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FOREWORD

Current Intelligence Bul!letins (CiB's) are reports issued by the National
Institute for Occupational Safety and Health (NIOSH), Centers for Disease
Control, Atlanta, Georgia, for the purpose of disseminating new scientific
information about occupational hazards. A CIB may draw attention to a
hazard previously unrecognized or may report new data suggesting that a
known hazard is either more or less dangerous than was previously thought.

CiB's are prepared by the staff of the Division of Standards Development and
Technology Transfer, NIOSH (Robert A. Taft Laboratories, 4676 Columbia
Parkway, Cincinnati, Ohio 45226) and are distributed to representatives of
academia, industry, organized labor, public health agencies, and public
interest groups, as well as to those federai agencies, such as the
Department of Labor, which have responsibilities for protecting the health
of workers. It is our intention that anyone with the need to know should
have ready access to the information contained in these documents; we
welcome suggestions concerning their content, style, and distribution.

The purpose of this hulletin is to disseminate recent information on the
potential carcinogenicity of 4,4'-methylenedianiline (MDA) previous!y
identified by NIOSH in 1976 in CIB No. 8 as 4,4'-diaminodiphenyImethane
(DDM). In the CIB, the occupational health community was informed of the
hepatotoxicity of DDM in animals and humans and of limited evidence
regarding the potential carcinogenicity of DDM in animals. Since 1976,
animal studies have confirmed the carcinogeni¢c potential of MDA. In
accordance with the Cancer Policy of the Occupational Safety and Health
Administration (OSHA) ("ldentification, Classification, and Regulation of
Potential Occupational Carcinogens," 29 CFR 1990}, on the basis of findings
of carcinogenic and tumorigenic responses in rats and mice, NIOSH recommends
that MDA be regarded as a potential occupational carcinogen. While
estimates of the excess risk of cancer in exposed workers have not been
determined, it is logical to assume that reducing exposure to MDA in the
workplace would reduce the potential risk.

It is recommended that producers and users of MDA disseminate this
information to their workers and customers, that professional and trade
associations and unions inform their members of the potential hazards of
MDA, and that appropriate engineering controls and work practices be used to
minimize exposure of workers. Readers seeking more detailed information on
the studies referenced in the Bulletin are urged to/ponsult the original

publications.
(IS
\Donal lar D.T.P.H. (Lond.)

Assistant Surgeon General

Director, National Institute for
Occupationa! Safety and Health

Centers for Disease Control
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ABSTRACT

Wistar rats receiving a single injection of 2,2'-dihydroxy-N-
nitrosodipropylamine (a tumor initiator) followed by 4,4'-methylenedianiiine
(MDA) in the diet for 19 weeks, developed thyroid follicular cell carcinomas
and follicular cel! and papillary adenomas. Fischer 344/N rats and B6C3F4
mice receiving MDA as 4,4'-methylenedianiline dihydrochloride ad libitum in
drinking water for 2 years developed thyroid follicular cell carcinomas and
adenomas, C-cell adenomas of the thyroid, hepatocellular carcinomas and
adenomas, alveolar bronchiolar adenomas, malignant I|ymphomas, and benign
tumors of the adrenal gland. Workers with airborne and dermal exposure to
powdered MDA have developed toxic hepatitis. in addition, increased
tncidences of cancers of the bladder and large intestine and of
lymphosarcoma and reticulosarcoma have been reported in workers with
potential exposure to MDA.

The observation of cancers and tumors in both rats and mice treated with MDA
meets the criteria established in the Cancer Policy of the Occupational
Safety and Health Administration for considering MDA a potential human
carcinogen in the workplace. Although there is limited evidence indicating
that MDA presents a carcinogenic risk to humans, the probability of
developing such effects would be decreased by reducing exposure to the
compound in the workplace. Therefore, the National Institute for
Occupational Safety and Health (NIOSH) recommends that occupational
exposures to MDA be controlled to the lowest feasible [imit.

BACKGROUND

Physical and Chemical Properties

In pure form, 4,4'-methylenedianiline (MDA) is a light brown, crystalline
solid with a faint amine-like odor. MDA is slightly soluble in water and
readily soluble in alcohol, benzene, and ether. It is structuraily similar
to benzidine and 4,4'-methylenebis (2-chloroaniline) (MOCA or MBOCA).
Additional chemical and physical properties are listed in Table 1.



Table 1.--Chemical and physical! properties
[Dean 1979; Newman et al. 1981;
Windholz et al. 1983; Lewis and Sweet 1985]

Chemical identity: 4,4'-methylenedianiline (MDA)
CAS? registry no. 101-77-9

RTECS?Z accession no. BY5425000

Synonyms 4-(4-aminobenzy!)aniline,

bis(p-aminophenyl)methane,
DADPM, DAPM, DDM,
diaminodiphenyimethane,
p,p'-diaminodiphenyImethane,
4.4'-diaminodiphenylmethane,
di-(4-aminopheny|)methane,
methylenebis(aniline),
methylenedianiline

Molecular weight 198.26

Empirical formula Cq13H14N2

Melting point 92°C (198°F)

Boiling point 399°C (750°F)
(at 768 mmHG)

Vapor pressure 1.5 x 10-7 torr
(calculated) at 25°C (77°F)

IChemical Abstract Service (CAS)
2Registry of Toxic Effects of Chemical Substances (RTECS)

Productian Use, and Potential for Qccupational Exposure

MDA is produced by the condensation of aniline with formaldehyde in the
presence of an acid catalyst [NIOSH 1976, 1984b]. in 1982, annual
production was 200-400 million pounds [EPA 1983b]. Approximately 99% of MDA
_is used in the production of methylene diphenyl diisocyanate (MDI) or
polymeric MD] (PMD!), which are wused to produce rigid or semirigid
polyurethanes. The remaining 1% of MDA is purified and used to make
products such as protective coatings, a hardening agent for epoxy resins,



anti-corrosive materials, printed circuit parts, dyestuff intermediates [EPA
1983a], filament wound pipe [NIOSH 1984al, and wire coatings [EPA 1985].

The National Institute for Occupational Safety and Health (NIOSH) estimates
that 9,000 U.S. workers may be exposed to MDA [Sundin 1972-74].

EXPOSURE LIMITS

The QOccupational Safety and Health Administration (OSHA) has not established
a permissible exposure limit (PEL) for MDA. The American Conference of
Governmental Industrial Hygienists (ACGIH) Threshold Limit Value (TLV®) for
MDA is 0.1 part of MDA per million parts of air (ppm) or 0.8 milligram of
MDA per cubic meter of air (mg/m3) determined as an 8-hour, time-weighted
average (TWA) concentration. The ACGIH short-term exposure |imit (STEL) for
MDA is 0.5 ppm (4 mg/m3). The ACGIH TLV and STEL values include a "Skin"
notation which refers to the potential contribution to the overall exposure
by the cutaneous route, including the mucous membranes and eyes, by either
airborne or direct contact with MDA [ACGIH 1985]. The TLV is based on the
prevention of hepatitis in workers exposed to MDA [ACGIH 1980]. In their
Notice of Intended Changes (for 1985-86), the ACGIH has proposed that the
STEL be deleted. Additionally, an "A2" designation has been proposed. The
"A2" designation refers to a substance suspected of having carcinogenic
potential in man [ACGIH 1985]. NIOSH has not established a recommended

exposure limit (REL) for MDA, In a recent risk assessment, the United
States Environmental Protection Agency (EPA) classified MDA as a probable
human carcinogen [Hirzy et al. 1985] and has referred regulatory

responsibility for MDA to OSHA under Section 9(a) of the Toxic Substance
Control Act [EPA 1985].

TOXICITY

Results of Animal Studies

Acute Toxicity

The acute toxicity of MDA has been reported in several animal species by
various routes of administration. The f(ethal dose of MDA for 50% of the
animals tested (LDsg) was: Oral administration to Wistar rats, 347 mg per
kilogram of body weight (mg/kg bw) [Marhold 1972]; subcutaneous
administration to Wistar rats, 200 mg/kg bw [Steinhoff 1870]; and
intraperitoneal (IP) administration to BALB/cCR mice, 74 mg/kg bw [Lopatka
et al. 1976]. The lowest dose to have caused death (LDLo) by oral
administration to beagle dogs was 300 mg/kg bw [Deichmann et al. 1978].

Mutagenic Effects

MDA was found to be mutagenically active when tested in Salmonella
typhimurium strains TAS8 and TA100 following metabolic activation [Darby
et al. 1978; Parodi et al. 1981; Rao et al. 1982], but was inactive in
strains TA1535 and TA1537, with or without metabolic activation [Darby
et al. 1978; Rao et al. 1982]. A significant increase in sister chromatid



exchanges (p<0.001) in femoral bone marrow have been reported in Swiss mice
injected with MDA when compared to vehicle-treated controls [Parodi et al.
19831].

Carcinogenic and Other Chronic Effects

In a chronic study, capsules containing 70 mg of MDA were administered
orally 3 times per week to nine female beagle dogs over periods of
approximately 4-7 vears; the total doses of MDA ranged from 4.0 to
6.26 grams (g)/kg bw. A variety of histopathologic changes were observed in
tissues from all of the dogs, particularly in the livers. However, no
neoplastic lesions of the liver or urinary bladder were observed. No data
for untreated, control dogs were reported [Deichmann et al. 1978].

Bile duct proliferation, oval cell infiltration, and fibrosis were observed
in the livers of 16 male Wistar rats fed a diet containing 1,000 ppm MDA for
32-40 weeks [Fukushima et al. 1979]. Bile duct proliferation and spongiosis
hepatitis were observed in the livers of 3 of 8 male Spraque-Dawley rats fed
ad libitum a diet containing 800 ppm MDA for 48 weeks [Ito et al. 1984]. No
neoplastic lesions were observed in the MDA-treated rats in either study.
The actual dose of MDA received by the rats in these studies was not
reported.

In another study, B80-day-old male albino rats of unknown strain (120 per
group) were given 8 or 20 mg MDA/kg bw in peanut oil by gavage 5 days per
week for 16 weeks. For control purposes, rats (120 per group) were given
peanut oil or were untreated. Ten rats from each group were killed and
examined at 10 days, 6 weeks, and 16 weeks for MDA-induced pathology. The
remaining rats were examined upon natural death. The average |ifespan of
all rats treated with MDA was 11.3 months, while that of the animals in the
control groups was 12.5 months. The average |ifespan for all animals was
short, due to pulmonary disorders and otogenic inflammation extending into
the meninges. Hepatocel lutar  effects including reduced glycogen
concentrations, and increased mitoses and numbers of multinucleated
hepatocytes were observed in rats treated with 8 mg MDA/kg bw. In addition
to these effects, the livers of the rats treated with 20 mg MDA/kg bw had
hyperplastic nodules and '"adenoma-like" bile duct proliferations. There was
also evidence of 'cirrhosis-like" regeneration processes. Statistical
analyses of these data were not reported [Gohlke 1378].

In Current Intelligence Bulletin (CIB) No. 8 published in 1976, NIQSH
summarized three studies of the carcinogenic effects of MDA in rats [NIOSH
1976]. In one study MDA was administered subcutaneously to 50 Wistar rats
(25 of each sex). A two-fold increase of malignant and benign tumors (types
unspecified) was observed in the MDA-treated rats when comparec with
controls. treated with saline. Hepatomas have been cbserved in two studies
foltowing MDA administration to rats by gavage: Single occurrences of other
tumors,;  including an adenocarcinoma of the uterus, were also reported. No



conclusions could be drawn from these studies regarding the carcinogenicity
of MDA due to their short duration, limited numbers of animals studied, and
lack of control animals or historical control data.

In 1976, a 2-year study of the carcinogenic effects of chronic ingestion of
MDA in drinking water was performed for the National Toxicoleogy Program
(NTP) (Weisburger et al. 1981; NTP 1983]. Drinking water containing either
150 or 300 ppm MDA (as the dihydrochloride salt, »>98% pure) was administered
ad libitum to groups of Fischer 344/N rats and B6C3Fq mice (50 of each
sex) for 103 weeks. Control animal!s (50 rats and 50 mice of each sex)
received drinking water adjusted to the pH of the 300 ppm dose. Based 6n
the water consumed by the animals, the average daily intake of MDA by the
animals expressed in mg/kg bw (+ one standard deviation) is provided in
Table 2.

Table 2.--Average daily MDA intake (mg/kg bw)

Rat Mouse
MDA in
drinking water Male Female Male Female
150 ppm 9+2 10+ 2 25 +5 19+ 7
300 ppm 16 +3 19 + 2 57 +9 43 + 10

Surviving animals were killed between weeks 104 and 106 of the study.
Neoplastic lesions which occurred in statistically significant numbers are

listed in Table 3 and include: Thyroid follicular cell carcinomas and
adenomas, and C-cel!l adenomas; hepatocellular carcinomas and adenomas, and
neoplastic nodules of “the liver; malignant fymphomas ; adgrenal
pheochromocytomas; and alveolar bronchiolar adenomas. Although not

statistically significant, uncommon tumors such as bile duct adenomas,
papiilomas of the urinary bladder, and granulosa cell tumors cf the ovary
were also reported; these tumors are of low incidence ir historical controls
[NTP 1983].



Table 3.--Statistically significant incidences of neoplastic lesions
in rats and mice treated with MDA [NTP 1983]

Neoplastic lesions Control 150 ppm 300 ppm
Thyroid follicular cell carcinoma

rats-male 0/49 0/47 7/48*
Thyroid follicular cell adenoma

rats-female 0/47 2/47 17/48***

mice-male 0/47 3/49 16/49***

mice-female 0/50 1/47 13/50***
Thyroid C-celi adenoma

rats-female 0/47 3/47 6/48*
Hepatocellular carcinoma

mice-male 10/49 33/50*** 29/50***

mice-female 1/50 6/50 11/50**
Hepatocel lular adenoma

mice-female 3750 9/50* 12/50**
Neoplastic nodules of the liver

rats-male 1/50 12/50** 25/50***
Malignant lymphomas

mice-female 13/50 28/50** 29/50***
Adrenal pheochromocytomas

mice-male 2/48 12/49%* 14/49***
Alveolar bronchiolar adenoma

mice-female 2/50 6/49*

1/50

* Significantly different from controls, p<0.05.
** Significantly different from controls, p<0.01.
*** Significantly different from controls, p<0.001.

In 1984, the results were reported of a study designed to test the cancer
followirig administration
the initiator, using male Wistar
into four groups of 21 each.

promotion potential of MDA
N-nitrosodipropylamine (DHPN),

et al. 1984]. The rats were placed

2,2 -dihydroxy-
rats [Hiasa



received a single [P injection of 2.8 g DHPN/kg bw followed for 19 weeks
with 1,000 ppm MDA in the diet; Group 2 received 2.8 g DHPN/kg bw [P;
Group 3, 1,000 ppm MDA in the diet; and Group 4 (controls), S5 milliliters
(mL) of saline/kg bw IP. Alf the rats were killed after 19 weeks. Thyroid
follicular cell carcinomas developed in 9.5% of the DHPN and MDA-treated
rats (Group 1). Thyroid follicular cell and papillary adenomas developed in
90% of the DHPN and MDA-treated rats (Group 1) and in 28% of the DHPN-
treated rats (Group 2); these incidences were significantly different
(p<0.05) between Groups 1 and 2. No tumors were reported in Groups 3 or 4.
A carcinogenic response was not observed when the initiator or promoter were
administered separately (Groups 2 and 3), but was observed when the initi-
ator and promoter were administered sequentially (Group 1). Aithough the
study was of short duration, the authors concluded that DHPN was the
initiator and that MDA was the promoter [Hiasa et al. 1984], a postulate
substantiated by other studies involving the activity of DHPN as an
initiator [Hiasa et al. 1982a; 1982b].

Human Health Effects

In 1976, NIOSH reviewed several studies of the health effects of MDA in
workers which described the occurrence of jaundice, bile duct inflammation,
suppression of bile excretion, and clinical hepatitis [NIOSH 1976]. In
other case studies, it was reported that dermal exposure to MDA resulted in
allergic contact dermatitis [Emmett 1976]. acute myocardial damage [Brooks
et al. 19791, jaundice [Dunn and Guirguis 1979], photosensitivity [LeVine
1983], hepatitis [Bastian 1984]. and yellow staining of the skin [Cohen
1985]. Hepatitis and impaired visual acuity have been observed following
ingestion of MDA [Roy et al. 1985]. No information is available on the rate
of absorption or metabolism of MDA in humans.

In 1982, NIOSH published the results of a Health Hazard Evaluation (HHE)
[KI1OSH 1982] of workers in the blade and pattern shops of a manufacturer of
helicopters and helicopter parts. The purpose of the evaluation was to
determine if workers in those shops were at an increased risk of cancer of
the bladder and colon. A proportionate mortality ratio (PMR) study was
designed to analyze the mortality pattern observed in the deaths of 179
white male workers. These deaths were identified from among “exposed"
workers who: Had been employed by the company 10 years or longer and had
been assigned at least one month in the area where there was potential
exposure to epoxy resins and curing agents, including MDA. The
concentrations of MDA in the air for three personal samples were: Below
10 micrograms per cubic meter (ug/m3) for a 20 liter (L) sample (the fimit
of detection), 0.23 mg/m3, and 0.46 mg/m3. Causes of death for
"exposed" workers were examined and statistically significant excesses of
cancer of the bladder (3 observed vs. 0.8 expected, PMR 3.74, p<0.05),
cancer of the large intestine (7 observed vs. 3.1 expected, PMR 2.26,
p<0.05), and Iymphosarcoma/reticulosarcoma (3 observed vs. 0.87 expected,



PMR 3.45, p<0.05) were detected. In the proportional cancer mortality ratio
(PCMR) analysis, only cancer of the bladder remained statistically
significant (PCMR 3.41, p<0.05). in addition, two more cases of bladder
cancer were found in "exposed” living workers [NIOSH 1982].

in this study [NIOSH 1982], there were a number of limitations such as:
(1) The concentrations of MDA were determined by using a sampling method
which has been shown to be unreliable [Boeniger 1985], and may underestimate
historical exposure; (2) the workers in the areas were also potentially
exposed to a number of other <chemicals such as ethylenediamine,
cyclohexanone, methy! isobutyl ketone (MIBK), toluene, and buty!l glycidyl
ether (BGE); (3) the PMR study design is subject to potential biases because
it only includes workers with 10 years or more work experience and lacks
information on death cause categories; and (4) the duration of exposure and
latency for the bladder cancer cases are shorter than that usually
associated with solid tumors resulting from occupational or chemical
exposures. However, the study provides support for suspected increased risk
of cancer of the bladder and colon associated with exposure to MDA. The
study also suggests that an increased risk of Iymphosarcoma/ret1culosarcoma
may be associated with exposure to MDA.

CONCLUSIONS

This bulletin has focused on studies regarding the carcinogenic potential of
MDA that have been reported since NIOSH CIB No. 8 was published in 1976.
That CIB warned of acute liver toxicity in animals and humans.

More recert animal studies indicate a potential for carcinogenicity from
exposure to ¥DA. The liver, thyroid, adrenal glands, and [ymphatic system
are the primary sites identified with carcinogenic or tumorigenic responses
foilowing oral or IP administration of MDA. The occurrence of uncommon
tumors c¢f the bile duct and urinary bladder may also be significant due to
their low historicai control incidences. In rats, MDA also acted as a
nromoter of tumor development.

Epidemiclogic evidence suggests an association between MDA and bladder
cancer, colon cancer, lymphosarcoma, and reticulosarcoma in workers with
exposure to MDA and other chemical agents. Although airborne exposures to
MDA may occur, dermal contact is considered the major route of occupational
8XDosUTE.

K1O0SH believes that the collective toxicologic data on carcinogenicity
provide sufficient evidence to warrant concern for occupational exposure to
MDA. Aithough there is limited evidence indicating that MDA presents a
carcinogenic risk to exposed workers, the human data, in view of the
positive data in other mammal!ian species, suggest that such a potential may
exist.



RECOMMENDAT IONS

There are several classifications for identifying a substarnce as a
carcinogen. Such classifications have been developed by NTP [NTP 19841, the
[nternational Agency for Research on Cancer (IARC) [WHO 1978], and 0SHA in

its "ldentification, Classification, and Regulation of Potential
Occupational Carcinogens" 29 CFR 1990 [OSHA 1984b], also known as "The OSHA
Cancer - Policy." NIOSH considers the OSHA <classification the most

appropriate for use in identifying occupational carcinogens* [OSHA 1984b].
Since exposure to MDA has been shown to produce malignant tumors in rats and
mice, it meets the OSHA criteria. Therefore, NIOSH recommends that MDA be
considered a potential human carcinogen in the workplace.

The excess risk of cancer to workers exposed to MDA has not yet been
determined, but the probability of developing cancer would be decreased by
minimizing exposure. As prudent public health policy, employers should
assess the conditions under which workers may be exposed to MDA and take
reasonable precautions to reduce exposures to the lowest feasibie limit.

The guidelines for minimizing worker exposure to MDA, presented in the
Appendix, are general in nature and should be adapted to specific work:
situations as required.

*"iPotential occupational carcinogen' means any substance, or combination or
mixture ot substances, which causes an increased incidence of benign and/or
malignant neoplasms, or a substantial decrease in the latency period hetween
exposure and onset of neoplasms in humans or in one or more experimental
marmaliian species as the result of any oral, respiratory or dermal exposure,
or any other exposure which results in the induction of tumors at a site
other than the site of administration. This definition also includes any
substance which is metabolized into one or more potential occupational
carcinogens by mammals" (29 CFR 1990.103).



REFERENCES

ACGIH 1980. American Conference of Governmental Industrial Hygienists.
Documentation of the threshold !limit values. 4th ed. Cincinnati: ACGIH, p.
278.

ACGIH 1984. American Conference of Governmental Industrial Hygienists.
Industrial ventilation: A manual of recommended practice. 18th ed.
Cincinnati: ACGIH, pp. 2-1 to 14-1.

ACGIH 1885. American Conference of Governmental Industrial Hygienists.
TLVs® Threshold |limit values and biological exposure indices for 1985-86.
Cincinnati: ACGIH, pp. 5,6,24,36,42.

ANSI  1979. American National Standards Institute. American Natioral
Standard Fundamentals governing the design and operation of local exhaust
systems, ANSI Z9.2-1979. New York: ANS| Inc.

Bastian PG. 1984.- Occupational hepatitis caused by methylenedianiline.
Med J Aust 141:533-5.

Boeniger M. 1984. Protocol for urine monitoring study of workers exposed
to .4,4'-methylene dianiline. U.S. Department of Health and Human Services,
Public Health Service, Centers for Disease Control, National Institute for
Occupational Safety and Health, Division of Surveillance, Hazard Evaluaticn,
and Field Studies, Cincinnati, Ohic. pp. 1-52.

Boeniger MF. 1985. Written communication to Danie! Boyd, regarding
sampling and analytical methods for MDA. U.S. Department of Health and
Human Services, Public Health Service, Centers for Disease Control, Nationzl
Institute for Occupational Safety and Health, Division of Surveilliance,
Hazard Evaluation, and Field Studies, Cincinnati, Ohio.

Brooks LJ, Neale JM, Pieroni DR. 1979, Acute myocardiopathy following
tripathway exposure to methylenedianiline. JAMA 242(14):1527-8.

cchen SR. 1985. Yellow staining caused by 4,4'-methylenedianilinrg
exposure: Occurrence among molded plastic workers. Arch Dermatol
121:1022-7.

Darby TD, dJohnson HJ, Northup SJ. 1978. An evaluation of a polyurethane
for use as a medical grade plastic, Toxicol Appl Pharmacol 46:449-53.

Dean JA, ed. 1979. Llange's handbook of chemistry. 12th ed. New York:
McGraw Hill, Inc., pp. 7-148 to 7-149.

Deichmann WB, MacDonald WE, Coplan M, Woods F, Blum E. 1978.
Di-(4-aminomethyi)-methane (MDA): 4-7 Year dog feeding study. Toxicology
11:185-8.

10



Dunn GW, Guirguis SS. 1979. pp'-Methylene dianiline (MDA) as an
occupational health problem: A suggested time-weighted average exposure
level and medical program. Arh Hig Rada Toksiko! 30(suppl):639-45.

Emmett EA. 1976. Allergic dermatitis in polyurethane plastic molders.
J Occup Med 18(12):802-4.

EPA  1983a. Federal Register. Environmental Protection Agency: July
11;48(133):31806-10.

EPA 1983b. Federal Register. Environmental Protection Agency: Part 764.
Sept 20:;48(183):42898-900.

EPA  1985. Federal Register. Environmental Protection Agency: July
5;50(129):27674-81.

Fukushima S, Shibata M, Hibino T, Yoshimura T, Hirose M, Ito N. 1979.
Intrahepatic bile duct proliferation induced by 4,4'-diaminodiphenyimethane
in rats. Toxicol Appl Pharmacol| 48:145-55.

Geraci CL. 1986. Written communication to Michael Brown, regarding Ni{OSH
sampling method development for MDA. U.S. Department of Health and Human
Services, Public Health Service, Centers for Disease Control, National
Institute for Occupational Safety and Heaith, Division of Physical Sciences
and Engineering, Cincinnati, Chio.

Gohlke R. 1978. 4,4-Diaminodiphenylmethane used in a chronic experiment.
Z Gesamte Hyg lhre Grenzgeb 24(3):159-62. [Germany].

Hagopian JH, Bastress EK. 1976. Recommended industrial ventilation
guidelines. Cincinnati: U.S. Department of Health, Education, and Welfare,
Public Health Service, Center for Disease Control, National Institute for
Occupational Safety and Heatth, DHEW (NIOSH) publication no. 76-162.

Hiasa Y, Ohshima M, Kitahori Y, Yuasa T, Fujita T, Iwata C. 1982a.
Promoting effects of 3-amino-1,2,4-triazole on the development of thyroid
tumors in rats treated with N-bis(2-hydroxypropyl)nitrosamine.
Carcinogenesis 3(4):381-4.

Hiasa Y, Kitahori Y, Ohshima M. et al. 1982b. Promoting effects of
phenobarbital and barbital on development of thyroid tumors in rats treated
with N-bis(2-hydroxypropy!)nitrosamine. Carcinogenesis 3(10}:1187-90.

Hiasa Y, Kitahori Y, Enoki N, Konishi N, Shimoyama T. 1984
4,4'-Diamincdiphenyimethane: Promoting effect on the development of thyroid
tumors in rats treated with n-bis(2-hydroxypropyl)nitrosamine, JNCI
72(2):471-6.

11



Hirzy JW, Weltse JA, Eberly et atl. 1885. Risk assessment for
4,4'-methylenedianiline, CAS. no. 101-77-9. U.S. Environmental Protection
Agency, Office of Toxic Substances, Feb.8:i-178.

Ito M, Moore MA, Bannasch P. 1984. Modification of the development of
N-nitrosomorpholine-induced hepatic lesions by 2-acetylaminofluorene,
phenobarbital and 4,4'-diaminodiphenylmethane: A sequential histological
and histochemical analysis. Carcinogenesis 5(3):335-42.

LeVine MJ. 1983. Occupational photosensitivity to diaminodiphenylImethane.
Contact Dermatitis 9:488-90.

Leidet NA, Busch KA, Lynch JR. 1977. Occupational exposure sampling
strategy manual. Cincinnati: U.S. Department of Health and Human Services,
Public Health Service, Centers for Disease Control, National Institute for
Occupational Safety and Hea!th, DHEW (NIOSH) publication no. 77-173.

Lewis RJ, Sweet DV, eds. 1985. Registry of Toxic Effects of Chemical
Substances. Microfiche ed. U. S. Department of Health and Human Services,
Public Heatth Service, Centers for Disease Control, National Institute for
Occupational Safety and Health. NIQSH publication no. 84-101-6.

Lopatka JE, Brewerton CN, Brooks DS, Cook DA, Paton DM. 1976. The
protective effects of methysercide, 6-hydroxydopamine and other agents on
the toxicity of amphetamine, phentermine, MDA, PMA, and STP in mice. Res
Commun Chem Pathol Pharmacol 14(4):677-87.

Marhold JV. 1972. Review of the toxicity of the tested substances.
Sbornik Vys ledku Toxiko!logickeho Vysetreni Latek A Pripravku.
[Czechoslovakial.

Matanoski GM, Elliot EA. 1381. Biladder cancer epidemiology. Epidemioi Rev
3:203-29.

Newman JR, Hendry CD, Hart R, et al. 1981. Environmental assessment for
4,4'-methylene dianiline (MDA)--Test rule support documents: Chapters I,
ft, 1V, V. Test Rules Development Branch, Office of Toxic Substances,
Environmental Protection Agency, Washington, D.C.

NIOSH 1976. Currert intelligence bulletin no. 8--4,4-diaminodiphenyimethane
(DDM).  Rockville: U.S. Department of Health, Education, and Welfare,
Public Health Service, Center for Disease Control, National Institute for
Occupational Safety and Health.

NIOSH 1982. Health hazard evaluation--determination report no. 82-146-1388,
Boeing Vertol Company, Philadelphia, Pennsylvania. Cincinnati: u.s.
Department of Health and Human Services, Public Health Service, Centers for
Disease Contrcl, National Institute for Occupational Safety and Health.

12



NIOSH 1984a. |Industrial hygiene survey report no. 143.10, A.0. Smith Inland
Incorporated, Little Rock, Arkansas. Cincinnati: U.S. Department of Health
and Human Services, Public Heaith Service, Centers for Disease Controi,
National Institute for Occupational Safety and Health.

NIOSH 1984b. Industrial hygiene survey report no. 143.12 Qlin Corporation,
Moundsville, West Virginia. Cincinnati: U.S. Department of Health and
Human Services, Public Health Service, Centers for Disease Control, National
Institute for Occupational Safety and Health.

NIOSH 1984c. Industrial hygiene survey report no. 143.17 Ameron Company,
“rea, California. ‘~~innati: U.S. Department of Health and Human
Services, rublic Health Service, Centers for Disease Control, National
Institute for Occupational Safety and Health.

NIQSH 1984d . Industrial hygiene survey report no. 143.18,
Hercules——Aerospace Division, Hercules, Inc., Clearfield, Utah.
Cincinnati: U.S. Department of Health and Human Services, Public Health
Service, Centers for Disease Control, Nationa! Institute for Occupational
Safety and Health.

NTP 1983. National Toxicology Program--technical report series no. 248,
Carcinogenesis studies of 4,4-methylenedianiline dihydrochloride
(CAS No. 13552-44-8) in F344/N rats and B6C3Fq{ mice (Drinking Water
Studies). U.S. Department of Health and Human Services, Public Health
Service, National Institutes of Health, NIH publication no. 83-2504.

NTP 1984. National Toxicology Program--technical report series no. 248.
Toxicology and carcinogenesis studies of 1,3-butadiene (CAS No. 106-99-0) in
B6C3F{ mice (Inhalation Studies). = U.S. Department of Health and Human
Services, Public Heatth Service, National Institutes of Health, NiH
Publication No. 84-2544:2.

OSHA 1984a. Code of Federa! Regulations. U.S. Department of Labor,
Occupational Safety and Health Administration. 28 CFR 1910.134.

OSHA 1984b. Code of Federa! Regulations. U.S. Department of Labor.
Occupational Safety and Health Administration. 29 CFR 1990.101-.152.

Parodi S, Taningher M, Russo P, Pala M, Tamaro M, Monti-Bragadin C. 1981.
DNA damaging activity in vivo and bacterial mutagenicity of sixteen aromatic
amines and azo-derivatives, as related quanitatively to their
carcinogenicity. Carcinogenesis 2(12):1317-26.

Parodi S8, Zunino A, Qttaggio L, De Fervari M, Santi L. 1983. Lack of
correlation between the capability of inducing sister-chromatid exchanges in
vivo and carcinogenic potency, for 16 aromatic amines and azo derivatives.
Mutat Res 108:225-38.

13



Rao TK, Dorsey GF, Allen BE, Epler JL. 1982. Mutagenicity of
4.4'-methylenedianiline derivatives in the Salmonella histidine reversion
assay. Arch Toxicol 49:185-90.

Roy CW, McSorley PD, Syme IG. 1985. Methylene dianilene [sic]: A new
toxic cause of visual failure with hepatitis. Hum Toxicol 4:61-6.

Schulte PA, Ringen K, Hemstreet GP. 1986. Optimal management of
asymptomatic workers at high risk of bladder cancer. J Occup Med 28(1):13-7.

Schwope AD, Costas PP, Jackson JO, Weitzman DJ. 1985. Guidelines for
selection of chemical protective clothing. 2nd ed. [Report sponsored by
the U.5. Environmental Protection Agency, Office of Occupational Health and
Safety, Washington, D.C.] Arthur D. Little, Inc., Cambridge, Massachusetts,
pp. 1:A-3 to A-6, G-14 to G-17.

Steinhoff D, Grundmann E. 1970. The cancerogenic action of
4,4'diaminodiphenyImethane and 2,4'-diaminodipheny Imethane.
Naturwissenchaften 57(5):247-8. [Germany].

Sundin DS 1972-74. Workers potentially exposed to 4,4-methylenedianiline.
[Unpublished data available from U.S. Department of Health, Education and
Welfare, Public Health Service, National Institute for Occupational Safety
and Health, Division of Surveillance, Hazard Evaluations, and Field Studies,
National Occupational Hazard Survey data base, Cincinnati, Ohiol. (Data
collected 1972-4).

Vaudine M, Lery N, Diter JN, Droin M, Chamaillard C. 1982.
Diamino-dipheny! methane: An example of toxic agent monitoring in the
workplace at Rhone-Poulenc Industrie. J de Toxicol Medicale 2(3)207-13.

Weeks RW Jr, Dean BJ. 1977. Permeation of methanolic aromatic amine
solutions through commercially availablie glove materials. Am Ind Hyg Assoc
J 38:721-5,

Weeks RW Jr, Dean BJ. 1978. Decontamination of aromatic amine
cancer-suspect agents on concrete, metal, or painted surfaces. Am Ind Hyg
Assoc J 39:758-62.

Weisburger EK, Krishna Murthy AS, Lilja HS, Lamb JC 1V. 1981. Neoplastic
response of F344 rats and B6C3F{ mice to the polymer and dyestuff
intermediates 4,4'methylenebis(N,N-dimethyl)-benzenamine, 4,4'-oxydianiline,
and 4,4'methylenedianiline. JNC| 72:1457-63.

WHO 1979. World Health Organization. IARC monographs on the evaluation of

the carcinogenic risk of chemicals to humans. Polynuclear aromatic
compounds, part 3, industrial exposures in aluminum production, coal
gasification, coke production, and iron and steel founding. LARC

Monographs, vol 34; supplement 1.

Windholz MW, Budavari S, Blumetti RF, Otterbein ES, eds. 1983. The Merck
index. 10th ed. Rahway, New Jersey: Merck and Co., Inc., pp. 430-1.

14



APPENDIX

td

GUIDELINES FOR MINIMEZING WORKER EXPOSURE 1O
4,4'-METHYLENEDIANILINE (MDA)

It is recommended that MDA be regarded as a potential human carcinogen in
the workplace. This recommendation is based on the ability of MDA to induce
cancer in experimental animals and on limited evidence of its carcinogenic
risk to humans. Consecguentiy, appropriate engineering and work practice
controls should be used to reduce worker exposure to the lowest feasible
limit. The guidelines and recommendations that follow are general in nature
and should be adapted to specific situations as required. These first three
primary recommendations (product substitution, closed systems and
ventilation, and worker isolation) provide protection for the worker from
both dermal and inhalation exposure.

EXPOSURE MONITORING

NIOSH recommends that each employer who manufactures, transports, packages,
stores, or uses MDA in any capacity determine if a potential exists for any
worker to be exposed to the chemical.

in work areas where exposures may occur, an initial survey should be done to
determine the extent of any worker's exposure. !n general, daily worker
time-weighted average exposures should be' determined by coilecting
full-shift sampies. When the potential for exposure is periodic, short-term
samples may be needed in place of or as part of full-shift sampling.
Personal sampling is preferred over area sampling. |f personal sampling is
not feasible, area samp!ing can be substituted only if the results can be
used to approximate the workers' exposure. Source and general area samples
may also be usefu! in identifying the source of emissions so that effective
engineering or work practice controls can be instituted. NIOSH is currently
developing a sampiing method for MDA [Geraci 1986]. In the past, a number
of different methods have been used [NIOSH 1984a, 1984d]. The sampling
procedure must include provisions for obtaining sufficient sample volumes to
ensure that the presence of small concentrations of MDA are not overtlooked.

If the initial survey indicates that no worker is exposed to MDA, no further
sampling is recommended unless changes in production, process, controls,
work practices, or weather conditions occur that may result in a change in
exposure conditions. When workers are found to be working in environments
containing measurable concentrations of MDA, periodic sampling at intervals
not greater than 6 months is recommended. Periodic sampling should be
continued until no measurable concentrations of MDA are noted in two
consecutive surveys. Periodic sampiing should always be conducted in the
work area of workers who are wearing respirators for protection against MDA.

The NIOSH Occupational Exposure Sampling Strategy Manual may be helpful in
developing efficient strategies to monitor worker exposure to MDA. The
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manual contains information regarding determination of the need for exposure
monitoring, the number of samples to be collected, and thes selection of
appropriate sampling times [Leidel et 2l. 1977].

in a facility in France, workers were monitored for MDA exposure by
measurement of MDA's metabolites in their wurine [Vaudine et al. 1982].
NIOSH has developed a protocol! for determining MDA and MDA metzbolites in
the urine of workers [Boeniger 19841].

CONTROLLING WORKER EXPOSURE

Proper maintenance of equipment and worker education are vital aspects of a
good control program. Workers should be informed of any materials that may
contain or be contaminated with MDA, the nature of the potential hazard, and
of methods for minimizing exposure. Every attempt should be made to
minimize exposure to MDA Dby implementing the following practices and
controls:

Product Substitution

When feasible, substitution of an alternative material with a lesser
potential heaith risk is often the best and most effective method for
reducing or eiiminating exposure. However, extreme care must be used when
selecting substitutes. Possible adverse health effects from exposure to
alternatives for MDA should be svaiuated prior to setection.

Closed Systems and Ventilation

Enginsering controls should bs tha principal method for minimizing tne
potential for MDA exposure in the workplace. Achieving and mzintaining
reduced concentrations of airborne MDA in the workplace depend upon the
incorporation of adequate engineering control measures, such as properiy
constructed and maintained closed-system operations and ventilation.

Closed-system operations provide the most effective means for minimizing
worker exposures to MDA. Ciosed systems should be used for producing,
storing, transferring, packaging, and processing MDA. Where ciosed systems
cannot be employed or do not operate effectively, lccal exhaust ventilation
should be provided to direct particu'ate or vapors away from workers [NIOSH
1984d]. This contaminated exhaust air shouid not be recirculated [NIOSH
1984c]. Exhaust-ventilation systems for quality controi .laboratories or
laboratories where samples are prepared for analyses, should be designed to
adequately capture and contain MDA particulate or vapors. Guidance for
designing local exhaust-ventilation systems can be found in Recommenced
Industrial Ventilation Guidelines [Hagopian and Bastress 1976], Industrial
Ventilation--A Manual of Recommended Practice [ACGIH 1984], and Fundamentals
Governing the Design and Operation of Local Exhaust Systems, ANS] 729.2-1979
[ANSI 1979].




Ventilation equipment should be checked at least every 3 months to ensure
adequate performance. System effectiveness should also be checked when
there are any changes in production, process, or contro! that might result
in significant increases in airborne exposure to MDA.

~

Worker isolation

The areas in which MDA is produced or used should be restricted to only
those workers who are essential to the process or operation. |f feasible,
these workers should be isolated from direct contact with the work
environment by the use of zutomated equipment operated from a closed control
booth or room. The control booth or room should be maintained at a greater
air pressure than that surrounding the process equipment so that air flows
out of, rather than into, the room. This type of control will not protect
workers who must enter the general work area to perform process checks,
adjustments, maintenance, assembly-line tasks, and related operations.
Therefore, speciai precautions are often necessary to prevent or limit
worker exposure in these situations and frequently involve the use of
personal protective equipment.

Personal Protective Ciothing

All workers who may be exposed to MDA should be equipped with chemical
protective clothing to ensure their protection. In the selection of
protective clothing, consideration should be given to the utilization of
disposable appare! because of the uncertainty of decontamination of reusable
clothing.

Quter protective clothing should consist of fully encapsulating protective
clothing. Gloves should be made of polyvinyl chloride or natural latex
which have been shown to be resistant to permeation by MDA dissolved in
methanol [Weeks and Dean 1977]. For personal comfort, workers may wear
inner garments consisting of cotton coveralls, wundershirts, undershorts,
gloves, and socks. Special consideration should be given to disposal of
inner garments after use because small amounts of contaminants may be
transferred to the inner garments when removing outer protective clothing
[Schwope et al. 1985]. The effectiveness of the protective clothing should
be evaluated under simulated use conditions, regardless of the type of
clothing used. %Workers should be informed of the potential for heat stress
that may occur when working in an encapsulated suit. Areas of the body
which come in contact with MDA should be thoroughly washed with soap and
water immediately. As a general hygienic measure, facilities (e.g., change
rooms, lockers, shower, etc.) for personal cieanliness should be provided.

Respiratorv Protecticn

The use of respiratory protection requires that a respiratory protection
program be instituted which, at a minimum, meets the requirements of
29 CFR 191C.134 ([OSHA 1984a]. In addition tc selection of respirators
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approved by the Mine Safety and Health Administration (MSHA) and NIQSH, a
complete respiratory protection program should include at least regular
training of personnel, fit testing, periodi¢c environmental monitoring,
maintenance, inspection, and cleaning of equipment. The program should be
evaluated regutlarly.

It must be stressed that the use of respiratory protection is the least
preferred method of controlling worker exposures and should not be used as
the only means of preventing or minimizing exposures during routine
operations. However, NIOSH recognizes that respirators may be required to
provide protection under certain situations (such as implementation of
engineering controls, certain short-duraticn maintenance procedures, and
emergencies). NIOSH maintains that only the most protective respirators
should be used to protect workers from exposure to workplace carcinogens.
Such respirators include:

@ A self-contained breathing apparatus with a full facepiece operated in
pressure-demand or other positive-pressure mode

® A supplied-air respirator with a full facepiece operated in
pressure-demand or other positive-pressure mode, in combination with
an auxiliary self-contained breathing apparatus operated in pressure-
demand or other positive-pressure mode

Decontamination Procedures

Decontamination of MDA-contaminated work surfaces may be accomplished by
initial dry vacuuming of both horizontal and vertical surfaces with a vacuum
cleaning system equipped with a high-efficiency particulate (HEPA) filter.
Most of the remaining MDA should be transformed to a water-soluble salt by
applying a hydrochloric acid/methanol solution, and should be removed by
absorption with a sponge. Any residual MDA should be transformed to its
corresponding "Schiff" base with p-dimethylaminobenzaldehyde and removed
with a methanol-moistened sponge [Weeks and Dean 1978]. The surface should
be thoroughly cleaned with a detergent soiution and rinsed with water. All
contaminated protective clothing or equipment should be removed and
discarded, or if cleaned, analyzed for residual contamination before reuse
or storage. Contaminated waste should be collected and placed in sealed
containers for disposal in accordance with existing regulations of the U.S.
Environmental Protection Agency, and the Department of Transportation.
State and local regulations may supersede federal regulations, if they are
more restrictive.

MEDICAL SURVEILLANCE
A medical surveillance program should be established to prevent (or to

attempt to detect at an early stage) both the acute and chronic adverse
health effects in workers resulting from exposure to MDA. Medical and work

18



histories including previous exposure to MDA or other toxic agents should be
taken for each worker prior to job placement and updated periodically. The
physician responsible should be provided with information concerning the
adverse health effects of MDA exposure and an estimate of the worker's
potential for exposure to MDA, including any available workplace sampling
results and a description of any protective devices or equipment the worker
may be required to use. A smoking cessation program should be provided,
because cigarette smoking is a well-established risk factor for bladder
cancer [Matanoski and Elliot 1981].

The examining physician should direct particular attention to the skin,
tiver, wurinary, respiratory, and gastrointestinal tracts, and to the
endocrine system, as these are most likely to be affected by MDA. A
baseline health status can be established as a result of this program.
Deviations from the baseline health status should permit eariy detection of
adverse health effects and should prompt medical personnel to consider
additional specific tests for the individual [Dunn and Guirguis 1879;
Schulte et al. 1986]. Complete medical evaluations of each worker should
also be performed upon job transfer or termination. The occurrence of
disease or other work-related adverse health effects necessitates immediate
evaluation of primary preventative measures (e.g., industrial hygiene
monitoring. engineering controls, and personal protective equipment).
Medical personnel should ensure that workers and employers be informed about
work-related hazards associated with exposure to MDA.
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24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

34.
35.

37.

CUMULATIVE LIST OF NIOSH CURRENT INTELLIGENCE BULLETINS

Chloroprene
Trichloroethylene
Ethylene Dibromide
Chrome Pigment

Asbestos - Asbestos Exposure during Servicing
of Motor Vehicle Brake and Clutch Assemblies

Hexamethy |phosphoric Triamide (HMPA)

Polychlorinated Biphenyls

4,4'-Diaminodipheny|methane (DDM)

Chloroform

Radon Daughters

Dimethylcarbamoy!| Chloride (DMCC) Revised

Diethylcarbamoy!| Chloride (DECC)

Explosive Azide Hazard

Inorganic Arsenic - Respiratory Protection

Nitrosamines in Cutting Fiuids

Metabolic Precursors of a Known Human Carcinogen,
Beta-Naphthylamine

2-Nitropropane

Acrylonitrile

2,4-Diamincanisole in Hair and Fur Dyes

Tetrachloroethylene (Perchioroethylene)

Trimellitic Anhydride (TMA)

Ethylene Thiourea (ETY)

Ethylene Dibromide and Disulfiram Toxic
Interaction

Direct Black 38, Direct Blue 6, and Direct
Brown 95 Benzidine Derived Dyes

Ethylene Dichloride (1,2-Dichloroethane)

NIAX® Catalyst-ESN

Chioroethanes: Review of Toxicity

Vinyl Halides - Carcinogenicity: Vinyl Bromide,
Vinyl Chloride, and Vinylidene Chloride

Glycidy!l Ethers

Epichlorohydrin

Adverse Health Effects of Smoking and the
Occupational Environment

Arsine (Arsenic Hydride) Poisoning in the
Workplace

Radiofrequency (RF) Sealers and Heaters:
Potential Health Hazards and Their Prevention

Formaldehyde: Evidence of Carcinogenicity

Ethylene Oxide (EtQ): Evidence of Carcinogenicity

Silica Flour: Silicosis

Ethylene Dibromide (EDB) Revised
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January 20, 1975
June 6, 1975
July 7, 1975
June 24, 1975
October 7, 1975
October 8, 1976

August 8, 1975
October 24, 1975
November 3, 1975
January 30, 1976
March 15, 1976
May 11, 1976
July 7, 1976
July 7, 1976
August 16, 1976
September 27, 1976
October 6, 1976

December 17, 1976
April 25, 1977
July 1, 1977
January 13. 1978
January 20, 1978
February 3, 1978
April 11, 1978

April 11, 1978

Aorilt 17, 1978
April 19, 1978
May 22, 1978

August 21, 1978

September 21, 1978
October 12, 1978
October 12, 1978

February 5, 1979
August 3, 1879

December 4, 1979
April 15, 1981
May 22, 1981
June 30, 19881
October 26, 1981



38.
39.
40.
41.
42.
43.
44,
45,

46.
47.

NOTE :

CUMULATIVE LIST OF NIOSH CURRENT INTELLIGENCE BULLETINS (CONTINUED)

Vibration Syndrome

The Glycol Ethers, with Particular Reference
to 2-Methoxyethanol and 2-Ethoxyethanol:
Evidence of Adverse Reproductive Effects

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD,
"Dioxin')

1,3-Butadiene

Cadmium

Monoha!omethanes: Methyl Chloride, Methyl
Bromide, and Methyl lodide

Dinitrotoluene

Polychlorinated Biphenyls (PCB's): Potential

Health Hazards from Electrical Equipment Fires

or Failures
Methylene Chloride
4.,4'-Methylenedianiline (MDA) Revised

March 29, 1983

May 2, 1983

January 23, 1984
February 9, 1984
September 27, 1984

September 27, 1384
July 4, 1985

February 24, 1986
April 18, 1986
July 25, 1986

For the convenience of those who desire a complete series of Current
Intelligence Bulletins, #1 through #18 and #19 through #30 have been
reprinted as: NIOSH publications #78-127 and #79-146, respectively.
These publications and single copies of Bulletins #31 and higher are
available from Information Dissemination, DSDTT; National Institute
for OQccupational Safety and Health; 4676 Columbia Parkway,
Cincinnati, Ohio 45226 (513) 841-4287
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