of the
Project Director.
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The study will be conducted in two phases. Phase I will include the interview
and examination of a 80 workers previously employed at the Newark, New Jersey
facility, 80 referents, and the interview of a total of 160 wives. The gample
of 80 workers will be selacted from a stratified random sample of the
surviving workers of the New Jersey facility. Phase I began on November 21,
1986. Field work, including interviews and medical examinations will begin
about March 1, 1987. Phase I is expected to be completed during Septeaber,
1987. Phase II, if conducted, will include the interview and examinastion of
approximately 200 workers from the New Jersey facility, their corresponding
referents and wives, and the interview and examination of approximately 90
workers, corresponding referents and wives from the Missouri facility.

Phase II will be initiated after the data collection fo Phase I has been
reviewed. The review will be based on three criteria:

1. participation rate in Phasgse I.

2. completion of exposure model and development of exposure estimates for
the entire sample.

3. evaluation of quality and appropriateness of survey instruments.

If data collection for Phagse I is successful, Phase II field work will begin
approximately in September, 1987, with data collection to be completed
approximately in November, 1988, Dats generated from both Phases I and II
will be collected in a manner such that the dgta from both phases can be
combined in the final analysis.
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PROTOCOL FOR A STUDY OF CHEMICAL-HERBICIDE WORKERS EXPOSED TO
MATERIALS CONTAMINATED WITH 2,3,7,8-TETRACHLORODIBENZODIOXIN

Introduction

The dioxins are tricyclic chlorinated phenoxy compounds. Among the 75
isomers, one of the 22 tetra isomers is 2,3,7,8-tetrachloro-
dibenzo-p-dioxin (2,3,7,8-7CPDh), It is formed as a contaminant of
geveral compounds which have had wide industrial and environmental
application, including trichlorophenol (TCP},
2,4,5-trichlorophenoxyacetic acid (2,4,5~T), 2,4,5-T esters, 2,4,5-T
amines, 2,4,5-trichlorophenoxyproplonic acid (Silvex), Silvex esters
and amines, and hexachlorophene.

First produced in the U.S. in the 1940's, the 2,4,5~T-based herbicides
were widely used for roadside and railroad right-of-way foliage
contrel, and for eradication of broadleaf species in evergreen forests
until 1979, when the Environmental Protection Agency restricted their
use. Reports of human exposure to these chemicals began in the late
19408 after an explosion in 1949 at a plant in Nitro, West Virginta.
Since that time, research concerning the heslth effects of such
exposure has continued. Subsequent studies and case-reports have
suggested that a multiplicity of health effects result from exposure to
2,3,7,8-TCDD-contaminated products and materials.

The U.S. military sprayed approximately 11.2 million gallons of a 50:50
nixture of the butyl esters of 2,4,5-T and 2,4~dichlorophenoxyacetic
acid (2,4-D), known as Agent Orange, on Vietnamese forests and crops
during the Vietnam War. Envirconmental contamination with 2,3,7,8-TCDD
in the United States was not known to be a problem until the recent
discovery of widespread environmental contamination in Missouri, that
resulted from application of contaminated waste oil to dusty areas.
Even more recently, worksite, neighborhood, and waste disposal site
contamination in New Jersey suggest that the problem of envirommental
contamination has not yet been fully assessed,.

Background
A. Suspected toxilcity of 2,3,7,8-TCDD to humans

Human health effects associated with exposure to the
phenoxyherbicides and their contaminants have been reported in
several settings, but chiefly in groups occupationally exposed to
the manufacture of products containing 2,3,7,8-TCDD as a
contaminant. Since the first explosion in a U.S5. TCP production



plant in 1949, Kimmig and Schulz (1957), Bauer et al. (1961),
Bleiberg et al. (1964), Goldmann (1972), May (1973), and others have
described workers affected by acute exposures during industrial
accidents occurring in the United States, Europe, and Great

Britain. A second source of information is that collected on
workers with chronic or sub-acute occupational exposure during the
synthesis of herbicides and fungicides, by Poland et al. (1974), May
(1982), Walker and Martin (1979), Cook (1980), Ott (1980),
Pazderova=-Vi jlupkova (1981), Crow (1982}, and Singer et al, (1982),
Zack and Suskind (1980), Suskind and Hertzberg (1984), and Moses et
al. (1984)., 1In several of thege gtudies, workers were followed or
seen after intervals of 10 to 30 years following exposure.

A series of investigators have documented the medical sequellae of
the industrial accident at Seveso, ltaly, in which community
residents surrounding the factory became i1l after exposure to
2,3,7,8-TCDD~contaminated emissions (Regglani, 1978; Reggiani, 1980;
Pocchiari, 1979). In two other discrete incidents, illness
attributed to 2,3,7,8-TCDD has been reported. Three laboratory
scientists synthesizing pure 2,3,7,8-TCDD displayed health effects
deemed related to 2,3,7,8~-TCDD exposure, desplte careful precautions
{0liver 1975). In 1971, in Missouri, horges, birds, and other farm
animals sickened and died, and humans reported illness after
exposure in horse arenas sprayed with 2,3,7,8-TCDD~contaminated
waste oils (Carter et al, 1975, Kimbrough et al. 1977). Additional
studies of other Missouri residents exposed to contaminated soil
around their homes, suggest a change in the immune function in the
exposed (Hoffman, 1986), The Hoffman study is presently being
repeated to verify the findings.

The illnesses or health effects which have been attributed to
2,3,7,8-TCDD or to the substances of which it is a contaminant are
many, although some patterns have emerged; and the evidence for the
association with 2,3,7,8-TCDD is stronger for some effects than for
others, Chloracne, a persistent acneiform eruption associated with
exposure to a number of chlorinated hydrocarbons, 1Is certainly
asgociated with 2,3,7,8-TCDD. Porphyria cutanea tarda, neurclogic
abnormalities, hepatic injury, 1lipid abrormaljities, neurobehavioral
alterations, and immunclogic dysfunction have also been associated
with exposure to dioxin-contaminated materials. Additional effects
reported in human populations have included abnormalities of
pulmonary function in exposed smokers, gastric ulcer, increased
prevalence of coronary vascular disease, Peyronie's disease,
impotence, and decreased libido (Suskind 1984). For many of these
effecta, the epldemiologic data are suggestive but by no means
definitive,



In addition to questions about the effects of 2,3,7,8-TCDD in humans
following accidental industrial and laboratory exposures or chronic
workplace exposures, Swedish studies have implicated
2,3,7,8-TCDD~contaminated herbicides as a risk factor for soft
tiasue sarcoma in occcupationally exposed groups. Vietnam war
veterans in the U.S8. are concerned about possible carcinogenic and
teratogenic effects as a result of thelr putative exposures to Agent
Orange during the Vietnam war. This widespread concern about the
Vietnam experience coupled with envirommental contamination with
2,3,7,8-TCDD in several areas of the U.S,, has fueled medical,
govermment, and public concern over the public health threat of
dioxin. (See Appendix A for a more detailed discussion of the
toxicology and toxicity of 2,3,7,8~TCDD and contaminated
phenoxyherbicides,)

Hiastory of NIOSH's Involvement in Dioxin-Related Research

NIOSH has had a long-standing interest in the issue of dioxin as an
occupational toxicant and carcinogen, because of the animal toxicity
of 2,3,7,8~TCDD and relevant humsn data, and because of
2,3,7,8-TCDD's importance as a contaminant in trichlorophenol
production and related chemical processes. Accordingly, NIOSH began
in 1979, to accumulate data for a registry, which contains work
histories and exposure information about the 7,000 U.S. workers
employed in production processes of TCP, 2,4,5~T, hexachlorophene,
and pentachlorophencl which 1s reported to be contaminated with
hex-, hepta—, and octa-isomers of dioxin., A study is underway to
assess mortality experience of the Registry membership.

The mortality study cannot, however, clarify the issue of long~term
phenoxy herbicide and dioxin-related morbidity, It is not clear
whether the reported neurologic, hepatic, metabolic, immunologic
deficits, and other health effects may be long-term, and no large
cohort with an adequately defined range of exposures or an adequate
comparison group has been studied to evaluate statistically these
hypotheslized outcomes. Questions about reproductive impairment
remain unanswered, as do questions about carcinogenesis. Because of
this plethora of unanswered questions and the development of the
Registry, NIOSH has for several years contemplated a future study of
morbidity based on the worker populations in the Registry.

There are fourteen plants in the Registry which would theoretically
be potential gtudy populations for an examination of long-term
morbidity. However, the States of Missouri and New Jersey have
requested that NIQOSH assist them in an evaluation of the health of
workers employed at two chemical~herbicide plante which are located
in those states and which are also part of the NIOSH Dioxin Registry.



ITI. Study Design

A.

B.

Overview of Study Type and Objectives

This protocol presents the plan to conduct a cross—gectional
epidemiologic study of living workers to evaluate the prevalence of
chronic medical conditions related to past exposure to chemicals
contaminated with 2,3,7,8-TCDD. The study also includes a
longitudinal component to assess overall past exposure to
2,3,7,8-TCDD-contaminated waterials and past history of medical
conditions. Outcomes of interest will include a number of
biological measures of current health status previously reported to
be related to 2,3,7,8-TCDD exposure. Additional information to be
collected includes medical history, personal habits, and employment
history., Certain key medical conditions will be confirmed through
medical records. These data will provide concrete information about
the current health status and prevalence of diseases or blologically
relevant medical effects in this population of workers exposed to
2,3,7,8~-TCDD~contaminated materials.

Description of the study cohorts

The study population will consist of living individuals from two
chemical manufacturing plants located in New Jersey and Missouri.
The New Jersey plant located on 80 Lister Street in Newark operated
between 1951 and 1969, producing trichlorophenol, chlorinsted
benzenes, phenoxy herbicides, and other pesticides, The total
workforce was about 490 workers. Two studies of some employees of
this plant were published, the first by Bleiberg et al, (1964) and
the second by Poland (1971). The occurrence of a large number of
cages of chloracne throughout the history of the plant, suggests
that

2,3,7,8-TCDD exposure was prevalent and ongoing. Although, for a
short time, hexachlorobenzene was used at the plant, data to support
its role as a chloracnegen is sparse (Taylor, 1978); however, its
role as a porphyrogen is well documented (Cripps, 1984), No other
suspected chleoracnegen was manufactured at the New Jersey plant,

The Missouri plant employed about 90 workers in the production of
2,4,5~T for four months in 1968, and hexachlorophene for two years
in 1970-1971. There is no documentation of chloracne in this
pepulation. However, recent information indicates plant employees
involved in the production of 2,4,5-T and hexachlorophene were
exposed to high levels of 2,3,7,8-TCDD (unpublished).

The total study population described above numbers 576, Thirty-five
of them are female. As of June, 1986, 448 are believed alive.
Where possible, current addresses have been obtained for these



individuals, and death certificates will be obtained for any
deceased, Follow-up of the two groups to date indicates that
gurviving workers from the two plants are presently located in 38
states and territories, with 254 New Jersey workers still living in
New Jersey, New York, or Pennsylvania, and 5% Missouri workers still
living in Missourl. A comparison of surviving workers who remained
in the contiguous geographic area with those who moved away shows
that they are similar with respect to date of birth, date of hire,
and duration of employment at their regpective plante. Desplte the
wide geographical dispersion of the cohort, we propose to invite to
participate in the study all workers from the New Jersey facility
and all production workers employed in dioxin-contaminated processes
at the Missouri facility .

C. A two~phased study approach

The study will be conducted in two phases, Phage I will include an
in-home interview and a medical examination of 80 workers previously
employed at the New Jersey facility, 80 matched referents, and the
interview of a total of 160 wives, The gample of 80 workers will be
selected from a stratified random sample of the surviving workers of
the New Jersey facility.

Phase II will include the interview and examination of approximately
200 workers from the New Jersey facility, their corresponding
referents and the wives of workers and referents, and the interview
and examination of approximately 90 workers from the Migsoorl
factlity, their referents, and wives of both workers and of
referents.

Data collection for the study will be conducted under contract by
the Lovelace Medical Foundation (LMF) and the Research Triangle
Institute (RTI). The fixed price nature of the contract dictated
that we set minimum levels of achievement for the contractor. If
the contractor does not achieve the negotiated levels they will be
in default. We set participation limits for the in-home interview
and for the medical examination., Thus, for the New Jerssey cohort
in Phase I, the contractor must interview no less than 80% of the
workers and the referents, and must examine no less than 707 of the
workers and 60% of the referents. Therefore, in Phase I, out of 80
workers and 80 referents, 64 workers and 64 referents are to be
interviewed, and 56 workerse and 48 referents are to be examined.
Similariy, in Phase II, for the New Jersey plant cohort, the
contractor must achieve the same percentages of interviews and
examinations as in Phase I. For the Missourl cohort, the contractor
must achieve an 80% participation rate for the in-home interviews
and a 60 and 50% particlpation rate for the workers and referent
examinations, respectively. Therefore, 222 New Jersey workers and
222 referents will be interviewed, and 195 workers and 166 referents



will be examined; 72 Missouri plant workers and 72 referents must be
interviewed, and 54 of those workers and 45 referents must be
examined.

Referent Selection

Referents will be selected from the community in which the workers
regide at the time of the study, and will be matched to each worker
by age, (+ 5 years), race, and gender. Follow-up letters will be
sent to referents after they have been contacted in-person, to
introduce the study and to request their participation,

Referents are selected using a protocol which requires that the
interviewer follow standard survey procedures to enumerate
households in a specified area, to identify nonexposed individuals
who satipfy the gpecified matching criteria, and to recruit
acceptable participants into the study. The method used to
construct the gelection algorithm ig described below.

Before reviewing the selection algorithm, a discussion of the
uniqueness of thig study is warranted, This study design, which
asks a group of individuals with no vested interest in the study
objective to travel to a city a great distance from their home, and
to take a comprehensive physical examination, has heretofore not
been attempted, While other studies have requested particlipation in
examinations away from the participants home, the examination site
has been near to their homes (NHANES), or all the participants
(exposed and nonexposed) have a readily identifiable bond to the
study purpose and objectives, e.g., the CBC Vietnam Veterans Study,
the Airforce Ranch Hand Studles, and the Northwestern University
Study of pentachlorophenol production workere (the referents were
gelected from among, nonexposed, long-term workers from the game
plant).

Once the assigned worker has been located and interviewed, the
interviewer must enumerate all hougseholds within the census block of
the interviewed worker, beginning in the northeast corner of the
cengus block. During the enumeration process, the interviewer must
determine the households within the census block in which nonexposed
individuals matching the age, race and sex c¢riteria live. The
interviewer must enumerate the neighborhood households until she
finds a maximum of 6 individuals who match the worker. Each match
is assigned a sequence number according to the location of his/her
housing unit in the enumeration process relative to the northeast
corner of the census block, The sequence numbers are randomized at
RTI and the interviewer must approach the matched individuals in the
randomized order. Therefore, the interviewer cannot interview the
individual that is most convenient, thus eliminating any selection
bias that may occur due to the respondent's avallability during a
certain time of the day, or by interviewer whim,



Once in the home of the matched nonexposed individual, the
interviewer describes the purpose of the study, the requiremente of
participation, and the benefits to the individuals who participate.
Information about the study, including a fact sheet and introductory
letters, are left with the potential referent, If the individual
agrees to participate, the interviewer will administer the
Demographic and Occupatlonal History Questionnaire, describe the
medical examination at Lovelace Medical Foundation (LMF) in
Albuquerque, New Mexico, and show him/her a brief film about LMF,
the exam and Albuguerque.

Sample Size
Power Calculations

Power calculations are characteristically conducted prior to the
onset of a study to determine the statistical ability of the sample
to detect statistically significant increases in the relative risk
of hypothesized outcomes, if the increase exists in the studied
population., Of the many medical outcomes which have been reported
to be related to exposure to dioxin-contaminated materials, we are
testing the hypotheses that increases in the following outcomes are
related to exposure to dioxin-contaminated materials.: in
neurological, hepatic, and dermatologic conditions, elevations in
the prevalence of cardiovascular digease and lipid disorders, and
adverse changes in the immunologic eystem. Only a few of these
conditions have been examined in well-controlled studies of
individuals exposed to dioxin-contaminated wmaterlals.

We evaluated the power of our study, to detect as statistically
significant, the prevalence of certain conditions reported in two
studies of dioxin exposed workers by Suskind (1984) and Moses
{(1984). The conditions were found in workers involved in the 1949
explosion at a TCP production facility in Nitro, West Virginia.
These study populations closely resemble our study group because
they were occupationally exposed and are of gimllar age ranges.
Additionally, comparison of the production processes in the New
Jersey and Nitro plants suggests that they were very similar.
However, these studies had a number of methodological flaws, which
may invalidate the study results, Both of the studies were
conducted on volunteers, not on all survivors reportedly exposed to
TCDD contaminated materials. Neither of the astudies confirmed
self-reports of medical conditions through objective sources. The
Moses study used an inappropriately selected control group: exposed
workers who did not have chloracne (Moses, 1984). Because the
comparison group In the Moses Study had been exposed to
dioxin-contaminated material , and, assuming the outcomes are
related to the exposure, it is likely that the prevalence of the
examined outcomes 1s higher than reported (Table III,E,l),



The power estimates for this study were calculated for clinically
deterwined conditions and for history of conditions other than
chloracne found to be associated with employment in the 2,4,5-T
production area in the Moses and Suskind studies. These conditions
include ulcer disease, abnormal pulmonary function, heart disease,
neurcpathy and decreased libido. Power was not calculated for
chloracne because chloracne has not reported in any of the unexposed
groups. In addition to outcomes reported in the above epidemiologic
studies, there are many other conditions noted in the medical
literature which were reported to have occurred subsequent to
occupational exposure to dioxin. We will also be testing the
hypothesis that these conditions, including hirsutism, porphyria and
other liver disorders, immunologic and central nervous systen
dysfunction, are related to exposure.

Table III.E.2 lists the prevalence ratios for outcomes reported as
statistically significantly elevated in the Moses ané Suskind
studies. Table III.E.l1 presents the power in our study to detect
the veported prevalence risk ratios., Power was calculated for 358
living workers from the New Jersey plant and 90 workers from the
Misgouri plant . We used the following assumptions for the
calculations: 1) at least 70% of the workers will participate in the
exam (N=314) and at least 60% of the referents will participate in
the exam (N=268); 2) 20% of the examined workers and referents will
be under 50 years old (N=116); 3) 40% of the examined workers and
referents will be under 60 years old (N=233); 3) 20% of the examined
workers will have chloracne or a history of chloracne; 4) 35% of the
examined workers and referents will be current smokers (N=203).



Table III.E.1.

Prevalence Data from Studies of Dioxin Exposed Workers (1,2)
for Statistically Significant Outcomes
Associated with Exposure to Dioxin-Contaminsted Materials

Prevalence Prevalence Prevalence
Condition in exposed in unexposed Risk Ratio
Workers Workers
Ulcer Piseasel 20.7% 5.5% 3.76
Abnormal Pulmonary functionl  25.7% (Current)  6.7% (Current) 3.83
test (FEV1/FVC%) {Smokers) (Smokers)
Decreased libidol 19.6% 5.0% 3.92
(under age 50)
Heart Disease (Anginal 5.9% 1.0% 5.9
under age 50)
Decreased sensation to pin? i8% 4] 18

pick (neuropathy)

1 sugkind et al. 1984
2 Moges et al. 1984



Table III.E.2

Power available for selected values of PRR%, Po and n, with alpha = .05, 1

referent per participating New Jersey worker,

Prevalence # of Workers

Prevaleuce* of condition aud Referents
Condition Risk Ratio in unexposed Examined Power
Ulcert 4 5.5% 582 100
Abnormal PFT1 4 6.7% 203 92
{among smokers)
Decreasedl 4 5.0% 116 55
Libido
(Under age 50)
Heart Diseasel
{Under age 50) 6 1.0% 116 21
Neuropathy? 18 0% (0.01)*x 582 100

Based on power calculation by Miettinen

*PRR =

Prevalence Risk Ratio based on Suskindl and Moses? studies

**Limit of program (Rothman and Boice, 1979%)

1 suskind et al. 1984
2 Moses et al. 1984

These data suggest that we will have excellent power to detect excesses
in ulcer disease, abnormalities in the pulmonary function of current
smokers with past exposure to dioxin-contaminated materials, and in
peripheral neuropathies. While the power for decreaged libido under
age 50 and heart disease under age 50 is not as good, we will be able
to confirm the presence or absence of the conditions using medical
records and clinical data rather than rely on self-reports as the other
studies have done and we have an age-matched comparison group for our
large over-50 group which the Suskind study did not have. Because we
have an appropriately matched unexposed group of referents, serum level
of 2,3,7,8-1CDD, and records of confounding exposures, we will be able
to relate to exposure status our estimates of the prevalence of the
hypothesized conditions found to be in excess. We will alsoc be able to
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report on a varlety of outcomes never adequately studied in
dioxin-exposed groups. These include extemsive in vitro studies of
immunologic function, the assessment of lipid abnormalities, and the
comprehensive determination of central and peripheral nervous system
dysfunction and hepatic disorders.

IV, Study Methods

A.

Overview

The study will be conducted in two phases., Phases I and 1II have been
described in Section III.C. of this protocol.

Each participant will be contacted by mail and by phone follow-up in
order to arrange for an in-person interview, preferably at the
participant's home. The interview will include the administration of a
guestionnaire designed to gather demographic information and
occupational history. After completing the demographic and
occupational interview, each subject will be invited to participate in
the medical examination to be administered at Lovelace Medical Clinic
in Albuquerque, New Mexico.

Data Collection
1. Demographic and Occupational History Interview

The Demographic and Occupational History Interview will be
administered to all workers and referents and will include the
collection of demographic information,

The interview is divided into two sections, the first of which is
concerned with general demographics, current health and medical
history (including hospitalizations and medication historiesg for
1living subjects), smwoking and alcohol consumption, hobby and home
exposures, sunlight exposure, and information on possible chemical
exposures during military service in Vietnam.

The second part of this interview, the Qccupational History, gathers
information about the subject's employment history and about the
duties associated with his or her work. This section of the
questionnaire is concerned with all jobs the subject may have had
for a minimum of six months since his or her sixteenth birthday.
Employment information of interest Includes dates of employment, and
specific job duties and titles, aeg well as chemical exposures.

A similar interviewing instrument will be administered to the next
of~kin of incapacitated and deceased subjects, Thig questionnaire
will be used to probe for the same type of demographic information
and occupational history, but will ask about current medical
conditionz and about medication history for living subjects only. A
brief medical history will obtain information on conditions
previocusly assoclated with exposure to dioxin-contaminated materials.



2.

For workers or potential referents who refuse to complete the
Demographic and Occupational History Interview, the interviewer will
administer an abbreviated questionnaire to obtain basic demographic
information. These data will be used to evaluate response bias, 1f
any, between respondents and non-respondents.

Medical History and Symptom Questionnaire

The Medical History Questionnaire and Symptom Questionnaire will be
administered at the examination site during the Medical Examination
(Section IV.3.,). The questionnaire will review the subject's past
medical history and current symptoms.

This questionnaire will also include questions about any
hospitalizations and any medications the subject may have been
prescribed or may have taken since the time of the in-home interview,

A reproductive history segment will also be administered to male
workers and female workers and referents, during the Medical History
Questionnaire. This portion of the medical history interview will
review all of the pregnancies of which the subject has been the
mother or father, Information will be obtained about the pregnancy
outcomes, conditions which may affect pregnancy cutcomes, as well as
confounding exposures.

Medical Examination
a, Components:

The Medical Examination consists of the following evaluations:

1) General Physical
2) Dermatologic Examination
3) Neurological Examination
4) Quantitative Sensory Test and Nerve Conduction Velocity
" 5) Peripheral Pulses
6) Pulmonary Function Test
7) Chest X-Ray
8) Audiometric Test
9) Visual Acuity Test
10) Blood Chemistries
11) Urine Chemistries
12) Electrocardiogram
13) Neurobehavioral Evaluation
14) Psychological Evaluation
15) Delayed hypersensitivity Testing
16) Serum 2,3,7,8-TCDD Evaluation



b. Overview of testing schedule

d.

e.

Participants of the Medical Examinatfon will attend an inbriefing
seselon (DAY #1), during which they will be given information
about the examination schedule, and oriented about what they can
expect during this segment of their participation period.
Physical examinations and lab tests will be scheduled for the day
after the subject's arrival at the examination site (DAY #2).
Pasychological and neurobehavioral testing will occur on DAY #3,
OQutbriefing by a physician and by a psychologist will alsc take
place on DAY #3, as test results are available.

Prior to the examination, subjects are instructed to refrain from
eating red meat taking vitamins, non-prescription medication, and
from ingesting alcohol during the three days before the
examination. They are also instructed to fast for the 12-hour
period preceding the scheduled medical examination and to collect
a 12=hour urine sample during the same period.

General Physical, Dermatological, and Neurological Examinations

An internist will administer a general screening physical
examination. A dermatologist, will administer a detailed
examination of the skin to evaluate the presence or absence of
conditions previously reported in the literature as
dermatalogical sequellae of exposure to dioxin—contaminated
substances, chloracne, porphyria cutanea tarda, and gkin

cancers. A neurclogist will administer a directed examination at
peripheral nexrve function.

Quantitative sensory testing

Quantitative sensory testing of vibratory and temperature
sensibility provides a quantitative extension of the sensory
portion of the neurological examination. Because primarily
sensory neuropathic changes are sugpected in
herbicide/dioxin~exposed individuals, these tests are a logical
choice for this study. Such testing provides quantitative
sengory thresholds and also tests both large fiber (vibratory)
and small fiber (temperature) integrity, which may provide
further information about the neurotoxicity of TCDD. These
methods provide an excellent and palatable screening tool, such
that if participants should decide to refuse nerve conduction
testing, they will almost certainly agree to the tactile testing.

Nerve Conduction Velocity
Past studies of some dioxin—exposed groups have included nerve

conduction studles of various nerves: medlan motor, median
sensory, ulmar motor, peroneal gensory, and gural {sensory).
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Parameters which have usually been measured include maximum
conduction velocities and amplitudes. Our protocol for
electrophysiological testing will include: median motor and
median sensory, ulnar motor, peroneal sensory, and sural eensory:
maximum conduction velocity with antidromic stimulation and
averaging of sensory potentials; distal latency and forearm
conduction across the median nerve; and sural conduction velocity
velocity with averaging of the stimuli in order to improve the
quality of the action potential. The median and sural nerves are
chosen for thelir sensitivity to neurotoxic effects. F-Waves are
also generated to detect the presence of radiculopathies often
present in older populations.

Instructions for the neurophysiology test have been prepared and
instituted. Techniciang have been specially trained to provide
maximum accuracy and consistency in these and all other testing
procedures,

Psychological and Neurobehavioral Testing

1.) Because varilous investigators have reported a variety of
neuropsychlatric, affective, and behavioral disorders,
including apathy, depression, memory loss, difficulty
concentrating, peychomotor retardation, neurasthenia,
irritability, and hypomania, in workers exposed to
dioxin-contaminated materials, a directed battery of
peychological and neurobehavioral tests will be administered
to each participant.

2.) Several tests of the computer-administered Neurobehavioral
Evaluation System (NES) (Baker, et al. 1985) will also be
included in the test battery. The majority of the tests to
be used from the NES measure psychomotor skills, such as
simple reaction time and psychomotor coordination.

Pulmonary Function Testing

Pulmonary function tests will include the measurement of FEV),
forced vital capacity (FVC), and the calculation of FEVy/FVC
ratio,

Laboratory Testing: Blood and Urine

Laboratory tests will measure hepatic function (including lipid
metabolism), immunologic function, hematopoetic status, selected
endocrine function, urinalyses for urine sediment, for
porphyrins, and for enzyme induction. Each participant will be
asked to fast for at least 12 hours preceding his or her
appointment for the examination. A twelve hour urine collection
will be conducted during the 12 hours prior to the commencement
of the examination.



Blood and urine will be collected for the following:

1) Blood

tests

120m1 whole blood will be required from each worker and
referent and special collection provisions will be as follows:

One 3ml clot tube (total complement)

Six 15ml SST tubes filled to 13ml volume (for serum)
Three 7ml heparin tube (immunology)

One 3ml sodium heparin tube (platelet verification)
One 3ml EDTA tube (hematology)

A)

B)

C)

Hepatic enzymes (gamma glutamyl transpeptidase and SGPT);
alkaline phosphatase as an indicator of obstructive
disease

Lipid profile, including triglycerides, cholesterol, and
the HDL lipoprotein fraction

Complete blood count including differential and platelet
estimation

D) Tests of immunologic capability which will include total

E)
F)

G)

H)

lymphocyte and white blood cell count, total T and B cell
counts, counts of helper~inducer cells (T4) and
suppressor—-cytotoxic cells (T8), the helper-suppressor
ratio, lymphocyte stimulation by Con A, phytohemagluten,
pokeweed, and quantitative f{mmunoglobulins (IgG, Igp,
IgM, IgA). Delayed hypersensitivity skin testing for
three common antigens (mumps, tetanus, and candida) will
be performed on the evening of arrival and read at 24 and
48 hours by a trained reader.

Serum levels of testosterone and gonadotropins.
Thyroid screen (thyroxine, triiodothyronine, and ratio)

Serum B12, folate and amylase, blood lead (potential
confounders)

2,3,7,8-TCDb in serum

A relatively recent methodology for the evaluation of the
body burden of 2,3,7,8-TCDD has been developed by the
Center for Environmental Health at the Centers for
Digease Control, and involves the measurement of the
level of the dioxin in serum (Patterson et al., 1986).
Current methods allow the measurement of parts per
quadrillion using 50ml serum.



All subjects will be screened for suitability to participate
in the drawing of 105ml (seven 15ml plain clot tubes) whole
blood for the purpose of evaluating 2,3,7,8-TCDD in 50ml
serum. Subjects who are determined through screening to be
at increased risk of adverse effects due to the additional
volume of blood to be drawn, will not participate in this
phage of blood testing.

2) Urine tests will include:

A} A 12-hour urinary porphyrin profile, including total
urinary porphyring, distribution of uroporphyrins,
coproporphyrins, and heptacarboxylic porphyrins, to be
done on first morning void collected (with 5 grams sodium
bicarbonate and EDTA added to the contalner).

B) Urinalysis with microscopic examination (to be collected
on the morning of the medical exam)

C) Measurement of D-glucarie acid in the urine (assay using
12-hour urine collection)

4, Female Reproductive Interviews

The overall design of the reproductive study is a subset of the
morbidity study on the health effects of exposure to
2,3,7,8-7CDD. This component of the larger study will evaluate
the reproductive outcomes among the wives and former wives of
living individuals previously employed at two facilities which
manufactured chemicals contaminated with 2,3,7,8-TCDD.

The comparison group will consist of the wives and former wives of
the men identified from the communities in which the workers
regide at the time of the study. Information on pregnancy
outcomes will be collected by a brief interview with the workers
and the non-exposed comparison group, and through detailed
telephone interviews with the wives and former wives. Adverse
pregnancy outcomes will be verified through medical records. An
excess in spontaneous abortions and a decrease in fertility are
the primary outcomes of interest,

Similar interviews will take place at the medical examination site
with female workers and female referents, and will probe for the
same information as that sought from the wives and former wives of
male workers and male referents.
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5, Quality control asaurance
a, Overview

Assurance of quality control can be achieved for nearly all
tests. Quality control of medical exams and tests will take
three forms: 1) repeats of tests and exams, 2) examining
physician standardfzation, and 3) careful malntenance and
calibration of testing equipment,.

For quality assurance purposes, approximately 52 of all exams
will be repeated, or the exam results reinterpreted. Through
the course of the study, statistical correlation of data
obtained from repeated/reinterpreted exams with that obtained
from the original examination will be done regularly.
Correlation data will be reviewed by the NIOSH Project Director
and by the contractor's Medical Director. The repeat data will
be sent to NIOSH, along with the original data and statistical
analysis, for review,

Repeat tests or examinations will be administered by personnel
other than those administering the original test or
examination. Repeat test data will be part of the medical
record and will be reviewed by the contractor's diagnostician
prior to the outbriefing session,

While there will be no actual repeat of entire medical
historles, a Clinic Manager will monitor the general attitude
and manner of examination administration of randemly selected
higtories, by means of a clinic intercom system.

The followling exams will be repeated on randomly selected
participants: General Physical, Dermatology, Neurology,
Pulmonary Function, Peripheral Vascular, Audiometry and Visval
Acuity. Randomly selected Chest X-Rays and Delaved
Hypersensitivity tests will be reinterpreted without repeating
the tests. All ECG's will be overread by a cardioclogist.
During Phase I all NCV'e, and quantitative sensory test data
will be reinterpreted by the neurophysiologist. During Phase
II a 10% random sample of these data will be evaluated by the
neurophysiologist. All techniclans administering tests will be
observed at least weekly, and evaluated for method and quality
of administration.

Standardization of examining physiclans will be assured through
the training sessions and by monthly observation and critique
sessions, A protocol for certifying that physiclans are
capable of performing the standard exam is outlined below. The
number of examining physicians will be limited, thus allowing
greater standardization of data collection.
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b. Physical Examination Standardization Plan

A presentation will be made at the training orientation session
for physicians by the Project Medical Director or his/her
designee, The presentation will discuss the purpose and
outline of the study (i.e. logistics, medical exams,
outbriefing sessions, data management, quality control, ete.),
and the role of standardization in an epidemiological study,.
Physicians will view the videotape presentation on the purpose
and goals of standardization in an epidemiological study.
Physicians will also receive a copy of the exam protocol manual
and examination forms, and will view the “"standard™ exan
videotape for the medical exam to be performed.

The physician will be videotaped while performing an exam on a
professional model, when the physician feels confident about
his or her abllity to perform the standard exam, This exam
will be critiqued by an examining committee consisting of the
Medical Director, the Epidemiology Consultant, and the Lovelace
Project Director. Upon satigfactory administration of the
examination, the physician will be certified to perform
participant examinations.

Completion of the training and the certification sessions will

be documented by date and appropriately signed on certification
forms, Each physician will be eritiqued monthly throughout the
course of the study for any diversion in examination procedures,

¢. Evaluation of interobserver variation

Statistical evaluation of interexaminer varlability will be
done regularly by Lovelace Medical Foundation, using complete
data sets for each examination/test. Statistical analyses will
be done using SAS (Statistical Analyeis System) software.

These data along with the repeat testing data will then be used
by Lovelace and NIQSH, for assessing retraining needs of the
clinie staff.

NIOSH project staff will also be on-site during the examination
period to monitor adherence by the contractor to required
quality control measures,

D. Notification and Follow-Up

The outbriefing session at the end of the examination with the
physician and the psychologist, will serve as an initial means of
individual notification, Participants will receive all available
results of the examination and will be encouraged to discuss their
examinations, their results, and any recommended follow-~up care.



Notification letters will be mailed to participants when all
examination regults are completed. These letters will include those
regults which were not available for discussion at the time of the
outbriefing session. The letters will list all tests, along with
their corresponding test scores, and a list of the rangee for
"normal” results. The letters will note any test regsults which fall
outside the normal ranges and explain the significance of such
gcores, For results which fall gignificantly out-of-range,
participants will be encouraged to seek follow-up care.

For cases of suspected skin cancer determined by dermatological
testing, notification will begin during the ocutbriefing session, and
participants will be advised to seek further dermatological care upon
returning home. NIOSH will do a follow-up of these participants by
means of further follow-up letters and phone calls to identified
participants. We will attempt to determine whether follow-up care
has been sought by participants and what dermatological care
resources are being used. Once a dermatologist or dermatology clinic
has been determined, NIOSH will contact that physician or clinic to
confirm a date of blopsy and to request pathology to be sent to
NIOQSH.

Collection of Medical Records

Medical and hospital records of all participants (workers, referents,
wives and former wives, and their offspring) will be used to confirm
certain health conditions reported by and about participants.
Participants will be asked to sign authorization forms for the
release of medical records. Female participants (workers, referents,
wives and former wives) responding to the reproductive interview will
be asked for information concerning the health of their children from
birth through early childhood. Records of birth and fetal death will
be requested from vital statistics offices.

Participants will sign informed consent forms which will document
that they have been advised about the benefits and risks involved
with participation. Consent forms will also explain the
participant's protection of privacy under the provisions of the
Privacy Act of 1974, with regard to any information concerning him or
her for the purposes of the study. Exceptions to information
protected under the Privacy Act will be listed on all consent forms
and will also apply to all medical records released concerning the
participant.

Estimation of Exposure Status
1. Comparison of Blological and Predicted Exposure Levels
Predictive Exposure Matrix

Eatimates of potential exposure are currently being constructed
for the NIOSH Mortality Study by a NIOSH industrial hygienist
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using information from process descriptiona; job descriptions;
analytic data on 2,3,7,8-TCDD content in substances from various
processes, from company records, federal agencies, consulting
laboratories, and from the Air Force Agent Orange data base; and
industrial hygiene, safety, and medical data from company
records, Further refinement of the method will occur after
complete work histories have been obtained from workers during the
study interviews. These data will provide the Information
necessary to estimate cumulative level of exposure to 2,3,7,-8
TCDD-contaminated materials over the lifetime of the individual
whe has worked as an herbicide production worker or im another
occupation where exposure to dioxin-contaminated materiale was
most likely to have occurred.

2. Evaluation of the Predictive Exposure Matrix Using Biological
Measurements

A statistical model will be used to evaluate the predicted
Exposure Matrix versus the blological exposure levels. A general
linear model will be constructed fncorporating the serum level as
the dependent variable, the duration of exposure as the
independent variable, and years since last employment or exposure
as the covariate. Other variables which may be entered into the
model Include categorical measures of cumulative exposure, as well
as other indices, including job duties and biological half-life of
2,3,7,8-TCDD,

Data Management

All data collected by the contractors for NIOSH will be conveyed in
their original form to NIOSH and on computer tape., Such data will be
handled in a manner consistent with that described in the NIOSH
Sensitive Data Security Program Manual and the CDC Staff Manual on
Confidentiality. While data is retained at NIOSH and handled during
the course of data coding and analysis, the data protection
provisions will apply.

Data Analysis and Analytic Techniques

Data may be classified into three general categories: (1) outcome or
dependent variables (such as prevalence of given digeases, nerve
conduction velocities, lipid profile, indices of hepatic function,
reproductive outcomes, etc.); (2) predictor or independent variables
{demographic characteristics, exposure level, alcohol, diabetes,
blood lead level, age). The influence of confounders and effect
modifiers will be controlled or examined through stratification (when
categorical data are examined), through multivariate analysis
(general linear models) of continuous data, or through logistic
models when necessary. Wherever possible, effect measures such as



prevalence odds ratios and regression slopes will be used to evaluate
the contrast between or among exposure groups. Wherever possible,
continuous data will be analyzed as continuous data, rather than
reduced to categories, in order to preserve maximum precision. In
situations with a continuous outcome (NCV) and categories of
exposure, analysis of variance may be employed. Analysis preserving
the matching scheme will be used whenever possible. In the event
that an analysis is desired which will break the matching, there nay
be a slight loss of efficiency (less power) but this bias should not
be substantial.

I. Consideration of Potential Biases

A nunber of potential biases may impair the wvalidity of an
epidemiologic study and complicate interpretation of the results.
Those most pertinent here include non-comparability of the study and
referent populations, the non-comparability of information collected
on the two groups, snd confounding exposures. Non-comparability of
the study and veferent groups has, hopefully, been resolved using the
matching criteria as described in the discussion of referent
selection (Section III.D.). Even if the comparison group is
appropriately chosen, however, bias may nonetheless be introduced if
participation rates vary between groups. For example, if the study
is presented as a study of workers, exposed persons may be more
likely to participate because of their Known exposure status.
Conversely, unexposed persons may choose not to participate because
they have "never been exposed" or may choose to participate because
they are either ill or concerned about their health for some reason.
A possible result of this second situation might be low participation
rates among the controls and/or a sicker-than-normal referent group
and a damping of the apparent difference between the exposed and
unexposed. Work by Forthofer (1983) on the participants and
nen-participants in the examination phase of the NHANES II indicates,
however, that although concern about health was a motivating factor
for examination participation, more serious health outcomes do not
appear to be more prevalent in such participants than in
non-participants.

The administration of a refusant questionnaire to those workers or
potential referents who refuse to participate in the study, will help
determine the basic difference between participants and
non-participants. This questionnaire obtains a brief demographic
profile, ag well as general information on health and usual
employment.

Two important categories of non-comparable information between groups
include so-called recall bias and observation bias. Recall bias for
outcones such ag reproductive events may not be avoidable. Although
recall bias is a major problem for case-referent studies, it is of
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relatively less importance for a medical study which is largely
descriptive and in which the use of objective ceross-sectional tests
and medical records minimizes the effect of such bias for current
health status and past medical history. Recall blas 1s likely to be
introduced or enhanced for symptom reporting in the exposed group, if
that group knows that its exposure status 1s important in the study,
which will be unavoidable in the current political and journmalistic
climate, For this reason, the analysis of symptoms will serve
chiefly as corroborating evidence in support of more objective
outcomes. Observation bias will be eliminated through blinding of
examiners to exposure status and confirmation of the condition
through medical provider records.

A third source of bias 1s the presence of extraneocus factors which
have not been accounted for and which may be differentially
distributed among the groups—-i.e., confounders. Information on
suspected potential confounders will be sought equally in the two
groups. We algao know, however, that there were potentially
confounding exposures at both plants whose effects we will have to
control for, if we are to distingeish dioxin-herbicide effect from
confounding effect. For example, hexachlorobenzene was manufactured
until 1960 at the New Jersey plant. It is a porphyrogen, a
neurotoxin, and a questionable chloracnegen. Ethylene oxide has been
used at the Missouri plant for a number of years since 1971 and wmay
potentially affect workers employed at the plant after 1971,
Ethylene oxide has adverse reproductive effects and is a neurotoxin.
We believe that a reasonable approach to this dilemma is by
characterization of these exposures as metlculously as possible,
utilizing company records, employee reported detailed work histories,
and special interviews of long-term employees to obtain a maximally
accurate estimate of exposure potenttal.

V. Conclusion

We have described a cross-sectional, epidemiologic study of workers
employed in the past in two plants which manufactured chemicals
contaminated with 2,3,7,8~tetrachlorodibenzo-p-dioxin and an
unexposed referent population selected from the community of
residence of the workers. The overall purpose of the study 1s to
evaluate the long-term health effects of a range of occupational
exposure to dioxin-contaminated substances., Many studies and
case~reports have been published about the acute and chronie
sequellae of dioxin exposure. However, none have had appropriately
selected control populations to evaluate the health consequences of
exposure and have not assessed dose~repounse relationships, The
comprehensive data collection includes a detailed assessment of
previous work and medical historles, collection of clinical data on
conditions reported to to be associated with exposure to
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dioxin-contaminated materials, obtaining of medical records to
document past illnesses, and the objective assessment of exposure to
2,3,7,8-7CDD through a predictive model and through personal serum
levels of 2,3,7,8-TCDD. This study should provide the scientific
community with the a thorough assessment of exposure-related
effects,
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APPENDIX A

CHEMISTRY, TOXICITY, AND HUMAN HEALTH EFFECTS OF 2,3,7,8-TCDD-CONTAMINATED
MATERIALS

Chemistry, kinetics, and metabolism

2,3,7,8-tetrachlorodibenzo-p~dioxin i{s a lipophilic, chemically stable
compound of low volatility (estimated vapor pressure 1.7x10" ) and high
melting point (305-306° C). TCDD has been demonstrated to be abscrbed
through the gkin, GI tract, and after intravenous adminigtration (Schwetz et
al 1973), and is thought to be absorbed through inhalation as well. Depending
on the species, it is distributed to liver, adipose tissue, skin and muscle,
brain, testes, and blood., Its blologic half-life, similarly speciles
dependent, ranges from days to more than a year (McNulty, WP et al 1982), It
is excreted unchanged in the feces, or conjugated with glucuronides in the
urine and bile. Although TCDD 1g quite persistent with respect to blological
systems, it is degraded by UV light (Neal, RA et al 1982),

Toxicologic and Human Health Effects of 2,3,7,8-TCDD

1. Animal Toxicity

There 1s a large and expanding body of toxicologic literature on TCDD
which reveals both ite extreme toxicity and its effects on immunologie,
hematopoetic, hepatic, and reproductive function, as well as its
dermatotoxic, embryotoxic, and carcinogenic properties. A number of
excellent reviews of the toxicity of TCDD and related compounds have been
published in recent years {eg. Kimbrough ed, 1980; Veterans
Administration, 1981, 1984, 1985, 1986) and should be consulted for a more
exhaustive discussion of the topic. The chief purpose of this abbreviated
review of the toxicology literature will be to underscore the range of
toxic effects which have been obgserved and to identify the chief areas of
concern that may have relevance to a cross—sectional medical study of
dioxin-exposed workers.

While toxicity varies with species, dose, and length of exposure, animal
studfes indicate that 2,3,7,8-TCDD is the most potent known chemical
toxin, The single acute LD g5 for several animal species ranges from
0.6 ug/kg body weight in the guinea pig to 5000 ug/kg in the hamster
{Kociba 1982). Even when a lethsl amount is administered as a gingle
dose, death of the animal occurs only after many days to weeks. Chronic
administration of 500 ppt 2,3,7,8-TCDD in the diet of monkeys resulted in
a total fatal dose of only 2 ug/kg body weight during a six month feeding
experiment, although the single dose LDsg for the same species is

50ug/kg (McConnell 1978). There is species variability i{n the precise
biclogical effects of 2,3,7,8-«TCDD, but the general classes of effect or
injury include debilitation and wasting, skin lesions, enzyme induction,
hepatotoxicity, lymphoid hypoplasia and immunological dieturbances,



teratogenesis, fetotoxicity, and carcinogenesis (TARC 1978)., Severe
thymic atrophy has been observed in all species at doses below lethality.
TCDD suppresses several cell-mediated immune functions, including mitogen
responsiveness, skin graft rejection, and delayed hypersensitivity
reactions (Faith and Luster 1979}, Although liver damage after a single
fatal dose is not universal, it is marked in rats, mice, and monkeys
(Buu-Hoil 1972, Gupta et al 1973, McConnell et al 1978). With subchronic
doses in feeding studies, rats and mice exhibited abnormal porphyrin
metabolism with slow recovery, or fatty necrosils and altered hepatic
architecture (Kociba et al 1976, Goldstein et al 1982). 8kin lesions in
animals include hyperkeratosis and transformation of sebaceous glands to
keratin cysts in mice, rate, and monkeys (Huff et al 1980), and chloracne
in rabbits. 1In macacques fed diets containing various percentages
(0.0125% to 10%) of "toxic fat”, the dioxin-contaminated substance
conrtaining both hexachlorinated dioxins and TCDD which was incorporated
into chicken feed and caused an outbreak of chicken-specific 1llness
called "chick edems disease” in 1957, Allen and Carstens {(1967) found that
all monkey groups developed weight loss, alopecia, generalized edema,
depletion of the stermal bone marrow, and vascular degeneration (1967),
In 1977, Allen et al fed female rhesus monkeys a diet containing 500 ppt
of TCDD (2-3 ug/kg/day), and the monkeys developed alopecia, periorbital
edema, thrombocytopenia, anemia, and epithelial hyperplasia and metaplasia
of the salivary gland, bile duct, lung, and stomach. Schantz et al
observed similar but less severe findings, as well as a decreased ability
to bear live young, in monkeys fed a diet containing 50 ppt of TCDD. The
precise mechanisms of TCDD toxicity are not known, but speculations have
included wvitamin A depletion, lipid peroxidation, and endocrine imbalance
and direct effects on the hypothalamic-pituitary axis (Gustafson and
Ingelman—-Sundberg, 1979, Niwa et al 1975). Binding to eytosol receptors
with enzyme induction has been proposed as either a mechanism or simply a
marker of toxicity, since species susceptibilty to the toxic effects of
TCDD corresponds to the genetically-determined degree of receptor binding
and enzyme induction (Poland and Glover 1975),

TCDD fs teratogenic in certain strains of mice. At doses up to 3 ug/kg
body weight in female CF-1 mice, there was no observable effect on live
fetuses produced per litter, number of implantation sites, sex ratio, or
birth weight, but there was an increased incidence of both cleft palate
and dilated renal pelvises in the infant mice. At doses below 0.1 ug/kg,
the incidence of fetal abnormalities was deemed comparable to controls
{Smith et al 1976 from Kimbrough review article in CDC File). The adverse
reproductive effect and fetotoxicity of TCDD was demonstrated in a three
generatfion study of male and female Sprague~Dawley rats administered
0.001, 0.01, and 0.1 ug TCDD/kg. Fertility and offspring survival were
reduced in the first generation given 0.l ug/kg, and doses of 0,01 or 0.1
ug/kg ylelded smaller litters, decreased offspring survival, and decreased
growth in the second and third generations. The lowest dose group was not
different from the control group with respect to these characteristics
(Murray et al 1979, as above)., In a 1980 simulated Agent Orange study for
the National Toxicology Program by Lamb et al, male mice fed TCDD in doses
of 0.01 ug/kg showed no adverse reproductive effects when mated with
unexposed females.



Mutagenicity is an inconstant finding in bioassays of TCDD, although
certain strainas of rats do exhibit a slight but significant increase in
bone marrow cell chromosomal aberrations after TCDD administration. A
number of animal studies of carcinogenicity exist in the current
literature, and carcinogenicity has been demonstrated in several gpecies,
In an early study by Van Miller et al (1977), the investigators found an
overall increase in tumors in the treated group and no tumors in the
control group, but small numbers of rats were used, In a larger study by
Kociba et al (1978), groups of 100 rats (50 female and 30 male) were fed
diets containing the equivalent of 0.001, 0.01, and 0.1 ug TCDD/kg body
weight, The investigators observed a dose-dependent effect, with no
observed change in the lowest dose group, significantly increased hepatic
nodules in female rats in the 0.0l ug group, and a significant increase in
carcinomas of the liver, lung, hard palate, nasal turbinates, and tongue,
and adenomas of the liver and adrenal cortex, im the 0,1 ug group. 1In
addition to carcinogenic effects, the high dose group exhibited a variety
of toxicologic responses, including increased mortality, decreased weight
gain, elevated liver enzymes (GGT and SGPT), increased porphyrin
excretion, and histologic changes in lymphoid tissue, liver, lung, and
blood vessels. More recent studies conducted under the auspices of the
National Toxicology Program demonstrated the carcinogenesis of
2,3,7,8-TCDOD in both dermal and gavage studies. When applied to the skin
of male and female Swiss Webster mice at the rate of 0.005 ug/application
three times a week in males, and 0,001 ug in females, administered for 99
or 104 weeks, females exhibited a significant increase in fibrosarcoma of
the integument (p=0.007), while males exhibited an Increase which did not
attain statistical significance (National Toxicology Program CAS no.
1746-01-6, no, 201, 1982). 1In a gavage study of Osborne-Mendel rats and
B6C3F1 mice administered doses up to 0.5 ug/kg/week and 2.0 ug/kg/week
respectively, rats demonstrated a dose-related increase in follicular cell
adenomas of the thyroid which was significant (p=0.001) in the high dose
group; a dose-related increase in neoplastic nodules of the liver in
female rate; and a dose-related increase in hepatocellular carcinomas in
both sexes of mice, and follicular cell adenocmas of the thyrold in female
mice (National Toxicology Program CAS, No. 1746-~01-6, no. 209, 1982),

Human Health Effects

This review will consider the major clinical findings described in persons
exposed to TCDD-contaminated materials to provide a summary of the
information on which decisions about the content of the proposed study
were based.

Chloracne

The most widely recognized and definitive stigmatum of TCDD exposure is
chloracne, While chloracne is not pathognomonic of dioxin exposure--it
may regult as well from exposure to chlorinated naphthalenesg,
dibenzofurans, and biphenyls, to tetrachloroazobenzene, and to
tetrachlorocazooxybenzene—-TCDD has been found to be the acnegenic



contaminant of 2,4,5,T and trichlorophenol. Chloracne is not, however, a
necessary accompaniment of dioxin exposure: investigators such as
Pazderova=-Vijlupkova, Poland, and Oliver have observed other health
effects now recognized as possibly related te dioxin exposure (such as
disordered porphyrin metabolism, hepatic damage, and neurobehavioural
disturbances) in perscns exposed to dioxin who did not develop
chloracne.According to some c¢linicians (Bleiberg, Poland), chloracne is
more likely to appear in, and may be more severe in persons with juvenile
acne but ft can usually be distinguished from other forms of acne by the
distribution of the acnelform eruption, its assoclation with employment or
chlorinated polycyelic exposure, and its persistence.

The most common location of chloracne lesions is behind the ears and on
the malar crescent just below and lateral to the eye, It may also be
found commonly on cheeks, forehead, and neck, but not the nose. The
genitals are peculiarly susceptible, and the eruption may also appear on
the shoulders, backs, chest, buttocks, and abdomen. The lesions consist
of comedones or “blackheads”, a scattering of which may be the only
manifestation in the mildest cases. With increasing severity, gmall
yellow cysts appear, and increasing numbers of comedones may give the skin
a grayish appearance, In very severe cases, large cysts and abscesses
form. Scarring and hyperpigmentation typically follow when the lesions
heal. Although the chloracnegenic dose in humans has not been
established, Schwetz et al (1973) demonstrated that 0.04 ug TCDD in 1 ml
benzene applied 5 times a week for four weeks (total dose 0.8 ug) produces
an acnegenic response in the ear of a rabbit,

The first identiffed outbreak of chloracne associated with TCDD occurred
in 1949, following the explosion of a trichlorophenol containment vessel
in a Nitro, West Virginia plant. One hundred and seventeen workers
developed chloracne from the accident, and another 111 were found to have
chloracne predating the accident, for a total of 228 cases. Crow (1982)
reports finding persistent chloracne in some of the most severely affected
workers in 1979, 30 years after the accident, as do Suskind (1984) and
Moses et al (1984), Since 1949, hundreds of cases of chloracne in workers
around the world have been reported as a consequence of acute or chronic
expoaure to TCDD~contaminated waterials (Huff et al 1980),

No definite dose—effect relationship between the intensity or duration of
dioxin exposure and the prevalence or intensity of chloracne has been
established in humans. However, in Poland's series (1971), he notes that
the most heavily exposed workers were likely to have been maintenance men,
and they tended to have the highest prevalence of, and most severe acne.
Simtlarly, the children who developed the most extensive and gevere cases
of chloracne in the aftermath of the Seveso accident were those actually
enveloped in the chemical cloud (Crow 1982). Because an analytic method
for measuring TCDD was developed only in 1965, and sampling for dioxins
remains technically difficult and expensive, the presence or history of
chloracne among those potentially exposed is a useful marker of exposure
to dioxins, except in the circumstance of exposure to other chloracnegens.



Hepatotoxicity and Hepatic Porphyria

Although TCDD is profoundly hepatotoxic in some animal species, the extent
and persistence of its hepatotoxicty in humans has not been fully

defined. Blelberg (1964) reported "liver dysfunction”, abmormal porphyrin
metabolism, and abnormal liver biopsies in two New Jersey workers exposed
to phenoxy herbicides. In both cases, the biopsy showed hepatocellular
necrosis or regeneration and hemofuchsin deposition. In a study in the
same New Jersey plant five years later, Poland et al (1971) found no
consistent pattern of hepatic dysfunction. May (1973) reported that 5 of
12 British workers had elevated serum transaminases following an explosion
in a 2,4,5 trichlorophencl process. BSeventy-nine cases of chloracne
developed in workers in that same British plant over the ensuing six
monthsg, but there is no report in the 1973 article on the hepatic function
of those workers. Ten years later, May (1982) followed up all employees
of the plant. Forty-one of 46 persons with a definite history of
chloracne agreed to participate, 54 other employees with a possible
history of dioxin exposure were examined, and 31 management and laboratory
personnel with no known dioxin exposure served as "controlsg”., Despite
May's contention that there were no abnormalities in the workers except
for persistent chloracne in 547 (22 of 41) of those previously affected,
his data show a progressive increase in mean serum alkaline phosphatase
and triglycerides across the three exposure groups, and an abnormal mean
level of gamma glutamyl transferase in the high exposure group. Walker
and Martin (1979) found abnormally elevated gamma GT in 5 of 6
TCDD~exposed workers. Pazderova-Vijlupkova (1981) described the Czech
experience of a ten year follow—up of dioxin-exposed workers. Among 55
workers examined, liver function tests were "seldom pathological” in the
later examinations, although 20% of the workers had exhibited abnormal
liver function early in their 1llnesg. TFilippini et al (1981) found
elevated levels of gamma GT, SGOT and SGPT in an undefined number of
persons 1living in the most highly contaminated area after the Seveso
accident. Favarettl et al (1979) studied the same population and found
that gamma GT, SGPT in blood, and delta amino levulinic acid in the urine
(ALA) were significantly elevated in persons with chloracne compared to
those without chloracne.

Disorders of porphyrin metabolism occur with exposure to a number of
chlorinated hydrocarbons, TCDD and hexachlorobenzene prominently among
them. Porphyria cutanea tarda (PCT), the clinical lesgion identified with
dioxin exposure in several studies, is only the most severe form of
acquired hepatic porphyria. Hepatic porphyrla is a spectrum of disordered
porphyrin metabolism which begins with alterations in the proportions of
porphyrin metabolites, Uroporphyrins and heptacarboxylic porphyrins
gradually accumulate in the liver, followed by an increase in porphyrin
excretion in the urine. In the mildest alteration of porphyrin
metabolism, Type A, which is thought to be a normal variant in the
population, the coproporphyrin:uroporphyrin ratio remains greater than one
(normally, the ratio is 2:1 to 6:1), but 5-15% of the total urinary
porphyring are heptacarboxylic porphyrins. In Type B, the first etage of



deranged porphyrin metabolism which is regarded as pathological, the ratio
is reversed, such that the uroporphyrin:coproporphyrin ratic in the urine
is greater than 1, 15-20% of the porphyrins are heptacarboxylic, and total
urinary porphyrins are above the normal range of up to 200 ug/l. With
Iype C, called chronic hepatic porphyria or latent PCT, total uripary
porphyrins are increased further, and the proportion of uroporphyrins and
heptacarboxylic porphyrins continues to rigse. Type D or PCT is the fully
developed syndrome with elevated uroporphyrins, 65-95% uroporphyrins, and
a clinical picture of vesiculobullous eruptions on sun-exposed skin, cola
red urine, hirsutism, and hyperpigmentation. An enzymatic defect
(suppression of uroporphyrin decarboxylase activity) 1s the biochemical
disorder underlying hepatic porphyria (Strik, Debets, and Koss in
Kimbrough 1980),

Both milder disturbances of porphyrin metabolism and florid PCT have been
observed in dioxin-exposed workers (Pazderova-Vijlupkova 1981, Bleiberg
1964). Several authors suggest that disordered porphyrin metabolism is a
better marker of early and slight dioxin exposure than other liver
function tests (Strik, Debets, and Koss in Kimbrough 1980), and porphyria
appears to be less persistent than some other dioxin-associated effects,
such as chloracne and neurotoxicity (Poland et al 1971, May 1982,
Pazderova-Vijlupkova 1981), However, Pazderova-Vijlupkova et al note that
all patients with a liver biopsy or necropsy specimen (mmber undefined)
in their series of 55 workers exhibited liver tissue fluorescence with
exposure to UV light, even when urinary porphyrins were normal and
exposure to TCDD had ceased,

Disorders of Lipid Metabolism

A number of investigators of TCDD-~exposed humans, including Poland et al
(1971), Jirasek et al (1974) and Pazderova-Vijlupkova (1981), Oliver
(1975), Walker and Martin (1979), and May (1982), have demonstrated
abnormalities of 1lipid metaholism in dioxin-exposed workerg. Elevated
triglycerides, cholestercl, and the pre~beta (VLDL) fraction of plasma
lipoproteins have been observed, as have diminished alpha lipoproteins
(HDL). The issue of a dioxin~induced predisposition to ischemic vascular
disease has also been raised {(WHO Monograph on Chlorinated Dibenzodioxins,
August 1977).

Neurotoxicity

Although neurotoxicity is a not noted as a feature of TCDD intoxication in
animal atudies, both central and peripheral nervous system effects have
been reported in groups occupationally exposed to TCDD~contaminated
materials, and abnormal nerve conduction velocities have been reported
among heavily-exposed Seveso residents. Singer et al (1982) provide a
review of episodes of TCDD-related human neurotoxicity in their report of
electrodiagnostic studies among Arkansas herbicide workers. The following
is a summary of that review. Suskind (1950) described symptoms of
peripheral neuropathy--pain and weakness predominantly in the lower



extremities——in a group of West Virginia workers exposed to TCDD following
an explosion in 1949 (1950), and a nerve blopsy of one affected individual
revealed demyelination and fibrosis of the nerve sgheaths. Suskind (1953)
followed these workers two years later and found symptoms of peripheral
neuropathy in 27 of 36, Workers studied by Bauer et al (1961) complained
of pain, weakness, and paresthesias in the lower extremities, as well as
problems with concentration, memory, and sleep. Bauer also noted apathy
and fatigue alternating with bouts of irritability and anger in those
affected. Poland et al (1971) found a high correlation between severity
of chloracne and hypomania, as assessed by the MMPI, and 7 of 73 workers
reported lower extremity fatigue. Ten workers followed for 15 years by
Kleu and Goltz (1971) reported persistent fatigue, muscle weakness, and
memory loss.

In Goldmann's survey of 42 workers accidentally exposed to TCDD and
trichlorophenol (1972), three exhibited signs of peripheral neuropathy,
and seven of central nervous system disturbance, Jiragek (1974) and
Pazderova~Vl jlupkova et al (1981) reported prominent neurotoxicity among
their series of 55 workers, and noted that the neurotoxicity appeared as a
delayed and persistent effect of TCDD-contaminated materials exposure in
workerg whose neurophysiologic examinations were normal on the initial
examination. Five years after initial exposure, 35 of 36 workers examined
by a psychiatrist were described as "depressive” or "neurasthenic”. At
the time of the final examination 10 years after exposure had ceased, 17
of 55 workers (31X) had "c¢linical” or "electromyographie” findings
congistent with peripheral neuropathy, although the authors provide
insufficient information about the comparison group or potentially
confounding exposures., In the aftermath of Seveso, Filippini et al (1981)
demonstrated slowed nerve conduction velocities in the ulnar and/or
peroneal nerves of highly-exposed persons compared with those without
evidence of intense exposure, although there are major methodologic and
analytical problems with that study. Singer et al (1982) found that
phenoxy herbicide workers both with and without chloracne had
sigunificantly slowed median and sural nerve conduction velocities
when26ompared with “controls”, and that duration of employment was the
most significant predictor of sural RCV, controlling for age and skin
temperature. Ag with other studies, there are flaws which impair the
validity of the results (eg., the workers were employed at the production
of 2,4,~D as well as 2,4,5-T, and one or both substances may be
neurotoxic; and the referent group was probably not comparable, consisting
chiefly of New York lab technicians rather than unexposed Arkansas
workers). Moses et al (1984) found 18 cases of sensory meuropathy on
physical exam in Nitro workers with a history of chloracne, compared with
no cases in persons without chloracne.

Immunologic Changes

Relative to the dramatic and extensive data on immunologic alterations in
experimental animals, there 18 a paucity of information on humans.
Reggiani et al (1978) noted a transient decrease in the lymphocytes of



exposed persons at Seveso, although the same authors later reported on 17
Seveso residents in further detajl and reported normal immunologic
function, May (1982) measured immunoglobulins, T cells, B cells, and PHA
regponse and reports that there were no “clinically significant or
abnormal measurements”, although no further detall is given., In contrast
to these apparently negative findings, an unpublished work by Ward (1983)
on the same workers and done concurrently with May demonstrated diminished
levels of IgM and IgD and suppressed PHA responsiveness in workers with a
history of chloracne and exposure to TCDD—contaminated products ten years
earlier. Ward proposed that a larger study of workers exposed in the past
to TCDD-contaminated materials would be a valuable contribution to the
data on the human immunotoxicity of TCDD.

In a study of Missourl residents who lived near areas where
TCDD~contaminated waste oil was gpread, Hoffman et al (1986) evaluated the
effect of exposure on some characteristics of the immune sytem, including
delayed hypersensitivity (DTH), percent of specific peripheral T-cells
(T3, T4, T8 and T1l), lymphocyte proliferative responses to mitogens, and
tetanus toxold, and allogenic T-cell cytotoxicity. Although the authors
report that the frequency of anergy in the exposed participants was
significantly higher than that in the unexposed comparison group, 11.6% of
DTH readings for the exposed and 5.1% of the DTH readings for the
comparison group, were excluded from the analysis. A repeat of this part
of the study is currently being conducted. However, Hoffman et at (1986)
did find that the T-cell subsets Were abnormal in the exposed group
relative to the unexposed, though the differences were statistically
nonsignificant. These results imply that well-controlled studies are
required to clarify these recently identified effects.

Reproductive Disorders

As with the immunologic data, there is little conclusive information about
the congequences for fertility, and the teratogenic and fetotoxlc effects
of human exposure to TCDD., A full review of the literature on the subject
is presented in the accompanying Protocol for a reproductive study of
chamical-~herbicide exposed workers,

Miscellaneous Effects

In addition to the effects described above, abnormalities of pulmonary
function in current smokers with past exposure to 2,3,7,8~TCDD-
contaninated processes 1s described by Suskind (1984). Suskind also
reports a high prevalence of gastric ulecer in his exposed group of
workers, three cases of Peyronie's disease in persons with a past history
of chloracne, and elevated prevalences of self-reported coronary heart
disease and diminished libido in exposed men under 50 years of age. Moses
et al confirmed findings of increased coronary heart disease and decreased
1libido in younger exposed men in their study of the Nitro cohort (1984).

3812R



ATTACHMENT 6

SELECTED DEMOGRAPHIC CHARACTERISTICS OF WORKER SAMPLE

Numbers

Ra

ce
White
Black

sSex
Male
Female

Current Age
Under 45

45 - 49
50 - 54
55 - 59
60 - 64
65 - 69
70 and older

Years Employed at Diamond Shamrock
Less than 1 year

>1 year <5 years
>5 years $10 years
>10 years £15 years
>18 years 20 years
>20 years $25 years

Geographic Distribution

New Jersey
Pennsylvania
Texas
California
Florida
New York
Alabama
Arizona
Indiana
Kansas
Kentucky
Louisiana
North Carolina
Maryland
Colorado
South Carolina
West Virginia
1

* Does not add to 100% due to rounding.

69
9
80

15
26
16
11

80

bt
8';—-1—-0—-H0-wn—-o-o-ml—u--hwﬂcw

Percent

86%
4%
100%

98%
2%
100%

6%
11%
6%
19%
24%
18%
15%
100%

19%
32%
20%
10%
14%
5%
100%

54%
13%
9%

1%
1%
3%
1%
1%
1%
1%
1%
1%
1%
1%
1%
gg%*
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1.0BJECTIVE
To develop and use a systematic procedure for estimating the extent of
exposure to dioxin* for a cohort of U.S, production workers and to
identify any potentially confounding chemical exposures associated with

the plant operations.

II.INTRODUCTION
In 1979, a Dioxin Registry was initiated which defines a cohort of
workers who are identified by company records as having worked in the
production of chemicals with a known potential for dioxin
contamination. Appendix A describes the Dioxin Registry. All U.S.
production sites, which produced chlorophenols and phenuxy acid
herbicides, with adequate records are included i.. tue Registry because
production of these chemicals is not labor -~ intensive. By including
all production sites with adequate records the Registry cohort will be
large enough to give adequate statistical power to detect potential
work-related mertality in the cohort. The Registry consists of workers
from fourteen U.S. production sites. 'Table 1 lists the types of
processes at each site. Building on the exposure rationale presented by

1,2

Esmen and Corn and Gamble and 8pirtas,3 an exposure estimation

procedure or matrix for dioxin is presented.

III.DESIGN AND METHODS FOR ESTIMATION OF EXPOSURE
A systematic procedure has been developed in order to assess the extent

of potential exposure to dioxin for use in the retrospective

* The term dioxin is a generic term in the text of this report and will
refer to 2,3,7,8-tetrachlorodibenzo-p-dioxin and hexachlorodibenzo-p-

dioxins.



PROCESSES

DIOXIN REGISTRY
NIOsH
CINCINNATI, OHIO

. TABLE 1
SITE NUMBERS AND THEIR PROCESSES
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Table 1 (continued)
Sodium 2,4,5-trichlorophenate = NaTCP

2,4,5-trichlorophenol = 245-TCP
2,4,5-trichlorophenols+ = 245-TCP+
2,4,5-trichlorophenoxyacetic acid = 245-T Acid

Esters of 245-T Acid = 245T Acid Ester

Direct Esters of 245-T Acid = 245-T Direct Ester
Amines of 245-T Acid = 245-T Amine
2{2,4,5~-trichlorophenoxy)-propionic acid = Silvex
Esters of Silvex = Silvex Acid Ester

Direct Esters of Silvex = Silvex Direct Esters
0,0-dimethyl-0-(2,4,5-trichlorophenyl)phosphorothioate
2(2,4,5~-trichlorophenoxy)-ethyl 2,2-dichloropropionate
Formulations

Pentachlorophenel = PCP

Sodium pentachlorophenate = NaPCP
2,4,6-trichlorophencl = 246-TCP

Tetrachlorophenol = TetCP

[ [

Ronnel
Erbon

2,2'-methylene-bis (2,4,6~trichlorophencl) = Hexachlorophene

+ = ethylene glycol used as raw material instead of methanocl



cohort mortality study of U.S. production workers. Using information
such as process descriptions, job descriptions, anaiytical data on
dioxin content in substances from the various processes, and
industrial hygiene, safety and medical data, estimates of potential
exposure to dioxin will be developed. These estimates will rceflect
the exposure rankings for each individual, relative to the other
members of the cohort. Dioxin exposure rankings will be assigned

using the following rationale:

(1) the amount of dioxin inm a plant product is controlled by the type
of process, its operating conditions, and the particular step in
the process;

(2) each process has a de{ined set of tasks that must be performeq by
workers operating the process;

(3) potential exposure can be assigned to a task in a given plant, if
the process, its operating conditions and location in the process
where the task is performed are knowp {this assignment can be
ajided by industrial hygiene records and data on dioxin content);

(4) the potential for contact with dioxin can be assigned to a worker
at a point in time if his job title is known, and the set of tasks

that are part of that job are known.

Thus each plant‘'s processes, operating conditions and job definitions
will be assessed over the operating life of the plant, so that
exposures can be assigned to the study subjects who worked at the

plant. The estimation procedure will be broken

4



down into two phases. The first phase will assess the extent of
potential exposure for those workers in the Registry's cohort where
industrial hygiene data are available to aid the assessment. The
second phase will be to assess the potential exposure to dioxin for
those weorkers in the cohort where no industrial hygiene data werve
available. The assessments determined in phase two will be based on
the similarities of the processes, job descriptions, et¢. to those in
phase one. This approach is based on the assumption that similar
processes with similar operating conditions and job activities will
produce similar exposSures. Appendix B provides an illustration of the
procedure to be used in making the assessments for workers involved in

the production of 2,4,5-trichliorophencl, from site nine.

The information used in assessing the extent of potential exposure to
dioxin has been collected from several.sources. The process
descriptions are based on available operation manuals and interviews
with knowledgable people who were involved with a process or processes
(g.g. foremen and production engineers). Job descriptions were
developed from company personnel documents and industrial hygiene
records, and union records.- The analytical data on dioxin content in
substances from various processes wasg collected from company records,
other federal agencies, analytical laboratories, and from the Air

Force's Agent Orange data base.4



The extent and specificity of the information primarily depends on the

company's information for that site and processes included in the

Registry. In general, the extent and specificity of the information

collected to date reflects the thoroughness of each company's record

system for each plant. Table 2 illustrates the information collected

as of January 1987,

Phase One

The first phase in assessing the extent of potential exposure to
dioxin for the Registry’s cohort involved the evaluation of the
extent of potential exposure to dioxin at those plants where
industrial hygiene data were available., In assessing exposures at
each plant a two step process was used. (1) The process was
evaluated to determine the tasks associated with the process and a
directory of uniform tasks (UTs) was developed., {(2) A directory
of occupational titles (OT) to which the UTs are associated was
developed, This permitted assignment of exposure to workers based

on their occupational titles.



TABLE 2

EVALUATION OF INFORMATION AND DATA
USED IN EXPOSURE ASSESSMENT

DIOXIN REGISTRY

NIOSH

CINCINNATL, QUHIO

> > > > >0Occupationals> > > >
> Site > Operation > Humber > Process > Title > Job > Industrial >Analyticals
>Number>  Years »>of Years»Description >Avajilability>Description>Hypiene Data> Data >
> > > > > > > > >
»>_01 > 8/51-8/61 > 18 > poor >_very poor » none > none > limited >
> > > > > > > > >
>__028 > 3/68-2/69 > 1 > good > poor/fair > none > none > limited >
> b4 > > > > > > -
>_02B > 1/70-1/72 > 2 > good > poor/fair > none > none > limited >
> > > g > » > > >
>_034A > 1/62-12/70 > 9 > good > poor/fair » good > none > limited >
> > > > > > > > >
>_03B > 9/71-4/79 > 7.1 > good > fair > pood > none > pood >
> > 1/748-8/59 > > > > > > >
>_04 > 1/63-12/77 >_ _24.6 > good > good > limited > none > pood >
> > > > - > > > >
> 05 > 2/61-12/62 > 2 >pood,limited> fair > limited » none > wnone >
> > > > > > > > >
>_06_ > NC > NC > NC > NC > . NC > NC > NC >
> > > > > > > > >
>_07 > 1/38-12/78 > 40 > good > good > __poor > limited > limited >
> > > > > > > > >
> 08 > 1/48-12/69 > 21 > good > good > ___poor > limited > limited >
> > > > > > > > >
> 09 > 1/37-12/B0 > 43 > excellent > excellent > excellent > excellent >excellent >
> > > > > > > > >
>_10 > 1/49-6/72 > 22.5 > excellent > excellent > good > none > limited >
> > > > > > > > good, >
>_11 > 1/58-pres, > 26 > excellent > good > excellent >good,limited> limited >
> > > > > > > > good, >
>_12 > 1/58-pres. > 26 > excellent > poor > excellent >poor,limited> limited >
b > > > > > > > good, >
> 13 > 1/51-12/83 > 32 '> excellent > poor/fair > pgood >poor,limited> limited >
> > > > > > > > >
> 14 > NC_ > NC poor. > poort > ___poor > none > limited >

NC = not yet collected
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Uniform Tasks (UT) Directorcries

For each plant included in the Registry a process description
was prepared. The process descriptions describe the steps,
and operations at each step, that took place throughout a
process, and any major changes made and the date of the
changes. From the process descriptions, a list of uniform
tasks where there was a potential for exposure to dioxin was
constrﬁcted. These are called uniform tasks (UTs) because
they are uniformly required whenever this type of process was
operated. These lists of tasks are referred to as UT
directories, with each task listed being veferred tc as a UT.
A directory"was constructed for each process in the scope of
the Registry study at each site and for each time period

during which there were no major process changes.

£ach UT directory will contain UT codes, UT descriptions, 0T
time periods, dioxin concentration in the substance involved
in the task, the exposure factor, and the UT dioxin rating.

The UT code is a number identifying the site and the process.
Each UT code has a UT description associated with it. The UT
description defines the task being performed. The UT time

period is the approximate period of time to perform the task,

The assumptions made was that a worker works a shift which is

‘eight hours long. The UT time period is a fraction of the

eight hour shift. For example, if a given task takes one hour
to perform and is done once per a shift then the UT time

period for that task is 0.125. The dioxin concentration in



the substance involved in the task is the geometric mean
concentration of dioxin in the substance, and it was derived
from the analytical data associated with that process. The
analytical data associated with a process was summarized by
year and sample type. If an analytical result was reported to
be non-detectable (ND) then one half of the limit of detection
was used to calculate the geometric mean. The dioxin
concentration values are less accurate the eavlier in time the
analysis was performed. Analytical techniques for measuring
dioxin were first develcoped in 1965 and have steadily improved

in the years following.

The UT exposure factor is a weighting factor used to estimate
the "cleanliness” or the degree of contamination in the
workplace where the task was performed. These nunbers were
assigned based on knowledge of the nature of the task. Where
available, surface wipe sample results were used to provide an
external comparison with the estimated exposure factors. The
exposure factor is a number between zero and one with zero
representing very low probability of contamination in the work
area and one representing a very great probability of
contamination in the work area. Throughout the entire
Registry cohort the amount of industrial hygiene data is
limited; however, data are available for plantg containing
approximately 42% of the cohort (see Table 3). The industrial
hygiene measurement data for dioxin is predominately surface
wipe samples. A surface was wiped with filter paper, the
filter paper was extracted with a solvent, and the solvent

extract analyzed for dioxin. There is very little data on



TABLE 3

NUMBER OF WORKERS PER SITE INCLUDED THE DIOXIN REGISTRY
THE DIOXIN REGISTRY
NIOSH
CINCINRATI, OHIO

T Years of |Number of Workers|Percent of Workers|lodustrial Hygieme

} {

{Site Number |Operation | in Cohort in Cohort | Data Available |
i | ] |

| 01 8/51-8/69 | 470 ' 7.8 | No i

I - 1 I

| 02A 3/68-2/69 | | i No |

} | 47 | 0.8 | I

; 028 1/70-1/72 No ]

- |

1 03A 1/62-12/70 350 . 5.8 No ]

|

i 038 9/71~4/79 400 6.7 | No |

| 1948-1959 [ I

| Q4 1963~1977 53 0.9 No {

i

] 05 12/61-12/62 280 4.7 No l

| ]

{ 06 | ND 85 1.4 ND {
|

| 07 1938~1978 869 14,5 ND }

| .

| 08 1948~1969 | 415 6.9 ] No {

} | [

} Q9 1937-12/80]| 2194 36.6 : Yas }

i

| 10 1949-6/72 325 5.4 | No :

i T

: 11 [1/58=pres. 182 3.0 Yes :
|

} 12 1958~pres. 156 2.6 } Yes %

I 13 1957-12/83 170 2.8 l Yes }

| N

| 14 ND ND | ND ND |

| [ ' [

; | | 5996 | | I

ND = not yet determined

70
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airborne dioxin levels. Based on the nature of the processes
and work activities, and the physical properties of the
materials, it 1s likely that most of the exposure to dioxin
was through skin contact: touching contaminated surfaces,
spilling and splashing of substances containing dioxins, and
some handling of substances containing dioxing. Drying and
flaking operations where dusts and fumes were generated
represent situations where inhalation exposure to dioxin could

have taken place,

The UT dioxin ratings represent the potential exposure to
dioxin for the tasks listed in the UT directories. The UT
diox;n rating is baseg on the concentration of dioxin in the
process materials, the frequency and duration of daily
contact, and the exposure weighting factor. Therefore, for a
given process, UT directory and a given task, a UT dioxin
rating will be calculated from the product of the UT time
period, multiplied by the dioxin concentration in the
substances involved in the task, multiplied by the exposure

factor.

Occupational Title (OT) Directories

Each process at each plant site included in the Registry was
located in a department. Each department had workers with
plant specific job titles who performed tasks associated with
a process or processes. Therefore a job or occupational title

(OT) was associated with a set of tasks in that department.



An OT directory was constructed for each process at each gite and
for each time period where there were no major process changes.
Therefore, there is a matching OT directory for each UT directory.
Each OT directory censists of OT codes, the 0Ts, OT dioxin exposure
rating values, and applicable UT codes. The 0T codes will be four
digit numbers, with the first two digits vepresenting the process,
and the second two digits will represent the OT. The 0T dioxin
exposure rating is the sum of the daily UT dioxin exposure ratings

asscciated with task in the OT.

Having calculated an OT dioxin exposure rating value for each 0T
through the years of operation for the various processes, “he final
step was to calculate cumilative dioxin exposure rating values for
the workers based on their work histories. These calculations will
be performed using the NIOSH Life Table Analysis System.s

Appendix B provides examples of the procedures used to calculate

dioxin exposure ratings for phase one processes.

Phase Two

Phase two of the assessment procedure was to calculate the
potential exposure to dioxin for those members of the cohort where
industrial hygiene data and information were not avaiiable. The
estimation procedure in phase two was the same as that used in
phase one. For each process at each site there was a process
description. UT directories were constructed from the process
descriptions and contain the same type of information as was
provided in the UT directories constructed in phase one. The gaps
in the information known about a process in phase two were filled

based on the similarities between & process in phase one to the

process in phase two. In general, these processes are very similar
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to each other throughout the industry. An OT directory also was
constructed for each process at each site. The OT directories
constructed in phase two contains the same type of information as those
constructed in phase one. As in phase one, the OTs iﬁ phase two were
matched with appropriate UT dioxin rating valueg to yield 0T dioxin
exposure rating values which represents the potential exposure to
dioxin on a daily basis. Finally, using the NIOSH Life Table Analysis
System, cumulative potential exposure rating values will be calculated
for the workers based on each person's work history. Appendix €
provides a sample of the procedures used to estimate dioxin exposures

for a phase two process.

Conclusions

The exposure matrix presents relative potential exposure estimates to
dioxin for workers in the Registry cohort. Workers in the cohort can
be assigned cumulative potential exposure ratings. The exposure
ratings will be used to provide a detailed exposure analysis as part of
the effort to determine whether certain mortality-outcomes are

associated with exposure to dioxin.
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The NIOSH Dioxin Registry is a compilation of demographic and work-history
information for all ¥U.S. production workers who have synthesized products
known to be contaminated with tetrachlorodibenzodioxin (2,3,7,8=-TCDD) or the
hexachlorinated dibenzodioxins. Currently, there are 14 production facilities
and about 7,000 workers in the Registry. The first use of this information is
a mortality study for which the comparison group is the U.S. male population.
This study will evaluate the causes of death among workers exposeqd Lo products
contaminated with dioxin.

Table ] lists the manufactured substances relevant to the Dioxin Registry.
Trichlorophenol, the herbicides 2,4,5-T and Silvex, and hexachlorophene are
manufactured products which may be contaminated with 2,3,7,8-TCDD. By
contrast, pentachlorophenol contains not the 2,3,7,8 isomer but the hexa-,
hepta- and octa-chlorinated dioxins., Production workers who made the
herbicide 2,4 dichlorophenoxyacetic acid (2,4-D) are not included in the
Registry unless they happened to be involved in one of the other processes,
becaugse 2,4-D has not been reported to contain 2,3,7,8-TCDD.

Figqure 1 illustrates the production processes in which 2,3,7,8-TCDD
contamination arises. Tetrachlorobenzene is converted to the product
2,4,5~trichlorophenol (TCP), which is used as a feedstock to generate the
herbicide 2,4,5~T. Under conditions of high pressure and temperature and
alkalinity, the unintended dioxin contaminants are also generated. The
specific isomers of dioxin produced are determined by the position of the
chlorines in the reacting compounds. Both 2,4-D and pentachlorophencl are
made by a different process, the chlorination of phenol, and the dioxin
isomers which contaminate these products do not include the 2,3,7,8-TCDD.
Hexachlorophene is made from 2,4,5~trichlorophenol by a process which does not
add any additional dioxin to the amount present in the trichlorophenol., The
environmental problem in Missouri has resulted from the spraying of oily
dioxin wastes which were removed from trichlorophenol prior to its use in
synthesizing hexachlorophene.

Pigure 2 lists the manufacturing sites in the Registry and the years during
which they produced dioxin-contaminated substances. We have identified about
1,000 production workers at these 14 chemical plants, To the best of our
knowledge, this constitutes all of the manufacturing sites in the United
States which aynthasized the dioxin contaminated products., There were many
other places in the United States where formulation occurred; for example,
where 2,4,5-T was mixed with 2,4-D or other gubstances for sale under a brand
name. Por logistical reasons, we omitted the formulation sites because most
were small facilities with inadeguate records there. We have included
formulators at the major manufacturing sites who formulated only phenoxy
herbicides.
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Table 2 {llustrateg the types of substances produced at each site, Some
companies made trichlorophencl and sold it to other companies which used the
trichlorophenol to make 2,4,5-T products, We have listed 2,4-D because most
of the plants which made 2,4,5-T also made 2,4-D, and many of the workers made
both products in the same equipment. Pentachlorcphenol was made in four
facilities. We will separate the analysiszs of causes of death in the workers
who made pentachlorophenol from the analysis of deaths among workers who made
TCP and its derivatives, because the contaminating dioxin isomers are
different, We included pentachlorophencl production workers in the Dioxin
Registry because there has been very little regearch on humans exposed to
hexachlorinated dibenzodiecxins.

Because the issue of exposure is so important, we have chosen a strict
criterion for entrance into the Registry, The regquirement is a company record
of assignment to a department which made the product of interest, such as
2,4,5-T. The potential for exposure,.therefore, is to products contaminated
with 2,3,7,8-TCDD or the hexachlorinated dibenzodioxins, not to dioxin alone.
Maintenance workers are included in the Registry if they had a record of
assignment to the area where the process was located.

We will construct an exposure matrix which estimates the potential for dioxin
exposure for each worker by using the following types of information: the
product, the procass, the operating conditions, tewperatures, and solvents,
In a number of trichlorophenol facilities accidents occurred during which
increased amounts of dioxin were released., We have also gathered detailed
information about job descriptions. The fact that an individual worked in the
process doesn't necessarily mean that the worker was exposed to any

substance, Consider, for example, that in a system involving closed pipes and
kettles which require no manual loading, only leakage might be a problem. By
contrast, a different potential for exposure exists at another site where the
kettles are open or the worker had to shovel out some of the solid material.
We also have analyses of dioxin concentrations in the products of various
manufacturers,

In the mortality study we will specifjcally evaluate the following four
carcinogenic outcomes which have been suggested in animal and human studies:
Additionally, we will use our Life Table Analysisz System to evaluate BS other
causes of death. We anticipate that we will complete the study in 1986,
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TABLE 1

TEE RELEVANT SUBSTANCES

MANUFACTURED PRODUCT ' DIOXIN CONTAMINANT

2,3,7,8~TETRACHLORODIBENZODIOXIN
(2,3,7,8-TCDD)

TRICHLOROPHENOL
2,4,5~T(ACID, ESTER, AMINE)
SILVEX (ACID, ESTER, AMINE)

HEXACHLOROPHNE
HEXACELORODIBENZODIOXINS
PENTACHLOROPHENOL HEPTACHLORODIBENZODIOXINS
| OCTACHLORODIBENZODIOXINS
NONE
DICHLORODIBENZODIOXINS
2,4=D TRICHLORODIBENZODIOXINS

TETRACHLORODIBENZODIOXINS,
(1,3,6,8 or 1,3,6,9)
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APPENDIX B

EXAMPLE OF EXPOSURE ESTIMATION PROCEDURE



Introduction

A phase one 2,4,5-trichlorophenol (2,4,5-TCP) production process was
examined to demonstrate the dioxin exposure estimation procedure. Site 9,
which has excellent records was used to illustrate the process. The
2,4,5-TCP process used as an example began production in 1966 and continued
until 1979. The production process was designed and constructed with
knowledge that 2,3,7,8-tetrachlorodibenzo{p)dioxin (TCDD) was formed as a
contaminant, and no major process changes occurred throughout its years of
operation. It was operated such that the formation of TCDD was kept to a
minimum and the potential for exposure to the workers to dioxin -~
contaminated substances was minimized. In addition, an industrial hygiene
monitoring program collected sqrface wipe samples for TCDD throughout the
2,4,5-TCP production process area on a quarterly basis to check fﬁr TCDD
surface contaminatiord. Presented is a process description of the 2,4,5-TGP
process, 3 list of job titles for workers involved in this process, along
with their descriptions, industrial hygiene sampling results and results of
dioxin analysis in products, process streams, and waste effluents. Examples
are provided to illustrate the process of couwpiling this information to
create Unifofm Task (UT) aad Occupational Title (OT) directories. In
addition, cumulative dioxin ratings will be calculated using sample‘work

histories,
2,4,5-TCP Process Description
2,4,5 TCP was produced in this process using the following raw materials:

methanol, caustic soda, 1,2,4,5-tetrachlorobenzene (ICB), and hydrochloric

acid (HCl) (aqueous). Water and methanol were used as solvents in various



stages of this process. It was an automated, batch process, A block flow

diagram of the process is shown in Figure B - 1 and a plant layout is shown

in Figure B - 2,

The first step in the process was a three step reaction which occurred in a
closed agitated jacketed batch reactor, TCB and methanol were pumped to the
reactor and then, while the reactlon proceeded, caustic solution was added
continuously. Water was used as a solvent. The following sequence of

reactions took place, with the dechlorination of TCB being highly exothermic:

CH,OH + NaOH > CR,O0Na + H,0
(methanol) (caustic) . (sodium methylate)

Cl OCH3

1 Cl
+ CH,ONa ——=——3 + NaCl
3 c
¢ C
Cl
(TCB) (2,4,4,-trichloroanisole)

CH

1
+ CH Oh.a————% @ + CH,OCH,
¢l c dimethyl ether

(sodium 7,4,5~trichlorophenate)
The reaction conditions of this step were an operating temperature of less

[ %)

than or equal to 152% (a key element in keeping TCDD formaticn to a

minimum) and a operating pressure of less than 300 psig.

The resulting solution contained water, salt, sodium 2,4,5-trichlorophenate
(NaTCP), 2,4,5-trichloroanisole (TCA) (because the reaction does not proceed
to completion), and methanol (which has been added in excess of the

stoichiometrically required amount so that enough would be present to act as



a solvent for the sodium methylate intermediate). The dimethyl ether (DME)

by-product was vented to the atmosphere,

The solution was then pumped to the next step in the operation, the
decantation. In the decantation vessel two layers were formed, an organic
layer consisting mainly of TCA and dioxin, and an aqueous layer containing
NaCl, NaTCP, and methanol. This step was operated at a temperature less
than 105°C and at atmospheric pressure. The organic layer, or “"waste

0il,” was pumped from the decantation vessel and transferred to a central
incineration unit for burning. This was usually accomplished by pumping oil
into containers which were hauled to the incinerator. This step was
important because it separated the bulk of the dioxin formed from the NaiiP
product. Removing the dioxin at this early stage reduced the chances for

expeosure to dioxin in subsequent steps.

The aqueous product stream of the decanting vessel was pumped to the alcchol
recovery operation, the next step in the operation. The alcochol recovery
step was a simple distillation which removed most of the methanol from the
stream as an overhead product. This was accomplished at a temperaturé of
less than 105°C and at atmospheric pressure. The recovered methanol was
recycled to the initial batch reactor where it was used in subsequent
batches, The bottoms product, an aqueous solution of salt and NaTCP
containing some impurities, was pumped to the phenate stripping operation
for further purification. This operation removed “"waste 0il" from the
product astream, by distillation._ The “"waste oilf removed was disposed of in

the same manmer as the "waste oll” from the decantation. The product



Y
stream, an aqueous solution of NaCl and NaTCP, was then pumped to the next

step in the operation, the acidification reactor.

The acidification of NaTCP to form 2,4,5-TCP was done by adding aqueous lCl
to the vessel containing the aqueous solution of NaTCP and NaCl. A reaction

between WaTCP and HCl occurred, as shown:

ONa OH
Ccl C1
+ HCI

a4

+ NaCl
Ccl
Cl Cl

cl

(2,4,5-TCP)

The resulting solution of 2,4,5-TCP, NaCl, water, and any excess HCl was
pumped to a decantation vessel where the contents were allowed to settle.
Two layers, an organic layer of 2,4,5-TCP which contained some residual NaCl
and an aqueous brine cbntaining any excess HCl, were formed and were
separated. The 2,4,5-TCP layer was pumiped to another vessel where it was
mixed with water. The residual HaCl content of the 2,4,5-TCP dissolved in
the water, and the vessel contents were then allowed to settle. After the
aqueous and organic layers were formed, a second decantation was performed.
The "waste brine" (salt water) solutions decanted from each of the last two
operations were combined and pumped to a deep well disposal. In later
years, the “waste brine" was carbon tresated and sent to the.waste treatment
plant. The TCP product was ready for use in the production of any of the

2,4,5-TCP derivatives or for finishing as a final product.



Description of Job Duties

Two Trichlorophenol (TCP) operators controlled the highly automated
2,4,5-TCP production process per eight hour work shift. Each TCP Operator
spent one-half of the work shift controlling the process from the control
room panel boards. The other half of the work shift was spent in the
process areas, as required, obtaining process samples, checking tank levels,
making material transfers and filling tank cars or tank tcucks. The Spare
and Alternate worked in rellef of the TCP Operators and also performed plant
maintenance. The Foreman was responsible for overseeing plant operations.
The Senior Production Engineer performed the duties of a Foreman in the
plant in addition to engineering necessary for plant projec:s. Table B-1
lists_the various occupational titles along with thel. uescription of tasks

and materials encountered.
Industrial Hygiene Sampling Methods and Results

Surface wipe samples were taken to evaluate workers' potential exposure to
TCDD by skin contact with contaminated work surfaces. Sample locations were
chosen to represent surfaces which workers might or must contact to occupy
and operate the Z.A.S-TCP-production process. The technique consisted of
wiping approximately 100 square centimeters of surface with a dry filter
paper (Whatman #2 5.5 c¢m) with as much pressure as could be applied without
tearing the filter paper. The contaminants on the filter paper were
extracted with a solvent ard analyses were conducted with wvapor phase
chromatography (VPC) or gas chromatography-mass spectroscopy (GC/MS)

analytical techniques.



Surface wipe samples collected throughout the years the 2,4,5-TCP production
process operated are summarized in Table B2. The surface wipe sample
results listed in Table B-2 have been sumnmarized by year and the following
areas: waste oil_dempster area; reactor area; lab area; control room;
lunchroom; locker room; and shop area; anisole decantation area; packaging
atrea; 2,4,5-TCP finishing area; and intermediate storage/methanol
recovery/waste treatment area. A total 906 surface wipe samples were
collected and analyzed for TCDD with 19% (175 out of 906) having detectable
quantities of TCDD measured. The limit of detection of TCDD varied from 0.1
to 1.0 micrograms per wipe (ug/wipe) throughout the years summarized in
Table B-2. The minimum detectable quantity of TCDD measured was 0.1
ug/wipe, measured at one time or another in all categories. The maximum
detectable quantity of TCDD measured was 60.J0 uz/wipe, measured in the

reactor area in 1977,

Analytical Dioxin Measurements of Products, Process Streams & Waste Effluents

Analytical dioxin measurements in products, process streams, and waste
effluents are summarized in Table B-3. The sample results were summarized
by year, analyte (TCDD) and sample type (product, process stream or waste
effluent). The summary statistics used were the number of gample results;
the number of non-detectable (ND) sample results; the limit of detection
(LOD); the GM of the sample results when NDsLOD/2; the minimum detectable
sample result; the maximum detectable sample result and the GM of the

detectable sample results. For the 2,4,5-TCP process the analytical dioxin



data were categorized into three sample types, 2,4,5-TCP (product), NaTCP
(process stream) and TCP waste {(waste effluents). The results of this

summnarization were used to calculate the UT dioxin ratings.

Exposure Factors

The UT exposure factors are values assigned to the tasks based on the
"cleanliness' or degree of contamination in the work area where these tasks
are performed. The factors range from zero to one, and are intended to
weight the exposure rating based upon the likelihood that the dioxin -
containing material had escaped containment and was present in the plant
environment. For example, the peint in the production process where the
task was performed was an important .onsideration(e.g., workers adding raw
materials to a reactor were assigned a factor of 0, since no dioxin had been
formed at this stage of the process). The nature of the process was also
considered, for example, product flaking and bagging operations were
assigned factors of 0.5 to 0.75 since material transfer operations such as
these present a high potential for release of the product to the

atmosphere. Centrifuge oﬁerations were assigned a factor of 0.5 because the
process was not completely contained, and the operators used manual tools to
plow dioxin - containing material from surfaces. To evaluate these assigned
values, the exposure factors were compared to the summarized surface wipe
sample results. Tables B-4 through B-9 compare exposure factor for the
various areas of the process to the geometric mean (GM) of the surface wipe
gample results for those areas for the years 1972, 1973, 1975, 1976, 1977

and 1978 respectively. The GM of the surface wipe samples was calculated



such that the LOD/2 was used for the HD results. Table B-10 is an overall

comparison of the exposure factor to GM of the surface wipe samples.
Uniform Task Dircectory

UT directories have been constructed for Sites Nine's 2,4,5-TCP process for
the years 1970, 1972 through 1978 in Tables B-11 through B-18. A total of
twenty tasks are listed in the directories. The UT tiﬁes listed for the
various tasks were obtained from an indepth industrial hygiene survey report
conducted in 1978. The UT material TCDD concentrations were obtained from
the data list in Table B-3, These data were abstracted and summarized from
through review of records kept for Site Wine. The product of the UT time,
UT material dioxin concentration and the exposure factor yields the UT
dioxin ratings. These values are shown in the last columns of Table B-11
through B-18 and are the values which were used to calculate the
Qccupational Title dioxin exposure ratings.

Qceupational Title Directory

Having constructed UT directories for the 2,4,5-TCP process, Occupational
Title (OT) directories were constructed for each year. Tables B-19 through
B-26 show the OT di;actories for the years 1970, 1972 through 1978,
respectively. Found in these directories are the 0T codes which are four
digit numbers that uniquely relate to specific occupational titles. The OT

dioxin exposure ratings are obtained as the sum of the appropriate UT dioxin



ratings for all job tasks which constitute the total work assignments for
the occupational title. The UT codes which are associated with the UT
ratings are listed in the last column of the OT directories. The
Occupational Title rating is obtained for each Occupational Title by summing
all tasks included in the daily work assignment of the person holding that

title. For example, as shown in Table B-22, the Trichlorophenol

Operator{0T1043) received an exposure rating in 1974 of 51.265 X 10—3.

This was obtained by summing the exposure ratings for the Uniform Tasks 10.1
to 10.14 as listed in Table B-14, The OT dioxin exposure rating listed in
the OT directories represents the dioxin exposure rating for the
occupational titles listed for each day of a given year. Overall the 0T
dioxin expousure ratings for *the Tichlorophenol Operator ranged from 5.595 X

-3 3

107" to 56.58 X 10 °, while for the Utility Man (Spare) these ratings

3 3

ranged from 8,421 X 10 = to 143.1 X 10 ~. The Superintendent's OT

dioxin expogure rating, which were the lowest among the various occupational

3

titles, ranged from 0.142 X 10 = to 4.469 X 1073,

Other Processes at Site Nine

Examples of UT and OT directories for an old NaTCP process, a 2,4,5-T acid
process and a8 2,4,5-T acid ester process are shown in Tables B-27 through
B-32. Table B-27 is the UT directory for the 2,4,5-T acid and 2,4,5-T acid
ester process for the 1965. 7Table B-28 is the OT directory for these
processes and years. Tables B-29 and B-30 are the UT and OT directories for
these processes for the year 1970, Tables B-31 and B-32 are the UT and OT

dicectories, respectively, for an old NaTCP process for the year 1965. All
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of these directories were constructed in the same manner as the directories

for the 2,4,5-TCP process. Comparisons of OT dioxins exposure vatings for

the Trichlorophenol Operator in the old NaTCP process to the 2,4,5-TCP

process show that for the old WaTCP process the values were substantially

higher than those values associated with Trichlorophenol Operator from the
2,4,5-TCP process. Similarly, the OT dioxin exposure rating for the 2,4,5-T

acid and 2,4,5-T acid ester process were higher than the OT ratings listed

for the 2.4,5efCP process. The result should be expected since dioxin

levels were higher in these procegses than they were for the 2,4,5-TCP

process.
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TABLE B~-1
SITE MINE

2,4,5-TCP PRODUCTION PROCESS WORKERS' JOB
DESCRIPTION AND MATEIALS ENCOUNTERED

_-Jbﬁ TITLE: Operator (outside man 4 hr/shift)

--gg ggi 1s Encountered: 50% HaOH. tetrachlorobenzene, methanol, ‘sodium

trichlorophenate, trichloroanisole. 32% HCL, 2,4,5-trichlorophencl, TCDD (as
. impurity), 10% WaCl, Dimethyl ether, water softener, Mogul WS-164 corroslion
inhibitor, Karl Fisher regents, ortho dichlorobenzene.

Description of Operation regquenc Total Time In Hours
Takes readings and surveys

equipment 2/shift 1 hr,
Samples acid and basic brine

streams and checks pH 2/shift 1 hr,

Sample MaOH reflux and shot
tank, checks for H20 with

Karl Fisher 2/shift 1/2 hr.
Transfer product and makes

- gtick measurement daily 1 hr.
Loads tank cars of trichlorophenol 1/week 2 fr.
Unloads methanol trucks (samples
and identified raw material) 2/week 1 hr.
Receives tetrachlorobenzene
(stick measures storage tank) 2/day 10 min.

-, _Sets valves, starts snd
g stops pumps S A S

Empties ortho scrubber 1/month /2 hr.
Samples aniscle storage tank 1/week 5 min.

Performs minor maintenance and
iine unplugging as directed by
supervisor

(8] :
TCP Operator (inside man 4 hr/shift

Materials Encountered: 4 awmino antipyrene reagent, potassium hexacyanide
reagent, sodium tetraborate buffer.

- OF FREQUENCY - TAL TI
- Checks cooling tower water for

trace phenolics using amino
antipyrene method 2/shift 15 min.
Takes readings and adjusts _
. instruments, relays info to

man in field &/shift
Initiates loading of reactors and
starts up of equipment as directed

Operations is remote from chemical
handling area -—



TABLE B-1 (continued)
SITE NINE
2.4,5-TCP PRODUCTION PROCESS WORKERS' JOB
DESCRIPTION AND MATERIALS ENCOUNTERED

JOB TITLE:

Utiiity—Spare (covers TCP Operator classification inside and out)

. Materjals Encountered: Same as TCP Operator, plus Mogul Ag-460, Biocide, Mog
CT.601 organic dispresent.

Deseription of Operation -

Performs TCP operators functions either inside or outside depending upon need
at the time.

Performs necessary minor maintenance including unplugging of lines (tetra,
TCP, anisole area mnot common).

Repairs leaks and replaces worn mechanical equipment.

Responsible for the addition of water treatment chemicals to cooling tower for
prevention of corrosion, solids and algee accumulation (Frequency: 1-7 weekly;
Total Time: 15-20 min. each].

JOB TITLE:
Alternate (Covers both Utility man and TCP Operator (inside and outside) jobs.

Materials Encountered: Same as TC Operator and Utilityman classification.

Degeription of Operation:

Same as utilityman and TCP Operator when performing those tasks. Spends about
70% of hisz time as an Operator (35% inside and 35% outside) and the remaining
30% as a Utilityman.

JOB TITLE:
Superintendent

Materials Encountered: Same as TCP Operator and Utilityman
BC ion rat

'‘Oversees trichlorophenol plant operation, indirectly involved.
Exposure to chemicals low to moderate relative to TCP operators.



TABLE B-1 (continued)
SITE NINE
2,4,5-TCP PRODUCTION PROCESS WORKERS' JOB
DESCRIPTION AND MATERIALS ENCOUNTERED

. JOB TITLE:
Sr. Production Engineer

Materials Encountered: Same as TCP Operator and Utilityman
Description of Operation

Similar as Foreman Clagsification

JOB TITLE:
Foreman .

Materials Encountered: Same as TCP Operators and Utilityman

‘Description o ration

Oversees trichlorophenol plant operations under the direction of the plant
superintendent, makes majority of on spot judgements regarding repairs and
methodg. Writes permits for vessel entries and line openings, and supervises
gaid activities.

Spends about 90% of time in plant. Exposure to chemicals moderate relative to
TCP Operators.

JOB TITLE:
Sr. Production Office Assistant

Materials Encountered: 2,4,5-Trichlorophencl, trichloroanisole, TCDD (as
impurity)

cript £ atio

Delivers 4 0z, sample bottles of above materials to laboratory (Frequency:
daily; Total Time: 1 hr/day; (sealed bottles)l].

Assuming there is no breakage, there is no exposure what so ever.
Classification is least likely to encounter chemical hazards.



Table B-2
Site Nine
Suriace Wipe Sample Surmary
2,4,5-TCP Process

S1te Hine YH Data

Yoar Sample Description Analyle Sample No. of Ro. of LoD G when OM when OW wvhen Min Del Max Del GM Det  Units
: Type Samples ¥Ds ND=0 ND=LOD{2 ND+*LOD Sample Sample Sasples

1977 Anisole decantation area TEDD w ] z <0.1 0.4 ¢.4 0.5 0.1 3 0.5 uglwipe
1978 Anisole decantation area oo w 4 L} - 3.5 7.1 7.1 0.5 2% 3.5 ug/wipa
1979 Amisole decantation area TCOD w 5 2 <01 0.8 4.9 0.9 ¢.2 1.7 1.3 uglvipe
1969 Control room area Chlgracnegen W 1 1 WFR -— -— ——— ——— -— -~  FEFR
1370 Conlral room area TCoD w 2 1 <t.0 0.4 n.7 1.0 1 1 1.0 ugiwipe
1971 Control room ares oD w 4 2 <0, 19+ 0.04 8.1 8.2 ] ] 8.2 0.1 ugtwipe
-1972 Conlrol roow area TCDD w 4 3 <D.07n 0.081 .04 0.06 ¢.07 4.07 0.07 ugfwipe
1973 Control room area TCD0 W 3 3 <0 --- - --- -— == == ugliwipe
1975 Conlrol room area TCDD w 1 I <0.0S -_— — —=- -— —— -~= uglwipe
1976 Control room area TCOR L 3 3 <0.15+ -— -—— - - e --= uglwipe
1977 Conlrol room area oD w 4 4 «<f.2w - - -—— —— —— ~== uglwipe
1978 Control room ares oD 1) 4 2 <0.1 - -—— - -—= -— —== uglvipe
1979 Control roca afes TCDD w 1 1 <. -— .- ——- - -—— -~ uglwipe
1369 Interaediate storage Chloracnegen W 1 1 R - -— —-— — -— --~ REFR
1970 Intermediate storage oD w 2 2 <€.6 --- -—- -— we—— —— ==+ uglwipe
1971 Intecaediate slocage TCDD w 4 2 <0.19e 0.03 .50 1.00 0.03 0.8 ©.07 ugivipe
19?2 Intermasdiate storage TEDD v 3 2 <0.08s o002 0.08 B.11 0.0 0.0 0.0) uptwipe
1975 Interaediate storage TCOD w 3 3 <0.t -— -— === -—- - === ugluipw
1977 Intermediale storage TchD W 27 M B.2e D.01 0.08 0.5 0.1 0.4 0.2 vglwipe
1979 intermediate storage TCDD v 4 2 @ 0.04 0.08 g.1% a.1 8.1 0.1 uglvipe
1969 Lab arew Chloracosgen W [ 4 R --= -—= ——— —— — --- REFR
1970 Lab area TCDD w 8 s 1.8 0.3 0.7 1.0 1 1.5 1.1 gglwips
1971 Lab area TCDD L 16 11 <D.t9# .01 5.08 0.4 6.02 0.2 0.05 ugivipe
1972 Lab area TCDD w 16 11 <8.88% B.02 .04 4.07 0.01 0.9 0.07 ugiwipe
1973 Lab ares TCOD W 12 12 a.0 - —— - -—- == === uglwipe
1975 Lab area TCOD w 4 & <005 - -— -—— — — -~ uglwipe
1976 Lab area oD W 13 12 <D.y2» 0.01 8.05 0.09 0.5 0.5 0.50 wglwipe
1977 Lab arma TCOD w 19 i8 0.2+ .o 0.07 0.14 0.1 0.1 0.1 wyiwipe
1978 Lab area TODD w 18 16 <#.1 - - -— - -—= === uglvwipe
1979 Lab area TCOD ) 7 7 <h.obw - === - R - -== uglivipe
1969 Locker room atea Chloracnegen W 1 1 NFR - - -—= -—- == --= TFEFR
1970 Locker room area TCHOD w 2 T <. 0.4 0.7 1.0 1 1 1.0 uglwipe
1971 Locker room area TCDD w 4 2 <0,39m 8.01 0.0 0.14 804 B.04 0.04 uglwipe
1972 Locker tooM ares TCOD o [} 3 <D.07« 0.01 6.04 0.06 o.08 6.06 0.66 ugiwipe
1973 Locker room area pymiag W k] 3 4.0 -— ——— —— --- —— = uglwipd
1975 Locker room area TCDD w 1 i <0,05 - - m-— - - === uglivipe
1976 Locker room area TCOD w 3 3 <0.15= - -— e --- —-—— --- ugivipe
{977 Locker room area TCDD v 12 12 <. -— —— - —— —-_— -w= uglwipe
1978 Locker room ares oD W L} X A | -— = — - -- ~=~ uglwipe
1979 Locker room ares TCOD w 9 9 <b.07w --- —— .- C—— -— -== uglwips
1969 Lunchroom area Chioracnegen W 1 1 NFR ---= .- - -— -— ---  FEFR
1970 Lunchroom area TCOD W 2 1 <.0 0.4 e.7 1.0 1 1 1.0 ugiwipe
197t Lunchroom ares TCDD w 4 2 <019« o.04 0.10 0.1% 0.02 0.3 0.08 ugiwipe
1972 Lunchroom area TChD w 4 3 <0.97w ¢.01 0.04 0.0% 0.08 0.88 0.08 ugivips
1973 Lunchroom area TCOD L 2 i 4.9 -—-- -— -—- - - = uglwipe
1875 Lunchroon areéa TCDD v 1 1 <0.85 = - --- -— -— == uglfwips
1976 Lunchroom area TCDD L] 13 5 <817 --- --- —-- - - == ugivipe .
1977 Lunchroon area TCHo w 15 15 <f@.2% = - --- —— — -~ ygiwipe :
1978 Lunchroon area TCOD w 10 16 <9.1 A ——- e - - -=- ugfnipe
1973 Lumchroos area TCOD w & B <0.08% -=- === --- i L ~== uyfwipe
19¥1 Packaging area TCDD w : 1 0,18 1.8 1.8 1.8 5 -] 5.0 ugfwipe
T2 Paclaging area TCPD w 4 4 <D, 88= == - --- --- - -e= ugivipe
1973 Faclaying area e 3 w 2 2 1.0 . - e -—- --- === ugiwipe
1175 Packaging area vt 1) W 1 1 3t - = - — .- sm ugluipe



Site Nuipe |H Data

Year Sample Description

1976 Packaging srea
1977 Packaging krea
1978 Packaging xrea

1969 Reactor
1970 Reactor
1971 Reaclor
1972 Reactor
1973 Reaclor
1975 Reactor
1976 Reactor
1977 Reactor
1978 Reaclor
1979 Reactor

arva
L1 )
arex
Ares
area
ares
area
area
area
area

1965 Shop area
1970 Shop area
1971 Ehop area
1972 Shop ares
1973 Shop area
1975 Shop area
1976 Shap arsa
1977 Shop area
1978 Shop ares
1979 Shop arwa
1971 TCP lFinishing area
1972 TCP linishing area
1973 TCP [inishing area
1976 ICF finishing ares
1877 TCP Finishing area
1978 TCP finishing area
1979 TCP finishing area
1969 Waste oil dempster
970 Waste o1l dempater
197% Waste oil dempster
1972 Wasle oil dempiter
1977 daste o1l dempster
1975 Waste oyl dempster
1976 Wastw o)1 dempster
1977 Waste o1l dempster
1978 Wastwe o1l dempster
1979 Waste 01) dempsier

Table B-2

LOD  GH whaen GM when G¥ when Win Det Wax Dot OM Det Units
Ni=0 ND=LOD/2 WD-LOD Sanple Sasple Samples

cont.
Sample H2 of No. of
Type Samplas NDs
W 2 ¢ -
v 1 L
L 1 1 <1
L 4 4 ¥FER
W 9 7 1.9
W 21 15 <0.22«
w 7 20 <0.07w
w ] 8 <@
v 9 9 <h.Ix
w 26 24 <0.14»
v 27 23 <02+
w 3% 28 0.1x
W 33 3 <0.1w
W 1 1 R
W 3 1 <t.o
w 4 2 €0.34x
w ? 6 <0.08s
w 3 6 <1.9
v 3 3 <0.12
w 7 5 40.17#
v 20 15 <0.2»
W 4 11 <a.1
w 10 ¢ <0.99n
W 2 1 <0.2
w L 2 <0.1
v 3 3 <L
w 17 10 <0.21s
w 29 25 <h.)e
w 16 11 <81
w 7 & <0.68
] 4 3 NFR
w 15 3 <1.e
1) k-] 23 <0.29=
W LF] 24 <0.90
W 26 24 <1.0
W 5 § <6.1
w 23 19 “0.11»
W gL EL <0.1+
w 24 18 <0,
w 10 8 <0.89%s

Anaiyte

TCcOD

TCDD

TCDD
Chlorscragen

© TCDo

TCDD

TCOD

TCoo

TCDD

TCDD

TCDD

DD

TCDD
Chioracnegen

TCOD

TCDD

TCoD

TCDO

TCDD

TCDD

Fintel

Tcoh

TCDOD

CDD

oD

TCDD

TCDD

TCDD

TCDD

oD
ares Chloracnegen

area TCDD

area 0D

areg TCDD

area TGO

nrea TCDD

arek oD

rea TCDD

area pymiii]

area jynis)

1.7
0.4

0.1
0.81
0.0%
0.1

0.087

0.%
0.04
0.0t

3.0
0.4

0.6
0.08
6.04
0.49

3.0
0.4

1.0
.15
0.08
1.02
¢.11

83
0.07
0.0¢

1.4

o.d
0.4

7.6

1.7 ug/wipe
6.4 uglvipe
== uglfwipe
--~ FREFR
1.1 ugiwipe
0.13 ugivipe
0.08 ug/wipe
2 uglvipe
~= uglwipe
0.32 ugtvips
1.4 ug/wipe
6.3 ugltwipe
0.2 ugivipe
---  REFR
1.8 ug/wipe
0.49 ug/wipe
0.06 ugivipe
=== ugivipe
- ugiwipe
&.57 ugtvipe
3 uglwipe
1 ugiwips
.2 uglwipe
B ug/wipe
0.58 ugivipe
-=- uglwips
6.52 ugivipe
0.3 ugiwips
0.4 uglwipe
#.1 ug/vipe
REFR

1.8 uglfvipe
0.18 ugivipe
0.34 ugivips

8 upiwipe
=== ugivwipe
1.13 ugivipe

0.9 ugiwipe

4.3 uglfwipe

0.1 ugivipe



Site

Year

1967
1968
1970
1971
1972
1973
1974
1975
1976
1977
1978
1871
1972
1973
1974
1975
1576
1977
1666
1967
1970
1971
1972
1873
1874
1975
1976
. 1977
1978

Table B-3

Nine Analytical Dioxin Data: 2,4,5-TCP Process

Sample Descript No. of

TCP
TCP
TCP
CP
TCP
TCP
TCP
TCP
TCP
TCP
ICcP

TCP
TCp

reactor
reactor
reactor
reactor
reactor
reactor
reactor
tars
tars
tars
tars
tars
tars
tars
tars
tars
tars
tars

Samples

162
a1
57

143
82

260

272
97

162

142

274
15

%
22
19

3
6%
84
16

8Q

]
12
61
27

6

1

2
22
15

No. of
NDs

162
81
54
65
67
251
262
94
154
133
269

Y

4
18

6

2
21
25

i]

0
0
i
1
0
3
0
0
5
3

LoD

<1.0

<l.0
<0.49%
<{.36%
<0.036x%

<0.02196%

<0.16»
<0.0101x
<0.011x%
<B.014x
<B.0099x
<0.42%
<0.05%
<0.03%
<0.03%
<0.01
<0.00905«
<0.01

GM when
ND=L0OD/2

-~

0.248101
0.095906
0.02
0.004
0.01
0.005
0.005
0.002
0.005
0.23

.01

.01

.03

.01

.01

[l s B = T e T e B v B B v = |
‘Qhﬂmﬂ"qhb
[ v or = xw s
DPLBDWANRDOD AREDN]

L=
[ S = - B
. oy

Min Det Max Det GM Det

Sample

-

0.63
0.01
0.01
0.002
0.02
0.01
0.0005
0.006

0.001

0.09
0.1
0.03
0.02
0.08
0.0086
0.01
1

12
0.%
1.175
0.1
0.2
10
0.68
8.3
0.1
0.005

Sanple

1.3
0.1
0.0
0.05
0.04
0.08¢
0.0%
0.02
6.01
1.1
0.1
0.3
0.12
0.08
0.0¢9
0.08
170
108
190
188
12
140
20
0.68
8.3
10

Samples

0.923655
0.03498%
0.03
0.021
0.03
0.023
0.01%
0.012
0.002
0.26
0.1
0.07
0.03
0.08
0.02
0.02
34.7

47.

80,

17.

Units

uglg
ugl/g
uglg
ug/y
ug/yg
uglg
uglg
ug/gy
ugl/y
uglyg
uglg
ug/g
uglyg
ug’g
ug/g
ug/g
ug/g
ug/g
ug/g -
ug/g
ug/g
ug/g
ug/g
ug/g
ug'g
ug/g
ug/g
ug/g
ug/g



Table B-4

Site Nine 2,4,5-TCP Process: Exposure Factor and Surface Wipe Comparison 19872

Process Area No. of % Det. Exposure GM of |Material
_ Wipes Wipe Factor Wipe TCDD conc
Control room area 4 0.2% 0.00 0.04 0.016
Intermediate storage ., 3 0.33 0.2% 0.08 0.018
Lab area 16 0.31 0.25 c.04 0.117
Locker room area 4 0.25 0.00 0.04 0.018
Lunchroom area 4 0.25 0.00 0.04 p.016
Packaging area 4 0.00 0.25 <0.08# 0.016
Reactor area 27  0.26 0.25 0.04 0.015
Shop area 7 0.14 0.25 0.04 0.11:7
TCP finishing area 4 0.50 6.2% 0.24 0.0186

Weste 0il dempster area 42 0.43 0.50 .11 6.636



Site Nine 2,4,5-TCP Process: Exposure Factor and Wipe Surface Comprison 1973

Table B=5

Process Area No. of % Det. Exposure
Wipes Wipe Factor
Control room area 3 0.00 0.00
Lab area 12 0.00 D.25
Locker room area 3 0.00 0.00
- Lunchroom area 3 0.00 0.00
Packaging area 2 0.00 0.25
Reactor area . 29 0.03 0.25
Shop area ' 6 0.00 0.25
TCP finishing area 3 0.09 0.25
Waste oil dempster area 26 0.08 0.50

GM of
Wipe
<1.0
1.0
<1.0
<1.0
<1.0
0.49
<1.0
<1.0
0.50

Material
TCOD conc
0.904
0.749
0.004
0.004
D.004
0.014
0.749
0.004
4.454



Table B=6

Site Nine 2,4,5~-TCP Process: Exposure Factor and Wipe Surface Comparison 1975

Process Area No. of ¥ Det. Exposure GM of Material

Wipes Wipe Factor Wipe TCDD
Control room area 1 0 0.00 <0.05 0.005
Intermediate storage 3 0 0.25 «<D.1 0.013
Lab area 4 0 0.25 <0.05 0.120
Locker room area 1 0 0.00 <0.05 0.005
Lunchroom area 1 0 0.00 <D.05 0.00%
Packaging area 1 0 0.2 <0.1 0.005
Reactor area 9 0 0.258 <0.1% 0.013
Shop area 3 0 0.28 <0.12 0.120
Waszte o0il dempster area 5 0 0.25 <0.1 0.680°



Table B-7

Site Nine 2,4,5-TCP Process: Exposure Factor and Surface Wipe Comparison 1976

Frocess Area No. of % Det. Exposure GM of Material
_ Wipes Wipe [Factor Wipe TCDD conc

Control room area 3 0.00 0.00 <D.15% 0.005
Lab area 13 0.08 0.2% 0.05 1.390
Locker room area 2 0.00 0.00 <0.15% 0.005
* Lunchroon area § 0.00 0.00 <0.17% ¢.00%
Packaging area . 2 1.00 6.25 2.97 6.005
Reactor area 26  0.08 4.2% n.o¢ 0.012
Shop ares 7 0.29 0.25 0.15 1.390
TCP finishing area 17 0.44 0.25 0.22 6.005
Vaste 0il dempster area 23 0.17 0.50 0.12 8.300



Table B-8

Site Nine 2,4,5-TCP Process: Exposure Factor and Surface Wipe Comparison 1977

Process Area No. of % Det, Exposure GM of Material

Wipes Wipe Factor Wipe TCDD conc
Anisole decantation area 4 0.50 0.50 0.43 1.938
Control room area 4 .00 0.00 <0.2# 0.002
Intermediate storage 27 0.1% 6.2% 0.08 0.012
Lab area 19  0.08 0.25 0.07 0.033
Locker room area 12 0.00 0.00 <0.1x 0.002
Lunchroom area 15 0.00 0.00 <0.2% 0.002
Packaging srea 1 1.00 0.2% 0.40 0.002
Reactor area 27 0.15 0.25 0.49 0.012
Shop area 20 0.25 0.25 0.12 0.033
TCP finishing area 29  0.14 0.25 0.04 0.002
Waste oil dempster area 38 0.21 0.50 0.25 1.938



Table B9
N

Site Nine 2,4,5-TCP Process: Exposure Factor and Surface Wipe Comparison 1978

Process Area No. of % Det. Exposure GM of Material

Wipes Wipe Factor Wipe TCDD conc
Anisole decantation area 4 1.00 0.50 7.1 1.822
“Control room area 2 0.00 0.00 <0.1 0.005
“Lab area 18 0.00 0.25 <06.1 - 0.310
Locker room area 14 0.00 0.60 <0.1 0,008
Lunchroom area 10 e.00 0.90 <D0.1 0.005
Packaging area 1 0.09 0.28 <0.1 0.00%
Reactor area 36 0.19 0.25 ¢.07 0.012
Shop area 14 0.21 0.25 0.09 0.310
TCP finishing area 16 n.31 9.2% 0.1 0.00%
Waste oil dempster area 24 0.33 0.50 0.3 1.822



Table B-10

Bite Nine 2,4,5-TCP Process: Exposure Factor and Surface Wipe Comparison 1972-1979

Process Area Yoars No. of % Det, Exposure GM of Material
Wipes Wipe Factor .. Wipe TCDD conc

Aniscle decantation area 77-79 13 0.69 0.50 1.82 - 2.788

- Contrel room area 72-79 24 0.17 0.00 0.04 0.006
. Intermediate storage area72-79 43 0.19 0.25 .07 0.016
" Lab area 72~-79 113 0.15 0.28 0.05 0.295
Locker room area 72-79 52 0.06 0.00 0.04 0.0086
“Lufchroon area 72-79 50 6.08 0.00 0.04 0.008
Packaging area 72-79 13 0.31 0.25 0.42 0.006
Reactor area 72-79 217 0.15 0.25 0.14 0.015
Shop area 72-79 74 0.22 0.25 0.11 0.295
TCP finishing area 72-7% 78 0.26 0.25 0.16 0.006
Waste oil dempster area 72-79 222 0.29 0.5¢0 p.18 2.788




Table B-11

Bite Niﬂe 2,4,5~1CP Process: Uniform Task Title Directory 1970

Task
Code

10‘
10.
‘3

10

1
2

10.4

t10.
10.
10.
16,

10
10

10

1]
8
7
8

.9
10.
A1
10.
10.

10

12
13

.14
10.
10,
10,
18.
10,19 General work throughout plant
10.

15
18
17
16

20

Task Decription

Take readings & survey outside equipment

Sample 2,4,5-TCP & basic brine streams & check pH
Bample NeOH reflux and shot tank

Transfer 2,4,5-TCP & make stick measurements

Load Tank cars with 2,4,5-7TCP

Unload MeOH truck, collect samples & identify raw nutcrinl
Receive TCB & stick measure storage tank

Empty ortho scrubber

Bample anisole storage tank

Sot valves,start & stop pumps

Perform aninor maintenance & line unplugging

Chectk cooling tower water for phenolics

Take readings & adjust instruments

Initiate loading of reactor & start-up equipment

Repair leaks & replace vorn mechanical squipment

Add water treatment chemicals to cooling tower

Oversee 2,4,5-TCP plant operations, infrequently in plant
Oversee 2,4,.5-TCP plant operations, frequently in plant

Peliver 2,4,5-TCP samples to lab

Task Task Mat.
Time

- N-E-N-N-N- - - - -

0825 ¢
0626
0825

.0625
.0250
0125
.0104
0014
.0010
.0626
0625
.0156
.1250
.0625
.1250
.0083
.0813
7313
.7313
.1250

Task
TCDD Conc.Exposure
Factor

0.248 0.32
- 0,248 0.28
0.248 0.25%
0.248 0.25
0.248 0.26
0.000 0.00
0.000 0.60
80.400 0.25
60.400 0.50
0.248 0.32
20.629 0.28
0.248 0,25
0.000 0.00
0.000 0.00
20.629 0.32
0.248 0.25
0.248 0.25
0.248 0.25
0.248 0.28
0,248 0.2%

Task
Dioxin
Rating
0.0050
0.0039
0.0039
0.0039
0.0016
0.0000
0.0000
0.0211
0.0314
0.0050
0.3610
0.0010
0.0000
€¢.0000
0.8252
6.0005
0.0050
0.0453
0.0453
0.0076
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Table B-12

Site Nine Uniform Task Title Directory: 2,4,5-TCP Process 1972

oT Oniform Task Decription

_t_:edo_

10.1 Take rsadings & survey outside squipmant

10.2 Sample 2.4.5-TCP & basic brine streams & check pH

16.3 Sampls MeOH reflux and shot tank

10.4 Transfer 2,4,5-TCP & make stick measurements

10.5 Load Tenk cars vith 2,4,5-1CP

10.6 Unload MeOM truck, collect samples & identify raw saterial
18.7 Recwive TCB & stick measure storage tank

10.8 Empty ortho scrubber

10.9 Sample anisclis storags tank

10.10 Set valves, siart & siop pumps

10.11 Perform minor asintenance & line unplugging

10.12 Check cooling tower water for phenolics

10.13 Take readings & adjust instruments

10.24 lnitiate loading of resctor & start-up squipsent

10.1S Repair jsaks & replace worn mechanical equipment

10.16 Add water Lreatment chemicals to cooling tower

10.17 Dvesses 2,4,5-TCP plant opesrations, infrequsntly in plant
10.18 Ovarses 2,4,5-TCP plant operations, fregquently in plant
10.18 General work throughout plant

10.20 Deliver 2,4,5-TCP samples to lab

or
Tine

0.pe2s
B.0625
0.0625
0.0625
0.0250
0.0128
0.0104
0.0014
g.0010
0.0&25
0.0625
0.0156
0.1288
0.062%
0.1250
0.0083
0.0013
0.7313
0.7313
£,125%0

OT Mat.
TCED Conc,

0.220
B.01%
0.015
0.018
0.016
o.0060
0.080
D.836
0.636
0.220
0.220
8.015
G.000
6.000
0.220
B.01%
0.220
0.220
§.220
0.018

uT
Exposure
Factor
8.32
0.25
D.2%
06.2%
6.2%
g8.00
0.00
0.2%
0.50
0.32
0.28
o.25
g.00
D.00
0.32
0.2%
6.25
0.2%
0.25
0.2%

T
Diaxin
Fating

0.0044

0.0002

0.0002

0.0003

0.00¢0:

6.0000

0.0000

0.6002

0.0003

0.0044

0.0038

0.0001

0.0000

D.0000

0.0088

0.00003

D.D0D4E

0.0402

0.0402

0,000%

3
y



Table B-13

Site Nine Uniform Task Directory: 2,4,5-TCP Process 1973

'OT  Uniform Task Decripticn

Code

10.1 Take readings & survey outside equipment

. 10.2 Semple 2,4,5-TCP & basic brine streams & check pH

30.3 Sampls MeOH reflux and shot tank

19.8 Transfer 2,4,5-TCP & make stick measurements

10.5 Load Tank cars with 2,4,.5-TCP

16.6 OUnload MeOH truck, collect samples & identify rav material
10.7 Receive TCB R stick measure storage tank

10.8 Empty ortho scrubber

10.8 Sample anisole storage tank

10.10 Set vaives,start § stop pumps

10.311 Perfors ainor maintenance & line unplugging

20.12 Check conling Lower vatst for phenolics

10.13 Take readings & sdjust inatruments

10.14 Initiate loading of reactor & start-up equipzment

10.15 Repair leaks & replace worn mechanical squipment

10.16 Add water treatment chemicals to cooling tower

10.17 Oversee 2,4,5-TCP plant operations, infrequenily in plant
10.318 Overses 2.4.5-TCP plant operations, frequently in plant
10.19 General work throughout plant

10.20 Deliver 2,4.5-TCP samples to ladb

or
Tine

D.0825
0.0625
0.08625
b.062%
D.0250
D.012%
6.0104
0.0014
0.8010
0.0625
D.0&625
9,0156
0.1250
6.0625
0.1280
0.0083
8.08:3
0.7313
0.7213
0.12%0

UT Mat.
TCPD Conc.

D.009
0.014
0.014
0.004
0.004

0

L
4.454
4.454
0.009
1.481
0.034

0

a
1.49;
0.014
b.00%
0.009
0.00%
0.004

ur
Exposure
Factor
g.32
6,25
0.2%
0.2%

L -4
L]

[= 2
PRl
b b Ly r #D
A VOV DSOS NNO o

(- - - - R ]
M
BB RS B B L)

uT
Hgn Jioxin
Rataing
6.0002
0.0002
0.0002
0.0001
0.00003
¢.0000
0.0000
0.00186
0.0023
6.0002
0.026!
D.opo1
0.0000
0.0000
0.0596
0.80003
o.0062
0.0016
0.0016
£.0001
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Table B-14

Site Nans Occupational Title Directory: 2,4,5-TCP Process 1874

Liyy Dniforn Task Decription uT OT Mat.

Code : Tiae TCOD Conc.
10.1 Take readings 3 survey outside equipment 0.063 0.018
10.2 Sample 2,4,5-TCPF & basic braine streams & check pH 0.083 0.027
10.3 Eample NeOH reflux and shot tank 0.063 o.027
10.4 Transfer 2,4,5~TCP & make stick measurepents D.063 b.008
10.8 Load Tank cars with 2,4,5-TCP 0.028 0.bo8
10.6 Onload MeOH truck. collect samples & ident:fy raw materialf.013 2.000
10.7 Receive TCB § stick msasure storage tank 6.010 0.000
10.8 Eaply ortho scrubber 0.001 7.343
10.9 Sample anisole storage tank 4.001 7.3943
10.10 Set valves.start & stop punps 0.083 0.018
18,11 Performs minoer maintenance & line unplugging 0.063 2.459
18.12 Check cooling tower water Tor phenolics 0.01& 0.027
10.13 Take readings & adjust instruments 0.12% 0.000
1D0.14 Initiate loading of reactor 3 starti-up equipment 0.063 0.000
10.15 Repair lesks 3 replace worn mschanical equipuent 0.128% 2.459
10.18 Add vatasr treatment chemicals to cooling tover 5.008 0.027
10.17 Oversee 2,4,5-TCP plant operations, infrequently in plant 0.081 G6.018
10.18 Overses 2.4,5-TCF plant operations, frequently in plant 0.731 0.018
10.19 Gensral work throughout plant 0.731 0.018
10.20 Deliver 2.4,5-TCP samples to lad D.12% 0.008

Task
Exposure
Factor
b.32
0.2%
0,25
6.25
0.2%
0.00
p.00
p.2%
0.56
n.32
0.28
0.25
p.00

T
Bioxan
Rating

0,0004

0.0004

0.0004

0.0001

0.0001

0.000¢

0.0000

0.0028

0.0038

G.0004

0.0430

0.0001

6.0000

0.0000

0.0.558¢4

0.Co0L
0.00i4

0.0033

0,0033

0.0003
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Table B~15

Site Nine Unifors Task Directory: 2,4,5-TCP Process 1975

e

, OT Uniform Task Decription

 J
€

&
)
3
y

»

Code

10.1 Take readings & survey outside squipmsent

10.2 Bample 2,4.5-TCP & basic brine streams & check pH

10.3 - Sample MeOH reflux and shot tank

10.4 Transfer 2,4,5-TCP § make sLick measurements

10.5 Load Tank cars with 2,4,5-TCP

10.8 Unload MeOH truck, collect samples & identify raw materiz!
10.7 Receive TCR & stick msasure storage tank

i10.6 Eapty ortho scrubber

10.9 5Sample anisols storage tank

10.10 Set valves,start & siop pumps

10.11 Perfors minor saintsnance 4 line unplugging

10.12 Check copling tover wvater for phenolics

10.13 Take readings & adjust instruments

10.14 Initiate loading of reactor 3 start~up equipment

10.15 Repair leaks 3 replace worn mechanical sguipment

10.16 Add water trestaent chemicals to coeling tover

310.17 Oversee 2,4.5-TCP plant operations, infrequenily in piant
10.18 Overses 2.4.5-TCP plant operaiions, fregquently in plant
10.19 General work throughout plant

10.20 Deliver 2.4.5-TCP samples to lab

oT
Time

0.0625
0.0625
0.062%
0.0825
0.028
0.012%
0.0104
0.0014
0.00104
D.0625
0.0628
0.01%86
0.128
Q.062%
0.125
0.0083
0.0B12S
0.7312%
0.7312%
0.128

UT Mat.
TCOD Cone.

0.008
0.013
0.013
0.00%
0.00%
b

0
0.68
6.58
0.009
0.233
0.013
0

0
0.233
0.013
0.%0¢
6.009
0.009
0.005

uT
Exposure
Factor

0.32
0.2%
6.25
0.2%
0.2%

9

1]

0.2%
0.5
6.32
0.26
0.2%

o

0

0.32
0.2%
f, 28
0.25
0.2%
0.25%

oT
Dioxin
Rating

0.000:&
0.00020 e
0.00020
¢.00005 g
0.00003
0.00008
0.00000
0.00024
0.0003%
D.0DD18 ‘
0.00404
0.0000%
0.00080
8.00000
D.00%32
0.0u40D3 4
0.900:8
0.0016%
0.00185
0.00018
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10.1
10.2
10.3-
16.4
10.5
0.8
10.7
10.8
10.9
10.10
10.11
in.12
10.13
10.14
10.1%
10.16
$0.17
16.18
18.19
10.20

Table Blé

Eite Nine Uniform Task Directory: 2.4,5-TCP Process 1876

o

Unifors Task Decription UT UT Mat.

Time TCOD Lone.
Take readings & survey outside equipaent g.082 0.008
Sample 2,.4,5-TCF & basic brine streams & check pH 0.062 0.012
Sample NeOH reflinc and shol tank 0.062 0.012
Transfer 2,4,5-TCP L& aake stick measureaents 0.062 0.00%
Load Tank cars with 2,4,5-TCP D.a2s 8.005
Unioad MeOH truck, collect samples & identify raw sateraaif.o12 0.000
Receave TCB & stick measure storage tank 0.010 0.000
Empty ortho scrubber 0.001 8.300
Bample anisoles storage tank 0.00¢ 8.300
Set valves.start & stop pumps 0.062 n.po08
Perfors minor Baintenance & line unplugping 0.062 2.772
Check cooling tower water for phenniics 0.01% 0.012
Take roadings & adjust instruments 0.125 0.008
Initiate loading of resctor 3 start-up equipment &.082 D.o00
Repair leaks L replace worn sachanical equipment 0.125% 2.772
Add water treataent chemicals to cooling tower 0.006 0.012
Ovarses 2,4,5-TCP plant operalions, infrequently in plant 0,081 0.008
Ovarses 2,4,5-TCP plant operations, frequently in plant D.734 0.p08
General snrk throughout piant 0.731 0.008
Deliver 2,4,5-ICP sampies to lab 0.125 9.005

gT
Exposure
Factor
.32
0.25
0.2%
0.2%
6.25%
o.00
0.00
0.2%8
0.50
0.32
0.28
0.2%
0.00
0.00
0.32
0.5
0.25
0.25
0.26
0.2%5

w
Dioxin
Rating

0.00016
0.000%9
8.00019
D.o0008
0.00003
0,00000
0.00000
0.0602081
0.00£32
6.00016
B.0485:
0.0000%
0.00000
0.00000
y.iifise
0.00002
0, 900.F
0.00146
0.00:4¢6
0.00016
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Table B~17

Site Nine Unifors Task Dirsctory: 2,4,5-TCP Process 1977

T

Code

10.1
10.2
10.3
10.4
10.%
10.6
10.7
10.8
10.%
10.10
10,11
10.12
10.12
10.14
10.15
10.16
1037
10.18
10.1%
10.20

Unifors Task Decraiption uT UT Mat. uT

: Tias TCDD Conec. Exposure

’ Factor

Take readings & survey outside sguipment 0.062 0.007 0.32
Sample 2,4 ,5-TCF & basic brine xtreamé 3 check pH 0.082 0.0612 0.2%
Saxple MeOH reflux and shot tank 0.062 0.832 0.25
Teansfer 2,4,5-TCP & make stick Bsasurements 0.082 6.002 0.25%
Load Tank cars with 2,4,5-TCP 0.02% 0.002 0.28
Unload MeOH truck, collect semples & identify raw saterinli?9.012 6.000 0,00
Receive TCB & stick measurs storags tank $.010 0.000 0.00
Empty ortho scrubber 0.001 1.938 0.2%
Saaple anisole storage tank 0.001 1.938 6.50
Sot valves,start 3 stop pumps 0.062 0.007 0,32
Perfors minor maintenance & line unplugging &.062 0.651 0.28
Check cooling tower water for phanolics 5.048 0.012 0.28
Take readings & adjust instiruments 0.12% 0.000 o.00
Initiate loading of reactor & start-up equipment g.g62 0.000 0.00
Repair lesaks 3 replace worn mechanical equapment 06.125 0.651 U s
Add water treatment chemicals Lo cooling tower g.008 0.¢1z 0.25
Oversee 2,4,5~TCP plant opearations, infrequently in plant 0.081 0.0L7 0.2°0
Oversss 2.4,5-TCP plant operations, frequently in plant 0.731 0.007 V.25
Genersl work throughout plant 0.731 0.007 0.2%
Deliver 2,4,5-TCP semples to lab 0.125 0.802 0,2%

o
Dioxin
Rating

0.00014
0.0001%9
0.00019
0.00003
0.0000:
@.00000
¢. 00000
0.00068
0.00102
0.00014
0.01139
0.0000%
0.00000
0. 00000
0.02604
0.0a002
0.08014
6.00120
0.00128
0.00006
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Table B-18

- Site Nine Uniform Task Directory: 2.4,5-TCF Process 1876

10.20 Deliver 2,4.5-TCP sampies ito lab 2.12%

o7 Unifora Task Decription UT 0T Mat.
Code Tine TCDD Conc,
10.1 Take readings L survey culside sguipment 0.082 c.002
16.2 Sample 2,4 ,5-TCF & basic brine streams 3 check pH 0.082 0.012
10.3 Sample MeOH reoflux and shot tank 0.062 0.p12
10.4 Transfer 2.4,5-TCP & make stick measurements 8,082 0.00%
106.5 Load Tank cars with 2,4.5-TCP D.02% 0.00%
10.¢ Unload MeOH truck, collect semples & identify raw materianl0.012 0.000
18.7 Receive TCB & stick measure storage tank g.010 ¢.000
10.8 Ewpiv ortho scrubber g.001 1.822
10.9 Sample anisole storage tank 0.001 1.822
10.10 Set valves.start & stop pumps 0.062 o.o08
10.11 Perform minor saintensnce § line unplugging 0.4062 9.613
10.12 Check eooling towsr water for phenolics 9.01% 0.032
10.13 Take readings 8§ adjust instruments 0.128 §.000
10.14¢ Initiate loading of reacter & stact-up equipment g.082 2.000
10.15 Repair lesks 3 replace worn mechanical sguipment 0.125 n.633
10,16 Add water treatment chemicals to coeling tower 6.002) D.012
10.17 Oversee 2,4,5-TCP piant operations, anfrequently in plart 0.GRY 0.008
10.18 Overses 2.4.5-TCP plant operations, freguently in plant 0.731 0.008
10.19 General work throughout plant 0.731 0.008
0.00S

uT
Exposure
Factor
0.32
6,28
6.2%
0.2%
£.2%
0.00
&.00
0,2%
0.50
0.32
0.28
0.2%
0.00
0.00
0.32
0.28
6.2%
0.2%
0.28%
0.2%

T
Dioxin
Rataing

D.00DLG
0.0001¢
0.00018
0.00008
o.0opCc?
. 20000
0.0000c
0.00064
0.0000%
0.000:6
0.0:073
0.00005
0.00000
g.o0o0e
0.0z452
0.06082
r.000:€6
0.00146
0.00:4¢€
0.00016



Table B-19

Site Nine 2,4,5-TCP Process: Occupational Title Directory 1970

OT Occupational Title oT Uniform Task Codes Associated
Code Dioxin with the Occupational Title
_ Exposure Rating
. (1E-02) _
1010 Superintendent 0.504 . 10.17
1011 Assist. Superintendent 0.504 10.17
1040 Foreman 4.534 10.18
1035 Utility Man Class 1 107.468 (10.1+10,2+,,.410.14)%,569+10.15+10.16

1043 Trichlorophenol Operator 43.665 10.1+10.2+...+10.14
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Table B-20

Site Nine 2,4,5-TCP Process: Occupational Title Directory 1972

OT GCccupational Title
Code

1010 Superintendent

1011 Assist. Superintendent
1040 Foreman

1035 Utility Man Class 1

1043 Trichlorophenol Opsrator

Occupational Title

Dioxin
Exposure Ra
(1E-02)

ting

0.447
0.447
4.022
0.842
1.408

Uniform Task Codes Associated
with the Occupational Title

10.17

10.17

10.18
(10,1+10,2+,.,+10.14)%.569+10.15+10.16
10.1+20.2+.,,+10.14



- Table B-21

Site Nine 2,4,5-TCP Process: Occupational Title Directory 1973

OT Occupational Title Occupational Title Uniform Task Codes Associated
Code : Dioxin with the Occupational Title
Expogsure Rating
(1E-02)
1010 Superintendent 0.018 ) 10.17
1012 Techn. Supr. 0.165 1¢.18
1035 Utility Man Class : 3.863 (10.1+10,.2+,,.+10,14)%,569+10,15+10.16

10643 Trichloropheno! Operator 1.545 10.1410.2+.,.+10.14



Table B-22

Site Nine 2,4,5-TCP Process: Occupational Title Directory 1974

OT Occupational Title Occupational Title Uniform Task Codes Associated
Code Dioxin with the Occupational Title
Exposure Rating s
: (1E-02) e
1010 Prodn. Superintendent ¢.037 _ 10,17
1040 Foreman 0.329 ' 10.18
1635 Utility Man Class 1 6.379 (10.1+410.2+...+10.14)%.569+10,15+10.16
1043 Trichlorophenol Operator 5.126 10,1+10.2+...+10.14

1046 Loader Lorry Operator 0.329 10.6+10.7+10.14+10.19



Site

Code

1010
1040
1035
1043
1046

Table B~23

Nine 2,4,5-TCP Process: Occupational Title Directory 1975

Occupational Title

Prodn. Superintendent
Forenman

Spare (Utility Man Class 1)
Trichlorophenol Operator
Loader Lorry Operator

Occupational Title Uniform Task Codes Associated
Dioxin with the Occupational Title
Exposure Rating - :
(1E-02)
¢.018 10.17
0.165 10.18
1.253 (10.1+410.2+,,.+10,.14)%.569+10.15+10.,16
0.560 10.1+10.2+...+10.14
0.168 10.6+10.7+10.14+10.19



Table B=24

Site Nine 2,4,5-TCP Process: Occupational Title Directory 1876

0T Occupational Title Occupational Title Uniform Task Codes Associated
Cods Dioxin with the Occupational Title
Exposure Rating
(1E-02}
1010 Prodn. Superintendent 0.018 10.17
1013 Sr.- Prodn. Engineer 0.146 10.198
1040 Foreman 0.148 10.18
1035 Spare (UOtility Man Class 1) 14.310 (10.1+10.2+,,.+10,14)%.569+10.15+10.16
1043 Trichlorophenol Operator 5.658 10.1+10.2+...+10.14

1046 Loader Lorry Operator 0.146 10.68+410.7+10.14+10.19



Table B-25

Site Nine 2,4,5-TCP Process: Occupational Title Directory 1877

OT Occupational Title Occupational Title Uniform Task Codes Associated
Code Dioxin with the Occupationl Title
: . Exposure Rating
_ (1E-02)
1010 Superintendent 0.014 10.17
1011 Prodn. Superintendent 0.128 10.18
1040 Foreman 0.128 10.18
1035 Spare (Utility Man Class 1) 3.393 (10.1+10,2+.,.+10.14)%.569+10.15+10.16

1043 Trichlorophenol Operator 1.383 10.1+10,.2+...+10.14



Table B-26

Site Nine 2,4,5-TCP Process: Occupational Title Directory 1978

0T Occupational Title Occupational Title Uniform Task Codes Associated
Code Dioxin with the Occupational Title
Exposure Rating
(1E-02)
1010 Superintendent : 0.016 10.17
1013 Sr. Productin Engineer 0.146 10.18
1040 Foreman 0.146 10.18
1035 Spare (Utility Man Class 1) 3.204 (10.1+10.2+...+10.14)%,569+10.15+10.16
1043 Trichlorophenol Operator 1.316 10.1+410.2+...+10,14

1041 Altarnate 1.883 1035%,30+1043%.70
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. TABLE B-27

te Nine Uniform Task Directory: 2,4,5-T Acid and Acid Ester Process 1965

[«
[
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Uniform Task Decription

Operate 2,4,5-T reactor
Sample 2,4,5-T reactor
Wash 2,4,5-T reactor
pH sampling

Operating TCP recovery system
Blgach titer sampling
Operate drier

Clean hammer mill
Label packages
Package 2,4,5-T acid
Rake 2,4,5-T acid
Sample acidifiers
Operae 48" wheel

Plow 48" vheel

Air chip 48" wheel
Operate ¢8" wheel box
Operate 40" wheel
FPlow 40" wheel

Operate 40" vheel box
Air chip 40" wheel
Load esterifier
Operate esterifier
Sample esterifier
Wash esterifier
Transfer esters to tank farm
Oversees processes,

- 0.438

0T UT Mat,

Time TCDD Conc.

0.500
0.063
0.063
0.063
0.031
0,125
0.200
0.050
0.156
0.375
0.083
0.031
0.469
0.188
0.094
0.083
0.470
0.094
0.094
0.094
0.12%5

* 4

Moottt om

0.062
0.062
0.062
0.608

L] - L] " L] L[] L] L3 - - L 3 LI T
NOWOoOWOd®IIPITHOOORIGPPHRDOPRRIOODODOOO

T
Exposur
Factor

QOO OLOOLDODODOLDOLOOOoOODODDLODODODOOO

.25
.25
.25
.25
.25
.25
.50
.75
.25
.50
.50
.25
.25
.50
.50
.25
.25
.50
.25
.50
.25
.25
.25
.25
.25
.25

0T
Diox

in

Rating

OO0 00DOoOO0COLDO0DO0OO0O0DOO0ODODODOODOODDOoOOD O

0625
.0078
.0078
.0078
.0039
.0156
. 0560
.0210
.021¢9
L1050
L0178
0044
.06%86
.0825
.0263
.0088
.0657
.0263
L0131
.0263
L0175
.0580
.0078
.0082
L0078
.0792



te

de

70
71
73
74
75
76
84

Table B--28

Nine Occupational Title Directory: 2,4,5-T Acid and Acid Ester Process 1965

Occupational Title

Foreman .

Alternate

2,4,5-T Reactor Operator
Na 2,4,5-T Wheel Operator
2,4,5-T Acid Wheel Operat
2,4,5-T Drier Operator
2,4.5-T Ester Operator

(iE-02)

7.
14.
8.
11,
i6.
2l.
9.

Occupational Title
Dioxin
Exposure Rating

92
97
98
39
63
95
93

Uniform Task Codes Associated
with the Oc:uputiugll Title

70.25
avg(7073,7074,7075,7076)
70.1470.2+70.3470.4470.5+70.6
70.17470.18+70.19+70.20
70.12+470.13+70.34+70.15+70.16
70.7+470.8+70.9+70.10+70.11
70.21470.22+70.23+70.24
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te Nine Uniform Task Directory: 2,4,5-T Acid and Acid Ester Process 1970

o
[
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Uniform Task Decription

Operate 2,4,5-T reactor
Sample 2,4,5-T reactor

Wash 2,4,5-T reactor

pH sampling

Operating TCP recovery system
Bleach titer sampling

Operate drier

Clean hammer mill

.Label packages

Package 2,4,5-T acid
Rakée 2,4,5-T acid
Sample acidifiers
Operae 48" wheel

Plow 48" wheel

Air chip 48" wheel
Operate 48" wheel box
Operate 40" wheel
Plow 40" vheel
Operate 40" wheel box
Air chip 40" wheel
Load esterifier
Operate esterifier
Sample esterifier
Wash esterifier
Transfaer esters to tank farz
Oversees process,

.24

uT UT Mat.
Time - TCDOD Conc.
0.500 0.26
D.063 0.25
0.083 0.24
0.063 G6.26
0.031 0.24
0.125 0.24
pD.200 0.24
0.0%50 0.24
0.156 0.24
0.37% 06.24
0.063 0.24
0.031 0.24
0.489 0.24
‘0,188 0.24
0.094 0.24
0.063 0,24
0.470 0.24
0.094 0.24
0.094 0.24
0.094 0.24
0.125 0.24
0.438 0.24
0.062 0.23
0.062 0
0.062 0.23
0.609 .24

uT
Exposur
Factor

[N e B — O — N A N - A B B — R B e B — B — Qi — e B e i I — e e Y — R — s ]

.25
.25
.25
.25
.25
.25
.50
.75
.28
.50
.50
.25
.25
.50
.50
.25
.25
.50
.25
.50
.25
.25
.25
.25
.25
.25

uT

Dioxin

Rating

.0325
.0039
.0038
.0041
.0018
.007%
.0240
. 0080
.0094
.0450
L0075
.0018
0281
.0225
,0113
.0038
.0282
.0113
.0056
0113
.007%
.0263
.003¢6
.0037
L0036
. 0.0368

OO0 OoODOOO0ODRDOoOLDO000O0DOO0DODORO



Table B-30

te Nine Occupational Title Directory: 2,4,5-T Acid and Acid Ester Process 1870

Occupational Title Occupational Title Uniform Task Codes Associated
de Dioxin with the Occupational Title
- ' Exposure Rating
: (1E-02)
70 Foreman 3.65 . 70.2%
71 Alternate 6.49 avg{7073,7074,7075,7076)
73 2,4,5-T Reactor Operator 4.61 70.1+70.2+70.3+70.4+70.5+70.6
74 Na 2,4,5~-T Wheel Operator 4.88 70.17+70.18+70.19+70.20
75 2,4,5-T Acid Wheel Operat 7.13 70.12+470.13+70.14+70.15+70.16
76 2,4,5-T Drier Operator 9.49 70.7+70.8+70.9+70.10+70.11
84 2,4,5-T Ester Operator 4.46 70.21470.22+70.23+70.24
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TABLE B-31

SITE NINE
UNIFORM TASK DIRECTORY
NaTCP PROCESS 1965

85

UNTIFORM UT MAT. uT UT EXPO. UT DIOXIN

CO OO0
-~y

o
P

-

g -
=

"

0~

TASK TIME TCDD FACTOR RATING
Drain TCB line .008 0 0 0
Collect crude NaTCP .083 2.2 .75 0.13695
Operate stripper column +438 2.2 .5 0.4818
Drain organic from stripper
column .031 1828.8 1 56.69281
Prepare sodium methylate
sclution 062 0 0 0
Operate coil reactor .438 2.2 .3 0.4818
Iransferred product +125 2.2 .5 0.1375
Preform minor maintenance 062 915.5 1 56.73




TABLE B-32
SITE NINE

OCCUPATIONAL TITLE
NaTCP PROCESS 1965

OCCUPATIONAL TITLE OT DIOXIN UTs ASSOCIATED
GODE EXPOSURE RATING WITH OT
{1k - 02)
0144 TCP Hixer Operator 5744.9 01.1+01.2+01.3+0.4+01.5
0l1l.7
0143 Reactor Operator 5734.9 01.2 + 01.6 + 01.8




APPENDIX C

EXAMPLE OF EXPOSURE ESTIMATION PROCEDURE
PHASE II



To illustrate the procedure for estimating the OT dioxin exposure ratings
for a phase 2 (facilities where no 1ndugtrial hygiene data is available)
process, UT and OT directories have been constructed for NaTC? and 2,4,5-T
acid process at Site One. Table C—i'is-tha ur direqtory fo;.iﬁ; NaTCP
process which operated at Site One, for 1965. The uniform tasks listed in
"Table C-1 were obtained from an opera£1n5 manual for the process. The UT
times listed the Table C-1 were estimated using the operating manual and the
similarities between this process and the old HaTCP process at Site HNine.
The UT material dioxin concentration were obtained from anaiytical data
provided by the company which operated Site One. The values reported in the
UT material dioxin concentration column are the geometric mean values of
analytical data, with ND results being equal to the LObD/2. UT exposure
factors were assigned based on the similarities betwcen this process and the‘
old ¥aTCP process at Site Nine and from accounts detailed in monthly reports
obtained from the company. Table C-2 is the OT directory for the NaTCP
process which operated at Site One, for 1965. The methods used to calculate
- £he OT dioxin exposure ratings were the same those used for OT directories

for Site Nine (Appendix B).

Similarly UT ind OT directories Table C-3 and C-4, respectively, were
constructed for the 2,4,5-T acid process at Site One. As was the case with |
the UT directory for the NaTCP process (Table C-~1) uniform tasks and UT
__times were obtained from operéting manuals for the 2,4,5-T acid process and
comparisons between the 2.4.5-T acid process at Site One to tha_z,b.SQT acid
process at Site Nine.  Table C-4, the OT directory for the 2,4,5-T acid

process at Site One, was constructed in'the same manner as presvious OT

directories.



Comparisons of OT dioxin exposure ratings for the TCP Mixer Operator and the
Reactor Operator from Site Mine (Table B-32) are somewhat higher than those
ratings obtained for the Trichlorophencl Operator from Site One (Table

C-2). Comparison of OT Qiqxiu exposure ratings for the 2,4,5;T Reactor
Operator and 2,4,5~T Acid Wheel Operator (Table B-28) are similar to those
-ra‘fi.nss obtained for the 2,4,5-T Reactor Operator and 2,4,5-T Centrifuge

Operator from Site One (Table C-4).
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TABLE C-1

SITE ONE
UNIFORM TASK DIRECTORY
¥aTCP PROCESS 1965

UNIFORM UT UT MAT. ur
CODE TASK TIME TCDD CONC. EXPOSURE
FACTOR

02.1 Load sutoclave reactor .125 0 .5
02.2 L.oad autoclave reactor .250 20 .75
02.3 Collect reactor samples 062 20 .75
02.4 Operate MeOH recovery system ,062 0 «3
02.5 Operate anisol still and

product recovery system +125 13 1
02.6 Operate monel screen filter 062 46.5 .5
02.7 Transfer NaTCP product .062 20 .5
02.8 Perform minor maintenance .082 46,5 1

ur
DIOXIN
RATING



TABLE C-2

SITE ORE
OCCUPATIONAL TITLE PROCESS 1965

0T OCCUPATIONAL TITLE OT DIOXILN UTs ASSOCIATED
CODE EXPOSURE RATING WITH OT
0243 TCP Operator 18.75 02.1+02.2+402.3+02.4

02.5+02.6+02.7+02.8




TABLE

c-3

UNIFORM TASK DIRECTORY
2,4,5-T ACID PROCESS 1965

UT UNIFORM Ut U EF UT TCDD
CODE TASK TIME 'ECDD RATING
40.1 Load condensation reactor .125 20.0 .5 1.25
40.2 Operate condensation reactor  .437 11.1 .5 2.425
40.3 Collect reactor samples .062 11.1 5 0.344
40.4 Operate NaCl & unreacted

organic filtration .125 20.1 .75 1.875
40.5 Operate reslurry tank 0.125 11.1 .5 .694
40,6 Operate acidification tanks 0.25 11.1 .25 .694
40.7 Operate 2,4,5-TCP recovery

and decanter 0.25 20.0 .25 1.25
40,8 Operate wash columns 0.125 11.1 .5 0.694
40.9 Perform minor maintenance .062 15.6 1 0.967




TABLE C-4

SITE ONE
QCCUPATIONAL TITLE DIRECTORY
2,4,5-T ACID PROCESS 1965

oT OCCUPATIONAL TITLE OT DICXIN UTg ASSOCIATED

CODE EXPOSURE RATTHNG WITH OT

4073 2,4,5-T Reactor Operator 6.861 40.1+40.24+40.3+440.4+40.9
4075 2,4,5-T Centrifuge Operator 7.840

40.5+40.,6+40.7+40,.8+4-.9




Attachment 8

2378-TCDD CONC. IN ADIPOSE TISSUE (pptr)

1,0007 ¢. Company ,
- 9001 T = Truckers
800 1 P = Broduction
700 -
600 -
300 - |
200 - P P

0o TeCcccee 1Tkl HENE

000 0 0 0 0 0 0 0 40 50 171245325 430449 548 550

DAYS EMPLOYED IN PRODUCTION OF _
TRICHLOROPHENOL; 2,4,5-T; OR HEXACHLOROPHENE




ATTACHMENT 9

Table 1

Participation of Workers in the In-Home Interviews

as of April 1, 1987

Workers Requested to Participste in the
in-home interview.

Worker interviews completed.
Workers deceased.

Workers medically unable to complete
the in-home interview.

Workers refused interview.

Overall participation rate as of
April 1, 1987.

Worker interviews scheduled but not
completed as of April 1.

Anticipated participation rate.

2}

73

68 (includes 5 proxy interviews)
2 (proxy interviews)

3 (proxy interviews)

3

93.2% (68/73)

95.9% (70/73)



1,

*

Table 2

Participation of Workers in the Medical Examination

as of April 1, 1987

Workers invited during interview to
participate in Medical Exam
{does not include 2 deceased),

Workers scheduled for or completed medical
examination.

Workers to be scheduled for examination
Workers refused medical examination.*

Participation rate for completed exam
ag of April 1, 1987.

Anticipated participation rate

Reagons for refusals:
Physically or mentally incapacitated
Unavailable due to work conflict
Unavailable (other reasons)

Befused

| =

66

52

5
9
78.8% (52/66)

86.4% (57/66)



Table 3

Participation of Referents in the In-Home Interview
and Medical Examination as of April 1, 1987

Total number of workers for whom
referents have been sought

Bumber of matched referents agreeing to
participate in the interview and the
examination.

Total number of matched individuals requested
to participate in the interview and the
examination.

Total # matched individuals
requested to participate =
# participating referents

44

44 (100%)

101



ATTACHMENT 10

Table 1
BUMBER AND PERCENT OF REFERENTS AND MOM RESPONDENTS
BY CURRENT ANNUAL INCOME

Table 2
KUMBER AND PERCENT CF REFERENTS AND NON RESPONDENTS
FOR CURRENT HEALTH STATUS

Table 3
NUMBER AND PERCENT OF REFERENTS AND NON RESPONDENTS
BY EDUCATION STATUS

Table 4
NUMBER AND PERCENT OF WORKERS AND REFERENTS
BY CURRENT ANNUAL THNCOME

Table 5
NUMBER AND PERCENT OF WORKERS AND REFERENTS
FOR CURRENT HEALTH STATUS

Table 6
NUMBER AND PERCENT OF WORKERS AND REFERENTS
BY EDUCATION STATUS



Table 1

NUMBER AND PERCENT OF REFERENTS AND NON RESPONDENTS
BY CURRENT ANNUAL INCOME

REFERENTS NONRESPONDENTS

ANNUAL INCOME N % N %

it 10,000 4 10.5 2 11.1
10,000-19,999 8 21.1 5 27.8
20,000-29,999 12 31.6 4 22.2
30,000-39,999 6 15.8 1 5.6
40,000-49,999 2 5.3 3 16.7
50,000+ 5 13.2 3 16.7
refused 1 2.6 0 0

12+3.785 df=6 p=.71



Table 2

NUMBER AND PERCENT OF REFERENTS AND NON RESPONDENTS
FOR CURRENT HEALTH STATUS

REFERENTS NONRESPONDENTS
CURRENT HEALTH STATUS N % ¥ %
EXCELLENT 13 34.2 6 33.3
GOOD 17 44.7 7 38.9
FAIR 6 15.8 2 11.1
POOR 2 5.3 2 11.1
NO ANSWER 0 0 1 5.5

x%=3.039 df=4  p=.55



Table 3

HUMBER AND PERCENY OF REFERENTS AND NON RESPONDENTS
BY EDUCATION STATUS ’

EDUCATION STATUS REFERENTS RONRESPONDENTS
] % ¥ *
1-8 YEARS ' 7 18.4 3 16.7
9-12 YEARS 17 44.7 g 50.0
VOCATIONAL/TECHNICAL SCHOOL 3 7.9 0 0
SOME COLLEGE 11 28.9 6 33.3
2

X =1.701 df=3 p=.63



ANNUAL INCOME

1t 10,000

10,000 - 19,000

20,000 - 29,999

30,000 - 39,999

40,000 - 49,999

50,000+

refused

Table 4

NUMBER AND PERCENT OF WORKERS AND REFERENTS

BY CURRENT ANNUAL INCOME

WORKERS REFERENTS

N * N %
7 11.1 4 10.5

i3 20.6 8 21.1
8 12.7 12 31.¢6

13 20.6 6 15.8

10 15.9 2 5.3
g 14.3 5 13.2
3 4.8 1 2.6

82 = 5,735 df = 6 p = .45



HEALTH STATUS

Excellent

Good

Fair

Poor

xz = 5,933

Table S

NWUMBER AND PERCENT OF WORKERS AND REFERENTS

BY CURRENT HEALTH STATUS

WORKERS

14

28

15

df =3 p = .12

¥t

22.2

44 . 4

23.8

9.5

REFERENTS
N %
13 34.2
i7? 44,7
& 15.8
2 5.3



Table &

NUMBER AND PERCENT OF WORKERS AND REFERENTS

BY EDUCATION STATUS

WORKERS REFERENTS
EDUCATION STATUS ] % N %
l - 8 years 7 11.0 7 18.4
9 - 12 years 28 44 .4 17 44.7
Vocational/Technical
School 2 3.2 3 7.9
Some College 26 41.3 11 28.9

X2 =3.217 df =3 p = .36
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