


DA Status:

® PBNA is cleared under 21 CFR for the following food-related

uses:

Phenyl-B-naphthylamine free of B-Naphthylamine is cleared
under §175.105 (adhesives).

Cleared as an antioxidant in dry rosin size, at a level
not to exceed 0.4% by weight, under §176.170 (components
of paper and paperboard in contact with aqueous and fatty
foods) and §176.180 (components of paper and paperboard
in contact with dry food).

Cleared as an antioxidant or antiozonant under §177.2600
(rubber articles intended for repeated use); total
antioxidants and antiozonants are not to exceed 5% by
weight of the rubber, product.

Cleared under §178.3570 (lubricants with incidental food
contact), alone or in combination with phenyl-a-naphthyl-
amine, as an antioxidant in mineral oil lubricants, at a
level not to exceed 1% by weight of the mineral oil. -

TSCA Inventory:

Yes



TOXICITY ‘ )
A, Acute

l. Oral

@ LD50 (mice) 1450 mg/kg (17).

® LD50 (rats)

8730 mg/kg (17).

Effects: acute vascular changes in liver, lungs,
and brain due primiarly to venous congestion (17).

2. 8kin

@ Neozone® D.was not.corrosive in.the standard BOT
test (46 ).

@ Neozone® D proauced no irritation after being held
on the skin of rabbits for 24 hours (46 ).

@ ©Slight local irritation was observed in rabbits
(17) and mice (19).

-

o PBNA has been reported to cause allergic skin reac-
tions in workers (3,18,26,29,38,42).

® Of 221 cases of industrial dermatitis, 6 were
positive to PBNA (31).

3. Eyes
e Neozone® D produced mild. conjunctival irritation
with no corneal or iritic effects when instilled
into the rabbit eye (46 ).
@ PBNA produced slight hyperemia in the rabbit eye (17).
4, Inhalation
No information available.
5.. Intraperitoneal Injection

® LD50 (laboratory animals) = 8 mg/kg (25).

Effects: lesions of central nervous system (25).




B.

Extended Studies

1.

Oral

@

Rats fed 1740 mg/kg/day (1/5 LD50) for 1 month
became lethargic and exhibited pathological liver
changes and an increase in methemoglobin (17).

At levels of 20-200 mg/kg/day for 6-12 months
Neozone® D exhibited significant cumulative
properties in rats (35).

Daily administration of 1 or 20 mg/kg from day 1
to 18 of pregnancy altered the frequency of
malignant tumors in mouse offspring from 8 to 5-
22%. The disturbance of water-salt metabolism in
the embryos by 20 mg/kg caused a transient
decrease in the weight of newborn mice (30).

Rats receiving 1% Neozone® D in the diets for 71
weeks exhibited kidney damage. No bladder tumors
were observed (22).

Two strains of mice, 36 to a group, were admin-
istered 464 mg/kg/day for 21 days followed by
administration of a diet containing 1206 ppm of
PBNA for 18 months. The incidence of hepatomas,
was statistically significant in male mice of one
strain only. The incidence of other tumors was
not compound-related (15,16).

Daily doses of 100 mg/kg for 18 months in rats
produced an increase in lung weights after 1 month
and an increase in liver weights after 12 months.
Changes in the gastrointestinal tract and in
urinary function were also observed. 1In this test
a level of 20 mg/kg caused no significant toxic
effect (36).

One dog fed 50 mg/kg/day for 13 months developed
adrenal damage and voluntary muscle necrosis.
Another dog receiving 100 mg/kg/day for 45 months
exhibited cirrhosis of the liver. Bladder tumors
were not observed in either animal (36).

Three dogs were fed 540 mg/kg/day, 5 days a week
for from 50-54 months. Two of the dogs were
healthy at the time of sacrifice after 54 months
on test. The third dog was sacrificed after 50
months following an intestinal hemorrhage which
probably was secondary to an old cirrhosis of the
liver (10,46 ).
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® No compound-related tumors were seen in hamsters

administered 37.5 mg/kg twice weekly for their
liftetime (13).

2. Inhalation

® Rats exposed to an aerosol of 0.9 mg/L 2 hours/
day for 14 days exhibited a decrease in weight,
hypo- and hyperexcitability, tachypnia, slight
erythrocytopenia, hyperemia of internal organs,
pulmonary emphysema, and slight dystrophic changes
in kidneys, liver, brain, and spleen (19).

® Exposure of rats to 0.73 or 4.23»mg/m3 or 5-6
hours/day for 4 months caused an increased ascorbic
acid requirement (6).

® Inhalation of 0.012 mg/L PBNA plus 0.339 mg/L
1,3-butadiene 4 hours/day for 1 month caused
leucopenia and respiratory tract irritation in
mice (39).

® Experiments on rats established that the light-
colored ingredients of the rubber mix most
commonly used in tire production (zinc oxide,
S, altax, captax, thiuram, Neozone® D,
sulfenamide) are low-toxicity substances not
having pronounced cumulative properties and not
causing intoxication during long intake into the
organism. Despite the absence of pronounced
toxic properties the light-colored ingredients in
combination with carbon black in the form of dust
of a mixed composition have fibrogenic properties
which lead to occupational diseases of the lungs
(34) .

3. Subcutaneous Injection

@ Repeated injectionof 5 mg crystals or 0.25 cc of
a 5% suspension of technical grade phenyl-beta-
naphthylamine produced no tumors in mice within
22 months (32).

® Two strains of mice, 36 to a group, were admin-
istered a single 464 mg/kg injection and observed
for up to 80 weeks. In females of the first
strain the frequency of tumor-bearing animals was
significantly greatly in comparison with control
animals. There was also a statistically significant
increase in the frequency of hepatomas in males
of the second strain (15,16).




)

4. Intraperitoneal Injection

e

Neozone® D administered to rats in doses of 100
and 1000 mg/kg/day for 4 months produced effects
on red blood cells, liver and kidneys (41).

5. Urinary Bladder Implant

© A group of 35 mice was administered a paraffin

pellet, containing 5-9 mg of technical grade PBNA,
into their urinary bladder. The animals were
observed until their spontaneous death, the last
mouse dying 552 days after treatment. Seven mice
developed bladder tumors.  Another group of 18
mice was.similarly administered a pellet contain-
ing pure PBNA. Three of these mice developed
bladder tumors. Control groups administered the
paraffin pellet only or a pellet containing 1%
croton oil developed 0/14 and 3/45 bladder tumors,
respectively. For comparison purposes the follow-
ing amines were also studied.

Bladder Tumors/

Compound Total Number of Mice
Methyl cholanthrene 9/25
4-Aminobiphenyl 8/35
a-Naphthylamine 13/34

(technical)
B-Naphthylamine 9/30
(46 )

C. Carcinogenic Potential

Results of an experiment by oral administration
in mice, indicate a statistically significant
increase in the incidence of all tumors, and in
particular of hepatomas, in males of one of the
two tested strains. In addition, subcutaneous
administration of this compound produced a signif-
icant increase in the total incidence of tumors

in females of one strain and of hepatomas in males
of the other strain (15,16). Oral administration
to pregnant mice increased the frequency of
malignant tumors in the offspring (30).

No bladder tumors have been observed in rats (22,
36) or dogs (10,36,46 ) administered PBNA orally.
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An increased incidence of bladder tumors was
observed in mice given bladder implants (46 )

No increase in the incidence of tumors was observed
in hamsters administered PBNA orally (13).

Repeated subcutaneous administration produced no
tumors in mice within 22 months (32).

A NCI-sponsored feeding test in rats and mice is
underway at Litton-Bionetics (12).

No evidence arises from several -epidemiology studies
to associate an increased incidence of bladder
cancer with exposure to PBNA (9,14,20,28,44). 1In
another study of workers who had no exposure to
beta-naphthylamine an increased risk of bladder
cancer was shown. Exposure was mixed but probably
included PBNA (7,8).

D. Mutagenic Potential

PBNA was not mutagenic in the Ames test in the

presence of an activation system prepared from the
liver of hamsters and mice (4).

PBNA was not mutagenic in the Ames test using

Salmonella typhimurium strains TA 1535, TA 1538,
TA 98 and TA Eﬁﬁ and a S-9 activation system (9).

PBNA was not mutagenic towards Salmonella typhimurium
strains TA 98 and TA 100. When present in combina-

tion with norharman, it did show mutagenic activity
(33).

PBNA was not mutagenic in a mammalian cell trans-
formation bioassay (40).

PBNA was not active in an implant test with mice
(24).

PBNA was active in the degranulation biocassay using
an isolated liver rough endoplasmic reticulum
preparation incubated with aflatoxin By (21).

PBNA was active in the sebaceous-gland suppression
bicassay in mice -(23).

PBNA was active in the tetrazolium-reductioﬁ
bicassay with mice (45).
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See Related Reference 47 for additional information.

°
E. Embryotoxic Potential
No information available.
F. Other Reproduction Studies
® Reproductive function was impaired in rats fed
100 mg/kg/day for up to 18 months (36).
G. Agquatic
® Fathead minnows were exposed to 52.1 ug/L of PBNA
for 32 days to determine its bioconcentration
potential. The bioconcentration parameter a
constant of proportionality between the concentra-
tion of the chemical in the fish and in the water
was determined to be 0.3. This value indicates
little potential for bioconcentration (43).
H. Human Exposure g
e N-Phenyl-2-naphthylamine has been reported to pro-
duce leukoplakia, acne, and hypersensitivity to
sunlight in 36 Polish workers (37). Other studies
have not reported chronic effects (20).
See also Section I (Epidemiology).
I. Epidemiology
e Mortality among 40,867 workers at a number of UK
rubber and cable factories was studied. 1In a large
group of workers not exposed to known carcinogenic
materials; 33 deaths from bladder cancer occurred
versus 22.7 expected at national rates, a statistic-
ally significant excess. This group of workers
would have had mixed exposures to many rubber
additives, but it may be assumed that a considerable
number of men would have been exposed to PBNA. No
evidence is found of a continued excess risk of
bladder cancer in people who entered the industry
after 1949 (7,8).
e In 1949, it was reported that there was an abnormal

incidence of papilloma of the bladder among rubber
workers and that the responsible agent appeared to
be the antioxidant known as Nonox® S. Nonox® s was
manufactured by a condensation reaction of paralde-
hyde with mixed alpha- and beta-naphthylamines; it
contained about 2.5% unreacted naphthylamine, of




of which 2.25% was the alpha isomer and 0.05% was
the beta isomer. Further investigation revealed
that occupational cases do not make a major con-
tribution to the frequency of bladder cancer and
that there is no evidence that exposure to phenyl-
beta-naphthyalmine is associated with a bladder
cancer hazard. Thus, exposure in industrial condi-
tions to products containing impurities of
carcinogenic amines up to 50 ppm appears to con-
stitute a safe dose. Nonetheless, since 1953,
National Insurance benefits have been awarded to
British workmen who have worked with alpha or beta-
naphthylamine or Nonox® S and who have subsequently
developed papilloma of the bladder. It must be
determined whether it is reasonable to regard
exposure to a chemical which-is not itself carcino-
genic, but which contains trace impurities of a
carcinogenic amine, as constituting employment
involving exposure to that carcinogenic amine (28).

The higher risk of bladder cancer and leukemia in
rubber industry workers cannot be attributed to
phenyl-beta-naphthylamine, as these workers are -
exposed to several other chemicals, notably benzene

(9).

J. Metabolism

a) Animal Studies

In dogs given single oral doses of 5 mg/kg
[1,4,5,8-'"*C]-N-phenyl-2-naphthylamine following
repeated doses of 400 mg/animal unlabelled N-phenyl-
2-naphthylamine on 5 days a week for 4 weeks, more
than 90% of the radioactivity was excreted over 3
days, mainly in the feces. Only 2.8% of the radio-
activity was excreted in the urine. No increased
excretion of labelled 2-naphthylamine was observed
following 4 weeks' pretreatment with 400 mg/animal
unlabelled N-phenyl-2-naphthylamine before admin-
istration of labelled compound. Metabolites of
2-naphthylamine, e.g., 2-naphthylhydroxylamine and
2-amino-l-naphthyl sulphate, were not detected in
ether extracts or lyophilized fractions of urine (5).

The metabolism of PBNA by liver microsomes of the
rat, dog and man was studied in vitro. Two major
metabolites were formed by all three microsome
systems. These metabolites were identified by mass
spectroscopy as ring-hydroxy N-phenyl-2-naphthyl-
amines. All three species produced small amounts of




three additional metabolites and dog and rat
microsomes each produced an unique metabolite.
2-Naphthylamine was not detected among the
metabolic products in any of the microsomal
incubations (1).

b) Human Studies

In 19 volunteers given 10 mg N-phenyl-2-naphthyl-
amine containing 8 ng 2-naphthylamine (0.8 mg/kqg),
from 0.4-3 ug 2-naphthylamine were found in 24-
hour urine samples from 7 subjects, 6 of which
were nonsmokers. In 4 workers exposed to
N-phenyl-2-naphthylamine dusts (estimated intake,
40 mg), which were estimated to contain 32 ng
2-naphthylamine, 3-8 pg 2-naphthylamine were found
in 24-hour urine samples (20).

2-Naphthylamine was found at a level of 3-4 ug

in 24-hour samples of urine from two volunteers
who ingested 50 mg N-phenyl-2-naphthylamine con-
taining 0.7 ug 2-naphthylamine and from workers
(unspecified number) estimated to have inhaled .
30 mg N-phenyl-2-naphthylamine (27).

- 10 -
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Aniline Tumors of the Bladder
Animal Work

Progress Report for 1941

Animal Studies

Over two and a half years have elapsed since a group of
dogs received minimal damage to their bladders as a result of ox-
posure to Beta Naphthylamine. 3ince that time they have not rocecived
additional exposure save that due to a possible cross-contamination
mehtioned in the 1940 Progress Report. Up until the present, thoro
18 no sign of the development of bladder tumors in any of the animals.
We have not been able to produce bladder tumors in doges a8

a result of exposure to any of the following compounds:

) Period of
Compound Exposure

Alpha Naphthylamine
(Technical and Pure) 21 months
Bengidine 30 months
Phenyl Beta Naphthylamine 22 months
Tolidine 6 months
Aniline ' 8 months

Whether these compounds will oventually produco tumors
cannot be stated at the present time, but it can be stated that
they are much less potent than Beta Naphthylamine in this rospoct.

A continuation of the exposure 1s neceasary to establish

the potoncy of these compounds as agents in causing bladdor tumora.




1}

; ‘. Human Studies
During 1941 the urines on a group of worimen expougd to
Beta Raphthylamine have been studied at frequent intervals
following the procedure ostablished at the
Haskell lLaboratory in 1940. Dupliocate results of theso examinations
have been forwarded to the Laboratory ahd are being analygzed to
obtain further data on the relation between the degres of oxposuro

to Beta Naphthylamine and its action on the bladder.

1 ' HASKEL!, LABORATORY OF
. INDUSTRIAL TOXICOLOGY
i i John H. Foulger, M. D.
d Director .
[ '-; " 7y ' . 4 .
Ee Lt ) Fhorsuny iy
| BY! Allan J. Fleming, M.“D.

% Asslstant Director




Animal Work

Progress Report for 1941

Allan J. Fleming, M. D.

During the year the study of dogs exposed to the following
compounds has dbeen continued:
(a) Beta Naphthylamine
(v) Alpha Naphthylamine (Technical and Pure)
(¢) Benzidine
' (4) Phenyl Beta Naphthylamine

In addition, study on two new compounds, aniline and
tolidine, was started.
The results obtained in experiments with these various

compounds can be summarized as follows:

ga) Beta Naphthylamine

Three dogs given 300 mg. of Beta Naphthylamino daily by
mouth betwveen 3/9/39 and 4/28/39 (49 treatments) developod minimal
irritation of the bladder as indicated by blood and excess grovwth
promoting substances in the urine and confirmmed by cystoscopy. Theno
dogs have been under observation continuously for over 2 1/2 yeoars
without further treatment with Beta Naphthylamine and have shown no
sign of developing bdladder tumora. This experiment was institutoed
to show that, even should minimai damage to thé bladder occur ag n
result of exposure to Beta Naphthylamine, if the individual in
removed from exposure or the exposure 1é definitely roduced, no

tumor will subsequently develop.




b) Alpha Naphthylamine (Technicul and Puro)
Five animals, two exposed to Technical Alpha Naphthylamine

(containing 7-9% Beta) and the other three exposed to Pure Alpha
Naphthylamine, have been given 300-320 mg. by mouth daily (5 times

a week) for 21 months. On the last cystoscopy report by Dr. Wolfe
(11/25/41) one dog in each group had abnormal areas of coloring

in the bladder mucosa. None of the animals in either group have
shown evidence of tumor formation by urinalysis or cystoscopy.
Biopsies on suspicious areas in the bladders of 14 B, and G, (Alpha
 Technical) and 14 H, (Alpha Pure) on May 28, 1941 and November 25,
1941 were reported as lymphoid hyperplasia. These were unaccompanied
by any changes in the bladder epithelium.

gc} Bengidine

A group of four dogs has been given 100-120 mg. of ben-
zidine daily (5 times a wveek) since 6/25/39 without showing any
evidence of bladder tumor formation.

gd) Phenyl 3Jeta Naphth:lamine
A group of three dogs has been given 540-550 mg. of Phonyl
Beta Naphthylamine daily (5 times a week) since 2/28/40. No sig-

nificant abnormality of the bladder has developed in any of this
group.

(a) Tolidine

Three dogs have been given 250 mg. of Tolidine by mouth
daily (5 times a week) since 6/19/41. Routine urinalysis, colpidiur
counts, and cystoscopies indicate that no irritation of the bladder

has resulted.




{f£) Antline

Three dogs .1ave been given 300 mg. of Aniline ty mouth
daily (5 times a week) since 5/14/41, Routine studies of the urine,

colpldium counts, and cystoscopies, indicate the bladders so far
have not been affected.

AJP:a8
1.15.42
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in tls puonneesd, bub usualdy wlthout sy ehnnge 1 Ahn ovarlying
muicoans lotuoen tha affeotod araan Bim TMCEOA MRY 8NG0LTY guito peri oy,
or thero may ba freund 413 vhich 4% L8 1,601 coleradhe g phooe roy Lo
accompuonied by one ov rore sympbona of cysbitline

b) The ste;d of prplllewn foriinbicne
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Any ouo of thoaso ataces moy Lo of leng or vhord durcblon,
doponding upen the degroo of exposuro ond othor varishble Locliorse
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4) During 1939 end 140, it was shom that o propor voubind
exomination of the urino of worlkors could tndicate tho condition cf
thie dbladdor and tho nood for cystoscopye A ayatom of cxeninationa hou
peon recosmonded for use. ‘ It includoes otraservotlon
for dlood and blood corpuscles in thio urino, tho woosurezant of growih
promotiqz pubstences, the eatimqtion of frecoe bota nuphthylesino aso
‘ oxcroted, and the total bota nephthylaaine beao and dorivotivas Actactinuld
by fluornacont phntowatrys Indicon havo vson ostablishoed to determina

tha derren of oxposurd enl tho ability of ouch 1naividual to hanle hio

ArnauTy




i SRR R o gl R Al bl it o A R R L

w & »

L

£n yob via have no dolelled 1'4'1791‘{; ) nhe o
Lhe extont Lo whlel those Andleos hnve bhoen nyplicd olilcr Lo fceldo Lhn
need for eyastoscony or tho necd for retueblon of the degroe of ciaponuro
of eny individunl, “

5) e bath the ovorotiona end tha nedlond nlenipolnta,
prevention of LIodder tuwors eppeara {o us leveely o onstior of
reduedng euposvira tio heta naphthyleilina td tho pednl ot wvich cven the
nout suseapbidla Andividuald deen nat exeroto sufficicnt Leba pephbhyloiins
In ths urlrs $a 2rvitato tha Dloddny, '

Shondd gucht vorz in this Lnaborabory chow clonidy b

anq paphiterdaing plono glvos rloo to bunors, nbteops michi be trdion to

&anlnto tho renfecivve of this compound In bullddings eopoelaldly doslpn:n
to roduse eancnrrs Lo o mininun, nad to faelltrtnto tho Lot aba Bosova
of ony cceddonial conbouinablon by thorsuyh washings Tho prosoad
pogulations govorning porsonal hypicno, frequent washing end ehonging
of clothes end drinting of water should stlll ke enferscd, ond vould
proﬁably bo nnrd effcotive when the pcoslbilitloa of oxposurg vioro
roducoede |

Some of our ntudion during 1944 have suggosted that ths
convorsion of bsta naphthylomine baso to derivatives neb Jrrlitating to
tho bdbleddor might bo analsted by fesding dl-nathionines Vo Lave evideico
that infury to tho liver, nsuch as night bo causod by dlacaso or by
poisonings, such as ocnybon totrashlorido, inbterforea with the abllily
of tho dog to convort bota naphthylamino baso into dorivativen, ard
furthsr, wo bavo ovidonso thnb(?i«mabhioniﬁ;)may frprovo tha abd 1ty
to chanro Lota naphthylanino bano oven 1n,th6 prascnso of nn injurad
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In tho exponbiont punnardned dn Mgure 1, Lhere du ol o ()
the ebA2Ly ef vothlontng to proboct the Mvor of a des nealisl
injury by ccviion totrechlorido and 6o conzsrvo 48a ebALily Lo Goiwve b
beta nephihyldaning into none-ivanitant dorlivatives, and (2) thoe odAlrs,
of methlonin: to anslst o Liver already Injured by eseboen fotraclle s
to recover o nove or less norvaud telivity co fay cu tho handing of
Leta nephihyluning ia concerncds

In Dag 1l (oolid Uno) the 2iver vao doliveratoly injured 1
fcodln; sunll dnscs of enrbon Letruchloride dadlys  Uiihin fwo 1nait, s,
tho average oxcrotion ofﬁbstu naphihylrmdue tose had risen to clroul
five tinca the noionl lovoles Treatmont viihh mathioning waa 4hoen
slturted, tho bota maphthylauing and corbon Lotroehloride tronl onbn
Leling etill pglvene Tho excrctlon of Lrzo halin n“phthj amlng drap;od
8lizhily in tho followlﬁc ten Gags end uwerkoddy durdng the noxt tuant
Acys, and hud roturnod almost to normal lovel Ly ths ond of threo
riontha, Vhon sacrificed for uulepsy about Wino months afinr cnvio
“tetrachloride vas firat given, this Qog was found Lo huvo clridesia of
the 1iver. |

Dog Rs (brolen 1ine) was givon wethionino for trrco moulha
Auring vhich tho average oxcretion of froo beta naphthylumino foll
8lichtlys At tho cnd of Auust, treataont with carbon tetrachlovids
wos sturteds Yoto tho abaenco of a rise in tho exerastion of froo botn
naphthylzaaine bave in tho uwrino ca conpared with tho rise shovn by
Dog My treatod with carbon tutrachldrido, tub not'proviounly riven a
courso of mothlonine. Om October 27th, the troatmont of Degn T vith
rothionivo wiio dlscontinucd, dbub carbon tobrachlovido troatnent still

contifumads  liovevor, tho abllity to convorl botn naphthylriine to

L)

L™
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nonelryltont derivabives waa moalntalned ng Andlented by Lhe wndlorsty
low exercdion of frec base in Lhe vriro, ond on wubopsy ol wonths alftor
ceiviensdng treatnent with earbon tetrachloride, no gross lajury Lo tho

ddvor of the Qog wae nobed,
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