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Abstract

This protocol describes a study that is being conducted at NIOSH and
directed by the Industrywide Studies Branch. The objectives of this
protocol are to 1) fully characterize worker exposure to 4,4'-methylene
dianiline (4,4'-MDA)} and 2) develop and evaluate the collection of urine
s;mples as a reliable means of assessing workers' exposure to 4,4'-MDA. In
addition to pertinent background information, methods used to measure
4,4'-MDA in air, through personal comtact, on workplace surfaces and in

buman urine are described.
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Protocol for Urine Monitoring Study

of 4,4'-Methylene Dianiline Exposed Workers

INTROCDUCT ION

The arylamine compound 4,4'-methylene dianiline (4,4'-MDA) is structurally
similar to the kmowan human carcinogen, benzidine, (refer to Figure 1), Imn
June, 1982 the results of tbe Natiomal Toxicology Program bioassay on
4,4'-MDA firmlf established it as carcinogenic in both rats and mice of both
sexes (1). 1In addition, 4,4'-MDA has been found to be a potent bepatotoxic
agent in man and bas been shown to produce a patterm of illness
characterized by epigastric or right-upper—-quadrant pain, fever, jaundice,

and rauh.(z’ 7, 23, 28)

Figure 1l: Chemical Structures of Three Arylamines

,‘m@m@m

4,4’-MDA | BENZIDINE

H2N CH NH2

MBOCA



While most (98-99%) of the 4,4'-MDA manufactured in the United States is
consumed on-gite for the production of methylene diphenyl methane
4,&'—diisocyanatel(HDI) which in turn is used to produce rigid polyurethane
foams, approximately 3 million pounds per year of technical grade MDA is
used for non-MDI applications. Technical grade 4,4'-MDA contains a variety
of dimers, trimers, higher polymers, and isomers of 4,4'-MDA but it may
contain 70% or more monomeric 4,4'-MDA. An additiomal 1-2 million pounds of
pﬁre ( 97%) 4,4'-MDA is used for several purposes, notably as an epoxy resin
hardener in the production of high temperature wire coating enamels and as

3)

the curing agent in filament wound piping and rocket casings.

Because of the evidence for hepatotoxicity and other toxic effects in
workers exposed to 4,4'-MDA, the American Conference of Govermmental
Industrial Hygienists (ACGIH) recommended in 1980 that airborme exposures to
4,4'=MDA not exceed 0.1 ppm (0.8 mg/m3) averaged over an 8-hour day.
Specific attention was given to cutaneous exposure. (4) NIOSH and the
Occupational Safety and Health Administration bave not set maximum allowable
limits of exposure for MDA. Based upon experimental carcinogenicity data
the Environmental Protection Agency (EPA) bas tentatively determined that
regular repeated exposures to 0.1 ppm of a,&'-MDA in the air could

(5)

constitute a substantial risk of buman cancer. Due to the possibility
that MDA may be a human carcingoen, NIOSH is initiating studies to determine
workplace exposure to 4,4'-MDA, to evaluate the possibility of using urine

samples to monitor workers' exposure, and to determine if unusual mortality

occurs among workers who had been exposed to 4,4'-MDA,



We are performing these studies under the mandated authority of the
Occupational Safety and Health Act (Public Law 91-596, December 29, 1970).
NIOSH has been designated responsibility for conducting field research
studies in industry, to evaluate findings, and report on these findings.
Section 20{(a)7 states that NIOSH shall conduct and publish industrywide
studies of the effects of chronic or low level exposure to industrial

materials, processes, and stresses on the potential for illness, disease, or

1633 of functional capacity.

In contrast to airborme exposure, which may be quantitatively measured,
exposures such as those occurring by skin absorption and ingestion are
sometimes ignored in industrial bygiene studies, and often no attempt is
made to estimate their significance. Excluding from this study the
non-inhalational routes of exposure is.unwarranted in light of the
information indi;ating significant penetration of the skin by MDA in bumans

2, 7 Industrial hygiene air

where clinical poisoning was seen to occur.
samples are by themselves of limited practical value when attempting to
estimate the exposure dose because variables such as respiratory rate,
personal respiratory protection, and exposed skin surface area can differ
appreciably between workers. Thus, biological mounitoring of body fluids

from workers may provide a more quantitative and definitive estimate of the

exposure dose,

The primary industrial uses of 4,4'-MDA include it as a curing agent for
epoxy resin laminates, (nonmetalic pipe, tanks, rocket casings, laminates,

castings and encapsulation) as well as industrial coatings for abrasion and



corrosion resistance. Another major use of 4,4'-MDA is in the formulation
of high temperature polyester-imide wire coating enamels. Other minor uses
are in the production of other chemically related derivatives, as a
co-reactant with polyurethanes, and the production of certain electrical

circuit boards.

CHEMICAL AND PHYSICAL PROPERTIES

MDA is a white or tan crystaline solid with a faint amine-like odor. It 1is
commercially available in bulk as flakes, granules or solid blocks.
Eutectic liquid blends with 402 w/w p-phenylenediamine are available, as
well as pastes, powders, etc. A summary table including most of 4,4'-MDA's

chemical and phbysical proterties is attached as Table I.

A crude estimate of the vapor pressure of 4,4'-MDA using the
Clausius-clapeyson equation indicates that at room temperature (25%)
4,4'=-MDA should have a vapor pressure of about 1.5x10—7 torr. However,
experimental determination by Umiroyal, Inc. with Tonox (a mixture of
moncmeric &4,4'-MDA with smaller amounts of higher molecular weight polyamine
derivatives of MDA) indicates that at room temperature &4,4'-MDA has a vapor
pressure around 61:10-'2 torr (mm Hg). This same experimental data also
indicates that at elevated temperature the vapor pressure increases in a

linear relationship (v.p. about 1 mm Hg at 190°C).



Table 1: Physical Properties of MDA

Molecular Weight
Boiling range (768 mm* Hg), °C

Melting point, ©C
Density at 100°C (cP)

Viscosity at 100°C {(cP)*

Flash point, 9C

Fire point, °C

Heat of vaporization, kJ/mole** (kcal/mole)

Specific heat at 299C (solid), J/(g °C) [cal/(g °C]
Specific heat at 1099C (liquid), J/(g °C) [cal/(g °C)]
Heat of fusion, kJ/mol** (kcal/mole)

Approximate solubility, g/l00g of solvent at 25°9C
Acetone )

Benzene
Carbon tetrachloride

Ethyl ether

Methanol

Water

198.2
398-399

91~92
1.056

8.04
221.1
248.9
95.4 (22.8)
1.46 [0.35]
2.01 [0.48]

19.6 (4.7)

273.0
9.0
0.7
9.5
143.0

0.1

* Millimeters
+ (CentiPoise
** Kilojoules per mole.

Sources: (18,19)




STUDY OBJECTIVES

The objectives of this study are: (1) (a) to determine if free monomeric
4,4'- MDA and ch; acid bhydrolysate products of MDA are excreted in the urine
at detectable levels and (b) to develop a basic understanding of MDA's
elimination in humans; and (2) to determine if the urinary levels of the
excreted compound are highly and significantly correlated with measurements
of recent total exposure (see Figure 2). Each objective will be addressed
in a separate phase. An affirmative determination to the second objective
would enable biological samples to be used as an alternate monitoring tool

for measuring workers' exposure to MDA.

It is important to remember that the results of this study are exploratory
in nature and tbat the results from urinary sampling bave no known relatiom
to any abuormal clinical findings. The study procedures proposed may be

solely utilized as a screening tool to evaluate worker exposure to MDA,

Figure 2
Outline of Study Objectives

Phase I
Determine if 4,4'-MDA is excreted in human urine (n _ 20).

Collect data to describe excretion rate in urine (n - 12).

Phase II

Correlate detailed exposure data with urine samples data (n = 50).

Make determination of the usefulness of procedures for routine use.



PHARMACOKINETICS REVIEW

Experimental animal studies bave shown that the 3,3'~dicbloro anmalog of
4,4'-MDA (MBOCA) is predominantly excreted within 24 hours (see Figure 1 for
chemical structure). After i.v, injection of MBOCA into beagle dogs, 46%
was recovered in the urine within 24 hours.(ll) After a dermal

application of MBOCA to beagle dogs, an estimated 2.4 to 10% was absorbed

into the systemic circulatiom within 24 hours.(ll)

Another study using
rats concluded that no differences in the route of elimination was seen
following several routes of administration. About 30% of the total MBOCA
eliminated by all excretory routes was found in the urine with 80 to 907% of
the MBOCA found in the urine being eliminated during the first 24 hours
after oral gavage (12). A NIOSH study with rats showed that 4.8%Z of the

' MBOCA in acetone was absorbed into the skin, and 0.016% of the dose was

present in the urine after 1 hour.(ls)

It was estimated that a 50 mg dose
of MBOCA applied dermally on the rat and left for several hours would result
in the same urinary concentration of parent MBOCA as 1 mg taken orally.
NIOSH found that 0.225% + 0.058 (N = 8) of the oral dose of MBOCA was
eliminated as acid hydrolysates of the parent compound in the urine during
the first 24 hours. In a recent unpublished study, rats dosed
intraperitoneally with MDA eliminated 35% + 5 (N = 4) of the administered

dose as both metabolites (10 - 122) and parent compound in the urine while

rabbits excreted 80Z of the dose as essentially unchanged parent compound (N
- 2).(14)



It might be expected from the chemical and physical properties of MDA that
it might be dbsorbed through the skin more readily than MBOCA since MDA is
not chlorinated, therefore making it less ionic and more lipid soluble.

However, this has not yet beem substantiated.

The presence of 4,4'-MDA in the urine of workers handling 4,4'-MDA bas
previously been reported. The Rhone-Poulenc Company in France has performed
u}iue monitoring on its employees since 1977.(22) Metheds of analysis and
limits of detection (LOD) bave changed from use of colorimetry with an LOD
of 200 ppb to gas chromatograpbhy with electron capture detection (LOD = 20
ppb). The incidence of "positive" samples bas ranged from 152 in 1970 to
about 1% in 1980. The results from morming, midday and aftermoon sample
collection indicate that first morning void samples contain the greatest

amount of the amine. Details of the analysis, collection procedures, and

work operations are at present ncot known.

The British Industrial Biclogical Research Association however, bas recently

stated in a letter to the EPA that Ciba-Geigy-U.K. has analyzed workers'
urine for the prasence of MDA since 1967. Their use of the urinary
screening test has been used as an indicator that liver function testing
might be warranted in those workers with positive urinary amines, and this

might similarly be used to indicate over—exposure to the carcinogen.

Details of the methods from that company have been made available to NIOSH

and indicate 3 minimum limit of detection of 10 ppm as MDA. Reportedly,



detection of 4,4'-MDA in urine cannot be detected at these concentratioms.
NIOéH will not be using this method. This limit of detection is regarded as
being inadequate for use by NIOSH in the forthcoming study. Colorimetric
énalyses as descéibed in the Ciba-Geigy-U.K. letter, have frequently been
used in the past by others to provide non-specific, non-sensitive

(6)

determination of urinary aromatic amines.

Human data regarding the elimination of a closeiy related arylamine,
benzidine, indicated that the maximum urinary excretion rate occurred 2-3
hours after the end of the work shift. The biological half-life was
calculated to be betweemn 5 and 6 hours. An end of shift void represented

about 50% of the total 24 hour elimination. 2L’

Finally, a recent analysis by NIOSH of urine samples collected from workers
bandling MBOCA in several facilities found the compound in all samples.
Peak concentrations of the parent amine in urine reached 200 ppb and 300 ppb

of total MBOCA.(Zg)

BIOLOGICAL MONITORING CONSIDERAT IONS

A potential means of overcoming the problem of better estimating total dose
is to monitor the workers' excretion of the compound. Urine samples
represent a noninvasive method of collecting a biological medium that may .
contain the compound of interest. Aa important hypothesis which must be

initially tested, however, is whether the concentration found in the



biological sample significantly correlates to the estimated dose. There are
reports in the literature where attempts to correlate exposure to other

compounds with residue levels have failed.(30) However, lack of accuracy

in the estimation of total exposure dose may have partially hindered these
studies, causing wide variability in the results. Alsc, not understanding

the elimination kinetics for the compound and biological variability for

each individual may bave introduced sizable errors.

Based upon the results of rough calculations which are supported by the
results from Rhone-Poulenc, MDA should be detectable in the urine of
presumably exposed workers. At the 0.8 mg/m3 maximum recommended air
standard proposed by the American Conference of Governmental Industrial
Hygienists, a continually exposed, moderately active individual would inbale
about 8 mg (0.8 mg/m3 x 10 m3) of MDA per 8 hour workday. If 10% of the
absorbed dose is excreted as deconjugated MDA in the urine and 80% of the
absorbed dose is eliminated during the first 24-hours after exposure then
0.64 mg (8 mg x 0.10 x 0.8) MDA per liter of urine would comstitute an
approximate concentration found in those voids from the average individual.
The analytical limit of detectiom in our procedure is estimated Cto be

0.001 mg/l urine (1 ppb). Thus, if the above estimated calculatiouns are
reasonable, urine monitoring of workers exposed to 4,4'-MDA should be
successful in detecting 4,4'-MDA and its metabolites in most exposed

workers, even if dermal exposure is negligible.

- 10 -



Further assessment of urinary screening as a monitoring tool may therefore
be appropriate. Biological monitoring, if feasible, could provide a bettér
estimate of abSO{ption, and through multivariate analysis possibly indicate
the relative contribution of dermal exposure when compared to quantitative

air sampling data and estimates of respiratory inhalation volume.

STUDY SITE AND WORKER SELECTION

In 1976, NIOSH estimated that about 2500 workers (processing as well as
manufacturing) were potentially exposed to MDA. NIOSH had raised this
egtimate to S000 in 1979, and most recent estimates indicates that between

12,000 and 13,000 workers umay be exposed.(le)

MDA for non~isocyanate use is found chiefly in the production of
polyimide~amide wire coating enamels; as a curing agent for epoxy resins
ugsed in coatings, filament wound structures, and castings; and as an
intermediate for other derivatives. The above industries are judged to
provide the greatest potential of finding suitable facilities to include in

this study.

The chief plant selection criteria include (1) the number of potentially
exposed workers, (2) the likelihood of a measurable enviromnmental
concentration of MDA (based on past sampling or existing engineering
controls), (3) the frequency of operation or practices that could
potentially expose workers to MDA, and (4) the proximity of the site to

Cincinnati, Ohio.

- 171 =



Participants will be selected based on their likelihood of exposure to MDA.
The likelibood of worker exposure will be estimated from exposure data

collected during‘preliminary industrial bygiene sampling surveys. Details
of the actual study methods are provided under "Field Sampling Procedures'.

This study ia viewed as consisting of two phases of research.
Phase One

The objectives of Phase One are two~fold. Phase One, as stated earlier,
requires that it first be determined if MDA is excreted in the urine of
exposed workers. To determine if MDA is detectable with the proposed
methods of annly;is, an end-of-shift urine void will be collected from
several workers who are repeatedly exposed to MDA on a daily basis.
Regularly exposed workers, as measured by air, dermal or other assessment
means, would be preferable to intermittently exposed workers for determining
if 4,4'-MDA and its conjugates are being excreted, especially when single

samples are to be collected.

Secondly, It would also be desirable to determine the peak excretion period
of 4,4'-MDA after exposure. This information would later be used in Phase
Two of this study to determine the optimal collection period for a single
urine void. To determine this, intermittently exposed workers would be most
suitable for study. These workers would be asked to collect their urine
voids over an extended period of time, both at work and at home. To study

the rate of elimination of 4,4'-MDA and its metabolites, favorable



participants would be chosen who are measurably exposed to 4,4'-MDA for a

period of cime less than or equal to one work shift and who are not
subsequently exposed during the following two days. These persons would be
asked to collect each of his or ber urine voids in separate containers at
pre;cribed times over a periodlbeginning prior to the initial MDA exposure
and ending approximately 48 hours after the termination of exposure. If
4,4'~MDA is excreted in detectable quantities in exposed workers then only a
éew participants may he required to enable a visual estimate (from the
graphically represented data) as well as a calculation of the time from
initial exposure to maximum excretion of 4,4'-MDA. We will also be able to

gain a2 better understanding of the elimination pattern aver time.

. Given the dearth of existing data on the variability of occurence of MDA in
urine of exposed workers or its rate of elimination, it is presentcly
impossible to estimate the number of participants that will be required to
determine the above. However, a ssmple of 12 subjects will initially be
included since the decrease in the width of tbe coufidence interval on the

mean bhalf time (t ) and maximum elimination time (tmax) reaches a

1/2

point of diminishing returns for each additional subject over 10.

The results of some initial plant sampling surveys will be needed before it
can be determined if only & small number or if a large number of
participants are needed to determine the pharmacokinetic excretion pattern.

Epoxy resin and wire enamel formulators using &4,4'-MDA represent suitable



worker atudy populations that are generally intermittently exposed to
4,4'-MDA during batch processing, and several such sites have been
identified.

Before preceeding to Phase Two, only enough data is required from Phase One
to provide supportive evidence {hat MDA and its hydralyzabie metabolites are
excreted within a given time interval and that interpersonal excretion
;ariability is within an acceptable range. A more detailed study of the
buman kinetics of elimination, including determining intrapersomal
variability, is impractical ia this stﬁdy due to the excessive resource
requirements for repeat visits to each of tbe intermittent user facilities
chosen for this task. Between individual differences are expected to be
greater than intrapersonal variability. Therefore, intrapersonal
variability will, for the purposes of this study, be assumed to be

insignificant.
Phase Two

The second phase of this study, to determine the correlation between
concentrations of MDA in the environment and in workers' urine, will be
conducted using regularly exposed workers. Filament winding facilities
could provide a suitable study population. However, walk=-through surveys

have not yet been performed at all facilities under consideration.



The justificatiom for selecting regularly exposed individuals during the
second phase of this study is that 1) the largest numbers of workers who are
exposed in sing%e locations appear to be those that use MDA regularly and
thus offer the best likelihood of finding an adequate number of study
participants, 2) regularly exposed individuals may be at greater risk to
their health than intermittently exposed workers and therefore have the
greatest need for a reliable exposure monitoring method, and 3) it is
Aasumed that regularly exposed workers have reached a more stable or steady
state condition than intermittently exposed workers so that a single sample,
taken at a given specified time of the day (i.e. end of shift) may be
satisfactorily used to correlate urine concentrations with estimates of

environmental exposure.

The time of collection of a single urine void will have been determined in
Phase One. The collection of scheduled single samples are more techmically
practical to obtain than diurnal and 24-hour samples. This would be so for
both NIOSH as well as others who may wish to later adopt the procedures
defined bere. During a period of several days, single daily urine voids
shall be collected at the optimally prescribed time from each worker

participating in this study,

Phase One envirommental and urine monitoring data from participants of this
study may also be used separately for a preliminary regression/correlation
analysis. However, more participants will be involved in Phase Two of the

study than in Phase One and therefore the second phase of the study would

- 18 -



more adequately meet the needs of the task to relate environmental exposure
data with ur{nnry excretion data.

¥

BIOLOGICAL VARIABLES

While variables such as age, race, and sex are not known to significantly
affect the levels of MDA excreted we have tentatively chosen to include only
m;le workers in the statistical analysis for this study to eliminate any
possible bias due to sex. Controlling for additional personal variables
would be beyond the objectives of this study. No questionnaire will be used
since the use of assorted personal data (i.e. drug use, diet, etc.) would be
of no known utility in this study and could constitute an unnecessary burden
to the worker. Each participant's medical status will be checked against

company medical records.

NON-EXPOSED COMPARISON GROUP

For the purpose of identifying the occurance of positive chemical
interferences, an equal number of presumeably non-exposed clerical and
administrative employees at each facility will be asked in Phase Ome to
voluntarily submit urine samples for comparison to the concentratiom of
4,4'-MDA in tbe urine of exposed workers. To confirm and document the
control groups' lack of respiratory and dermal exposure to MDA, area air
samples and wipe samples will be collected in their work area. Equal-

numbers of exposed and non-exposed workers who are matched by sex and



apparent age will be used since this provides the most efficient design in
terms of maximum power for a given total sample size. No 4,4'-MDA is
expected to be fqund in control workers since it is not present in nature or
in pharmaceuticals (8, 9). Non-production employees are preferred for the
control group due to the suspected ubiquitous nature of 4,4'-MDA in the
plant environment. Smoking is not expected to directly influence the
concentrations of 4,4'~MDA found in the urine though it may contribute to
4,4 -MDA dosing through accidental ingestion if the smokers hands were
contaminated with 4,4'-MDA. Periodic visual observation and documentatiom
of each participants activity in this study will be recorded (see Figure

3). This shall be performed so that personal and work related factors could

be later accounted during the interpretation of the biological dats.

METHODS

a. Survey Procedures

All surveys of places of employment will be performed under authority of the
Occupational Safety and Health Act of 1970 and conducted as described by
Code of Federal Regulations, Title 42, Part 85a, 41 FR 45003, October 14,
1976, After a minimum of 10 working days notification of the intended visit
to the facility using or manufacturing MDA, a NIOSH survey team comsisting

of the project director, an industrial hygiene technician, and additionmal

industrial bygienists will arrive at the facility.
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At each place of employment Qisited and selected for inclusiom in these
studies an opening m?eting will be held with appropriate representatives
from botb management and labor. The functions of NIOSH and the scope and
design of the present study will be discussed. During the meeting a list of
the materials which are handled by the workers who will be included in this
study will be requested. Although no known interferences in the analysis of
MDA exist, this information will help to determine if any materials other
than MDA could interfere or conflict with the analfsis to be conducted.
Employees will be asked to volunteer as participants in this study. The
purpose, procedures and benefits of this study will be explained
individually to workers or in small groups. Informed written consent will

be obtained from each participant prior to their involvement in this study.

A brief review with the management and union representative(s) (if
applicable) of existing health, safety, induatrial bygiene, and medical
programs at each facility will be conducted. A walk-through survey will be
performed with management and employee representatives of the processses
where MDA is used or produced. This will allow the survey team to
familiarize themselves with the facility and its processes and enable them
to identify those workers who are in areas whare exposure is likely to
occur. Space will be requested for equipment set up and use during the
stay. This should preferably be a small area that bas electrical outlets
and can be secured at night. The survey team will remain at the facilities
for varying lengths of time, usually 3 to 5 days. However, in all cases

several days of industrial hygiene/ biological momitoring will be conducted



to determine the extent of interday variability and to enable the pooling of
some data (if applicable) for statistical analysis. The NIOSH investigator
will determine from the walk-through survey and process parameters which job
areas will be monitored, and the workers to be included in tbe study. The
company medical records of all potentially exposed emplovees, identified by
name during the walk-through survey, will be chbecked by a NIOSH pbysician
for known remal or liver disease or chronically prescribed drug use. Any
pgrticipants baving known renal or hepatic disease will be exclused since
these factors might abnormally affect the way that MDA is eliminated in the
urine. Prescribed medication shall be noted to possibly aid in the later

identification of analytical interferences.

Observations will be made of engineering controls, workers, and
administrative practices. Photographs will be taken to help document and-
describe the process. Observations and photographs will be used only for
our research purposes during the interpretation of our results, and this

will be explained to each volunteer in the study.
b. Sampling Methods

Laboratory and field validation of all methods used to measure exposure or
elimination of MDA will be performed prior to conducting sampling to
establish the precision, accuracy and bias. These data are described in the

section on Quality Assurance.



Eavironmental

Environmental mon}toring will consist of collecting personal air samples
usiﬁg a sulfuric acid treated 47 mm Gilman Type AE glass fiber filter. To
collect these samples, air will be drawn through the sampling media at a
flow rate of two liters per minute using a portable sampling pump attached
to the workers' belts. Area or process air samples of a similar nature will
be taken to measure incidental exposure to other workers and detect sources
of MDA contaminant release. The samplers will be changed at 4 hour

intervals, or if excess dust build-up warrants, at 2 hour intervals.

To assess previously used MDA-in~air sampling procedures a comparison of
these preascribed methods to the acid-~treated filter method will be
performed. The comparison would help to estimate the relative error
associated with previously collected sample data. Tbe procedure will entail
collecting side-by-side air samples located in statiomary positioans in areas
likely to contain MDA. The Marcali method (NIOSH P&CAM 142), as well as
glass fiber filters not treated with sulfuric acid, will be used for
comparison to the acid treated filter collection method described above and
used currently by NIOSH. The Marcali sample data will be used to determine
the influences of interfering compounds and/or collectiom efficiency in this
older method, Untreated glass fiber filters will be used to evaluate the
degree of sample loss through volatilization and/or oxidation using this
method. Replicate samples of each type will be obtained to determine method

variability.

an



In addition to the above, area samples will be obtained to determine MDA
aerogol particle size fractions using a cascade impactor. Aerosol parficle
size data will suggest the likelibood of rapid or slow respiratory and
dermal absorption as well as the sedimentation velocity of the aercsol in

air.

Environmental monitoring of potential dermal contact with MDA will be
éonducted by using a band pad sampler (Figure 3). This device, consisting
of two glycerin dampened cotton gauze pads affixed with two sided adhesive
tape to the fromt and back of an elastic glove-like design, will be worn on
the hand of the worker to assess dermal comtact. This device can be worn
with or without protective gloves and does not interfere with normal
operation of the hand. The back of the hand pad is intended to measure
exposure from fallout while the palm pad should determine direct skin
contact from (for example) griping objects. The area of the sample pad is
approximately 25 cm2 and ;nalytical results can be adjusted to micrograms
per square centimeter when presented. Additional cottom pads shall be
consistently attached to the workers in Phase One (only) in such locations
as the shoulder, arm, and lower leg to assess the relative deposition or

contact with &4,4'~MDA at anatomical sites other than the hand.

Hand pad sampling data has been used to calculate total dermal expoaure to

(25, 26, 27}

pesticides using anthropometric measurements. Studies have

indicated that under the conditions evaluated)hand contact can comntribute
between 40% of the total dermal exposure when protective gloves are worn

(25) to up to 90%Z without protective gloves.(zs) Since a number of



variables that have not been adequately determined could influence both

contact and absorption of 4,4'-MDA no adjustment for total exposure guantity
or absorbed doge will be attempted. Rather, the gquantitative hand pad data
will be used in multiple regression analysis and a fractional contributiom

of the total collected sample shall be applied that produces the best fit

among all other variables tested.

fbe hand pad samples will be replaced with fresh pads at two bour
intervals. The pads will be removed from the hand device by a NIOSH
investigator who is wearing fresh disposable gloves while using cleaned
tueezers. The cotton pads will be placed in swall marked glass vials for
laboratory analysis. Additional wipe samples using dry Whatman cellulesic
filter paper will be used to assess enyironmental contamination of work
surfaces with 4,4'~MDA., These samples are intended only to identify the
dispersion of 4,4'-MDA and general housekeeping for the workplace. To
identify areas contaminated with MDA, a quick, inexpensive, and sensitive
on-gsite screening method using a fluorogenic coupling reagent will precede
the collection of wipe simples for laboratory quantitation.(17) This
method produces a yellow color under untraviolet light that we bave found to

be distinct for a few aromatic amines such as 4,4'-MDA. Comparison results

for the two methods will be reported.

Detailed records of worker movements and adherence to persomal protection
measures and peraonal bygiene will be recorded on time sheets (see
Figure 4). Observations shall be recorded at the end of each 15 minute

interval of time.
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Detailed records of worker movements and adherence to personal protection
measures and personal hygieme will be recorded on time sheets (see
Figure 4). Observations shall be recorded at the end of each 15 minute

interval of time;

Figure 3

HAND CONTACT MONITOR
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Figure 4
Participant Activity Record

Participants Name:
Dates:
Locations:
Measured Estimation of

Respiratory Activities
Interval Time Observations Rate Effect on Exp.

eln~ BRI RV I S U

Because respiratory rate can vary subsatantially due to work activity and

this can influence respiratory dose accordingly, it will be necessary to



establish individual rates. Timed respiratory volume (and thus rate) cam be
monitored by-using a flow meter. A Wright respirometer attached to the
exhalation part of a modified half-face respirator (without filter
cartridges) will be worn by the participant for three minute periods while
performing various activities during the work shift. The respiratory volume
on exhalation shall be recorded and the activity described. The recorded
regpiratory volumes will be used in estimating the respiratory rate for all
other periods when the participant is observed but when the respiratory rate

15 not measured.
Urine

Urine (and environmental) samples will be collected from exposed workers in

two distinct phases.
Phase One:

In Phase One, environmental characterizatiom AE each participant's
respiratory and dermal exposure will be performed over the workday (as
described above). Frequent changes of the samples will allow determination
of the changes of exposure concentration over time. Phase One will attempt
to determine whether MDA can be detected in the urine of exposed workers.
This phase will comsist primarily of the collection of partial shift urine

samples (i.e. one or two voids near the end of the work shift) from a few



workers* in facilities studied for environmental characterization but not
where there are sufficient numbers of workers to meet the statistical

requirements of Phase Two.

However, these facilities are also likely to invoive intermittently exposed
workers, some of whom have not recently worked with MDA and who may not be
exposed to MDA through contact with contaminated work areas. Such workers
also offer a unique opportunity to study the rate of partitioning of MDA
into the urine and would be of further value to this study since it is not
currently known when excretion of MDA reachbes its maximum rate after human
exposure nor for how long detectable clearance will occur. In such
circumstances attempts would be made to collect continuous urine voids
beginning before MDA processing and ending 48 bours after last exposure.
Environmental exposures would be fully documented while the worker is om the
job. The participants would be asked to collect each urine void in a

separate bottle and record the time of the void. It would be requested that

*  Although only three or so samples having MDA in the urine would probably
suffice to meet the objective of Phase One it is likely that 10 or more
samples will be ccllected since this would entail onl& marginal
cumbrance to either the NIOSH investigators or the participants and

could strengthen the statistical power of the results.
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voids be obtained at four hour intervals, where possible, for up to 48 hours
after termination of exposure. In any case, an end of shift, end of day,

(21, 22)ta be most

and morning voidAare presumed from the literature
reflective of tecent exposure yhile tbe times of all other voids should be
at least recorded. Participants shall be cautioned about posaibly
contaminating urine voids with MDA dust and as a minimum precaution they
will be asked to wash their hands prior to voiding. Urine containing MDA
has been found to be stable at room temperatures so that immediate

(10)

refrigeration of participants urine samples is necessary.

The urine samples will be returned to the NIOSH investigator at the earliest
Opportuqi:y. The participant's name, date, time of voiding, and urine
volume shall be recorded. To reduce urine volume during transport the urine
volume in excess of 200 ml will be discarded. These aliquots will then be

frozen in dry ice to prevent putrefactiom.

The results will be presented graphically as time dependent concentrations
per fluid wclume of urine voided, corrected and uncorrected for creatinine.
Both the free parent amine and the total amount of MDA hydrolysates excreted
per time period may be related as a percent of estimated exposed dose using
a combination of air and dermal samples.- Acid bydrolysis of the urine
samples will serve the function of deconjugating the conjugated form of the
parent amine as well as hydroiyzing the acetylated derivatives. Acid
hydrolysis should increase the detectable concentration of MDA in each urine

sample. This bas been demonstrated in recent experimental studies with
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(11,12) (14)

MBOCA as well as in animals dosed with MDA and shall be
performed in this study (see Analytical Section for details). The
statistical analysis of data obtained from Phase One is discussed in the

Statistical Analysis section of this protocol.

Phase Two:

In Phase Two, we will assume, until the results from Phase One are
available, that the maximum excretion period occurs near the end of the work
shifr. Modification of this assumption shall be made pending additional
data. Participants in the Phase Two study will similarly be asked to
collect their urine in several large polyethylene sample bottles. The same
collection protocol shall be followed o;er three succeasive days. In order
to allow the calculation of time-dependent excfetion rates, participants
will be asked to urinate, without sample collection, upon arriving at work.
The success of the participants being able to produce a urine void shall be
noted in a sample log by the NIOSH surveyor. The participants will be asked
to collect all subsequent urine voids at 2 hour intervals or during
scheduled company breaks, as well as an end-of-shift void. This schedule
shall result in the collection of a maximum of four samples per participant

per 8-hour period.

Laboratory studies have demonstrated that 4,4'-MDA is stable at room
temperature for at least 8 hours (10). Regular collection of urine sample

bottles at the workers' work stations will be performed by the NIOSH



investigator and the urine samples shall be kept until the end of the
shift. As an alternative for the collection of urine samples from mobile
workers, samples shall be brought to the NIOSH investigator by the worker.
Specific arrangements shall be made with each participant on a case-by-case

basis within each plant.

The original urine volume, period of collectiou, participants name and
ideﬁtificacion number will be recorded for each urine void. Failure to
provide a urine sample sbhall also be noted. Using the original four samples
collected during an 8 hour period, adjustments in their sample volume shall
be made, as described below, so that only two 100 ml urine samples are
trangported to the laboratory. One sample will represent a composite,
volume adjusted, aliquot of the 8~hour work shift. The second sample will
represent a single end-of-shift aliquot. Both an 8-hour time integrated and
end-of-shift sample are desired so that we may determine which sample
provides the closest correlation to a participants current work exposure to
MDA. The reduction in urine volume will be performed to provide a
manageable transport weight while retaining an adequate volume to produce a
reasonable analytical limit of detection. The need for both a timed
integrated sample adjusted for excretion volume per unit time versus a short
term sample based on a constant dose dependent excretion rate reflects the
need to address the present uncertainty in the mechanism of elimination for
MDA and its metabolites. The proposed dual approach should comnsider the two
possible mechanisms which might impact the elimination rate - elimination

via a blood:urine concentration dependent diffusion gradient versus
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elimination via a dose dependent facilitated mechanism which is irrespective
of urinary concentration. The two prepared urine aliquots shall be prepared

in the following, manner.

Each urine sample will be obtained by the NIOSH survey team and retained
until the end of the 8-hour period. After the last void sample is collected
the total volume shall be measured by weighing each sample bottle om a
Salance and recorded. From each sample bottle 25 ml of urine will be
removed by a mechanical pipette with disposable tips and transferred to a
fresh 100 ml polyethylene bottle. If a two hour void is not provided the
next voided sample shall be used and 50 ml will be removed. A second
aliquot shall be prepared by decanting 100 ml of urine from the last voided
sample into a fresh polyethylené bottle. This will produce two 100 ml
samples. All other urine shall be discarded. A sample of the recording
sheet for each sample is presented as Figure 4. Quantitative chemical
analysis and statistical analysis will be performed separately for each

sample pair. Chemical analysis shall be performed to report free parent

compound aund/or total bydrolyzable 4,4°'-MDA, depending upon the information
determined in Phase One. These procedures are described in the following

section.

The aliquots will then be frozen in dry ice. The frozen samples will be
secured in foam packing containers them placed in a large polyfoam shipping
case with dry ice for shipment to the laboratory for analysis. Included in

the shipment of urine samples will be ‘blank' control specimens collected



from non-exposed NIOSH investigators just prior to each field survey. Also
included will be 100 ml urine samples from non-exposed that have been spiked
with 10 micrograms of 4,4'-MDA. The samples will be shipped so that they
arrive at a NIOSH laboratory within 24 bours where they will be put into a

freezer until being analyzed.

Figure 5
Log Sheet for Urine Voids
Phase Two
Participant Name:
ID:
Job Duties:

Date of Collection:

Sample # Code No. Time of Coll. Orig. Vol. Alig. Vol. Sp. Gr Creatinine

1 ~ (beginning of
shifc) ’ .
2 (mid shift)
3 (late shift)
4 (end of
shift)
5 (composite)

Written and verbal instructions on the procedures for collecting urine
samples will be provided to each participant. An example of the participant
instruction guide for the Phase Two study (see Al-A2) and a participant
notification letter for reporting the results (Item III) are attached.

Every effort will be made to minimize interference of normal work practices

at the facility during the NIOSH survey.



ANALYTICAL PROCEDURES

The air, wipe, and dermal pad samples will be extracted directly from the
individual glass vials in which they are transported. The following

analytical procedure shall be used:

Extract the samples in 4 ml of a mixture tbat is 5% acetonitrile in 0.26N
aqueous NaOH. Cap the vial (Teflon lined septum in cap) and shake. After
15 minutes, add 1 ml of acetic anhydride to the vial, cap and shake. After
another 15 minutes place the capped vial in a heater block (80°¢C) for 15
minutes, remove and allow to cool to room temperature. For HPLC analysis,
transfer the contents of the vial iato a 5-ml syringe which is fitted with a
13-mm Swinnex filter holder unit that contains a 5 um pore size TeflonR
filter. Transfer does not need to be quantitative but the mixture must not
be diluted. Filter this mixture into a clean vial. Inject 100-ul aliquot
into a High Performance Liquid Chromatograph equipped with a Waters C-18
Radial Pak columm or equivalent. Use a 40/60 acetonitrile/water eluent that
is rum isocratically at 1 ml/minute. The approximate elution time for

4,4'-MDA should be about 7.3 minutes during a total run time of 18 minutes.

Calibration is performed by making up stock solutions of the analyte in
methanol. Spike aliquots (about 10 ul) of the stock standards onto acid
coated glass fiber filter blanks that have been placed intc a reactiom

vial. Follow the procedure for analysis,
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Analysis by high pressure liquid chromatography (HPLC) should be linear over
an approximate range of 1 to 150 ug. The acidified filters have been shown
to have close to a 100% collection efficiency for several aromatic

diamines. Possible interferences may be corrected by adjusting the eluent
solvent composition. The yield of acetylated diamines is greater tham 90%
for MDA over a range of 1 to 150 ug., A small amount of the analyte (less
than 10Z of the total) may be found on the stainless steel support screen if
the air is 80% relative bumidity or greater and the sampling time is lomg.
The samples are stable on the collection filter for at least 1 week. The
derivatives are stable in the reaction vial for at least 12 hours. The

limit of quantitation for this procedure is approixmately 0.l ug per sample.

Urine samples collected in this study shall be analyzed by the following
procedure. Samples shall be thawed and rum through a sorption colummn
containing about two grams of XAD-l resin. The urine passing through the
column is discarded. The sorption column is eluted with 25 ml acetone.
Evaporate the eluent while in a warm water bath to a volume of ome
milliliter. Add 1 ml of 0.1lN sodium hydroxide. Extract three times with 5
ml benzene. At this point the samples may be analyzed on either a HPLC or a

gas chromatograph with an electronm capture detector.

1f analysis is to proceed using HPLC, again evaporate the extract sclution
to one milliliter. Ome milliliter of 0.12N hydrochloric acid solutiom is
added and agitated for one bour. Add 5 ml of hexame and lightly centrifuge

the samples. The ageous phase is removed and from this 100 microliters (ul)
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is injected into a dual-phase HPLC with a linear gradient programming from
100 percent pH&4.7 sodium acetate buffer to 100 percent acetylmitrile. The
limit of detection for this method is approximately 25 ppb of 4,4'-MDA in
100 ml of urine. Extraction efficiency (recovery) and precision is 762 + 7%

for the concentration range 25 to 250 ppb.

If greater semsitivity is required the urine samples may be analyzed by the
féllawing procedure which starts with the 15 ml benzene extract from the
initial extraction procedure described above. First anhydrous sodium
sulfate is added to the extract solutiom to remove moisture. The extract
solution is evaporated to 1.5 ml and 0.5 ml trimethylamine is added. Next
100 ul of hexafluorobutyric acid is added and the solution is placed in a
warm water bath for 20 minutes. The solution is then extracted three times
with 2 ml of pH6 1 molar phosphate buffer. Discard the agueous layer and
the resulting nonaqueous layer is sbook with sodium sulfate. Ome milliliter
of a 200 ppb 1,1-dichloro=-2,2~bis(p~chlorophenyl)~-ethylene

(p,p'-DDE)solution is added as an internmal standard.

The final sample solution is diluted to 5 ml with benzene. Three microliter
injections are used for analysis on a 15 meter SE54 capillary columm gas
chromatograph with an electron detector, The overall axtraction efficiency
for this latter procedure has not yet been determined. The limit of

detection is about 1 ppb 4,4'-MDA in 100 ml urine.
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Some 4,4'-MDA may be metabolized by N-acetylation and/or N-O-conjugation and
the methodology described above will not detect these metabolites.

Increased detection of exposure in workers urine might be enhanced if these
metabolites could be determined. One scheme involves the chemical
conversion of metabolites present in the urine to the pareant compound
(4,4'-MDA), via hydrolyais, with subsequent analysis as described by one of
the two methods above. Currently we do not know if the limit of detection
of parent compound alone in the urine of exposed workers is sufficient, or
if determining the merabolites would substantially increase the limit of
detection. Determining urine concentrations of 4,4'-MDA metabolites in
human participants shall be performed during the first phase of this
research as well as the concentrations of unmetabolized 4,4’ MDA, Urine
samples from monkeys that were dosed with radiolabeled 4,4'-MDA shall also
be used to trace urinary elimination of 4,4'-MDA and its metabolites. From
these data a decision regarding the importance of determining 4,4'-MDA
hydrolyzable metabolites can be made and changes in the analytical procedure
can be incorporated in the protocel to reflect this need at the appropriate

time.

Urine creatinine will be determined on each sample void using a GEMSAEC
centrifugal analyzer based upon the Jaffee Alkaline Picrate Reaction.

Specific gravity shall be determined on each sample using a refractometer.
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STATISTICAL ANALYSIS OF FIELD DATA

Environmental field sampling data will be reported in its entirety within
tables, grouped and displayed in appropriate ways using histograms and/or

graphs, etc. Personal identifiers will be omitted from the report.

Phase One:

MDA is not expected to be found in control urines. Since both MBOCA and
benzidine have been found to be excreted in exposed workers it is
anticipated that a difference in occurrence of MPA in the urine of comntrol
vs. exposed workers urines will be easily determined by a non-parametric
statistical analysis. To be liberal in our sample size requirements, if the
background of detectabie MDA in urine were 10X (we do not expect any) in the
control group and the proportion is 50% or greater detectable in the exposed
group, we will bave 80%Z power with a sample size of 20 per group. Sample
size requirements for differenct outcomes are shown in Figure 6. The data
from Phase One may also be used to indicate the time to maximum excretion
after a workshift exposure, and the time dependent concentrations. A
profile analysis of the curves for each participant will be performed which
will generate a best fit for all the data. Continuous long term urine
monitoring daca that is collected during Phase One and is intended to
describe the elimination kinetics for MDA in man will be used to calculate
an elimination half-time average, and a peak elimination time with a range

and standard deviation. If elimination follows an exponential decay then
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plotting concentration values, expressed after normalizing and adjusting for
various co-factors, versus time on semi-log paper will produce a linear

relationship.
Phase Two:

The data collected in Phase Two will be statistically analyzed according to
tﬁe foliowing procedures. To determine the relationship between
environmental parameters and urinary excretiom of MDA a multiple regression
analysis using normalized independent variables (e.g. air and skin
exposure), including an inves:igaCion_of possible non-linear response may be
appropriate. Correlation analysis would further quantitate the strength of
association between pairs of variables. Statistical evaluations of
variagion between individuals that are pooled into like exposure groups will

be made.
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Since urine samples will be collected from each participant om three
successive days, a proportional comparison of the urine concentrations found
each day can be reported to show if a cumulative effect of exposure is

operating on the elimination rate.

Three facilities that are continually using MDA have been identified, with
about 50, 60, and 28 potentially exposed workers, respectively. Other larg;
w;rker groups should be identified irn the near future. All of these
individuals who are suitable and who volunteer to participate will be
included in the second pbhase of this evaluation. Thus, sufficient numbers
of potential participants do exist to perform this study. This exploratory
study will help to demonastrate whether a measurable association exists

between estimated exposure to MDA and its excretioun in urinme.
QUALITY ASSURANCE PROCEDURES

In order to minimize to an expected acceptable level all methodological

errors, each method used in this study has been thoroughly evaluated.
Industrial bhygiene sampling and chemical analytical methods bave been
evaluated for such considerations as collection efficiency (air samples

only), recoverability, storage stability, and precisiom.

For inatance, the acid treated glass fiber air collection method has been
evaluated in three separate laboratories. NIOSH has evaluated the sample

recoverability, storage stability, and analyte stability during air sample



coLlection. Stanford Research Institute, Menlo Park, Califormia, had
provided a full evaluation of the metbod, including the collection
efficiency, in dynamic aerosol genmeration chambers. An independent method
evaluation was undertaken by the Midwestern Research Ingtitute, Kansas City,
Missouri, where the method was challenged to the vapor state of &4,4'-MDA
only., In both laboratories the method demonatrated that filter collection
of the analyte was essentially complete. The storage stability of acid
téeated glass fiber filters in polystryene cassettes as assessed after a
known liqﬁid amount of 4,4'-MDA in methanol was added. Storage stability
for up to one week at room temperature was essentially compléte. The
analytical coefficient of variatiom (CV) for laboratory prepared samples was

found to be 0!053.

Both blank samples and liquid spiked samples with known amounts of 4,4'-MDA
shall be included with the field collected samples for iaboratory analysis.
Spiked samples will be prepared at 5 times the limit of quantitation (about
1 ug/sample). To determine the precisiomn, accuracy, and bias of the air
samples collected in the field, sampling stations shall be used. Air
samples using three liquid spiked, and three unspiked acid, treated filters
will be collected where MDA is judged to be present. Accurately spiked
samples, which will be sampled side-by-side with normal samples, will be
used to determine the recovery and whether the recovery has been affected by
chemical or env{ronmeutal interferences. Unused spiked samples will also be
shipped from the sampling sites to assess the effect of transporting and

storing the samples on recovery of the analyte. Blank samples shall be



sbipped with field collected samples to determine migration of analyte
between samples and as a check of analytical quality. Initial sampling
performed in the‘field presently indicates that no unusual problems shzall be
encountered and additional evaluation of the air sampling method will be
performed prior to Phase Two of this study. Procedures for statistical

analysis of field sample evaluation data can be found elsewhere.(Bl)

Precision shall be determined by comparing the deviatiom of the individual
sample results from the means of spiked and unspiked triplicate sample sets
that were collected in the field. These control samples will not be

identified to the laboratcory prior to the analysis.

All field air samples shall be collected using constant flow regulated pumps
which are calibrated prior to each survey. A random sample of at least 25%
of the pumps used will be recalibrated at the end of the workshift with a
Kurz calibration meter, model 541. This meter will be calibrated using a
primary calibration standard in our industrial bygiene laboratory just prior

to the survey.

The sample stability for cellulosic wipe taps and glycerin dampened cotton
pads has been assessed in our laboratories. Twenty 5amples of each media
were initially spiked with 4,4'-MDA from a microsyringe. The recovery at
day one and times thereafter was determined by analyzing four samples per

sample set.
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Initial results of analyte recovery froﬁ wipe tabs and cotton pads that were
spiked with 4,4'-MDA and were then stored at room temperature were
unsatisfactory. While initial analyte recoveries for the wipe and pad
samples were 92% ;nd 88%, respectively, recoveries deteriorated to 43% and
53% after twenty days. In subsequent trials, four milliliters of the dilute
sulfuric acid soclution that was used to treat the air sample filters was
added to the wipe and pad samples after sample collection. Sample stability
during storage at ambient temperature was substantially improved. Recovery
of the analyte on the wipe tabs remained above 907 for up to 14 days. No
decline in stability was seen. The stability of the analyte om cottom gauze
pads sbhowed an initial decline from 89% to 71%Z after five days but remained
stable thereafter through day 16. Figure 7 shows the performance of these

two sampling media at five storage periods.

The Wright respirometer used to measure respiration volumes on worker
participants in this study has been evaluated in our laboratory. The
respirometer was connected in line with a primary air volume calibratiom
bell. Air was drawn through the reapirometer at various flow rates ranging
from 4.5 to 31 liters per minute at constant flow. The percent deviationm in
measured volume versus actual volume were plotted in Figure 8. These
results show negligible deviation between flow rates of 7-20 lpm. Simulated
breathing with flow rates between zero and 20 lpm indicated perfect
agreement in most trials. Peak expiratory flow rates under iow to moderate

physical demand usually do not exceed 20 lpm.
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The stability of free 4,4'-MDA in human urine has been assessed. One
hundred milliliter aliquots of a ome liter standard solution of human urine
containing 100 nanograms of 4,4'-MDA per milliliter (about 100 ppb) were
prepared and analyzed at 24 bour witbhout refrigeratiomn, at 48 hours with
refrigeration and freezing, and at 96 hours with freezing and refrigeratiom
in polyethylene storage bottles. Samples frozen for over a montb were also
analyzed. No appreciable loss or interferences to the determination of the
aﬁalyte was found under any of the above storage conditioms. The extraction
efficiency (recovery) and precision was 76% * 7% for the concentration range

25 to 250 ppb.(lo)

SAFETY

For the safety of the investigators involved with this study the project
officer shall be responsible for the assignment of personal protective
equipment to the study members when necessary. This equipment may include
use of respirators, gloves, or protective garments as described in the
personal protection program of the Industrywide Studies Branch. Preliminary
walk-through surveys of each facility will be used to assess the need for

such protection.
The analytical staff responsible for the determination of 4,4'-MDA in

environmental and biclogical samples will follow good work practices as

prescribed for the handling of such samples.
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Each member of the NIOSH research teams participates in a medical monitoring

program for health mainfrenance.

ROLE OF NIOSH COLLABORATORS

General management of this overall study will be performed by the Project
Officer, Mark Boeniger. In addition to coordinating the effort's of the
other collaborators, the Project Officer shall supervise the survey team
engaged in the collection of all samples during the field surveys. The
project officer shall also be responsible for the writing of all reports.
All of the collaborators working on this study are employed by NIOSH.

Mr Rick Hornung (513/684-4211) will b available as needed for the
statistical analysis and interpretation of the data., Dr. larry lowry and
Mr. Anthony Smallwood (513/684-8338) will be responsible for the chemicai
analysis of all urine samples and the analytical procedures described
herein. Mr. Edward Slick (513/684-4219) has been very instrumenral in the
development and evaluation of the environemtnal sampling merthods. Ana Maria

Osorio, M.D. will serve as medical records reviewer and consultant.

RECORDS MANAGEMENT AND REPORTING OF THE DATA

Information regarded as trade secret will be retained by NIOSH in accordance
with the NIOSH Sengitive Data Security Program. Also, personal identified
urine sampling results cannot be distributed to third parties without the

volunteer's written consent, as required under the Privacy Act. Workers
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participating in the urine monitoring portion of this study will be mailed
their individual results directly to their residence or to a bealth care
provider of thgir choosing. The nature in wbich the results will be used by
NIOSH and the limited significance of their individual results to them will
be explained. Data record sets shall be prepared that contain information
on each participant in this study. These will include an activity record,
urine collection record, and exposure measurement record. Hand written data
sﬁall be tranaferred to a personal computer for data management and
statistical analysis. The hand written data and computerized records shall
be stored in a locked file when not in use. All individuals shall be
initially identified by a code aumber which will be used for the
computerization and management of bis records. Draft reports of each suivey
will be written and sent to company management for their review to allow for
deletion of trade secret information before finalizing. The final reports
will be forwarded to the management and the union (if applicable), OSHA
Headquarters, EPA Headquarters, and the appropriate NIOSH regional
consultant. Final reports will be obtainable from NIOSH or through the

National Technical Information Service (NTIS).

A composite report, published by NIOSH, will include all relevant background
information and specific information dealing with the methodologies used ia
tbis study, including the results, conclusions, and recommeundations for
fu:ur; study. The identities of individual workers participating in this
study will not be divulged im this document or any other report except by

written counsent from that iadividual.



For further information, contact Mark Boeniger, NIOSH Project QOfficer at

(513) 684-2876 or write to the address below:

National Institute for Occupational Safety and Health
4676 Columbia Parkway
Mail Stop F-7

Cincinnmati, Obhio 45226
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ATTACEMENT 1

PARTICIPANTS CONSENT FORM






I.

2.

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH)
CENTERS FOR DISEASE CONTROL
U. S. PUBLIC HEALTH SERVICE
U. S. DEPARTMENT OF HEALTH AND HUMAN SERVICES

CONSENT TO PARTICIPATE IN A RESEARCH STUDY

You have been asked to participate in a
NIOSH research astudy. We explain here the
nature of your participation, describe
your rights, and specify how NIOSH will
treat your records

Description

TITLE: Extent of Worker Exposure to 4,4'-methylene dianiline (MDA)

PROJECT OFFICER AND SPONSOR:

Mark F. Boeniger

Industrial Hygiene Section

Industrywide Studies Branch

Division of Surveillance, Hazard Evaluations and Field Studies
Robt. A. Taft Laboratories

National Institute for Occupational Saferty and Health

4676 Columbia Parkkway.

Cincinnati, Obhio 45226

513/684—4363



PURPOSE AND BENEFITS:

The purpose of this study is to compare two methods that measure
workers' exposure to MDA. In the course of this study we shall be

able to determine the extent of your personal exposure to MDA.

We are concerned about MDA because overexposure has been shown to
cause (1) damage to the liver, (2) skim rash (as in an allergic
response), and (3) various ill effects such as abdominal pain, fever
and nausea. Also, MDA has caused cancer in studies with animals.
However, the significance of these animal studies to bumans is not

known at this time.

If you are exposed to MDA, the benefit to you as a participant-is
that a full evaluation is performed of your job exposure to MDA. If
you are identified as a control or non—exposed participant, then you
will not directly benefit from this study but you will be benefiting
your fellow workers who may be exposed. Your personal results sball
be reported to you in a way that will allow you to compare them to
the general findings of other participants in this study. In
addition to the benefits to you, workers who are not involved in
this study will benefit from these findings which should help to

teduce exposure to MDA,



1I.

CONDITIONS OF THE STUDY

1. Procedurqs: If you are identified as baving exposure to MDA, you
will be asked to wear a small light-weight personal air sampling
pump and possibly a glove-like sampler on your hand to help NIDSﬁ
evaluate your exposure to MDA. Also you will be asked to collect
urine samples in plastic bottles provided to you during the work
day. Your name will be writtem on your bottle(s) and you will be
requested to record the time during which you collected the urine
sample. You may be asked to collect urine at predetermined times.

This shall be explained fully to you by the NIOSH Project Officer.

During the time of your participation in this study we will be
observing and making notes oa your work practices. Written records
of the exposure measurements, urine samples, and other notes shall
also be collected. Occasionally we may take photograpbs. Later,

these notes and photographs shall only be used to belp us in the

interpretation of the data. Finally, your company medical file will

be checked to identify any medical condition that could affect the

interpretation of our measurements.

If you are identified as a non-exposed or control participant, your
only direct involvement will be to collect an end~of-work urine

sample.



2.

No medical risks or discomforts are foreseen, but should you bave
any reaction to the test s/procedures, you should comtact Mark

Boeniger,, Project Officer, 513/684-4363.

There is no alternative test that is recognized as being able to

answer the research objectives of this study.

Injury from this project is unlikely. But if injury results,
medical care is not provided, other than emergency treatment, If
you are injured through negligence of a NIOSH employee or an agent
of NIOSH, you may be able to obtain compensation under the Federal
Tort Claims Act. If an injury should occur to you as the result of

your participation, you should contact Mark Boemiger, 513/684~4363.

If you have questions about this research or your rights as a member

of this study, contact Mark Boeniger, Project Officer 513/684-4363.
Your participation is voluntary and you may withdraw your consent

and end your participation in this study at any time without penalty

or loss of benefits to which you are otherwise entitled.

I-%



III1.

S,

USE CF INFORMATION

NIOSH's authority for collecting information in this study is the
Occupational Safety and Health Act of 1970.

You do not have to furnish any informaton. Nothing will happen to
you if you don't answer our questioms, except that we may not use
you in the study,

NIOSH will provide you and your doctor (if you wish) with all
findings from your tests (and any other examinations). We will do
this when the study is finished, or soomer if appropriate. Your
personal results shall be reported to you in a way that will allow
you to compare them to the genmeral findings of other participants in
this study.

The information you and cther persons give us will be used by us to
help answer research questions about the extent of your exposure to
MDA and the best means of protecting you from excessive exposures.
This information will be provided to the Occupational Safety and
Health Administration (OSHA) and to the Environmental Protection
Admins tration (EPA) to belp develop guidelines and standards to
monitor worker exposure to MDA.

The information you provide us is covered by the Privacy Act, a
federal law. We will not reveal your information in identifiable
form to anyone without your permission, unless it is permitted by
the Privacy Act. If requested, the Privacy Act permits the release
of informaton in identifiable form under several specific
conditions. All 11 conditions possible are stated on the Back Side
of this page. These releases are infrequently used, in general.
When these kinds of requests occur, each is reviewed by us to ensure
that a person would not reasonably cbject. The reasons most cften
used to seek records subject to the Privacy Act are:

(1) wWhen the records are needed to protect the health and safety
of other persons.

(2) When a researcher (for example, at a university) asks for
information and it will be used only for statistical purposes.

Your records are also covered by the Freedom of Information Act, a
federal law. This law permits persoms to request information held
in our files. All Freedom of Information requests are reviewed by
NIOSH to ensure that a person would not reasonably object to the
release of the recorda.






IV. SIGNATURES

I bave read this consent form and I agree to participate in this study.

PARTICIPANT Age
(and Guardian, (signature)
(if required) Date

1, the NIDSH representative, have accurately described this study to the
participant.

REPRESE NTATIVE Date
(signature)

pase I-6 s blank

Preceding page blank



REQUEST AND AUTHORIZATION FOR RELEASE OF INFORMATION

I, , request and permit the project officer
to inform the following physicians or health care facilities (whose
names and addresses I have entered below) of any significant findings
from this study which concern me. (Do not leave blank. Write "NO"
where you do not wish to give a name and address.)

1. My personal physician(s):
w.

Street

City State Zip

2. Other physicians or health care facilities:

Name

Street

City State Zip
Participant
(and Guardian if required) Date

1 copy to participant
1 copy to project officer



ATTACHMENT II1

PARTICIPANTS NOTIFICATION LETTER

o






Example of Participant Notification Letter

Dear :

Thank you for your participatiom in the research study of occupatiomal
exposure to methylene dianiline MDA which was performed by the National

Institute for Occupational Safety and Health omn . Your

participation has provided useful information which will be used in
evaluating the extent of exposure to MDA in workplaces in the United
States. This may result in providing you, as well as others, with a safer

workplace.

As we explained to you when we conducted the study, MDA can cause damage to
the liver if overexposure occurs. At present, there are no exposure limits
enforced by law. However, a'redommeﬁda:ion has been made by occupational
health researchers, based on the effects to the liver, that air levels
should not exceed 0.1 ppm or 0.8 mg of MDA per cubic meter of air*. As we
mentioned when we conducted the study, MDA can cause cancer in animals, and
NIOSH is now attempting to investigate if MDA can cause cancer in humans.
However, we do not have the answer yeg. In this regard, air exposure levels

probably should be minimized as much as possible.
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The following results are provided to you for your informatiom. It should
be noted that tbe following are only indicative of your exposure to MDA and
bave no known direct clinical meaning as related to your state of health.

It is recommended that these exposure results be kept for future reference.

Sampling Results for MDA

1 Air Sample: ppu* or mg/m3

(average over minutes).

Hand Sample: mg - palm

mg - back of hand

Urine Sample: ppb **

By comparison, non—expogsed workers have MDA in their urine.

The highest level of MDA that was found among other exposed workers at your

facility was ppb and the lowest was ppb the group average

was ppb .

The company management will be informed of our general conclusions regarding
the extent of exposure to MDA at your facility, and specific recommendations

will be provided to them, if necessary, to reduce exposure.
Absorption of MDA into the body can occur by breathing it, by eating it in

contaminated food, and by abaorbing it through the skin. These routes of

absorption can be minimized if proper attention is given to personal
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practices, proper ventilation of your work area, or personal protectiom
(including non-absorbant gloves, and dust respirator). Work clothes should
be changed often and left at work to prevent contaminating your home.

Cigarettes or food should not be handled with contaminated hands.

Thank you for your participation in this study. If you wish to discuss
these results further, please call me at (513) 684-4363 or
William E. Halperin, M.D., at (513) 684=4203, or send your inquiries to the

above mailing address.

The confidentiality and protection of personal information will be
maintained as required under the Privacy Act of 1974, Title 5, United States
Code, Sectiom 552 (a)(e)(3). The files will be kept in a secure storage

area and disposed of after 5 years or wben no longer deemed useful.

Footnotes:
*  (One part MDA per million parts of air is equivalent approximately to 8
milligrams MDA per cubic meter of air, in other words it is

proportional in quantity to 1 teaspoon in 4350 galloums.

%  QOne part MDA per billiom parts of urine is equivalent in proportiom to
one foot in 189 thousand miles or omne second in 1903 years. There is
currently no maximum recommended limit or legal standard for MDA in the

urine.
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