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conclusions elq)ressed are not necessarily those of NIeSH, Llor does mention 
of company names or products constitute endorsement by: NIOSn. 

11 



INTRODUCTION 

An information profile is a working paper used by the Nat:lnal Institute 
far Occupational Saf~ty and Health (NIOSH) to assist in establishing Institute 
priorities. It is an initial step in determining the need- to develop compre­
hensive documents or to initiate research. Each profile summarizes data On 
known and suspected health effects, the extent of worker exposure, physical 
and chemical properties, and the industrial importance of individual chemicals 
and classes of chemicals. 7he profile may al~c be u5cd by industry, labor, 
and the occupational health community as a synopsis of. informatio.l on each 
subject and ,to identify possible. health hazards associated with their 'Nork­
places. 

Although detailed literature searches are conducted using computerized 
and manual searching techniques to identify per~inent and recent information, 
not all t:le literature obtained is incorporated in, the report due t-o the 
summary nature of the profiles. Furtrer, literature publisped after 1975 may 
n~t be included in tnese profiles because it was generally una~ailable at the 
time the search was co~pleted. 

Hi 



FLUORESCENT WHITENING AGENTS (FWA' s) 

StOO-lARY 

FWA's are a group of compounds that absorb radiant energy in the ultra­
violet region and re-eait it as visible light. These compounds are used as 
bri~hteners in laundering products, clothing, eynthetic fibers, plastiCS, and 
paper. Based on current projections, the production of these materials is not 
expected to increase significantly above current levels of about 30 million 
pounds per year. 

The FWA's appear to l~ve moderate to low acute toxicity, with oral LD O's 
in experimental mammals of over 5000 mg/kg. The sublethal acute effects o~ 
theae cogpounds have not been extensively studied. Most are only moderately 
irritating and do not appear to be sensitizing. 

Many of these compounds have been tested for chronic effects and the 
results of these tedts do not suggelt a high potential hazard to man from 
repeated exposures. The tested compounds do not appear to be mutagenic, 
carcinogenic, or teratogenic to experimental mammals and, at the concentrations 
tested, do not appear to induce other specific pathological damage. 

These compounds bave not been shown to cause dermal irritation or sensi­
tization in humans. No reports of occupational problema or other adverse human 
effects bave been encounte:~ed in the literature. 
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1. Synonyms 

2. Registry of Toxic Effects of Chemical Substances (RTECS) Number 

3. Chemical Abstracts Service (CAS) Number 

4. Molecular Formula 

5. Chemical Structure 

6. Physical and Chemical Properties 

The above information for tne fluorescent whitening agents included in 
this profile is presented in Table 1. Because of the complex structures and 
noroenclature of FWA's, the system of abbrevations proposed by Gloxhuber and 
Bloching (1978) will be used in this repo=t. These abbreviations are presented 
in Table 2. 

7. Producer and User Data 

Production and Trends 

In 1977, 33.254 million pounds of fluorescent brightening agents were 
manufactured in the U.S. (USIIC, 1977). This production figure is a decrease 
of 5-10 million f=om those of the preceding three years. At this time, the 
production of fluorescent brighteners is not expected to significantly increase 
beyond production levels of 1974-1976. 

The only production breakdown available for the individua: fluorescent 
brighteners in 1977 is listed below (USITC, 1977): 

Fluorescent brightening agent 
Fluorescent brightening agent 

28 
61 

1.042 
0.115 

million pounds 
million pounds 

In 1969, 0.254 million pounds of fluorescent brightening agent 9 were produced 
(USI'tC, 1969). 

Imports of fluorescent brightening agents totalled J.938 million pounds in 
1977 (USITC, 1977), or about 2.8 percent of domestic production. 

'the following fluorescent brightening agents that have color index number 
aSSignments are among those commercially produced in 1977 (USITC, 1977): 
Fluor •• cent bright.ninl agent 9, 22. 24, 25. ~8, 46, 49, 52. 59, 61, 68. 71. 
75, 126, 128. 134. 148. 159. 191, 200. 

In recent year., optical briahtenerl (fluor.lcent brightenerl) have 
become ~n. of the more tmportant component. of laUDder1na product. manufactured 
in the United State.. Million. of pound. are u •• d y.arly for thi, purro.e. 

100 

_ oZI-



s,
-,

.. 

c:a
a 

..
..

--

In
I:

S
 .

.
.
.
.
 r 

a.
lo

.:
c1

Il
ar

 .
o
~
 

a
-
1

c
a
l 
S
t
x
.
c
~
e
 

P
It

,s
lc

a
l 
.
.
.
 a

.a
tc

:a
l 

P
ro

p
e
rt

l .
.
 

II
D

le
cu

U
l'

 I
le

lP
t 

I'
II

ys
lc

al
 S

ta
te

 
lo

ll
 ..

. 
P

o
ia

t.
·C

 
M

al
t .

..
 '
o

iR
t.

·C
 

Y
ap

or
 P

r _
_

 re
 

E
w

ap
o

ra
l'

..
 l

a
te

 
S

o
I
_

U
it

, 
S

p
ec

if
ic

 ~
 •
•
 it

y
 

S
ta

U
n

y
 

T
ab

le
 1

. 
F

lu
o

re
sc

en
t 

B
ri

ah
te

n
in

a 
A

g
en

ts
: 

P
h

y
si

ca
l 

aD
d 

C
he

m
ic

al
 P

ro
p

er
ti

es
 

4
.
4
·
-
l
i
a
[
(
4
.
6
-
4
~
'
r
1
a
&
1
a
-
2
-
,
1
)
.
.
t
a
a
)
-
2
.
2
'
­

S
U

lb
ea

ec
ii

au
lf

ac
1

c 
.c

u
. 

d
l8

0
0

lh
a

 a
l
t
 

fl
U

O
I'

 _
_

 t 
Ir

il
b

te
D

1
D

a 
A

a
_

t 
9 

a
e
-
u

lf
o

c
a
1

c
 a

c
id

. 
2

.2
t-

(l
.2

-e
t .
..

..
 ly
l
)
(
b
i
.
l
~
 

1
(
4
.
6
-
b
l
.
(
p
h
_
y
l
~
)
-
1
.
1
.
~
t
r
1
A
&
t
D
-
2
-
y
l
i
"
'
D
O
l
-

4
I1

ao
d

l .
.
.
.
 It

 
c
-
r
c
l
a
l
 _

_
 : 

ll
a
o

c
o

p
b

o
:-

H
z
r.

 
T

ta
to

pb
el

a 
ex

 (
G

al
 
C

o
rp

.)
; 

l1
a
a
c
o

-
p

b
o

r 
II

Z
J'

 
( •

•
 rb

e
u

f_
d

U
D

 .
..

,.
r
 A

.G
 ••

 
C

U
-
y
)
; 

C
al

co
fl

u
o

r 
W

hi
te

 .
.
 (

.w
er

lc
an

 C
,.

-1
4

1
 C

o
.)

; 
IA

oI
II

D
pb

or
 I

11
III

 
(S

.a
d

o
&

 C
o

lo
ra

 .
a
d

 a
-
l
c
a
l
.)

;
 

R
yl

w
. 

.
.
 (
~
l
.
 

C
,.

e
c
b

.)
; 

T
'-

p
a
l 

T
A

S
. 

TA
SD

 
(e

lb
a
-e

e
il

Y
 

C
o

rp
.)

; 
W

h
it

 .
.
 S

I 
(
S

o
a
1

t_
 C

b
a
a
ic

a
l 

C
o

.,
 

L
td

 ..
 J

.p
a
a
) 

lU
-6

6
-4

 

C
44

B
16

·1
20

,S
2·

lI
e 

O
-
"
Q
~
"
-
?
-
Q
-
"
-
o
 

6 
6 

4
.
4
'
-
l
i
a
I
1
4
-
a
n
1
1
~
6
-
[
b
1
a
(
2
-
b
,
d
r
o
K
y
e
t
h
y
l
)
.
.
t
a
o
J
­

S
-
t
r
l
a
&
1
D
-
2
-
y
l
)
a
a
1
D
o
J
-
2
.
~
·
 -

S
tU

 '
eo

ed
b

u
lf

O
ll

lc
 a

c1
d 

F
lu

cc
ea

ce
o

t 
Ir

1&
bt

80
1o

a 
A

ae
ot

 
28

 

1e
D

&
 .
.
.
.
 u
lf

o
a
ic

 a
c1

d
. 

2
,2

'-
(l

,2
-e

th
eo

ed
1

y
l)

b
1

aI
5

-
11

4-
lb

1a
(2

-h
yd

rO
K

Y
at

by
l)

 .
.
 in

o
l-

6
-p

h
en

y
l .
.
 1
0

0
)­

l,
3

,5
-t

r1
a&

1
0

-2
-y

l)
 .
.
 1
0

0
)-

C
o

aa
er

cl
.1

 N
a
.e

.:
 

Il
an

co
l 

r.
n

 n
a

v 
(L

.I
. 

II
o

ll
id

ay
 a

D
d 

C
o

.,
 L

tc
i.

, 
la

al
ao

ci
);

 
Il

aa
co

p
b

o
r 
n

, 
T

iD
to

ph
eo

 F
a 

(G
A

l' 
C

o
rp

.)
; 

C
al

cO
fl

uo
E

 
W

h
it

. 
PH

S.
 

1'1
61

, 
ST

 
(
~
r
1
c
a
n
 

ey
.n

aa
ic

i 
C

o
.)

; 
B

il
ta

a
io

s 
A

rc
ti

.' 
W

h
it

. 
cw

n 
(B

il
to

n
-D

av
i.

 D
iv

ld
o

n
 o

f 
S

te
d

lo
a
 

D
ru

a 
C

o
.)

; 
P

ap
el

 
W

h
it

e 
IN

. 
8P

, 
P

o
n

ta
ai

n
e 

W
hi

te
 l

iT
. 

IT
S 

(I
.E

. 
du

 
P

on
t 

de
 M

ou
ca

 
an

d
 
C

o
.,

 
In

c
.)

; 
T

in
o

p
al

 4
BM

. 
4B

M
A

, 
4 

IH
T 

(C
lb

a-
G

a1
IY

 C
o

rp
.)

 

44
04

-4
3-

1 

C
40

1l
44

H
12

01
2S

2 

O
-Q

 .. -q
:--

--p
--"

Q
:--

o 
Ff

 
£f 

Y
eJ

lo
w

 p
O
~
e
c
 

o
r 

c
le

a
r 

so
lu

ti
o

n
 

S
o

lu
b

le
 

in
 v

at
er

 

S
ta

b
ls

 



.... 
~
.
o
 

"
t
v

 

~
 

C
A

S 
.
.
.
.
.
 r 

II
D

C
S

 .
..

..
..

 

lI
o

1
ea

a1
ar

 r
a
~
l
a
 

a
.-

.t
c
a

l 
S

tl
"l

K
tl

lr
e 

tb
y

st
c
a
l 

..
..

. 
a
-
tc

&
l 

P
ru

p
c
rr

 t
e
­

..
. l

ec
li

la
r 
"
d

p
t 

PI
II

,.l
c&

1 
S

ta
U

 
Io

il
ta

a
 P

0
1

D
l.

"C
 

N
el

tl
D

1 
P

O
A

D
'.

·'
 

V
ap

or
 P

re
sS

O
lr

tt
 

E
y

ap
o

ra
tl

0
0

 l
a
te

 
S

o
l_

U
lt

y
 

S
p

e
c
if

ic
 ~
a
Y
i
t
,
 

S
ta

il
U

lt
, 

T
ab

le
 1

. 
F

lu
u

re
sc

en
t 

B
ri

g
h

te
n

in
g

 A
g

en
ts

: 
P

h
y

si
ca

l 
an

d 
C

he
m

ic
al

 P
r
o
p
e
r
t
i
e
~
 

(C
o

n
t'

d
) 

F
lu

o
re

a
c
_

t 
I
r
la

b
t_

r
 6

1
 

A
a
l
D
O
c
~
i
a
 
d

c
ri

".
u

_
 

C
-
r
c
ia

l 
-
-
.
:
 

B
la

ac
op

t.
ol

" 
A

ll.
 

F
P

&
; 

T
iD

tO
pb

e1
l 

A
ll
, 

n
G

 
\ G

.t.
F 

Co
 ..

..
 )
; 

C
a
lc

o
fl

_
r 

W
hi

te
 1

1:
, 

aw
r. 

SD
 

(.
fI

IM
ri

c:
aa

 
C

y
_

l
d

 C
o

.)
; 

""
1,_

 IIG
S 

(C
lb

a-
G

ei
lY

 C
o

rp
.)

 

12
22

4-
04

-3
 

4
,
4
'
-
a
1
.
1
(
4
-
C
D
1
1
t
a
o
-
6
-
e
o
r
p
b
a
l
l
D
O
-
S
-
t
r
·
~
1
D
-

2
-
y
l
)
.
.
t
a
o
I
-
~
,
2
'
-
.
t
l
l
b
e
o
e
d
l
.
u
l
f
o
u
i
e
 
ae

i4
, 

c!
1a

G
4t

_ 
a
a
lt

 

'l
u

o
r-

.c
a
a
, 

Ir
1&

bt
en

iD
a 

A
ce

nt
 

26
0 

ae
aa

sa
.l

lI
lf

o
a1

c 
a
c
id

, 
2

.2
'-

(1
.2

-
et

b
eD

e4
ty

l}
b

la
[5

-[
(4

-(
4

-.
o

rp
h

o
l1

n
y

l}
-6

-
(p

b
eD

y
ta

.t
ao

)-
I,

l,
5

-t
rt

a&
tD

-2
-y

l)
aa

iu
o

j­
d

ta
o

d
1

_
 a

a
lt

 

e
a
..

e
rc

t.
l 
..

..
 : 

T
lD

op
al

 A
KS

 
(e

tb
e-

G
ai

aY
 C

o
rp

.)
 

Ib
V

;.v
--

02
-1

 

C
40

H
4o

M
lz

oa
Sz

·2
N

a 

o
-
-
t
~
-
{
~
-
C
 

'-
."

 
tr
t.
o.
~ 

I'll,
 

. 
~ 

....,
 

~
 

4,
4'

-8
t&

((
(4

-&
o1

1i
D

o-
6-

(Z
-

hy
dr

oa
ye

,h
yl

) (
ae

th
y

l)
aa

io
o

)-
S

-t
ri

a&
la

-Z
­

y
l)

..
tD

O
)-

Z
,Z

'-
B

tl
1

b
.o

ed
la

u
lf

o
n

le
 a

c
id

, 
d

1
8

0
4

1
_

 B
al

t 

le
u

za
n

es
u

lf
o

n
lc

 a
C

id
, 

l,
Z

'-
(l

,2
-

e
t
b
e
D
e
d
l
y
l
)
~
t
8
1
5
-
(
1
4
-
(
Z
­

h
y

d
ro

x
y

et
h

y
l)

ae
th

y
la

at
n

o
l-

6
-(

p
b

en
,t

a.
lD

o
)-

1
.3

.5
-t

rl
a&

1
D

-Z
-,

I-
aa

lo
o

)-
. 

d
la

o
d

1
_

 •
•
 I
t 

C
ca

.e
rc

la
l 

M
a.

e:
 

T
ln

o
p

al
 

5B
M

 
(e

ib
a-

G
el

ay
 C

o
rp

.)
 

(~
).

.1
tH

 
:.

u,
I·

U
I 

"'"
-0

 
'-

>.-
-.. 

C
; 

-=<
 

.'
 ')

--.
.. 

')
-C
"~
C"
J;
"~
-N
 

~
N
 

-
'
F
-
-
,
~
 

11
. 

(1
"1

 
'"

 :"
"a

 
"
"
',

5
 

1i
~(
/'
" 

I.'
'i~

 -C
h

1-
1I

lM
 



.... o 
-'

\"
""

 

s.
.o

av
_ 

CA
S 

...
.a

..r
 

J:
II

C
S

 .
...

a.
.r

 

1
IJ

1
e

c
d

a
r 
"
~
a
 

a
.-

1
c
a
l 

S
tr

w
:t

u
re

 

"
"
,s

tc
a
l 
.
.
.
 

a
..

.t
c
a
l 

r
-
.s

n
le

s
 

1I
D

1S
C

1l
l.a

lr 
-
!
p

t
 

"
"
.l

c
a
l 

S
lu

e
 

.,
U

l .
.
 h

S
a
c
. 

'';
' 

N
e
lt

'-
-

h
ta

c
,"

C
 

""
'1'

 'P
r_

. 
1

".
..

,.
.a

U
_

 l
a

l.
 ..

 
S

o
I_

U
U

, 
S

p
ec

if
ic

 ~
 ••

 iL
) 

S
,"

U
lr

.,
 

T
ab

le
 1

. 
F

lu
o

re
sc

en
t 

B
ri

g
b

te
n

in
s 

A
B

en
ts

: 
P

h
y

si
ca

l 
an

d 
C

he
m

ic
al

 P
ro

p
e
rt

ie
s 

(C
o

n
t'

d
) 

4
-
(
~
~
b
o
l
l
,
2
~
I
~
r
l
a
a
o
l
-
2
-
r
l
)
-

2
-
S
~
.
~
.
s
a
l
f
o
a
1
c
 
~
 .
.
 , 

.
.
.
.
 _

_
 h 

• 

n
_

r.
.c

e
a
t 

.1' .
...

...
...

...
...

 U
 

_
_

_
_

 lf
O

G
k

 a
cJ

A
I,

 
S

-(
21

1-

.-
,.

r.
b

o
(l

,2
-d

)t
r1

a
z
o

l-
2

-,
1

)-
2

-(
2

-p
b

ea
y

lc
tb

sa
y

l)
-,

 8
0

4
1

_
 

_ 
le

 

'-
r
c
i
a
l
 .
.
.
 : 

't!
1I

O
fa

l 
U

S
 

(C
lb

a-
C

sl
&

y
 C

 .. 
rp

,)
 

6
4

1
6

-b
8

-.
 

C
2

4I
1

'''
-1

0
]5

 .
..

 

o
-
~
 

-,
5

 

2
,2

'-
(4

,4
'-

7
-
(
D
l
e
~
~
t
a
.
1
a
o
)
-

7
-
~
d
r
o
x
y
-
4
-

.l
p

h
.o

y
le

u
ed

lv
1

o
y

l .
..

 )4
1b

en
ae

 .
.
 su

lf
O

D
ic

 
4
_
t
h
~
l
C
O
U
l
l
l
t
r
1
a
 .

 
_

th
y

lc
o

-.
ri

a
 

a
c
id

. 
d

la
o

d
l_

 .
a
lt

 

2
l
I
-
l
-
~
 _

_
 2

-
_

,
 1

-(
d

le
tb

y
l.

-t
a
o

)­
"
_

tI
Iy

l 

c
-
c
c
:
W

"
':

 
..

..
..

 r
lt

. 
II

*
: 

(C
la

ci
Ju

aa
U

 
IU

U
c
ro

a
 

C
lM

a
ic

a
l.

, 
Ia

.c
.)

 

9
1

-4
4

-1
 

G
Il 

.3
7

0
0

0
0

 

C
1

48
1

.,
-o

1
 

.. ,..
",.o

::t o 
II

bI
 t
s 

tD
 

I 
i
p

t
 

L
a

n
 

p
o

W
er

 "8
-1

1
 

-.
ce

ll
ea

c 
b

e
a
t 

.,
"1

1
1

c
y

 
..

. 
ou

td
oo

r 
d

u
ra

b
il

it
y

 

2
B

-l
-a

-z
o

P
y

u
A

-2
·-

g
q

s 
• 

l-
b

y
d

ro
x

y
-4

-a
et

b
y

l 
&

y
.s

c
r _

 

_
_

 t
b
y
l
~
.
l
l
l
f
.
r
D
n
s
 

ie
so

cy
..

w
a 

C
-
l'
c
:
ia

l"
':

 
..

..
 a
b

ri
t.

 I
III

V 
(C

:l
lu

:l
IU

Ia
t1

 
Il

il
&

C
E

O
D

 
~
c
a
l
s
,
 

h
.c

.)
 

9
()

-J
3

-)
 

el
O

-e
o

] 

.05
.. 

~
.
,
b
r
.
 

ts
o

 p
o

w
d

sr
 

18
10

-1
-1

4 

O
u

W
O

o
r 

_
ra

b
ll

1
ty

 

~
.
4
1
-
B
i
a
(
2
-
a
u
l
f
o
a
t
y
~
y
l
)
b
l
p
b
s
n
y
l
.
 

d
1

&
0

4
i_

 a
e
lt

 

C
2e

82
00

6:
12

·2
M

a 

Q
-
C
K
C
C
"
-
O
-
O
-
e
~
 

S
O

,'
" 

N
ol

l,
S

 



Table 2. Symbols for FWA1s (Gloxhuber and Bloching. 1978) 

DAse Chemical name 

Dlsodium 4,4' -bis[ (4-anilino-G- morphoLino-l,3, 5-t1'lazin-2-
yl)amlno! -sUlbcne-2,2' -disullonate 

2 Dlsodlum 4,4' -bisl [4-anWno-6-(N-methyl-N-2-hydl'ox)euj'1 J-
amino- I,J, 5-t1'I1.all1-2-yl) amino} stllbenc-2,2' -disulfonate 

3 Disodium 4,<\' bls[ (4, 6-dlanlllno-l,3, 5-lrlazln-2-yl }amlno j-
stllbene-2,2' -dlsulCollate 

4 Claodlum 4,4' -bls( (4-phenoxy-6-metilOxy-l,3, 5-trlazln-2-yl)-
amino J -stllbene- 2,2' -dlsuHonate 

5 Tetr:usodium 4,4' -blsl (4- (:l-sulfo:1.nlllnol-6-hls (2-hyc1rmcy-
ethyl)-;u\llllo-l,3, 5-trla~III-2-yll amlr.o/ .tlloone-2,2'­
dlsulfonatc 

6 DlsQtitulll 01,4' -bls {[ 4- ( 4-llIclhoxyanlUno )-6-murphn!illo-
1 ,3,5-t1'I:1."III- 2-yl J amino} stlll)ene- 2,?' -dlsulfollalC! 

7 DlsoctlulIl 4,01' -blAf (4, 8-rll""hllt, -1,3, 5-trln?ln-2-yl )alllino 1-
1IIt1111t!1I.!-2,2' -dlsulrullatt! 

II Dlsodlul\l 4,4'-biS~ [4-anll1no-(j-bls(2-hydroxyelhyl)anlinu-
1,3, 5-tr\:I."\I\- 2-yl J amino} sUlbene- 2,2' -rllsullonale 

9 Olaodlulll 4,4'-bla(( 4-anlllno-6-l\\ethoxy-I.3,5-tl'~azln-2-yl)-
a 111 1110 !stllbcliltl- 41,2' -dtaulro!1;\to 

10 DiBUdlulll 4,4' -ul::l[( 4-l\nllillo-6-cthylamlllo-l.3, 5-tl'la7.in-2-
yl )alllillolslllbcnc- 2,2' -dlaulCollala 

11 Cllodlum 4,4'-ul./ [4-:1"llIno-6- (2-hydroxypropyl)llnllno-
1,3, 5-t1'1111.ln- 2-yl) amino} .t1lbeno- 2,2' -dlsuiro.,atc 

12 Dl.odlum 4,4'.blaj [4-anlUno-6-( 2-hydroxyclhyl/amll1()-
1,3, G-trlll.zln-2-yl] amlno}stllbene-2,2' -dlsulrollalc 
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Table 2. Symbols for FWA's (Gloxhuber and B1oching. 1978) (Cont'd) 

DASC Chemical n:lme 

13 Disodiuln -l,ot' -bisl !4-anllino-6- (2-methuxyethyl la-minu-
t,3, 5-tria7.in- 2-y 11 aminu} slillwne- 2,Z' -disulfonate 

14 Isodium 4, -4' -bisl ( -4-anilino- 6- hydroxy-I, 3,5-11"1;1":111- 2- Y 11-
amino I stilhene-2,2' -dlsuHonate 

IS Tell';lSodium -l,4' -his, [4- (-l-suICoa.mlinol-fl-his (:!-hy,!l"!)xy-
elhyl )a.mlllo- 1.3, 5-triazlII-2-yi J amino j itillJ~lIe- 2, 2' -di­
sulfonate 

16 Disodiu1I1 4,'" -bisl (4-anilino-G-mNh)·!alllino-l,3. 5-tria1.11I-
Z-yl lamino I stHhelle- 2.2' -dlsulfonale 

Ii Disodium 4.4' -bisi [4-:Ul1iIl0-6- (2-hyul'oxyelhyl Ja.IlILflu-1.3, 5-
tl'lazln-2-yll amino} stilbene- 2,2' -disuHonate 

td Disodiulll 4-( -l.6-dianilino-l.3. 5-1riazin-2-yl )-4' -\'" '-
anilino- G' • -dicthanulamino- l' • ,3' • ,S' , -t 1'1,\7. In-2' , - y! )­
diaminostilbene-2.Z· -disuUonate 

19 Disodium 4.4' -bis: [4-meth} 1:llUlno-6-biS (2-hydroxyclllyl)-
amino-t.3. 5-tria7.in-2- yt ,.utlinOI stilbene- 2,Z' -di.suHun,ltc 

20 msodium 4-( 4-:\mino-u-anilono-l,3. 5-tria..:in-2-y! )-4'-
: ·1" -t ('1'" -,u'ctyl-.ulllliu-2'·' -suU"phel" lallll .. o­
carbonyl) phenylamino 1-6' . -alluno- t' • ,3' • ,5' • -11'1.1",111-
2' • -yl} diaminostilbene- 2.2' -disutCullate 

21 Tetrasodiuni 4,4' -his l [4- (3-suifonalllhno 1-6- \ 2-hyclI"\Jltyclhyl)-
amlno-l.3, 5-triazin-2-y1 )amilloj slilhcne-2,2' -disullulI.lte 

22 -I, -I' -bis I ! 4- ( "-su I(U;lIl 111 110 j-li-his i 2-hydl·U,"t~·p .. ' 'IIY 1).111111111-

1,3, 5-lri;Llin- 2-y II,IInino) stllhcnl?- 2. 2' - .lisllifulIll' .H'ld 

23 Tetrasodium -I .... -lllS: ["- \ oI-sl'lf.l"lIIil lIlo/-U-IlH'l'l'holl 110-

1,3. 5-h'la~in-2-yl) OLllIinu( s' ilhcn~-2,2' -disuIf0n:lle 

201 lIex;\sodiulII -I, -l' -!Jls : [4- ( 2, 5-(I\:;ulfoanl hll"l-ti-'liclh~'lall\i 111,)-

1.3, 5-lrl:u.ln-2-yll alliin\)} slllbene-2.2· -dlsul!on:111: 

25 l!cx:\sodlum 4,.a· -bis: [ .. - ( 2. 5-disulCo:\l\iliM )-6-mol'ph\)linu-
1,3, S-trlazin-2 •. yl] J.Jnlno} stllbene-l.2' -disll!funate 

211 4,'" - his: [4-bls ( 2- hydrollycthyl ;J.lllinu- G-lIletlloxy- I.J. 5- t 1'I:171n-
2- yll aminu} 5t ilbcll(~ - 2.2' -<lI.sul£<'1I h' al'id 

27 Dlsodlum ",-I' -bis:! 4-bis( 2-hY0l'oxyethyll:ullillo-6-mcthoxy-
1,3, 5-tria"ln-2-yl] amino) stllbene- 2.2' -uisulfu/latc 

105 

" - I -



Table 2. Syabola for FWA's (Closhuber &QQ »loen1D&. 191o~ (Cont'J) 

OASe ChemicoU naDle 

28 Disooium 4,4' -bisl r4.Chloro-6-buS\ 2-hydroxj'ethyl )ammo-
1,3, 5-triuin-Z-yi) ;unlno} stUbene-Z,2' -ulsuUonilte 

29 -&. '" -bis I [-l-{ 2-metboJrYelhoxy)-6- (N-methyl·N-2-suH,tt.·lhy.l-
ammo-l,l, 5-triazin-2-ylj amino} stilbene-2.2' -diliuUunic 
acid 

30 Oisodlum ".4' -blsj [-l.G-di-{ 9-hydroxy-4, '.d .• ,xa-l-non:;I)-
amino-l,3,5- trtuin-2-ylj ullno} stllbene- ~,2' -di/;uUoll.lle 

CAS 

4,4' -Diamlno-stilbene-2,2' -dlsulfonlc acid derivaH\'es 

symbol: DAS 

Chcmh:.ll namc 

maodiuDl 4,4' -bls{ -l,6-dimethoxy-lJenzalllido )stiIUcllc- 2. 2' -
dlaulfonate 

2 msodlum 4,4' -bis{uilino-carbonylamlno)slllLJclle-2,2'-
dis,,1 fo",,'c 

4,4' - Bls[ {N-substltuted Jbenzllllir.l.l:::ul- 2-yl] stilbene de rJ\".It l \"'~ 

symbol: BIS 

BIS CI:emiC:U name 

" .. I' - DI!'P". (2, 9-Jihydroxy-", 7 -dloxanonyl )ben1.lln 10:111'1- 2-
yll·tiU~ne 
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Table 2. Syabols for FWA's (Gloxhub.r .ad B1oching. 1978) (Cont'd) 

ms Chemical name 

Z -1- \ Denzimidazol-2-yl )-4' -tN- (2,9-dihydl'oxy- -I, 7.dioxanollyll-
beflzimid.uol-2-yl J stilbene 

4ot' - [3Is \ 4-substit:ltcd-I, 2,3-1 riazol- 2-yl)stilbene- 2, 2' -t\lsuifoOlC 
.lcld dcri\'ali\'cs 

symhol: TS 

Chemica! name 

-I,'" -Dlsll,2,3,-lria:f.ol-2-yl)slilhCIIIl-2,Z' -disulfnlllC ,Lcid 

:! J>l:;utiilllll .'. ," -his \ ,1-,lhl'I1Y'- 1.2, 3-ll'Ia/.ol- 2-yl )stilll~'ne-
2,2' -dlsulfonate 

3 Oipolasllilllll 4, -I' -hill ( 4-flh~·"yl- 1,2.3-1 l'i.lI.ol- 2- yl}!>lillJl!lIl!-
2.Z' -disul[onate 

4 Tetrasodium 4,4' -111514- (4-suUophcnyl)- 1,2. 3-11'I.L':III- 2-),1:-
.. tlIIIL·II~· - 2,:!' - ,1i:;ullulI,lt\' 

-----------------------
2- (-l-StYl'yl-3-suUophenyl)211-na\lhlhu\l,2-dl-tn.LL,ulc lk riqlt,:\,,. ,11,,1 

4, '" - Uis \211-naphtholl,2-u) -In.Ll.ol- 2-.,.1 )slilhcllc- 2, 2' -dlsu\l"1II1' ,lI'ill 
,Il'r 1 \'.III\'~·11 

symhol; NTS 
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Table 2. Sfmbol~ for FWA's (Cloxhuber and Blochinl. 1978) (CoQt'd) 

NTS Chemical name 

Sodium 2- (4-styryl-3-sulfophenyJ )-21t-naphtho [I,2-d I-lria­
zole 

2 Disodiunl 2- (4-styryl-3-sulfophenyl)-7-sulfo-2H-naphthu-
[1, 2-d) -t riuote 

3 Dlsodium 4,4' -bis (6-sulfo-2H-naphtho[I,2-dj-triazol-2-yl J-
stilbene 

4 Trisodium 4- ( 1 ,2,4-triazol-l-yJ )-4' - (7-sul!o-2H-naphtho-
f 1,2-dl-triazol-~-yl)stilbene-2.2' -disul.ollale 

4,4' -8!s(styryl)blphenyi derivatives, (DistYl"yl-blphenyl dCl"i\'alivl's) 

syml>ol: DSlll' 

1.>:;UI' Chemical n;;lI\c 

DisodiUnl 4,4' -his (2 -sulfo!!t;rryl )biphenyl 

2 4,4' - Sis (slyryi )blphenyl-derlvatlve 

3 4,4' - Dis (2-suUostyryl/biphenyl 

4 Disodium 4,4' - Bis(4-chloro- 3-sulfostyryl/biphenyl 
-------------------------
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Table 2. Sr-bols for FWA's (Gloxhuber and BlochiDa. 1978) (Cont'd) 

PYZ 

1.3-Dtphen~I-2-pyruollne derivatives 

symbol: PYZ 

It ~ /!' ....... N ~--~}-R 
2~---L3 1 

Chemic:u name 

~Ii"ture or 
1.1 1- (J-Chlorophenyl )-3-phenyl-2-pyr,uuline .wd 

Ih 1-« J-Chlorophenyl )-3- ("-chioropilenyl)- 2·pyruoline 

2 1-[ 4~ N-tlethyll-carbonamj.Jo-phenyll-J-phenyl-2.pyr;\zoline 

J 1- ( "-SuUonamldophenyl)- J- ("-chlurophcny I t- 2-py ruoline 

" 1- ( 4-Carboelhoxypnenyl)- 3-14-chloropheny' )- 2-pyr3.Zol Ine 

S 1- (4·Carbomelhoxyphenyl)-J- (.a-cillorophenyl J-2-pyrazoline 

6 1 ,3-Diphenyl-:Z-pyruoline derivative 

i Sodium 1- (4-llIu!Cophenyll-3-phenyl-2-pyra1.ollne 

8 Sodium 1- ("-suUophvnyl j-3-14-chlorophenyl)- ~pl~n)' 1-2-
pyr:uoHne 

!l 1- (4- Melhy'sulhnylplwnyl/- 3- (4-chlorophcnyl)- 2-py I';ll.OlUIC 

COUM 

Coumarin and qulnnlone dcrlv;,tlvcs 

symbols: COIJM and Qt'IN 

Chemical name 

3- Benzyl- 4- methyl- cO'Jm:uln 
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table 2. Symbols LOT FWA'. (Gloxhuber and Blochlng. 1978) (Cont'd) 

Derivative Chemical name 

COUM 

2 4- Methyl-7- (N,N-dlsubst. )alkylamlnocoumarln 

3 4- Methyl-7-dlmethylamtnocoumarln 

4 :i-Phenyi-7- (N-ethoxycarbonyljamino-3. 4 H-':uunurin 

5 4- MethJ'I-7-dlethylaminocoumarin 

6 3-Phenyl-7- (3-methylpyuzol-l-yl)coumarin 

7 3-Phenyl-7- (4-methyl- 5-phenyl-l,2,3-triazol-2-yl)coumarlO 

8 3- (4-Chloropyrazol-l-yl '-7- (4-methyl- 5-phe.I),I-l,2,3-
trluol- 2- yl )coumarln 

QI,;IN 

1 1- Ethyl-3-phenyl-7-d,methylamlno- 2-quillolone 

2 I-Subst. - 3-phenyl-7 -dlmethylamlno- 2-qulr.olone 

Combinations of benzox;u:~I-l-yl and/or ben1.lmldazol-2-yl derivati\'es 
with conjugated syst.ml 

Iynlbols: UO and 01 

R(iC' N N:oR ~ I ;rx~ ! '! 
~ N N .....:; 

R I I R 
R R 

Chemical name 

DO 

2,5- Dis (benzouzul-2-yl )thlophene 

2 2,5- uis (5-tert.bulyibt:nl.uA.l,,".,I-Z-:l1 ),hloplieiie 

3 2- ( 4- Phenyl-stlllJcne- 4' - )'1)- 5-re 1"1. -uuly IlJcn/."Y:1.~u"· 

4 1.2- Bis (5-methylbenzolQzol- 2-yl )ethylene 

S Sodium 3,3' -dlmethyl- 5, 5' -dlmelhoxy-ollacyanlne-p-Iulunl-
sulfonate 
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Table 2. Symbols for FWA's (Gloxhuber and Bloch1n&. 1978) 'Cont'd) 

Derivative Chemica! namo 

III 

1- (Ucnzim ida.:ol- 2.,1)- 2 - (~- hydr[).'ty~thY!!)'>""i III irlazol- 2-
yl )ethylene 

2 J - (Oenl.imidazol- 2-yl '-2- (henl.Ox:\7,ol-2-yl )ethylene 

Other fluorescent whitening :\~ent8 (fWA, 

fWA Chemical naRie 

1.2- als (6-methyl-311-lndol-2-)"1 lethylftne 

II Dilodiul1l 3, 7-bia\ 2.4-dlmethoxybenzamidol-2.8-diuenzothlo-
phenedtsulfonate - 5, 5-dlol!.ide 

·11 2-Slyryl-naphtho[2,I-d !-oxazole 
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Virtually all clothing contains brighteners; they are used extensively for the 
mass whitening of synthetic polymer fibers, during which the optical brightener 
is added to the spinning solution or melt. They are also used in the finishing 
;:>f t.~tiles, including "wash-wear" cottons, where they are applied to the 
fabric along with a finishing agent. In paper manufacture, the brighteners can 
be applied to the pulp in the dipping process or during the coating operation. 
Host of the vast numbers of articles that are manufactured from plastics 
contain bri.ghteners, including wrappers and containers for foodstuffs (Sweeney, 
1974). 

Appro:' ..mately 70 percent of the total sales of fluorescent bright~.Lers is 
used in soaps and detergents (Anon., 1974). 

Producers and Distributors 

The following ~ompanies produce and distribute fluorescent br1ghtp.ning 
agents (SRI, 1978; JSITC, 1977): 

American Cyanamid 
Ciba-Geigy Corp. 
Cincinnati Milacron Chem. 
Crompton & Knowl •• Corp. 
Oay-Glo Color Corp. 
~Pont 

GAF Corp. 
Hobay (Verona Chem.) 
Morton-Norwich Prod. 
Sandoz Color & Chem. 
Sterlinl Drug (Hilton-Davis Chem.) 

The following companies also distribute fluorescent brighteners (OPD, 
1978; Chea. W.ek, 1978): 

Manufacturing Pro~ess 

BASF Wyandotte 
Ea.tman Chao 
J.F. n.nry Chem. 
Suburban Chem. 

The follQWUI i& a general d •• cription of the manufacturing process 
that can be applied ta the ..uufacture of mo.t fluor •• cent brightening agents. 
A batch reactor that contain. a reaction medium of water, or Ie •• frequently. 
an or,anic solvent is used. Chaical intermediate. are introduced inte the 
reactor for .ynth.sis; varying time and temperature conditions are imposed. 
Depaodina upon the complex~ty of the fluorescent agent being prepared. as many 
as seven or eight ch.m1cal aynthe.e. step. may be required within the reactor. 
At the conclu.i~n of .ynth.... .tep., the fluor •• c.nt a,.nt w1ll normally be in 
.olution. it is precipitated from .olution by a proc ••• called ".a1Ung-out" 1n 
which .odium carbonate, chloride. or acetate i. added to the reactor bath to 
initiat. precipitation. Th. precipitat. i. wa.hed with wet.r or alcohol to 
remove 1apuritie. and then dried, it r.quired, ~y oven. or .pray drier •• The 
final eom.ercial product i. then pr.par.o; it may be in the form of a .olution 
or a dry product. The dry product i. norully a 1I1xtur. of the fluor •• c.nt 
.,ent with .urfactaat., non-du.ting agent.. aodiwa .ulfate, and various inert 
iogredienU. 
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Fluorescent brightening agent 9 is prepared by treating 4,4'-diamin~-
2,2'-stilbenedisulfonic acid, in an aqueous sodium carbonate solution, with 
cyanuric chloride, in a (CH3)2CO medium. The reaction product is then reacted 
with aniline (Nishi, 1951). 

Fluorescent brightening agent 28, Tinopa1 AMS, and Tinopal SBM are 
also prepared from 4,4'-diamino-2,2'-sti1benedisulfonic acid and the appropriate 
intermediates. 

7-Hydroxy-4-.athy1~ouaarin is obtained by the condensation of resor­
cinol with acetoacetic ester, CH3COCH2COOC2H

5
, in the presence of acid catalysts 

such as sulfuric acid or phosphorus pentoxlde (Raff, 1953). 

8. Biological Effects of Exposure 

a) Acute Effects 

Acute toxicity data for the fluor.scent whitening agents are pre­
sented in Table 3. 7-Hydroxy-4-methylcoumarin produced ataxia and tranqui1-
ization in both mice ar~ rats adminlstexed oral, intraperitoneal, and intrl­
venous dos.s (EPA, 1975). Intravenous injections of 251 mg/kg produced res­
piratory arrest and 292 -a/kg produced ce •• ation of the cardiac QRS complex. 

11uorescent brightener 28 ,ave a general fluorescence to the skin, 
mucosa, intestinal tract, and muscles of laboratory animals given intravenous 
and oral doses. An affinity for the spleen, fatty tis.ue, nervous system, 
pancreas, and glandular system was demonstr.ted (EPA. 1975). 

4-Methyl-7-diethy1am1no 
venous1y to r.bbits (EPA, 1975). 
eliminated in the urine and bile. 
exhibited upon tissue analysis. 

coumarin was admini.tered or.lly .nd intra­
It was determined that this compound was 
An .ffinity for the nervous system was 

,-Hydroxy-4-methylcoumarin and its tissue distribution were studied 
in Sprague-Dawl~y rats given 50 mg/kg (1 percent suspension in 0.5 percent car­
boxymethy1celluloae solution) via stomach tube (EPA, 1975). The cumulative 
amounts of total and free mathylhydroxycouaarin were measured in pla.... urine, 
and tis.ue. This compound is metabolized vi. a sulfate conjugation; thus. 
sulf.ta.e hydroly.is was used to determine tot.l (conjugated plus free) methyl­
hydroxycoumarin. The cumulative amounts of free mathylhydroxycoumarin detected 
in the urine were 2.96 percent, 30.4 percent, and 3.12 p.rcent of tha total 
dose after 24, 48, and 72 houri, respectively. The values were 85.7 percent, 
87.0 percent, and 94.6 pe~cent .fter au1f.tase hydroly.i.. The largest amounts 
of both total and free methylhydroxycoumarin were measured in the kidneys, 
liver, and pla ... ; however, the distribution of the total versus the free form 
v •• predoainant in the br.in, 1nclic.tinl ... ier p •••• g. of this form through 
the blood brain barrier. 

Prt.ary .kin and eye irritation of .evar.l fl~or •• cent whitenin, 
a.ent. v •• te.teel u.ing r.bbit. (ThODann and KrU,er, 197~). The follOWing 
compounds were held in contact with shaved .kin for 24 hours or introduced to 
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the conjunctival sac and their effects on the rabbits were observed for 3-8 
days: FaA 46, FBA 28. Tinopal AMS, 7-(Diethylamino)-4-methylcoumarin and 2,Z'­
(4.4'-biphenylylenedivlnylene)dibenzene sulfonic acid, disodium salt. The only 
significant reactions observed were slight skin irritation from FBA 46 and 
2,2'-(4,4'-biphenylylenediv;nylene)dibenzenesulfonic acid, disodium salt; 
moderate eye irritation from FBA 28; and extreme eye i~ritation from 2,2'­
(4.4'-biphenyly1enedivinrlene)dibenzenesulfonic acid, disodium salc. 

The absorption of a fluorescent whitening agent into the skin nf 
hairless mice was monitored USing dipotassium 4,4'-bis(4-phenyl-l,2,3-triazol-
2-yl)stilbene-2,2'-disulfonate (Laukhaus and L8ser, 1975). The mice were 
painted with a 0.1 or 0.01 "ercent aqueous solution over an area of 6-8 sq 
cm. Tissue samples were studied using the microscopic phase-contract fluor­
escence method 10 minutes. I, 8, 14 and 48 hours, and 7 and 21 days after 
~pplicati~n of the FWA. No evidence of penetration into the dermis or sub­
cutaneous tissue by this type of FWA, bis(pheny).-triazolyl)stilbene-disulfonate, 
was detected. 

b) Sub chronic Effects 

A subchronic feeding study involving rats found no adverse affects 
from dose levels of ZOO milkg or 40 mg/kg/day of 7-hydroxy-4-methylcoumarin 
administered over a three month period (EPA, 1975). Growth, food intake, 
mortality, blood and urine analysis, and organ histology were all normal. 

Snyder and coworkers (1963) applied a 7.5 percent solution of a 
detergent containing ! percent of ~ fluorescent whitening agent to the clipped 
skin of rabbits at a dOle of 1.5 mg/kg/day for a period of 13 weeks. Neithdr 
4,4'-bis[[4-anilino-6-[bis(Z-hydroxyethyl)amino]-s-triazin-2-yl]amino)-2,2'­
stil~enedisulfonic acid nor 4-2H-naptho[l,Z-d)triazol-2-yl)-2-stilbenedisul­
fonic acid, sodium salt produced any adverse effects based on analysis of 
weigllt gains. blood chemistry values, and exam1.nation of internal organs. 

c) Chronic Effects 

i. Carcinogenicity 

Gloxhuber and Bloching (1978) have summarized the available in­
formation on the carc1nosenicity of FWt.'s ti'lat have been tested both alone and 
in combination with ultraviolet (UV) light. 

No evidence for carcinogenicity hels been obtailled frem studies 
using FWA' s alone. In two-year exp"sure studies involving siml "an80US oral 
dOAins and subcutaneous applicat"onl of DASC 2 and DASC 17. no i .. creased tumor 
incidence waB ob.erved in mice l.'le·",kollllD and OeTrey, 1961). Similarly. skin 
paintina .tudies in mice ulina DAS 1, DASC 3, DASC 8, 81 1, and NTS 1 yielded 
no pOBitive indication of carcinOIQnicity. Neaativa relult. vere al.o obtained 
in chronic oral and ."bcutan.ou8 e;-<polur .. of mir.. to PYZ 5 (Snyder et d., 
1963). Chronic oral acimini.tration of NTS 1, CASe 1, DASC 2, and DSBP r-in 
rat. and dOli allo relulted in no lignificant tumor incraale (Keplinger !! al., 
1975). 
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In tests involving exposures to both FWA's and UV light, only 
one study has suggested a poaitive carCinogenic response. In this study, mice 
were given dermal applications of COUMI. CAS 1. and CASe 3 w1.th simultaneous 
exposure to UV light at wave lengths that are not present in sunlight (215-
270 nm). In mice exposeJ to all three chemicals in combination with UV light 
and in mice exposed to UV light alone. squamous cell carcinomas developed. 
Mice e~posed to the FWA' s alone did not develop tumors (Bingham and FaUt, 
1970). A stmilar study by Forces and Urbach (1975&) usi.ng CASe 3 was unable to 
confirm these results. Studies USing UV-A and UV-B light, NST 1, CASe 1, 
DASe 2, and DSBP 1 yielded no evidence of photocarcinogenicity (Forbes and 
~rbach. 1975b and c). 

ii. Taratogenicity 

Embryo toxicity of four FWA's (NTS 1, DASe 1. DASC 2. and 
DSBP 1) in New Zealand white rabbits waG studied by Keplinger and coworkers 
(1974). The rabbits were administered on~ of two dose levels, 10 or 30 mg/kg/day, 
from the 6th to the 18th day of pregnancy. No teratogenic effects were observed. 
Gross abnormalities occurred no more frequently than in controls; the slight 
increases in resorptions from treatments on days 7, 8 and 9 may have been due 
to maternal toxicity rather than specific fetal toxicity. 

Keplinger et a1. (1975) conducted further studies with the same 
four compounds, this time-Co;ering three successive generations of albino rats. 
The ~n1mals were fed diets containing 40, 200, or 1000 ppm of each compound. 
Body weights, weight gains, a"d survival of the parental generation were normal. 
No gross pathological changes or histopathological changes could be correlated 
with treatment. Reproductive performance (defined al mating index. fertility 
inde~. incidence of pregnancy, incidence of parturition) and survival data for 
pro~eny (defined aa live birth index, 24 hour survival index, 5 day survival 
index. lactation index) did not differ with treatment. All pups were free of 
malformations; no 81gnific:mt changes in pathology or histology of the progeny 
were found. Some random decreases in the number of progeny of rats that received 
a FWA were noted, but the authors felt tllat these decreases were not related to 
ingestion of the FWA since no dose-related effect or cons:!,stent. pattern of 
oc~urr.nce was observed. 

7-Hydroxy-4-methylcoumarin did not cause any ceratogenic effects 
when administered orally to laboratory animals before mating or from the 6th to 
15th days of gestation. The following dosage ~c~edule was employed: rats re­
ceived 15 to 1200 mg/kg/day and rabbi~~ l~~~iv~~ :0 ~v ~CC ~~:~i:~~i ~~:!=~ 
gestation; mice were given 50-800 m~/kg/day, beginnin~ 15 days before mating 
(EPA, 1975). 

iii. Mutai~n1city 

Using the dominant lethal a •• ay in ~ic~, Lorke (1973) found no 
pol1civa re.ulc. for '£51 ac a do.a of 5000 mg/kg. Lorke and Machamer (1975) 
admini.Cered .inal. oral do.e. of 5000 ma/ka aach of 15 3. DAse 1. DASC 16, and 
PYZ 3. Oral do ••• of 1000 Ma/ka of trim.thyl pho.phate (TMPO) and intraper.i­
tone.l injections of 100 ma/ka of methyl methane.ulfonate (MMS) , two known 
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mutagens, were used as positive controls. E .. ch of the treated male mice was 
mated with three untreated females per week for 8 weeks. The females were 
sacrificed on the 14th day of gestation; the number of fertile matings, im­
plantations, resorptions, live fetuses, and corpora lutea were counted. The 
animals did not exhibit any toxic symptoms from either of the compounds nor did 
any of the a~ove parameters differ significantly from those of the untreated 
controls. Both positive controls produced dominant lethal mutations in the 
early weeks of mating. 

Keplinger and cc·~rker~ \i~74) administered two dose levels of 
each of four FWA's: NTS 1, DASC 1, DASC 2 (at 5 awl 10 mg/kg) and DSBP 1 (at 
25 and 50 mg/kg) to mice in the dominant lethal aasay. Ethyl methanesu1fonate 
(EMS) was the positive control. None of the FWA's caused a dominant lethal 
effect at any of the dosage levels investigated. Fertilization, the number of 
-r9ft,"1"'!!",~~ .. .,,,..-__ ............. _ .. ,, ___ •• 01",,10.1 _ __ L. ..... __ ... _..J ___ ~ __ ,~_ •. _ .. 4 .... _ 1 __ .......... .:II~...a __ .. --.r--_ ... _-- ... ---.... , ----·r ... - ...... w , w .. _.., ... _ _ .......... Jw_, ~ ... \oo, 1"""'""' ........ t'''''a' ... w .... ''''''',.. ""'"'.,~ ... ~ \,64-" ,.vr.. 
differ from untreated controls. 

MUller and coworkers (1975) also found no evidence for mutagen­
icity based on cytogenic asaays in hamsters after exposures to NTS 1, DASC 1, 
DASC 2, and DSBP 1. 

iVa Other Effects 

Keplinger and coworkers (1975) conducted two-year chronic feeding 
studies with albino rata and beagle dogl with NtS I (rats only), DASC 1, DASC 2, 
and DSBP 1. The rata were divided into groups receiving 0, 40, 200, and 1000 ppm 
of each compound, while the do,s were administered dietary levels of 0, 80, 400, 
and 2000 ppm. Body weights, food consumption, hematological values, blood 
chemistry. urine analysis. and histological sampl.s were normal for rats at all 
do.e levels. Treated animals exhibited no slan1f1cant incr..... in either the 
number or type of tumors Or the time for neoplalm deve1op1ll8nt recorded during 
the two-year study period. The r.lults of the study involving dugs were normal 
(tumor incidence wal not monitored}. 

d) Human Effects 

A summary of .en.itization patch test. conducted on human subjects 
revealed a l.ck of senaiti~ation ~nd no photosensitizing .ffect upon .~po.ure 
to .. series of optical br1ehteneu (EPA, 1975). Within the ,roup of chemicals 
studied were several derivatives of 4.4'-diamino-2,2'-stilbenedi8ulfonic acid. 
Some reaction was noted when ultraviolet light or abrasive action was applied 
in con1uDction with the o~tical brighteners. Transient hyperemia and .rythe~ 
were the most serious symptoms observed. 

Kep1in~er end coworker. (1974) applied each of the following optical 
brightenera -- fluore.cent brightener 46, Tinopal AMS, Tinopa1 5BM. and :,2'­
(4.4'-biphenylylenediviny1ene)dlbenzeneaulfonic acid, di.odium salt -- to the 
skin of 50 '·,lunteers, three ct.e. per week (10 time. total). Ten to 14 days 
later. the ~pound. were applied a,ein. None of th. subjects were irritated 
or senaitized upon examination 24-48 hours later. Fluorescent brightener 61 
has b.en labeled by a major producer e. a skin and .ye irritant (EPA, 1975). 
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The absence of dermal irritation in humans was confi~ed by Gloxhuber 
and Bloching (1978) in a summary ot studi~s. No irri.tation was produced from 
contact with 0.5 and 1.0 percent solutions of FBA 28 for 24 and 48 hours, 1 
percent solutions of Tinopal SBM, or 2 percent solu:ions of FBA 260. FRA 260, 
FBA 9, FBA 28, and Tioopal 5BM did not reveal sensitizing properties when 
applied in repeated patch tests. 

Gloxhuber and coworkerd (1975) conducted handwashing tests with de­
tergents containing 0.05-0.25 percent of one of the fo1l~wing types of P~A's: 
quinoline derivative ()-phenyl-7-dimethylamino-2-quinolone). bis(styryl)biphenyl 
derivative (4,4'-bis(styryl)biphenyl). pyrazoline derivativ2 (l,3-diphenyl-2-
pyrazoline) and stilbenedisulfonic acid derivative (4,4'-bis[(4,6-disubst.-l,3,5·· 
triazin-:-yl)amino)-stilbene-2,2'-disulfonic acid). Only ~light amounts, 
0.06 mg to 0.17 mg. were decected on the hands after washing. and. after 24 
hours, no FWA's w~re found. 

9. Threshold Limit Values. osa~ Standards. NIOSH Recommended Standards 

No exposure limits have been proposed. 

10. Other Standards 

No data were encountered. 

11. Occupation~1 Exposures 

~o data were available. 
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