EPA—560/2-76-005

A LITERATURE SURVEY ORIENTED TOWARDS ADVERSE
ENVIRONMENTAL EFFECTS RESULTANT FROM THE USE

OF AZO COMPOUNDS, BROMINATED HYDROCARBONS,
EDTA, FORMALDEHYDE RESINS, AND 0-

NITROCHLOROBENZENE

MAY 1976

'FINAL REPORT

‘\\0 — —————— —— ——— ——— —m——
4 pr0e”  ENVIRONMENTAL PROTECTION AGENCY
’O’FFEE_O‘FTOXIC SU’BS'TE\"NEE”E”
WASHINGTON, D.C. 20460




EPA-560/2-76-005

A LITERATURE SURVEY ORIENTED TOWARDS ADVERSE

ENVIRONMENTAL EFFECTS RESULTANT FROM THE USE

OF AZO COMPOUNDS, BROMINATED HYDROCARBONS,
EDTA, FORMALDEHYDE RESINS, AND O-NITROCHLOROBENZENE

Contract No. 68-01-2212

Project Officer
Frank D. Kover

Office of Toxic Substances

Environmental Protection Agency
Washington, D.C. 20460

Prepared for

Environmental Protection Agency
Office of Toxic Substances
Washington, D.C. 20460

June 1976



TABLE OF CONTENTS

Summary and Conclusion
Azo Compounds
Brominated Hydrocarbons
EDTA
Formaldehyde Resins
o-Nitrochlorobenzene
I. Physical Properties
Azo Compounds
Brominated Hydrocarbons
EDTA
Formaldehyde Resins
o-Nitrochlorobenzene
I1. Production
Azo Compounds
Brominated Hydrocarbons
EDTA
Formaldehyde Resins
o-Nitrochlorobenzene
III. Use
Azo Compounds
Brominated Hydrocarbons
EDTA
Formaldehyde Resins

o~Nitrochlorobenzene

i1

276
372
425
470

278
373
429
471

280
381
432
471

30
282
381
436
472



IvV.

VI.

VIIT.

Current Practice

Azo Compounds
Brominated Hydrocarbons
EDTA

Formaldehyde Resins

o-Nitrochlorobenzene

Environmental Contamination

Azo Compounds

Brominated Hydrocarbons
EDTA

Formaldehyde Resins
o-Nitrochlorobenzene
Monitoring and Analysis
Azo Compounds
Brominated Hydrocarbons
EDTA

Formaldehyde Resins

o-Nitrochlorobenzene

Chemical Reactivity
Azo Compounds
Brominated Hydrocarbons
EDTA

Formaldehyde Resins

o-Nitrochlorobenzene

iii

39
284
385
441
472

39
285
385
442
472

44
286
385
bbb
472

52
292
389
451
473



VIIT.

IX.

Biology

Azo Compounds

Brominated Hydrocarbons

EDTA

Formaldehyde Resins

o-Nitrochlorobenzene

Environmental Effects

A.

Persistence and/or degradation

Azo Compounds
Brominated Hydrocarbons
EDTA

Formaldehyde Resins
o-Nitrochlorobenzene
Environmental Transport
Azo Compounds
Brominated Hydrocarbons
EDTA

Formaldehyde Resins
o-Nitrochlorobenzene
Biocaccumulation

Azo Compounds
Brominated Hydrocarbons
EDTA

Formaldehyde Resins

o-Nitrochlorobenzene

iv

66
297
391
452
473

102
315
401
454
474

103
322
402
454
475



XI.

XIT.

Toxicity

Azo Compounds
Brominated Hydrocarbons
EDTA

Formaldehyde Resins

o-Nitrochlorobenzene

Current Regulations

Azo Compounds
Brominated Hydrocarbons
EDTA

Formaldehyde Resins
o-Nitrochlorobenzene
Standards

Azo Compounds
Brominated Hydrocarbons
EDTA

Formaldehyde Resins

o-Nitrochlorobenzene

Literature Cited

Azo Compounds
Brominated Hydrocarbons
EDTA

Formaldehyde Resins

o-Nitrochlorobenzene

Appendix

Azo Compounds

103
324
402
455
475

210
355
413
461
477

210
360
413
463
477

211
361
414
466
478

231



AZ0 COMPOUNDS

SUMMARY AND CONCLUSION AS TO DEGREE OF HAZARD

A very large number of azo dyes is in production throughout the
world, but amounts made vary over a wide range and change considerably
from year to year according to the whims of fashion and design. Biologi-
cal studies do not seem to have been done on the majority of these.

Other than an occasional case of skin allergy to a clothing dye, there
doesn't seem to be any need for concern about the azo dyes used in
cloth, paints, plastics, inks, etc. The dyes used in food, drugs, and
cosmetics vary from one country to another, each of the latter seeming
to have a different set of standards for rating studies for toxicity in
laboratory animals. Currently undergoing investigation is the neglected
area of teratogenic effects. Because of the wide range of foods a
particular dye may be found in, it has proven rather difficult to extra-
polate "no adverse effect" levels in animals to humans and then set a
daily overall consumption limit.

Metabolism studies of the dyes have indicated that many are cleaved
only by the intestinal flora, a rather variable factor even in highly in~-
bred populations of laboratory animals. Both oil and water soluble dyes
seem able to pass through the intestinal wall in both directions, thus
complicating these studies.

Teratogenetic studies have been done most frequently on Trypan Blue
and its related biological stains. Trypan Blue has been shown to be a
variably complex mixture, neither in part nor in whole consistently terato-
genic. The related dyes show a lesser degree of teratogenicity, the

studies complicated by mislabeling by manufacturers.



Carcinogenicity of azo dyes in humans has not been demonstrated,
possible occupational cases being compromised by concurrent exposure
to carcinogenic starting materials. Many studies have been conducted
on derivatives of ring- and N-methylated 4-aminoazobenzene. Rats have
developed cancers of the liver when fed some of these for two months,
usually in a low-protein, low-riboflavine diet. Other laboratory animals
show much less to no susceptibility to these hepatocarcinogens. Researchers
have been unable to unravel the sequence of events leading to the ini-
tiation of tumor growth, there being no correlations of internal physi-
cal or chemical changes and relative carcinogenicities to guide them.

Studies on the flour additive azodicarbonamide have shown that it is
completely alteced to another compound in the baking process, biurea,
which was not toxic at the level involved.

Considering the number of azo compounds in distribution and the uses
to which they are being put, the lack of hazard is remarkable. The
greatest danger appears to be from the ingestion of unauthorized food
dyes. Adequate supervision of imports and thorough testing of new dyes

should protect the consumer.
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AZO COMPOUNDS

I. PROPERTIES

This report is confined to compounds having the linkage C-N=N-C.
No attempt was made to compile a list of melting points for the azo dyes
or the azo compounds used in cancer research because: most commerciél
products, even dyes authorized for human consumption, are mixtures of
different compounds or isomers; structural features such as sulfonic acid
salts and great complexity tend to induce decomposition prior to melting;
the heating process could induce changes in the isomerism about the azo
linkage(s), or tautomerism about highly electropositive/electronegative
functional groups prior to melting, so that any melting point might not
be for the original structure. In general the azo dyes are not water
soluble unless they have at least one sulfonic acid group (-SO3H), and
too many of these makes the compound insoluble in organic solvents. All
of the food, drug, and cosmetic dyes are water soluble, but nearly insol-
uble in most organics. Of the FD&C's, Red No. 2 has a solubility in gly-
cerine or propylene glycol 1.5 or 0.083 times, respectively, that in water;
for Red No. 4 the comparable figures are 0.55 or 0.16; for Red No. 40, -
0.14 or 0.07; for Yellow No. 5, 1.6 or 0.68; for Yellow No. 6, 0.63 or 0.11.

Azobenzene, the simplest azoaromatic, exists at room temperature in
the trans form, mp 68°C, but can be isolated under colder conditions in
the cis form, mp 71°C. The trans form has a specific gravity of 1.203
(20/4°), a vapor pressure of 1 mm Hg at 103.5°C, a bp of 300°C, and is
soluble in organics.

2,2"'-Azobisisobutyronitrile, NC C(CH3)sN = NC (CHj3),CN, melts at

105°C with decomposition, is soluble in organics, insoluble in water.

.



Azodicarbonamide, HZNC(O)N = NC(O)NH,, melts at 180-4°C with decom-
position, is soluble in dimethyl sulfoxide, insoluble in the common or-
ganics and in water.

Sawicki (1957) studied the tautomerism of 73 aminoazobenzene com—-
pounds in a 50% alcoholic HCl solution by measuring the UV spectra, re-
porting values for pKa and for the ratio of the intensities of the ab-
sorptions due to the proton being on one of the azo N's or on the amino N.

Gerson and Heilbronner (1962) did a similar study on p-N,N-
dimethylaminoazobenzene and ten derivatives, reporting the values for
mp, difference in pKa between the parent and the derivative, and the
absorption intensity ;atio. They also studied the tautomerism of p,p'-
bis(dimethylamino)azobenzene in a variety of acid-solvent systems
(pp. 51-9 of the indicated reference).

Bershtein and Ginzburg (1972) have reviewed the literature through
1969 concerning the tautomerism of hydroxy- and aminoazo compounds.

In Section VI (Monitoring and Analysis) of this report are reviewed
a number of papers which discuss the nature of the impurities in speci-
fic azo compounds.

IT. PRODUCTION

Production of azo dyes and azo pigments in the United States has
been increasing steadily since 1958 following a plateau from 1952-1958.
Statistics for the dyes and pigments are given separately in the following

tables.



Table 1. United States Production of Azo Dyes

1952 22.3% 1963 24 .6
1953 25.9 1964 25.9
1954 24.1 1965 30.4
1955 27.3 1966 31.8
1956 23.2 1967 26.8
1957 23.2 1968 32.3
1958 18.2 1969 34.1
1959 23.6 1970

1960 20 1971 37.3
1961 20.5 1972 41.8
1962 23.6

a Units are in 1,000 metric tons

Table 2. United States Production of Azo Pigments

1961 8.822 1967 12.2
1962 9.08 1968 i2.5
1963 9.45 1969 14.1
1964 10.0 1970 12.9
1965 10.9 1971 13.9
1966 11.5

a Units are in 1,000 metric toms

Production statistics on individual azo dyes and pigments for 1971
and 1972 (including imports for 1972) follow. As with the overall annual
figures these have been taken from the United States Tariff Commission

Reports. The dyes for which no figures were given therein (to protect the



few companies making them) are included in an overall compilation indicat-
ing the manufacturers. Many azo dyes have, very likely, been excluded
because it was not possible to identify them as such, the available
volumes of the only reference work Colour Index not covering the latest
ten years.

Table 3. Production (1971, 1972) and Importation (1972) in
the United States of Individual Azo Dyes and Pigments

Acid Dyes?

Yellow 9 - b - c 0.91¢
11 34.6 24.1 i}
17 258 214 -
19 - - 76
23 142 127 5.1
25 - - 10.7
34 35.4 N.R. -
36 87.2 74.5 1.95
38 72.6 - 14.7
40 154 45.4 -
42 36.8 40 2.4
44 7.72 N.R. -
54 17.3 50 -
64 - - 8.75
65 N.R. 35.4 -
70 - - 0.30
72 - - 0.70
76 23.6 17.3 -
99 47.7 21.4 0.25
121 - - 0.45



124
127
128
135
136
151

159

Orange 7

10

19

24
28
33
51
60
61
64
74
92
94

102

Red 1

14

591

267

254

128.

123

425

86.

21.

37.

197

46.

51.

600

213

224

172

131

332

173

51.

.50

.02

.50

.20

.25

.23

41

.16

.25

.50

.68

.90

.023



18

26

32

35

37

42

57

73

85

88

89

99

111

114

115

127

131

134

137

151

155

157

158

161

179

182

186

52.

20.

117

73.

372

79

156

34.

81.

292

30

12

2 48.1

4 17.3

4 38.6
107

6 57.2
532

2 19.1

76.8
192

1 17.7

7 90.7
446

4 32.7
.3 -

i

0.91

0.11

0.70

3.55

1.61

0.68

0.25

4.10

5.25

0.95

0.27

0.455

3.41

0.60



Violet

Blue

240 -
249 -
251 -
252 -
257 -
258 -
259 -
260 ~
261 ' -

263 -

2606 55.

274 -

282 -

283 -

14 -

92 44,

113 378

118 40.

120 -

151 -

154 -

9

13.2

55.9

61.8

382

33.6

15.4

.10

6.31

5

10.

91

.23

.90

.31

.05

.76

.25

.80

.25

.451

.80

.125

371

.72

.60



Green

Brown

Black

156
158/1584
163
183
184
187
193
199

205

20
60

68

14
33
83
85
127
224
226
227
235
239
253

264

24

45.9

427

10

55 -

474 2

24.5 1.

.16

.05

.326

.24

.06

.60

.125

.75

.20

.18

.74
.50
.00
.52
.266

.651

114

.67

.36

28



Azoie Diazo
Component 4, base

Orange

Red

Brown

52
76
82
84
107
108
117
128
131
132

139

28
29

30

18
23
24

25

315

81.3

Basic Dyes

139

224

29.5

218

1!

442

89

66.8

218

1.50

0.150

0.97

14.1

0.60

3.00

0.80

19.6

19.1

7.61

0.274

1.82

0.227

8.26

0.227

38.4

0.341

1.93

0.05



Direct Dyes

Yellow 4 214 226 -

8 - - 0.65
12 117 91 0.15
27 - - 2.01
28 110 108 -

29 19.5 14.5 -
b4 396 506 1.82
50 221 229 -
69 - - 0.227
84 346 328 -
93 - - 1.40
95 - - 0.85
98 - - 22.5
109 - - 0.57
110 - - 1.18
Orange 1 10 N.R. -
8 28.2 49.5 -
26 26.8 31.8 -
29 56.7 46.4 -
34 49.1 50.9 -
37 17.7 11.8 -
39 88.6 104 -
66 - - 1.24
72 180 148 -
73 - 51.4 -
81 N.R. 36.4 -

12



Red

102

106

107

10

11

13

16

23

24

26

28

31

37

39

62

72

75

79

80

81

83

84

117

56.4

113

18.6

4.55

20.4

109

181

43.2

48.1

49.1

67.3

85.9

37.2

274

243

106

13

189 -
- 1.75
- 17.5
58.1 5.16
92 -
- 1.36
30 -
- 4.91
N.R. -
- 0.60
N.R. -
60.5 -
111 0.50
164 -
47.7 -
79 2.27
48.6 -
73.6 -
- 2,04
123 -
7.72 1.68
102 3.03
305 1.02
242 -
114 3.00
- 0.226



Violet

Blue

89

122

123

152

173

205

207

212

218

47

48

51

93

95

10

15

22

24

25

67

136
580
119

64

94

22.

172
466
131

106

7 29.5

1k

1.80

4.08

0.795

9.03

1.93

3.41

0.455



71 - 53.6 -

76 53.2 30.9 -
78 64 60.4 -
80 286 256 -
98 39 154 -
112 - - 0.136
120/120A - 66.3 30.6
126 92 65.5 -
149 - - 2,73
156 - - 2.32
158 - - 24.3
207 - - 5.26
211 - - 2.70
218 479 499 -
225 - - 2.16
239 - - 0.34
Green 1 109 106 -
6 235 184 -
26 - - 2.50
33 - - 0.318
51 - - 6.07
59 - - 2.15
67 - - 6.61
68 - - 1.59
69 - - 1.10
74 - - 0.318



Brown 1A

31
74
95
111
154

200

Black 4

19
22
38
51
62
71
80
91
112
113
114
118

122

Yellow 3

120

75.

30.9

240

202

39.6

20.

303

2,400

22.7

Disperse Dyes

1,127

N.R.

16

117
55
30

230
13.6

178

853
3,050

31.4

1,278

34.1

7.51

8.52

2.08

1.43

1.08

1.34

1.00

3.06

14.0

0.85

0.125

8.85



Orange

Red

Brown

23

b4

50

13

17

18

20

25

30

38

13
17
44
46
54
65
72

73

527

61.

100

120

139

62,

97

67.

17

372

50.

22.

59

119

47.

70

9

7

.1

0.34

1.77

13.4

2.00

2.81

1.58

5.61

20.0
4.85

35.4

38.5

129

2.41

1.92



Black 1

Red No. 2

Yellow No. 5

Orange No. 4

Red No. 6

36

Yellow 1

26

30

Orange 3

22

Red 5

17

Blue 7

FD&C Dyes
474

N.R.

N.R.

561

464

D&C Dyes
3.18

4.08

16.4

Mordant Dyes
7.72

18

152

504

369

6.49

0.114

2.95

1.00

0.91

1.02

6.56



Green

Browm

Black

Yellow

Orange

Red

29

47

21

33

40

11

17

79

11

12

18

12

13

15

11.8

22.3

248

45.4

Reactive Dyes

1y

18.2

200

68.6

0.10

1.00

0.114

1.59

16.1

0.095

2.73

0.20

0.50

1.00

5.51

0.20

0.25

1.43

0.97

1.85

2.00

0.90

11.0

7.36

4.40



Violet

Blue

Brown

Black

Yellow

16

17

19

21

22

23

24

10

13

14

16

19

21

25

29

32

62

63

Solvent Dyes
10.0

261

20

.31

.50

.50

.90

.97

.33

.70

.55

.85

.56

.625

.49

.03

.67

.17

.045

075

.70

.90



65 - - 7.36

Orange 3 24.6 54.9 0.92

5 - - 0.30

6 - - 0.025

7 34.5 N.R -

9 - - 0.115
11 - - 2.72
41 - - 2.40
44 - - 0.45
45 - - 0.025

Red 1 - - 0.10

3 - - 0.52

7 - - 1.17

9 - - 0.50
12 - - 0.015
16 - - 0.065
18 - - 7.56
19 - - 0.50
24 - - 0.33
26 134 119 -

27 - - 0.25
30 - - 4.84
36 - - 0.065
90 - - 5.01
91 - - 4.93
92 - - 0.40
109 - - 7.95

21



Violet

Blue

Brown

Black

Yellow

24

53

12

28

34

35

37

12
13
14
16

17

49

55

73

74

Pigments®

784

180

2,550(+1,486)

(See 17)

1,033(+1,385)

259

243

(Including
No. 13, others)

22

0.025

0.24

0.015

0.45

2.0
1.67
0.025

0.57

0.035
2.52

15.1

20.8
15.4
45.1
10.9
12.2
32.1

1.04

1.25
0.025

4.55



Orange

Red

81

83

13

16

31

10

14

17

22

23

38

48

49(Total)

51

52

53

54

182
65.4

153

85.8

28.2
738(+649)
140

38.6

30.4
60.8
88

60.4

1,230(+1,090)

2,640(+1,840)

790

1,100 (+855)

31.3

23

19.8

23.0

27.8

32.6

1.50

1.55

0.225

0.075

26.6



57 465 15.7

63 19.1 5.09
68 - 2.0
112 - 32.5
119 - 0.045
144 - 25.0
144 (<90%) - 135
146 - 8.50
151 - 4.50
Blue 25 87.6 -
Green 10 - 7.26
Brown 5 69.5 -
Pigment Red 60) 126 -
)YLakes
Aeid Red 26) 88 -
Permanent  Red F4RH - 2.5

(Toner)

a Listing is alphabetical by type of dye; within a type, order of color is
that used by Colour Index and U.S. Tariff Commission Reports. Units
are in metric tons.

b,c,d U.S. 1971, 1972, and imports, 1972, respectively; N.R. means Not
Released; a dash for a year preceeded or followed by a year repre-
sented by a number or N.R. means that the dye was listed in the pro-
duction figures section of the U.S. Tariff Commission Report, but

no figure was given. Except for Acid Violet 12 dashes for both

2L



years mean that the dye was not represented in the production
figures section.
€ Left column is U.S. 1971, right one is 1972 imports. Figure in
parentheses is for the commercial forms.

There follows a copy of the listing of dyes whose production was
reported in the 1971 U.S. Tariff Commission Report; sulfur and vat dyes
were omitted from the end as these do not seem to cortain azo linkages.
Confirmed azo dyes have been indicated by a dot centered to the right of
the dye's name. Production figures for those dyes marked with an asterisk
are given in Table 3. The next table (5) is a listing of the azo dyes
produced in 1971, but not in 1972. Then there is a table (6) of dyes
produced in 1972, but not in 1971. Finally there is a table (7) of
manufacturers, whose code names appeared beside the dye names. Tables

L-7 are in the Appendix.



In 1972 the U.S. Tariff Commission reported the rfollowing importation
of azo compounds under the designation of Benzenoid Chemicals and Products:
4-—aminoazobenzene or Solvent Yellow 1 (4.5 metric tcns); 4-aminoazobenzene-
disulfonic acid (23 metric tons); 4-aminoazobenzene-3,4'-disulfonic acid,
monosodium salt (13.6 metric tons); 2-aminoazobenzenc-4',5-disulfonic acid
or Acid Yellow 9 (36.} metric tons); azobenzene (58.6 metric tons); and
4,4'''~azobis (4-biphenylcarboxylic acid) or azo yellow acid (15.4 metric
tons).

The Chemical Week Buyers Guide 1974 Edition offers for sale the follow-
ing azo compounds which are not to be found in the U.S. Tariff Commission
Reports under domestic production: 4-aminoazobenzene (Solvent Yellow 1)
and its hydrochloride; azobenzene; 4,4'-azobis(N,N'-dimethylaniline);
azosulfamide (also known as Prontosil S or Neoprontosil) and which has the
chemical formula 2-(4-sulfonamidophenylazo)-3,6~disulto-7-acetamido-
naphthol-1l, disodium salt; 2,6-diamino-3-phenylazopyridine hydrochloride;
4-hydroxyazobenzene (Solvent Yellow 7); and Methyl Red (Acid Red 2).

In the Cyclic Intermediates section of the U.S. Tariff Commission
Reports are listed production figures for a few dyes, with manufacturers,
plus an alphabetical listing of dyes and dye intermediavres apparently
lacking Colour Index names: Acid Yellow 9, 5.91 metric tons in 1971,
American Cyanamid Co., Nyanza Inc., Toms River Chemical Corp.; Food
Yellow 6, 141 and 207 metric tons in 1971 and 1972, respectively, Allied
Chemical Corp., A. Cyanamid, duPont, Toms River; Solveat Yellow 3, 148
and 180 mettic tons, Alliance Chemical, Inc., A. Cyanamid, duPont, GAF,

Sterling Drug, Inc.

26
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Table 7a. Domestic Manufacture in 1971 and 1972 of [2z0 Intermediates
in the Dye Industry

8-acetamido-1-~(4-acetamido—-2~hydroxy~5-nitrophenylazo) -2-naphthol, 1972,
Toms River;

3-[(2-acetamido-4-aminophenyl)azo}-1,5~naphthalenedisulfonic acid, 1972,
Toms River;

5-amino-4,5"'-dihydroxy-3,4'-[(2-methoxy-5-methyl-p-phenylene)bis(azo) |-
di-2,7-naphthalenedisulfonic acid, 5'-benzenesulfonate, 1971, 1972, Toms
River;

2-(2-amino-5-hydroxy-7-sulfo~l-naphthylazo)-5-nitrobenzecic acid, 1971,
1972, Toms River;

m-{ (4—amino-3-methoxyphenyl)azo]benzenesulfonic acid, 1971, 1972, duPont,
Toms River;

4= (4~amino-5-methoxy-o-tolyl)azo]}--4-hydroxy~2,7~-naphtbalenedisulfonic
acid benzenesulfonate, 1971, 1972, Toms River;

3-[ (4-amino-5-methoxy-o-tolyl)azo]~l,5-naphthalenedisulfonic acid, 1971,
1972, Toms River;

7-{(4-amino~-5-methoxy-o-tolyl)azd-1,3-naphthalenedisulfonic acid, 1971,
1972, Toms River;

2—-(4-amino-l-naphthylazo)~4-(1,1,3,3~tetramethylbutyl)phenol, 1972, GAF;

m—~{ (p~aminophenyl)azo]benzenesulfonic acid, 1971 (duPont, Toms River), 1972,
Toms River;

7-[(4-aminophenyl)azo]-1,3-naphthalenedisulfonic acid, 1971, 1972, Toms River;
5-amino-8-(phenylazo)-2-naphthol, 1971, 1972, Alliance;

8-amino~5-(phenylazo) -2-naphthol, 1971, 1972, Alliance;
4-](p-aminophenyl)azo]-l-naphthylamine, 1971, 1972, Allied;

5-[(p-aminophenyl)azo]salicylic acid, 1971 (Toms River), 1972 (Baychem
Corp., Toms River);

preceeding item, sodium salt, 1971, 1972, Allied;

m~(4~amino-3-tolylazo)-benzenesulfonic acid, 1971, 1972, Toms River;

27



3~ [ (4-amino-o-tolyl)azo]-1,5-naphthalenedisulfonic acid, 1971, 1972, Toms
River;

7-[ (4-amino-o-tolyl)-azo]-1,3-naphthalenedisulfonic acid, 1971, 197Z, Toms
River;

3-(o-anisylazo)-benzensulfonic acid, sodium salt, 1971, 1972, Allied;
4' 47" ' ~azobis (4-biphenylcarboxylic acid), 1971, 1972, duPont, Toms River;
3- (4—N-benzylamino~N-methylphenylazo)-1,2,4-triazole, 1972, Toms River;

4,4"-bis~[ (p-hydroxyphenyl)azo]-2,2"'-stilbenedisulfonic acid or Direct
Yellow 4, 1971, Toms River;

N-(2-chloroethyl)-4~(2-chloro-4-nitrophenylazo)-N-ethyl aniline, 1971,
1972, GAF;

N-[ (5~chloro-2-methoxyphenyl)azo]sarcosine, 1971, 1972, Atlantic Chemical
Corp.;

N-{ (5-chloro-o-tolyl)azo]sarcosine, 1971, 1972, Alliance, Atlantic;
dibenzylazodicarboxylate, 1972, Kay-Fries Chemicals, Inc., Wilson & Co., Inc.:

2-(5,8-dichloro-1-hydroxy-2-naphthylazo)-1-phenol-4-sulfonamide, 1972,
Toms River;

3-{(4'"-N,N-diethylamino)phenylazo]-1H-1,2,4-triazole, 1971, 1972, Toms River;

% ,5-dihydroxy-3-(p~sulfophenylazo)-2,7-naphthalenedisulfonic acid,
trisodium salt, 1971, 1972, Eastman Kodak Co.;

N N'-[(3,2'-dimethoxy-4,4"-tiphenylene)bis (azo) ]bis (N-methyltaurine), 1972,
GAF;

4-(a ,a-dimethylbenzyl)-2-phenylazophenol, 1971, Toms River;
N,N-dimethyl-p-phenylazoaniline, 1972, Eastman;
1-(3,5-dinitro-2-hydroxy-phenylazo)-2-naphthol, 1971, 1972, Toms Rriver;

2-[N-ethyl-p~[ (6-methoxy-2-benzothiazolyl)azolanilino]ethanol, 1971,
1972, Toms River;

N-[7-hydroxy-8-[2-hydroxy-5-(methylsulfamoylphenyl)azo]-1-naphttyl]-
acetamide, 1971, 1972, Toms River

6'-hydroxy-5'-[2-hydroxy~5-nitrophenyl)azo]-m-acetotoluidide, 1971, 1972,
Toms River;

N-[7~-hydroxy-8-[ (2-hydroxy~5-nitrophenyl)azo]-1-naphthyl]acetamide, 1971,
1972, Toms River;

7-hydroxy-8-[ (4'-[ (p-hydroxyphenyl)azo]-3,3'-dimethyl-4-biphenyl)azo]-
1,3-naphthalenedisulfonic acid, 1971, 1972, Toms River;

1-(2-hydroxyl-l-naphthylazo)~6-nitro-2-naphthol-4~gulfonic acid, 1971, 1972,
Toms River;

1-(2-hydroxy-4-nitrophenylazo)-2-naphthol, 1971, 1972, Toms River;
o-[ (p~hydroxyphenyl)-azo]lbenzoic acid, 1971, 1972, Eastman;



3-[(4-(4-hydroxyphenylazo)-2,5~dimethoxyphenylazo) ]-benzenesulfonic acid,
1972, Toms River;

3-hydroxy-4-{(phenylazo)-2-naphthoic acid, 1971, Inmont Corp.:
2-(o-nitrophenylazo)-p-cresol (OH = 1), 1972, Toms River:

p-phenylazoaniline (Solvent Yellow 1) and hydrochloride, 1971, 1972,
Allied, Am. Cyanamid, duPont;

4~(phenylazo)diphenylamine, 1971, 1972, Eastman;
4—(phenylazo)-l-naphthylamine, 1972, duPont;

5-(phenylazo)salicyclic acid, 1972, Toms River;
N-(p-tolylazo)-sarcosine, 1971, 1972, Blackman~-Uhler Ckemical Co., GAF;

4~(o-tolylazo)-o~toluidine hydrochloride (Solvent Yellow 3 hydrochloride),
1971, 1972, GAF;

4-(2,4-xylylazo)-o-toluidine, 1971, 1972, Allied;
4~(2,5~-xylylazo)~o~toluidine, 1971, 1972, Am. Cyanamid;
4-(2,4-xylylazo)-2,5-xylidine, 1971, 1972, Allied;
4~(xylylazo)xylidines, mixed, 1971, 1972, GAF.



Finally the U.S. Tariff Commission reports that duPont is the only
producer of azobisisobutyronitrile (giving no production figures) and
that azodicarbonamide is produced by Fairmount Chemical Co., Inc., Stepan
Chemical Co., and Uniroyal, Inc. (again giving no production figures for

1971 or 1972, but indicating that 2,060 metric tons wecre sold in 1971).

III. USE
Azobisisobutyronitrile

Nowak and Rubeus in Kirk & Othmer (1969) stated that this compound -~
NCC(CH3),N = NC(CH3)2CN - was the best known azo compcund for free
radical initiation of the polymerization of polyesters to resins, but
had not yet come into wide commercial use.

Ito (1969) reviewed the properties pertinent to use as a foaming
agent for plastics.

La Clair in Modern Plastics Encyclopedia 1972-1973 commented that
AIBN, as it is commonly abbreviated, had some use as & chemical blowing
agent for polyvinyl chloride foamed plastics, and tha: it required pre-

caution in handling.

Azodicarbonamide

The Federal Register (1962) announced that this chemical,
HoNC(O)N = NC(O)NH2, had been approved as an aging and bleaching agent
in white and whole wheat flours. The limit for such use has since been
set at 45 ppm.

Ito (1969) reviewed the properties pertinent to use as a foaming

agent for plastics.
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La Clair in Modern Plastics Encyclopedia 1972-1973 commented that
it was used as a chemical blowing agent for HDPE, PP, »S, and PVC
foamed plastics. It was considered to be non-toxic, self extinguishing,

and of excellent storage stability.

Azo Dyes

As may be seen from the preceeding section on Production, the usage
of azo dyes has been increasing steadily. For many of the major end
uses such as natural and synthetic fabrics, paints, plastics, and print-
ing inks, use of any particular dye or color can be highly dependent
upon the dictates of fashion, price competition in substrates, packaging
material changes, etc. Use in photographic film and enlarging paper is,
presumably, more insulated from such "extraneous' concerns. No published
breakdown of end use of azo dyes was found.

Usage of azo dyes for foods, drugs, and cosmetics is subject to
increasingly intensive toxicological studies; these have resulted in
curtailed or discontinued usage for many dyes. These FD& dyes in a
lower purity grade may have uses in general manufacture of dyed goods.

There is no agreement between the United States 2and Europe in the
dyes allowed into and upon the human body. The U.S. is much more restric~-
tive. Bigwood (1973) has analyzed the reports through 1372 of the Joint
FAO-WHO Expert Committee on Food Additives. This committee had examined
244 natural and artificial additives with the intent of determining an
"acceptable daily intake'" in units of mg/kg of body weight. Bigwood came
to the conclusion that there had been some hedging in basic definitions,
and also raised the important point that it is extremely difficult to
determine how much of a particular additive is being ingested except on

an individual basis. Only six azo dyes had been studied. A temporary
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upper limit of 0.75 mg/kg of body weight had been set for amaranth and
Ponceau 4R; Citrus Red No. 2 was not to be used as a food additive;

no decision had been reached on Black 7984, Brilliant Black BN, and
Orange 1.

Collins and McLaughlin (1972) indicated that about 680 metric tons
of amaranth was in annual use in foods, drugs, and cosmetics in over 60
countries.

The newest dye on the FD&C scene seems to be FD&C Red No. 40, which
was announced in the 1971 Federal Register. The specificaticns for food
usage once again emphasized the fact that dyes are mixtures and are not
discriminated against as such,

Carriére and Luft (1966) examined then current lists of regulated
dyes in the U.S.A., W. Germany, France, and Italy, and combined them in
tabular form for comparison of all the dyes mentioned in at least cne of
the country's lists - the French and Italian being non-—authorized. These

are reproduced here as Table 8.
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Table 8. Comparison of U.S. and European FD&C Dye Lists

REDS

Colour Usc in Use in
Index No. Federal Designation Use in U.S.A. Use in Germany French No. France Italy
16.185 FD & C Red No. 2 A L-Rot 3 Al500 & 0-1-2 +
45.430 3 A C-Rot 38 Al551 E 0-1 +

14.700 i Ext.D & CRed No. 24 A C-Rot 5 519 0-1-2
16.150 i  D&CRedNo. 5 B C-ext. Rot 35 515 1-2 +
15.850 6 B C-Rot 12 542 1 +
15.850 7 B C-Rot 12 542 1 +
15.500* 14 B —_— 535 1
26.100 17 B —, 544 1-2-3
26.125* 18 B — 533 2-3 +
45.380 21 B C-Rot 30 547 1 +
45.380 22 B C-Rot 30 — —
45366 24 B — 549 1 +
45.410 27 B C-Rot 34 548 1 +
45.410 28 B C-Rot 34 548 1 +
45.457+ 29 R — I 514 1 +
73.360 30 B C-WR Rot 12 524 1-3
15.800 31 B — 530 1
15 880 34 B C-Rot 14 503 1
12.120* 35 B C—ext. Rot 1 532" 1 +
12 085 36 B C-Rot 1 520 1 +
12.350% | 38 B C-ext. Rot 4 105 1-2
13.058 | 39 | B C-Rot 4 526 1-2
18 055+ Ext. D & C Red No. 1 : c C-ext. Rot 22 527 2
16.105* 2 c C-ext. Rot 19 509 2 +
15.620 8 ’ C C-ext. Rot 18 523 2 +
14 720* 10 c } — | A1502EF 2 +
18.050* 1 c | C-ext.Rot2l | 528 2 +
27.290 13 C X C-cxt. Rot 24 ! 507 2 +
12.141% 14 ¢ ' - {539 2-3
16.155 15 C | — {516 0-1-2
15.585 D & C Red No. 8 Cx,D, E ! C-ext.Rot17 | 534 1 +
15.585 9 Cx, D C-cxt. Rot 17 . 534 1 | +
15.630 10 Cx, D C-ext. Rot 33 | 536 1 +
15.630 1 Cx, D Cext. Rot 33 ' 5836 1 +
15.630 12 Cx,D,E ‘ C-ext. Rot 33 | 536 1 +
15.630 13 Cx, D : C-ext. RRot 33 I 536 1 +
45.170 19 Cx, D, E C-ext. Rot 27 | 521 1-2-3
17.200 33 . Cx,D,E C-WR Rot 2 512 1-2
45.170 ' 37 Cx, E C-ext. Rot 27 545 1
14.780 ‘ — — C-Rot 6
14.830 — — C-Rot 7
15.580 — —_ C-Rot 9
16250 — — C-Rot 19 !
18.000 - — C-Rot 21 !
18.020 — — C-Rot 22 | 501 1
18.025 - — C-Rot 23 ;
45.360 ‘ — - C-Rot 25 |
45380 . — — C-Rot 30
45.386 ,‘ — —_— C-Rot 31
45.400 ; — — C-Rot 32
45.405 ! — C-Rot 33 546 2 +
45425 ‘ — — C-Rot 35
45435 ! — — C-Rot 36 §50 2 +
45.440 — — C-Rot 37
58.000 — — C-Rot 41
16.180 — — C ext. Rot 20 506 2 +
27.306 - — C-ext. RRot 25
45.160 - — C-ext. Rot 26 )
58.005 i — C-ext. Rot 31 [ 505 2
14.895 ' — - C-WR Rot 1
27.300 ; —_ C-WR Rot 5 ‘
68.000 — — C-WR kot 10
16.050 —- _— — 508 2
12.315 : - — — 511 1-2
45510 —_ — — 513 2
16.255 o~ — L-Rot 4 ALSI7 L -1 2 +
16.290 — 1.-Rot § 518 L 1-2 +
— ; — — 522 2
18.810 -- — i — 525 2
14 830 —_ , —_ | 529 2
— - - | — | 581 2 |
16.015 — i — 547 a2 : +
26.105 — ‘ - 538 2.3 i
18.065 540 2 !
-- ‘ 5 2 1
50240 544 V3 '
- - ’ (AT 20




ORANGES AND YELLOWS

Colour

Index No.

Federal Designation

Use in U.S.A.

45.425
45.425
45.45G*
45.371"
11.725*
14.600
12.100*
15.510
45.370
12.075
19.140
15.985
47.005
47.000
13.065
18.820
11.630*
14.010*
10 316
45 350
45 450
45,365
58.000
16 230
60.515
77.199
11.920
15.575
15.970
45.395
71.105
11.710
11.730
12.775
12.780
13 900
18.950
48 055
49 005
18.736
18 745
18 690

48.035
48 040
29.020
29.025
65.405
65.410
68.420
40 215
59.700
69 025
649 540
" 13.015
14.270

75 300
41.000
25.135
11.380
11.390
10.315
19.130
43 395
16.020

D & C Orange No. 10

11
14
16
Iat. D & C Orange No. 1
3
4
D & € Orange No. 4
5
17
I', D& C Yellow No. 5
6
10
11
Lxt D& CYellow No 1
3
5
6
7
11
12

R N R

—
[~

roooyHy

oy
II—4I—4
A% amd

PERTEEVEDIEEEE LRI Tl gpooonowsr e

Prrfbrirlryy

3h

Use in
Use tn Germany French No. France
C-Rot 37 404 1-2
C-Rot 37 406 1-2
— 413 1
401 1
C ext. Gelb 4 410 2-3
: 407 2
412 2
C Orange 2 408 1-2
C-ext. Rot 34 402 1
411 1-2-3
L-Gelb 2 AlZ17 E 0-1-2-3
I.- Orange 2 Al203E 0-1-2
L-Gelb 3 208 k. 2
C-Gelb 4 Al215E 1-2
C-ext. Gelb 10 211 2
C-cxt. Gelb 12 209 2
C-ext. Gelb 2 205 2-3
C-ext. Gelb 1 212 1-2-3
C-ext. Gelb 16 202 1-2-3
C-ext. Gelb 16 202 1-2-3
C-Rot 26 403 1-2
C-RRot 41 400 1-2
C-Orange 5 409 1-2
C-Gelb 6
C-Gelb 7
C-Orange 1
C-Orange 3
C~Orange 4
C-Orange 7
C-Orange 8
C-ext. Gelb 3
C-ext. Gelb 5
C-cxt. Gelb 8
C—xt. Gelb 9
C-ext. Gelb 11
C-ext. Gelb 13 213 2
C-cxt. Gelb 18
C-cext. Gelb 19 218 2
C-ext. Orange 1
C-ext.Orange 2
C-ext. Orange &
C-ext. Orange 4
C-ext. Orange 5
C-ext. Orange 6
C-ext. Orange 7
C-WR Gelb 1
C-WIR Gelb 2
C-WR Gelb 3
C-WR Gelb 4
C-WR Gelb 6
C-WTNR Orange 1
C-WIR Orange £
C-WR Orunge 3
C- WK Orange 4
L-Gel )
L-Gelb 4 Al201 E 1-2
L-Gelb 6
1L-Gelb 7
— 200 1-2
— 204 2
-— 206 2-3
— 207 2-3
- 210 2
- 214 2
-- : 216 2
- 405 1-2
— 414 1 2

|
f
i
i

.!_
|
|
i
!

Use it
1!:‘;2]'
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GREENS AND BLUES

Colour Use in Use 1in
Index No. Federal Designation Usein U.S.A. Use in Germany French No. France Italy
42085 | F, D& C Green No. 1 A — 711 0-1-2 +
42.095 j 2 A — 712 0-1-2 +

42053 | 3 A —_ 710 0-1-2

61.570 D & C Green No. § B C~Griun 5 701 1-2-3 +
61.565 6 B C-ext. Grun 4 709 1-2-3 +
42.100* ! 7 B C~Griin 2 703 1-2 +
59.040 8 B C-Gelb § 700 1-2

10.020 Lxt. D& CGreenNo 1 C C-Grun 1 708 2 +
42 030 F,D&CBlue No 1 A -— 7 1-2-3 -+
42.090 D & C Blue N 4 B J— 7 1-2-3 -+
73.015 F, D & C Bluc No. 2 . A L-Blau 2 AlISE 0-2 +
73 000 D & C Blue No. 6 B -

42.052 7 i B -

69.825 9 ‘ B —

52.015* Ext. D & C Ilue No. 1 C C-ext. Blau 6 ‘

63.010* 4 C C-ext. Blau 8 2 2 +
42.045 -- ! C- Btau 2 3 2-3 +
42.735 - i C-Blau 3

42.750 — I C-Blau 4

42.755 — C-Blau 5

42.135 -— C-Blau 6

43.820 C-Blau 7

44 040 - C-Blau 8 .

44.045 - C-Blau 9 14 2-3-4 +
44.075 C-Blau 10 y

60.730 — C-Blau 11 J

62.085 — C-Blau 12 l

63.000 — C- Blau 14 .

74.180 — C-Blau 15 A

77.007 —- C-Blau 16 *

77510 — C-Blau 17 |

42 170 — C-Grun 3 !

62 550 ; - C-Grun 6 |

42.080 i — C-ext. Blau 1 i 17 2-3

42.140 —_ C-cxt. Blau 2 |

50.315 - C-cxt. Blau 3

50.320 — C-ext. Blau 4 ‘

52 015 — C-ext. Blau 6 | 12 1-2 +
63.010 ! - C-ext. Blau 8

64.505 — C-ext. Blau 9

74.160 — C—ext. Blau 10 8 2 +
(74.180) — C—cxt. Blau 11 i

10.006 | - C-ext. Grun 1

42040 | - C-ext.Grun2 | 702 1-2

42.050 ; —_ C-ext. Griin 3 [

74.260 . — C-ext. Griin 5 ! 704 2 +
34.140 — C-\WR Blau ! i

34.230 ) — C-WIR Blau 2 :

62.105 ‘ -— . C~-WR Blau 3 ;

70.305 5 — C-WR Blau 4 | .

34.270 | — [ C-WRGrinl |

77.288 i — | C-WR Griin 2 ;

69.800 | — : 1-Blau 1 |

42051 . L-Blau 3 ;

75 810 —- i L-Griin } |

75.810 - L-Grun 2

61.530 — i 1 0-2 +

— . - ' 4 2

42.770 - M 2

43.535 — 6 2

61.555 — , 9 2 +
62.810 — ! 10 1-2-3 +
51.175 J— 11 2

42 0572 - 13 1-2 “+
61.525 — 15 2-3

73.000 _— 18 1-2 +
50.405 — 20 2 4
42.000 — i 705 2 +
52.020 - i 706 2

44.025 — 707 2




VIOLETS, BROWNS, BLACKS

Colonr Usein I tise i
Index No. Federal Designation Use in U.S.A. Use in Germany French No. France i ltaly |

42,610 I, D & C Violet No. 1 A C-Violett 4 804 0-1-2 4 ‘l

60.725 D & C Violet No. 2 B C-Violett 7 801 1-2-3 -+ !

60 730 Ext Do CViolet No. 2 C C-Blau 11 800 2 } |

20.170 1 & C Lrown No. 1 B C-Praun 2 104 1-2 +

20.470 D & C Black No. 1 B C-WR Schwarz 1 302 1-2 -+ !

4539) — — C-Violctt 6 803 2 «

' 45160 — —_ C-cxt. Rot 26 802 -2 .

42 571 — — C-Violett 3 805 2 G+

16 580 — — C-VipletL 1 -— —

43.223 i — — C-Violett 5 — —_

61.710 -— — C-Violett 8 — —_

73.335 —- — C-Violett 9 —_ —

61.800 —_ — — 806 2

42 8355 — — C-cxt. Violett 6 808 2

42 659 — —_ — 809 2

42 650 —_ — — 810 2

42 53> — — C-ext. Violett 5 811 2-4 4

— _ — — 812 2

42745 | — — C-ext. Violett 7 — —

21.010 { — -— . — 100 2-4 .

21,010 | — — — 10} 2-4

20 300 J — — 102 | 4

21 0no - — - 104 by

12,430 - - —_ C-cxt. Braun 1 — — ‘

13 0% -—— — C—-ext. Braun 2 —_— — 1

20,470 — —_— C-WR Schwarz i — — ‘

25.010 — — C~\WR Schwarz 2 — — ‘

27.245 — — C~-WIR Schwarz 3 —_— —

35.870 - — C-WR Schwarz 4 — — |

14.805 ! — — C--\WIR Braun 1 — — ,

28,410 , J— — I.-Schwareg — — ;

|

.Notes and Abbreviations

(1) Use in U.5.4. .

A: T, D & C colours, unrestricted usc

B: D & C colours, unrestricted use

C: external D & C colouts
Cx: D & C colours, restricted usage, but unrestricted for external D & C usage
D: D & Ccolours restricted to 6 per cent maximum (pure dye basis) for lipstick use
E: D & C colours restricted to 0-75 mg. maximum ingestion per day, {or preparations such as mouthwashes and dentifrices
* Recently delisted by the I.D.A. (¢f. H. D. Goulden in “Drug and Cosmectic Industry” of February 1965).

(2) Use in Germany
L. food colour, unrestricted nse in cosnetics ’
C: unrestricted use 1n cosmetics
C-ext. : for external use oniv 1 not necessarily safe for ingestion
C-WR : for use it waslung and rmsing, or as a solvent or propellant, provided that the material has only transient applicati
not necessarily safe when ingested or remaining on the skin,

(3) Use in France
completely acceptable for use in any cosmetic including thosc likely to be ingested (e.g. dentifrices or in mouthwashes)

0:
1: for exteinal use {lipsticks included)
2: extemal colours in the F.D.A. sensc of the word
3:  for soaps and non-soapy detergents .
4: {or hair preparations
Al: mentioned in “'alimentaire décret du 25.3 58"
E: menticned m “C.E.1Z. alumentaire déeret du 11.11.62"
(4) Use in Italy . Reprinted with permission from Soa ,
4 : mentioned by I. Ghisotti Perfum. » & Cosmet. 39: 29-34 (]966 )

Copyright by United Trade Press Ltd.

Food Technology (1968) presented a report by Hazelton Laboratories

on the use of FD&C colors in food. Tables 9 and 10 here are taken from
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this report and indicate the major food categories which use colorants,

and amounts of colorants used in them, respectively.

Table 9. Major categories of processed food which use certi-
fied FD&C colors in their manufacture, and color concentration

levels employed.

Color Concentration, ppm

Category Range Average
Candy and Confections 10400 100
Beverages (Liquid & Powdered) 5-200 75
Dessert Powders §-600 140
Cereals 200-500 350
Maraschino Cherries 100-400 200
Pet Foods 100-400 200
Bakery Goods 10-500 50
lce Cream and Sherbets 10-200 30
Sausage (Surface) 40-250 125
Snack Foods 25-500 200
Meat Stamping Inks U —

5400 —

Miscellaneous

Table 10. Pounds of primary colors used in foods, drugs and cosmetics.

Tables 9 & 10 reprinted from Food
Technology/Journal of Food Science,
Vol. 22, 1968. Copyright () by
by Institute of Food Technologists.

and do not include exports or sales to jobbers and other manufacturers.

Figures represent sales for the first nine months of 19467

YELLOW YELLOW RED RED RED BLUE BLUE VIOLET GREEN ORANGE

N%. 3 Ng.é No'. 2 No. 3 Nc: 4 No. 1 No. 2 No. 1 No. 3 B’ TOTALS
Candy, Confection 59,903 52,770 67,637 11,665 0 6,632 2,499 1,459 124 0 202,689
Beverages 78,933 181,292 282,695 1,056 0 15,800 2,375 985 301 o] $63,437
Dessert Powders 59,961 51,622 62,363 8,616 0 3,270 1,659 0 14 0 187,505
Cereals 52,496 35,464 15,558 1,421 0 843 99 o} 0 0 105,881
Maraschino Cherries 5,644 4,830 8,104 3,469 11,308 597 0 0 98 0 34,050
Pet food 101,743 23,226 67,058 1,023 0 1,473 6,764 1,278 Q Q 202,565
Bakery Goods 77,885 42,203 43,522 9,560 0 3,680 673 369 7 0 177,899
Ice Cream, Sherbet,

Dairy Produce 35,048 23,868 29,697 621 Q 2,599 179 45 7 0 92,064
Sausage 6,502 99,605 36,084 4,970 0 647 0 0 0 16,890 164,698
Snack Foods 18,456 11,409 3,623 766 0 305 o 2 0 0 34,561
Meat Inks 15 0 12 10 0 N 0 2,223 0 0 2,271
Miscellaneous 44,841 29,134 46,219 18,200 398 5,345 1,990 1,134 1,298 o] 148,559
Subtotal 541,427 555,423 662,572 61,377 11,706 41,202 16,238 7,495 1,849 16,890 1,916,179
Pharmaceutical 17,275 15,938 21,179 12,168 1,186 3,250 593 347 220 0 72,156
Cosmetics 3,125 2,148 3,417 903 630 397 30 96 27 9 10,773
TOTALS 561,827 573,509 687,168 74,448 13,522 44,849 16,861 7938 3,09 16,890 1,999,108

and multiply by 0.453.

Note: To convert to metric tons, move decimal three places to the left

Azo dyes are indicated by a * below the name

The Hazelton report commented that the azo dyes Yellow 5 and 6 and Red 2

comprised about 90%Z of the total of all food dyes.

Vodoz (1970) in an article on European food additives presented a
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Table \.—Food colors permitted () in Europcan countries.

EASTE IH

E.F.T.A. E.E.C.
£ COUNTRIES COUNIRIES COULTRIEL
* ﬂ'ti . T ——
_; 2':3 4 (Y [} o -
F£ ? 3 : £ g iz
sisl.t.5ef o |fle.2 3320 _ltaz.ov o
ws|fen |EEFREE R |2 iEE.b B sF|EREE:
COLOR No. (2238|3828 325 & |8 | 88823z |82 |6aFidos x>
REDS
Ponceau MX ¢ 16150 C, + +3 ‘
Ponceau 4 R 16255 C, +++ +4+++ (1M ++++++ ++ |+ 4 “F +
Carmoisine * 14720 | C, + + + ++ 4+ 4+ (122 + 4+ 4+ ++ 4+ |+ + . 4 +
Amaranth 216185 A ++++++++ (1B} 4+ + -+ 4+ |+ + ! o A
Red 108 ¢17200| C, + +
Erythrosine BS 45430 B + + + + 4+ 4+ 4+ 1127 | +++++ 4+ |+ + 4
Red 2 G 18050 | C, + +
Red 6 B a18055| D + + +
Red FB *»14780] D + +
Ponceau 3R «16155| E + +
FastRed E ¢ 160457 C, + 4+ + + + + + + + +
Ponceau 6 R *16290( C, + + + + + (126 ++4++++ |+ + +
Scarlet GN * 14815} C, + 4+ 4 + + |25 +4+++4+4+ |+ + + -
Ponceau SX 14700 | E + + +
Acid Fuchsine S — C, +
ORANGES and
YELLOWS
Orange G 216230} C, + <4
Orange RN + 15970} D + +
Orange GGN + 15980 | C, + + m + +
Oil Yellow GG + 11920} — + +
Tartrazine 2191401 A +++ 4+ 4+ + + 102 + + 1+ + I+ +4++ 4+ -
Naphthol Yellow S 10316 | C, +
Yellow 2 G 218965 D + 4
Sunset Yellow FCF | 15985 | A + 4+ + + + 10| + + + + + + |+ -4 +
Oil Yellow XP 12740 D + +
Acid Yellow 913015 C, |+ 4+ + + + 105 | ++++++ | + 4+ +
Quinoline Yellow 47005| C, + 4+ + + + 104 | + 4+ 4+ 4+ +4+ | + 4
Chrysoin § » 14270 | C, + + 103 | + + + + + +
GREENS
Green $ 44090| C, + + 142 | + + + +-
Guinea Green 8 42085 E + <+
Fast Green FCF 42053 B + + +
BLUES
Blue VRS 42045| C, + +
Indigo Carmine 73015 B b4+ b+ 132 b |+
Indanthrene Bl. RS 698001 C, + 4+ + + + 1130 ++4++++ ]+ +
Patent Blue V 42051 C, + 4+ + B+ 4+ 4+ + + +
Brilliant Bl. FCF 42090 B + +
VIOLETS
Violet BNP 42580 — + +
Violet 5BN 42650 C, +
Violet 6 B 42640} C, + + +
BROWNS
Brown FK ¢ —— c, + +
Chocolate Br. FB — D +- +
Chacolate Br. HT »20285( C, + +
BLACKS
Black PN 28440 C, H+ 4+ ++++ NS+ + + + + + + 4+ 4+ o+
Black 7984 o 35445 | C, + -+ 152 | + + + + + +
3 See B.F.M.LRA. Information Sheet 281, 1969; and ""Food Processing snd Packaging Directory 1960-70
YA = Acceptable a3 » food additive; sn acceptable daily intake (or ADI) has been slocated. P =. The deta sre insufficicot for fustifying A% cIa
fication €, == The data are insufficicnt for a final evalustion; however, long-term toxscity tests have bren done €, = long term toxicity not bncvn, €,

The data sre not sufficient for an evalustion, but there seems to be s risk of nodivity, D

therefore should not be added to food

* Will be suppressed

Na toxicological datu at oll, L

Tha eolor Jo nit inearanue



table of dyes used in more countries than was given in Table 8 above;
his table is reproduced here as Table 11, with the azo dyes denoted by
a * to the left of the Colour Index number.

Noonan (1972) reported in Handbook of Food Additives that the then
current list of FD&C azo dyes consisted only of Red Nos. 2, 4, and 40,
Yellow Nos. 5 and 6, and Orange B. Of these Red No. 4 was restricted

for use in maraschino cherries, and Orange B restricted for sausage casings.

Miscellaneous
Shibata (1972) has written an extensive review of the use in the
analytical chemistry of polyvalent metal ions of the family of azo com-

pounds derived from the parent 1-(2-pyridylazo)-2-naphthol(PAN).

IV. CURRENT PRACTICE

No information was discovered.

V. ENVIRONMENTAL CONTAMINATION

Bartha and Pramer (1967) were the first to report finding 3,3',4,4'-
tetrachloroazobenzene in soil which had been treated with the herbicide
3,4~dichloro-N-propionylaniline (propanil). Since noie of the azo com-
pound could be detected in sterilized soil treated with a sterilized
solution of the herbicide, the authors concluded that soil microorganisms
were at least partially responsible for the transformation., The authors
could not find any published reports on the biological activity of the
azo compound.

Bartha et al (1968) concluded that peroxidase was the catalyst
responsible for the transformation of various chloranilines to chloroazo-
benzenes in soil. They compared the products resulting from treating

chloroanilines in vivo in soil and in vitro in buffered Hy0, containing
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rorseradish peroxidase type II.

The results are in Table 12.

Table 12. Formation of Azo Compounds from Anilines
in Soil and by Peroxidase
CHLORO - TRANSFORMATION g r TRANSFORMATION
SUBSTITUTION iN SOIL m} I “L!E BY PEROXIDASE
a

3, 5-
2,4,5-
2, 4,6-

6
a5

S

Ct
e,
o c
none
none

— Qe QDD
a & c
-— $ Hy—> p—NﬂN—Q

cl

M &
¢t Cl .
—-~— ziirm———
L ] Cg\m.——
a g
-— ct—Q«n,—— cn-@»n=~-@-cn
cl ct
cl

none

none

~— K—  none
i’ .
Cl
- CI- NH, —= n
v none
Cl
~—a-Copm—  none
(=}

a — Unidentified non-azo aromatic reaction product

b - No reaction occurred

Reprinted with permis~
sion from Bartha et al.
Science 161:582-83
(1968). Copyright b.
American Associatio: to:
the Advancement of
Science.
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Belasco and Pease (1969) were not able to detect 3,3',4,4'-

tetrachloroazobenzene in soil which had been treated fer 12 consecutive

years with the compound 1,1-dimethyl-3-(3,4-dichlorophenyl)urea (diuron)

at 224.6 or 449.2 mg/sq.m.

They were able to confirm Bartha and Pramer's

initial finding with propanil, at application rates of 250 and 500 ppm

(the latter equivalent to 56.15 g/sq.m to a depth of 7.2 cm), {n the



laboratory. However, diuron at 500 ppm gave no detectable azo compound.
They did not believe that any azo compound formed derived primarily from
an aniline precursor.

Bartha (1969) found that soil treated with the herbicides propanil
and sclan[N-(3-chloro-4-methylphenyl)-2-methylpentanamide] could produce
an azo compound derived from portions of both, namely 3,3',4-trichloro-
4'-methylazobenzene. This azo compound also resulted from treating soil
with 3,4-dichloroaniline and 3-chloro-4-methylaniline. Bartha indicated
that because of unequal degradation rates of the two herbicides, the
mixed azo compound was unlikely to be produced if propanil treatment pre-
ceeded that by solan.

Kearney et al (1970) examined ground used to grow rice and treated
with propanil at various recorded times. They found 3,3',4,4'-tetra-
chloroazobenzene at a level of <0.2 ppm in the top 10 ca of soil treated
at the rate of 6.7 kg/hectare.

Sprott and Corke (1971) tested the formation of 3,3',4,4'-tetra-
chloroazobenzene from 3,4~dichloroaniline in two loamy and two clayey
soils under varying conditions of water and oxygen cortent of the soil.
The soil which produced the most azo did so at an optimal temperature of
25°C, an optimal aniline concentration of 500 ug/g, and aerobic atmosphere.
In general very little of the aniline which disappeared was converted to
the azobenzene, at best only 4.87. Degradation of the azobenzene in the
soils was relatively rapid.

Bordeleau and Bartha (1971) tested the ability of two common soil
fungi Penicillium piscarium and Geotrichum candidum to produce tetra-
chloroazobenzene from propanil. P. piscarium by itseif could not metabo-
lize propanil past the dichloroaniline stage. G. candidum by itself

could not metabolize propanil at all, but could comvert the aniline to
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the azobenzene. Together they were able to produce the azobenzene from
propanil. The only benefit to the fungi seems to be a reduction in the
toxicity of their environment, the azobenzene being less toxic than the
propanil or the aniline,

Rosen and Siewierski (1971) prepared a derivative of 3,3',4,4'-
tetrachloroazobenzene in which one of the P-chloros has been replaced by
the nitrogen of 3,4-dichloroaniline. This derivative had earlier been
proposed as a degradative product of propanil. The authors demonstrated
that the derivative was stable after at least two months in soil capable
of converting the aniline to the tetrachloroazobenzene; the derivative
in methanol was resistant to two weeks of exposure tc glass-filtered
sunlight, and to ten hours of exposure to UV light of wavelength over
297 nm.

Helling (1971) found that the Rf values in a soil sample were 0.24
for propanil, 0.22 for 3,4-dichloroaniline, and 0,00 for 3,3',4,4'-
tetrachloroazobenzene.

Briggs and Ogilvie (1971) reported that 3-chloro-4-methoxyaniline
was converted in soil into 3,3"'-dichloro-4,4'-dimethoxyazobenzene by a
free radical mechanism.

Child et al (1972) reported that 3,3',4,4'~tetrachloroazobenzene
was optimally effective at the 81 mg/kg level against aaenocarcinoma
tumors in mice, nearly tripling the survival time of animals receiving
mammary tumor transplants.

Burge and Gross (1972) found that 3,3'-dichloro- and 3,3',4,4'~
tetrachloroazobenzene were satisfactorily extracted from a variety of
soil samples with 95% ethanol. Analysis by gas—liquid chromatography
using a micro-coulometric detector did not require evaporation of the

alcoholic extract.
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Kearney and Plimmer (1972) studied the effect of 3,4-dichloroaniline
concentration in soil on tetrachloroazobenzene generation. Between 1 and
100 ppm there was about a twofold increase in azobenzene for each tenfold
increase in aniline; between 100 and 1000 ppm there was only a 10Z increase
in azobenzene. They also seemed to have isolated both cis and trans forms
of the azobenzene by thin layer chromatography.

Bordeleau et al (1972) studied the conversion of 3,4-dichloroaniline
to 3,3',4,4'-tetrachloroazobenzene in a HyO,-peroxidase system with the
intent of determining the intermediates. Their results are represented
in Figure 1. The main pathway involved intermediate (II), but there was

evidence for the presence of the free radical (III).

3,4- DICHLOROANILINE (1]

’ CI< \ - NH,

(<)

» *OH

+
EROXIDASE
" HZOZ N
A, ' A
T, '
¢!

3,4- OICHLOROPHE N YLHYOROXYLANINE {T)
. /+
. 8 8 EXCESS ()

\ 7/

3,.3%,4,8-TETRACRLORONYORAZOBENZENE {[Z)

3,4~ DICHLOROANILIOYL (D)
A

cl+urzo,

3,3,4,4- TETRACHLORQAZQRENZENE (T)

Figure l. Proposed pathway of 3,3',4,4 -tetrachloroazobeazene
formation.

Reprinted with permission from J. Aqri.

Food Chem. , 20:573-78 (1972). Copyright
by the American Chemical Society.
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VI.

MONITORING AND ANALYSIS
A. Analysis

Spain and Clayton (1955) analyzed for dyes in feces, tissue, and
urine by alkaline digestion, acidification, filtration, colorimetric
measurement, reduction with stannous chloride, and remeasurement of
color.

Parsons and Seaman (1955) described a method of external genera-
tion at a mercury pool electrode of the Ti(IIL) used to titrate azo
dyes. Comparison of this coulometric titration witn the standard
titration with Ti(III) using technical grades of Orange II, tartra-
zine, and p-aminoazobenzene was favorable..

Feigl and Neto (1956) described a spot test for azo dyes whose
structures incorporate a p-phenylenediamine or a p~pnitroaniline
moiety. Fusion of the dye with a mixture of sodium formate/sodium
hydroxide at about 220°C causes the release of p-phenylenediamine
by sublimation (from both structural types). The diamine vapor re-
acts with aniline in an oxidizer solution to form a color. Minimum
quantities of sample required are 5-10 ug.

Mecke, Jr. and Schmahl (1957) reported ultraviclet absorption
maxima for over two dozen aromatic azo compounds.

Earley and Ma (1960) expounded upon the Ti(III} titration of azo
compounds, its applicability in the presence of nitro compounds, and
alterations in the standard technique required.

Sawicki et al (1961) developed a spot test for aminoazobenzene
and its N-methyl and ethyl derivatives which involved reaction with

the compound 3-methyl-2-benzothiazolone hydrazone (MBTH). Table 13

Lk



Toble 13. Spectrophétomntric Determination of 4-Aminoazobenzene Derivo-
tives and ‘AzoLenzene Analogs®

Az, e X )muy e X
Compound mp 10-32 Componnd my 103
f-Aminvazohenzene Derivatives {-Aminoazobenzene Derivatives
4 Aminoazobenrene = a7l 1t 3-Methyl DADB 603 6s
AR Gl 5 661s 52
N-Methyl AR 5= 36 3%Nitro DAD . 610 ol
630 3 Gy B
G bs 32 3 Triluoromethyl DAB 603 G
3 Methy N -methyl AB O 556 36 Glids a7
(1RO 2t 4% Acetyl DAB 606 25
[HERK 32 GGOs 20
N-Tithyl AR G5 67 4"-Amino DAD ) 11
6603 53 6633 11
N Phentt AB G2 39 4'-Iothoxy DAD 598 44
4 Methy Whio-N-phenyl 624 9 Giias 2
AB . 4-Ethyl DAD 603 oM
N, N -Dimcthylaninoazo- €691 70 G623 13
benzene = DAB? 672 56 4"-Fluoto DAD 603 37
2-3eths 1 DADB NN 72 G611 25
66 fs 20 42 ethyl DAB GOl 15
2-Amino DAD oS 145 6G66s M
GON3 37 4'-Sulfo DAR 612 a7
2°-Clloro DAB 6L 3 66Gs 49
606 {5 61 4'~Thiocyano DADB f99 18
2' Tithvi DAB 603 67 6633 12
603 47 2,2-Dimethyl DAB 688 7l
2-Mothony DAB €05 Gt 6G5s 15
Clos 51
2 A fettn] DAB GOl &9 Azobenzene Analogs
- 6713 15 4-Phenylazo-1-uaphthyl- 587 40
22 fethy -2 -methoxy- 5573 28 amine
corbonyl AR 6553 $ 1-{N, N-Dimethyl-1- DS 6b
2.53-Dimethyl DADB HER 71 aiinophen) Lizo}- 6623 20
6703 11 rephthalene
2-Methyl 3%-chluro DAB 53 71 2.1V, V-Dimethvl- 1+ 573 12
G5 19 aminopheny lzo]- 6S0s 4
2-Methyl-4~acetyl DAB 507 65 fluorene ’
06063 13
2-3Methy -4 -methylthio 585 i
DG 6703 10
2°,5- Dbyl DAB Ot 66
. oy Oy @ ) o , X e
2/,4",6'Tribromo D\ 612 5 . . ..
! 6ils ' Reprinted with permission from

N-Methyd-N-etbylomines €3 38 Anal. Chem., 33:1574-9 (1961). Copyrignt

arobernecne -= MEAB 6555

9 Chiloro MEAD o o by the American Chemical Society.
65'3 o1
2°-Nitro MEAL 613 42
6o 31
3’-Aectamino MEAD 63 59
63 ad
3%-Nitro MEADB [ 51
GHOS 33
4T ATEAR (M) 60
tias 29
4’%-Fluoro MEADB oot Gl
(A aa
N-Methyl-N-enzyl AB 007 10
SRS 4
NOV-Dictha L AR B0, o
G B
674 o
J-Nevtamino PAR (3N T
ity a0
Y- \nino DAB SN )
[Ty 25
3-Chloro AR L GO (i
(U] N
3-Fthovy DAY N T0
(N0 o

< A vsdies by o on fednintm of tuo detertm tious and are within £2% of average
& Mabir absurptivily vitues based on 36 Jeterninntions piv i o vabue of 70,000 & 100D
il Apyy 604 mu
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gives the compounds which react with MBTH. These compounds did not
react completely: 4'~acetyl-N,N-dimethylaminoazobenzene (4'-acetyl-DAB),
4'-methylmercapto-N-phenylaminoazobenzene, 2',4',6'-tribromo-DAB, 4'-
thiocyano-DAB, and 2'-methoxycarbonyl-2-methyl-DAB. These compounds
did not react al all: azobenzene, 4-hydroxyazobenzene, 4-methylmer-
captoazobenzene, and 4'-nitro-N,N-diethylaminoazobenzene. These com— °
pounds gave a reaction, but the product had a molar absorptivity less
than 4,000: 4'-nitro~N-phenylaminoazobenzene, 4'-phenyl~DAB, 4'-nitro-
N-methyl-N-ethylaminoazobenzene, 3-methyl-DAB and XN,N-dimethyl-p-(p-2~
tolylazo-2-tolylazo)aniline.

Villaniia et al (1962) presented in tabular and graphic form the
UV spectra in acidic, alcoholic, and alkaline solution of the banned-
for-food water insoluble azo dyes: Methyl Red, Sudan I, II, III, and
IV, Orange SS, Yellow AB and OB, o-aminoazotoluene, and 4-dimethylamino-
azobenzene. Rf values for circular paper chromatography were also given.

Chikryzova and Podolenko (1964) presented a method suitable for
monitoring the concentration of a known dye. It involved reduction at
a Hg cathode, and titration of iodine liberated at the anode. Inter-
ference from oxygen traces did not become bothersome until the dye
concentration dropped below 1 uM,

Bowie et al (1967) presented in tabular form the mass spectra of a
wide variety of substituted azobenzenes.

Venturini (1967) detected acidic azo dyes in wine by adsorption on
polyvinylpyrrolidinone.

Gemzova and Gasparic (1967) analyzed disperse azo dyes by reductive

cleavage of the azo linkage with Zn in hot acetic acid, followed by
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paper or thin-layer chromatography of the releasea amines. Rf values
for many amines were given, along with those for DNP-hydrazones of
diamines or amino-phenols which were first oxidized to quinones.

0i and Inaba (1967) used infrared spectroscopy to identify amaranth,
New Coccine, Orange 1, Ponceau SX, and Sunset Yellow. In order to use
NaCl cells, aqueous solutions of the dyes were extracted with 5% Amber-
lite LA~2 (a high molecular weight amine) in CSp. Characteristic ab-
sorption bands were given.

Manukian and Mangini (1971), by various spectroscopic and direct
synthetic means, identified the dye Colour Index Pigment Red 178 as
the reaction product of two molecules of p-aminoazobenzene with perylene-
tetracarboxylic acid dianhydride, the amine N's having displaced the

ether O0's of the anhydrides.

B. Separation-Analysis

Edwards, Jr. et al (1956) reported R values on various adsorbents
using one or more eluants for p-hydroxyazobenzene*, p,p'-azophenol%,
p,p'—azodimethylaniline*, N,N-dimethyl-p-phenylazcaniline, azobenzene,
p-chloroazobenzene, p~methylazobenzene, and p-phenylazobenzoic acid
(melting points given for compounds with asterisk).

Fukui et al (1956) studied the paper chromatographic separation of
p-amino—, p-methylamino, and p~dimethylaminoazobenzene using water mixed
with a variety of alcohols, ethers, acetone, methylnitrile, and amines;
Rf values and judgments as to suitability of the wvarious eluants were
given.,

Ward et al (1959) chromatographed a variety of azo compounds pre-

pared from diazotized p-nitroaniline or beta-naphthylamine with alpha-
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naphthylamine, beta-naphthylamine, 5- and 8-nitro-alpha-naphthylamine.
Ultraviolet absorption maxima, minima, and log €'s, along with some
melting points were tabulated.

Fore and Walker (1967) used a combination of papur and thin layer
chromatography, and synthesis to determine the composition of the
(foreign) food dye Brown FK. The two major components were 2,4~diamino-
5~ (p-sulfophenylazo) toluene(I) and 1,3-diamino-4,6~bis-{(p-sulfophenylazo)-
benzene(III). In lesser quantity was 1,3-diamino-/-(p-sulfophenylazo)-
benzene(IIS. In still lower amounts were 2,4-diamino-3,5-bis(p-sulfo-
phenylazo)toluene(IV) and 1,3-diamino-2,4,6~tris(p-sulfophenylazo)-
benzene(VI). A trace of 1,3-diamino-2,4~bis(p-sulfophenylazo)benzene (V)
was found. 1In addition two unidentified, colorless components were found.
The two major components did not result from the dye synthesis as acci~-
dental byproducts, but were intentionally formed. Some evidence was
presented for the necessity of some of the minor components in the

successful use of the dye. Figure 2 presents the structures of the

identified compoments. Reprinted with permission from Food
Cosmet. Toxicol. 5:1-9 (1967). Copyright
by the Pergamon Press Ltd.

NH, NH, NH,
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F1o. 2.+ Structures and synthetic pathways of Brown FK components.
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Brain et al (1971) chromatographed amaranth and Sunset Yellow FCF
following British Standards. Depending upon the manufacturer the main
peak in amaranth represented 78.4-99.77% of the whcle, the impurities,
including the azo dye Fast Red E, also showing va.iations. In the case
of FCF the major component comprised 93.6-98.67% of the whole, but the
impurities showed a greater range. The impuritiec seemed to be charac-
teristic of é particular manufacturer and could be used to identify him.

Marmion (1972) described an AOAC method of analyzing FD&C Yellow No.
6 for traces of the materials from which it is synthesized: sulfanilic
acid (diazotized) and 6-hydroxy-2-naphthalenesulfonic acid (Schaeffer's
salt), and for an impurity in the latter, 6,6'-oxybis(2-naphthalenesul-
fonic acid). The method involved column chromatography over cellulose
using 20 and 407 aqueous diammonium sulfate as eluant, followed by UV
analysis of the eluates. The impurities eluted in the order in which

they were mentioned above,

C. Separation

Birnbaum et al (1953) separated the cis and trans isomers of azo-
benzene and derivatives by irradiating a petroleum ether solution with
a Bg arc and filtering over an alumina column which retained omnly the
cis. They obtained UV spectra for the trans and stable cis isomers.
Melting points were given for the isomer pair of the para derivatives:
iodo, bromo, chloro, fluoro, ethoxy, methyl, carborethoxy, nitro,
carboxy, cyano, dimethylamino, and p,p'-dimethyl.

Frankel and Wolovsky (1954) separated the cis and trans isomers

of azobenzene by paper chromatography using the eluant 40% acetic acid.

L9



Silk (1963) presented a column chromatographic method, on Celite,
for separating lipstick dyes. '

Topham and Westrop (1964) found that thin layer chromatography on
silica gel G, developed with 95/5 chloroform/methinol, provided an ade-
quate separation of: 4-aminoazobenzene (AB), 4'-tydroxy AB, N-methyl AB,
4'-hydroxy-N-methyl AB, N,N~dimethyl AB, and N,N-dimethyl-4'-~hydroxy AB.
An appropriate range for detection in a mixture was 25 ng~1 ug.

Gurevich and Chukreeva (1967) presented Rf values on four activity
grades of silicic acid for azobenzene, p-aminoazobenzene, p-hydroxya zo-
benzene, p~methoxyazobenzene, Sudan yellow, and Sudan red. Any of the
grades seemed suitable for the separation of a mixture of all six using
carbon tetrachloride.

Parrish (1968) found that Sephadex G-25 was suitable for the separa-
tion of azo dyes. Judicious adjustment of the ionic strength of the
water used as eluant provided a means to alter Rf values, and thus
separate complex mixtures using more than one column or pass.

Naimy et al (1969) reported Rf values on silica gel for the cis
and trans forms of 4-amino-4'-ethylazobenzene with 0, 1, or 2 methyl
groups on the amine, and 2 or 4 fluoro atoms on the amino phenyl ring.
Considering the precautions taken to isolate these gvometrical isomers,
it appears that most previous publications reporting Rf values dealt
with mixtures.

Hall and Perkins (1971) disclosed a procedure for purifying commer-
cial dyes of isomers and color standardization adjuvants. Essentially it
consisted of extracting either an aqueous solution of the dye with acidi-

fied butanol, or the undissolved dye with hot N,N-dimethylformamide in



cases of butanol insoluble dyes. Impurities or addi:ives remained behind
or were selectively retained in the extractant while the dye was re~
precipitated.

Gasparic (1972) discussed paper and thin layer chromatography of
azo pigments and lakes. Warm N,N—dimethylformamide was the best sol-
vent for spotting these sparingly soluble substances, but it had to be
thoroughly removed before proceeding with development by benzene or
toluene. More polar developers were required for the lakes.

Gilhooley et al (1972) described procedures for extracting food
dyes from water soluble foods, baked goods, and prucessed meats. The
extracts were then chromatographed over polyamide columns to further
purify the dyes, prior to identification by known thin layer chromato-

graphic techniques.,



VII. CHEMICAL REACTIVITY

A. Environmental and use associated reactions

In the application of dyes to whatever is intended to be colored,
chemical reactions are sometimes employed but they do not involve the
azo linkage. The amphoteric protein nature of wool and silk renders them
easily colored by dyes having amine or sulfonic acid groups through salt
formation. Dyes containing these groups and/or hydroxy or carboxy groups
can be fixed to cotton by a process called mordanting. This involves
first reacting the cotton with a metal oxide (for acid groups) or tannic
acid/tartar emetic (for basic groups). Again, simple acid-base reactions
are involved. Generation of the azo group, and thusly the dye, on cotton
itself has been practiced nearly a hundred years. Ir "ice coloring' a
phenol is soaked into the cotton, and then reacted with an iced diazonium
solution. In "ingrain dyeing'" an amine is first applied to the cotton,
then diazotized, and finally immersed in a phenol solution. A dye type for
cellulosics that covalently binds to the fiber has been developed in the
last 15-20 years, and consists usually of a suitable dye which has been
modified by the addition of a dichlorotriazinyl group. The dyeing takes
place in an alkaline medium to assist the displacement of one of the chlor-
ine atoms by one of the hydroxyl oxygen atoms of the riber. Alternatives
to the dichlorotriazinyl group are vinylsulfonyl (+SO,~CH = CH,) and ac-

tivated alkyl hydrogen sulfate; both give ether linkages with the fiber



in the same fashion as the triazinyl.

When used as chemical foaming agents the two compounds azodicarbonamide,

H,NC(O)N = NC(O)NHZ, and azobisisobutyronitrile (AIBN), [NCC(CH3),N=],, decom—

pose when heated to give off nitrogen gas. The residual parts of the
molecules may decompose further or combine with one another. When the AIBN
is used to initiate polymerization, it breaks apart into NCC(CH3)2N' radi-
cals., These eventually recombine, combine with H+ radicals, or other
radicals generated in the overall process or present on equipment walls.

Mytelka and Manganelli (1968) demonstrated that irradiation with a
Co-60 source of the mother liquor from production of Direct Red 79,
assisted by oxygenation, decolorized the liquid and reduced its oxygen
demand. Furthermore, the treated waste became more viodegradable.

Trimmer (1971) reviewed the recent literature and also reported the
results of his own studies on purifying textile planti wastes of dyes.

A variety of oxidative methods, among some non-chemical ones, were tried
but it did not look as if any one treatment method could be considered
generally applicable.

Evans (1971) indicated that azobenzene, in an acidic, dilute ethanol
solution, was converted by sunlight via the Beckmann rearrangement into
benzidine {(probably far more toxic than azobenzene) and via intramolecu-
lar ring closure into benzo{clcinnoline (9,10~diazapheranthrene).

Van Beek et al (1971) in a study of 18 azo dyes in water or ethanol
solution found that flash photolysis in the presence c¢f a proton donor
first produced -NH-N- radicals. Two of these disproportionated to form
-NH-NH- and -N=N-. The -NH-NH- decomposed to -NH, or reverted to -N=N-.

B. Aspects with biological implications

Cilento (1952) found that o-aminoazotoluene, p-diethylaminoazobenzene,
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and 3'-methyl-dimethylaminoazobenzene formed complexes with bile acids.

von Euler et al (1952) heated p-dimethylaminoazob=nzene with
cysteine*HCl in methanol. They recovered 1/4 of the dye unchanged, and
1/4 as 1,4-diaminobenzene. In another experiment incubation of the dye
with ground rat liver for two hours at 37°C resulted in complete loss of
color.

Kawail (1952) studied the decomposition of p-aminoazobenzene, p-
methylaminoazobenzene, and o-aminoazotoluene by fresh slices of rat liver
or kidney. The N-methylated dye decomposed at a slower rate than the
other two. The liver showed the greater capacity for decomposition.
Supplementation of the basic rice diet with yeast, l.ver powder, or
liver extract improved the ability of liver slices tc decompose the dyes.
Spiking of the slices with riboflavin likewise increused this.

Diemair and Boekhoff (1953) studied the inhibition of pepsin (in
gastric juice) by azo dyes. The order of decreasing inhibition found
was: Orange GG, Brilliant Black = Naphthol Red S, Ponceau 6 R, Fast
Yellow Extra, Bordeaux R = Orange SXX = Tartrazine XX, Cochineal Red A =
Yellow 27175, Fast Red E, Thiazine Brown R. The concentration range
50-1000 mg/l was used, the Orange GG showing 3% inhibition at the low eni,
and the Thiazine Brown R only 137 at the high end. Total inhibition at
the high end was found with the first four dyes mentioned. In a follow
up study on inhibition of trypsin, the dyes Bordeaux ¥, Brillian Black,
and Orange SXX were found effective.

Burkhard et al (1953) found that the binding of albumin from bovine
serum to 4-amino-4'-sulfoazobenzene was slight, but increased if the
amino group was removed or alkylated.

von Euler et al (1954) reported on the metabolism of p-dimethyl-
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aminoazobenzene by rats. When incubated for 24 hours with 1 g of normal
rat liver, as much as 40 ug of dye was totally used up. When cancerous
liver was used under the same conditions, 0, 55, and 75% of 10, 20, and
40 ug quantities of dye, respectively, remaincd. Homogenized intestine
in 24 hours used up 99-100% of the dye. Therc appeared to be some limit
on the ability of the rat to clear the dye trom its stomach as 2.3 mg
remained 12 hours after introduction orf 12 mg; i{or comparison, 0 myg
remained 23 hours after dosing with 18 mg. Blood concentration of azo
dyes, 6.4 ng/g, was found 20 hours following an oral dose of 12 mg of
the dye at the conclusion of a 55 day period during which 540 mg of

dye was administered, orally. The liver contained 0.35 pg/g of a mix-
ture of the dye and its mono- and di-demethylated metabolites, at the
end of an eight month period of daily oral dosing with 6 mg dye.

Hatem (1959) reported that histamine formed complexes with the
carcinogens: p-aminoazobenzene, 2',3~dimethyl-4-aminoazobenzene, and
3'-methyl-4-dimethyluminonzobenzene.

Kusama (i460) introduced into the stomachs of male rats the carcino~
genic azo cowpounds: p-N,N-dimethylaminoazobeuzene, 2',3~dimethy (-4~
aminoazobenzence, p-aminovazobenzene, p-i-methylawincazobenzene, and 3'-
methyl-4-N,N- Jimethylaminoazobenzene. He then showed that the dyes were
bound to tvrosine moteeules in the 1iver,

Matsumot o and Terayama (1961) compared thi- rates of N-demethylation
by rat liver homogenate ol various N- and ring-methyl-substituted p-
methyl, alkylaminoazobenzenes. They did not find any correlation between
the rates and the known carcinogenicities.

Matsumoto (1961) used homogenized rat liver to N-demethylate a

variety of C- and N-alkylated p-aminoazobenzenes. It was found that those
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compounds which resisted demethylation were also non-carcinogens;
however, only some of those which did demethylate were carcinogens.

Ishidate and Hanaki (1961) conducted non-enzymi~ oxidative N-
demethylations of ring methylated p-N,N-dimethylaminoazobenzene. They
found that the reaction rates correlated with the pi-electron density at
the amino N, but not with carcinogenicity.

Callander and Roberts (1961) studied the ability of hydrogenase
from Azotobacter vinelandii and Desulfovibrio desulfuricans to catalyze
the reduction of azo linkages. The compounds tested and the results are
given in Table 14. A + means that reduction occurred. A + in the
Indirect column means that a "carrier", benzyl viologen (from 0.5-1 part
per 1000 parts of azo compound), was required for reduction to occur.
Seemingly, direct reduction was related to the ability of the groups
bonded to the azo linkage to withdraw electrons from lt.

Sikorska and Krauze (1962) studied the effects ot FD&C dyes on the
activity of succinic oxidase from rat liver (homogenized). At the level
of 4 ug dye/mg rat liver only food Black No. 1 showed any effect, an
8-16% inhibition. At 400 ug/mg: chrysoidine had no effect; food Yellow
Nos. 3 and 4 had an inhibition of <20%; direct Blue No. 5, food Red Nos.
2, 3, and 7 had an inhibition of 20-50%.

Manchon et al (1962) studied the effect of methyl orange on oxygen
consumption of various substrates and rat liver homogenate or a supernatant
thereof. Using homogenate and glucose-6-phosphate (3.3 mM) there was a
17% decrease when the concentration of dye was 14-86 uM; using supernatant
the decrease was 40%. On a different strain of rats these figures were
11 and 327%, respectively., Using homogenate, 10 mM o-ketoglutarate, citrate,

or succinate, and 0+195 uM dye, there was a 367 decrease for the ketoglu-
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Table 14,

THE CONCFNTRATION OF SUBSTRATE WAS 10~2 Jf IN ALL CASES

Reduction of Azo Bonds by Hydrogenase
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tarate (mostly reached at about 60 UM dye) , nominal decrease for the
citrate, and a 53% increase for the succinate (still rapidly increasing
at 195 uM). With the substrate D-phenylalanine (20 mM) and 86 uM dye,
a noticeable decrease in oxygen consumption occurred.

Manchon and Lowy (1962, pp. 1619-22) demonstrated that the ability
of rat liver homogenate supernatant to reduce the azo linkage of methyl
orange was increased when the rat had been allowed to drink water con-
taining 0.2 g/l of the dye for 18-39 days. However, this higher activity
supernatant was inactive against ethyl orange.

Matsumoto and Terayama (1965) compared the rates of reduction by
rat liver hydrogenate of the azo linkage of ring-methylated mono-~ and
dimethylaminoazobenzenes, and also p-RyN-azobenzene (where R, is all
possible combinations of H, Me, and Et). They found nc correlation
between the reduction rate and carcinogenicity, or pi-eliectrcn density
at the azo linkage.

Matsumoto and Terayama (1965, pp. 331-7) gave rats oral doses of
various derivatives of p-aminoazobenzene. From the livers they ex-
tracted dyes indicative of N-dimethyl types breaking down to N-methyl
and -NH,, and of N-methyl types breaking down to -NH, or dispropor-
tionating to -NH, and N-dimethyl. Those dyes having -NH; to start and
methyl groups on one of the phenyl rings were not able to produce N-
methyls or N-dimethyls.

Matsumoto and Terayama (1965, pp. 339-51) found that one of the
liver metabolites from feeding 2',3-dimethyl-4-aminoawobenzene to rats
was 4,4"-bis(o-tolylazo)-2,2'-dimethylazobenzene, apparently resultant
from oxidative coupling of the 4-amino group of the parent (also known

as o-aminoazotoluene).
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Higashinakagawa et al (1966) studied the degradation in rat liver
of orally administered N,N-dimethylaminoazobenzene. Apparently the firsr
step was loss of one of the methyls. Then the remaining methyl became
coupled to the sulfur atom of a methionine residue, thereby generating
the precursor to the polar dye commonly extracted from the rat liver
after chemical decoupling of the methionine from its protein tail.

Westrop and Topham (1966) found as liver metabolites in rats fed
4-dimethylaminoazobenzene: 4-methylaminoazobenzene, 4-~aminoazobenzene,
4'-hydroxy-4-dimethylaminoazobenzene, 4'-hydroxy-4-methylaminoazoberzene,
4'-hydroxy-4-aminoazobenzene, and 4'-hydroxy-4-acetylaminoazobenzene.

The same four hydroxylated metabolites were found when 4'-fluoro-4-
dimethylaminoazobenzene was used, but in lower amounts. This readr dis-~
placement of the fluoro atom was unexpected, and it raised some concern
about the validity of studies which had introduced fluorine atoms at
various positions on the phenyl rings of azobenzenes to determine if
these positions were actively involved in carcinogenesis.

Westrop and Topham (1966, pp. 1395-9) found that there was uo
correlation between carcinogenicity and total 4'-hydroxylated metabolites
in the liver of rats fed 3-methyl-4-methylaminoazobenzene,4-dimethyl-
aminoazobenzene, and the latter's 2-,2'-, or 3'-methyl derivatives. In
contrast there was a correlation with these 4'~substituted derivatives:
chloro, ethyl, fluoro, methoxy, methyl, nitro, and trifluoromethyl. The
authors hypothesized that the hydreoxylation occurred initially on the
amine N after one demethylation, followed by an internal rearrangement
of the hydroxy to the 4' position. It had not been possible to prepare
the intermediate N-hydroxy to test this.

Turba et al (1966) incubated homogenized rat liver with 3'-methyl-



N,N-dimethyl-4-aminoazobenzene which had a C-14/H-3 ratio of 0.60.

This ratio was 0.43 and 0.62 in the cytoplasmic and microsomal protein
fractions, respectively, of the post-incubation homogenate. This differ-
ence was interpreted as indicative of N-demethylation occurring while the
dye was bound to the cytoplasmic protein.

Daniel (1967) examined the comparative rates of azo linkage reduc-
tion of tartrazine, Orange 1I, and Orange G by rat liver homogenate
supernatant, and found them to be 1, 2.5, and 3.4, respectively (male
rats), or 1, 2.5, and 2.9, respectively (female rats). The difference
between male and female rats in the reduction of Orange G was deemed
of low significance because of wide variance.

Lolua et al (1967) commented that iron was capable of reducing azo
linkages in acid media to the hydrazo (-NH-NH-) or amine stage. They
found that 0.1% of sorbic acid was sufficient to protect amaranth,
chrysoidine, and tropaeolin.

Ryan et al (1968) tested the ability of rat liver homogenate and
protein preparations from the intestinal bacteria E. coli and Proteus
vulgaris to reduce the azo linkage of a variety of water-soluble azo
dyes. Their results are presented in Table 15, and are indicative of
metabolism of common food and drug dyes occurring in the intestine, not

the liver.
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Reprinted with permission from Nature
219(5156):854-5 (1968). Copyright by
MacMillan Journals Ltd.

Table 15. Reduction of water-soluble azo dyes by rat liver homogenate
supernatant and soluble bacterial preparations

Percentage reduction#*

Color Bacterial
Dye Index No. Liver Proteus E. coli

Tartrazine 19140 4.0 54 24
Lissamine fast 18965 17.0 - -

vellow 2G
Amaranth 16185 76 G5 91
Ponceau SX 14700 0 &5 81
Fast yellow 13015 41 95 91
Naphthalene fast 16230 9.0 95 92

orange 2G
Sunset yellow 15985 11.0 95 95
m-Methyl orange - 72 93 60
Neoprontosil - - 95 60

* Incubated anaerobically, and assayed after 60 min. Corrected for
protein binding.

The incubation medium contained liver homogenate equivalent to 250 mg
wet weight, or soluble bacterial protein (2 mg) together with dye (1 uM),
MgCly (2 uM), NADP (300 uM), glucose-b-phosphate (250 yM), glucose-6-
phosphate dehydrogenase (1 Kornberg unit) in 0.07 M phosphate buffer,
pH 7.4.

Maher et al (1968) allowed N-benzoyloxy-N-methyl-4-aminoazobenzene
and biologically active DNA from Bacillus subtilis tc interact at room
temperature and pH 7.5. As a result the DNA suffered severe reduction
in transforming activity, increase in frequency of mutation, and decrease
in buoyant density. None of these changes resulted from contact of the
DNA with 4-methylaminoazobenzene.

Lin et al (1968) identified the polar dye P2Zb from the liver of
rats fed 4-methylaminoazobenzene as 3-(homocystein-S-vl)~-4-methylamino-
azobenzene.

Wu and Smuckler (1968) isolated rat liver microsomes and incubated
them with 4-amino-, 4-methylamino-, and 4~dimethylaminoazobenzene.

Cleavage of the azobond was much faster in the monomethylated compound.

Demethylation rate was equivalent, The optimal cleavage conditions did
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not produce any demethylation. Rate of cleavage was always greater than
rate of demethylation, apparently just the opposite of the situation in
intact animals.

Lin et al (1969) reacted tyrosine with N-benzoyloxy-N-methyl-4-
aminoazobenzene to give a pair of polar dyes. These were shown to be
identical (spectroscopically, chromatographically, and chemically) with the
two polar dyes, commonly designated Pla and P1lb, which may be isolated
from the liver of rats fed N-methyl-4-aminoazobenzene. Pla was tempor-
arily described as N-(3-tyrosyl)-N-methyl-4-aminoazobenzene, and P1lb as
3-(3-tyrosyl)-N-methyl-4-aminoazobenzene. By oxidation with hydrogen
peroxide the authors were able to convert synthetic 3-(homocystein-S-yl)-
N-methyl~4~aminoazobenzene into a sulfoxide which was identical with the
minor polar dye Plc, These four dyes Pla, Plb, Plc, and P2b comprise
90%Z of the polar dyes derived from hepatic protein-bound dyes by suc~
cessive enzymic and hot alkaline hydrolysis.

Matsumoto and Terayama (1970) gave rats p-methyl-, and dimethyl-,
and methyl ethyl aminoazobenzenes in which the carbors and/or the protons
on the carbons of the alkyl groups were radioisotopes. Analysis of the
polar dyes isolated from the liver indicated that: the ethyl group was
preferentially cleaved, only one methyl of the dimethyl compound was
cleaved, and the dye was not bonded to the liver proteiu through the
N-methyl group (the latter in confirmation of work by Lin et al (1967).

Harris et al (1971) showed that MesNC(O)N = NC(O)NMe;, a tetra-
methylated azodicarbonamide, reversibly converted glutathione (GSH) to
the oxidized form (GSSG) in nucleated mammalian cells with cnly nominal
oxidation of protein SH. The authors considered the azo compound a use-

ful tool in the study of the biochemistry of GSH.
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Deleted because of copyright clearance

Gangolli et al (1972) demonstrated that the complexes between rat
serum protein and the azo food dyes Sunset Yellow FCF, Black PN, and

Black 7984 readily separated during electrophoresis on cellulose acetate.
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The protein-amaranth complex did not separate on cellvlose acetate, but
did on polyacrylamide gel.

DuPlooy and Dijkstra (1972) studied the polar extractable metabolites
from the liver of rats given 4-dimethylaminoazobenzene. Between one and
thirteen hours after dosage six metabolites were present at any one time,
but at the fourth hour the amount peaked and consisted mainly c¢f the
O-sulfate esters of 4'-hydroxy-4-methylaminoazobenzene and 4'-hydroxy-é4-
dimethylaminoazobenzene. If at the time of dosing an i.p. dose of
methionine~S-35, or if 1/4-1/2 hour before sacrifice a s.c. dose of ionic
sulfate-S-35, were given, then S-35 was incorporated into the metabolites.

Henkens and Sturtevant (1972) reported that the esterase activity
of bovine carbonic anhydrase was completely inhibitec by the metal-chelator
%-(8-hydroxy-5-quinolylazo)-1-naphthalenesulfonate.

Connors et al (1972) compared the ability of various preparations
from rats to reductively cleave the azo bond of 2'-caiboxy-4-di (2~
chloroethyl) amino-2-methylazobenzene. The preparations were supernatants
from homogenates of gut, gut (entire homogenate), Walker 256 tumor cells,
spleen, kidney, and liver. The relative rates of cleavage, in the same
order, were: 1, 4.4, 5.3, 7.9, 8.1, and 27.

Albrecht et al (1973) compared the effects on liver functions of
medium term feeding to rats of amaranth and 4-dimethylaminoazobenzene.

The animals were fed from weaning, up to 2, 3, 4, and 9 months of age,
consuming over these periods (in grams): 1.4 or 0.6, 3 or 1.2, 16 or
1.9, 43 or 5.1 of amaranth or the carcinogen, respectively. The amaranth
had no effect on weight gain or liver weight (as a percentage of body
weight). The carcinogen caused a noticeably lower weiglt gain at 2

months, but at 9 months the controls were only slightly heavier. The
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carcinogen caused liver weights to be much higher as a percentage of body
weight. The amaranth had no effect on the percentage of protein in the
liver, while the carcinogen caused reductions at 2 and 9, but not 3 and 4
months. The amaranth had no effect on glucose~6-phcsphatase, while the
carcinogen lowered it at 2, 4, and 9 months. The amaranth had no effect
on glucose-6-phosphate dehydrogenase, while the carcinogen raised it at

2 and 9 months. The amaranth had no effect on 6-phosphogluconate dehydro-
genase until 9 months, when a lowering occurred; the carcinogen, on the
other hand, raised this enzyme level at 2 and 9 months. Amaranth had no
effect on the ability to cleave the azo bond of amaranth, while the car-
cinogen increased this agbility at 2, 4, and 9 months {on a per 100 mg of
protein basis). Neither dye had any effect on the activity of NADPH-
cytochrome C reductase. Liver homogenate supernatant was used for the
enzyme studies.

Chauveau and Benoit (1973) fed weaned rats a diet containing 0.06%
4-dimethylaminoazobenzene (DAB) or 0.063% 2-methyl-4~dimethylaminoazo-
benzene (2-Me~DAB) for 1-3 weeks. DAB bound to total liver protein was
the same at 14 as 7 days, then increased 20% at 21 days. Contrastingly,
2-Me-DAB bound to total liver protein was the same as DAB at 7 days, but
increased steadily (by 57% at 21 days). DAB bound to liver DNA peaked
at 14 days, then dropped by more than 507 at 21 days. The 2-Me-DAB
bound to liver DNA peaked at 7 days and remained unchanged. The DNA-
bound DAB/2-Me-DAB ratio was 2.47, 3.69, and 1.6 at 7, 14, and 21 days,

respectively.



VIIT. BIOLOGY
A. Metabolic effects

1. absorption

Radomski and Mellinger (1962) found only 2-4% absorp»tion by rats of
the food dyes amaranth, Ponceau SX, and Sunset Yellow from the g.i.tract.

Ryan and Welling (1967) found that chemically pure Sudan III fed to
rats as a suspension in methyl cellulose mucilage, olive o0il, or oleic
acid showed negligible absorption from the g.i. tract. Previous reports
to the contrary presumably resulted from the use of impure commercial
material.

Walker (1970) reviewed the literature on metabolism of azo compounds,
including absorption. His review indicates that in genevral, highly sufon-
ated dyes aren't absorbed. However, there is a good prssiblity that they
may be cleaved at the azo bond by the intestinal flora, and the metabol-
ites may be absorbed. The same "pre-metabolism" interZeres with judgments
on the extent of absorption of the non-sulfonated, oil soluble dyes.

Gibaldi and Grundhofer (1972) found that the permeability of everted
rat small intestine to methyl orange increased 100% after a 1/2 hour con-

tact period.

2. excretion

MacDonald et al (1953) studied the metabolism of the N-methyl groups
of strongly and weakly carcinogenic members of the N~ and ring-methylated-
4-aminoazobenzene series. Using C-14 labeled N-methyl groups for ease of
detection, they reported the results in Table 16. Prefeeding of the
appropriate dye (non-labeled) for three weeks prior to the gastric tube
dosing with the labeled sample (+ in the second column) had no consistent

effects on the excretory pattern. No discernible pattern correlating
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TABLE 16.
DISTRIBUTION OF Ct IN THE RESPIRATORY CARBON DioXIDE, URINE, AND FECES OF

RATS FED CERTAIN N-METHYL-Ci-LABELED DYES
PER CENT OF TOTAL ACTIVITY ADMINIBTEHED
. Accountd
N-Mging-Cio- Pavrseping Fxpired COs Feces Vrine for in
ta LED OF UNLABRLED

LYY oY 5 hr. 10 br. 48 he, 48 he, 43 hr, 48 hr,
DAB - 25 44 60 ] H4 80
+ 25 51 60 4 10 86
MAB - 25 38 48 5 N 18 71
-+ 21 40 51 4 18 74
3. Methyl-DAB - 24 A7 66 7 14 87
+ 23 42 56 5 21 82
4'-Methyl-DAB - 21 35 46 14 ¥4 7
+ 20 33 47 [ 1d (Y]
4’ -Methyl-MAB - 23 42 60 7 23 00
+ 22 37 49 8 35 02
$-Methyl- MAB - 24 40 60 6 10 76
+ 20 38 59 9 14 82

Reprinted with permission from Cancer
Research 13:292-97 (1953). Copyright by
Cancer Research Inc., and the Americar.

___Association for Cancer Research.
carcinogenicity or degree of N-methylation with distribution of excreted

C~-14 was found.

Ishidate and Hashimoto (1959) examined the urine of dogs after oral
dosing with 4-aminoazobenzene (AB), 4-dimethylaminoaznbenzene (DAB), or
4'-hydroxy-4-aminoazobenzene. In the 3-7 hour urine was found AB, N-methyl
AB, 3-KO0SO3-AB, 4'-KOSO3-AB, 3-H0SO3-AB, 3-HOSO3-N-glircosiduronate-AB
(probably). In the 24 hour urine was found o~ and p-hydroxyaniline,
toluene, p-phenylenediamine, AB, 4-methyl AB; the o-hydroxyaniline pre-
dominated.

Ryan and Wright (1961) examined the biliary excretion of unchanged
dye after i.v. injection of a number of food quality dyes in rats. Their
results are given in Table l6a, and do not indicate any relationship between

structural type and metabolization.
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Reprinted with permission from J. Pharm.
13(8): 492-95 (1961). Copyright by
Masson ET CIE

TABLE 16a.
BIIIARY EXCRETION OF WATER SOLUBLE SULPHONATED AZQO DYES FROM RATS
[
Colour Index Average excreted Fxcretion
Name No. per cent (4 exp.) ange
Azrobenzenes
Methy! orange .. .. 13025 35 38-59
1 .Sulpho-4-dime? hylnmmouobcnz:ne .. .. -— 27 15-40
Fast yellow | . .. 13015 10 2-16
Phenviazonapht nalene:
Naphthalene fast ornnge 2Gs .. . . 15510 46 25-60
Red 10BS .. .- . .. 17200 12 5-20
Geramine 2GS .. .. .. .. .. 18050 64 60-70
Ponccau RS .. .. .. .. .. 16150 15 10-20
Orange GCN .. .. . . . 15980 23 10-40
Sunset yellow .. .. .. .. .. 15988 22 20-30
Scarlet GN L, .. .. .. .. . 14815 0 —
Poncean §X .. .. .. .. . 14700 48 3060
Azoncphtnaleres
Canncisine . .. .. .. o .. 14720 38 3040
Brithaot scarlet . .. . e .. 16255 ke 3045
Amaranth | . .. .. .. .. 16185 53 4379
Pltemluzopy razolts
Tartrazine .. . . 19140 1 0-2 >
Lissamine fast ycIIOW 20 .. .. .. 18965 96 95-100
'

Radomski (1961) studied the fate of Citrus Red Nc. 2 and external D
& C Red No. 14 when administered to various animals. Rats excreted un-
changed No. 2 (stomach tube administration) in the feces within 48 hours:

6 * 17 of a 2-20 mg dose, 0% of a 0.5 mg dose. However, they excreted 26%
of a 15 mg dose administered as 1/2% of the normal diet. Rabbits excreted
0.9% of a 200 mg tubal dose, 0% of a 100 mg dose. Dogs excreted 1.17 of

a 100 mg tubal dose, 0% of a 20 mg dose. Very similar results were found

with No. 14 dosage (no normal diet test was done).

Dogs given a tubal 100 mg dose of No. 2 did not excrete unchanged dye
in the bile. No test of No. 14 was made.

Glucuronide analysis on 24-hour urine of three each male and female
rats given 100 mg/kg tubal No. 2 showed increases of 2.4-7,8 fold. Ethereal
sulfate analysis on the same urine (pooled) showed a 2.l fold increase. The
major component in the urine was the O~ glucuronide of the unchanged dye.

Of the total of eight suspected dye related components found in the urine,
the only other positive identification was l-amino-2-naphthyl sulfate.

Experimental difficulties prevented confirmation of the O- glucuronide of
l-amino-2-naphthol as another possibility. When No. 14 labeled with C-14

in the naphthalene ring was given orally to rats, it was found that in a



27 day period 86% of excreted activity was in the feces, 147 in the urine.

About 437% of the administered dose of activity appeared in the feces within

24 hours, then fell off rapidly. Urinary activity was about the same at
27 days as at 72 hours. There were three more colored metabolites of No.
14 in the urine than No. 2 (2), and a total of nine suspected compounds,
the only identification being l-amino-2-naphthyl sulfate.

The intestinal contents of five rats were removed and mixed with
200-300 ug/g of No. 2. Within 24 hours there was no remaining intact dye
in two cases, all of it remaining in two cases, and 237 remaining in the
last. The same experiment on dog and rabbit intestines showed rapid dye
destruction in all cases. Attempts to measure the fecal excretion of ad-
ministered dye and then run the in vitro study on the intestine of the
same rat showed no correlation between in vivo and in vitro results. The
in vitro rat, rabbit, and dog studies with No. 14 gave the same results as
with No. 2.

Radomski (1962) in a follow-up study was able to confirm the presence
of the O-glucuronide of l-amino-2-naphthol in the urine of rats given ex-
ternal D&C Red No. 1l4. He was not able to detect thir substance in the
urine of dogs similarly dosed.

Radomski and Mellinger (1962) found that in oral dosing of rats with
amaranth, Ponceau SX, and Sunset Yellow food dyes, increased quantities of
unchanged dye in the feces could be generated by dosing with antibiotics
to depress the activity of the intestinal flora. Of tlhe 2-47% of these dyes
which was absorbed through a normal g.i. tract, most was excreted unchanged
in the bile.

Robinson et al (1964) gave rats i.p. injections of 4-aminoazobenzene

(AB), N,N~dimethyl AB, 3',N,N~trimethyl AB, or 2,N,N-trimethyl AB, and
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then analyzed the urine at 24, 48, and 72 hours for certain azc cleavage
metabolites (the urine was acid hydrolyzed). About 10% of the N,N-dimethy:
AB appeared as p-phenylenediamine, and 707 as p—aminonhenol within 24
hours; neither increased over the additional 48 hours studied. About 187%
of the 3',N,N-trimethyl AB appeared as p-phenylenediamine, and 28% as 4-
amino-2-methylphenol within 24 hours; neither increased over the additional
48 hours. About 18% of the AB appeared as p-phenylenediamine, and 907 as
p~aminophenol within 24 hours; neither increased over tae additional 48
hours. Only the 2,N,N-trimethyl AB showed increases with time; one
metabolite, 2,5-diaminotoluene rose  from 14 to 37 to 78%, while the other
metabolite, p-aminophenol, rose from 47 to 73 to 80% of the theoretical.
The separate injection of p-phenylenediamine resulted in enough more of

it being excreted in the urine to indicate that the low amounts found

above didn't likely result from in situ destruction.

Radomski and Harrow (1966) administered 1-(o-tolylazo)-2-naphthylamine
(Yellow OB) into the stomachs (ligated just beyond the pyloric sphincter)
of rats. After six hours they were able to extract material corresponding
in UV spectrum to an imidazole, resultant from the reaction of an aldehyde
with the dye. Separately the authors administered a single dose of C-14
labeled dye to rats and examined the feces and urine for four days. Of the
total activity excreted, 87.5% appeared in the initial two days; of this
82,2% was in the feces and 17.87% in the urine. Chromatograp?y of the feces
extracts revealed unchanged dye, and dye with a hydrory at the 6 position
of the naphthyl. 1In still another test the rats were given the dye orally
at the same time an i.m. dose of S$-35 sulfate was glven; both bile and
urine were collected. In the bile were found six colorad and one colorless

metabolites: unidentified (S5-35), unidentified (no S-35), 1l-(o-tolylazo)-
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6-hydroxy-2-naphthylamine-O-hydrogen sulfate N~glucuronide (S5-35), 1-(o-
tolylazo)~6-hydroxy-2-sulfaminonaphthalene~0O~glucuronide (S—35); 1-(o-
tolylazo)-6-hydroxy-2~-naphthylamine~N-glucuronide (no $-35), l1-(o-tolylazo)-
2-sulfaminonaphthalene (S-35), and a naphthalene derivative of reduced

azo (colorless, no S-35). In the urine were found three colored and three
colorless metabolites: wunidentified (S-35), 1-(o-tolylazo)-6-hydroxy-2-
sulfaminonaphthalene-0-glucuronide (S-35, also found in bile), 1-(o-tolylazo)-
2-sulfaminonaphthalene (S-35, also found in bile), unidentified (colorless,

no S-35), unidentified (colorless, no S-35), and unider.tified (colorless,
S-35).

Sato et al (1966) investigated the occurrence of N-hydroxy metabolites
in the urine of laboratory test animals given parenteral doses of carcino-
genic and non-carcinogenic members of the 4-amincazob2nzene family. Their
findings are given in Table 17. The authors were able to synthesize N-
hydroxy-4-aminoazobenzene, but found it somewhat unstable even when kept at
0-5°C under a nitrogen atmosphere.

Ryan and Welling (1967) gave a single oral dose of pure Sudan III, or
a single i.p. dose of pure Sudan III and Sudan IV to rats. There was no
excretion of either, or any metabolites, via the bile or urine. From the
oral dose of III, 84-95% was recovered in the feces, wnchanged. From the
i.p. dose of III, 6% or less, depending on amount given, was recovered in
the feces, unchanged. From the i.p. dose of IV, less than 3.5% was re-
covered in the feces unchanged. When an i.p. dose of III tritiated in
the terminal benzene ring was given, after 96 hours orly 16% of the ac-
tivity had appeared in the urine (only 9% in a female), 5% in the feces
(2% female), and < 1/2% in the bile. The major metabelite (80%) in the

urine proved to be 4-aminophenol. The authors commented that the failure
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Reurinted with permission from Cancer
Research 26(8):1678-87 (1966). Copyright
by Cancer Research Inc., and the
American Association for Cancer Research.

rtapLy 17.
THE URINARY EXCRETION OF N-ACETYL-4-AMINUAZUBENZENE AND 113 N-y 3., aNDp 4 HTynnoxy Dennvaty
BY Rara, MICE, AxD HAMSTERS AFIER ADMINISTRATION OF AMINGAzZo IIvRa
8 % OF DOSE FXCRKTED A%
SPIES Srx | CoMPOUND In)ECTED AND ROUTEY Drer :‘\‘:1\.-\{;.\:;56 — . N e
AAB N-Hydroxy-AAB 3 Hydioxy-AAD | ¢ Tioquey A4
Rat ¥ AAB (sc) Control 1) [UN3 0.30 0.10 : 070
M AAB (Gp) Control 7 ({1) 018 4 0.0 1025 4 008 1033 4 017 ' 0+ 0
M AAB (i p) Nho.-defl. 16 01l 0,22 0.30 \ (g
M O|ON Hydrony-ASB (.p) | Control 2 @) 0.17 0 92 02 ? noo
A N Hydiony AN (1) Pty def, 1 (H 0.7t 0.11 (L i (U
M ATV () Control 1 () (X1 0,112 0.0y i nist
Mo oas oy Rito.-def. 1A .07 v.10 0.17 : TN
AV MAB (ip) Control 1 () 0.0t n.i. 002 ‘ i,
M | MAB (p) Kby .- def. 1(5) 0.07 0.6 0.13 j ¢
M DADB (ip.) Libo -def. 1 (") 0.03 0.02 0.08 | 0 ny
M | N llvdrow-AB (s.c.) Control 16y 0.03 0.17 0.15 | N
e 1 AAB (1) Contiol 2 (16} 0 6y 2.4 0.1¢ ) (LY
I N-avdvowy-AAB (L p) | Cunteol () 0 & 21.0 0.12 g
¥o| AB(ip) Conirol 1 (0) ni. 0.12 i L om
¥ N-Hydrony-AD (5 ¢.) Controt 1 (G) ni. n.i. ni i
Lagiater | NI AAB (ip)) Cantrol 1 () 0.91 2.3 0.13 ! 11
Mo NHadraav-AAR (i p) | Control 112 015 5.2 0 1R ‘ 1
N AB (1 p) Crntrol 1) 0.10 2.1 0.32 ; bost

¥lhe sblieviations wsed mcs AR, 4 aamoarobenzens; MAT, N o thyt Sominossobenzene; DAR, N, V-dimetly 1 nnons
ooove, AAB, Neacetyi 4onmmoasobensenes nibo -def., rihotlavin-delicunt,
N Hydiovy-A 0 v deeobved i Gieape vhn (17 S mg/mal), sud 0.83 or ¢ 20 ml was wmjeeted w0 into rate
ke, respeetively. The other male rats wire injected 1p. vt 0 ind 6 he with an sn ound of dye cquimolnr to 10 g of VARSI,
bod: et 90 5 my of AAB or an cquivateot snoi of anolhor aye woere ruspended peroml of 0970 godinm chlonde solaties
Rcle rats peceived 10 my of AAB 1m0 2 1l of tricapeyviin. The ndeawereinyected once with 0 2 il of w tricapryhin suspoa won (cipe
2 0 10 my of AAB/mI), while the hanctors reecrved 0.25 1,1 of o tricaprylin suzpension which contained 50 mg of AAB «r
eynclent umount of AL or Nohdroxy-AA B ml

The wimbers in prrenthoses donote the Yo of animals v hore urine wae pooled for *he analysed.

Average 4- the probuble crior

it ot adentified) significs that no me tibolite eonld ho idcutified. The total absorption in these arcas genernl., seeow ted
fess it () My, of the dve admimstered. In the case of mice administered either AD or N-hydiony-Al, however, ne unidentin
meLolite was found on the chromatogrions 1 the position },,.,n.,nny geeupted by AAB, sud no AAD could be deteeted In these
B ces the wnidentitiod wetabohite may have seconnted for wlont 0.1%, of the admnislered compound.

fnpec i vehedides

to find this metabolite in the urine of rats dosed with unlabeled dye
resulted from the very low quantity involved.

Fore et al (1967) found that Brown FK (a complex mixture) was only
decolorized (azo linkages reduced or broken) by the contents of rat caecum
or distal small intestine, and not by stomach or proximal small intestine
Sulfanilic acid and a material similar to aminophenazines

contents.

(producable from polyaminobenzenes by condensation-oxidation) were
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recovered from these in vitro experiments. The accumulation of the break-
down products inhibited further breakdown of the components of the dye. In
Table 18 are the results of i.p. and intragastric dosing of rats with re-
gard to appearance in caecum, feces, and urine of unchanged components of
the dyve (A and B bands), sulfanilic acid, phenazine-like material, etc.
Only traces of the phenazine-like material were actually excreted after
intragastric dosing, the ultimate fate after creation in the caecum being
unknown. Similar results derived from daily oral dosing of pigs for three
months with 100, 250, and 500 mg/kg of Brown FK; traces of the phenazine
material were found in the intestines at the two higher dosages. With
rabbits given 1-9 daily doses of 1 g/kg the phenazine material showed up
only in the urine, and in more than trace amounts; otherwise results were
similar to those from rats and pigs. With guinea pigs given 3-11 daily
doses of 1 g/kg, the phenazine material showed up in the caecum. Prior to
the experiment with pigs the authors would not have expected the finding
of sulfanilic acid and the phenazine-like material in rats to have had
much meaning relative to the toxicity of Brown FK in humans. However, with
this finding they considered it of importance to determine just which bac-
teria were responsible and how widespread, interspecislly, they might be.

Hanaki (1967) reported that rats fed N-methyl-N-"sopropyl-~4-amino-
azobenzene excreted 4-—aminoazobenzene and N-isopropyl-4-aminoazobenzene in
the bile and urine. Also, by incubating the N,N-diallyl parent with rat
liver homogenate, the methyl group was the one to be cleayed. However, the
polar dye isolatable from the rat liver was shown to be N-methyl-4-amino-
azobenzene.

Walker (1970) had a good review of the literature, inclusive of ex—

cretion, into 1969.
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Table 18. Chromatographic findings® with urine, faeces and caecal contentst of rats given multiple doses} of Brown FK

Level in diet (%)
(1, 3- & 12Z-wk

Route Intragastric Intraperitoncal resuits)
Dos
(melkg/day)... 100 1000 100 500 1000 0001 001 01 10
Principal  Interval after
Specimen findings last doscthr)... 0-3  0-6  18-24 0-3 0-6 18-24 18-24 0-3 0-6 18-24 18-24 0-6 0-6 0-6 0-6
Unine Browa FR (B band) 0 0 Tr Tr Tr O-4++ 4 4+ 0 0 Tr Tr +
‘Brown colour’ Tr—-~ Tr-+ Tr Tr-+ + Tr Tr o-++ ++ 0 -+ 0 Tr Tr +
Su'phanubic acid + 4+ + -+ 4+ + 44 +++ 0 0-+ + + + 0 Tr + ++
*Bluc material’ 0§ 0§ Tr 0f Tr-+§ +++ Tr O 0 0 0 0 0o <+
UV-fluorescent spots 1 } 1-2 ’ -2 1-2 1 2 1 0 Tr + +
Yellow spot
(ahead of A band) + +
Faeces Brows TR (A band) 0 C [ 0 0 Tr 0 0 0 0 Tr 0 Tr 4~ Tr
Brovn IR bang) 0-Tr C o] 0-+ - + 0 0 0 o] Tr 0 Tr Tr -+
Saipoar e acd -+ Tr-+ 0 Rl o e e +4 0 Tr-+ Tr-+ <+ Tr 0 0 T +
‘Conyuedred colour’ Tr-+ Tr-+ 0 +-+++ 44+ +++ 0 0-Tr 0 Tr + 0 ¢ Tr +
*FPolymeric material’ Tr -+ 0 0 0 0 Tr Tr +
Phenazine-'ke material (P) 0 0 0 Tr—+ Tr Tr 0 0 0 0 0 0 0 0 O
UN-Dioroseert spols Tr-1 Tr 1 1 2 1 ! 0
Caccal o YR nd) 0 0 0 Tr~—+++ 0 0 0 0
contents and) 0 C-Tr + =+ ~--+ g 0 0 0
; + o+t +++ +++ + + + +
‘Cenjugated colour’ Tr-+ ++ +++ +++ + 0 0 ]
‘Polvimeric maferial’ T 0
Phenazine-line material (P) 0-+ O-Tr T+ +4-++4+ 0 0 0 0
UV-fluerescent spots Tr-1 1 1 1 0 2 2 0
*Symbols used: 0, no dificrence from controls without Brown FK; Tr, trace; +, 4+ and 4+ present in small, moderate and large amounts, respectively.
+Caecal conterts v cre obtained at autopsy. carried out at the end of the stated interval after the last dose of Brown FK.

+A toial of 10 dailv doses was given by intragastric or intraperitoneal routes.
§Colourless muterial giving yellow colour with Ehrlich reagent also present in this pesition.

Reprinted with permission from Food
Cosmet. Toxicol. 5:459-73 (19677.

Copyright by Pergamon Press Ltd.



Ryan and Welling (1970) dosed rats orally and parenterally, and man
orally, with the food dye Black PN. Qualitative findings of the excretory
routes of the dye and its metabolites are given in Table 19. The last
five columns on the right correspond to: azo metabolite, sulfanilic acid,
non-azc metabolite, non-azo metabolite, and non-azo metabolite, respectively
(all identified). There are two possible azo metabolites as there are two
azo linkages in the dye, but only one, apparently, was found. Residual
dve and the azo metabolite were found in the stomach wall and contents.

SA and DSA were found in the intestinal contents. None of the azo metab-
olite or dye was found in the bladder, intestines, heart, liver, or stomach
after i.v. dosage. In Tables 20, 21, and 22 are the quantitative measure-

ments of excreted metabolites. It was not found poss’ble to quantitize

Table19. Excretion of Black PN and metabolites in rats and man dosed with the colouring

Route of Excretory ,

Species dosage routc  Black PN  SNSA SA . DSA ANSA  AHNDA
Rat Oral Urine - - + — + —_
Facces +* - + + + +
Intraperitoneal  Urine +* +* + . + + +
TFacces - - + + + 4
Oral Bile + +
Intravenous Bile + + - +
Man Oral Urine — -
4 = Compound present — = Compound absent

*Found only after single dosc of 100 mg/rat.

Table20 Quantitative excretion of metabolites of Black PN after a single oral dose of the
colouring to rats and man

Excretion of metabolite (4 of theoretical yield)
with Black N dose of

Metabolite Excretory Time
excreted source (hr) 20 mg/rat 100 mg/rat* 240 mg/man
SA Urine 24 367 408 236
48 69 178 135
72 0-9 25
Total .. 44-5 583 371
Facces 43 29-5 302
T2 57 ) 28
Total .. 352 330
Urine/facces
total. . .. 79-7 918
ANSA Urine 24 <lv
Facces 48 <10

*Trace of Black PN in facces.

vl

"



Table Zk Quantitative estimation of some metabolites in bile and the gastro-intestinal
tract 8 hr after an oral dose of 25 mg Black PN{rat

Theorctical yicld of

Mzetabolite Source metabolite (4)
SNSA Bile Trace
SNSA Stomach -+ contents 3
Black PN do. 184
SA Intestine 4 contents 10-1

Table ZL Quantitative excretion of some metebolites of Blick PN after intraperitoneal
infection sf the colvuring to ratz

Excretion of meiuboliie (% of heoretical yield)
with Black I'N dosc (mg/rat) of

Mectabolite Excretory Time

excreted source (ar) 10+ 20+ 100¢
SA Urine 24 602 PR 447
58 80 39 157
72 00 Q-0 35
* Total e 68-2 653 65-9

Faeces 43 139 20-1 19
72 67 40 59
Total .. 206 24-1 24-9
Urine/{aéces total £3-8 89-4 90 8
Black PN Urine 24 00 00 06
SNSA Urine 24 717 82 60
ANSA Urine 24 50 20 —

v
*No Black PN i ine or facces; SNSA in facces. . . . .
o Black PN or SNSA in facecs, Tables 19-22 reprinted with permission

Food Cosmet.Toxicol. 8:487-97 (1970).
Copyright by the Pergamon Press ltd.

the metabolites DSA and AHNDA because of their chemical instability once
isolated. Production of sulfanilic acid apparently only occurred in the
intestine, as a result of bacterial action. The rat's enzymes did not seem
able to reduce the azo bond which would result in this particular metabo-
lite, but they did reduce the other azo link.

Gingell et al (1971) investigated the influence of intestinal bacteria
on the reductive cleavage of the azo bonds of Prontosil and Neoprontosil
by treating rats with antibiotics prior and subsequent to dosing with the
azo compounds. In Table 23 is the comparison between coatrol and antibiotic
treated animals with regard to excretion in urine and feces, and nature of
the metabolites, showing the strong effect of the treatments. In Table

24 1t is seen that, with Neoprontosil, the bacteria are involved even when
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the dye is introduced i.p. When biliary-cannulated rats were given an i.p.
dose of the S-35 Prontosil, 48% of the dose was excreted in the bile after
48 hours as the glucuronide, and only 3% as sulfanilamide; when the dose

was oral, these figures were 23.5 and 1.97%, respectiively. When Neoprontosil
was dosed orally to these altered rats, 1.47 of the glucuronide appeared

in the bile after 24 hours, and 14% appeared as sulfanilamide in the urine
at the same time; when the dose was i.p., these figures were 65 and 147,
respeétively; when the dose was i.v., these figures were 67 and 97, respec-

tively.

3. transport

Ryan and Welling (1967) showed that unchanged dye could be recovered
in the feces of rats given 1.p. doses of the dyes Sudan III and IV. Since
there was no biliary excretion of the unchanged dye, there must have been
diffusion through the peritoneum and intestinal wall.

Ozkan (1970) showed that 3'-methyl-4-dimethylaminoazobenzene could be
transported across the placenta in rats, producing changes in the liver of
the offspring in line with the amount of dye ingested by the parent.

Golub (1971) demonstrated that o- and p-aminoazo.oluene could be

transferred across mouse placenta.

4, distribution

MacDonald et al (1953) fed rats N-methylated (C-14)-aminoazobenzenes
and measured the distribution of radiocactivity in the g.i. tract and in
liver proteins - Table 24; in the table MAB and DAB are abbreviations for

4-methylaminoazobenzene and 4-dimethylaminoazobenzene.
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Table 23 . The distribution of *’S in rats receiving [**S] Prontosil orally with and
’ without treatment with antibiotics

The oral dose of [-S] Prontosil hydrochloride was 36 ma/kg and each rat received
10 #Ciof ™S, The anvhiotic treated rats each received orally ncomvein sulphate (100 mg),
baditracin (50 mg) and retracyeline hydrochloride (30 ma) twice daily for two days before
Prontosil. The antuibiotics were then given 4+ h before and 4 and 24 h after the administra-
ton of Prontosil.  The urimay metabolites were separated by paper chromatography and
radiochromatogram scans prepared. The metabolites were determined by cutting out the
appropriate arcas from the paper and counting the ureas 1in the scintillation spectrometer.
The figures given are the average values for three rats with ranges in parentheses.

%, Dose of **S found in

Days after Antibiotic-treated

Alaterial examined dosing Contro! rats rats
Urire 2 81(73-84) 43(41-45)
Facces® 2 2-1(1-7-2-4) 4-4(1-2-6-2)
Liver +lung + kidneys + spleen 2 1-8(0-4-2-9) 1-8(1-0-3-49)
Gastomntestinal tract+ contents 2 3-3(2-2-4-3) 36(30-45)
Rest of carcass 2 2-4(2-3-2-4) 6-9(5-4-9-6)
Tetal of above items 2 88(84-92) 92(90-96)

Con ponents of urine
Prentosit N-glucuronide 0-1 4-6(3-5-5-6) 1(1-1)
: 1-2 0-3(0-6-0-9) 3(2-3)
Total 5-4(4-3-6-2) 4(34)
Total sulphanilamidet 0-1 60(52~-71) 6(5-8)
1-2 14(8-21) 33(31-3%)
Total 7H72-79) 39{35-41)
Sum of above components Total 79(76-85) 43(39-45)

= At jeast 807 of the faecal activity was present as sulphanilamide (free +acetylated).

1 Free+acetviated: in the control rats about 82% and in the treAted rats about 909, of

the t il sulpheailamide exercted was acetylated.

Tables 23 & 24
reprinted witn per-
mission from Xeno-

biotica 1:14:~-56

(1971). Copyright
by Taylor & :irancis
Ltd.

Table2lt. The cffect of antibiotics on the excretion of total sulphanilamide by

rats receiving Neoprontosil

Neoprontosil disodium salt (100 mg/kg) was administered dissolved in water.

The

antibjotic-treated animals received orully 100 mg of ncornycin sulphate and 30 mg of

nystatin twice daily for 2 days before and after giving the drug.
and anzlysed for free and total sulphanilamide.
animals with ranges in parentheses.

Urine was collected daily
The results are the averages for three

Days after

%% Dose excreted in urine as

Route of administration Treatment dosing total sulphanilamide*
Oral None 1 42(38-43)
2 43(41-45)
Oral Antibiotics 1 15(9-15)
2 17(10-24)
Intraperitoneal None 1 314(26-39)t
2 37(2741)
Intraperitoneal Antibiotics 1 19(11-26)t
. 2 26(18-36)

* Free+ acetylated; in this series of experiments the extent of acctylation was 77-86%,

of the tatal culphanilamide exereted and was unaffected by the antibictics.

| Goes mnchong o Noenprenraa? (01070 of dovey was foneed in the urine after ip.

SR
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TABLE 2L &,

DISTRIBUTION OF RADIOACTIVITY IN RATS FED CERTAIN
N-METHYI-CH-LABELED DYES

DAB 4%-mrithyl- F-nethn - S -methy -
DAR MAR DAY
M M F ¥ F* M M M M M \
Duration of experiments, hrs. 5 10 10 10 10 5 10 5 10 5 10
Per cent total aetivity:
In respived CO?, 5 hrs. 26 28 25 25 19 23 20 7 18 i 29
“ 10 ¢ 40 47 48 36 40 ) 54
In stomach and smali intes- 13 8 5 3 8 20 8 12 7 27 5
tine cuntents -
In cceran and large intestine 5 8 [ 2 5 3 8 4 4 i 6
and fecey
Standard specific activityt of:
Liver protein 100 140 250 200 59 150 14 pany 1 o
Liver scrine (protein-bound) 1,000 1,400 %,400 2,300 156 2,000 530 ) RETUE LY
Liver choline 4,660 6,000 7,200 6,000 9,400 2,800 5,300 4,000 4,000 3,106 5,90
Per cent activity:
Of «crine in p-carbon 98 104 100 100 00 05 03 04 93 99
Of choline in methy! groupa 66 77 70 ki a8 100 76 89 H1 42 77

* Pooled samples from two immature rats; see “Methods.”

. . 1 ‘- H A Ivity
{ Standard specific retivity (counta/min/rog) = 107 X observed specific activity

aclivily administered (Cunta/iwial Resea Y‘Ch 'I 3 . 292_97 (] 953) . Copymy

Reprinted with permission from Cancer

Cancer Research Inc., and the American
Association for Cancer Research.

Berenbom (1959) fed male rats for four weeks on & diet containing

0.06% 4-dimethylaminoazobenzene (DAB), then for 4-5 duys using N-15

labeled DAB.

In separate experiments the labeled N was as follows:

CgHs-N* = N-CgH,NMe, (DAB-1), CgHg5-N = N*-CcHyNMe, (DAB-2), and CgHg-N

= N-CgHyN*Me, (DAB-3).

The rats were sacrificed and the homogenized

livers centrifuged into nuclear, mitochondrial, and microsome-supernatant.

In a different series of otherwise identical feedings, the three fractions

were further broken apart by solvent extraction.

Tables 25, 26, 27, and

28 present the findings on the distribution in the liver of metabolites

of DAB.

Baba (1961) gave a rat 15 mg of DAB (C-14 labelled in the non-amino

ring) via stomach tube on two occasions in a single day, followed by a rice

diet containing 0.06% of the C~14 DAB for 72 hours (elapsed time from the



initial force feeding). The liver was sectioned, rinsed free of non-
protein bound DAB, and then autoradiographed. Very little activity

appeared around the bile ducts. Distribution of the activity was nearly
uniform across the peripheral, middle, and central zones, slightly lower

in the peripheral. Activity in the two lobes was the same. Slight activity
existed in Kupffer's cells.

Radomski (1961) gave stomach tube doses of Citrus Red No. 2 to male
and female rats. After 24 hours no unchanged dye could be found in kid-
ney, liver, muscle, or spleen tissue. When the dose was 5 mg, there was
no dye in the fat, but there was 4-10 ng/g after a 20 mg dose. Starting
with sixteen rats, killing four after one day and three on succeeding days,
Radomski gave daily tubal doses of 150 mg/kg (100 mg/kg in a seven day
experiment) of the dye. He found that dye content in the fat dropped in
a linear fashion at the higher dose - none left on the sixth day from
15 ug/g after the first day, in a logarithmic fashion at the lower dose -
none left on the seventh day from 13 pg/g after the first day. This study
was repeated on external D&C Red No. 14 with similar results. More of
the dye was initially incorporated into the fat than with No. 2. Females
showing 13-39 pg/g after dose 1 showed O pg/g after dose 7; males show-
ing 13-47 ug/g after dose 1 showed 0 ug/g after dose 10 (6.5-24 ug/g after
dose 7). Drop off was smooth in the females, zig-zag in the males.

Storey (1968) studied the distribution and retention in conmnective
tissues and bones of chlorazol fast pink and related dis~ and trisazo
dyes (i.p. dosage). Two consecutive daily doses of the fast pink at 25
mg/kg to rats resulted in noticeagble external coloration still obvious
after six months. There was no staining of 17-18 day fetuses. Noticeable

color in the urine persisted six months. Internally after one day staining
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was obvious in skin, fascia, muscle attachments, most internal organs,

aortas, and bone marrow. Also colored was the cartilage in the nose, ear,

and trachea. No staining of the brain, spinal cord, eyes, nails, or hair
occurred. At six months coloring had become faint except for the aortas,
which were still bright. Young, but not old animals showed staining at
the margins of cranial sutures, dentine, and long bone growing metaphyses.
Gingell et al (1971) examined the distribution in the bodies of rats
after oral dosing with Prontosil S$-35. The results have already been dis-
played in Table 23 in connection with excretion of metabolites. Treatment
with antibiotics to study the effect on in-gut breakdown did not change the
accumulation in the internal organs, but it did increase the amount in the

carcass by a factor of 2.5-4,

TABEE 25.

QUANTITATIVE REFFLRENCE DATA FOR RATS USED IN NE-LABELED DAB FAPERIMENTS

- Toran N PER CENT OF PER CEXT OF TOTAL

Av. Av, IN LOVER TOTAL BUCCINIC

PRITINY DAB VODY WL LIVER WT. co NITHOGEN DEIN DROGENABE
(MEQ/0M
(oM.} (6m.) "ET W)
! ' N M S N M S

) 1 155 8 8 139 13 28 50 3 04 3
' 2 105 3 4 1 2t 18 27 5% 4 8BS 11
3 125 71 107 12 28 G0 2 93 S
1Mt 1 106 4.8 1.89 14 25 01 3 90 7
2 122 5.9 1.94 18 27 55 t 8 10
3 136 7.1 1 04 12 28 60 3 9 1

* Analysis of individual rat livers; avernge of three experiments for each sample of DAB.
1 Analysis of pool of three to four rat livers; average of three experiments for ench sample of DAB.

N = nuclel, M =nutochondria, 8=microsome-supernatant,

. TABLE 26. ..

DISTRIBUTION OF N3 IN TUE NUCLEAR, MITO( HONDRIAL
ANI)hfﬂﬂKﬁUh“%SUPHRNATANT‘FHACTH)VSQFTHH
LIVER OF RATS FED NE.LABELED DAB

Prit (3T OF TOTAL
NN Liven

NI1E CONCENTHATION ATOM

Fareiduest FER CENT bXCFRe X 100

{(sr1aes 1) et .
N M S N M S
DAB-1 14 19 20 R W@ 0
DAR-Q 190 395 41 10 27 63
DAB-3 2.1 29 3.9 8 24 68

Flach value is the average of three experiments.

N = nuclet, M =mitochondria, 8 = microsome-supernatant.

The N1 concentration has heen correeted for the natur
content of N of the particular fractions ns determined os rale
fed the dict coutaining nonisolopic DAB.
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TABLE 27.

RELATIVE CONCENTRATION oF NV [N THE NUCTEAR
MUTOCHONDRIAL,  AND  MICROSOME-SUPERNATANT
FRACTIONS OF THE LIVER OF RATS FED NB LABELED
DAB

ReLatove NS cunceN rhaTION
|5 SUFTATRN. §

(Bentrs 1)

N M S N M 8
DABY | 10 1.4 21 | 10 10 1o
DAB-2 10 1.8 22 14 18 14
DAB3 10 14 178 15 135 13

N =nuclei, M = mitochondria, S =microsome-supernatant.

TABLE 28,

DISTRIBUTION OF NITROGEN AND N'® IN CHEMICAL CONSTITUEN1S OF
NUCLEAR, MITOCHONDRIAL, AND SUPERNATANT FRACTIONS OF
THE LIVER OF RATS FED NY.LABELED DAB (SERies TT) |

3 ToTAL NiThOGEN, MEQ/GM. AroM PrU CENT
WET WT. 0F LIVERX 103 EXCESA NUBX10°
MaTruiaz, —
DARB-1 DAB-2 DAB-3 DAB-1 DAB- DAR-3

Nucleu: .

Cold ucid-soluble 0.8 0.9 0.8 3.1 4.0 40

Lipide 9.7 8.0 10.3 20 58 4.0

Nucleie neid 6.4 7.4 6.7 0* 0* 0*

Prolein 11.4 10.4 7.0 1.6 2.0 30
Mitochondring . ’ \

Cold neid.xoluble 1.0 1.4 1.4 1 4.0 4

Lipishe 1. [H v 9.4 EN] 4.2 4

Nueleie neid 2, 3.2 8.2 PR 4.7 3

Protein 28.4 33.3 g1 2 1.0 2.6
Microsome-super-

nafant:

Cold netd-soluble 10.4 10.4 8, 2.4 3.3 RRt

Lipide 86,7 3.7 $5.0 2.8 3.0 3R

Nucledg neid 5.0 6.1 7.4 3.4 4.8 [ X1

1Provefn 67.% ° 5T 628 20 4 20

* Too low to measure acecurately.

The N'% cuncentration has been corrected for the natural cont *nt of N'® of the
particular fractions ns determined on rats fed the dict containing nonisotopic
DAB.

Tables 25-28 reprinted with permission
from Cancer Research 19:1045-49 (1959).
Copyright by Cancer Research Inc., and
the American Association for Cancer
Research.
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B. Physiological effects

Danneberg and Schm#hl (1952) tested the estrus—inhibiting properties
in rats of a number of azo compounds. The compounds which had this property
were not necessarily also carcinogenic. Strong estrus inhibitors were:
4-aminoazobenzene (AB), N,N-dimethyl AB, N-acetyl AB, 4,N,N-trimethyl AB,
2',3-dimethyl AB. Non estrus inhibitors were: 4~methoxy~N,N~dimethyl AB,
4-pitro-N,N-dimethyl AB, 4-(phenylazo)-N,N-dimethyl AB, 1-(4-dimethylamino-
phenylazo)~-2-naphthylamine, l-phenylazo~2-naphthylamine, 1-(2-methylphenylazo)-
2-naphthylamine, 1-(2-methoxyphenylazo)-2-naphthol, and 2,4-dihydroxyazo-
benzene (4,4'-dihydroxyazobenzene is an estrogen).

Lacassagne et al (1952) fed adult rats four derivatives of azobenzene
as 0.06% of their diet until death occurred. All fou~ caused considerable
welght loss. In order of decreasing damage to the liver, the compéunds
were: 3',N,N~trimethyl-4-aminoazobenzene, 4'-N,N-trimethyl-4~aminoazobenzene,
4'-phenyl-N,N-dimethyl-4-aminoazobenzene, and 4-hydroxyazobenzene.

Adams and Roe (1953) applied to the skin or injected beneath it solu-
tions of azo compounds to study the effect on hepatic catalase activity.
None of the compounds caused any damage to the liver itself. In decreasing
order of ability to depress the enzyme level the compounds tested were:
3',N,N-trimethyl-4~aminoazobenzene, 4-N,N-dimethylaminoazobenzene, 2',3'~
dimethyl-4-aminoazobenzene, m~azotoluene, 2-amino~5-azotoluene, and azo-
benzene (no depression). Doses applied were 10-15 um.

Takahashi (1953) reported the following azobenzene compounds to be
estrogenic in mice (compound, dose in jAg, % of mice responding): 2,2',4,k4'-
tetrahydroxy, 20, 100 (10, 60); L,4'-dihydroxy, 1000, 80 (500, 20); 2,h-di-
hydroxy, 500, 4O; 2,u4-dinydroxy-2',5'-dimetnoxy, 1000, O.

Reiss et al (1954) gave 80 mg of 3',N,N~trimethyl-4-aminoazobenzene



over a four day period to male and female rats in a vitamin poor diet. In
both sexes the liver showed higher B; and lower B, levels than controls.

A similar result obtained with vitamin C, but the females were dependent
to some extent on the vitamin content of the pre-experiment diet.

Akal and Yasumori (1955) cultured the fungus Cochliobolus miyabeanus
in a nutrient solution containing 10 uM-1 mM Congo Red or 0.1-0.5 mM Chrys-
oidin. Maximal growth occurred at 0.25 mM Congo Red (397% higher than the
control) and at 0.25 mM Chrysoidin (107% higher than the control). At the
highest concentrations of both, growth was less than that of the control,
the Chrysoidin being the more toxic. Optimal usage of glucose and nitrate
occurred at the lowest dye concentration, not at that concentration which
gave highest growth. Innoculation of the dye-grown fungus on rice plant
leaves showed that there was decreased toxicity to the plant; the decrease
was independent of the Chrysoidin concentration, but correlated with the
Congo Red concentration (the lower the concentration the higher the
toxicity).

Nomura (1955) showed that 2',4,4'-trihydroxy-2-methylazobenzene
showed 1007 estrogenic activity as a 50 pg s.c. dose in castrated
mice, Q% as a 30 ug dose. The same figures applied fcor 2,2'-dimethyl-
4,4'~dihydroxyazobenzene. In the case of 2,4,4'~trihydroxyazobenzene or
2-methyl-4,4'-dihydroxyazobenzene, a 300 ug dose had no effect.

Doi (1957) fed rats 0.06% of 4-N,N-dimethylaminoazobenzene in their
diet for 30 days. Examination of the liver showed increases over normal
in haemosiderin, ferritin, and ascorbic acid, decreases in catalase,
copper, and riboflavin.

Okuda (1959) fed rats a diet containing the usual amount (probably

0.06%) of 4-amino- or 4,N,N-dimethylaminoazobenzene over a month's time
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and measured urinary excretion of B vitamins throughout. No reliable
change in thiamine resulted. Nicotinic acid increased slightly. Pyridoxic
acid decreased noticeably. Riboflavin increased considerably. Guinea pigs
did not show the increase in riboflavin.

Neish (1959) gave single i.p. doses of various azobenzenes to female
rats, in molar amounts corresponding to 165 mg/kg of 3',N,N-trimethyl-4-
aminoazobenzene. Methaemoglobin from tail blood was then determined at
3, 7, 22, and 28 hours. Table 29 sums these four values and presents them
as methaemoglobinemia. It may be seen that there was no correlation with

carcinogenicity.

Table 29. Methaemoglobinemic Activity of Some Azo Compounds

f Mecthaemo-
Carcino- :

Azo Dye genicity glol;r::nua
Azobenzeme . . . . . . .0 e e s . -— 0 R?pr-l nted wi th permission from Natur-
d-dimethylammnazobenzene . . . . . . ++ 140 W1559n§ChaTten 46:535 (]959) . Copyr-l ght
4-amnoazobenseue Lo L L L L L L + 133 by Spr"l nger Ver] ag
$-monomethylanuneazobenzene L L ++ 123 4
4-monoethylaminoazobenzene .« . L L — 126
4-methylcthylumnnoazobenzene . . . . + + 180
2°-methyl-4-dinc thy lannmoazobenzene . . -+ 38
3-micthyvi-3-duncthy laninoazobengene . . ++ + 53
A-wethy -4-dune thy laiminoazobenzene © + 1]
4’-cthyl-4-dinrethvlanminoazobenzene . . +++ 0

Mascitelli-Coriandoli (1960) fed rats a diet containing 0.064% 3',N,N-
trimethyl-4-aminoazobenzene. After three weeks and six weeks, respectively,
the hepatic riboflavin had fallen by 1/3 and 1/2. Corresponding figures
for hepatic azoreductase activity reduction were 1/4 ana 1/2.

Yamada (1960) gave rats i.p. injections of Trypan Blue once a day
for three or six days (A or C), and twice a day for three or six days (B
or D). Radio-iodine was given s.c. six hours before autopsy. Thyroidal
uptake of the radio-iodine was 55-60% of the control ia A, B, and C, but
only 147 in D. Thyroid weight ranged 70-80% of normal, D being lowest.

Pituitary weight of D was 90% of control. Adrenal welght was 135-155% of



the control, increasing in the order A, B, C, D. Testis weight was 110-:!%%
of control. Total iodine and protein-bound iodine in the serum were 62 °
(25.0) and 45.8 (25.0)% in C (D), respectively. On azverage, a single in
jection of trypan blue inhibited thyroid hormone secretion for 14 hours.

Boyland and Grover (1961) measured urinary ascorbic acid excretion
after 100 mg/kg doses of some azo dyes. The greatest percentage increase in
excretion resulted from 4',N,N-trimethyl-4-aminoazobenzene, followed by
the 2,N,N-, the 3',6N,N-, and N,N- itself.

Neish and Rylett (1963) gave rats i.p. injections, 16.5 mg/100 g, of
azo dyes, and measured the hepatic glutathione level 24 hours later. The
glutathione (dye)/(control) ratios found were: 1.97 for 3',N,N-trimethyi-
4-aminoazobenzehe, 1.21 for the 4' isomer, and 0.41 for the 2 isomer.

Neish and Rylett (1963, pp. 1147-50), in a follow up report on the
effect of 3',N,N-trimethyl-4~aminoazobenzene on rat hepatic glutathione,
reported that 24 hours after an i.p. dose of 16.5 mg/l00 g the stomach
was noticeably dilated and filled with food.

Kizer and Howell (1963) reported a study on the effect of 3'~ and 4'-
methyl butter yellow on rat hepatic kynurenine hydroxylase activity. Ai-
though the control diet seemed to be deficient in something which also
affected the enzyme in the same direction as the azo compounds, the

latter's effect was still noticeable. The results are in Table 30.

TapLe 30. Effect of a low and a high carcinogenic derivative of 4-dimethy.aminoazohenzene on the kynurcenine
hydroxylaso activity of rat liver-

Enzymo activity*

Dicts 0 Weeks 4 Wecks 8 Weeks 12 Weeks
Basal diet (3)10.561 £ 0.04% (3)0.32 + 0.05 (3) 0.46 £ 0.06 (3) 0. 51 + 0.09
Basal diet with
0.0G6%, 4'Me-DAD m;.14¢ .04 w;.27i . 04 3) .31+ .10
0.06%, 3 Me-DARB 3) .14 % .07 3) .09 + .03 3) .19 % .11

*u\olea 3hydroxviynuronine formed por mg mitochondrial protoln por 90 minutos® incubation,
tNmnber of oxperiments; for each exporimont, livors from 2 to 3 animals woere pooled,
$Mcon = standard errov,
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Kline and Clayton (1964) fed rats 0.0647 of their diet as 3' ,N,N-
trimethyl-4-aminoazobenzene, and measured the hepatic lactic dehydrogenase
activity. The reduction in activity did not become significant until the
livers had shown signs of cirrhosis for three weeks. Continuing the feeding
until tumors appeared in the liver revealed that the tumors had far less
activity than surrounding tissue.

Furlong and Thomann (1964) fed rats 0.06% of their diet as 3' ,N,N-
trimethyl-4-aminoazobenzene and measured the hepatic DNA polymerase. After
six days the activity had nearly doubled. By 20 days the activity had
peaked at about 2 1/4 times. After seven weeks the activity was only
slightly higher than normal.

Dijkstra (1964) gave rats a single intragastric dose of 2,N,N- or
3',N,N~trimethyl-4-aminoazobenzene and measured the hepatic ascorbic acid
level., The level remained in the normal range for the initial 40 hours
after dosing with the 3', then fell to only 60% of the mean. Between 10
and 30 hours after dosing with the 2 isomer, the level was above the nor-
mal range (about 10% higher than the mean); after the 35th hour the level
was the same as with the 3' dosage. The levels were still below normal
after two weeks.

Dijkstra and Pepler (1964) fed rats diets containing 4-aminoazobenzene
(AB), N,N~dimethyl AB, 2,N,N-trimethyl AB, and 3',N,N-trimethyl AB in
amounts equivalent to 0.06% of the N,N-dimethyl AB. (ver an entire 20
week period hepatic ascorbic acid was above the normal range with the
3'N,N compound, especially from the third week. With che 2,N,N compound
the level was at the normal upper limit or slightly above. With the N,N
compound problems of interpretation of trend arose because of very wide

ranges from the 7th through 1l4th weeks, but from the fourth week the
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level averaged at or above the upper normal. With AB a normal pattern
was seen.

Manchon and Lowy (1964) demonstrated that rats fed a diet deficient
in vitamin B; survived longer and showed better growth when a 2% solution
of Sun Yellow in water was their source of water. Omission of all B, from
the diet resulted in death however.

Mel'nikova and Selikhova (1965) found that mice given azobisformamide
produced less serum pseudocholinesterase and acetylcholinesterase, and
less hepatic cholinesterase.

Mulay (1966) fed normal, three month old rats a low-protein, low-
riboflavin diet containing 0.067% 3',N,N-trimethyl-4-aminoazobenzene for

2, 5, 7, and 17 weeks.

TABLE 3. Effect of Hepatoearcinogenic Diet on Adrenal Gland and Liver Chemistry of Malo
Osborne-Mendel Rats. Each value iz a mean of determinations on 10 rats, SBtandard crroe f.¢

each value is within 265 of respective mean,
p—————————Adr nal glands N Livcr—;:;
Weight,
Time, Ascorbic Steroids, Fat, mg/100 g Steroids, Yai,
Diet wk acid,mg/g mg/g mg/g body wt mg/g mg/g
Purina chow (control) 2.38 29.3 186 11.7 3.23 493
Hepatocarcinogenic 2 2.51 35.2 108 12.2 3.11 62,4
» 5 3.13 30.5 257 12.6 3.03 0.1
~ 7 3.38 61.6 280 128 2.97 £0.8
» 17 217 | 52.0 290 155 3.85 5.7
Bemi-synthetie ] 2.98 379 194 13.7 4.15 93.7

The results in Table 31 indicate higher steroid and fat content in the
adrenals onsetting at 2-5 weeks. The adrenal/body weight ratio was
noticeably lower than the deficient diet control through seven weeks.
Hepatic steroids and fat were considerably lower than this control. The
author claimed that hepatic ascorbic acid and ratio tc whole body were
the same as controls, but did not specify which controls.

Sydow and Sydow €1967) gave rats a single oral dcse of 40 mg of 3',N,N-

trimethyl~4~aminoazobenzene and then measured various hepatic functions
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over a two month period. There was no change in relative liver size, but
hepatic protein dropped about 207 during the first week. The protein level
was fully recovered within one month. Hepatic hexokinase was unchanged.
The glycogen content dropped by 2/3 in the first day, then gradually re-
covered, seemingly to a higher than normal level after two months (the
authors gave no P values). Glucokinase dropped 2/3 by the fourth day
(possibly even lower thereafter) but had recovered after one month.
Glucose—-6-phosphate dehydrogenase dropped 1/2 by the fourth day, and was
nearly, if not actually totally, recovered by one mon:th. Arginase was
unchanged.

In a separate experiment the rats were given 5 mg of the azo compound
daily for 80-130 days. Relative liver weight was about doubled for 80 and
100 day treatments, but pentupled after 130 days. Hepatic protein dropped
20-25%. Glycogen dropped by 1/3 in the 80 and 100 day treatments, over
2/3's in the 130 day treatment. Hexokinase increased 2-2 1/2 times, but
showed a much wider range than the controls. Glucokinase dropped 76% after
80 days, 697 after 100 days (both having relatively high spreads), and 817%
after 130 days. Glucose~6-phosphate dehydrogenase dropped by 1/2 regard-
less of length of treatment. Arginase was unchanged. All of the changes
from 80 day treatment were at least partially reversilile as seen from 6-8
weeks on a normal diet. After six weeks normal diet zfter 130 days on
treatment relative liver weight was returning to norm:l, as were the
glucokinase and glucose-b6-phosphate dehydrogenase activities; on the other
hand, hepatic protein, glycogen, and hexokinase showed no change.

Doctor et al (1967) showed that rats fed 0,067 3',N,N-trimethyl-4-
aminoazobenzene showed changes in hepatic and serum vitamin B-12 comparable

to those in fasted rats over the initial ten days. Over a 15 week test
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period the hepatic level gradually decreased in comparison with controls.

Grasso et al (1968) gave rats either a daily dose of 1 g/kg (by
stomach tube) for seven days, or a diet containing 27 for 12 weeks of the
British azo food dye Brown FK. Both treatments resulted in myofibrillo-
lysis and lysosomal damage followed by lipofuscin deposition. The lysis
is rapid and extensive after the forced feeding, occasionally not appearing
after dietary treatment.

Gaunt et al (1968) fed rats Brown FK at 0.001-1.0% of their diet for
21 weeks, and gave miniature pigs daily doses corresponding to 100-500 mg/ke
for 24 weeks. Unchanged were growth rate and food consumption, kidney and
liver weights and function. Hematology was normal. Apart from the follow-
ing, histopathology was normal. 1In the pigs the principal change was
deposition of lipofuscin in the liver in both sexes st all dosage levels,
accompanied by higher lysosomal enzyme activity. The lipofuscin also de-
posited in male, but not female, hearts. In the rats the 1% dietary level
caused this deposition in the heart, kidney tubules, lLepatic Kupffer and
parenchymal cells, and skeletal muscle, being noticeable at 13 weeks in
females and at the end of treatment in the males.

Gaunt et al (1969) gave pigs 90 daily doses of Ponceau 4R of 100-900
mg/kg. The only effect noted was a slight decrease in erythrocytes in
males after six weeks at the highest dose.

Gaunt et al (1969, pp. 557-563) gave pigs 90 daily doses of Black
PN of 100-900 mg/kg. The only effect noted was development of mucus and
fibrin-containing cysts in the mucosa of the ileum of 1/6 of the 300 and
4/6 of the 900 mg/kg animals.

Beaudoin gave i.p. injections to 8-day pregnant rats of 14 mg/100 g

trypan blue, Evans blue, and Niagara blue 4B, and of 20 mg/100 g Niagara
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TABLE 32.

Total protein and protein-fraction concentration in serum of conirol and disazo dye-trcated rats expressed as mean values
in g per 100 ml with standard deviation
T;;:g?:;] ¢ £ NO‘, Tmf,l Globulin Albumin
blood drawm cmales protein Gamma Beta Alpha-3 Alpha-2 Aupha-l
Control
8 10 6.30%0.43 « 1.09%+0.33 1.09+0.10 0.32+0.04 0.35+0.02 0.78 % 0.02 2.65=0.36
10 6.25 2 0.54 * 0.87x=0.28 1.08 = Q.12 0.3220.04 0.30>=0.06 0.76+0.13 2.86+=0.36
20 6.40+0.52 0.49+0.14* 093+0.13* 0.36=0.06 0.40£0.10 1540922 % 2.63+0.30
Trypan blue? .
8 10 6.40%0.31 0.74 =0.10 0.90=0.12 ., 0.40=0.03 0.28 = 0.CG 0.85%92.13 3.23 £ 0.20
10 5.58=0.26 % 0.52+0.10% 1.06*+0.14* (41=007 0.43£0.07% £LJI=20.10 220=0.12 =
20 6.730.3¢ * 0.56x0.14 1.01%0.15 0.34%=0.04* 028*005* 10a=C1T7* 3.48=0.31 %
Evans blue !
+ - 8 8 6.22+0.16 0.61x0.10 0.88%0.10 0.32+0.08 0.25+0.08 0.78 =0.09 3.26+=0.24
10 5.83%0.40* 0.64%0.12 1,.28=0.08* 050=03.10% 087x=004%* CS4=0.17* 1.79=0.50*
20 6.20+043 0.380.04* 0.92+0,16 % 0.38=0.13*% 034+0.04% 132011+ 2,66=0.21*
Niagara blue 4B !
B 9 6.55+0.26 0.72:=5.08" 0.08%0.1¢ 0.34=0.07 0.30=0.07 C.80==£.09 340045
10 4.90:0.33 * 0.68:x0.08 0.85+0.17 0.32==10.10 0.32==0.C3 0.85+235.03 - 2052014
20 725034 ¥ 0.65*+0.14 114017 0235x0.05 ¢1220.16 120031+ 333000 %
Niagara sky .
blue 6B *
8 8 6.12+0.43 0.90x0.15 1.05%:0.18 440007 C.03%0.04 0B8320:2
10 5.800.41 0.80=0.16 1.15=%x0.12 2520 d5® 0.73EQ.08 ¢ 0T7TL TG
20 6.82=0.206% 0.81'51:}0.38 1.31=0.11 * 942018 0452000 1222 .07 *
Congo red 3
8 8 . 6.05%£0.,29 0.72x0.14 0.87+0.03 0.32+0.63 0.22=2:0.02 072-:0.13 3.10
10 ==~ 5.70%x0.38 . 530,13 1.07-:0.13 0.3340.03 0202062 % €84 0R 2.50
20 €.27=0.80 0.34*x0.04* 0.50xJ.s1 0.34 2 C.C1 0.29=GC.10 101500 ¥ 2.62
Niagara biue 2B 2
8 8 6.17%=0.44 0.75+0.14 0.88=0C.14 0.272:0 04 0,300,067 gL2 w217
10 5.70+0.34 0.62x0.12 0.88x=0.14 6.26+0.04 0.45=0C.08 % Quuiuii 04
20 5.55%0.17 0.38%0.05* 0.913+0.28 0.332=0.08 046022 1.46:20.12 %

1 14 mg of dye per 100 g maternal body weight.
2 20 mg of dye per 100 g maternal body weight.
* Represents a significant change from the preceding value (P =0.02 or less).

. Reprinted with permission from Teréto]ogx
1 2:85-89 (1969). Copyright by Wistar
Institute Press.



sky blue 6B, Congo red, and Niagara blue 2B. Blood samples were taken just
before injection, 48 hours after and 12 days after injection. Table 32
presents the findings on the protein content of the serum. In Section X.
B.4. the teratogenic effects found in this experiment are presented, but
the author did not think there was any connection between these and proteir
metabolism.

Reuber (1969) gave rats five weekly s.c. injections of trypan blue.
Those animals which developed thyroiditis also weighed less than controls
or normal-thyroid experimentals; a greater percentage of females developed
thyroiditis, but those which did were closer in weight to "normals' than
the corresponding males.

Poirier and Pitot (1969) fed rats 0.054% of 2,N,N- or 3',N,N-trimethyi-
4-aminoazobenzene for up to 5 weeks. While controls showed a 487 increase
in weight, the experimentals gained no weight., Liver weights of controls
increased 39%, of 3',N,N fed 247%, and of 2,N,N fed 78%. The 3',N,N ani-
mals after 2-3 weeks showed a loss of ability to produce ornithine-6-
transaminase and histidase (after casein hydrolyzate force feeding), and
also serine dehydratase. The 2,N,N animals after 3-5 weeks showed a loss
of ability to produce tyrosine-a-ketoglutarate-transaminase and serine
dehydratase.

Decloitre and Meunier (1970) fed 0.06% of 4-dmethylaminoazobenzene
for up to 12 months to male hamsters or the males of two strains of mice,
IC and C3H. The hamsters showed no hepatic cellular alterations. The C3H
mice showed glycogen and fat deposits in the hepatic cells after six weeks;
cellular damage became severe after three months, and continued to increase.
The IC mice showed no hepatic alterations until five months. The glycogen

and fat deposits appeared at six months along with inflammation.
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Hepatic protein-bound dye increased slowly in hamsters to a maximum
at six weeks, remained steady for an additional six weeks, then slowly
decreased. In the IC mice the maximum (slightly greater than in the ham-
sters) was reached in two weeks, then gradually decreased (lower than the
hamster level at six weeks). The C3H mice reached a maximum at three weeks,
about 2 1/2 times greater than the IC mice. This decreased at a rapid
linear pace until three months, when it was between the IC's and hamsters.
Then it rose slightly at four months, and then dropped quickly to zero at
five months (at which point the IC's were slightly above zero, the hamsters
considerably above).

Over a five month period the hepatic azoreductase and NADPH-cytochrome
¢ reductase activities were measured. The hamsters showed a fluctuating
decrease of 10-427 in azoreductase over this period, and a decrease in the
other enzyme over the initial six weeks of 8-307%, and from nine weeks on of
40-507 (both non-time related fluctuations). The C3H mice showed an in-
crease in azoreductase of 10-407 from weeks 2-6, and a decrease of 407
from months 3-5. Their C reductase increased 70-807% in weeks 1-2, then
decreased to a value fluctuating around normal from six weeks on. The IC
mice showed an increase in azoreductase of 60% after one week, followed by
a quick return to normal; the level in months 3-5 seemed a bit below nor-
mal, but significance wasn't high. Their ¢ reductase was 50% high at week
2, 30% high at week 3, normal from weeks 4-16, then 507 high at month 5.

Although C3H mice were known to spontaneously develop hepatomas after
one year on the control diet used, none of the control mice showed the,
apparently, irreversible cell changes occurring in the livers of the dye-
fed mice at six months.

Endo et al (1970) fed rats 0.06% of 2,N,N- or 3' ,N,N-trimethyl-4-



aminoazobenzene. The former did not increase the level of hepatic muscle

type aldolase, but the latter did, even after only 15 days of feeding. 1f
the diet were maintained for 60 days, then the increawed level of activity
was maintained for an additional 300 days.

Poirier and Pitot (1970) fed rats 0.054% of 2,N,h- or 3',N,N-
trimethyl-4-aminoazobenzene for up to five weeks in a low-protein, low-
riboflavin diet. The animals were then fasted three days, fed a 30% pro-
tein diet for 27 hours, and fasted another three days. The livers were
then examined for various induced enzyme activities. The 3',l,N dye
resulted in zero or diminished responses of glucokinase, glucose-6-
phosphate dehydrogenase, 6-phosphogluconate dehydrogenase, malic enzyme,
and citrate cleavage. The 2,N,N dye lowered the 6-phosphogluconate de-
hydrogenase and glucose-6-phosphate dehydrogenase, without affecting the
others.

Gaunt et al (1971) fed male and female immature rats 50-3000 ppm
Orange G (British food grade) for 15 weeks. No effects on food or water
consumption or weight gain were seen. Heinz bodies were found in about
10% of the erythrocytes of all animals after two weeks at the 5000 ppm
level, and 0.8% after 15 weeks at 500 ppm. Hemoglohin was low at the
5000 ppm level after two weeks in the females, in both sexes after six
weeks. Methemoglobin was considerably higher (as percentage of hemoglobin)
in both sexes after two weeks at 5000 ppm. Packed cell volume showed a
significant decrease (< 10%) in both sexes after six weeks at 5000 ppm.
Red blood cells decreased in females at two weeks, males at six weeks at
5000 ppm. Reticulocytes (as percentage of red blood cells) showed a large
increase in both sexes after two weeks at 5000 ppm. The serum was analyzed

for glutamic-oxalacetic transaminase, glutamic-pyruvic transaminase, lactic



dehydrogenase, glucos- area nitrogen. toial srotein, and albumin. The
only significant change at ti, - P<0.05 level .as a decrease in glucose in
both sexes at six weeks at the 5000 ppm level (but not at 15 weeks). All
internal organs were examined but only the spleen showed a weight change -
an increase (P<0.001) in both sexes after two weeks at 5000 ppm, except
that the heart, liver, and adrenals of 15 week females at 5000 ppm showed
increases significant at the P<0.05 level. On a "relative" base similar
results were found except that the significance increased to P<0.01 for the
heart and liver, decreased below P<0.05 for the adrenals, and increased to
P<0.05 for the female gonads, and ileum (P<0.01 at the 500 ppm level) at
15 weeks. 1In addition the adrenals of both sexes at 5000 ppm after two
weeks (only) showed P 0.05 increases.

The increase in spleen size was attributed to removal and break-down
of the Heinz~bodied erythrocytes. The reticulocytosis was attributed to a
compensation for the anemia resultant from the damaged erythrocytes. No
explanation for the increased adrenal weight, and only a partial one for
the lowered glucose level was offered. The authors concluded that the
no-effect level was probably closer to 500 ppm (25 mg/kg body weight/day)
than 50 ppm.

Gaunt et al (1971) fed Orange RN (British food grade) - approximately
a 6/1 dye mixture - to male and female immature rats at 60-6000 ppm for 15
weeks, Body weight and food consumption were unaffected. Both sexes con-
sumed more water at the 6000 ppm level immediately. Erythrocytes with
Heinz bodies appeared at two weeks in both sexes at the 6000 ppm level,
in both at the 1200 ppm level at six weeks, and in both at the 600 ppm
level at 15 weeks. Hemoglobin dropped in two week females at 5000 ppm, in

males at 1200 ppm after six weeks, and at 600 ppm in females at 15 weeks.



Methemoglobin (as percentage of hemoglobin) increased in both sexes at
6000 ppm after two weeks; lower levels were innocuous throughout the ex-
periment. Packed cell volume decreased at 1200 ppm in females after two
weeks, and at 6000 ppm in males after six weeks. Red blood cells decreased
in both sexes at 6000 ppm after two weeks, in males at 1200 ppm after six
weeks. Reticulocytes (as percentage of red blood cells) increased con-
siderably at 6000 ppm in both sexes after two weeks, in both at 1200 ppm
after six weeks. Total leukocytes decreased at 1200 ppm (not 6000 ppr) in
females after two weeks, at 6000 ppm in males and 1200 ppm (not 6000 nppm)
in females after six weeks, in males at 60 and 600 ppm and females a* 60
ppm (only) at 15 weeks. The only significant compositional changes in the
leukocytes occurred in males at six weeks when the neutrophils showed a
large increase at 1200 and 6000 ppm, and the lymphocytes showed a small
decrease at the same levels. There were no significant changes in blood
chemistry. Examination of the urine showed lower specific gravity in

6000 ppm males at six and 15 weeks, and 1200 and 6000 ppm females at 15

wecks (all U-6 hour wpocimens), and in 6000 ppwm temales at 15 weeks (16-20
houtr wpecimeny. An inviease in urine volume iwa, noted in 6000 ppm males

at 1y weeks (bhath time periods), and in 1200 ppm females at 15 weeks (0-6
hours).  Orpan weight 1ucreases occurted in the spleen - 6000 ppm temales

at two weeks, 1200 and 6000 ppm both sexes at six and 15 weeks, and in the
liver = 6000 ppa femules at 15 weeks. Relative organ weights showed simitav
increases foy the spleen cxcept for addition ot the male at two weeks /6000
ppm and delctiur of the male at 15 weeks/1200 ppm; other organs showing
relative changes were: brain - decrease in 15 week males at 600 and 1200
ppm; liver - increase in two and 15 week females at 6000 ppm; thyroid -

decrease in two week males at 1200 ppm.
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The authors could not confirm any relationship between the increased
water consumption at 6000 ppm and the more dilute urine at that level. The
changes in white blood cells and decreased relative brain weights were not
considered related to the dye feeding. The no-effect level of the dye was
considered to be 60 ppm (3 mg/kg body weight/day), with 600 ppm being
reasonably safe.

Yen et al (1971) gave i.p. injections of trypan blue at 50, 100, and
350 mg/kg to rabbits. The lower two doses had no effact on dentin forma-
tion, while the high dose completely inhibited it for eight days.

Tschopp et al (1971) gave i.v. doses of Congo Red, 20-80 mg/kg, to
cats and rabbits. The two higher doses caused an immediate drop in blood
platelets (80-90%), there being no recovery for two hours after the highest
dose, and only partial recovery after the middle dose. The middle dose
had a similar effect on leukocyte count, but recovery was complete in
about 20 minutes, followed by attainment of a long lasting plateau of ex-
cess leukocytes (3 times normal) in 30 minutes. The immediate effect on
leukocytes of the high dose was not clear, but a gradual increase to well
above normal followed. In contrast, in vitro incubation of citrated blood
with Congo Red equivalent to 50 and 100 mg/kg did not affect platelet or
leukocyte count. Remaining platelets showed extensive swelling and pseudo-
pod formation. Within two hours the lungs showed alveolar edema and
capillary obstruction, with larger vessels containing lerge numbers of
leukocytes and platelet aggregates.

Popa et al (1971) reported that 0.1 mM toluidine blue totally in-
hibited the synthesis of DNA-dependent, highly polymerized RNA in KB cell
culture.

Motoc et al (1971) gave rats 25 mg, orally, of azobisisobutyronitrile
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twice a week for three months. Some lesions were found in the stomach,

liver, and kidneys which seemed to be reversible. These correlated in
intensity with decreases in serum glycoprotein and albumin, and increases

in leucine aminopeptidase, glutamic-oxalacetic transaminase, glutamic-pyruvi.
transaminase, glucose-6-phosphate dehydrogenase, aldolase, and B-glycuronida-e.

Iga et al (1971) gave adult male rats 30 pmole i.v. doses of the dyes
amaranth and new coccine and studied the simultaneous excreticn in bile and
elimination from serum. In four hours 80% of the amaranth hacd appeared
in the bile (mostly in the initial hour and a half), but only 10% of the
new coccine. The latter was eliminated from the serum at a slower
rate than amaranth: serum half lives were 20 1/2 min. and 5.8 min.,
respectively. The authors examined the ability of the plasma protein to
bind with the dyes, and decided the difference could account for only a
small part of the biliary excretion spread.

Holland and Spain (1971) fed immature male rats 0.06% of 3',N,N-
trimethyl-4-aminoazobenzene for 36 and 66 day periods. Examination of the
shorter period feces for bile acids showed normal amounts of Llithocholic,
deoxycholic, chenodeoxycholic, somewhat lesser amounts of 12-keto-
lithocholic and hyodeoxycholic, and considerably less cholic. The urine
collected from the controls showed the bile acids hyodeoxycholic (day 15)
and lithocholic (day66); the dye-fed animals' urine also showed these two,
but considerably more cholic, hyodeoxycholic and ursodeoxycholic.

Hepatic bile duct oval cells increased from 1% in controls to 41% at
day 46, dropping to 36 by day 53 and staying there. Urinary bile acids
peaked at 26 and (lower) 53 days.

Gafford et al (1971) fed male rats 1-10% of azobisformamide in a low-

iodine diet for up to four weeks, or gave i.p. doses daily for one week of
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0.2-20 mg/kg body weight. One day prior to sacrifice each rat was given
radioiodine, i.p. With oral dosing all levels led to reduced iodine up-
take (thyroidal), especially at 5-10% over 10-28 days. Total body weight
decreased about 10% (p<0.02) after one week at 10%. Relative thyroid weight
increased over 20% (p<0.1l) after one week at 1%, 407% (p<0.05) after one
week at 10%, and decreased <20% (p<0.001) after 10 days at 5%. Serum pro-
tein bound iodine was lower in the azo fed animals.

In the i.p. dosage the maximum level produced lower iodine uptake (but
only at the p<0.5, 0.9 level). Relative thyroid weignt was unaffected.
Total body weight decreased 10% (p<0.l1) at the maximum level in one rum,
not at all in another. The authors concluded that permissible levels of
the azo compound in flour are of no concern in thyroid activity.

Gaunt et al (1971) gave immature male and female rats 100~10000 ppm
of Yellow 2G (British food grade) for 13 weeks. No effect on body weight,
food or water consumption was noted. Hematological rcsults were neutral,
likewise serum analyses. Urine examination was without notable findings.
Absolute weights of internal organs showed an increase in kidneys in two
week females at 10000 ppm, a decrease in the ileum of six week males at
1000 and 10000 ppm, an increase in the adrenals of six week females at
1000 ppm, and a decrease in terminal body weight of 13 week males at
10000 ppm - 24 hour fasting was procedure prior to sacrifice and autopsy.
Relative weight changes showed an increase in kidneys of 13 week males at
1000 and 10000 ppm, an increase in the caecum of six and 13 week males at
10000 ppm and 13 week females at 10000 ppm, and an increase in the gonads
of 13 week males at 1000 ppm.

The increase in relative kidney weight was judged to be non-dye

related. The increase in caecal weight has doubtful human significance.
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The increase in testes welghts was also deemed of dubious significance.
The authors recommended a no-effect level of 1000 ppm (80 mg/kg body
weight/day), or about 2000 times expected maximum intake.

Gaunt et al (1972) gave immature male and female rats 1000-10000 ppm
of Black PN for up to two years. Mortality was considered equivalent to
the controls. Body weight of controls and dye—fed animals was equivalent.
Hemoglobin was lower in 82 week females at 10000 ppm, and 105 week males
at all levels. Packed cell volume was lower in the 1000 and 5000 ppm
groups of these males. Red blood cells were higher In 82 week females at
5000 ppm. Total leukocytes were lower in 105 week females at 10000 ppm.
Serum and urinary biochemical analyses were normal at 52 and 104 weeks.
Absolute organ weights were all normal at 104 weeks. Relative organ
weights were normal except for male liver which was heavier at all levels.
Histological examination of lungs, kidneys, pancreas, liver, and testes
showed no abnormal occurrences in dye-fed animals. Incidence of tumors
in the mammary, pancreas, thyroid, and adrenal glands was normal, likewise
that in the ovary and subcutaneous tissue. The authors recommended a no-
effect level of 10000 ppm (500 mg/kg body weight/day), about 2000 times
maximum expected intake.

Lin et al (1972) gave 1.p. injections to rats of 9.3 mmoles/kg body
weight of 4-amino-, 4-methylamino~, and 4-dimethylamincazobenzene. Analysis
of the blood for methemoglobin (as percentage of hemoglobin) showed a rapid
rise to 70, followed by a linear drop to 10 at 7 hours for 4-amino-, a
rapid rise to 50, followed by a plateaued drop to 10 at 13 hours for 4-
methylamino-, and a slow, irregular rise to 25 at 7 hours, followed by a
linear drop to 10 at 13 hours for the 4-dimethylamino- compound. An in

vitro study failed to generate methemoglobin, implying metabolites were
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responsible. Examination of possible metabolites implicated N-hydroxylation
as a highly likely preliminary step.

Singh and Khanna (1972) gave rats a single injection into one testis
of 0.1 ml of a 1% solution/100 g body weight of C.I. Acid yellow 36. Exam-
ination of the testis was conducted at 0-16 hours, 1-15 days. At four
hours there were signs of edema and inflammation. A% eight hours both had
increased in intensity and were accompanied by seminiferous tubule degen-
eration, Leydig cell degeneration, and engoxgement of blood vessels. At 16
hours the edema had decreased, but now the interstitiam had begun to de-
generate where associated with the tubules also degenerating. After one
day no increase in magnitude of changes had occurred, but in half of the
specimens the seminiferous and interstitial elements had totally degen-
erated. After two days massive degenerative changes showed in the gameto-
genic and endocrine elements. Spermatozoa had decomposed here and there.
After seven days the tubules were totally necrosed along with the inter-
stitial elements. After 15 days the interstitium shows signs of regenera-
tion, but the tubules did not.

Olsen and Hansen (1973) fed male and female pigs 10-160 mg/kg body
weight/day doses of Orange RN for three months. At the highest dose there
was severe hepatic interstitial fibrosis and multiple nndular hyperplasias
of the parenchyma. All dosages caused proliferation of hepatic bile duc-
tule epithelium cells along the triads and the interlcbular septa, some-

times intrahepatically also.

N
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IX. ENVIRONMENTAL EFFECTS

A. Persistence and/or Degradation

Mecke, Jr. and Schmahl (1957) reported a study which might have some
bearing on environmental longevity. They incubated a variety of azoben-
zene derivatives with fresh baker's yeast and determined the extent of
decolorization -~ possibly synonymous with azo cleavage. Azobenzene
did not decolorize, nor did the 2-, 3-, or 4-methyl-, or the 4, 4'-bis(di~-
methylamino)- derivative. Also not decolorizing were phenylazo-2-(N-
methyl)naphthylamine, o-tolylazo-2-naphthylamine, and anisidineazo-2-naph-
thol. The 4-sulfo- derivative only decolorized to the extent of 4%.

In the 10-35% range were 2-methyl-4-hydroxy-, 4-dimethy1amino~4'—metﬁyl-,
2-hydroxy-4-dimethylamino-, phenylazo=-2-~naphthylamine, o-tolylazo=-2-
naphthol, and phenylazo-2-naphthol. 1In the 45-75% range were 2-amino-
azotoluene, 2-hydroxy-, &4~hydroxy-, 3-methyl-4-hydroxy-, 2,4-dihydroxy-,
sodium 4-dimethylamino-4'-sulfo~, sodium 2,4-dihydroxy-2',4'-disulfo-,
and naphthylazodimethylaniline. In the 80-997 range were 4~amino-,
4~-dimethylamino-, 4'-carboxy-4-dimethylamino-, and 2-carboxy-4—dimethyl-
amino-. Solubility in water apparently was not a factor.

Walker et al (1971) removed azoreductases from various rat gut
bacteria and compared their ability to reduce Red 2G. 'The most proficient
came from Streptococcus faecalis. The following activities relative
to S. faecalis were reported: S. faecalis var. zymogenes-0.95, S.
faecum -0.79, E. coli type 1 -0.62, Proteus vulgaris -0.58, P. mira-

bilis -0.51, P. morganii -0.49, and Staphylococcus aureus -0.02.
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B. Environmental Transport
No specific information was found. The azo dyes and foaming
agents investigated are not notably volatile, so their ability to move
once released into the enviromment is dependent upon water solubility
(and specific gravity for the non-water solubles).
C. Bioaccumulation
No specific information was found. Intestinal bacteria seem
able to destroy the azo bond in many compounds. Some metabolism tests
indicated “storage" of various azo dyes in skin and fur on prolonged
forced feeding, but to no obvious detriment of the animal.
X. TOXICITY
A, Human-Occupational experience, QOther
1. acute, subacute
Hoffman and Guz (1961) on three occasions subjected
themselves to injections of Coomassie blue. On the first, seven doses
over five hours totalled 150 mg in the first three hours and 300 mg in
the last two. On the second, at nine-minute intervals doses of 40,
48, 78, 168, 188, and 276 mg were given; maximum blood level reached
99.5 mg/l. On the third, at nine-minute intervals doses of 40, 36,
72, 161, 186, 194, and 235 mg were given; maximum blood level was 138.5
mg/l. Each time a 2-3 hour period of no effects was followed by 10-15
minutes of ill-feeling, and then fever up to 40°C(104°F), rigors,
hyperesthesia of skin and muscle, nausea, vomiting (tlue color), and,
once, diarrhea (blue color), All symptoms subsided ufter 5-6 hours.
Minor periodic sweating/fever recurred for an additicnal 2-3 days.

Subsequently, as much as 54 mg in eight hours or 50 wg in 4-5 hours
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produced no ill effects in the authors or other subjects. Accidental
perivenous administration produced severe pain after 2-3 hours.
Horstensmeyer (1964) reported a fatal veaction after
i.v. injection of Congo Red in man (mentioned in Tschopp et al [19711).
Cohen and Bovasso, Jr. (1971) reported on the accidental
ingestion by a 13-month old child of 2500-3000 mg of phenazopyridine-HC1
(Pyridium). Apart from cyanosis of the lips, the only outward symptom
was lethargy. On admission to a hospital within about four hours, the
blood methemoglobin was found to be at least 257%. After another 14
hours this had dropped to 14.6%; normal methemoglobin is 1.7%. Normal
methylene blue treatment for methemoglobinemia proved inadequate, but
transfusion corrected the situation.
2. chronic
No reports were found dealing with chronic toxicity of
azo compounds in humans.
3. sensitization
Meara and Martin-Scott (1953) reported three separate
cases of women developing skin sensitization to aminoazotoluene,
apparently from contact with ball point pen ink containing it.
Foussereau et al (1971) discussed the rather common skin
allergy to Disperse Yellow 3, apparently known for many years. They
showed that any impurities present in commercial material were no more
allergenic than the dye itself.
4, teratogenicity

5. carcinogenicity
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6. mutagenicity
7. behavioral effects
No reports were found disclosing these properties of azo
compounds in humans.
B. Birds and Mammals
1. acute, subacute
Zsolnai (1963) reported the following LD-0 and LD-100 doses

in rats after i.p. administration, in mg/kg: 1. aryl-azo-maloni-
triles--phenyl, 5, 15; 2-tolyl, 5, 15; 3-tolyl, 5, 20; 4-tolyl, 5, 30;
2-chlorophenyl, 5, 15; 3-chlorophenyl, 5, 10; 4-chlorophenyl, 5, 10; 4-
bromophenyl, 5, 10; 4-iodophenyl, 5, 10; 4-ethoxyphenyl, 40, 70; 2-methyl-
4-bromophenyl, 5, 15; 2-methyl-4-iodophenyl, 5, 20; 3-methyl-4-bromo-
phenyl, 5,15; 4-methyl-2-bromophenyl, 20, 30; 2-bromo~4-ethoxyphenyl,
40, 60; 2,5-dichlorophenyl, 5, 15; 3,5~dibromophenyl, 5, 15; 2-chloro-4-
bromophenyl, 10, 20; 3~chloro-4~bromophenyl, 10, 20; 2-methyl-4,6~dibro-
mophenyl, 10, 20; 2-chloro-4,6-dibromophenyl, 20, 60; 3-chloro-4,6-dibro-
mophenyl, 5, 20; 4-chloro-2,6~dibromophenyl, 20, 40; 2,4,6-tribromophenyl,
30, 60; 2-nitrophenyl, 5, 10; 3-nitrophenyl, 20, 30; 4~nitrophenyl, 10,
20; 2-methyl-4-nitrophenyl, 5, 10; 3-methyl-4-nitrophenyl, 10, 20; 4-
methyl-2-nitrophenyl, 10, 20; 2-nitro-4-ethoxyphenyl, 10, 20; 2-chloro-4-
nitrophenyl, 5, 10; 3-chloro-4-nitrophenyl, 10, 20; 4~chloro-2-nitrophenyl,
5, 10; 4-acetylaminophenyl, 100, 400; 2-carboxyphenyl, 100, 150; 4-carboxy-
phenyl, 100, 300; 4-carboethoxyphenyl, 20, 30; 3-hydroxy-4-carboxyphenyl,
200, 500; 4-sulfophenyl, 300, 800; 4-sulfonamidophenyl, 2G0, 500; 4-N-
(4',6"'~dimethyl-2'-pyrimidyl)sulfonamidophenyl, 400, 600; l-naphthyl,

10, 20; 4-bromo-l-naphthyl, 20, 50; 4~phenylazophenyl, 10, 20;
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diphenylene-4,4'-bis-(azomalonitrile), 500, 800; 3,3'~dimethyldipheny-
lene-4,4'-bis-(azomalonitrile), 30, 50; 2. aryl-azo-cyanoacetic acid esters--
phenyl/methyl ester, 600, > 800; 4-tolyl/methyl ester, » 800, —-; 4-chloro~
phenyl/methyl ester, 200, 600; phenyl/ethyl ester, 400, 300; 4-tolyl/ethyl wvo-
ter, » 800, --; 4-chlorophenyl/ethyl ester, 200, 600; 3. aryl-azo-cyanaceta
mide and its N-substituted derivatives--phenyl, > 800, --; 4-tolyl, > 800,
4-chlorophenyl, > 800, --; phenyl/phenyl, > 800; --; 4~tolyl/phenyl, > 800,
-3 a—chlorophenyl/phenyl, > 800, --; phenyl/&'—chlorophenyl, > 800, —-; 4~
tolyl/4'-chlorophenyl, > 800, --; 4-chlorophenyl/4'-chlorophenyl, > 800, ---
phenyl/amino, > 800, --; 4~tolyl/amino, > 800, —-; 4~chlerophenyl/amino,
> 800, ~-; 4. other~-phenylazoacetylacetone, 600, 800; 3-tolylazoacetylacetone,
400, 800; 4-tolylazoacetylacetone, 100, 200; 3-chlorophenylazoacetylace-
tone, > 800, ~-; 4-chlorophenylazoacetylacetone, > 800, —-; phenylazo-
acetic ester, 100, 300; 3-tolylazoacetic ester, 400, 600; 4-tolylazoacetic
ester, 400, 600; 3-chlorophenylazoacetic ester, 400, 600; 4~chlorophenyl-~
azoacetic ester, 200, 300; phenylazodiethyl malonate, > 800, -~-;
4~tolylazodiethyl malonate, > 800, --; 4-chlorophenylazodiethyl
malonate, > 800, --.

Niculescu~Duvaz et al (1966) reported tkat the LD-50 for
4,4'~dihydroxyazobenzene and for the 4,4'—bis[—02CN(CHZCH2Cl)2] azoben-
zene was 300-500 mg/kg. .

Chadwick et al (1966) reported LD-50's in mice after
i.p. injection, in mg/kg, for: 2,4,6-triamino-5~(4-carbethoxyphenylazo)-
6-N- (2-hydroxy-3-anilino)propylpyrimidine, > 1600; the same, except

chloro in place of hydroxy, 300; the same, except no 2-substituent on

the propyl, 1100.
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Sato et al (1966) reported that in immature female rats
repeated injections of N~hydroxy-4-aminoazobenzene in a dose larger than
3.6 mg/100 g proved very toxic, death resulting from methomoglobinemia.

Grasso et al (1968) studied the toxicity of Brown FK
in laboratory animals; chronic results are given in the next section.
Results of the acute study are in Table 33, on rats and mice, 14 and 7

day observation periods, respectively.

1
Tablc 838, Acute toxicity of Brown FK I rats and mice by oral intubction and
~ intraperitoneal injection

Deaths/group of
Bingle 5 animals
dose
Species Route (g/ke) Male Female
Mouse Oral 2:0
Intraperitoncal 1-0
1-5
! 20
Rat Onal 20
40
. 80
Intraperitoncal 075
115
1-69

NHAO =M OOC
| e ©C O = 0O0CO0C

Reprinted with permission from Food
Cosmet. Toxicol. 6:1-11 (1968).
Copyright by Pergamon Press Ltd.

Autopsy fajiled to reveal the cause of death.

Gaunt et al (1969) reported oral LD-50's for Ponceau 4R
in rats and mice of >8 g/kg, and i.p. LD-50"'s of 1.6-1.9 g/kg in mice
and 2.6 g/kg in female rats; male rats had about the same i.p. LD-50 as
females, after 48 hours, but after seven days the male value dropped to
0.6 g/kg (all values taken from a 1967 publication by Gaunt et al).

On autopsy, renal tubular necrosis was found. In 1957 a German report



quoted LD-50 values for rats of 2 g/kg i.p. and 1 g/kg i.v.

Gaunt et al (1969 pp. 557-563) reported oral LD-50's
for Black PN to be greater than 5 g/kg in mice (1957 German report) and
also in rats (1967 Gaunt et al). In the earlier Gaunt report i.p.
LD-50's of 0.5-1.0 g/kg for mice and 0.9-1.2 g/kg for rats were also
disclosed.

Caldwell et al (1971) reported minimum lethal oral doses
in mice for some azo derivatives of the 3-tropanyl (R) ester of 2,3~
diphenylacrylic acid (in mg/kg): 256 for [CgHg5CH = C(CO,R)CgH,-m-N¥,,
768 for [CgHsCH = C(CO,R)CgH,-p-N},, 768 for C HgCH = C(CO,R)CgH,-m-N =
N-C¢Hg, >1024 for CgHcCH = C(CO,R)C.H,-p-N=N-C¢Hs, and >1024 for
C¢HsCH = C(CO,R)CgHy(-p-OH)-m-N = N-C.Hs.

The Toxic Substances List-1973 Edition provided the
following compilation of acute toxicities, including the year of publi-
cation of their source. LDLo, TCLo, and TDLo are their abbreviations
for lowest published lethal dose, toxic air concentration, and toxic
dose, respectively. The parenthetical chronologies refer to obser-

vation periods.

Acid Red 26 LDb-50, mice, i.p., 2 g/kg, 1966

4-Aminoazobenzene (AAB) LDLo, mice, i.p., 200 mg/kg
TDLo, frogs, i. remal, 110 mg/kg, 1964

4-Amino-N,N-bis(2-chloroethyl)~2'~carboxy-2-methylazobenzene
LD-50, rats, i.p., 20.2 mg/kg, 1964

4-Amino-N,N-dimethylazobenzene (DAB)
LD-50, mice, i.p., 500 mg/kg, 1962
TDLo (1 week), mice, oral, 5 mg/kg, 1948
TDLo (40 days), rats, oral, 800 mg/kg, 1956
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4-Amino-2'3-dimethylazobenzene
TDLo, mice, s.c., 330 mg/kg, 1965

4~Amino-N,N-dimethyl-4'-fluoroazobenzene
TDLo(12 weeks), rats, oral, 3.2 g/kg, 1953

4{~Amino-3',5"'~-dimethyl-4'-hydroxyazobenzene
LD-50, rats, i.p., 350 mg/kg, 1963
TDLo, rats, i.d., 100 mg/kg, 1963

4~-Amino-4'-hydroxyazobenzene
LD-50, rats, oral, 1.95 g/kg, 1963
LD-50, rats, i.p., 300 mg/kg, 1963

4~Amino-4'-hydroxy-2,3',5'~trimethylazobenzene
LD-50, rats, i.p., 142 mg/kg, 1963
LDLo, rats, oral, 600 mg/kg, 1963
fDLo, rats, i.d., 100 mg/kg, 1963

4-Amino~-2',N,N-trimethylazobenzene
TDLo (6 weeks), rats, oral, 1.5 g/kg, 1969

Azobenzene LD-50, rats, oral, 1 g/kg, 1966

Azobisisobutyramide-HC1
LDLo, rats, oral, 400 mg/kg, 1971

Azobisisobutyronitrile (AIBN)

LD-50, rats, oral, 700 mg/kg

LDLo, mice, 1.p., 25 mg/kg
Azoethane TCLo, rats, inhal., 4800 ppm/hr, 1968
1,1'-Azonaphthalene TDLo, mice, s.c., 200 mg/kg, 194C
1,2'-Azonaphthalene TDLo, mice, s.c., 200 mg/kg, 1940
Congo Red LD-50, rats, i.v., 190 mg/kg
Food Brown 3 LD-50, rats, i.p., 375 mg/kg, 1966
Food Red 3 LD-50, rats, i.p., 1.1 g/kg, 1967

Food Yellow 3 LD-50, mice, i.p., 4.6 g/kg, 1967
(FD&C Yellow 6) LD-50, rats, i.p., 3.8 g/kg, 1967

Solvent Red 24 TDLo, rats, s.c., 8.32 g/kg, 1958
Solvent Red 80 TDLo, mice, i.p., 80 mg/kg, 1968

Trypan Blue LD-50, mice, i.v., 267 mg/kg, 1970
1DLo, rats, i.v., 300 mg/kg
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2, chronic

Metcalf (1962) gave adult rats three s.c. doses of 20 mg
of Evans Blue and Trypan Blue on alternate days (separate experiments
for each dye). This treatment resulted in death of the rats in three
weeks. The i.v. LDLo for Trypan Blue in rats, above, corresponds to 60
mg per 200 g rat, an interesting, though not directly comparable,
comparison,

Davis and Fitzhugh (1963) fed male and female rats
0.01-1.0% of D&C Red No. 10 for two years. There was no effect on growth.
There was a definite increase in longevity at the 17 level. Survivors'
splenic weight (relative) increased 2-3 times in both sexes at the 0.25
and 17 levels. Slight to moderate bone marrow hyperpliasia was noted in
the 0.257% females and both sexes at 17. Frequency of occurrence of the
wide variety of tumors found was not significantly different from that
in the controls,

Oser et al (1965) treated for two years male and female
dogs and rats with a diet composed mainly of bread (overall nutritionally
balanced for each animal) which had been made with 100 ppm of azobis-
formamide. This level was ten times the proposed use level, about twice
the maximally permitted level, and was all that could be incorporated
without interfering with the baking process. There were no adverse
effects on the original animals, or on three subsequent generations of
rats.

Chadwick et al (1966), in an anti-~-tumor study, gave rats
i.p. doses on five successive days of 2,4,6-triamino-5-~(4~carbethoxy-
phenylazo)-6-N~(3~anilino)propylpyrimidine, and its derivatives with
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chloro or hydroxy substitution on the 2-propyl position. They found
approximate LD-50 values of 550 mg/kg for a 400 mg/kg/day dose for the
parent compound, 140 mg/kg for a 100 and 50 mg/kg/day (not clear in the
paper) dose for the 2-chloro, and >400 mg/kg for a 430 mg/kg/day dose
for the 2-hydroxy.

Tkeda (1966) fed rats 0.2-5.0% of Ponceau MX for up to
15 months. Mortality was the same as the control group. At 1 and 5%
growth was noticeably retarded even though food consumption was normal;
water consumption in these two groups increased after the eighth
month. All levels produced heavier than normal livers and thyroids from
at least the third month. The kidneys were heavier at the 1 and 5%
levels. Liver cell adenomas were seen in déad animals as early as 10
months, the incidence increasing with amount of dye fed. Obvious renal
tubular degeneration had occurred by three months at even the 0.2% level.
By the 15th month all groups (including the control) showed glomerulo-
nephritic and nephrotic changes, also interstitial cell infiltration.
Incidence and severity were greater in the dye-fed animals than the
controls.

In an in-progress study on feeding the same range of this
dye to mice for up to 12 months, liver tumors were found at the 0.27%
level.

Grasso et al (1968) did a chronic toxicity study on
various laboratory animals of Brown FK and some of its isolated azo
components. Rats and mice were given in their diet for up to 43 days
0.1-2.0 g/kg of Brown FK, or by i.p. injection 43 doses of 0.1-1.0

g/kg. Guinea pigs, hamsters, and rabbits were given stomach tube doses
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of 1 g/kg Brown FK for up to 14 days. Rats received up to 16 daily
doses by stomach tube of the FK components 2,4-diamino-5-(p-sulfophenyl-
azo)toluene (I), 1,3-diamino-4-(p-sulfophenylazo)benzeune (II), 2,4-
diamino-3,5~bis(p-sulfophenylazo) toluene (IV), or 1,3-diamino-2,4,6-
tris(p-sulfophenylazo)benzene, a 40/60 mixture of I/IV, or a mixture of
11, VI, 1,3~diamino-4,6-bis(p-sulfophenylazo)benzene (III), and 1,3-
diamino~2,4~bis(p-sulfophenylazo)benzene (V); the dose was 0.5 g/kg.
Similarly, 1 g/kg doses were given of 50/50 I/II, 40/60 I/IV, and
I/I1/I1I/V/VI (50% I).

The 1 g/kg i.p. doses of FK had no effect on mice. The 2
g/kg oral doses (six) had no effect on mice. After 28 oral 1 g/kg
doses, one out of twelve mice showed heart and skeletal muscle changes.

Both sexes of two strains of rats died after receiving 3-8
doses (stomach tube) of 1 g/kg of FK. The observed symptoms were,
sequentially, growth retardation, heavy weight loss, lethargy, piloerec-
tion, hypothermia, difficult breathing, death. Sacrifice of the animals
just after weight loss was noticed revealed greyish-white areas in the
ventricular myocardium, conjested liver and lungs. Lesions were found
in the heart and skeletal muscles.

Of the rats given 1.5 g/kg of FK, one-third developed centri-
lobular hepatic necrosis and severe fatty change.

The following tables condense the muscle damage information

obtained from stomach tube dosing.
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Tehle 34 Incidence of stri. ~d-muscle damage induced by Brown FK in relation to daity dose administered by
’ stomach tube to rats

: Percentage of rats aflected

No.ef dose- No. of
e ——— rats Skatera?
K N eemin Yoot Tonpus muscle Diaplirazm
Lo 0D 60 0 0 0 ¢]
01 5-43 Z3 10 10 10 Q 10
s [ -t N " 3 10 G
¢ : . Y o 33 33 22
e ! b vl ¢/ 52 65
' & ‘ 10 13 . -— — —
1S PR IS 10 O3 — — —
2 Ao “ 14 920 — .- —
Qv hen Lo e cvrp agd s Tdoses above 1 e

Tabic 38 [rcidence of stusied-nuscle damage induced by components of Brown I'K administered by stomach
wbe to rats

Pcreentage of rats aftected

Daily No. of
Material dose  No.of Tats Skeletal
adm nivtered (g/kg) doses* examined Heart Tongue muscle Diaphragm
Saiine | — 6-16 20 0 0 0 0
Brown."-K 1-0 2-16 16 69 94 75 81
Compc .nd [ 0-5 2-6 9 100 89 22 44
Compnund 11 0-5 2-6 10 30 50 30 40
Compeunds 144 114 1-0 2-3 12 75 100 100 100
Compounds I4+-1VE 0-5 6 10 0 0 0 0
Compounds I FIVE 1-0 3-16 - 10 10 30 0 30
Conypoand 1V 05 16 10 0 0 0 0
Compound VI 0-5 7-12 6 0 0 0 0
Conypounds T+ THAV-VI 05 0 11 0 0 0 0
Comyands T 14114 V-.L-VIT 1-0, 5-6 10 50 70 40 50

*Results represent tindines from two studies in which rats were dosed for up to 6 or 16 days respectively.
1 Mix.ure containing S09 L
IMivore contuming 4097 1L

-

Table 36. Incidence of striated-muscle damare induced in various spectes by Drovwn FK {1 glhg/duay) adminis-
tered by stomach tul'o

.

Percentage of ammals atlected

’ No. of e e —_—

No. of animals Stcletal .

Species doscs exanuned Hear Tounguc muscie - Diaphroem
Rat 1-6 12 85 72 65 62
Guinca-pig 3-11 12 33 . 59 59 75
Rabbit 39 1 91 " 6 .58 82
fouse 6 12 0 0 0 0
Hanster 14 2 [N 0 0 0

for cach specivs, proups of sintlar size were dosed with wegter and no tovons were seen.

Tables 34-36 reprinted with permission
from Food Cosmet. Toxicol. 6:1-11 (1968).
Copyright by the Pergamon Press Ltd.
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The i.p. dosing was more toxic. Although the 0.1 g/kg
regimen was well tolerated, the 1 g/kg level was usually fatal after
10 shots. Only three 1 g/kg shots sufficed to greatly reduce splenic
weight, and Increase relative renal weight. The renal tubules were
dilated, vacuolated, and pigmented with FK (not pigmented at all after
oral dosing). The 1.p. dosing did not produce the muscle damage seen
from oral dosing, indicating metabolites were probably responsible. It
was suggested that, since some animals were unaffected by even the
highest doses, there was intraspecies variation in the gut microflora
apparently responsible for the metabolizing of the azo linkages.

Grasso and Golberg (1968) reviewed the rather extensive
literature on metabolism and toxicity of Brown FK, using some lessons
learned to comment on the nature of the testing procelures for food dye
toxicity.

Gaunt et al (1969) fed male and female pigs Ponceau 4R
at 100-900 mg/kg body weight/day for 90 days. There was no effect on
weight gain. Hematological findings were normal at 300 mg/kg/day. At
900 mg/kg/day males showed reduced hemoglobin and red blood cells at
week six but not at week 13. Urine and serum chemical analyses were
normal. Relative internal organ weights were also considered normal.
Autopsy and histopathology on sacrifice of the animals revealed no
abnormalities. \

Grasso ét al (1969) fed male and female rats 0.125-1.0%
of Ponceau MX (also known as 2R) for up to two years. Fatalities became
statistically significant at P < 0,05 by the 88th week in both sexes

at the 0.5% level. However, by the 80th week all levels in males and
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0.25% up in females showed somewhat higher mortality. The 0.1257 level in
females never did produce unusual mortality. Body weight increase showed
a slowdown in females at 1% by the 3rd week, at 0.57 by the 25th week, at
0.25% by the 51st week, and at 0.125% by the 65th week; there wasn't any
noticeable reduction in the weight of females from a peak weight. In males
initial slowdown began later, by week 39 at the 17 level, by week 65 at
levels 0.25 and 0.50%, and by week 91 at 0.125%; males showed sharp, con-
tinuing drops in weight between weeks 65 and 77 at levels 0.25% up, and
between weeks 65 and 91 at 0.125%. Examination of fool eaten at consecu-
tive three-month intervals showed decreases by females only over the three
intervals covering weeks 54-93 at the 0.57% level; males showed decreases
over the 94-99 week period at 0.125%, 80-99 weeks at 0.25 and 0.5%, and
66-99 weeks at 1.0%. The animals didn't care for the taste of the dye
even at the 0.1257 level, but the palatability showed a very high decrease
going from 0.5 to 1.0%.

Hematology revealed decreases in hemoglobin in males by week
14 at the 0.5 and 1.0% levels and in females at the 1% level; by week 29
females were showing decreases at the 0.257% level and were also showing
decreases in hematocrit at that level and up. By week 61 males were
showing lower hemoglobin at 0.125%, lower hematocrit at 0.25%, and lower
red blood cells at 0.257. At week 79 only hemoglobin was low at the
highest level in both sexes, except that males showed a higher total
leukocyte count at 0.125%. At week 104 hemoglobin was lcw in both sexes
at 0.25%, also hematocrit; in males the red blood cells were also low at
that level, also total leukocyte count. Chemical analysis of the blood was
normal after two years. Urine analysis showed higher ascorbic acid after

one year at 0.25% up, otherwise being normal chemically and physically at
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one and two years. Relative internal organ weights after two years showed
increases in the brain of both sexes at 0.5% (no 1% values for any organs
were determined because of too few survivors), heart of males at all le-
vels, liver of both sexes at all levels except 0.125 in females, kidneys
of both sexes at all levels, adrenals of both sexes at 0.57%, and pituitary
of males at 0.125 and 0.5%. 1Incidence and severity of pathological
hepatic changes were directly related to dose level, but there was nothing
to suggest carcinogenicity,

Gaunt et al (1969) fed male and female pigs Black PN at 100-
900 mg/kg/day for 90 days. There was no effect on body weight. Hematology
was normal. Relative internal organ weights were normal. There seemed
to be evidence of ileal irritation at 300 and 900 mg/kg/d, possibly re-
sultant from the feeding of the daily dose in a highly concentrated form.

Gafford et al (1971) gave male rats daily i.p. doses of
0.2-20.0 mg/100 g body weight of azobisformamide. The high dose caused
627 mortality in one week, starting on the third day. The deaths were
preceeded by 1-2 days of bloody urine.

Galea et al (1972) gave rats 30 mg/d of Amaranth for up to
545 days, as 0.12% of their diet. Between 60 and 180 days weight began
to lag behind the controls, but the absolute difference didn't in-
crease between 180 and 360 days. Apparently there was considerable
mortality in the dosed animals, but inconsistencies in the paper obscured
the results. Hepatic vitamin A was only half that of controls at 60 days,
20% at 180 days, and 0-10% at the end of the experiment.

Shtenberg and Gavrilenko (1972) fed male and pregnant female

rats a daily dose of 1.5 mg/kg or 15 mg/kg Amaranth for 12 months.
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At the end of the test period both levels had about the same ability to
reduce spermatosoidaliresistance, depress the estral cycle, and heighten
the gonadotropic function of the hypophysis. Postimplant mortality was
far higher, 3-5 fold. The number of live births per rat dropped 30%.
The fetal and placental weights were slightly lower at 15 mg/kg. The
1.5 mg/kg level was the maximum recommended at the 8th FAO/WHO session
on food additives.

Collins et al (1972) gave pregnant rats 7.5-200 mg/kg/day
of Amaranth during days 0-19 of gestation. They found no change in the
number of corpora lutea, nor any adverse effect on imvlantation. Fetal
mortality increased notably at a dosage over 15 mg/kg. Weight of live
young was not affected. Percentage of resorptions increased with dose.
Skeletal and soft-tissue abnormalities were not dose related.

The Toxic Substances List-1973 Edition provided the follow-
ing compilation of chronic toxicities; see the last en‘ry under Section

X.B.1l. for elaboration of terms.

Acid Red 26 TDLo, rats, oral, 62 g/kg/65 weeks, 1966

Acid Red 148  mice, s.c., 80 mg/kg/4 weeks, 1950
(intermittent dosage)

4—~Amino-N,N-dimethylazobenzene (DAB)
TDLo, hamsters, oral, 9.6 g/kg/42 weeks, 1961
(intermittent dosage)

4-Amino-2,4'-dimethylazobenzene
TDLo, mice, oral, 28 g/kg/595 days, 1949

4=Amino-2,3'-dimethylazobeneene
TDLo, mice, oral, 28 g/kg/595 days, 1949

4-Amino-2',3-dimethylazobenzene

TDLo, hamsters, oral, 25 g/kg/49 weeks, 1961
TDLo, mice, oraly 2.8 g/kg/70 days, 1955
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4-Amino-3,4"'~dimethylazobenzene
TDLo, mice, oral, 28 g/kg/595 days, 1949

4—Amino-3',5'-dimethyl-4'-hydroxyazobenzene
TDLo, rats, oral, 1000 ppm/2 years, 1963

4-Amino-4'-hydroxyazobenzene
TDLo, rats, oral, 700 ppm/2 years, 1963

Food Red 1 TDLo, rats, oral, 1.2 g/kg/day, 1953
Food Red 6 TDLo, rats, oral, 182 g/kg/2 years, 1963

Food Yellow 3 TDLo, mice, oral, 35.4 g/kg/52 weeks
(FD&C Yellow 6)

Solvent Yellow 14 TDLo, mice, implant, 80 mg/kg, 1968

Trypan Blue TDLo, rats, oral, 440 mg/kg/21 days, 1958
(intermittent dosage)

TDLo, rats, s.c., 1.088 g/kg/87 weeks, 1963

(intermittent dosage)

3. sensitization

Gordon (1964) tested the correlation of carcinogenicity
with skin sensitization in a group of butter yellow derivatives. The
results are in Table 37. DAB is an abbreviation for 4-amino-N,N-dimethyl-
azobenzene, and MAB is DAB minus one methyl. 1In column 2, the higher
the number the higher the carcinogenicity in rats (not necessarily
the same in the guinea pigs used here). The cross-reaztion test was
run at the same time as the confirmation of sensitivity test; it
indicated that an animal sensitized by one of the azo compounds was
likely to be sensitized by all. Reaction to the sensitizing compound
itself ranged from 1007 from a 1% solution of the confirmation dose,
to 18% from a 0.001% solution. The desired correlation was not

achieved.
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Reprinted with permission from Nature
203:884-885 (1964). Copyright by
MacMillan Journals Ltd.

Table 7, SENSITIZING CAPACITY AMD CARCINOGENIITY OF AZO DYES

Carcino- Bindwnzt Capacity
Azo geet torat Capucttyd Lo elrett
dye® Index Hver to shin
{rat) proteing aensitize reaceions§
DADB [ + 100 44) 100 ()
FCH,DAD 10-12 - 100 (2, To (44
ER AN PAWH 10-12 + 100 (3) 66 (13)
YCILDAR <1 + 100 (5) T3 15)
+'F DA 10-12 + 100 (5 BO (15}
MAB 6 - 40 () 33 (13)
2 CH,DAR [ - 100 (4) 60 (3)
+ N DA 0 0 0 (3) 75 (8)
ICF, AR Q Q 0 (5) 50 (20)
2O DADB Q Q 0 (5) 10 (20)
2'0H LAB 0 0 0 (5) 10 (20)
P-AmMINOAzZO-
bensene 0 1] 0 (5) 5 (20)
Azobenzene 0 0 0(2) 0(12)

* For formule sce text.

T See ref, 2,

$ The numbers refer to the pereentage of animals sen-itized; those In
brackets indicate the numbers of aunnals an each experiment.

§ Cross-reactions: the numbecs refer to the percentage of wnimals reacting;
those 1n brackets tadlcate the number of secasitized animals shin tested.

4. teratogenicity

(Relley et al, 1964, quoted T. Vickerstaff, 1954, from
The Physical Chemistry of Dyeing: "It is virtually impossible to
synthesize a pure disazo dye and only slightly easier to purify a
given sample." Most of the papers in this section deal with trypan
blue, a disazo dye!)

Hamburgh (1952) injected female mice with about 1.7 mg
trypan blue one week prior to, and one week past fertilization.
Nearly 1/4 of the young showed tail abnormalities. Of these malformed
young, 3/4 were males. The experiment was repeated, but the mice
were sacrificed 10-14 days after fertilization. There were abnormalities
in 60% of the embryos, mostly in the tail and head regions (everted
brains). The latter probably resulted in failure to survive to term.

Waddington and Carter (1953) injected female mice in
the seventh day of fertilization with 5 mg of trypan blue. In one

experiment the young were allowed to be born, in another, the mothers
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were sacrificed at one day intervals after injection. Mortality

(embryo) rose sharply on the 1lth day of gestation. Abnormalities were

notably high one day after injection, but decreased sharply on the

11th day. Of the full term animals, litter size was half the normal

and males predominated. Head and tail abnormalities predominated.
Hamburgh (1954) reported on a follow-up study in which

pregnant mice were injected with 5 mg of Trypan Blue on the 7th day

of gestation, and then sacrificed on the 8-14 days of gestation. He

found 157 resorption and 607 malformed embryos, mostly head and tail

types. The chronology of the malformations is presented in Table 38.

TABLE 38/

Incidence of malformation of embryos 83-14 days after fertilization from mother injected with trypan bluc

FRYQUENCY FREQUENCY

s L OF  NOF“ALS ABNORMALS  RENORBED O uran %A?x;g:“’ AN %A::;gr:m ABNow- '%A%:gr:,so'

MALITIYS MHALITIES MALITIES MALITIKS MALITIES MALITIRA
$1- 9 43 19 23 1 o 20 . . 13 5
0 - 93 55 6 41 8 14 25 34 61
n3-10 K1 41 41 17 13 16 27 33
103-11 £6 1 ©oel gt 11 5 i6 64 34 30
1412 08 16 62 20 %01 22 . as 41 42 41 41
121-13 155 39 76 20 **? 27 17 57 23 " 23 14
133-14 53 20 28 58 .8 15 24 45 9 18
Total 571 164 332 7590t 106 18 149 26 101 33

3In breaking down abnormalities into the ‘vnriou; categories many cases were listed more than onco, whonevor more than
one type of malformation occurrcd in the same embryo. This fact should be borne in mind when adding the figures of table 1.
*Records of resorbtion are incomplete aftor the 10th day. Reprinted with permission from Anat. Rec

o -~ 119:409-27 (1954). Copyri ht b
Institute Press. PyTIS Y Wistar

Wilson (1955) gave s.c. injections of 10 mg of a variety

of trypan blue-related azo dyes to pregnant rats on the 7th, 8th, and
9th days of gestation. On the 20th day all were sacrificed. Table

39 contains a 1list of the dyes (o-toluidine is a non-azo ingredient
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Reprinted with permission from Anat. Rec.
123:313-333 (1955). Copyright by
Wistar Institute Press.

‘ ' TABLE 39.

Effects on gestation and the off spring of azo dyes injected on *he 7th, Sth,
and 9th days of pregnancy

EEE%E%E%’SE PREGXANCILS CONTINUING

DYE s?;::: —————Df—»——- %of XN ‘ % ot

S Tm o _w L Jemer et mr

ternal resoriy nancies tations resorbed mal-

death  tiom formed
Trypan blue 45 4 16 80 407 44 49
Evang blue .20 10 25 65 162 23 14
Niagara blue 4B 15 7 13 80 126 15 4
Niagara sky blue 6B 15 0 20 80 145 8 3
Congo red 4B 20 30 15 55 123 15 1!
Yital red 10 10 70 20 17 12 0
Acid milling red RN [ 11 1 78 78 13 0
Chlorazol black E 16 19 25 56 91 21 0
Benzopurpurin 4B 10 20 10 70 73 19 0
Dianil blue 2R 10 10 0 90 102 10 0
Erie violet 2B 13 0 8 92 148 11 0
Erie garnet B 10 0 0 100 112 7 2t
Niagara blue 3 RD 10 0 0 100 115 " 13
O-tolidine 10 0 0 100 109 8 0
Azo blue 6 0 0 100 a7 7 0

! Hydrocephalus affecting one or two animuls in a siugle litter, not attributed to
action of the dyes for rcasons described in text.

TABLE 4O,

Frequency of malformations in various organs and systems after different dyes

Gc OF TOTAL LIVING Y OUNG BHOWING

x?::::‘u ‘,“7)""‘;‘; DEFECTS IN VARIOUS ORGANS AND SYSTEMS
LIVING NAL- ;
YOUNG FORNED Brain Eye ‘(;"s:ﬂ}‘;r \(f";‘u"}\’l';'l Other !
Trypan blue . 228 49 83 10 1 27 12
Evans blue 124 14 13 2 1 1
Niagara blue 4B 107 4 4 1
Niagara sky blue
6B 134 3 2 1

—

! Specified in text,

common to the manufacture of the others), the mortality, and terato-
genicity found; the mothers had been surgically examined for the number
of implants prior to injection, on the 7th day. Table 40 breaks down
the malformations according to most frequent type. In the last column
of this table, 'other' consisted of gastroschisis, short snout, and

clubfoot, about equally. The most frequent brain effect was hydrocephalus
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accompanied by mesencephalic aqueductal obliteration/constriction.
Ocular effects included monolateral (usually) anopthalmia, microphthalmia,
and retinal coloboma. Cataract of the lens was also seen, and deemed
to be degenerative rather than developmental in nature; its incidence
was not known as few animals were examined for it. Cardiovascular
effects were (decreasingly): aortal-pulmonary trunk transposition,
aortal right-sided arch, aortal double arch, absence of ductus arterio-
sus, and trunkus arteriosus communis. Vertebral columnar effects
were rudimentary-absent lumbar, sacral and caudal vertebrae, absence
of entire sacrum, medially displaced ilia. Resultant extermal and
internal changes included trunk shortening, lack of tail, lack of
genital/excretal openings, lack of some pelvic viscera.
There was no evidence for the dyes having crossed
the placenta. This, together with the occurrence in the same litter
of normal appearing (inside and out) embryos at term, did not allow
for even an intelligent guess as to the reason for the malformations.
Langman and van Drunen (1959) injected s.c. female rab-.
bits with 5 ml/kg of a 1% trypan blue solution five days prior to,
two and seven days post-fertilization. The uterus was ~xcised on the
28th day of gestation. Serum proteins were analyzed at pre- and post-
fertilization intervals. Table 41 contains the overall teratogenic
statistics. Malformations were found in the spine, tail (none), gut
(eventrated), and brain (hydrocephalus). The eyes were normal. Control
rabbits showed a decrease in total serum protein and albumin during
gestation, but dye-dosed ones showed an increase in both, especially

during the first 14 days, followed by a decrease to non-pregnant levels.
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The y-globulin fraction was not increased.
TABLE 4|.
Result of pregnowoy in 5 mormal and 7 trypan blue treated rabbits

NUMBER OF

WUMBER OF NUMBRR OF RESORPTIONS NUMRBER OF XUMBER OF
mawT Slihvos  ANDDEAD L lNaTIoNs  EMBRYOS
Normal 5 44 1 0 43
, (2%) (0%) (98%)
Trypan blue 7 53 21 9 23
(39%) a7%) (44%)

Reprinted with permission from Anat
Rec. 133:513-25 (1959). Copyright by
Wistar Institute Press

Beck et al (1960) reported that eight samples of trypan
blue from six commercial sources analyzed for only 20-867 pure dye
(another sample being too contaminated from another blue dye for
meaningful analysis), and concluded that dosage levels previously
reported in teratogenic studies were not reliably comparable. The
major contaminants were 1-767% NaCl and 5.5-17% H,0. There was also
a red dye present in all eight fully analyzed samples. The ratio of
extinction coefficients, E (red)/E (trypan blue), ranged 0.07-0.24.

Pregnant rats (two strains) were given s.c. injections
on the 9th day of gestation with either one of the commercial trypan
blues (74% actual dye) or various fractions thereof. The results are
in Table 42. The purified trypan blue gave the lowest percentage of
resorptions. There was no statistical difference in the number of

abnormalities seen with the MRC strain.

Table ¥2:
External abnorualities in

| Subatance tented No. of Total Total Resorptions ~ survivors
| rats used implantations resorptions {per cent) Normal , Abnormal
I M.R C. hoaded rats

Control (itasngected) 14 148 10 6-7 138 0

1 par eent tes pan blue (Gribler) 11 117 38 307 20 1

1 per eent reeesstattized tey pan blue 12 144 18 12-56 126 a

1 per coent mnther Liginr 14 148 46 318 102 3

05 prroent ted inpusity 19 224 47 209 1i6 1

Witar rate
Control (uninjeted) 4 33 2 60 31 )]
1 per cent crude ey pan blue 7 43 27 562 1] 12

Reprinted with germission from Nature
187:605-7 (1960). Copyright by

M :
acMillan Journals Ltd. 123



Beaudoin (1961) injected, at 36 hours' incubation, 50 ul of 0.1% dye

solution into the subgerminal cavity or 100 ul of 0.1% dye solution

into the yolk sac of chicken eggs.

Embryos were sacrificed on 10th day.

The same was done using trypan blue at 0-96 hours of incubation to test

the time span effectiveness of the teratogenicity.

The dyes tested

in the first study and results are given in Tables 43 and 44.

TABLE U43.

Teratogenic activity of several disazo dyes on chick development when
' injected at the 36th hour of incubation

Tables 43 and 44
renrinted with permis-—

sion from J. Eambryol
Exptl. Morphol. 9, pt.

Percenrage
Total treated mortality Percentage malformed survivors
Sub- Yolk Sub- Yolk | Sub- Yolk
Dye germinal | sac | germinal | sac | germinal | P values* § sac | Palues
Trypan blue 101 94 455 565 72-8 < 0-001 [ 562 | <0001
Fvans blue 78 90 i 448 14-4 TR <000l | 52 0-52
Niagara blue 4B 94 93 693 299 4.5 e 1334 | <000t
Niagara blue 2B 67 86 239 93 274 647 0 —
Azo blue . 82 93 183 107 209 0-90 0 —_—
{ongo red 95 90 590 33 359 008 34 098
Saline controls . 220 141 209 12:0 201 — 24 —
Untreated controls — 134 —_ 119 — — 3-4 —
* P values derived from X test for independence.
TAaBLE Lk.
Frequency of malfvrmations among surviving 10-day chicks
) (percentage of rotal survivors)
' Rumpless Eye Beak Gastroschisis | Hind limb Spina bifida Other
Dye l SG* YSt| SG YS SG  YS SG YS SG YS SGYS SG 1S
Trypan blue . 691 5361 73 27 [109 — 36 — 71 awr - — — 24
Evans blue 512 26170 13 123 - 147 — 93 g3 lar — | — s
Niagara blue 4B 206 318|172 34 j172 — 314 1-3 34 —_— — -— _ 45 .
Niagara blue 2B 126 — 19 — [ — — | — ] - —~ |39 - {39
Azo blue 149 — (104 ~ 75 -— 1s — (B —_ 1-5 -— 15 —
Congo red 334 23128 23 77 — 26 — 26 — 77 —_ —_ -
Saline controls 96 24| 46 08 1S 08 41 —_ | K J 86 08 25—
Untreated controls . — 25 — -— — 08 — 08 - — —_ — — —

" * SG = subgermnal.

1 YS = yolk sac.

1:14-21 (1961). Copy-
right by Cambridge
University Presc.

The eye defects were anophthalmia and microphthalmia; beak defects

were cross-beak and small beak.

The separate trypan blue study indicated

insignificant mortality after 48 hours from subgerminal, and 72 hours
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from yolk sac injection. Percentage of malformed survivors was unaf-
fected after 72 hours from subgerminal or yolk sac injection. The
percentage of malformations regardless of survival peaked at 36 hours
after yolk sac, and at 36-48 hours after subgerminal Injection.

Beck (1961) obtained three commercial samples of trypan
blue and made up solutions of each, 0.01 mole/ml (confirmed by titra-
tion of the azo linkage). Pregnant rats were given s.c. injections
at 8 1/2 days of gestation of 0.05 mole azo linkage/kg. They were
sacrificed at 20 1/2 days of gestation. One of the samples of trypan
blue failed to produce any abnormalities, and caused a statistically
insignificant increase in percentage of resorptions. The other two
samples produced resorptions and abnormalities typical for this rat
strain, but in differing amounts. An attempt to see if there was a
difference in toxicity between the samples by determining the LD-50
values on non-pregnant females somewhat equivocally indicated that
the non-teratogenic sample was also less toxic than the one of the
others which was used for comparison.

Hoar and Salem (1961) gave a single injection of 2 ml
of 17 trypan blue s.c. to pregnant guinea pigs on a day selected from
days 6-13 of gestation. The litters were sacrificed on day 30 of
gestation, when it was expected that all organ formation would have
been completed (term is 68-70 days normally). There wasn't any
pattern during this time span to the reduced weight and reduced crown-
rump length seen. Resorptions were highest when the dose was given
on day 12 or 13, next highest on day 7. Gross malformatlons were

highest when the dose was given on day 11, day 9 being next. Half of
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these malformations were cysts of the anterior thoracic wall, one-third
were spina bifida; in decreasing amounts, also seen were microphthalmia,
hydrocephaly, edema, and meningocele (all <6%). About half of the
small or otherwise abnormal embryos had a posterior cleft palate (pos-
sibly merely related .to delayed growth).

Some of the gestations had been allowed to go to term.
Approximately 1/6th of these resulted in complete resorption, and
another 1/4th aborted. The gestations were about one day longer than
controls and litter size was smaller (though considerably heavier).
These had only 5% abnormalities, all non-fatal.

Izumi (1962) injected six azo compounds, of varying
carcinogenicity, into pregnant mice to study the teratogenic effects.
There was no apparent correlation of carcino- and teratogenicity.

Tables 45-61 present the findings.

Table 5. The development of 'the fetuses in the control groups with or without
intraperitoneal 1njection of (.01 ml peanut oif per g of body weight

| Day of Total Total Fetuses at the 18th day of gestation ?;o.)anfs
Group injecti- No. of | No. of (%25 = (72) x (%) x| (2.3 7+ (g o},p:;d‘
| on : moth-~ | implan-, survived | resorbed | dead | survivors  body weight apnoma.
. ers ' tations ! ! l malformed | mean4sta- « jjog
._.-_.4‘ ! ‘ ! ! ! ‘ " ndard error
Not in- ! ] P i : ' | . : ,
jecred ; 16 [ 96 | 87 (90.6) ! 8 (8.3 ‘ 1(1.0) : 1 (1) il.lbi@.(ﬂg | 1Pd !
8- 9. 8 48 4 (95.9): 2(41); 0(0) | 1(21) L2W*006: Dt .
_ 0 pt 51 (8 T3 (1 v 1074005
mjected M —1L_ 10 SUED T B (16 0( 0 | 0(0) L0005
CR--13 W o 43 (TLT) G 1e (26.TY 1 (1T ' 1 (2.3 0.43+0 021 1Co
75 1 34 (Ta.6) 1022y 1 (20 1(2.9) 1 08+0.016  1El

cp: cleft palate, Dt: deviation of tece, El: malformation of elbow joint.
» % of total No. of implanrations /. :¢; of survived ¥
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Table % Effects of 3'-trificoromethyl-l-dimethylamincazotenzene on the offspring of mice
(Intraperiteaeal injection of (.01 ml 3:; peanut ol solution (0.3 mg) per g of
body weight]
! ,
' Day of ' Total | Total !

Fetuses at the 18th day of gostation

. No. and types. of

mypecn-i No. of | No. of } (Po) X (%) x; (%2) X (%) /Y (g) | vach anomalies
on mothc-; mplan- gyryived | resorbed ; dead survivors body weight
| rs ’ tations { malform. meanzstand-
L S S AR } e - ard error R
8-9! M | 107 |4 @LY) | 73 (E8.2) [ 0 (0) [1¢29) " 0.88-70.015| 1Dt
» l . i R
— ! S T T I YAn, 2Cp. 6Dr. IEL
w-tit o2 b s a3 ,1 (7.7) 0 .(0) 15 (3925 0.¢740.0l8 Sin 3Md, Tbd
jrmr e e e e — ‘ — e
Plo-u 18 |1 s (0 0 ,37 (0 0) | 0 ()14 (24.6) | 1.03£0.018 12Cp. ICt, 2Dt
3 i . . s
- I o — ! '
ENRCIY "6 (8. 6); 0 (0) 7Ny, " L04+0.018 , TCp ,

+ An: malformation of ankle joumt, Cp cleft palate, Ct: curved tai), Dt: deviation of
toe or finger, El: malformation of elbow jont, Kn: malformation of knee joint, Md.
macrodactyly of toe, Pd: polydactyly of toe.

x : "5 of total No. of implantations. A 1% of survived.

Tzumi (1962) reported a study which concentrated its ef-
fort on changes in fetal bone structure as a result of these dyes
being injected into pregnant mice. Tables 62;-91 present the results.

Table 8T. Effects of moncethylaminoazobenzene on the offspring of mice [Intraperitoneal
injectron of 0.004 or 0.006ml 52, peanut oil solution (0.2 or 0.3 mg) per g of
body weight)

! ; ! ; l
| Day of | Total | Toral . Fetuses at the 18th da) 3f fi’:i“on | No.and types* of |
" injecti-| No. of | No.of 7 {4,y x, (%) TS X (9 oo T gy each anomalies l
{ on ! m°lh€‘§ implan-’ syrvived | resorbed ; dead , survivors bady weight ! i
! (» > ' tations ! ! . malform- meanzstand-, |
] ‘ : _’ ) ! ed ard error ! |
' B‘Qi 8 ' 43 :40(93.0);3(70) 0(0) il(.Z.S)j 1.0:'_tC.(“:30; 1 Kn l
. i . - | i '

]j 0-11: 18 129 73 (36.6) 53 (42.6) 1 (0.58) 5 (6.8) I 1.0740.0181 3 Dt, ! Kn. 1 Pd
S ' - ) e | .

T-13) 09 T 59 36 (610) 23(38.0) D (0) 1(2.8) " 0.97F0. 03] 1Dt !

[H-1 CoT o H W GRY) WELE N C0 133 09140026 1 An 1 Kn f

* An: malformaiion of ankle joint, Dt: deviation of toe or flnger, Kn: malformation of knee
jont, Pd: polydactyly of tce. x : ¢, of total No. of implantations, A\ : %, of survived,

Table Y8- Effccts of 4’.methyl-f-dimethvlaminoazobenzene on the offspring of mice
(Intraperitoneal injection of 0.01 ml 537, peanut oil suspension { 0.5 mg)
per g of body weight”

| . ; -

i | i ‘ . .

qu O,fi Total | Total - Fetuses at the 1Sth day of gestation g No. and types* of
mjecti- No.of  No.of TE LT, w (%) x (% i 7g),each anomanes
on j mothe-. xmplan-' survived rescrbed dead _survivors body weight !
1 TS ' tations i y malform- mean®stand- !
s i o ! ' i ed  ard error i b
t - om 2| N = . Ty o,

+ 8— 9, 8 62 40 (vl 3 "'_".’ (35.2);0 (0, ,‘a(l".a)‘ 1. 19410 bl4’1DI.4hn.lPd
§ I e — i t
! [ . ' i ;
10—t ’ 0 | 8 49 (50.8) 33 (46.2) 0 (O l (10 2) } 1.23£0.018{ 3 Di, 2 Kn |
. . ! 1 t
. - — - !
”‘13j| ER U v.1mn4, z (327) 11 (0.9 {3 (12), 1.20%0 m!lcp.z Dt 1 Kn
e R A ;37 (51.9) 15 (31.6) "2 ( 3 35,2050 0. 95:£0. om!lC: 1 Dt "

V

* Cp: cleft palate, Ct: curved tail, Dt: dulatmn of toe or ﬁngcr l\n malformation of knee
joint, Pd: polydactyly of tce.
X 16, of total No. of implantations, /°, : %, of survived.
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Table ¥4 Effects of monomethyiaminoazobenzene on the offspring of mice
neal injection of 0.004 or 0.006 ml 59, peanut odl sotution ( 0.2 or 0.3 mg) per

g of budy weight”

Intraperito-

| SO

i 1 s - - i
' Day of| Total _ Total | _ Fetuses at the 18th day of Ee-‘itatloi ‘ No. and types* of
! tnjecti-1 No. of : No. of |7 (%,} X (%) X (%) X1 (%) - (g | each anomalies
on mothe | implaa-! survived ' resorbed | dead _ survivors body weight
rs | tations | | ! malform. meanZ-stand-:
i | i | ed ard error
l 8- 1 'l 61 l40 (63.6) l’l (34. 4) 'l 0 ! 4 (10.0) | 1.11#0. 023 1Dt, 1 Ko, 1Md, 251
i 1
] ‘
fro—it} 12 | 8l iss (1.4 45 (55.6 ‘ 0 ! 1L ! 1.030. 023 | iﬁ;i 11}5dp 1Dt,
! ! ; .
‘ 12— 19 " 121 ;4;) (37.2) ;TG (62.8) ; 0 14 (8.9 | 1.0630. 013 ! 2An, 1Kn, IPd
H ! H
'l M50 7 8BGO BE2E)) 0 11(32)¢ Loko 019 1P
* Ad. adactyly of finger, An: malformation of ankle joint, Cp: clef* palate, Dt: deviation

of toe or finger,

Pd: polydactyly of toe, St: short tail.

X : 95 of total No. of implantations, A\ :

250f survived,

Hl: harelip, Kn: malformation of knee jomt,

Table 5Q Effects of 3'.fAuoro-4-dimethylaminocazobenzené on the offspring of mice

{Intraperitonea! injection of 0.006ml 5 ¢; peanut oil suspension (0.3mg) per g of

Md: macrodactyly of tce,

[

body weight ©
| ' - . :

Day of Total | Total ! Fetuses at the 18th day of gestation ‘ No. and types* of
m)ccn- No.of | No.of {7 (9, x; (%) x| (%) X (%) /. (g7 i each anomalies
on !mothe-‘ 1mplan survived | resorbed ; dead survivors body weight |

i x tations , malform-! mean=stand.|

i ! ! ed i ard error ;
g~ 9! 9 l B39 @D 16 (13.3)10(0) |5 (12.85; 0.924-0.024 | 1An, 1D, 2El, 1Pd

\ i . (
1011 10 2 69 25 (36.2) {44 (63.8) |0 ( 0) 4 (16.0) 1 1. 15:20. 030 | 2Dt, 1EL 2Kn
12-:13 ‘ 59 131 (52.5) 27 (45.8) {1 ( 1.7) |3 (9.7) | 0.87+0.034 | 34n, 1Ct, 1EL, 2Kn
14-13 9 o7 :34_(42.1) XSEEYR)RNINE)) 1(4.2) ' 0. 800, 027 : 1Cp

« An: malformation of ankle joint, Cp: cleft palate,
or finger, El: malformation of elbow joint,
X t 9% of total No. of implantations, A\ :

Table §) Effects of 4'fluoro-{-dimethylaminoazobenzene on the offspring of mice ~Intraperi-
ng ) per g of btody

-

i
|
i
N
|
I
i
I

i
!

actyly of toe.

Ct:

25 of survived.

curved tail,
Kn: malformation of knee joint,

~

toneal injection of 0.004 ml 59 peanut oil su:penszon { 0.2

Dt: deviation of toe
Pd: polyd-

i
!

-« weight ]
f A — - T - i
| Day of ! Total Total Fetuses at the 18th day of gestanon ! No. and types* of
| injecti-| No. of . No. of (90) X (%0) % (%) »; (%, & (g5 each anomalies
on mothe- | implan- survived , resorted , dead ;T survivors body weight '
rs | taticns . g { i malform- meanzstand-
! ‘ | ed "ard error e
8— 9 T v 53 4 (74.5) ‘Ui (25.5):0(0) 3¢ 7.3)! 1.070 225} tAn, 2Kn, 1Kt
g ‘ f f i
10—11 11 718 (39D 3 60.6) 1 0 o E 8 (23.6) . 1.1440.023 2An, 4Dt, 1EL 4Kn
1213 11 85 38 (i8.2)725 (29.4)!12(2.d) Vo 3.4 ‘I 1.00%02.0.0 1Ct, IKn
. — 3____ _
11—15 7 4 0 tcantocon L0 ( 0) ! 0.880.019

|
V

t e e

* An: maiformation of ankle joint,
malformation of elbow joint, Kn: malformation of knee jomnt, Kt.
: 2, of total No of impluntations, [/, :

x

Ct:
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curved tal, Dt: d

7, of survived.

evnation of toe or fnger,
kinky tad.
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Table §3 Evaluation of the growth suppre:s-
ing effect of peanut oil injecticn u-
pon fetuses by F.test : control gro-
ups with and without injection were

Table$2 Evaluation ¢f the lethal effect of
peanut oil injecticn upon fetuses
by x°-test : control groups with-
and without injecticn were com-

pared with each other compared with each other

i Day of Day of .

‘ - - { : . o
s - — R § 10 - -1 12--13 r-10
injection 7 8--9 10-11 12— ‘ 1415 ! | injection | 8-9 1°-11 12--1 ' 11 -10 i
] ]

b _ o < { 5: N .
] ~ i ' i } ? ! . % g

* % : significant at 1 9; level, ~ - : signifcant at 19, level,
* : signifcant at 3 %, level, — : not significant.

: not significant.

Table §4 Evaluation of the lethal effect of various derivatives upon fetuses by xi-test com-
pared with the control group treated with the solvent

-1

‘ De?rgttle‘:: 3 anifluerom- moncethvlia. 4’ -methyi. ja- monomethyl- | 3'-flucro-1.di- ' 4’-Auore-1-di-
: i ethyl-4-dime- minoazoben- . imethylamin ;ammoazotena methylamin- . methviamino-
Dnyof N ' thylammoaz- zene ! oazobenzene i zene | ' oazobenzene ' azobenzene |
injection . Obenzene | ’ i | ’ l
¥ 7 - 1
: 8~ 9 ! — [ PR ! x = 1 - | . !
' I i 1 ‘ ' i
K Jm K l
| - . P N i - i - e i
Fow-n | ; | ; !
¥ . 3 X v
2 ! .. ' | . i . i
IRESE R B
- — , ! s’ | ! 1
| 1a-1s O T _ | - | - ) e - |

!

significant at 19 level, - : significant at 59, level,
+ pot significant, (~) :inverse effect at 5 9 sigmficant level

Tabte §& Comparison of mortality between the fetuses treated by various Jerivatives on the
8th to 9th day
- Dertvatives | 4 mﬂunromet., , : R R ]
N treated | hyl-i-dimethyl- 4 -m'e'thyl-4-dxm-v monomethylam- : 4’-flunro-4-dini- -
| amincazobenz- ,eth:»!dmmoazo- ; inoazobenzene ethylammoazob‘ =
F R | 'benzene ] enzene I
etuses - | eoe | . !
No. of resorbed - ! 9 ; i
S | 3 | 22 { 21 t 14 [ 130
i 1 4
No. of survived, TR 40 40 a1 | 155
l |
s ; w0 62 : 61 1 55 | 285
+
af=3, x*= 36.73, Ir<0.01

Table 54-Comparison of mortality between the fetuses treated by various derivatives on the
10th to 11th day

2_‘;’;"':’;‘8': i;'et‘l;:ﬂ;’?&’: monoethyl-’ 4'-methyl- ‘ monometh- 3'-uoro-d- | 4’.fluoro-1-
ateci m*cthyvlam: aminoazo- | 4-dimethyl- \ ylaminoazo-' dimethyvla- | dimethyla- -
m;azobenz- benzene | aminoazob-! benzene minoazobe immoazobe , -
Fetuses " ene ‘ ' enzene i :_n:ene ] nze*ne
No. ot res- ) - l
orbed or o s | om s ¢ ou | @ 202
dead ‘ ! I ! ‘I | :
“No. of sur- t ] | ) T T T
vived . 8 f 73 | 43 ! 36 “ 25 ! 28 ] 289
i ) o | | T T
s | 49 129 g2 8. {8 | 1 { 581
df=5, = 1513, p<0.01



Table 57 Companison of mortality between the fetuses treated by various derivatives on the
12th to 13th day

™. Detnvatt;es 1 3’-mﬂuoro-4-dxmet-é monomethyl-amino- 3’-luoro-4-dimethyt J
Sa bylaminoazobenzene, azobenzene } amino-azokenzene | =

Petuses  ~——.__' | : |
No. of resorbed : - - ‘ i i .
; - dead . : 57 ! 76 T 28 ! 161

- . |
No. of survived | 57 a5 | 31 <
3 r 114 ! 121 P 59 b2y

! :
df=2, ¢ =35.44, p>0.05

Table 52 Evaluation of the teratogenic effect of various derivatives upon fetuses by y*-test
compared with the control group treated with the soivent
(some cases are calculated by exact method,

" Dertvatives

3'-trifluorom-

!

i
treated monnethyla- | 4-methyl.{.d- monomethyl- _ 3'-fluoro-4-ds-  4'-Auoro-i-di-,
o ethyl J-dime. . minoazoben- | imethylamin. amnoazoben- ' methyviamin-  methvlamia- ¢
of | thylaminoaz. zene | oazobenzene  zene . cazobenzene  oazobenzene
g:;‘):cnon h AN Obenzene | | l ‘ i
S T ' -
89 | T -
R | i ! ! :
| ! : | i a
- ] < - H - - o« A <
-1 i | ' ' !
- i i ‘ ,
12—-13 1 K — ! — t — | — : —
| ’ :
_ i
M-l L o — =
* m

Table 57. Comparison of teratogenicity between the fetuses

i

significant at 1 ¢, level,
significant at 5 ¢, level,
not significant,

on the 10th to 11th day

" “Denvat- 3-trifluoro-

treated by various derivatives

U e monoethyl- , 4'-methyi- . monometh- 3'-flunro-4. 4'-fluoro-4-

' “e”att‘:fé ﬁ;g?\ii;:\ aminoazob-' {.dimethyl ' ylaminoaz- dimethyla-  dimethyla- | < !

. | inoazobenz. €nZEDE 1 aminoazob- obenzene . minoazobe minoazobe-: =

'Fetuses : enc‘z g | enzene } | mzene . nzene ‘

. T 1 I 1 !

 Malformed! 15 | 5| 5 | 4 1+ g, 4

| ! ! [ ‘ | ‘
i . .

{Normal | 63 | & | M { 2 a1 L 200 1 s

i 1 - i . ' |

bos (O I < 9 | w5 28 289

df=5, x*= 10.56, P>0.05

Table 40. Evaluation of the growth suppressing effect of various derivatives upon fetuses by

F-test compared with the control group treated with the solvent

’

l Dc{;::;é‘é“, J-trituorom  moncethyla- . 4.methyld. | monomethyl|- | 3".uoro-4-ci-  4'-fluoro-4-di-
| ; €thyl-i.dime. ' mincazobenz dimethylami- * amincazobe. @ methylamino- methylamin-
Day of | thylamincaz. * ene ., noazotenzene , nzene { azoktenzene | ocazobenzene
; Hay ol ! okenzene '
{_imjection ' 7CRERE 1 r :
) ; 1 ' . 1 -
. 8— 9 ‘ . | ] - | - ; = » ’ N
4 ! " , T
; 1011 | b - , ¢ ) | - ! ) ! )
H ! 4
‘ j t i i - ,
poo12-13 — i - | - ooy f .. ! i
i . 1 ! ! \
Pou-s | - oo { ‘ S B
* - : significant at 12, level, - : significant at 572, level, - not significant,

(<) : inverse cffect at 59, significant level, (* *) :inverse effect at 19 significant level,
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Table 6l Comparison of the growth suppressing effect tetween the malformed and normal

fetuses treated by various derivatives cn the 10th to 13th day by F-test

.

De?r:t!';é:b 3’-tnﬂu0rom-’: monoethyla- i‘4f-methyl~4-‘ ' monomethyl- 3".fluoro-i-di- * §'-fuoro.d-d. ‘
. - ; ethyl-4-dime- - minoazoben- : dimethylamin amincazoben-' methylamin. imethylamua-'
thylaminoaz- | zene ' oazobenzene | zenc oazibenzene | cazobenzene |
. Day of | : ! :
rkes i ._ | otenzene j ! |
. injection | l : ! i ’ -
-1 b ‘ - . - i -
! | ' { ‘
12--13 i —- ! ‘ ! ;

uot significant,

~
.
*
I
e e

Table 2. Occurrence of malformed ribs in
the offspring of control mice tr-
eated with peanut oil

inverse effect at | %, significant level.

. Table 3. Occurrence of malformed ribs in
the offspring of mice treoted wi-
th 4’ -methyl-4-dimethylaminoazo-

benzene

{0. 5mg/g (body weight))

Lay ot _ —11 ! — —15 ‘ﬁﬂ‘ﬁf 0 t1p- " FRT 15
e §—9 [ 10— 12-18 | 115 | | 2VOL [ s—0 101 1213 | 115
No. of No. of f | L ,
mothers 8 2 2 5 mothers { 5 ! l oy 6
No. of No. of - f
fetuses 47 11 10 26 fetuses , 40 19 1 71 J 37
No. of fetuses’ No, of fetusesi . , ’

with mal- 0 0 0 0 with malform- | . 0 0
formed ribs i wd ribs '

Table 4% Octurrence of malformed sibs in
the offspring of mice treated with
monomethylaminoazobenzene

(0.2 or 0.3 mg/g (body weight)?

Day of

—9 i 10—11 1 12— —13
injection 8—9 | 10— 1213 | 11-13

)

No. of 5 ; 6

mothers

(5.

8

t
t
!
.
i
H
I

fetuses

1
|
i
!
i
|
!
No. of fetuses , !

with malform- 5=, 1}

!
t
No. of 0 | 3 Ii 45
!
. il i
led ribs !

(S

E 3

:+ significant at 5 % level,
: not significant,
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not significant.

Table 65 Occurrence of malformed ribs in
the offspring of mice treated with
3’-fluoro-4.dimethylaminoazobenze-

ne
0.3 mg;g (tody weight)]

Day of ! - i i -
injection + B—9 ‘ 1W0—11 i 12—13 1 11—-15
No. of - ! b
mothers o s 6 . 3
No. of P b
fetuses 39 25 ‘r 31 [ 24
No. of fetuses ' | :

with malform« 5~ ¢ | 0 1 0

ed ribs ; , | )

+ : significart at 57, level.




. Table ¢T. Classification of fetuses according
Table b OCCUH’ED‘SC of ma!formed ribs in to No. of ossified sternebrae in co-
the offspring of mice treated with

’ ntrol mice treuted with peanut o
4'-Auoro-1-dimethylaminoazobenzene

o [ : y~\Day of : . |
(0.2 mg/g (body weight)) \\ injection } | '
i Day of 9 |10 g = { R g . 013 1415 |
e on l 89 | 1011 | 1213 | U-q ! No, of 9 | 10—11 | 12-13 |, 14—15 |
Ko of ' : - szamegr X ( ; ;
, No. 5 - + sternebrae . :
! mothers ¥ 2 i 6 9 7 s C";‘ : : : (
No. of | T ! ;0 oo o
! fetuses l i r 8 58 40 [ ‘ ! : ’
i ! b — {
. No. of fetuses ¢ _ ro3—d 0 o 0 0 5
'with malform- 17 | 0 0 1 ), \ !
ed ribs . : ] 5—6 27 oo %
— : mot SIgnlﬁc‘int. Total - i o 10 ! o6 |
: i
Table 8. Classification of fetuses according Table e Classification of fetuses according
to No. of ossified sternebrae in mice to No. of ossified sternebrae in
treated with 4 .methyl-4-dimethyla- mice treated with monomethyla-
minoazobenzene minoazobenzene
0. 3 mg/g (body weight)] 0.2 or 0.3 mg/g (body weight)
L Day of | i ™~ Day of | | 1 ;
*\ injection : injection ‘ } |
No. of . 8—9 [ 1011 1213 | 14—15 No. of 8—9 I 10-11 | 12—13 | 14—15
stained stained | !
sternebrae sternebrae . | !
7 * [ - '
— - - — ) i - .
0-2 o, O 1 L0 0—2 1 i o 1o 1 0
: ! !
3—14 10 0 0 3—1 5 : L S S A
| : : |
5-—6 39 | 9 70 l 37 | 56 01 % u bog {
N 5 i ; R i ;
Total | 40 | 49 | T L oar | Total | 4 ’ % W 31 f
— : not significant, ~ 1 : significant at 5 9; level,

not significant,

Table 70 Classification of fetuses according Table 71 Ciassidcation of fetuses according

No. of ossified st i . >
to.ceOti terSlﬁe'ths;’r;ebme«i g‘ to No. of ossified sternebrae in mice
mice treated wi -fluoro-4-dim- . . ) .

: ro-i-dim treated with 4'Huoro-4.dimethylami
ethylaminoazobenzene .
noazcsenzene

(0. 3mg/g (body weight) ~0.2 mg/g (body weight)

. Day of i . Ty
N s S N, Day of \ ‘
injection l ) mjection, (‘ é
. —9 —11 1 1213 { 14—15 | ‘
No. of 8 | ! 12—13 1 14-15 No.of | 8—910-11]12-13 | 1415 |
itame N i stained } ‘
_Sternebrae . ' ¥ sternebrae : |
0—2 0 0 BN St T —
1 2 0—2 | 0 i 0 0 0 ;
1
3—4 3 0 0 0 3—4 1‘ 1 l 1 0 3 !;
i 3
- = ! - . i
5—6 B B | 2 24 s—s | 4 S . 7|
3 + . | ! 1 |
: o= { i | ! 3}
| Total | 39 B 3 Total | 41 | 2 | 8 40 ’

+ : significant at 109, level,
-— : not significant,

— : not sigmificant,
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TableTL No. of fetuses with mislocated os-
sification centers of stermebrae in
control mice treated with peanut

Table 73 No. of fetuses with mislocated os-
sification centers of sternebrae in
mice treated with 4’-methyl-4-dim-

ethylaminoczobenzene
[0.5mg'g (body weight)]

. 18-9 F10-11 ] 1213 | 14—15 |

Mistocated ’ 3 % = - =

gg&guy ;3 { 12 69 35
Total } 40 ; 49 ) 37

Table 75 No. of fetnses with mislocated os-

oil

Day of e a tio—11 1913t 1a_15

injection ‘ 8--9 ' 10—11 12—-13 f 14—13

Mislocated | 1 | 0 0 0 |

Normally - i PYO

Jocated | 6 ¢ 1 10 26 |
| Total | 47 ; a 10 ; 2 |
i ;

Table 74. No. of fetuses with mislocated
ossification centers of sternebrae
in mice treated with monometh.
ylaminoazobenzene
Z0.2 0or 0. 3mg/g (body weight))

i Day of | { [ 1 j -
Linjection | 89 10111 1213 {14y
‘ Mislocated r ~ i ' - =
[ I 6 { 10 H 3 I 2

: Normally . o | .
" located } H : 23 } a2 E 2

L Total | 40 | 3 | 45 | 3

= : significant at 5 7, level,
-+ : significant at 109, level,

?
|
|

: not significant,

sification

centers of sternebrae in

mice treated with 3’-fluoro-4-dim

ethylaminoazobenzene

[0.3mg/g (body weight)]

""Day of

! 1. ! N
! injection ! 8—9 { 10—11 " 1213 5 115
! " —— —
' Mislocated l s i ] ; 5 ) ;
' Normally ! j
located - | 3L . W 29 ; 22
| 3% | » | o3 } 24

[ Total

x .

significant at 5 9; level,

— : not significant,

Table 76 No. of fetuses with mislocated o:-
‘sification centers of sternebrae in
mice treated with 4’.fluoro-4-dim-

ethylaminoazobenzene
(0.2mg’g (body weight)’

Day of ' !
injection | 8—9 [ 10—11] 12--13 | 1415
Mislacated - | - -
. > |3 2 b4
Normall i ! :
located Y 37 .2 : 56 [‘ 3

Total | 41 ' 23 f 53 40

— ¢ not significant,
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Table 77 No. of fetuses with not ossified 13th rib in control mice treated with peanut il

i Dq) of lnjLCllO'l 1 ] :
right (ror | 8—9 10-—11 1213 1413 ;
left (1) | ]
Staining & r. 1. r. 1. r. 1. 1. .
' of the 13th b !
Not stained 0 Uy ’ [ 0 | 'd; |
1 }o o | io to [ 4 iy
Faintly stained 0 0 ] 0 0 Y 0!
Stamed N 1 1§ 10 IS
| Toml | 17 11 11110 1%

Takle 7€ No. of fetuses with not ossified 13th rib in mice treated with 4'-methyl-{-dimeth-

yiaminoazobenzene

L 0.3 mg/g (body weight )

Day of injection '
[\ nghtJ/r) of ! 89 i 10--11 12 —-13 14--15
{ left(1) |
Staining R . 1. r. 1. T. 1. r. 1.
jof the i3thmb_ -1 ’
“Not stained 13} JEI 101—- 7)— 6)— 61— | 11— UL_M
Lo Te | e ‘9 |8 }4 L1
Famtly stained I S A
Stained | 25 24 3% 39 62 b3 | 33 33
Total 10 4 19 9 1 71 1 313
© < : sigmficant at 19 level, — : not significant.

Table 79 No. of fetuses with not ossified
azobenzene

13th rib in mice treated with monomethylamino-

0.2 or 0.3mg'g (body weight)’)

- Dﬁ?'of “injection i )
~~ right (r; of 8§—6 ’ 10—11 ' 12—-13 1415 {
left (1) | - :
Staining of i T 1 ! r 1. . 1 :
the 13th rib ol j | i
Not stamed ) 6I-— Tlase t 3]— 21— | 41— 31— 1 2} —
! i1 | & 13 ! CIE l tz Lo

Fanily stained R R 3] 1 0

Stained 33 20 130 a3 3 390z 29

| Total 40 01 3 B 15 51 3l 3l

© < 1 oignificant at 19 level, - : significant at 0% level, — : no. significant.

Table 40. No. of fetuses with not ossified 13th rib in mice treated with 3° fiuoro-4.dimethyl-

aminoazobenzene

{ 0.3mg’g (body weight) ]

- D'\y ot m,cLuon i

~ 7 fight (r) or 8§—9 TSR PO R R | 1t-15
i B lett(1) ¢ i
! Staining of - r. 1. r 1. { T, 1 r. 1.
| the 13th nb T . e e . (S
1 "Not stwined 3| 3|— 31— v 2= )= 3— -
| } 3 }4 }4 } I } 2 } ] ? 3 ] 2
! Faintly stained 0 1 1 0 0 0 ! Y 0)
" Stained 36 35 2] 25 10 30 21 29
| Total (39 39 5 | 3 31 21 1

— : not significant,
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Tabie 8k  No. of fetuses with not ossified 13th rib in mice treated with 4’-Auoro-4-dimethyi.

amincazobenzene

C 0.2mg/g (body weight)]

[~ Day of inpction |

; . mght{r) or ! 89 ' 10—11 1213 14—-15

: S fefe )y ]

i Staining of - ] 1. | I 1. I. 1. r. 1.

' the 13th rib_ - ! : !
" Not stained 21— 21— 0 Ol r0)— 0 3}— 21—
' 7 2] Tl Tl | dr o E ;
, Faintly stained 0! ) ! 0 0] i 1 0 0 0 !
t Stained 39 39 ¢ U8 I L EI
, Total a1 RS P 38 | 40 40|

’

— :not significant,

Table 8. Ciassification of fetuses according
to No. of ossified caudal vertebrae
in control mice treated with pea-

nut oil

No. of
stained
caudal
vertebrae

~.Day of in-
~ Jjection

. 16—

{
\\ [
N

11

1

|

—13: 14-15

|

01

5—7

D

18

Total

29

Table 3% Classification of fetuses according
to No. of ossified caudal vertebrae
in mice treated with monomethyl-

-+ ¢ signficant at 3 <. level,

! not signiticant,

aminoazobenzene

7 0.2 or 0.3 mgig (body weight)™
TThav et T T T T
jecnon‘ } ; { |
Yo of 1829 [ 101112213 1113
caudal ' . [ : i
‘vertebrag " : ~ ‘ 1
. - | I P — . e
R T
e T G S ;2 R S
5—7 2 i oboge g8
T Toml ' w B 31

*ssignificant at | 2, level,

Table 83 Classification of fetuses according

a

to lio. of ossified caudal vertebrae
In mice treated with 4’-methyl-4-
dimethylaminoazobenzene

T o0 .amg’g (body weight)

N

.

sngmﬁcant at

- Day of n- A "T’“‘“”
jectmn ‘ i
N f 1
;t?llr?cd (8—9110-1 [ 12—13 0 1415
caudal 1 ‘
vertebrae !
I ows ~ Gl 1
0t 0 l 0 N
29 AN B | 15 2 36
5-7 |1 Ww w | s |1 -
e
Total 40 N T ) v

12, level,

A : significant at 10e, level,

x>

inverse cffect at

I 2, significant level.

Table 98 Classifcation of fetuses according
to No. of os=1fied caudal vertebrae
in mice treated with 3 -fluoro-}-
dimethvlaminoazcbenzene

T 0.3mg'g ‘body weight)”

-.bay of n- | ) |

, jection . ! | i
No. of r TR IR LR NPT
tained B I L e S
caudal : i ; ! |
vertebrae ' } } i
— [ — b = .
ML R B R
Rt T R T L - O
5-7 1 12 1o, 3 |1
__Toual I R TR T

: significant at |2, level,
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Table €& Classification of fetuses according
to No. of ossified caudal vertebrae
1m mice treated with 4-fluoro-4-
dimethylaminoazobenene

7 0.2 mg'g “body weight:

Table 81 Ciassificatta of fetuses according
to No. of ossified metacarpal and
phalangeal bones in the hand or
ossified me.atarsal and phalangeal
bones in the foot in control mice

T TDay of i ; treated with peanut oil
No. of jecuon | ! ! i Day of in- ! i
Doy | B9 {10-11 ] 213 15 jection i i ,
I cauda! f ! ;| Towl P89 | 10—11] 1213 14-15!
i | ) , I No. of ] I Ple—i3 9] I
! vertehrae i : . staned ! ! ! & '
R T R B vocbemes ‘ RO
! A 3 = u=5s v 2 0
S R 32 U - S S B 1 5 !
R LI 1 R AR AR EES T+ l nobog A
© Toral i 2y 4 R f—w'f*f" ) i 0 .
i A TN
Es:gmricant at | v, level, | ,§ bog—11 ! 11 | (1 3 6 !
— : not Sly_'nﬁcant, ) :_,‘J:,)—“‘ : :'_35 ! _”41 I .3- o _)Q ‘!
T - Total Y W o
Table 88 Clasication of fetuses according Table 89, Classification of fetuses zccordi
to No. of ossified metacarpal and to \:0 ‘ofct;“iﬁ 4 me;a;:::—oal amg
NO, 33 e T n
] d o i
ph?l:;ml bo“é’lln ;hc“hlan 1; phalangeal bone< in the hand or
O-sified metataral and paalangea ossified metatarsal and phalangeal
bones 1n the foot in mice treated bones in the foot in mice treated
; 3 ! cate
with 1 -methyl-1-dimethylamino. with monumethvlaminoazobenze.
azobenene De
e bEmeig (bydy weight 2 I " 0.%r 0.3mglg (body weight)
LY e | ~ AN Ty i 1 i
| potar ST | : = ! < jection; | T |
L P8 -9 ] 10—11 12-13, 14—-13 | ! ; !
' No. of i ; HIEmBy B ol g9 [ 1011 12-13 | 14-15
| stained o i | ! ! i } i
oves L | L e ! |
! L) -, — — P — : -
g, =220 b 0 b 0 D2 fo  0-5 1 T 4 N R
P30 s—n1 2 009 2 s £ b3 Lol bl
P= : ! 38 1oy 43 21 ; T 611 | 4 ay 4:; A
H vo12--17 ' t | f | \ ~ ' - —— ! - l -
— ! N L ' ‘ :
TR A A A A s | ey
Pg b5 oo b0 20 2 P9 g1y 3
v 6L o o5 g Ty |81 gy U 9 | 1 | 1
. 12—17 [ ; ' : N - U I U
7 B s T B S S DO N B A
Total -._!“H 14’ — L - ‘Lt——-' Total W TE T sl
-~ :significant at | ¢; level, - : significan - Y :
_ ) . . « ~ :sigmficant at § 95 level, : significant
at 59, level, — : not sxg-mﬁcnnt., at 50, level - :no. significant, (**) : in-
( -) :inverse effect at 3 ©; significant level, ’ ot

{ - - :inverse effect at | % significant Jevel.

Table 90, Classificntion of fetuses according
to No.of oss:fied matacarpal and
phalangeal bones in the hand or
osrified metatarsal and phalangeal
bones in the foot in mice treated
with 3’ - fluoio-4-dimethylamino-

verse effect at | 9 significant level,

Table 9 Classification of fetuses according
to No. of ossified metacarpal and
« phalangeal bones in the hand or

ossified metatarsal and phalangeal

bones in the foot in mice treated

with {’-fluoro-{-dimethylaminoazo-

azobenzene benzeni ) ‘ -
{ 0.3 mg/g (body weight) L To0. ;nlg;igﬂgfjody weight) ~
i " Day of in- i T | i Day of in- i . :
: jection | i | { ! Tatal Jectxon; ! |
. ; | ! ! . . Y913 n
,, Toual 89 i 1011 1213 | L—13. | Noof 8--9 11011 12-13 ) 11
' stained f l | ; I stained { | :
| bones N ; g :_ibgncs - ‘ L
, o ¥ 7 £ . __ ™ L 0- 5% - _ ; U -
. 3 0-5 P l 0 . 6 i E i 4 2 w' 8 3
] i - ~ 1 n
P2 e 18 . oo 8 |2 6-n 1 13 30 2 11
i 12— 17 ! 1o ! T 10 !_,,.l 12 ‘~} . I_‘ ,(“ i _Qf‘ N __“30 L
— T - ) : ' - .
C 5 *’ = - T "’
IR TRt '3 I A
, i | | ,
VS 6T IR VIR S (A ¢ L R L
0T ' ‘ : P LI BT DL
. 12 T . R i 11 1 1 - . " —--A__‘»%—. U 4
e L T VR B Total Al SR )

s sigutfican! at | 2, level,
not significant,

s mignificant
160, level,

v ogmatwant at ey devel,
roat by, level, v oswipmiticant at
s ot capmificant,

136



Kelly et al (1964) acquired eight samples of commercial
Trypan Blue, including a pair especially prepared to contain extra
"red" contaminant. Half gram units of the as-received dye were made
up to 50 ml in 0.9% saline. Other 1/2 g units were Soxhlet extracted;
the thimble residue, mostly blue dye, was made up to 50 ml, and the
extractant, mainly red dye with very little blue, evaporated down and
made up to 50 ml in saline. No attempt was made to adiust the whole,
blue, or red solutions from the various suppliers to the same '"concen-
tration."” On each of days 8, 9, and 10 of gestation, rats were given
1 ml i.p. injections of one or the other of these three test solutions.
They were sacrificed on day 20. Resorption and malformation statistics
are given in Table 92. The malformed fetuses showed rediced body size,
edema, exencephaly, spina bifida, but rare caudal defects.

The teratogenic action of the whole dyes did not
correlate with actual dye content (53-82% blue, 3.6-13.7% red-—-the two
special lots, dyes 7 and 8, had 22 and 35% red).

Lloyd and Beck (1966) purified some commercial dyes and
one especially-prepared dye, all related to trypan blue: Afridol blue
(91%), Evans blue (100%), Niagara blue 2B (90%), and Niagara blue 4B
(91%). Rats were given s.c. injections of 1% aqueous solutions at 8.5
days of gestation, and then sacrificed at 20.5 days. Variations of
treatment involved sacrifice of Niagara blue 4B-treated rats at 11.5
and 14.5 days, and sacrificing Evans blue 7.5-day injected rats at 20.5
days.

it had been determined that both sexes of this rat

strain responded the same with respect to serum dye levels after



injection. A number of male rats were given s.c. doses of the 1%
solutions; their serum dye levels were determined at intervals of 12
hours (each determination required a different rat as sacrifice was
involved).

TaRLE 92.
Erirors oF Teypan Bruy on FeTuses -

Ancimalous

No. No. Litter indiviuals_ _ Resorptions
Dye litters feluses size (av.) No. % N %o
\Vhole dycs

1 5 28 76 12 - 316 12 24.0
2 . 3 25 8.3 8 320 6 19.4
3 3 29 9.7 11 379 2 6.5
4 6 31 5.2 17 548 19 370
~5 3 29 9.7 3 163 4 121
6 3 33 110 1 30 0 00
7 3 29 9.7 1 3.4 o} 00
8 2 28 9.3 3 10.7 4 12.5
29 242 88 56 231 47 16.3

Rlue fractions
1 5 - 3s 70 5 143 9 204
2 4 29 7.3 3 103 4 12.1
3 2 16 80 0 0.0 1 5.9
4 3 22 7.3 i 45 12 35.3
5 4 30 7.5 0 60 4] 00
6 3 13 4.3 4 RN 20 00.6
7 2 11 5.5 4] 0o 9 450
b 3 30 0o 0 00 1 3.2
2o 180 71 13 70 56 231

Red fractions
i 3 28 77 1 41 6 20.7
2 3 25 90 O () 0 00
Kl 3 32 107 1 | 4 11.1
4 [ Y [} 1 PR g 111
N 3 27 920 ¢} ($X}] 2 69
6 3 i 113 2 549 (4} 00
7 2 2 15 2 o7 0 U0
8 3 Y] 103 1 4 ¢] 00
26 1 95 8 34 17 6.7
All dyes 81 665 8.5 77 ilo 120 15.3
Controls 16 170 10.6 3 18 2 1.2

Resorption—-abnormality statistics are given in Table 93.
Figures 5, 6, and 7 present maternal deaths as a function of dosage,

resorption-abnormality as a function of dosage, and serum level changes
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with time--all including trypan blue for comparison, results previously

reported. For comparison, in regards to Figure 5, the authors deter-

mined LD-50 values on males over a 12-day period, and found 179 mg/kg

for Niagara blue 4B and >400 mg/kg for Afridol blue.

Table 1 Teratogenic response to four bisazo dyes injected
subcutaneously at 8-5 days of pregnancy

No. of mothers

——
Surviving Total Resorbed Abnormal Normal
Dye. Dose 1In- to implanta- —*— —A—— ———
(mg/kg) jected term tions No. %* No. %* No. 9%*
Niagara blue 2B 50 11 11 97 7 90 1 09 &9 901
100 13 12 114 33 287 4 35 77 678
150 14 12 128 46 407 32 222 50 371
200 7 5 53 53 100 0 0 0 0
Niagara blue 4B 50 13 13 122 31 335 3 24 88 641
75 12 11 109 39 364 0 0 70 636
100 13 11 114 64 566 0 O 30 434
: 150 1 5 50 50 100 0 o o 0
Afridol blue 25 10 10 123 22 172 9 76 92 752
50 14 14 134 32 260 11l 77 91 663
100 8 8 77 16 218 13 163 48 619
150 11 11 113 57 503 21 172 35 325
200 10 9 80 45 587 10 132 25 261
300 9 8 g6 71 817 7 106 8 T7
Evans bluc 50 7 7 70 13 163 1 11 56 B26
100 8 B 72 31 484 2 25 49 491
150 8 7 70 66 952 4 48 G O
200 10 7 74 58 798 2 24 14 179

* Percentages represent the arithmetic means of the percentage within each individual
litter; this enables the standard error of the mean resorptions and malformations for each
dose to be calculated and shown in Fig. §.
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/Niagara blue 48
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/
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é 30 s / Evans blue
= .
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: Niagara blue 2B
é
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&
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AT T T R Ce! blue
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50 100 152 202 250 300

Dose (mg/kg)

Fig. 5. Materaal mortality within 12 days of administration of various bisazo dyes.

Figures 5-7 reprinted with permission from J. Embrol. Exptl. Morphol.
16:29-39 (1966). Copyright by Cambridge University Press.




Dye concentration (zg/ml)

100 - R
0 Trypan blue ’l—-"""
80—‘ ’1
L 60 T,‘-—f'
32 o
7 40 ;E{
[
20"' / /T/ \T
I'J/I IS ‘L\\I-~—~—~.~
o d 150 ] ) : 300
100 - 0 100 5 %90 250
Niagara blue 28 R4
80 - /
I'
5 €0 - ) S
o ]
20 - L ~|
F
T T T ] T —
100 50 100 150 200 250 300
gy - Niagara biue 48 /”
32 60 o ‘}"
40 I___-.I-"
20
T
‘ 0 170 250 210 32)0
100 - 50 100 5 g
Afridol blue
80 e
. 0] O
40 s
20 B -t _I T 1
] II:——I/ | ]
T I 1 T T ]
w0 50 100 150 200 250 300
190 Eyvans blue ,'I‘\._
o\o 60 -1 {,I”
40 s
20 - I/’
s e e
T T T T T 1
50 100 150 200 250 300
Dose (mg/kg)
Fig. & Dosage-responsc.curves for the teruatogenic activity of five
bisazo dyes. — — —, Resorptions; —-- ——, abnormalitics.

Trypan blue (174)

AN
/ \MNiagara blue 28

n, (118)
\ ) )
y \
, — . .. //\.\
r/ \\Nlagara bluedB ~__ __ . .. —
! \ {63) Afridol blue (53 -~ ~
; \ ’ ) i =

Evans blue (27)

¥ ¥ ] 1
12 ) 24 36 48
Hours

Fig. 7 Scr.um levels following injection of 50 mg/kg of various dyes
(figures in parcnthesis are the average levels aver the first 24 h).

1t



The reason for giving an Evans blue injection at day
7.5 was the very slow release into the blood stream from the injection
site, and a high enough dose to get results comparable with the other
dyes would be too toxic to the mother. Thus, injections of 100 or 150
mg/kg at day 7.5 produced these changes from the same doses at day 8.5:
at 100 mg/kg % resorptions dropped to 30, % abnormalities rose to 12.7;
at 150 mg/kg % abnormalities dropped to 0.

The results of killing the mothers at 11.5 and 14.5 days
after a 100 mg/kg dose of blue 4B at 8.5 days indicated most of the
resorptions occurred by 11.5 days, presumably from toxicity rather
than secondary consequences of malformation.

Beaudoin and Pickering (1966) synthesized 16 dyes related
in some fashion tec trypan blue and gave them as 140 mg/kg i.p. injec-
tions to 8-day pregnant rats, which were sacrificed on the 20th day.
Autopsy samples of the maternal macrophage system, kidneys, placenta,
and yolk sac were examined for the presence of the injected dye.

Table 94 presents dose-comparable literature results on
some highly relevant compounds. Table 95 presents the five compounds
most closely related to trypan blue structurally, and results. Of the
remaining 11 dyes, none was shown to be a teratogen, nor was there any
found in the tissues examined--six of these dyes consisted of simulations
of the compounds in Table 94 cleaved at the biphenyl linkage. Table
96 presents the tissue distribution of the compounds whoase structures
were given. The authors disclaimed Compound 1 as a teratogen, and

were reluctant to so label Compound 8, pending further study.
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. - TABLE ¥

Tergtogenic activity of disazo dyes in the rut

———

., Number of Surviv
. Number Embryos ars
- of mothers 1:&2?\2 resorbed . for:r;l;d
% @
/ TRYPAN BLUE
HO NH,
'ﬁ;:::>*“<::::?” 19 181 57 54
Nt.\SD3 '503 SO Na
NIAGARA BLUE 28 .
HO NH,
{}O s e s o
" NaSO, SO;Na . 50,Na
! EVANS BLUE BLUE
RN OH HO  NH, .
NaSO, QQ NN 504Na -7
201 162 23 14
’/
SO, Na ) NaSO, -
MIAGARA BLUE 48 -
H,N O HO NH,
N=N NaN -
1
od ot 15 126 15 4
NSOy S03M0 Na ST, SO4Na -
NIAGARA SKY BLUE 68
N OH HO KH,
N:=N N=
Na 50,Ne
S0y QQ 15! 145 8 3
QCH, OCH,
SOJNQ NoSO3

! Data from Wilson, *35.

Tables 94-96 reprinted with permission from Anat. Rec. 137:297-305
(1966). Copyright by Wistar Institute Press.
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TABLE 95-

Effects of synthesized disazo compounds on rat gesiation

1Ll

; Number of Survivors
¢ Number : Embryos
. / of mothers ‘t‘;"_‘i’ég‘;‘ resorbed f;nr;le-d
' % %
’ COMPOUND 6
HO OH . HO OH
N:=N NsN
: 7 69 2 o
oA, CHy 2
NaSO, SO,No NoSO, SO4Na
COMPOUND |
OH HO
CH, CHy 6 48 4 2
NQSOS 503N0 NosO, So;No
] COMPOUND 8
N OH HO NHZ
CHy CH,y 8 76 14 3
Na SO S0.Na
SO,No 3 3_
COMPOUND 5
HoN OH HO KM,
CH,y CHy 5 53 0 0
S04Na Naso,
COMPOUND {0
KN OH HO NH,
Noso, N=N NsN
OCH, 0CH, 6 60 7 o
NoSO S0, No
$0,Na 3 3
e TABLE 96. ’
Tissue distribution of disazo dyes and selected synthetic coripounds
\
Maternal macrophage Maternal Yolk sac
. enph node 4ng lang  Kadney epithelium
Trypan blue ++ +++ +44-
Niagara blue 2B ++ +4+ 44
Evans blue ++ +4++ RS
Niagara blue 48 - 44+ +
Niagara sky blue 6B -t —t +
Compound 6 + - -
Compound 1 —_ — -
Compound 8 + +4+ ++-
Compound 5 —_ - —
Compound 10 + +4 ++-+



Pizzarello and Ford, Jr. (1968) dissolved 6 mg of 4-dimethyl-
aminoazobenzene in 0.1 ml of polyethylene glycol or PEG/ethanol (9/1) and
injected it through the shell and air space into the yolk of 2-day old
chicken eggs. From the PEG injection all of the surviving chicks had
shortened leg bones, and half had deformed feathers. From the PEG/
ethanol injection most had shortened bones, and 60-70% had deformed
feathers.

Stein et al (1969) injected 10 ug of Janus green B into the
amniotic fluid of incubated eggs at the 29 Hamburger-~Hamilton stage.

All of the survivors exhibited syndactylism.

5. carcinogenicity

Reports of tumors resulting from repetitive injections at the
same site have not been included unless the tumors appearsd other than
at the injection site. Reports dealing with anti~cancer testing of azo
compounds, and any metabolic-physiologic information contained therein
have been incorporated into this carcinogenic reports section.

Seligman et al (1952) found that growth of sarcoma 37 in mice
and Walker carcinoma in rats was inhibited by l-methyl-2-(phenylazo)naph-
thalene and 1l,4~dimethyl-2-(phenylazo)naphthalene. Sarcoma 37, only,
was inhibited by 3-phenylazophenanthrene, 2,2',5,5'- and 3,4,4',5-
tetramethoxyazobenzene. Walker carcinoma, only, was inhibited by
3-phenylazoacenaphthene, 3,3'-dimethylazobenzene, and 3,3',4,4',5,5'-
hexamethoxyazobenzene.

Simpson (1952) gave rats s.c. injections of 10 mg of Trypan
Blue every two weeks for 14~16 weeks in some, much longer in others.

Of those given the continuous dose and surviving for 151-25G days, 12 of

145



21 had hepatic reticulum cell sarcomas; 6 of 9 surviving 251-350 days

had this tumor. Of those given 14 doses in 182 days and surviving 210-250
days, 3 of 5 had tumors. The author was unable to demonstrate the

t ransplantability of the tumors in 24 attempts, but may not have allowed
sufficient observation time. He was aware of the impure nature of the
commercial dye and was not at all certain that the trypan blue component
was responsible for the tumors, in part or in whole.

Miller et al (1953) fed rats 4-dimethylaminoazobenzene (DAB)
with 1, 2, or 3 fluoro groups in the non-amino benzene ring for comparison
o. carcinogenicity with DAB itself. The results, in Table 97, were
interpreted as meaning that the carcinogenicity of DAB did not involve
.-y of the o-, m-, or p-positions of the non-amino ring. Also tested,
ai.d also found to be more carcinogenic than DAB, was 2-fluoro-DAB (Series

IT, Group 6).

TABLE 97.
THE CARCINOGENICITIES OF VARIOUS FLUORO DERIVATIVES OF 4-DIMETHYLAMINOAZOBENZENE
Tiup
COMPOUND INCIDLNCE OF LIVER TUN.ORS* Gross CIRRBOBIS
. PEr cENT WAS FED (m0.) AT END OF
Ssnirs  Group Courounp rro IN DIET (u0.) 3 4 [ [} FEFDING COMPOUND
1 1 DAB 0.054 © 8 2/15 7/18 none-mild
2 2'.Fluoro-DAB 0.059 “ 4/18 8/1% moild
s 8. “ « “ “ 8/14 12/14 moderate
4 4. " “ . . 18/25 24/25 “
11 5 DAB 0.054 b ] 2/16 5/16 none-mild
6 2-Fluoro-DAB 0.059 “ 8/15 13/15 mild-inoderate
7 2/ ,4’-Difluoro-DAB 0.063 “ 10/16 16/16 nmoderate-severe
m- 8 DAB 0.054 4 8/16 11/16 none-mild
9 2',5'-Difluoro-DAB 0.063 ] 0/16 16/16 moderate
10 a’,5'- “ “ “ “ 9/14 14/14 “
1v 1 DAB 0.054% 8 1/15 8/15 none-mild
—-0.045
12 2',4°,6"-Trifluoro-DAB 0.066% “ 5/15 18/15 moderate-severe
-0.010
\Y 13 DAB 0.00 4 /15 /18 none-mild
14 “ 4 sddium 0.06¢ “ - 8/18 /15 “ “
flioroncelate . 0.002
15 Sodiwn o/ta none
- fluoroucetute 0.002 10 {and at
10 nios.)

* No. animals with tumors/number of sniwnls alive at end of dye feeding. Repr-i nted w-i th perm.i S S.i on from cancer
Research 13:93-97 (1953). Copyright by
Cancer Research Inc., and the American
Association for Cancer Research.
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Groups 11 and 12 received the high "% in diet" only for the
first week, that level of the trifluoro-DAB proving too toxic, and it

being desirable to treat the DAB controls the same as the test group so

far as molar amount of the dye given. Series V was an attempt to determine

the carcinogenicity of a possible metabolite of the fluoro groups,
fluoroacetate, but it was too toxic to be given at the maximum potential
level; it didn't show any carcinogenicity at the maximum level tolerable
to the rats.

Nelson and Woodard (1953) fed dogs o-aminoazotoluene (AAT) or
4-dimethylaminoazotoluene (DAB). The dose of 20 mg/kg/day of AAT killed
all the animals within eight weeks from hepatic damage (no tumors). The
same dose of DAB killed 8/10 dogs in 16 months (no tumors), the remaining
two having tumors. At 5 mg/kg/day AAT produced no tumors in four months
in one dog, and tumors in four dogs in 30-62 months. Thr same dose of
DAB produced no tumors in six dogs in 63 months. Only AAT caused hepatic
and gall-bladder tumors, but both caused urinary-bladder tumors.

Schmdhl (1954) fed rats 5-10 mg/day of 2-hydroxy-4-dimethyl-
aminoazobenzene until they had received 2.5 g. Weight gain was normal
and no tumors developed. The livers had a normal appearance.

Brown et al (1954) prepared some analogs of 4~dimethylamino-
azobenzene (DAB) in which the non-amino benzene ring had been replaced
by a pyridine, pyridine-N-oxide, or thiazole ring and tested them against
DAB in rats at 0.06% of their low-protein, low-riboflavin diet. Table
98 contains the tumor incidence, survivability, hepatic histology,
and 3'-methyl DAB comparison data. The latter was from a follow-up study

on PO4; because of the latter's toxicity, one day each week for the first
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Reprinted with permission from Cancer
Research 14:22-24 (1954). Copyright by
Cancer Research Inc., and the American

Association for Cancer Research.

. . TABLE 98.

TuMOR INCIDENCE* AMONG THE VARIOUS GROUPS OF RATS
RECEIVIRG HETEROCYCLIC ANALOGS OF DAB

Compound Code 4 mo. 6 mo. 8 mo. 10 mo. 12 mo,
Pyiidine-2-azo-p-dimethylaniline P2 0/2 0/2 0/2 0/2 0/2
Pyridhine-3-azo-p-dunecthylaniline -3 0/2 0/2 0/2 0/2 0/2
Pyiidmest-nzo-p-dimethylaniline P-4 0/2 2/2 4/4 no SuUrvivors
Phiarole-2-azo- p-dimethy hnatine T-2 0/2 0/2 0/2 0/2 0/2
Pyiidine-T-onide-2-azo-p~dimethylaniline 102 0/2 0/2 0/2 0/2 0/2 '
Pyridine-1-onide-t-uzo-p-dinei hyluline 104 5/5 no survivors .
p-Dimethy laminoszobenzene DAB 1/8 2/3 2/2 2/2 no sur-

vivors

* Tumor incidenee «2 number of raty with hepatie tumors/number of rats sacrificed,

SUMMARY OF THUSTOLOGICAL DATA OBTAINED FROM THE LIVERS OF RATS
LECEIVIANG HETEROCYCLIC ANALOGS OF DAD

Code 4 months 6 months 8 months
P2 Duffuse fatty changes to normad Moderate fatty clhanges Moderate futty changes
13 Moderate fatty changes, less than Normal Shight iegulatity of lobular
P2 pattern, some large or
dounle nuclel

P-4 Slight fatty changes Noduliar tumors; two kinds of neo-  Large nodules of necrotic tu-
plasin-hepatoma  and  papillury mor of liver cell type
adenocarcinoma arising from bile
duels

T-2  Marked fatty changes Norrnal Normal

P02 Normal Moderate fatty changes Normal

P04  Liver entirely replaced by papillary-  No survivors
type tumnor, fibrous tissue reac-
tion, acute inflammitory neerosis
DAB One animal with multple tumor  Two animals with tumor masses of  No survivors

nodules, fibrous tissne reaction, liver cell type surrounded by

inflammation, fatly changes; two slight fatty changes; one animal

antinals, livers normal liver normal ’
Control Normal Normal Normal .

RESPONSES OF RATS RECEIVING PO4 AND 8'-METHYL-DAB

. POs '-Me-DAB

Survival (4 months) 2/6 4/5

Avernge body weight of survivors 145 gm. 230 gm,

Weight change (8 months) ~— 19 gm, 32 pm.

Liver weight as per cent of body 15 per cent . 9 per cent

weight

Food consun.ption (gm/day) 7 12

Tumor formation (4 months) 4/5 had massive tumor formation; 8/5 had extcnsive nodulation to
1/6 had nodulation and small tu- definite tumors; 1/5 had slight
mors nodulation; 1/6 normal

six weeks only the base diet was given (also to the 3'-methyl DAB control).
Sugiura et al (1954) compared the hepatocarcinogenicity of

some compounds similar to DAB, in rats; four of these were new, the 4th,

7th, 9th, and 10th compounds in Table 99. Dye intake was initially

about 6 mg/day; this fell to 3 mg/day in those rats with liver damage
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TaBLE 99.-Incidence of hepatic tumors in rats fed various azo compounds

Inci-
Liver findings at autopsy* | dence
No. of :
S ;. |Percent; No. of of liver
Compound fed Formula :;r:l; in diet | days fed c?nccr
per-
— |Ext+|++]+++ | cen))
N N-Dxmethyl-p-&mxnoazo- - . CH,
benzene / 15 0. 060 75-250 0 1:3 5 6 93
" N
CH,
N{Mcthyl-p-u.minoazoben- CH,
ZEMCG. v+ 4 o v . , / 14 0, 056 | 132250 0 115 3 5 a3
IS4
N-Ethyl-p-aminoazoben- ' C,H,
ZeNe. . . . .. . . / 16 (0,000 148250 16 [o0{0| O 0 0
1
N-Methyl- 4’-mct,hy1-p-nmi- CH,
noazobuenzone. . . . . . / 15 | 0,000 | 100250 8 14137 0 0 20
N
N-Mecthyl-4’-cthyl-p-ami- C1i,
noaszobenzene., . . . . . 15 | 0,064 { 104-223 0 {07 7 1 100

}I.Cr—©—N=N-®-N\




o

)

TABLE 99, Continuad.

N-Methyl-2'-methyl-p-ami- CH, CH, R
noazobenzene. . . . . . ] s 15 {0.060{ 98250 10 {1:3} O 1 27
N
N-Methyl-2’-ethyl-p-ami- C,H; CH
noazobenzene. . . . . . . / 3 15 [ 0.064 | 74-250| 15 (0|0 | O 0 0
. H
Y. - ’_ P -
N-methyl-3’-methyl-p-ami CH, CH, _
noazobenzene. . . . . . ) 15 | 0.060 | 141-225 | © 0:6; 6 3 100
N
N,N-}Il)i(r]ncthyl-:i'-methyl- CH, CH
4’-hydroxy-p-aminoazo- 3
benzene. . . . . . . . IiO—@——N=N—©—N< 15 | 0,068 |107-250 | 15 {0|0| O | © 0
CH,
3’-(4-Dimethylaminophen- CH,
yl) azopy-idine. . . . . = / 15 | 0.060 | 199-250 4 |32 4 2 33
N
CII;
*_indicates smooth, practically normal iiver; = indiestes nodulsr clrrhosls with adenomatous hyperplasia; 4 indlontos dlstinat sreas of cholangloma or hopatoma; 44 indicates exton-

sive Hver cancer without metastasis; 444 Indicutes extensive liver cancer with metestasts,



and tumors who ate less food.

Brown et al (1954, pp. 715-717) followed up their earlier 1954

publication (see above) dealing with the carcinogenicity of pyridine-

and pyridine-N-oxide azodimethylanilines.

Tables 100 and 101.

Lever
IN DIET
Cowmrounn Conk {per cent)

4-Methvlpyridine-2-nzo-p-dimethyl-  4-Me-P2 0.06
aniline

6-Methylpyridine-2-nzo-p-dimethyle  6-Me-P2 “
anilne '

4-Methylpyridine-1-oxide-2-azo-p- 4-Me-PO2 “
dimethylaniline

6-Mcthylpyridine-1-oxide-2-azo-p- 6-Me-1’02 u
dimethylaniline

2 Mcthylpyridine-4-azo-p-dimethyl-  2-Me-P4 “
aniline

Pyridine-1-oxide-3-azo-p-dimethyl- P03 “
aniline

2-Methylpyridine-1-oxide-4-azo-p- 2-Me-I’O4 “
dimethylanilinet

3-Methylpyridine-1-oxide-4-azo-p- 3-Me-PO4 “
dimethylaniline

p-Dimethylaminonzo benzene DAB “

2-Mcthylpyridine-1-oxide-4-azo-p- 2-Me-1’0O4 0.02

dimethylaniline .
2,6-Dimiethylpyridine-1-oxide-4-nzo-
p-dimnethylaniline

Their results are given in

TABLE 100,
’I:UMOR INCIDENCES OF RATS FED VARIOUS PYRIDINE ANALOSS OF DAB

2,6-diMe-PO4  0.02-.03§

TouMon INCIDENCE®

Imo. 2mo. S mo. 4$mo. 8 mo. & mo.
0/2 0/2
' 0/2 0/2
0/2 0/2
0/2 0/2
0/2 0/2  2/5 2/2
o /e o2 8/3
T/ no survivors
o/1  0/2 o/2  2/2  2/2
0/2 1/3 /3

0/2F  0/4%
o/2t o/2t 2/ 1/1

* Tumor incidence ia the number of rats with hepatic tumors/number of rats sacrificed.

1 Diet level was reduced by intermittent use of careinogensfree dict. The number of days on and off the carcinogeaic dict are indicated by the following
sequence where numbers in parentheses are days on basnl dict with no carcinogen, 31-(8)-8-(1)-1-(2)-11-(?)-50-(4)-54.

t These rats, while having no Lumors, did show advanced cirrhosis.

§ AL the end of Lhe first month the level was increased to 0.04 per cent.

TABLE 10).

RESPONSES OF RATS RECHIVING 2-Me-PO4

AND m'-METHYI-DAB*

2-Me-PO4
Survival at 4 months 7/10
Av.hody weight of survivors 167 g,
Av. weight change at 4 9 8 gm.

months

Av. liver weight as per cent
of hody weight

Tumor {ormation at 4
months

27 .6 per cent

7/10 had massive
tumor forma-
tion; 3/10 died
within 2 weeks
of start

m'Me-DAB
10/10
200 gm.
15¢ gm.

. 6 5 per cont

5/10 slight
necrosts;
5/10 nor-
ninl

* Tl carcinogens at'the 0,06 rcr eent Jevel were sed inlermitlontly to

bath gioupaan awdentien] manner, T

e number of days on and ofl the <orcino-

ponw shict are indicated by the foflowing ~guonee where sumbers i parens
theses are days on basal dicl wath ne carcinogon, 11-(8)-6-(1)1-(2)-11-(2)-

30-(3)-19.

8 mo.

0/2
0/2
0/2
0/¢

2/2

10 mo.
0/2

0/2
0/2
0/2

2/2

Reprinted with permission from Cancer
Research 14:715-17 (1954). Copyright by
Cancer Research Inc., and the American

Association for Cancer Research.



Badger et al (1954) tested a variety of azo compounds for
carcinogenicity in rats fed a low protein, low riboflavin diet in
amounts molar-equivalent to 0.06% for DAB. For DAB, 7/7 and 8/8 survivors
had tumors, for 4'-methoxy DAB, 4/10 survivors had tumors, and for the
following compounds there were no tumors (number in parentheses is %
surviving): 2,2'-azonaphthalene (90), l-phenylazonaphthalene (50),
2-phenylazonaphthalene (60), azobis(4~dimethylamino)benzene (80),
4-methoxyazobenzene (70), and azobis(4-methoxy)benzene (80).

Bonser et al (1954) gave mice s.c. injections of 3 mg of
1-(2-tolylazo)-2-naphthol (0il Orange TX) twice a week for 50 weeks.
Intestinal tumors appeared at 62 weeks.

Miller et al (1957) prepared a variety of DAB-related compounds
and fed them to rats to determine the hepatocarcinogenicity against DAB
as a control. The results are in Tables 102, 103, and 104. These tables
also include the results of studies on possible metabolites and rearrange-
ment products. The authors concluded that the 2- position of the amino-
ring of DAB must not be substituted in order to retain hepatocarcinogeni-
city. 1In Table 105 is a listing of relative carcinogenicities of

substituted DAB's.
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TABLE 182,
THE CARCINOGLNICITIES OF CERTAIN FLUORO AND METHYL DERIVATIVES OF 4-DIMETHYLAMINOAZODENZENE

Tiue
CoM~
‘ rounn  No. or IncioEncE OF LIVER TOMORS® . Groas ciruaoni
Costrooxp reo WAB FED  MATS (mo.) AT XND OF rEPD-
Seares Groor (2.40 millimoles/kg dict No. 1) (mo.) sTaRTED s 4 [} [} 7 8 10 1 I8N0 OF COMPOUND
1 1 vy, 4 16 4/16 14/16 Mild-moderate
4-Dimethylaminoazobenzene(DAB)
F
] oy 5 18 : 2/1s 10/18 Mild
8-Fluoro-DAB ) :
Ot
s OrenOnony, 38 1 0/11 . 2/111  None
8-Methyl-DAB . -
E .
4 FpeOno, s 15 12/13  18/18 p Moderate-severe
8’,4’-Diflucro-DAB
" .
5 @c@:myz 6 12 0/12 /12 None
8',4"-Dimcthyl-DAB
11 6 DAB 4 16 6/15 14/15 Mild-moderate
F
= 7 C}mp«wz 7 14 0/14 0/14 None
2% .
A 2,6-Difluoro-DAB
111 8 DAB 4 16 8/18 11/16 . Mild-moderate
He .
9 O oy 8 16 " 0/16  1/16 None
2-Methyl-MAB}
PE_
10 =N ) [ 12 0/12 0/12 None

2,6,3",5" Tetrafluoro-DAB

11 rd:—.ngi)«%mz 4 6 0/6 0/6 None
2,6,2',4 ,G’fPenLnﬂuoro-DAB
Iv 12 DAB 4 16 8/18 13/18 Midd-moderate
13 FC;,:N?C?WZ 5 10 0/10 8/10 Mild
2,5,2',5-Tetraflluoro-DAB
* Number of rats with tumors/number of rats alive at end of dye feeding. 1 Benign hepatomas. g { MAB = 4.-monomethylaminoazobenzene,

Tables 102-104 reprinted with permission Cancer Research 17:387
_ s :387-98 (1957). Copy-
right by Cancer Research Inc., and the American Association for Cancer)Rese(a)E‘{h
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Serizs

VII

VIl

IX

Guoor
14

16

17

18
19

- 20
21

22
23

24

5
26

27

Coxroonp ren
(2.87 millimoles/kg diet No. 2)

DAB
H
A:NQNCH}DZ
NH

2-Acetylamino-5-dimethylamino-
diphenylamine

tzﬂ
Benzo(c)cinnoline
o]
Onalnon,
8-Hydroxy-DAB
DAB

%"Q“Wz
N

2-Nitro-5-dimethylamino-
diphenylamine

O oy o
DAB methochloride

$-Hydroxy-DAB
(cf. group 17)

DAB

N LOvon,

4-Amino-4'-dimethiylamino-
diphenylamine

OO0, s,
4-Imino-4'-dimethylaminodipheny!-
imine sulfate

DAB
op{Inoy,
NOp
$,4-Dinitrodimethylaniline
DAB

8_\ AI

“Tiux
COMPOUND
wis rip
(mo.)
4

8

12

, TABLE 103,
TRE CARCINOGENICITIES OF VARIOUS REARRANGEMENT PRODUCTS AND OTHER DERIVATIVES OF 4-DIMETHYLAMINOAZOBENZENE

No. or
RiTE
BTARTED

14
15

11

16
15

16

15
15

15

10

15

4/14

15/16

12/18

8/12

10/15

IXCIDENCE OP LIVER TUMORS'

(mo.)
[} ® 10 11 12
12/14
0/13
0/11
. /6
v
15/16
/13
0/14
0/6
14715
0/14
0/15
12/12
- 0/12 -
12/15

G/6

Gnroes C1auBOMIS
AT IND OF FEED-
NG OF COMPOTND

Mild-moderate

None

None

None

Severe

None

None

None

Moderate

None

None

Moderate

None

Aoderate

Nope



TABLE 04
TR CARCINOGENICITIES OF VARIOUS DERIVATIVES OF 4-DIMETHYLAMINOAZOBENZENE

»

Tue Gross c1rrOOSLS
coxM- AT END OF
. POUND No. or INCIDENCE OF LIVER TUMORS { PEEDING OF
Mitrixorrs/ was FED BATE (mo.) COMPOCND
- Sxnirs Gaour Courounn(s) rep xq pixT* {mo.) STARTED s 4 [} s [ 2 17
. XIO—Cont. 37 ol e ey, 2.67 15 16 0/13 None
4,4'-Bis(dimethylamino)-azoben- ¥
zenel]
X111 s8 DAB 2.40%* 4 16 1/16° 7/16 10/16 Modcrate
39 2 2.40** 6 16 " 0/16 5/16 8/16 Mild
2'-Methoxy-DAD

Cl
\PJ-‘_‘ 40 Habw@ma)z 2.40°* 38 16 8/9 9/9 Severe
n 3’-Methoxy-DAB '
41 oo I oy, 2.40** 6 16 0/16 5/16 12/16 . Mild
4'-Methovy-DAB ) _
X1v 42 DAB 2.00 ] 16 0/16 4/16 Nore-mild
43 3 Methy [-IYAD 2.00 3 16 6/16 16/16 Moderate
33 8"-Methovy-DAB 2 00 3 16 8/16 16/16 Moderate
i XV 15 DAB 2.14%1 3 14 1/14 5/14 4 Mild
| 16 ool e oy, 2. 144t 3 14 6/18 12/18 ) Severe
YEthyl-DAB
!f Co;,f’;u:d may be poerly absorbed, since it was readily detected in U e feces. 11 Fed 2.67 millimoles of dye/kg dict for 6 weeks and then level of dye listed for re-
**Fed 257 millinoles of dve kg diet for 2 weeks, then on dye-free dict for § days and ~ Muining time because of toxicity of 4'-cthyl dye. .

returned to level of dyclisted above for remaining time because of toxicity of 3'-methoxy
dye.



TABLE 105,

THE CARCINOGENICITIES OF VARIOUS RING-SURSTITUTED DERIVATIVES OF
4-DIMETRYLAMINOAZOBENZONE®

S'CEN 2_3
4 =
Lo

Revative acTiviTies (ONSUBBTITUTED DYR =6)

PostTioN r- Cila- CIHLCU- Ci=- Br- Ny~ Cig- HO- CllLy0~
LY 10-12 <1t 10t 1-2 0t (1] < 0 3
bl 10-1¢ 10-12¢ +-6 0§ 3 (1] ] 10-1¢
2’ ki g-?t 0f 2 3 (1] 0 ¢
] >10 0 0
, 3 R 4 <1t 0
2.4 >10 (1]
2,5 >10 0 0
8,4 >10 <1
8,5 >10 0
2,6 0
2,46 >10 0 0t
2,6,3,5 0
. 2,5,2,5 4
2,6,2,4,6' 0

* Data from Refs. 22-24, 26, and present paper except where noted.
t The N-monomethyl dyes have similar activities; sce Refs. 23, 35, 36 and present paper.
1 Poorly absorbed.

§ Sce Ref. 16.
# As N-monomethyl derivative (36).

Nieper and Druckrey (1957) reported that Janus Green did not
cause tumors in rats either from 670 daily oral doses of 20 mg in their
food, or from 66 fortnightly s.c. injections of 0.5 mg. After cessation
of either treatment the rats were allowed to live out their normal

lifespan.

Masusaki (1958) tested the effectiveness of some azo compounds
on the in vitro inhibition of Ehrlich cancer cells by i.p. injecting the
so-treated cells into mice and measuring their longevity. In decreasing
order of effectiveness the compounds were: 6~(2'~hydroxy-3',5"~dibromo~
phenylazo)-4-hexylresorcinol, the 3',5'-dichloro derivative, the 5'-
carboxy = the 5'-methyl = the 4',6'-dibromo~2'-carboxy = 6~(2'-hydroxy-

3',5"'-dibromophenylazo)~4-carboxyethylresorcinol = bis(2-hydroxy-3,5-

dibromophenylazo)~-L-tyrosine, 2,2'-dihydroxyazobenzene = 1~(2'-hydroxy-

il

3',5'-dibromophenylazo)-2-naphthol-3,6-disulfonic acid = 6~(2'-hydroxy-
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4'-sulfaminophenylazo)-4-hexylresorcinol (the last three had no effec-~
tiveness). The cell treatment was temperature and azo concentration
dependent.

Riittner and Brunner (1959) were unable to induce tumors in
rats by fortnightly i.p. injection of 1 ml of a 2% solution of Trypan
Blue (18-19 injections) or Evans Blue (12 injections). The animals
were observed for 7-9 months after injections ceased, then sacrificed.

Mulay and 0'Gara (1959) fed male and female rats 4-dimethyl-
aminoazobenzene (DAB), 4'-dimethylaminophenylazo~l-naphthalene (DAN), or
4'-dimethylaminophenylazo~2-naphthalene (DA-2-N) with the results in
Table 106. The DAB and protein 8 treatment was an 8% rather than the
usual 127 protein diet. Except for DA-2-N the sex difference in tumor
development was striking. Average time for tumor development from DAN
was 20% longer in the females. This figure was considerably higher from

DA-2-N treatment.

Table 106
- [ueidenee of Liver Tumors in Osborne-Mendel Rats Fod Curcivogenie Dyes,
Treatment Tumor~ induced
~—Carcinogen— " Induction é . -~
% Days fed period (days) Incidenes €7 Ineidence %
DAN 075 300 270 42/57 5 8/4% 17
.15 " v 179 11
3 ” ” 3/5 60
.6 ” " 2/4 50
DA-2-N 075 230 80 39/40 68 24,24 100
DAB .06 280 150 56/6 85 6/31 19
DAB 06 ” o 2/52 n

and protein 8

Gelstein (1961) found hepatic tumors in the first and second
generation offspring of mice dosed with o-aminoazotoluene. Of those

young born during the dosage period and kept with their dams for one
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month, 65% developed tumors. Incidence of tumors in second genera-
tion mice was nearly four times higher than that seen in controls.

Brown and Hamdan (1961) fed a variety of 4'-alkyl substituted
4-dimethylaminoazobenzenes (DAB) to rats at 0.06% of the low-protein,
low-riboflavin diet and examined them at two-month intervals for hepatic
tumors. DAB gave a 907 incidence at six months. The n-Bu DAB gave a 437
incidence in 12 months (0% at six), the t-Bu DAB 33% at 12 months (0% at
six), the EtDAB and i-PrDAB 100% at four months (toxic), the n-PrDAB
787 at six months, and MeDAB, iso-BuDAB, and sec-BuDAB 0% at 10, 12 and
12 months; the phenyl DAB gave 0% at six months. At the 0.037% dietary
level the iso-PrDAB and EtDAB were 507 and 267% more active than 0.037%
DAB at six months.

Arcos and Griffith (1961) found that a seven-nonth feeding
of 0.04% 2-methylDAB or 0.02% 3'-methyl DAB to rats gave 0/22 and 1/23
incidences of hepatic tumors, respectively, but a combination of these
two dietary levels gave a 5/20 incidence at seven months. While 0.035%
of 3'-methyl DAB gave incidences of 14/24 at four months and 24/24 at
six months, adding 0.035% of 2-methyl DAB to this diet gave incidences
of 10/24 at four and 21/23 at six months. Feeding rats 0.06% 2-methyl
DAB for three months prior to five months of 0.0547% DAB had no effect on
tumor incidence.

Takayama (1961) studied the synergism of DAB feeding and
skin painting with 3-methylcholanthrene (MC) or 4-nitroquinoline N-oxide
(NQNO), none administered in amounts individually capabie of inducing
tumors. Three months of 0.5 g daily oral doses in food of DAEB failed to

generate hepatic tumors, but the same treatment followed by six months

158



on a no-DAB diet and twice-weekly painting with MC or NQNO produced one
hepatic tumor (of eight surviving rats on day 420) from MC, and, from
the NQNO, four tumors in 23 rats dying between days 160-420, and two
tumors in three rats still alive on day 420. Treatment of six months
painting by MC or NQNO followed by three months of DAB feeding produced
no tumors in the liver.

Miller and Miller (1961) tested the tumor inducing abilities
in rats, against DAB controls, of some hydroxy and methoxy substituted
4-amino-, methylamino-, and dimethylaminoazobenzenes. Dosage was

equivalent on a molar basis to 0.06% DAB. Table 107 contains the results.
TABLE 107.

THE INCIDENCES OF TUMORS (N RATS FED ThE 2-11YDROXY (§10-) OR 2- 0r $-METIOXY (MeO-)
DERIVATIVES OF 4-AMINOAZOBENZENE (AD), 4-MONOMETHYLAMINOAZOBINZENE (MAB),
OR 4-DIMETHYLAMINOAZOBENZENY (DAD)

| ., |
i i NO. TATHE WITH MALIGNANT TLMORS OF Tiit
! Av. Av. ; Negas
| wT. Time Svae |

N i INT- ' i TIVE

Exe QAN crw. | YIVAL Small

Coupourxn® TIAL Sex . | R Mammary SLR-

NQO. ‘ WT. AT reLpn AT LXVCT Lar dlh"t mtes~ Klln(l . V1 ons

o) 3wk, | {M0)) 4 mo.t une Skin (11 30.)
| 7 e 6 m @ (@ | m c :
i | J : mao.} mo.) mo.) mo.) mo.) mo.) mo.} mo.)
1 [ 8MeO-AB | 237 20 | 8 | M| 916] 0 1 ] 1 6 7 13 60 R
TMODNAB L 231 {12 8 | M 12/18 0 0 2 9 10 1 0 0 2% 0
3Me0-DAB 210 21 8 M | 13/168 0 0 0 5 7 0 0 0" 1# 3
l 2.3 0.AB 210 | 33 8 | M 5/16 0 0 0 0 0 0 0 0 0 J
D MeOMABY 282 b 2y 8 | M1 9/16 0 0 0 0 0 \ 0 Q ] ¥
P2 MeODAB | 23k 16 | 8 [ M]1#/16] 0 0 0 0 0| 0 0 0 ! ¢ |
PHODAB | 2357 27 1 8 | MI15/16 ) O 0 00 0 0 o 0 |0 9

DAB 232 2 5 M | 15/16 10 13 [} 0 0 O 0 0 { Q 2

2** ! 30Me0-AD 235 1 25 8 | M!11/13 0 0 0 G 7 H1 0 0 1.0 1

oo Me0AB ey | e " B U T 9O 0 ott 1 v ott | "2 3 ] 0 144
Al O K I L I P YA Y 0 (1 0 (t ott 1 1 \ 0 7tt
Nonee 2y SO0 ] 148 i 0t 0 O 0ty 1 1 0 101§

4 DAl 2|77 5 M| 16/18 5 121t ¢ 0 utt 0 0 ‘ 0 R
2 HOMAR DT T 5 | M| 9/10 0 01t 0 ] o7 T 0 ] l 0 514

|

* 2 6T mmoles/kg of diet.
t No. of rats alive at 4 mo/no. started on diet.
$ These sqnamons-cell earcinomas, one on the lip and one on the skin of the back, were found at 11 mo,

" § rOx;e hasal-cell earcinoma was found at 8 mo., and a squamous-cell carcinoiua was found at 9 mo. Both were located on the
skin of the back.

# \ basul-cell carcinoina on the skin of Lthe back was first obuerved at 11 wo.

** Phree groups of four, four, and five rats were fed the basal diet deseribed in *“Methods,” the hasal diet Pl W g, of 2-
methvl.b, bngphthonnivone/ke, or the basal diet in whieh erade cisein wis substituted for vitnmindow ensen for § weehs, Tlis
experunent was sel np as o ressll of the doss of Tonr of sivteen rats fed Sanethony-A B duving the fiest 8 woeks of the fivst experie
tient, Vre objeetive wis to find more fnvornble eondition,s for wdaninsiation of the componnd, Suee there nppenred by be no dif -
forcar s i tine rata fed These thieee diets by 5 weeks, the snitala from all Hhires gronps were fed the basel diet descnihed jn the
“Metinds” for the reemtider of Uie exprennenta perind

tt Fhiene datn were obtnined nt 0 ma., the tune at which Ui surviving rate of Fyp. 3 were Liljed,
Reprinted with permission from Cancer
Research 21:1068-72 (1961). Copyright by
Cancer Research Inc., and the American
Association for Cancer Research. 159



Grice et al (1961) fed rats for 65 weeks on a diet containing
0.3, 1.0 or 3.0% of Ponceau 3R, a commercial dye consisting of a mixture
of many azo components. Hepatic tumors were present in 2/24 rats at the
17 level, and 7/23 at the 3% level.

Terracini and Della Porta (1961) fed hamsters DAB, thrice-
weekly stomach tube 1C mg doses for three weeks, 5 mg for the next seven
weeks, and 10 mg for the last 32 weeks--survivors receiving 1.155 g.
Other animals received 3'-methyl DAB as 0.064% of their diet for 27
weeks, then 0.17 for 11 weeks--survivors receiving about 1.4 g. There
were no hepatic tumors seen by 48 weeks after cessation of treatment
with DAB. One hepatic tumor was found 23 weeks after cessation of
treatment with 3'-methyl DAB. Fifteen animals of each sex had been used
for each azo compound.

Brown et al (1961) prepared all of the 4-dimethylaminoazo-
quinolines (Q) and quinoline N-oxides (Q0). Initially all of these were
fed to rats, except the 2-quinoline isomer, at 0.03% of a low~protein,
low-riboflavine diet along witﬁ no-dye, 0.037% and 0.06% DAB controls.
The more tumor-active compounds were then given at the 0.017 level.
Results are given in Tables 108 and 109. The number following Q or
Q0 refers to the position of the quinoline or quinoline N-oxide which

bears the azo linkage.
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Table 108

Caicinogenicitiea of quinoline dyes in relation to DAB?

Incideuce of liver tuamorst

Code 4 Months G Months
Control (no d:¢) 0/10 /10
DABY (0.085) 710 4/10
DA 0/10 5/10
Q02| 0/10 0/10
Q34 0/10 17°.0
Q02 0/10 G/10
Q4 5/10 af9
Q014 8/10 10/10
Q5 9/9 —
Q05 10/10 —
Q6 /9 —
Qo5 9/10 10/10
Q7 . 0/10 0/19
Qo7 0/10 0/10
Q8 0/10 0/10
Q0S8 0/10 0/10

*Level In dlet, 0 03 percent unless coted.
tNuwter of _sts with tumorsmuwb- ¢ of rats in experlent.

Table 109

Compaiison
of the carcinogenicitics of
quinoline dyes*

Incidence
of liver
tumorst

Code (4 months)

Q5 8/9

Q05 10/10
Q6 10/10
Q06 5/10

sLeveln diet, 0.01 percent.
tNumber ot rats with tumors/
number of ruts in experiment:
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Page deleted due to copyright clearance difficulty.
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Deleted due to copyright clearance difficulty.

Burkhard et al (1962) synthesized 2'-, 3'-, and 4'-methylthio
DAB, also 4-methylthioazobenzene. These were fed as 0.067% of the diet
(except 0.03% in the first two weeks for the relatively toxic 4'-methyl
DAB) to rats. No hepato tumors appeared after 23 and 25 weeks of feeding
the 2'-Me-S-DAB or 4~Me-S-azobenzene, respectively. After 16 weeks of
feeding 3'-Me~S-DAB 16/19 rats had these tumors, and after 20 weeks of
feeding 4'-~Me~S-DAB 13/16 rats had tumors.

Weisburger and Weisburger (1963) reviewed thz pharmacodynamics
of carcinogenic azo compounds, pointing out that metabolic "activation”
by the host animal seemed to be required, and interspecies differences
in efficiency in doing this probably accounted for part of the relatively

small number of species susceptible to azo compound carcinogenesis.
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Brown (1963) fed rats 0.03% of 4-dimethylaminoazoisoquinoline-4,
-5, and -7, also -isoquinoline-N-oxide-5. After four months there were:
no hepatic tumors from -4 and -7, 7/7 from -5, and 1/10 from -N-oxide-5
{all 10 died in one month). After six months there was a 100% incidence
of tumors in -4 and -7 with toxicity showing up from the latter. Retesting
nf -5 and -N-oxide-5 at 0.01% level produced 0/7 and 8/8 tumors, respec-—

tively, after four months, and 1/7 tumors for -5 after six months. In

Deleted due to copyright clearance difficulty.

Schm#hl et al (1963) found that 233 daily doses of 33 mg/kg
of DAB, or of 3 mg/kg of diethylnitrosamine (DENA) were sufficient to
induce hepatocarcinogenesis in rats. However, on giving these compounds
together in the diet at the mentioned daily dose, the time to generate
the tumors was reduced to 153 days. Although animals fed only DENA
gained much more weight than those fed only DAB in the diet, those on

the combined diet had a weight gain-time curve almost superposable on that
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of DAB alone.

Silva and Brandt (1964) demonstrated that 1,2'-azonaphthalene
was effective against transplanted Walker 256 carcinosarcoma in rats.
Both i.p. and i.v. injections worked, but best results came from using
both methods of introduction.

Manchon (1965) reviewed data relevant to food dyes.

Huggins and Pataki (1965) investigated the ability of pre-
administered azo compounds to protect against tumor genesis by 7,12~
dimethylbenz(a)anthracene. A 20 ug dose of Sudan ITI was most effective.

Druckrey et al (1965) determined that weekly s.c. injections
into rats of 50 mg/kg of azoethane would produce a variety of tumors
in 37 weeks. Doubling the dose only reduced the induction time to 33
weeks.

Hampshire et al (1965) prepared some 2,4-diamino-5-arylazo-
pyrimidines and determined their toxicity to rats and mice, antitumor
activity against Murphy-Sturm lymphosarcoma in rats, and inhibition of
rat hepatic folic acid reductase. The compounds used are given in Table
112 (except for IIT), and the test data in Table 113. The mouse toxicity
LD-50's are for a single i.p. dose and a 21-day observation period. The
rat toxicity was determined during the anti-tumor testing which consisted
of five daily i.p. injections starting five days after tumor implantation.
There was no correlation between the enzyme inhibition and the tumor

repression.
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Reprinted with permission from J. Med.
Chem., 8:745-49. (1965). Copyright

by the American Chemical Society.
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Fare (1966) painted the dorsal skin of rats (1 ml) and mice
(0.2 ml) with a 0.2% acetone solution of some 4-amino azobenzenes twice

a week. Results are in Table 1l14. The compounds were chromatographically

pure. .
TABLE 1Y
Resutrs or Paintisg ¥nix or Ravs vvo Mics wirit Azo Dyes
l } TUMGR IMBLNCE ) TOTAL YIEID OF SKIN TUMORA IN GROUD, PONTMORTI M
. b I‘HFAN Tiur | MEAN LhneTi = = -- Rt N N -
SPECIES SEX Ye 1 LeSIoN OF TIP'\T\IP\I‘. bpsider- Kernto- . " . o n! )“l.\‘ ! -
T (wk) k) ( Far duct Skin 'l“lo"' “‘?“"' :ull::::y::: cn::lm:l‘n.l ?un;lil‘ll::nlll.l I'-l‘i»:: 1 I\‘xlllmu:.
i Cyst thama te s
Rut M | None (Control) ' 131 0/6 0/6
Rat M | AAB* a7 123 /6 G/6 5 4 8 2 1 3
Rat M | MAB 44 58 0/6 6/6 16 2 7 18 9 3 7
Rat M| DAB T3 %0 /6 6/6 3 11 4 3
Rat M | 3-MeO-AADB 76 03 * V6 6/6 3 1 3 5 5 2 5
Rat M | 3-MceO-AAB 28 41 36 6/6 27 3 12 28 13 2 6
Rat M | 3-McO-DAD 17 62 310 16/10 2 2 10 16 1 1 4
Mouse | F | 3-McO-DAB | 30 0/140 | 0/140
Mouse | M | 3-MeQO-DADB | 62 0/110 0/140

s Tuinor types are deseribed nore fully in the text, ) X

b Abbreviations: AAB, aminoazobenzene; MARB, mouomethylaminoazobenzene; DADB, dimethylaminoazobenzene; MeC-, methoxy
group. ) .

¢ Data from Fare and Orr (4). The numbers of tumors produced are not comparable with those in the other treatment groups
since in this purticular ecase not all tumors were examined histologically. . ) . .
Reprinted with permission from Cancer
Research 26:2406-8 (1966). Copyright by
Cancer Research Inc., and the American
Association for Cancer Research.

Kanekar and Panse (1966) force fed rats five times a week
with 0.4 ml of a 1% peanut o0il solution of technical grade, or 0.4 ml
of a 1% suspension in normal saline of purified 2',3-dimethoxy-4-amino-
azobenzene. A tumor appeared in the skin at the external auditory canal
opening after 156 days of dosing with the technical grade, and 174 days
of the purified compound. Other rats survived 242 and 280 days, respec-
tively, before developing this (and no other) type of carcinoma. These
carcinomas were not transplantable.

Brown and Hamdan (1966) prepared and tested in rats some more

nitrogen-heterocycle/azo/dialkylaminobenzene compounds. The results are
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in Table 115. Except for the last three enttries in the table, P04 is

an abbreviation for 4-[[p-(dimethylamino)phenyl]azo]-pyridine,l-oxide;
using this nomenclature the entry above P04 itself, e.g., should be
written 2,3'DiMePO4. 1In the last three entries the dimethyl of (dimethyl-
amino) has been replaced by the indicated alkyls.

Table 115. Rat Hepatocarcinogenesis from
Alkylaminophenylazopyridine-N-oxides

Tumor mcidence (months)
Compound code Percent
in diet
2 4 b 6 12
Ceeeneaaes 0/10 0/10 0/10 0/10 6/10
0. 06 7/10 9/10
. .03 0/10 1 5/10
2MclPOtu . vunees e Ceereeeans .03 7/7 |
26 DIMePO4. . o ii i e . 03 4/4 .
2Mel’Od. .00 eereaaran seaane .02 10/10
2,6'DibMel04, . .....s. [P .02 16/10
2'MelPOL Lo Cetiersesiresranrnans .01 10/10
26/ DIMelPO4, .o e . .01 9/10
2,2'DiMePO4. . .vvui i Cheeens ] .03 7/10 10/10
2 3DIMcePO4. i e . 03 8/8
PO4....... P N Vereaans .03 8/10 10/10
MetPO4. .. ... et aisaeanee e .03 8/8
DilitPO4. oo P .03 3/10 10/10
DiPrPO4. .viinn et .03 0/10 0/10 0/10

Poirier et al (1967) prepared N-benzoyloxy-N-methyl-4-amino-
azobenzene and tested its reactivity with various biochemicals, also
its ability to generate carcinomas in rats after s.c. injection. Their
results are in Tables 116, 117, 118, 119, and 120. Some closely related

azobenzenes were tested’'for comparison.
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TABLE

116.

Careinogenic Activities of N-Benzoylory-N-methyl-4-aminowzobenzene and Lefated Compounds

Administered by Repealed s.c. Injections in Ruls
Fueh 1at was injeeted s.e. in the right hind leg twice weehly with 0.2 ml of trioetanvin in which the

test compound bad been dissolved or suspended without heat immedintddy prior 10 injection.

(‘um'x‘l’.\ll\'c No of
. Average rats wi .I sarcomas a.
comend R ] N B b B
“Y ol mo | 12 fri-a
Experiment 1
N-Benzoyloxy- 24 X 3.9mg | 10 M (2 2 G 91 9 0
MARBe 10 F 48 2 5110110 0
MADB 24 X 2.5mg | 10 M 54 0] O0f 0y 02, carcinomas of 8
liver
1, carcinoma of car-
duet gland
10 F 66 0} 0] 0§ O]1, adenocarcinoma 9,
of mammary
gland .
None (vehicleonly){ 24 X 0.2 ml PloM 69 01 0} O O011,sarcoma (distaut, 9
' from injeetion
site)
10F 42 0] 0} 0! 1|4, mammury fAbro- 9
. adenoma
Fxperiment 2
N-Benzoyloxy- 24 X3.9mg| 20 M 159 9 (202020 0
MAB
MADB . 24 X 25mg|20M 158 0 01 0| 01, fibroma (distant 15
hS from injection
- site)
N-Benzoyl-MAB | 24 X 3.7mg | 20 M 162 0. 0y 0} 0 ‘ 19
N-Hydroxy-AB 24 X 2.5mg | 20 M 167 0 01 0] 0 20
AB . 24 X 23mg |20 M 157 0;] 0y 0] 0 19
DAB-N-oxide 24 X 2.9 mg | 20 M 166 0| 0] 0{ 1,1, adenoecarcinoma 17
of small intes-
tine
DAB 24X 27mg|20M| 15 [ 0] 0] 0] 0 18
Nunc(vrhi(-lcunly)l' 24 X 0.2 nl l 20 M , 164 ’ 0 i o] o} 01, papilloma of skin] 15

o Rats killed tumor-free at the termination of Experiments 1 and 2 at 20 and 14 months, respectively.
+ The abbreviations used are: AB, 4-aminoazobenzene; MAB, A'-methyl-{-aminvazobenzene; DAB,

N, N -dimethyl-4-aminoazobeunzene.
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TABLE W7

Survival of Ruts and Oceuricnce of Tumors afler i.p. Injections of N-Methyl-4-wminouzobenzene
(MABY or {Is N-Benzoylosy Derivative tnto Neonalal Rals

Compound

Faperiment ¢
N-Benzoyl-
oy -MAD

MAB

Corn oil only

Experiment 2¢
N-Bengoyl-
oxy-MADB

MAB

Trioctanoin
only

Total
dase (mg)

. No.
injected

No. alive
at 23 days

t

No
weanvd
and sex

No. of survivors at

1.00

0.65

0.48

.30

46

47

162

101

116

11

30

25

08

73

71

™™

4 F

8 M¢
8 F*

56 M

2F

40 M

\~\

2M

IF

6

(>

55

38

40

33

32

39

7 mo.

10 mo. | 13 mo.

19 mo.

No. of rats with gross
tumors by 19 mo.

48

32

39 34

33 32

32 32

38

24

23

|

1, hilateral venal enrei-
nomas (7 mo,)

1, multiple papillomas
(urmary bladder) (19
mo )

1, bilateral renal carci-
nopas (12 mo.)

1, mammary gland car-
cinoma (19 mo.)

0

2, mammary gland ade-

nomas (19 ma.)
carcinoma in

(skin) (19 mo.)

0

1, pulmonary adenoma
(17 mo.)

1, stlu

3, pancreatic adenomas
(13-13 mo.)

2, sarcomus (injection

site) (13 and 14 mo.)
renal carcinoma (7

mo.)

1, basid eell earcinoman
of ip (19 mo.)

1, eholangioma (19 mo.)

2, mammary gland ade-
nomas (19 mo.)

1, carcinoma of ear-duct
gland (13 mo.)

1, cholungioma (19 mo.)

1, letomyoma (small in-
testine) (19 mo.)

2, cutaneous papillomas
(19 mo.)

1, malignant lymphoma
(14 mo.)

6, mammary gland ade-
nomas (17-19 mo.)

1, mammary gland car-
cinoma (15 mo.)

1, cholangioma (17 mo.)

1, sarcoma (foot) (17
mo.)

1, cutaneous papilloma
(19 mo.)

1, mammary gland car-
cinoma (8 mo.)

7, mammary gland fibro-
adenomas (15 19 mo.)

1,

o Bach rut was injected i.p, with 0.05 ml of sterile corn oil alone or containing 0.2 my of V-benzoyloxy-

MADB or 0.13 mg of MAB within 24 hr after birth and on each of the sueceeding 2 days; on the 4th day
the rata were injected with 0.1 ml of the same solutiona,

8 Beeause of the poor survival of the rats which received injections of N-benzoyloxy-MAD in this
preliminary experiment, only 8 male and 8 femuale rats of the 30 und 25 rats injected with MAB or corn

oi]l were kept ut weaning.

¢ [lach rat was injected i.p. with 0.05 ml of sterile trioctanoin alone or containing 0.16 mg of V-ben-
zoyloxy-MAB or 0.10 mg of MAB within 24 hr after birth und on each of the succeeding 2 days.
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TABLLE I'g.

The Reaclion of N-Benzoylory-N-methyl-i-aminoazobenzene and
Other Aminoazo Dyes with Bovive Serum \lbwmin®

Profcin-bound dye?

TABLE 119

The Reaction of N-Benzoylary-N-methyl-4-aminoazobenzen
(N-Benzoylory-MAB)Y with A mino Actdae

'

(absorbance/50 mig protein) Absarption
Dye Amino acid Hiwan
Polar fraciion Nonpolar fraction b dye gy
N-Beuzoyloxy-N-methyl- 1.14 (520 mpu) 0.40 (507 myu) N-Benzoyl- | Tryptophan r} 25 H23
J-uminoazohenzene oxy-MAB | Tyrosine 6 510
N Methyl-4-aminoazo- <0.01 0.01 Cysteine 6 522
benzene Methionine
N,N-Dimethyl4-amino- <0.01 0.01 Water-soluble dye 1.4¢ 318
henzene v Total 3anethyvliner- 3.6
4-Aminoazobenzene <0.01 0.02 capto-MADB released
N,N-Dimethyl-4-amino- 0.01 0.02 Alanine, arginine, 1\5():11‘-]
azobenzene-N-oxide tie aeld, eystine, pglu-
N Hydroxy-4-aminoazo- <0.01 <0.01 tamic acid, glyeme,
henzene AN histidine, hyvdroaypro-
N-Hydroxy-V-ncetyl-1- <0.01 0.01 . line, 1soleucine, leucine, <0.7
:m;inouzu\)enzcnc . lysine, phenylalanine,
S proline, serine, thieo-
e Bavine scrum albumin (125 mg) \\\yus incubated at pI 7 with nine, or valine
10 mg of N-benzoyloxy-N-methyl-fuminoazobenzenc or an  MAB Tryptophan,  tyrosioe,
equivalent amount of another dye for 4 hours at 37°C in a nitrogen cysteine, or methio- 0.0
atmosphere. The analytic procedure is deseribed in the Materials nine

and Methods section. The analyses for each of the polar and non-
potar fractions were correeted for blank values of 0.02 which were
obtauined when serum allnimin was eweried through the same pro-
cedure in the absence of any dye.

b The figures in parentheses are the wave lengths of mnximum
absorption for the dye fractions derived from N-benzoyloxy-N-
methyl-4-aminonzohenzene; the corresponding fractions derived
from the other dyes showest only low absorbanees and for eon-
verenee were measmiresd al the wive Tengtim shown,

TABLI 120
The ficaction of N-Benzoylozy-N -methyl4-aminoazobenzene
(N-Benzoylory-UAB) and Other Dyes with Various Nu-

clcostdes®
* Radinactive
Laperi- product %%
meat Dye Nucleoside (based on
No. himiting
reactant)
1 N-Benzoyloxy-MAB | Guaaosine-8-1C 2.6
MADB Guanosine-8-14C 0.0
N-Hydroxy-t-amino- | Guanosine 8-14C 0.1
azobenzene

2 N-Benzoyloxy-NAB
N-Benzoyloxy-MAB
N-Benzoyloxy-MAB
N-Benzoyloxy-MAB
N-Benzoyloxy-MAB
3 N -Benzoyloxy-MAB
N-Benzoyloxy-MAB
4 N -Benzoyloxy-MAB
N-Benzoyloxy-MAB

Guanosine-8-14C
Adenosine-8-14C
Cytidine-2-1C
Uridine-2-14C
Thymidine-2-C
Guancsine-8-1C
Guanosine-8-3H{
Guanosine-8-14C
Guanosine-8-*H

AR ONOO OO W
CwmODOOOW

« The ingredients listed below in 1.4 ml of 28% ethanol were
awnbnted under nitrogen at 37°C for the times indicated: Experi-
weut 1, 0.02 pmole of guanaosine, 0.5 umole of dye, and 2 umoles of
«ahum citeate buffer, pIl 7, for 3.5 hours; Experiment 2, 0.03
awle of nucleoside, 0.5 umole of dye, and 2 umoles of sodium
arate buffer, pli 7, for 3 hours; Experimenta 3 nnd 4, 1.7 pmoles
Aguanosine, Tamole of dye, and 5 ginoles of sodivm citrnte buller,
(H 7, for 20 hours.

*Uhe i reactiona which could Yo deterted were nhont,
2y wid 0,027 for Fosporanenta 1 onid 2, peapectjvely,

< T'he amino acid (50 pmoles), 1.5 umaoles of dye, and 200 punke
of sudium phasphate butier, pt1 7.0, in 2.5 ml of 205, ethanol wen
incubated ina eitrogen atimosphere wt 37°C for 90 min, Exeept for
the produet fornied from methionine, the extent of reaction wis
determined from the amount of water-soluble dye which remamed
after extraction with benzene-hexane.

® The 9 reaction was ealeulated on the assmaption that the
products had the same molar absorption coetlicients as MADB 1\
blank equivalent to a reaction of 139, was subiraected from o
vitlues hased on water-soluble dye when the munino aeuds sweren
cubnted with N -benzoyloay-MABR. A blank of 0.0°, was obtane !
when MAB was incubated anad exteneted as desenibed,

< The sulfonium derivative formed from e thonine gradanl
‘decomposes even at newtrality  (see Chart 1), Theretore, the
amonnt of 3-methrhnereapto-MAB formed spontaneously ph
that formed after the addition of alkali s o better estimate of e
extent of reaction than the amonnt of water salubile dye.

- Tables 116-120 reprinted with permission

from Cancer Research 27(9):1600-13, 1967
Copyright by Cancer Research Inc., and
American Association for Cancer Research.
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Odashima and Hashimoto (1968) reported the following results
of a 60-week feeding study on male rats. At a level cf 0.08% 4-amino-
azobenzene (AB) caused one peritomeal cavity tumor in 1/32 animals.

At the 0.09% level 3-methoxy AB caused hepatocarcinoma in 21/23,
malignant splenic hemangiopericytoma in 6/23, and squamous cell carcino-
ma of the ear duct in 2/23 animals. At the 0.1% level 3,4'-dimethoxy AB
caused hepatocarcinoma in 24/24, squamous cell carcinoma of the ear
ducts in 1/24, and tubulary adenocarcinoma of the small intestine in
2/24 animals. At the 0.09% level N-methyl AB and N,N-dimethyl AB

caused only hepatic tumors, but did so more quickly than the other
compounds.

Brown and Sanchorawala (1968) found the following incidences
for hepatocarcinogenesis in rats at the indicated dietary levels:

0.06% DAB-70% at 4 and 90% at 6 months, 0.03% DAB-50% at 6 months,
0.03% 3'-methyl DAB-50Z at 4 and 90% at 6 months, 0.03% N,N-dimethyl-
p~ (6~benzothiazolylazo)aniline~50% at 1 and 10C% at 2 months, 0.03%
N,N-dimethyl-p~(4-benzimidazolylazo)aniline~100% at 2 months, 0.03%
N,N-dimethyl-p-(7-benzimidazolylazo)-aniline~1007% at 3 months, 0.06%
N,N-dimethyl~p-(4-benzothiazolylazo)aniline-0% at 6 months, and 0.03%
N,N-dimethyl-p-(5-benzothiazolylazo)aniline~0% at 6 months.

Druckrey et al (1968) exposed 15-day pregnant rats for one
hour to 4800 or 9600 ppm of azoethane, equivalent tn 300 or 600 mg/kg
(14 or 28% of the LD-50). At the lower dose 41/42 animals developed
multiple neurogenic malignomas including 25 in the brain, 20 in the
spinal cord, and 29 in the peripheral nerves. The corresponding

numbers for the higher dosage group were 28/30, 16, 6, and 24. The



latter group also showed malformations of the paws. Tnere may have
been tumors in the dams, but the authors did not break out those tumors
from azoethane (if any) and those from some related non-1zo compounds
also tested; in 32 dams there was a total of seven tumors.

Clayton et al (1968) fed rats a diet containing DAB deriva-
tives at the molar equivalent of 0.067% DAB. All animals had hepato
tumors at 9, 22, and 22 weeks in groups fed the 3'-methoxy, 3'-cyano,
and 3'-acetylamino derivatives, respectively. All three caused
severe cirrhosis in addition. No tumors resulted from 26-week feeding
of the 2'-, 3'-, or 4'-carboxy, 2'- or 4'-methoxy, and 3',4'-dichloro;
the 3',5'-dichloro produced one tumor in 12 rats at 26 weeks. In a
follow up study for comparison with 3'~-methyl DAB the ihree active
compounds were fed for 51 days, then removed from the diet for eight
weeks. At this time the percentage of survivors having tumors was:
3'-methyl 70, 3'-cyano 77, 3'-methoxy 85, and 3'-acetylamino 90.

Brown and Snider (1968) prepared an additional seven
dimethyl-substituted derivatives of N,N,dimethyl-4-(4'-|pyridine-1-
oxide]azo)aniline, designated PO4', in addition to the four reported
on before. These were fed to rats at 0.03 and 0.067% of their low-
protein, low-riboflavine diet along with 2'~methyl PO4', 3'-methyl P04',
and DAB, all for comparison. The results in generation of hepato
tumors are given in Tables 121 and 122. The relative activities of

the various compounds changed with the dietary level given.
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Table 121

‘Tumor {ncidcenees (0.03% level)

Tumor incldence (months)

Compound code

5 6 8

DAB 0/10 6/10
2 MePOY 10/10
2,3-DiMcPO4 0/10 0/10 0/10
2,3-DiMeP0OA 0/10 0/10 0/10
o 5-DiMeP04’ 0/10 6/10
2.5-DiMePO4! 0/10 2/10
2,6-DiMeP04’ 0/10 0/10
3 MOV 0/10 0/10 0/10 10/10t®»
3;3'-Di.\IcPO4’ 0/10 0/10 0/10
3,5-DiMePO4’ 0/10 0/10 0/10

Table 122

~Tumor {ncidences (0.08% level)

Compound code

Tumor incidence (months)

s+ 5 8
DAB. 7110 0/10
23DiMePOL 010 0/10 0/10 10/10
5" 5-DiMcPO4! oo om0
2,5-DiMePOA’ 0/10 /10 10/10
216-DiMor04 0/10  0/10 0/10 10/10
e, 0 e
3",5"-DiMcPO4/ 0/10 0/10 10/10

Brown and Fisher (1969) prepared and tested for hepatocarcino-

genicity in rats the following compounds at the 0.03% level: N,N-dimethyl-

p-(3-,4-,5, or 7-indazolylazo)anilines--no tumors after 8 months; N,N-

dimethyl-p-(6-indazolylazo)aniline--100% effective after 5 months;
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{,N-dimethyl-p-(2-, 5-, or 6-quinoxalinylazo)anilines showed no tumors

after 8 months, 100% tumors after 4 months, or 100% tumors after 2 months,

respectively.

Bebavi et al (1970) prepared some new DAB derivatives,

substituted in the 3',4' positions and compared them with DAB and 3'-

rothyl DAB for rat hepatocarcinogenicity after 50- or 365-day force

feeding. Their results are in Table 124.

Table 1Z24.
Carcinogenicities of the DAB's

A. 50 days of dyc administration

Percentage of rats with hcpatomas

DAB after start of dye administration®
- Activity
. R-3 R-4' Dosc* 4 mo. 8 mo, 12 mo. rank’
He- Cl— 0.50 50 (50y° 75 100 4
- CH— 1.00 0(10) .00y 0 0
o - Ci- 1.00 0 0 0 0
R CoHy— 0.25 0(15) 15 (15) 40 (10) 3
CHe— CH+— 1.00 0 (60) 0 (10) 20 {10} 1
.h,— Ciy— 0.50 0 0 0 0
oM H - 0.50 0 (10)/ 0 0 0
H - H-—- 1.00 0 0 20 1
Ciby -~ CHa— 1.00 0 0 0 0
CH+— H-— 0.50 10 (50) 50 (30) 60 (20) N
B. Continuous dye administration
Percentage of rats with hepatomas
DAB after start of dye administration®
- ; Acuvity
R-3 _R-4 Dosc® 4 mo. 6 mo. 7 mo. 8 mo, 12 mo. rank®
CH— Cl— 0.50 40 (60) 100 8.
Cl-- CHar— 1.00 0 80 (20) 100 2
Cl-- Cl-- 1.00 0 40 (30) 100 1
CHy—- C.Hs— 0.25 40 (25) 75 100 10
C.He— CHa— 1.00 30 (30) 90 100 4
C.Hs— CHa— 0.50 17 33 67 5
C.Hs— H-—- 0.50 10 20 60 (30) 100 o
H- H-- 1.00 25 (30) 75 (15) 100 3
CH— CHa— 1.00 10 (40) 50 100 7
CHs - H— 0.50 90 100 9
* Doses are expressed as fractions of **1 dose-equivalent,” winch was cqual to 0.0375 mmoles/
day. The dly dose was administered in 0.5 mi corn o1l except for 3'-CH; ~, 4'-Cl—, 3'-Ci--, 4'-

Cily--, 3',4-DiCl—, and 3',4'-DiCH,-DAB’s which, because of lower solubthty, were admins-
tered in | ml.

* Percentages are used because groups varied from 10 to 20 ammals. Occasionally, a rat died
followaing a laparotomy; tt was then not inciuded in the percentages after that ume.

“Acuwity or caranogenic rank was based on the incidence of hepatomas and consideration of
the quanuty admimstered (dose equiwvalent). The larger the rank number, the greater the car-
cinogemic potency

* Percentages of ammals with livers that were not normatl in appearance at the time of repular
laparotomy but which were not scored as carcinogenic.,

"This animal died 2 days after the 2nd Japarotomy with a cirshouic, nodulated lives, but it was
scored negative.

"This ammal died before 2nd laparolomy; a cyst was found in liver, 1t was scored negative.
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Child et al (1972) reported on the anti~cancer activity of
some polyhaloazobenzenes in mice. Mammary adenocarcinomas were
transplanted into mice and allowed to grow for 17 days. Then six daily
i.p. injections of the test compound were given, followved by excision
and weighing of the tumor. Table 125 gives the results, C/T ratio
being that of the tumor weight of controls to test mice. Compound
(d) was considered marginally active, the others fully active.

TABLE 125.

Pooled results obtained with dose-response tests compounds
administered intraperitoneally daily

Number Averoge
Dose of  Numher Cc/T
in EYoups of activity
Compound mg./ky. tostod animals 1atlos
(a) 3.3"4,4"-tetrachiloro-
grobenzone. ... ... 250 3 27 4.62
(b) 3.3-dehloro-4,4%-d4
fluoroazabunzena, - 250 2 18 5.92
{c) 3,3°,4,4"-Letrabrom
B70LeNTINN L L. 250 3 27 4.74
{d) 6hydiovy 3,3 4,4'-
tetrachloro vobenzene. . 250 4 346 3.40
{o) 2,2°.4,3°.4.1"-hoxa-
ehilotoroleatane ... 2850 2 18 10.10

In Table 126 are the results of the same type of experiment, except that
an optimal dose and survival time were determined; the figure in the

last column includes the 17 day pretreatment, tumor~growth period.

TABLE 126

Results of survival studics {n mice beariug transplanted mammary ade-
nocarcinoma—Adiufuistration intraperitoncally once daily

Median

survival

Opti- . ‘times in

mally Number Num- days at

eflective of berof optinully

dose in  groups ani- eflective

Compound mg.[kg. fested  mals dose

3,3 4.4 -tetrachloroarobenzene. . 1) 3 90 80

3,3'-dichioro-4,4’-dltinoroazo- 9 2 60 38
benzene.,

2,2°,.3,3" 4,4’-hexachloroazoben- 3 1 30 34

ene,

Brown and Kruegel (1972) prepared the six trimethyl DAB deriva-

tives (all three methyls in the "'prime' ring) and tested them against DAB for
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rat hepatocarcinogenicity. The 3',4',5'-derivative was equivalent to DAB,

but the others showed no activity in nine months of testing.

The International Agency for Cancer Research Working Group on the

Fvaluation of Carcinogenic Risk of Chemicals to Man has been preparing mono-

graphs on the following list (finalized in June 1974--private communication)

of azo compounds.

Table 127. Azc Compounds Undergoing Evaiuatioa by IARC

DYES

C.1. Acid Orange 10; 1956158 ;  1-Naphthalene azo-2',4'-

diaminobenzenc; C.I. Fodd Orange 4; Orange G

i [ _
C.1. Acid Orange 20; 523444 ; p-/{4-hydroxy-1-naphthyl)azo/benzene

sulphonic acid, sodium salt; Naphthol Orange; Orange I

i‘

. . _ _
C.T. Acid Red 2; 493527 5 o~/ /p-(dimethylamino)phenyl/azo/benzoic

C.Ts

—

Methyl red

* .
. Acid Red 14, disodium salt; 3567699 ; C.I. Food Red 3
2 (4 Sulpho-1-naphthylazo)-1-naphthol-4-sulphonic acid,
dicodivm salt; Carmoisine

Acid Red 26, disodium salt; 3761533 ; 3-Hydroxy-4-(2,4-
Xylyazo)~2,7- ndpﬂthdltnc dlSUlphOH]C aC1d disodium salt;
‘OW\OnU,”\; Ponceau 2R

v - B I _ . - ~
. fL d Red 27; 915673 ; 3-Hydroxy-4-/(4-sulpho-1-naphthyl)azo/-
-naphthalene displphonic acid, trisodium salt; Amaranth

E

*
. Basic Quange 23 532821 ; 2,4-Diamincazobenzenc-4-
hydrochloride; C I, Solvent Orango 3; Chrysoidine

Copitect Blue 145 77571 73,30 /(w 3 D]MCTth 4 -
biobenylyione)bis G 01/01‘/5 DUNG-4- hydroay/~2,7-
ioonthalonedisulpbonic acid, tetrasodiun salt‘ llypaP Bluﬁ -

. , -
Direct Rlue 533 314136 @ 6,6° —/( 3'- D1muthy1 -4,4"~

.:.:-h-‘-uj.'lj,.'i'nv)bif;(;l N /bis/d- drnno h)- }.\dl()\y 1,
P b oo st phonde acid tetra sodiom szlt/ Jvans Blue

& n
Dot 0 v bhoe Sy 2882308 5 A /{0 -Hydiowy lulyl)u;p/
cetant)ade
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O

O

]

* -—
.I. Tood Red 1, disodium salt; 4548532 ; 4-llydroxy-3/(5-sulpho-

2,4~xy1y1)azg7—l—naph(ha]ono sulphonic acid, disodium salt;
Poncecau SX; D + C Red No 4 :

.I. Yood Red 6; 3564098 ; 3-llydroxy-4-/(2,4,5-trimethylphenyl)

azo/-2,7-naphthalenedisulphonic acid, disodium salt; Poncewt 3R

* -—
.I. Food Yellow 3, disodium salt; 2783940 ; 6-Hydroxy-5-/(p-
sulphophenyl)azo/-2-naphthalencsulphonic acid, disodium salt;
Sunset Yellow FCEF; TFD + C Yellow No 6

‘ - %
.1. Food Yellow 6, monosodiuwm salt; 2491761 ; 4'-Chloro-4-
dinethylaminoazobenzene

*
.I. Pigment Red 53, barium salt; 5160021 ; 5-Chloro-2-/(2-
hydroxy-1-naphthyl)azo/-p-tolucnesulphonic acid, barium salt;
D& C Red No 9

- *
.I. Solvent Orange 2; 2646175 ; 1-(o-Tolylazo)-2-naphthol;
011 Orange SS

*
I, Solvent Orunec 7; 3118976 1 1-(2.4~xyivlazo)-2-naphthol;
Sudon 11; 01l Orange XO0; ond its 2,5-isomer 858257

* - -
1.0 Solvent Red 1493 6368725 5 N-Ethyl-1//p-(phenyluzo)phenyl/
azo/-2-naphthylamine; Swdan Red 7B

* - - -
L. Salvent Red 235 85869 1 1-//p-{Phenylazo)phenyl/azo/-2-
nappunel;  sudag 1L ) ' o ’ -

S Salvent Pedd 243 85834 ¢ 1+/71 (0-Tolylazo)o -talyl uzo/-2-

- paphthody s Scaa et Dad

(gp]

. ; ) L : .
oo Shlvent Reds U5 6358458 5 1-/(7,5-Dinethoxyphenyl)azo/-2-
popnrchialy Crtrus hed Lo 2 :
dooSotvent Yol oLhuh | p-dwincazobonzene - -

L0 Shient Yeilor 25 606317 5 p-Dimethylaminouszobcnzene;
butter Yellow

Y. Solvent Yellow 3; 97563 ; o-Aminoazotoluenc

o 8oTvent Yol By oLy
Yotlow AB

3 J-(Pleenylazo)=2-naphthy lamine;

5
o Satvent Yedsowr 60 131795
Yelloo OF

;  1-(o Tolylaze)-Z-naphthylamine;



*
C.I. Solvent Yeilow 7; 1689823 ; 4-Hydroxyazobenzene

*
C.I. Solvent Yellow 14; 842079 ; 1-(Phenylazo)-2-naphthol;
Sudan I

Other uses such as pesticides, drugs, etc.
*
Azobenzene; 103333 ; Diphenyldimide

*
Diacetylaminoazotoluene; 83636 ; 4-o-Tolylazo-o-diacetotoluide;
Dimazon; Pellidole

K
p-Dimethylaminobenzenediazo sodium sulphonate; 140567

* .
Elaiomycin; 499489 ; D-threo-methoxy-3-(l-octemyl-ONN-azoxy)-2-
butanol

Phenazopyridine; 94780*; 2,6-Diamino-3-phenylazopyridine

*
Chem, Abstract No.
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C. Lower Animals

Allen et al (1957) reported that azobenzene was toxic to the cyclamen
mite Steneotarsonemus pallidus.

Hayashi et al (1960) in a study of anthelmintics found that Ascaris
lumbricoides was susceptible to 1 part in 40,000 of 4-(4-chlorophenyl-
azo)phenol(A), 4-(4-nitrophenylazo)phenol, and 4-(3-nitrophenylazo)phenol(B).
Rhabdias bufonis was susceptible, in decreasing order, to A, 4-
(4-bromophenylazo)phenol, and B. In vivo in toads a 300-400 mg/kg
dose of A was equivalent to an 800 mg/kg dose of 4-iodothymol or of
1-bromo-2-naphthol.

Iwashina (1960) published the following list of azo compounds and

their toxicities to earth- and intestinal worms.

Table 128, The Relative Efficacy of Various Organic Campowinds

‘against Earthworm and Animal Parasites in ¢im.

— I N ‘Minimum
t . .
Chemi ‘ - Minimum hg;:lc?r:':' Minimum c.onccnli_“
emicals concentration ration to conﬁclr}lranc;n lr:mon u; :1
No. to kill earth- : . to kill toad- larvacofa
(Formula) worms in 24 kil pig worms in chylostoma
ascaris in
hours 2% b 24 bours caninum in
ours 24 hours
247 ON:N-O—OH . 11 40,000 1:20,000 1: 40,000 1 : 40,000
255 NO,-¢ - mz\_Qo 1: 80,000 1:40,000 1:320,000 (l: 5,000
\O,\ .
254 <"‘\ ,\z\;»\ -0 ~ L: 160,000 1:40,000 ’-:.123',3?8 (1. 5,000)
265 6"—‘\ /—\_OH 1: £0,000 . (t: 5,000) (1:.5,000

Reprinted with permission from Ni
Yakurigaku Zasshi, 56:1235-48 (
Copyright by the Japanese Journal of
Pharmacology
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305

k174

3io

Kt

33

34

315

oS-

NO,- \_<

/—\_N

NO,

NO,

N-
NO,

Table 128. Continued

N/

-N=N-{ \—OH

NG,

7 N0
°

N
=N-¢ M-
{ON=nL_-om

NO,

SN
NOK )

~-N=N
NO,

G,

< N-oH

h\—g
NO,

/ S
e N7 \_
NO, \_>-N_N {>-oH

CH,

O N—N— \—OH

°'¥
7N 7 TN\
NO,- N==N- \_/ OH

\

NO,- \_>-N N- > \—OH

COOH

N=N-Z N-OH -

)

M

162

160,000

160,000

160,000

160,000

160,000

160,000

160,000

320,000

320,000

(1: 5,000;
L ]
.

(1: 2,5005
[ ]

(l1: 2,500
[ ]

(t: 2,500)
L

(l: 2,50)

(t: 2,300;

1: 2,500

1: 2.500

L: 40,000

1. 2,560)

£: 160,000

2: 160,000

1 : 160,000
—320,000

© 2 320,000

{1:

a:

(1

gl

(l:

f1:

5,000]

5,000)

5,000}

w
\_§,

53,0003

5,000}
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317

318

319

32t

322

323

324

325

3%

327

Table 128. Continued

Br 4))

' N
TNCN=N N
NO,-{_ >-N=N-{_>-OH

Be
a
y / m
NO:\_/'N-—-N\-_-/?OH
a
c
/ w
320 X\O,—O—N:N—O—OH
AN
Be
Ll
TN NN N
NO'VN N \—/—OH
Br
i SN
I\O,\—<-N_N—\ _>-oH .
Br
ci
S Nen™
ho:‘\—-<*N=N-\—/—OH
] ct
/cx cl K
No,¢ N=N-b.0}{ >
c /cn M
NO,—/_\,~N—NOOH '
cl cl
P /T m
ho,-.f\_}N=N-/—\oH
AN
al
s o a
S AN )
No-¢ \-N=N-O_ou
\__<m -

i 80,000
| 5,000
1: 610,00
1 : 2,560,000
* 1 640,000
1 80,000
1: 320,000
1 80,000
1T 320,000
1: 320,000
1: 2,560,000
/
1 : 1,280,000

r:

(1:

(1:

(1:

(

£,500)

2,500)

2,500)

2,500)

: 2,500]

1 : 320,000 .

1: 40,000 (1: 5,000

1: 80,000 (1: 2,50

:__gg:% (1: 5,000

1: 40,000 (1: 2,500]

L] ]

L ] [ ]

L4 .
LB 0w
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k%)

3t

135

3%

m

-
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Table 128. Continued

Br Br
s '
NN N T TN
NO, & N=N X ot
Br Br
NO, cl

49

W

$))

M

49)

$))

M

16)]

6))

4)]

1$9)

18),

1: 2,560,000
1: 160,000 '
I; 320,000
1: 160,000
1: 640,000
{: 160,000
1:2,50,000
 toim
1 40,000
1: 160,000
1: 320,000
1 40,000
[+ 320,000

i:

{1: 2,503 (1:
L ]
. I;
. 1:
. 1
L]
. 1
(1:10,000) I:
. {l:
1: 2,500) 1:
{: 2,500) (I:

80,000
160,000

+ 40,000

2,50

5,000}

40,000

2,500)

(1

{1:

:

5,007

¢ 5,000

5,000

2,500}



Table 128. Continued

NO, (D) .
/ ' ‘
HI CLL D-N=N-¢ S-OH 1: 1,280,000 . . .
Om=n o |
NO Br .
1
H2. ) i 1: 80,000 » (1: 5,000) .
Ve —N_ .
Cl\:\-N—N O-ou
a
33 NO,-ONa—.Nd -, 1y 2,500 . . .
OH/ ;
NH, ;
344 N0,0N:—.NQ P o (t:y 5,000 «  {l: 10,000) .
NO, -
35 N0,0-N:N *OCH, (l: 2,50 o e .
346 cnOx:mO (:  2,50) o e .
. CH, , )
347 ¢ \/.N=N\/:/\.N<CH (1:  2,50) o (h: 50005
3 : Ay .
CH, : ‘ B
348 CION=NO_N<CH (1; 2,50) o . .
3 .
CH, ' o
319 N0,0—N:NO—N< (: 2,50 o . .
) CH, .
NO. N=N : ‘
350 ’O 0.0H ' 1: 5,000 . . .
. 1 . . |
| W
1 —1
351 H-HNONH-HO—Q 1: 80,000 1: 20000 1: 80,000 1: 20,00
~ B '
| 4 . '
1
352 \_-OG:H, ¥ 5,000 . » (l: 2,5%
A .
Br /
| /
353 0 N New TN\ (R 2,500) . . .
{ [ =~ o :
-N=.\'—<:>—Cl .
o ‘r) Non S jar 2w . . ‘
N,
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H

Table 128, Continued

5 cl.O-mNO-OH-HN/\_/ NH-HO-

W

dn,

Bl l_/“\-ou

s
/
O/\c -CH=CH-CH=CH-CH=C \(\r'
N/ AN

O @

¢ TN-N=N-NH-C D

h g
s

N\

b,

e N\
Cl-\_>-N_N—\__/—OH

(1:

2,500)

40,000

320,000

80,000
~160,000

80,000

s 20,000

2,507

2 5,000

: 40,000

: 40,000

® [ 1:5,000) =not effective in the dilution of 1 : 5,000.
-

=not tested.

(1:

1:

1:

1:

5,000}

80,000
~ 160,000

5,000

20,000

: 320,000

1:

10,000 (1:

1:

40,000
~£0,000

5,000)

2,500

: 5,000

: 20,000

Jeney and Zsolnai (1964) reported that Ascaris svum, in vitro, was

susceptible to these dilutions of various 4-amino-azobenzene (AB) deri-

vatives:

1/10000 for AB, 1/5000 for 2',3-dimethylAB-HC1,1/5000 for 2,3'-

dichloroAB*HC1, 1/5000 for 2~-aminoAB-HCl(Chrysoidine), 1/10000 for 4'-

chloroAB, and 1/10000 for 4,4'-di-(p-aminophenylazo)biphenyl-Z2HC1.

Zsolnai (1964) reported that Ascaris suum, in vitro, was susceptible

to the dilutions of the various phenylazomalonitrile derivatives in

Table 129.
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Table 129. Ascaricidal Limiting-Concentrations of Phenyl-

azomalonitriles
Phenvizav-matonitril M/ 1000
2-Tolyl-azo-matomtiit My 2,500
3-1alyl-azo-matonitnil M/ 2,500
d-tolyl-azo-matomtril M/ 2,500
2-C hor-phenyl-izo-malonia M/ 1LLo0
I-Chior-phenyf-azo-malonitril M/ 5,000
J-Chlor-phenyl-azo-malomtnl M/ S.000
J-Brom-phenyl-azo-madomtn! M/ 5,000
A-Jod-phenyl-azo-malomtril M/ 5,000
A-Acthoxy-phenyl-azo-malomti! M/ (000
2-Nethy b= -brom-phaony l-azo-atonited M/ S.000
2Nty Baod-phenyl-azo-matonnt M7 0,000
Nty I-b-brom-phenyl-azo-matonind M/ HO 000
S-Methy i-2-brom-phonyd-azo-malenitng INTARRY Y
2-Brom-d-acthoay-phenyl-azo-malonitril M/ 1,000
2 5-Ductlor-phenyl-aze-malomitri M/ 2,500
1.5-Dibrom-phonyl-azo-malonitril M/10,000
2-Chor-4-brom-phenyl-azo-malonitril M/10,000
I-Chor-3-brom-phenyl-azo-malonitril M/ 1O,
2-Methyl-4.6-chibrom-pheny -azo-malonitril M/ 2,500
2-Chiot-4,6-dibrom-phenyt-azo-matonitril M/ 10,000
3-Chlor-d 6-ibrom-phenyl-azo-nmalontrit M/ 5,000 . .
4-Chlor-2,6-dibrom-phenyl-azo-malonitrit M/ 2,590 Reprinted with per-
2,,6-Tunbrom-phens l-azo-malomtril M/ 5,000 i i 1
2-Nutro-phenyt-azo-malontril Mé 1,000 mission from Mn-l'
1-Nitro-phenyl-azo-malonitril M/ 5,000 Pharmacol. 3:285-318
4-Nutro-phenyl-azo-malontid M/10,000 .
2-Mct%xyl--‘l-nnro~pilcnyl-.m)—maI()nilril M/10,000 (]964) Copyr1ght by
3-Methyl-d4-nitro-phenyl-azo-malonitri M/10,000
4-Methyl-2-mitro-phenyl-azo-malonitril M;I0.000 Pergamon Press Ltd.
2-Nitro-d-acthovy-phenyl-azo-malonitril M/ 1,000
2-Chlor-4-mtro-phenyl-azo-malonitrit M/10,000
3-Chlor- b-mutro-phenyl-azo-malontyil M/10,000
4-Chior-2-miro-phenyl-azo-malonitril M/10,000
Phenyl-azo-malonitrii-4-karbonsidure-acthyl-ester M/ 2,500
1-Naphtyl-azo-malonitril M/ 2,500
4-Brom-1-naphtyl-azo-malonitril M/10,000

Elslager et al (1966) reported on the effectiveness against Schis-
tosoma mansoni in mice of several hundred N-mono- and N,N-dialkyl-N'-
(4-arylazo-l-naphthyl)alkylenediamines. Half a dozen of these compounds
were tested against the same parasite in rhesus monkeys and found to be
effective.

Paulini and Pereira de Souza (1968) tested 3,5-dib~omo-4-hydroxy-
4'-nitroazobenzene against the eggs, young, and adults of the mollusc
Biomphalaria glabrata. LD-50s were 0.15 and 0.11 ppm for 0-1 and 3-4
day eggs, 0.035 ppm for young, and 0.24 ppm for adults; LD-90s were
0.18, 0.17, 0.045, and 0.65 ppm, for the same, respectively.

Balske (1971) patented the use of 4-isothiocyanato-azobenzene as

1E7



a treatment for g.i. tract worms in mono- and polygastric animals.
Fahmy and Fahmy (1972) injected male mosquitos, about one day old,
with < the LD-30 of various 4-methylamincazobenzenes and DAB. The

males were then allowed to mate with virgin females. Xesults are in

Tables 130, 131, 132, 133, and 134.

TABLE I30.

GENERAL MUTAGENIC ACTIVITIES OF DAB AND ANALOGOUS SUBSTITUTSD DERIVATIVES
AS INDICATED BY THE YIELD OF X-CHROMOSOME MUTATIONS: RECESSIVE LETHALS
AND VISIBLES IN ALL STAGES OF THE TESTIS

B

Mutaucns
Ca ds Dose Chromosomes
Mpoun mM tested fethals visibles Total: per 10*

Controls t | | | — - 3707 6(1)* 2 22+038
L | 2070 5(1) 3 © 364110

, 20 986 21 1 oxh
3:Mc.DAB . ., 10 1714 2 0 12408
¥OMe-DAB . . 10 1855 4 0 24408

, 20 1509 4(1) 0 D
NB:0-MAR | 10 1706 10(3) 1(1) 6.4+1.9

{IEtMAB . . 10(a) 2036 4(2) (N

. 4.7+1.2

1Y 10(b) 1337 5 2(3)

€00 -2-M¢-N-

QE-MAB . . 1 1614 13(1) 7 9.4+1.5

5 2312 17(1) 0
R
: Malesinjected with the administration vehicle only - 2*7 {v/v) dimcthyltorinumde (DMF) in arachis oil.
. SNumber of mosaic (partial tivsue) mutants are entered in parentheses.
Mutation frequency 1n spermatogonial stages was 3.3 +2.2 per 103,
. ' TABLE 131, ST —

SPECIFIC MUTAGENIC ACTIVITIES OF DAB AND ANALOGOUS SUBSTITUTED DFRIVATIVES ON Titt
BOBBED (bb) AND MINUTE (A1) LOCI

Dose Gametes Phenotypic (bb + M) Transmitted bb Transmitted M

Gametes
Compounds mM  observed No. per 108 No. per 10° observed No. per 100

Controls! . .. — 108202 147(5)* 1.4+0.11 421) 04+006 207053 17(2) 0.08 002
DAB . . . .. 10 41973 112(6) 2740.5 63(1) 1.520.2 81926 S5 006001
3.Me-DAB . . . 10 14894 39(5) 2.6-04 12() 0802 28985 1  003:00
3.CIMc-DAB . . 10 21749  45(3) 213103 2 01+01 41658 9  022.004
N-BZO-MAB . . 10 19629  83(1) 42305 45() 25:04 3677 1) 011 008
N-CIEGMAB . . 10 34310 S33) 1.5402 19  0.640.1 34310 1 0.03-00)
2-COOH-2-Me-N- 2 6 10737 1D

CIEt-MAB . . 1 5591 10( ) 0.13.-007

5 6563 1o 16204 o 09203 o :

1 and 2 See footnote to Tuble 130,

Tables 130-134 reprinted with permission from Int. J. Cancer
10:194-206 (1972). Copyright by International Union Against Cancer.
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TABLE 132.

MUTAGENIC ACTIVITIES OF DAB AND ANALOGOUS SUBSTITUTED DERIVATIVES WITH RESPECT
TO THE MINUTES AND X-CHROMOSOME RECESSIVE VISIBLES AS DETECTED BY THE
ATTACHED-X TECHNIQUE

Minutes
Dose G 1{ X<chrom: 1 o
Compounds mM tesicd bles oy oer 10°
Controls ! — 55448 1 370112 0.7:01
DAB . . ... 20 16739 n 9(2) 0.5:02
3-CIMe-DAB . 20 19989 (1) 9(2) 0.5-02
N-BzO0-MAB . . 10 14743 4 97(5) 66-07
N-CIEt-MAB . . 10 17095 0 40(2) 2304
i
3 and " Sce footnote to Table 130
® Mutation frequency in spermatocytic stages was 4.3 1.4 per 10%,
TABLE 133.
THE EFFECT OF THE CELL STAGE DURING SPERMATOGENESIS ON THE YIELD OF
DIFFERENT MUTATIONAL CLASSES WITH DAB AND ANALOGOUS SUBSTITUTED DERIVATIVES
Maumal mutagenic response
Compounds N}:‘I:Cxxiix;:ﬂ Progeny ‘ Peak mutability relative to mean®
Saz'l‘pyl‘m‘ celr:llznge Rano z r
DAB . .. .. X-mutations 11-21 Spermatogonia 1.4 07 . 02
bobbed 0-3 Sperm 2.1 33+ 107
3'-Me-DAB . . . bobbed 0-3 Sperm 1.4 0.5 0.}
N-BzO-MAB . . X-mutations 4-6 Spermatids 1.6 0.7 0.2
bobbed 0-3 Sperm 7 4.3 10*
Minutes 4-6 Spermatids 1.1 0.7 0.2
N-CIEt-MAB . . X-mutations 7-10 Spermatocytes 1.5 0.6 03'
bobbed 0-3 Spenm 33 4.3 10-
Minutes 7-10 Spermatocytes 1.9 1.8 o
2’-COOH-2-Me-N-
CIEL-MAB . . X-mutations 4+ Spermatids 1.5 1.0 02
bobbed 4+5 Spermatids 2.0 1.2 ol
I
LER

' Bused on x-combination tests from x? four-fold contingency tables, where the mutation frequencres in the mating periods wi L
highest yields (derssed from the most responsive cells) were compared with the corresponding overall values for the whole prost
representing the mean response of all st.iges of the testis.

TABLE 3%

SELECTIVITY FOR THE r-RNA LOCI WITH DAB AND ANALOGOUS SUBSTITUTED DERIVATIVES AS
INDICATED BY THE RELATIVE INDUCTION OF BOBBED (bb) AND OTHER X-CHROMOSOME MUTATIONS:
RECESSIVE LETHALS AND VISIBLES; X-(I+¥) -,

. . Induced mutations *: per 108 Induced bb rclative to other X-mutations
X-(1+7) b Gametes  X~I+7)? b bb‘,‘,'é‘_m‘ "

[:‘\3 e e e 1.4+1.3 1.1+0.2 41 973 59 47 0.797 +0.052
3'Mc.DAB . . 0.0 0.4+40.2 14 894 03.7? 6(13.1)3 (3.541)
¥-8:0.MAB . . 42+21 2.1+0.4 19 629 82 41 0.5004-0.055
’i(lEt-MAB .. 25+1.4 0.240.1 34310 86 5 0.058 +0.024
Y LOOH-2-Me-N-

GEeMAB . 7.2 £1.7 0.5+03 12154 88 6 0.068 -0.026
——

:'Efl:nduc:d feequencies for the variouy mutationat classes were calculated as the weighted means of the obsceved values from all
ety with the <ame compound dfier the subtraction of the coriesponding control contesbutions, based on Tables [und 1.
X [,\""“m‘ on the basts ol the sample vize 0Ferved for the bo°s and the induced X-mutation treguency.

Usper imus of the Poisson expcctalions at P o 0023,

e

189



D. Plants

Zsolnai (1964) tested many azo compounds for toxicity to fungi
and published the results in the usual form of maximal diluted effective
dose (Table 135).

Zsolnai (1965) published some more data on the effectiveness of azo
compounds as fungistats (Table 136).

Mitra and Dighe (1968) prepared and tested as fungistats halo- and
nitrophenylazosalicyclic acids. 1In Table 137 Nos. 1-9 refer to R-phenyl-
azo-5-salicyclic acid, where R is 2-nitro, 3-nitro, 4-nitro, 2-chloro,
3-chloro, 4-chloro, 2,4-dichloro, 3-bromo, and 4-bromo.

E. Microorganisms

Koshimura et al (1953) reported the following tubercular-inhibiting,
maximum dilutions for substituted azobenzene: 3-methoxy~4-amino-1/40000,
2',3-dimethoxy~-4-amino-1/40000, 2',3-dihydroxy-4-cyano-1/40000,
2',3-dimethoxy-4-cyano-1/40000, 2',3~dihydroxy-4-carboxy-1/160000,
2,2'-diacetoxy-1/80000, 2,2',4~trihydroxy-1/64000, 3,5,5'-tritromo-2,2'-
dihydroxy-1/20000, 3,5,5'-trichloro-2,2'-dihydroxy-1/160000, 3,5,5'-tri-
chloro-2,2"'-diacetoxy-1/160000, 2-hydroxy-5-nitro~4'sulfo-, disodium
1/8000, 4-hydroxy-5-nitro~4'-sulfo-, disodium 1/20000, 4-hydroxy-4'-
sulfamyl-1/160000, 4-amino-4'-sulfamyl-1/80000, 4-diethylamino-4'-
sulfamyl-1/80000, and 2,2'-dihydroxy-1/320000.

Raynaud et al (1957) tested some azobenzenes both in vitro and
in vivo against Myobacterium tuberculosis. The following were the
only ones to show in vivo activity: 2-methyl-4-hydroxy-5-isopropyl-4'-
sul fonamido-, 2-methyl-3', 4-dihydroxy-5-isopropyl-4'-carboxy-, and

2~amino-4-hydroxy-5-carboxy-4'-sulfonamido-. Finkelstein (1961) tested
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znle ~15. Azo Compounds as Fungistats

2-Chlor-  3-Chlor- 4Chlor- 4-Brom- 4-Jod- 4-Aethowy- 2-Methyl-
Phena - 2Tehl- 3-Tolyl-  4-Tolyl- | phenyl- . Phenyl- | phenyl- . phenyl- phenyl- phenyl- 4-orom-

2zo-malo-  azo-malo- azo-malo-’ azo-malo-i azo-malo- azo-malo-. azo-malo- azo-malo- azo-malo- azo-malo-  phenyl-
nitri) nitr} aitnl ¢ nitnl | nitril nitil | nitril nitril + nitril nitrit azo-malo-

; ‘ . mitrid

i F2207 . F/2208  F/2200  F2210  F/2210

F 2231 F 2202 F/2203 . F/2204 A F/2205 FJj2206

Fungus - T

LR B E B B ) ‘ -— CM 50051 RN/10.000 F MUI0.000 M 10,000 M/ 1.000 — M3

Candida albicans A 2% : T
Cnptocaceus ruber MOS0 N Tooy A S0000 M, 5000 MY 2000 0 MI25.000 | M/SO000 M SO.000 M 25,000 — M 2.000
Saccharomyces cerevisiae N 2300 M 35.000 My 2,500 — VM7 2,500 0 MM/ 5,000 | M/10,000 y M 10.000 M/ 1.000 — M 1000
Trichophyton gypseurn - N 23,000 ° M 25000 NM/25.000 M/25,000 + M,25,000 . M/25.000 | M/25.000 | M/25.000 . M/50.000 * M 25000 M\ 25000
Epidermophyion ' i S P,
Kaufman-\ olff OIS0 M S Toag AT SO000 MAB000 MOSGO00 0 MISO0D0 ., MUSD.000 M 2000 A SCO00 M SCND N 2GR0
AChoTion Guicheonom W 2o A T T PDECa00 N 2IAGD N 22000 MUSOON) MUSOOME M DN AT 000 M SC000 N 22000
Trichothectur rosz.im NOLOele N L UDhr N D00 NMUI00IT MOIS G000 NI25090 0 MA25000 0 M 25nag M 25000 M 25000 NI o0
Penicithum jovenicom NEODTRYND S 0D N S 000 -— N2 M/ 50000 MII0000 M 1L —_ —- M 10,000
Penic.ihium ' R .
ssmplicnsimuar, NS MO300G A S600 M 1,000 M O2,3060 M, 10000 MIT0000 M 25000 MA23.000 — M2.000
Aspergillus nieus w2 NOO2EDD M 2500 — M.2.500 0 NLIG.000 MLIG000 M 23000 M 23.000 — Mo 2200
Aspergilius ¢ v A TODY N2 — M, S000 T MS000 0 M 1L002 — — M. 1.000
Aspergilus nice AU MO2E03 N 2700 DA 25000 MUO2.5000 MUIGO00 ' MO2S D00 MDS0D0 Mr 5000 NMO5.000 M S.000
ACURE TIUC2T Tume—s N N0 A 200 — N 2500 A/ 5000 M, 10000 - - — MEu90
Boints cinerea s SO2E000 a1 2000 — M 2,500 N/ 5,000 ; M/10,000 — - - . T
Fusarium ovysperum N2 AO2EDD N 200 — M’ 2300 M/ 5000 M'10,000 -— — - N -~200
Fuszrium solani oz 2500 NG 2,500 . — A 2,500 2.500

M/ 5,000 M/ 5,000 ¢ . . . A[
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 Table 135. Continued

. {
‘Z-MEthyl- 3-AMethyvl- 4-Methyl-! 2-Brom- ; 2,5-Di- 3,5-Di- : 2-Chlor- | 3-Chlor- 2-Methyl- | 2-Chlor- * 3-Chlor-

S~ 4-brom- : 2-brom- |4-acthoxy-| chlor- ! brom- 4-brom- | 4-brom °  4.6-di- 1.6-di- ' 4.6di-
phenyl- phenyl- phenyl- i phenyl-  phenyl- t phenyl- phenyl- 1+ phenyl- brom- brom- brom-

azo-melo- | azo-malo- ; phen:1-
it . nitndl faze-malo-
i * nitnl . nitrd nitnl

_2zo-mzlo- azo-malo- | azo-malo- | azo-malo- F azo-malo- | azo-malo-

: ) TN phenyl- .. phensi-
i mnl mtril nitnt | nunl nitrd ! nitril

i
i
; azo-malo-  azo-malo-
P Ea2 F23 ER24

t
M;50,000 ! M;50,000 M 50 000
A

M 20.000  M/50.000  M;25,000 1 M/25,000 © M/50,000 M;50,000

|
i
i
|
F/2215 F'2216  F/2217 ; F/2218 F/2219  F2220 ; F,2221 F2222
| M/50,000 M;50,000
i

A 30,000 M S0.000 M, 25.000 - M/25,000 M,50,000 M:50,000 - M/50,000 - M £0.000 1} M/30.000 M 0.0
M 30,000 M 50.000 .‘\1"25.000% M/25,000 ° 750,000 M/50,000 M/50,000 ; M;50.000  M'50.000 | M 50,000 M. 50,000

-~
wn
e

 M710,000  MI10.000 . M7 2,500

. ’ i
NOS5000 NY5.000, M7 25000 M/ 1000 M; 5.000 - M25.000 ) v M2,500 M 3000
AOS000 A 50000 MY 2,500 | MY 1,000 © M’ 5000 M:10.000 1 MY 5000 M/ 3000 M 25000 MOL000 M O2E
N 10000 M 10.000 M.10000 M/ 5000 M 10.000 NM-25.000 0 M25.000 A 25000 M 10.000 ¢
MOS0 M J0.000 M 5000, M/ 2,500, M- 5000 M 10.000 M 10,000 M 10.000 At 5.000 ¢
MOS0 M OS000 MY2300 ! MY 1.000 0 M/SCO0 MUS000 M: 5000 MOS0 M 2300
NS0 M 3000 MU2500, M/ 10000 M 3000 M 20000 M, S000 M OS000 M O2300
NSO N 3000 N 2500 M/ 1,000 NOS000 M-S0000 M 10000 N 2000 M 25000
N2 AN 23 hS 1.000| —= AO2300 M 2300 M/ 2500 M O2300 M 2500
M 2500 M 2500 MY ],OOO‘ — CM, 2500 M/ 2,500 M 25000 M, 2500 MO2300 I
. 1
1 I N
Candida albicans ,MO2300 M 2500 MY 5,000 ! — N 5000 —_ i« M/10,000 M 000 - S00 ;M. 2,500\ 500
Cryptoceccus ruber PNLOS.000 MT5.000 0 My 5.000 e S M 10,000 M 10.000  M/10.000 M 10.000 - 7 000 M 10.000 N} Xl
Saccharcmyces cerevisiae A 2,300 M 1.000 M- 5.000 ; M.S.000 M, 1,000 : M;10,000 M 10000 M 2500 M 2500 MOfom
Trichophyton gyvpseum i+ M 10,000 M 30.000 M, 25000 M/50,000 M 30.000 M 50,000 ' M 50.000 M S0.000 N 25000 M 23000 M 5000
Epidermophyton ' i : :

Kaufman-Wolff MO0 M 20.000 M 25000 ¢ M;S0,000 M S0.000 M 50,000 M 50,000 M 30.000 M 23000 M 25000 M 0G0
Achorion quinckeanum | M 25000 A $0.000 M 25000 , M:50.000 M Z0.000 M 30,000 M 30.000 N I00 M 23000 M 25000 N f9000
Trichothecium roscum | M 235000 M 235000 M 25000 ; M;50,000 N 20.000 M 50.000 M 25000 M 23000 M 23000 M\ 2560 M I5.000
Penicillium javanicum MOZOM M 2000 M 5000 | —_ M 5000 M 10000 M 10.000 M 10.00C M 2000 N OS000 M 10.00)
Penicillium !

simplicissimum M O2.300 M 5000 My 2500 ! — M 10000 M:10.000 © M'10.000 AN JO000 N O S000 M OS000 M 10.000
Aspergillus niveus tMO2.300 M 5000 M 2,500[ — M 2,500 M/10.000 ' M 10,000 M [0.000 I 3000 M 2500 M 300
Aspergillus elegans N — — M/ 1.000 | — M 1,000 M/ 1,000 | M,/ 23500 M 2:00 M OT1000 M 1000 M 1,000
Aspergiiius niger A 2500 M O000 NP Z00 i — M 10.000 M 5000 M/ 5000 M I0000 M 3000 N OS000 M 5000
Actinomucor repens —_ _ 1,000 '(M/1,0600) M 2500 —_ M’ 2,500 — MO0 M 5.0 —
Botryus cinerea : _ — —_ (M7 1,000) M 1.000 —_ M. 1.000 — A L0000 M O2500 --
Fusarium oxysporum ' J— — — ’(M;‘I.OOO) M 1.000 — M, 1,000 — \O1000 N 250 —
Fusarium solani — — (M, 1.000)] - M 2500 — !'M 1000 AOLO0D M S.000

: .
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Table 135. Continued .. . ‘ —_—
4Chlor- 2,4,6- f 2-Nitro- 3-Nitro- | 4-Nitro- '2-.\1ethyl-‘3-Mclhyl-f4—.\ieth_\l- 2-Nuro- ' 2-Chlor-

—
M/10,000 | M.10,000 M'10.000 M 10.000 | M 50.000

M S0.000 M'50.000 | M/10,000 | M/10,000 | M/10,000 : M/10,000  M/10,000 | M 10.000 - M10,000 M:10.000 | M 50,000
(M 0000 M 50000 M;10,000 | M710,000 | M;10.000 , M;10,000 : M/10,000 | M/10.000 ; M,10,000 M 10,000 | \M 25000
BN M 2500 M/ 5,000 ! 500

l ]
'

M 50,000 M 50.000 , M;10,000 | M/10,000 | M/10,000 = M,10.000

I
, 3-Chlor-
! 26di- Tribrom- phenyl- phenyl- phenvl- 4-mitro- 4-nuro- ' 2-muro-  d-aethony-  4enitro- ¢ denitro-
brom- phenyl- . azo-malo- | azo-malo- | azo-malo-  phenyl- phenyl- | pheml- phenyl- phenyl- | phemi-
phenyl-  azo-malo-'  mutril nitnl nitnl 1 azo-malo- azo-malo- s azo-malo- azo-malo- azo-malo- ! azo-malo-
azo-malo- nitril il 0 mtnd Y ol il nitril ! nitri}
nitril !
F 2223 F;2224 . F/2225 F/2226 F.2227 , F/2228 . F;2229 \ F 2230 |, F 2231 | F 2232 ; F 2233
i
I

2,500 i M/ 5,000 | M. 5,000 — . M/ 1.000 ! M 2500 M/ 1.000 M 2500 M. 5.000
.M 2500 MU 2,500, M) 5,000 | M/ 2,500 ; M’ 2,300 - — P M/ 1,000 MO 25000 M 1.000 —_— M O2.500
M 5000 M 5000 M 25000 ' M/10,000 | M 10.000 M/ 5.000 M' 5000 M 3. M 2,300 MT2,500 0 M 10000
M 2300 M 2,500 0 M,10,000 ; M/ 2,500 M; 2500, M/ 1,000 M/ 1,000 M 2500 AN 1.000 A\l 000 . M 2509
M 1,003 M 1,000 M, 5000 M/ 2500 ! M’ 1,000 — ' — CMT2.500 M- 1.000 —_ M 250)
M 1,000 M/ 1.000 0 M/ 5,000 | M/ 2,500 | M/ 1,000 — I — M O25000 MT1,000 — P MO250)
M 2500 M'1.000! M/ 5,000 | M/ 2,500 i M/ 1,000 —_— — M 1,000 M’ 1.000° — ‘; NMO2.309)
MTOIO00 M 1.000 — ; — . — : — — — — — S B W XN ]
M 1000 ¢ 'p0;, — | o~ — — — - M 1,000
, ; t '; ) i i
! |
Candida albicans M7 2500 5 2..00 M/ 1,000 — | —_ "M/ 2,500 M/ 1,000 MO2.500 —_ NMU2,500 0 N O
Cryptococcus ruber ] MOS0 V000 N, 5,000 : M/ 1,000 | M,/ 1,000 M 2,500 M/ 1,000 M OS000 — M 2500 M 2319
Saccharomyces ceravisiae | M 2,300 3 2000 A[” 1,000 | — i — PM/ 2,500 0 M/ 1.000 N 2500 — NMA2300 M 1 0M
Eng:dhophylon gypseum | AF 25000 M 25000 . M;25,000 1 M/10,000 : M, 5,000 | M 25,000 M25000 M 50.000 M 25000 M 50,000 M 0.0
pidermophyich | ; X ! ! : ! i
Kaufman-Wolff A 25 M 25000 M725000 M/(0,000 MI10.000 M 25000 M S0.000 M 50000 M S0.000 M 50000 AYSILNCRY
Achorion gquinckeanum ' M 23000 M 25000 M25,000 . M/10,000 M/ 5,000 M 25000 M:50.000 M 30000 M 30.000 M 30.000 M 007
Trichothecium roseum M 235,000 M 22000, M.25,000 1 M/30,000 M. 1C,000 M 10.000 M, 10,000 M 23000 \ 25000 M 250000 M 25000
gcngcjﬂgum_ja\'dnicum FM 2500 M OX000 ! M/ 5.000 3 — CMSL,0000 MUOLO0D M, 25000 M.OLO0O A 1000 ML 1000
enicillium ! ! t
simplicissimum CAL 2,300 M 2500 A/ 5,000 | _ , M7T1.000 M/ 2500 M- 1000 M 2500 M 1.000 M 2500 M O2.500
Aspergillus nineus M 2500 M 2500 — , —_ M7 1,000 MY 10000 M 1,000 — ' - NMO2.500 ——
Aspergillus elegans MOLLOX N 1000 — i — | M7 1,000 M O1.000 A/ 1.000 — — M 2500 —-
Asp_ergxllus niger CMOS000 M OL000 —_ . M/ 1,000 i M/ 1,000 LM 1,000 0 M) 1,000 MT2.500 — S MT25000 M0
Actinomucor repens AMO2300 MO O1.000 MY 1,000 ¢ ~— . — — _— — — (M 1000) —
Botrytis cinerea “AMOT0X0 A LOOO N 2,500 —— "N/ 1,000 M 1000 — — -— NOLO00 MO0
Fusarium oxy <porum M OLOX M 1,000 M 2,500 —_ — M O2500 (M, H00) MO 1.000 — Mo, N0
Fusarium solani M 1000 N OLOUO N/ 2,500, —_ PMUL000 M 2500 (MOI0D0) M. 1000 —_ MO, AL 1

ﬁ
; g Z
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Table 135. Continued

Phenr1- 3-Tolyl- 1 4-Tolyl- f 3-Chlor- *  4-Chior- +  Pnenyl- + 4-Tolvl- °  4-Chior-
azo-acel- | azo-acet- | azo-acet- | phenyl- | phenyl- azo-melon- v azo-malon- | phenyl-azo-
essig-ester | essig-ester ' essig-ester ' azo-acet- | azo-acet- i saurc sdure- maionsaure
) , | essig-ester |, essig-ester ! diaethyl- . diacthyl- diacthyl-
o ‘ | ; P ester . ester . ester
Fj2271 1 F[22712 OF2713 ; F[z14 « F/2275 | F2276 | F/2277 b OF 2278
R _ - — I —
|
Candida albicans ) — —_ — — — — — —
Cryptococcus ruber P — — — — — (M 1000) — M 1.000
Sacharomaces cerevisiae -— — , — — — — : — —
Trichophyton gy pseum v M.10.000 | M/10,000 | M.10.000 . M 10.000 M, 10,000 M 2,500 , M/ 2,500 MO0
Epidermophyion Kauiman-WolT M/10.000 & M/10,000 =~ M/10.000 | M'10,000 M 10,000 M 2500 | MY 2,500 . N 5000
Achorion quinckeanuam M/10.000 : M/10.000 |, M 10.020 NM10.000 M 10.000 M/ 2,500V M/ 2,500 MOOS.000
Trichothecium roseum M/ 5.000 ¢ M/ 5000 M 10.000 M 10.000 M 10,000 M 1.000 ‘ M/ 1.000 MoO2.500
Penicillium jaanicur . — ' — " (MU1000)  (M.1000) M;: 1,000 — — —
Penicillium simpiicissimum ‘ — — : M/ 1.000 M, 1,000 M/ 1,000 — — —
Aspergilius niveus , -— X — — — — — —_ —
Aspergidlus elegans —_ —_— — —_— — — — —_
Asperg:llus niger — — (M 1000} (M/1000) (M, 1000y — —_ —
ACHNOMILCOr Tepens MO1.000 — — — M’ 1,000 — — —
Botrytis cinerea (M 1000) — — — M 1,000 — — —
I Usariim oxysporum (M 1300) — —_— —_ MO1.000 _— — —_
Fusarium solani ML : — -— — AO1,000 — — —

A (~) means that a concentration of M/1000 had no effect
(M/1000), but not M/1000, means that this concentration had a partial effect

Reprinted with'permission from Biochem.
Pharmacol. 13:285-318 (1964). Copyright
by Pergamon Press Ltd.



Candida aibicans
Cryptococcus ruber
Sacharomyces cerevisiae
Trichophyton gypseum
Emidermophyton Kaufman-Wolff
Achoron quinckeanum
Trichothecium roseum
Pen.zillinm javan.cum
Penicilhium simplicissimum
Asperg.tus niveus
Aspergidius elegans
Aspergilius niger
ACHNOMUCOT Tepens
Botntis cinerea

Fusarium osysporum
Fusarium sclani

Table 135, Coqtinued

i

'

! |
4-Chlor-  Phenyl- | 4-Chlor- ' Phenyl- | 4-Chlor- ; Phenyl- i 4-Tolyl- | 4-Chlor-  Phen:l- 3-Tolyl-
phenyl- azo-cyan- | phenyl- | azo-cyan- . phenyl- azo-cyan- ' azo-cyan- phenyl- azo- aze-
azo-cyan- essig- ' azo-Cyan- | essig- ) azo-cyan- | essig- | essig- | azo-Cyan- aceiy I- acany l-
essig- saure. [ essig- | sdure- essig- | sdure- . saure- ' essig- aceton awion
saure- ambid sdure- | (4'-chlor- ¢ saure- : hydrazid | hydrazid | sdure-
acthyl- ‘ ambd | amlid) | (4-<chlor- | : E hydrazid
ester \ ‘3 ioamhd) : .
F 2253 Fj2257 l F/2259 | F/2260 ] F;2262 : Fj2263 F;2264 F/2265 F 2266 F 2267
! | i : ;
— B — — — M/ 5,000 — -
— —_ | — ; — . — — — M/ 5,000 — —
— — ] —_ ) — . — — M/ 5,000 . — —
— — —— ! — —_— — — _— J—
J— —_ _ | — ! — ) —_ - o { —_— -
— — — _ —_— : —_ — _ . _ _
— — — — _ , — - ! — -~
_ _ _ — . — - = — _
i { ;
- _ — — i _ - - -

i — — — — — — M/ 1,000 — -
M’Z__;OOO E ‘\‘[I_l_,OOO M/T,OOO M/ 1,000 % M/ 1,000 | (M/1000) ; M/ 1,000 | M/ 5000 M 23500 M 5000
M 25000 . M/ 2,500 { M/ 1,000 | M/ 2,500 | M/ 1,000 ' M/ 1,000 ' M/ 1,000 ; M/ 5,000 M 2300 M 1.000
N 23,000 © M/ 2,500 | M/ 1,000 ‘ M/ 2,500 | M/ 1,000 (M/I000) * M/ 1,000 , M/ 5000 M 2300 N 5090
N 3,000 ; (M, 1000) —_ {M/1000) ! — ! — M/ 1000 ) M/ 2,500 ) M O2.300 M Sl

A T — S N (M/1009) =
_ - = — — = (M,1000) —
— . ! _ _ . _ _ . | __ ~
_ - . - _ - ! _ - .
- _ . — ) . - — I — - -
. . ; _ i . i _ _ - ! - . _
—_— — . — —_— —_— —— —— i — —_— —_—
J— — t — —_— —_— — ‘ — % P —
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Candicz albicans
Cryptococcus ruber

Succharomayces cerevisiae |

Trichophvton gypseumn
Epdernophyton
Kaufman-Wolff
Acherion quinckeanum
Trichothecium roseum
Penictiium javanicum
Penmcll.em
simplicissimunt
vsperg:itius niveus
\speraitlus elegans
Asperg:llus niger
ACLINOMUCOT Iepens
Botrytis cinerea
Fusarium oxysporum
Fusarium solani

Table 135. Continued

F 4-Chilor-

1

2-Chior- Preovie teNannnyl- 4-Brom- Azoben- ¢ 3.3-Di- Phenyl- . 4-Tol I- v Phend- AT ol-
Zenvro-  azeemaelve 2zo-melo- -lenaph- 7ai=toazo- T methvl- | azn-cvan- | @zo-cran- . phenyls | aczo-cven-  azo-cvan-
ey i- nor -3 ratii] ylazo- malo- diphenyvl- cas1g- essig- | azo-cyan- ;. essig- ©<5g-
azo-malo-  kharbon- malo- mir: en-4.4"- saure | saure | ess1°0- g saure- sdure-
niind S UTe- mtril bis-(2zo- | methyl- © methyl- | sdure- . aethyl zethyl-
aehyl- ' : malo- ester ester | meihyl- + ester ester
e-ter : niiril { ¢ ester !
F 2234 F Q23R F2213 Fi2244 F-2245 + F2247 F/2248 ! F/2249 ! F/2250 F 2251 F. 2252
!
‘, ‘3 [ '
MR OG M 22000 N SO0 M.S0,000 ¢ M/SO000 - M 10,000 — — 1 — — —
! . i
NG00 N 220000 M 300000 MIS0,000 1 M;50.000 M/10,000 — . — | — — —
N OSIOX M O22.0000 MG S0.000 M,S0.000 T MIS0,000 | M/10,000 _ = = — -
i ' ) h
MOTOom M 000 NMOS000 M S000 ¢ —_ . - — i - ! — — —
MO2E3000 AL 1000 N 2560 M/ 2,700 — ) — — — ! —— - —
MO22000 M OA000 M I0000  NM10,000 —_ ' — —_ , — | _— —_— —
MO0 M 2500 M OS000 MOS000 — —_ — — — -— —
MOS0 M O2E00 M 25000 My 2,500 - — —_ — ! — —_ —
Af 2300 A1 2500 MO 2.500 0 My 2500 — — I —_ — i — — —
NO2S) N 2500 N 25000 MY 2000 —- — i — . — : — - —

- - »OHO000 My 1.000 — — — — — —_ —

— — ATOTL000 M7 1000 — — ’ — — , - — —
\2SW — N 1000 M. 1000 — - - S — -
MOS0 MOS000 M-5000 N 2,500 — - ] - - = - -

N O2E500 — NMOTO00 MO0 — — — — - - —
CAL SO A 25000 MIG600 MO0 000 MY 2,500 — ' M/ 5,000 | NMO10,000 ¢+ M;25,000 M 10000 N 1O 00D

N SO000 M 230000 M25.000 0 Mi25.000 0 M/ 5,000 — I M/10,000 + M/10,000  M/25,000 M 10.00C M 10.000

A OZ0.000 0 AN 220000 M 250000 M25,000 0 M/ 5,000 — i M/10,000 M, 10.000 { A25000 M IO 000 M O10.000

N 2SO0 M 250000 M 250000 M/25,000 1 M/ 5,000 — 1M/ 2,500 M/ 5000 M/I0000 N S000 MOS0

MO2.500 — NMOS000 M5S0 — — = == — —

!

MOS0 — AMOS000 M 5,000 — — | — — , —_ MO 23200 —_—

S 1.000 — MO1.000 M/ 2,500 — — — e M 1000 —

AOTOX — M 1.000 M/ 1,000 — — | — — — M 1.000 —

MO 2500 — M.OLOGO M/ 2500 — — | — ; - - — —

MOLOO0 — - ! — — — i — ; — —_ — -

\o2s — -— ' — : e — : — ' — — — —

N 2500 — — — - — - —_ -~

N 2.200 -- — — - — - — ' —
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Table 136. Azo Compounds as Fungistats

4-Acetyl- 4-(4’-Acetyl-

4-Acetyl- 4-Acetyl- 4-Acetyl- phenyl-azo- phenyl-azo)-
4-Acetyl- 4-Acetyl- 4-Acetyl- phenyl-azo-  phenyl-azo-  phenyl-azo- cyanessigsiiure- 3,5-dimethyl-_-
phenyl-azo- phenyl-azo- phenyl-azo- malonitril- malonitril- malonitril- methyl-ester- pyrazolyi-
malonitril malonitril- malonitril- phenyl- salizyloyl- .  isonikotinoyl- amino- l-amidin-
semicarbazon oxym hydrazon hydrazon “ hydrazon \ guanidon  aminoguanidon
hydrochlorid dihydrochlorid
Ff2313 .. F[2318 F/2321 F/2322 F/2323 F/2324 F/2328 F/2330

M/10,000 M/ 2,500 M/ 1000 M/10,000 M/ 5000 .. M/ 2,500 M/ 2,500 M/10,000

M/10,000 M/ 2,500 M/ 1,000 M/10,000 M/ 5,000 M/ 2,500 M/ 2,500 M/10,000
M/ 5,000 , M/ 2,500 (M/1000) M/ 5,000 M/ 5,000 (M/1000) M/ 1,000 M/10,000
M/ 5,000 M/ 2,500 M/ 1,000 M/ 5,000 M/ 2,500 M/ 1,000 M/ 1,000 —
M/ 5,000 M/ 1,000 - — M/ 2,500 M/ 2,500 — - —
M/10,000 M/ 2,500 — M/ 5,000 M/ 2,500 — — -—
.M/ 5,000 M/ 1,000 —_ M/ 1,000 — — — —
M/ 1,000 M/ 1,000 —_ M/ 1,000 —_— — — —_
M/ 1,000 — — M/ 1,000 —_ — - —
M/ 1,000 — — M/ 1,000 — — - —
1 v
Candida albicans — — — —_— — — —
Cryptococcus ruber M/ 2,500 M/ 2,500 —_ M/ 2,500 —_ M/ 2,500 . —
Saccharomyees cerevisiae — — —_ p— — — - —_
Trichophyton gypseum M/ 2,500 M/ 2,500 — M/ 5,000 ~, - M/ 2,500 M/ 1,000 —
Epidermophyton Kauf- >
nian-Wolll M/ 2,500 M/ 2,500 . M/ 5,000 M/ 2,50 M/ 2,200
Achonien gunckeanum M/ 2,500 M/ 2,500 M/ 5,000 M/ 2,500 M/ 2,.00
Trichothecium roseum M/ 2,500 v/ 2,500 M/ 2,500 M/ 2,500 M/ 2,500

Peniathum juvanicum
Penicithium simplicissimum
Aspergilus nuiveus
Asperatlius elegans
Aspergitius niger
Actinomucor repens
Botrytis cinerea

Fusanum oxysporum
Fusarwum solani

—

EERE RN

SRR ERE RN
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Prrtrrind
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SRR RN

SEEREEN

1
)
'

Reprinted with permission from Biochem.
Pharmacol. 14:1325-1362 (1965).

Copyright by Pergamon Press Ltd.
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Candida albicans
Cryptococeus ruber
Saccharomyces cerevisiae
Trichophytlon gypseum
Epidermophyton Kauf-
man-Wolfl
Achorion quinckearum
Trichothecium roseum
Penicilhum javanicum
Penicilium simplicissimum
Asperlius niveus
Asperpilius elegans
Aspergilus niger
ALtinomucor repens
Butryts vinerea
1-usarium oxysporum
Fusarium sobani

Table 136. Continued

4-(4’-Acetyl- 4-Phenyl-azo- 4-(3'-Tolyl- 4-(4’-Tolyl- 4-(3’-Chlor- 4-(4’-Chlor- 4-(4'-Tolyl- 4-(3-Chlor-
phenyl-azo)-  3,5-dimethyl- az0)-3,5- az0)-3,5~ phenyl-azo)-  phenyl-azo)- az0)-3,5- phenyl-azo)
3-methyi- pyrazolyl-1- dimethyl- dimethyl- 3,5-dimethyl-  3,5-dimethyl- dimethyl- 3,5-dimethyle
pyrazolon(5)- amidin pyrazolyl-1-  pyrazolyl-1- pyrazolyl-1- pyrazolyi-1- pyrazolyl-1- pyrazolyl-1-
yl-1-amidin-  hydrochlorid amidin amidin amidin amidin thiocarbon- thiocarbon-
amino- hydrochlorid  hydrochlorid  hydrochlorid  hydrochlorid siureamid siureamid
guanidon
dihydrochlorid
F/2331 F/2344 F/2345 F/2346 F/2347 F/2348 F/2356 F/2357
M/ 5,000 M/ 5,000 ) M/ 5,000 M /10,000 M/10,000 M/10,000 M/ 2,500 - M/ 2,500
M/ 5,000 M/ 2,500 M/ 5,000 M/10,000 M/10 000 M/10,000 M/ 2,500 M/ 2,500
M/ 2,500 M/ 5, M/ 5,000 M/10,000 M/10,000 M/10,000 M/ 2,500 M/ 2,500
— M/ 2,500 M/ 2,500 M/ 2,500 M/ 2,500 M/ 2,500 — —
— M/ 1,000 M/ 1,000 M/ 1,000 (M/1000) M/ 1,000 — —
—_ M/ 1,000 M/ 1,000 M/ 1,000 (M/1000) M/ 1,000 — —
—_— M/ 1,000 M/ 1,000 M/ 1,000 (M/1000) M/ 1,000 —_— —_
— M/ 1,000 M/ 1,000 M/ 1,000 —_ M/ 1,000 — —
— (M/1000) (M/1000) (M/1000) (M/1000) (M/1000) — —
— M/ 5,000 M/ 5,000 M/ 5,000 M/10,000 M/10,000 M/ 5,000 M/ 5,000
M/ 5,000 M/ 5,000 M/ 5,000 M/10,000 M/10,000 M/ 5,000 M/ 5,600
M/ 5,000 M/ 5,000 M/ 5,000 M/10,000 M/10,000 M/ 5,000 M/ 5,000
M/ 1,000 M/ 1,000 M/ 1,0C0 M/ 2,500 M/ 2,500 M/ 5,000 M/ 5,000

Prrrrpitbig

Prrrbrrtd

Prirtrrid

Py

Prriirtrnd

N I I

Pt

Preriritl



Table 136. Continued

4-(4’-Chlor-
phenyl-azo)-
3,5-dimethyl-
pyrazolyl-
thiocarbon-
siareannd
F/2358

Candida albicans
Cryptococeus ruber
Saccharomyces cerevisiae
Trichophyton gypseum
Epidermophyton Kaufman-Wolff
Achorion gunckeanum
Trichothiccium roscum
Penicbum javanicum
Pemesiium simplicissimum
Aspergittus niveus
Asperptius elegans
Aspeigallus niger
Actinonueor repens
Botryts cinergt

Fusitium oxysporum
Fusagium solani

THT I wmaan |

i

TABLE 137.
Antifungal Activity of Salicylic Acid Derivatives

e S o~ = U O

FOQ

3833

Minimum inil—ii;itory concentration for path‘ogAc_ﬁie hﬁir{gi“ ' (Percent, W}V)

Note—1. Figures in brackets indicate diameters of zones of inhibition in mm.
. ( —) indicates no activity.

2

199

No. | Gandida species Trichophyton species ‘ M";;’:’le::um | EPl;ﬁ;ft g‘n"'
albicans | krusei | verrucosum | mentagrophytes | rubrum | tonsurans | canis | audouini ]’ﬂoécosum
1 0.01 0.0l 0.1 0.1 0.01 0.01 0.01 0.01 0.1
(11.8) {12.0) (125) .  (151) (16.1) (18.3) (20.0) (19.5) (15.4)
2 —_ —_ — . — — — — —
3 0.25 0.01 —_ . 0.0l 0.01 - 0.01 —_ —
(11.5) (11.8) (20.5) (15.9) (17.8)
4 0.01 0.01 0.01 0.01 0.01 0.01 0.1 0.25 0.23
(13.2) (11.0)  (25.0) (18.5) (20.0) (19.9) (15.6) (20.1)  (18.1)
5 — 0.0l — — —_— e — —
(15.5)
6 0.1 001 ' — ' 0.0l —_ - — _ —
(10.5)  (10.5) (22.5) . b
7 0.1 ©.1 — —_ 0.1 — - = —_
(13.5) (15.9) , (13.0) .
.8 0.1 0.01 — 0.01 0.25 — — - —
(15.5) (10.0) (24.5) (18.9) “
9 0.1 0.1 —_ 0.01 -— —_ 0.1 — —
(1Ll (11.0) (25.8) (36.2)



Trypan Blue and other dyes/stains for protection against Newcastle
disease virus (NDV) in chick embryos. An effective dose, 1 mg, of
Trypan Blue was much less so if given after the virus injection instead
of before. The effectiveness of two dosages of Trypan Blue are given
in Table 138, also (in Column A) an indication that a preventive dose
would have to be adjusted to the amount of infection exrected.

TABLE #38.
Protective effect of Trypan blue against NDV in chick embryos

Mortality®
Log Virus Dilution Trypan bluc®
Control
A B [+ D E 1 4

-~10 4/10

-9 18/20 ’

-8 39/40 2/20 20/20 4/40 40/40 4/20 20/20

-7 6/19

-6 . 17/20

-5 19/19

¢ No. dead/total, 92 hr after inoculation (data combined from two experiments).

A, Trypsan blue, lot 11003, 1000 ug/egg, immediately prior to virus; B, Trypaa blue, lot 11003, 100
»g/egg, immediately prior to virus; C, Trypan blue, lot 16124, 1000-ug/egg, immediately prior to virus;
D, Trypan blue, lot 16124, 100 pg/egg, immediately prior to virus; E, Trypan blue, lot 16124, 1000 ug/
egg, 24 br prior to virus; F, Trypan blue, lot 16124, 1000 pg/egg, 24 hr after viruc.

Reprinted with germission from J. Immunol,

87:707-13 (1961). Copyright by WiTTiams
& Wilkins Company.

Table 139 presents the results of the other compounds tested, all in 1
mg doses.

Zsolnai (1964) tested many azo compounds against a variety of bac-
teria, with results in Tables 140 and 141, in units of minimum molar
dilution still effective.

Zsolnai (1965) reported the results of some more azo compounds, in

Tables 142 and 143.

200
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TABLYL 139
Effect of Trypan blue and other compounds on Newcastle disease virus in chick embryos and on .hemagglutination

. roTEeTvVE® Ty
COMPOUND STRUCTURAL FORMULA PAOTE T arcor e on | COMPOUND STRUCTURAL FORMULA HEMAGOLUTINATION
HaN HO  _NH,y CHp CHy
. . N
Trypea biue NeW Mo + + Fost Green FCF CHy CHy .®=| \CNg@_SO;NI
NoSH3 CHy SO3Ne ‘n_@,_r. SOy - -
Ne 30y NeSOy NoSO, CN.’
HaN '< : >
NeN w zjim
Cvens bive NoS0; 2 \\§:>-<:}' + +
SOsNe CuM N
o S Toslc -
H ien ‘ﬁ Jorus green B /, \ NeN
s vy O m . 6
Na50; SOWNe  OCHy  OCHINGSO,  SOyNe
! S03M0 OCH3
@ <§ «N-=ONo
N iy " “ . ﬂ Keenachivol NO - -
{ fed ' + + 2
e Na 50y °3Nﬂ NoSOy
NoSOy NN "
) Matonit yellow 2 )_ - _<:>_” q<:> - -
Ntip Nitg
' N INN N s
Cangé Rod : : Y - Melhyt Orenge NOSO,-O/ \@_n/ - -
NoSO3 NoSOy \CH,
NHp oH
v NeN gy Mo COOH
Cne gornel B X + - Mathyl rod 6'«-"@_74/ -, -
NSOy NoSOy
Nt NN NH, NaN . -
Bismorch trown Y N)?E’N « N Q— QNN, - - Oronge G O‘ "o 00
? O3No
OH OH |
CHy SOy Ne
o N -— - v
cromare 0 o —— o N
NSO, <
OH NH- cocn, 5C3Na
o o G o+ " - ' -
NoS05  SOsNa No-AnhroquInOne ~b=gul @‘0 03 Na -
OH
[ j - - HO,S L _NO
Biedrich scortnt 3 s
"5 Q wo_13) Flovionlc actd -

NoSOy

*1000 pg of

Reprinted with permission from J. Immunol. 87

tty ptios to eng

1707-13 (1961),

Copyright by Williams &

Wilkins Co.
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Table 140.

Azo Compounds as Bacteriostats

i i 2-Chlor-  3-Chlor- ; 4-Chlor- 4-Brom- . 4-Jod- 4-Aethoayv- 2-Methyl-

Phenyle  2-Tclyl-  3-Tolyl- ¢ 4-Tolyl- | phenvi- phenyl- | phenyl- phenyl- pheny1- phenyl-  4-prom-
azo-malo- azo-malo- azo-malo-' azo-malo- azo-malo- azo-malo-! azo-malo- azo-malo- azo-malo- " azo-malo-  phenyl-
Bacterium nitri} nitril nitril ! nitril nitril nitril II nitril nitril  + nitril nitril azofm:tllo-

i ; ) nitry

F2291  F2202 F/2203 | F/2204 | F/2205 - F/2206 | F/2207 . Fj2208 . F/2209  F2210 FpR21

i | .
Siaphy lococcus aureus ' } ! ; ! t ‘

Duncan NM10.000 M:10,000 | M/25,000 | M/10,000 | M/25,000 ° M/S0,000 M/50000 M/50,000 ¢+ M /50,000 - M 25,000 M/25,000
Staphylococcus aureus i ¢ ' \

Progenes M O10.000 M 10,000 ¢+ M/10,000 | M/10,000 | M 25,000 , M/50,000 MJSOOOO M/50,000 , M/50,000 M 10,000 M/ /25,000
Staphylococcus albus N 10,000 M:10.000 . M/10,000 | M/10,000 ; M ;25,000 ‘ M/50,000 | M/50,000 | M/50,000 : M/50,000 | M 10,000 : M:25.000
Shigella dysenteriae : ! I ] ;

Flexner M 5000 M 2,500 M/ 2,500 M/ 5000 | M/ 10000- M/10,000 ' M/10,000 M’l0,000‘ M/10,000 M’ 1,000 M’ 5.000
Shigella dvsenteriae Sonne M\’ 3.000 ' M 2,500 . M/ 2,500 { M/ 2,500 M/lOOOO i M/10,000 | M/10,000 | M/10,000 | M/10.000 N 1,000 M/ 5,000
Salmonella typhi - N 10.000 ¢ M 10.000 | M/10,000 | M/10,000 5000 i M/50,000 | M/50,000 ! M;‘25,000’ M/25.000 M 2,500 . M10.000
Salmonella paratyphi NO5.000 M 10,000 . M/10,000 ' M/ 5,000 ! M/lOOOOl /10,000 | M/10.000 } M;25000 ' M110.000 ' M 1,000 M/ 5000
Escherichia colicommunis M 2500 - 1.000 + M/ 1,000 i M/ 2,500 } M’ 2,500 | M/10,000 | M/10,000 : M/10.000 Z M;10.000 M 1,000 M/ 5000
Aerobacter aerogenes i M2.500 M’ 1,000 | M/ 1000 M/ 2,500 | M/ 5,000 | M/10,000 | M/10,000 | M:10.000 | M'10.000 M 1.000 M’ 5.000
Proteus vulgaris MY 2.:'00 " MY 1000 M/ 1000 M/ 2,500 } M/ 5000 : M/10,000 | M/10.000 | M:10.000 { M '10.000 — A S.000
Pseudomonas pyocyvanea —_ —_ — | — ! M/ 1,000 [ M/ 2,500 1 M/ 2,500 ¢ M/ 2,500 { M/ 2.500 — M/ 2.500
Pseudomonas fluorescens — ' — — | — 1.000 | M/ 2,500 | M/ 21500 ° M/ 2,500 | M/ 2,500 — M 1.000

. t ’ ! E , H ! 1
§2-Mcf.h_\'l- 3-Methyl- 4-Methvl-! 2-Brom- 2.5-Di- i 3,5-D1- - 2-Chlor- | 3-Chlor-  2-Methyl-! 2-Chlor- ! 3Chlor
b4 4-brom- i 2 brom- j4-acthoxy-|{ chlor- @ brom- ' 4-brom- ! 4-brom 4.6di- |, 4.6d- | 4.6<i-

phenyi- phemyl- : phenyl- ! phenyl- phenyl- ! phenyl- i phenyl- | phenyl- brom- brom- ' brom-
T : azo-malo- azo-malo- azo-malo- ; azo-malo- | azo-malo- | azo-malo- | azo-mzlo- | azo-malo-. phenyl- | phenyl- phenyi-
i nitril mtril  © mitril nitril ! nitril ! ntnl it ! azo-malo- | azo-malo- ' azo-malo-
i ! ! ; nitril nitn} il
i Fau2 F 2213 2214 ¢+ Fj2215 F 2216 F/2217 : F/2218 F/2219 « F 2229 F,2221 F2a222
| ‘ ' !
Staphylococcus aureus | f ; ‘ ;

Duncan NS00 MrS0.000 | M;25,000 ¢ M/25,000 * M/50,000 M/50,000 i M/50,000 M 50,000 i M;50,000 ! M,50,000 M S
Staphvlacoccus aurcus | ! i .

pyogenes ‘ M 30000 M S0.000 M 25, 000 Mi25,000 * M 50.000 M 70,000 < M'S0,000 - M.30.000 = M, 50.000 ; M30.000 M £0.04%)
Staphy lococcus albus M0G0 A SO0 NM25.000 o M/25, 000 M50 ,000  M; 50,000, M/S0,000 | M 30,000 M'50.000 | M 30,000 M. 30,0
Shigella dysenteriae ' : : )

Flexner PAMOS00D MYOS000 MY 2 <00 M/ 1.000 M/ 3,000 M23,000 1 NM/10,000 M 10000 M 2,500 « MO2500 M
Shigella dysenteriae Sonne N 000 M £.000 - \1‘ 2 <()0 M/ 1,000 - 3000 M/10.000 0 NMS000 A S000 MU 25000 M O1,000 M
Sa!monclh taphi \MOI000) M 10.()00 M 10,000 M/ 5000 ’\1 10.000 M-25000 1 M/25.000 N 23000 M 10.000 ' M 10,000 M
Salmonelia p'-ral\phi M0G0 M 10.000 M 5000, M/ 2,500 , M 5000 A 10000, M 10,000 Af JuO00 M- 35000 M 2500 A
Escherichia colicommumis M 5000 M 5030 M 2,300 1 M7 1000 MTOSC00 MUS020 M S000 M OS000 MO 2500 0N 1000 M
Aerobucter aerogenes CNOS0aD MOZ000 AN 2900 MOT000 , M 3000 M, 3000 M, 5000 M 2000 N 2200 M O1000 M\
Proteus vulgans MR M 50000 M 2500 MY L0000 MOS000 MO S000 . M1G.000 N S000 M O2.560, M OLIG M
Pseudomonas pyocyanea | M 2300 M 2300 M IOOOt — SNO23000 M 2,300 M 23000 MO2300 N 2,300 0 N 1000 M
Pseudomonas fluoresoens | M 2,300 M 2500 MY 1000; - M 2300 M/ 2,500 1 M; 2,500 M, 2,300 M 2300 1000 M
Table reprinted with permission from Biochem. Pharmacol. 13:285-318 (1964). Copyright by Pergamon

Press, Inc.
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Table 140. Continued

|

¢

4—Chlor- 24,6 | 2-Nitro- | 3-Nitro- | 4-Nutro- 2 \‘lcthvl- 3- Me(h)1-|4-\1ethl- 2-Nitro- ¢ 2-Chlor- i 2-Chlor-
2.6-di- Tribrom- | phenyl- phenyl- phenyl- Anitro- 4-nitro- | 2-nuro-  4aethovy-  4-tiitro- Aniro-
! brom- phenyl- |, 2zo-malo- | azo-malo- | azo-malo- . phenyl- phenyl- | phenyi- phenyl- rheny - phenyl-
! phenyl-  azo-malo-'  nitril nitril nitril  + azo-malo- ! azo-malo- azo-malo- azo-malo- azo-malo-! azo-maloe-
- ! aze-male- nuril Comtnl 0 naerid nitil ¢ ol nitril f nitril
v airril '
y F2223  F2224 - F2225 | Fj2226 | F.2227 | F2228 . F:2229  F2230 | F.2231 | F2232 | F2233
i | ! ! | ; | f
Staphylococcus aureus | : : i ' ; . ) !

Duncan } M 50,000 M 50,000 M/10,000 | M/10,000 ; M/10.000 M,I0.000 : M/10,000 M‘l0,000 M'10,000 M 10, 000 . M S0.000
Staphylococcus aureus | ; ‘

pyogenes : M 30,000 N S0.000 - M;10,000 | M/10,000 : M/10,000 M/10,000 : M/10000 M 10.000 - M10,000 - M. 10000 A\ 50,000
Staphylococcus albus - A 30,000 M 50.000 M/10,000 M/JOOOO i M 10,000 ° LM 10000 : M;10, 000 M 10000 M/10,000 M JOOOO M 25.000
Shigelia dysenteriae ; ' ‘ { l

Flexner "M 2500 N O2.500 M/ S,000) M/ 5,000 M 5.000 — . M/ 1,000 ' M~ 2.500 MSO1,000 M 2.500 M S0
Shigella dvsenteriae Scoane, M 2500 M 2,500 , M’ 5,000 i M/ 2,500} M 2.300 - — : M/ 1,000 1 M 2,500 M’ 1000 — M2
Salmoneila tvphi M S000 M 2000 M 25000 F M/10,000 | M 10.000 M/ 5.000 M/ S000 M 3000 M 2300 N 2,500 \1 10.00
Salmonella paratyphi M 2500 M 2500 M/10,000 ) M/ 2,500 M, 2500 , M, 1,000 . M/ 1,000 M 23500 Af 1000 N 1.000 . 2.50)
Eccherichia coli commumis’ M 1,007 M 1,000 A 5,000 M/ 2,500 ' M 1.000 — l — N 2500 N 1,000 — ' _\1 2,300
Aerobacter aerogenes ¢ M 1,000 M, 1.000 © M/ 5,000 | M/ 2,500 | M 1,000 —_ i —_ 1N 2500 M’ 1,000 . — 1 MO2,530)
Proeteus vulgaris 1M 2500 M 1.000 1 MY 5,000 y M/ 2,500 : M’ 1,000 —_ : — M 1000 M 1.000 — M 2300
Pseudomonas pyocyvanea | A 100 M0 — —_— : — : — — — —_ N 1.0

- Pseudomonas fluorescens | M* 1,000 M- 1,000, — l — ! — — — — — ! — M 1,00
&Chior-  Puenyl-  1-Naphtyl-, 4-Rrom- | Azoben- | 3,3-Di- Phenyl- ! 4-Tolyl- | 4-Chlor- },,Phcn}k 4 Tohil-
Z-muro- azo-malo- 2zo-malo- ~lenaph- | zol-4-azo- . methyl- | azo-cvan- : azo-cvan- | phenyl- | @zo-0ran- azo-cran-
Poaeny - nirid-a- mitrt} tyl-azo- malo- ' diphenyl- essig- ) essig- azo-cyan- | essig- essig-
aso-rmalo-  harbon- malo- | mtry) en-4.4°- sdure | saure essig- | saure- sadure-
ninil Saurc- . onitnl bis-(azo- | methyl- @ methyl- | saure- , aethyl aethyl-
aethyi- \ ; i malo- ester ' ester methyl- +  ester ester
' esier . i . nitril } ester ‘
F 2234 F223R F243 F/2244 | Fj224S ! F/2247 F/2248 ! F/2249 F/2250 | F 2258 F, 2252
; : i
Stapin lococcus aureus ) ’ * |
_ Duncan « M OSLOO0 A 20000 M O30.000 0000 M/50, 000 M /10,000 — — — — —
Stephyiococcus aureus ! i

proscnes CNCSOO0 A 250000 M 30.000 M/SO 000 M/SOOOO M/10,000 — —_ i —_ — —
Staphy lococeus atbus + MOZD.000 M 25000 M 30,000 , M/SO, OOO M /50,000 | M~ 10000 e ! — : — — -
Shigella dysentenae | : I ‘

Flevner MOZ000 M TO00 A S00D AL 5,000 — 5 — I B — — —
Shigella dyvsenteriae Sonne. M T0 A 1000 M 2500 M/ 2500 — i — — — ! — — —_
Salmoncella tvphe PN 22000 AMOOS000 0 N O10.000 0 ML 10,000 —_— ' — —_ — j — — —
Salmonelia paretyphi CMOIO00 M 2S00 NS00 MOS000 . — — — — — — —
Escherichia cohcommurnes’ M 3000 M 2500 M 2500 M 25001 - — | — - | —_ l - b
Aerobacter aerogenes A 2500 MO 2300 NO2.5000 NS O2.500 — _ , —_ —_ ' — - —
Proteus vuigaris MRG0 M 2200 NMO2.2000 My 5,000 — — — — — — —
Pseudomonas pyocyanea | - — M0G0 M/ 1000 — — ! — — : — — —
Pscudomonas fluorescens © — — {1060 A/ 1.000 - — ! — . , — - —_—
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Table 140. Continued

+ 4&Chlor- - Phenyl- { 4-Chlor- ! Phenyl- ! 4-Chlor- ! Phenyl- ‘ 4-Tolyl- | 4Chlor- Phenyl- 3-Tolyl-
phenvl- azo-cyan- | phenyl- | azo<yan-: phenyl- ; azo<cyan- ' azo-cyan- | phenyl- azo- azo-
azo-cyvan- essig- ' @zo-cyan- essig- ' azo-cyan- | essig- | essig- azo-cyan-  acenl- acetyl-
- essig- sdure- essig- sdure- ' essig- | sdure- | sdure- essig- acaton acelon
sdure- anilid sjure- (4'chlor- | sdure- | hydrazid | hydrazid sdure-
acthyl- anilid amlid) (4’chlor- | | hydrazid
ester anilid) i '
F 2253 F/2257 F/2259 F/2260 F/2262 I F/2263 ! F/2264 F/2265 , F 2266 F 2267
! i ! i
Staphylococcus aureus Duncan — — — — : — . —_ — M/ 5,000 — —
Staphylococcus aureus pyogenes — —_ — — i —_ — — M/ 5,000 — -_—
Staphylococcus albus ! — — —_ — . -— . — . — M/ 5,000 — —
Shigella dysenteriae Flexner - —_ —_— — ! — , — \ —_ —_— . — —_
Shigella dysenteriae Sonne _ — —_— —_ : — i — ! —_ — ] -_— —_
Salmonella typhi — —_ — —_ ! — i — : — —_ f — —
Saimonella paratyphi : — —_ — —_ ! — : — _ —_ ! — —
Escherichia coli communis ! — — — — ' — 1 — — . ! — —
Aerobacier acrogenes ‘ — — —_ — — ) — —_ — — —
Proteus vulgaris . — — —_— —_— ' o ! — , _— —_— ) —_ —
Pseudomonas pyocyanea ! — — — — . : ; — —_ ' — —
Pseudomonas fluorescens i — — — —_ i _ ; — ; — —_ : — —
i !
. Phenyl- 3-Tolyl- . 4&4Tobl- t 3-Chlor- *  4-Chlor- Pneny {- 4-Tohi- 4-Chlor-
. azo-acet- ;| azo-acet- i azo-acet- { phenyl- ; phenyl- ' azo-mclon-  azo-malon-  phensi-azo-
i essig-ester | essig-ester ' essig-ester ' azo-acet- | azo-acet- | szure sdure- maionsaure
i ! | ) essig-ester | essig-ester | diaethyl- diactosi- diacthyl-
i ! ‘ | : i ester I ester | ester
F/22711 0 Ff2272 ) F2273  Ff2274 | F2235 | Fj2276 . FI2277 1 F 2278

Staphylococcus aureus Duncan
Staphy locaccus 2ureus progenes
Staphy lococcus aibus

Shigella dysenteriae Fleaner
Shigella dysenteriae Sonne
Salmonella typhi

salmonella paratyphi
JZscherichia coli commumis

i Aerobacter aerogenes

‘Proteus vulgaris

_Pseudomonas pyocyanza
:Pseudomonas fluorescens
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Table 141. Azo Compounds as Tuberculostats

1, Avyvil-azo-madonityile

£/2201 Phvnyl-azo-matoniteil
1712202 2-Toly I-azo-malonitril
F,2203 3-Tolyl-azo-malonitril
F/2204 3-Tolyl-azo-nmalonitril
F/2205 2-Chlor-pheny I-azo-malonitril
112200 3-Chlor-phenyl-azo-malonitril
F,2207 4-Clitor-phenyl-azo-malonitrit
F,2208 4-Brom-phenyt-azo-malonitril
17,2200 4-Jod-phenyt-azo-malomitril
F/2210 4-Acthony-phenyl-uzo-malonitril
2211 2-Mcthyl-4-brom-phenyl-azo-malomtril
F/2212 2-Mcthyl-4-jod-phenyl-azo-malonitn)
F{2213 3-Methyl-4-brom-phenyl-nzo-malonitrid
F 2214 4-Mcthyl-2-bromi-phenyl-azo-malonitri
Fi2215 2-Brom-4-acthoxy-phenyl-azo-malonitril
Fr22i6 2,5-Dichior-phenyl-azo-malonitril
12217 3,5-Dibrom-phenyl-azo-malonitril
/2248 2-Chlor-4-brom-phenyt-azo-maionitril
2219 3-Clitor-1-brom-phenyl-azo-milonitrif
142220 2-Methyl-4,6-dibrom-phenyl-azo-matonitril
F.2221 2-Chior-4,6-dibrom-phenyl-azo-malomitril
¥12222 3-Chor-4,6-dibrom-phenyl-azo-matomind
k2223 4-Chor-2,6-dibrom-phenyl-azo-malonteil
Fi2224 2,4,6-Tribrom-phenyl-azo-malonitril
12225 2-Nitro-phenyl-azo-malonitril
F/2226 3-Nitro-phenyl-azo-malonitril
¥2227 4-Nytro-phenyl-azo-malonitril
F/2228 2-Methyl-d-nitro-phenyl-azo-malonitril
177222 3-Methyl-4-mtro-phenyl-azo-malonitril
F/2230 4-Methyl-2-nitro-phenyl-azo-malonitril
2231 2-Nitro-d-acthoxy-phenyi-azo-malonitril
F/2232 2-Chlor-4-nitro-phenyl-azo-malonitri!
F/2233° 3-Chlor-4-nitro-phenyl-azo-malonitril
F/2234 4-Chlor-2-nitro-phenyl-azo-malonitrid
¥/2235 4-Acctylamimo-phenyt-nzo-malonitiit
/2236 Phenyl-azo-malonitrd-2-karbonsiiure
/2237 Phenyt-azo-malominl-d-karbonsiiure
172218 Phicayl-azo-malomitrd-d-Karbonsiiure-acthyl-ester
122 I-tiydroxy-phenyl-azo-maloniteri-4-ka bonsiure
12240 Phenyl-azo-nidontril-d-sulfonsiivee
/2241 Phenyl-azo-malonitril-4-sulfonamid
172242 Phenyl-azo-maloniti il-d-N-(:1,6"-dsmethyl-2-
pytnidyD-sulfonamid
120 F-Naphiyt-azo-matonitrit
t 2244 A4 ol aaphtyl-azo-madonitril
$12218 A robenzol-d-azo-malogutol
1°/2246 Diphenylen-4,4°-bis(azo-nitonitril)
42247 3. -Diethyl-diphenylen-4Ld*-bis-Gizo-matoniuid)
2, Aryl-azo-cyanessigsaure-ester
Fj2248 Phenyl-azo-cyancessigsiiurc-methyl-cster
1F/2249 4-Tolyl-uzo-cyancssigsiure-methyl-ester
¥/2250 4-Chior-phenyl-uzo-cyanessigsiure-methyl-ester
/2251 Phenyl-azo-cyanessigsiiure-acthyl-ester
/2252 °  4-Tolyl-azo~cyanessigsaurc-acthyl-csicr
/2253 4-Chlor-phcenyl-azo-cyanessigsdure-acthyl-ester
3. Aryl-azo-cyanacetamide und ifire N-substituicrte
Derivate
12254 Phenyl-azo-cyanacctamid
F/2255 4-Tolyl-azo-cyanacctamid
Fl2256 4-Chlor-pheayl-azo-cyanacetamid
Fi2257 Phenyl-azo-cyanessigsaure-anihid
F/2258 4-Tolyl-azo-cyanessigsiure-anilid
Fj2259 4-Chlor-phenyf-azo-cyanessigsaurc-anilid
F/2260 Phenyl-azo-cyancssigsiiure-(4’-chlor-anilid)
F/226!1 4-Tolyl-azo-cyanessigsiure-(4°-chlor-anilid)
F/2262 4-Chlor-phenyl-uzo-cyanessigsiiuic-(4'-chlor-anilid)
F/2263 Phenyl-nzo-cyanessigsiure-hydrazid
/2264 4-Tolyl-azo~cyanessigsiure-hydruzid
F/2265 4-Chlor-phenyl-azo-cyanessigsiure-hydrazid

4. Aryl-azo-Derivate des Acetylacetons, A cetessigesters
und Malonsciure-diaethyl-esters

Ef/2260 Phenyl-azo-acetylaceton

F/2267 3-Tolyt-azo-acetylaceton

F/2268 4-Tolyl-azo-acetylaceton

Fi2269 3-Chlor-phenyl-azo-acetylaceton

F12270 4-Chlor-phenyl-azo-acctylaccton

l:/227l Phenyl-azo-ucetessigesier

F/2272 J-Tolyl-aro-ucetessigester ,
l;/227.l 4-Tolyl-nzo-acetessigesier

1/2274 J-Chlor-phenyl-azo-icetessigester

F/2278 4-Chlor-pehnyl-uzo-acetessigester

Fj2276 Phenyl-iwso-nudonsbisie-diacthiyl-ester
Fr22n 4-Tolyl-aso-nudonsiure-dicthiyl-ester
F/2278 4-Chlor-phenyl-azo-miulonsiure-diaethyl-ester

205

M/10,000
M/ 5,000
M/25,000
M/25,000
M/ 5,000
N /50,000
N /50,000
N S0.000
M/50,000
M/25.000
M,25,000
M/25,000
M /50,000
M/10,0600
M /50,000
M/50,000
M 50,000
M. 25,000
A S0 000
AL 2,000
ML25 000
M5 000
M/25,000
M/10.000
M/ 10,000
M /15,000
M/ 25,000
M/10,000
M/25.000
M/10,000
M/10,000
M/25,000
M/25,000
M/25,000
M/10,000

M/25.000
M/ 2,500

M /25,000
A /50,000
M /50,000

lzzzz2Z
S T T, T—— N T
Ulll'lli_h)h)lx)
LA
B3=3

M/ 1,000
M/ 1,000
M/ 1,000
M/ 2,500
M/ 5.000
M/ 5,000
/10,000
M/10,000
M/10,000

M/ 2,500
M/ 2,500
M/ 2,500
M/ 2,500
M/ 2,500
M/10,000
M/ 10,000
M/ 10,000
M/10,000
M/ 10,000
M/ 5.000
M/ 5,000
M/ 2,300
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Table 1h2. Azo Compounds as Bacteriostats
! ~

4-(4’-Acetyl-

4-Acetyl- 4-Acetyl- 4-Acetyl- phenyl-azo)-
4-Acetyl- 4-Acetyl- 4-Acetyl- phenyl-azo- phenyl-azo- phenyl-azo-  cyanessigsiure- 3,5-dimethyl- -
phenyl-azo- phenyl-azo- phenyl-azo- malonitril- malonitril- malonitril- pyrazolyl-
malonitril malonutril- malonitril- phenyl- salizyloyl- . isonikotinoyl- f-amidin-
' semicarbazon oxym hydrazon hydrazon hydrazon amineguanidon
Bacterium dihydrochlorid
F/2312 .. F/2318 F/2321 F/2322 F/2323 F/2324 F/2330
Staphylococcus aureus
Duncan M/10,000 M/ 2,500 M/ 1000 M/10,000 M/ 5,000 . M/ 2,500 M/10,000
Staphylococcus aureus
pyovgenes M/10,000 M/ 2,500 M/ 1,000 M/10,000 M/ 5,000 M/ 2,500 M/10,000
Staphylococcus albus M/ 5,000 . M/ 2,500 (M/1000) M/ 5,000 M/ 5,000 (M/1000) ) M/10,000
Shrgella dysenteriae Flexner M/ 5,000 M/ 2,500 M/ 1,000 M/ 5,000 M/ 2,500 M/ 1,000 —_
Shigella dysenteriae Sonne M/ 5,000 M/ 1,000 - —_ M/ 2,500 M/ 2,500 — —_
Saimonella typhi M/10,000 M/ 2,500 — M/ 5,000 M/ 2,500 — —_ —
Salmoenetla pacatyphi - M/ 5,000 M/ 1,000 — M/ 1,000 — — —_ —
Escherichia coli communis M/ 1,000 M/ 1,000 —_— M/ 1,000 —_ — — —
Actobacter aerogenes M/ 1,000 —_ _— M/ 1,000 — — — —_
Proteus vulgaris M/ 1,000 — — M/ 1,000 — — _— —
Pseudomonas pyocyanca — — —_ — — — — _—
Pscudomonas fluorescens —_ —~ —_ — —_ — —_ -_
4-(4’-Acetyl- 4-Phenyl-azo-  4-(3'-Tolyl- 4-(4’-Tolyl- 4-(3’-Chlor- 4-(4’-Chlor- 4-(3’-Chlor-
phenyl-azo)-  3,5-dimethyl- azo)-3,5- azo)-3,5- phenyl-azo)-  phenyl-azo)- phenyl-azo)-
3-methyl- pyrazolyl-1- dimethyl- dimethyl- 3,5-dimethyt-  3,5-dimethyl- 3,5-dimethyl-
pyrazolon(s)- amidin pyrazolyl-1-  pyrazolyl-1- pyrazolyl-1- pyrazolyl-1- pyrazolyl-1-
yl-I-amidin-  hydrochlorid amidin amidin amidin arnudin thiocarbon-
ammno- hydrochlorid  hydrochlorid  hydrochlorid  hydrochlorid siiurcamid
guanidon
dihydrochlorid
F/2331 F/2344 F/2345 F/2346 F/2347 F/2348 F/2357
Staphylococcus aureus
Duncan M/ 5,000 M/ 5,000 M/ 5,000 M/10,000 M/10,000 M/10,000 M/ 2,500 M/ 2,500
Staphylococcus aureus '
pyogenes M/ 5,000 M/ 2,500 M/ 5,000 M/10,000 M/10 000 M/10,000 M/ 2,500 M/ 2,500
Staphylococcus albus M/ 2,500 M/ 5,000 M/ 5,000 M/10,000 M/10,000 M /10,000 M/ 2,500 M/ 2500
Shigella dysenteriae Flexner —_ M/ 2,500 M/ 2,500 M/ 2,500 M/ 2,500 M/ 2,500 — —_
Shigella dysentenae Sonne _ M/ 1,000 M/ 1,000 M/ 1,000 (M/1000) M/ 1,000 — —
Salmonclia typhi — M/ 1,000 M/ 1,000 M/ 1,000 (M/1000) M/ 1,000 —_— —_
Satmonella paratyphi —_ M/ 1,000 M/ 1,000 M/ 1,000 (M/1000) M/ 1,000 —_ —
Escherichia colicommunis — M/ 1,000 M/ 1,000 M/ 1,000 — M/ 1,000 — —
Acrobucter acrogenes _— — —_ — —_ — —_— —
Proteus vulgars —_ — — — — — _ —
Pseudomonds pyocyinea —_ —_ —_ — _— —_ — .
Pscudomonas fluorescens — —_— — — — —_ —
Tables 142-143 reprinted with permission from Bicchem. Pharmacol. 14:1325-1362 155 ).

Copyright by Pergamon Press Ltd.
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Table 1h?. Continued
4-(4'-Chlor-

phenyl-azo)- 4-Chior- Benzyl-brom- 4-Chlor- Benzyl- 4-Chlor- Phenyl-

- 3,5-dimethyl- benzal- malonitril benzyl-brom- malonitril (als benzyl- malonitril (als
pyrazolyl- malonitril malonitril  Ausgangsstofl) malonitril (als AusgangsstofT)
thiocarbon- Ausgangsstoff)
saurcamid

F/2358 F/2374 F/2398 F/2399 \
Staphylococcus aureus Duncan M/ 2,500 — — M/ 1,000 — — M/ 1,000
Staphy lococcus aureus pyogenes M/ 2,500 — — M/ 1,000 —_ —_ M/ 1,000
Staphylococcus albus M/ 2,500 —_ — M/ 1,000 — —_ M/ 1,000
Sthugella dysenteriae Flexner — —_ — M/ 1,000 —_ — M/ 2,500
Shigella dysenteniae Sonne . —_— — —_— M/ 1,000 — — M/ 2,500
Satmonetla typhi — — — M/ 1,000 — — M/ 2,500
Saimonetla paratyphi —_— — — _— —_ — M/ 2,500
Escherichia col communis — —_— —_ — —_ — M/ 2,500
Acrobacter acrogenes — — -— —_— —_ — M/ 1,000
Proteus vulgaris — — — —_— — — M/ 1,000
Pscudomonas pyocyanea ' — - — — — — M/ 1,000
Prcudomonas fluorescens — — —_— — — —_ M/ 1,000




Table 143. Azo Compounds as Tuberculostais

1. Aryl-azo-Derivate von Alkyl- und Aralkyl-malonitrilen -

F/2279 Phenyl-azo-methyl-malonitril M/ 2,500
F/2280 2-Tolyl-azo-methyl-malonitril M/ 2,500
F/2231 3-Tolyt-azo-methyl-malonitril M/ 5,000
F/2282 4-Tolyl-azo-methyl-malontril M/ 5,000
F/2283 2-Chlor-phenyt-azo-methyl-malonitril M/ 2,500
F/2284 3-Chlor-pheny!-azo-methyl-malonitril M/ 5,000
F/2885 4-Chlor-phenyl-azo-methyl-matonitril M/ 5,000
Fr2286 4-Acthovy-phenyt-azo-methyl-malonitril M/10,000
Fr2287 Phenyl-aro-acthyt-malonieril M/ 5,000
F/2288 2-Tolyl-azo-acthyl-malonuril ‘ M/ 5,000
F/2289 3-Tolyl-azo-acthyl-matonitril M/ 5,000
F/2290 4-1 olyl-aso-aethyf-malonitnl M/ 5,000
Fp2291 2-Chlor-phenyl-azo-acthyl-malonitril M/ 2,500
F/2292 3-Chlor-phenyl-azo-acthyl-malonitril M/ 5,000
F72293 4-Chlor-phenyl-azo-acthy!-malomtril M/ 5,000
Fr2294 4-Acthoxy-phenyl-azo-acthyl-malonitril M/10,000
¥.2295 Phenyl-azo-bensyl-madonitnl M/ 5,000
F,2296 2-1Tolyl-azo-bensyl-matonitnl M/ 5,000
£;2297 3-Tolyl-azo-benzyl-malomtril M/10,000
F12298 4-Tolyl-azo-benzyl-matoniti M/10,000
- 2299 2-Chlor-phenyl-aro-benzyl-malonitril M/10,000
F72700 3-C hlor-phenyl-uazo-bunsyl-malonitril M /10,000
F72301 4-Chlor-phenyl-azo-heneyl-malonitril M/ 10,000
F/2302 Phenyl-azo-(4%-chtor-benszyl)-malonitrit NM/10,000
/2303 3- 1 olyl-uzo-(4’- ylor-benzy!y-malonitril M/25,000
Fr2304 4-Tolyl-azo-(4’-Chlor-bensyl)-malonitril M/25,000
F/2305 2-(‘hlor-phcnyl-a.7.0-§4’-chlor-bcnzyl)-malonitril M/10,000
F/2306 3-Chlor-phenyl-azo-(4’-chlor-benzyl)- malonitril M/10,000
,F/2307 . 4-Chlor-phenyl-azo-(4’-chlor-benzyl)-malonitril M/10,000
2. Aryl-azo-benzoyl-acetone
F/2308 Phenyt-azo-benzoyl-aceton : M/ 5,000
F/2309 3-Tolyl-azo-benzoyl-aceton M/ 5,000
F/2310 4-Tolyl-azo-benzoyl-aceton M/ 5,000
F/2311 3-Chlor-phenyl-azo-benzoyl-aceton M/ 5,000
F/2312 T+ 4-Chlor-phenyl-azo-benzoyl-aceton M/10,000

* 3. 4-Acetyl-phenyl-azo-Derivate von *aktive Methylen-Gruppe” enthalten-
den Verbindungen. . .

F/2313 4-Acctyl-phenyl-azo-malonitril M/25,000
F/2314 4-Acctyl-phenyl-azo-cyanessigsiure-methyl-ester M/ 1,000
F/2315 4-Acetyl-phenyl-azo-cyanacetamid —
/2316 4-Acctyl-phenyl-azo-ncetylaceton v y M/ 1,000
F[2317 4-Acetyl-phenyl-azo-acetessigester M/ 2,500

4. M}t Karbonyl-Reagentien gebildete Dervate von 4-Acetyl-phenyl-azo-
methylen-Gruppe enthalienden Verbindungen

=/2318 4-Acetyl-pheny!-azo-malonitnl-semicarbon M /25,000
F/2319 4-Acctyl-phenyl-azo-malonitril-thiosemicarbazon M/25,000
F/2320 4-Acetyl-phenyl-azo-malonmtril-aminoguanidon hydrochlorid M/10,000
- F[2321 4-Acctyl-phenyl-azo-malonitril-oxym M/ 5,000

F/2322 4-Acctyl-phenyl-azo-malomtril-phenyl-hydrazon M/25,000
F/2323 4-Acctyl-phenyl-azo-malonitril-salizyloyl-hydrazon M/10,000
F/2324 4-Acctyl-phenyl-azo-malonitnil-isornukotinoyi-hydrazon M/1,250,000
F/2325 4-Acetyl-phenyl-azo-malonitril-azin M/10,000
F/2326 4-Acctyl-phenyl-azo-cyanessigsiure-methyl-ester-semicarbazon M/25,000
/2327 4-Acctyl-phenyl-azo-cyanessigsiiure-methyl-cster-thiosemi-

cachazon M/ 5,000
F/2328 4-Acctyl-phenyl-azo-cyancssigsiiure-methyl-ester-amino-

guanidon hydrochlorid M/10,000
F/2329 4-(4’-Acctyl-phenyl-azo)-3,5dimethyl-pyrazolyi-1-thiocarbon-

sdureamid-thiosemicarbazon M/100,000
F/2330 4-(4’-Acctyl-phenyl-azo)-3,5-dimethyl-pyrazolyl-l-amidin-

anunoguanidon dihydrochlorid M /25,000
F/2331 4-(4’-Acctyl-phenyl-azo)-3-methyl-pyrazolon-(5)-yl-l-amidin-

aminoguanidon dihydrochlond M/10,000
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Table 143. Continued

5. Mit Hydrazin gebildete Derivate von Aryl-azo-methylen-Gruppe
enthaltenden Verbindungen

F[2332 4-Phenyl-uzo-3,5-diamino-pyrazol

F/2313 4-(4'-Tolyl-uzo)-3,5-diamino-pyrazol

F/2)34 4-(-’i’-Chlor-plmnyl-uzo-)},5-\hnmmo-pyrazol
F/2335 4-Phenyl-azo-3,5-dimethyl-pyrazol

F/2336 4-(4'-Tolyl- LZ()) -3,5-dimicthyl-pyrazol

F2337 4-(4°-C hlur-phulyl 470)-3,5-dimethyl-pyrazol
F/2338 4-Phenyl-azo-3-amino-pyrazolon-(5)

F/2339 4-(4’-Volyl-azo)-3-amino-pyrazolon-(5)

F/2340 4-(4'-Chlor-phenyl-azo)-3-amino-pyrazolon-(5)
F/2341 4-Phenyl-uzo-3-methyl-pyrazoton-(5)

F/2342 4-(4’-1 olyl-azo)-3-methyl-pyrazolon-(5)

F/2343 4-(4-Chlor-phenyl-azo)-3-methyl-pyrazolon-(5)

6. Mit-Aminoguamdin-hydrochlorid gebildete Kondensationsprodukte
von Aryl-iizo-acetylacetonen und Aryl-azo-acetessigestern.

¥/2344 4-Phenyl-azo-3,5-dimethyl-pryazolyl-l-amidin hydrcchlorid
F/2345 4-(3’-”["0!yl-uzo)-.’i,S-dlmclhyl~l~mnidin hydrochtorid
¥/2346 4-(4'-Tolyl-uzo)-3,5-dimethyl-pyrazolyl-l-amidin hydrochlorid
F/2347 4-(3'-Chlor-phenyl-azo)-3, 5-dimethyl-pyrazolyt-l-amidin
hydrochlorid
F/2348 4-(4’-Chlor-phenyl-azo)-3,5-dimethyl-pyrazolyl-1-amidin
hydrochlorid
F/2349 4-Phenyl-wo-3-methyl-pyrazolon-(5)-yl-l-amidin hydrochlorid
F/2350 4-(3‘;Tollyli-nzo)-3-methyl-pyrnzolon-(S)-yl-l-amidin hydro-
chlorid
F/2351 4-(4’ITogyl-azo)-S—methyl-pyrazolon-(5)—yl-l-amidin hyd.o-
chlori
12352 _ 4-(3-Chlor-phenyl-azo)-3-methyl-pyrazolon-(5)-yl-l-amidin
hydrochlorid
F/2353 ° 4-(4’-Chior-phenyl-azo)-3-methyl-pyrazolon-(5)-yl-l-amidin
. hydrochlorid
7. Mit Thiosemicarbazid gcbnldcle Kondensationsprodukte von Aryi-azo-
acetylacetonen,
F/2354 ~ . 4-Phenyl-azo-3,5-dimethyl-pyrazolyl-l-thiocarbonsiurcamid
F/2355 4-(3'-Tolyl-azo)-3,5-dimethyl-pyrazolyl-1-thiocarbonsiurcamid
F/2356 4-(4'-Tolyl-azo)-3,5-dimethyl-pyrazolyl-l-thiocarbonsiaurcamid
F/2357 -%4’-C hlor—phcnyl-azo)-3,5-dimethyl-pyrazoly]-l-thiocarbon-
siureamid
F/2558 4-(4’-Chlor-phenyl-azo)-3,5-dimethyl-pyrazolyl-o-thiocarbon-
sdureamid

N /

8. Verschiedenc andere Azo-Verbindungen

F/2359 4-Tolyl-azo-nitromethan (= Nitro-formaldehyd-4-tolyl-
' hydrazon)
F/2360 4-Chlor-phenyl-azo-nitromethan (= Nitro-formaldehyd-4-
chlor-phenyl-hydrazon)
Fj2361 Phenyl-azo-dicyandiamin
F/2362 2-Tolyl-azo-dicyandiamin N
F/2363 3-Tolyl-azo-dicyandiamin
F/2364 4-Tolyl-azo-dicyandiamin
F/2365 2-Chlor-phenyl-azo-dicyandiamin
F/2366 3-Chlor-phenyl-azo~dicyandiamin
F/2367 4-Chlor-phenyl-azo-dicyandiamin
F/2368 2-Acthoxy-pheny!-azo-dicysndiamin

F/2369 4-Acthoxy-phenyl-azo-dicyandiamin
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M/ 2,500
M/ 5.000
M/10.000
M /10,000
M/10.000
M/25.0100
M/10.000
M/ 10,090
M/10.000
M/ 5,000
M/10,000
M/ 5.000

M/ 5,000
M/ 5.000
M/ 5,000
M/ 5,000

M/ 5,000
M/ 2,500

M/ 2,500
M/ 2,500
M/ 2,500
M/ 2,500

M/10,000
M/10,000
M /10,000
M/10,000

M/10,000

M/10,000



Malyuga et al (1971) reported on the antitubercular activity of
some phenylazo-5-salicylic acid and 2~-carboxy-4-phenylazonaphthol-1
derivatives, the substituents being on the "phenyl" ring. 1In order of
decreasing effectiveness in the salicylic acid series were: 4-chloro,
4=bromo = 4~iodo = 4-methoxy = 4~carbethoxy, 2-, 3-, or 4-methyl,

3-nitro = no substituent, 4~nitro, 2-nitro. This order in the naphthol

1

series was: 4-methyl, 4-methoxy, 2-nitro = 4~-carbethcxy = 4-~icdo = 4-

chloro, 3-methyl, no substituent, 4~-bromo, 4-nitro = 3-nitro.

XI. CURRENT REGULATIONS

There is only one non-dye azo compound for which a use regulation
“as been set, azodicarbonamide, 45 ppm in flour. Section III dealt
with world-wide practices regarding food, drug, and cosmetic use of azo

dves.

XII. STANDARDS

No information was found.
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APPENDIX

A list of synonyms and tradenames follows for those azo compounds
most frequently seen in the literature--for whatever reason. 1In the
case of dyes the "entry" name in the alphabetization was occasionally
gsomewhat arbitary. The scurce of azobisisobutyronitrile and azodicarbo-

namide was Modern Plastics Encyclopedia 1972-73, Vol. 49: No. 10A, p.

293 (1972). Two sources were used for the remaining entries: Colour

Index, 2nd edition, and Desktop Analysis Tool for the Common Data

Base (1968).

Amaranth

N20,593C,0Hy 4« 3Na
1302 Red CI
1508 Red C1
C.I. 16185 cl
Acid Amaranth cl
Acid Amaranth 1 (o3 4
Acid Amaranth N CI
Acid Leather Red I2BW CcI
Acid Leather Rubine 3§ CI
Afizen Amaranth [0 ¢
Amacid Amaranth CI
Amaranth MERCK,CI,LC,NF-A,USP, USP-A
Amaranth A CcI
Amaranth B c1
Amaranth B.P.C. CI
Amaranth S CI
Amaranth (the dye)
Amaranth BPC CI
Amaranthe CI
Amaranth Extra CI
Amaranth Lake CI
Amaranth S Specially Pure CI
Amaranth USP CI
Amaranth WD CI
Azo Red R CIl
Azo Rubine S
S~-Azo Rubine
Azo Rubine S.FQ CI
Azo Rubine SF CI
Azo Ruby S
Bordeaux S Extra Conc. A.Export c1
Bordeaux S Extra Pure A Cci
Ca~acert Amaranth CI
Certicol Amaranth S CI
Cilefa Rubine 2B CI
Cal. Acid Red 27 Cct
C.I. Acid Red 274 trisodium salt
C.l. Food Red 9 CI
Daishiki Amaranth Cl
Dolkwal Amaranth CI
Dye FDC red 2 CARF
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Amaranth cont.

Edicol Supra Amaranth A CI

Eurocert Amaranth CcY

FD and C Red No. 2 MERCK,CI,LC

FD and C Red No. 2~Aluminum Lake CI

Food Red 2 CI

Fruit Red A Geigy CI

HD Amaranth B CI

HD Amaranth Supra CI

Hexacert Red No, 2 Cl

Hexacol Amaranth B Extra CI

Hidacid Amaranth Ccl

Hi spacid Red AM Cc1

2-Hydroxy—-1,1*-azonaphthalene~3,6,4'~tr{sulfonic ac{d trisod{ium satlt

Java Amaranth CI

Kayaku Amaranth Cl

Kayaku Food Colour Red No. 2 CI

KCA Foodeol Amaranth A CcI

Ki ton Rubine S Cl

Lissamine Amaranth AC CcI

Maple Amaranth CI

247-Naphthalenedisulfonic acid, 3-hydroxy—4-[ (4-sulfo-l-naphthyl )azo)
-y trisodium salt

Naphthol Red B CI

Naphthol Red S CcIl

Naphthol Red S5 Conc. Specially Pure CI

Naphthol Red LZS CI

Naphthol Red ST (61

Naphthol Red S Specially Pure CI

Neklacid Red A CI

Rakuto Amaranth CI

Raspberry Red for Jellies (o §

San—-ei Amaranth CcI

Shikiso Amaranth CI

Solar Red D CI

1-(4~Sulfo-l-naphthylazo)-2-naphthol~3,6-disulfonic acid tricod{um
salt CARF

Takaoka Amaranth CcI

Tertracid Red A CcI

Toyo Amaranth CcI

Trisodium salt of 1-(4-sulfo-l~naphthylazo)-2-naphthol-3,6-disulfonic
ac id MERCK

Usacert Red No. 2 CI

Victoria Rubine O CcI

Victoria Rublne O for Food CI

Whortleberry Red CI

Wool Bordeaux 6RK cl

Wool Red 40F CI

Aminoazobenzene

N3CyaHy

C.1. 11000 cI

Aminoszobenzene cl

p—-Aminoazobenzene MERCK

4~Aminoazobenzene

Aminoazobenzene (Indlcator) CI

p—~Aminoazobenzol

4-Aminoazobenzol

p—~Amlnodiphenylimide

Antline, p-(phenylazo)- Ccl

Aniline Yellow Cl

Azobenzene, 4—amino-—

4-Benzeneazoaniline

Brasilazina (Uil Yellow G C1

Cellitazol R Ccl

Ceres Yellow R CI

C.I. Solvent Blue 7 CI

CeI. Solvent Yellow 1 CI

Fast Spirit Yellow CI

Fat Yellow AAB CI

Induline R Ccl

Dil Yellow AAB CI

0il Yellow AB o3 ¢

0it Yellow AN CI

Organol Yellow 2A CI

p-(Pheanylezo)aniline

p-Phenylazophanyiamine

Somalis fellow 26 ry

Budan Yullow % (9}



o-Aminoazotoluene
RyCreHyy
C.1. 11160 c1
Ce.I. 11160B Cl
Aminoazotoluene CI
o~Aminoazotoluene MERCK
2-Amino~5~azotoluene
4~Amlno-2' ,3~dimethylazobenzene
o-AY
Brasilazina Qi1 Yellow R c1
Ce.Il. Solvent Yellow 3 CI
2' 4 3-Dimethyl-4~aminoazobenzene
Fast Garnet GBC base
Faet Yellow AT CcI
Fat Yellow B CI
Hidaco 01l Yellow CI
GAAT
011 Yellow CI
Ofl Yellow C CI
D{il Yellow I cI
011 Yellow 2R CI
D1l Yellow 21 CI
011 Yellow 2681 CI
Ot1 Yellow AT Ccl
Organol Yellow 2T CI
Somalia Yellow R CcI
Sudan Yellow RRA CI
Toluazotoluidine
o~-Toluidine, 4-(o-tolylazo)~- CI
4—~(o-Tolylazo)-o~toluldine
Tulabase Fast Garnet GB cI
Telabase Fast Garnet GBC CcI

{
C.I. Solvent Yellow 3

Hue Yellow

Aminoazotoluene . -

Aminoazotoluene (indicator) ...
Brasilazina Oil Yellow R

Fast Oil Yellow ...
Fast Spirit Yellow .
Fat Yellow B
Fast Yellow AT ...
0Qil Yellow . -
0Oil Yellow I
Qil Yellow 21
Qil Yellow 2681 ...
Oil Yellow AT ...
Oil Yellow C
Qil Yellow 2R ..

Oil Yellow T .

Qil Yellow T
Organol Yellow 2T
Somalia Yellow R
Sudan Yellow RRA -
Waxakol Yellow NL
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Azobenzene

N2Cy2Hyo
Azobenzene MERCK, PI,FCH, GCUCP
Azobenzide GCUCP,PI
Azobenzol PI,MERCK
Benzene, azodi-
Benzeneazobenzene MERCK
Diphenyldfimide PI,GCUCP

Azobisisobutyronitrile
NL}C8H1 2

Ficel AZDN~FF
Nitrocel
Poly~Zole AZDN-FF
Porofor N

Vazo

Azodicarbonamide
N, 0,CoHy,

Azobisformamide,1l,1'-
Azocel

Celogen AZ

Ficel AC

Kempore

Porofor ADC

Vinyfor AC
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Black PN
Ng0,454CaeH21-4Na
1743 Black cl
C.1. 28440 CI
HDlack PN Ccl
Blue Black BN CI
Brillant Black BN
Brilliant Acid Black BNA Export CcI
Brilliant Acid Black BN Extra Pure A Cclt
Brilliant Black
Brilliant Black A c1
Brilliant Black BN CcI
Brilliant Biack N.FQ cl
Brilliant Black NAF
Certicol Black PNV cl
C{lefa Black B CI
C.l. Food Black 1, tetrasodium salt
Edicol Supra bBlack BN Cl
Hexacol Black PN CI
Melan Black cI
147-Naphthalenedisulfonic acid, 4~acetamido-5—hydroxy—6—{[7-sulfo—4-
{(p-sulfophenyl Jazo }-1~naphthyl Jazo}-, tetrasodium salt c1
Tetrasodium 2-[4~(p-sulfophenylazo)-7-sulfo-l-naphthylazo )-8-acetamid=
o~1-naphthol-3,5~disulfonate
Xylene Black F

Brilliant Black

NyO;3S4C3gHz0-4Na
c.I. 27260 [0 §
Brilliant black
C.I. Acid Black 3 09 4
C.Y. Acid Black 3, tetrasodium salt CI
Naphthol Black 38 ci
Tertracid Brilliant Blaeck B cI

Brown FK
C.I. Food Brown 1

Hue Yellowish Brown

Edicol Supra Brown OH
Golden Brown KBS
Hexacol Brown FK

Consists essentially of a mixture of the disodium
salt of 4, 4’-(4, 6-diamino-m-phenylenebisazo)
dibenzenesulfonic acid and the sodium salt of 4-
(4, 6-diamino-m-tolylazo) benzenesulfonic acid



Butter Yellow

N3CyaHys
C.1. 11020 [0 4
Anfline, N N-dimethyl-p-(phenylazo )~
Azobenzene, p—dimethylamino-—
BenzencazodImethylaniline
Brififant Fast Ofl Yellow CcI
Brillfant Fast Spirit Yellow C1
Brilliant Oi! Yellow C1
Butter or methyl yellow MERCK
Butter yellow
Cerasine Yellow GG CI
C.I. Solvent Yellow 2
DAB
Dimethylamlnoazobenzene CDF
Dimethyl aminoazobenzene
NyN-Dimethyl~4-aminoazobenzene
p—-Dimethylamincazobenzene MERCK
4-Dimethylaminoazobenzene
4~(NsN-Dimethylamino )azobenzene
4—Dimethylaminoazobenzol
4-Dimethylaminophenylazobenzene
NyN-Dimethyl~p—phenyl azoaniline
Dimethyl Yellow CI
DMAB
Enfal Yellow 2G CI
Fast 0il Yellow B o ¢
Fat Yellow CcI
Fat Yellow A CI
Fat Yellow R C1
Fat Yellow AD OO CI
Fat Yellow ES CI
Fat Yellow ES Extra Cc1
Fat Yellow extra conc CI
Grasal Brilliant Yellow CI
Methyl yellow
Ol Yellow CIl
011 Yellow D cI
0il Yellow G CI
0il Yellow 26 CI
0il Yellow 20 CI
0il Yellow 2625 CI
0f{1 Yellow BB CcI
0f1 Yellow FN CI
{1l Yellow GG [ §
0{1 Yellow GR CI
0fl Yellow II CI
0l1l Yellow PEL CI
Oleal Yellow 2G CI
Organol Yellow ADM cI
Orient Oi1 Yellow GG c1
Petrol Yellow WT CI
Reafnol Yellow GR CI
Silotras Yellow T2G Cl
Somalia Yellow A C1
Stear Yellow JB Cl
Sudan Yellow GG CI
Sudan Yellow GGA cI
Toyo 0fl Yellow G C1
Waxoli{ne Yellow ADS
Yellow G Soluble in Grease CI

C.I. Solvent Yellow 2

Hue Yellow—~Reddish Yellow

Brilliant Fast Qil Yellow
Brilliant Fast Spirit Yellow
Brilliant Oil Yellow
Cerasine Yellow GG
Dimethyl Yellow
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Butter Yellow cont.

Fast Oil Yellow B

Fat Yellow .-
Fat Yellow extra conc. ...
Fat Yellow A .

Fat Yellow AD OO

Fat Yellow ES extra

Fat Yellow R

Fat Yellow R (8186)
Grasal Brilliant Yellow...
0Oil Yellow

Oil Yellow 20 ...

Oil Yellow 2625 ...

Qil Yellow 7463 ...

Qil Yellow 11

0Oil Yellow BB

0il Yellow D

0Oil Yellow DN

0il Yellow FN

0il Yellow G

0il Yellow 2G

0Oil Yellow GG

Oil Yellow GR

0Oil Yeliow N
Organol Yellow ADM ...
Petrol Yellow WT
Somalia Yellow A

Stéar Yellow JB ...
Sudan Yellow GG

Sudan Yellow GG

Sudan Yellow GGA
Waxoline Yellow AD
Yellow G Soluble in Grease

Chrysoidine Base

NQcI ?HI!

Chrysoldine

Chrysofdine Base Cc1
Chrysoidine Base A CI
Chrysoidine Base B [o3 ¢
Chrysoidine G Base Cl
Chrysotdine J Base (o §
Chrysoidine Y Base CI
Chrysoidine Y Base New CI
Chrysoidine YD Base CI

C.I.
C.I.
C.l.
Ce.T.

Basic Orange 2

Basi¢ Orange 2, free base
Solvent Orange 3 CcI
Solvent Orange 34 CI

2y4~-Diaminoazobenzene
Fat Brown GG Ccl
Grasan Chrysolidine C1
Waxoline Orange Y CI
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Chrysoidine R
N4Cq9HppHCL

C.1. Basic Orange 1

Hue Dull Yellowish Orange
ArTIFICIAL LIGHT: brighter

Brasilazina Orange 3R ...
Calcozine Orange RS
Chrysoidine R ..
Chrysoidine R (onlogu:al stain am:l
indicator)
Chrysoidine RN .
Chryscidine 3R
Chrysoidine 3RN
Chrysoidine RPL.
Chrysoidine RRS
Chrysoidine RS ...
Chrysoidine RS ...
Diazocard Chrysoidine R
Pure Chrysoidine RD
Tertrophene Brown CR...

Chrysoidine Y Special

C.I. Basic Orange 2

Hue Yellowish Orange—Orange
ArtIFICIAL Ligut: Brghter

Brasilazina Orange Y
Calcozine Orange YS
Chrysoidine
Chrysoidine
Chrysoidine A
Chrysoidine B
Chrysoidine G ...
Chrysoidine GN ...

Chrysoidine GS ...

Chrysoidine HR ...

Chrysoidine J

Chrysoidine ] ...

Chrysoidine M, PRL & PRR..

Chrysoidine SL ... e

Chrysoidine SS

Chrysoidine Y

Chrysoidine Y Base New .

Chrysoidine Y Special (Bzolonlcal statrn
and indicator)

Chrysoidine YL

Diazocard Chrysoidine G

Leather Orange HR ...

Nippon Kagaku Chrysoidine ...

Pure Chrysoidine YD ..

Sugai Chrysoidine

Tertrophene Brown CG ..



Y . Coccine

N20,0S3C20H; 4 -3Na
1678 Red Ct
C.I. 16255 CI
Acidal Bright Ponceau 3R CcI
Acid Brilliant Scarlet 3R CcI
Acid Ponceau 4R CI
Acid Red 18 Cl
Acid Scarlet 3R Ccl
Acid Scarlet 3RZ CI
Acid Scarlet 4R CI
Acllan Scarlet V3R CI
Aizen Brilliant Scarlet 3RH CI
Atul Acid Scarlet 3R CI
Atul Scarlet F CI
Brilliant Ponceau 3R CI
Brilliant Ponceau 3RF CcI
Brilliant Ponceau 4R cr
Brilliant Ponceau 4RC [ 4
Brilliant Ponceau SR CI1
Briiliant Ponceau 4RC Specially Pure CcI
Brilliant Scarlet
Brilliant Scarlet 3R CI
Brilliant Scarlet 4R cI
Brilliant Scarlet 3R (Biological stain) CI
Brilliant Scarlet 3R Conc
Bucacid Brilliant Scarlet 3R (B4
Cafcocid Brilliant Scarlet 3RN Cl
Certicol Ponceau 4RS CI
Cilefa Ponceau 4R Ccr
Coccine
Coccin Red CI
Cochineal Red A c1
Cochineal Red 4R Cl
Cochineal Red A Specially Pure CIL
Colacid Ponceau 4R Cl
C.I. Acld Red 18 CI,MERCK
Cels Acid Red 18, trisodium salt
C.1. Food Red 7 Ccl
Curol Bright Red 4R CcI
Daiorhiki Brilliunt Scarlet 3R CI
C£dicol Supra Ponceau 4R Cl
Eurocert Cochineal Red A CcI
Fenazo Scarlet 3R Ccl
Food Red 6 Cl
Food Red 7 o3 §
HD Ponceau 4R CI
HD Ponceau 4R Supra CcI
Hexacol Ponceau 4R ClI
Hidacid Fast Scarlet 3R CI
Hi apacid Brilliant Scartet 3RF CI
Java Scarlet 3R c1
Kayaku Acid Brilliant Scarlet 3R CcI
Kayaku Food Colour Red No. 102 cl
Kf ton Scarlet 4R CI
Koehineal Red A for Food CI

1,3-Naphthalenedisulfonlc acid, 7-hydroxy-8-{(4-sulfo~l-naphthyl)azo]
—-y trisodium salt

Naphthalene Ink Scarlet 4R cI

Naphthalene Scarlet 4R Cl

Naphthalene Scarlet 4RS

Neklacid Red 3R CI

Neklacid Red 4R CI

New Coccin CI

New Coccine C1

New Coccine Extra Conce A Export Cl

New Coccine Extra Pure A Cl

Ponceau 3R CcI

Ponceau 4R CI

Ponceau 4RE

Ponceau 4RF CI

Ponceau 4RT Ccl e
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Coccine cont.

Ponccau 4R Aluminum Lake CcI

Ponceau 4RE.FQ Cc1

Pontacyl Scarlet RR CI

Purple Red [0 ¢

Rakuto Brilliant Scarlet 3R CI
San-ef Brilliant Scarlet 3R CcI
Scarlet 4R CI

Scarlet 4RA CI

Strawberry Red A Geligy CI

Sugaf Brllliant Scarlet 3R CI
Symulon Acid Brilliant Scarlet 3R C1
Takaoka Brillfant Scarlet 3R CI
Trisodium 1-(4-sulfo-l-naphthylazo )-2-naphthol-6,8-disulfonate
Victoria Scarlet 3R

Victoria Scarlet Red

Congo Red

NeDgS,Cy2Hay-2Na

c.I. 22120 C1

Atlantic Congo Red [0 §

Atul Congo Red cl

Atocard Red Congo (03 4

Benzo Congo Red [08 4

Brasilamfna Congo 4B CcI

C.l. Direct Red 28 CI

Cosle. Direct Red 28, disodfum salt
Congo red CDVF

Congo Red MERCK,CI

Congo Red H Cl
Congo Red L Ccl
Congo Red M CI
Congo Red N CcI
Congo Red R CcI
Congo Red W CI

Congo Red 4B cIl

Congo Recd 4BX cI

Conqgo Red CR CI

Congo Red ICI CcI

Congo Red RS CI

Cotton Red L CI

Cotton Red 4BC Ccl1

Cotton Red SB CcI

Df acotton Congo Red CI

Direct Red C [e38

Direct Red K [03

Direct Red 28 CI

Direct Red DC-CF CI

Erie Congo 4B CcI .

Hispamin Congo 4B CI

Kayaku Congo Red CI

Mitsui Congo Red CI

1-Naphthalenesulfonic acid, 3,3'{4,4'-biphenylenebis(azo)]
bis{4-amino-, disodium salt

Peeramine Congo Red CIl

Sodfum diphenyldiazo-bis—a—naphthylaminesul fonate MERCK

Sugaf Congo Red CcI

Tertrodirect Red C CI

Trisulfon Congo Red CI

Vondacel Red CL (63§
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Evans Blue

NgD;484Cy Hzqe4Na

T 1824 MERCK

C.I. 23860 [oh ¢

Azovan Blue

4.4‘-8!5[7—(l—amlno-B-hydroxy-Z,Q—disulfo)naphthylazo]—3,3'—bitolyl
tetrasodium salt MERCK

Cel. Direct Blue 53 CcI

CsI. Direct Blue 53, tetrasodium salt

Diazol Pure Blue BF CI

Dye evens blue CARF

Evans Biue USP,ADI,MERCK,USP-A

Evans Blue dye

1,3-Naphthalenedisulfonic acid, 6,6'-[ (3,3'-dimethyl-4,4'-biphenylyle=
ne )bis(azo)]bis[ 4-amino-5-hydroxy—-, tetrasodium salt

3'~Methyl-4-dimethylaminoazobenzene

N3CysHyr
Aniline, N,N-dimethyl-p-(m—tolylazo)-
Aniline, N N~dlmethyl—-4—~(m-tolylazo)-
3*M-DAB
3'Methyl-DAB
4~(Ny,N-Dimethylamino)-3'-methylazobenzene
4-Dimethylamino-3'-methylazobenzene CDF
MyN~Dimethyl-p—-(m-tolylazo)aniline
MDAB CDF
3'-MDAB
3'~Methy! butter yellow
3'—-Methyl-4~dimethyl aminocazobenz ene

Methyl Orange

N303SC,4H 5. Na
C.T. 13025 CI
Benzenesulfonic acidy p-[[p-(dimethylamino )phenyl Jazo}-, monosodium
salt
C.l. Acid Orange 52, monosodium sait CcI
Eniamethyl Orange CI
Gold orange MERCK
Helianthine B MERCK
KCA Methyl Orange CI
Methyl Orange CI
Methyl Orange B Cl
Methy! orange sodfum salt MERCK,CI
Drange III MERCK
Sodlum p-dimethylaminoazobenzenesulfonate MERCK
Tropaeolin D MERCK

Methyl Red

N302C,ysHs s
Benzoic aeid, o~{[ p-(dimethylamlno )phenyl Jazo}-
Cela Acid Red 2
p—-(Dimethyl amino )azobenzene—-o~carboxylic aclid
Methyl red CI



Neoprontosil

NyD; gS3CsgH;e+2Na

Bayer 102

6-Acetamido~4~hydroxy~-3- sulfamoyl - -
cetamido-d d{sodlzm sggf— oylphenyl )azo}-2,7-naphthalenedisul=

Azosulfamide TECMTN, ADI,MERCK

Disodium 2-(4*-sulfamylphenylazo)-7-acet -1~ -3 4=
6-disulfonate MEgC?,IEgHTN ) * amidolhydroxynaphthalene-3,=

Drometll MERCK

Leuconeoprontosil

237-Naphthalenedlsul foniec aecid, 6~acetamido—4-hyd -3 =
phenyl)azo]-, disodlum salt' yaroxy=3-{(pmsultamoyt

Neoprontosil ADI 4MERCK

Neoprontosil sodium

Prontosil § MERCK

Prontosil Soluble MERCK

Streptocid Rubrim

Streptozon S

Streptozon II

Niagara Blue 2B

NeB1454CazHz4 4N
Blue 2B C1
C.1. 22610 CI
Atredale Blue 2BD cl
Afzen Direct Blue 2BH CIl
Amanil Blue 2BX CI
Atlantic Blue 2B CIl
Atul Direct Biue 2B cI
Azocard Blue 2B cI
Azomine Blue 2B CcI
Pelamine Blue 2B CcI
Bencidal Blue 2B cl
Benzani{l Blue 2B CI
Benzo Blue BBA-CF c1
Benzo Blue BBN-CF CcI
Benzo Blue GS Ccl
Blue 2B salt
Brasitamina Blue 2B cI

Calcomine Blue 28 cr
Chloramine Blue 2B CcI
Chlorazol Blue B CI
Chlorazol Blue BP [}
Chrome Leather Blue 2B CI
C.Y. Direct Blue 6 cI
C.el. Direct Blue 6, tetrasodium salt
Cresotine Blue 2B Ccl
Diacotton Blue BB CcIl
Diamine Blue 28

Diamine Blue BB Ccl

Di aphtamine Blue BB CI
Diazine Blue 2B cI

Diazol Blue 2B (034
Diphenyl Flue M2B CI
Diphenyl t'lue 2B cI
Diphenyi Biue KF CI
Direct Blue A C1

Direct Blue X

Direct Blue M2B CI

Direct Blue 2B CI

Direct Blue GS cI

Enfanil Blue gBN CI
Fenamin Blue 2B CcI
Fixanol Blue 2B CI
Hispamin Blue 2B c1l
Indigo Blue 2B cl

Kayaku Direct Blue BB CI
Mitesul Dlrect Blue 2BN cl
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Niagara Blue 2B cont.

Naphtamine Blue 2B CcI

247-Naphthalenedisulfonic acid, 3,3'-{4,4%—biphenylylenebis
(azo)lbis(5-am{no~4-hydroxy—, tetrasodium salt

Niagara Blue 2B Ccl

Nippon Blue BB cl

Paramine Blue 2B [0

Phenamine Blue BB CI

Pheno Blue 2B CI

Pontamine Blue BB CcI

Tertrodirect Blue 28 Cl

Vondacel Blue 2B cI

Niagara Sky Blue 6B

NeDy6Se¢CaaHogedNa .
C.I. 24410 CI4PI
Afredale Blue FID CI
Amanfl Sky Blue 6B CI
Amanil Sky Blue fF Cl
Atlantic Resin Fast Blue LLGG CX
Atlantic Sky Blue 6B (o3 §
Atlantic Sky Blue FF CI
Atul Direct Sky Blue FB Ccl
Azine Brilliant Blue 6B CI
Azocard Blue 6B CcI
Belamine Sky Blue FF CI
Benzanll Sky Blue FF CcI
Benzanil Supra Blue 2GN CI
Benzo Brilliant Blue 6BS CI
Brasilamina Sky Blue 6B CcIl
Brill{ant Benzo Blue 6BA-CF Ccl
Calcodur Blue 6GFL Cl
Calcodur Resin Fast Blue 6G CcI
Calcomine Sky Blue FF CI
Chicago Blue 6B c1
Chicago Sky Blue 6B CI
Chloramine Sky Blue FF CI
Chlorantine Fast Blue BSGL CI
Chlorazol Sky Blue fF PI,CI
Chrome Leather Sky Blue GS Cl
CeI. Direct Blue 1 cI
Cel. Direct Blue 1, tetrasodium salt
Cresotine Blue 6B CcI
Dfacotton Sky Blue 6B CI
Diaphtamine Blue BS CI
Diazlne Sky Plue FF CI
Diazol Pure Blue 6B Cl
Diphenyl Brilliant Blue FF [
Direct Blue 6B Cl
Direct Blue 6BS CI
Direct Blue FF CI
Direct Blue FFN CcI
Direct Bright Blue
Direct Bri{lliant Blue FF Cc1
Direct Brilliant Blue MFF Cl
Direct Brilliant Sky Blue 6B CI
Direct Pure Blue 6B CI
Direct Pure Biue FF cI
Direct Sky Blue 6B CcI
Direct Sky Blue 6BS cI
Direct Sky Blue fF CcI

Direct Sky Blue Green Shada CI
Direct Sky Blue GS c1

Enfani! Brillfant Biue FF 43 4
Fastusol Brilliant Blue L8GU [o3 4
Fenamin Sky Blue 3F cl

Fixanol Sky Blue FF CI

Hispamin Sky Blue 6B CcI



Niagara Sky Blue 6B cont.

Ink Blue 6B CI

Japanol Brilliant Blue 6BKX CI
Kayaku Direct Sky Blue 6B CI
Lumicresse Blue 4GL CI

Lumicrease Sky Blue 6GUL Cl
Mitsui Direct Brilliant Blue 6B CI
Naphtamine Sky Blue DD CI

Niagara Sky Blue 6B CI

Nyanza Sky Blue 6B CI

Paper Blue 6B CI

Paramine Sky Blue FF CI

Phenamine Brilliant Blue 6B CI
Pheno Sky Blue 6BX CI

Pontamine Sky Blue

Pontamine Sky Blue 6BX CI
Pontamine sky blue 6x

Pontamine Sky Blue 6BX Greenish CI
Pure Sky Blue 6B cI

Pyrazol Fast Brilliant Blue VP CI
Shikiso Direct Sky Blue 6B CcI
Sirius Supra Blue 4G CIl

Sky Blue 6B

Solar Blue 4GL Cl

Tertrodirect Blue FF CI

Vegentine Blue CSW CI

Vondacei Blue FF C1

Orange 1

N204SC;e¢Hy 2 Na
C.I. 14600 CI
Acid Leather Orange [ CI
Acid Orange I
Afzen Orange 1 CI
Benzenesulfonic acid, p={(4-hydroxy-1-naphthyl )azo]-, sodium salt
Certiqual Orange I CI
C.le Acid Orange 20
Dye orange No. 1 CARF
Enlacid Uranqe [ ClI
Exts D and C Orange No. 3 CI
Hispacid Orange 1 CI
Java Oranqe I CI
Naphthalene (range 1 CI
a—Naphthol oranqge MERCK
Neklacid Orange 1 CI
Orange [ CIyMERCK
1333 Orange CI
Drange I Extra Conc. A Export CI

Orange IM cI
A.F. Orange No. 1 CI
Sodfum azo—a-naphtholsulfanflate MERCK

4-p~Sulfophenylazo-1-naphthol monosodium salt CARF
Tertracid Orange I (o3 4
Tropaeolin 000 no. 1 MERCK

Orange G

N20y82C ¢H 2.2Na
C.I. 16230 cIl
Acidal Fast Orange CI
Acid Fast Orange G CI
Acid Fa-t Orange EGG CI
Acld Leather Orange KG cI
Acid Leather Orange PGW CI
Acid Orange G CI
Acid Orange 2G CIl
Acid Orange 10 CcI
Acilan Orenge GX Cl
Amacid Crystal Orange CIl
Apocid Orange 2G Cl
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Orange G cont.

C.JI. Acid Orange 10 l

Acidal Fast Orange

Acid Fast Orange G

Acid Light Orange J ...
Acid Light Orange SX ...
Acid Orange G

Acid Orange GG...

Acid Orange GG...

Acilan Orange GX

Apocid Orange 2G

Brasilan Orange 2G - .
Calcocid Fast Light Orange ZG
Cetil Light Orange GG
Crystal Orange 2G
Eniacid Light Orange G

Erio Fast Orange AS

Fast Acid Orange G

Fast Light Orange G

Fast Light Orange GA-CF
Fenazo Light Orange 2G
Hidacid Fast Orange G...
Hispacid Fast Orange 2G
Java Orange 2G ...
Kiton Fast Orange G
Kiton Fast Orange G

Leather Orange GG .-
Light Orange G ...
Light Orange G ...
Naphthalene Fast Orange 2G
Neklacid Fast Light Orange GG
Orange G ...
Du
Orange G (Biological stain)
Orange G (Indicator)

Orange G, BPC ...

Orange GG
.Orange 2G .

Solar Light Orange GX
Tertracid Light Orange G ...
Wool Orange 2G .
Xylene Fast Orange G ...

C.1. Food Orange 4

Acid Light Orange JA Exﬁort .
Acid Orange G ... .
Acid Orange GG Crystaln
Dolkwal Orange G

Hexacol Orange G . .
Hexacol Orange GG Cry‘uh .
Light Orange AG Conc. .
Orange G
Orange GG

Orange GG Specxally Pun
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Orange RN

N2G,SCy ety e Na
C.I. 15970 cI
Ac.dine QOrange GN cI
Acilan Orange G CI
Acilan Ponceau 4GBL C1
Amacid Brilllant Orange CI
Brilliant Orange CI
Brilliant Orange G CI
Brilliant Orange GN CI
Brilliant Orange GN Type 8019 CI
Cels Acid Orange 12 CIl
C.l. Acid Orange 12, sodfum salt CI
Cele Food Orange 1 C1
Croceline Orange
Crocelne Orange Y CI
Croceine Orange 2G Cl
Crocelne Orange EN C1
Crocein Orange CI
Hello Orange CAG Cl
Hexacol Orange RN CI
Hispacid Orange CG CI
Kiton Brilliant Orange G CI
Ki ton Ponceau 4G CI
Lutetia Orange 2JR CI
Monolite Orange C CI
2—-Naphthalenesulfonic acid, S-hydroxy-5-{ phenylazo)-, sodium salt
Orange G Ccl
1008 Orange CI
Orange G Food Grade CI
Orange LZS CI
Orange RN CI
Ponceau 4G CI
Segnale Light Orange GR CI
Siloton Orange GR CI
Tertracid Brllliant 0Orange P4G Cl

Orange SS

Na0Cy 7Hy s
C.I. 12100 CcI
Cele Solvent Orange 2 CI
Dolkwal Orange SS CI
Exte D and C Orange No. 4 cr
Fat Orange 11 CI
Fat Orange RR CI
FD and C Orance No. 2 LC
Hexacol 011 Orange SS CI
Lacquer Orange V CI
2-Naphthoi, 1-(o-tolylazo)-
0il Orange OPEL CI
il Orange O'PEL
0il Orange SS Ccl
011 Orange TX CcI
Olewl Orange SS cl
A.F. Orange No. 2 Cl

Orange 0OT#

Orsnge 3R Soluble in Grease CI
Orange SS Lc
Organol Orange 2R CI
Toluene-2-azonaphthol-2
1-o~Tolylazo~2~naphthol
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Ponceau 2R

N20:52CqoH; g+2Na

1695 Red CI

C.l. 16150 c1

Acidal Ponceau G C1

Acid Leather Red P2R CcI
Acid Leather Red KPR CI
acid Lesther Scarlet IRW c1
Acid Ponccau R cr

Acid Toncecau 2RL Cl1

Acid Ponceau Special cr
Actd Red 26 CI

Acid Scarlet 2B C1

Aclid Scarlet 2R CI

Aclid Scarlet 2RL CI

Acid Scarlet 2R for Lakes CcI

Acid Scarlet 2R for Lakes Bluish Cl

Ahcocid Fagt Scarlet R C1

Alzen Ponceau RH cI

Amacid Lake Scarlet 2R %34

Calcocid Scartet 2R Cl

Calcolake Scarlet 2R CI

Cert{col Ponceay MXS CI

Colacid Ponceau Special CcI

C.I. Acid Red 26 CI

Cels Acid Red 24, disodium sait Ccl

C.T. Yood Red 5 CI

Disodium (2,4-dimethylphenylazo}—2~hydroxynaphthalene~3,6-disulfonate

Disodfum salt of 1-(2,4-xylylazo)-2-naphthol~3,6~disulfonic acid

Edicol Supra Ponceau R CcI

Fenazo Scarlet 2R C1

Hexacol Ponceau ZR C1

Hexacol Ponceau MX CI

Hidacid Scarlet 2R CI

Kiton Ponceau R CI

Kiton Ponceau 2R CI

Ki ton Scarlet 2RC CcI

Lake Scarlet R C1

Lake Scarlet 2RBN Cl

2,7-Naphthalenedisul fonic acid, 3-hydroxy-4~(2,4-xylylazo)-,
disodium salt

Naphthalene Lake Scarlet R Cl

Naphthalene Scarlet R CI

Naphthazine Scarlet 2R CI

Neklacid Red RR CI

New Ponceau 4R C1

Paper Red HRR c1

Pigment Ponceau R cI

Ponceau G CI

Ponceau R CI

Ponceau 2R ci,LcC

Ponceau 2RL Ccl

Ponceau 2RX CI

Ponceau R {Biological stain) Cl

Ponceau 2R (Biological stain) CcI

Ponceau BNA Ccl

Ponceau 2R Extra A Export CI

Ponceau MX CcI

Ponceau PXM Cl

Ponceau Red

Ponceau Red R

Ponceau RR CI

Ponceau RR Type 8019 CI

Ponceau RS

Ponceau Xylidine (Biological stain) CI
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Ponceau 2R cont.

D+C Red No. 5 CI

Scarlet R CI

Scarlet 2R CI

Scarlet 2RB CcI

Scarlet 2RL Bluish CI

Scarlet RRA CI

Tertracid Ponceau 2R CI

Xylidine Ponceau CI

Xylidine red
l—XyIyIazo—2~naphthol—3,6—disulfonic acid 9
1—(2,4—Xy|ylazo)—2—naphthol—3.6—disuifonl; ::l:d;T:o;?:; salt

Ponceau 3R

N20782C oH; 6 +2Na
C.I. 16155 cI
C.l. Food Red 6 Cc1
Cele Food Red 64 disodfum salt Cl
Dolkwal Ponceau 3R CI
Ext. D and C Red No. 15
External D and C Red No. 15 CIl
FD and C Red No. 1 CI,LC .
Maple Ponceau 3R cI
2,47-Naphthalenedisul fonic acid, 3—hydroxy~4-[{(244,5~trimethylphenyl)a=
zo0}, disodium salt CI
Ponceau 3R MERCK,4CI 4 LC
Ponceau 3RN CI
Ponceau 3R Lake CI’
Sodium cumeneazo~f-naphthol disulfonate MERCK
Usacert Red No. 1 CIl

Ponceau 6R

N20,S2C,0H 42Na
C.¥. 16250 C1
Acidal Crystals Ponceau C1
Acid Leather Ponceau 6R Cl
Acfd Ponceau 6R CI
Acid Red 6A CI
Colacid Red 6A Ccl
CeI. Acid Red 44
Crystal Ponceau CI
Crystal Ponceau M6R CI
Crystal Ponceau 6R CI
Crystal Scarlet 6R CI
Crystal Tertracid Ponceau 6R CcI
1y3-Naphthalenedisul fonic acid, 7-hydroxy-8—(l-naphthylazo)—, disodium
salt
Ponceare 6R
Ponceau 6R CcI
Ponceau Cristallise Extra A Export Cl
Ponceau Crystals SR CI
Ponceau 6R Crystals Cl

246



Ponceau SX

HeD35,C, gHy g 2Na
1306 Red cl
12101 Red [ ¢
C.I. 14700 cl
Certicol Fonceau SXS [ 4
CsTe Food Red 1 CI
Cusl. Food Red 1, disodium salt
Dye FD and C Red No. 4 CARF
Edicol Supra Ponceau SX CI
FP and C Red No. 4 CFR,CI
Food Red 4 CI
Hexacol Ponceau SX CI
1-Naphthalenesul fonic acld, 4-hydroxy-3-[(6-sulfo—-2,4~-xylyl)azo)}
Ponceau SX
2-( 6-Sulfo~2,4—xylylazo)1-naphthol-4~-sulfonic acid, disodium salt
Usacert Red No. 4 CI

Prontosil

Ng0,SCy ,H, 5
Benzenesulfonamide, p~[ (2,4-dilarinophenyl )azo)-
Chrysoidine, 4'-sulfamoyl~
294-Diaminoazobenzene—4'-sulfonamide
p-[(2y4-Diaminophenyl )azolbenzenesul fonami de
Prontosil
Prontosti red
Red streptocide
Streptocide MERCK
Sulfachrysoldine INN, INN—-A
Sul famidochrysoidine
4-Sulfamyl—2,4~dl aminoazobenzene
Sulphachrysofdine

Sunset Yellow

N304SCy ;H, ¢« Na
C.1. 13010 CcI
C.I. 13011 cI
Acid Yellow FWA CI
Benzenesulfonic acid, p~{(p~aminophenyl )azo ]-, sodium salt
C.I. Food Yellow 6 CcI
C.1. Food Yellow 6, monosodium salt Ccl
Hexacol Yellow RFS CI
New Yellow GMF CTt
Sunset Yellow CcI
11848 Yellow CI
Yellow RFS CI
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Sunset Yellow FCF

N20;8,Cy¢Hy2+2Na
C.T. 15985 Cl
Acid Yellow TRA Cl
Atul Sunset Yellow FCF CcY
Canacert Sunset Yellow FCF CI
Certicol! Sunget Yellow CFS CcI
Cilefa Urange S CI
C.I. Food Yellow 3 CcI
Cel. Food Yellow 3, disodium salt Cl
Dolkwal Sunset Yellow CcI
Dye ¥DC yellow lake 6 CARF
Dye FDC yellow No. 6 CARF
Dye Sunset Yellow CARF
Edicol Supra Yellow FC cI
Enlacid Sunset Yellow CI
Eurocert Orange FCF Ccl
FD and C Yellow 6 CI
FD and C yellow lake No. 6 CARF
FD and C Yellow No. 6 CI4CFR,LC
Food Yellow 6 [
HD} Sunset Yellow FCF CI

HD Sunset Yeliow FCF Supra CI

Hexacol Sunset Yellow FCF cl @

Hexacol Sunset Yellow FCF Supra [0 § !

XCA Foodcol Sunset Yellow FCF CI

Maple Sunset Yellow FCF CI

2-Naphthalenesulfonic¢c acid, 6—hydroxy-5-[(p-sulfophenyl)azo)
-y dluodium salt CcI

Orange II R

Orange PAL CY

Orange RGL conc. Specially Pure CI

Orange Yellow S.FQ CI

Para Orange

1-p~Sul fophenylazo-2-naphthol—6-sulfonlc acld, disodium salt CFR

Sun Crange A Gelgy Cl

Sunset Yellow C1

Sunset Yellow FCF LC,CI

Sun Yellow

Sun Yellow Extra Conc. A Export cI

Sun Yellow Extra Pure A . CI

Sun Yellow FCF

Usacert Yellow No. 6 CI

1351 Yellow CI

1899 Yellow Cl

A.F. Yellow No.5 o3 §

Yellow Orange S

Yellow Sun

Yellow SY for Food CI

Tartrazine
Ne0gS2CieH;2.3Na
C.I. 19140 CcI
Acid Leather Yellow T cI
Acid Yellow T Cl
Acid Yellow 23 CI
Acilan Yellow GG Ccl
Alredale Yellow T cl
Alzen Tartrazine Ccl
Amacid Yellow T CI
D and C Yellow No. § CI
Atul Tartrazlne CI
Bucacid Tartrazine Cl
Calcocid Yellow MCG Cl
Calcocid Yellow XX CcI
Canacert Tartrazine CcI
3~Carboxy-5—hydroxy—i-p~sulfophenyl-4-p-sulfophenylazopyrazole
trisodium salt MERCK, CFR
Certicol Tartrazol Yellow S CcI
Citefa Yellow T CI
C.l. Acid Yellow 23 CI
Cels Acid Yellow 23, trisodium salt cl
Cel. Food Yellow 4 Cl
Curon Fast Yellow 5G Cl
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Tartrazine

Dolkwal Tartrazine Cl

Dye FD and C Yellow No. § CARF

Edicol Supra Tartrazine N cI

Egg Yellow A CI

Erio Tartrazine CI

Eurocert Tartrazine c1

FD and C Yellow S cl

FD and C Ysllow No. 5 CI yMERCK,LC,CFR

Fenazo Ycllow T CI

Food Yellow § Cl

HD Tartrazine CcI

HD Tartrazine Supra cI

Hexacert Yellow No. § CI

Hexacol Tartrazine cI

Hidazid Tartrazine CI

Hiapacid Fast Yellow T cl

Hydrazine yellow MERCK

tiydroxine Yellow L [9 ¢

Kako Tartrazine cl

Kayaku Food Colour Yellow No. 4 CI

Kayaku Tertrazine CI

KCA Foodcol Tartrazine PF CI

KCA Tartrazine PF CI

Ki ton Yellow T Cl

Lake Yellow CcI

Lemon Yeflow A CI

Lemon Yellow A Gelgy cI

Maple Tartrazcl Yellow Cl

Mitsui Tartrazine CI

Naphtocard Yeliow O Cl

Nektacid Yellow T CI

Oxanal Yellow T CcI

San—ef Tartrazine CI

Sugaf Tartrazine Cl

Tartar Yellow N CI

Tartar Yellow S CI

Tartar Yellow FS Cl

Tartar Yellow PF CcI

Tartran Yellow CcI

Tartraphenine CI

Tartrazine CI,MERCK

Tartrazine B CI

Tartrazine B.P.C. cI

Tartrazine G CI

Tartrazine M C1

Tartrazine N CI

Tartrazine D CI

Tartrazine T CI

Tartrazine A Export cI

Tartrazine Extra Pure A CI

Tartrazine FQ cI

Tartrazine Lake CI

Tartrazine Lake Yellow N Cl

Tartrazine MCGL Cl

Tartrazine NS cl

Tartrazine O Specially Pure CI

Tactrazine XX CI

Tartrazine XX Specially Pure Cc1

Tartrazine XXX cl

Tartrazine Yellow CcI

Tartrazol BPC cl

Tartrazol Yellow CI

Tartrine Yellow D cI

Trisodium 3-carboxy—-5-hydroxy~l-p~sulfophenyl—-4-p-sulfophenylazopyraz=
ole MERCK

Unitertracid Yellow TE Cl

Usacert Yellow No. 5 CI

Vondacid Tarirazine CI

Wool Yellow Cc1

Xylene Fast Yellow GT CI

1310 Yellow CI

1409 Yellow CI

Yellow Lake 69 CI

A.F. Yellow No.4 CI

Yellow No. 5 FDC CARF
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Trypan Blue

NgO;1484Cy4Hz 8- 4Na
Blue 3B ct
C.T. 23850 CI1
Amanil Sky Blue R CI
Bencidal Blue 3B (0B
Benzamine blue MERCK
Benzanil Biue 3BN CcI
Benzo bLlue MERCK
Benzo Blue 3BS CcIl
Blue EMB CI
Brasilamina Blue 3B CI
Chloramine Blue 3B CI
Chrome Leather Blue 3B CI
C.I. Direct Blue 14 CI
C.l. Dlirect Blue 14, tetrasodium salt CI
Congo blue MERCK
Cresotine Blue 3B CI
Diamineblue MERCK
Diamine Blue 3B
Dianil blue MERCK
Diaphtamine Blue TH CI
Diszine Blue 3B Cl
Diazol Blue 3B CI

Diphenyl Blue 3B CI

Direct Blue M3B CI

Direct Blue 3B CcI

Hispamin Blue 3BX CI

2,7-Naphthatenedisulfonlc acidy 3,3'-[(3,3'-dimethyl-4,4*-biphenylyle=
ne)bis(azo) Jbis[5~amino—4~hydroxy—, tetrasodium sal?l

Naphthylamine blue MERCK

Niagara Hlue MERCK

Niagara Rlue 3B cl

Paramine Blue 3B CI

Pontamine Blue 3BX CcI

Sodium ditolyldisazobis~8-amino~l-naphthoi~3,6~disul fonate MERCK

Trypan blue CDF

Trypan Blue MERCK,VBB

Trypan Blue BPC CI

Trypane blue ™

Trypan Red

NgO,5S5C32Ha4.5Na
C.I. 22850 CI
247-Naphthalenedisulfonic acld, 4,4'—{(3—sulfo-#,i'—biphgnylylene)bls
(azo)]bis[3-amino~, pentasodium salt
Trypan Red MERCK,CI



TABLE 4.--Dves For wHicH U.S, PRODUCTION OR SALES WERE REPORTED,
IDENTIFIED BY MANUFACTURER, 1971

(Dyes for which separatc statistics are given in table | are marked below with an asterisk (*); dyes not so maiked do
not appear in table 1 hecausc the reported data are accepted in confidence and may not be published. Manufacturers®
ident1fication codes shown bLelow are taken trom table 3. An x signified that the manufacturer did not consent to
his identification with the designated product]

AN

Dye Manufacturers' 1dentification codes
(according to list in table 3)

ACID DYES

*Acid yellow dves:

Acid Yellow ACY.

Acid Yellow ACS, ACY.

*Acid Yellow ATL, BDO, CMG, VPC.

Acid Yellow TRC.

*Acid Yellow ACS, ACY, ATL, BDO, CMG, DUP, KN, PDC, SDH, TRC, Vi¢,
Acid Yellow ATL

*Acid Yellow AAP, ACS, ACY, GAF, MRX, PDC, SDH, TRC, VPC, WJ, YAW,
Acid Yellow
Acid Yellow

*Acid Yellow

*Acid Yellow

*Acid Yellow

*Acid Yellow

*Acid Yellow

*Acid Yellow

ACS, ATL, PDC.

ACS, DUP, GAF, TRC.
ACS, ATL, GAE.

ALT, ATL, DUP, TRC, VPC.
AAP, ACY, GAE, VPC.
AAP, GAF, VPC.

Acid Yellow VPC,

*Acid Yellow ACS, ACY, CMG, GAF, HN, TRC, VPC.
Acid Yellow vrC.

Acid Yellow AAP, ACS.

Acid Yellow
Acid Yellow
*Acid Yellow

ALT, FAB, TRC.
ACS, DUP, SDH.
ACS, GAF, TRC.

Acid Yellow ACY.

Acid Yellow 79----- G e ciccccaa e VPC.

*ACLd YellOW §9--vcmmmomm e me e e S e ACS, CMG, GAF, TRC, VPC.
Acid Yellow CMG, TRC.

Acid Yellow .
*Acid Yellow 124--ceemcccmcm e ccecn e e o DUP, HN.
Acid Yellow
Acid Yellow
Acid Yellow
Acid Yellow
*Acid Yellow
Acid Yellow

CMG, DUP, FAB, GAF, HN, TRC, VPC.

*Acid Yellow 159----cccmommce e FAB, GAF, HN, TRC, VPC.

Acid Yellow 174---corememc e e an

Acid Yellow 175-c-cmommmm e e e e

Other acid yellow dyes~==-= =scecvmcoccnomcarnncmananna ACY, ALT, BAS, CMG, GAF, HST, TRC, VPC.
*Acid orange dyes:

Acid Orange GAF, HN,

Acid Orange ACS.

Acid Orange ACY,

Acid Orange ACS.

*Acid Qrange AAP, ACS, ACY, ATL, CPC, DUP, GAF, HN, PBC, TRC,

VPC, YAW.

*Acid Orange
*Acid Orange

ACS, ACY, ATL, DUP, GAF, HN, TRC, VPC.
ACS, ACY, ATL, DUP, GAF, PDC, TRC, VPC.

Ac%d Orange ACS.

*Acid Orange 2 ACS, ACY, DUP, GAF, TRC, YAW.
Acid Orange AAP,

Acid Orange ACS, TRC.

Acid Orange CMG, TRC.

Acid Orange - ACS, ATL.

Acid Orange GAF.

*Acid Orange ATL, CMG, DUP, GAF, HN, TRC. -
Acid Orange TRC.

.Ac::d Orange GAF, IRC. '
Acid Orange ACS, ACY, Dyp,

Acid Orange ACY,
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TABLE 4+ --Dves For wHicH U,S, PRODUCTION OR SALES WERE REPQRTED,
IDENTIFIED BY MANUFACTURER, 1971--CONTINUED

Dye

Manufacturers'

identification codes
(according to list in table 3)

*Ac
woad
*ooud
Acad
Actd
Ad
*Acad
Jand
Avid

A id

ACID DYES--Continucd

*orange dyes--Continued

Orange 7
Orange
Orange
Orange
drangu
Orange
Orange
urange
Jrange

{~her acid orange dye€S-----ce-mcmmmmuan e e

*Aci i red dyes:

*Acid

*Acid
*Acid
Aced
*Acid
*Acad
Acud
Acid
Acid
Aca
*Acd
Acic
Acid
Acod
Ac_d
*Acid
Ac~4
*Acud
Acii
*Acid
*Acid
Acid
*Acid
Acid
Acid
Acid
*Ac-d
*Aci
*Acid
Acid
Acid
*Acid
Acad
*Acid
Acid
Acid
Acid
*Acid
Acid
*Acid
Acad
Acid
Acid
Acid
Acid
Acid
*Acid
Acad
Acid
Acid

Red

Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red 309

213
2006
292

GAF.
ACS, CMG,
TRC.
ACS.
ACS, ALT,
ACS, ALT,
TRC.
pup.
DUP.
ALT, GAF,

AAP, ACS,

AAP, ATL,
ACS, ATL,
ACS, ATL,
ACS, ATL,
ACS, ACY,
ACS.

GAF.

YAW.

AAP, GAF,
ATL, CMG,
GAF.
GAF,
ATL,
AAP,
ACS,
ATL,
ACS,
SDH.
ACS,
AAP,
ATL,
ATL,
VPC.
YAW.
ATL.
AAP,
ACS,
ALT,
GAF.
TRC.
ACS, ATL,
ALT.

ACY, ALT,
ACS, ATL,
DUP.

DUP.

ACS, ALT,
CMG, TRC.
ACY, ATL,
TRC.

CMG, TRC.
TRC.

DUP.

TRC.

TRC.

DUP, TRC,
ACY.

ALT, TRC.
TRC.

TRC.
ATL.
ACY,
GAF,
ACY,

ACY,
ATL,
GAF.
CMG,

ACS,
ATL,
ATL.

.

25,

GAF, TRC.

TRC.

FAB, GAF, N, TRC, YAW.

HST, TRC, VPC.

ACY, ATL, BDO, DUP, GAF, HN, SDH, TRC,

VPC, YAW.

BDO,
GAF,
TRC.
BDO,
ATL,

CMG,
PDC,

GAF, PDC, TRC, VPC, YAW.
YAW.

GAF, TRC.
CPC.

DUP, GAF, N, TRC.

ATL,
Ic1.
ALT.

puP, GAF, PSC, TEC, YAW.

ATL, CMG, DUP, GAF, HN, TRC, VPC, YAW.
ATL,

BDO,

DUP,
GAF,

GAF, TRC, SDH,
HN.

YAW,

FAB, HN, TRC, YAW.

ALT,
GAF.

ATL, DUP, GAF, TRC, VPC.

DUP, GAF, HN, TRC.

ATL,
DUP,

pUP, HN, TRC, VPC, YAW,
TRC.

ATL, BDO, CMG, DUP, GAF, HN.

CMG, GAF, VPC.

VPC.



TABLE 4.--Dves For wHicH U,S, PRODUCTION OR SALES WERE REPORTED,
IDENTIFIED BY MANUFACTURER., 1971--CoNTINUED

bve

Manutacturers’ identithcation codes
{according to list in tuble 3)

ACID DYES--Continued

*Acid red dyew--Continued

Ac1d Red 337------ccmemmmmmmmem o c e m e me e

Acie Red 335---cmmmmmcmcm s m e o m e ce e a e e e

Acid Red 300 rmmcommcer v et e m e e e e o

Other a<id red dyes-----=ecvorecomacmaecnx e m—————

*Acad viv.:t dyes:
*Acid Vioiet
*Acid Violet
*Ac,a Vi.let
#hcid Viclet 12--emecmecommrenaaann S e mcm———m——————
*AC:d Viclel 17--cmeccmcmm s mcmrcmcnmua s ncmn——m—,

Acid Violet 29----mmemmmmmce o cnmcen e mmma oo

Acid Violet 3deccmmcvccmmerccmccnccccrnccc e e cme

Aci8 Viclet dlecccmemmmrccnnce e mrccr e o
*Acid Vi1olet 43--ccmmmccmmrrmccac e cmcemccn v —n e
*Ac1d Violet 49«vemcccmcreccrncmeccmcnne e man e n o ———— -

Acid Violet SO-cemccmccmnnauns U

Acid Violet 58-ccmmemmmm e e

Acid Violet 76-ccmemmccrmc e crcmcrear e emae e

Other acid violet dyes---~=-=-c-ccmmvcacmacacanan -

*Acid blue dyes:

Acid Blue l-rcecrmrcmccemcncrcercmncrrre e, rc e r e
*AC1U Blue 7ecmecmccccccrde e et a . ————
*Acid Blue

Acid Blue

Acid Blue

Acid Blue

Ac1d Blue
*Acid Blue
*Acid Blue

Acid Blue

Acid Bluce
*Acid Blue
*Acic Blue

Acid Blue
*Aci1d Slue

Acid Blue

Acid Blue
*Acid Riuc

Acid Clue

Acid Blue 7
*Aci¢ Blue 7
*Acid Bluc

Acid Biuc

Acid vlue

Acid Blue

Acad Bloe ¢
*Acid slue

Acid Blua

Acid Rlue

Acid Blue
*Acid Blue
*Acid Blue
*Acid viue

Acid Blue

Acid Blue

Acid Blue
*Acid Hlue

Acid Bluc i

Acid 3lue

Ac1d Blue

Acad {ue

Acid Rlue
*Acid Blue

ACtd Blue Q3 -cmmmmm e re e e

puP,
DUP.

ALT,

BDO,

CMG,

cMG,
ACY,
ACS,
CMG,
GAF,

pup,
HSH,

ACY,
GAF.

GAF .
ACY,

AT,
oup,
B,
AL,

ATL,
HsC
GAF,
ALT,
ATL,
ArL,

ne.
CAE,

pup,

veC.

DuP,

GAF.
TRC,
ATL
nup,
SDil.

ICI.

ICI.
SDH,

ATL,
SOl

BDO,

BUG,

ATEH,
ut

AlL,

Lho,

oyP,
TRC.

AAUN

ATL, BDO, CMG, DUP, FAK, GAF, HN, P

1IN,
GAF,

GAF, HN, TRC, VPC.

YAW.
BDO, CMG, GAF, TR, VPC.
GAF.

TRC.

GAF, SDM.

CMG, DUP, GAF, HN, TRC, VPC.
CMG, GAF.

BDO, DUP, GAF, 1CI, TRC, VPC.

. CMG, GAF.

CMG, DUP, GAF, HN, TRC.
CMG, GAF, VPC.

fAF, 1CI, TRC.

HN.

HN, TRC, VPC.

TRC.



TABLE 4.~-Dves ror wIeA 1,5,

FRONUCTION

an

ERERY

SALES WERE RIFPORTED,

IDEMYITIED uy saburrcrueen, 1977--Continuen

bye Manufacturers’ ident! fication codes
{according to list in table 3)
ACTD DY 3--Continned

Aerd blue dves--Cont inacat

Acsd Buite 202t e e e e e et R vee.

Actd i Qudeer e s - B L R TP, ViC.

Other wort blue Joier s o i e et e ALY, ALT, ATL, OMG, GAF, UN, HSI, TRC, VIC.
*Acud yrevn Jdyes.

Acid Creen l------ R b T T e ik ACS, ACY, byp,

*Ac1d G een ACS, ACY, GAF, TRC.

wid Green GAF.

*Ac1d hreep ¢ ACS, ACY, GAF.

Actd diceen ACS, GAF.

*icad Gaeen ACS, GAF, TrC.

Actd trcen ALT.

*Acwd Greoon ACS, ATL, BDhO, GAF, PDC, TrZ.

Acid Green GAF.

*Ac1d Green ALY, ALT, ATL, CMG, GAF, HSH, ICI, TRC, VPC.

Acid Green TRC.

Acud (roen 1C1, VPC.

Acid tUreen ACY, GAT,

Acid Green TRC,

Actd Gieen VPC,

Other acid green d)es «o--mocmees moccnanas R s ALT, VPu.
“acid brown dyes:

ACEd Prown Teme-a-eni e JTTTTeTTTmmemeesee s GAT .

J D I N T s B T e e TP T e GAF,

*Acid Brown \AP, ACY, DU, GAF, TRC, YAW,

Acid Brown fRC.

Acid Brown e,

Acid Brown TRC.

Acid Brown GAF .

Acid Brown TRC.

Acid broowr 9 ACY, CMG.

Acid Brown 4 ACY.

Acid Brown ACY, [RC, YAW,

Acid Brown GAF,

Acid Biown GAF,

Acid Brown GAl .

Other acid ACY, ALT, DUP, GAI, VPC,
*Acid blach dyes: .

*AC1d Bialk l--emmmmmcc e e e e AAP, ACS, ACY, ATL, DUP, GAF, lIN, PDC, TRC, YAW.

Acid Black 2 ACS, ACY.

*Acid Black ACS, CMG, DUP, GAF.

Acrd Black 2 ATL, DUP, TRC,

Acid Black GAF.

*Acid Black ACY, 1C1, Tdu.

*Acid Black ACS, ViL, DUP, GAF, HN, {RC.

Acad Biack ¢ CuG, bud, TRC.

*Acrd Black D00, IRE.

Ac-4 Btlach ACY .

~irwd Biack ACS, ALT, GAF, IRC.

\wid Black GAF.

Acid Black vPL,

Acid Black CMG.

Other acid blach dyese=-=-=eescmmtomnmans st omcamae s ALT, ATL, HN, PBC, VPC, YAh.

AZOIC (YFS AND COMPONTANLS
Aanie Jorpoes’ g

\zore Yol low dyes:

Asodc Yellow lemomemene imnmaana- R e e M, e,

S0 Yo low Zemmecmren e EEE B M, M, BUC, x.

Vot Yellow 3-eacanaiean. . e e emea- B e

Other azore yellow dyeg-s -0 o oo R v

256 ,
4
+

R P O RN R



TABLE 4.--Dves ror wHICH U.S. PRODUCTION OR SALES WERE REPORTED,
IDENTIFIED BY MANUFACTURER, 1971--CONTINUED

Dye

Manufacturers'

identification codes
(according to list in table 3)

AZOLC DYES AND COMPONENTS~--Continued
Azoie Compositions--Contimued

Azoic orange dyes:
*AZ0IC Oronge 3-cvcmeceommm et cdc e
Azoic Ordange 10------eroemmmrammnaanc e
Other azoic orange dyes
Azoic red dyes:
*Azolc Red ]
*Azoic
Azoic
Azoic
Azo1c
Azoic
Other azoic red dyesS----c--cm-comcmcmnemcrcecrmcac e
Azoic violet dyes:
Az0iC V10let l-cecmmcmcrmcccr e c e cscacmcn e
Other azeic violet dye§------~c-crmcnmcmm e e ma e
Azoic blue dyes:

Azoic
*Azoic
Azoic
Azoic
Azoic
Other

Blue
Blue
Blue
Blue
Blue
az0ic blue dyeS--~-cmecmem e ccaa

Azoic green dyes:

Azoic
Other

Azoic brown dyes:

Azoic
Azoic
*Azoic
Azoic
Azoic

Green 1
azoic green dyes---se-ccmemmece s can e aima e
k'

Brown Je-cece-cmrccnanrrccscccenncrcrcc i mc s a e

Brown l0---ecceccc e
Brown 26--=---cecmm e e s

Other azoic brown dyeS-~--=---ocmmmmc e e o
*Azoic black dyes:
Azoic Black lecremmrmccarccrcr e e accacecac e cicm e
A20iC Black dececmmmm o e et e e
Azoic Black 15

Other azoic black dyes---=-csemmmmm e ecas

Azoic
Azoic
*Azoic
Azoic
Azorc
Azoic
Azoic
Azoic
Azoic
Azoic
Azoic
*Azo1C
Azoic
Azoic
AzoLc
Azoic

Diaza
Diazo
Diazo
Diazo
Diazo
Drazoe
Diazo
Diazo
Diazo
Diazo
Diazo
Dirazo
bDrazo
biazo
Diazo
fliazo

Asoie Diazo Components, Bases
(Fast Color Bases)

Component 3, base
Component 4, base
Component
Component
Component
Component
Cowponent
Component
Componert
Component
Component
Component
Component
Component
Component

10,
12,
13,
14,
20,
28,

48,

ATL,
BUC.
ALL,
GAF,
SDH.
BUC,
BUC,
BUC.

ALL
ALL,
AAP
SDH,
BUC,
ATL.
CHN,

~

257

ATL,

ATL,
ATL,
BUC,

ATL,

BUC,

ATL.

ATL.
BUC,

BUC.
ATL,

ATL,

BUC,

ATL,

BUC.

BUC,
SDH.

GAF.
SDH.

GAF.
BUC,
ALL,

GAF .

BUC, x.

BUC, x.
BUC, GAF, x.
X.

X.

GAF,

BUC, GAF, KST, x.

veC,

BUC, GAF, HST, VPC, x,

GAF, VPC.

GAF.

GAF, VPC,

GAF, ShH.

GAF

ATL, BUC, SOH.



TABLE 4.-~Dyes ForR wHICH U.S, PRODUCTION OR SALES WERE REPORTED,
IDENTIFIED BY MANUFACTURER, 1971--CoNTIi.UED

Dye

Manufacturers' identification
(according to list in table

codes

3)

*AzclrcC
Aznic
*Asolc
U
*Arnic
“Asuic
trrmc
*AoLc
*Azo3C
*Azlic
*Azoic
*Atolc
A ¢
Az™ic
Aoaic
nit €
Az 0 C
Azoic
A
Azc:c
Az>.C
Az ¢
Az ¢
AL o
*Azze
Azric
Other

Azoic
Azoic
Azo1c
Arcic
*Azoic
Azoi¢
Azoic
Azoic
Azoic
Azoic
Azoic
AzoLC
Azolc
Azorg¢
*Azoic
Azorc
Azolc
Azorc
Azoirc
Azorc
Azoic
*Azoic
Azoic
Azoic
Other

AZOIC DYES AND COMPONENTS--Continued

Azoie Diazo Components, Salts
(Fast Color Salts)

> Diazo

Diazo
Miazo
Diazo
Drazo
Diazo
Diazo
Drazo
Drazo
Diazo
Diazo
Diazo
Diazo
Diazo
Diazo
Diazo
Diazo
Diazo
Drazo

omponent
Compouent
Component
Component
Component
Component
Component
Couponent
Component
Conponent
Component
Component
Component
Compenent
Componcent
Coumponent
Couponent
Component
Component
Component
Component
Component
Component
Component
Component
Component

Diazo
Diazo
Diazo
Diazo
Diazo
Diazo
Diazo
azoic

49,
121, salt---m---cmomecmcmm e
diazo components, S$alt§-------mmcocmcmoooaooo

Azoic Coupling Compoments
(Naphthol AS and Derivatives)

Coupling
Coupling
Coupling
Coupling
Coupling
Coupling
Coupling
Coupling
Coupling
Coupling
Coupling
Coupling
Couplang
Coupling
Coupling
Coupling
Coupling
Couptling
Coupling
Coupling
Coupling
Coupling
Coupling
Coupling

Component
Component
Component
Component
Component
Component
Component
Component
Component
Component
Component
Componcnt
Component
Component
Component
Component
Component
Component
Component
Component
Component
Component
Cumponent
Component

D e e e —————
B e e e m e m— e ———
B e e ———
G e mm e emm e —————
J e e et mmmeeemmmm———————————
Bewcmemmmcmamemcesemecemm—oa————

azoic coupling COMPONENTS--v-meecmevamoeaooor oo en-

ATL,
BUC.
ATL,

ATL,

258

ALL, BUC, GAF, SDIl.
BUC.
ALL, BUC, GAF, SDIU.
ALL,
BUC,
ALL,
ALL,
BUC,
ALL,
ALL,

ALL,

BUC,
GAF.
BUC,
BUC,
GAF.
BUC.
BUC,
BUC,

GAF, SDH.
GA- .

GAI', Sbil.

GAF,
GAF,

SDil.
SDIi.

BUC.
BUC, GAF,
SDH.
GAF.
GAF.
GAF.

SDH.

. BUC.

BUC.
SDH.

ALL, BUC, GAF.

BUC, GAF.

BUC, GAF.

BUC,
BUC.

HST, SO,

BUC.

BUC.

BUC, GAF.
GAF.
BUC.
ATL,
GAF.
BUC,
BUC.
BUC.
BUC .
BUC .,
BUC,

BUC, GAF.

GAF.

GAF .

GAF.



TABLE 4. --es For wHICH 4.S, PRODUCTIOR OR SALES WERE REPORTED.
IDENTIFIED BY MANUFACTURER, 1971--CoNTInuED

Dve

Manufacturers® identification codes
(according to list in table 3)

BASIC DYLS

“Ba.ic yellow dyes:

Basic
Basic
*Rasic
*{asic
Basic
Basic
Basic
Basic
Lasic
Basic
Basic
Basic
Basic
Basic
Basic
Other

*pasic orange dyes:

*Basic
*Basic
Basic
=Casic
gasic
pasic
tysic
“151C
Eisic
tasic
Basic
Basic
Qther

*Baslc red dyes:

Basic
Basic
*Basic
Basic
*Basic
* Basic
Bisac
Basic
Basic
Basic
Basic
Basic
kasic
Basic
Basic
Basic
Basic
Other

Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
basic yellow dyes---c-wmwouoommocacocon R St

Orange 1
Orange 2
Orange 14
Orange 2]l----c--eecmcmeacc e eeeeeee Cemmmme oo
Orange
Orange
Orange
Orange
Orange
Orange
Orange
Orange
basic orange dyes

T e e
Red 2---ccmccmmcdcmm e

Red 9--meromcm i cicc e e

Red 12-c--mmemmmm e e e caeeen

Red 13-momemem e e e e e
Red
Red
Red
Red
Red
Red
Rod 22w oo e e
A et R e e
Red 20 -w-cccmccmme e e ccrr e -
Red 30-swmrrmccemr e S e aa
Red 48~c--ccmemcm e e e e
Red
basic red dyes--=—-e-cemccrcimrammn e LT

*B:s1c violet dyes
Violet lecmmcemommcr e rc e cmcacimcaemea ~—--

~Basic
Basic
Basic
Basic
Basic
*Basic
Basic
Basic
Basic
“Basic
Basic
Basic
Basic

Violet 3
Violet 4
Violet 7
Violet 10
Violet 33ccmm e crcae e PR
Violet 14 ;
Violet 15
Violet 16
Violet 18
Violet 24
Violet 27

vec.
ATL.
ACS,

ACS,

o
c
-}

ACY.

ACY, ATL, DUP, FAB, GAF, TRC, VPC.
ATL, DUP, GAF, VPC.

VPC.

bupP,

ACY,
ACY,

ACY,
GAF.

DUP,
DUP.
DSC,

ATL,
ACY,
buP,

Dup,

TRC.

EKT,

DUP,
DSC,

ALT,

HSC.
GAF,

ATL,
GAF,

GAF,

GAF. -

pup,
ACY,
psc,
buP.

GAT.
oup,

nsc. -

pup,

EKT,
DsC,

pUP,

GAF.

FAB,

GAF, VPC.

GAF, PSC, TRC.
DUP, GAF, PSC, TRC.

ATL, DUP, FAB, GAF, TRC, VPC.

TRC, VPC.
DUP, GAF, VPC.
TRC.

VPC.

vPC.
DUP, HSC.

SDH.

GAF, TRC, VPC.

[



-

TABLE 4.--Dyes FOR wHICH U.S. PRODUCTION OR SALES WERE REPORTED. ,
IDENTIFIED BY MANUFACTURER, 1971--CoNnTINUED

Dye

Manufacturers' identification codes
{according to list in table 3)

BASIC LYES--Continued

*Basic blue dyes:

*Basic BIUE Joeerommr et e e
Basic Bluc 2
Basic Blue
Basic Blue

*Basic Bilue
Basic £lue

*Basic Blue
Basic Biue
Basic Blue
Basic Blue
Basic Blue
Basic Blue
Basic Blue
Basic Blue
Basic Rlue
Basic Blue
Basic Blue
Basic Blue
Basic Blue
Basic Blue
Basic Blue
Basic Blue
Basic Blue
Basic Blue
Basic Biuc
Other basic blue dyes

sasic green dyes:

*Basic Creen l-------c-----w-s
Basic Green 3----co--mmmmanan

*Basic Green 4----c-ctmcmamnnnn
Basic Green J---ee-meonococoooan
Other basic green dyes

Basic brown dyes:

*Basic Brown 1
Basic Brown 2

*BaS1C Brown decoececan e d e e e o

Bisic black dves:
Bas1C Black 9---wmcee e e e e e

Other basic black dyes--«vevacmmmmmecm e cimen s

DIRLCT DYES

*Direct yellow dyes:
*Direct YOllow fecucmmacec e et e ————
*Direct Yellow 5--
*NiTect Yellow 6ecccccrmmmm e e m e

Direct Yellow 7eccmvcccmmaccr i remcicccccmmnn
Direct Yellow
Direct Yellow
*Nirect Yellow
*Uirect Yellow
Direct Yellow 2
Direct Yellow
Direct Yellow
Direct Yellow
*Uirect Yellow
*Direct Yellow
Dircct Yellow 3
Direct Yellow
Divect Yellow
*Nirect Yellow
*Direct Yellow
Direct Ycellow

psc,
_DSC.
ACY,
pUP.
s,
ACY.
nsc,

.

DSC,
DUP,
ACS,
DSC,
_DuP.

VPC,
VPC.
ACY,
GAF,
VPC,
EKT.
ACY.
DUP.
‘pup,
DUP.
DUP.
ALT,

ACS,
DUP.
ACS,
DSC.
VPC.

ACS,
ACS,

vPC.
ALT,

ACS,
ACS,
ACS,
ATL.
ACS,
ATL.
ACS,
ACS,
TRC.
pUP.
ALT,
GAF.
ACS,
ATL,
ALT,
TRC.
ATL.
ACS,
ALT,
DUF.

260

ACS,,

GAF, SDH, VPC.
DUP, GAF, HST.
SOH, VEC.
puP, SDI.
ACY, DUP.
nUP, SUH,

puP, VPC.
DUP, SDH.

TRC. ~

BAS.

TRC.

BAS, DUP, EXT, VPC.
ACY, DSC, DUP.

ACY, DSC, SDH, VPC.

ACY, DUP, GAF, PSC, TRC.

ACY, DSC, DUP, GAF, PSC, TRC.

bSC.

ACY, ATL, DUP, GAF, HN, TRC, veC,
ACY, GAF.

ACY, DUP, GAF, TRC.

ATL, GAF.
ACY, ALT, DUP, GAF, IIN, [IRC, VPC,
ATL, DUP, FAB, CAF, TRC.

ATL, UN.

ATL, DUP, GAF, PDC, TRC.

DUP, GAF.
HN.

AL1, ATL, DUP, FAB, GAF, HN, TRC, VPC.
ATE, DUP, FAB, GAF, HN, lSH, TRC, vPiC.



TABLE 4.--Dves For wHicH U.S. PRODUCTION OR SALES WERE REPORTED.,
IDENTIFIED BY MANUFACTURER, 1971--CONTINUED

Dye

Manufacturers®' identification codes
(accorcing to list in table 3)

*Direct yellow dyes--tontinued

Jaract
Direct
*Pirect
tirect
*Direct
*Direct
Direct
Direct
irect
Direct
Divect
Direct
Direct
Direct
Dairect
Direct
Direct
Mirect

DIRLECT DYES--Continued

(0 Ll 1 mm e e mm e e s emme e am——————————
Yoilow 3lecenmen
Yoilow 8d-c-nmes
Yellow 103-cccan
Yellow o
Yo low 1006------
retlow 107--~---
Yollow 1ld---wa-
Yellow 117-----+
Yollow 118--vcvae
Yellow 119------
Yellow 120------
Yellow 121----~-
Yatlow 123------
Yollow 125------
Yellow 127---«--
Yellow 13l-v-ce-cee
Yellow 132-creacnes

Other dircct yellow dyeS—«--ececmmcommn o mnnccacceae

*Direct orange dyes:

*Dircct
Direct
*Direct
Direct
Direct
“Direct
*Direct
*Direct
*Direct
*Drrect
*Direct
Direct
Direct
Direct
*Direct
*Direct
Dairect
Darect
Direct
Direct
Direct
Dircct
Direct
*Direct
Direct

Orange
Orange
Orange
Urange
Orange
Orange
Orange
Orange
Orange
Orange
Orange 3
Orange
Orange
Orange
Orange
Orange
drange
Orange
Orange
Orange
Orange
Orange
Orange
Orange
Orange

Other direct Orange dyeS---=-=-wooecaommcmoamcccecncaae

*Direct red dyes:

*Direct
*Direct
*Dircct
Direct
Direct
*Direct
*Direct
Direct
Direct
*Direct
*Direct
*Direct
*Direct
*Mirect
Direct
*Direct

Red
Red
Red
Red
Red
Red
Red 13----e-----
Red
Red
Ked
Red
Red
Red 28ecccmrccimcccemermecn e e ecracemn e
Red 3l v mmm e el
Red D32ev-mmrocdcc e cca e cmme e e cceaaas
Red 37-me e et e el

~

oup.
ATL.
ATL,
ACS.
ALT,
ACS,

ACY.
TRC.
TRC.
DUP.
DUP.
TRC.
DUP.
ACY.
DUP,
DUP,
VEC.
AAP,

AAP,
ACS.
ACS,

GAF.
ACS,
ACS,
ATL,
ACS,
AcCY,
ACY,
puP,
TRC.
ACS,
ACS,
pUP,
pup,
VPC.
DUP.
veC.
DUP,

DUP.
ACS,

ALT,
ACS,

ACS,
ACS,

ACS,
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pUP, FAB, HN, TRC, VPC.

GAF, HN, TRC.

ALT, FAB, GAF, HN, TRC.

TRC.

TRC.

ALT, ATL, GAF, HN, HSH, TRC, VPC.
ACS, ALT, ATL, BDO, CMG, VPC.
ATL, DUP, GnF, TRC, YAW.

ACY, DUP, GAF, HN, TRC.

AT, CMG, GAF, HSH, TRC.

FAB, HN, TRC, VPC.

ATL, CMG, DUP, GAF,

ATL, CMG, DUP, GAF,

ALT, ATL., CMG, DUP, FAB, GAF, HN.
GAF.

VeC.

ATL, FAB, HN, HSH, TRC, VPC.

GAF, TRC. VPC.

HSH.

GAF, VPC.

ACY, ATL, DUP, GAF.

we, VPC.

ATL, DUP, GAF, TRC, VPC, YAN.
A1, DUP, FAB, HN, TRC.

ATL, TRC, VPC.

ACS, ATL, YANW.

ATL, DUP, GAF, TRC, YAW.

ATL, DUP, TRC.

ATL, GAF.

ATL, CMG, DUP, FAB, GAF, HN, TRC, VPC.
ACS, ATL, FAB, HN, HSil, TRC, VPC.
ATL, CMG, DUP, FAB, GAF, NN, HSH, TRC, VPC.
ATL, DUP, TRC, YAW.

ATL, DUP, CAF, HSH, TRC.

ATL, DUP, GAF, TRC, YAN.



TABLE4. --Dves rFor wHicH U,S, FRODUCTION Ok SALES WERE REPCRTED,
IDENTIFIED BY MANUFACTURER, 17171--Convinuzp

.

Dye Manufacturers' adentification codes
(according to list 1n table 3)

DIRECT DYES--Continued

*Direct red dyes--Continuéd .
*Direct Red ATL, DUP, GAF, TRC, YAW.
Direct Red ATL.
Direct Red ATL, TRC.
*Direct Red ACS, DUP, GAF, TRC.
Direct Ked ACS, ATL.
*Direct Red 7 ACS, ATL, CMG, GAF.
Direct Red GAF.

ATL, CMG, LN, TRC, VPC.
ACS, ALT, ATL, BDO, CMG, PAB, HN, HSH, SDII, FRC, ViC.
ACS, ACY, ALT, ATL, CMG, LUP, GAF, h, MISH, TIRC,

VIC, YAW.
ACS, ALT, ATL, FAB, HN, HSH, TRC, VPC.

*Direct Red
*Direct hed
*Direct Red

*Direct Red

Direct Red ATL.
Direct ked VPC.
Direct Red ATL.
Direct Hed GAF.
Direct Red pDUP,

Direct Red
*Direct Red
*Direct Red

CMG, VPC.
ATL, CMG, TRC, VPC.
ATL, CMG, GAF.

Direct 127 ATL, CMG.

Direct Red ATL, VPC.

Direct Red ATL, CMG, DUP.

Direct Red CMG.

Direct Red ATL, CMG.

Direct Red TRC, VPC.

Direct Red VPC.

Direct Red DuP.

Direct ked pup,

Other dircct red dydS---c-vmmme e ALT, ATL, GAF, HN, HSH, TRC.

* hirect violet dyes: N

Direct Violet ACS, ATL.

*Direct Violet 7-- 2. ACS, ATL, GAF.

#irect Violet ACS, ATL, DUP, GAF, HN, TRC.
Direct Violet ACS, ATL.

Direct Violet : bup,

Direct Violet GAF.

Direct Violet ACS.

*Direct Violet ACS, ATL, DUP.

Direct Violet ACY.

Direct Violet ATL, TRC.

Direct Violet bUP. -
Other direct violet dyeS--cwecmoenmmc e ALT.

*Direct blue Jves:

*Direct Blue lev--cmecemccecnccncccnace v menm—— AAP, AUS, ACY, ATL, DUP, GAF, HN, TRC, VPC, YAW.
*Djiregt Blue 2---~--= R EL LT L et AAP, ACS, ATL, bUP, FRB, CGAR, HN, HSH, TRC, VPU, YAW.

AAP, ACS, ACY, ATL, DUP, GAF, HN, HSH, TKC, YAW.

ACS, ALT, ATL, DUP, GAF.

ACS, ATL, TRGC.

ACS, ATL, DUP, GAF, VPC, YAW

ACS, ATL, CMG.

ATL, 1IN, YAW.

ACS, ATL, GAF, TRC, YAW,

ATL.

ACS, ATL, DUP, TRC.

ACS, ATL, GAF, TRC, VPC.

DUP.

TRC.

ACS, ALY, ATL, GAF, UN, HSH, TRC, VPC.

ACS, ATL, MG, DUP, TRC.

ACS, ALT, ATL, DUP, FAB, GAF, HN, HSH, TRC, ViC.

VIL.

AAR, ACH, AIT, APL, DUIP, TAB, RAR, HN, ICC, S,
IRC, Vi

*Nirect Blue
+*p1vect Blue
Direct Bluc
*Direct Blue
*Direct Blue
“I'yrect Blue
*Direct Blue
liirect Blue
*Nirect Blue
*Direct Blue
iirect Blue
Direct Blue
*Direct Blue
*Direct Blue
*Direct Blue
Direct Blus
*Direct Blue
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TABLE 4.--Dyes For wHicH U.S PRODUCTION OR SALES WERE REPORTED,
IDENTIFIED BY MANUFACTURER., 1971--ConTinueD

Dye

Manufacturers' identification codes

{according to list ain tuble 3)

DIRECT DYES--Continued

*Direct blue dyes-- Continued

Direct
Direct
*Direct
Direct
Direct
*Dircct
*Direct
Direct
Direct
Direct
Direct
Direct
Direct
Direct
*Direct
Direct
Direct
Direct

Blue B7---me--ecmcm e mae s mc e cn e m e —en
Blue 9l---cvcrecccmaceac e cccmce e cmm s c e
Blue 98--~mcmeccmcr e

Blue 100 --r-ecocmmcencanman
Blue 10d--c-cerccmrmscanaman
Blue 120, 120A--ecc--acwanx
Blue 126--=-weccccommmcan~
Blue 136------rr-mm-cmmoomo
Blue 143--ewvemcmcvcncnnnn
Blue 1Gl--cceccmcecmm e e — e
Blue 160-~-w-nmcace P remcmrneamre——n
Blue 189-ccoccmcmmomm e tme v cme e e
Blue 19}-c-mvmcccmocmmaa o S S
Blue 199 -c-crcmcmaccr s eec e c et — -
Blue 21B-vemcccmm e cceccmsemccm e
Blue 224-cecccvccmccccccrccrcelnauccmecccnnmannen=
Blue 23Bcc-mccemmmicn e ddcacvn s, eme e e
Blue 263-c-cccunemcmmma e mcmcrcc e —————

Other direct blue dyes-==---cccemccmmoccmcceraeca oo

*Direct green dyes:

*Direct
*Direct
Direct
Direct
Direct
Direct
Direct
Direct
Direct
Direct
Direct
Direct
Direct

Green l--wemmemmmece e ———
Green G---~-=--mwemmcencaanan G e edmc—cm—eama
Green B-----wemvrece e r e crrccr e e s — e —————
Creen 26------memocmmceeaeen S
Green 27----eceremcacccacmccmmmsecccecsmenem——
Green 2B---e-crmmacm e e me—eeccmecemma e
Green :
Green
Green
Green
Green
Green
Green

Other direct green dy@Se-----c-cecmcmcaaccmmcoamamcacann

*Direct brown dyes:

Direct
*Direct
Direct
Direct
Dairect
*Direct
Direct
Direct
Direct
Direct
Direct
Direct
*Direct
*Direct
Direct
*Direct
Direct
*Direct
Direct

Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
8rown
Brown
Brown
Brown
Brown
Brown
Brown
Brown

Other direct brown dyes-------cocuumccmucreccracccancnan
*Direct black dyes:

*Direct

Direct
*Direct

Direct
*Direct
*Direct
-~ Direct

Black
Black
Black
Black
Black
Black
Black

(N
TRC.
ATL,
ALT,
DuP.
ATL,
ATL,

DUP.
ATL,
TRC.
TRC.

DuP,
ACs,
ACY.
DUP.
ALT,
AAP,

TRC,
DUP,
DUP,

DUP,
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GAF,
ATL,

DUP,
DUP,

TRC.

ACS,
GAF,
ALT,

CAF,

ACS,
ACS,

TRC.
TRC.

GAF.

DUP,

ALT,
ATL,
TRC,
ACS,

YAW.
ACsS,

YAW.
ACS,
ATL,
GAF,
DUP,
ATL,
ATL,
YAW.
ATL,

GAF,
ATL,

TRC, VFPC.
HN.

FAB, HN, TRC.
HSH, TRC, VPC.

ALT, GAF.
HN.
ATL, DUP, FAB, GAF, HN, TRC, VPC.

VPC.

ACY, ATL, FAB, GAF, TRC, YAW.
ATL, FAB, GAF, HN, TRC, YAW.

GAF.

DuP.
HN,

YAW,
ACY, ATL, DUP, GAF, HN, HSH, TRC, YAW.

ATL, DUP, GAF, TRC, YAW.

DUP.
CUP, FAB, GAF, HN, HSH, TRC, YAW.

TRC.

FAB, TRC, YAW.

HN, HSH, VPC.

GAF, HN, TRC, YAW,
DUP, HN.

HN, TRC.
GAF, HN, TRC, VPC, YAW.



TABLE%4. --Dyes FOR wHICH U.S, PRODUCTION OR SALES WERE REPORTED,
IDENTIFIED BY MANUFACTURER, 1971--CONTINUED

Dyve Manufacturers' identification codes
(according to list in table 3)

DIRLLCTY DYES--Continued

*Dirs. - Flack dyes--Continued
D1y .t Black AAP.
*Dir >t Black ACS, ACY, FAB, GAF, HN, HSH, TRC, YAW.
bir ot Black TRC.
*Hirect Black AAP, ACS, DUP, GAF, TRC.

Dix~t Black & ACS, TRC.

Dir .t Black ATL.

.ot Black GAF.

Dir ¢t Black ACS, HN.

*u.og oot Black AAP, ACS, ATL, FAB, HN, HSH, TRC, YAW.
A Yo Plack ACS, HN, TRC. -
Gehitt direct black dyes--==m-mcomorom e eee ACY, ALT, ATL, HSH, TRC, YAW.

DISPERSE DYES

*Dispersc yellow dyes:
Dispe.se Yellow 1
Disperse Yellow 2

GAF, ICI.

*Lisg:se AAP, ALT, DUP, GAF, HN, HSH, ICC, TRC.
Lenp o »e GAF, HN, ICC.

Dispt.se TRC.

*Disperse Yellow AAP, ALT, DUP, EKT, GAF, HN, ICC, TRC.
D.spe e Yellow GAF.

Disp- e Yellow DUP.

*Disp. -e Yellow
*Dispe- o Yellow
*Dispe -e Yellow
Dgspr > Yellow
*Dispi: ~ Yellow

AAP, EKT, GAF, ICC, TRC.
AAP, EKT, ICC.
AAP, ALT, BUC, DUP, EKT, GAF, HN, ICC, MAY, SDC, TRC.

AAP, DUP, GAF, ICC, SDC, TRC.

Dispe’ e Yellow HST.
Dispe, o Yellow HST.
Disper ¢ Yellow DUP.
Disperse Yellow HST.
Disperse Yellow ACY
DPisperse Yellow VPC.
Disperse Yellow VPC.
Disperse Yellow EKT.
Disperse Yellow AAP, EKT.
Disper<e Yellow EKT.
Disperis Yellow EKT.
Disper:ze Yellow EXT.
Disperse Yellow VPC.
Disper. ¢ Yellow VPC.
Dispersc Yellow VPC.
Disperse Yellow AAP.
Dispersc Yellow snc.

Other 4 sperse yellow dyes-weemrormoocmmmmc oo EKT, MAY, SDC, TRC, VPC.
*Disperse orange dyes:
*Disperse Orange 3
*Dispersc QOrange

AAP, DUP, GAF, HN, HSH [CC, TRC.
AAP, BUC, iK1, GAF, ICC, SIC.

Disperse Orange HST.

Disperse Orange AAP.
*Disperse Orange AAP, EKT, GAF, HN, HSH, ICC.
Disperse Crange TRC.

*Disperse Orange pupP, EKT, HN, TRC.

Disperse Oranye s AAP.

Disperse Orange 2 AAP, GAF.

Disperse Orange ICC, TRC.

Disperse Orange 33-w---memmmmmmsmeoocaa e oo ALT, HST.

Disperse Orange 37------ceme-moam-- kbbbl TRC.

Pisperse Orange 3Be-e--cmsesmsomorm e e IRC.

DLSPErsSe Orange Jle-ecescrommmuoamcmenmncamnc e mone s RIE

Disperse OQrange dd----venmomcmoscmcmannoo i s bup,

Disperse Orange 37----cs-roememmmemaroucnn oo em s [N
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TABLE 4. --DvEs ForR WHICH U,S. PRODUCTION OR SALES WERE REPORTED.,
IDENTIFIED BY MANUFACTURER, 1971--CoNnTINUED

Dye

Manufacturers® identification codes
(according to list in tuble 3)

DISPERSE DYES--Continued

*visperse orange dyes--Continued

Disperse
Disperse
Disperse
Disperse
Disperse
Disperse
Disperse
Disperse
Dispersc

Orange
Orange
Orange
Orange
Orange
Orange
Orange

Orange ¢

Orange

Other disperse orange dyes
*Disperse red dyes:

*Disperse Red l------cmcmmmmemeom e s m s o

Disperse Red 4--
*Disperse Red 5--
Disperse Red 7--

Disperse
*Disperse
*Disperse
*Disperse
*Disperse

Disperse

Disperse

Dispcrse

Disperse
*Disperse

Disperse

Disperse
*Disperse
*Disperse
- Disperse

Disperse

Disperse

Disperse

Disperse

Disperse

Disperse

Disperse

Disperse

Disperse

Disperse
‘" Disperse

Disperse

Disperse

Disperse

Dispersc

Disperse

Disperse

Disperse

Disperse

Disperse

Disperse

Other disperse red dyes

Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red

*Disperse violet dyes:

*Disprrse
*Disperse
Bisperse
Disperse
Disperse
Disperse
*Disperse
Dispcrse
Disperse
Disperse
Disperse
Disperse

Other disperse vlolet dyes

Violet
Violet
Violet
Violet
Violet
Violet
Violet
Violet
Violet

Violet .

Violet
Violet

AAP,
EKT,
BUC,
veC.
DUP,
TRC.

LAT.
EXT.
GAF,

265

EKT.
1CC.

puP.

ALT, ATL, EAT, GAF, MAY, SDC, VPC.

DUP, DKT, GAF, HN, HSH, ICC, TRC.
ICC, TRC.

EKT, GAF, HSH, ICC.

GAF.

DUP, GAF, ICC.

DUP, GAF, ICC.

HSH, ICC, TRC.

DUP, EXT, GAF, ICC, TRC.
TRC.

DUP, GAF, HN, TRC.

DUP, GAF.
ALT, ATL, DUP, EXT, GAF, HN, SDC, TRC, viu.
EKT, ICC, TRC.

-

TRC.

GAF.

ATL, DUP, EXT, GAF, ICC, MAY, SDC, TRC, VPC,

GAF, HSH, I.C, TRC.
GAF, ICG.

-

ACY, DUP, EKT, ICC, TRC.

MAY, SIC.



TABLE 4.--Dyes For wHicH U.S. PRODUCTION OR SALES WERE REPORTED.
IDENTIFIED BY MANUFACTURER. 1971--ConTinUED

Dye

Manufacturers® 1dentification codes
faccording to list in table 3)

*Disperse blue dy

Blue
Blue

*Dispersc
*Nisperse
*Dieperse
Disperse
Disperse
Disperse
Ulsperne
Dispeine
Uisperse
Disperse
Disperse
Dispcrse
Disperse
Dispersc
*Disperse
Disperse
Disperse
Disperse
Disperse
*Dispeise
Disperse
Disperse
Disperse
Disperse
Disperse
Disperse
Dispurse
Disperse
Disperse
Disperse
Disperse
Disperse
Disperse
Disperse
Disperse
Disperse
Disperse
Disperse
Disperse
Disperse

Biue
Blue

blue
Blue
Blue
Blue
Blue
Blue
Blue
Blue
Blue
Blue
Blue
Blue
Blue
Blue
Blue
Blue
Blue
Blue
Blue
Bluc
Blue
Blue
BRlue
Blue
Blue
Blue
Blue
Blue
Blue
Blue
flue

Other disperse

Dispersc green d

Disperse brown dves:

Brown
Brown
Brown

Disperse
*Disperse
Disperse
Disperse Brown
Disperse Biown
Other disperse

‘Aisperse black dyes.

*Dispersc Riick
Disper-e hlack
Disperse Black
Disperse Black
Dispersc Blick
Other Jdisperse

*Reactive vellow dves:
Reactive Yellow
Reactive Yellow
Reactive Yellow |
Reactive Yc¢liow

blue 7
Blue Y

Blue 5
Blue &
Blue f

DISPERSE DYES--Continued

(L

blue dyes

R R et ettt

8

brown dyes

L]
| S e dm e
2o mv———a - | S
TN S AP
L e T R R T
R R e R R e R L
black dyeg-meomomeomcam e -

FIBER-RENMCTING DYES

1 .
S SRR

.

BAS, GAF, ICC, TrC.
DUP, EKT, GAF, tIN, HSi,
GAF, HN, HSH, 1GC, TRC.
1.

TRC.

AT,
AP,
EKT,
GAF,
EKT,
ICI.
ICC.
TRC.
VPC.
TRC.
pup.
DUpP .,
DUP,
DUP.
pup,
AAP.
vPC.
ICI.
TRC.
AAP,
VvPC.
TRC.
BAS.
GAF.
EXT.
bup.
EXT.
EXT.
ERT.
EKT.
EKT,
EKT.
EKT.
TRC.
BUP.
vPC.
DuP.
HST.
GAF.
1CC.
ALT, ATL, DUF, FKT, GAF, HN, HSH, ICC, MAY, sQC,
TRC, VPC.
GAY, TRC, VPC.

IcC, 1nC.

GAF, SLC.

EKT, GAF, TRC.

EXT, TRC.

GAF.

TRC.
tup,
EXT.
Ve,
ARPD,
GAF,

EKT, GAF.

ICC, $hC.
AAR, DUP, GAF, IRC.
TKC.
LKT.

ATL, DUP, GAR, ICC, SDU, VFC.

1L,




TABLE 4.--DYES FOR wHICH U,S., PRODUCTION OR SALES WERE REPORTED,
IDENTIFIED BY MANUFACTURER, 1971--ConTinueD

Dye

Manufacturers' identification codes
(according to list in table 3)

*Reactive yellow dyes--Continued

Reactive
Reactive
Reactive
Reactive
Reactive
Reactive
Reactive
Reactive
Reactive
Reactive
Reactive

FIBER-REACTIVE DYES-~Continued

Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow

Other reactive yellow dyeS-—=mvmommccrmomm e

Reactivc orange dyes:

Reactive
Reactive
Reactive
Reactive
Reactive
Reactive
Reactive
Reactive

Orange
Orange
Orange
Orange
Orange
Orange
Orange

Orange ¢

Other reactive orange dyeS---=---c-cocvomoomacuaannou

Reactive red dyes:

Reactive
Reactive
Reactive
Reacttive
Reactive
Reactive
Reactive
Reactive
Reactive
Reactive
React: ¢
Reactive
Reactive
Reactive
Reactive
Reactive
Reactive

Reactive violct dyes:

Red
Red

Red 4--

Red
Red
Red
Red
Red 29
Red 31
Red 33
Red 35
Red 40
Red 41
Red 58
Red 92
Red 93
Red 94

Reactive Violet le-meccccmmom e e e e e e e

Reactive Violet 2---eeermmccmmaamnacrcomccmcac e ccmeene

Recactive Viglet 4evmcmocccm oo e eae s

Reactive Violet S----e-mcoceomrc e e

Other reactive violet dyeS-re-ceceemcmcmccmneccacancnn.
*Reactive blue dyes:

Reactive
Reactive
Reactive
Reactive
Reactive
Reactive
Reactive
Recactive
Reactive
Reactive
Reactive
Reactive
Reactive
Reactive
Reactive
Reactive
Reactive
Recactave
Reactive

Blue
Blue
Blue
bBlue
Blue
Blue
Blue
Rlue
Blue
Blue
Blue
Blue
Blue
Blue
Rlue
Bluc
Blue
Blue
Blue

HST, TRC.
HST, ICI.
HST.
ICcI,
ICcI,
VvPC.
HST.
HST.
ACY.
ACY.
ACY.
HST.

ICI.
ICI.
TRC.,
ICI.
ICI.
ICI.
HST.

HST.

ICI.
ICI.
TRC.
ICI.
ICI.
ICI, TRC.

ICI.
ICI.
1cT.
HST.
VPC.
VPC.
ICI.
ACY.
ACY.
HST.

ICI.
TRC, VPC.
HST.
HST.
HST.

ICI.
TRC.
ICI.
ICI.
ICI, TRC.
TRC.
ICI.
HST.
HST.
HST.
ICI.
VPC.
VPC.
HST.
ACY.
ACY.
ACY.
HST.
HST.
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TABLE 4o --Dyre 120wt V000 e 0 o aawe o :
IDENT 7 LED bV

AR e

Dye j Minufacturers' identification codes
{aciorainy to list in Loble o)

t
. !
FIBVL-PTACTIVE DYERS--"ontinaed !
*Roactive blue dves - -Continned i
Reactive blae 91--- Hot,
Other rcactive biue o Sy, 16T
Reactive greepn ' oo,
Reactave Grevn t--- 1.1,
O B R O o ST T 1HST.
Reactive brown dyes,
Reactave Browr 10 -m-mescmmmm e e e mee e :
Other reactive oo dyfoemmo-mn mmmcvmm o m e b
*Reactive black dves
Peactive Black le-smemmommvaeoooendum e [ T
Feactive Black Gemrmrec e e e e e e e N RN
FLUORLSCLNT BRIGHTENING AGENTS
Fluorescent Brightening brent LaY.
Tlunyescent Brichteniny A, ent ACY.
Fluoreocent Brightening agent nCY.
Fluorescent Ery_htening Agent ¢t | GAP, SDil,
fluorescent Brivhitening Avent €6,

Iluorescent drightening \gent
Fluorescent Brightening Agent
‘s luorescent Brightening Avent

/CY, CLW, DUP, SDi, VPC.

t luorescent Brighteniny /gent CAY.,
rluorescent Brightening Agent [GAE
tluorescent Brigntoning Ajoent RO
Jluorescent Brightening Agent LG/,

rlucrescent Brightening dzent
fluorescent brightenwng Agent
. lucrescent fBrighten.ng Ageat
Clucrescent Brightening Agent
fluorescent Privhtering Auoent
Fluorescent Brightening Agent
fluorescent Brightening Apent

LG, GAF.
MCY, GAF.

Fluore,cent Brighbtening \gent |car.
Fluorescent Briphtening Agent bu, vec.
Fluorescent Brighteniag agent AR,
tluorescent Brishitening Agent wl\lr,
fluorcscent Brightening Apent ACY.,
rluorescent Brightening Acent NI
lunrescent Brightening Apent RV
Fluorescunt Brightening Agent o,
{luorescent Brihtening Agont ,
Fluorescont Braightening Agenc [
Fluorescent Brigntering Agent [
Pluorescent Brightering Agent G,
Viuyrescent brightening Agent v

“laursscent Bripghteniag Agent

ner firorescent hrighteuing v, CCW, CCY, GAF, FCW, S, VPC.

FOGD, DRUG, AND COsMt VIC COLORS

Feod, "iug, and Dcametios Dyes

toL, ALT, NON, SDH, WJ.
el ALT, KON, SDH, WJ.

*thy Blue No,
*+D§. Blue No,

t..C Green No, B NI N
P Red No, 2 v, ALT, KON, SDH, STG, W),
*1DEC Hed Ho. 3e- - s, AL, RON, SDIH, STG, W),

o, RUN, STG.
LD,

flntl Red N, 4-
“they Violet No,
*EPYC Yellow ol Wy, AT, PON, S1G, WL

*EnLC Yeliow ¥ W, AL, RO, B, STG, W

° ’
Uit tood, dog, and Cosmrtie dyen-c i eee i o e e L,
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TABLE 4+--Dves For wHicH U.S., PRODUCTION OR SALES WERE REPORTED,
IDENTIFIED BY MANUFACTURER. 1971--ConTiNUED

Dye

Manufacturers' identification codes
(according to list in table 3)

D&C
D&C
D&C
D&C
*BLC
D&C
D&c
D&C
D&C
D&C
*D&C
*D&C
D&ac
*06C
D&C
D&C
D&C
D&C
D&C
*D5C
*DGC
D&C
D&C
D§C
D§C
D&C
D&C
D&C
*D&C
D&cC
p&c
D&C
D&C
D&C
D&C
D&C

Ext.
Ext.
Ext.

Ingr
In
In

*Mord
*Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo

FOOD, DRUG, AND COSMETIC COLORS--Continued

Drug end Cosmetic Dyes

Blue No.
Sreen No,
Green No.
Green No.
Orange No.
Orange No.
Orange No.
Orange No.
Red No.
Red No.
Fed No.
Red Ne.
Red No.
fed No.
Red No.
Red No.
Red No.
Red No.
Red No.
Red No.
Red No.
Red No.
Red No.
Red No.
Red No.
Red No.
Red No.
Red No.
Red No.
Red No.
Yellow No.
Yellow No.
Yellow No.
Yellow No.
Yellow No.
Yellow No,

DEC Green NO. l-eeememcmom i cmccmcmaicccccmca e
DEC Yellow NO., l-ormemecmccmmmm e ca e e cmce e cacaaae
DEC Yellow NO. T-rmewecccrom et e mccccccmrc e e e

ain blue dyes:
grain Blue l---c-ecemmmmm e
grain Blue 3  -c-ccmememm e

ant yellow dyes:
rdant ‘ellow |
rdant Yellow 3
Tdant Yellow >
tdant Yellow 8
rdant Yellow 14-
rdant Yellow 16
rdant Yellow 20
rdant Yellow 26« - wmue e e e acciccaan
rdant Yellow Q- -cmcmomaooaooao  ecrmcccmecccccnman
rdant Yellow 30---crce mommcccec e ceererrmaaan

KON.
ACS,

KON,

ACS,
ACS,
KON.

ICI.
ICI.

ATL,
ATL.
TRC.
ACS,

ACY.
ACS,
vPC,
GAE.
TRC,

ALT,
ALT,
SDH.
SNA,
™S.

SNA,
SNA,
SNA.
SNA,
SNA.
SNA.
™S,
™S,

KON,
SNA,

SNA,
™S.
™S.
KON.

KON,

, ™S,

KON.
™S,

KON.
KON.

GAE,

POC,

ATL,

VPC.

KON,
KON,

T™S.

™S,
™S.

™S,

SNA, TMS.
™S.

™S

™S,

PDC.

VvPC.



TABLE 4.--DyEs For wHicH U,S. PRODUCTION OR SALES WERE REPDRTED,
IDENTIFIED BY MANUFACTURER, 1971--CoNTINUED

Dye

Manufacturers' identification codes
(according to list in tablc 3)

MORDANT DYES--Continued

*Mordat orange dyes:
YMordant Orange 1
dordant (hrange
Mordant Orange
Mordant Orange

*Mordant red dyes:
Mordant
Mordant
Mordant
Mordunt Red 9--ece-mvmomacnmane o T LT T
Mordant Red 1l-m-eemcaumm e e rc e s e n e
Mordant Red 64--vm-mwmmocccmeenas e

Mordant violet dyes:

Mordant Violet Se-c--cecrmmccmc e r e e e
Mordant Violet 1l--comcccmmmm i e
Mordant blue dyes:
Mordant Blue l-e-ccecmmmmm e e e
Mordant Blue 3----reemcoummm e caee e
Mordant Blue 9--v-vvmorvs e
Mordant Blue 13
Mordant Blue 19
Mordant green dyes:
Mordant Green ll--c-c-vcvavemnnnn O o
Mordant Green 36s------cecmwommmmaeed oo
iordant brown dyes:
*Mordant Brown l----w--v-eccmcmcns -
Mordant Brown
Mordant Brown
Mordant Brown
Mordant Brown
Mordant Brown
Mordant Brown
*Mordant Brown
*Mordant Brown
Mordant Brown
Mordant Brown
Mordant Brown
*Mcrdant black dyes:
Mordant Black l--ecemcmcmccimm e
Mordant Black 3--
Mordant Black 7--
Mordant Black 8--
Mordant Black 9--
*Mordant Black 11----
Mordant Black 13----

*Mordant Black 17--==--emomcmmmmmo e
HMordant Black 19---r-m-vecmcmmmcmer oo e
Mordant Black 26----~----omcocmmovax L it

Oxidation Base 8 and BA-----vomcmcmccmnana e m e
Oxidation Base
Oxidation Base
Oxidation Base
Other oxi1dation bases---c-veccmermemn e cme i me e

SOLVENT DYES

*Solvent vellow dves:
Sulvent Yellow
*Solvent Yellow
Solvent Yellow
Solvent Yellow 13-cececmocmemmen e rneeeccara e

ACY, PDC, TRC.

GAF .

ATL, GAF, PDC, TRC.
TRC.

ACY.
PDC.
ACY, ATL, BDO, (MG, GAF, PDC, TRC, VPC.
MRX.
ACY.
PDC.

PDC.
GAF .,

GAF.
GAF.
GAF.
ACS.
MG.

ACY.
PDC.

ACS, QMG, DUP, GAF, TRC, YAW.

ACS, DUP.

GAF, VPC.
ACS, GAF, PDC, TRC.
ACS, QMG, GAF, VPC, YAW.

DUP, PDC.

ACS, TRC.

VPC.

ACS, VPC.

ACS, GAF, TRC, VPC.
HSH.

ACS, ACY, GAF, TRC.
PDC.

TRC.

ACY.
PDC.
ACY.
ACY.
ACY, Q4G.

AAP,
AAP, DUP, GAF, PSC.
ACS, PSC.

ACY, GAF, PSC.
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TABLE 4. --Dyes For wHicH U.S. PRODUCTION OR SALES WERE REPORTED.
IDENTIFIED BY MANUFACTURER, 1971--CoNTINUED

Dye

Manufaccurers' identification codes
(according to list in table 3)

*Soulvent yellow dyes--Continued
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Other solvent yellow dyes
*Solvent orange dycs:

*Solvent
Solvent
Solvent
Solvent
Solvent
Solvent
~olvent
Solvent
Solvent
Solvent
Solvent
*Solvent
Solvent
Solvent
Solvent
Solvent

Solvent
*Solvent
Solvent
*Solvent
Solvent
Solvent
Solvent
Solvent
Solvent
Solvent
Solvent

Orange
Orange
Orange
Orange
Orange
Orange
Orange

SOLVENT DYES--Continued

RSO U SR

Other solvent orange dyes- ----—-=-o-anen ammmcscmcncm e
*Solvent red dyes:

Solvent
Solvent
Solvent
Solvent
*Solvent
Solvent
Solvent
Solvent
Solvent
Solvent
*Solvent
Solvent
Solvent
Solvent
Solvent
Solvent
Solvent
Solvent
Solvent
Solvent
Solvent

Other solvent red dyes

Red 1
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red 1

26----

*Solvent violet dyes:

Solvent Violet 8------
Solvent Violet 9- -- mc = ¢ imccmmcmcceiee cme mman
Solvent Violet 13--
Solvent Violet 14
Other solvent violet dyes-- -

Solvent blue dyes-

Solvent Blue 3
Solvent Blue d4--
Solvent Blug S-- -c-cecicaaca-

AAP, ACS,
GAF.
GAT,
ACS.
AAP, ACS,
ACY, DSC.
ACS.
ACS.
GAF.
ACS, GAF,
ACS.
ACY, DUP,
ACS, ACY.
ACY.
ACY.
ACY.
AAP, ATL,

AAP, PSC.
ACS, ACY,
GAF,
ACS,
ACY,
ACS.
DUP.
ACY,
ACS.
ACY.
ACY.
AAP, ACY,

ACY,
GAF,

DUP.

PSC.
GAF.
GAF.
ACY, DUP,
AAP, ACS,
ACS.
DUP, GAF.
GAF.
GAF.
DSC.
ACY, DSC,
AAP, GAF,
ACS.
DsC, DUP.
ACS.
ACS.
ACY.
ACY.
ACY.
ACY.
ALY,
AAF  ACY,

ACY. DSC.
DSC

AP, ATL,
AAP, ICI.
AAP, D5C,

ACY, sW,

DSC, DUP,
DSC.
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ACY, DUP, GAF, PSC.

DSC, PAT.

DSC, GAF, PSC.

GAF.

DSC, DUP, PAT.

GAF.

ACY, PSC.

DUP, GAF,

ICI.

ATL, DSC, DUP, ICI, PAT.

HSH, ICI,

PAT.

SDH.,



TADLE 4.--Dves FoR wiHIcH U.S, PRODUCTION OR SALES WERE REPIRTED.
IDENTIFIED BY MANUFACTURER, 1971--ConTiNUED

he Manufacturers' identification codes
(according to list in table 3)
.
SQLVENT DYLS--Continued

Solvent blue dyes -Continued

Solver DSC.

Solvert ACY.

Solvert Blug 9ermrmmmmme i s o GAF.

Solvirns Blue 1l--cmmcrsmmc e mr i r s cr e emm e o - ce e BDO, GAF, ICI.

Scolvent Blue BDO.

Sol v Blug ACS. s

Sorven. Blug 30--macccmaceme i e e ACS, DUP.

Sclvent Biluce 37 Dup.

*Solvent BlUe 38 -cemmmc e et e m e a e ACS, ACY, ATL, DUP, GAF.

Solvert Blue 43--emmmo e e c e e e ACS.,

Salvert Blue G7ecemecmmecoma cn rammr e DUP,

Solveut Blue ACY.

Solven blue ACY .

Seolveptr Blue ACY.

Other ivent blue dyes AAP, ACY, DSC, GAF, ICI, PAT, x.
Solvent green dyes: »~

So'vent freen le--e--ecvom i c e ACY, DSC.

SOTVENT aICCN Peme vmm o m e o m e e o e e e GAF,

*Solveae Orec AAP, ACS, ACY, ATL, GAF, HSH, ICT.

Other s0lvent green QYESe=--w-memcmomomomcoeores emraoan ACY, DSC, GAF.
Solvent Leowa dves: .

Sotlver  Prown 1l iememmcee e g T TTTTTmrTomemmees GAF,

FQo.vont Brown Lld---ommmemmmm e e e s ACY, DSC, GAF.

SaTvon’ OW ]t m e e e e e e DUP.,

Solvort Arown 2= ACY, bup.

SOIVENY HroWD 2J- - e o e e o e DUP, PSC. .

Solvent B1own 38 -+ semeocmommr oo oo - memeem - ACY.

Otier solvent brown dyes----crommmmormmmr oo oo DSC.
Solvent blaii dves: "

Solvent Blacl Fe-ceememmmmmomaoeea Mo ACS.

Solvent Rlack 5 ACS, ACY, DSC, DUP.

Solvent Black 7 ACS, ACY, DSC.

Solvent Hlach 12 ACS.

Solvent Biach 13 --- ACS.

Solvent Black }7---cmmmmcm e e e e s - DUP.

Solvent Ylack 26----  ce-emocimaoooen B LR E L RS ACY.,

Other solvent black dves---—scmmmommomm i e o ATL, DSC, GAF.
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Table 5.

Acid Yellow 77

Orange 4
Red 42
Red 100

Blue 10
Blue 89
Blue 161
Black 138

Basic Yellow 26

Red 23

Direct Yellow 9
Red 5

Red 46

Violet 1

Blue 238

Green 46

Brown 3

Brown 33

Azo Dyes Produced in 1971 but Not in 1972

ACY
ACY
GAF
VPC
AAP, ACS
ACS
VPC

VPC

ACY

VPC

ATL
ACS
ATL
ACS, ATL
AcY

VPC

duP

27

Disperse Orange
Orange

Red

Reactive  Blue
Blue
Black
Mordant Yellow
Red
Blue
Green
Brown
Black

Black

13

28

56

20

13

11

50

HST

duP

ICI
HST

HST, TRC

ATL
PDC
ACS
ACY
TRC
ACS

GAF



Table 6.

Acid Yellow
Orange

Red

Red

Black

Black

Disperse Red

Azo Dyes Produced in 1972 but Not in 1971

179

277

53

139

21

SDH

ACY

TRC

VPC

PSC

VPC

EKT

Reactive Yellow

FD&C

D&C

Mordant

274

Yellow

Black

Red

Red

Yellow

15

17

5

40

39

36

HST
HST

HST

ACS,WJ

SDH

PDC



TABLE 7. --Dves: DIRECTORY OF MANUFACTURERS, 1971

ALPHABETICAL DIRECTORY BY CODE

-
[Names of dye manufacturers that reported production or sales to the U.S, Tariff Commission for 1971 are listed below
in the order of their identification codes as used in table 2]

Code Name of company Code Name of company
AAP American Aniline Progducts, Inc. 1Cc Inmont Corp.
ACS Allied Chemical Corp., Specialty Chemicals ("1 ICI America, Inc
Div.
ACY American Cyanamid Co.
ALL Alliance Chemical, Inc.
ALT Crompton £ Knowles Corp., Althouse Div. KON H. Kohnstamm § Co., Inc.
ATL Atlantic Chemical Corp.

. MAY Otto B. May, lnc.

BAS BASF Wyandotte Corp. MRX Max Marx Color § Chemical Co
BDO Benzenoid Organics, Inc. -
BUC Blackman-Uhler Chemical Co,
PAT Morton International, Inc., Morton Chemical
Co. Div.
CCW Cincinnati Malacron Chémicals, Inc. PCW Pfister Chemical Works
CGY Ciba-Geigy Corp. PDC Berncolors-Poughkeepsie, Inc.
NG Nyanza, Inc. PSC Passaic Color § Chemical Co.
cpC Childs Pulp Colors, Inc.
CWN Upjohn Co., Fine Chemical Div.
S Sandoz, Inc., Sandoz Color § Chemicals Div.
SpC Martin-Marietta Corp., Southern Dyestuff
DSC . Dye Specialties, Inc. Co. Div, .
oup E. I. duPont de Nemours & Co., Inc. SDH Sterling Drug, Inc., Hilton-Davis Chemical
Co. Div.
SNA Sun Chemical Corp.
STC Sou-Tex Chemical Co., Inc.
. STG Stange Co.
EKT Eastman Kodak Co., Tennessee Eastman SW Sherwin-Williams Co.
Co., Div, :
FAB Fabriceclor Manufacturing Corp.
™S Sterling Drug, Inc., Thomasset Colors Div.
TRC Toms River Chemical Corp.
GAF GAF Corp., Chemical Div.
VYPC Verona Corp.
N Tenneco Chemicals, Inc.
HSC Chemetron Corp., Pigments Div.
HSH Harshaw Themical Co. Div. of Kewanee
0il Co. wJ Warner-Jenkinsnn Manufecturing Co.
HST American Hoechst Corp.

YAW Y.S. Young, Young Aniline Works Div.

Note.--Complete names and address of the above reporting coampanies, willi be iisted in the Tarlff Commission's
annual report, Synthetic Organic Chemicals, Anited States Production and Sales, 1971.
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BROMINATED HYDROCARBONS

SUMMARY AND CONCLUSION AS TO DEGREE OF HAZARD

Only two bromohydrocarbons, methyl bromide and ethylene dibromide,
are known to be in large scale production and use. Most of the methyl
bromide is used in the fumigation of stored agricultural products and
soll sterilization at an annual increase of about 10%. Most of the
ethylene dibromide is used in leaded gasoline as a scavenger for lead
deposits in engines; perhaps an amount equivalent to that of methyl bromide
is used for the same purposes. Production is expected to decrease with

the decreased usage of leaded gas.

Both react to some extent, especially the methyl bromide, with pro-
tein in the foods they contact. Resultant toxicity or reduction in nutri-
tional values is thought to be©f little concern to humans or animals fed
foodstuffs which have been given sufficient time to allow residual, un-
reacted fumigant to evaporate. Egg size and quantity may be reduced in

poultry fed too much ethylene dibromide as residue in the feed.

A variety of metabolites comprises the urinary pathway of excretion
of bromohydrocarbons. These include alkyl and hydroxyalkyl mercapturic
acids and S-oxide mercapturic acids, similarly changed peptides, etc.
Complete breakdown to carbon dioxide has also been demonstrated.

Methyl bromide is a very toxic substance with many known fatalities
from occupational use. Its low detectability by human senses at fatal
air concentrations is especially dangerous to dock and warehouse workers
who may not have been informed that a cargo or shipment was recently fumi-
gated. Death from an acute dose usually results from lung damage, but
kidney damage is also immediate., Chronic exposure can produce brain and
spinal cord damage, occasionally with effects last’ng long after cessation

of exposure.
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Ethylene dibromide is rated as a highly toxic substance, but its
relatively low volatility is probably the contributing factor in a lack
of reported fatalities connected with its use.

Neither compound appears to offer an envirommental threat, there
being no indication of accumulation in laboratory animals given extra-
ordinary doses, and there being no indication of effective soil accumula-

tion from annual application,.
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BROMINATED HYDROCARBONS

I. PHYSICAL PROPERTIES

Some appropriate physical properties of many of the Cy-C3 mono-
and polybromohydrocarbons are given in Table 1, The references used,
Dow Chemical and Sax, provide similar information on many other bromo-
hydrocarbons of considerably lesser economlc or toxicological importance
but frequently used in research laboratories. The compounds in the
table should be considered soluble in a variety of organic solvents and,
at best, slightly soluble in water. Tetrabromomethanec, allyl bromide
and propargyl bromide are lachrymatory. The vapor pressure of ethyl
bromide is 400 mm Hg at 21°C, that of ethylene dibromide is 17.4 mm Hg
at 30°C, and that of methyl bromide is 1420 mm Hg at 20°C.

Hassall (1953) reported the following satur-tion vapor pressures
at 25° in mm Hg: ethyl bromide, 468; propyl bromide, 135; butyl
bromide, 38.9; amyl bromide, 13.8; hexyl bromide, 10.

Saracco and Marchetti (1958) provided the following equation for
estimating the water solubility of bromohydrocarbons (straight chain):
1nS = 1nS, - Kn, in which S is in units of moles/liter, So has the
value 1.63, K has the value 1.46, and n is the number of carbon atoms
in the chain.

Hill (1962) studied the explosive limits range of air-methyl
bromide mixtures as a function of pressure, and found that increases
in pressure over atmospheric allowed mixtures relatively rich in methyl
bromide to explode. For example his range at one atmosphere was 10-15.47%
methyl bromide, but at 8-9 atmospheres a 23% methyl bromide mix ex-

ploded, and at 6-7 atmospheres a 29.57 mix exploded.
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6L2

Table 1. Properties of Some Bromohydrocarbonsa

Freezgng Boiligg Flash Fire Autoignition Expl. Sp. Gravity,d Index of
Point Point PointP Point® Pointbsc Limits© Vapor density Refraction®

Methyl Bromide

CH3Br -94.1 3.6 - - 536 10-16%  1.746(-5)%,
3.27

Methylene Dibromide

: CH2Br) =52 99 - ~ 2.49 1.5381

Bromo form
CHBr3 7.8 148.9 - - 2.88 1.5944

Tetrabromomethane
CBry ©92-3 189 - -

Ethyl Bromide
CH 3CH, BT -119.3 38.4 - - 511 6.7-11.3%7 1.4492, 1.4210

3.76

Vinyl Bromide
CHp=CHBr -139.2 15.8 - - 1.549(10) £ 1.4412(10)

Ethylene Dibromide
BrCH,CH,Br 10 131.4 - - 2.17, 1.5360

6.48

Acetylene Tetrabromide

BroCHCHBr, -0.1 245.8 - - 2,96 1.6350
(dec.)

Propyl Bromide
CH3CH,CHoBr -109.9 71 - - 1.350 1.4314

Allyl Bromide
CH,=CHCH,Br <=50 70.2 -1.1 32.28 1.412 1.465

Propargyl Bromide
CH=CCH,Br -62 84 .4 21.1 expl. 1.582 1.4912

a - from Dow Chemical Co. Bulletin 164-100-68 (1968) e - at 25°

b - in degrees centigrade f - density at (x°C)

¢ ~ from Sax 2 open ci™m

d - at 25/25° - none

From Dangerous Properties of Industrial Materials by N.I. Sax ém_1975, 1963 o>y Litton
Fducations Publishing, Inc. Reprinted by permission of Van Nostrand Reinhold Company.



propargyl bromide.

Forshey et al (1969) studied the fire and explosion potential of

Vapors would propagate a flame in a 19-cm

diameter container at a gauge pressure of 0.03 psia at room temperature.

Accidental pressurization of the aerated liquid could ignite it.

IT.

for production (in metric tons):

1969

1970

1971

1972

1973

PRODUCTION

The U.S. Tariff Commission Reports contained the following figures

Methyl Bromide

9,080

9,540

11,160

13,410

Ethyl Bromide Ethylene Dibromide
791 140,600
- 134,800
- 127,000

- 143,100

The April 1974 U.S.T.C. Preliminary Report on 1972 Miscellaneous

Chemicals production listed the following brominated hydrocarbons and

manufacturers:

1-bromobutane
2-bromobutane

bromoethane

1-bromohexane
1-bromo-3-methyl-butane
1-bromo-3-me thyl-2-

butene

1-bromo-octadecane

1-bromo-octane

Michigan Chemical Corp. (MCH)
Abbott Labs., Eastman Kodak Co. (EK)

Dow Chemical Co., Great Lakes Chemical
Corp. (GTL), MCH

Humphrey Chemical Co.

Eli Iilly & Co. (LIL)

Sterling Drug, Inc. - Winthrop Labs.
Div. (SDW)

du Pont

MCH
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2-bromopentane LIL
1-bromopropane EK, SDW

1,2-dibromoethane Dow, GTL, MCH, Pittsburgh Plate
Glass Co., Ethyl Corp.

Dibromomethane Dow
In the June 1974 Preliminary Report on Pesticides and Related Products
for 1973 the following manufacturers are listed for methyl bromide:
Kerr-McGee Chemical Corp., Dow, GTL, and M(CH.

The Chemical Week Buyers Guide for 1974 lists the following

compounds for sale:

acetylene tetrabromide hexamethylene dibromide
allyl bromide n-hexyl bromide

n-~amyl bromide methylene dibromide
i-amyl bromide nonyl bromide
bromocyclchexane octadecyl bromide
bromocyclopentane octyl bromide
bromoform pentamethylene bromide
1-butyl bromide propylene dibromide
s-butyl bromide tetrabromomethane
t-butyl bromide tetradecyl bromide
n-decyl bromide ° trimethylene dibromide
n~heptyl bromide undecyl bromide
n-hexadecyl bromide vinyl bromide

Product bulletins from Dow and White Chemical Corporation indicate

that both can supply a wide variety of bromohydrocarbons.
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III. TUSE

Ethylene dibromide, the largest tonnage bromohydrocarbon, is used
mostly as a lead scavenger in leaded gasoline. It is difficult to
project a future trend in this area because of the possibility of
changes in the consumption of tetraalkyl lead in gasoline in connection
with exhaust emission regulations and potential engine design changes.
While it is likely that the new engines will use unleaded or lightly
leaded gas, there will remaln in existence for years millions of cars
intended to be fueled with high lead gas. A relatively small amount of
production 1s used as a fumigant for stored grain, for soil, as a dye
and pharmaceutical intermediate, and as a solvent.

Methyl bromide has been used in the past as a fire extinguishing
agent, under the tradename Halon 1001. Its extremely high toxicity,
coupled with its tendency to corrode the usual metallic containers,
ended this use. Petrella and Sellers (1970) compared Halon 1001 with
a number of other Halons (mixed-halogen compounds of methane or
ethane) in their relative fire extinguishing capabilities; their con-
clusion was that the toxicity of Halon 1001 far outweighed its super-
iority.

Most of the methyl bromide produced is used as a fumigant for
stored agricultural products and as a sterllizing agent for soil. Its
high volatility requires that an enclosure or impermeable cover be
present to ensure complete and economic utilization. When used in
buildings it is blended with 2% of chloropicrin (CCl3NO;), the
lachrymatory action of which acts as a warning for the methyl bromide

which is undetectable by human senses in deadly concentrations.
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The major use for ethyl bromide, and a minor one for methyl

bromide, is as an alkylating agent in drug manufacture.

amounts of the ethyl are used as a solvent or refrigerant.

Lesser

The following table on properties and uses of other bromohydro-

carbons was adapted from one in Kirk-Othmer, Vol. 3, pp 776-8 (1964).

Table 2. Properties and Uses of Miscellaneous Bromohydrocarbonsa

Compound Mp, °C

Acetylene tetrabromide

Allyl bromide

Bromoform

n-Butyl bromide
CH3(CH2) o CHoBY -112.7
Carbon tetrabromide

Ethylidene bromide

CH3CHBT)
Isopropyl bromide

(CH3)»CHBY -89.0
Lauryl bromide

CH3(CH2) 19CH,Bx

Methylene bromide

Propargyl bromide
n-Propyl bromide

CH3CHoCH B Y -110
Propylene bromide

CH3CHBrCHyBr -55.3
1,2,3-Tribromopropane

BrCHZCHBrCHZBr 16

Trimethylene bromide
BrCHoCHy CHpBr -34.2

Vinyl bromide

Bp,

100.

109

59.

177
(45

70
140

220

167

°C

mm)

.9

.3

d(20/4°)

1.2687(25/4°)
3.42

2.06
1.3138

1.0382

1.3514
1.9333

2.4076
(25/4°)

1.9790

20

)

1.4398
1.60

(99.5)
1.5122
1.4254

1.4581

1.4341
1.5194

1.5835
(25)

1.5232

)
UseV

G,H,M,
Sulv

F, Syn
G,H,F,

Syn

Syn
Brominatii,
agent

H, Syn
Solvy, Syn
Syn
E,G,H,
Solv, Syu
I, Syn
Solv, Syu
Solv, Syn
H, Syn
Syn of

cyclopropane
Copolymer

a - Properties of those compounds also in Table 1 are not reproduced

b - Explanation of letters and abbreviations is as follcws:

(Table 2 reprinted with permission from Kirk-Othmer Encyclopedia,
Vol. 3, pages 776-778 (1968). Copyright by John Wiley & Sons -

Interscience Publishers.)
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E -~ Ingredient of fire-extinguishing fluids or as a fire retardant

F - Fumigant, if very volatile, or contact poison

(]
i

Gage fluild
H ~ Heavy liquid for flotation-type ore separation
M - Microscopic or refractometric fluid

P

Ingredient of medicinal or pharmaceutical products

Solv - Solvent, generally for fats, waxes, or resins, possibly
as a reaction medium

Syn - Intermediate in synthesis of other compounds

Barduhn et al (1960) examined methyl bromide and found it to be
promising as a demineralizing agent for sea water because of the
hydrate it forms.under pressure.,

Huang et al (1966) studied the concentration of fruit juices by
the use of methyl bromide to remove some of the water as complexed
crystals. While an effective concentration was achieved, some of the

natural flavor was lost and an undesirable flavor added.

IV. CURRENT PRACTICE

ICC shipping regulations for liquid methyl bromide require poison

and poison B 1abels, and limit the quantity to 208 liters (55 gal ) The

Coast Guard requires poison, poison B, and MCA warning 1abels. The
IATA does not allow it on passenger craft, but does allow 220 liters (58 gal.)
on cargo craft with poison and poison B lables.

General regulations for ethyl bromide call for the MCA label; IATA
gives it a Class A status, allowlng 40 liters (10.6 gal.)”on_passengor;

220 liters (58 gals.) cargo crafts.
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Ethylene dibromide must have the MCA label. It 1is required by
IATA to have the poison and poison B labels, and is limited to one liter
on passenger and 220 liters on cargo craft

IATA requires butyl bromide to bear the Red label, and limits it
to one liter on passenger, 40 liters on cargo craft.

Allyl and propargyl bromides require flammable gas labels.

V. ENVIRONMENTAL CONTAMINATION

Presumably a large amount of methyl bromide is released into the
air as normal operating procedure, as the products it is used to
fumigate must be aerated before being consumed or processed further.
Likewise soll sterilized by methyl bromide injection must be aired to

minimize damage to seeds or seedlings.

A similar situation exists with the fumigating uses of ethylene
dibromide. The latter has another route into the air by way of unbummed
gasoline from auto exhausts. No reports dealing with the extent of
these emissions or effect on them of emission controls were found.

Leonard and Lider (1960) injected ethylene dibromide into soil
and found that lateral diffusion was limited., This may mean that
accidental spills onto soll in populated areas could be counteracted
by prompt removal of the soll to a safer area.

The use, as indicated in Table 2, of certain bromohydrocarbons
as flotation agents would release fumes into the air, and probably some

liquid is trapped in any discarded materials.
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VI. MONITORING AND ANALYSIS

Wade (1952) described a colorimetric analysis for bromide ion ob-
tained from air samples containing bromohydrocarbons - not applicable
if chloro- or bromochlorochydrocarbons are present. In a standard
technique for sampling for this type of contamination, the air sample
is drawn through a catalytic furnace into a bubbler containing alkaline
hydrogen peroxide. This solution is transferred to a beaker and boiled
down to 2-3 ml. After transfer to a calibrated test tube, and acidi-
fication with sulfuric acid, a fixed amount of aqueous NaAuCl, is
added. The color developed is read against a reagent/treatment blank
at 470 nm and compared with a calibration chart. No changes are re~
quired for the range 0.1-4.0 mg of bromide ion. Accuracy is less than
silver nitrate titration, and better approximates the latter at the
lower end of the range.

Lugg (1955) described a colorimetric method for determining a
minimum of 50 mg/cu. m. (13 ppm) of methyl bromide in air. A 10-1
sample of air is drawn through a one-1 Winchester bottle. Add 15 ml
of distilled pyridine containing 1% water; stopper and wet the bottle
sides with the pyridine. Let stand seven hours, shake, invert, and
let drain. To 10 ml of the solution in a 2.5 x 15-cm test tube, add
1/2 ml1 of 0.5N NaOH and heat for 15 minutes at 95°C. Cool five
minutes in an ambient water bath., Add 1/2 ml of 27 aqueous India gum
and read in a colorimeter within 10 minutes against water over the
range 370-430 nm. There is a linear relationship between absorbance
and amount of methyl bromide over the range 0-1.5 mg, but the minimum
recommended is 0.1 mg. Ethylene dibromide interferes but not seriously,
likewise ethyl chloride and ethylene dichloride; serlcus interference

would come from methyl and ethyl iodides, and ethyl bromide.
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Heseltine (1959) described a commercilally available detector tube
for methyl bromide which was suitable for monitoring fumigated
enclosures.

Smith and Shigenaga (1961) described a technique for extraction
of sterilants from soil. A 25 g soil sample, wetted with 20 ml of
water, was shaken for 30 minutes with 2 ml of n~hexane for ethylene
dibromide or o-xylene for propargyl bromide. A 5-50 pl aliquot of the
extractant was then injected directly onto a gas chromatographic
column. Recoveries ranged over 80-907.

Alon et al (1962) analyzed for residual acetylene tetrabromide in
ore from flotation processing, and in the hydrocarbon used to recover
the bromohydrocarbon. Alcoholic KOH was used to remove the bromide as
HBr. Oxidation to bromate could be followed by an iodometric finish
when the sample contained 400 ug-10 mg of bromide in the presence of
chloride, or by a colorimetric finish based on formation of tetra-
bromorosaniline, in the 0-20 ug bromide range. TFor the 10-200 mg
bromide range, in the absence of chloride, an argentometric method was
used, and for production control, the nephelometric method as silver
bromide.

Dumas and Latimer (1962) analyzed atmospheric methyl bromide
using ° 35-ml samples containing 1-100 mg/l of methyl bromide. After
drawing the sample into an evacuated flask, 0.5 ml of 1N potassium
hydroxide was added and heated at 60°C for 45 minutes. Excess alkali
was neutralized with IN nitric acid. Then the sample was titrated with
a modified Fisher Coulomatic Titrator.

Dumas (1962) analyzed atmospheric ethylene dibromide by drawing a
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sample into an evacuated flask, adding 1 ml of 0.5N sodium hydroxide,
and refluxing for 15 minutes to remove one ¢f the bromides. This was
quantitized on a Fisher Coulomatic Titrator. Results were good for
the 0.75-30 mg range.

Lindgren et al (1962) analyzed grain for residual combined
bromide and methyl bromide after fumigation by neutron activation
analysis. A 5-gm sample was irradiated for 30 minutes at a 7lux of
1.8 x 1012 neutrons/sq. cm. sec at a power level of 250 kW. The
Br-82 0.77-Mev gamma ray intensity was measured after a 2-4 day decay
period and compared with reference standards.

Woolfolk et al (1962) found that potassium p-phenylazophenoxide
was a suitable derivatizing agent for alkyl halides, forming the alkyl
ether. Refluxing the sample and the phenoxide in N,N-dimethylformamide
for one hour and work up gave the following solid derivatives with

m.p. in °C:

Methyl 52 Hexyl 58
Ethyl 72 Heptyl 69
Propyl 60 Octyl 73
Allyl 51 Decyl 64
Butyl 61 Hexadecyl 80
i-Butyl 63 Octadecyl 84

3~Methyl-butyl 37
Ethylene dibromide gave a mixture of mono- and di- derivatives, mp
196~8°. Cyclohexyl bromide and tertiary halides did not react.

Takacs et al (1962) analyzed a mixture of methyl and ethyl bromides

by gas 1liquid chromatography. Relative retention times were 1.0 for
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methyl and 1.58 for ethyl under these conditions: column temperature,
52°C; carrier gas, H, at 75 ml/min and 1.0 kg/sq. cm., (1 atm);

column, 5-mm i.d. by 3-m long; column packing, 20% R,R'-hydroxydipro-
pionitrile on 30-60 mesh firebrick; detector, thermal conductivity cell
at 52°C.

Castro (1964) gave a detailed description for the determination
of methyl bromide in organic material which involved alkali/peroxide
degradation and iodometric titration.

Bielorai and Alumot (1965) determined ethylene dibromide in or-
ganic materials by distilling 5-~10 ml of benzene from a 2-1 flask con-
taining 100-300 g of sample and one liter of water, followed by gas
liquid chromatography of the benzene. Results compared well with de-
composition/titrimetry but were not as precise.

Berck (1965) used a 1/4-in. o.d. by 6-foot stainless steel column
packed with 10% SE-30 on Diatoport S (60-80 mesh) to study conditions
for separating methyl bromide, bromoform, ethyl bromide, ethylene
dibromide, 1-,2~-, and 1,3-dibromopropane, 1- and 2-bromobutane, 1~
and 2-bromopentane.

Perry (1966) worked out the conditions for the use of an electron
capture detector in the analysis of ethylene dibromide in gasoline.

He used a 1/4-in. i.d. by 10-foot column packed with 5% Apiezon "L"
and 0.5% polyethylene glycol 4000 on "Embacel" (100-120 mesh). The
column and detector were maintained at 95°C. The carrier gas was
nitrogen at 100 ml/min through the colummn, but only 15 ml/min through
the detector to avoid overloading it. Elution time was six minutes.
Reproducibility at the'30 ppm level was * 3 ppm. The useful range

was 1-50 ppm.



Chaudri and Hudson (1967) reported the following relative retention
times for the separation of the isomeric butyl bromides on a glc
column: t-butyl - 1.00, s-butyl -~ 1.94, i-butyl - 2.07, and n-butyl -
2.91. They used 1/16-in. o.d. by 4-m column packed with squalane (10%)
on Chromosorb W, with nitrogen carrier gas at 15 ml/min and operating
temperature of 20°C.

Getzendaner et al (1968) used a commercial X-ray fluorescence in-
gstrument to determine total bromide content of dry organic materials
such as cereals and beans treated with methyl bromide. Calibration
curves were obtained by analyzing material previously analyzed by
chemical methods. At the 34 ppm level, precision was * 10%.

Viel et al (1969) analyzed atmospheric methyl bromide by passing
20-40 1 of air through twin absorbers (in ice) containing 20 ml each
of freshly distilled diethylamine, then combining the contents of each
bottle and evaporating the amine on a water bath. The residual hydro-
gen bromide was then dissolved in 5 ml of a buffer consisting of 1
part of 1N sodium hydroxide and 1.3 parts of 1N acetic acid (V/V).
Then was added 1 ml of a solution consisting of 1 part of the buffer
and 1/20 part of a phenolsulfophthalein solution (V/V). Then 1 ml of
a 0.005 N aqueous chloramine T solution was rapidly added and let sit
30 seconds; 2 drops of 25% aqueous sodium thiosulfate were added to
stop the reaction. The volume was adjusted to 10 ml and the optical
density measured at 570 nm in a l-cm cell. Amount of bromide was
read from a curve prepared from 4-10 ug of bromide. Tne sensitivity
limit was 4 pg, and the results were reproducible providing the HBr
contacted no organic residues. Air contamination levels of 10-20 ng/l

gave 907 recoveries, but 1-2 ug/l gave lower, and variable, results.
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Malone (1970) described in detail an acid reflux procedure for
extracting methyl bromide and ethylene dibromide from fumigated graia.
Preliminary grinding was unnecessary for the EDB and detriment.i for
MB. The apparatus consisted of a one-1 flask with Ny inlet, a condenser
with circulating 60°C (no higher) water, Teflon tube connection to a
column of Chromosorb W (to remove traces of water), and a volumwtrvi
containing isooctane immersed in dry ice-acetone. The procedure was tu
add 100 g of sample to the swirled flask containing 530 ml water, 60
ml of 1IN sulfuric acid, 10 ml of 20% phosphotungstic acid, aud 1/2 ml
of DC Antifoam FG-10 (spray antifoam was found unacceptable in con-
nection with the subsequent glec). With a 25-30 ml/min flow of Ny,
boil gently for two hours. Popping off of the tubing connection on
top of the condenser meant that too much water had carried over, ex-
ceeded the capacity of the drying agent, and blocked the gas flow by
freezing in the receiver. Rinse four 1-ml portions of iscoctane
through the tubing-drying agent using the N, pressure. Allow the
isooctane solution to come to ambient, make up to volume, and inject
a 5 pl sample into a 6-ft., x 4-mm i.d. column packed with 30% DC-200
on 80-100 mesh Gas Chrom Q. Operate the injection port at 150°C, the
column at 70°C, and the electron capture detector at 200°C. Use a
60 m1/min flow of Np carrier. Unresolved problems of other volatile
components in the grain held sensitivity to 3 ppm of methyl bromide
and 0.3 ppm of ethylene dibromide.

Muthu et al (1971) used a bio-assay method for field determination
of atmospheric methyl bromide (ethylene dibromide was tested and

found unsuitable). They placed 30 adult red flour beetles, Tribolium
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castaneum, in a U-tube and pumped the air sample through until all the
beetles wete 'knocked-down', and noted the time required. Concentra-
tion was determined by dividing this time (in hours) into the pre-
determined C.T. product. The latter is found by averaging the values
of knock-down time in hours multiplied by concentration in mg/l, using
a range of concentrations. Their range for computing C.T. was 9-58 mg/1
for methyl bromide. They tested chemically analyzed concentrations of
about 2, 5, 10, and 52 mg/1l and found quite acceptable values. Ethylene
dibromide was unsuitable because it does nct produce immediate kill.
Reilly (1971) showed in some preliminary modifications to a
commercial methyl bromide leak detector that it was possible to make
it useful at the TLV of 10 ppm by using propylene instead of propane
as fuel and a ventilated copper tube reducer instead of the copper plate
supplied.
Freedman et al (1973) demonstrated that standard charcoal filter
respirator cartridges had a useful life of only one minute for methyl
bromide and 17 minutes for ethyl bromide at a concentration of 50 and

5 times, respectively, the TLV's.

VII. CHEMICAL REACTIVITY

A. Environmental and use associated reactions

Ethylene dibromide's major use as a lead scavenger in leaded
gasoline is to provide bromide atoms for the lead deposits, the lead
bromide beilng volatile at engine operating temperatures. Presumably
the bromohydrocarbon is decomposed at these tcemperatures, as Kirk-
Othmer states that decomposition to vinyl bromide and HBr occurs at

340-370°C.



The chemical intermediate uses of the various bromohydrocarbons
(RBr) rely upon their relatively weak carbon-bromine bonds. The
bromine atom is readily displaced by O, N, S, and carbanions, these
being said to be "alkylated'. The RBr also readily react with finely
divided Mg or Li to form RMgBr or RLi and LiBr; these so-called
Grignard reagents are then used to attach the R group to carbon atoms
which are far more electrically 'positive' than the carbanions men-
ticned above.

Levine et al (1964) compared the ability of the various isomers
of bromobutane to react with nitrogen dioxide and sunlight to form
ozone, Table 3 is an adaptation of their table of results. They did

not comment on the chemical fate of the bromobutanes. Butane itself

Table 3 ~Ozone Gencrated by Sun-

light Irradiation of 200 Pphm Butyl Reprinted with permission from J. A’y

Halide 4 100 Pphm NO, Pollut. Contr. Assoc. 14:220-23Copyraght
—— by Air Pollution Control Association

Butyl Period  Maximum

__ Compound (Min) O, (pphm)

N-butane (control) 65 76

N-butane (control) 60 74

N-butyl bromide 35 27

N-butyl bromide 25 28

N-butyl bromide 35 26

Isobuty ! bronude 20 34

Isobuty ! bromude 30 32

Isubuty | brounde 30 37

Sec-bhuty ] bromide 20 23

Sec-buts ! bronide 45 17

See-buty! bromide 25 28

Tert-butyl Lromide 90 12

Tert-butyl bromide 40 15

Tert-butyl bromide 60 16

generated much more ozone than any of its monobromo derivatives. The
amount of ozone was corrected for normal ozone decay in a corresponding
time period.

B. Aspects with biological implications

Clegg and lLewis (1953) treated barley, beans, groundnuts, maize,

peas, rice, milled wheat, and whole wheat with methyl bromide, and did
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not tind any losses in nicotinic acid, riboflavin, or thiamine content.
From in vitro treatment of solutions of nicotinic acid, nicotinamide,
or thiamine with methyl bromide, they found apparent N-methylation of
nicotinamide, < 47, and free bromide in the solutions of the others.

Eaks and Sinclair (1955) found that ethylene dibromide acted as
a ripener for avocados which had been fumigated with it.

Winteringham et al (1955) exposed samples of whole wheat flour
of 12.5% moisture content (one batch of which had been prepared from
wheat grown using S-35), and wheat gluten of 5 or 13% moisture con-
tent, to methyl bromlide (C-14) for about 40 hours at 20°C. The samples
were then aerated to remove free methyl bromide.

After a C~14 determination on a whole sample of flour, another
sample was separated into fat, starch, gluten, and aqueous washes
for individual C-14 measurements. The gluten samples were analyzed
for N-, O~, and S-methylation. The results are in Table 4. The
gluten (protein) fraction contained most of the C-14, the fat the
least. Higher moisture content in the gluten itself decreased incor-
poration of methyl bromide. The C-14 activity in the aqueous washes
was attributed to methanol via hydrolysis, and dimethylsulfide from
thermal cracking of dimethylsulfonium salts (only the volatile compo-
nents of the aqueous washes were determined). No S-35 was associated
with N-methylated amino acids. A separate experiment involving fumiga-
tion of the S-35 flour indicated that dimethylsulfide was evolved
naturally at ambient temperature, especially at higher humidity.

It was later shown (pp 261-8) that the principal (75%) reaction

was with histidine; 1-N-methyl-, 3-N-methyl-, and 1,3~N-dimethylhistidines
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Distribution of combmed C n wheat fiachions following exposure to MCHBr

Sample

Table 4.

A, Milled whole

B, Miled whole

C, Wheat glutcn

T4, Whewe glulen

wheat wheat prown on
sulphur-3s
Moisture content, %y . 12} R . 12§ s0 150
N .pm.of As“of m oof As Y, of vat of  As Y, 0of  ppmiot As Y of
Fraction aud method of *4C recovery l.irl::cncm total 1*C l;r‘;ct:on total B¢ [f‘r“u‘:lun total #4C ir.xcuo:) total 1C
recovered recovered 1ecovered recovered
n all m all m att 10 all
fractions fractions fractwns fractivns
(1) Whole wheat ; total *4C by wet
oxidation 520 — Spoilt —
(2) Fat; total 1*C by wet oxidation 164 06 38 o7
(3) Agqueous washings volatile M4C by
distillation through combustion
traan (tree VBCH OH) 16 30 28 18-4
(4) Starch, total M Ly wet oxidation 89 1074 18 5
{5) Gluten, total ¥C by wet o~idation 1687 363 427 750 2210 1000 1351 1300
1000 100-0
As 9, of As 9, of As 9, of As 9 of
total 1¥C total HC total '*C total *4C
S of gluten of gluten of gluten of gluten
(sa) Gluten; —O<¥Cti;, by ditlerence, .
(5¢ — 5b — 5¢) 171 101 20, 132 101 7'5
(sb) Gluten, —>HCH, : by decomposi-
tron with NaOH followed by HCI 107 64 53 24 112 83
+
(5¢) Gluten; —S(MCHCH,; by decom-
posttion with NaOF 555 329 548 248 362 26-8
(5¢) Gluten; —N+MCil,; by ditferchee,
= {5 = 5¢), of with {5/} or (52} 854 506 153 358 1316 50-0 776 574
1000 100-0 1000
(s5¢) Gluten; —O-CHy + $1CH, +
+
SHUCH)HCH, . by HT hvdrolyss 833 494 274 642 894 404 575 426
(sf) Gluten ; —-N-CH by decomposi-
twon i HE ¢ N L (Foeduody 052 781 249
(54) Gluten; - N-HCHL,, by wet oxida-
tion of T hyvdiotysate used dor (5¢) 10460 580
were isolated. It was concluded that loss of the semi-essential amino

acid histidine by N-methylation was negligible from normal fumigation.
After consideration of literature relevant to consumption of
methylated histidines and conjecture on human metabolic products (pp
269-73), it was decided that it was unlikely that methyl bromide fumiga-
tion of wheat would have toxic effects.
Siesto (1956) tested the effect of methyl bromide fumigation on
the thiamine and riboflavin content of almend, nut, and pine seed
None of the treatments affected the riboflavin.

meals. Fumigation at

.
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the 5 mg/l level at 18°C for seven days followed by seven days aera-
tion had no effect on thiamine. The 1 g/l level for three days and
seven days aeration reduced the thiamine to 50, 47, and 33% of
unfumigated-but-aerated levels, respectively. Fumigation at the 1 g/l
level for seven days reduced the thiamine to 25, 46, and 25% of un-
treated levels.

Bridges (1956) fumigated whole wheat for 48 hours with 29.5 mg/1l
of ethylene dibromide (Br-82); milled wheat, wheat gluten, and wheat
starch were exposed at the 36 mg/l level. After airing, portions were
heated at 180-200°C to simulate baking (one-half hour).

Pre-heating levels of water soluble bromide were low in comparison
with methyl bromide, being concentrated in the gluten. After heating,
these levels increased. The heating converted the etaylene dibromide
adsorbed on the grain or fractions thereof into ethylene glycol and
inorganic bromide. Some ether and/or ester formation occurred.

It was concluded that proper airing was very important For wheat
fumigated with ethylene dibromide, and such being rarried out, there
should be little worry about residual fumigant or ethylene glycol
baking byproduct.

Iwata and Sakurai (1956) tested methyl bromide on a variety of
materials, measuring before and after bromide content: albumin 2.45
and 4.09%, casein 0.02 and 1.25%, gluten 0.06 and 0.73%, potato starch
0.08 and 0.09%, rice starch 0.02 and 0.05%, wheat starch 0.05 and 0.047%,
defatted soybean meal 0.04 and 0.88% (the treatment of this meal de-
creased water-soluble nitrogen from 5.05 to 2.92 dry weight per cent).

After treating coconut, linseed, and soybean oils followed by suction
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evaporation of residual bromohydrocarbon, they found only a small
change in the acid, iodine, and saponification numbers, viscosity, and
bromide content.

Nachtomi (1972) recovered the microsome-supernatant fractions jrom
the centrifugation of the homogenized livers of rats and chickens.
Ethylene dibromide had no effect on the peroxidation ability ot the
lipids (catalyzed by NADPH) from rats, but inhibited the reaction o

the lipids from chickens.

VIII. BIOLOGY

Winteringham and Barnes (1955) reviewed the literature on methyl
bromide and ethylene aibromide, finding little that was pertinent to
this section.

A. Metabolic Effects

1. absorption

Winteringham and Barmnes (1955) in a review found that experiments
with radiocactive methyl bromide indicated it entered insects through
their breathing apparatus and was also absorbed and decomposed on their
skin. In another experiment no simple correlation was found between
susceptibility to methyl bromide and respiratory activity of different
stages of the confused flour beetle. Another species of this beetle
genus was made more susceptible to methyl bromide by adding carbon
dioxide to the atmosphere, a treatment known to increase the size of
the openings of the air entrances in some insects,

It was known that skin contact of liquid methyl bromide in man
caused blistering, but apparently no inquiry into possible systemic

poisoning following such incidents had been done.
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No studies had been conducted on ethylene dibromide.
2. excretion

Thomson et al (1958) gave rats s.c. injections of 1.25 g/kg of
ethyl bromide. 1In the urine was found ethyl mercapturic acid,
CoH:SCH,CH(NH-COCH 3) CO,H.

Bray and James (1958) reported that rabbits dosed with bromchydro-
carbons excreted mercapturic acids in their urine. They identified
only butyl mercapturic acid, from dosing with 1-bromobutane, but did
find mercapturic acids from dosing with 2-bromobutane, bromocyclohexane,
l-bromo-heptane, -hexane, -octane, and -pentane. The longer the alkyl
chain the lower the percentage of the dose eliminated as a wercapturic
acid.

Grenby and Young (1959) isolated n-propyimercapturic acid from
the urine of s.c. dosed guinea pigs, mice, rabbits, and rats.

Bray and James (1960) reported more results of their earlier (1958)
study and follow up. Among these were the identification of pentyl
and hexyl mercapturic acids from rabbit and rat urine. A second
metabolite from rabbit urine after l-bromobutane dosage seemed to be
a peptide of S-butyl-L-cysteine and glycine. A third metabolite from
this source seemed to be a more complex peptiwe containing S-butyl-1.-
cysteine, glutamic acid, glycine, and an unidentified sulfur compound.
This third metabolite was the only one found in guinea pig urine after
dosage with l-bromobutane.

Grenby and Young (1960) published complete details of their 1959
report. They added that there was no evidence for the propyl mercap-

turic acid having been formed during the acid treatment of the urine
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as a hydrolysis product of a mercapturic acid precursor, such as is
seen with aromatic mercapturic acids.

They found that, in vitro, n-propylmercapturic acid was deacetylated
by extracts of rat kidney or liver, but did not care to state posi-
tively that this may have occurred in vivo. Only 1/4-1%7 of the ad-
ministered dose was isolated as pure mercapturic acid, but it was not
thought that enough was lost in handling and purification to deny that
this method of metabolism of the bromohydrocarbon is subordinate to
still undiscovered pathways.

Thomson and Young (1960) reported finding in the urine of rats
dosed with bromoethane (in addition to ethyl mercapturic acid) ethyl
mercapturic acid-~S-oxide, C,H5SOCH,CH(NHCOCH3) CO,H.

James (1961) in still further elaboration of her 1958 study with
Bray found that only negligible quantities of heptyl, and none at all
of octyl mercapturic acid are present "as such” in rabbit urine after
dosing with the appropriate bromohydrocarbon. Something is present
which reacts the same with the nitroprusside detecting agent as free
alkyl mercapturic acids do.

Bray et al (1964) dosed rabbits and rats with butyl, pentyl,
hexyl, and heptyl bromides. They isolated from combined urines these
purified mercapturic acids: butyl - 2% of dose in rabbits, 4% in
rats; pentyl - 0.5% of dose in rabbits, 1.7Z in rats; hexyl - 0.27% of
dose in rats; heptyl - could not be crystallized (from rats), and
could not be detected from rabbits (except after acid treatment and
only in small amounts).

Octyl mercapturic acid could not be detected, directly or indlirectly,



after dosage to either rabbits or rats. The same was found for butyl
and hexyl mercapturic acids after dosage to guinea pigs. Table 5
contains their results including urinary bromide recovery from dosing
with sodium bromide or bromoalkane.

Barnsley et al (1964) reported the metabolic pathways for ethyl

bromide in rats diagrammed in Figure 1.

NH-CO-CH, NH,
CH,-CH,-S0-('H,-CH CH,-CH,-SO-CH,-LlH
n ; . .
@ . éOJ{ V) éOJ{ Reprinted with per-
mission from Biochem.
y AN J. 90:588-96 (1964).
///» quxyCH;\ NH, Copyright by the
CH,*CH,* BY —» CH,+CH,S+CH,CH Cé}CH;&CH;éH Biochemical Society.
N (I1) wy .~
N . J?O,H ( ’ éOZH
s/
RN NH+CO-CH,*CH,*CH(NH,)-CO,H
\A
CH,-CH,-S-CH;(‘JH
(II1)

J?O-XH-(‘H,-COZH

¥ 2ure 1. Biosynthesis of et!xylmercapturic acid sulphoxide. Conversions demonstrated in the animal body
are shown by solid arrows and possible conversions are indicated by broken arrows.

Barnsley (1964) reported finding in the urine of rats dosed with
l-bromopropane (in addition to l-propyl mercapturic acid and l-propyl
mercapturic acid-S-oxide) 2~hydroxypropyl mercapturic z2cid. The yield
was only 80 mg of the dicyclohexylammonium salt, from the combined
urine of 32 rats given a total of 54 g bromopropanes.

Nachtomi et al (1966) gave rats stomach tube doses of ethylene
dibromide, 100 mg/kg, as 2% solutions in soybean oil. The main urinary
metabolite was B-hydroxyethyl mercapturic acid; in much smaller amount
was found S-(B-hydroxyethyl)~L-cysteine.

Barnsley et al (1966) were unable to detect urinary sulfur-
containing metabolites of 2-bromopropane given to rats by s.c. injec-

tion, except as traces and not consistently.



Table 5. Excretion of mercapturic acid and bromide by animals given bromoalkanes, or sodium bromide
Rabbit Rat Guinea Pig
Dose Mercapt— Apparent Bromide Bromide Dose Mercapt- Apparent Dose Bromide
(m-moles/ uric mercapt~ after (m-moles/ uric mercapt- (m-moles/
Compound kg.) acid uric acid (96 hr.) 4 days kg.) acid uric acid kg.) (24 hr.)
1~-Bromopropane 19 27 - - - 2+3 5-1 - 1-2 -
(1-3-5-2)° (4-7-5-7)8
1-Bromobutane 17 47 41 16 43 2+3 643 54 B 1-0 13
(3°9-5-7)8(27-54)20 (11-21)¢ (41, 44)2 (4+0-8°1)8(21~72)1¢ (9-16)°
1 -Bromopentane 15 2°3 21 27 50 2°1 5-9 35 1-0 -
(1-6-3-7)° (16-23)3 (18-40)3 (49-52)3 (2-8-9+:0)7 (14-55)°6
1-Bromohexane 1-3 0-9 23 29 48 2.0 3-1 52 0-9 ~
(0-3-2:3)7(21-25)3 (17-42)"% (45-53)3 (1-6-5-4)1(23-69)¢
1-Bromohep tane 1-1 N.D.® 16 20 66 1-9 2.3 70 0:8 -
(12-19)3 (11-22)% (63-71)3 (1-0-3.1F (40-90)°
-Bromo-octane 1-1 N.D.® 12 19 53 1-7 N.D.® 46 . 07 -
(0-21)°  (17-20)3 (47, 58)2 (24-59)°
Sodium bromide 1-7 - - 12 48 - - - 2+5 18 )
(22, 25F (44-55)3 (16, 19)°

Amounts excreted are expressed as percentages of the dose, ranges are given in parentheses and numbers of
experiments are indicated by superscript numbers. Unless the times are giver, the results are Zor the amount
excreted until the 24 hr. excretion returned tc the normal level. N.D. indicates not detected; — indicates not
examined. In the guinea pig, the excretion of true mercapturic acid was examined after administration of all
the alkanes listed but none was detected. The value for apparent mercapturic acid was 1§ (10-12):" from brome-
~utaze (dose 140 m-mole/kg.).

o

Reprinted with permission from Biochem.
J. 90:127-32 (1964). Copyright by the

Bioch-mical Society.



James et al (1967) dosed rabbits with bromocyclopentane (A), -hexane
(B), and ~heptane (C). All gave methyl bromocycloalsyl triacetylgluco-
siduronates in the urine; in the case of B this metabolitc was shown
to be the 2-bromocyclohexyl isomer.

Also found in the urine from A-dosage were cyclopentyl mercapturic
acid, 2-hydroxycyclopentyl mercapturic acid (also a metabolite from
cyclopentene and epoxycyclopentane dosage), and another sulfur-contairing
material (also a metabolite from cyclupentene and epcxycyclopentane,
and forming in vitro from cyclopentanone and N-acetylcysteine) .

The major sulfur-containing urinary metabolite from B-dosage was
an unknown material (also a metasélite of cyclohexene) which was not
the 2-hydroxycyclohexyl mercapturic acid (a metabolite of epoxycyclo-
hexane); in traces was found cyclohexylmercapturic acid.

Also found from C-dosage were small amounts of cyeloheptyl mer-
capturic acid (a metabolite of cycloheptene), traces of 2-hydroxycyclo~
heptyl mercapturic acid (also a metabolite of cycloheptene and cpoxy-
cycloheptane), and another sulfur-containing compound (also o metabolite
of cycloheptene and epoxycycloheptane) .

James et al (1968) gave female rabblts and rats stomach tube doses
of aqueous suspensions of l-bromobutane. The metabolites found in
the urine are indicated in Figure 2. The rabbits excreted 8% of the
dose as butyl mercapturic acid and 147 as hydroxybutyl mercapturic acids;
the corresponding figures for rats were 7 and 22.

In a separate experiment bile duct-cannulated rats were given s.c.
doses of l1-bromobutane. In the bile were found the metabolites S-

butylglutathione, S-butyl-cysteine, and S-butylcysteinylglycine. Urine
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collected over the same time period contained butyl and hydroxybutyl
mercapturic acids.

A supernatant of rabbit liver homogenate produced S-butylglutathione
and traces of S-butylcysteine when mixed with l-bromobutane. Rabbit and
rat liver slices produced 3-hydroxybutyl mercapturic acid from butyl
mercapturic acid and from S-butylcysteine. Only rat liver élices pro-
duced 2-hydroxybutyl mercapturic acid. Rabbit liver slices produced 3-

(butylthio)lactic acid, VIII in Figure 2, from S-butylcysteine,
NH,
NH-CO-CH2-CH - CH.COLH
CH,-CHz-C1L O3-S CHL-CIL

1L éO-NILC}h.Cn,n
(1)
CH; . CH,-CH:-CHLBe \\\\lr' l
Br™
NHa

Cif3-CHa-CH - Cl58CI, - CIL

CO.NH.CHa. (0.1

(1)

NHs o

T (T T R

CH:;-(J“'_)_‘Cliz-clrg'S'CII:‘C}[ *_“'"l—‘) CHa'Clrgv(‘lrg'CIfg-S-C}IJ.C{[
CO.IL CO Yy

CH3-CH2-CH.CH, a1 (VIII)
\ /S
0
(Ix) l

NIT-CO.CH,

NH-.CO-CHy
CH;3-CH..CH;-CH,-.S-CH,-C

—_— CHz-CH:-CHz-CHg-S-CHg-C’:H

]
Y co.1 0 COLH
(Iv) (VII)
A Rb
NH-CO-CH; NH.CO.CH,
CH,-cnz.?n.cug.s.cnz.(l'u CH3-CH.CHs.CH,-S.CH.-CH
oIL CO,II OH CO-H
vy (V1)

F'isure 2. Metabolism of I-bromobutane. All tho 1:21ctions havo been shown to seeur jn the rat,
and those nrarked Rban the rabbit,
Reprinted with permission from Biochem.
J. 109:727-36 (1968). Copyright by the

Biochemical Society.



Jones and Edwards (1968) gave rats oral doses of ethylene dibromide
with both carbon atoms being C-14. They isolated 20% of the dose as
COr. Metabolites found in the urine were S~(2-hydroxyethyl)cysteine,
the S-oxide of the latter, hydroxyethyl mercapturic acid, and the S-
oxide of the latter.

Jones and Howe (1968) added long-chain bromohydrocarbons to the
yeast Torulopsis gropengiesseri in a glucose-containing medium. Methan-
olysis of the resultant glycolipids gave o,w- alkane dioic acids
(dimethyl esters). Starting bromohydrocarbon, product(s), and yield(s)
were as follows: CH3(CHy) iy, (CHp)13(COr-),, trace

CH3(CHy) 15, (CHy)14(CO2-),, 50%

CH3(CH) 165, (CHp)15(COx=)o, 45%

CH3(CHp) 17, (CHp)16(CO2=)», 17%
& (CH,)14(C05-)o, 29% (byproduct)

CH3(CHp) 17, (CHp) g(COp=)p, 26%%
& (CHp)14(C0p=)p, 97

CH3(CHy) 19, (CHy) 14(CO2-)o, 34%

CH3(CH2)21, (CHp)14(COp=)5, 36%

a - starting material and product both A% olefins

b - A7 olefin byproduct of A? starting material

From CH3(CHy)3CH(CH3)Br was obtained a low yield of HC,C(CH,);3CH(CH;)Br,
but no glycolipids. From CH3(CH,),3C(CH3)CH2Br was obtained a 50% yield
of HO»C(CHy) 13C(CH3)COsH (as the dimethyl ester).

Nachtomi (1970) gave rats stomach tube doses of ethylene dibromide.

From the supernatant of the homogenized liver were isolated S,S'~

ethylene bisglutathione, S~-(2-hydroxyethyl)glutathione -S-oxide, and
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S—(2-hydroxyethyl) glutathione; from the similarly treated kidneys were
isolated S—(2-hydroxyethyl)glutathione and 2-hydroxyethyl mercapturic
acid. When the bromohydrocarbon contained C~14 and the rats were
sacrificed four hours after dosage, 6% of the C-14 was recovered (63%
in the liver, 377 in the kidneys).

Kaye and Young (1970) injected rats with allyl bromide and found
allyl mercapturic acid in the urine.

James and Needham (1970) found 4-carboxybutyl mercapturic acid
in the urine of rabbits dosed with bromopentane and in the urine of
rats dosed with l~bromopentane or 1l,5-dibromopentane.

James et al (1970) administered aqueous suspensions of bromocyclo~
alkanes via stomach tube to female rabbits and examined their urine
for metabolites. Sulfur-bearing metabolites are discussed in James
et al (1971).

Bromocyclopentane gave bromocyclopentyl-tri-O-zcetyl-D-
glucosiduronic acid (isolated as the methyl ester). Bromocyclohexane
and ~heptane gave analogous compounds. Table 6 incorporates the re-
sults of urine analysis for total bromide, glucosiduronic acid, and

ethereal sulfate.

TABLE &. AMOUNT OF METABOLITLS ENCREILD IN URINE BY RABBITS

Dose Total* Glucostduionic Ethereal Reprinted with per-

Compound admtnistered (:11:wxjglc,/’kg) bronmide L acid Sl’lphmi_#_ mission from 51QQIE‘JF
Bromocyclopentane -8 62 27 13 Pharmacol. 19: 743-49

(54-73) (16-38) (12-16), (]970) c .
Bromocyclohexane 1-6 61 61 9 . Lopyriant by

(53-76)s (35-84)3 (10 Pergammon Press Ltd.
Bromocycloheptane 15 64 3 19

. (56-71)s (69-85)s (17-22)3

A

Results are means expressed as peicentage of Jdose, with ranges in parentheses; the numbers of
deternunaticns are invdicated by pferor fivures ] ) .

* This tncludes the broond s escieted plos oreaniclly bound bromine vhich s alo estimated as
bromude.

As measured by percentage of dose excreted as bromine, after 72

(.
—



hours the order of metabolism was: cycloheptane = cyclohexane >
cyclopentane > l-pentane = l-hexane > sodium bromide (all at same molar
dose of Br). After 96 hours the only change was the near equivalence
of the cyclopentane to the first two (the range for all compounds at
this time being 47-64%).

Degradation of the glucosiduronic acid metabolites indicated that
the rings had been attacked by oxygen at the carbon atom adjacent to
that bearing the bromine atom,

James et al (1971) dosed rabbits and rats with bromocycloalkanes
and examined the urine for metabolites. For the non-sulfur-bearing
metabolites of the rabbits see James et al (1970). Tneir findings on

mercapturic acid metabolites are in Table 7.

T ARLE 7' TINCHT TION OF MERCALTURIC ACID AND HYDFONYN TCAFFURIC ACIDYS BY DOSID RABBIIS AND RATS

bt Rut

N DVaose ‘_ Marcaptue acd ("0
nenole, e e e - - - - e s e - - -
he Alnyt [T treon: - CIE 1.0 -AlLyl Alkyl ciy-2-0O1L tramy 2018 ARSI EAN
Alhvl Al »l Alnyl Aliyl
L -y e e 8 4G 484 213 to 18 17 T
(1-6-20)* (0-¢-0 9)* (0 6L 9)* (19-6-22 2)4 (0-5-1 2)* (ta-22) (1-3-21) (6 i
[ T 1 1C 38 [RE
tr tr ND 9 9-11)2 ND ND ND (g .-1293
v obertore is 12 ' s5s 06 42
(1-2-1-3) ND ND (553 -1 3 ND ND 3y 158

Reprinted with permission from Biochem. Pharmacol. 20:897-907 (1971). Copyright
by Pergamon Press Ltd. i

8~ Includes trace amounts of other hydroxymercapturic acids.

Amounts are expressed as percentages of the dose, ranges are

given in parentheses and numbers of experiments are indicated

by superscript numbers. ND indicates not detected; tr indicates

trace amounts.

No S~oxides were detected. No other S-containing metabclites
were detected by running the experiment on rats fed yeast labelled

with S-35.

Grasse and James (1972) dosed rats with l-bromopentane and
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determined the metabolites with the assistance of [l~1“C]—l—br0mopentane.
Stomach tube aqueous suspension doses were given to adult female rats
(only one rat received the radio-bromopentane). No S-oxides were
found. Table 8 contains their findings of a positive nature. letaho-
lite 2 consisted of 2-, 3~, and 4~hydroxypentyl mercapturic acids. It
was hypothesized that Metabolite 4 was a hydroxy derivative of 4-
carboxybutyl mercapturic acid. The feces of the 24-hour period follow-
ing dosage contained only 0.47 of the radioactivity present in the
radio-bromopentane dose. No metabolites were detected in 72~hour leces
after unlabelled bromopentane dosage.

Gas chromatography of the hydroxy metabolites as methyl esters
gave the following relative peak areas: 4-hydroxy, 1l; 3-hydroxy, 3;
2-hydroxy, 4; sulfate ester of the 3-hydroxy, 16; sulfate ester of the
2-hydroxy, 21. Until the detector sensitivity of these compounds has
been determined, these figures should only be read as implying that
the 2- and 3-hydroxypentyl mercapturic acids are excreted mostly as

sulfate esters.

Table 8. Metabolites of 1-bromopentane excreted by the dosed rat.

(@) (6
1-Bromopuentane [{1-:C]-1-Bromopentane
(% dose) {70 dose of activiy)*

MMaterial determined
Pentylmercapturic acid 7:0 (4-9-10-6), 45
Metabolite 2 (hydroxy pentylmercapturic acid)  8-9 (6-6-12 0), §:2
4-Carboxybutylmercapturic acid 24 (2:2-3-0), 2:4
Metabolite 4 n.d. 1-1
1-Bromopentanet 14 (13,19, n.d.
CO,t LT n.d. 624
Bromide§ 38 (35 +2). n.d.

Results are meuns expressed as percentages of dose with ranges i parentheses and
numbers of animals as subscripts,

* Activity of dose wus 118 % 105 d p.m.

1 Excreted in expired aic in 5 h after dose.

152 in 0-24 h and 10 4°, in 24—120 h afcer dose.

§ Excreted 0-72 h after the dose when excretion was stil] incomplete.  Rats dosed
with an cquiralent amount of NaBe excreted 317, (28-3 H, of the bromude 1n 72

. = te , . . - .
' nd.= not determimed. Reprinted with permission from Xejo-

biotica 2:117-27 (1972). Copyrighi b
faylor & I'rancis | td.



Sulfur-containing metabolites accounted for only 747 of thosc
present in the urine after 24 hours - determined from the radio-
bromopentane experiment.

3. transport

Getzendaner (1965) gave chickens a layer ration containing an
eight-fold range of bromide residue from methyl bromide fumigation.
The bromide content of the whole eggs produced reached the same level,
roughly, as that in the feed in 20-36 days. Tigure 3 depicts the data

graphically.
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Figure 3. Bromide residues in eggs from chickens on fumi-

gated diets
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Reprinted with permission from J. Agri.
Food Chem., 13:349-52 (1965). Copyright
by the American Chemical Society.



4., distribution

Getzendaner (1965) gave chickens a layer ration contalning an

eight-fold range of bromide residue from methyl bromide fumigation.

His results on distribution of bromide in various portions of the

hens and their eggs are presented in Figures 4 and 5, Tables 9,

10,

11, and 12. In 1965, the author commented, it was common practice

L/
Q

to incorporate hydrolyzed chicken feathers as up to 2% of cattie

and 5% in chicken feed. Since the average feather analysis for

o .
Ll

bromide residue was lower than that in the feed, there was 1o cause for

concern about bioaccumulation.
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Table % Bromide Residues Found Table 0.

Rate of B ide Aceu-
in Egg White and Yolk ¢ ol oromide Accy

mulation after 70 Days on Feed

___ BrFound, P.P.M. Ratio: Ratio:
51 PP.M 410 PP.M Avr. P.P.M, Masx. P.P.M.
Dayson ___if,ff‘,c_d_ ,,_,_f"._ffiq,“_. ] = ig Ti{w»eﬂﬁ in lissue
Fumigoted In In in In Tissue P P.M. in Feed ;’_EMM;;‘F—cec—i
Feed white  yolk white yolk Whole ¢pus
32 . . 324 506 (no shells) 1.0 1.3
280 480 Yolks ©.2 1.5
33 32 57 203 450 pybites o3 1!
200 441 Y shiells 03 5
Light meat 0.2 .23
34 28 62 428 550 Dark meat 03 .5
20 71 .. -lﬁ‘l_\'in 04 05
Aver 0.5 0.7
35 %2 gz 276 392 Feathers 0.6 t.5
- c Kidney 0.8 0.9
36 34 76 . R Blood 1.7 2.1

Av. 30 67 315 473

Table11. Bromide Residues in Egg
Shells

\ Days on Bromide in
Bromide in Fumigated Egg Shells,
Feed, P.P.M. Feed P.P.M.

Control <13
<13
<13

Av. <13

51 4666 <13
36

17

Av. 19

102 41-54 13
<13

27

21

Av. 17

161 42-54 23
25

39

29

29

Av. 29

206 42-56 44
33
42
34

410 42-70 103

AN



Table 12. DBromide Residues Found in Chicdien Tiveues

Treatnient
and Tissve

Control

Light micat
Dak mcat
liver
Kudneys
Skin
Feathers
Blood

51 p.p.m. Br

Light meat
Dark mcat
YLiver
Kidneys
Skin
Feathers
Bilood

102 p.pan. Br

Light meat
Dark meat
Liver
Kidneys
Skin
Feathers
Blood

161 p p m. Br

Light meat
Dark meat
Liver
Kidneys
Skin
Feathers
Blood

206 p.p.m. Br

Light mcat
Dark meat
Liser
Kidneys
Skin
Feathers

Blood

410 p.p.m. Br

Light meat
Dark meat
Liver
Kidneys
Skin
Feathers

Blood

Figures 4 & 5, Tables 9-12 reprinted
with permission from J. Agri. Food Chem.
13:349-52 (1965), Copyright by the

11
13
33
45
30
23

16
28
40
65
50
10

N
41
80
116
56
15

<5

18
26
19
22

66
100
172
344
290

34

13
28
29
28
33

23
28
61

92
36
94

25
36
62
102
65
86

38
49
108
140
95
166

63
86
130
176
176
61

Broaaude Residues, P P M., founa after

10
14
39
47
26
51

19
26
53
3!
26
85

25
40
65
95
47
83

33
32
74
113

58

60
101
195
288
145
312

5

<5
<5
<5

17

12
13
21
36
12
77
90

23
29
36
68
21
38
146

27
42
66
40
32
61
222

44
49
62
163
80
24
262

95
145

77
308
206
133
702

American Chemical Society.
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<5
<5
<5

<5

<5

<5

15
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61
86
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39
74
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33
157

40
70
104
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73

232

42
64
121
122
47
39
263

[

70 Duys
Burd
6 7
<5 <5
<5 <5
<5 <5
<5 <5
<5 <5
0.5 20
<5 <5
14 14
18 13
21 26
39 44
13 18
53 70
96 96
23 28
33 42
50 3%
31 66
29 41
85 117
171 162
25 31
40 58
64 73
72 130
34 46
82 158
189 241
46 44
64 7
65 112
134 152
47 53
115 33
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304
144
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670
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25
40
14
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B. Physiological Effects

Winteringham and Barnes (1955) reviewed the literature om methyl
bromide and ethylene dibromide. The former produces nervous system
damage of a nonpermanent nature, and interferes with enzyme function
by reacting with SH-groups. The dibromide causes a non-narcotic type
of unconsciousness, but no apparent nervous system damage. Minor
hepatic and renal necrosis occurs.

Olomucki (1957) demonstrated that, in chickens, it was likely
that ethylene dibromide caused the pituitary gland to decrease its
production and/or release of follicle-stimulating hormone. This re-
sulted in smaller than normal follicles, smaller than normal eggs,
and, ultimately, cessation of egg production. An in vitro study
demonstrated that the dibromide had no demonstrable e.fect on follicle-
stimulating hormone.

Amir and Volcani (1965) administered 2 mg/kg/d of ethylene di-
bromide orally to male calves from four days after birth to 12 months
of age, then changed the dosage to 4 mg/kg/every other day. They
collected semen samples at 14-16 months of age, thereafter once a week
for 8-10 months.

Health and growth were unaffected. Sperm density and motility
were low. Malformations of the sperm included coiled tails, no tails,
and degenerated pyriform heads. Recovery after discontinuation of
dosage required 10-90 days. Onset of appearance of malformed sperm
occurred two weeks either after first dosage to a 16-month old animal,
or after resumed dosage in a previously dosed-from-birth animal after

cessation of treatment.



Johnson (1965) gave an adult female rat a stomach tube dose of
1.16 mmole/kg of ethyl bromide. After two hours the hepatic gluta-
thione level was 527 of normal. This compared with a literature value
of 50% for a 1.6 mmole/kg dose of 1l-butyl bromide.

Alumot (née Olomucki) and Mandel (1969) conducted additional ex-
periments with chickens regarding ethylene dibromide, egg laying and
size, and gonadotropic hormones. They decided that the conclusions
drawn earlier (Olomucki, 1957) were incorrect, and that the dibromide's
effect on chickens' egg laying was still unexplained.

Kazakova and Lis (1971) exposed mice four hours a day, five days
a week for four months to an atmosphere containing 90 ug/l of 2-
bromopentane. They observed an inhibition of neutrophilic phagocyto-
sis, a suppressed development of local infectious inflammations, and
an increased resistance to staphyloccal sepsis.

Alumot and Harduf (1971) fed laying hens feed containing 100 ppm
ethylene dibromide. When the egg weight had dropped by one-third, the
hens were given i.v. injections of radio-iodide labeled chick serum
globulin (CGG) or albumin (CSA). As may be seen in Figure 6 the yolks
of eggs laid after these injections incorporated only half as much of
the protein fractions as non-dibromide fed controls. Similar results
were found for incorporation of the labeled proteins into the vitelline
membrane.

In another experiment CGG or CSA was given to contrel and di-
bromide~fed hens, who were sacrificed after 40 hours. The control hens
had only half as many follicles as the treated hens, but the total
weight was the same and uptake of radio-iodine was double that in the

treated hens.



Reprinted with permission from Comp.
Biochem. Physiol. 39(1B):61-68 {19/1)
Copyright by Pergamon Press Ltd.
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Figure 6.Total [ in yolks (Trial 1).
EDB - ethylene dibromide

James et al (1971) dosed rats with bromocycloalkanes and measured
the hepatic glutathione after 1-4 hours. As seen in Table 13 there
was a definite response to ring size.

Alumot (1972) reviewed the problems of ethylene dibromide reduction
of egg size in chickens. The conclusion was that a reduction of protein
uptake by the follicles resulted in slower growing follicles, hence,

smaller eggs.
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TALL? 13, CLFECT OF SOM. MIRCAPSFURIC ACH) PRICURSORS ON THE IINVIL O 19\ o)y STHIONE 3

RAT IIVIR
Dosc Total glotathione (mg/10d g hver) aficr; -
(m-moles/kg) ; —
0-5 hr tokbr 200 RETIN
Woater onliy* 184 187 184 o
(176,191)? 1871 (186-15/)* (1°7-205%
Bromocyclepentane I-8 — 216 202 174
(201,230 (192,705) (119 19>
30 —_ — 120
(105-157)°
Bromogdyclohexane 16 — 172 19 112
(155,159)* (175,209 {130 1342
30 —_ — 176
(173-17a)2
Bromocycioheptane 2:2 e 178 .. H? a3
(171,185)* (115,175)? (4,99
30 — - 135 -
(13%,132)2
i Do sy nd o jn atet, zidmmi»gcwr_l at O b to rats wiaeh Lad boeo fistad for 19 0 Re o B
are ¢t b s means with tanees i parcethe o0 the sup tHor Ggaie in licales the roober
Cxpery o Control andinads vocie pisen waler by stonich tulie

IX. ENVIRONMENTAL EFFECTS

A. Persistence and/or Degradation

Coulon et al (1954) fumigated chestnuts with 17 or 118 g/cu.m. of
methyl bromide. Analysis revealed bromide residues of 79-180 ppm,
highest in the albumin, and dose rather than duration of treatment re-
lated. They recommended against this fumigation.

Olomucki and Bondi (1955) measured total and non-ether soluble
bromide in samples of grain meals before and after extraction with ether.
It was shown that the fat content served as a solvent for the ethylene
dibromide used to fumigate the grain, but did not enhance the reactivity
of the fumigant with the protein content.

Viel and Giban (1958) injected different types of soil with ethylene

dibromide and left them undisturbed at or below 15°C for 8-9 weeks.



There was still dibromide present after this time, in a distribution
gradient about the injection point. They recommended tillage after
fumigation and before planting.

Lindgren et al (1962) determined that the total bromide residue in
whole wheat (after fumigation with methyl bromide and aeration until no
longer effective) increased rapidly with moisture content over the range
9-15% water, especially at higher fumigant concentrations. Over this
same range higher residues were found the higher the temperature at which
fumigation had been carried out (10-32°C range studied).

They compared bromide residues in various mill fractions obtained
by milling after fumigation or fumigating after milling. In neither
instance was there a correlation with fat content of any fraction. On a
relative basis the residues in fumigated-milled fractions were: middlings -
1, flour - 1.1, whole - 1.6, shorts - 2.6, and bran - 2.9; the residues in
milled-fumigated fractions were: whole - 1, middlings - 6.5, flour - 7.4,
shorts - 7.9, and bran - 8.6. The only change in the order on going from
post— to pre-milling was the whole grain dropping from the middle to the
bottom. However, residues in the fractions were 2-5 times higher when pre-
milled, even at slightly lower moisture content.

Sinclair et al (1962) fumigated whole and milled wheat with ethylene
dibromide. After 10 days standing at 21°C, about 97-98% cf the added di~
bromide could be recovered unchanged from either type of sample. The
relative total bromine residues in milled-fumigated fraccions were: whole
- 1, shorts - 2.6, middlings - 3.4, bran - 3.6, flour - 3.6+. The order
of ionized bromine residues was: whole - 1, shorts - 1.8, flour - 2.4,
bran - 2.8, and middlings - 3.3.

Sinclaiv et al (1964) showed that corm and wheat (9% wat=21) ahsorhed



about the same amount o! e¢thylene dibromide when fumigated at 10-20%cC,
but corn absorbed more at a higher temperature. Studying the eifect on
fumigant retention of such variables as moista e content, tunipetion tem—
perature, and post-fumi;.ition storage temperature. the authors .ouanl n
increassed reteat ion frow increases, incirascs, aond decreasoes, oS 4
for wheat, and increasc: fa all three tor coru.

Recovery of ethylene dibromide added to giound rorn did noc Jdyop
below 90% atter 10 davs sitting at 20°C.

Getzendaner et al (1968) fumigated commeic ol toodstatfs, tlavor tnys,
and baking prodncts with methyl bromide using onditions desigued to
simulate current practice but slanted to yield wanimal bromide r1esiducs.
Some of thear tested goods may already have been treated with bromide
fumigants. Their results are in Table 14. ‘The last column on the vight
was intended Lo be usued as an aid in predicting tesidue accumulations
for vepeticy o cumigat fons.  The 1966 !leral icyisier toletance levels

for hromide o

dues 1 processed food, were parrially bascd on the oo
sult , prescutod nerern.

Castroe aud Belsetr (1968) incubated soll, nutrienis, and eibhyvien
dibrowide=1,.-c~14. Jithin eight wecks nearlyv ol ol the lunig.nt bod
been conve: ced o eth Lo and bromide rons. Taen neso- o0 2,3
dibroaobutinie s useld, irans- or cis--buteus o owere todoeed, cenpo e
1y, 1mudicattve ob stercospecific trans limbnad ton of the Br's. Gaant
tative analysis of this compound could not be jun beecavoe of hedroivens
observed in the sterile cuntrol cultures; however, no colotinic or gaseows

products were seen in the controls.

Brown and Jenkinson (1971) fumigated soil with methyl bromide at
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Table 14, Bromide Residues in Food Commodities

Rate, Bromide Residues, P.P.M,
Food 110, 72, ° I Hours [ BUWAY N Untreated  “lTreatad (netp Specihed
Candy and Contecnions
Cuandy bare 1.3 80 24 1 1,1 8,5 6
Brand 1 80 24 3 26, 18 773
Chocolate bar 1.6 6() 12 3.75 0,0 25 67
Brand 2 80 12 2.5 26 10
Chocolate bar 1.3 80 24 1 2,2 6,7 6.5
RBrand 3 . 80 24 3 1§, 17 5.8
Candy bare 1.2 80 24 1 1,4 K, 7 75
Brund 4 80 24 K] 28, 13 6 8
Candy bare 1.2 30 24 1 3,2 10, 8 9
Brand 3 80 24 3 31, 31 10
Fudpe 0.6 80 24 1 2,2 3.3 3
Brand 6 80 24 3 I, 4 25
Chewing gum 2.1 R0 24 1 0,1 4,3 3.5
80 24 3 9,10 3.2
Narshmallows, 0.7 60 12 3.75 0,0 6 16
large 80 12 2.5 7 2.8
Marshmaliows, 1.4 80 24 1 0,0 0,0 0
mintature 80 24 1.5 0,0 0
Mintse 0.8 80 24 1 1,2 51 3
80 24 3 6, 12 3
Peanutse 1.8 80 24 i 4,13 27,5 16
80 24 3 59, 55 19
Sugar, caned 0.1 80 24 1 7,17 0,0 0
80 24 1.5 0,0 0
Cereal Products
Corn tlakes 3.9 80 24 1 56 0,0 0
Brand A 80 24 1.5 0,2 0.7
Corn tlakes 4.7 80 24 1 56 0,2 1
Brand B 80 24 1.5 0,2 07
Hominy grits 8.2 80 24 1 4,3 6, 11 85
80 24 1.5 10, 11 70
Qut cereal 4.3 80 24 1 0,0 8,7 7.5
y 80 24 1.5 15, 14 9.7
Putfed rice 4.1 80 24 1 0,0 7,9 8
Brand A 80 24 1.5 6,7 4.3
Pufled rice 5.8 80 24 1 0,0 9,9 9
Brand C 80 24 1.5 10, 14 8
C eam of wheat : 11.1 80 24 1 12, 25 17, 17 17
80 24 1.5 34, 44 26
Putfed wheat 49 80 24 1 0,0 6, 8 7
80 24 1.5 9, 11 67
Shredded wheat 69 80 24 1 0, 10 58 6.5
80 24 15 11, 4 10
Flaked cereal 7.9 60 12 3.75 8,5 14 37
Brand D 80 12 2.5 7 28
Baking powder 11.6 60 12 3.75 0,0 0 0
80 12 2.5 0 0
Noodles, egg 6.7 84 24 1 0,0 15,16 16
80 21 1.5 23, 20 14
Starch, corn 10.6 80 24 1 33 3,2 2.5
R0 24 1.5 5,5 3.3
Macaroni 96 60 12 375 0,0 12 3.2
50 12 2.5 12 4.8
Doy foad, dry 8.9 o0 12 3.75 8, 11 98 26
80 12 2.5 81 32
Cattle feed, mined 10.3 o0 12 3.75 8,0 68 18
80 i2 2.5 81 2
Cornimeat 11.9 (3] 12 3.75 0,0 68 1S
80 12 25 63 27
1 lour, nee 8.5 8t 2.4 1 106, 107 0,0 0
80 24 1.5 13,53 n
Flour, soy 6 0 70 42,5 1 0 49 {9
Flowur, taproca 70 425 ! 0 0 3]
IHour, winte wheat
Prand 1 f 85 L0 24 1 14,16 J1, 4t 4
8O 1.5 53,61 39
Brand X v 1.2 N} 1 12,13 21,18 20
3] 2 1S 20, W0 1B

Reprinted with permission from J. Agri.
Food Chem., 16:265-71 (1968). Copyright
by the American Chemical Society.



Foud
Brand 2A~/ 4 i}
Brand Jevh l I
Braod 4¢ 8
FFlour, whole wheat
Biand 3 10
Brand 6 8
Brand 7 H
Cuke mix
Brand 8 3.
Brand 9 3.
Brand 10 4,
Brand 11 4
Pancake mix
Brand 12 8.
Braad 13 8.
Pie crust ms
Brand 14 6.
Brand 15 6.
Brand 16 7.
Ammal Products, Fats
Cheese, cheddar 5.
Chevese, cottage, S0
creamed
Cheese, puwconning 13

Cheese. parmesan,

grated
Beef, roast, chuck 57
Beef, roast, loaf 36
Frankfurters, 35
shinless
Pork, shoulder, 37
simoked
Pork, steak 37
Bacon, shiced 1.

Epes, powdered

Gelatny, unflavoted

Gelatmy flavored i.

MK, naaleed

Dry

Shimmed
Mk, diy

W hode

Potk saosave, link {9,

1.0, ?;

3

Table M. (Continued)

A
80
SO
S0
80
80
80

80
80
80
30
G0
80

Hours
24
2]
23
24
23
24

24
24
24
24
12

i2

Rate,
Lbh./NL

1

— gt [ T S e ) 19 " r—s e e i [V UU Y

g et g o e 1D Tl ed v L) e e e g e ) et ) e (0 v L) b () e G et ) e () mes

Bromide Rosidues, PP\

Untreated Preated (net): S
15, 16 23, 21 AR
32,145 2
10, 7 RIAY i
2,4 RE!
6,0 21,23 2
30, St 3y
14,13 2%, 32 LY
16, 44 W
1,5 3G, 41 1
60, 52 Ry
0,0 79 2.
Y LIS
0,0 24 B
19 :
4,5 3,1 2
7.7 4
4,4 3,3 3
6,1 oL
4,5 5.7 6
10, 6
8,8 7,7 "
10, 10
31, 32 0,0 0
0,0 f
14, 13 6,7 )
13,16 Q
5,4 4,2 3
) 5 8 :
22,27 10, 16
2,28 1
5 4 8, 16 1o
31 W
1,2 7, 10 ;
39, 32 i
1,2 8,9 ¥
37,23 HAl
7,8 §s, 7 i)
252, 190 7
1,2 24,13 ©
37,65 1/
4,4 i, 16 14
58, 30 Ty
4,5 3t, 27 2y
RS, 73 2
3,3 6, 8 ]
47, 21 12
4,2 I8, 22 23
S0, 83 "
6,7 22,29 2
538, 37 3
36, 36 33,123 (N
354,338 't
18, 20 11,13 [
6O, 33
0,0 0 '
0 !
Y, 10 7,3 N
0,8 :
10, 8 5,7
3.3
REARY o
1LY
6 L4 b
ta, S0 H

~



Table 4. (Coatinucd)

Food 1o, °F.
Veul loaf 40 80
S0
Butter 4.7 S0
80
Olcomaryurine 1.4 80
80
Shortering 0.7 80
80
Herbs, Spices, Beverazes, Misc.,

Cocoa - 6.0 60
80
Colfee, ground 57 60
Brand A 80
Cotlee, ground 2.9 %0
Brand B 80
Coffee beans 2.7 80

Rouasted &
Tea, green 5.3 80
30
Tea, orange pekoe 6.1 80
80
Allspice, ground 8.6 80
80
Cinnamon, ground 9.0 80
80
Ginger, ground 10.4 80
80
Nutmieg, ground 7.9 80
80
Pepper, red, ground 1.3 80
80
Yeast, dry 7.5 80
80

covered. 9 Extra fine granufated. ¢ Bleached. 7 Bromuated.

package.

Hours

24
24
24
24

¢ Fancy patent.

. . , . . av. p p m. increase from funtigation
¢ Net = residue in tieated — average residue in untreated sample. ¥ Specific residue = V- P P M. inerease from fumigatio

Bramide Residucs, PPALL

Rate, K
LhoM, Untreated Treated (net):
1 6,6 8, 8
3 27, 25
1 1,1 6,4
3 i, 1
1 3,3 1,0
3 3,7
1 1,1 1,1
3 2,8
3.75 0,0 47
25 33
3.75 0,0 25
25 29
1.0 1, 1 11,12
l.. 10, 10
1 0,0 4,4
1.5 55
1 6,6 0,0
1.5 5,17
1 7,8 0,0
1.5 1,2
1 4,4 15, 25
1.5 26, 23
i 4,3 12,0
1.5 19, 16
1 73,171 8,8
1.5 6, 11
1

1.5 25,24 7.4

16, 11

1 28, 28 9,9
1.5 6,5
1 1,1 0,0
1.5 0,0

tate of fumization (b M)

98 kg/ha. Crops of wheat grown on the soil the same year and two

succeeding years contained 0.42, 0.25, and 0.09% bromide in the above

ground portions - first year plants which suffered scorching damage con-

tained as much as 0.61%Z. Otherwise similar soils containing 0.93% or

2.81% organic carbon retained 25 and 63 ppm bromide, respectively.

Dumas (1973) fumigated fresh fruits and walnuts with methyl bromide

and/or ethylene dibromide and determined the residues. Results are in

Tables 15-19. 1In general lower fumigation temperatures resulted in lower

bromide (Br_), but higher ethylene dibromide, residues.
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Reprinted with permission from J. Agri.
Food Chem., 21:433-36 {1973). Copyright
by the American Chemical Society.

Table I5. Bromide Residues Found in Pulp and Skin of Fruits Fumigated with Methyl Bromide at Varnious Temperatures, Ex,
Normai Atmospheric Pressure (760 mm) for 2 hr

Resiwdues as brornide, ppm

. Peach Cherry
Temperature,  Dosage metryl bromide, Caufornia
c mg/l California Ontario Cahforma (Bing) {Schmgt) Pits
25 0 {control) 0.3 0.2 4.1 30 g
25 16 3.5 49 11.4 6.7 14
25 24 4.5
25 32 5.5
21 24 4.0 4.2 1.0 6.1 ~
21 32 4.6
21 40 53
15 32 3.5 3.2 8.2 59
15 40 4.0
15 48 4.3
10 40 2.7 23 7.2 4.6
10 48 3.2 3.9 8.2 3
10 64 3.8
4 48 1.8 2.4 4.2 35
4 64 2.7 4.7 5.3 4.7
4 80 3.5
Table t6. Distribution ot Residue in Peaches and Plums {ppm) Me 17 idue R : . L o
Fumigated with Methyl Gromide at Ditterent Dosages anz ;\aA':pIZsaR:,f‘cd,”,?jnf.lg?,?g,j(ﬁﬁ,?g;:;?;',?f;;ﬁ::i,;: "E:;“T:Hde
Temperatures for 2 hr and 24 mg/1. sor d hr a1 13° o
Dosage methyl bromtde, Concentra- f‘\r;mm:;::sr; E,::éf?gy?,;,: .T.r,i *“\
mg/\ ton, mg/l. days ppm i o
0 16 64 — Ehianh - -
N 12 1 36
Temperature, °C . 12 P 14
Frutt part 25 25 4 . 12 3 4.5 1
12 [ 1.2
Peaches  Skin 43 104 3.4 12 12 7
Peaches  Pulp. outside half 2.0 1.8 1.9 24 1 75
Peaches  Pulp, inside half 2.0 5.2 2.3 24 2 40
Peaches  Pitwall 1.3 4.1 1.1 24 3 13 "4
Peaches  Secd 15.0 470 157 24 6 1.6
Plums Skin 47 71 8.6 Controf nonfumigated apples 0 .t
Plums Pulp 1.0 19 1.8 @ Apples (Deticious vanety) held in €old storage 10 nont « ant we g g
Plums Pit 2.2 52 6.2 at 13° atter treatment ® This includes some brotmde ros it g ficin the

Table 18. Residue of Ethylene Dibromide and Inorganic Bromide
in Newly Harvested Maclnlosh Apples after Fumigation with

Ethylene Dibromide 12 mg/1. for 4 hr at 13°

ethylene dibromide

Concentrations for 24 hr

Table 19 Inorganic Bromide Residue in Shelled wna “in-Shell”
Walnuts after Exposure o Methyl Bromide .t Vanous

Inorganice® Fumigation

Concen- Time after  Storage Ethylene bromide tempera- CH ,fr doe
tration, fumiga- tempzra- dibromide, residue, ture, °C age, maq/l
mg/t. tion, days ture, °C ppm ppm - .

Without shell 25 0]

12 1 13 23 1.7 25 16

12 2 13 3.6 2.2 21 24

12 4 13 1.2 15 32

12 6 13 0.17 2.4 10 40

12 9 13 0.14 5 58

12 12 13 0.23 1.9 2 64

12 2 25 0.2 ’ -1 €4

12 3 25 0.15 —4 64

12 5 25 0 n shell 25 16

Control nonfumigated . 21 24

apples 0 0.8 15 a9

8 This inCludns soma bromida resiting from the sthylene dibromide 10 4%

5 4“8

421

Incrganc bro-
mfe rgcidue,

Lpim

2
90
81
74
67

14C
45
[
2
2z
14
2
14
17



B. Environmental Transport

No specific information was found. When used in above ground appli-
cations, methyl bromide and ethylene dibromide evaporate into the general
atmosphere. When used in below ground applications, methyl bromide has
to be '"covered" to prevent rapid evaporation into the air, and ethylene
dibrowide seems to stay very close to its point of insertion.

0, Bioaccumulation

artin et al (1956) grew vegetables and citrus seedlings in soil
treated with ethylene dibromide. In either a sandv loam or a siltv clay
loam the citrus tops accumulated only about 0.407% of Br over the range
1-12 ml ethylene dibromide per 3 gallons of soil; at the 0.5-0.8 ml/3
gal of soil level, accumulation was about 0.177. Lima bean and carrot
tops accumulated more Br than the citrus seedlings, 1.35 and 0.60%,
respectively, at 8 ml/3 gal. Carrot tubers acquired only 0.10% at 8
ml/3 gal.

Munsey et al (1957, pp. 201-2) added 13 ppm of ethylene dibromide
to commercial bakers' flour and 20 ppm to rolled ocats. Bread prepared
from the flour was free of unchanged fumigant. Boiling the cats in
water for one minute left 12 ppm of the fumigant in the oats.

Young et al (1959) allowed cows to feed only on peanut vines grown
on ethylene dibromide treated soil. After 28 days of increasing Br con-
tent in the milk, these levels ranged 14-61 ppm from vines containing
48-314 ppm, respectively. The bromide levels were rising at a rapid rate
when the experiment was terminated.

Muns et al (1960) grew a varilety of vegetables on earth treated with

ethylene dibromide at 4.67 g/m’. Lima bean straw contained 18, 76, and

22



28 ppm Br when harvested 20, 19, and 16 weeks after soil treatment.
Corresponding sets of figures (ppm, weeks) for other crops were:
onion -~ 9.1, 16
beet - 10.4, 10
turnip - 10.8, 8
spinach - 11.1, 8
lettuce -~ 14.9, 14
sugar beet tops - 18.3, 18
roots -~ 30.4, 16
shelled blackeye bean - — , 14 (none detected)

Lynn et al (1963) fed cows a ration consisting in part of methyl
bromide fumigated oats and corn. There was a direct correlation between
the Br content of blood and milk. Dietary levels of 10, 19, and 43 ppm
Br produced milk levels of 4-12, 7-12, and 10-20 ppm, respectively. The
Br levels plateaued at 4-5 weeks at the low and middle Br-in-feed levels,
and at 2-3 weeks at the high level. Milk contained a higher percentage
of Br taken in as a contaminant in the feed than as a NaBr dietary supple-
ment.

Getzendaner (1965) fed hens feed containing 50-410 ppm of Br from
methyl bromide fumigation. The following portions of the hens and eggs
were examined for Br content after 70 days (figures are average Br/Br in
feed, max. Br/Br in feed):

light meat - 0.2, 0.23
dark meat - 0.3, 0.5
egg shells - 0.3, 0.5

skin - 0.4, 0.5



liver ~ J.5, 0.7
feathers ~ 0.6, 1.5
kidney - 0.8, 0.9
egg whites - 0.8, 1.1
egg yolks - 1.2, 1.5
blood - 1.7, 2.1
Thus, except in the blood and egg yolks, the hen did not accumulate Br
over the amount it was taking in.

Wilson and Norris (1966) applied ethylene bromide to soil at 11 ml/m?
annually for nine years. Table 20 contains the Br content of the soil
and various crops grown on it in the last year. The figure for onions is
complicated by the poor growth of onions in this treated soil. There is
no apparent correlation between the accumulation in the various root
crops.

Laue et al (1969) fed cows, calves, and piglets for 90 days on a
diet which had been methyl bromide~fumigated. A plateau was reached in
the blood and organs for a particular Br intake. The Br content of milk

and flesh was not hazardous for human consumption.

X. TOXICITY

A. Human-Occupational experience, Other

Prain and Smith (1952) discussed an occurrence in 1947 in which six
of eight boys died after exposure to methyl bromide from a fire extinguisher
in a confined area. Pre-death symptoms included convulsions, epileptiform
fits, and depressed reflexes, Massive pulmonary edema was evident, and
anuria became obvious within one day. The first urine passed by the two

survivors contained considerable amounts of albumin and many granular
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Reprinted with permission from Down to
Earth 22:15-18 (1966). Copyright by
Dow Chemical.

TABLE 20.
Total bromides in p pm.n vaoious crops and the muck sol
i which they were growing after 9 years of treatment
with the same fumigants. 1905 data.

Sampling

Vegetoble date EDB
Radish 7/20

Roots 378

Tops 665

Soil 16.5
Beet 8/2

Roots 216

Tops 469

Scil 16.5
lettuce 9/28

Leaves 330

Soil 27
Carrot 9/29

Roots 45

Soil 27
Potato 9/29

Tubers 66

Soil 27
Onion 9/29

Bulbs 12

Soil 27
Celery 8/25

Stalks 402

Soil 18.5
Spinoch  8/10

Leaves 102

Sail 18.3

casts; neither of the survivors showed pulmonary edema signs.

The authors conjectured that a toxic dose of methyl bromide caused
damage to the periphery of the respiratory system and to the renmal tubu-
lar epithelium, and also caused cerebral upset.

Gallais et al (1952) discussed another case of methyl bromide leaking
from extinguishers in which one of three adults hospitalized later died.
All suffered from cerebral disturbances, dysarthria (speech difficulty),
bilateral mydriasis (dilated pupils), and swallowlng problems. The

autopsy revealed extensive necrosis of the greater curvature of the stomacl.,



hemorrhagic gastroduodenitis, brain congestion, and massive hepatic
fatty degeneration.

Kubota (1955) reported that human fatalities resulted from air con-
centrations of methyl bromide 2 600 ppm, but 100-150 ppm was harmless.

The blood of fatal cases had 211 mg/l of Br, with survivors showing only
50 mg/l. Skin in contact with 8000 ppm developed pustules.

Winteringham and Barnes (1955) reviewed the symptomology of methyl
bromide pcisoning. There is a latent period following exposure even Lo
an eventually toxic dose. Headaches, dizziness, nausea, vomiting, weak-
ness, mental confusion, restlessness, mania, and finally tremors and
convulsions preceed death, usually from pulmonary edema.

Allen (1956) reported that there were no reported cases of fatalities
or even dermatitis from exposure to ethylene dibromide. Overexposure to
vapors produced irritation to the eyes, nose, and throat, headache,
giddiness, nauseaj; chronic overexposure damaged liver and kidneys. No
standard for maximum air concentration had been set, but the range 2-25
ppm was under consideration.

Turner (1958) reviewed the toxicology of di- and tetrabromomethanes,
recommending industrial exposures of < 25 ppm for CHyBry; and < 1 ppm for
CBry/8-hr.

Fiorentini and Mosinger (1958) described two fatalities from exposure
to 3 mg/l of methyl bromide. Inflammation and degenerative changes in the
cerebellum, cortex, pallido-striatum, and thalamus accompanied cerebral
edema. Lower down, the heart muscle, kidneys, liver, and lungs exhibited
degenerative~inflammatory changes, hemorrhages, and stasis.

Franken (1959) discussed a fatality from chronic occupational ex-~

posure to methyl bromide. Considerable damage nad occurred to the sensory
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and motor spinal roots'and ganglia, Large lesions were present in the
cerebral and cerebellar cortex.

Kantarjian and Shaheen (1963) discussed eight non-fatal cases of
chronic occupational exposure to methyl bromide. They pointed out that
2-6 other workers similarly exposed were apparently unaffected. The
symptoms exhibited by the "eight' approximated the syndrome of
polyneuropathy - numbness and heaviness of the legs, all; unsteadiness
of gait, six; numbness of the hands, four; headache, coughing, anorexia,
aches, etc., two—three. Deep reflexes were absent or sluggish. There
were no severe systemic ill effects.

Drawneek et al (1964) commented that a serum level of 5 mg/100 ml
of Br in workers using methyl bromide occupationally could induce in them
a state of carelessness and euphoria not in keeping with the nature of
their work.

Collins (1965) discussed a new case of non-fatal occupational methyl
bromide poisoning and reviewed other cases, concentrating on the wide
variety of disorders resultant from damage to the central nervous system.

Hine (1969) discussed four fatal and six non-fatal occupational
methyl bromide poisonings occurring in California from 1957 to 1966.

Van Haaften (1969) reported the first known case of human poisoning
from acetylene tetrabromide, BrpoCHCHBr,. Hospitalization for severe
hepatic damage resulted from breathing vapors during one work day.
Apparently man reacts much more severely to this compound than do rats
(see the next section).

Araki (1971) reviewed 14 cases of methyl bromide poisoning in Japan
during 1964-1970. Tables 21 and 22 present the frequency of occurrence

of various signs and symptoms.



Table 2l. Symptoms of our fourteen cases

Table 22 Signs manifcsted in our fourteen cases

Ssmptom omber] 5 Sin omer]
'Gait disturbance 12 86 Ataxia of gait, Incoordination 11 79
Ficadache 11 79 Contracted visual field (red perimetry) 8 57
Numbness of the extremities 9 64 Positive Romberg’s sign 6 43
Dizzincss 7 50 Exaggerated deep reflexes 6 43
Nausca, Vomiting 5 36 Transient hypertension 5 36
Speech disturbance 5 36 Impaired superficial sensation 5 36
Blurred vision 3 21 Hearing loss q 29
Forgetfulness 3 21 Nystagmus 4 29
Irritability 2 Musculat weakness 4 29
Insomnia 2 Hand tremor 4 29
Emaciation 2 Coma 2
Double vision 1 Intention tremor 2
Chills, Shivering 1 Impaircd deep sensation 2
LLoss of libido 1 Sluggish decp reflexes 2
Depression 1 Muscular atrophy 2
Anxicty 1 Inability to fix 2
Asthenopia 1 Skin rash 2
T T T o Generalized convulsion 1
Pathological reflexes 1

Sax (1968) gave TLV's and Toxlic Hazard Ratings for a number of

bromohydrocarbons, as follows:

TLV (according to the ACGIH)

Methyl bromide 20 ppm (78 mg/m?3)
Ethyl bromide 200 ppm (892 ng/m3)
Ethylene dibromide 25 ppm (190 mg/m3)

Toxic Hazard Rating

Methyl bromide Highest coxicity from acute local
ingestion, inhalation, and irritation,
also acute systemic inhalation and
ingestion.

Sub-~fatal toxicity from chronic sys-
temic ingestion, inhalation, and skin

absorption.
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Ethyl bromide

Ethylene dibromide

Vinyl bromide

Propyl bromide

From "Dangerous Properties

Highest toxicity from acute systemic
ingestion, inhalation, and skin absorption

Sub-fatal toxicity frow acnte lecal
irritant, chronic systemic ingestion, iu-
halation, and skin absorption.

Highest toxicity from acute local and
systemic ingestion, inhalation, irritani,
and skin absorption.

Sub-fatal toxicity trom chromic local
irritant, chronic systemic ingestion, in-
halation, and skin absorption.

Sub~fatal toxicity from acute local
inhalation, acute systemic inhalation, and
chronic systemic inhalation.

Highest toxicity from acute local and
systemic ingestion, inhalation, and
irritation,.

Sub-fatal toxicity from acute systemic
skin absorptiomn.

Unknown toxicity from chronic local

or systemic contact.

of Industrial Materials" by N.I. Sax c¢ 1975,

1968 by Litton Educational Publishing, Inc. Reprinted by permission of

Van Nostrand Reinhold Company.

B. Birds and Mammals

1. Acute, subacute

Porritt et al (1952) subjected meadow mice to atmospheres of 4 or 8

g/1 of methyl bromide; death occurred in three or two hours, respectively.

Rowe et al (1952) determined these LD-50's for ethylene dibromide
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vapor exposure (g/kg): 0.055 for female rabbits, 0.079 for chicks, 0.110
for guinea pigs, 0.117 for female rats, 0.146 for male rats, and 0.420
for female mice. The effects noted in rats included, most importantly,
lung irritation and hepatic injury; renal injury and central nervous sys-—
tem depression were also present.

Smyth, Jr. et al (1954) reported an oral, range finding LD-50 of
75 mg/kg for 1,4-dibromo-2~butene in rats.

Valade studied inhalation toxicity of methyl and ethyl bromide on
dogs, guinea pigs, and rats. The LD-50's for 1/2-hour exposures were
(g/m3):10 for methyl, and > 100 for ethyl.

Davis and Hardcastle (1959) determined 24-hour median tolerance
limits of bluegill sunfish (Lepomis macrochirus) and largemouth bass
(Micropterus salmoides) for ethylene dibromide, .5-18 and 25-50 ppm,
respectively (two sources of river water were used to hold the yearling
specimens used).

Balander and Polyak (1962) reported an LD-50 of 1.54 mg/l for an
inhalation dose of methyl bromide in white mice.

Sokolova (1962) exposed rats to 1 g/m® of methyl bromide. There
was a reduction in oxygen requirement from 3-4 m3/l min. to 0.83-0.9
mg/l min. Hemoglobin, erythrocyte and leukocyte counts lended to in-
crease, while serum catalase and cholinesterase tended to decrease.

Fuller and Morris (1962) introduced ethylene dibromide directly
into the crops of young pullets and old hens, with equivalent results.
Egg weight was reduced from a 1/2 mg/bird/day dose. Egg production
was reduced by an 8 (but not 4) mg/bird/day dose. Production ceased
from a 16 mg/bird/day dose. Recovery of production occurred 12 weeks

after cessation of dosage, but egg weight recovery requirced 6-10 months.
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Kutob and Plaa (1962) gave mice s.c. injections of di-, tri-, and
tetrabromomethane. No hepatic damage was seen from 29 mmole/kg of the
di-, 1.1 mmole/kg of the tri~, and only minimal from 0.05 mmole/kg of
the tetra-. Most suffered damage from 4.4 mmole/kg of the tri-, and
less than half suffered damage from 0.3 mmole/kg of the tetra-.

Kutob and Plaa (1962, pp. 354~61) reported these LD-50 values in
mice for a s.c. dose and a 1l0~day observation period (mmole/kg):
dibromomethane - 21.5, tribromomethane - 7.2, and tetrabromomethane ~ 0.9.
They also determined LD-100 for the tetrabromo-, 1.5 mmoles/kg (six of
seven mice died in 24 hours, the last in 48 hours). Based on the LD-50
values, the di- and tribromomethanes were classed as quick-acting, and
the tetrabromo—- as delayed action. It may be seen from the preceeding
paragraph that a dose of the dibromo— greater than the LD-50 was still
not hepatotoxic in mice.

Hollingsworth et al (1963) reported LD-0 of 0.6 g/kg and LD-100 of
1.6 g/kg for oral doses of acetylene tetrabromide in rats.

Dykan (1964) reported that rabbits exhibited central nervous system
disorders from single exposures to 17-20 mg/l of dibromomethane or to
11-13 mg/1 of tribromomethane.

Thompson (1966) reported a personal communication from H. A. U.
Monro of an incident in which two horses died after drinking water con-
taminated with 404 ppm Br from exposure to methyl bromide.

Institoris et al (1967) reported these i.p. LD-50's for male mice
(mg/kg): 1,4-dibromobutane, 300; 1,6-dibromohexane, 270.

Kakizaki (1967) reported a lethal dose for methyl bromide in rabbits
of 130 mg/kg s.c. Characteristics of poisoning were paralysis of the

hind limbs, cessation of drinking, and reduction of urine.
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Leong and Torkelson (1970) reported an oral LD-50 of about 500 mg/kg
for vinyl bromide in male rats. Vapor toxicity studies showed 100%
mortality from 15 minutes exposure to 100,000 ppm (0.44 kg/m”) and from
seven hours exposure to 50,000 ppm (no fatalities from 1 1/2 hours expo-
sure). No fatalities resulted from seven hours exposure to 25,000 ppmn.

2. Chronic

Rowe et al (1952) reported that guinea pigs, monkeys, rabbits, and
rats tolerated 25 ppm exposure to ethylene dibromide 7 L/d, 5 d/w, 24
weeks.

Rosenblum et al (1960) fed dogs for 6~8 weeks a diet which contained
35-150 mg/kg of Br from fumigation with methyl bromide. At the highest
level gross obesity and lethargy resulted. No interference with meth-
ionine metabolism or symptoms of Br intoxication were seen.

Balander and Polyak (1962) reported that exposure of mice for two
hours a day for 30 days to 0.15 mg/l of methyl bromide (1/10th of the
LD-50) had no cumulative effects. No effects at all resulted from 20
days exposure to < 0.01 mg/l. For rabbits this threshold concentration
was < 0.1 mg/1.

Dykan (1962) exposed rats for four hours a day for two months to
0.25 mg/1l of di- and tribromomethane. Both, especially the tribromo-,
caused disorders in the hepatic protein-prothrombin and glycogenesis
functions, and also in the renal filtration capacity. When injected in
100-200 mg/kg doses daily for 10 days, both compounds proved detrimental
to the liver and kidneys.

Kantarjlan and Shaheen (1963) discussed a 1940 publication by D. D.
Irish et al. They exposed rats end guinea pigs to 0.25 mg/l of methyl

bromide for 7 1/2-8 hours/d, 6 d/w, for six months without gross symptoms
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or histopathologic changes. Rabbits, however, showed paralysis of the
extremities after 14-16 days (non-permanent). Monkeys were unaffected
for at least five weeks, but some showed paralysis by three months (also
non-permanent) . Apparently some of the rabbits and monkeys were not
affected at all during the course of treatment.

Thompson (1966) further elaborated on this publication by Irish.
All animals died from an exposure to 0.85 mg/l lasting 12-24 hours.
Daily exposures to 0.42 mg/l for eight hours was tolerated by rats for
one week-five month periods, but poor growth and intoxication resulted.
Guinea pigs were nearly unaffected after six months of the 0.42 mg/1l
dosage. Rabbits showed severe nervous response after only a few days.
Even down to 0.13 mg/l (but not 0.065 mg/l) the rabbits developed
paralysis.

Morris and Fuller (1963) demonstrated that ethylene dibromide had
a measurable growth depressant effect on chicks when given in their
diet at S 40 ppm for one week.

Hollingsworth et al (1963) exposed a variety of animals to 14 ppm
of acetylene tetrabromide 7 h/d, 5 d/w, 14-15 weeks. There was no un-
usual mortality. Other series of exposures involved 4 ppm for 26 weeks
and 1.1 ppm for 28 weeks. The effects on growth, liver, and kidney
weights are given in Tables 23-26.

At the highest dose the lungs of all speclies except guinea pigs
showed signs of congestion, edema, and hemorrhage; rabbits and monkeys
were especially effected. At the middle dose female guinea pigs showed
all three effects, but only mice and male rats of the other animals

showed any lung troubles. The low dose was uneventful medically.



Tasie 23,

Final Average Body, Liver and Kidney Weights From Rats that Received Repeated $even-hour
Exposures to Acetylene Tetrabromide Vapor

Organ Weights
Vapor Duys Final
Cone., No. of Sex No. of on Avyg. Liver Kidney
ppm Rats Exp. Expt. Rody - — —
W, g [4 g/100g g €/100g
Controls 10 M 0 100 322 7 50 2 33 2.12 0 66
14 10 M 70 100 2874 8 35 2 93 2.07 0 13
Controls L ¥ 0 100 195 4 89 2 50 1.53 0 78
14 10 F oo 70 100 184¢ 5 770 3 140 1 56 0.85
Controls* 1R M 127 180 344 7 48 215 2.19 0 63
4 15 M 127 180 339 8 25d 2 43 2 35 070
Controls* 18 F 128 181 209 5 25 2 51 1.4%8 071
4 17 F 128 1M1 197 5 T8¢ Z 93 1 54 0 78
Controls 17 M 131 190 ARA 8 52 221 < 24 0 58
11 16 M 131 190 368 8 60 2 35 o 14 0 58
Controls 19 F 132 191 234 5 64 2 48 1.52 0 65
11 20 F 132 191 237 5 90 2 42 1.52 0 69
i

*Air-exposed controls )
*+Thig welght 13 an average value for a group of {oti)r animals
)

(*) P=<0.001 (M) P=0.01 =0.05 (9) P=>0.06

TaBLE 24.

Final Average Body, Liver and Kidney Weights from Guinea Pigs that Received Repeated Seven-hour
Exposures to Acetylene Tetrabromide Vapor

’ Organ Weights
Vapor Days Final - -
Conc., No. of Sex No. of on Avg. Liver Kidney
ppm Rats Exp. Expt. Body e e
| Wt., g € g/100g € %/100g
Controls ! M 0 101 861 25 16 2 92 5 94 0 65
14 8 M 73 101 T20 26 61 3 70 4 86 .68
Controls 8 F 0 101 811 25 94 3 20 h 74 0.71
14 8 F 73 101 673 24 A3 3 64» 4 36 0.65
Controls* ] M 129 182 926 29 55 320 5 92 0 64
4 8 M 129 182 T44» 24 02 3 24 5 41 0 73
Controls* 8 ' ¥ 130 183 862 28 31 323 5 45 0.63
4 8 . F 130 183 785 25 62 327 4 96 0 63
Controls* 8 M 133 192 852 26 6 314 5 84 0 69
1.1 8 M 133 192 807 26 48 3 28 5 14 0.64
Controls* K F 134 195 856 29 66 3 47 3 79 0 68
1.1 6 F 134 195 815 28 15 353 4 74 0 358

*Air-exposed controls
**This weght 13 an average value {or a group of two animals
(*) P=<0 001 (") P=0 004-0 006 () P=0 03

TasLE 25.
Final Average Body, Liver and Kidney Weights from Female Mice that Received Repeated Seven-hour
Exposures to Acetylene Tetrabromide Vapor

. Orgun Weights

Vapor Days Final e R T

Conc. No of No. of on Avg. Liver Kidney

ppm Mice Exp. Ewt. Body —_ -

Wi, g 4 g/100g 4 g/100g

Control 10 0 105 32 192 60 0 42 13

14 9 73 105 31 2 15b 6 9¢ 0 11 13
Controt* 9 127 180 35 192 55 0 52 16

4 7 127 180 31s 173 56 0.4H 15
Cuntrol* 9 130 189 27 1 51 56 0 34 13

11 ] 130 189 27 1 44 54 0 82 12
*Air-exposed controls
*) P=>0.1 {t) P=0 048 () P=<0 001



TapLe 26,
Final Average Body and Organ Weights from Rabbits and Monkeys that Received Repeated Seven-hour
Exposures to Acetylene Tetrabromide Vapors

Organ Weights
Vapor Days Final
Cone. No. of Species No. of on Avg. Liver Kidney Testes
ppm Animals Exp. Expt. Body m—— e e e e
Wwt., ¢ 4 g/100g | g g./100g g g/ 100g
JREN S P —_ -
Control 1M R* 0 106 3155 58 6 1 86 12 8 0 41 5§97 | 022
1F
14 %2{ R 15 106 3120 90 8 2 90 143 0.46 4 09 014
Control* ZM R 129 182 3862 91 4 2.36 15 6 0 40 5 98 016
2F 130 183
4 2M R 129 182 3775 112.1 2 95 15 8 0 42 512 0 16
2F 130 183
Control* E;‘( R 135 196 3412 91 2 2.68 14 2 0.42 479 013
1.1 }-f\‘l R 135 196 4490 108 5 2 42 176 039 5 51 013
Control M Mex 1] 107 4690 100 4 2 14 19 & 0 42 8 55 0.18
14 M M 79 107 5460 138 1 2 53 21 6 0 40 4 22 0 08
Control 2F M 136 198 4720 109 3 2 32 16 3 034 -— —_
1.1 2F M 136 198 4630 117 0 2.52 19 8 0 43 — —
*R = Rabbits
**M =Monkeys

{*) Air-exposed controls

Tables 23-26 reprinted with permission from Amer. Ind. Hyg.
Asso. J., 24:28-35. Copyright by the American Industrial
Hygiene Association.

Dykan (1964) exposed rats to 2.5 mg/l of di~ or tribromomethane for
10 days. Disorders were seen in the brain, liver, and kidneys. Threshold
concentrations were determined as 0.23 and 0.05 mg/l for di- and tribromo-
methane, respectively.

Paustovskaya and Petrun (1969) exposed rats for up to four months
to 0.01-0.1 mg/l, for 4 h/d, of tetrabromomethane. They observed disrup-
tion of carbohydrate metabolism at the fructose 1l,6~diphosphate stage,
inhibited tissue respiration, and hepatic/renal anaerobic glycolysis. Ir-
ritation of mucous membranes in the eyes and respiratory tract resulted
even from a few days exposure at the minimum dose.

leong and Torkelson (1970) exposed male rats to 10,000 ppm of vinyl
bromide 7 h/d, 5 d/w, for four weeks. Lethargy was induced during each
exposure. By the 15th exposure a definite slowing of growth compared to
controls was noted. No other macro- or microscopic changes were seen.

In another series of experiments rats, rabbits, and monkeys were

exposed to 250 or 500 ppm of vinyl bromide 6 hr/d, 5 d/w, for 24 weeks.



No statistically significant (at p £ 0.05) external or internal changes
resulted which were also dose~related.
3. Semnsitization
4, Teratogenicity
5. Carcinogenicity
6. Mutagenicity
7. Behavioral effects
No mention was found in the literature of findings bearing on
3, 4, 5, or 6. Many of the bromohydrocarbons seem to have a lethargy-
inducing property in man and animals. Most of the incidents of serious
human exposure to methyl bromide mentioned alterations in behavior from
brain damage.
C. Lower animals
In Table 27 is a compilation of scientific names in alphabetic order
of insects and worms for whom there was found in the literature some in-
dication of toxicity from bromohydrocarbons. Where the scientific name
was accompanied by a common name, the latter was included in the table.
Also in the table 1is the specific bromchydrocarbon, and the growth stage(s)
of the insect if known. Because in most instances the toxic effect was
an intentional one, and in some reports it was not clear what was meant
by "toxic effect", and considering the general difficulty of determining
percentage kills in large soll or stored products samples, it was decided
not to further elaborate on most of the reports from which the table was
compiled. The first reference to a particular insect - bromohydrocarbon
combination is identified in the table, along with year of publication,
by the '"control number" assigned to the reference. Some of these refer-

-

ences were secondary, the actual work having been reported prior to 1952.
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Table 27. Insects Known to Be Susceptible to
Bromohydrocarbons

Acanthoscelides obtectus (bean weevil); MeBr, EtBr,; 10757 (1954)
Acarus siro (cheese, wheat mite); MeBrj; 10793 (1966)
Achroia grisella (lesser wax moth); EtBr,, 12155 (1958); EtBr, 14709 (1965)
Aedes aegynti (yellow-fever mosquito, eggs); EtBro; 12589 (1962)
Agriotes (wireworms); EtBr,; 10717 (1956)
Amphimallon majalis (European chafer, all stages); EtBr,; 11331 (1962)
Ancylostoma caninum (canine hookworm, larvae); EtBro; 12653 (1954)
Antagenus piceus (black carpet beetle); MeBr; 11318 (1962)
Anthrenus flavipes (carpet, furniture beetle, all stages); MeBr; 11318 (1962}
Anthrenus verbascl (varied carpet beetle) ; MeBr; 11318 (1962)
Aphelenchoides ritzema-bosij; 1,4~-dibromopropyne; 11402 (1958)
Aphelenchus avenae (nematode); EtBry; 11199 (1971)
Argas persicus (tick); MeBr (EtBr not effective); 15335 (1955)
Ascaridia galli (chicken worm); 1,l1~dibromoethane; 12355 (1952)
Ascaridia lineata (chicken worm, eggs); MeBr; 10734 (1955)

Atta cephalotes (ant); MeBr, EtBro; 10739 (1955)

Balaninus elephas (larvae); MeBr; 11047 (1954)

Baris lepidii; MeBr; 14944 (1965)

Belonolaimus (sting nematode); EtBrp; 10734 (1955)

Belonolaimus longicaudatus Rau (sting nematode); MeBr; 11333 (1962)
Brachycerus (weevil); MeBr; 12491 (1963)

Brachytrupes membranaceus (DRU) (cricket); EtBro; 10747 (1954)

Calandra granaria (grain weevil); EtBr, PrBr, BuBr, PeBr, HexBr; 12936 (1953)

Caloglyphus krameri (mite); MeBr, EtBr,; 14883 (1970)
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Carpomyia vesuviana (Costa) (fruit fly, eggs,. larvae); EtBro; 10718 (1955)

Ceratitis capitata (Wied.) (Medit. fruit fly, larvae); EtBrp; 10719 (1956)

Thilo agamemmon (corn borer, larvae); MeBr; 11172(1970)

-ochlicella barbara (snail); MeBr; 14237 (1965)

senoderus amplicollis (Gyll.) (Gulf wireworm); EtBr,; 10722 (1953)

Conoderus falli Lane (southern potato wireworm); EtBr,; 11259 (1966)

onoderus vespertinus F. (tobacco wireworm); EtBr,; 11259 (1966)

Conotrachelus nenuphar Herbst (plum curculio, larvae) j MeBr, EtEr,; 11257
(1966)

Cryptolestes ferrugineus Stephens (rusty grain beetle); MeBr; 17849 (1967)

Cryptolestes turcicus Grouvelle; MeBr; 17849 (1967

Dacus cucurbitae (Coq) (fruit fly, eggs, larvae); EtBr;; 10718 (1955)

Dacus dorsalis - see write up following table (1554)

itacus ferrugineus (Fab.) (fruit fly, eggs, larvae); EtBrp; 10718 (1955)

pacus zonatus (Saund) (fruit fly, eggs larvae); EtBr,j; 10718 (1955)

Dendroctonus engelmanni Hopkins (engelmann spruce heetle); EtBr,; 10723
(1953)

Dendroctonus monticolae Hopkins (mountain pine beetle); EtBr,; 10575 (1955)

Dendroctonus pseudotsugae Hopkins (Douglas fir beetle); EtBr,; 10575 (1955)

Ditylenchus destructor (potato rot nematode); EtBrp: 10734 (1955)

Ditylenchus dipsaci (eelworm); EtBrp; 12706 (1958); MeBr, larvae, 11409
(1959)

Dorylaimus (nematode); MeBr; 11128 (1972)

Dyspessa ulula (Borkhausen) (carpenterworm moth); MeBr; 12491 (1963)

Ephestid elutella (tobacco moth, all stages); MeBr; 13415 (1959)
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Ephestia kithniella (Medit. flour moth, larvae) ; MeBr; 12343 (1952)

Galleria mellonella (greater wax moth); EtBr,; 12155 (1958); EtBr,
14709 (1965)
Glyptotermes dilatatus (live-wood termite); EtBr,; 14812 (1970)

Gnorimoschema operculella (potato tuber moth); MeBr; 13728 (1958)

Helicotylenchus; EtBro; 10698 (1956)

Hemicycliophora parvana Tarjan (sheath nematode); MeBr; 11333 (1962)

Heterakis gallinae (from poultry, eggs); MeBr; 10734 (1955)

Heterodera avenae (cereal cyst-nematode); MeBr; 15766 (1970)

Heterodera glycines (soybean cyst-nematode); MeBr; 12928 (1958)

Heterodera marioni (rootknot eelworm); MeBr, EtBry; —

Heterodera rostochiensis Wollenweber (potato root eelworm, golden nematode
of potatoes); MeBr; 12278 (1952); EtBry; 11054 (1953)

Hoplolaimus tylenchiformis (Daday) Andrassy (lance nematode); MeBr;

11333 (1962)

Lampetia equestris (marcissus bulb fly); MeBr; 13486 (1952)

Lasioderma serricorne (cigaret beetle, adults, larvae, eggs); EtBr,;
12916 (1958)

Laspeyresia splendana (larvae); MeBr; 11047 (1954)

Leptinotarsa decemlineata Say (Colorado beetle); EtBry,; 11241 (1971)

Limonius agonus (eastern field wireworm); EtBr,; 11053 (1954)

Matsucoccus resinosae (scale of red pine); EtBro; 13425 (1959)
Meloidogyne hapla Chitwood (root-knot nematode); EtBr,; 10698 (1956)
Meloidogyne incognita var. acrita (root~knot nematode); EtBry; 10756 (1954)

Meloidogyne javanica (root~knot nematode); MeBr; 13399 (1959)

2
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Musca domestica L. (house fly, larvae); EtBry; 11418 (1962)

Nippostrongylus murils (larvae); BuBr; 10585 (1955)

Ophiobolus graminis (take-all); MeBr; 15766 (1970)

Oryzaephilus surinamensis (sawtoothed grain beetle); MeBr, EtBr,; 10757
(1954)

Ostrinia nubilalis (corn borer, larvae); MeBr; 11172 (1970)

Oulema melanopa (cereal leaf beetle); MeBr; 14887 (1970)

Panagrellus redivivus (nematode, pre-adult); 1,4~dibromopropyne; 11402
(1958)

Paratylenchus (pin nematode); EtBr,; 10559 (1961)

Periplaneta americana (American cockroach); EtBry; 14204 (1964)

Phylloxera vitifoliae - see write up following table (1962)

Pleocoma (fruit root grub); EtBr,; 17851 (1970)

Popillia japonica (Japanese beetle, grubs); EtBry; 14553 (1958)

Pratylenchus penetrans (root-leslon nematode); MeBr, EtBr,; 14569 (1961)

Pratylenchus pratensis; MeBr; 12935 (1953)

Pratylenchus vulnus (root-lesion nematode); EtBry,; 10756 (1954)

Quadraspidiotus pernicilosus Comst., (San Jose scale); MeBr; 17843 (1967)

Radopholus similis (burrowing nematode); EtBr,; 13931 (1961)
Rhagoletis mendax (blueberry maggot); MeBr, EtBr,; 14349 (1970)
Rhagoletis pomonella (apple maggot); MeBr, EtBr,; 12619 (1962)
Rhyzopertha dominica (lesser grain borer); MeBr; EtBr,; 10757 (1954)

Rotylenchulus reniformis (nematode); MeBr; 15188 (1960)

Sitophilus granarius (granary weevil); MeBr; 13476 (1952); EtBr,; 10757 (1954)
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Sitophilus oryzae (rice weevil); MeBr, EtBry; 10757 (1954)
Stegobium paniceum (drugstore beetle); MeBr, EtBr,; 10757 (1954)

Syngamus trachea (from poultry, eggs); MeBr; 10734 (1955)

Tarsonemus myceliophagus (mite); MeBr; 17838 (1966)

Tenebrio molitor (larvae, adults); MeBr; 13759 (1959)

Tenebroides mauritanicus (cadelle, black grain gnawer); MeBr; 13476 (1952);
EtBry; 14197 (1961)

Theba pisana (Miiller) (white garden snail); MeBr; 14237 (1965)

Tribolium castaneum (red flour beetle); MeBr; 14243 (1965)

Tribolium confusum (confused flour beetle); MeBr, EtBr,; 10757 (1954)

Trichodorus christiei Allen (stubby-root nematode); MeBr; 11333 (1962)

Trichostrongylus axei (nematode); MeBr; 15811 (1965)

Trichostrongylus colubriformis (nematode); MeBr; 15811 (1965)

Trogoderma granarium (khapra beetle); MeBr; 15091 (1952)

Tylenchorhynchus martini Fielding (stylet nematode); MeBr; EtBry; 10699 (1956)

Tylenchulus semipenetrans Cobb (citrus nematode); MeBr, propargyl bromide;
10772 (1966)

Tyrophagus (lintneri) (mite); MeBr; 14488 (1962)

Tyrophagus putrescentiae (mite); MeBr; 12310 (1966)

Xiphinema index (dagger nematode); MeBr; 15506 (1971)

Zabrotes pectoralis (Mexican bean weevil); MeBr, EtBr,; 10757 (1954)

Cockroach; MeBr; 15130 (1961)
Fly; MeBr; 15130 (1961)
Pink bollworm (cotton); MeBr; 12776 (1952)

Termite; MeBr; 15130 (1961)



MeBr - methyl bromide, EtBr - ethyl bromide, EtBr, - 1,2-ethylene dibromide,
PrBr - n-propyl bromide, BuBr - n-butyl bromide, PeBr - n-pentyl bromide,

HexBr - n-hexyl bromide

Hinman (1954) tested the effectiveness of a variety «f compounds
against day-old eggs, and third-instar larvae of the oriental fruit fly
Dacus dorsalis. Exposure time to the vapors was two hours at 24°C,

Results are in Table 28. Reprinted with permission from J. Econ.
Entomol. 47:549-56 (1954). Copyright by
the Entomological Society of America

Table 23. Effectiveness of various compounds used as fumigants aguinst naked eggs and third-
instar larvae of the oriental fruit fly. Milligrams per liter giving 50 and 95 per cent mortality 48 hours
after exposure.

Eaas Foakvas,
Cosrounp LD-50 LD-os Lb-5u 1.5
Halogenated Aliphatie Hydrocarbons, Saturated
Bromides
Methane, dibrowo- (mnethylene dibromide) 18 98 192 2I8
Bromoforin 42 190 >305 >805
Curbon tetrabromide (solid) >2350 >250 7 >0
FEthane, bromo-t i21 104 201 > 300
Ethane, 1,1-dibromo- >213 >3 >3 > 218
Etharne, 1,1,2,2-tetraliromo- > 151 > 151 > 151 >151
Propane, 1-brono- (-propyl bromide)? 52 93 HA 190
Propane, 2-hromo- (xee-propyl bromide) > >M2 > >202
Propaue, 1-bromo-2-methyl- (1sobuty! bromide) > 145 > 103 >198 >105
Propane, 2-bronme-2-methy 1-(¢crt-butyl bromude) > 188 > 188 164 > 188
Propane, 1,2-dibromo- a.1 18 0.3 1.8
Propane, 1,3-dibrumo-! <3.1 5.5 A | 18
Propane, 1,2-dibromo-2-methyl- (isubutylene .
bromide) . i >179 >179 3 130
Butane, 1-bromo-2-nscthyl- (pri-act-auyl bromide) > 168 > 188 ap 215
Butane, 1-bromo-8-methyl- (isoatyl browmide) > 187 > 187 (% T k)
Butane, 1-brotno-2-ethyl- >173 >193 18 >173
Butane, 2-bromo- (sec-butyl brosmide) >104 > 194 >10¢ > 10t
RButaue, 2-bromo-2-methyl- (t-amyl bromide) > 183 > 184 > 183 >183
Butane, 1,2-dilromo- 5.5 8.7 4.1 7.8
Butane, 1,3-dibromno- > 148 > 15 14.8 31
Butane, 1,4-dibromo- 40 > 188 21 45
Butane, 2,3-dibromo- >170 > 170 3.9 >170
Pentane, 1-brome- (n-amyl bromide) 38 81 4 92
Pentane, 2-bromo- (see-amy ! bromtide) > 162 >162 84 >162
Pentane, 1,2-dibromo- >110 >170 4.6 1.6
Peuntane, 1,4-dibroto- >162 >162 > 162 > 162
Pentane, 1,5-dibrowo- 3.2 >17¢ >174 >174
Pentane, 2, 4-dibiomo- > 156 >156 >156 > 156
Hlexane, 1-bromo- (n-hexyl hromide) >119 > >119 >119
Hexane, 1-bromo-2-cthyl- >17 >7 > 107 >107
Hesane, 1-bromo-3,5,5-trimethyl- >103 2105 > 105 >103
Yerane, 2,5-dibromo- > 1 > 150 >150 >150
Heptaue, 1-browo- (n-lepty] bromide) 16 PRITH 40 >116
Heptane, 2 bromo- (wee-hiepta ] bromide) >143 > 143 >1i3 >143
Octane, 1-bromo- (n-o 31 bromide) 13 2] >113 >118
Octane, 2-hromo- (see-octy ] bromide) >111 >11 >111 >111
Nonane, 1-bromeo- (n-nanyi bromide) > > >110 >110
Decane, 1-bromo- (n-deeyt hromide} > 100 > 104 >109 > 109
Dadecane, 1-hromo- (n-dodecy] bromide) > 100 > 100 >100 >100
‘Fetrndecane, bromo- >07 >07 >07 >97
Hexadecane, browmeo- >u8 >4 >86 >4
1 Mortahty at 24 hours.
Hualogenated Aliphatic Hydrocarbows, Unsaturated
Fropene, 1 hrona- >4 > 146 >140 > 140
Proprens, 1 1-ehibroma. BN > M > 101
Haligenated (e Iopuruffing
(e tancy b " 1 7.3 1
HUIotoNine, ot > 184 > 1460 S R > ‘w
Cyclohesune, 1.2-dibromeo- 1T 5173 ST ST
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For comparison the author used these data from Balock and Lindgren
(1951): methyl bromide had LD-95 for eggs at 25, and larvae at 19 mg/l;
ethylene dibromide had LD-95 for eggs at 0.8, and larvae at 0.6 mg/l.

Monro et al (1961) 1in 1953 began a study on two wild and one labora-
tory strain of the granary beetle Sitophilus granarius which involved treat-
ing them with methyl bromide vapor and breeding new generations from sur-
vivors of > LD-50 (or higher) doses. Exposure was standardized at five
hours, 25°C, and 70% R.H.; only adults were used. The results are in
Figures 6 and 7. The "A" selected strains were begun after 1956 from
survivors of > LD-50 doses, whereas the selected non-A strains were sur-
vivors of > LD-75 doses; apparently the wider gene pool available to the
"A"'s increased resistance faster, The non-selected groups were the con-
trols for the experiment, and showed no inherent ability to increase re-

sistance. Discontinuance of selection did not cause reversion to the

1953 resistance level. At the time of writing, the LW strain had shown
a 24% and the MW strain a 41% increase in body weight. Simul taneous ex-

periments with Tribolium confusum and Tenebroides mauritanicus did not
generate much increase in resistance.

An A strain which was 5.5 times more resistant to an LD~50 dose of
methyl bromide as the normal was also shown to be 3 times more resistant
to an LD-50 dose of ethylene dibromide.

Rammer and Stafford (1962) exposed first-instar female nymphs of
Phylloxera vitifoliae (Fitch) to a variety of bromlnated propanes for
four hours at 21°C, or for eight hours at 21°C in the presence of soil.
Some studies were also done at 13 and 30°C. The results are in Tables 29~

33 and Figure 9.
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Lindgren and Vincent (1962)

Table 29. Toxicity of various bromopropanes to grape
phylloxcra nymphs.®

Hivarna

8 DIV
———— . = e Varvon
Micro- Sarv oy Ebg
PRropave Ma /L moles/n. a1 P Mo L Suopr
1, \hromo- 0t a <18 & 019 055 12 6
1,2.8-Pribiomo- 1.42 b 5.06 053 105 90
1,2-Dibronen 8 < hlore- 1.05 ¢ 823 (i 2 68 04
1,2-Iubrouno- 12,1 d 500 01K Q1 2 34
1-Bromo- 1t.5 ¢ M7 O 0 My 197 e 4

+70° 1Y, t hours’ evposerie, no soil.

b sipnfioant duferences hetween means at the 140 level are mdiented when
comprred valars basve no JeHers in common, Dunean’s Malhple Runge Test
(1955),

. Figures 6 & 7 reprinte
with permission from
Ann. Appl. Biol. 49:37
377 (1961). Copyright
the Association for
Applied Biologists.

studied the effect of moisture content of

various commodities on mortality of Tribolium confusum and Sitophilus

oryzae from application of a fixed dose of methyl bromide.

shil,

The results



Tables 29-

11 (1962).

Table 30.-Effect of temperature on the toxicity of 1,3-
dibromopropane to grape phylloxera nymphs. (4 hours’ ex-
posure without soil.)

Ritarive

TEMPER- Varon
ATCRL Do SatrrviioN Do,
") Ma./L.8 At EDia Ma /1. SLOPE
L% 0.50 0.036 0.66 10 7
70 0.4t 0.019 .55 12.6
85 38 (1.010 —b 2.0

& No apmficant difference between mean effectine doses at tue 575 lesel
Duncan’s Mudiiple Range Test (1933),

PED 4 s not reparted owing to the divergence of the Tnghest concentration
froo the general trend set by the olher three concentrations. The EDw and
slope are based on the thiee lowest concentrations,

Table 3i. Toxicity of various bromopropanes to grape
phylloxera nymphs.+ -

FEgera k7 G FDuy

Dy Son, s M /8T
- - - - - — & Dny
Propart? Mo.© Micromoles So1L SLOPE
1.3-Inbromo 5065 a 28 0 R.66 17 6
1-Bromo- 201 b 169 4 50 5 3.2
1,2-Mhbiromo- 261 c 129.3 Mn.5 15.5
1,2-Iibromao-3 chloro- 2010.0 K630.9 3230.0 6.4

+70° F, & hours exposure, 100 grams snil of 157 moisture.

b The B for 1.23-tnbromopropane was greater than 15,128 mg.

¢ mienificant dhferences hetween meang at the 19; level are indicated when
compared vajues have no letters 1in common. Duncan’s Multiple Range Test
(1933).

Tahle 32. -Effect of soil temperature on the toxicity of 1,3«
dibromopropane to grape phylloxera nymphs.*

TrEvrrra- ED N EDyp 1N

TURE Mea. /87 G. Mec./87 G.

(° ) Dnry Son Duy Sorn Storg
55 14 50 a 16 20 26.7
70 565 h 6.66 17.6
85 1.22 ¢ 1.82 7.7

* 8 hiours” exposure, 100 grams soal of 137 moisture.

b Sigmificant diffetences Y etween means at e 1€ Jevel are indicated when
compared values hasve no letters 1 common. Duncan’s Multiple Range Test
(1955).

Table 33, -Effect of soil moisture on the toxicity of I,3-
dibromopropane to grape phylloxera nymphs. (8 hours’ ex-
posure, 70> F.)

Motsrone EDy v EDqgs 1N

Covit vt Ma./57 G Ma. /87 6.
(“%) Dy Sond Dry Soin Srovn:
. 15 5 65 6.68 17.6
P 2.58 3.18 15.5

B Lo ut 365 mowsture content (91.6 grams) was greater than 5816 wg.

b 100 . soil

C 1082 g woil.

4 Duncan’s Multiple Range Test (1935} indicates a signiticant difference be-
tween meany ot the 197 leved

33 reprinted with permission from J. Econ. Entomol. 55:203-
Copyright by the Entomological Society of America.




are in Table 34. Regardless of commodity or moisture content, 100% kills
of T. confusum were obtained if the concentration (actual) x time value
(CT) was greater than 75 or if at least 50% of the applied dose (CL-50)
remained wunabsorbed by the commodity for four hours; corresponding values
for S. oryzae were: CT over 31{ and CL-50 over 2.5 hours.

Moje (1963) tested CH3(CHp),CHpBr, n = 2-9, against citrus nematode
larvae, He found that toxicity increased by a factor of 2.45 for each
additional CHy group. Cyclohexyl and cyclopentyl bromides were less toxic
than the n = 2 compound.

Harein and Soles (1964) tested crotyl bromide (86% l-bromo-2-butene,
14% 3-bromo-l-butene) and 1,2,3-tribromopropene against the adults of
Tribolium confusum, Oryzaephilus surinamensis, Lasioderma serricorne, and

the larvae of Attagenus piceus. The results are given in Table 35.

Reprinted with permission from J. Econ.
Entomol. 55:203-11 (1962). Copyright by
the Entomological Society of America.

YT

PLmClnT MORTALITY (FPROBIT WCad B

CONCENTRATION IN MG .. (LOG SCALE)

Fu. 9. Effcct of temperature on the mortality of grape phyl-
imera nyinphs fumigated with 1,3-dibromoptopane for + hours
in the ahsence of soil.
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Reprinted with permission from J. Econ.

Entomol. 55:674-78 (1962). Copyright by

the Entomological Society of America.
Table 3.

. ,. —Concentrations found and mortalitics of adults of Tribolium confusum and Suophilus oryzae obtained v e
Fum'q‘d'w various conmmodities at different moisture contents with methyl bromide in 10-liter recirculation chambirs
Expvsure 24 howsat 70° F. Load: 75%.

e e e - —_———— e e -
AN
Mot ke Averewar Pru Cone K o Abuirs
Conpine CoNer N i- Cl-500 - ~—
CoMvooiry (O] TI0N (NG /1) d.t.b .. (HR~ ) T. confusum S. oryzue
Bade 9 6 7.1 me 170 >eb 0 1600 0-— 160 ¢
12,0 5. b 192 130 >0t 0 100 0 100 4
15.6 50 192 120 PAUNT] JUIVNY] . 106 4
Rite 9. 6.2 194 149 24 0 100 0 100 u
12,2 5.7 192 137 B 230 100 0 160 v
16.6 =28 192 87 3.3 100 0 160 U
What, whole hernel 1o 58 — 192 152 TS | 100.0 00 4 -
13.0 41 192 98 1o 100 0 106 «
| VIR 29 192 it J B 100 ¢ Iy
What, erached 9.9 2.2 192 53 1.5 9.6 106 0
13.0 2.9 192 33 1.1 83 o0 9
16. % 21 192 30 08 2.9 100.0
Outs 08 3.7 192 89 5.9 100 0 i0e g
12.5 3.3 192 79 4. 100 0 I 9
15.8 2.3 192 55 1. 51 % 100 9
Pepr ot 11.2 1.3 192 103 10.5 100.0 ik, .
13.1 2.5 192 6O 3.0 96.0 104 0
15.2 1.6 192 938 b4 17.2 100 0
Soall whute Leans 11.5 29 192 70 +.3 100.0 160 1)
18.¢ 1.9 192 16 24 97 2 131UV
1¢.9 1.4 192 31 P 7 0.5 lae o
Creen sphil peas 9.8 3.3 192 79 5.1 100.9 1o O
.8 2.0 192 [h )] S5t 0 Tt O
12.6 0.6 192 14 0 0 0
ievat puithern beans 10.2 3.1 192 T 5.1 100 0 100.0
12.8 13 192 31 16 0 100 0
13.7 1.0 192 24 0.8 0 1606 0
(arn 11.0 3.1 192 T4 3.8 99.6 180 0
i3 0 2.3 192 53 17 9.4 100 0
15.0 1.8 192 43 1.0 0 100 0
I weheve beans 9.9 38 192 2} 9 0 100 0 e 0
’ 11.2 12 192 29 2.0 0 97.1
18 2 0.k 192 10 0.2 1} 8]
Lo 10.5 28 192 67 25 7T 1o Q
12.5 2.3 192 35 1.5 52 8 100 v
15.0 18 192 43 0.t O 160 0
Pinle beans 11.2 24 192 59 3.4 98 1 100 0
12.4 1.3 192 31 1.4 0 100 0
114 11 192 20 06 0 95 7
Lentils 109 2L 1492 62 38 93 0 Hu 0
13.1 08 192 19 (1281 U 1.0
14.1 0.6 192 14 0t 0 14
S
P 10.7 10 192 2 08 05 KR 0
13 0 (Ot 192 it ({38} Q g2l
14.8 0.5 192 12 03 0 3.9
Nolud (empty chamber) - 18 43 11 >0 04 100 0
—_ 2.8 72 67 >210 SO0 160 0
— 3 0 79 72 >0 00 0 100 0
— 39 a8 9t >0 1000 00 v

Ayt T 2T Moan averazre concontration, wheee MO w0 d o memns concentehon for ¢ ach time intery d over which MO v compitc and T s equal
1 73 Ne LUira
L L L L T T (TR RIS TN By B RN SR PP A0 L L YTT IR I T VNI S RS b iR IV PRNVRNS YW
ot =« Meatiaver cecotontiatng “u e Ly KL v thrs ),
(L2 m Line e quired for concentration oss of 50° ) of d sage appled.



Reprinted with permission from J. Econ.
Entomol. 57:369-70 (1964). Copyright by
the Entomological Society of America.

Table 3% -Toxicity of 2 chemicals to 4 species of stored-product insects fumigated 24 hours at 80° +4° F. and ata
relative humidity of 78 £18¢, in 19.5-liter bottles.

Dosage (mg/l1)

LD, fiducial innts

LDy fiducial hmits

Tnscel LD, f.ow High 1D Lpw 1igh
1,2,3,- Tribromopropene \ |
Confused flour heetle 05t 0 32 0.56 0.8% 0 83 [URTH
San-toothed grain beetle 20 17 23 135 26 4T
Ciraretie heetle 35 L32 37 51 45 .38
Blaek carpet heetle 1.18 1Ot 1.85 RART 1 9l 2 98
Crotyl bromude

o7 2 67 3.31
Confused flour heetle RaRY 2. 18 Q2 47 2 97 267 Q.; 1
Saw-loothad grain heetle .32 127 1488 1 90 176, 2 .-)4‘
Crgarette Leetle I 03 1 04 108 1 49 }.H l 59
Black carpet beetle 302 353 + . T R

+ 83 6 ll.i

D. Plants

Table 36 is similar to Table 27 dealing with toxicity of bromohydro-
carbons to plants and fungi rather than insects. Many of the entries re-
sulted as incidental findings from studies of insect toxicology. Refer-
cnces to delayed germination of seeds, and fruit damage were omitted.

Table 36. Plants and Fungi Known to be Susceptible to
Bromohydrocarbons

Alternaria solani; MeBr; 17879 (1959)
Armillaria mellea (citrus root rot); MeBr; 15637 (1969)

Aspergillus parasiticus; MeBr; 14731 (1970)
Botrytis cinerea (soil fungus); MeBr; 12252 (1953)

Ceratostomella fimbriata (sweet potato black rot); EtBr,; 10734 (1955)
Chenopodium album (fat hen); MeBr; 10782 (1954)

Colletotrichum atramentarium (soil fungus); EtBr,; 13492 (1952)
Corticium solani (soil fungus); EtBr,; 13492 (1952)

Cylindrocladium scoparium (pine root-rot) ; MeBr; 11093 (1971)

Cyperus compressus (annual sedge); MeBr; 11420 (1962)

\w
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Cyperus esculentus (yellow nut sedge); MeBr; 11420 (1962)

Cyperus rotundus (nut grass, Topalak weed); MeBr; 15657 (1969)
Digitaria sanguinalis (crab grass); MeBr; 11420 (1962)

Fusarium bulbigenum lycopersici (tomato wilt); MeBr; 14334 (1968)
Fusarium lini (soil fungus); EtBr,; 13492 (1952)

Fusarium oxysporum var. auriantiacum (soil fungus); EtBr,; 13492 (1952)
Fusarium oxysporum f. niveum (soil fungus); MeBr: 17785 (1954)

Fusarium vasinfectum (cotton wilt); EtBroj; 10734 (1955)

Gallium aparine (goose grass); MeBr; 11420 (1962)

Gallium asprellum (rough bed straw); MeBr; 11420 (1962)
Hemileia vastatrix; MeBr; 11094 (1971)

Lepidium sativum; MeBr; 14885 (1969)
Lepidium virginicum (Virginia peppercress); MeBr; 10782 (1954)

Linaria canadensis (blue toad flax); MeBr; 11420 (1962)

Mycelia sterilia; MeBr; 14885 (1969)

Orobanche ludoviciana var. cooperi (broomrape); MeBr; 13775 (1959)
Orobanche ramosa (broomrape); MeBr; 13732 (1958)

Oxalis latifoliaj; MeBr; 14722 (1964)

Panicum repens (torpedograss); MeBr; 12562 (1963)
Penicillium rubrum; MeBr; 14731 (1970)
Phytophthora cactorum (soil fungus); EtBr,; 13492 (1952)

Phytophthora cinnamomi (soil fungus); MeBr; 12252 (1953)
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Phytophthora
Phytophthora
Phytophthora

Phytophthora

citrophthora (soil fungus); MeBr; 12252 (1953)
cryptoged (soil fungus); EtBr,; 13492 (1952)

fragariae (strawberry red stele disease); MeBr; 13017 (1957)

parasitica var. nicotianae (tobacco black shank); MeBr;

12879 (1956)

Plasmodiophora brassicae (cabbage clubroot); MeBr; 13457 (1960)

Polygonum aviculare (wireweed); MeBr; 10782 (1954)

Poria hypolaleritia (tea root-rot); EtBr,; 11092 (1969)

Pythium ultimum (soil fungus); EtBr,; 13492 (1952)

Rhizoctonia solani (soil fungus); MeBr; 17784 (1953)

Saccharum spontaneum (grass); MeBr; 10748 (1956)

Sclerotinia homeocarpa (soil fungus); MeBr; 12252 (1953)

Sclerotinia minor; MeBr; 14885 (1969)

Sclerotinia sclerotiorum (soil fungus); EtBr,; 13492 (1952)

Sclerotium bataticola; MeBr; 13399 (1959)

Sclerotium delphinii (soil fungus); MeBr; 17784 (1953)

Sclerotium rolfsii; MeBr; 10738 (1955)

Solanum opacum (black nightshade); MeBr; 10782 (1954)

Spergula arvensis (spurge); MeBr; 11420 (1962)

Synchytrium endobioticum; MeBr; 14145 (1970)

Thielaviopsis basicola (black root-rot); MeBr; 13459 (1959)

Tilletia foetida (wheat bunt); MeBr; 14335 (1968)

Trifolium glomeratum (cluster clover); MeBr; 10782 (1954)

Urocystis tritici (wheat flag smut); MeBr; 14336 (1968)

3,0



Verticillium albo-atrum (soil fungus); EtBr,; 13492 (1952)

Verticillium dahliae (soil fungus); EtBr,; 13492 (1952)

Waitea circinata (pine root-rot); EtBr,; 17850 (1971)

Beans (plants); l,4-dibromo-2-butene, 1,4-dibromo--2-butyne; 11426 (1957)
Beets (seeds); EtBro; 10749 (1955)

Broccoli (seeds); EtBr,; 10749 (1955)

Carnation; MeBr, EtBr,; 12931 (1953)

Carrots (seeds); EtBr,; 10749 (1955)

25
Celery (seeds); EtBr,; 10749 (1955)

Clover (seeds); EtBr,; 10749 (1955)

Corn (seeds); EtBr,; 10749 (1955)

Cucumbers (plants); 1,4-dibromo-2-butene, 1,4-~dibromo-2-butyne; 11426 (1957)
Eggplant (seeds); EtBr,; 10749 (1955)

Gladiolusj; MeBr:; 10738 (1955)

Groundnut; MeBr; 10701 (1955)

Lettuce (seeds); EtBr,; 10749 (1955)

Lime; MeBr; 10762 (1954)

Maize (plants); l,4-dibromo-2-butene, 1l,4-dibromo-2-butyne; 11426 (1957)

Morning glory (plants); 1,4-dibromo-2-butene, 1,4-dibromo-2-butyne; 11426 (1957)
Mushroom; MeBrj; 17838 (1966)

Mustard (seeds); EtBr,; 10749 (1955)

Narcissus; MeBr; 14236 (1965)

Nutgrass; MeBr; 10727 (1955)

Oats (seeds); EtBro; 10749 (1955)

Oats and wild oats (plants; l,4-dibromo-2-butene, 1,4-dibromo-2~butyne;

11426 (1957



Onion (seeds); EtBr,; 10749 (1955)

Orange; MeBr; 10762 (1954)

Pea (plants); 1,4-dibromo-2-butene, 1,4~dibromo-2-butyne; 11426 (1957)
Potato; MeBr; 12273 (1952)

Radish (plants); 1,4-dibromo-2-butene, 1,4~dibromo-2-butyne; 11426 (1957)
Rutabaga (seeds); EtBr,; 10749 (1955)

Rye (seeds); EtBr,; 10749 (1955)

Rye (plants); 1,4-dibromo-2-butene, 1,4-dibromo-2-butyne; 11426 (1957)
Spinach (seeds); EtBry,; 10749 (1955)

Tobacco (seeds); MeBr; 16482 (1957)

Tomato (seeds); EtBr,; 10749 (1955)

Turnip (seeds); EtBry; 10749 (1955)

Cobb (1956) reported that susceptibility of seeds to methyl bromide
generally increased with moisture content; temperature 2nd exposure time
vere also factors. Even though some seeds survive and germinate, the
resultant sprouts may be weak and die soon or produce stunted plants.

Martin et al (1956) found that orange seedlings absorbed 3r from
s0il treated with ethylene dibromide. Concentrations of Br in the leaves
of 0.17, 0.33, 0.40, 1.3, and 1.8% produced growth reductions of 12, 22,
31, 57, and 90%, respectively. Leaf Br concentrations of 2.5 or 1.5Z in
carrots or lima beans, respectively, were not deleterious to growth.

Whitney et al (1958) studied the toxic effect of fumigation with
methyl bromide on barley, corn, grain sorghum, ocats, and wheat seeds.
They found that little or no injury resulted when all of the following
conditions existed: seed moisture < 12%, dosage < 32 kg/m3, exposure <
24 hours, and temperature = 27°C, Relative tolerances of the seeds

examined were: oats > barley > grain sorghum - corn - vheat.



Viel and Giban (1958) found that an application of 200 g/m® of ethylene
bromide, the usual for nematode fumigation, was harmless to the growth of
tomatoes. Retardation resulted from a dose 10 times that amount.

Blackith and Lubatti (1960) reported that moisture content of seeds
was a greater factor in damage from methyl bromide fumigation the greater
the oil content of the seeds. The oil also increased germination delays
by storing the fumigant in solution.

Blackith and Lubatti (1965) reported the results of a six year study
on germination ability of seeds containing an 8-187 water content after
fumigation with 0-1200 mg/l for one hour (or equivalent) of methyl bromide.

Their results are in Table 37.

Table 37.

Percentage geymunation capacity (means of 400 seeds tested on cach occasion) of fumigated, stored ceveals
Dosage of methyl bronude in mg.h L

Cereals Moaisture Controls (Concentiation x time product)
conteant, {(unfumigated sced) 6oo 1200
% Storage for Storage for Storage for
3 ycars  © ycars 3 ycars 6 years 3 years 6 yecars
Wheat {Peko) 8 930 9I°3 92-0 933 93-0 88-8
11 89:5 870 945 930 850 900
14 88-5 9o0°5 24°3 250 255 208
18 31-8 14°5 6-8 [) 1-0 o
‘Wheat {Allc) 8 950 930 93-0 92§ 96-0 92-0
11 918 85-0 92-0 88:5 635 58-0
I4 92-8 88:3 40°5 358 418 305
18 870 o 0-3 o 35 o
QOats {Star) 8 36°5 85-0 858 80-0 82-0 760
1 845 820 82-5 77°0 69-3 69-0
14 82-5 65-0 60-3 46-8 365 233
18 o-5 o 7°3 o 13 Q
QOats (Blenda) 8 98-0 96-8 985 96-5 96-3 970
11 99°3 978 94°5 94°5 97°5 93-0
1 96-0 96-0 89-0 86-0 75°5 55°3
b ¢ 48-8 7-8 30 (o] 18 o
Burley (Procter) 8 965 953 97°3 97> 973 95°3
11 965 940 95-8 940 963 92°0
14 95°0 93-8 81-5 81-3 81-8 850
18 ) o 528 17-8 o o
Rarley (Herta) 8 97°5 93°5 99-0 938 98°3 94°3
11 993 96-5 99°3 920 81°3 83-8
14 95°5 847 75°S 67-8 753 70°3
18 43 o ° o o o
Rye {Winter) 8 91-8 280 983 278 97°3 357
11 990 275 93-0 13°5 72°3 9°3
14 695 43 390 0-8 44°8 o
18 23-3 o 238 o 23°5 o
!aize {\W268) 8 — 948 -— 965 —_ 96-8
1 — 940 — 65-5 — T 480
— 14 b 730 - 32:3 - = 27
18 - o _ o -_— °

353



Wilson and Norris (1966) applied ethylene dibromide to a soil each
year for nine years at 11 ml/m? . Average crop yields for the last three
years as a percentage of the yields from an untreated soil were: onions -
64, potatoes - 44, carrots - 102, celery - 106, beets - 83, lettuce - 79,
radish - 113, and spinach -~ 92. The reduced yields of onions and potatoes
resulted from poorly growing plants, not smaller sized "fruit".

E. Microorganisms

Table 38 is a listing of microorganisms recported in the Ziterature to
have shown some susceptibility to bromohydrocarbons.

Table 38. Microorganisms Known to Be Susceptible
to Bromohydrocarbons

Agrobacterium tumefaciens; MeBr; 11344 (1962)

Bacillus anthracis; MeBr; 13475 (1952)

Bacillus subtilis; MeBr; 13118 (1966)

Coccidia; allyl bromide, 1,3~dibromopropene, 1l,4-dibromo-2-butene;

12951 (1952)
Escherichia coli; MeBr; 13118 (1966)
Fanleaf-yellow Mosalc Virus; MeBr; 15506 (1971)

Pseudomonas angulata (Angular spot); EtBry; 10747 (1954)
Pseudomonas tabaci (Wildfire); EtBr,; 10747 (1954)

Pseudomonas tomato; MeBr; 17785 (1954)
Rhizobium trifolii; MeBr; 17785 (1954)

Salmonella paratyphosus A, Bj MeBr; 12939 (1952)



Salmonella typhosus; MeBr; 12939 (1952)
Shigella dysenteriae; MeBr; 12939 (1952)

Staphylococcus aureus; MeBr; 13118 (1966)

Tobacco Mosaic Virus; MeBr; 11299 (1962)

Vibrio cholerae; MeBrj; 12939 (1952)

Xanthomonas vesicatoria; MeBr; 17785 (1954)

XI. CURRENT REGULATIONS

The following collection of foods and bromide residues permitted in
them was obtained from the Federal Register through 1967; there had been
only one change in the decade preceeding that year. No explanation for
the different bromide ion tolerances from methyl bromide and ethylene
dibromide treatment of the same food was found. When a food has been
treated with both, the higher tolerance 1is used.

Table 39. Allowed Bromide Residues in Foods

Treated with Bromohydrocarbons

Food Methyl Bromide Ethylene Dibromide Otherf
Tolerance® Tolerance®

Alfalfa hay 50

Apples 5

Apricots 20

Asparagus 100 10

Avocados 75

Barley 50 50, a

Beans 50

Beans, green 50



Beans, lima
Beans, snap
Beets

Broccoli

Cabbage
Cantaloupe
Carrots
Cauliflower
Cereal grain,
milled fractioms
Cheese,
parmesan
roquefort
Cherries
Cipollini bulbs
Citrus citron
Cocoa beans
Copra
Corn
Corn, forage
Cottonseed

Cucumbers

Dog food
Dried apples

apricots

50

50

30

50

20

30

125

325

325

20

50

30

50

100

50

200

30

400

30

30

75

75

10

125

325
325

25, b

50, a
50
25

30

25

25



Dried dates
eggs
figs
peaches

pears

Eggplant

Garlic

Grain sorghum
(milo)

Grapefruit

Grapes

Hay, timothy

Horseradish

Jerusalem

artichokes

Kumquats

Lemons
Lettuce
Limes

Litchi fruit

Mangoes

Melons

Melons, honeydew

musk

water

100

150

30

30

20

50

50

30

20

50

30

30

30

30

30

20

20

20

20

50 60

50, a

30

10

75

40

357



Nectarines 20

Oat flour d d
Oats 50 50, a
Okra 30 50
Onions 20
Oranges 30
Papayas 20
Parsnips 30 75
Peaches 20
Peanuts 25
Pears 5
Peas,
blackeyed 50
with pods 50
Peppers 30 30 25
Pimentos 30
Pineapple 20 40 25
Plums 20 25, b
Popcorn 240 50
Potatoes, 75
sweet 75 50

Processed foods
not already
covered as of

6-15-66 125 125
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Processed grains
for fermented
malt beverages

Processed herbs
and spices

Prunes

Pumpkins

Quince

Radishes
Raisins
Rice
Rutabagas

Rye

Salsify roots
Soybeans
Squash,
summeT
winter
zucchini
Strawberries

Sugar-beets

Tangelos
Tangerines
Tomatoes

Turnips

20

20

30

50

50

30

50

30

200

30

20

20

30

30

30

30

20

30

50, a

50, a

50

50 40



Wheat 50 50, a

Yams 30

a - no limit on organic bromide

b - total of organic and inorganic bromides

¢ - 400 from a mixture or from methyl bromide alone

d - 200 from a mixture

e - 125 from a mixture

f - a mixture of methyl bromide and propargyl bromide, in ppm of inorganic
Br

g - in ppm of inorganic Br unless otherwise indicated

XII. STANDARDS

No information was found.
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Federal Register Regulations

No specific reference was made to these, but data were taken from all
of them for the completion of the bromide residue tolerances given in
Section XI.

Tolerances for residues of inorganic bromides (on agricultural commodities)
from soil treatment with ethylene bromide. Fed. Regist. 21:768(Feb. 3, 1956)
10576

Tolerances for residues of inorganic bromides from fumigation with methvi
bromides. TFed. Regist. 20:9822(Dec. 21, 1955) 10578

Exemption from requirement of tolerances for residues of carbon disulfide,
carbon tetrachloride, ethylene dichloride, and organic bromide residues from
ethylene dibromide; tolerances for inorganic bromide residues from ethylene
dibromide. Fed. Regist. 21:5620(July 26, 1956) 10687

Food additives. Inorganic bromides. Fed. Regist. 31:8369-70(June 15, 1966)
10780

Food additives. Inorganic bromides. Fed. Regist. 31:12841(0Oct. 1, 1966)
11256

Inorganic bromides: tolerance for residues. Fed. Regist. 27:8070-74
(Aug. 14, 1962) 11324

Inorganic bromides. Tolerances resulting from fumigation with methyl
bromide. Fed. Regist. 27:4623(May 16, 1962) 11345

Inorganic bromides; tolerance for residues. Fed. Regist. 26:12249(Dec. 22,
1961) 11401

Tolerances for residues of inorganic bromides resulting from fumigation with

methyl bromide. Fed. Regist. 23:1365, 5465-66. (1958) 12156

Tolerances for residues of inorganic bromides from soil treatment with
ethylene dibromide. TFed. Regist. 23:4002(June 7, 1958) 12157

Tolerances for residues of inorganic bromides in or on litchi fruit after
fumigation with ethylene dibromide. TFed. Regist. 23:2966(May 2, 1958)
12393

Food additives. Fumigants for grain mill machinery. Fed. Regist. 28:6916
(July 6, 1963) 12606

Food additives. F